MD Giovanna Castoldi 
email: giovanna.castoldi@unimib.it
  
Stefania Galimberti 
  
Chiara Riva 
  
Ruggero Papagna 
  
Federico Querci 
  
Marco Casati 
  
Gianpaolo Zerbini 
  
Gianluigi L Caccianiga 
  
Carlo Ferrarese 
  
Marco Baldoni 
  
M G Valsecchi 
  
A Stella 
  
  
  
Association between serum values of C-reactive protein and cytokine production in whole blood of patients with Type 2 diabetes

Keywords: type 2 diabetes, C-reactive protein, inflammation, interleukins, lipopolysaccharide

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

Epidemiological studies indicate that diabetes mellitus can accelerate atherosclerotic processes and increase the incidence of cardiovascular events and strokes [START_REF] Grundy | Diabetes and cardiovascular disease: a statement for healthcare professionals from the American Heart Association[END_REF]. It has been demonstrated that inflammation plays an important role in atherosclerosis [START_REF] Reiss | Atherosclerosis: immune and inflammatory aspects[END_REF] and in the pathogenetic mechanisms of some cardiovascular events [START_REF] Gough | Macrophage expression of active MMP-9 induces acute plaque disruption in apoE-deficient mice[END_REF].

Increasing evidence indicate that the same 'traditional' cardiovascular risk factors, such as hypertension, diabetes, obesity, smoking, and dyslipidemia, might induce a 'low-grade' inflammation state through the stimulation of different cytokines [START_REF] Engstrom | Fatality of acute coronary events in relation to hypertension and low-grade inflammation: a population-based cohort study[END_REF][START_REF] Pirro | Low-grade systemic inflammation impairs arterial stiffness in newly diagnosed hypercholesterolaemia[END_REF][START_REF] Basu | Type 1 diabetes is associated with increased cyclooxygenase-and cytokine-mediated inflammation[END_REF].

Many 'pro-inflammatory' molecules have been proposed as potential markers for development of cardiovascular events [START_REF] Pearson | Markers of inflammation and cardiovascular disease: application to clinical and public health practice: A statement for healthcare professionals from the Centers for Disease Control and Prevention and the American Heart Association[END_REF]. Among these, the acute phase protein, C-reactive protein (CRP), has been considered as a sensitive marker to predict future cardiovascular events in patients with stable and unstable angina [START_REF] Haverkate | Production of C-reactive protein and risk of coronary events in stable and unstable angina. European Concerted Action on Thrombosis and Disabilities Angina Pectoris Study Group[END_REF][START_REF] Liuzzo | The prognostic value of C-reactive protein and serum amyloid A protein in severe unstable angina[END_REF], and in primary cardiovascular prevention [START_REF] Libby | Inflammation and atherosclerosis: role of C-reactive protein in risk assessment[END_REF], even if recent evidence indicates that CRP does not add substantial predictive value for cardiovascular events beyond established risk factors [START_REF] Wilson | C-reactive protein and risk of cardiovascular disease in men and women from the Framingham study[END_REF][START_REF] Sattar | C-reactive protein and prediction of coronary heart disease and global vascular events in the prospective study of pravastatin in the elderly at risk (PROSPER)[END_REF][START_REF] Danesh | C-reactive protein and other circulating markers of inflammation in the prediction of coronary heart disease[END_REF][START_REF] Sattar | High sensitivity C-reactive protein and cardiovascular disease: an association built on unstable foundation?[END_REF]. CRP has been also considered a cardiovascular risk marker in diabetes [START_REF] Pfutzner | High-sensitivity C-reactive protein as cardiovascular risk marker in patients with diabetes mellitus[END_REF] and an useful marker to predict the risk of developing type 2 diabetes [START_REF] Freeman | C-reactive protein is an independent predictor of risk for the development of diabetes in the West of Scotland Coronary Prevention Study[END_REF][START_REF] Duncan | Low-grade systemic inflammation and the development of type 2 diabetes. The Atherosclerotic Risk in Communities Study[END_REF],

indicating that the link between cardiovascular diseases and diabetes might be in part explained by the presence of inflammation.

