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Background: Heart failure (HF) is a growing public health burden, with high prevalence and mortality rates. A
proportion of patients with HF have a normal ventricular ejection fraction (EF), referred to as HF with preserved
EF (HFpEF), as opposed to patients with HF with reduced ejection fraction (HFrEF). HFpEF currently accounts for
about 50% of all HF patients, and its prevalence is rising. Angiopoietins (ANGPTs), vascular endothelial growth
factors (VEGFs) and secretory phospholipases A2 (sPLA2s) are proinflammatory mediators and key regulators of
endothelial cells. Methods: The aim of this study was to analyze the plasma concentrations of angiogenic
(ANGPT1, ANGPT2, VEGF-A) and lymphangiogenic (VEGF-C, VEGF-D) factors and the plasma activity of sPLA2
in patients with HFpEF and HFrEF compared to healthy controls.
Results: The concentration of ANGPT1 was reduced in HFrEF compared to HFpEF patients and healthy controls.
ANGPT2 levels were increased in both HFrEF and HFpEF subjects compared to controls. The ANGPT2/ANGPT1
ratio was increased in HFrEF patients compared to controls. The concentrations of both VEGF-A and VEGF-C did
not differ among the three groups examined. VEGF-D was increased in both HFrEF and HFpEF patients compared
to controls. Plasma activity of sPLA2 was increased in HFrEF but not in HFpEF patients compared to controls.
Conclusions: Our results indicate that three different classes of proinflammatory regulators of vascular perme
ability and smoldering inflammation are selectively altered in HFrEF or HFpEF patients. Studies involving larger
cohorts of these patients will be necessary to demonstrate the clinical implications of our findings.

1. Introduction
Heart failure (HF) represents a growing public health burden with an
estimated prevalence in Europe and United States ranging from 0.4% to
2% [1]. According to the 2021 European Society of Cardiology

Guidelines, HF has been divided into three distinct phenotypes based on
the assessment of left ventricular ejection fraction (EF): HF with reduced
EF (HFrEF, with EF ≤ 40%), HF with mildly reduced EF (HFmrEF, 41 ≤
EF ≤ 49%) and HF with preserved EF (HFpEF, EF ≥ 50%) [2,3]. Patients
with EF in the 40 - 50% range may benefit from similar therapies to
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those with HFrEF [4–6]. This supports the renaming of HFmrEF from
“HF with mid-range EF” to “HF with mildly reduced EF” [2,7,8].
Within reduced EF phenotypes, ischemic heart disease (IHD) repre
sents the most common cause of myocardial injury and ventricular
dysfunction, leading, in a relevant proportion of cases to post-ischemic
heart failure (IHF). HFpEF is a leading cause of morbidity and mortal
ity throughout the industrialized world, and currently represents
approximately 50% of individuals with HF [9,10]. The complex and
heterogeneous clinical phenotype that characterizes HFpEF [11,12]
stems from multiple comorbidities, including obesity, diabetes, hyper
tension, and atrial fibrillation [13–15]. Concomitant metabolic (e.g.,
high-fat diet) and hypertensive stress in mice recapitulate the vast ma
jority of systemic and cardiovascular features of HFpEF in humans [16].
A deeper knowledge of the molecular and immunological mechanisms
involved in this complex pathophysiology is needed for the identifica
tion of novel biomarkers and therapeutic targets to stratify prognosis
and drive decision-making processes.
Angiopoietins (ANGPTs) comprise a family of factors specific for
vascular endothelium, whose functions are mediated through the acti
vation of the tyrosine kinase receptor Tie2 highly expressed by endo
thelial cells [17]. The ANGPT1-Tie2 system modulates vascular integrity
[18], angiogenesis [19], lymphangiogenesis [20,21] and several in
flammatory disorders, including cardiovascular diseases [22–24].
Angiopoietin-1 (ANGPT1), produced by peri-endothelial mural cells
(pericytes) [25] and immune cells [26], is a potent Tie2 agonist [27] and
maintains vascular integrity [28,29]. ANGPT1 exerts anti-inflammatory
effects [30] and plays a protective role in models of vascular injuries
[31,32]. ANGPT2, stored in Weibel-Palade bodies in endothelial cells
[33], is rapidly released in response to inflammatory stimuli [34] and
competitively inhibits ANGPT1/Tie2 interaction [19,35], resulting in
vascular instability and leakage [36]. ANGPT2 is a proinflammatory
molecule [37], and its concentrations are increased in patients with
acute coronary syndrome [38,39], hypertension [40,41], congestive HF
[42] and congenital HF [43]. It is a prognostic biomarker of adverse
cardiovascular events after percutaneous coronary intervention (PCI)
[44,45] in myocardial infarction [46] and HFpEF [47].
The vascular endothelial growth factor (VEGF) family includes
VEGF-A, VEGF-B, VEGF-C, and VEGF-D [48]. VEGFs and their receptors
on blood and lymphatic endothelial cells play critical roles in inflam
matory and tumor angiogenesis [49]. VEGF-A, the most potent proan
giogenic factor [50], is also known for its powerful permeabilizing
activity [48,51–53]. VEGF-C and VEGF-D are major modulators of in
flammatory and tumor lymphangiogenesis [54,55]. Elevated levels of
circulating VEGF-A have been found in patients with myocardial
infarction [38,56–59]. The roles of VEGF-A, VEGF-C and VEGF-D in
HFpEF remain unclear or totally unexplored.
Phospholipase A2s (PLA2s) hydrolyze the fatty acids from membrane
phospholipids releasing arachidonic acid and lysophospholipids
[60–62]. Secreted or extracellular PLA2 (sPLA2) modulates vascular
permeability [63] and activates inflammatory cells [61,64]. Circulating
levels of sPLA2 predict coronary events in patients with coronary artery
disease [65], in apparently healthy men and women [66] and increase
the risk of early atherosclerosis [67]. Serum sPLA2 levels also predict
long-term mortality for HF after myocardial infarction [68].
Despite some evidences are available on ANGPTs, VEGF isoforms,
and sPLA2 involvement in ischemic heart disease [69], to the best of our
knowledge, no study has focused on their role in the different HF phe
notypes. Thus, the aim of the present study was to evaluate the circu
lating levels of ANGPTs, VEGFs and sPLA2 activity in patients with
HFpEF or HFrEF compared to healthy controls.

