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SUMMARY 

In-stent restenosis is a complex process that involves inflammatory responses. Activated 

adventitial macrophages/monocytes have been shown to be responsible for initiating neointimal 

hyperplasia. Interleukin-6 is a pleiotropic cytokine with anti-inflammatory as well as cell 

proliferation inducing characteristics. Recently, the plasma IL-6 levels were shown to be 

affected by a -174 G/C polymorphism in the IL-6 gene. 

The aim of this study was to determine the role of interleukin-6 response, and the -174 G/C 

polymorphism, in patients with in-stent restenosis. The IL-6 response in patients, who received 

a coronary stent, was analyzed by ex vivo whole blood stimulation with lipopolysaccharide 

(LPS) for 24 hours. At 6 months angiographic follow-up, 20 of the 130 patients (15%) 

developed in-stent restenosis (diameter stenosis >50%). The incidence of restenosis was lower 

in the highest quartile of the basal IL-6 level (odds ratio 2.1 (95%CI 0.6-8.0)) and the BL-6 

response to LPS (odds ratio 4.7 (95%CI 0.6-38.4)), than in other patients. The frequency of-

174 G/C polymorphism of the IL-6 gene among 221 patients was 15% for the CC genotype, 

49% for GC genotype and 36% for the GG genotype. The CC genotype was associated with 

lower IL-6 responses, basal levels and after LPS stimulation but no association could be 

determined between the -174 G/C genotype and the incidence of in-stent restenosis. 

In conclusion, this study suggests an association between whole blood IL-6 response and in-

stent restenosis and between whole blood IL-6 response and -174 G/C genotype. The lower 

IL-6 responses in patients who develop in-stent restenosis suggest a protective role of IL-6. 
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INTRODUCTION 

Restenosis following percutaneous transluminal coronary angioplasty is a complex process 

leading to vascular renarrowing or stent failure. A cascade model for restenosis has been 

proposed that involves inflammatory processes. Recently, it was shown that activated 

adventitial macrophages/monocytes may represent the key cells responsible for initiating 

arterial neointimal hyperplasia. Activation of vascular cells by stimuli like coronary stents 

leads to the production and release of inflammatory mediators such as interleukin 1 (IL-1), 

tumor necrosis factor a (TNFa) and IL-6. The proinflammatory cytokines IL-1 and TNF are 

known to promote both smooth muscle cell proliferation and migration, and regulate the 

synthesis of matrix components in vitro. ' Ongoing inflammatory signaling may prolong the 

response to injury and contribute to altered cell behavior and formation of intimai hyperplasia 

within the stented segment. 

Interleukin-6, a pleiotropic cytokine, mediates a variety of biological effects on the immune 

and hematopoietic systems as well as on other cells outside these systems (reviewed by 

references 5-7). IL-6 is known to be responsible for the induction of the acute phase 
8 9 

response. ' Recently, studies have focussed on the anti-inflammatory characteristics of IL-6 

(reviewed by 10 and 11). Unlike TNFa and IL-1, IL-6 does not up-regulate major 

inflammatory mediators such as prostaglandins, nitric oxide, or matrix metalloproteinases. 

Rather than inducing the synthesis of inflammatory mediators, IL-6 inhibits several key 

inflammatory responses. For example, in humans, administration of IL-6 causes the induction 
12 of circulating interleukin 1 receptor antagonist (IL-IRA), but not IL-Iß and TNFa. 

Lipopolysaccharide (LPS) treated IL-6 deficient mice produce three fold more TNFa than do 

wild-type controls, suggesting that endogenous IL-6 might be important to control the LPS 
13 

induced TNFa synthesis. Furthermore, it has been shown in IL-6 deficient mice that IL-6 is 

required to control the extent of local or systemic acute inflammatory responses, in particular 

the level of proinflammatory cytokines. 

It has been claimed that plasma IL-6 levels are genetically determined. The IL-6 gene, 

located on the short arm of chromosome 7, includes 5 exons and is subject to complex 

transcriptional regulation. The IL-6 promotor has recognition sites for transcription factors 

NF-IL-6 and N F K B , the latter being a major mediator of inflammatory stimuli. In the IL-6 

gene, a G/C polymorphism has been described in the 5' flanking region, at position -174. 

The C allele of this polymorphism, which was demonstrated to negatively affect gene 

transcription, was associated with lower plasma IL-6 levels. 