In the last years it has been shown that in vascular cell cultures CRP stimulates the production of pro-inflammatory molecules, suggesting a direct effect of CRP in atherosclerotic processes. However, its role as a direct etiological agent in atherosclerosis and inflammatory processes remains unclear and under active investigations [START_REF] Verma | Endothelin antagonism and interleukin-6 inhibition attenuate the proatherogenic effects of C-reactive protein[END_REF][START_REF] Pasceri | Modulation of C-reactive protein-mediated monocyte chemoattractant protein-1 induction in human endothelial cells by anti-20[END_REF][20][START_REF] Pepys | Proinflammatory effects of bacterial recombinant human C-reactive protein are caused by contamination with bacterial products, not by C-reactive protein itself[END_REF][START_REF] Liu | Proapoptotic, antimigratory, antiproliferative, and antiangiogenic effects of commercial C-reactive protein on various human endothelial cell types in vitro: implications of contaminating presence of sodium azide in commercial preparation[END_REF][START_REF] Swafford | C-reactive protein does not relax vascular smooth muscle: effects mediated by sodium azide in commercially available preparations[END_REF][START_REF] Van Den Berg | C-reactive protein-induced in vitro vasorelaxation is an artefact caused by the presence of sodium azide in commercial preparations[END_REF][START_REF] Singh | C-reactive protein decreases tissue plasminogen activator activity in human aortic endothelial cells. Evidence that C-reactive protein is a procoagulant[END_REF].

Recently, it has been demonstrated in healthy subjects that the serum levels of CRP are associated to an increase in proinflammatory molecules and to an increase of IL-1β and TNF-α in LPSstimulated whole blood [START_REF] Devaraj | Defining the proinflammatory phenotype using high sensitive C-reactive protein levels as the biomarker[END_REF]. Using an ex-vivo approach, we have investigated whether serum CRP values might influence cytokine production in peripheral blood of type 2 diabetic patients in response to LPS stimulation.

METHODS

Eighty nine type 2 diabetic outpatients admitted to the Diabetes Unit of Alzano Lombardo, Bergamo, Italy, from January to July 2003 were enrolled. Patients with known malignancy, immunological or inflammatory diseases and recent (< 6 months) myocardial infarction were excluded from the study. All patients gave written informed consent to partecipate in the study. The study was approved by the local ethic committee.

Patients underwent clinical examination and blood pressure was measured using a mercury sphygmomanometer, after a 5 minute rest. Blood pressure was measured 3 times at 2 minute intervals and expressed as the mean of the 3 readings. Systolic blood pressure was indicated by the first Korotkoff sound and diastolic blood pressure was indicated by the disappearance of Korotkoff sound.

In all patients peripheral whole blood samples were collected from an antecubital vein. Fasting blood glucose, HbA1c, total cholesterol and triglycerides was measured using routinary laboratory tests. CRP was measured using a high sensitivity method (hs-CRP Test, Roche). The lower limit of detection for hs-CRP was 0.03 mg/L. The patients were divided in three groups with respect to the hs-CRP levels, according to the statement of the American Heart Association [START_REF] Pearson | Markers of inflammation and cardiovascular disease: application to clinical and public health practice: A statement for healthcare professionals from the Centers for Disease Control and Prevention and the American Heart Association[END_REF].

Basal values of IL-6, IL-1β, and TNF-α were measured in heparinized whole-blood samples using high sensitivity ELISA (hs-hIL-6, hs-hIL-1β, and hs-hTNF-α; GE Healthcare-Amersham). The sensitivity of these assays for the three cytokines was 0.1 pg/ml.

In these patients the pro-inflammatory responsiveness was evaluated by measuring the levels of IL-6, IL-1β, and TNF-α in whole blood samples after the stimulation of LPS [START_REF] Bour | Interaction of indomethacin with cytokine production in whole blood. Potential mechanism for brain-protective effect[END_REF][START_REF] Remarque | Patients with Alzheimer's disease display a pro-inflammatory phenotype[END_REF].