HF admitted to the Department of Translational Medical Sciences of the
University of Naples Federico II. The primary objective of this study was
to analyze the plasma concentrations of angiogenic (ANGPT1, ANGPT2,
VEGF-A) and lymphangiogenic (VEGF-C, VEGF-D) factors and the
plasma activity of sPLA2 in patients with HFpEF and HFrEF compared to
healthy controls. Inclusion criteria listed: age ≥ 18 years, diagnosis of
HF from at least 6 months [70], stable clinical condition during the
month prior to inclusion, optimal guideline-based pharmacotherapy
from at least 3 months. Exclusion criteria were represented by chronic
obstructive pulmonary disease (COPD), diabetes mellitus (DM), immune
disorders (rheumatoid arthritis, systemic lupus erythematosus, systemic
sclerosis, Sjögren syndrome, vasculitis, psoriatic arthritis, dermatomy
ositis, ankylosing spondylitis), malignancies (also past), obesity as
assessed through Body Mass Index (BMI) more than 30 Kg/m2,
dialysis-dependent kidney failure, acute coronary syndromes and/or
coronary revascularization in the previous 6 months, and inability to
provide informed consent. The control group was represented by
Caucasian subjects consecutively referred to the Department of Trans
lational Medical Sciences of the University of Naples Federico II without
HF and in accordance with the exclusion criteria, who accepted to
participate in the research protocol. The sample size was set assuming as
primary outcome the assessment of ANGPT2 plasma levels in HF pa
tients compared to healthy controls, an alpha error equal to 5% was set,
together with a statistical power equal to 80%. Expecting the mean
concentrations of ANGPT2 to be 500 pg/ml in healthy individuals, ac
cording to previous evidence [42,69] a minimum of 30 individuals per
group were considered necessary to reveal as significant a ±25% dif
ference in plasma concentration between controls and HF patients. All
patients underwent medical history evaluation and demograph
ic/clinical data collection, including age, gender, BMI, cardiovascular
risk factors and comorbidities. Clinical examination, transthoracic
echocardiography and serum BNP determination were performed at the
time of the enrolment. In the present study, the population was divided
into two groups based on EF: HFrEF (EF < 50%) or HFpEF (EF ≥ 50%).
IHD was established based on either previous documented myocardial
infarction and/or significant coronary artery disease with indication to
cardiac revascularization. This study was approved by the Ethics Com
mittee of the University of Naples Federico II (protocol number 124/17).
All participants were carefully informed and signed a written consent to
participate in the study.
2.2. Blood sample collection
Blood samples were collected during routine diagnostic procedures,
and the remaining plasma sample was labeled with a code that was
documented in a data sheet. Blood was collected by a clean venipuncture
and minimal stasis using sodium citrate 3.2% as anticoagulant and
centrifuged (2000 g for 20 min at 22◦ ). Plasma was aliquoted into 1.5 ml
cryovials, stored at − 80 ◦ C and subsequently thawed for this study.
Technicians who performed the assays were blinded to the patients’
history.
2.3. Plasma measurement of ANGPTs and VEGFs

