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Abstract. 
Although myocardial angiogenesis is thought to play an important role in heart failure (HF), the involvement of circulating proinflammatory and proangiogenic cytokines in the pathogenesis and/or prognosis of HF has not been deeply investigated. By using a highly standardized proliferation assay with human endothelial cells, we first demonstrated that sera from older (mean age 
	
		
			
				5
				2
				±
				7
				.
				6
			

		
	
 years; 
	
		
			
				𝑛
				=
				4
				6
			

		
	
) healthy donors promoted endothelial cell proliferation to a significantly higher extent compared to sera obtained from younger healthy donors (mean age 
	
		
			
				2
				9
				±
				8
				.
				6
			

		
	
 years; 
	
		
			
				𝑛
				=
				2
				0
			

		
	
). The promotion of endothelial cell proliferation was accompanied by high serum levels of several proangiogenic cytokines. When we assessed endothelial cell proliferation in response to HF patients’ sera, we observed that a subset of sera (
	
		
			
				𝑛
				=
				1
				1
			

		
	
) promoted cell proliferation to a significantly lesser extent compared to the majority of sera (
	
		
			
				𝑛
				=
				1
				8
			

		
	
). Also, in this case, the difference between the patient groups in the ability to induce endothelial cell proliferation correlated to significant (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
) differences in serum proangiogenic cytokine levels. Unexpectedly, HF patients associated to the highest endothelial proliferation index showed the worst prognosis as evaluated in terms of subsequent cardiovascular events in the follow-up, suggesting that high levels of circulating proangiogenic cytokines might be related to a worse prognosis.
 

1. Introduction
Heart failure (HF) is the final consequence of different heart diseases and it represents a prominent cause of morbidity and mortality worldwide [1]. At the cellular level, the occurrence of hypertrophy of cardiac muscle cells represents a common feature of failing myocardium [2, 3] and is considered as an adaptive response to increased external load in the presence of pathological situations such as hypertension or myocardial infarction. However, sustained overload eventually leads to contractile dysfunction and HF through incompletely understood mechanisms [4–6]. Dysfunctional vascular regulation is an important component of the pathophysiology of HF, and reduced levels of vascular endothelial growth factor (VEGF) have been observed in myocardium models of advanced HF [7]. Angiogenesis was enhanced during the acute phase of adaptive cardiac growth but reduced as hearts underwent pathological remodelling and it has been demonstrated that inhibition of VEGF signalling at the myocardium level leads to the transition from compensatory hypertrophy to cardiac failure [8], since both heart size and cardiac function are angiogenesis-dependent. A large number of preclinical studies have raised hope that increasing the expression of VEGF and/or other proangiogenic cytokines at the myocardial level show beneficial effects especially in animal models of postmyocardial infarction [7, 8]. Nevertheless, the clinical trials based on the proangiogenesis hypothesis have failed to provide conclusive results on the therapeutic benefits of clinical approaches aimed at improving myocardial angiogenesis especially in the early phases after myocardial infarction [7].
It should also be noticed that although most experimental studies point to a positive role of angiogenic cytokines at the cardiac level, few studies have addressed the potential role of circulating proinflammatory and proangiogenic cytokines in patients with HF. Since human serum contains a myriad of cytokines, a major limitation to the study of the proangiogenic capability of human serum is also due by the fact that most in vitro and in vivo angiogenic tests are complex and not easy to be reproduced [9, 10].
On these bases, in the present study, we have adopted a simple and reproducible in vitro endothelial cell proliferation assay in order to investigate the proangiogenic effects of human sera obtained from both healthy individuals and from a limited group of HF patients. The differential capability to promote in vitro endothelial cell proliferation was correlated with the presence and level of a variety of cytokines, analysed with the multiplex technology, and, for the HF patients, with relevant clinical parameters, such as NTpro-BNP levels and occurrence of cardiovascular events in the follow-up.
2. Methods 
2.1. Characteristics of the Healthy Subjects and Recruitment of HF Patients
The healthy group was represented by 66 subjects (age range: 25–60 years). Twenty-nine HF patients were consecutively enrolled in this study. The study approval was granted by the ethics review board of the Azienda Ospedaliero-Universitaria, Arcispedale Sant’Anna, Ferrara, and informed consents were obtained in accordance with the Declaration of Helsinki of 1975. The main demographic and clinical parameters of patients were abstracted from clinical records and are reported in Supplementary Table 1 (see Supplementary Material available online at http://dx.doi.org/10.1155/2014/257081). HF diagnosis was based on history of HF of at least six months duration, reduced exercise tolerance, objective left ventricular functional impairment (LVEF), and raised level of N-terminal pro-Brain natriuretic peptide (NTpro-BNP) above the normal range at hospital entry. Diagnosis of idiopathic dilated cardiomyopathy was based on accepted criteria [11]. HF staging was performed by the New York Heart Association (NYHA) classification and on the basis of NTpro-BNP value. Patients were receiving standard evidence-based guided pharmacological treatment [11].
Serum of healthy individuals and of HF patients was obtained from blood samples collected from an antecubital vein. After clot formation, samples were centrifuged at 3000 rpm for 15 min and serum was immediately stored frozen at −80°C in single-use aliquots.
2.2. Isolation, Characterization, and Culture of Endothelial Cells
Human umbilical vein endothelial cells (HUVEC) were isolated from umbilical cords as previously described, with some modification [12–14]. Briefly, after cannulation and rinsing with cord buffer (PBS supplemented with 0.011 M glucose), the umbilical vein was infused with type 1 collagenase solution (0.4 mg/mL; Worthington, Lakewood, NJ) and the umbilical cord was placed for 20 min at 37°C for enzymatic digestion. Vein was flushed with warm EGM-2 medium (Lonza, Walkersville, MD) and the resulting endothelial cell suspension was centrifuged for 10 min at 150 ×g. Primary cultures of HUVECs were seeded into 25 cm2 flasks precoated with fibronectin (BD Bioscience, Becton Dickinson, San Josè, CA) at 5 μg/cm2 and cultured in EGM-2 medium at 37°C in a humidified atmosphere with 5% CO2. The medium was changed after 24 hours and every 2 days thereafter until confluence. Primary cultures of HUVEC were dissociated with 0.025% trypsin/0.025% EDTA (Gibco BRL, Grand Island, NY) and collected by centrifugation for cell banking and/or to perform in vitro experiments. Cell viability was monitored by light microscopic analysis of the cell monolayers after hematoxylin-eosin staining or by quantitative examination after detachment of the monolayers by means of trypan blue dye exclusion, as described in [15, 16]. For this study, 80% of confluent HUVEC monolayers (passages 2–5) were used.
The purity of primary HUVEC cultures was evaluated by flow cytometry analysis performed on a BD FACSAria II (BD), as previously described [14, 17]. Briefly, detached cells were resuspended in 200 μL of PBS containing 1% BSA (Sigma-Aldrich, Saint Luis, MO) and incubated 30 min at 4°C with the following antibodies (Ab): FITC-conjugated anti-CD146 (Miltenyi Biotec, Gladbach, Germany, Clone 541-10B2), Horizon V450-A-conjugated anti-CD144 (BD, Clone 55-7H1), PE-A-conjugated anti-CD31 (Miltenyi Biotec, Clone AC128), Alexa Fluor 647-A-conjugated anti-CD105 (BD, Clone 266), PE-Cy7-A-conjugated anti-CD34 (BD, Clone 581), APC-H7-A-conjugated anti-CD45 (BD, Clone 2D1), and Horizon v500-A-conjugated anti-CD14 (BD, Clone M5E2). Data files were collected and analysed using the FACSDiva software program (version 6.1.3; BD). Only cell suspensions characterized by endothelial cell purity equal to or greater than 98% and low levels of apoptosis, evaluated by Annexin-V/PI double staining [18, 19], were used for the in vitro assays.
2.3. Proliferation Analyses
Cell proliferation experiments were performed using the xCELLigence Real-Time Cell Analyzer (RTCA-DP version; Roche Diagnostics, Mannheim, Germany), which monitors continuously the cellular events recording label-free changes in electrical impedance (reported as cell index). Briefly, the background impedance was performed using the standard protocol provided in the software with 100 μL EGM-2 complete medium (supplemented with 2% of fetal bovine serum and specific endothelial growth factors) per well, in 16-well plates. In each assay, four thousand endothelial cells (HUVEC) were seeded in 100 μL of complete EGM-2 in quadruplicate in fibronectin-precoated wells and left to equilibrate at room temperature for 30 min before data recording. Cultures were grown at 37°C in a humidified atmosphere with 5% CO2 over-night until preestablished cell index. Then cultures were washed two times with fresh RPMI medium before the addition of RPMI medium supplemented only with 20% human serum derived from the control subjects or from the HF patients. In selected experiments, human serum was added to the cell cultures after 30 min of preincubation with neutralizing Ab anti-human VEGF (PeproTech Inc., Rocky Hill, NJ) or with control Ig (Sigma). In parallel, as control, endothelial cell cultures were exposed to recombinant VEGF165 (PeproTech).
Cell index of the endothelial cultures was monitored up to 66 hours. Data were analysed using the xCELLigence software (version 1.2.1) and expressed as mean ± SD of cell index normalized to the last cell index recorded before the time of cells treatment (addition of human serum).
2.4. Analysis of Cytokines and Chemokines
Serum samples were frozen and thawed only once before performing the MILLIPLEX MAP Human Cytokine/Chemokine Panel (Merck Millipore, Billerica, MA), a bead-based multiplex immunoassay, which allows the simultaneous detection and quantification of the following 29 human cytokines/chemokines: EGF, Eotaxin, G-CSF, GM-CSF, IFN-α2, IFN-γ, IL-10, IL-12(p40), IL-12(p70), IL-13, IL-15, 1L-17α, IL-1 receptor antagonist (ra), IL-1α, IL-1β, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IP-10 (CXCL10), MCP-1, MIP-1α, MIP-1β, TNF-α, TNF-β, and VEGF. Samples were processed following the manufacturer’s recommended protocol and analyzed by using a MAGPIX instrument provided with the MILLIPLEX-Analyst Software that uses a five-parameter nonlinear regression formula to calculate cytokine/chemokine concentrations from the standard curves.
2.5. Statistical Analysis
Descriptive statistics were calculated. For each set of experiments, values were reported as median and/or means ± SD. The results were evaluated by using Student’s 
	
