Letters to the Editor

Interleukin-6 is a determinant of PAI-| levels in diabetic subjects with the 4G allele at position -675

of the PAI-1 gene

Dear Sir,

Several studies have demonstrated that the levels of plasminogen
activator inhibitor type 1 (PAI-1) and of inflammatory medi-
ators, such as interleukin-6 (IL-6), are increased in type 2 dia-
betes (1). It is well assessed that IL-6 plays a pivotal role in dia-
betes as it predicts the development of the disease. It is correlated
to some features of metabolic syndrome and it is involved in the
pathogenesis of atherosclerosis (2). Although it is known that
some proinflammatory cytokines are able to stimulate PAI-1
production, the effect of IL-6 on PAI-1 is not clear, and contra-
dictory findings have been published on this matter (3—8). More-
over, the effect of several determinants on PAI-1 levels, includ-
ing some cytokines, is related to the -675 4G/5G polymorphism
of PAI-1 (9). The aim of this work was to study, in type 2 diabetic
subjects, whether PAI-1 levels are influenced by IL-6 and, in par-
ticular, whether this relationship is genotype-dependent. Three
hundred and seventy type 2 diabetic patients (162 males and 208
females, mean age+SD, 62.7+10.9 years) and 374 healthy con-
trols (158 males and 216 females, mean age+SD, 61.6+9.6 years)
matched for age and sex were studied after informed consent was
obtained. This study was approved by the Ethical Committee of
the INRCA Hospital. Type 2 diabetic patients were included in
absence of micro- and macrovascular complications. This cri-
terion of inclusion was applied as the presence of diabetic com-
plications could affect “per se” the levels of both PAI-1 and IL-6.
All enrolled subjects were free from statins, fibrates, aspirin, ste-
roidal and non-steroidal antinflammatory drugs. Subjects who
smoked or who had stopped smoking the previous year were
classified as smokers. All subjects were Caucasians and none of
them had an alcohol abuse history. Subjects were asked to ab-
stain from any heavy physical exercise for 24 h before blood
sampling. Fasting blood samples were collected between 8 and
10 a.m. After 10 min of centrifugation, plasma was stored at—80°
C. The 4G/5G PAI-1 polymorphism was analysed using the al-
lele-specific oligonucleotide melting technique. An immu-
noenzymatic method for PAI-1 antigen determination (Tintelize
PAI-1, Biopool, Sweden) and a commercially available immu-
noassay for plasma IL-6 levels (BioSource Cytoscreen human
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IL-6 UltraSensitive kit) were used. Differences between control
and diabetic patients were compared by univariate analysis using
Student’s t test and y? test. Pearson correlation coefficients and
multiple regression analysis were calculated to analyze the as-
sociation between PAI-1 and IL-6 stratified by diabetic and ge-
notypic groups controlling for other independent variables in the
multiple analysis. To verify the homogeneity of regression
slopes, the analysis of variance was performed when IL-6 was
considered as covariate. As expected, diabetic patients showed
higher percentage of hypertension and higher HbAlc, BMI, fast-
ing glucose, fasting insulin, HOMA, triglycerides, PAI-1
(23.11x/+1.95 vs. 16.21x/+1.72, p<0.01), IL-6 (0.90x/+3.59 vs.
0.58x/+3.08; p<0.01) and lower HDL. The frequencies of the dif-
ferent genotypes were: 90 4G/4G, 182 4G/5G and 102 5G/5G
genotypes in the control group and 92 4G/4G, 174 4G/5G and
104 5G/5G genotypes in the diabetic group. These genotype dis-
tributions were not different between control and diabetic groups
(x>=0.20, df=2, p=0.90). The genotype frequencies were in
Hardy-Weinberg equilibrium both in controls and cases. The al-
lele frequencies were 48.4% for 4G and 51.6% for 5G both in
control and diabetic subjects. The two-way analysis of variance
highlights that the increase in PAI-1 levels in diabetic subjects
was due to the effect of diabetes (F=64.92, df=1, p<0.01) where-
as no PAI-1 genotype (F=2.99, df=2, p=0.06) and PAI-1 geno-
type-diabetes interaction effects (F=2.26, df=2, p=0.11) were
found. In addition, no PAI-1 genotype or genotype-diabetes in-
teraction effects were detected for the other evaluated variables
(data not shown). Control subjects showed no correlation be-
tween PAI-1 and IL-6 neither in the overall group nor in the three
genotypes. Diversely, PAI-1 significantly correlated to IL-6 in
the whole sample of diabetic subjects (r=0.26, p<0.01). Stratify-
ing by genotype, PAI-1 showed a significant correlation to IL-6
levels in the 4G/4G patients (r=0.49, p<0.01) and in the 4G/5G
group (r=0.28, p<0.01). No relationship was present in the
5G/5G group (r=0.02, p=0.84). The slope (b) and SE of the re-
gression line between LnPAI-1 and LnlL-6 are as follows: for

