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Structured abstract

Objective Restenosis after percutaneous coronary intervention (PCI) remains an issue even 
in the drug-eluting stent era. Genetic polymorphisms may provide insight in the pathogen-
esis of restenosis and may help in the stratification of patients at risk for restenosis. The aim 
of this study was to examine whether polymorphisms at the toll-like receptor 4 (TLR4) locus, 
which are associated with impaired innate immune system and with an increased risk of car-
diovascular events, were associated with clinical and/or angiographic restenosis after PCI. 

Methods The GENetic Determinants of Restenosis (GENDER) project was a prospective, 
multicenter study that enrolled 3,146 consecutive patients after successful PCI. Frequen-
cies of the TLR4 896A/G (Asp299Gly; rs4986790) and 1196C/T (Thr399Ile; rs4986791) 
polymorphisms and haplotypes were assessed. Patients were followed up for 1 year and in 
a subgroup of 406 patients angiographic follow-up was obtained.

Results We included a total of 2,682 patients that underwent successful PCI. There was no 
association between genotypes and the risk of target vessel revascularization at 1-year or late 
luminal loss at 6-months angiographic follow-up (p=0.53 and p=0.44, respectively). Absence 
of association with target lesion revascularization and late luminal loss was replicated in the 
GEnetic risk factors for In-Stent Hyperplasia study Amsterdam (GEISHA) cohort study of 
674 patients and in a subgroup of 550 patients with angiographic follow-up available (p=0.26, 
p=0.86, respectively). Moreover, in both studies, no significant differences between haplo-
types A/C and G/T were observed for target vessel revascularization ad late luminal loss. 

Conclusion Although inflammation has been implicated in the pathophysiology of 
restenosis, the 896A/G and 1196C/T polymorphisms or haplotypes based on these poly-
morphisms at the TLR4 locus are not associated with an increased risk of target vessel 
revascularization or angiographic restenosis after PCI. These polymorphisms are not useful 
for pre-PCI identification of patients at risk for restenosis.
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Introduction

Percutaneous coronary intervention (PCI) has been widely adopted for the treatment 
of coronary artery disease (CAD). However, despite technological and pharmacological 
advances the major drawback of PCI remains restenosis, requiring repeat revascularization 
[1]. The pathology of in-stent restenosis is characterized by neointimal proliferation result-
ing from arterial wall injury induced by balloon inflation and stent placement. The concept 
of a substantial inflammatory role in the pathogenesis of restenosis is supported by clinical 
[2, 3] and autopsy studies [4-6]. However, the extent of inflammatory response has been 
shown to vary substantially between individuals and is partly explained by genetic hetero-
geneity [7-9]. Studies designed to identify single nucleotide polymorphisms (SNP) in genes 
associated with restenosis have identified several genes involved in inflammation [10, 11]. 

In the innate immune system, inflammatory cells can be activated by pathogen-asso-
ciated molecular patterns via the family of toll-like receptors [12-14]. Toll-like receptor 4 
(TLR4; gene map locus 9q32-q33) can ligate with the exogenous ligand lipopolysaccharide 
[15], a Gram-negative bacterial wall component. However, TLR4 can also be activated by 
endogenous ligands such as cellular fibronectin in response to tissue injury [16] and heat 
shock protein 60 [17]. Moreover, arterial injury by balloon angioplasty results in significant 
expression of cellular fibronectin [18]. The TLR4 receptor is expressed on cardiomyocytes, 
macrophages, endothelial cells and smooth muscle cells [12, 19] and its expression is mark-
edly increased in human atherosclerotic lesions [20]. In addition, deficiency of TLR4 was 
found to protect against neointima formation and arterial remodeling in mice [21, 22]. 
Two SNPs in the TLR4 gene, 896A/G (Asp299Gly; rs4986790) and 1196C/T (Thr399Ile; 
rs4986791), resulting in amino-acid exchange in the extracellular domain of the receptor, 
were found to have functional consequences. These variants attenuate the TLR4 signal-
ling pathway and lead to a blunted inflammatory response [23].  Therefore, we aimed to 
detect whether the 896A/G and 1196C/T polymorphisms in the TLR4 gene were associ-
ated with the risk of clinical or angiographic restenosis after PCI in two Caucasian patient 
populations.

