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INTRODUCTION

The CD40 ligand (CD40L) is a transmembrane protein structurally related to tumor necrosis factor-(TNF-) that has been first identified on CD4+ T cells [START_REF] Mach | Functional CD40 ligand is expressed on human vascular endothelial cells, smooth muscle cells, and macrophages: implication for CD40-CD40 ligand signaling in atherosclerosis[END_REF][START_REF] Van Kooten | Immune regulation by CD40-CD40L interactions[END_REF]. Subsequently, CD40L has been identified on the surface membrane of activated platelets [START_REF] Henn | CD40 ligand on activated platelets triggers an inflammatory reaction of endothelial cells[END_REF] from where a soluble form (sCD40L) can be released into the circulation [START_REF] Aukrust | Enhanced levels of soluble and membrane-bound CD40 ligand in patients with unstable angina. Possible reflection of T lymphocyte and platelet involvement in the pathogenesis of acute coronary syndromes[END_REF]. Both membrane-bound and sCD40L interact with CD40 expressed on vascular cells, resulting in inflammatory and prothrombotic responses [START_REF] Henn | CD40 ligand on activated platelets triggers an inflammatory reaction of endothelial cells[END_REF][START_REF] Lindmark | Role of platelet P-selectin and CD40 ligand in the induction of monocytic tissue factor expression[END_REF]. Engagement of CD40L with CD40 on endothelial cells, in fact, results in phenotypic changes that are similar to those induced by TNF-, i.e., increased expression of adhesion molecules and secretion of inflammatory cytokines [START_REF] Granger | Modulation of the inflammatory response in cardiovascular disease[END_REF]. In addition, sCD40L can act as a ligand of the platelet fibrinogen receptor glycoprotein IIb/IIIa and is involved in thrombus stabilization and platelet activation [START_REF] Prasad | The platelet CD40L/GP IIb-IIIa axis in atherothrombotic disease[END_REF]. Thus, sCD40L may represent a key molecule linking inflammation and prothrombotic state in human diseases.

To date, it is estimated that more than 95% of plasma sCD40L is derived from platelets [START_REF] Freedman | CD40-CD40L and platelet function. Beyond hemostasis[END_REF]. Accordingly, increased levels of sCD40L have been associated with enhanced in vivo platelet activation in various clinical conditions [START_REF] Cipollone | Association between enhanced soluble CD40L and prothrombotic state in hypercholesterolemia: effects of statin therapy[END_REF][START_REF] Garlichs | Upregulation of CD40-CD40 ligand (CD154) in patients with acute cerebral ischemia[END_REF][START_REF] Danese | Activated platelets are the source of elevated levels of soluble CD40 ligand in the circulation of inflammatory bowel disease patients[END_REF][START_REF] Lim | Soluble CD40 ligand, soluble P-selectin, interleukin-6, and tissue factor in diabetes mellitus: relationships to cardiovascular disease and risk factor intervention[END_REF][START_REF] Falco | Increased soluble CD40 ligand levels in cystic fibrosis[END_REF][START_REF] Roselli | Soluble CD40 ligand plasma levels in lung cancer[END_REF][START_REF] Novo | Soluble CD40L and Cardiovascular Risk in Asymptomatic Low-Grade Carotid Stenosis[END_REF]. Meanwhile, it has become evident that sCD40L could be regarded as a predictive marker of cardiovascular events in healthy individuals [START_REF] Novo | Soluble CD40L and Cardiovascular Risk in Asymptomatic Low-Grade Carotid Stenosis[END_REF][START_REF] Schonbeck | Soluble CD40L and cardiovascular risk in women[END_REF], which may not only indicate active inflammation and platelet activation, but may also exhibit direct prothrombotic properties that mediate early atherogenesis, plaque rupture, and thrombosis [START_REF] Mo | Individualizing therapy in acute coronary syndromes: using a multiple biomarker approach for diagnosis, risk stratification, and guidance of therapy[END_REF].

