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1 Introduction 
 

This deliverable is dealing with the evaluation of cardiovascular disease (CVD) phenotype-associated 

genetic variants enabling the medical community to more readily identify patients more susceptible to 

adverse myocardial remodelling after myocardial infarction (MI). Sufficiently powered studies on genetic 

variants implicated in ventricular remodelling and heart failure (HF) progression in a large cohort of 

patients with post-ischemic left ventricular dysfunction (LVD) are lacking in literature. When committed to 

this activity, the Consortium decided to verify the best way to make this information available. The 

introduction of IFC CNR as future partner allowed opening new collaboration with institutions, where large 

cohorts of patients with previous MI had been enrolled in clinical trials, such as the Mario Negri Institution 

and Niguarda Hospital in Milan. New prospective study populations became available from these 

Institutions, pending the approval from the local Ethics Committees on use of patients’ DNA for genetic 

analyses. Since this opportunity would have provided innovative information on gene variants associated to 

myocardial remodelling, relevant for novel patient-specific data extraction and for data mining purposes, 

the Consortium agreed that deliverable 4.2 should have been split into two parts, one describing the 

methodology of the genetic approach, the second dealing with the genetic analyses coming from data 

collected in >1200 patients, as described in D4.1 in detail. Selection of patients suitable for the study (i.e. 

with the myocardial remodelling phenotype), time for approval of the study by the local EC, patient recall 

and DNA collection for genetic analysis at WWU took much more of the time planned for genetic analyses 

carried on a “generic” population with HF. 

Our challenge, in this selected large population (enrolled in just 8 months) is to gain insight on genetic 

association with a specific CVD phenotype, namely - myocardial remodelling - the real information useful 

for building a predictive model of unfavourable progression of LVD towards HF. This genetic information, if 

achievable by the patient cohort collected in the GISSI –Prevention Study, will undoubtedly serve as a basis 

for the VPH2 platform to more individually allocate  predefined patients’ subgroups to more specific and 

clinically effective treatment. 
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2 Genetic Approach 
 

The current association study is based on the GISSI-Prevention trial (Istituto Mario Negri) comprising
 

roughly 1220 DNA samples of patients suffering from MI, and categorized according to LV ejection fraction 

measures at enrollment. Patients with post-ischemic LVD and late-onset HF were selected with special 

respect to the pathophysiological aspect of cardiac remodeling (see deliverable 4.1 for detailed description 

of the project); a high-throughput genotyping approach (TaqMan®SNP genotyping assays, Applied 

Biosystems) based on selected genetic variants (i.e. SNPs and insertions/deletions) was chosen to 

determine significant genotype-CVD phenotype relations. The current list of candidate genes with selected 

genetic polymorphisms per locus (appendix #1) has been recently forwarded and is the result of a 

multilayer process considering most recent consolidated findings in clinical and molecular genetics of CVD 

with regard to reproducibility of associations and potential functionality of genetic variants. Since CVD and 

related phenotypes are multifactorial traits being strongly (poly)genetically determined, the candidate gene 

list include those components that belong to the major biological systems involved in the pathogenesis of 

the traits under study (as comprehensively explained in D4.1):  

1 Adrenergic receptor system 

2 RAAS system 

3 Endothelin system  

4 Extracellular matrix components  

5 Inflammatory cytokines and cell adhesion molecules 

 

The association results should allow for a basis for event risk prediction/possible disease progression and 

individual therapeutic issues in the appropriate samples. Earlier studies have already proven the feasibility 

and reliability of association studies potentially offering a powerful approach to identify genetic variants 

that influence susceptibility to common disease. Inconsistencies of association results may be due to false 

positive studies (spurious associations), false negative studies (studies lacking adequate power) or true 

variability in association among different populations. In a metaanalysis, Lohmueller and colleagues
1
 

analyzed 301 published association studies covering 25 different reported associations. There was a large 

excess of studies replicating the first positive reports, inconsistent with the hypothesis of no true positive 
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associations. This excess of replications could not be reasonably explained by publication bias and was 

concentrated among 11 of the 25 associations. For 8 of these 11 associations, pooled analysis of follow-up 

studies yielded statistically significant replication of the first report, with modest estimated genetic effects. 

Thus, a sizable fraction of reported associations have strong evidence of replication; for these, false 

negative, underpowered studies probably contribute to inconsistent replication. The authors concluded 

that there are probably many common variants in the human genome with modest but real effects on 

common disease risk, and that studies using large samples will convincingly identify such variants. 

Against the background of this classical candidate gene approach combined with a large set of precisely and 

specifically phenotyped individuals, the approach holds a powerful advantage over the non-hypothesis-

driven approach. Genome-wide linkage scans or association studies to map CVD and/or MI loci have been 

performed to date, with some replication but no convincing functional data so far.
2
,
3
,
4
,
5
 For the latter locus, 

it is yet not known which genes it harbors. 

Another study tried to replicate the above data in 1.011 patients with early-onset angiographic CAD 

compared with matched 545 matched subjects free of angiographic disease as well as a random population 

sample consisting of 565 individuals. They concluded that variants at the 9p21 locus robustly predict 

angiographic CAD prevalence, independent of standard risk factors, but not CAD extent or MI.
6
 

Another study by Erdmann et al
7
 identified one new CAD risk locus on 3q22.3 in MRAS and suggestive 

association with a locus on 12q24.31 near HNF1A-C12orf43. Tregouet et al
8
 identified the SLC22A3-LPAL2-

LPA gene cluster as a strong susceptibility locus for CAD through a genome-wide haplotype association 

(GWHA) study. This locus was not identified in previous GWAs studies focusing on univariate SNP analyses.  

Combined analysis of 2 GWAs in cases enriched for family history recently identified 7 loci (1p13.3, 1q41, 

2q36.3, 6q25.1, 9p21, 10q11.21, and 15q22.33) that may affect CAD risk. Whereas the 9p21 locus seems to 

be substantially replicated, the remaining ones await further substantial replication. In this respect, the 

Coronary Artery Disease Consortium
9
 undertook association analysis of SNPs at each of the above 

mentioned loci with CAD risk in 11,550 cases and 11,205 controls from 9 European studies. While the 

9p21.3 locus showed unequivocal association, the investigators were able to confirm association signals at 

1p13.3, 1q41, and 10q11.21. The associations with 6q25.1 and 2q36.3 were borderline and not statistically 

significant after correction for multiple testing and 15q22.33 did not replicate. The 10q11.21 locus showed 

a possible gender interaction, with a significant effect in women but not men. There were no other strong 

interactions of any of the loci with other traditional risk factors. The loci at 9p21, 1p13.3, 2q36.3, and 
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10q11.21 acted independently and cumulatively increased CAD risk by 15% (12% to 18%), per additional 

risk allele. 

The Myocardial Infarction Genetics Consortium
10

 conducted a GWA study testing both SNPs and copy 

number variants (CNVs) for association with early-onset MI in 2,967 cases and 3,075 controls. A Replication 

was carried out in an independent sample with an effective sample size of up to 19,492. Three newly 

identified loci reached genome-wide significance: (I) 21q22 near MRPS6-SLC5A3-KCNE2; (II) 6p24 in 

PHACTR1; (III) 2q33 in WDR12. Six loci were replicated: 9p21; 1p13 near CELSR2-PSRC1-SORT1; 10q11 near 

CXCL12; 1q41 in MIA3; 19p13 near LDLR; 1p32 near PCSK9. The analysis of common and rare CNVs failed to 

identify additional associations with MI risk. 