2. Materials and methods

Concentrations of the following proteins, ANGPT1, ANGPT2, VEGFA, VEGF-C, and VEGF-D were measured using commercially available
ELISA kits (R&D System, Minneapolis, USA) according to kit specifica
tions. The ANGPT1/ANGPT2 ratio, a parameter of vascular perme
ability, was calculated as previously described [71]. The ELISA
sensitivity was 156.25 – 10,000 pg/ml for ANGPT1, 31.1 – 4,000 pg/ml
for ANGPT2, 31.1 – 2,000 pg/ml for VEGF-A, 62.5 – 4,000 pg/ml for
VEGF-C, and 31.3 – 2,000 pg/m for VEGF-D.

2.1. Study population

2.4. Plasma measurement of phospholipase A2 activity

The study population consisted of Caucasian patients suffering from

Plasma PLA2 activity was measured using a Life Technologies
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EnzChek®phospholipase A2 assay. A PLA2 substrate cocktail consisting
of 7-hydroxycoumarinyl-arachidonate (0.3 mM), 7-hydroxycoumarinyllinolenate (0.3 mM), hydroxycoumarinyl 6-heptenoate (0.3 mM), dio
leoylphosphatidylcholine
(DOPC)
(10
mM),
and
dio
leoylphosphatidylglycerol (DOPG) (10 mM) was prepared in ethanol.
Liposomes were formed by gradually adding 77 µl substrate/lipid
cocktail to 10 ml of PLA2 buffer (50 mM Tris–HCl, 100 mM NaCl, 1 mM
CaCl2) while stirring rapidly over 1 min using a magnetic stirrer. Fluo
rescence (excitation at 360 nm and emission at 460 nm) was measured
and specific activity [relative fluorescent units (RFU)/ml] for each
sample was calculated. Plasma (50 µl) was added to 96-well plates, and
PLA2 activity was evaluated by adding 50 µl of substrate cocktail.

Table 1
Demographic and clinical characteristics of HFpEF, HFrEF and control groups.
Variable

Controls (n
¼ 47)

HFrEF (n ¼
47)

HFpEF (n
¼ 31)

pvalue

Age (yrs)

71.17 ± 12.85
18 (38.30)
25.89 ± 3.95

BNP (pg/mL)

50.58 ± 32.06

75.80 ±
9.08
12 (38.71)
26.21 ±
4.65
550.5 ±
681.71
8.26 ± 3.49

0.049

Gender, male (%)
BMI (kg/m2)

69.23 ±
11.56
29 (61.70)
25.59 ±
3.70
958.11 ±
763.94
8.48 ± 3.52

0.032

0.076
0.013
<0.001
0.045
0.908
<0.001

3

2.5. Statistics
Categorical data were reported as absolute observations with per
centages and compared using Pearson’s χ2 test. Continuous variables
were expressed as mean ± standard deviation (SD) or median and
interquartile range (IQR) and compared through Student’s t-test or oneway ANOVA and Bonferroni’s multiple comparison tests, or the Man
n–Whitney U-test according to data distribution. Spearman’s rank r
correlation was computed to assess the relationship between variables.
Pearson’s r correlation coefficient was employed to evaluate the rela
tionship between each mediator and EF. Plasma concentrations of
VEGFs and ANGPTs and the activity of sPLA2 were shown as the median
(horizontal black line), the 25th and 75th percentiles (boxes) and the 5th
and 95th percentiles (whiskers) of HFrEF or HFpEF patients and controls.
As statistical significance threshold, a p < 0.05 was employed for all
analyzes performed through the SPSS 26 software (IBM, USA).

