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Background: Secretoneurin (SN) is a neuropeptide with potential utility as a biomarker of cardiovascular episodes. The main effect of SN is mediated through its inhibition of calmodulin-dependent kinase II (CaMKII), which influences calcium handling. We aimed to associate the levels of SN in plasma with different causes of heart failure.



Methods: We prospectively enrolled consecutive patients with ischaemic (ICM) and dilated (DCM) cardiomyopathy from the outpatient heart failure clinic and healthy individuals. SN was analysed from venous blood by use of the ELISA method. SN plasma levels were compared in DCM, ICM and healthy individuals with non-parametric tests.



Results: A total of 53 patients (81.1% male, 18.9% female; mean age 67.9 ± 12.6 years) and 34 healthy individuals (38% male, 62% female) were included in the analysis. Plasma SN levels were significantly higher in the dilated cardiomyopathy (38.8 ± 27 pmol/L) as compared with the ischaemic cardiomyopathy (19.7 ± 22.6 pmol/L) group (P = 0.006). There was no significant difference between females vs. males (27.1 ± 23 vs. 25.5 ± 26.2 pmol/L, P = NS). Plasma SN levels allowed DCM and ICM to be differentiated with 88% sensitivity and 61% specificity (P = 0.007), the cut of value is 13.3 pmol/L. Plasma SN levels differed significantly between healthy volunteers and both ICM (P < 0.0001) and DCM (P = 0.049). Plasma SN levels did not differ according to age and were not associated with comorbidities, left ventricular ejection fraction, heart failure medication, troponin, creatinine, or natriuretic peptide plasma levels.



Conclusion: Plasma secretoneurin levels differed significantly in DCM vs. ICM, being higher in the former. Based on plasma SN levels, discrimination between DCM and ICM might be possible. Healthy individuals produce higher SN plasma levels than stable HFrEF patients.
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Introduction

Secretoneurin (SN) is a 33–amino acid neuropeptide from the chromogranin peptide family. SN may be a novel biomarker with potential use in cardiovascular medicine (1). Its pathway differs from those of the most often measured natriuretic peptides and troponin. SN's main effects are most likely transmitted by calmodulin-dependent kinase II (CaMKII). However, other cellular pathways may play a role (2). Since CaMKII is one of the regulators of calcium handling in the cell, it may enhance protective effects of SN in the diseased myocardium (3). CaMKII inhibition in the myocardium improves contraction and suppresses proneness to arrhythmia by diminishing calcium leakage from the sarcoplasmic reticulum (3). Calcium is crucial to myocardial excitation-contraction coupling and intracellular signalling. Since in heart failure patients, the calcium handling is known to be disrupted, the SN plasma levels may entail prognostic information (4).

Of note, in the recent sub-analysis of the GISSI-HF trial in patients with chronic heart failure, SN concentrations were associated with mortality, even after adjusting for multiple factors (5). SN levels were also weakly associated with admission to the hospital for cardiovascular reasons (5).

We already know that SN levels may contain prognostic information in heart failure (HF) patients. Therefore, we aim to address possible differences in the SN levels associated mainly with the HF aetiology.



Materials and methods


Patients

For this study, we prospectively enrolled 53 consecutive patients from the heart failure outpatient clinic of University Hospital Ostrava from August 2022 to January 2023 and 34 heathy volunteers in October 2023. The study sample comprised only patients with a reduced ejection fraction of two causes (ischaemic cardiomyopathy, dilated cardiomyopathy). All patients were in stabilized condition without recent heart failure decompensation. All patients with dilated cardiomyopathy have no coronary artery disease (no coronary artery stenosis ≥ 70% or 50% of the common trunk of the left coronary artery). Acute myocardial infarction and/or coronary artery by-pass grafting surgery within three months before enrolment were exclusion criteria.

The healthy volunteers were without any treated disease. Most importantly, no cardiac disease was present, defined by the absence of clinical symptoms, normal echocardiography, and normal plasma levels of markers of cardiac injury at the time of blood sampling. This study was approved by the Institutional Review Board of University Hospital Ostrava (Nr. 526/2022) and conducted in accordance with the Helsinki Declaration. All patients have signed informed consent.



