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Abstract: Dipeptidyl amino-peptidase 3 (DPP3) is an aminopeptidase that is released into circu-
lation upon cell death. DPP3 is involved in the degradation of angiotensins, enkephalines, and
endomorphines. It has been shown that circulating DPP3 (cDPP3) plasma concentration increases
in cardiogenic shock (CS) patients and correlates with high mortality risk. Cardiogenic shock is a
life-threatening syndrome associated with organ hypoperfusion. One of the common causes of CS is
acute myocardial infarction (AMI). This study aimed to investigate if cDPP3 levels are associated
with CS severity and the need for ventilation in patients suffering from CS. Fifteen patients with CS
were included in this study. Six patients were invasively ventilated. The values of cDPP3 were higher
in ventilated patients than in non-ventilated patients at admission, 3 h, and 24 h after admission
in the intensive care unit. Patients with pulmonary hypertension at admission also showed high
cDPP3 values at all time points. Furthermore, high cDPP3 levels were associated with reduced stroke
volume. Our results suggest that cDPP3 could predict CS progression and guide therapy escalation.
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1. Introduction
1.1. Diseases of the Cardiovascular System

Cardiovascular disease accounts for over two-thirds of total mortality worldwide and
is an emerging serious health issue in middle- to low-income countries as well as in high-
income countries [1]. Atherosclerotic cardiovascular disease is a collective term comprising
of a group of disorders of the heart and blood vessels. These disorders are the largest cause
of morbidity and death worldwide. Coronary heart disease, cerebrovascular disease and
peripheral arterial disease are the most frequently occurring cardiovascular diseases. Early
diagnosis of these disorders by means of better diagnostic tools is fundamental.

1.2. Cardiogenic Shock

Cardiogenic shock (CS) is a clinical condition in which ineffective cardiac output,
caused by a primary cardiac disorder, results in inadequate tissue perfusion. The clinical
presentation is typically characterized by persistent hypotension unresponsive to volume

Diagnostics 2023, 13, 1350. https://doi.org/10.3390/diagnostics13071350

https:/ /www.mdpi.com/journal /diagnostics


https://doi.org/10.3390/diagnostics13071350
https://doi.org/10.3390/diagnostics13071350
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-5364-0349
https://orcid.org/0000-0002-5043-8313
https://orcid.org/0000-0002-3878-044X
https://orcid.org/0000-0001-7362-260X
https://orcid.org/0000-0002-4032-0821
https://doi.org/10.3390/diagnostics13071350
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics13071350?type=check_update&version=1

Diagnostics 2023, 13, 1350

2 0f 10

replacement and is accompanied by clinical features of end-organ hypoperfusion requiring
intervention with pharmacological or mechanical support [2,3].

In general, there is a profound myocardial contractility depression resulting in a
deleterious spiral of reduced cardiac output, low blood pressure, and further coronary
ischemia (Figure 1).
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Figure 1. Acute myocardial infarction spiral. LVEDP, left ventricular end-diastolic pressure.

This classic paradigm also includes a lot of compensatory mechanisms, such as sys-
temic vasoconstriction, that result in an ineffective stroke volume [4,5]. Consequently,
CS and the downstream mechanisms induced thereby are strongly related to reduced
end-organ perfusion with high risk of mortality and morbidity [6,7]. The management of
CS frequently includes vasoactive drugs, circulatory and ventilatory support, and coronary
revascularization in case of an acute myocardial infarction [8,9]. The management of CS is
mostly based on clinicians’ experience rather than evidence-based recommendations since,
for many treatments, either no adequately designed randomized clinical trials (RCT) exist
or their results failed to show relevant beneficial effects. Hence, scarce advances have been
achieved in the treatment of CS and patients” outcomes remain poor [10]. In this context,
particular attention is given to delineation of inclusion and exclusion criteria in RCTs in
order to better understand the pathophysiology of patients that will and will not respond
to medical treatment. Refractory cardiogenic shock refers to an ill-defined severity of CS
not responding to standard therapies. In the pre-mechanical circulatory support (MCS)
era, refractoriness to standard medical treatment led inevitably to death. The implemen-
tation of MCS opened new doors for the treatment of CS and modified the interpretation
of “refractory” shock and its prognosis. However, the lack of a standard definition and
nomenclature undermines research and clinical decision making in refractory CS.