		
			

				𝑡
			

		
	
- and the Mann-Whitney rank-sum tests, when appropriate. Spearman’s correlation coefficient was calculated to identify data correlation. Statistical significance was defined as 
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
. All statistical analyses were performed with SPSS Statistic 20 software (SPSS Inc., Chicago, IL).
3. Results
3.1. Sera from Older Healthy Subjects Promote Higher In Vitro Endothelial Cell Proliferation with respect to Sera from Younger Healthy Subjects
One of the purposes of this study was to set up a reliable and reproducible biological assay using HUVEC as cellular target for monitoring the overall presence of circulating cytokines with a proangiogenic activity. For this purpose, purity of endothelial cell cultures was determined by flow cytometry analysis as cells expressing (≥98%) CD146, CD144, CD31, CD105, and CD34 and negative for CD45 and CD14 (Figure 1(a)). In order to monitor and reproducibly measure endothelial cell proliferation, we adopted a system which measures the impedance of the cell monolayer (cell index, CI) in real-time and in label-free manner without disturbing/altering the culture (Figures 1(b) and 1(c)). For this assay, endothelial cells were seeded and let to adhere and proliferate in the presence of complete medium (supplemented with 2% of fetal bovine serum and specific endothelial growth factors) until reaching a preestablished cell index value, settled in the range from 2.5 to 3.5. Subsequently, to assess and comparatively measure the effects of human serum samples on endothelial cell proliferation, medium was removed and cultures were extensively washed before the addition of medium supplemented only with 20% human serum (Figures 1(b) and 1(c)) collected from healthy subjects and HF patients. Cell index was recorded for up to 48 hours after treatment and analysis was carried out after normalization (Figures 1(b)–1(d)). In the first group of experiments, we analysed the ability of sera obtained from healthy subjects in promoting/affecting endothelial cell proliferation. In this analysis, we observed that, at the time points examined, sera obtained from older (mean age: 
	
		
			
				5
				2
				±
				7
				.
				6
			

		
	
) subjects induced a significantly (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
) higher HUVEC proliferation compared to sera obtained from younger (mean age: 
	
		
			
				2
				9
				±
				8
				.
				6
			

		
	
) healthy subjects (Figures 1(c) and 1(d)).