Persistent platelet activation has been demonstrated in patients with essential hypertension, especially those with advanced vascular lesions [START_REF] Davì | Diabetes mellitus, hypercholesterolemia, and hypertension but not vascular disease per se are associated with persistent platelet activation in vivo. Evidence derived from the study of peripheral arterial disease[END_REF][START_REF] Spencer | Von Willebrand factor, soluble P-selectin, and target organ damage in hypertension: a S t a g e 2 ( a ) P O S T -P R I N T Clinical Science Immediate Publication[END_REF][START_REF] Minuz | Determinants of platelet activation in human essential hypertension[END_REF][START_REF] Nadar | Platelet indexes in relation to target organ damage in high-risk hypertensive patients: a substudy of the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT)[END_REF], and tight blood pressure control may result in significant improvements in platelet function in hypertensive subjects at high risk of cardiovascular events [START_REF] Blann | Pharmacological modulation of platelet function in hypertension[END_REF]. In addition, low-grade inflammation (as evidenced by increased levels of C-reactive protein [CRP]) [START_REF] Sesso | C-Reactive protein and the risk of developing hypertension[END_REF][START_REF]Low-Grade inflammation and microalbuminuria in hypertension[END_REF] Although, several factors link platelet activation, endothelial dysfunction and low-grade inflammation with sCD40L, no information is available yet about their interrelationships with hypertension-related cardiovascular and metabolic abnormalities. For this reason, we addressed that issue in hypertensive patients with or without microalbuminuria (MA), which is currently acknowledged as a predictor of vascular disease [START_REF] Garg | Microalbuminuria: marker of vascular dysfunction, risk factor for cardiovascular disease[END_REF], and the strongest independent determinant of ischaemic heart disease among non-diabetic individuals with arterial hypertension [START_REF] Jensen | Arterial hypertension, microalbuminuria, and risk of ischemic heart disease[END_REF][START_REF] Jager | Microalbuminuria and peripheral arterial disease are independent predictors of cardiovascular and all-cause mortality, especially among hypertensive subjects: five-year follow-up of the Hoorn Study[END_REF]. 

METHODS

Design of the study

A cross-sectional comparison was performed in 50 patients with essential hypertension, with (MH) and without (EH) microalbuminuria, and in 25 healthy normotensive subjects (HS) enrolled at our Institutions (Table 1). Hypertensive patients with MA (n=25) were pairmatched for gender and age with hypertensive patients without MA (n=25) and HS (Table 1).

Exclusion criteria were represented by a history or evidence of atherothrombotic diseases, diabetes mellitus, cigarette smoking, dyslipidemia, obesity and metabolic syndrome in order to avoid confounding by other determinants of endothelial dysfunction and platelet activation.

None of the subjects was permitted to take vitamin supplements, nonsteroidal antiinflammatory drugs, or antiplatelet agents for at least 30 days before the study. Women who were taking hormonal replacement therapy were also excluded. Essential hypertension was clinically diagnosed according to the WHO criteria [START_REF]1999 World Health Organization International Society of Hypertension guidelines for the management of hypertension. Guidelines Subcommittee[END_REF], on 3 consecutive occasions and on the basis of negative results of investigation for secondary hypertension that included hormonal evaluation, renal scintigraphy and/or echo-doppler scan of the renal arteries. MA was defined as a urinary albumin excretion rate (AER) between 20 and 200 µg/min. Hypertensive patients were under long-term treatment with antihypertensive medication (angiotensin converting enzyme inhibitors and/or diuretics and/or, calcium antagonists). Both groups of hypertensive subjects received a standard diet containing ~150 mmol of sodium per day. The mean duration of hypertension was defined as the time between the diagnosis and inclusion in the present study. The study was performed under the appropriate institutional ethics approvals and in accordance with the principles embodied in the Declaration of Helsinki. Informed consent was obtained from each participating subject.