Leukocytes (x 10 /
mm3)
GFR (mL/min)

7.43 ± 2.72

EF (%)

61.55 ± 5.50

51.93 ±
29.03
34.20 ± 7.1

Smoking (%)
Hypertension (%)
Coronary artery
disease (%)
Hyperlipidemia (%)
Atrial fibrillation (%)
Diuretics (%)
ACEIs (%)
ARBs (%)
Beta-blockers (%)

7 (14.89)
31 (65.95)
none

19 (40.42)
30 (63.8)
20 (42.55)

57.75 ±
30.06
61.82 ±
6.04
5 (16.12)
26 (83.87)
9 (29.03)

14 (29.78)
6 (12.77)
5 (10.63)
8 (17.02)
12 (25.53)
15 (31.91)

17 (36.17)
17 (36.17)
35 (74.47)
21 (44.68)
10 (21.28)
37 (78.72)

19 (61.29)
12 (38.71)
10 (32.26)
8 (28.81)
7 (22.58)
18 (58.06)

71.43 ± 22.55

0.042
0.801
<0.001
0.407

<0.001
0.007
0.146
<0.001

Data are expressed as mean values for continuous variables and percentage (%)
for categorical variables.
BMI: Body Mass Index; BNP: B-type natriuretic peptide; GFR: glomerular
filtration rate (assessed through CKD-EPI equation); LVEF: left ventricular
ejection fraction. Assessment of comorbidities, such as hypertension and dysli
pidemia, was based on clinical history and examination of chronic therapies for
each participant.

3. Results

factor [50] VEGF-A were also analyzed. The mean plasma concentra
tions of VEGF-A were essentially similar in patients with HFrEF, HFpEF
and controls (Fig. 2A). VEGF-C and VEGF-D are the main lymphangio
genic factors [72,73]. The mean plasma concentrations of VEGF-C did
not differ in all patients with different HF phenotypes and healthy do
nors (Fig. 2B). By contrast, the plasma concentrations of VEGF-D were
increased in both HFrEF and HFpEF patients compared to controls
(Fig. 2C). There was a trend in HFpEF to display a further increase in
VEGF-D compared to HFrEF patients. There were no differences in
VEGF-A, VEGF-C, and VEGF-D concentrations between male and female
values in both controls and HF patients. Moreover, the age of patients
and the examined VEGF concentrations did not correlate.

3.1. Clinical and demographic characteristics of the overall population
The study population comprises 47 patients with HFrEF, 31 patients
with HFpEF and 47 healthy controls, carefully selected according to
inclusion/exclusion criteria. Demographic and clinical characteristics of
the study population are summarized in Table 1. As expected, HFpEF
patients were older, more prevalently female, and showed higher left
ventricular EF (LVEF) and glomerular filtration rate (GFR), lower BNP
levels and IHD etiology compared to HFrEF patients.
3.2. Plasma concentrations of ANGPT1, ANGPT2 and their ratio in
patients with HFrEF or HFpEF and healthy controls

3.4. Plasma concentrations of sPLA2 activity in patients with HFrEF or
HFpEF and healthy controls

Fig. 1A shows that lower concentrations of ANGPT1 were detected in
HFrEF patients compared to healthy controls and HFpEF subjects; the
plasma levels of ANGPT1 in HFpEF patients were similar to controls.
Plasma concentrations of ANGPT2 were significantly higher in both HF
groups than controls (panel B). ANGPT2/ANGPT1 ratio was higher in
HFrEF but not in HFpEF patients, compared to controls (panel C). There
were no differences in ANGPT1 or ANGPT2 between male and female
values in both controls and groups of patients. Moreover, no correlations
were observed between the age of patients and the concentrations of the
different mediators examined.
The strongest significant correlation was observed between cardiac
function assessed through EF and PLA2 (r = − 0.435; p < 0.01) (Table 2).
Weaker significant coefficient correlations were found between ANGPT1
(r = 0.307; p < 0.01) orANGPT2/ANGPT1 (r = − 0.244; p = 0.01) and
EF; contrarywise, no association was observed with the other examined
biomarkers.