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
	
	
		
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
		
	
	
		
			
			
		
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
			
			
		
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
		
	
	
		
			
			
		
		
			
			
		
	
	
		
			
			
		
		
			
		
		
			
		
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
		
	
	
		
			
			
		
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
		
			
		
	
	
		
	
	
		
	
		
	
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
		
	
	
		
			
			
		
		
			
		
		
			
		
	
	
		
			
			
		
		
			
			
		
		
			
		
	


	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
			
				
			
				
			
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
	
		
	
	
		
	
	
	
		
	
	
	
		
	
		
	
		
	
	
	
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
				
				
				
				
				
				
				
				
				
				
				
				
				
				
			
		
	





























































	
		
			
		
			
		
	


	
		
			
		
			
		
			
	


	
		
			
		
			
		
			
	


























































































	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	


	
	


	
	


	
	


	
	


	
	


	
	


	


	


	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
		
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
	
		
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	














































	


	
	


	
	


	
	


	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	


	
	
	


	


	
	
	


	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
		
			
			
			
		
	
	
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	


	
		
			
		
	


	
		
			
		
	


	
		
			
		
	















Figure 1: In vitro endothelial cell proliferation in response to serum samples from healthy subjects. Primary HUVEC cultures, characterized by multiparametric flow cytometry analysis and morphological assessment (a), were used as target for in vitro proliferation assays performed by dynamic monitoring of cell proliferation using the xCELLigence system, in response to human serum samples (b)–(d). In (a), a representative field of a HUVEC monolayer observed by light microscopy is shown together with a representative multiparametric flow cytometry panel, displayed as dot plots, documenting the purity of the endothelial culture. In (b), a representative profile of HUVEC proliferation in the presence of EGM-2 complete medium and after removal of growth factors and serum (arrow) is shown. In (c), two representative profiles of endothelial cell proliferation in response to serum (20%) of an old healthy donor and a young healthy subject are shown. In (b) and (c), endothelial cell proliferation is shown as cell index (mean ± SD of samples assayed in quadruplicate) after normalization to the last cell index recorded before either depletion of medium serum and growth factors (in (b), arrow) or addition of human serum samples (in (c), arrow). In (d), HUVEC proliferation in response to human serum samples obtained from old and young healthy subjects was monitored up to 48 hours and expressed as normalized cell index (mean ± SD) calculated at the indicated time points. *
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
 compared to old healthy subjects at the corresponding time point.


This unexpected finding suggested differences between the sera of young and older healthy individuals in terms of angiogenic and/or angiostatic cytokine levels. Therefore, to check this hypothesis, we next evaluated the levels of several circulating cytokines and chemokines using the Luminex technology that allows the simultaneous detection and quantification of a panel of 29 analytes (Table 1). Sera obtained from older individuals showed significantly (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
) higher levels of EOTAXIN and IFN-
	
		
			

				𝛼
			

		
	
2 together with significantly (
	
		
			
				𝑃
				<
				0
				.
				0
				0
				1
			

		
	
) higher levels of IL-7, IL-8, MIP-1
	
		
			

				𝛼
			

		
	
, and VEGF (Table 1 and Figure 2). On the other hand, sera from younger healthy individuals showed significantly (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
) higher levels only of EGF as compared to older individuals (Table 1 and Figure 2).
Table 1: Circulating levels of cytokines/chemokines in sera from healthy subjects.
	

	Cytokines/chemokines	Limit of detection 	Healthy subjects	P 
	Young	Old
	

	EGF	3.21	236 (
	
		
			
				2
				9
				7
				.
				6
				±
				1
				0
				4
			

		
	
) 	142 (
	
		
			
				1
				4
				9
				.
				4
				±
				3
				8
				.
				6
			

		
	
)	<0.05
	EOTAXIN	3.2	79.5 (
	
		
			
				8
				7
				.
				9
				±
				4
				2
				.
				3
			

		
	
)	136 (
	
		
			
				1
				3
				8
				.
				1
				±
				2
				7
				.
				8
			

		
	
)	<0.05
	G-CSF	3.24	22 (
	
		
			
				2
				4
				.
				7
				±
				1
				4
				.
				3
			

		
	
)	28.9 (
	
		
			
				3
				0
				.
				2
				±
				1
				2
				.
				1
			

		
	
)	n.s.
	GM-CSF	1.58	3.2 (
	
		
			
				4
				.
				1
				±
				1
				.
				6
			

		
	
)	4 (
	
		
			
				3
				.
				9
				±
				0
				.
				8
			

		
	
)	n.s.
	IFN-
	
		
			

				𝛼
			

		
	
2	0.72	3.8 (
	
		
			
				4
				±
				1
				.
				8
				)
			

		
	
	5.1 (
	
		
			
				5
				.
				7
				±
				0
				.
				7
			

		
	
)	<0.05
	IFN-
	
		
			

				𝛾
			

		
	
	1.37	1.8 (
	
		
			
				6
				±
				9
				.
				1
			

		
	
) 	4.2 (
	
		
			
				4
				.
				6
				±
				0
				.
				4
			

		
	
)	n.s.
	IL-10	0.89	<OOR 	<OOR	/
	IL-12p40	0.36	<OOR	<OOR	/
	IL-12p70	1.6	<OOR	<OOR	/
	IL-13	0.82	<OOR	<OOR	/
	IL-15	1.06	<OOR	<OOR	/
	IL-17
	
		
			

				𝛼
			

		
	
	1.28	<OOR	<OOR	 
	IL1ra	0.36	4.8 (
	
		
			
				6
				.
				7
				±
				5
				.
				3
			

		
	
)	4.2 (
	
		
			
				5
				±
				0
				.
				8
			

		
	
)	n.s.
	IL-1
	
		
			

				𝛼
			

		
	
	0.87	<OOR	<OOR	/
	IL-1
	
		
			

				𝛽
			

		
	
	0.81	<OOR	<OOR	/
	IL-2	1.44	<OOR	<OOR	/
	IL-3	/	<OOR	<OOR	/
	IL-4	1.17	<OOR	<OOR	/
	IL-5	1.04	<OOR	<OOR	/
	IL-6	0.63	20.2 (
	
		
			
				2
				0
				.
				2
				±
				2
				7
				.
				4
			

		
	
) 	<OOR	n.s.
	IL-7	0.62	1.8 (
	
		
			
