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CLINICAL STUDY

Altered serum levels of neprilysin in heart failure patients 
with reduced ejection fraction
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ABSTRACT
OBJECTIVE: In addition to the recent success of neprilysin inhibition in treatment of heart failure, elevated 
soluble neprilysin (sNEP) in circulation has been suggested to be a prognostic biomarker in heart failure with a 
reduced ejection fraction (HFrEF). However, the diagnostic performance of sNEP is nebulous and its levels in 
HFrEF have not been compared with controls. For the purpose of this study, we determined the role of sNEP 
levels as a biomarker in routine ambulatory care of HFrEF patients, when compared to the control subjects.
METHODS: Ambulant patients with chronic HFrEF (n = 18) were included. Apparently healthy 
volunteers – hospital physicians (n = 9) were included as the controls. Besides standard diagnostic 
tools (echocardiographic examination and laboratory biochemical diagnostic tests including NT-proBNP 
assessment), we analysed serum levels of neprilysin with a commercially available human soluble neprilysin 
ultrasensitive ELISA kit (Aviscera Bioscience, USA).
RESULTS: Concentrations of sNEP were signifi cantly reduced in HFrEF patients (average ± S.E.M.=1038 
± 464 pg/ml) when compared to the controls (1947 ± 613 pg/ml; p < 0.05). Two of eighteen HFrEF samples 
were below, while two of ten control samples were above the detection limit of the immunoassay. We 
documented a lack of signifi cant correlation between sNEP and left ventricular ejection fraction (LVEF) and 
other echocardiographic features as well as NT-proBNP. However, sNEP signifi cantly negatively correlated 
to serum natrium levels (Spearman r = ‒0.6112, p < 0.05) and to systolic blood pressure (Spearman r = 
‒0.4746, p < 0.05) in HFrEF.
CONCLUSION: Levels of sNEP were signifi cantly reduced in HFrEF, when compared to the controls, with 
absent correlations to relevant HF-related features (e.g. LVEF). These fi ndings might contribute to clarifi cation 
of the diagnostic value of sNEP in HF (Tab. 2, Fig. 2, Ref. 30). Text in PDF www.elis.sk
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Abbreviations: ACE – angiotensin-converting enzyme, Ang 
(1‒7) – angiotensin (1‒7), Ang II – angiotensin II, AT1R – an-
giotensin II type 1 receptor, CON – controls, HDL – high density 
lipoproteins, HF – heart failure, HFpEF – heart failure with pre-
served ejection fraction, HFrEF – heart failure with reduced ejec-
tion fraction, IVSd – interventricular septum in diastole, LVEDD 
– left ventricular end-diastolic diameter, LVEF – left ventricular 
ejection fraction, NEP – neprilysin, NPs – natriuretic peptides, NS 
– not signifi cant, NT-proBNP – N-terminal prohormone of brain 
natriuretic peptide, PW – posterior wall thickness, sBP – systolic 
blood pressure, sNEP – soluble neprilysin.

Introduction

Neprilysin (NEP), a zinc-dependent cell-membrane-bound en-
dopeptidase, is present in a variety of organs and cells including 
heart, kidneys and peripheral vasculature. As NEP can be released 
from the cell surface, it is present also in a soluble form (sNEP) 
in the circulation that retains catalytic activity (1). The enzyme 
cleaves a number of peptides (2), among the key in cardiovascu-
lar substrates to consider are the natriuretic peptides (NPs) and 
angiotensins, which are admittedly crucial in settings of heart 
failure (HF) (3). Concomitantly, NEP attenuates the antifi brotic, 
antiproliferative, cardiac, vascular, and diuretic properties of NPs 
by being responsible for removal of at least 50 % of circulating 
NPs (4). Inhibition of NEP is accompanied by a reduction of NT-
pro B-type natriuretic peptide (NT-proBNP) levels (5), a surro-
gate marker of left ventricular wall stress which, however, is not 
cleaved by NEP (6).