The above mentioned GWA studies only studied association between SNP markers – merely reflecting a 

portion of a locus – and clinical entities such as MI or CAD in its different phenotypic characteristics (early 

onset, enriched cases, etc.). Mote interestingly, Vasan and colleagues
11

 studied echocardiographic 

measures of LV structure and function as heritable CVD phenotypes. They conducted a meta-analysis of 

GWA data in 5 population-based cohort studies (stage 1) with replication (stage 2) in 2 other community-

based samples. Within each of 5 community-based cohorts comprising the EchoGen consortium (stage 1; 

n=12 612 individuals of European ancestry; 55% women, aged 26-95 years; examinations between 1978-

2008), they estimated the association between approximately 2.5 million SNPs and echocardiographic traits 

(LV mass, internal dimensions, wall thickness, systolic dysfunction, aortic root, and left atrial size). In stage 

2, SNPs significantly associated with traits in stage 1 were tested for association in 2 other cohorts (n=4094 

individuals of European ancestry). As a result, in stage 1, 16 genetic loci were associated with 5 

echocardiographic traits: 1 each with LV internal dimensions and systolic dysfunction, 3 each with LV mass 

and wall thickness, and 8 with aortic root size. In stage 2, 5 loci replicated (6q22 locus associated with LV 

diastolic dimensions, explaining <1% of trait variance; 5q23, 12p12, 12q14, and 17p13 associated with 

aortic root size, explaining 1%-3% of trait variance). Further studies are required to replicate these findings, 

identify the causal variants at or near these loci, characterize their functional significance, and determine 

whether they are related to overt CVD. 

All these studies clearly indicate that after the first step of identification of gene loci associated with CVD or 

related cardiac structure/function phenotypes, the next step has to translate into the identification of 

responsible candidate genes and functional variants by molecular genetic/biologic approaches, which is 

routinely performed in the LIFA-Department of Molecular Genetics of Cardiovascular Disease (WWU 

partner in this project).
12

,
13

,
14

,
15

,
16

,
17

,
18

,
19

,
20

,
21

,
22

,
23
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For VPH2, we have a very specific genetic hypothesis including patient-specific clinical decision making, 

planning each patient’s optimal treatment and the enterprise of designing an algorithm to simulate disease 

progression on the one hand and using known replicated candidate genes for cardiac function and 

structure phenotypes on the other hand.
24

,
25

,
26

 The currently chosen approach of genotyping roughly 1220 

GISSI-Prevention samples is the TaqMan® technology as state of the art. This technology is very flexible in 

allowing additional genotyping (own identified functional variants, replication of potential variants 

identified and replicated in former and future GWAs in stage 2 where appropriate). We have chosen the 35-

variant approach to test whether already replicated genetic polymorphisms, known to be associated with 

cardiac function/structure and/or HF (after MI or not), are associated with the appropriate phenotypes in 

the GISSI-Prevention trial. Once a proof-of-principle of association has been established, a Phase II 

approach either considering markers from genetic loci identified in appropriate GWAs or/and only in vitro 

proven functional variants should be considered for further testing using the above mentioned flexible 

Taqman® approach. 
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3 Design of genetic variant genotyping assays according to VPH2 gene 

list (35 genes) 
 

According to the published list of genes and the chosen variants, TaqMan® genotyping assays have been 

included with special respect to their availability and assay type. Known assay availability was 

unexceptionally “made to order” and selected assays were either quoted to be “functionally tested” or 

“validated”. Custom assays were generated according to the 5'- and '3-flanks of selected SNPs with respect 

to the type of the displayed variant (single or multiple base variation, insertion or deletion) and the 

specificity of the labeled probes.  

 

3.1 Special probe design for non-custom Ins/Del genetic variants 

 

Custom assay design for variants featuring insertions/deletions larger than six nucleotides is not offered by 

Applied Biosystems on regular bases. In close cooperation with technical service and production of Applied 

Biosystems a unique approach has been elaborated. Using standard TaqMan detection hard- and software, 

adapted probes have been generated using primer design software on the flanking regions of the large 

Ins/Del variants, detecting either one of the two possible molecular situations using adjusted detectors. 

4 Process-flow strategy for probe handling and assay procedure 
 

The strategy for probe handling and assay procedure was adjusted for the requirements of the VPH2 

project at WWU. Extraordinary accuracy concerning the traceability of the original sample identifiers 

needed to be guaranteed whenever samples had to be handled due to preparation for final genotyping.  

4.1 Dilution of DNA samples  

 

The genomic DNA (GISSI-Prevenzione, ~1220 samples) has been delivered in May 2009 at various 

concentrations, ranging from 4 ng/µL to app. 550 ng/µL in a 96-well multiplate format. Since varying 
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concentrations of this magnitude are not suitable for automated sample processing, samples needed to be 

diluted according to the communicated concentrations (file “dettagli piastre x germania.xls”) of each 

sample to a final concentration of 1 ng/µL, since standard operational amount of genomic DNA used for 

TaqMan® analyses is 2 ng/reaction. Dilution was executed in a final volume of 100 µL, with the needed 

amount of 2 ng/reaction, the number of 35 TaqMan® Genotyping assays and a residual volume for the 

automated pipetting taken into account. The volume of DNA applied for the generation of this first set of 

master plates is recorded in file “Center Codes GISSI probes VPH2.xls” presenting the original data including 

the plate identifiers and the transposed sample data in the natural 96-well format. 

4.2 Merging of DNA samples from supplied format into TaqMan® compatible format 

 

4.2.1 Programming of robot run files and adjustment of liquid handling 

 

A positive control (“CEPH”; Centre d'Etude du Polymorphisme Humain), and one negative vehicle control 

(“EMPTY”) had to be placed at designated plate positions for each 96-well plate in order to allow evaluation 

of each assay at different time points during a run, leading to a replacement of eight DNA samples per 384-

well plate. Replaced samples were moved to a designated plate position according to the “Center Codes 

GISSI probes VPH2 Merge 96er-Platten auf 384er.xls” form. Efficient merging of plates was provided by an 

engineered program with four 96-well master plates (1 ng/µL) serving as “source” and to 384-well 

TaqMan® plates serving as parallel-accessed “sinks”, with special respect to highest accuracy and minimal 

probe handling. Each generated 384-well TaqMan® plate has its own unique identifier consisting of a bar- 

as well as an alphanumerical code which allows the identification of each sample in combination with the 

named files. 

4.2.2 Generation of TaqMan® SNP genotyping charging-plates (2 ng DNA) 

 

Merging of generated 96-well master plates into 384-well TaqMan® compatible plates (charging-plates á 2 

ng DNA) will be an ongoing procedure since plates have to be treated cautiously until dried at 60°C for 2 h. 

A total of 140 384-well plates will have to be generated, a process planned to run simultaneously to the 

subsequent TaqMan® assay. Storage of plates will be uncomplicated until they are processed in the final 

assay.  

4.2.3 Generation of TaqMan® run-files according to SNP assay identifiers and DNA center codes 
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For each single TaqMan® SNP genotyping assay a unique run-file has been created using SDS-software, 

holding information for various parameters: 

- assay ID 

- SNP ID (i.e. rs-number if available) 

- labeling of gene-specific nuclear probe (VIC/FAM labeling, third label if applied) 

- detectors 

- thermal cycler protocol 

- uploaded center codes corresponding to the 384-well position 

- barcode of the charged plates 

 

Final output files (.csv-files) will offer the information of each run-file and additional information for the run 

itself. Performance of the upstream polymerase chain reaction will be traceable as well as discrepancy of 

the used detectors. Output files will be sent with every single data generated during the original run to 

NoemaLife. The modus operandi concerning data transfer once genotyping has started has not been 

discussed yet. Data could be delivered in smaller units (up to five assays at a time) or cumulative.  