Secretoneurin analysis

Blood sampling was performed in patients with chronic stable heart failure during outpatient visits. SN was analysed from venous blood by use of the ELISA method (CardiNor AS, Oslo, Norway) (6). The blood was drawn into the lithium-heparin tubes, plasma was separated and frozen to −70°C, only one defrosting cycle was allowed. The intra-assay coefficients of variation for SN were lower than 5% and inter-assay coefficient lower than 10%. The level of determination (LoD) for the CardiNor SN is 5,1 pmol/L, The level of quantification (LoQ) is 7,6 pmol/L. Analytical range is 11,8–299,2 pmol/L.



Statistics

Continuous variables are expressed as mean ± standard deviation or as median and interquartile range when indicated and compared by the Mann–Whitney U test since the data were non-normally distributed according to both the Kolmogorov-Smirnov and Levene's tests. Categorical variables are expressed as percentages and compared by the chi-square test, Fisher's exact test, or logistic regression, as appropriate. Correlations between SN levels and other biomarkers were examined by Spearman correlation. The difference between plasma SN levels in ICM vs. DCM or healthy individuals was examined by Kruskal-Wallis or Mann–Whitney U tests. Receiver operating characteristics analysis was performed for SN discriminative abilities related to the cause of heart failure. A two-tailed α < 0.05 was considered statistically significant. All analyses were performed using IBM SPSS for Mac version 23 (IBM, Armonk, USA).




Results

A total of 53 HFrEF patients (81.1% male, 18.9% female) aged 67.9 ± 12.6 with a BMI of 27.7 ± 4.4 and 34 healthy individuals (38% male, 62% female) were included in the analysis. Mean SN values (pmol/L) according to the cause of heart failure were 19.7 ± 22.6 for ischaemic cardiomyopathy (N = 36), 38.8 ± 27 for dilated cardiomyopathy (N = 17) (7); the median and IQR were as follows ICM: 13.3(29.6), DCM: 34.4 (27.2) pmol/L. Mean SN values for health individuals were 50.7 ± 15.3 pmol/L. The mean left ventricular ejection fraction (LV EF) in HFrEF patients was 29.7 ± 6.6. Comorbidities, anthropometric factors, medication, mean levels of biomarkers and plasma electrolytes are depicted in Table 1.


TABLE 1 Baseline characteristics of the study population, ischemic (ICM) vs. Dilated cardiomyopathy (DCM).
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SN plasma levels differed significantly in the dilated cardiomyopathy (DCM) as compared with the ischemic cardiomyopathy (ICM) group (P = 0.006, Figure 1), irrespective of NYHA class, heart failure pharmacotherapy and LV EF. In the multivariable analysis, SN still differed significantly between ICM and DCM, even after entering LV EF, age, heart failure treatment and hypertension/gender as covariates in the regression model. On the contrary, LV EF did not differ significantly between the DCM and the ICM group (27.2 ± 6.3 vs. 30.8 ± 6.5, P = NS). The presence/absence of outliers in both groups did not change the test result, what means that the significance or non-significance of the test was not different; the outliers stayed in the analysis. Coronary artery by-pass grafting surgery was done 24.1% of the ICM patients, all of them more than one year before the SN plasma levels sampling. There was no difference between SN plasma levels in females and males, respectively (27.1 ± 23 vs. 25.5 ± 26.2 pmol/L, P = NS); the median and IQR for females/males 26.8 (49.8), 22.4 (41.3) pmol/L, respectively. The ICM vs. DCM group differ in Dyslipidaemia (P = 0.003) and creatinine level (P = 0.036). The groups did not differ in age, anthropometric factors, diabetes, cerebrovascular accidents, NYHA class, LV EF, analytes, or HF medication (Table 1). Moreover, SN levels were able to discriminate dilated cardiomyopathy from ischemic cardiomyopathy as causation with 88% sensitivity and 61% specificity (AUC 0.73, 95% CI 0.58–0.87, P = 0.007, Figure 2), the cut-off value is 13.3 pmol/L. Of note, plasma SN did not vary according to age and was not associated with comorbidities, left ventricular ejection fraction, troponin, creatinine, or natriuretic peptide levels in plasma. There were also no significant correlations between SN and N-terminal pro natriuretic peptide (NT-pro-BNP), high-sensitivity troponin (hs-TnI), creatinine, natrium, total calcium or potassium plasma levels.
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FIGURE 1
Box-plot with whiskers displaying differences in SN plasma level between ICM and DCM. The red dots stand for individual measurement value. Secretoneurin (SN) plasma levels in pmol/L according to the cause of heart failure; ICM, ischaemic cardiomyopathy; DCM, dilated cardiomyopathy.
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FIGURE 2
Receiver operating curve (ROC) for secretoneurin (SN, green curve), high-sensitivity troponin I (hs-TnI, blue curve) and N-terminal-pro natriuretic peptide (NT-pro-BNP, red curve) differentiating dilated cardiomyopathy from ischaemic cardiomyopathy (SN, AUC 0.73, 95% CI 0.58–0.87, P = 0.007; TnI, AUC 0.56, 95% CI 0.4–0.73, P = NS;NT-pro-BNP, AUC 0.44, 95% CI 0.27–0.62, P = NS).