Methods

Study design
The study design of the GENetic DEterminants of Restenosis project (GENDER) has been 
described previously [24].  In brief, this was a prospective, multicenter follow-up study to 
evaluate the association between various gene polymorphisms and risk of clinical reste-
nosis. Patients eligible for inclusion in the GENDER study were treated successfully for 
stable angina, non-ST elevation acute coronary syndrome or silent ischemia with plain old 
balloon angioplasty or stenting by PCI in four of the 13 referral centers for interventional 
cardiology in the Netherlands. Patients treated for acute ST-elevation myocardial infarc-
tion (MI) were excluded. The inclusion period lasted from March 1999 until June 2001. The 
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study protocol conforms to the Declaration of Helsinki and was approved by the medical 
ethics committee of each participating institution. Written informed consent was obtained 
from each patient prior to the PCI procedure.

In the single-center, observational GEnetic risk factors for In-Stent Hyperplasia study 
Amsterdam (GEISHA) patients were included after successful bare-metal stent (BMS) 
placement in a native coronary artery. Indications for stent placement were bail-out or 
unsatisfactory result after balloon angioplasty alone, chronic total occlusion, ostial disease, 
and restenosis after balloon angioplasty. Patients with in-stent restenosis or complex 
lesions such as saphenous vein graft lesions, bifurcation lesions, lesions length ≥ 25 mm, 
reference vessel diameter < 2.5 mm and primary PCI for ST-segment elevation MI were 
excluded. All patients gave written informed consent and inclusion lasted from 1997 until 
2001. The study was approved by the local ethics committee and conforms to the Declara-
tion of Helsinki. 

PCI procedure
Balloon angioplasty and stent placement was performed with standard techniques using 
the radial or femoral approach. Prior to procedure, patients received 300 mg of aspirin 
and 7500 IU of heparin. The use of intracoronary stents and additional medication, such 
as glycoprotein IIb/IIIa inhibitors was at the discretion of the operator. When a stent was 
implanted, patients received either ticlopidin or clopidogrel for at least one month follow-
ing the procedure depending on local practice. During both studies, no drug-eluting stents 
were used. Due to the time of inclusion, no international clinical trial registration number 
of these trials is available.

Follow-up and end points
In the GENDER study, clinical follow-up lasted for 9 to 12 months or until a coronary 
event occurred. Patients were either seen at the outpatient clinic or contacted by telephone. 
Primary end point of this study was clinical restenosis defined as the incidence of target 
vessel revascularization (TVR) either by repeat PCI or coronary artery bypass grafting 
(CABG). An independent clinical events committee adjudicated the clinical events. Events 
occurring within one month were classified and analyzed separately, since these events are 
more likely attributable to sub-acute stent thrombosis or occluding dissections and not to 
restenosis. Data were collected with standardized case report forms that were completed 
by the research coordinator at each site. Representatives from the data coordinating center 
monitored the sites according to a prespecified protocol.

Patients participating in the GEISHA study returned for routine follow-up angiography 
between 6 and 10 months after stent placement. One year clinical follow-up was obtained 
through written questionnaires, review of hospital records, chart review, telephone contact 
with the referring cardiologists or the patient’s general practitioner. The primary end points 
of this study were angiographic late luminal loss and binary restenosis at angiographic 
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follow-up. The secondary end point was the occurrence of major adverse cardiac events: 
death, MI, CABG, repeat PCI and TVR. 

Quantitative coronary analysis
Quantitative coronary analysis (QCA) was performed off-line on images obtained before 
and after stent placement and at follow-up angiography, using a computerized system 
(QCA-CMS version 5.0, MEDIS, Leiden, The Netherlands [25]). All angiograms were 
analyzed by a local core laboratory. QCA was performed in at least two angiographic pro-
jections after intracoronary injection of isosorbide dinitrate (0.2 mg). The tip of a 6 or 7 
French catheter filled with contrast was used for calibration. The minimal luminal diameter 
was measured at the narrowest point of the lesion or within the stent. Acute luminal gain 
was defined as the difference between the minimal luminal diameter post- and pre-PCI 
(in millimeters), and late luminal loss was defined as the difference between the minimal 
luminal diameter at follow-up and post-PCI (in millimeters). Binary in-stent restenosis was 
defined as ≥ 50% diameter stenosis at follow-up angiogram. All continuous variables were 
calculated as mean values of two orthogonal views, using end-diastolic frames. The same 
view and calibration techniques were used at follow-up angiography.