Importantly, impressive benefi ts of combining NEP inhibition 
and angiotensin II type 1 receptor (AT1R) blockade have been 
demonstrated in the heart failure with a reduced ejection fraction 
(HFrEF) (7), what markedly turned the clinical attention to NEP. 
Though a slower clinical acceptation (8), real-world data also con-
fi rmed the effectiveness and safety of NEP inhibitor containing 
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pharmacotherapy (9, 10), supporting that NEP plays an important 
role in the pathophysiology of HFrEF and accentuating NEP as an 
attractive biotarget in clinical research of HF. It is assumed that 
NEP levels and/or activity are elevated in settings of HF and, con-
sequently, its inhibition slows the degradation of NPs, enhancing 
diuresis, natriuresis, myocardial relaxation and anti-remodelling, 
thus providing clinical benefi t (3, 11).

NEP in a soluble form in blood has been increasingly inves-
tigated as a diagnostic tool and predictor of chronic HF outcome 
(12–14). Indeed, sNEP level was signifi cantly associated with car-
diovascular death or HF hospitalization in patients with HFrEF in 
a linear relationship (12), supporting the hypothesis that its inhibi-
tion may be benefi cial in HFrEF. On the other hand, sNEP levels in 
HF with a preserved ejection fraction (HFpEF) were not found to 
be associated with attributes of HF, including hospitalization and 
death (13). However, to understand its role as a biomarker, sNEP 
levels should be measured and compared to the control subjects 
(15). Interestingly, the study in HFpEF patients unveiled a rather 
lower circulating sNEP when compared to the controls (15) ques-
tioning its strength as a helpful biomarker.

Currently, blood concentration of NT-proBNP is one of the 
principal diagnostic tests in HF (3). Taking into account the inde-
pendency of NT-proBNP and NEP, we hypothesized that serum 
neprilysin levels might provide an additional diagnostic utility in 
treated HFrEF. The aim of our small observational study was to 
determine the role of sNEP levels as a biomarker in a routine am-
bulatory care of HFrEF patients and its concentration in patients 
when compared to the apparently healthy control subjects.

Methods

Study cohort
From the medical database of ambulant patients managed at 

a private cardiology outpatient clinic containing 527 subjects, 
exclusively those with chronic HFrEF (LVEF with 25‒35 % at 
the initial diagnostics), continuously followed using standard dia-
gnostics tests (3), completing sampling and all examinations and 
pharmacologically treated for at least 36 months, who provided a 
written consent, were included (n = 18; males/females = 14/4). The 
study sample comprised mainly patients with HFrEF of ischemic 
aetiology (89 % of subjects). The study was approved by local 
ethics committee (Ethics Committee of Faculty of Pharmacy, Co-
menius University in Bratislava). Apparently healthy volunteers, 
physicians from the hospital (n = 10; males/females = 8/2) at the 
median age of 38 [interquartile range of 33‒40] years provided 
control blood samples.

Medical examination
Patients were routinely examined at the cardiology outpatient 

clinic KARDIO-SANUS, s.r.o., in Bratislava, Slovak Republic.
The investigation consisted of routine physical examination. In 
addition, patients underwent transthoracic echocardiographic 
measurement according to the current standards (16) and ambu-
latory blood pressure measurement. A New York Heart Associa-
tion (NYHA) class was assigned to all the patients, who were 

in NYHA functional classes I (5 % of cases), II (53 %) and III 
(37 %) and IV (5 %).

Blood samples
Following examination, blood samples were routinely taken 

for blood count and standard laboratory diagnostic tests. The 
blood was taken between 7:00 and 8:00 a.m. after an overnight 
fasting. Biochemical examination, NT-proBNP levels and blood 
count were performed within a standard service provided by cer-
tifi ed diagnostic laboratory (Medirex, a. s., Bratislava, Slovakia).

For the analyses of experimental biomarker, additional ve-
nous blood samples were collected to S-Monovette tubes con-
taining Serum Gel with Clotting Activator (catalogue number: 
04.1935). The samples were incubated at room temperature for 
30 min. Afterwards, they were centrifuged at 1500 G for 15 min 
at 25 °C. The serum samples were immediately stored at ‒80 °C 
until further analysis.