We hypothesize that IL-6 is important in regulating the inflammatory response after 

coronary stent placement. Reduced IL-6 response, such as in individuals with the CC genotype 

of the -174 G/C polymorphism, may increase the susceptibility of a patient to develop in-stent 

restenosis. In this study the IL-6 response was analyzed in patients receiving a coronary stent, 

using whole blood stimulation to analyze the inter-individual variations in monocyte response. 
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Furthermore, the association of the -174 G/C polymorphism with the IL-6 response and in-

stent restenosis was determined. 

MATERIALS AND METHODS 

Study population 

This study was part of the 'GEnetic risk factors for In Stent Hyperplasia study Amsterdam' 

(GEISHA). Two hundred twenty-one patients from the Catheterization Laboratory of the 

Academic Medical Center Amsterdam, who successfully received a stent in a native coronary 

artery, were included in the study. Stenting was performed on a provisional basis for bailout 

and unsatisfactory result, electively for chronic total occlusions, and occasionally for 

restenosis. To eliminate the influence of stent material and design, only patients receiving an 

ACS RX MULTI-LINK™ stent (Advanced cardiovascular systems, Inc. Santa Clara, USA), of 

15 mm or 25 mm, in length were included. All stents were deployed after pre-dilatation of the 

lesion. Deployment pressure was 12-16 atmosphere and a balloon:artery ratio of 1:1 was used. 

Patients were treated with ASA 100 mg and Ticlopedine 250 mg daily for one month after 

stent placement and ASA 100 mg thereafter. Two weeks after catheterization, fasting blood 

was drawn for whole blood stimulation and DNA isolation. After 6 months follow-up, 

catheterization was repeated of the first 130 patients. 

Table 1. Characteristics of total study population, comparing non-restenosis (NR)) and restenosis (R) 
group. The age was indicated as median (range) Diameter stenosis was defined as the % diameter 
stenosis > 50% at follow up determined by QCA, 6 months after stent placement. NR; patients with 
diameter stenosis< 50%, R; stenosis >50%. 

Total NR R 

Patients (n) 221 110/130 20/130 
Females, % 23% 15% 30% 

Age (years) 57 (30-83) 57 (30-83) 60(32-81) 
Hypertension, % 29% 30% 25% 

Diabetes mellitus, % 10% 5% 10% 

Hyperlipidemia, % 49% 55% 50% 

Family history of CAD. % 45% 50% 50% 

Stable/unstable angina, % 63/37% 68/32% 80/20% 

Analysis ofin-stent restenosis 

Quantitative coronary angiographic analysis (QCA) was performed before balloon angioplasty, 

after high pressure coronary stent (CS) placement, and at follow up coronary angiography 

using a computerized QCA system (QCA-CMS version 3.32 MEDIS).17 The reference 

diameter (D-Ref), minimal luminal diameter (MLD) were calculated as the mean of values 
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obtained in two orthogonal projections, and % diameter stenosis (DS) as the value of the 

'worst view'. 

Definitions 

"Acute gain" was defined as the increase in MLD achieved immediately after high pressure CS. 

The "late loss" was the decrease in MLD of the same segment observed on the follow-up 

angiogram. "Net gain" was defined as the difference between acute gain and late loss. 

Restenosis was defined as %diameter stenosis > 50% at follow up, using the "worst view". 

Whole blood stimulation ex vivo 
18 

To limit circadian variation in cytokine production fasting blood samples were collected, 

between 9.00 and 10.00am, into pyrogen-free tubes (Sarstedt, Numbrecht, Germany), 

containing pyrogen-free heparin (Thromboliquine® Organon, Oss, the Netherlands, final 

concentration 30 IU/ml). Heparinized blood aliquots (1ml) were diluted 1:1 in HBSS (Hank's 

buffered saline solution, Biowhittaker, Heidelberg, Germany) in pyrogen-free tubes (Falcon, 

Becton Dickinson, Mountain View, CA, USA) and incubated with LPS Escherichia Coli 

0111:B4 (Difco Laboratories, Detroit, MI, USA) at a final concentration of 10 ug/L. Basal BL-

6 levels were analyzed under similar conditions in the absence of LPS. After 24 hours 

incubation at 37°C in a CO2 incubator, plasma was prepared by centrifugation at 800g for 10 

min. at 4°C. 

