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Abstract

Background: Neuregulin-1 (NRG-1) is a stress-mediated transmembrane growth factor. Reduced myocardial damage and higher NRG-
1 levels upon treatment with remote ischemic conditioning (RIC) has been described in rats. However, the role of NRG-1 in patients
with acute myocardial infarction (MI) is unknown. Thus, we conducted a post hoc analysis of a randomized controlled trial that tested
RIC in patients with MI scheduled for primary percutaneous coronary intervention (PCI).Methods: Blood was drawn from 30 patients
before RIC/PCI, within 1 hour, 4 days and 1 month later. Median left ventricular ejection fraction (LVEF) in the overall study population
following MI was 48.5%. Results: NRG-1 plasma levels decreased significantly following PCI/RIC and remained decreased up to 1
month following MI (p < 0.0001). We observed no association of NRG-1 with other variables, including total ischemic time, LVEF or
RIC.Conclusions: Thus, we identified NRG-1 may be independently affected by MI. However, further large clinical trials are warranted
to clarify this hypothesis.
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1. Introduction

Neuregulin-1 (NRG-1) is a stress-mediated paracrine
transmembrane growth factor deriving, among others, from
endothelial cells [1,2]. Emerging evidence reveals the car-
diovascular functions and benefit of NRG-1β and down-
stream signaling acts on ErbB receptors [2–4]. NRG-1β is
a stress-mediated paracrine transmembrane growth factor
derived from endothelial cells [2]. It plays an essential role
in embryogenic cardiac development [3], and the dysregu-
lation of NRG-1β expression is also linked to various car-
diovascular diseases such asmyocardial infarction (MI) and
heart failure (HF) [3]. In addition, a cardiovascular benefit
of human recombinant NRG-1β (hrNRG-1β) protein appli-
cation in setting of myocardial ischemia/reperfusion injury
[2], cardiac fibrosis, and post-MI remodeling [4] has been
reported. Subsequently, it has been found that NRG-1β
treatment modulates nitric oxide synthesis and calcium han-
dling in cardiomyocytes (CM) [5]. In addition, Kirabo et al.
[6] demonstrated that the administration of hrNRG-1 pro-
motes cardiac fibroblast differentiation via Akt (protein ki-
nase B) and STAT3 signal (transducer and activator of tran-

scription 3) signaling activation. The anti-inflammatory
effect of NRG-1 via mechanism acts on ErbB3 signaling
was reported on stimulated monocytes and subsequently
a marked reduction in pro-inflammatory cytokines expres-
sion [7]. Collectively, these results confirm that the appli-
cation of hrNRG-1β has a clear cardiac benefit, however,
only few studies investigated whether NRG-1β expression
markedly changes in patients with ischemic heart disease.
In addition, there is no data whether acute MI affects NRG-
1 expression in humans.

In line with that, we previously demonstrated that re-
mote ischemic conditioning (RIC), a tissue protective in-
tervention based on short, intermitted ischemia/reperfusion
episodes, stimulated NRG-1 expression in the infarcted tis-
sue area and subsequently improved cardiac function in rats
with reperfused myocardial infarction (MI) [8]. This study
suggests that reduction of NRG-1 levels post MI may con-
tribute to the progression of adverse remodeling and HF.
Controversially, a recent study [9] demonstrated that the re-
combinant form of NRG-1 application worsened left ven-
tricular (LV) ejection fraction (LVEF) in rats with chronic
MI.

https://www.imrpress.com/journal/RCM
http://doi.org/10.31083/j.rcm2302063
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Although the administration of human-recombinant
NRG-1 to patients with HF resulted in a significant im-
provement in cardiac output and LVEF [10], its circulat-
ing expression and functional importance as a biomarker in
progression of adverse post MI remodeling in patients with
ST-elevation myocardial infarction (STEMI) is yet unclear.

2. Aim
Thus, we aimed to study plasma NRG-1 concentra-

tions in patients with acute STEMI and, additionally, its as-
sociation with patient characteristics, cardiac function fol-
lowing STEMI and RIC.