Soluble neprilysin assay
Circulating sNEP was measured with a quantitative sandwich 

immunoassay (High-sensitivity Soluble Human Neprilysin ELISA 
kit, Aviscera Bioscience, Santa Clara, USA, code No: SK00724-
01, Lot: 20113789). Serum aliquots were diluted 1:4 in dilution 
buffer provided in the kit (DB03) before incubation. The ELISA 
was then performed according to the manufacturer’s protocol. This 
assay displays 0 % cross-reactivity with metallopeptidases, spe-
cifi cally, endothelin converting enzymes 1 and 2. There was also 
no cross-reactivity with erythrocyte cell-surface antigen (KELL). 
Measurements were performed in duplicates.

Angiotensin II and Angiotensin (1‒7) assays
Angiotensin II (Ang II) and angiotensin (1‒7) (Ang (1‒7)) 

were measured using a competitive ELISA method (Human 
Ang-II ELISA Kit, MyBioSource, San Diego, USA, Catalog No: 
MBS2506893, Lot: AK0017MAR30037; Human Ang (1‒7) ELISA 
Kit, MyBioSource, San Diego, USA, Catalog No: MBS2515945). 
Serum aliquots were not diluted before the incubation. The ELISA 
was performed according to the manufacturer’s protocol. The kits 
did not display any signifi cant cross-reactivity between human 
Ang II/Ang (1‒7) and all the analogues. Measurements were per-
formed in duplicates.

Statistical analysis
Shapiro-Wilk test was used as normality test. For non-normally 

distributed data, we performed the Mann-Whitney test. Statistical 
correlation between two data groups was determined by Spear-
man’s correlation coeffi cients. All data were handled by GraphPad 
Prism (GraphPad Software Inc., San Diego, CA, USA, version 
6). The value of p < 0.05 was considered statistically signifi cant.

Results

Basic clinical features of tested sample are presented in the 
Table 1. Two of eighteen HFrEF samples were below, while two 
of ten control samples were above the detection limit of used sNEP 
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assay. These subjects were not included in further analyses. Thus, 
the analysed sample consisted of 16 HFrEF patients (males/females 
= 12/4) and 8 controls (6/2). Among them, four patients and four 
volunteers reported smoking history.

At the clinical examination time, the pharmacotherapy of pa-
tients (table 2) consisted mostly of beta-blockers, ACE inhibitors 

or AT1 receptor antagonists, aldosterone antagonists (eplerenone 
or spironolactone) and furosemide (the only taken diuretic).

We observed signifi cantly reduced levels of circulating nepri-
lysin, when compared to healthy volunteers (by 47 % of arithmetic 
means, p < 0.05; medians with interquartile ranges are depicted 
in Figure 1). We observed a lack of any signifi cant correlation be-
tween serum neprilysin levels and HFrEF most relevant features 
(i.e. NYHA class, LVEF and NT-proBNP) (Fig. 2), however, a 
signifi cantly negative relation of sNEP to sodium concentrations 
and also to systolic blood pressures appeared (p < 0.05 for both) 
(Fig. 2). 

Discussion

Recently, NEP became a meaningful biotarget in cardiology 
(7), with a potential to be a prognostic biomarker (12, 17). How-
ever, its utility as a diagnostic tool is still uncertain (13, 15, 17, 18). 
In this study, we documented lower sNEP levels in treated HFrEF 
patients, when compared to the apparently healthy controls. This 
fi nding is strengthened by the fact that two HFrEF patients from 
the initial sample had sNEP values below the detection limit of 
used immunoassay, while two of controls dropped out from the 
statistical analyses due to sNEP concentrations above the reliable 
detection range of the assay used. In addition, sNEP levels also 
failed to correlate with the main features of HFrEF, such as: NT-
proBNP and LVEF questioning whether circulating sNEP concen-
tration could be a reliable biomarker in HFrEF.