Genotyping
Blood was collected in tubes containing EDTA at baseline and genomic DNA was extracted 
according to a standard protocol. Subsequent allele-specific PCR amplification for the TLR4  
polymorphisms 896A/G (Asp299Gly; rs4986790) and 1196C/T (Thr399Ile; rs4986791) was 
performed on 1 µL DNA in 10 µL ReddyMix (ABgene, Epsom, United Kingdom) according 
to methods described previously [26].

Statistical analysis
Deviations of genotype distribution from that expected in Hardy-Weinberg equilibrium 
were tested using Chi-squared test with one degree of freedom. The measures of linkage 
disequilibrium (D’) between 896A/G and 1196C/T SNPs were calculated from the primary 
genotype data with the use of the software package Haploview [27]. Data are presented 
as the mean (± standard deviation) or as the number (percentage). Continuous variables 
with Gaussian distribution were compared by the Student unpaired t-test, and categorical 
variables were compared by the χ2 or Fisher exact test where appropriate. Continuous vari-
ables with a non-Gaussian distribution were compared with the Mann-Whitney U test. The 
statistical analysis was performed with the Statistical Package for Social Sciences software 
(SPSS 15.0 for Windows; SPSS Inc.). A P value <0.05 was considered statistically signifi-
cant. The frequencies of the haplotypes were calculated using R software for Statistical 
Computing.
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Results

Baseline characteristics and frequency of TLR4 896A/G and 1196C/T 
polymorphisms
The characteristics of the GENDER patient population have been described previously 
[24]. In summary, follow-up was complete in 3,146 patients (99%) with a median dura-
tion of 9.6 months. A total of 42 patients experienced an event in the first 30 days and 
were therefore excluded from further analyses, according to the protocol. Of the remain-
ing 3,104 patients, a blood sample for DNA analysis was available in 2,749 patients. DNA 
genotyping of TLR4 896A/G and 1196C/T polymorphisms was successful in 2,688 (98%) 
and 2,698 (98%) patients, respectively. The results of the remaining patients were missing 

Figure 1. Genetic diversity at the TLR4 genomic region on chromosome 9. 
The exon-intron structure was adapted from sequence data in GenBank (http://www.ncbi.nlm.nih.gov/
nuccore/; accession number AF177765, last access June 30, 2009). Exons are denoted by 1, A (alternative 
exon 2), 2, and 3. SNP positions and data on pair-wise linkage disequilibrium were obtained from 
the HapMap database (CEU sample; http://www.hapmap.org; last access June 30, 2009). The 896A/G 
(Asp299Gly; rs4986790) and 1196C/T (Thr399Ile; rs4986791) SNPs (underlined) are located in exon 3. 
The values within squares show the pair-wise correlations between SNP (measured as D’) defined at the 
top left and top right sides of the squares. Squares without a number indicate D’= 1.

119520k 119518k 119516k 119514k 119512k 119510k 119508k 

 

Chromosome 9 

1 A 2 3 
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due to inconclusive genotyping. All genotype distributions were in Hardy-Weinberg 
equilibrium (p>0.05, Table 1). The 896A/G and 1196C/T polymorphisms revealed sig-
nificant linkage disequilibrium (D’ = 0.98) (Figure 1) and were combined for analyses. 
The 3 genotypes  (wild-type TLR4, denoted as 896AA; 896G-carriership in the presence 
of 1196T-carriership, denoted as 896G-positive/1196T-positive; and 896G-carriership in 
the absence of 1196T-carriership, denoted as 896G-positive/1196T-negative) were found 
at frequencies of 0.87, 0.12, and 0.003, respectively. Because of the small number, patients 
genotyped as 896G-positive/1196T-negative (n = 10) were analyzed together with the 
896G-positive/1196T-positive genotype. The proportions of the 896A/1196C (AC), AT, 
GC, and GT haplotypes in the GENDER study calculated, are presented in table 2. 