1.3. Dipeptidyl Amino-Peptidase 3 in the Context of Cardiovascular Diseases

Dipeptidyl amino-peptidase 3 (DPP3) is an intracellular zinc-dependent enzyme [11]
and is ubiquitously expressed in many cell types and tissues, including neutrophils, lungs,
liver, kidney, and heart [12,13]. It has been reported that during cell death, intracellular
DPP3 is released into circulation and, consequently, has been named circulating DPP3
(cDPP3) [14,15]. cDPP3 degrades angiotensins [16,17], enkephalines [17,18], and endor-
phines [19]. Therefore, it has been implicated in the modulation of many physiological
processes, such as blood pressure regulation [16], inflammatory processes [13], and pain
modulation [19]. The most notable DPP3 substrate is angiotensin II (Ang II), which serves
as the primary effector molecule of the renin-angiotensin-aldosterone system (RAAS).
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The RAAS plays a vital role in regulating the cardiovascular system homeostasis, mod-
ulating blood pressure through the sympathetic system, glomerular filtration, releasing
endogenous catecholamine and vasopressin, and stimulating vascular smooth muscle
cells [20,21].

Increased blood levels of cDPP3 have been observed in critically ill patients suffering
from septic, cardiogenic and haemorrhagic shock [22,23]. Furthermore, an association
between high cDPP3 levels in the blood and high mortality in shocked patients in the
ICU [22-24] has been shown. CS is a heterogenous syndrome associated with low car-
diac output, organ hypoperfusion, and hypoxia, which leads to multi-organ failure and
death [25,26]. The most common cause of cardiogenic shock remains acute myocardial
infarction (AMI), representing 5-8% of patients with AMI [27]. Deniau et al. have shown
that non-survivor CS patients had higher cDPP3 levels at all time points compared to
survivors [24]. Furthermore, high cDPP3 levels in CS patients were associated with severe
organ dysfunction. Consequently, cDPP3 levels at admission were predictive for 90-day
mortality. Interestingly, a decrease in cDPP3 levels within 24 h of admission was associ-
ated with reduced 90-day mortality, decreased cardiovascular support, and renal function
improvement [25].

Takagi et al. attempted to delineate a clinical role for cDPP3 and confirm the rela-
tionship between cDPP3 and clinical outcomes measured in patients with ST-elevation
myocardial infarction (STEMI) and CS from the OptimaCC trial. The authors established
the relationship between cDPP3 and the development of refractory CS, defined as shock
non-responsive to inotropes and vasopressors with optimal cardiac filling pressures [22].
The authors have shown that cDPP3 levels are higher in patients that develop refractory CS
within 72 h from admission to the ICU [22]. In addition, cDPP3 levels at admission could
discriminate patients who did develop refractory shock from those who did not. Patients
with high ¢cDPP3 levels also exhibited lower cardiac index, low glomerular filtration rate,
and higher Simplified Acute Physiology Score II (SAPS II) [22]. More importantly, CS
patients with high cDPP3 levels at inclusion but decreased levels at 24 h showed a striking
reduction in refractory shock and death [22].

Similar results have been observed in severe sepsis and septic shock patients. In
this patient population, there is also a significant association between high cDPP3 blood
levels upon ICU admission and 28-day mortality, high need for organ support, including
prolonged need for vasopressor(s), mechanical ventilation and renal replacement ther-
apy [28,29]. Interestingly, intravenous injection of DPP3 induced myocardial depression in
healthy mice while inhibition of cDPP3 with Procizumab (a specific monoclonal antibody
against cDPP3) normalized myocardial function in an acute heart failure mouse model,
suggesting cDPP3 as a potential therapeutic target in patients with acute heart failure
and shock. Pharmacological inhibition of cDPP3 by Procizumab also improved cardiac
dysfunction and reduced mortality in septic rats [30].

1.4. Study Purpose

Helgestad et al. recently reported increased mechanical ventilation use in the CS
population. Over 85% of the CS patients in the Danish Heart Failure data registry from
2010 to 2017 required mechanical ventilation by 2017 [31,32]. Despite treatment advances
in CS therapy, 30-day mortality rates have been roughly unchanged over the past decades,
remaining at about 50% [31,32]. Considering the syndromic nature of CS, advances in this
field are likely to include many interventions.