IL-6 concentrations were analyzed using a commercial ELISA (Central Laboratory of the 

Netherlands Red Cross Blood Transfusion Service CLB, Amsterdam, the Netherlands). Of a 

total of 194 patients the basal IL-6 level, and of 183 patients the IL-6 response after LPS 

stimulation, was analyzed. It should be noted that the outliers in the basal IL-6 level are likely 

to be due to technical artifacts, as plasma IL-6 levels of several nanograms are only known to 

occur in severely ill subjects. 

For leukocyte counts, blood was drawn into EDTA(K.3) tubes, and numbers were assessed 

routinely by flow cytometry (Technicon HI system, Technicon Instruments, Tarrytown,USA). 

DNA isolation 

White blood cells were isolated from EDTA blood samples followed by sodium dodecyl 

sulphate (SDS)/proteinase K digestion. DNA extraction was performed by means of high salt 
19 extraction and ethanol precipitation. The DNA was resuspended in TE (Tris/EDTA) buffer 

pH 8.0 and the samples were stored at 4°C. 

Polymorphism screening 

G/C polymorphism was analyzed as described by Fishman et al. using the primers 5'-TGA 

CTT CAG CTT TAC TCT TGT- 3' and 5'-CTG ATT GGA AAC CTT ATT AAG-3'. The 15 

ul reaction mixture included 200-500 ng template DNA, 100 ng of each primer, lx reaction 
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buffer, 3.75 mmol/L MgCl2) deoxyribonucleotide triphosphates (dATP, dCTP, dTTP, dGTP; 

250umol/L each), 1.25 U Taq polymerase (all reagents were purchased from Perkin Elmer, 

Norwalk, CT). Samples were denaturated at 95°C for 3 minutes, and amplification was 

performed with 33 cycles of 94°C for 1 minute, 55°C for 1 minute and 72CC for 1 minute. PCR 

products of this primer set were digested with Nla III (New England Biolabs, Beverly, MA) 

and analyzed on a 2% agarose gel. 

Statistical analysis 

Concentrations of IL-6 in the patients with or without restenosis, and the different G/C 

genotypes, were compared using the Mann Whitney U test for non-parametric distributed 

values. Odds ratios were calculated using logistic regression analysis using the 75th percentile 

of the IL-6 concentrations of the whole study population, and adjusted for age and gender. In 

men the 75th percentile of basal IL-6 level was 11.6 pg/106 monocytes, and after LPS 

stimulation 164.1 ng/106 monocytes. In women, the 75th percentile of basal IL-6 level was 10.9 

pg/106 monocytes and after LPS stimulation 158.3 ng/106 monocytes. QCA and IL-6 response 

data were not available for all patients. The association between IL-6 response and in-stent 

restenosis was analyzed in 116 of 194 patients for basal IL-6 level and 103 out of 183 for IL-6 

response to LPS 

RESULTS 

Study population characteristics 

The baseline characteristics of the total study population of 221 patients are shown in Table 1. 

Thirty-seven of the patients were treated for unstable angina, all other patients for stable 

angina. Of the first 130 of these 221 patients QCA data were available. 

Table 2. Angiographic characteristics of non-restenosis (NR) and restenosis (R) group. 

NR R P 

Patients, n, % 110(85%) 20 (15%) 

Multi-vessel disease 46 (42%) 8 (40%) 

Chronic total occlusions 30 (27%) 7(35%) 

Multiple stenting 7 (6%) 0 

Primary/resteno si s 78/32 15/5 

Elective cases 90 (82%) 18(90%) 

QCA: 

Reference diameter (mm) 3.10 + 0.08 2.96±0.16 NS 

Acute gain (mm) 1.92 + 0.05 1.82 + 0.14 NS 

Late loss (mm) 0.73 ±0.04 1.63+0.10 <0.001 

Net gain (mm) 1.1510.07 0.24 + 0.12 <0.001 
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Among these patients 20/130 (15%) developed angiographically in-stent restenosis (14/107 

men (13%) and 6/23 women (28%), P=0.1)(Table 2). The baseline characteristics, lesion 

dimensions before stent placement, the reference diameter and the acute gain were not 

significantly different between the non-restenosis (NR) and the restenosis (R) group (Table 2). 

The QCA analysis showed, as expected, that the late loss was significantly increased (NR; 0.73 

± 0.04, R; 1.63 ± 0 10 mm, P<0.001) while the net gain was lower in the restenosis group 

(NR; 1.15+0.07, R; 0.24 ± 0.12 mm, PO.001). 