Reduced sNEP levels in HFrEF, when compared to the con-
trols might be perceived as a consequence of its reduced release 
from the failing myocardium. Although the predominant source 
of sNEP in patients with HF remains unclear, Arrigo et al. indi-
cated that the heart constitutes the major source of sNEP in pa-
tients with HFrEF (19). In contrast, others reported only a weak 
cardiac relation to sNEP levels (20) what raises the alternative, 
inter alia, that sNEP levels were infl uenced by acute substantial 
changes in systemic haemodynamics rather than by cardiac sta-
tus. Consistent with this idea, NEP is widely expressed in various 
tissues other than the heart and the reduction of sNEP might be a 
consequence of changed release at other sites. One of the promis-
ing explanation might involve the lungs, as smoking history was 
shown to be a substantial suppressor of NEP expression in lung 
tissue (21), in accordance with fi ndings of lower circulating NEP 

Median 
[25th–75th percentile]

Age (years) 74 [62–82]
Treatment duration (months) 36 [36–48]
Echocardiography

LVEDD (mm) 61 [53–64]
IVSd (mm) 10 [9–11]
PWT (mm) 10 [10–110]
Left atrial diameter (mm) 51 [49–58]
Right ventricular diameter (mm) 35 [30–36]
Ascending aorta diameter (mm) 38 [35–40]
LVEF (%) 35 [25–40]

Blood pressures
Systolic blood pressure (mmHg) 128 [124–144]
Diastolic blood pressure (mmHg) 80 [69–85]
Heart rate (beat per minute) 79 [66–86]

Blood tests
NT-proBNP (ng/l) 964 [477–2022]
Ang II  (pg/ml) 1598 [957–2488]
Ang (1‒7) (pg/ml) 1241 [716–1506]
Glucose (mmol/l) 5.64 [5.23–7.08]
Creatinine (μmol/l) 104 [87–128]
Uric acid (mmol/l) 0.35 [0.30–0.43]
Total cholesterol (mmol/l) 3.63 [3.09–4.93]
HDL (mmol/l) 1.13 [0.99–1.39]
Triglycerides (mmol/l) 1.32 [0.84–1.76]
Sodium (mmol/l) 140 [139–143]
Potassium (mmol/l) 4.60 [4.09–4.85]
White blood cell count (109/l) 7.90 [7.33–8.45]
Platelet count (109/l) 213 [185–245]
Red blood cell count (1012/l) 4.13 [4.08–4.72]
Haematocrit (%) 40 [40–44]
Haemoglobin (g/l) 136 [131–148]
Mean cell haemoglobin (pg) 32 [31–33]
Mean cell volume (fl ) 97 [91–99]

Tab. 1. Basic clinical features of studied sample (number of subjects 
= 16; males/females = 12/4).

Fig. 1. Serum levels of soluble neprilysin in healthy volunteers (CON, n 
= 8) and heart failure patients with reduced ejection fraction (HFrEF, 
n = 16). Figure depicts particular values, lines represent median with 
interquartile range. *p < 0.05.

Number of patients taking 
the medication

Beta-blocker 12
ACE inhibitor or AT1R antagonist 13
Aldosterone antagonist 13
Diuretic 13
Calcium channel blocker 3
Ivabradine 1
Digoxin 3
Nitrate 6

Tab. 2. Pharmacological treatment at the time of physical examination 
and determination of sNEP.
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levels in smokers (13, 15). An alternative explanation of reduced 
sNEP is the modulation of sNEP levels by comorbidities. In renal 
complications, however, authors documented a link of sNEP acti-
vity, but not of sNEP plasma concentration, to HF related features 
(14, 22). Also, sNEP levels are less affected by obesity, age, sex, 
or functional/clinical status (12, 17, 18, 23, 24), what should un-
derline some potential advantages over standard biomarkers for 
HF such as natriuretic peptides.