sPLA2 represents an important class of vasodilatory factors [63]
involved in several inflammatory processes [60,61,64]. Fig. 3 shows that
the plasma activity of sPLA2 was significantly increased in HFrEF pa
tients compared to HFpEF and healthy donors. There were no differ
ences in sPLA2 activity between male and female values in both controls
and patients. Moreover, no correlations were observed between the age
of patients and the concentration of sPLA2 activity.
3.5. Correlations between altered mediators in patients with HFrEF or
HFpEF
The correlations among the altered mediators in patients with HFrEF
or HFpEF were also analyzed. Fig. 4A shows an inverse correlation be
tween plasma concentrations of ANGPT2 and ANGPT1 in HFrEF pa
tients. In addition, there was a negative correlation between sPLA2
activity and ANGPT1 (Fig. 4B) and between ANGPT2 and VEGF-D
(Fig. 4C) in HFrEF patients. Fig. 4D shows a positive correlation be
tween PLA2 activity and ANGPT2 in HFrEF patients. No correlation was

3.3. Plasma concentrations of VEGF-A, VEGF-C, and VEGF-D in patients
with HFrEF or HFpEF and healthy controls
The concentrations of the vasopermability [51] and angiogenic
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Table 2
Correlations between plasma concentrations of angiogenic, lymphangiogenic
and proinflammatory mediators and ejection fraction (EF).
Mediator

EF

p value

ANGPT1
ANGPT2
ANGPT2/ANGPT1
VEGF-A
VEGF-C
VEGF-D
PLA2

0.307
− 0.153
− 0.244
− 0.006
0.017
− 0.095
− 0.435

<0.01*
0.12
0.01*
0.94
0.86
0.349
<0.01*

p value corresponds to Pearson’s r correlation coefficient.

involved in endothelial dysfunction [36,37,74], was upregulated in both
HFrEF and HFpEF patients. Elevated circulating levels of ANGPT2 have
been reported in acute coronary syndromes [38,39], and it has been
proposed as a negative prognostic marker after myocardial infarction
[46] and after percutaneous coronary intervention [44,45]. ANGPT2 is
associated with a greater risk of cardiovascular mortality in the general
population [75], and with higher mortality in patients suffering from
myocardial infarction and cardiogenic shock [39,76]. ANGPT2 is over
expressed in endothelial cells at the border of infarct area after ischemic
injury in mice [24]. In the remodeling phase after myocardial infarction,
endothelial- and macrophage-derived ANGPT2 promoted abnormal
vascular remodeling and exacerbated inflammation. A recent study re
ported a significant correlation between serum concentrations of
ANGPT2 and NT-proBNP in more than 200 patients who had undergone
diagnostic cardiac catheterization, including patients with IHD, one of
the main etiologies leading to HFrEF [77]. In addition, Chirinos and
coworkers found that ANGPTs were associated with incident risk of
all-cause death or HF-related hospital admission in HFpEF patients [47].
Our results extend the previous findings by showing that plasma levels
of ANGPT2 are increased in both HFpEF and HFrEF patients. Interest
ingly, in our study the ANGPT2/ANGPT1 ratio, a prognostic biomarker
of endothelial activation, [71], was increased in HFrEF but not in HFpEF
patients. Future studies on larger patient cohorts will give the possibility
to verify if the ANGPT2/ANGPT1 ratio is a selective biomarker of
HFpEF.
Our results may have clinical implications in patients suffering from
HF. First, the evaluation of plasma concentrations of ANGPT1, ANGPT2
and their ratio may recognize different pathophysiological patterns
underlying HFrEF and HFpEF. Second, the unique role of the ANGPTs/
Tie2 signaling pathway in vascular stability suggests that it could serve
as a target for therapeutic intervention in diseases whose pathophysi
ology comprises the alteration of vascular integrity [35,78], such as HF.
Recently, it has been demonstrated that specific Angpt2 deletion or the
use of an anti-ANGPT2 antibody markedly reduced cardiac hypoxia,
proinflammatory macrophage polarization, adverse vascular remodel
ing and the consequent progression of HF after myocardial infarction in
mice [24]. The latter results contribute to elucidate the roles of ANGPT2
in the pathogenesis of post-ischemic cardiovascular remodeling. These
fascinating experimental results designate ANGPT2 as a promising
therapeutic target to prevent/ameliorate HF. The latter findings might
have translational relevance. Several anti-ANGPT2 strategies are now
available and under development [78]. Moreover, ANGPT2 appears to
be a potential therapeutic option in experimental HF [24]. Future
studies should investigate the possibility that ANGPT2 antagonists could
be effective in the treatment of both HFrEF and HFpEF patients.
Plasma concentrations of both VEGF-A and VEGF-C in both HFrEF
and HFpEF patients were similar to those in healthy controls. VEGF-A is
a potent permeability factor [51] and a major proangiogenic and
proinflammatory mediator [50,79]. Several studies have found elevated
circulating levels of VEGF-A in myocardial infarction [38,56–59].
Differently from acute vascular injuries, plasma levels of VEGF-A are not
altered in the overall HF population and in both HFrEF and HFpEF pa
tients. Thus, it is possible to speculate on the different roles exerted by