LPS stimulated IL-6, IL-1β, and TNF-α were measured by immunometric assays (Immulite IL-6, IL-1β, TNF-α), as previously described [START_REF] Sala | Peripheral cytokine release in Alzheimer patients: correlation with disease severity[END_REF]. The lower limit of detection of these assays were 2 pg/ml for IL-6, 1.5 pg/ml for IL-1β, and 1.7 pg/ml for TNF-α. Aliquots of 3 ml of the same samples were incubated for 24 hours in sterile conditions at 37°C with saline or LPS (Sigma), at the dose of 100 ng/ml. At the end of this time IL-6, IL-1β, and TNF-α were measured.

Statistical Analysis

Median and interquartile range (1 st -3 th quartile) were used for descriptive purposes due to the skewed nature of the variables considered. A generalized linear model (GLM) was applied to investigate the relationship of LPS-induced IL-1β, IL-6 and TNF-α versus hs-CRP after both log transformation and categorization in the three groups defined above. A multivariate analysis was also performed in order to adjust for the following variables: basal cytokine levels, sex, age at visit, duration of diabetes, BMI, HbA1c, LDL cholesterol, antidiabetic treatment (yes-no), antihypertensive treatment (yes-no), anticholesterol treatment (yes-no) and smoking habits (yes-no).

The influence of LPS-induced IL-6, IL-1β, and TNF-α and hs-CRP on the occurrence of cardiovascular events was evaluated by means of a logistic regression model. All tests were done at a significance level of 0.05 and were two-sided.
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RESULTS

Table 1 summarizes the clinical characteristics of the patients. In this sample, in spite of insulin or oral hypoglycemic therapy, blood glucose was not completely normalized. In our population, 43 patients were treated with the association of sulphonylureas and biguanides, 7 with sulphonylureas alone, 7 with biguanides alone, 3 with acarbose, 5 with insulin, and 24 only with non pharmacological treatment. Recommended values of LDL cholesterol for diabetic patients [START_REF] Diabetes | Standards of medical care in diabetes[END_REF] were not obtained. Most of the patients were overweight and 47 (53%) of the patients show LDL cholesterol greater than 100mg/dl. Twenty patients (23% of the sample) had hs-CRP < 1mg/L (Low hs-CRP group; median 0.6 mg/l, 1 st -3 th quartile: 0.5-0.7 mg/l); 44 patients (49%) had hs-CRP between 1mg/L and 3mg/L (Medium hs-CRP group; median 2.0 mg/l, 1 st -3 th quartile: 1.5-2.3 mg/l), and 25 patients (28%) had hs-CRP > 3mg/L (High hs-CRP group; median 7.7 mg/l, 1 st -3 th quartile: 5.1-11.7 mg/l).

In 66 of the 89 patients (79% of the sample) for whom cytokines have been measured, independently on hs-CRP levels, the basal values of IL-1β were very low, near the sensitivity of the 'high-sensitivity' array (1pg/ml). Basal levels of TNF-α were undetectable, while IL-6 showed a progressive, but not significant, increase according with the increasing levels of hs-CRP (Table 1).

After LPS stimulation, we found that the level of IL-1β and IL-6 significantly increased with increasing levels of hs-CRP, while this was not true for the TNF-α production (Table 1). No differences in samples incubated with saline were observed (data not shown). Figure 1 shows the relationship of cytokines with hs-CRP in continous on the log-scale (A) and the categories of hs-CRP defined above (B). In Fig. 1B we reported the p-values obtained for the comparisons between groups, showing that the increase in IL-1β and IL-6 levels was significant in group 3 with respect to group 1. When a multivariate analysis was performed, adjusting for potential confounders, the contrast between group 1 and 3 was borderline significant for IL-1β (p=0.048) and became non significant for IL-6 (p=0.117).

During the 3 years follow-up period we have observed the development of 12 cardiovascular events: 5 (33%) in patient with low hs-CRP, 4 (11%) in patient with medium hs-CRP, and 3 (19%) in patient with high hs-CRP. No relation was found between the development of cardiovascular events and the basal hs-CRP levels or LPS-stimulated cytokine levels.