				1
				.
				9
				±
				0
				.
				6
			

		
	
)	3.3 (
	
		
			
				3
				.
				6
				±
				0
				.
				6
			

		
	
)	<0.001
	IL-8	1.51	3.7 (
	
		
			
				4
				.
				3
				±
				1
				.
				2
			

		
	
)	8.1 (
	
		
			
				8
				.
				4
				±
				1
				.
				9
			

		
	
)	<0.001
	IP-10	3.21	197 (
	
		
			
				2
				3
				1
				.
				7
				±
				9
				6
				.
				3
			

		
	
)	173 (
	
		
			
				1
				7
				2
				.
				9
				±
				3
				9
				.
				9
			

		
	
)	n.s.
	MCP-1	3.21	436 (
	
		
			
				4
				4
				8
				.
				7
				±
				1
				2
				4
				.
				4
			

		
	
)	573 (
	
		
			
				5
				7
				4
				.
				8
				±
				5
				6
				.
				9
			

		
	
)	n.s.
	MIP-1
	
		
			

				𝛼
			

		
	
	0.9	2.7 (
	
		
			
				2
				.
				7
				±
				0
				.
				7
			

		
	
)	3.7 (
	
		
			
				3
				.
				6
				±
				0
				.
				4
			

		
	
)	<0.001
	MIP-1
	
		
			

				𝛽
			

		
	
	3.21	30.2 (
	
		
			
				3
				7
				.
				3
				±
				1
				2
			

		
	
)	34.1 (
	
		
			
				3
				5
				.
				5
				±
				9
				.
				4
			

		
	
)	n.s.
	TNF-
	
		
			

				𝛼
			

		
	
	1.26	5.03 (
	
		
			
				5
				.
				1
				7
				±
				1
				.
				9
			

		
	
)	5.4 (
	
		
			
				5
				.
				9
				±
				1
				.
				7
			

		
	
)	n.s.
	TNF-
	
		
			

				𝛽
			

		
	
	1.31	<OOR	<OOR	/
	VEGF	3.2	59.8 (
	
		
			
				9
				1
				.
				3
				±
				4
				9
				.
				8
			

		
	
)	155 (
	
		
			
				1
				5
				5
				.
				4
				±
				2
				4
				.
				6
			

		
	
)	<0.001
	


Values are expressed as pg/mL and reported as median (mean ± SD). OOR<: out of (below) detection range; n.s: nonstatistically significant; 
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
: statistically significant.




	
	
		
	
	
		
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
		
	
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
		
	


	
		
	
		
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
		
	


	
		
	
		
	
	
		
	
	
		
	
	
		
	
		
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
		
	


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
	
		
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
			
			
		
	


	
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
		
	
	
	
		
			
			
		
	


	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
			
		
	
	
		
			
			
			
			
		
		
			
			
		
	













Figure 2: Comparative analysis of circulating cytokines/chemokines between sera obtained from young and old healthy subjects. The circulating levels of a panel of cytokines/chemokines were analyzed by multiplex immunoassay on sera obtained from healthy subjects. Data are reported as means ± SD. *
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
 and **
	
		
			
				𝑃
				<
				0
				.
				0
				0
				1
			

		
	
 compared to young healthy subjects.


3.2. Sera of HF Patients Can Be Clustered in Two Groups on the Basis of Their Ability to Promote In Vitro Endothelial Cell Proliferation
We next analysed whether the HUVEC proliferation assay might also be useful to stratify sera of HF patients in relationship to relevant clinical parameters. For the purpose of this pilot study, we have enrolled 29 HF patients whose main characteristics, including cardiac functionality parameters and cardiovascular risk factors and therapy, are reported in Supplementary Table 1. Twenty-three patients (79.3%) had ischaemic aetiology, whereas 6 (20.7%) satisfied the criteria for idiopathic dilated cardiomyopathy or had HF because of hypertension and valvular disorders. All patients were receiving guidelines pharmacological therapy consisting of ACE inhibitors (55.2%), angiotensin II receptors blockers (34.5%), 
	
		
			

				𝛽
			

		
	
-blockers (82.8%), antialdosterone drugs (41.4%), and diuretics (89.7%). We did not observe significant differences between NYHA class groups as for HF aetiology and the most common cardiovascular risk factors: age, diabetes, hypercholesterolemia, smoking habits, history of hypertension, and coronary diseases familiarity.
Based on the normalized cell index values, determined as previously described for sera from healthy subjects, we observed that sera obtained from the HF patients exhibited different effects on HUVEC proliferation, as exemplified in Figure 3(a). The results of this assay allowed us to subdivide HF samples into two groups (Figure 3(b)): a group (
	
		
			
				𝑛
				=
				1
				8
			

		
	
) with a high proliferation index (referred to as “high” endothelial cell index) and another group (
	
		
			
				𝑛
				=
				1
				1
			

		
	
) with a significantly lower proliferation index (referred to as “low” endothelial cell index). Of note, the observed differences in the ability to promote endothelial cell proliferation between the 2 HF patient subgroups were not due to differences of ages (age of the “high CI” HF patients: 
	
		
			
				6
				9
				.
				8
				±
				1
				2
				.
				2
			

		
	
; age of the “low CI” HF patients: 
	
		
			
				7
				3
				.
				1
				±
				8
				.
				7
			

		
	
).
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(b)
Figure 3: Sera of HF patients clustered on the basis of their ability to promote in vitro endothelial cell proliferation. HUVEC cultures were analysed for in vitro proliferation in response to HF patients’ serum samples. In (a), representative panels of endothelial cell proliferation profiles obtained upon exposure to serum samples from HF patients (Pt.) are shown. Results are reported as normalized cell index (mean ± SD of samples assayed in quadruplicate) and show the different profiles that allowed the identification of the two distinct groups of HF patients with “high” (exemplified by Pt. number: 26, 6, and 5) and “low” (exemplified by Pt. number: 10, 24, and 18) proliferation induction ability. In (b), endothelial cell proliferation in response to HF patients’ serum samples was monitored up to 48 hours and expressed as normalized cell index (mean ± SD) calculated at the indicated time points. Results are reported as mean ± SD. *
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
 compared to “high” endothelial cell index group at the corresponding time point.


