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Abstract
Recent studies have shown that plasma long pentraxin PTX3 levels were increased in heart failure (HF) patients with advancing NYHA functional class, but the 
modulation of PTX3 mRNA expression in these different classes is not yet settled. Aim of the study was to evaluate PTX3 expression in whole blood of HF patients 
according to clinical severity and in a group of age-matched healthy subjects, as control. In order to realize a multi-axis framework, Nt-proBNP and CRP plasma 
levels were also measured. Total RNA was extracted from whole blood of HF patients (NYHA II n=10; NYHA III-IV n=13) and 8 C with PAXgene Blood RNA Kit, 
and PTX3 mRNA was evaluated by Real-Time PCR. Plasma NT-proBNP and CRP were measured by a fully automated immunoassay. PTX3 expression resulted 
significantly higher in HF patients at different disease stages with respect to C (C=2.2±0.8, NYHA II=3.0±1.3, NYHA III-IV=9.7±2.8; p=0.02 C vs NYHA II, p=0.03 
NYHA II vs NYHA III-IV). At plasma levels of HF patients, no changes were found for CRP while NT-proBNP was significantly higher in function of clinical severity. 
The high PTX3 mRNA levels found in HF patients, supporting its role as an acute-phase response protein during HF, able to predict their inflammatory status.
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Introduction
The clinical syndrome of heart failure (HF) is characterized by a 

systemic inflammatory response that contributes to end organ damage 
in the heart and circulation, leading to worsening symptoms. The 
inflammation process has a pivotal role in the clinical syndrome of heart 
failure (HF) leading to cardiac remodelling; in fact, HF is characterized 
by the secretion and production of a portfolio of pro-inflammatory 
cytokines and inflammatory mediators that appear to contribute to 
disease progression [1]. Systemic biomarkers such as C-reactive protein 
(CRP), interleukin (IL)- 6, tumor necrosis factor (TNF)-α, flogistic 
molecules CD40 and its soluble ligand, adhesion molecules ICAM-1, 
VCAM-1, E-selectin and P-selectin as well as NT-proBNP, troponin 
T, and fibrinogen, are useful indices for evaluating inflammation and 
tissue damage associated with HF [2-4]. In addition to these mediators, 
a more important vascular inflammatory marker, the prototypic 
long pentraxin3, PTX3, is a fundamental player in immunity and 
inflammation [5]. The pentraxin superfamily is characterized by the 
presence of the “pentraxin domain”, composed of a conserved 8-amino-
acid long sequence, in the carboxy-terminal region [5]. This family 
includes the short and long pentraxins, which differ in the primary 
structure of the protein; CRP and serum amyloid P-component (SAP) 
are two well-characterized short pentraxins of about 25-kDa, mainly 
produced in the liver in response to proinflammatory mediators such 
as IL-6 [5,6], while the long pentraxin, PTX3, consists of a major 
45-kDa form of monomers, which are assembled to form multimers 
predominantly of 440 kDa molecular mass [5]. PTX3 is rapidly 
produced and released by several cell types, including leukocytes, 
dendritic cells, fibroblasts, adipocytes and endothelial cells, in response 
to local inflammation in the cardiovascular system [5-8]. In recent 
years, the presence of PTX3 was detected in the myocardium and in 

the vasculature under different pathological conditions, which was 
paralleled by the observation of increased plasma PTX3 levels in 
patients with cardiovascular disorders [9]. These results drove research 
toward the investigation of a PTX3 role as earlier biomarker, mainly in 
cardiovascular disease. Recent studies have shown that in HF, plasma 
PTX3 levels correlate with advancing severity [10-13] while it was 
very low in normal conditions, but the modulation of PTX3 mRNA 
expression in different NYHA (New York Heart Association) classes is 
not yet settled. 

The study aimed to evaluate the presence of PTX3 expression 
profile in whole blood of HF patients according to clinical severity and 
in a group of age-matched healthy subjects as control, applying Real-
Time PCR technique in a small amount of whole blood.