In general, it is diffi cult to estimate the value of the observed 
reduction in sNEP as previous studies on the positive association 
of sNEP with cardiovascular mortality and morbidity in HFrEF pa-
tients did not provide control data (12, 17). Similar to our fi ndings, 
moderately lower values of sNEP were documented in HFpEF, 
when compared to the controls (15). Interestingly, reduced sNEP 
levels were associated with diastolic dysfunction, dyslipidaemia, 

and hypertension also in general population (18). Still, it is chal-
lenging to estimate the pathophysiological consequence of reduced 
sNEP because of the complexity of the NEP-NPs pathway. NEP 
is very nonspecifi c in terms of substrate selection (note that NEP 
activity affects the degradation of more than 50 vasopeptides) and 
breaks down both benefi cial peptides in addition to harmful sub-
strates (2), e.g. natriuretic peptides have vasodilatory effects, while 
angiotensin II is a vasoconstrictor. Therefore, the pathophysiologi-
cal role and levels of sNEP may differ, depending on the complex 
interplay of these various substrates in the pathophysiology of the 
HF syndrome. The observed negative correlations of sNEP to sBP 
and Na+ likely mirror this complexity.

An association between sNEP levels and adverse outcomes in 
heart failure patients has been demonstrated (12, 17). However, a 
lack of association between sNEP and cardiac structure, or function 

Fig. 2. Relationship between circulating soluble neprilysin levels and their potential clinical and pathophysiological correlates in HFrEF
patients (n = 16).
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is seen in diverse HF phenotypes and also in general population 
(13, 15, 17, 18, 25). Our fi ndings in HFrEF patients also support 
the view that sNEP levels are not directly related to cardiac dys-
function. Though we have not measured the activity of sNEP in 
this study, we admit its importance in HFrEF. The levels of sNEP 
have been also introduced as a reliable surrogate for neprilysin 
activity (26). On the contrary, circulating sNEP activity, but not 
concentration has been suggested to provide an incremental prog-
nostic information (14).

In general, the observed lack of direct relationship between 
sNEP and NT-proBNP levels may be anticipated and is in line 
with the fi ndings of others (15, 18, 24). Firstly, neprilysin is nei-
ther involved in NT-proBNP cleavage, nor its biosynthesis path-
way (6). Secondly, biologically active B-type natriuretic peptide 
directly inhibits sNEP activity, but not sNEP concentration in 
HF patients (27). Thirdly, complications, such as impaired re-
nal function, may differentially infl uence the levels of both bio-
markers (24). Consequently, the use of sNEP, simultaneously to 
NT-proBNP as a gold standard biomarker in HF and as a default 
comparator, when investigating novel biomarkers and therapies 
(28‒30), may be of diagnostic advantage providing an additional 
valuable prognostic information for identifying diverse HF patient 
subpopulations. However, less sNEP in HFrEF sheds a new light 
on this hypothesis.

Limitations

There are certain limitations in the present study. Firstly, this is 
an observational single-centre study realized in a small sample of 
patients. These conditions may markedly infl uence the applicability
of our results to larger population. Secondly, there are serious 
analytical issues with respect to sNEP measurement, as i) there is 
little information about the stability of sNEP, ii) requirements for 
preanalytical management of samples is not well defi ned, and iii) 
data comparisons among the different commercially available im-
munoassays have revealed a lack of reproducibility (1). This must 
be resolved before its implementation in a routine clinical practice. 
Thirdly, our study sample comprised mainly patients with HFrEF 
of ischemic aetiology. The possible extrapolation to diverse HF 
subpopulations and/or to the entire spectrum of patients with HF 
is uncertain. Fourthly, the lack of repetitive blood sampling pre-
cludes the complex view on the kinetics of sNEP during the disease 
development and on the effect of pharmacotherapy.

Conclusion

Conclusively, sNEP levels were signifi cantly reduced in 
HFrEF patients, when compared to healthy individuals and their 
correlation to HF-related features (e.g. LVEF) is rather absent. 
These data shed new light on our simplistic assumptions of sNEP 
as a potential biomarker in HFrEF being in contrast to its recent 
importance as a target in the treatment of HF. Despite the limited 
samp le size in this study, the observed fi nding of sNEP defi ciency 
might contribute to clarifi cation of the value of sNEP in HF dia-
gnostics.
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