Baseline clinical and angiographic characteristics are listed in tables 3 and 4. There were 
no differences observed between patients with the 896AA genotype and 896G-positive 
patients. Stent placement was performed in 1,733 (74%) patients with 896AA genotype and 
in 261 (77%) in patients with 896G-positive genotype.

Table 1 SNP frequencies of GENDER and GEISHA
Population SNP Genotype n (%) Minor allele 

frequency
p-value HWE X²

GENDER 896A/G AA 2344 (87%)
(rs4986790) AG 333 (12%) G = 6.6% 0,82

GG 11 (0.4%)
1196C/T CC 2340 (87%)

(rs4986791) CT 347 (13%) T = 6.8% 0,63
TT 11 (0.4%)

GEISHA 896A/G AA 607 (89%)
AG 76 (11%) G = 5.8% 0,82
GG 2 (0.3%)

1196C/T CC 602 (89%)
CT 72 (11%) T = 5.8% 0,59
TT 3 (0.4%)

HWE: Hardy-Weinberg equilibrium

Table 2 Haplotype frequencies of the TLR4 896A/G and 1196C/T polymorphisms in the GENDER and 
GEISHA study
Population Haplotype Distribution

 (5364 haplotypes)
GENDER A/C 5001 (93%)

A/T 25 (0.46%)
G/C 7 (0.13%)
G/T 331 (6.1%)

 (1348 haplotypes)
GEISHA A/C 1264 (94%)

A/T 6 (0.45%)
G/C 7 (0.52%)
G/T 71 (5.3%)
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To validate our findings we analyzed the GEISHA population for both TLR4 polymor-
phisms. In this study, a total of 715 patients treated with BMS were included and DNA 
was obtained from 688 of the patients. DNA genotyping of TLR4 896A/G and 1196C/T 
polymorphisms was successful in 685 (99%) and 677 (98%) patients, respectively, and dis-
tributions were in Hardy-Weinberg equilibrium (p>0.05, Table 1). The proportions of the 
4 possible haplotypes are listed in table 2. Baseline and angiographic characteristics are 
shown in tables 3 and 4. 

Angiographic outcome and follow-up
In the GENDER and GEISHA populations, angiographic follow-up was performed in 406 
and 550 patients, respectively. QCA results are summarized in Table 5. Binary in-stent 
restenosis was observed in 82 (20%) patients in the GENDER population and in 92 (17%) 
patients in the GESIHA population. In both populations, there was no association between 
TLR4 896A/G or 1196C/T genotypes and late luminal loss or binary in-stent restenosis. 

Table 3 Baseline clinical characteristics
GENDER GEISHA

896 AA
n=2344

896 
G-positive*

n=338

p 896 AA
n=597

896 
G-positive*

n=77

P

Age (y) 62 ± 11 62 ± 11 0,74 58 ± 10 59 ± 11 0,22
Male 1668 (71%) 238 (70%) 0,87 461 (77%) 61 (19%) 0,69

Risk factors
   Diabetes 351 (15%) 49 (15%) 0,82 60 (10%) 6 (7.8%) 0,53
   Hypertension 940 (40%) 127 (38%) 0,38 203 (34%) 29 (38%) 0,53
   Hypercholesterolemia 1424 (61%) 206 (61%) 0,95 341 (57%) 48 (62%) 0,39
   Family history of CAD 809 (34%) 119 (35%) 0,8 300 (50%) 38 (49%) 0,88
   Current smoking 574 (25%) 96 (28%) 0,12 232 (39%) 33 (25%) 0,28
History of
   Myocardial infarction 918 (39%) 148 (44%) 0,1 286 (48%) 27 (35%) 0,03
   PCI 418 (18%) 72 (21%) 0,12 135 (23%) 23 (30%) 0,16
   CABG 294 (13%) 43 (13%) 0,93 18 (3.0%) 2 (2.6%) >0.99