5 Pre-run testing of DNA for TaqMan® compatibility and quality 

control 
 

5.1 DNA quality control 

 

GISSI DNA has been tested for its compatibility with standard TaqMan procedure using 2 ng of DNA. The 

assay used was designed for the SNP rs6559499 and was a kind gift of the department of genetic 

epidemiology at the LIFA. We initially tested 91 samples and five controls in this run. We received 100% 

clear results with distinct "clusters" (see register #2 with the x/y graph) for all four possible results (being 

allele C or allele G or both or undetermined, which is equally with “empty”). We exported the raw 

data from the ABIPrism 7500 software (.csv) with adjacent ccompilation of generated data files and basic 

tabulation. The results of this first test were forwarded to Noemalife on June 18
th

 2009 to give a first 

impression of the datasets that will be sent by WWU for further computational analysis.  

5.2 TaqMan assay quality control 
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Custom TaqMan Assays are designed according to well defined and quite narrow parameters concerning 

primers, fluorescence labelled MGB-probes and amplicon length. Designated SNPs reside in a certain DNA 

sequence, which determine these parameters. Nevertheless, assay design is an in silico process and cannot 

predict all parameters to their full extend. There are several pitfalls for a functional Taqman Assay. First of 

all, synthesis of oligonucleotides does depend on the nucleotide sequence of the oligo itself and needs to 

reach a certain amount of molecules per assay for all contained primers and probes. Quality control at 

Applied Biosystems observes coupling efficiency and total amount of the oligonucleotide.  

Nine of the custom genotyping SNPs ordered for the VPH2 project did not pass Quality Control in the first 

run and had to be redesigned. TaqMan Assays which did not pass Quality Control three times in a row were 

excluded from final analysis.  

Successfully designed Taqman Assays were evaluated using SDS software. Manual calling had to be applied 

in some cases and internal control parameters were used to decide data reliability: 

    - ROX signalling as internal signal benchmark 

    - time of signal detection of each single fluorescence probe 

    - total signal intensity of each single fluorescence probe 

    - number of wells failed detection 

    - overall signal allocation 

    - "nearest neighbour" rule (k-NNR) 

Taqman Assays not passing any of these control parameters were excluded from final data evaluation to 

raise high quality data sets with a high score in data reproductivity for the VPH2 project. 

6 Case-control design GISSI Prevention 
 

Genetic variants associated to LVD or late onset (HF after acute MI by a post-hoc analysis from the GISSI 

Prevention trial have been investigated by the methodology described above. Proponent of the study was 

IFC CNR, that submitted to the  Mario Negri Steering Committee all the documents necessary for the 

genetic study approval. 
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6.1 Study design 

 

GISSI Prevention trial  is a case-control multicenter study under the coordination of Mario Negri Institution, 

previously described in details 
1
.   

Scientific objective were: 1) To assess the prevalence of polymorphisms in genes encoding for proteins of 

the renin-angiotensin,  endothelin, adrenergic and matrix metalloproteinases inflammatory cytokines and 

cell adhesion molecules systems in patients who developed LVD during an index MI or late onset overt HF 

in the first year post-MI; 2)  To enter into the VPH2 modelling system, in addition to baseline anonymous 

individual patient records, SNPs information derived from genetic processing as simulation of source data 

to guide decision-making in the Virtual Pathological Heart with post-ischemic LVD.  

Study population inclusion criteria were:  

-     post-acute MI (<3 months)  

- NYHA class I-II 

- informed consent for genetic studies available 

- frozen blood sample stored available  

Exclusion criteria were: 

- suspected or  known HF (cardiologists diagnosis) at enrolment 

- LV ejection fraction (LVEF) unavailable at enrolment 

- recurrent MI in the first year after enrolment 

Evaluation criteria were as followed: Cases (patients with baseline LVEF ≤ 0.40 or patients who developed 

late-onset HF) were selected according to the above inclusion/exclusion criteria and, for the late-onset HF 

group, the need to be hospitalized for a clinical diagnosis of HF in the first year after randomization. 

Controls (patients with baseline LVEF > 0.40 who did not develop late-onset HF during the whole follow-up 

period) were matched in a 1:1 ratio to cases for those variables which were significantly associated to late-

onset HF in a previous post-hoc analysis of GISSI Prevention: age, baseline LVEF, diabetes, hypertension, 

heart rate, white blood cell count, peripheral vascular disease and study treatment. 

Patients meeting the above inclusion criteria were retrospectively identified from the GISSI Prevention 

database   

The following data have been collected from the study database 
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Demographics and Clinical  

- age 

- gender 

- hypertension, diabetes, peripheral vascular disease 

- smoking habit 

- heart rate 

- previous  MI 

- Acute MI type (STEMI non STEMI) and site 

- post-acute MI angina 

- revascularization procedures (angioplasty, surgery) 

- NYHA functional class   

- drug treatment type (diuretics, ACE-inhibitors/angiotensin receptor blockers, beta-blockers, statins) 

- study treatment (PUFA/placebo) 

- time to admission for HF 

Biochemistry 

- cholesterol (total, HDL) WBC, fibrinogen, creatinine, uric acid 

Echocardiography at baseline 

- LV diameters or LV volumes (end-diastolic and end-systolic) 

- LV ejection fraction 

 

6.2 Statistical data analysis of genotyping results 

 

 From a previous post-hoc analysis of the GISSI Prevention trial (Macchia et al Rev Esp Cardiol. 

2005;58:1266) among 8415 patients without the first two exclusion criteria, 192 patients with no previous 

MI developed late onset HF, 118 of whom during the first year since randomization. Furthermore, among 

719 patients with baseline LVEF ≤0.40 and no previous MI, 521 have been enrolled with the inclusion 

criteria. Controls have been matched among the remaining 7882 patients without recurrent MI and 

baseline LVEF >0.40.  
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Non polymorphic SNPs have been dropped. Departure from Hardy Weinberg Equilibrium (HWE) may be 

due to genotyping problems. SNPs that strongly (p<0.0001) violate HWE among controls have been erased 

from the analysis.  Frequency of missing data > 20% or significant difference in missing genotypes between 

cases and controls have been highlighted for further checking (but SNPs retained in the analysis). Other 

data inconsistencies have been registered. Data quality problems were notified to the genotyping Unit. 

Relative frequencies of SNPs genotypes and of SNPs alleles have been compared by chi-square test (exact 

test when appropriate) in index cases (LVEF at baseline ≤ 0.40 or HF during follow-up) vs controls. P-values 

<0.05 have been considered statistically 

6.3 Genetic Results 

 

STUDY 1: Total cases with baseline LVEF ≤ 0.40 were 521 (437 males, 84 females); total controls with 

baseline LVEF > 0.40 who did not develop late-onset HF during the whole follow-up period were 521 (437 

males, 84 females) , matched in a 1:1 ratio to cases for age and sex. Total number of SNPs: 30.  