In parallel, we have measured the levels of the same panel of cytokines/chemokines previously analysed in the sera of healthy subjects. As shown in Table 2, sera from HF patients belonging to the “high CI” endothelial proliferation group showed higher levels of several cytokines/chemokines with respect to patients’ samples of the “low CI” endothelial proliferation group, including the angiogenic cytokines VEGF (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
), IL-8 and MIP-1
	
		
			

				𝛼
			

		
	
 (Figure 4(a)). It is noteworthy that the levels of VEGF observed in the group “low” of HF patients (Table 2 and Figure 4(a)) were comparable to those previously observed in younger healthy donors (Table 1 and Figure 2). The important, but not exclusive, contribution of VEGF to the in vitro endothelial cell proliferation in response to HF patients’ sera was underscored by experiments carried out using neutralizing Ab anti-VEGF (Supplementary Figure 1).
Table 2: Circulating levels of cytokines/chemokines in sera from HF patients stratified based on the endothelial cell proliferation index (“high CI” versus “low CI”).
	

	Cytokines/chemokines	HF patients	
	
		
			

				𝑃
			

		
	

	“High CI”	“Low CI”
	

	EGF	126.5 (
	
		
			
				1
				8
				6
				.
				9
				±
				1
				4
				0
			

		
	
)	104 (
	
		
			
				1
				4
				5
				.
				9
				±
				1
				0
				8
				.
				4
			

		
	
)	n.s
	EOTAXIN	141.5 (
	
		
			
				1
				4
				6
				.
				3
				±
				7
				4
			

		
	
)	117 (
	
		
			
				1
				1
				3
				.
				8
				±
				3
				3
				.
				6
			

		
	
)	n.s
	G-CSF	25.4 (
	
		
			
				4
				3
				.
				3
				±
				4
				5
				.
				9
			

		
	
)	23.1 (
	
		
			
				2
				6
				.
				5
				±
				1
				6
				.
				5
			

		
	
)	n.s
	GM-CSF	5.5 (
	
		
			
				6
				.
				1
				±
				2
				.
				9
			

		
	
)	3.7 (
	
		
			
				4
				.
				7
				±
				2
				.
				7
			

		
	
)	n.s
	IFN-
	
		
			

				𝛼
			

		
	
2	6.7 (
	
		
			
				7
				.
				4
				±
				4
				.
				9
			

		
	
)	2.6 (
	
		
			
				4
				.
				5
				±
				4
				.
				9
			

		
	
)	n.s
	IFN-
	
		
			

				𝛾
			

		
	
	3.3 (
	
		
			
				4
				.
				9
				±
				5
				.
				5
			

		
	
)	1.5 (
	
		
			
				1
				.
				6
				±
				1
				.
				7
			

		
	
)	<0.05
	IL-10	0.4 (
	
		
			
				4
				.
				9
				±
				8
				.
				6
			

		
	
)	0.2 (
	
		
			
				4
				.
				3
				±
				9
				.
				6
			

		
	
)	n.s
	IL-12p40	<OOR	<OOR	/
	IL-12p70	2.1 (
	
		
			
				4
				.
				2
				±
				6
				.
				5
			

		
	
)	0.2 (
	
		
			
				2
				.
				5
				±
				4
				.
				3
			

		
	
)	n.s
	IL-13	<OOR	<OOR	/
	IL-15	1.5 (
	
		
			
				2
				.
				6
				±
				4
				.
				7
			

		
	
)	0.3 (
	
		
			
				2
				.
				9
				±
				5
				.
				6
			

		
	
)	n.s
	IL-17
	
		
			

				𝛼
			

		
	
	<OOR	<OOR	/
	IL1ra	11.3 (
	
		
			
				2
				5
				.
				1
				±
				2
				6
				.
				2
			

		
	
)	6.5 (
	
		
			
				8
				.
				7
				±
				9
				.
				3
			

		
	
)	n.s
	IL-1
	
		
			

				𝛼
			

		
	
	1 (
	
		
			
				6
				.
				3
				±
				1
				5
				.
				8
			

		
	
)	1.5 (
	
		
			
				7
				.
				4
				±
				1
				5
				.
				6
			

		
	
)	n.s
	IL-1
	
		
			

				𝛽
			

		
	
	<OOR	<OOR	/
	IL-2	<OOR	<OOR	/
	IL-3	<OOR	<OOR	/
	IL-4	<OOR	<OOR	/
	IL-5	<OOR	<OOR	/
	IL-6	5.7 (
	
		
			
				7
				.
				5
				±
				7
				.
				3
			

		
	
)	1.6 (
	
		
			
				1
				2
				.
				8
				±
				1
				7
				.
				3
			

		
	
)	n.s
	IL-7	4.7 (
	
		
			
				5
				.
				9
				±
				4
			

		
	
)	2.9 (
	
		
			
				3
				.
				2
				±
				1
				.
				8
			

		
	
)	<0.05
	IL-8	34.1 (
	
		
			
				5
				0
				.
				9
				±
				4
				6
				.
				7
			

		
	
)	16.3 (
	
		
			
				2
				2
				.
				4
				±
				2
				1
				.
				8
			

		
	
)	<0.06
	IP-10	293 (
	
		
			
				6
				2
				0
				.
				9
				±
				6
				1
				0
			

		
	
)	342 (
	
		
			
				3
				5
				7
				.
				4
				±
				1
				2
				7
				.
				9
			

		
	
)	n.s
	MCP-1	663.5 (
	
		
			
				6
				9
				7
				±
				4
				4
				8
			

		
	
)	471 (
	
		
			
				4
				8
				5
				±
				1
				5
				5
			

		
	
)	n.s
	MIP-1
	
		
			

				𝛼
			

		
	
	4.5 (
	
		
			
				8
				.
				2
				±
				5
				.
				1
			

		
	
)	3.8 (
	
		
			
				3
				.
				8
				±
				3
				.
				7
			

		
	
)	<0.06
	MIP-1β	37.3 (
	
		
			
				3
				9
				.
				9
				±
				2
				2
				.
				6
			

		
	
)	36.5 (
	
		
			
				5
				2
				±
				4
				8
				.
				2
			

		
	
)	n.s
	TNF-α	10.9 (
	
		
			
				1
				2
				.
				8
				±
				7
				.
				5
			

		
	
)	8.7 (
	
		
			
				9
				.
				3
				±
				3
				.
				3
			

		
	