Biochemical analyses

The mean AER was calculated from three consecutive timed overnight urine collections.

AER was measured by nephelometry (Roche Diagnostics, France). Serum C-reactive protein (CRP) levels were measured with a highly sensitive immunoassay [START_REF] Ledue | Analytical evaluation of particle-enhanced immunonephelometric assays for C-reactive protein, serum amyloid A and mannose-binding protein in human serum[END_REF]. Total cholesterol, triglycerides, HDL-cholesterol and LDL-cholesterol concentrations were measured as previously described [START_REF] Davì | Diabetes mellitus, hypercholesterolemia, and hypertension but not vascular disease per se are associated with persistent platelet activation in vivo. Evidence derived from the study of peripheral arterial disease[END_REF].

Plasma sP-selectin, sCD40L levels (both by R&D Systems, Minneapolis, MN, USA) and vWF levels (Imubind vWF ELISA, American Diagnostica) were measured in citrated plasma samples by commercially available enzyme-immunoassays according to the manufacturers' instructions.

ADMA levels were measured in plasma samples by a commercially available enzymeimmunometric assay (DLD diagnostika, Hamburg, Germany), previously validated by comparison with gas chromatography/mass spectrometry [START_REF] Schulze | Determination of asymmetric dimethylarginine (ADMA) using a novel ELISA assay[END_REF]. Plasma samples were processed promptly after collection (within 2 h) to minimize ex-vivo release of P-selectin and CD40L from platelets [START_REF] Thom | Measurement of soluble P-selectin and soluble CD40 ligand in serum and plasma[END_REF].

Statistical Analysis

Statistical analysis was performed by chiand by one-way analysis of variance with the Bonferroni adjustment to assess differences among the groups (hypertensive with and without microalbuminuria and non hypertensive subjects). When necessary appropriate noncorrelation coefficient, Kruskall-Wallis method and Mann-Whitney U test). Multiple linear regression analysis and factorial ANOVA analysis were performed to further analyze the data. Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

RESULTS

Baseline characteristics of the three groups of subjects are summarized in Table 1. As shown, hypertensive patients with or without MA did not differ in terms of blood pressure, disease duration, creatinine serum level and serum lipid pattern. Healthy subjects had similar clinical and laboratory characteristics as compared to hypertensive subjects. Urinary AER was significantly higher in hypertensive patients with MA compared to hypertensive patients without MA and healthy subjects (p< 0.0001); normoalbuminuric hypertensive subjects had significantly higher values of urinary AER than controls (p< 0.0001).

Platelet activation, as reflected by sP-selectin levels, was significantly enhanced in microalbuminuric hypertensive patients as compared to either HS or EH patients (Table 2).

Furthermore, an impairment of endothelial function was found in hypertensive patients, as evidenced by increased plasma levels of both vWF and ADMA in hypertensive subjects with or without MA compared with HS (Table 2). Elevated ADMA (regression coefficient= 0.259, p= 0.01) or vWF (regression coefficient= 0.595, p< 0.0001) levels, low HDL-cholesterol (regression coefficient= -0.305, p= 0.001) and disease duration (regression coefficient= 0.244, p= 0.004) were all predictive of MA by multivariate analysis. Plasma sCD40L levels were significantly increased in MH patients compared to either EH or HS (Table 2), but no differences could be observed between the two latter groups (Figure 1). A highly significant correlation between plasma sCD40L and sP-selectin (Rho= 0.750, p< 0.0001), vWF (Rho= 0.658, p< 0.0001) or CRP levels (Rho= 0.42, p< 0.003) was observed in hypertensive patients. Subgroup analysis demonstrated that these associations were retained in the subgroup of MH patients (Figure 2) but not in EH patients, in whom only the correlation between sCD40L and sP-selectin (Rho=0.528, p<0.007) was retained.