Data quality control 

Non polymorphic SNPs dropped: 

rs3730287  has allele 3 only 

rs61751084  has  allele 2 only 

rs61751083 has allele 1 only 

Departures from HWE among controls (dropped from the analysis): 

rs4291 observed  distribution among controls 36/261/88  

 observed (Heterozygotes frequency)=0.6779   

 expected (Heterozygotes frequency) under HWE=0.4909   p-value=4.036e-014 

Other significant departures from HWE among controls (retained in the analysis): 

rs699  observed  distribution among controls 86/289/142 

 observed (Heterozygotes frequency)=0.559   

 expected (Heterozygotes frequency) under HWE=0.4941   p-value= 0.003 

Missing data: 

rs4291        nr of missing genotypes 306  (29%)  

rs4291  32% missing cases  26% missing controls  p-value=0.02 
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L555V  3% missing cases  0.8% missing controls  p-value=0.007 

rs4343  7% missing cases  11.7% missing controls  p-value=0.01 

Other data inconsistencies: 

Sample ID=194 rs1800888 allele = 6 (both alleles set to missing) 

SNPs with alleles A1 and A2 were tested for genotype or allelic association between cases and controls.  

P-values for the chi-square test  are reported. For X Chromosome SNPs (X), association is tested among 

females. Statistically significant associations (if any) have been highlighted.  

 

Table 1  

        SNP   A1   A2     TEST          CASES       CONTROLS    P-value  

 

 rs1799998    2    4     GENO    128/256/130    131/235/152      0.268 

 rs1799998    2    4  ALLELIC        512/516        497/539      0.405 

    rs4343    1    3     GENO     87/227/170     77/213/170     0.8004 

    rs4343    1    3  ALLELIC        401/567        367/553     0.4975 

    rs4961    4    3     GENO     14/150/353     11/132/375     0.3374 

    rs4961    4    3  ALLELIC        178/856        154/882     0.1452 

 rs1800544    3    2     GENO     34/206/275     39/207/273     0.8451 

 rs1800544    3    2  ALLELIC        274/756        285/753     0.6617 

 rs1801252    3    1     GENO       4/94/417      3/101/414       0.82 

 rs1801252    3    1  ALLELIC        102/928        107/929     0.7486 

 rs1801253    3    2     GENO       0/11/505       1/20/499       0.13 

 rs1801253    3    2  ALLELIC        11/1021        22/1018     0.0564 

 rs1042713    1    3     GENO     77/242/193     75/233/209     0.6672 

 rs1042713    1    3  ALLELIC        396/628        383/651     0.4455 

 rs1800888    4    2     GENO       0/11/505       0/20/499       0.13 

 rs1800888    4    2  ALLELIC        11/1021        20/1018     0.1069 

    rs4994    2    4     GENO       4/58/453       1/57/461     0.3696 
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    rs4994    2    4  ALLELIC         66/964         59/979     0.4898 

    rs5186    2    1     GENO     48/202/265     40/203/273     0.6545 

    rs5186    2    1  ALLELIC        298/732        283/749     0.4461 

  rs429358    2    4     GENO       2/80/428       6/79/432     0.3552 

  rs429358    2    4  ALLELIC         84/936         91/943     0.6462 

    rs7412    4    2     GENO       0/44/471       1/32/482     0.1812 

    rs7412    4    2  ALLELIC         44/986         34/996     0.2484 

    rs5370    4    3     GENO     20/175/322     22/163/333     0.7029 

    rs5370    4    3  ALLELIC        215/819        207/829     0.6464 

    rs5333    2    4     GENO     53/209/252     49/215/254     0.8895 

    rs5333    2    4  ALLELIC        315/713        313/723      0.832 

     rs699    2    4     GENO     96/271/147     86/289/142     0.5472 

     rs699    2    4  ALLELIC        463/565        461/573     0.8355 

    rs5498    3    1     GENO    116/265/135    119/251/147     0.6288 

    rs5498    3    1  ALLELIC        497/535        489/545     0.6933 

 rs1800795    2    3     GENO     47/191/274     49/195/272     0.9633 

 rs1800795    2    3  ALLELIC        285/739        293/739     0.7778 

 rs1800629    1    3     GENO       6/96/410       1/93/422     0.1245 

 rs1800629    1    3  ALLELIC        108/916         95/937      0.308 

     L555V    3    2     GENO        0/3/501        0/1/516     0.2938 

     L555V    3    2  ALLELIC         3/1005         1/1033     0.3046 

 rs3783615    4    1     GENO        0/2/514        0/1/518      0.556 

 rs3783615    4    1  ALLELIC         2/1030         1/1037       0.56 

      A35C    2    1     GENO       0/36/476       1/41/475       0.43 

      A35C    2    1  ALLELIC         36/988         43/991     0.4478 

    rs5443    4    2     GENO     60/237/215     59/224/234     0.5614 

    rs5443    4    2  ALLELIC        357/667        342/692     0.3918 

 rs1799983    4    3     GENO     57/229/222     56/229/231     0.9393 

 rs1799983    4    3  ALLELIC        343/673        341/691     0.7308 
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 rs7561198    2    3     GENO     32/173/307     25/163/326     0.4224 

 rs7561198    2    3  ALLELIC        237/787        213/815     0.1844 

 rs4646994    5    6     GENO     81/239/194     78/247/187     0.8551 

 rs4646994    5    6  ALLELIC        401/627        403/621     0.8718 

rs1403543 (X) 3    1     GENO       16/33/32       15/40/28     0.6232 

rs1403543 (X) 3    1  ALLELIC          65/97          70/96     0.7067 

 

 

STUDY 2: total cases who developed late-onset HF and were hospitalized for a clinical diagnosis of HF were 

101 (80 males, 21 females); total controls who did not develop HF during the whole follow-up period and 

with LVEF > 0.40 were 101 (80 males, 21 females), matched in a 1:1 ratio to cases for age and sex.  

Total nr of SNPs: 30 

Data quality control 

Non polymorphic SNPs dropped: 

rs3730287  has allele 3 only 

rs61751084  has  allele 2 only 

rs3783615 has allele 1 only 

rs61751083 has allele 1 only 

 

Significant departures from HWE among controls (retained in the analysis): 

rs4291 observed  distribution among controls 4/45/22  

 observed (Heterozygotes frequency)=0.6338   

 expected (Heterozygotes frequency) under HWE=0.4679   p-value= 0.004 

rs5498  observed  distribution among controls 26/38/36 

 observed (Heterozygotes frequency)=0.38   

 expected (Heterozygotes frequency) under HWE=0.495   p-value= 0.02 

Missing data: 

rs4291        nr of missing genotypes 80  (40%)  
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rs4291  50% missing cases  30% missing controls  p-value=0.006 

rs4343  3.9% missing cases  1.3% missing controls  p-value=0.04 

 

SNPs with alleles A1 and A2 were tested for genotype or allelic association between cases and controls. P-

values for the chi-square test  are reported. For X Chromosome SNPs (X), association is tested among 

females. Statistically significant associations have been highlighted. 