One poorly researched aspect of patient care in CS is the management of respiratory
support, despite the intimate cardiopulmonary relationship between positive pressure ven-
tilation and ventricular function [33,34]. We, therefore, set out to investigate to what extent
c¢DPP3 is associated with the need for mechanical ventilation and short-term outcomes
in a CS patient population. Ultimately, the hypothesis-generating character of this study
aims to instigate a further, biomarker-based investigation into the impact of mechanical
ventilation on the cardiovascular system in CS.
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2. Materials and Methods
2.1. Study Design and Population

We performed a single-center prospective study at San Carlo Azienda Ospedaliera
Regionale in Italy, including fifteen patients; six patients were mechanically ventilated. The
inclusion criteria for CS were systolic blood pressure (SBP) < 90 mmHg for > 30 min or
supportive intervention to maintain SBP > 90 mmHg and evidence of end-organ damage
(altered mental status, urine output (UO) < 30 mL/h, or cool extremities). Patients aged
under 18 years or pregnant women were not included in the study. All patients were
included from a non-surgical ICU. The study design included the recording of vital signs,
arterial blood gas analysis, laboratory parameters, echocardiography at several time points,
and medical history from the patient.

This study was carried out under the applicable rules concerning the review of re-
search ethics committees and informed consent. All patients or legal representatives were
informed about the details of this cohort study and could decline to participate. Blood
samples were taken immediately upon admission to the ICU (baseline = adm), 3 h, 24 h,
and one week (7 d). Patient discharge status and mortality were recorded on day 28 after
ICU admission through medical examination if the patient was still hospitalized or through
telephone interviews. Echocardiography was performed on admission to the ICU and after
one week.

2.2. Measurements

Ethylenediaminetetraacetic acid (EDTA)-anticoagulated blood for determination of
cDPP3 concentration was sampled immediately upon admission to the ICU (adm); follow-
up samples were acquired at 3 h, 24 h, and 1 week (7 d) post-admission. Blood samples were
centrifuged at 2000x g at 4 °C for 15 min, after which plasma was stored at —80 °C. The
blood samples for DPP3 measurement were shipped under controlled conditions to 4TEEN4
Pharmaceuticals GmbH. DPP3 was measured in EDTA plasma samples by 4TEEN4 Phar-
maceuticals (Hennigsdorf, Germany) using the immunoluminometric assay sphingotest®
DPP3 (SphingoTec GmbH, Hennigsdorf, Germany) as described previously [15]. Based
on the manufacturer’s instruction for use, the 97.5th percentile for sphingotest® DPP3 in
healthy adult subjects is 22 ng/mL (90% CI 18-34 ng/mL).

2.3. Echocardiographic Measurements

The echocardiographic evaluation was performed using a Vivid I-q- GE-system ma-
chine according to Lang et al. At admission and one week post-admission, the following
parameters were recorded: Left Ventricle End-Diastolic Diameter (EDD), Left ventricle
End-Diastolic Volume (EDV), Left Ventricle Ejection Fraction (EF), Left Ventricle Stroke
Volume normalized by BSA (SV), Left Atrial Volume (LAV), Right Ventricle Basal Linear
Dimension (RDV1), Tricuspid Annular Longitudinal Excursion by M-mode (TAPSE), Right
Ventricle Fractional Area Change (FAC) and Systolic Pulmonary Pressure (PAPs) [35]. EDD
is acquired in the parasternal long-axis view carefully obtained perpendicular to the LV
long axis and measured at the level of the mitral valve leaflet tips.

EDV and ESV measurements are based on tracings of the blood-tissue interface in the
apical four- and two-chamber views at end-diastolic and end-systolic time. The contour is
closed at the mitral valve level by connecting the two opposite sections of the mitral ring
with a straight line. LV length is defined as the distance between the middle of this line
and the most distant point of the LV contour. EF is calculated from EDV and ESV estimates
using the following formula: EF = (EDV — ESV)/EDV. SV is calculated by measuring the
Doppler flow in the aortic valve. In the left ventricular outflow tract (LVOT), the following
two measurements are performed:

(a) Diameter of the aortic annulus: This measurement is made in the parasternal long-
axis view during systole, when the diameter is greatest (usually halfway through
systole). Zoom in LVOT to improve the accuracy of the measurement was performed.
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(b) Flow velocity in LVOT: Velocity is measured in apical four-chamber view (4C) or
five-chamber view (5C) using pulsed-wave doppler with sample volume in the valve
orifice. The VTI (Velocity Time Integral) is automatically calculated.