Stepwise multivariate regression analysis showed that sP-selectin was the strongest To further evaluate the relationship between sCD40L and endothelial dysfunction or inflammatory status, hypertensive patients were stratified on the basis of the observed median CRP (1.22 mg/dl) or vWF (1120 IU/dl) levels. As shown in Figure 3, hypertensive patients with both vWF and CRP levels above the median had the highest sCD40L levels (median level 2.4 pg/ml) compared to patients with either vWF or CRP levels above the median (1.1 pg/ml) or patients with both variables below the median (0.65 pg/ml, H= 21.5, p< 0.0001).

These results were confirmed in the subset of MH (H= 10.7, p< 0.005), but not in EH patients.

Based on these results, we finally performed a factorial ANOVA analysis of all hypertensive patients to better characterize the interactions between sCD40L and the inflammatory status in the presence or absence of MA. The results are illustrated in Figure 4, showing that only MH patients with low-grade inflammation had elevated levels of sCD40L.

Multivariate regression analysis of this restricted subset of patients confirmed the independent prognostic role of sP-selectin in determining sCD40L levels (regression coefficient 

DISCUSSION

To date, no clinical evidence is available linking platelet activation and/or inflammation to sCD40L production in hypertension. The present study is the first to demonstrate that increased levels of this cytokine may be at least in part related to the occurrence of in vivo platelet activation, as demonstrated by the significant association found between sCD40L and sP-selectin, a well recognized marker of in vivo platelet activation [START_REF] Blann | The adhesion molecule P-selectin and cardiovascular disease[END_REF][START_REF] Davì | Increased levels of soluble P-selectin in hypercholesterolemic patients[END_REF][START_REF] Andre | P-selectin in haemostasis[END_REF].

The occurrence of elevated sCD40L levels in patients with hypertension is still a debated issue. In fact, Tsioufis et al. recently reported that MA is not accompanied by an increase of sCD40L concentrations in essential hypertensive subjects and hypothesized an activation of different inflammatory pathways in the progression of renal and cardiovascular atherosclerotic disease in these patients [38]. However, the study group used in this study was restricted to non-smoker hypertensive subjects without other risk factors (i.e. obesity).

As Bautista pointed out in his critique, although selection is sometimes used to prevent confounding, it limits generalizability and is rarely justifiable, as confounding can be controlled efficiently using multiple regression analysis [39]. In our cohort of patients, sCD40L levels were higher in MH compared to both hypertensive subjects without MA or age-and gender-matched normotensive subjects. This finding is in agreement with those by other authors suggesting that plasma sCD40L levels may contribute to the increased In the present study, the findings of increased sCD40L levels were limited to a subset of hypertensive patients with MA. The latter significantly correlated with the duration of hypertension, which is in agreement with the findings of other authors [START_REF] Garg | Microalbuminuria: marker of vascular dysfunction, risk factor for cardiovascular disease[END_REF]. Moreover, we showed that increased plasma levels of vWF and ADMA (two well recognized markers of endothelial dysfunction) were both predictive of MA. These findings are confirmatory of previous studies [START_REF]Low-Grade inflammation and microalbuminuria in hypertension[END_REF][START_REF] Pedrinelli | Microalbuminuria and endothelial dysfunction in essential hypertension[END_REF][START_REF] Taddei | Endothelial dysfunction in essential hypertension: clinical implications[END_REF][START_REF] Goonasekera | Vascular endothelial cell activation associated with increased plasma asymmetric dimethyl arginine in children and young adults with hypertension: a basis for atheroma?[END_REF][START_REF] Garg | Microalbuminuria: marker of vascular dysfunction, risk factor for cardiovascular disease[END_REF] and are in agreement with those by Pedrinelli et al., who demonstrated the presence of increased vWF levels in patients with essential hypertension and MA as well as intra-individual correlation between the two variables, suggesting that a dysfunctional glomerular endothelium may cause reduced renal function [START_REF] Pedrinelli | Microalbuminuria and endothelial dysfunction in essential hypertension[END_REF]. Along with the occurrence of endothelial dysfunction (as evidenced by increased levels both vWF and ADMA), we observed a low-grade inflammatory condition in all hypertensive patients either with MA or without MA. Indeed, circulating CRP levels were significantly higher in MH than EH patients or healthy subjects. This is not surprising if we consider a recent report by Sesso et al. [START_REF] Sesso | C-Reactive protein and the risk of developing hypertension[END_REF] demonstrating that CRP levels are associated with future development of hypertension, which suggests that hypertension is in part an inflammatory disorder.