Materials and methods
Study design: patient’s enrolment, inclusion and exclusion 
criteria

This study complied with the principles of the Declaration of 
Helsinki, and the protocol was approved by the Niguarda Hospital 
Ethics Committee (n°176/05). Informed consent was obtained from 
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all individual participants included in the study. The study was carried 
out on twenty-three patients with HF (New York Heart Classification 
patients NYHA II, n=10 and NYHA III-IV n=13) and reduced left 
ventricular ejection fraction (LVEF) that were potentially eligible for 
heart transplant. 

These patients had been admitted for routine re-evaluation 
(echocardiography, cardiopulmonary exercise test and right heart 
catheterisation) or for acute decompensation of chronic HF and all of 
them had an optimal medical therapy plus cardiac resynchronisation 
therapy when indicated by guidelines criteria. Inclusion criteria 
consisted of a significantly depressed LVEF (<45%), measured by 
echocardiography. Exclusion criteria were acute myocardial infarction 
or unstable angina within 6 months before the examination, significant 
primitive pulmonary disease, and renal failure (defined as a serum 
creatinine value above 2.0 mg/dl). Patients were treated with restriction 
of water-sodium intake (using a personalized, well-controlled diet with a 
sodium intake of 100-140 mmol/day) and were receiving homogeneous 
optimal medical treatment (furosemide, ACE-inhibitors, carvedilol, 
spironolactone for patients in class NYHA ≥ III), not discontinued at 
the time of the study, for ethical reasons. 

This study is a part of a larger project in which the patients were 
deeply characterized and, as reported in previous studies of ours [14-
16], plasma IL-6, IL-8 and TNF-α levels resulted increased in patients 
with worsening symptoms. Eight healthy and age-matched subjects 
with normal LV function (LVEF>55%) and no history of cardiovascular 
events were enrolled as control group.

Blood collection, reverse transcription and real time PCR
The peripheral blood samples (2.5 ml) were withdrawal from 

both HF patients and control group and collected in PAXgene Blood 
RNA tubes (DIALAB ITALIA Srl), an innovative methodology for the 
collection, storage and transport of blood, which efficiently stabilizes 
intracellular RNA and allows preservation of the samples at -20 to 
-70°C, maintaining the same degree of purity and stability of the fresh 
blood. RNA was isolated with a PAXgene Blood RNA kit (Qiagen, 
Milan, Italy) to obtain total RNA, as previously described [14,15,17-
19]. Briefly, blood samples were processed manually and purification 
began with a centrifugation step. The pellet was washed, resuspended 
and incubated in a specific buffer together with proteinase K for protein 
digestion. RNA was selectively bound to the PAXgene silica membrane 
while contaminants were removed and finally eluted in an elution 
buffer and heat-denatured. The samples were stored at -80°C, evaluated 
spectrophotometrically, and reversely transcribed with a iScript cDNA 
Synthesis Kit (Bio-Rad) according to the manufacturer’s instructions.

Reference gene primer pairs were designed with Primer Express 
Version 2.0 (Applied Biosystems) as reported in a previous work of 
ours [14,15,17-19] as well as PTX3 primer sequence (GenBank n°: 
NM_002852; forward:AATGCTGTGTCTCTGTCA; reverse:ACAT
ACCAATAACAATGAACAATG). Real-Time PCR reactions were 
performed in a 96-well CFX96 RT-PCR System (Bio-Rad Laboratories 
Inc., Hercules, CA, USA) in duplicate and carried out in a total volume 
of 25 µl per reaction including 2 µl of template cDNA, 1 µM of each 
primer, 2X QuantiFast SYBR Green SuperMix (Qiagen) and sterile 
water. Reaction conditions of all primer pairs used were optimized. The 
MIQE guideline were strictly followed [20].