DISCUSSION

The results of the present study, carried out in type 2 diabetic patients, show an association between the serum levels of hs-CRP and the LPS-stimulated production of IL-1β and IL-6 in whole blood.

The basal values of IL-1β, IL-6 and TNF-α were low and independent of the hs-CRP measuraments. On the contrary, the cytokine production in the whole blood stimulated by LPS tended to be higher for higher values of hs-CRP, with a significant association for the IL-1β synthesis under a multivariate analysis. A weaker association was also shown between LPSstimulated IL-6 and serum hs-CRP values, while no association was found with TNF-α. These data, obtained by an ex-vivo study in a small population, suggest that type 2 diabetic patients with higher hs-CRP do not show an increase in the basal level of the cytokines considered in this study. These same patients could nonetheless have a predisposition to over-produce the different cytokines in response to a specific stimulus. The evidence that the association between LPS-stimulated IL-6 and serum hs-CRP is lost after multivariate analysis might be explained by a possible interfering action of environmental factors such as lipid composition or glucose control. How CRP and LPS-reactivity may interact remains to be clarified. Infact, it is well known that the production of cytokines induced by LPS depends on the activity of specific Toll-like receptors, such as TLR 4 [START_REF] Dauphinee | Lipopolysaccharide signaling in endothelial cells[END_REF], whereas CRP has to be considered an unspecific marker of inflammation related to IL-6.

In healthy subjects Devaraj et al. demonstrated that basal values of CRP is associated to an increase in some plasma inflammatory mediators and to an increase in LPS-stimulated whole blood TNF-α and IL-1β levels [START_REF] Devaraj | Defining the proinflammatory phenotype using high sensitive C-reactive protein levels as the biomarker[END_REF]. According to these data, we have found a strong association between serum CRP levels and LPS-stimulated production of IL-1β in whole blood, whereas a weaker association was evident for IL-6. At difference with the data obtained in healthy subjects [START_REF] Devaraj | Defining the proinflammatory phenotype using high sensitive C-reactive protein levels as the biomarker[END_REF], we could not find any association between serum CRP values and LPS-stimulated production of TNF-α in our patients. We have however to consider that in the study of Devaraj et al. [START_REF] Devaraj | Defining the proinflammatory phenotype using high sensitive C-reactive protein levels as the biomarker[END_REF] a very stringent exclusion criteria were applied to healthy subjects, including pharmacological treatments. Conversely, the exclusion criteria in our, most observational study, were limited to the major diseases that may modify the inflammatory parameters. In particular, the 38% of our patients were treated with antihypertensive drugs, mainly angiotensin converting enzyme inhibitors and angiotensin II type 1 receptor antagonists, and the 25% with 3-hydroxy-3-methylglutaryl coenzyme A inhibitors, which are known to interfere with cytokine production [START_REF] Fliser | Antiinflammatory effects of angiotensin II subtype 1 receptor blockade in hypertensive patients with microinflammation[END_REF][START_REF] Devaraj | Direct demonstration of an antiinflammatory effect of simvastatin in subjects with the metabolic syndrome[END_REF].