Unstable angina 787 (34%) 106 (31%) 0,42 189 (32%) 19 (25%) 0,21

Aspirin therapy 1940 (83%) 287 (85%) 0,33 357 (60%) 45 (58%) 0,82
Coumarin derivates 153 (7%) 17 (5%) 0,29 16 (2.7%) 2 (2.6%) >0.99
Beta-blocker 1848 (79%) 258 (75%) 0,11 484 (81%) 57 (74%) 0,14
Statin therapy 1285 (55%) 176 (52%) 0,34 283 (47%) 35 (46%) 0,75

Baseline laboratory measurements (n=1060) (n=155) (n=202) (n=22)
   hs-CRP 5.8 ± 0.34 6.6 ± 0.81 0,4 5.0 ± 0.5 5.5 ± 1.4 0,78
Values are n (%) or mean±SD *896 G-positive/1196 T-positive and 896 G-positive/1196 T-negative 
genotypes together CAD: coronary artery disease, PCI: percutaneous coronary intervention, CABG: 
Coronary artery bypass grafting, hs-CRP: high sensitive C-reactive protein
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Moreover, no association in late luminal loss was observed between the haplotypes A/C 
and G/T (data not shown). A cumulative frequency distribution of late luminal loss is 
shown in figure 2. 

In the GENDER study, patients with angiographic follow-up were younger (59±10 vs. 
63±11, P=<0.01); were more often male (83% vs.69%, P=0.03); had less often diabetes mel-

Table 4 Baseline angiographic characteristics
GENDER GEISHA

896 AA
n=2344

896 
G-positive*

n=338

p 896 AA
n=597

896 
G-positive*

n=77

p

Artery treated
   Left anterior descending 1008 (43%) 136 (40%) 0,34 281 (47%) 30 (39%) 0,24
   Left circumflex 586 (25%) 91 (27%) 0,45 108 (18%) 16 (21%) 0,57
   Right coronary artery 750 (32%) 111 (33%) 0,76 208 (35%) 31 (40%) 0,35

Lesion type 0,89 0,36
   A 281 (12%) 43 (13%) 30 (5.0%) 0 (0%)
   B1 727 (31%) 98 (29%) 112 (19%) 17 (22%)
   B2 867 (37%) 124 (37%) 249 (42%) 32 (42%)
   C 469 (20%) 73 (22%) 206 (35%) 28 (36%)

Restenotic lesion 172 (7%) 22 (7%) 0,58 75 (13%) 14 (18%) 0,17
Chronic total occlusion 309 (13%) 54 (16%) 0,16 190 (32%) 24 (31%) 0,88
Multivessel disease 1066 (46%) 161 (48%) 0,46 252 (43%) 31 (40%) 0,66

Stent placement 1733 (74%) 261 (77%) 0,2 597 (100%) 77 (100%) >0.99
Stent length 18.6±10 19.1±11 0,51 16.7 ± 5.5 17.1 ± 5.1 0,56
Stent diameter (mm) 3.3±0.4 3.3±0.4 0,54 3.1 ± 0.4 3.2 ± 0.5 0,39
Values are n (%) or mean±SD *896 G-positive/1196 T-positive and 896 G-positive/1196 T-negative 
genotypes together mm: milimeters

Figure 2. Cumulative frequency 
distribution of late luminal loss 
Patients (GEISHA study only) with 
896 AA genotype are compared 
with the 896 G-positive genotypes 
(*896 G-positive/1196 T-positive 
and 896 G-positive/1196 T-negative 
genotypes together).
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litus (11% vs. 16%, P=0.02); were more often smoking (29% vs. 24%, P=0.03); had less often 
a history of CABG (8% vs. 13%, P=0.005); had less often unstable angina (26% vs. 33%, 
P=0.013); were more often on beta-blockers (83% vs. 78%, P=0.03); and were more often 
treated for a chronic total occlusion (24% vs. 12%, P=<0.001). In the GEISHA study, patients 
with angiographic follow-up were younger (57±11 versus 62±10, P=<0.01); were more 
often male (79% versus 70%, P=0.03), had less often diabetes (8.5% versus 15%, P=0.02); had 
less often unstable angina (28% versus 40%, P=0.02); and received less often aspirin therapy 
(58% versus 68%, P=0.04. No statistical significant differences were observed in baseline 
angiographic characteristics (Data not shown).