Ex vivo whole blood IL-6 response 

The median basal IL-6 level after 24 hours incubation without addition of LPS was 3.8 (range 

1.2-8672) pg/106 monocytes, and was not significantly different between women (4.6 (range 

1.2-8672) and men (3.7 (range 1.2-5394), P=0.9). Forty percent (41% in men and 34% in 

women) of the basal IL-6 levels was below the detection limit (1.2 pg/ml). The median IL-6 

response to whole blood stimulation with 10 ug/L LPS after 24 hr was 118 (range 2-334) 

ng/106 monocytes. The IL-6 response was marginally lower in women (median 100 (range 2-

263) ng/106 monocytes) than in men (median 121 (range 2-334))(P=0.2). Differences in TNFa 

release, which is induced rapidly after stimulation with LPS and can induce IL-6 production, 

did not account for the inter-individual in IL-6 responses as no effect on the IL-6 response was 

determined by addition of anti-TNFoc to the whole blood stimulations (data not shown). 

Whole blood IL-6 response and in-stent restenosis 

To investigate the role of IL-6 in in-stent restenosis the basal IL-6 levels and the responses to 

LPS stimulation were analyzed in patients with in-stent restenosis (Table 3). An inverse 

relationship between the incidence of in-stent restenosis and basal IL-6 levels was determined. 

The incidence of in-stent restenosis was as low as 9% in the highest quartile of basal IL-6 level 

versus 17% in the other patients (odds ratio 2.1 (95%CI 0.6-8)). 

Table 3. IL-6 responses of non-restenosis (NR) and restenosis (R) group. Values were 
indicated as median (range); IL-6 response after stimulation with LPS (ng/106 monocytes) and median 
basal IL-6 level (pg/106 monocytes). Analysis of the P values was performed using the Mann Whitney U 
test. Odds ratios were calculated using the 75th percentile of the concentrations of the whole population, 
and were adjusted for age and gender.  

NR R P value or Odds ratio 

Basal IL-6 level 5.0(1.2-8672) 1.2(1.2-28) 0.05 

Number of patients < P75% IL6 69 14(17%) 

>P75%IL6 30 3(9%) 2.1 (95%CI 0.6-8.0) 

IL-6 after stimulation 116(2-334) 109(57-170) 0.4 

Number of patients < P75% IL6 67 14(17%) 

>P75%IL6 21 1(5%) 4.7 (95%CI 0.6-38.4) 
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Basal IL-6 levels were lower in the group which developed in-stent restenosis (median 1.2 

(range 1.2-28) pg/106 monocytes) in comparison with patients without restenosis (5.0 (range 

1.2-8672 pg/106 monocytes)(P=0.05)). 

The inverse relationship between in-stent restenosis and IL-6 was even stronger when the 

IL-6 response after LPS stimulation was taken into account. The incidence of in-stent 

restenosis was only 5% in the upper quartile of IL-6 response after LPS stimulation in 

comparison with 17% in other patients (odds ratio 4.7 (95%CI 0.6-38.4)(Figure 1), although 

the median IL-6 response was not different (Table 3). 

400 

IL-6 production (ng/10 monocytes) 

Figure 1. IL-6 response in relation to percentage of in-stent restenosis. 

The association between the IL-6 response, after whole blood stimulation by 10 ng/ml LPS for 24 hours, and the 

in-stent restenosis percentage at follow up was analyzed. In-stent restenosis was defined as angiographically 

proven restenosis above 50%. Elevated IL-6 response was defined as the concentration above the 75,h percentile 

of the whole study population. 

G/Cpolymorphism and whole blood IL-6 response 

Plasma IL-6 levels were claimed to be determined by a G/C polymorphism in the 5' region of 

the IL-6 gene. We examined whether this polymorphism indeed contributes to inter-

individual differences in basal IL-6 levels and responses to LPS after whole blood stimulation. 

The frequency of the -174 G/C polymorphism in this study population of patients with 

documented coronary artery disease was comparable to the previously reported C-allele 

frequency (0.39 versus 0.40 in 383 healthy UK Caucasians ). A significant relationship 
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between G/C genotype and basal IL-6 levels was detected. The median IL-6 level in the CC 

group was significantly decreased in comparison with the GG group (1.2 (range 1.2-29) versus 

6.4 (range 1.2-89) pg/106 monocytes, P=0.02)(Table 4). The percentage of patients with an 

elevated basal IL-6 level (above the 75th percentile) was lower in the CC group (14%) 

compared to the GG group (35%) (odds ratio 1.8 (95%CI 1.0-3.2)). 