Table 2 

   SNP    A1   A2     TEST          CASES       CONTROLS     P-value    

 

   rs1799998    2    4     GENO       22/46/33       21/54/24      0.3562 

   rs1799998    2    4  ALLELIC         90/112         96/102      0.4307 

      rs4291    4    1     GENO         4/41/6        4/45/22       0.036 

      rs4291    4    1  ALLELIC          49/53          53/89     0.09417 

      rs4343    1    3     GENO       19/36/42       21/40/27      0.2079 

      rs4343    1    3  ALLELIC         74/120          82/94      0.1004 

      rs4961    4    3     GENO        3/23/75        0/27/73      0.1053 

      rs4961    4    3  ALLELIC         29/173         27/173      0.8042 

   rs1800544    3    2     GENO        7/49/45        6/44/51      0.6974 

   rs1800544    3    2  ALLELIC         63/139         56/146      0.4449 

   rs1801252    3    1     GENO        2/23/76        1/16/83      0.3855 

   rs1801252    3    1  ALLELIC         27/175         18/182       0.165 

   rs1801253    3    2     GENO         0/4/97         0/6/95      0.5152 

   rs1801253    3    2  ALLELIC          4/198          6/196      0.5219 

   rs1042713    1    3     GENO       18/49/34       12/54/34      0.4873 

   rs1042713    1    3  ALLELIC         85/117         78/122      0.5295 

   rs1800888    4    2     GENO         0/4/97         0/6/95      0.5152 

   rs1800888    4    2  ALLELIC          4/198          6/196      0.5219 

      rs4994    2    4     GENO        0/13/88        1/10/89      0.4108 
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      rs4994    2    4  ALLELIC         13/189         12/188      0.8565 

      rs5186    2    1     GENO        8/45/48        8/41/48      0.9487 

      rs5186    2    1  ALLELIC         61/141         57/137       0.859 

    rs429358    2    4     GENO        1/15/85        0/13/87      0.4613 

    rs429358    2    4  ALLELIC         17/185         13/187      0.4649 

      rs7412    4    2     GENO         0/5/96         1/4/95      0.4729 

      rs7412    4    2  ALLELIC          5/197          6/194      0.7471 

      rs5370    4    3     GENO        1/31/69        4/34/63      0.3106 

      rs5370    4    3  ALLELIC         33/169         42/160      0.2495 

      rs5333    2    4     GENO        2/48/51        9/43/46        0.07 

      rs5333    2    4  ALLELIC         52/150         61/135       0.234 

       rs699    2    4     GENO       25/44/31       21/46/32      0.8175 

       rs699    2    4  ALLELIC         94/106         88/110      0.6089 

      rs5498    3    1     GENO       29/42/30       26/38/36      0.6363 

      rs5498    3    1  ALLELIC        100/102         90/110      0.3657 

   rs1800795    2    3     GENO        4/41/56        6/41/54      0.8029 

   rs1800795    2    3  ALLELIC         49/153         53/149      0.6469 

   rs1800629    1    3     GENO        1/16/84        2/15/84      0.8302 

   rs1800629    1    3  ALLELIC         18/184         19/183      0.8631 

       L555V    3    2     GENO         0/2/99        0/0/100       0.095 

       L555V    3    2  ALLELIC          2/200          0/200      0.1583 

        A35C    2    1     GENO         0/9/91         1/5/95       0.269 

        A35C    2    1  ALLELIC          9/191          7/195      0.5957 

      rs5443    4    2     GENO        7/40/53       14/45/42      0.1425 

      rs5443    4    2  ALLELIC         54/146         73/129     0.04876 

   rs1799983    4    3     GENO       10/41/50       11/37/51      0.8857 

   rs1799983    4    3  ALLELIC         61/141         59/139      0.9304 

   rs7561198    2    3     GENO        4/33/64        3/39/59      0.6547 
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   rs7561198    2    3  ALLELIC         41/161         45/157      0.6268 

   rs4646994    5    6     GENO       16/40/44       20/53/27     0.04217 

   rs4646994    5    6  ALLELIC         72/128         93/107     0.03293 

  rs1403543 (X) 3    1     GENO         5/12/4         4/12/5       0.895 

  rs1403543 (X) 3    1  ALLELIC          22/20          20/22      0.6625 

 

6.4 Statistical analysis 

 

Low frequency SNPs (f<0.01) have been dropped from the analysis. Genotype frequencies that significantly 

departed from Hardy Weinberg Equilibrium (HWE) in controls (P<0.0001) were not considered for further 

analyses. Frequency of missing data > 20% or significant difference in missing genotypes between cases and 

controls have been subjected to further analysis. The genotyping call rates were all >98%. Relative allele 

and genotype frequencies have been compared by chi-square test (fisher’s exact test, where appropriate) 

between index cases (LVEF at baseline ≤ 0.40 or HF during follow-up) and controls. P-values <0.05 have 

been considered statistically significant without any correction for multiple testing. The software gPLINK 

has been used.   

6.5 Discussion 

 

Genotyping of the GISSI Prevention samples for 30 repeatedly validated genetic variants (SNPs and 

insertion/deletion variants) associated with CVD phenotypes in Phase I aimed at identifying genetic 

association with CVD phenotypes, i.e. LVD, developing HF after MI with different LVEF at baseline, which 

were also the basis for the allocation of samples to different predefined context-dependent phenotype 

groups.  

Two formerly and repeatedly CVD-associated genetic variants (ACEI/D and GNB3 C825T) have been 

significantly associated with late-onset HF in that carriers of the minor alleles of both genetic variants had 

significantly more often late-onset HF compared to non-minor-allele-carriers (P= 0.033 for ACE D vs. ACE II 

and P= 0.0487 for GNB3 825CC vs. GNB3 825T).  

Interestingly, when post-infarction patients with depressed ejection fraction (lower than 40%), indicative of 

impaired global LV function soon after the acute ischemic event(< 1 month), were compared with patients 

without severe impairment of LV function, (521 versus 521 matched subjects), no association was observed 

between depressed function post-acute MI and genetic variants. Conversely, when a subgroup of the 
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overall population, that developed late HF in the follow-up, indicative of progressive myocardial 

remodelling,  was compared with a sex and age matched group without clinical evolution of HF, ACEI/D and 

GNB3 C825T two formerly and repeatedly CVD-associated genetic variants were significantly associated 

with late-onset HF. This finding, if confirmed, reinforces the role of these variants in the natural progression 

of CVD towards the overt manifestation of HF. However, this association only point to a role of the gene 

locus as such but do not necessarily mean that these variants are responsible for the molecular 

mechanisms involved in clinical phenotype expression. Thus,  causal functionality of the genetic variants 

needs to be explored. These preliminary data, although not conclusive, suggest implementation of genetic 

data to VPH2 core database.  

Nevertheless, variants from ACE and GNB3 genes will serve as risk factors with respect to ongoing data 

mining procedures for clinical applications.  

7 Phase II: Genotyping for in vitro functional variants 

7.1 Genotyping for in vitro functional SNPs 

 

Considering the existence of haplotype blocks and the frequent linkage between variants even spaced by 

more than 10 kbp leading to low recombination frequencies and the possible difference of these blocks 

between two or even within one population(s), identified associations (even if they reside in a certain gene) 

only point to a role of the gene locus as such but do not necessarily include the causal functional variant. 

Therefore, functional analyses of candidate genes are a necessary tool to detect the molecular mechanisms 

involved in clinical phenotype expression. These analyses are extremely time and money consuming 

studies, which cannot be accomplished within the limited extent of this EU project. Since WWU is an expert 

in analysing functional SNPs of candidate genes and has identified and published a number of studies in this 

field, we can supply a set of functional variants (see appendix ‘Phase II Genotyping Genes’) to be genotyped 

within the VPH2 project. Moreover, the performed analyses take existing molecular haplotypes, consisting 

of SNPs which are inherited together, into account. These molecular haplotypes were all identified 

exclusively in our lab. If association of these SNPs within one of the analysed population will be observed, a 

mechanistic insight in the genesis of the trait will be achieved, leading to candidates for patient specific 

treatment despite more detailed risk prediction. 
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7.2 Genotyping of 150 samples with reverse remodelling phenotype from IFC CNR 

study on cardiac resynchronization therapy  

 

One-hundred-50  blood samples collected from 150 patients with CRT, according to the protocol described 

in D4.1 (pages 27-30), will be processed at WWU in order to extract DNA from mononuclear cells. Samples 

will be genotyped subsequently for the three in Phase I identified genetic variants rs4291, rs4646994 and 

rs5443, which have been associated with late-onset HF in GISSI-Prevention. In addition, these samples will 

be genotyped simultaneously for selected functional SNPs (Phase II). Genotyping results will be 

subsequently sent to the IFC CNR for statistical analysis. 