There is also no significant difference between total calcium between ICM and DCM (Table 1). However, there is a significant difference in calcium levels between the whole HFrEF group and the healthy individuals (P = 0.0001).

Our healthy volunteers (N = 34, 62% females, Table 2) have SN plasma levels of 50.7 ± 15.3 pmol/L, which was significantly higher than in both DCM (P = 0.049) and ICM (P < 0.0001) or HFrEF (ICM/DCM combined), P < 0.0001. Males and females in the healthy individuals' group did not differ in any parameters (Table 2). We have not observed myocardial injury in any of the healthy individuals (Table 2). Our healthy volunteers were also significantly younger (P < 0.0001) and differed in the BMI (P < 0.0001), being lower in the healthy individuals as compared to the HFrEF group.


TABLE 2 Baseline characteristics of the healthy volunteers
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SN plasma levels in healthy individuals were not associated with total or ionized calcium, hs-CRP, IL-6, pH, hs-TnI, NT-pro-BNP, or albumin level. Plasma levels of SN did not vary according to the age, sex, anthropometric parameters, thrombocytes, haemoglobin, or leukocytes in the healthy individuals (P = NS). Potassium and ionized magnesium levels were borderline non-significant when associated to the SN plasma levels (P = 0.064, P = 0.065, respectively).



Discussion


Main findings

The main findings of our preliminary analysis can be summarized as follows:


	(1)We found plasma SN levels to be significantly higher in patients with dilated cardiomyopathy than in patients with ischaemic cardiomyopathy.

	(2)Plasma SN levels were able to differentiate between DCM and ICM with 88% sensitivity and 61% specificity with a cut-off value 13.3 pmol/L.

	(3)Plasma SN levels differed significantly in healthy volunteers as compared to ICM or DCM, healthy volunteers produced higher plasma SN.

	(4)Plasma SN levels did not differ according to age or sex and were not associated with comorbidities, left ventricular ejection fraction, troponin, creatinine, or natriuretic peptide levels in plasma.



SN takes part in many processes, namely: apoptosis, immune response, inflammation/chemotaxis, endothelium relaxation, calcium handling, arrhythmogenesis, and cell cycle regulation (2). The broad range of biological effects, independent from classical overload markers such as N-terminal pro-brain natriuretic peptide (NT-pro-BNP) or troponin, suggests that SN is a potentially useful biomarker in cardiology (8). SN has been studied in catecholaminergic polymorphic ventricular arrhythmia, in which it was moderately elevated irrespective of arrhythmogenic episodes (8). SN seems to be a marker reflecting particular cellular mechanism of specific disease than the clinical episodes itself. This pattern of differentiating a type of a disease (ICM vs. DCM), we have observed also in our analysis.