LAV measurement is based on tracings of the blood-tissue interface on apical four-
and two-chamber views. At the mitral valve level, the contour is closed by connecting
the two opposite sections of the mitral annulus within a straight line. Endocardial tracing
should exclude atrial appendage and pulmonary veins. RVD1 measurement is based on
the maximal transversal dimension in the basal one-third of RV inflow at end-diastole in
the RV-focused view. TAPSE is measured between end-diastole and peak systole tricuspid
annular longitudinal excursion by M-mode. FAC is measured in RV-focused apical four-
chamber view using the following formula: RV FAC (%) = 100 x (End Diastolic Area (EDA)
— End Systolic Area)/EDA. PAPs is calculated by applying the modified Bernoulli equation
to the peak velocity of the tricuspid regurgitation jet: PAPs = 4v21g + RAP (right atrial
pressure). RAP is estimated by inferior vena cava collapse [35].

2.4. Statistical Analyses

All continuous variables were assumed to be normally distributed and mean and
standard deviation are given. Categorical variables are presented as counts and percentages.
Categorical data were compared using Fisher’s-exact tests. Correlations between contin-
uous variables were calculated using Pearson’s correlation. A two-sided p-value < 0.05
was regarded as statistically significant. Statistical analyses were performed using R,
version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

Fifteen patients were included in the study. The mean age of the entire population was
69 £ 18.6 years and 46.7% were female. Six patients (40%) were mechanically ventilated.
Six patients developed cardiogenic shock after STEMI. Of these six patients, two patients
were mechanically ventilated. Five patients were admitted with congestive heart failure.
Finally, four patients were diagnosed with valvular disease, cardiomyopathy, or Tako—
Tsubo syndrome. These diagnoses are further referred to as others. Details of the clinical
and biological parameters of the study population are summarized in Table 1. Two patients
died seven days after admission to the intensive care unit (ICU).

Table 1. Main characteristics of the whole study population, divided by ventilated and non-ventilated

patients.

. . All Patients Ventilated Non-Ventilated
Baseline Variables (1 = 15) (%) (1 = 6 (40%)) (1 = 9 (60%)) p-Value
Gender (F) 7 (46.7%) 2 (33%) 5 (55.6%) 0.002
Age (years) 69.0 £18.6 61.0 £85 674 +18.7 0.329
SBP (mmHg) 79.5+ 8.5 70.1+94 87 £9.1 0.038
Hb (g/dL) 12.0 £ 2.0 105+ 1.8 121 +£21 0.128
BNP (mmol/L) 971,6 989.0 £ 217.0 1036.7 £ 325.0 0.750
HS Trop (mmol/L) 37,6929 £ 86,529.8 57,867.0 £ 109,964.0 4334.0 + 7993.0 0.659
CRP (mmol/L) 31.8 £60.1 99.5 +£79.8 275 +53.3 0.047
STEML, n (%) 6 (40%) 2 (33.3%) 4 (44.4%) 0.0008
CHE, n (%) 5 (33%) 2 (33.3%) 3 (33.3%) 0.0004
Other, n (%) 4 (26.7%) 2 (33.3%) 2 (22%) 0.0004
Diabetes, n (%) 4 (26.7%) 3 (50%) 1 (11%) 0.177
Hypertension, 1 (%) 7 (46.7%) 4 (66.7%) 3(33.3%) 0.061
Hypercholesterolemia, 1 (%) 10 (66.7%) 6 (100%) 4 (44.4%) 0.218
Chronic Kidney Disease, nn (%) 3 (20%) 0 3(33.3%) <0.000001
Valvular Regurgitation, 1 (%) 6 (40%) 1 (16.7%) 5 (55.6%) 0.00008

SBP: Systolic Blood Pressure; Hb: Hemoglobin BNP: Brain Natriuretic Peptide; HsTrop: Hight Sensitivity Troponin;
CRP: C-Reactive Protein; STEMI: ST-segment elevation myocardial infarction; CHF: Chronic Heart Failure.
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At admission, mean cDPP3 levels were 30.5 & 20.6 ng/mL. The mean cDPP3 levels
over time were 30.3 + 21.1 ng/mL. At admission, high cDPP3 levels were associated with
elevated CRP (p = 0.047). There was no significant association between cDPP3 levels and
highly sensitive Troponin (hsTPN) and B-type natriuretic peptide (BNP) (p = 0.457 and
p =0.928).