NT-proBNP and C-reactive protein assays

To provide complementary information about HF state, the 
N-terminal fragment of brain natriuretic peptide (NT-proBNP) and 
CRP plasma levels were also measured and compared with PTX3 
mRNA expression. Each sample was rapidly separated and stored 

at -20°C until assay. NT-proBNP was measured by a fully automated 
electrochemiluminescence analyzer, while CRP concentrations using a 
Roche/Hitachi 917 Analyzer by high-sensitive immuno-nephelometric 
method (both of Roche Diagnostics GmbH, Mannheim, Germany).

Statistical analysis

Real-time PCR data were analyzed using the 2-∆∆Ct method obtained 
using Bio-Rad’s CFX96 manager software and expression levels of 
PTX3 was normalized with the geometric mean of the three most 
stably expressed genes (the tyrosine 3-monooxygenase/tryptophan 
5-monooxygenase activation protein z polypeptide, YWHAZ; the 
topoisomerase II Beta, TOP2b; the signal recognition particle 14 kDa., 
SRP14) established in a previous work [17,19].

Fisher’s test after ANOVA was applied to assess differences between 
more than two independent groups, whereas unpaired Student’s t-test 
was employed for differences between two independent groups; all 
data were analyzed by using Statview 5.0.1 (SAS Institute, Inc., Cary, 
NC, USA). The results are expressed as mean ± SEM and p-value 
was considered significant when < 0.05. Since biomarkers values 
were not normally distributed, both the original and the logarithmic 
transformation of data were used for statistical analysis. The association 
between different variables was tested by Pearson correlation test.

Results
Clinical findings in HF patients 

The clinical and biochemical characteristics of each HF patient, 
subdivided following their class of worsening symptoms, are described 
in Table 1. Median age of failing patients was comparable between 
the NYHA classes as was left ventricular impairment, evaluated by 
echocardiographic measurements.

Assessment of Real-time PCR reaction in whole blood

Real-time PCR optimal reaction conditions for human PTX3 were 
empirically determined: Ta of 62°C and 42 cycles. Dilution series were 
run for PTX3 to quantify the efficiency that resulted 105% and a linear 
standard curve, R2, of 0.998. 

PTX3 gene expression profiling in whole blood of HF patients 
and controls

Failing patients had higher PTX3 mRNA expression than control 
(Figure 1). PTX3 transcriptional profiling were significantly elevated 
in HF patients with highest NYHA class (C vs NYHA III-IV, p=0.02). 
A significant increase was also observed between NYHA II and NYHA 
III-IV (p=0.03). No statistically significant correlations were found 
between PTX3 with echocardiography parameters. 

Plasma biomarkers evaluation: neuro-humoral and 
inflammatory states in HF patients

In HF patients, NT-proBNP plasma levels were significantly higher 
in function of clinical severity (NYHA II=717±41 pg/ml, NYHA III-
IV=2764±572 pg/ml; p=0.03) as well as with respect to reference values 
of control (0-155 pg/ml). Conversely, no significant difference was 
found for the circulating flogosis indices, as CRP, in these different 
classes (Figure 2). No significant correlations were observed between 
the biomarkers analysed and PTX3.

Discussion
Advances in bio-molecular technologies have led to the discovery 

of many novel biomarkers providing important information, which can 
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be used in disease screening and diagnosis, determining prognoses, and 
therapeutic monitoring of patients. In this study we evaluated in HF 
patients an important inflammatory biomarker, the PTX3, measuring 
its mRNA expression levels directly in circulating blood cells. This 
approach was integrated with the evaluation of two classic neuro-
hormonal and inflammatory markers as NT-proBNP and CRP, but at 
the plasma level, since they are not detectable on leukocytes.

The most interesting result of the present study was the possibility 
of measuring the PTX3 expression which showed significantly elevated 
mRNA expression in HF patients as a function of clinical severity. Our 
findings are in line with several studies where plasma PTX3 levels were 
found to be increased in HF patients associated with a higher risk to 
develop cardiac events [12,13,21-23].