)	n.s
	TNF-β	<OOR	<OOR	/
	VEGF	290 (
	
		
			
				3
				3
				6
				.
				1
				±
				3
				3
				5
				.
				5
			

		
	
)	85.6 (
	
		
			
				1
				1
				9
				.
				6
				±
				8
				6
				.
				3
			

		
	
)	<0.05
	


CI: cell index. Values are expressed as pg/mL and reported as median (mean ± SD). OOR<: out of (below) detection range; n.s: nonstatistically significant; 
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
: statistically significant; 
	
		
			
				𝑃
				<
				0
				.
				0
				6
			

		
	
: close to statistically significant.
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(b)
Figure 4: Analysis of circulating cytokines/chemokines in sera of HF patients in relationship to the in vitro endothelial cell proliferation response. Cytokines/chemokines levels were measured in sera of HF patients by multiplex immunoassay. In (a), the levels of the indicated cytokines measured in HF patients clustered in “high” and “low” (based on the in vitro endothelial cell index) are expressed as means ± SD. *
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
 and 
	
		
			

				§
			

			
				𝑃
				<
				0
				.
				0
				6
			

		
	
. In (b), correlation between the normalized cell proliferation index are recorded at 36 and 48 hours and the levels of IL-8 (upper panels) and VEGF (lower panels) are evaluated in the HF patients’ serum samples. Correlation coefficients (
	
		
			

				𝑅
			

		
	
), calculated by Spearman’s analysis, and 
	
		
			

				𝑃
			

		
	
 values are reported for each correlation.




Of interest, within the cytokines/chemokines analyzed in HF patients, the levels of IL-12p70, IL-8, MCP-1, MIP-1
	
		
			

				𝛼
			

		
	
, and VEGF correlated (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
) positively with the endothelial proliferation index assessed in two distinct time points (36 and 48 hours), with IL-8 and VEGF showing a higher correlation (Figure 4(b)). The evaluation of potential correlation with key clinical parameters revealed no significant correlations between these cytokines and the left ventricular ejection fraction, while a significant correlation was observed between IL-12p70 and NTpro-BNP levels (
	
		
			
				𝑅
				=
				0
				.
				2
				5
			

		
	
, 
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
).
Comparison of the cytokine levels between the whole HF population and healthy individuals showed significantly (
	
		
			
				𝑃
				<
				0
				.
				0
				5
			

		
	
) higher levels of few cytokines, including IL-12p70 and IL-8, in the HF patients (Supplementary Table 2). Although the VEGF levels in the HF patients’ sera were higher than the levels measured in healthy controls (
	
		
			
				2
				5
				4
				.
				9
				±
				2
				8
				7
				.
				1
			

		
	
 pg/mL versus 
	
		
			
				1
				5
				5
				.
				4
				±
				2
				4
				.
				6
			

		
	
 pg/mL, resp.) the difference was not statistically significant. Anyhow, it has to be underlined that the small numbers of subjects limited the overall statistical analysis.
3.3. A Low In Vitro Endothelial Proliferation Index Is Associated with a Less Aggressive Clinical Outcome
In order to understand the potential clinical relevance of our in vitro endothelial proliferation assay, pointing to a subdivision of the HF patients into two groups (“high” versus “low” endothelial cell proliferation index), we first analysed the distribution of NYHA classes within the two groups. As shown in Figure 5(a), although we did not observe a significant correspondence between the classification of the HF patients in high/low and the NYHA classes, the “low” patients group was represented by a higher percentage of patients belonging to classes I-II (52% in “low CI” versus 29% in “high CI”). Moreover, the “low CI” patients showed lower levels of NTpro-BNP (median: 510.1 pg/mL; mean ± SD: 
	
		
			
				6
				8
				7
				.
				6
				±
				3
				5
				7
				.
				6
			

		
	
 pg/mL) as compared to “high CI” patients (median: 1141.5 pg/mL; mean ± SD: 
	
		
			
				1
				4
				0
				2
				.
				5
				±
				7
				4
				3
				.
				1
			

		
	
 pg/mL), although the difference did not reach statistical significance (
	
		
			
				𝑃
				=
				0
				.
				0
				7
			

		
	
). On the other hand, the two groups were very similar for the left ventricular ejection fraction (“low CI” patients: median 33%, mean ± SD 31.2% ± 7; “high CI” patients: median 34%, mean ± SD 32.7% ± 8.2, 
	
		
			
				𝑃
				=
				0
				.
				3
			

		
	
).
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(b)
Figure 5: Analysis of in vitro endothelial cell proliferation in relationship to clinical parameters. In (a), distribution of NYHA classes (I-II and III-IV) within the high/low endothelial cell proliferation clusters of HF patients. In (b), occurrence of clinical events experienced by HF patients in two years of follow-up within the high/low endothelial cell proliferation clusters. In (a) and (b), data are expressed as percentage of HF patients.


Next, we analysed the subdivision of the HF patients into the two groups, in relation to the clinical events they experienced in two years of follow-up. For this purpose, we considered as outcome the occurrence of major cardiovascular events: mortality (of cardiac origin), acute myocardial infarction, percutaneous transluminal coronary angioplasty, implant of defibrillator, and surgery of aortic aneurysm. Of interest, we observed a marked different distribution of the event-free HF patients between the “high CI” and “low CI” groups. In particular, while the HF patients that did not experience any major clinical cardiac events constitute the 90.1% of the group “low CI,” the majority (72.2%) of the group “high CI” was constituted by patients that experienced major events in the follow-up (Figure 5(b)).
Therefore, from these observations, it emerges a trend indicating that sera from patients with severe pathology are prone to enhance endothelial cell proliferation and, in particular, serum exhibiting high endothelial proliferation activity could indicate a higher risk for the HF patient of worsening the disease.
4. Discussion
In our study, by employing a standardized in vitro endothelial proliferation assay, we have demonstrated for the first time the following: (i) endothelial cell proliferation in response to serum samples from healthy individuals increased with age and was coupled to different serum levels of proangiogenic cytokines, including VEGF and IL-8; (ii) the endothelial cell proliferation index determined in response to serum samples from HF patients was correlated with circulating levels of several proinflammatory/proangiogenic cytokines (IL-12p70, MCP-1, MIP1
	
		
			

				𝛼
			

		
	