At admission to the ICU, cDPP3 levels were higher in patients that were mechan-
ically ventilated during their ICU stay (40.6 & 30.9 ng/mL in ventilated patients verus
23.8 £ 4.6 ng/mL) in non-ventilated patients). In addition, cDPP3 levels during the first
week in the ICU were significantly elevated in mechanically ventilated patients compared
to non-ventilated patients (p < 0.001) (Figure 2; Table 2).

p< 0.001

40
3
2
1
0
adm 3h 24 h 7d

- Ventilated patients
- Non ventilated patients

Figure 2. cDPP3 values within the first week in the ICU in ventilated and non-ventilated patients. At
all timepoints, ventilated patients have significantly higher cDPP3 values compared to non-ventilated
patients. Adm, admission to ICU.

60

50

o

DPP3 ng/mL, log 10

o

Table 2. cDPP3 values (in ng/mL) in ventilated and non-ventilated patients. The data are reported as
mean =+ standard deviation.

Patients Admission 3h 24 h 7d
Ventilated (n = 6) 132.4 £73.0 130.1 £ 67.1 109.4 £73.7 86.0 £ 71.1
Non-ventilated (n =9) 93.6 +93.1 93.5 +93.3 60.0 = 52.9 108.7 & 111

No significant correlation in echocardiographic data between the ventilated and non-
ventilated patients could be observed (Table 3). High cDPP3 values during the first week
in the ICU were significantly associated with reduced FAC (below 35%) (p = 0.008) and
increased PAPS (above 50 mmHg) (p = 0.006) at admission (Figure 3). Although cDPP3
levels at admission did not discriminate based on stroke volume, patients with decreased
stroke volume (below 28 mL/m?) showed a tendency toward high cDPP3 levels at 3
and 24 h post-admission. Finally, cDPP3 at admission was elevated in non-survivors
(63.8 = 54.2 ng/mL) compared to survivors (25.4 & 6.3 ng/mL) and remained significantly
elevated in non-survivors during the ICU stay (p < 0.001).
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Table 3. Echocardiographic data at admission. The data are reported as mean =+ standard deviation.

Entire Cohort Ventilated Not-Ventilated
ECHO Parameters (1 = 15) (%) (1 = 6 (40%)) (1= 9 (60%)) p-Value
EDV (mL) 91.7 £37.1 92.2 + 36.5 91.2+433 0.978
EDD (mL) 485 + 6.5 457 +4.3 512+ 7.8 0.346
EF (%) 36.1+12.3 29.6 +7.7 425 +12.1 0.247
SV (mL/m?) 30.2 +14.3 22.7 +4.2 37.7 +17.6 0.228
LAV (mL) 60.4 +22.8 475+ 18.1 77.6 £17.1 0.233
RVD1 (mm) 36.7 £11.1 38.7 +10.8 35.6 +£12.1 0.711
TAPSE (mm) 135 +5.7 152+ 6.1 19.1 £12.7 0.552
FAC (%) 299 +75 30.7 +10.7 36.2+2.6 0.847
PAPS (mmHg) 42.8 +13.5 51.0 +17.3 52.0 +£11.3 0.259

EEDV End Diastolic volume; EDD End Diastolic Diameter; EF: Ejection Fraction; SV: Stroke Volume; LAV: Left
atrial Volume; RVD1: Right Ventricle Basal Linear Dimension; TAPSE Tricuspid Annular Longitudinal Excursion;
FAC: Right Ventricle Fractional Area Change; PAPs Systolic Pulmonary Pressure.

100 100

E E

o2 Ee)

[

~— 50— = 50

(32) (42]

o o

o o

(m] - (m] J
0 Adm 3h 24h 7d 0 Adm 3h 24h  7d
== PAPS (0,50 mmHg] == FAC (0,35 %]
== PAPS (50,70 mmHg] === FAC (35,40 %]

(a) (b)

Figure 3. Graphs illustrating the distribution of cDPP3 levels in (a) patients with PAPS lower and
higher than 50 mmHg and (b) patients with FAC lower and higher than 35% at time points at ICU
admission (adm) and 3 h, 24 h and 7 days (7 d) post ICU admission.

4. Discussion

During the early clinical course, it is challenging to predict which patients, who have
had an acute myocardial infarction, will eventually develop refractory CS. To address this
problem, researchers have been exploring the use of biomarkers for early identification of
those at risk of developing refractory CS in order to perform earlier interventions involving
MCS or early patient transfer to higher levels of care (shock centers) in the event that MCS
is not immediately available.