3. Methods
We conducted a post-hoc analysis of a randomized-

controlled trial investigating RIC in STEMI patients, that
was previously reported [11]. In brief, patients with STEMI
and planned primary percutaneous coronary intervention
(PCI) at presentation to the emergency department were en-
rolled. Among others, those with symptoms≥8 hours, neu-
rologic disorders or cardiogenic shock were excluded. All
patients provided written informed consent, the study was
approved by the competent ethics committee (EK 16-009-
0216) and was performed according to Good Clinical Prac-
tice and the Declaration of Helsinki. Blood was drawn at
presentation and 1 hour, 24 hours and 1 month after PCI to
derive Ethylenediaminetetraacetic acid (EDTA) anticoagu-
lated plasma that was kept at –80 ◦C until further process-
ing. Plasma levels of NRG-1 were determined by enzyme-
linked immunosorbent assay (ELISA) (Abcam, Cambridge,
UK). All analyses were performed according to the manu-
facture’s protocol and in duplicate. LVEF was assessed by
echocardiography approximately 4 days after STEMI. Ad-
ditionally, five healthy volunteers were recruited as part of
the clinical study to investigate RIC.

4. Statistical analysis
We fitted mixed-models specifying the patient as ran-

dom factor to account for the repeatedmeasurements design
and all other included variables as fixed factors. All models
included the time of measurement as a fixed effect. We re-
port the derived estimates of the fixed effects together with
95% confidence intervals (CI). Additionally, comparisons
within one group at two time points were performed using
paired Student’s t-test for parametric variables, which were
tested using Shapiro-Wilk normality test.

5. Results
In total, we included 30 patients in the present analysis

with available data for NRG-1. The mean age was 60.7 (±
13.8) and median body-mass-index 27.2 (25th, 75th per-
centile: 25.6, 30.8), respectively, and 7 patients (23.3%)
were females. Overall, smoking (previous and continued)
was the most prevalent risk factor (83.3%), followed by hy-

Fig. 1. Plasma Neuregulin-1 (NRG-1) levels over time (A) and
in relation to left ventricular ejection fraction (LVEF; B).

pertension (53.3%), hyperlipidemia (36.6%) and only one
patient had diabetes. Overall, two patients had known coro-
nary artery disease. All patients did undergo primary PCI,
with a median total-ischemic-time from symptom onset to
vessel reopening of 185 minutes (25th, 75th percentile:
142, 304). Following STEMI, the median LVEFwas 48.5%
(25th, 75th percentile: 45.0, 53.0), with 3 patients having a
LVEF≤35%. NRG-1 plasma levels (Fig. 1A) were highest
at presentation and decreased significantly after PCI. This
course was not related to the randomized group (control
versus remote conditioning 142.3 [95% CI 179.3, 470.8]),
age (–0.51 [95% CI –12.5, 11.6]), sex (–228.2 [95% CI –
595.6, 146.6]), renal function (estimated glomerular filtra-
tion rate [MDMR] 9.75 [95% CI –10.8, 29.9]) or infarct
size measures by maximum troponin release (0.41 [95% CI
–0.46, 1.29]). Also, we did not observe a significant asso-
ciation with LVEF (time-adjusted estimates: pre PCI –15.4
[95% CI –33.6, 2.8]; post PCI 12.7 [95% CI –5.0, 30.5];
24 hours: 11.5 [95% CI –6.1, 29.2];1 month: 15.5 [95%
CI –6.6, 37.7]) (Fig. 1B). Additionally, NRG-1 levels were
determined in five volunteers free from any known comor-
bidities and not taking any medication on a regular basis.
In these, median NRG-1 was 758 (± 380) pg/mL. The con-
duction of the same RIC protocol as in STEMI patients did
not significantly affect NRG-1 levels in these healthy vol-
unteers: 823 (± 341) pg/mL (p = 0.6).
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6. Discussion
In summary, we investigated plasma NRG-1 concen-

trations for the first time in patients with acute STEMI. Al-
though being investigated broadly in heart failure patients,
NRG-1 has not been widely studied in the context of acute
MI. Thus, for the first time we demonstrate that NRG-1
plasma levels are critically affected in patients with STEMI
during its acute phase. Our study also highlights the im-
portance and difference of changes in circulating NRG-1 in
STEMI and HF patients. Accordingly, we found that cir-
culating NRG-1 levels were declined after PCI in STEMI
patients. On the other hand, patients with advanced stage
of HF were characterized with a significant increase of cir-
culating NRG-1 levels [12] but mRNA expression of ErbB2
and ErB4 were decreased [13].