Fig. 1. (A) Plasma concentrations of ANGPT1 in patients with HFrEF, HFpEF
and healthy controls; (B) Plasma concentrations of ANGPT2 in patients with
HFrEF, HFpEF and healthy controls; (C) ANGPT2/ANGPT1 ratio in patients
with HFrEF, HFpEF and healthy controls.
*p < 0.05; **p < 0.01; ***p < 0.001.

observed between ANGPT1 and VEGF-D (Fig. 4E) and sPLA2 activity and
VEGF-D in HFrEF patients (Fig. 4F). Moreover, no correlation was
observed between ANGPT2 and VEGF-D plasma concentrations of
HFpEF (Fig. 4G).
4. Discussion
ANGPT1, which maintains endothelial integrity [28,29] and exerts
anti-inflammatory effects [30], was selectively downregulated in HFrEF
patients compared to HFpEF and controls. By contrast, ANGPT2,
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Fig. 3. Plasma sPLA2 activity in HFrEF, HFpEF patients and healthy controls.
****p < 0.0001.

this mediator in acute versus chronic settings of myocardial injury.
Although VEGF-A is released by several circulating immune cells, such
as neutrophils [80,81], basophils [82,83], and eosinophils [80], plasma
concentrations of VEGF-A were not increased in both HFrEF and HFpEF
patients compared to healthy individuals. These findings do not exclude
the possibility that these immune cells participate in the pathogenesis of
HFrEF and HFpEF by releasing other proinflammatory mediators.
Although circulating levels of VEGF-C were similar in patients with
HFrEF and HFpEF and controls, the concentrations of VEGF-D were
increased in both groups of patients compared to controls. The differ
ential alterations of VEGF-C and VEGF-D in these patients are intriguing
but not surprising. In fact, recent evidence demonstrates that VEGF-C
and VEGF-D differently modulate the immune system [54].
VEGF-C and -D are mainly produced by tissue-resident macrophages
[60,84,85] and mast cells [52,79,86–88]. In a mouse model of HF,
VEGF-C and VEGF-D were upregulated in the early stages of the disease,
with levels returning afterward to baseline [89]. VEGF-C levels are
increased in patients with ischemic or non-ischemic cardiomyopathy
[90] and in an animal model of ischemic cardiomyopathy [91] and in
human atherosclerotic lesions [92]. Recent evidence indicates that
lymphangiogenesis [93] and VEGF-C improve cardiac functions after
experimental myocardial infarction [94]. Another study has suggested a
cardioprotective role for macrophage-derived VEGF-C during acute
myocardial infarction [95]. VEGF-C is released from activated human
cardiac mast cells [52], and proinflammatory and profibrotic mediators
released from mast cells [96] and macrophages [97,98] have recently
been implicated in cardiac microvessel disease and diastolic dysfunction
in models of HFpEF. By contrast, the circulating levels of VEGF-D, which
does not possess cardioprotective effects, were increased in both HFrEF
and HFpEF patients compared to controls. Further studies are necessary
to understand the role of cardiac mast cells and macrophages as possible
critical components in HFpEF pathogenesis.
PLA2 modulates endothelial cell migration and vascular permeability
in vitro and in humans [61,63,64,99,100]. Circulating levels of sPLA2
predict coronary events in patients with coronary artery disease [65]
and even in apparently healthy men and women [66]. Moreover, serum
sPLA2 levels also predict readmission for HF after myocardial infarction
[68]. Finally, elevated levels of sPLA2 were associated with the risk of
early atherosclerosis [67]. Our study is, to our knowledge, the first to
demonstrate that high plasma concentrations of PLA2 activity can be
found in HFrEF patients only. These intriguing results designate sPLA2 as
a promising circulating biomarker to differentiate HFrEF from HFpEF.
Several immune cells produce sPLA2 [101–103], which modulates
vascular permeability [63] and activates several human inflammatory
cells [61,64,100]. Overexpression of this vasoactive and proin
flammatory factor seems to be a rather specific biomarker of HFrEF.