8 Biochemical approach: Oxidative stress and inflammation in LV 

remodeling 
 

Biochemical parameters are often used to improve the diagnosis and prognosis of HF patients. 

Measurement of different biomarkers in blood might provide quantitative information that could be 

clinically helpful regarding the biological process or regulatory mechanism of disease progression. As 

indicated in deliverable 2.1, and according to task 4.2, an increasing number of enzymes, hormones, 

biologic substances, and other markers of cardiac stress and malfunction, as well as myocyte injury appear 

to have growing clinical importance. In deliverable 4.1 we proposed and described a retrospective study for 

specific biochemical markers determination and we selected specific inflammatory and oxidative stress 

parameters that could be use for screening purposes and for assessment of heart disease progression. 

These biomarkers can be helpful in the management and risk stratification of patients with HF. 

 

8.1 Study Population 

 

We prospectively enrolled 63 consecutive HF subjects, twenty healthy subjects with at least one 

established cardiovascular risk factor as control group, and 43 patients who had been admitted for routine 

evaluation of the disease, or for the treatment of worsening HF. Eligibility criteria for enrollment of the HF 

patients were as follows: age 18 to70 years, NYHA class from II to IV, LVEF <50%. None of the patients 

included in the study was affected by primary pulmonary hypertension, irreversible renal or hepatic failure 

due to pre-existing hepato-renal chronic disease, severe diabetes mellitus with end-organ damage, severe 
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peripheral vascular or cerebrovascular disease, coexisting active neoplasia, pregnancy and recurring alcohol 

and drug abuse. Echocardiographic and clinical data were collected on admission (baseline data). Risk 

factors were defined according to current guidelines: hypertension (systolic and diastolic blood pressure 

≥140 and 90 mmHg, respectively or on antihypertensive medications),
2
 hyperlipidemia (LDL ≥160 mg/dL or 

current treatment with lipid-lowering medications),
3
 diabetes (documentation of at least two 

measurements of fasting serum glucose ≥126 mg/dL or on antidiabetic drugs),
4
 and smoking habit. 

Written informed consent for study participation and biochemical analysis was obtained from all subjects. 

The study protocol was approved by the Niguarda Hospital Ethics Committee. 

 

8.2 Evaluation Criteria 

 

Plasma pro-inflammatory mediators [tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), human soluble 

intercellular adhesion molecule 1 (sICAM-1) and human soluble vascular cell adhesion molecule-1 (SVCAM-

1)], oxidative stress marker [malondialdeheyde (MDA)], extracellular matrix remodelling enzymes [total (t) 

and active (a) forms of metalloproteinases (MMPs)] will be correlated to HF severity staged according to 

NYHA class. 

8.3 Biochemical Methods 

 

8.3.1 Routine Metabolic Parameters 

 

After an overnight fast, blood was drawn into different pre-chilled Vacutainer tubes for biochemical 

determinations. Routine metabolic parameters were assessed as follow: 

- cholesterol (total and HDL) and triglyceride concentrations are measured by colorimetric enzymatic 

assays, while LDL cholesterol level calculated according to the Friedewald calculation; 

- total and conjugated bilirubin levels are determined by diazo-reaction with or without caffeine as 

cofactor; 

- alanine aminotransferase and aspartate aminotransferase activities are evaluated by UV kinetic method 

measuring NADH consume at 37°C, while γ-glutamyltranspeptidase by colorimetric kinetic method 

performed at 37°C using γ-glutamyl-carboxy-nitroanilide as substrate; 

- cholinesterase activity is assessed by colorimetric kinetic method performed at 37°C using 

butyrylthiocholine as substrate; 

- NT-proBNP level is measured by electrochemiluminescence assay; 
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- total protein and albumin levels are determined by Biuret method and colorimetric assay with 

Bromocresol Green, respectively; 

- fibrinogen level is evaluated by Clauss method; 

- CRP concentration is quantified by immunoturbidimetric assay. 

8.3.2 Specific Biochemistry  

 

Specific biochemistry was evaluated as follows:  

- inflammatory status, by measuring plasma tumor necrosis factor (TNF)-α interleukin(IL)-6, human soluble 

intercellular adhesion molecule 1 (sICAM-1), human soluble vascular cell adhesion molecule-1 (sVCAM-1) 

levels, using the colorimetric enzyme-linked immunosorbent assays (ELISA) (R&D Systems, Minneapolis, 

MN-USA) which employs the quantitative sandwich enzyme immunoassay technique (Figure 1); 

- plasma malondialdehyde (MDA), marker of lipid peroxidation, by using an isocratic HPLC method with 

fluorescence detection with λ excitation at 515 nm and λ of emission at 553 nm (ChromSystemsGmbH, 

München, Germany); 

- total metalloproteinases (tMMP-2, tMMP-3 and tMMP-9), markers of extracellular matrix remodeling, by 

the colorimetric ELISA immunoassay methods (R&D Systems, Minneapolis, MN-USA);  

- the active form of MMP-9 (aMMP-9) by fluorimetric ELISA assay (R&D Systems, Minneapolis, MN-USA). 

8.4 Statistical Analysis 

 

Data are expressed as median and interquartile range (I-III) or frequency (percentage). Variables that were 

not normally distributed were logarithmically transformed before all the analysis. One-way analysis of 

variance (ANOVA) with post-hoc Scheffè test was used for NYHA class comparisons, while chi–square was 

used to test difference for categorical variables among groups.  

A two-tailed p value <0.05 was considered statistically significant.  

 The Software Package for the Social Sciences Version 10.0 (SPSS, Chicago, IL) was used.
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Figure 1. Quantikine® ELISA Assay Principle 

 

 

 

 

 

 

 

 

 

 

 

8.5 Results 

Median age of the HF population was 52 years (45-61). Twenty (42%) patients were in NYHA class II, 18 

(28%) in NYHA class III and, 5 (8%), in NYHA class IV. Median left ventricular ejection fraction (LVEF) and LV 

end diastolic volume (LVEDV) were 31% (24-36) and 186 mL (151-237), respectively. Among 12 HF patients 

in NYHA class IV screened, only 5 had the required inclusion criteria and were selected for the study. The 

other 7 had a previous ictus (n=1), or severe renal dysfunction with creatinine levels ≥ 2,5 mg/dL (n=3), HF 

secondary to valvular dysfuntion (n=2), and severe diabetic polivasculopathy (n=1).   

The aetiology of HF was ischemic in 18 patients (42%). Controls had one or more risk factor for 

atherosclerosis and were all asymptomatic (NYHA class I) with LVEF ≥ 50%.  

We therefore divided the overall population in 3 groups: 

- A, asymptomatic controls (n=20); 

- B, patients in NYHA class II with prior or current symptoms of HF on effort (n=20); 

- C, patients in NYHA classes III and IV with symptoms on minimal effort or at rest (n= 23). 
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All patients were taking recommended treatment for heart failure including ACE-inhibitors or angiotensin 

receptor blockers (100%), beta-blockers (84%), statins (53%), diuretics (91%) and aldosterone antagonists 

(35%). According to current HF guidelines, only the inotropic agent digoxin was more frequently used in C 

with respect to B group (39% vs. 5%, P= 0.011). Clinical and functional characteristics of controls and HF 

patients are shown in Table 1. No differences in age, gender and cardiovascular risk factors were observed 

among A, B and C groups. As expected, left ventricular ejection fraction (LVEF) decreased progressively 

from A to C; left ventricular volumes (LVEDV and LVESV) were significantly increased in all HF patients with 

respect to controls, indicating ventricular dilatation. 