In our previous study, we reported on the effect of RIC
on NRG-1 plasma and tissue concentrations, respectively,
in experimental myocardial infarction in rats [8]. Although
effective in rats, we did not observe any effect of RIC on
plasma NRG-1 levels. Lately, the effect or RIC in humans
has been questioned [14]. Although some studies did reveal
some positive effect on myocardial salvage in the context of
STEMI, the overall effect seems to be modest [15]. Also,
a large randomized controlled trial did not show any effect
on survival or hospitalization for heart failure following in
the first year after STEMI [16]. Despite the previously de-
scribed association of NRG-1 and cardiac function, we did
not observe any association with LVEF. Although this will
at some point be owed to the small number of patients in-
cluded in this analysis, the early time of LVEF determina-
tion following STEMI of only four days will most likely not
fully reflect the effect of STEMI on the developing heart
failure. In line, the overall reduction in LVEF observed in
our trial was small, with only three patients having a LVEF
≤35%. We did not observe an association of circulating
NRG-1 levels and LVEF, however, this may be explained
by the setting of the trial. Since increased levels of NRG-1
are known for HF patients, all patients in the present trial did
have MI acute MI and remodeling did not have taken place
completely. Also, the number of patients with severely re-
duced LVEFwas small. Furthermore, the decrease of NRG-
1 may be a marker and contributor of the development of
microvascular obstructions and diastolic dysfunction after
MI. In line, a recent study [17] demonstrated that a catheter-
based intramyocardial injection of NRG1-loaded micropar-
ticles markedly improves left ventricular diastolic function
in a preclinical pigmodel of myocardial ischemia and reper-
fusion. Nevertheless, further preclinical and clinical studies
are warranted to clarify this hypothesis.

In summary, our findings highly suggest a further role
of NRG-1 in humans with acute MI, despite its known role
in heart failure. Considering the beneficial effects of the
administration of recombinant NRG-1 to patients with heart
failure [10], patients with STEMI could be a further target
population of interest. Future studies will need to address

the function of NRG-1 during acute MI and its relation to
LVEF and other cardiac parameters, in mid- and long-term
follow-up.

Table 1. Provides baseline characteristics.
Study population

Age 60.7 (3.8)
Females 7 (23.3%)
Hypertension 16 (53.3%)
Hyperlipoproteinaemia 11 (36.6%)
Diabetes 1 (3.3%)
Smoking history
Previously 11 (36.7%)
Continued 14 (46.7%)
History of Coronary Artery Disease 2 (6.7%)
Total ischemic time, minutes 234.7 (127.4)
TIMI flow pre PCI 0 (0, 3)
TIMI flow post PCI 3 (3, 3)
Maximum Creatine Kinase 1865 (122, 20023)
Maximum Troponin 72.5 (0.5, 975.0)
Maximum NT-proBNP 1460.0 (654.5, 3515.2)
eGFR at presentation 64.9 (8.4)
BMI 27.2 (25.6, 30.8)
Left ventricular ejection fraction
following STEMI

48.5 (45.0, 53.0)

Left ventricular ejection fraction
Severe (≤30%) 2 (6.7%)
Moderate (31 ≤ 45%) 7 (23.3%)
Slight (46 ≤ 50%) 9 (30.0%)
Normal (>50%) 12 (40.0%)
Categorial variables are presented as n (%) and scale vari-
ables as mean (± standard deviation) or median (25th and
75th percentile).
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