The transcriptional trend of PTX3 was found to be significantly 
elevated in NYHA III-IV with respect to NYHA II, as also observed by 
Duran S. et colleagues [24], which revealed an increase of this early 

marker in plasma of failing patients, suggesting a pivotal role for PTX3 
in the pathogenesis of cardiac failure. 

It is well-known that the clinical syndrome of HF is characterized 
by a systemic inflammatory response that contributes to end-organ 
damage in the heart and circulation leading to worsening symptoms 
[25]. PTX3 is a key candidate for local early inflammatory response able 
to predict the inflammatory status of HF patients. Therefore, since long 
PTX3 is mainly produced by peripheral blood leucocytes, macrophages 
and neutrofils and by endothelium, its levels may better reflect the 
inflammatory status of the vascular bed; in addition, circulating PTX3 
may also derive from injured myocardium, because this marker is 
also expressed by cardiomyocytes, strengthening the evidence for the 
role of this protein in cardiac remodeling [7,11]. When we compared 
our data we found a statistical difference in PTX3 mRNA expression 
between patients of NYHA II with respect to those in III-IV class. 
These results having been obtained at mRNA expression level appear 
to sustain findings of Latini et al. [26], which reported that increased 
PTX3 plasma concentration is associated with worse outcome in HF 
patients. In the light of our  previous studies, where in the same set 
of patients was characterized the mRNA profile of C-type natriuretic  
peptide [14,18], adrenomedullin and intermedin [15] as well as the  
modulation of adenosine receptors [19,20] in the same set of patients 

Patients
NYHA II

(n=10)

Patients
NYHA III-IV

(n=13)
p

Age, yrs 54±4 53±2 ns
Male, n (%) 10 (100) 11 (78) ns
BMI, Kg/m2 26±2 26±1 ns
Hypertension, n (%) 1 (10) 1 (7) ns
Diabetes, n (%) 1 (10) 3 (20) ns
Dislypidemia, n (%) 2 (10) 5 (36) ns
Smoke, n(%) 4 (40) 3 (20) ns
CAD familiarity, n (%) 3 (37) 4 (44) ns
Etiology, n (%) ns

IDC 9 (90) 10 (77)
IHD 1 (10) 3 (29)

LVEF, % 31±4 26±2 ns
LVEDV, ml 189±31 281±32 0.043
LVESV, ml 137±27 211±27 0.05
LVEDD, mm 61±4 74±3.8 ns
LVPPT, mm 9.6±0.2 8.2±0.75 ns
IST, mm 9.0±0.7 8.25±0.43 ns
MID, n (%) 0.0105

0 1 (10) -
1+ 5 (50) 2 (8)
2+ 3 (30) 7 (54)
3+ 1 (10) 4 (31)
4+ - -

LA area, cm2 21±2 40.3±7.5 0.04
TAPSE, mm 17±1 15.1±1.2 ns
Therapy, n (%)

ACEi 7 (70) 7 (54) ns
β-Blocker 10 (100) 13 (100) ns
Statin 5 (50) 6 (46) ns
Antiplatelet 7 (70) 7 (54) ns
Diuretic 8 (80) 13 (100) ns

Creatinine, mg/dL 1.12±0.18 1.12±0.08 ns
Urea, mg/dL 46.7±9.8 54.6±6.5 ns
Total bilirubine, mg/dL 0.76±0.14 1.30±0.27 ns

Table 1. Clinical characteristics of heart failure patients according to NYHA class