Clinical outcomes
Clinical follow-up was completed in all patients in both populations and the results are 
listed in Table 6. In the GENDER population, 260 patients (9.7%) had to undergo TVR and 
296 patients (11.0%) experienced a composite end point of death, MI or TVR. No associa-
tion was observed between TLR4 genotype and TVR (p=0.53) or the risk of the composite 
of death, MI and TVR (p=0.75). No differences in end points were found between patients 
treated with plain old balloon angioplasty (POBA) and stent placement (data not shown). 
These findings were replicated in the GEISHA population. Of the 674 patients, 89 (13.4%) 
underwent a TVR and 98 (14.5%) had a composite end point of death, MI or TVR within 1 
year but no associations was found with TLR4 genotypes (p=0.26, p=0.15, respectively). At 
1-year follow-up, no patients genotyped as 896G-positive/1196T-negative (n=17, patients 

Table 5 Quantitative Coronary Analyses results
GENDER GEISHA

896 AA
n=356

896 
G-positive*

n=50

p 896 AA
n=485

896 
G-positive*

n=65

P

Before PCI
   Reference vessel diameter (mm) 2.83 ± 0.72 2.71 ± 0.57 0,35 2.92 ± 0.74 2.97 ± 0.63 0,61
   Mean luminal diameter (mm) 0.78 ± 0.55 0.78 ± 0.58 0,95 0.74 ± 0.60 0.71 ± 0.64 0,79
   % diameter stenosis 73 ± 18 71 ± 20 0,63 75 ± 20 76 ± 20 0,71

After PCI
   Reference vessel diameter (mm) 3.20 ± 0.57 3.10 ± 0.57 0,29 3.35 ± 0.54 3.35 ± 0.51 0,99
   Mean luminal diameter (mm) 2.71 ± 0.61 2.72 ± 0.54 0,88 2.90 ± 0.56 2.92 ± 0.48 0,78
   % diameter stenosis 15 ± 12 12 ± 13 0,08 13 ± 9 13 ± 8 0,61
   Acute gain (mm) 1.93 ± 0.70 1.94 ± 0.78 0,9 2.17 ± 0.70 2.22 ± 0.73 0,59

At follow-up
   Reference vessel diameter (mm) 2.87 ± 0.87 2.88 ± 0.54 0,94 2.87 ± 0.56 2.87 ± 0.56 0,94
   Mean luminal diameter (mm) 1.87 ± 0.93 1.76 ± 0.55 0,44 1.93 ± 0.71 1.96 ± 0.62 0,71
   Percentage diameter stenosis 36 ± 22 40 ± 21 0,23 33 ± 21 32 ± 17 0,87
   Late loss (mm) 0.85 ± 0.97 0.97 ± 0.68 0,44 0.97 ± 0.67 0.96 ± 0.56 0,86
   Binary in-stent restenosis, n (%) 69 (19%) 13 (26%) 0,25 84 (17%) 8 (12%) 0,32
*896 G-positive/1196 T-positive and 896 G-positive/1196 T-negative genotypes together
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combined for both studies) died or had a MI, 2 patients underwent a target vessel revascu-
larization by either PCI or CABG. 

Since statin use has been shown to affect the role of inflammation, we assessed the asso-
ciation between genotypes and the rate of TVR, stratified by statin use. In both populations 
statin use was not associated with the risk of TVR or late luminal loss in the sub groups of 
TLR4 polymorphisms (Table 7).  Finally, we did not observe an association of high-sensitive 
C-reactive protein (hsCRP) with the risk of TVR in both populations (Table 8).