Table I: Multiple regression analysis between IL-6 and PAI-1|
antigen (dependent variable) in the three genotypes in control
and diabetic subjects.

‘ 4G/4G ‘ 4GI5G 5GI5G
Control subjects
partial r =0.11 0.13 -0.01
b (SEb) -0.128(0.082) 0.101(0.049) -0.019(0.050)
p value 0.126 0.086 0.703
R2 % 23.6% 14.0% 17.2%
Diabetic subjects
partial r 0.35 0.21 0.15
b (SEb) 0.170(0.047) 0.121(0.045) 0.051(0.039)
p value <0.001 0.008 0.193
R2 % 53.2% 20.0% 25.0%

587

Downloaded from www.thrombosis-online.com on 2012-06-07 | ID: 1000535691 | IP: 89.96.162.130
For personal or educational use only. No other uses without permission. All rights reserved.



Letters to the Editor

4G/4G, b=0.263, SE=0.05; for 4G/5G, b=0.157, SE=0.04 and
for 5G/5G, b=0.009, SE=0.05. Comparing the regression slopes,
the analysis of variance showed that 4G/4G and 4G/5G slopes
are statistically different from 5G/5G (F=7.15, df=2, p=0.001).
Multiple regression analysis adjusting for sex, age, BMI, smok-
ing status, hypertension, insulin resistance, triglycerides, HDL
and IL-6, confirmed a significant correlation between PAI-1 and
IL-6 in 4G/4G and in 4G/5G diabetic subjects, whereas no as-
sociation was found in 5G/5G (Table 1). The most important
findings of this study are that the levels of PAI-1 increase with
IL-6 plasma levels in diabetic patients without diabetic compli-
cations, and that this phenomenon is related to the 675 4G/5G
polymorphism of the PAI-1 gene. In particular, the effect of IL-6
on PAI-1 levels is evident in presence of the 4G allele. The
knowledge of a positive association between IL-6 and PAI-1 le-
vels demonstrates that IL-6 levels are related directly or through
other inflammatory mediators to diabetic hypofibrinolysis.
These observations are consistent with previous data demon-
strating that the 4G/5G polymorphism does not affect the basal
expression of the PAI-1 gene but alters the response of the gene
to environmental factors such as IL-6. Today, PAI-1 is consider-
ed a core feature of insulin resistance syndrome which is defined
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as a clustering of atherothrombotic traits whose underlying
causes can be found in shared genetic and environmental factors.
The genotype-specific effect of IL-6, the chief proinflammatory
cytokine, on PAI-1 production in diabetic subjects could repre-
sent one example that evidences the interaction of the inflam-
mation component with the genetic component in atherothrom-
bosis. In conclusion, our findings confirm a close link between
diminished fibrinolysis and atherogenic metabolic derangement
evidencing the role of IL-6, in atherothrombosis.
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