Early identification of patients at risk could lead to improved treatment strategies,
reduced length of stay in the ICU and consequently better outcomes. N-terminal pro-B-
type natriuretic peptide (NT-proBNP) is considered one of the most promising biomarkers
for the prediction of refractory CS. This biomarker has been found to be associated with
an increased risk of refractory CS in patients with acute myocardial infarction. Other
biomarkers that have been studied include troponin, C-reactive protein (CRP), and brain
natriuretic peptide (BNP).

In our small study population, we were able to demonstrate that cDPP3 levels in the
blood correlate with the severity of CS and follow the disease progression. According to
our findings, cDPP3 values are particularly high in more severe CS patients who require
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orotracheal intubation and mechanical ventilation. This data is consistent with previous
studies in septic shock patients, which demonstrated a detrimental association of cDPP3
values and organ function [28]. In septic shock patients, high admission cDPP3 values
were observed in patients with high demand for vasopressors and, most interestingly, were
significantly associated with need and duration of invasive mechanical ventilation. In
addition, high cDPP3 levels in CS are also correlated with an increase in mortality.

Hypoxemia, increased difficulty of breathing, and decreased level of consciousness
may require airway orotracheal intubation with mechanical ventilation, which is usually
linked to systemic hemodynamic instability and increased mortality. Acute respiratory
failure (ARF) is well studied in the setting of non-cardiogenic shock patients that present
with pneumonia or adult respiratory distress syndrome. However, data to support a
particular mode of ventilation or physiological targets for oxygenation or ventilation in
CS is scarce. In addition, this topic is not often studied in main clinical trials. In a recent
systematic review and meta-analysis [9] on the features of RV impairment and pulmonary
hypertension (PH) in COVID-19 patients under mechanical ventilation and its impact on
mortality, we found alterations in RV function or PH dimensions in patients with COVID-19
undergoing respiratory support. This effect seems to play a major role in determining
mortality rate in this patient population. These findings could be applicable to CS patients
and, therefore, clinicians must be mindful of the interactions between positive pressure
ventilation on left and right ventricular hemodynamics as well as the optimal agents for
analgesia and sedation. Considering the syndromic nature of CS, an improved definition of
CS severity and selection of proper inclusion criteria for RCTs including novel biomarkers,
hemodynamics and metabolic parameters could lead to a paradigm shift in the way we
approach medical care, providing new, more potent and cost-effective treatments than
current therapies. Furthermore, it could boost the development of new diagnostic tools,
allowing for earlier detection of hemodynamic derangement [36,37]. Finally, the knowledge
of the molecular mechanisms underlying CS could lead to targeted treatment strategies and
open doors to personalized medicine, allowing clinicians to tailor treatments to individual
patients based on their unique phenotype.

5. Conclusions

The use of cDPP3 could be beneficial in helping clinicians make decisions on how to
approach cardiogenic shock, such as recommendation of rapid transfer to a tertiary care
center or the use of an intra-aortic balloon pump for high cDPP3 patients. Additionally,
cDPP3 could be used to monitor a patient’s progress and help guide therapeutic decisions.
Decreasing ¢cDPP3 levels could lead to a recommendion for a less aggressive approach.
Furthermore, cDPP3 together with other clinical and biological parameters could be used
as a population-enrichment strategy in CS trials [38]. Finally, randomized clinical trials
should clarify whether pharmacological inhibition of cDPP3 could be a novel therapeutic
approach to improve hemodynamics and cardiovascular prognosis in CS patients.

Strengths and Limitations

The major limitations of this observational study are the small sample size of the
studied population and its etiologic heterogeneity. We mainly showed associations between
cDPP3 levels and the severity of cardiogenic shock; we did not provide molecular insights
into the underlying mechanisms downstream of cDPP3 release in the circulation and
dedicated experimental studies are necessary to further elucidate these pathophysiological
pathways. It is essential that the hypothesis-generating nature of this study be emphasized
despite the fact that the results are encouraging. The results shown in this study need to be
validated in a prospective study, including a more significant number of CS patients with
a special focus on the predictive value of cDPP3 levels in ventilated and non-ventilated
patients with cardiogenic shock.