Data are expressed as mean and SE or frequency (percentage)
ACEi: Angiotensin converting enzyme inhibitor; BMI: Body mass index; CAD: Coronary 
artery disease; IDC: Idiopathic dilated cardiomyopathy; IHD: Ischemic heart disease; IST: 
Interventricular septum thickness; LA: Left atrium; LVEDD: Left ventricular end-diastolic 
diameter; LVEDV: Left ventricular end-diastolic volume; LVEF: Left ventricular ejection 
fraction; LVESV: Left ventricular end-systolic volume; LVPPT: Left ventricular posterior 
wall thickness;  MID: Mitral insufficiency grade; NYHA: New York Heart Classification; 
TAPSE: Tricuspid annular plane systolic excursion

Figure 1. Comparison between PTX3 transcriptional profiling in whole blood of HF 
patients as a function of clinical severity (grey and black bars) and of healthy subjects 
(white bar). Data are expressed as mean ± SEM

Figure 2. CRP plasma levels in the different NYHA classes of HF patients (grey and black 
bars). Data are expressed as mean ± SEM
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was characterized, the ability to measure also an important index of 
systemic inflammation directly in whole blood, especially leukocytes, 
avoiding more invasive investigation was of pivotal importance. 
Furthermore, the technique used in this study allowed us to evaluate 
the PTX3 expression profile by exploiting a rapid and easy procedure 
for the preparation of nucleic acid starting from small quantity of 
whole blood and avoiding a more invasive survey for HF patients. In 
addition, the PAXgene blood RNA extraction have permitted to obtain 
suitable quantity of total RNA, from which analyze simultaneously 
different biomarkers involved in different processes underlying HF, 
as inflammation. In order to provide a solid basis for the mRNA 
expression study and to better appreciate the pathophysiology of HF, 
in this study was examined the combination of plasma NT-proBNP, 
a consolidated cardiac marker, and CRP with circulating PTX3. In 
fact, this sort of “multi-axis framework” provides complementary 
information and aids in both stratifying risk more effectively among 
patients with cardiovascular diseases and addressing the best therapy 
[22,26]. Although the association of both NT-proBNP and CRP with 
prognosis in HF is well-established, this approach could help us to 
understand cardiac changes that can occur in HF patients. In this study 
both biomarkers increased in HF patients in advanced NYHA class, but 
a close and precise correlation with PTX3 is lacking, probably due to 
the small number of patients analyzed. However, it has been reported 
that elevated high-sensitive CRP has an independent prognostic value 
in HF patients [26-29], but PTX3 provides important diagnostic and 
prognostic information and is a more sensitive and specific marker 
than CRP in these patients, showing also a better predictive value than 
CRP. The possibility of analysing different biomarkers both at plasma 
and mRNA levels simultaneously, such as neurohormonal markers that 
reveal pressure and/or volume overload, markers of myocardial damage 
and markers of inflammation, could be a reliable method for stratifying 
patients with HF. 

In conclusion, the findings of this paper demonstrating increased 
PTX3 at transcriptional levels reinforced data about its increase in 
plasma of HF patients, supporting a role for PTX3 as an important 
biomarker able to predict the inflammatory status of HF patients, as 
an acute-phase response protein. Although clinical and experimental 
studies will be necessary, the evidence for both a regulatory and 
predictive role in the pathogenesis of cardiac diseases provides further 
stimuli for assessing the clinical relevance of PTX3 measurement in 
cardiovascular disorders.

Limitations
The major limitation of this study are represented by the small 

number of patients enrolled, due to the fact that recruitment of patients 
meeting the inclusion criteria was limited to a single Center, and the 
lack of a concomitant evaluation of PTX3 plasma concentration. This 
study being part of a larger project, as stated in material and methods, 
where many biomarkers were investigated both by immunometric 
assay than by Real-Time PCR analysis and, while for bio-molecular 
study is necessary a small quantity of cDNA, the immunometric assay 
needs of higher quantity of plasma making the samples unavailable 
to further use. These results, together with our previously published 
data [14,15,18-20] open the door to the possibility to evaluate a panel 
of multiple markers simultaneously from a single biological sample 
maximizing the impact of technological advances on clinical care. 
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