Several metabolic parameters were different among A, B and C group (Table 2). Total cholesterol was 

higher in controls than in advanced HF subjects while HDL cholesterol was low in both B and C groups with 

respect to A group. Markers of hepatic function (total and conjugated bilirubin) and myocyte injury (blood 

NT-proBNP), were increased in advanced HF population with respect to the other 2 groups, and 

cholinesterase concentration was significantly reduced in the only C group with respect to controls. 

CRP, used in HF clinical practice as inflammatory marker, did not change among the A, B and C subjects 

while plasma TNF-α IL-6 and sICAM-1 levels were significantly increased in C patients with respect to 

control group. sVCAM-1 concentrations were instead higher in all HF patients than in healthy subjects. 

Finally, the levels of aMMP-9, marker of ventricular remodeling activation, were higher in both B and C 

groups than in controls. 
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TABLE 3. Clinical and Functional Characteristics of A, B and C Groups 

 A 

(n = 20) 

B 

(n = 20) 

C 

(n = 23) 

P 

Age, yrs 51 (33-63) 50 (38-58) 57 (47-60) 0.211 

Male gender, n (%) 14 (70%) 15 (75%) 22 (96%) 0.07 

LVEF, % 65 (63-70) 35 (27-46) 25 (19-33) <0.001 all 

LVEDV, mL 89 (78-108) 185 (134-202) 186 (169-262) <0.001 A vs. B, C 

LVESV, mL 32 (28-38) 110 (76-141) 126 (108-197) <0.001 A vs B, C 

Smokers, n (%) 2 (10%) 4 (21%) 5 (22%) 0.544 

Hypertension, n (%) 8 (40%) 7 (35%) 4 (17%) 0.232 

Hyperlipidemia, n (%) 5 (28%) 9 (47%) 8 (35%) 0.453 

Diabetes, n (%) 5 (25%) 2 (10%) 2 (9%) 0.251 

LVEF, left ventricular ejection fraction; LVEDV, left ventricular end diastolic volume; LVESV, left 

ventricular end systolic volume. 
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TABLE 4. Routine metabolic parameters of A, B and C Groups 

 A 

(n = 20) 

B 

(n = 20) 

C 

 (n = 23) 

P 

T-cholesterol, mg/dL 205 (182-231) 177 (149-221) 162 (117-196) 0.015 A vs C 

HDL cholesterol, mg/dL 53 (42-66) 42 (30-49) 33 (28-50) 0.002 A vs all 

LDL cholesterol, mg/dL 131 (103-142) 109 (77-147) 83 (71-121) 0.079 

Triglycerides, mg/dL 130 (65-179) 131 (84-198) 116 (84-175) 0.718 

T-bilirubin, mg/dL 0.50 (0.33-0.69) 0.83 (0.49-1.06) 1.25 (0.72-2.2) <0.001 C vs all 

C-bilirubin, mg/dL 0.13 (0.05-0.19) 0.22 (0.13-0.31) 0.33 (0.23-0.74) <0.001 C vs all 

AST, U/L 22 (18-25) 21 (18-25) 23 (20-33) 0.452 

ALT, U/L 24(19-31) 25 (14-31) 24 (16-34) 0.698 

Cholinesterase, U/L 9274 (8395-10611) 8172 (6161-9717) 6901 (5828-8584) 0.002 A vs C 

NT-proBNP, ng/L 85 (22-430) 741 (257-1656) 1785 (910-3440) 0.003 A vs C 

Total protein, g/dL 7.9 (7.4-8.2) 7.5 (7.0-7.8) 7.3 (7.2-7.7) 0.005 A vs all 

Albumin, g/dL 4.7 (4.5-4.9) 4.6 (4.3-4.8) 4.4 (3.9-4.6) 0.003 A vs C 

Fibrinogen, mg/dL 303 (260-376) 348 (292-406) 369 (329-515) 0.049 

CRP, mg/dL 0.2 (0.1-0.4) 0.2 (0.1-0.3) 0.4 (0.1-0.7) 0.204 

ALT, alanine aminotransferase; AST, aspartate aminotransferase; C, conjugated; CRP, C reactive protein; 

HDL, high density lipoproteins; LDL, low density lipoproteins; NT-proBNP, N-terminal B-type natriuretic 

peptide; T, total. 
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TABLE 5. Specific biochemical parameters among A, B and C Groups 

 A 

(n = 20) 

B 

(n = 20) 

C 

 (n = 23) 

P 

TNF-α pg/mL 0.9 (0.6-10.1) 2.9 (0.6-8.0) 6.9 (4.2-19.7) 0.013 A vs C 

IL-6, pg/mL 0.52 (0.01-0.69) 0.80 (0.37-1.80) 1.6 (0.5-11.4) 0.048 

sICAM-1, ng/mL 149 (121-180) 188 (147-250) 210 (147-288) 0.005 A vs C 

sVCAM-1, ng/mL 509 (385-606) 533 (438-699) 832 (560-1514) <0.001 C vs all 

MDA, µmol/L 0.15 (0.11-0.19) 0.14 (0.11-0.19) 0.17 (0.12-0.20) 0.287 

tMMP-2, ng/mL 201 (188-243) 210 (183-302) 297 (209-358) 0.039 

tMMP-3, ng/mL 16.7 (10.9-23.1) 12.6 (10.2-16.6) 14.7 (9.8-18.6) 0.288 

tMMP-9, ng/mL 311 (249-651) 538 (263-639) 161 (293-502) 0.323 

aMMP-9, ng/mL 46 (24-63) 240 (64-629) 285 (69-770) 0.002 A vs all 

a, active form of metalloproteinase; IL-6, interleukin-6; MDA, malondialdehyde; MMP, metalloproteinases; 

t, total; TNF-α, tumor necrosis factor-α sICAM-1, human soluble intercellular adhesion molecule 1; sVCAM-

1, human soluble vascular cell adhesion molecule 1. 

 

8.6 Discussion 

 

The main findings of the present study are that: a) specific inflammatory molecules, such as circulating 

sCAMs and inflammatory cytokines, are more sensitive indicators of HF progression than CRP, an acute 

phase reactant usually used in HF clinical practice; b) the active form but not the total form of MMP-9 

appears to be an accurate and early marker of HF disease.  

It is known that CAMs are important molecules involved in the biological activity of leukocytes. By 

interacting with a receptor such as VCAM-1, monocytes and lymphocytes penetrate from the 

endothelial layer into the intima, where mononuclear phagocytes differentiate into macrophages and 

produce cytokines and growth factors. These inflammatory mediators can stimulate smooth muscle cell 

proliferation, activate inducible nitric oxide synthase, with increase in free radical levels, and produce 

extracellular matrix, causing endothelial dysfunction, apoptosis of cardiac myocytes and endothelial 
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cells, inhibition of myocyte contractility, and myocardial fibrosis. CAMs, by mediating cell–cell 

interactions and the activation of cytokines, may thus participate in the development and progression of 

HF
5
. 

Elevated levels of TNF-α and IL-6 were also observed in our HF patients with respect to controls. As 

reported in several studies
6-9

, pro-inflammatory molecules are activated at an early stage of HF and rise in 

direct relation to worsening of disease, contributing further to the progression of HF. Several lines of 

evidence suggest that TNF-α may promote LV remodeling through alterations in the extracellular matrix. 