Fig. 2. (A) Plasma concentrations of VEGF-A in HFrEF and HFpEF patients and
healthy controls; (B) Plasma concentrations of VEGF-C in HFrEF and HFpEF
patients and healthy controls; (C) Plasma concentrations of VEGF-D in HFrEF
and HFpEF patients and healthy controls.
**p < 0.01.
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Fig. 4. (A) Correlations between the plasma concentrations of ANGPT2 and ANGPT1 in HFrEF patients; (B) Correlation between circulating sPLA2 activity and the
concentration of ANGPT1 in HFrEF patients; (C) Correlation between the plasma concentrations of VEGF-D and ANGPT2 in HFrEF patients; (D) Correlation between
the sPLA2 activity and ANGPT2 in HFrEF patients. (E) Correlation between the plasma concentration of VEGF-D and ANGPT1 in HFrEF patients; (F) Correlation
between circulating sPLA2 activity and VEGF-D in HFrEF patients; (D) Correlation between the plasma concentration of VEGF-D and ANGPT2 in HFpEF patients.
Spearman’s correlation coefficients (r) were calculated and are shown in the panels.

Future studies from larger cohorts will evaluate the role of sPLA2 assay
in the differential diagnosis of HFrEF vs. HFpEF.
It is widely recognized that coronary heart disease represents the
predominant cause of HFrEF [104]. HFpEF pathophysiology is more
heterogeneous [11,12,105], due to several etiologic factors, frequently
concurrent [13,15,106]. Advanced age, female sex and comorbidities,
such as obesity [107,108], diabetes mellitus [107], hypertension [109],
and atrial fibrillation [15] are common among patients with HFpEF.
Although none of these factors discriminate patients with HFpEF from
HFrEF, the presence of these comorbid conditions is believed to ulti
mately lead to low-grade inflammation [13,15,110]. Systemic inflam
mation could lead to endothelial dysfunction supported by higher
expression of vascular cell adhesion molecules such as VCAM-1,
E-selectin, and ROS [15,111,112]. An increasingly popular theory
about HFpEF is that the syndrome reflects systemic and/or myocardial
inflammation [15,113–115]. The greatest evidence for inflammatory
conditions is HFpEF comes from analyses of circulating biomarkers (e.g.,
IL-1β, IL-6, IL-10, IL-11, TNF-α, etc.) in patients [47,96,116] as well as in
mouse models of HFpEF [16]. Our results identify different patterns of
expression of several vascular permeability and inflammatory mediators
in the clinical setting of HFpEF and HFrEF. It is tempting to speculate
that these different patterns of inflammatory and vasoactive mediators
reflect pathophysiological differences between HFpEF and HFrEF.

5. Limitations
This study has several limitations that should be pointed out. The
limited number of subjects enrolled represents the main limitation of the
present investigation. However, it is important to point out that in order
to identify specific differences between HFrEF and HFpEF, the study
protocol included stringent exclusion criteria to reduce potential inter
ference with the inflammatory and angiogenic patterns explored in the
study. Indeed, prevalent comorbidities such as COPD, DM, immune
disorders, malignancies, and severe obesity were excluded from the
study, greatly limiting the number of patients that were included in the
analysis. In fact, despite the two examined cohorts were rather small, the
patients examined in our study presented clinical characteristics
consistent with the main typical features of individuals suffering from
the different phenotypes of HF, being mean age and prevalence of fe
male higher in HFpEF participants, while HFrEF individuals suffered
from more IHD, impaired renal function and showed higher BNP levels
[117]. Similarly, the selection of healthy controls was burdened by the
exclusion criteria, limiting the possibility to match them with HF par
ticipants according to demographic and antropometric features.
The results of this preliminary study will have to be extended in
future multicenter trials examining larger cohorts of HFrEF and HFpEF
patients. In addition, it will be important to evaluate circulating bio
markers of angiogenesis/lymphangiogenesis during stable and unstable
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clinical conditions of HFpEF and HFrEF patients. Moreover, HFpEF and
HFrEF patients were treated with several drugs (i.e., statins, diuretics,
ACEIs, ARB, and beta-blockers), and we cannot exclude the possibility
that some of them may have directly or indirectly affected some of our
results. The results of our cross-sectional study do not allow to establish
a cause-effect relationship between alterations of angiogenic/lym
phangiogenic factors and HFpEF or HFrEF. Finally, this study was per
formed on a Caucasian population and future studies should be extended
to other ethnic groups.

would not be possible to work as a team.
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