, IL-8, and VEGF), with IL-12p70 showing a positive correlation also with the levels of levels of NTpro-BNP; (iii) HF patient sera exhibiting high endothelial proliferation activity could indicate a higher risk for the patient of worsening the disease.
Our current findings are unprecedented and somewhat counter intuitive if one considers the important role of cardiac angiogenesis in counteracting HF. Indeed, dysfunctional blood vessel formation is a major problem in advanced HF, regardless of the aetiology [7]. However, clinical trials of VEGF gene therapy in patients with coronary artery disease or peripheral artery disease have not, to date, demonstrated clinical benefit [7]. In this respect, only few studies have tried to evaluate the levels of proangiogenic cytokines in cardiovascular patients, and mostly were carried out in patients with acute myocardial infarction (AMI) [20–26]. After an initial attempt to evaluate the predictive role of serum cytokines in patients presenting at the emergency room with chest pain and patients with AMI [22–24], Korybalska et al. [25] demonstrated that serum VEGF measured in patients with AMI (
	
		
			
				𝑛
				=
				1
				0
				6
			

		
	
) was significantly higher in patients than in healthy controls and correlated with clinical and angiographic parameters. Moreover, Iribarren et al. [26] demonstrated that median serum concentration of VEGF was significantly higher (260 pg/mL) in a large cohort of patients with AMI (
	
		
			
				𝑛
				=
				6
				9
				5
			

		
	