The possibility existed that a specific combination of the alleles of the 896A/G and 
1196C/T SNPs was associated with clinical end points. In the GENDER study, no signifi-
cant differences between haplotypes A/C and G/T were observed for TVR (odds ratio [OR] 
1.18, p=0.41) and the composite of death, MI, or TVR (OR 1.10, p=0.61). Similar results 
were observed when A/C was compared with the rare haplotypes (A/T and G/C) (OR 
0.64, p=0.53; OR 0.56, p=0.42). In the GEISHA study, no significant differences between 
haplotypes A/C and G/T were observed for TVR (odds ratio [OR] 0.55, p=0.18) and the 

Table 6 One-year clinical follow-up results
GENDER GEISHA

896 AA
n=2344

896 
G-positive*

n=338

p 896 AA
n=597

896 
G-positive*

n=77

p

Death 40 (1.7%) 5 (1.5%) 0,76 1 (0.2%) 0 >0.99
Myocardial infarction 32 (1.4%) 4 (1.2%) 0,61 15 (2.5%) 0 0,24
Repeat PCI 235 (10%) 34 (10%) 0,93 108 (18%) 12 (15.6%) 0,59
CABG 60 (2.6%) 10 (2.9%) 0,71 5 (0.8%) 2 (2.6%) 0,19
Target vessel revascularization 224 (9.6%) 36 (10.7%) 0,53 82 (13.7%) 7 (9.1%) 0,26
Composite death, MI, TVR 257 (11%) 39 (11.5%) 0,75 91 (15.2%) 7 (9.1%) 0,15
Values are n (%) *896 G-positive/1196 T-positive and 896 G-positive/1196 T-negative genotypes together
PCI: percutaneous coronary intervention, TVR: target vessel revascularization, CABG: coronary artery 
bypass grafting, MI: myocardial infarction

Table 7 Incidence of TVR and late luminal loss according to Toll-like receptor 4 genotype and statin 
therapy in patients included in the GENDER study

896 AA 896 G-Positive Total p
TVR
   No statin use 8.5% (90/1059) 12.3% (20/162) 9.0% (110/1221) 0,14
   Statin use 10.4% (134/1285) 9.1% (16/176) 10.3% (150/1461) 0,69
   Total 9.6% (224/2344) 10.7% (36/338)
   P 0,12 0,38
Late luminal Loss
   No statin use 0.98±0.67 mm 0.91±0.75 mm 0,68
   Statin use 0.75±1.14 mm 1.05±0.60 mm 0,28
   P 0,04 0,54
Values are n (%) or mean±SD *896 G-positive/1196 T-positive and 896 G-positive/1196 T-negative 
genotypes together, CAD: coronary artery disease, PCI: percutaneous coronary intervention, CABG: 
Coronary artery bypass grafting, hs-CRP: high sensitive C-reactive protein
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Table 8 Incidence of TVR and late luminal loss according to Toll-like receptor 4 genotype and hsCRP in 
patients included in the GENDER study

896 AA
(n=1060)

896 G-positive*
(n=155)

All patients
(n=1215)

p

TVR
   hsCRP in patients with TVR 5.4±1.1 8.1±2.9 5.7±1.0 0,38
         (n; %) (n=129; 12.2%) (n=18; 11.6%) (n=147; 12.1%)
   hsCRp in patients without TVR 5.9±0.4 5.8±0.8 5.9±0.4 0,94
         (n; %) (n=931; 87.8%) (n=137; 88.4%) (n=1068; 87.9%)
All patients 5.8±0.4 6.1±0.8
   p 0,65 0,33
Values are mean±SD
*896 G-positive/1196 T-positive and 896 G-positive/1196 T-negative genotypes together

composite of death, MI, or TVR (OR 0.50, p=0.11) neither for A/C versus the rare haplo-
types (OR 1.93, p=0.33; OR 1.72, p=0.42, respectively).

Discussion

The present results show that the TLR4 896A/G and 1196C/T variants are not associ-
ated with TVR or angiographic restenosis. Similar findings were observed in the subgroups 
undergoing POBA and stent placement. Because no association was observed in neither 
the GENDER population nor the GEISHA population, the probability of a false negative 
association as a result of population stratification is likely to be low.

Our findings have to be interpreted in light of the limited sample size. The power of our 
study to detect a 30% decrease in the composite endpoint and a 50% decrease in target 
vessel revascularization among carriers of the polymorphism (versus controls) was only 
54% and 92% in the GENDER and 19% and 43% in the GEISHA Study.