In patients after coronary artery bypass graft (CABG) surgery, SN levels were significantly higher in non-survivors as compared with survivors (173 vs. 143 pmol/L) (9).

The cut-off value for increased mortality risk is >204 pmol/L in patients with aortic stenosis (10). Moreover, in critically ill patients in the intensive care unit, SN was able to predict mortality on top of classical risk factors (11).

In our study, SN levels were somewhat lower than those observed in patients with CABG, critically ill patients, or patients with aortic stenosis before replacement, most of whom were in advanced heart failure or dying (9–11). The reason for lower SN levels in our trial might be the stable state of most of our heart failure patients, who are not comparable to critically ill patients, patients after coronary bypass surgery or younger healthy individuals. On the contrary, in the stable condition of the ICM and/or DCM HFrEF patients are producing even significantly less SN than the healthy individuals in our analysis. Of note, our healthy volunteers were significantly younger but with comparable body size to the HF group.

Moreover, all the previous studies predicted hard clinical endpoints as all-cause or cardiovascular mortality in severe disease states in a completely different patient population compared to our study, differentiating the cause of the disease in stable heart failure.

There are two trials from the same study group evaluating SN in acute and chronic heart failure. In acute heart failure, SN levels were closely associated with mortality. Moreover, SN reclassified patients to their correct risk strata on top of other predictors of mortality (3). In more recent trial in patients with chronic heart failure, SN concentrations were also able to stratify the patients to favourable and poor prognosis on multivariable analysis (5, 12). The SN levels in the chronic HF trial (42;35–62.8 pmol/L) were also very close to our own observations (5, 12).

None of these trials however analysed different SN levels according to the aetiology of HF, ischemic aetiology was only used as an adjusting factor to predict mortality in chronic HF (5, 12). In addition, these trials did not include their own healthy individual subgroup to compare the SN plasma levels with the HF population. Consequently, it is more complicated to draw any conclusion on basal SN secretion patterns in a particular disease specific subgroup of patients. The common denominator of SN elevation in critically ill patients (3, 8–11) is probably tissue ischemia since the studied population otherwise differed in multiple factors. On the contrary, the basal secretion in the fully compensated state may be specific to the underlying disease.

The discriminative capacity of SN with AUC around 0.7 may seem low, though the confidence interval is quite narrow (0.5–0.8). We also must keep in mind that our whole cohort constituted of patients with HFrEF, and no other biomarker has been able to discriminate between the causes of heart failure (ROC curve for hs-TnI and NT-pro BNP are shown in Figure 2). In general, the main goal of biomarkers in heart failure is to provide information regarding the magnitude of risk, and they can also be used to monitor the effects of changes in treatment and detect subclinical disease (13). Although in many of these applications is the utility of SN not clear at the present time, we hope to provide information in the near future on the development of plasma SN levels through time and in response to changes in heart failure treatment. It is becoming clearer, that SN has the capacity to risk stratify and predict the mortality risk in patients with acute and chronic heart failure (3, 5, 12). It is less evident however, whether SN will be able to reflect treatment changes in HF or HF progression. Based on our results SN may also differentiate the ICM vs. DCM cause of heart failure.

We may only speculate that the higher plasma SN levels in DCM, as compared with those in ICM represent more molecularly advanced heart failure and/or impaired calcium handling. Whether higher plasma levels in our study will also predict higher mortality or more frequent heart failure hospitalizations will be revealed in the follow-up. The other, somewhat contradictory, explanation may be that higher plasma SN levels in DCM may be a surrogate for cardiomyocyte's regenerative activity.

Potentially, the SN discriminative capacity (ICM vs. DCM) may be used in the initial heart failure differential diagnosis if confirmed by more extensive trials from different investigator groups.

However, up to now, every elevation of plasma SN levels has led to a worse prognosis in different disease states (8–12). Though all the predictive capacity was limited to acute or critical patient status.