The major conclusion that may be drawn from this study is that sCD40L levels appear to discriminate a high-risk subset of patients characterized by microalbuminuria and low-grade inflammation. This is of particular interest since several population-based studies have shown an association between MA and cardiovascular morbidity and mortality [START_REF] Garg | Microalbuminuria: marker of vascular dysfunction, risk factor for cardiovascular disease[END_REF], leading to the demonstration that MA is the strongest independent determinant of ischaemic heart disease among subjects with arterial hypertension [START_REF] Jensen | Arterial hypertension, microalbuminuria, and risk of ischemic heart disease[END_REF]. Furthermore, MA accompanied by evidence of subclinical inflammation has been proposed as a strong correlate of metabolic abnormalities in essential hypertension and might identify a patient subset at very high cardiovascular risk. In contrast, isolated microalbuminuria may represent a distinct pathophysiological condition characterized by a more benign profile and possibly a better prognosis [START_REF]Low-Grade inflammation and microalbuminuria in hypertension[END_REF]. In this context, the finding of enhanced levels of sCD40L mainly in a subgroup of MH patients with low-grade inflammation (as evidenced by elevated CRP One limitation to the study might be represented by the small number of patients.

However, we must consider that the population enrolled was highly selected, since we excluded hypertensive patients with concomitant risk factors for atherothrombosis, such as obesity, cigarette smoking, diabetes mellitus and metabolic syndrome all of which have been shown to affect significantly the levels of urinary albumin excretion and to be associated with biochemical evidence of in vivo platelet activation [9-13, 15, 42, 43]. In terms of study limitation, the current findings were limited to hypertensive patients with microalbuminuria, a surrogate of the subclinical atherosclerotic burden and low-grade inflammation limiting the generalization of the study. Nevertheless, this study may provide new insight into the pathophysiologic mechanisms linking early renal impairment with elevated cardiovascular risk.

In conclusion, these data confirm that CD40L represents a key molecule linking inflammation and thrombosis. Thus, inhibition of the CD40/CD40L system may represent a potential therapeutic target in a subgroup of hypertensive patients at high risk for cardiovascular events. 

Figure 3

Box-plot analysis of plasma sCD40L levels in all hypertensive patients (n=50) with vWF and/or CRP levels below (negative) or above (positive) the median values.

Figure 4

Factorial ANOVA analysis of plasma sCD40L levels in patients with (MH, n=25) or without (EH, n=25) microalbuminuria stratified on the basis of CRP levels below (negative) or above (positive) the median value observed in hypertensive patients.
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  susceptibility of hypertensive patients to develop vascular damage [40] probably through blunted angiogenesis [41]. In particular, Patel et al. suggested that sCD40L might reflect abnormal platelet activation and, thus, increased sCD40L (as a marker of CD40 ligation) may contribute to the increased cardiovascular risk in patients with hypertension [41].
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Table 2 :
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 2 Figure 2 Correlation analysis of plasma sCD40L levels and vWF (Panel A, Rho= 0.662, p< 0.001), sP-selectin (Panel B, Rho= 0.750, p< 0.0001) or C-reactive protein (Panel C, Rho= 0.419, p< 0.05) in hypertensive patients with microalbuminuria.
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