Table 4. IL-6 response according to -174 G/C genotype. Odds ratios for elevated IL-6 response 
(above 75 percentile) were calculated between the CC and the GG genotype and adjusted for age and 
gender. 

CC GC GG Odds ratio 

Number 32 (15%) 109 (49%) 80 (36%) 

Basal IL-6 level 1.2(1.2-8672) 2.9 (0-5394) 6.4 (0-7982) 

Number of patients 

< P75% IL6 24 77 45 

> P75% IL6 4 (14%) 20(21%) 24 (35%) 1.8(95%CI 1.0-3.2) 

IL-6 after LPS 107 (2-205) 116(30-334) 123 (2-269) 

stimulation 

Number of patients 

< P75% IL6 23 66 49 

> P75% IL6 3 (12%) 22 (25%) 20 (29%) 1.7 (95%CI 0.9-3.4) 

The G/C polymorphism also contributed to the IL-6 response after LPS stimulation. The 

median BL-6 response, after LPS stimulation for 24 hours, in the patients with the CC genotype 

was decreased, although not significantly, in comparison with the GG genotype, 107 (range 2-

205) versus 123 (2-269) ng IL-6/106 monocytes (P=0.2)(Table 4). The percentage of patients 

with elevated IL-6 response (above the 75th percentile) was decreased in the group with the CC 

genotype (12%) compared to the percentage in the group with the GG genotype (29%)(odds 

ratio 1.7 (95%CI 0.9-3.4)). 

In-stent restenosis and G/C polymorphism 

The occurrence of in-stent restenosis for each of the G/C polymorphism genotypes is shown in 

Figure 3. Neither the median percentage of restenosis nor the number of patients with 

restenosis was different among the three genotypes (Table 5). Four (17%) of the patients with 
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the CC genotype and 6 (13%) with the GG genotype developed in-stent restenosis (odds ratio 

0.8 (95%CI 0.4-1.6)). 

Table 5. QCA results for subgroups of-174 G/C genotype. 
CC genotype GC genotype GG genotype P trend 

Patients (n,%) 23(18%) 62 (48%) 45 (35%) 

Reference diameter (mm) 3.03 ±0.16 3.10±0.10 3.01 ±0.13 NS 

Acute gain (mm) 1.8 ±0.09 2.03 ±0.07 1.7 ±0.09 NS 

Late loss (mm) 0.87 ±0.09 0.87 ±0.07 0.86 ±0.09 NS 

Net gain (mm) 0.89±0.14 1.17 ±0.10 0.91 ±0.13 NS 

% worst view at follow-up 36.6 ±3.1 35.0±2.0 34.2 ±2.4 NS 

Diameter stenosis > 50% 4/23 (17%) 10/62(16%) 6/45 (13%) NS 

DISCUSSION 

This study describes an inverse correlation between IL-6 response and in stent-restenosis. Low 

levels of IL-6, both basal and after stimulation with LPS, were shown to be associated with an 

increased occurrence of in-stent restenosis. Patients with restenosis were equally distributed 

among all three G/C polymorphism genotypes. The CC genotype, which was shown to be 

associated with decreased IL-6 responses after LPS stimulation, as well as with basal IL-6 

levels, did not account for the lower IL-6 response among patients with in-stent restenosis. 

An inflammatory cascade is suggested to be involved in the development of in-stent 
1 2 

restenosis. This inflammatory process includes a key role for monocytes/macrophages, the 

main producers of IL-6. The pleiotropic cytokine IL-6 is produced at local tissue sites and 
5-7 

released in various situations of homeostatic perturbation. IL-6 is required in the induction 
8 9 20 

of acute phase proteins ' and induces coagulation activation , responses that are regarded to 

be part of an attempt to maintain homeostasis. The decreased occurrence of in-stent restenosis 

in patients with a high IL-6 response suggests an inverse, possibly protective, association 

between IL-6 and in-stent restenosis processes. Low IL-6 responses could be insufficient in 

restoring the homeostatic balance after stent placement, thereby contributing to restenosis 