The possible explanation for different SN plasma levels will probably be at the cellular and subcellular levels. In a study with patients with advanced heart failure, ICM and DCM have significantly different molecular profiles (14). DCM (non-ischemic) samples have 32 differentially expressed profiles, and ICM samples have 185 differentially expressed proteins compared to non-failing heart samples (14). The most enriched proteins in ICM are serum amyloid A1, lipopolysaccharide-binding protein, and activated protein C, which are biomarkers associated with coronary artery disease (15, 16). Conversely, non-ischemic enriched proteins are primarily involved in the mitochondrial membrane respiratory chain (14). Also, the extracellular matrix (ECM), a critical component interacting with cells and modulating tissue functions, is different in ICM and DCM (non-ischemic) (14). In DCM, ECM has predominantly interstitial collagen deposition; in ICM, fibrotic replacement is more likely (17). Most interestingly, specific abnormalities in calcium handling have been demonstrated depending on the etiology of HF. ICM is associated with a decreased rate of calcium uptake into the sarcoplasmic reticulum (SR), while DCM is associated with a decreased rate of calcium release from the SR (18).

In our trial, there was no difference in calcium levels between ICM and DCM. However, both groups were hypocalcaemic as compared to healthy individuals. Severe hypocalcaemia may even be the sole cause of heart failure (19). Moreover, in patients after myocardial infarction, low serum calcium may result in a higher mortality rate (20). Extracellular calcium levels may, however not reflect the cytosolic free calcium and related calcium handling in the sarcoplasmic reticulum (21).

All these factors and many unknowns may influence the plasmatic levels of SN in DCM vs. ICM.

Also, our trial confirmed the independence of plasma SN levels from troponin I and NT-pro-BNP levels in plasma, both in HFrEF ICM/DCM patients and healthy individuals. Our results are, at this point, hypothesis-generating at best. Plasma SN levels must be associated with clinical events to show its predictive capacity. Since we have not collected enough clinical events yet, we cannot state whether SN has or has not the prognostic capacity in HFrEF patients. To capture the relationship between calcium handling and SN, the association of ionized calcium plasma levels may be sampled and correlated with SN plasma levels in future trials.



Limitations

Our sample was small and unbalanced for sex, with male predominance in the heart failure group and female predominance in the healthy volunteer group. Moreover, there were more patients with ischemic cardiomyopathy than with dilated cardiomyopathy. These results cannot be extrapolated to different patient population (different cardiomyopathies) or acute state of the heart failure.




Conclusion

Plasma secretoneurin levels differed significantly in DCM vs. ICM, being higher in the former. Moreover, discrimination between DCM and ICM might be possible based on plasma SN levels. Healthy individuals produce higher SN plasma levels than stable HFrEF patients.
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indices are shown as mean + standard deviation and compared for males and
females. Ca?*" ionized calcium;Hs-Tnl, high-sensitivity Troponine I; IL-6, interleukin
o ionized NT-pro-BNP, N 6Bl GRS PRIt
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ACEi (%) 348 207 294
SGLT2i (%) 565 513 412
Betablockers (%) 87 703 823
MRCA (%) 778 622 706
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ARNI (%) 51.1 405 50
NT-pro-BNP 2876224709 | 334692 5539.4 | 1990.2 = 2407
1,376 (2885) 1402.7 (3927) | 1,000 (2504.6)
Creatinine 11832668 | 10312331 1016
Potassium 378=14 35217 432043
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CRP 83+138 54+77

Indices are shown as mean + standard deviation or percentages for categorical
variables and compared for ICM and DCM. As an alternative median and
interquartile range is shown when indicated—SN, NT-pro-BNP. ACEi
angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARNI, angiotensin
receptor/neprilysin inhibitor; CRP, C- reactive protein; hs-Tnl, high sensitivity
Troponine I; LV, left ventricle; MRCA, mineralocorticoid receptor antagonist; NT-
pro-BNP, N-terminal pro brain natriuretic peptide; NYHA, New York hear
association; sGLT2i, sodium-glucose cotransporter 2 inhibitors: TIA, transient
icchemic attack
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