Our study confirms and extends the angiographic findings from our previous study by 
Rittersma et al. [28] In this earlier study, we investigated a single population that underwent 
stent placement and found no association between the TLR4 polymorphisms with angio-
graphic outcome at follow-up. Moreover, in vitro cytokine response to lipopolysaccharide 
challenge was not increased in patients with in-stent restenosis and functionality of the 
TLR4 polymorphisms could not be demonstrated. In this study, we investigated two patient 
populations treated for coronary artery stenosis with POBA or a BMS and also found no 
association between aforementioned TLR4 polymorphisms and angiographic restenosis. 
The study of Rittersma et al. did not include clinical follow-up. In this study, no association 
was found between the TLR4 polymorphisms and clinical follow-up. Although adventitial 
TLR4 activation with exogenous lipopolysaccharide augmented neointima formation in a 
mouse model [21], our present study and previous study by Rittersma et al. do not support 
a role for TLR4 polymorphisms in the progression of neointimal tissue formation in coro-
nary arteries in humans.
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The role of TLR4 and the 896A/G and 1196C/T SNPs in the progression of cardiovascu-
lar disease has been evaluated in several clinical studies. Kiechl et al. found a decreased risk 
of carotid atherosclerosis and less intima media thickness in the common carotid artery 
among 896G-allele carriers [29]. In a case-control study of patients with acute coronary 
syndrome, the 896AG genotype was associated with a decreased risk of acute coronary 
events independent of established risk factors [30]. However, conflicting results have been 
reported. In a large cohort Koch et al. found no association between the TLR4 896A/G 
and 1196C/T polymorphisms and MI [31]. The conflicting results might be explained by 
a difference in inclusion criteria, but the possibility that TLR4 variants serve as markers 
of another important genetic abnormality without themselves being functionally relevant 
cannot be excluded. Interestingly, Kolek et al. [32] observed a significant reduction in 
C-reactive protein (CRP) levels among 896G-allele carriers referred for coronary angiogra-
phy. In parallel, a decreased risk of angiographic CAD and diabetes was observed. Moreover, 
some previous studies found an effect of statin therapy on the association of the 896G-allele 
carriers and cardiovascular events, but not when the study population was assessed on the 
whole. Boekholdt et al. [33] found that in pravastatin-treated men with angiographically 
documented CAD, the 896G-allele carriers had a lower rate of cardiovascular events during 
a 2-year follow-up period compared to noncarriers (2.0% vs. 11.5%, p=0.045). Similarly, in 
the Southampton Atherosclerosis Study [34], patients with angiographic evidence of CAD 
treated with statins had a lower frequency of MI compared to noncarriers (8.8% vs. 14.2%, 
p=0.015). No significant effect of 896G-allele carriers on MI was found among statin-naive 
patients. We investigated the influence of statins, but no association was observed between 
896G-allel carriers and clinical restenosis (TVR) or angiographic restenosis (late luminal 
loss) in statin-treated patients. Furthermore, in our study no difference in CRP level was 
observed between 896AA and 896G-allele carriers.

There are several limitations to our study. The GENDER and GEISHA studies were both 
designed as a non randomized cohort study. Although genotyping could not be performed 
in all patients, the frequency of isolated 896G-allele carriers in the GENDER and GEISHA 
population was within the expected range, indicating that our cohorts did not reflect 
selected populations. Our study populations were primarily Caucasians with an indication 
for non-urgent PCI, and results might not apply to groups of different genetic or environ-
mental backgrounds or patients undergoing PCI for acute coronary syndromes. Moreover, 
in this study, clinical endpoint assessment involved multiple sources and hospital discharge 
codes, and medication may have masked associations between the SNP and CVD. Fur-
thermore, the GENDER and GEISHA studies were performed in the pre-DES era, patients 
were treated by either POBA or bare-metal stenting and it is unknown whether our results 
apply to DES treated patients. Simultaneously and maybe even more importantly, the TLR4 
polymorphism does not facilitates pre-PCI identification of patients at risk to develop in-
stent restenosis in response to a BMS, therefore, it is not useful in selecting patients who 
may profit from treatment with drug-eluting stents.
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In conclusion, we did not observe an association between the TLR4 896A/G and 1196C/T 
geotypes nor haplotypes and the risk of clinical or angiographic restenosis. Therefore, these 
SNPs are not useful as molecular predictors of restenosis.
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