In vitro studies have suggested that the effects of CRP on inflammatory molecules [START_REF] Pasceri | Modulation of C-reactive protein-mediated monocyte chemoattractant protein-1 induction in human endothelial cells by anti-20[END_REF]20] might be dependent on the bacterial contamination or by the presence of sodium azide in the commercial CRP preparation. [START_REF] Pepys | Proinflammatory effects of bacterial recombinant human C-reactive protein are caused by contamination with bacterial products, not by C-reactive protein itself[END_REF][START_REF] Liu | Proapoptotic, antimigratory, antiproliferative, and antiangiogenic effects of commercial C-reactive protein on various human endothelial cell types in vitro: implications of contaminating presence of sodium azide in commercial preparation[END_REF][START_REF] Swafford | C-reactive protein does not relax vascular smooth muscle: effects mediated by sodium azide in commercially available preparations[END_REF][START_REF] Van Den Berg | C-reactive protein-induced in vitro vasorelaxation is an artefact caused by the presence of sodium azide in commercial preparations[END_REF]. However, other studies have demonstrated that also sodium azide-and LPS-free CRP promotes endothelial activation and atherothrombosis [START_REF] Singh | C-reactive protein decreases tissue plasminogen activator activity in human aortic endothelial cells. Evidence that C-reactive protein is a procoagulant[END_REF]. In addition, using recombinant human CRP free of sodium azide and bacterial contamination products, it has been demonstrated that CRP, at a concentration known to predict cardiovascular events in stable and unstable angina [START_REF] Haverkate | Production of C-reactive protein and risk of coronary events in stable and unstable angina. European Concerted Action on Thrombosis and Disabilities Angina Pectoris Study Group[END_REF], is also able to increase the expression of the receptor for advanced glycation end products in human endothelial cell cultures, suggesting a link among inflammation, endothelial dysfunction and atherosclerosis in diabetic patients [START_REF] Zhong | C-reactive protein upregulates receptor for advanced glycation end products expression in human endothelial cells[END_REF].

In rat model of myocardial and cerebral infarction it has been demonstrated that injections of human CRP increases myocardial and cerebral infarct size, through a complement dependent mechanism [START_REF] Gill | Human C-reactive protein increases cerebral infarct size after middle cerebral artery occlusion in adult rats[END_REF][START_REF] Griselli | C-reactive protein and complement are important mediators of tissue damage in acute myocardial infarction[END_REF]. Recently, the same Authors have demonstrated in rats that the administration of a specific CRP inhibitor, blunted the increase in infarct size produced by human CRP injection, indicating that CRP not only might contribute, throught immuno-inflammatory actions, to increase myocardial damage, but also that in this experimental model, the inhibition of CRP might have therapeutical effects [START_REF] Pepys | Targeting C-reactive protein for the treatment of cardiovascular disease[END_REF].

Taken togheter, these data indicate that the role of CRP as etiological agent in inflammatory processes remains to be proven.

Clinical studies have suggested that the measurements of hs-CRP might be an useful marker for predicting cardiovascular events in different pathological conditions [START_REF] Haverkate | Production of C-reactive protein and risk of coronary events in stable and unstable angina. European Concerted Action on Thrombosis and Disabilities Angina Pectoris Study Group[END_REF][START_REF] Liuzzo | The prognostic value of C-reactive protein and serum amyloid A protein in severe unstable angina[END_REF][START_REF] Libby | Inflammation and atherosclerosis: role of C-reactive protein in risk assessment[END_REF][START_REF] Wilson | C-reactive protein and risk of cardiovascular disease in men and women from the Framingham study[END_REF][START_REF] Sattar | C-reactive protein and prediction of coronary heart disease and global vascular events in the prospective study of pravastatin in the elderly at risk (PROSPER)[END_REF], and in apparently healthy individuals [START_REF] Ridker | Comparison of C-reactive protein and lowdensity lipoprotein cholesterol levels in the prediction of first cardiovascular events[END_REF]. Recently, increasing evidence from large epidemiological studies did not confirm the predictive role of CRP for cardiovascular events, but indicated that CRP measuraments add only a little additional predictive value in risk stratification [START_REF] Wilson | C-reactive protein and risk of cardiovascular disease in men and women from the Framingham study[END_REF][START_REF] Sattar | C-reactive protein and prediction of coronary heart disease and global vascular events in the prospective study of pravastatin in the elderly at risk (PROSPER)[END_REF][START_REF] Danesh | C-reactive protein and other circulating markers of inflammation in the prediction of coronary heart disease[END_REF] .

In our population of type 2 diabetic patients we have observed that serum values of CRP might influence cytokine production in response to LPS, suggesting a predisposition to an overproductions of different cytokines in response to a specific stimilus, with possible implication in inflammatory-atherosclerotic processes. 
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