Recent studies using IL-6 deficient mice pointed towards an anti-inflammatory role of IL-6 

through the regulation of the level of proinflammatory cytokines, like TNFa, in local acute 

inflammatory responses. ' We speculate that a low IL-6 response might be associated with 

increased production of TNFa that could prolong activation of vascular cells leading to an 

imbalance in cell growth, re-endothelialisation and extracellular matrix production. This study 
21 suggests that induction of smooth muscle cell proliferation by IL-6 does not play a role in the 

occurrence of in-stent restenosis. 
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To study the relationship between IL-6 response and in-stent restenosis ex vivo whole blood 

stimulation was used, to analyze the propensity of blood monocytes to produce IL-6. Whole 

blood stimulation is a well known method to distinguish between high and low cytokine 
22 

responders, and is suggested to reflect the in vivo response as it is performed in the presence 

of other plasma components, in contrast to LPS stimulations of isolated monocytes or PBMC 

isolates. The clinically relevant influence of genetics on the production of TNFa and IL-10 was 
23 

previously studied using similar ex vivo whole blood stimulations. 

Drug treatment may influence the basal IL-6 levels respectively the IL-6 response. All 

patients included in the study population were using Ticlopidine and ASA for two weeks at the 

time of blood sampling. The effect of lipid-lowering or ACE-inhibiting therapies, commonly 

prescribed in these patients, was not within the scope of this study but may have contributed to 

inter-individual variations in IL-6 response. 

Our data suggest that the -174 G/C polymorphism in the IL-6 gene is not only associated 

with basal IL-6 levels, confirming previous data with plasma IL-6, but also with the IL-6 

response after whole blood stimulation with LPS. This finding is in line with data showing that 

the G/C polymorphism alters the transcriptional response to stimuli such as IL-1 and TNF. 

The reduced IL-6 level may be due to a negative regulatory effect on IL-6 gene expression as 

the change from G to C at position -174 creates a potential binding site for the inhibitory 

transcription factor NF-1. ' Other IL-6 polymorphisms have been suggested to be 

associated with IL-6 related diseases but these restriction length polymorphisms (RFLPs) were 

located in the 3 ' flanking region and were not shown to have functional properties. ' 

In the present study, no association of restenosis with the G/C polymorphism could be 

detected, although the IL-6 response after stimulation with LPS was lower among patients 

with in-stent restenosis and the IL-6 response was associated with the G/C polymorphism. 

Other polymorphisms, in for example genes encoding for MTHFPv fibrinogen and Factor VII, 

are known to also lack an association with disease while associations between plasma level and 
78-30 

polymorphism and between plasma level and disease are present. " How may this 

discrepancy be explained? 

Firstly, a stronger factor, either with IL-6 secretion inhibiting properties (more found in 

cases) or IL-6 secretion stimulating properties (more found in non-restenosis group), could 

mask the effect of the G/C polymorphism. Secondly, there might be a minimal threshold above 

which the IL-6 response becomes relevant in regulating the pro-inflammatory reaction after 

stent placement. This is not likely because our data suggest that the contribution of the G/C 

polymorphism to the IL-6 level should be sufficient to contribute to in-stent restenosis, as the 

CC and GG genotype lead to EL-6 concentrations comparable to the concentrations found in 

respectively the group with or without restenosis. Thirdly, it remains possible that the IL-6 

response does not directly contribute to in-stent restenosis. The presence of other factors that 

are related to the induction of in-stent restenosis could interfere with the whole blood 

stimulation, resulting in IL-6 being a non-functional marker. Finally, increasing the power of 
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the study with a larger sample size might show a difference in the occurrence of in-stent 

restenosis for the G/C genotypes, but so far these data excluded the -174 G/C polymorphism 

from being a useful marker for the risk of in-stent restenosis. A recent study did show a 

clinically relevant influence of the -174 G/C polymorphism in the development of an 

inflammatory disease. The CC genotype of the G/C polymorphism was significantly less 

common in patients with systemic-onset juvenile chronic arthritis, suggesting that this genotype 

confers a protective influence against the development of this disease.16 

In conclusion, data from this study suggest a protective role of IL-6 in in-stent restenosis. 

Although G/C polymorphism is shown to be associated with the IL-6 response, no link 

between the CC genotype and in-stent restenosis could be determined. Further research into 

the mechanism of action of IL-6 in the restenotic process is required. Better understanding of 

the mechanism could lead to new approaches to obtain an optimal balance in the processes that 

take place after coronary stent placement, and may contribute to reduction of in-stent 

restenosis. 
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