Diagnostics 2023, 13, 1350 90of 10

Author Contributions: Conceptualization, PI. and G.P. (Gianluca Paternoster); software, P.B. and
A.M,; validation, G.L., G.P. (Giuseppe Pittella) and E.S.; formal analysis, N.B.; investigation, R.PR.;
writing—original draft preparation, G.P. (Giovanni Paterno); writing—review and editing, P.B.;
supervision, T.L. and G.P. (Gianluca Paternoster); and A.D.E.: ethical aspects; All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted following the Declaration of
Helsinki and approved by the Institutional Review Board of COMITATO ETICO UNICO REGIONE
BASILICATA (CEUR) num 20230008955 20 February 2023 for studies involving humans.

Informed Consent Statement: This study will be carried out according to the Declaration of Helsinki,
the NHMRC National Statement on Ethical Conduct in Research Involving Humans (CE4322). The
institutional review Board approved this observational study and waived informed consent.

Data Availability Statement: Data are not available due to privacy restrictions. However, the authors
are available to evaluate any requests.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Palacios Ordonez, C.; Garan, A.R. The landscape of cardiogenic shock: Epidemiology and current definitions. Curr. Opin. Cardiol.
2022, 37, 236-240. [CrossRef] [PubMed]

2. Hollenberg, S.M.; Singer, M. Pathophysiology of sepsis-induced cardiomyopathy. Nat. Rev. Cardiol. 2021, 18, 424-434. [CrossRef]
[PubMed]

3. Heidenreich, P.A.; Bozkurt, B.; Aguilar, D.; Allen, L.A.; Byun, J.J.; Colvin, M.M.; Deswal, A.; Drazner, M.H.; Dunlay, S.M.; Evers,
LR, et al. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure: Executive Summary: A Report of the
American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 2022,
145, E876-E894. [CrossRef] [PubMed]

4.  Thiele, H.; Ohman, E.M.; Desch, S.; Eitel, I.; De Waha, S. Management of cardiogenic shock. Eur. Heart J. 2015, 36, 1223-1230.
[CrossRef]

5. Brusselaers, N.; Monstrey, S.; Vogelaers, D.; Hoste, E.; Blot, S. Severe burn injury in europe: A systematic review of the incidence,
etiology, morbidity, and mortality. Crit. Care 2010, 14, 1-12. [CrossRef]

6. Krittanawong, C.; Rivera, M.R,; Shaikh, P; Kumar, A.; May, A.; Mahtta, D.; Jentzer, J.; Civitello, A.; Katz, J.; Naidu, S.S.; et al. Key
Concepts Surrounding Cardiogenic Shock. Curr. Probl. Cardiol. 2022, 47, 101303. [CrossRef]

7. Aissaoui, N,; Puymirat, E.; Delmas, C.; Ortuno, S.; Durand, E.; Bataille, V.; Drouet, E.; Bonello, L.; Bonnefoy-Cudraz, E.; Lesmeles,
G.; et al. Trends in cardiogenic shock complicating acute myocardial infarction. Eur. J. Heart Fail. 2020, 22, 664—672. [CrossRef]
[PubMed]

8.  Biswas, S.; Malik, A.H.; Bandyopadhyay, D.; Gupta, R.; Goel, A.; Briasoulis, A.; Fonarow, G.C.; Lanier, G.M.; Naidu, S.S.
Matanalysis comparing the efficacy of dobutamine versus Milrinone in acute decompensated heart failure. Curr. Probl. Cardiol.
2022, 8, 101245. [CrossRef]

9. Paternoster, G.; Bertini, P; Innelli, P.; Trambaiolo, P.; Landoni, G.; Franchi, E; Scolletta, S.; Guarracino, F. Right Ventricular
Dysfunction in Patients with COVID-19: A Systematic Review and Meta-analysis. ]. Cardiothorac. Vasc. Anesth. 2021, 35, 3319-3324.
[CrossRef]

10.  Ashish, A.H.; Puri, R.; Kalra, A. Management of cardiogenixc shock complicating acute myocardila infarction: A review. Clin.
Cardiol. 2019, 42, 484-493.