) with respect to age-matched healthy controls. Thus, although in our pilot study we have analysed only 29 HF patients, our data are in line with these previous studies obtained in patients with AMI, extending the notion that elevated levels of circulating proangiogenic cytokines are predictive of a poor prognosis, not only in patients with AMI but also in patients with established HF. In this respect, it is of interest that other studies have clearly demonstrated that elevated levels of proangiogenic cytokines, and in particular of VEGF, have a well-established pathological clinical significance in different clinical settings, such as in patients affected by different types of cancer [27, 28]. Moreover, although the role of VEGF in vascular diseases, such as atherogenesis, still remains controversial [29, 30], it has been recently demonstrated that VEGF-A gene transfer induced proatherogenic changes in lipoprotein profiles in a Apo−/− mouse model [31]. Finally, the levels of circulating VEGF have also been associated to adhesion and inflammation markers in normal healthy population [32].
It is noteworthy that the in vitro endothelial proliferation assay, we have applied on sera derived from both healthy subjects and HF patients, represents a reproducible and reliable tool able to summarize the overall biological effects on the endothelium driven by the cytokines/chemokines milieu present in the peripheral blood. Although we are aware that the endothelial cell proliferation assessed in our assay could be the result of the contribution of additional cytokines beside those measured by our multiplex assay, our findings confirm the key role of the circulating VEGF in the promotion of endothelial cell proliferation and also suggest the potential contribution of other circulating cytokines, including the IL-12p70 [33]. It is of interest the correlation observed between IL-12p70 and NTpro-BNP that has not been previously reported in HF patients and that could deserve further investigation. Moreover, although it will be necessary to assess the in vitro endothelial proliferation assay in a higher number of clinical cases, our pilot study on the HF patients’ sera suggests its potential prognostic value.
Conflict of Interests
The authors declare that there is no conflict of interests regarding the publication of this paper.
Authors’ Contribution
Rebecca Voltan and Giorgio Zauli equally contributed to this study.
Funding 
This work was supported by Regione Emilia Romagna (Programma di ricerca Regione-Università 2010–2012, Area 1-Strategic Programme, Thematic Area of Rehabilitation) (Grant no. PRUA1RI-2012-005).
References
	E. Braunwald, W. S. Colucci, and W. Grossman, “Clinical aspects of heart failure: high-output heart failure, pulmonary edema,” in Heart Disease: A Textbook of Cardiovascular Medicine, E. Braunwald, Ed., pp. 445–470, W.B. Saunders Company, Philadelphia, Pa, USA, 5th edition, 1997.
	G. Olivetti, J. M. Capasso, L. G. Meggs, E. H. Sonnenblick, and P. Anversa, “Cellular basis of chronic ventricular remodeling after myocardial infarction in rats,” Circulation Research, vol. 68, no. 3, pp. 856–869, 1991.
	A. M. Gerdes, S. E. Kellerman, J. A. Moore et al., “Structural remodeling of cardiac myocytes in patients with ischemic cardiomyopathy,” Circulation, vol. 86, no. 2, pp. 426–430, 1992.
	D. Levy, R. J. Garrison, D. D. Savage, W. B. Kannel, and W. P. Castelli, “Prognostic implications of echocardiographically determined left ventricular mass in the Framingham Heart Study,” New England Journal of Medicine, vol. 322, no. 22, pp. 1561–1566, 1990.
	J. D. Molkentin and G. W. Dorn II, “Cytoplasmic signaling pathways that regulate cardiac hypertrophy,” Annual Review of Physiology, vol. 63, pp. 391–426, 2001.
	N. Frey and E. N. Olson, “Cardiac hypertrophy: the good, the bad, and the ugly,” Annual Review of Physiology, vol. 65, pp. 45–79, 2003.
	Z. Taimeh, J. Loughran, E. J. Birks, and R. Bolli, “Vascular endothelial growth factor in heart failure,” Nature Reviews Cardiology, vol. 10, pp. 519–530, 2013.
	I. Shiojima, K. Sato, Y. Izumiya et al., “Disruption of coordinated cardiac hypertrophy and angiogenesis contributes to the transition to heart failure,” Journal of Clinical Investigation, vol. 115, no. 8, pp. 2108–2118, 2005.
	Z. Tahergorabi and M. Khazaei, “A review on angiogenesis and its assays,” Iranian Journal of Basic Medical Sciences, vol. 15, pp. 1110–1126, 2012.
	E. W. Young, “Advances in microfluidic cell culture systems for studying angiogenesis,” Journal of Laboratory Automation, vol. 18, pp. 427–436, 2013.
	K. Dickstein, A. Cohen-Solal, G. Filippatos et al., “ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure 2008. The Task Force for the Diagnosis and Treatment of Acute and Chronic Heart Failure 2008 of the European Society of Cardiology. Developed in collaboration with the Heart Failure Association of the ESC (HFA) and endorsed by the European Society of Intensive Care Medicine (ESICM),” European Journal of Heart Failure, vol. 10, no. 10, pp. 933–989, 2008.
	P. Secchiero, F. Corallini, A. Gonelli et al., “Antiangiogenic activity of the MDM2 antagonist nutlin-3,” Circulation Research, vol. 100, no. 1, pp. 61–69, 2007.
	G. Zauli, F. Corallini, F. Bossi et al., “Osteoprotegerin increases leukocyte adhesion to endothelial cells both in vitro and in vivo,” Blood, vol. 110, no. 2, pp. 536–543, 2007.
	V. Tisato, G. Zauli, R. Voltan, et al., “Endothelial cells obtained from patients affected by chronic venous disease exhibit a pro-inflammatory phenotype,” PLoS ONE, vol. 7, Article ID e39543, 2012.
	L. Gugliotta, G. P. Bagnara, L. Catani et al., “In vivo and in vitro inhibitory effect of α-interferon on megakaryocyte colony growth in essential thrombocythaemia,” British Journal of Haematology, vol. 71, no. 2, pp. 177–181, 1989.
	G. Zauli, M. La Placa, M. Vignoli et al., “An autocrine loop of HIV type-1 Tat protein responsible for the improved survival/proliferation capacity of permanently tat-transfected cells and required for optimal HIV-1 LTR transactivating activity,” Journal of Acquired Immune Deficiency Syndromes and Human Retrovirology, vol. 10, no. 3, pp. 306–316, 1995.
	M. C. Re, G. Zauli, D. Gibellini et al., “Uninfected haematopoietic progenitor (CD34+) cells purified from the bone marrow of AIDS patients are committed to apoptotic cell death in culture,” AIDS, vol. 7, no. 8, pp. 1049–1055, 1993.
	P. Secchiero, E. Melloni, M. G. Di Iasio et al., “Nutlin-3 up-regulates the expression of Notch1 in both myeloid and lymphoid leukemic cells, as part of a negative feedback antiapoptotic mechanism,” Blood, vol. 113, no. 18, pp. 4300–4308, 2009.
	G. Zauli, R. Voltan, R. Bosco et al., “Dasatinib plus nutlin-3 shows synergistic antileukemic activity in both p53wild-typeand p53mutated B chronic lymphocytic leukemias by inhibiting the Akt pathway,” Clinical Cancer Research, vol. 17, no. 4, pp. 762–770, 2011.
	H. Arakawa, U. Ikeda, Y. Hojo et al., “Decreased serum vascular endothelial growth factor concentrations in patients with congestive heart failure,” Heart, vol. 89, no. 2, pp. 207–208, 2003.
	P. A. Kavsak, A. M. Newman, D. T. Ko, A. R. MacRae, and A. S. Jaffe, “The use of a cytokine panel to define the long-term risk stratification of heart failure/death in patients presenting with chest pain to the emergency department,” Clinical Biochemistry, vol. 43, no. 4-5, pp. 505–507, 2010.
	K. Tamura, H. Nakajima, H. Rakue et al., “Elevated circulating levels of basic fibroblast growth factor and vascular endothelial growth factor in patients with acute myocardial infarction,” Japanese Circulation Journal, vol. 63, no. 5, pp. 357–361, 1999.
	T. Soeki, Y. Tamura, H. Shinohara, H. Tanaka, K. Bando, and N. Fukuda, “Role of circulating vascular endothelial growth factor and hepatocyte growth factor in patients with coronary artery disease,” Heart and Vessels, vol. 15, no. 3, pp. 105–111, 2000.
	Y. Murakami, K. Kurosaki, K. Matsui, K. Shimada, and U. Ikeda, “Serum MCP-1 and VEGF levels are not affected by inhibition of the renin-angiotensin system in patients with acute myocardial infarction,” Cardiovascular Drugs and Therapy, vol. 17, no. 3, pp. 249–255, 2003.
	K. Korybalska, M. Pyda, E. Kawka, S. Grajek, A. Breborowicz, and J. Witowski, “Interpretation of elevated serum VEGF concentrations in patients with myocardial infarction,” Cytokine, vol. 54, no. 1, pp. 74–78, 2011.
	C. Iribarren, B. H. Phelps, J. A. Darbinian et al., “Circulating angiopoietins-1 and -2, angiopoietin receptor Tie-2 and vascular endothelial growth factor-a as biomarkers of acute myocardial infarction: a prospective nested case-control study,” BMC Cardiovascular Disorders, vol. 11, article 31, 2011.
	P. Hu, W. Liu, L. Wang, M. Yang, and J. Du, “High circulating VEGF level predicts poor overall survival in lung cancer,” Journal of Cancer Research and Clinical Oncology, vol. 139, pp. 1157–1167, 2013.
	A. Schiavetti, A. Ingrosso, A. Antenucci, et al., “Circulating vascular endothelial growth factor in childhood solid tumors: plasma and serum measurements,” Anticancer Research, vol. 32, pp. 3565–3569, 2012.
	J. Zhang, M. Razavian, S. Tavakoli, et al., “Molecular imaging of vascular endothelial growth factor receptors in graft arteriosclerosis,” Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 32, pp. 1849–1855, 2012.
	T. Vuorio, S. Jauhiainen, and S. Ylä-Herttuala, “Pro- and anti-angiogenic therapy and atherosclerosis with special emphasis on vascular endothelial growth factors,” Expert Opinion on Biological Therapy, vol. 12, no. 1, pp. 79–92, 2012.
	S. E. Heinonen, A. M. Kivelä, J. Huusko, et al., “The effects of VEGF-A on atherosclerosis, lipoprotein profile, and lipoprotein lipase in hyperlipidaemic mouse models,” Cardiovascular Research, vol. 99, pp. 716–723, 2013.
	M. Azimi-Nezhad, M. G. Stathopoulou, A. Bonnefond, et al., “Associations of vascular endothelial growth factor (VEGF) with adhesion and inflammation molecules in a healthy population,” Cytokine, vol. 61, pp. 602–607, 2013.
	D. A. Vignali and V. K. Kuchroo, “IL-12 family cytokines: immunological playmakers,” Nature Immunology, vol. 13, no. 8, pp. 722–728, 2012.


OEBPS/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  





OEBPS/pageMap.xml
 
                                 
                                



OEBPS/Fonts/xits-italic.otf


OEBPS/Fonts/xits-bolditalic.otf


OEBPS/Fonts/xits-regular.otf


OEBPS/Fonts/xits-math.otf