Transgenic mice, with targeted over-expression of TNF-α develop progressive LV dilation. Moreover when 

concentrations of TNF-α  that overlap those found in HF patients, are infused continuously in rats, there is 

a time-dependent change in LV dimension that is accompanied by progressive degradation of the 

extracellular matrix
10

. TNF-induced activation of matrix metalloproteinases (MMPs) has been suggested to 

be responsible for this effect.  

The matrix metalloproteinase (MMP) family of endopeptidases act as physiologic regulators of the 

extracellular matrix. In our results the active form of serum MMP-9 are increased in all HF patients, already  

in the early phase of the disease. Conversely, we observed no difference  in the total MMPs forms, with 

the only exception of tMMP-2 was higher in patients with advanced HF than in the other 2 groups.   

Altered activity of the gelatinase, particularly MMP-9, has been implicated in the structural changes 

occurring after experimental acute myocardial infarction
11,12

. Intracellular MMP-2 may be causal to acute 

myocardial dysfunction after ischemia-reperfusion injury
13

.  Recent evidence has shown that plasma MMP-

9 levels predict cardiovascular mortality in patients with ischemic heart disease
14

. Sustained myocardial 

inflammation may provoke time-dependent changes in the balance between the activity of MMPs and their 

enzyme inhibitors, named TIMPs with a consequent increase in the ratio of MMP activity to TIMP levels 

that fosters LV dilation
15,16

. 

Moreover,  in the advanced HF population we found low levels of total cholesterol, albumin, total proteins 

and high concentration of bilirubin. These metabolic changes are the result of the hepatic dysfunction that 

occurs in the advanced stages of HF and that is involved in cardiac cachexia. 

Instead, the high levels of blood NT-proBNP, found in B and C groups, are in agreement with the 

established role of natriuretic peptides as useful markers for diagnosis and risk stratification in HF. 

BNP and NT-proBNP have emerged as powerful biomarkers that reflect myocardial stress caused by various 

cardiovascular diseases. NT-proBNP levels, measured soon after an acute myocardial infarct, correlate 

closely with the extent of LV dysfunction
17

 and predict both mortality and the development of HF
18

. In a 

large number of studies it has been consistently found that BNP and NT-proBNP are elevated in patients 

with heart failure, and values were found to be related to disease severity expressed as NYHA functional 
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class, left ventricular systolic ejection fraction, and left ventricular diastolic function
19

. NT-proBNP 

concentrations discriminate the HF population against control subjects and their values are increased with 

progression of disease. 
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Appendix 

SNP Genotyping data analysis 

 

I. Introduction 

The standard SNP Genotyping assay generated for TaqMan applications from Applied Biosystems consists 

of three major components: 

1.:  A set of two distinct oligonucleotide primers   

for specific amplification of the DNA sequence of interest using polymerase chain reaction 

(PCR) to reach detection limits. 

 2.: Specific probe 1 

complementary to the DNA sequence bearing allele 1. 

Probe 1 is routinely labelled with the fluorescent marker VIC (i.e. reporter 1) and holds a 

none fluorescent Quencher. 

 3.: Specific probe 2 

complementary to the DNA sequence bearing allele 2. 

Probe 2 is routinely labelled with the fluorescent marker FAM (i.e. reporter 2) and holds a 

none fluorescent Quencher. 

The file “Product info SNP genotyping assays.xls” presents the following basal information about each 

genotyping assay: 

- Assay ID (a unique alphanumeric identifier for the specific assay) 

- Reporter 1 dye (always VIC) 

- Reporter 2 dye (always FAM) 

- Context sequence (the DNA sequence in which the SNP is located) 

- Design strand (information about the orientation of the sequence) 

- Gene Symbol (abbreviation for the gene holding the SNP) 
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Each folder containing the genotyping data for one single assay has been named by a combination of the 

Gene Symbol and the Assay ID. 

 

II. Import of GISSI data 

Since the GISSI Preventione DNA was presented in a 96-well format, four of these plates had to be merged 

into a ABI Prism 7900 compatible loading plate of the 384-well format including also necessary controls. 

The 1228 GISSI samples in addition with 8 controls on each 384-well plate result into a maximum 1256 

samples which equals a maximum of 1256 data points for each assay. The composition of each single plate 

(96-w. and 384-w. format) has been documented in two spread sheet document: 

 -  96-well format (original GISSI, without controls) 

  “Center Codes GISSI samples VPH2.xls” 

 -  384-well format (including controls ‘EMPTY’ and ‘CEPH’) 

  “Center Codes GISSI samples VPH2 Merge 96er-Platten auf 384er.xls“ 

For the application of TaqMan SNP genotyping assays, SDS 2.3-files had to bee created using two 

information of the files shown above: 

 1.:  Position of the patients DNA sample on the plate ‘WELL’ 

 2.: The name (i.e. number) of the sample ‘SAMPLE NAME’ 

These two information were exported into four .TXT-files (one for each 384-w. plate): 

 1.: “Plate 1 Import file.txt” 

 2.:  “Plate 2 Import file.txt” 

 3.: “Plate 3 Import file.txt” 

 4.: “Plate 4 Import file.txt” 

and imported into SDS-files subsequently. 
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III. Documentation 

SDS-data files 

The automated TaqMan SNP Genotyping is a two step process consisting of: 

 1.: PCR-reaction 

 2.: Detection of the fluorescence signal 

Therefore each completed SNP genotyping assay presents two different SDS-files:  

One holds detailed information about the PCR-reaction: 

file name consists of Assay ID + PCR + plate number 

 The other holds information about the detected fluorescence signals (i.e. plate read): 

  file name consists of Assay ID + PR + plate number 

Within each PCR-file, assay specific detectors are generated according to the information on Reporter 1/ 2 

dye (see I). A set of detectors represents a marker which is subsequently uploaded to the PR-file. 

Evaluation of the generated fluorescence data (‘calling’) is performed in respect of the passive reference 

ROX, intensity and relative time point of signal rise and clustering of homogenous signal data. Calling 

process can be performed automatically or manually depending on signal strength and identity. 

  Data export 

Original data output of executed TaqMan runs has been saved in a .PDF-file format without modification. 

For further analysis, collected data has been exported in .TXT-file format according to the nomenclature of 

the SDS PR-files. The data was subsequently imported in Excel spread sheet documents consisting of four 

sheets for every one of four TaqMan plates and an additional sheet holding pivotal tables for the data of 

each PR-file. Exported data files present the following information: 

- Filename 

- Plate ID   (according to barcode of the plate) 

- Position of detected signal (‘WELL’) 

- Sample at position  (‘SAMPLE NAME’, acc. to patient ID) 
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- Applied marker  (‘MARKER NAME’) 

- Detected signal  (‘CALL’, detected allele)      

The column ‘CALL’ presents the detected fluorescence signal in dependence on hybridisation of either one 

of the two specific assay probes (see I) labelled with the VIC or FAM marker. The data in this column is 

composed of the assay ID + the allele + the marker. In case of: 

  - Heterocygocity for allele X � ‘assay ID + X + VIC’ 

  - Heterocygocity for allele Y � ‘assay ID + Y + FAM’ 

  - Homocygocity   � ‘BOTH’ 

  - No signal   � ‘UNDETERMINED’ 

The call ‘UNDETERMINED’ may represent either a negative control (‘EMPTY’, no DNA) or an indistinct 

signal. 

Abbreviations 

CEPH Centre d'Etude du Polymorphisme Humain (DNA from specific cell line; positive control) 

PCR  polymerase chain reaction 

PR  plate read 

SDS  sequence detection system 

SNP  single nucleotide polymorphism 
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