11. Prajapati, S.C.; Chauhan, S.S. Dipeptidyl peptidase III: A multifaceted oligopeptide N-end cutter. FEBS J. 2011, 278, 3256-3276.
[CrossRef]

12. Ohkubo, I; Li, YH.; Maeda, T.; Yamamoto, Y.; Yamane, T.; Du, P.G.; Nishi, K. Molecular cloning and immunohistochemical
localization of rat dipeptidyl peptidase III. Forensic Sci. Int. 2000, 113, 147-151. [CrossRef]

13.  Hashimoto, J.I.; Yamamoto, Y.; Kurosawa, H.; Nishimura, K.; Hazato, T. Identification of dipeptidyl peptidase III in human
neutrophils. Biochem. Biophys. Res. Commun. 2000, 273, 393-397. [CrossRef] [PubMed]

14. Wattiaux, R.; Wattiaux-de coninck, S.; Thirion, J.; Gasingirwa, M.-C.; Jadot, M. Lysosomes and Fas-mediated liver cell death.
Biochem. |. 2007, 403, 89-95. [CrossRef] [PubMed]

15. Rehfeld, L.; Funk, E.; Jha, S.; Macheroux, P.; Melander, O.; Bergmann, A. Novel Methods for the Quantification of Dipeptidyl
Peptidase 3 (DPP3) Concentration and Activity in Human Blood Samples. J. Appl. Lab. Med. 2019, 3, 943-953. [CrossRef] [PubMed]

16. Jha, S.; Taschler, U.; Domenig, O.; Poglitsch, M.; Bourgeois, B.; Pollheimer, M.; Pusch, L.M.; Malovan, G.; Frank, S.; Madl, T.; et al.
Dipeptidyl peptidase 3 modulates the renin—Angiotensin system in mice. J. Biol. Chem. 2020, 295, 13711-13723. [CrossRef]

17.  Lee, C.; Snyder, S.H. Dipeptidyl-aminopeptidase III of Rat Brain. J. Biol. Chem. 1982, 257, 12043-12050. [CrossRef]


http://doi.org/10.1097/HCO.0000000000000957
http://www.ncbi.nlm.nih.gov/pubmed/35275890
http://doi.org/10.1038/s41569-020-00492-2
http://www.ncbi.nlm.nih.gov/pubmed/33473203
http://doi.org/10.1161/CIR.0000000000001062
http://www.ncbi.nlm.nih.gov/pubmed/35363500
http://doi.org/10.1093/eurheartj/ehv051
http://doi.org/10.1186/cc9300
http://doi.org/10.1016/j.cpcardiol.2022.101303
http://doi.org/10.1002/ejhf.1750
http://www.ncbi.nlm.nih.gov/pubmed/32078218
http://doi.org/10.1016/j.cpcardiol.2022.101245
http://doi.org/10.1053/j.jvca.2021.04.008
http://doi.org/10.1111/j.1742-4658.2011.08275.x
http://doi.org/10.1016/S0379-0738(00)00200-0
http://doi.org/10.1006/bbrc.2000.2827
http://www.ncbi.nlm.nih.gov/pubmed/10873616
http://doi.org/10.1042/BJ20061738
http://www.ncbi.nlm.nih.gov/pubmed/17129211
http://doi.org/10.1373/jalm.2018.027995
http://www.ncbi.nlm.nih.gov/pubmed/31639686
http://doi.org/10.1074/jbc.RA120.014183
http://doi.org/10.1016/S0021-9258(18)33674-3

Diagnostics 2023, 13, 1350 10 of 10

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Bezerra, G.A.; Dobrovetsky, E.; Viertlmayr, R.; Dong, A.; Binter, A.; Abramié¢, M.; Macheroux, P.; Dhe-Paganon, S.; Gruber, K.
Entropy-driven binding of opioid peptides induces a large domain motion in human dipeptidyl peptidase IIL. Proc. Natl. Acad.
Sci. USA 2012, 109, 6525-6530. [CrossRef]

Bardun, M.; Jajéanin, N.; Vukeli¢, B.; Spoljari¢, J.; Abrami¢, M. Human dipeptidyl peptidase III acts as a post-proline-cleaving
enzyme on endomorphins. Biol. Chem. 2007, 388, 343-348. [CrossRef] [PubMed]

Pang, X.; Shimizu, A.; Kurita, S.; Zankov, D.P.; Takeuchi, K.; Yasuda-Yamahara, M.; Kume, S.; Ishida, T.; Ogita, H. Novel
therapeutic role for dipeptidyl peptidase III in the treatment of hypertension. Hypertension 2016, 68, 630-641. [CrossRef]
Malovan, G.; Hierzberger, B.; Suraci, S.; Schaefer, M.; Santos, K.; Jha, S.; Macheroux, P. The emerging role of dipeptidyl peptidase
3 in pathophysiology. FEBS J. 2022, 1-17. [CrossRef]

Takagi, K.; Blet, A.; Levy, B.; Deniau, B.; Azibani, E; Feliot, E.; Bergmann, A.; Santos, K.; Hartmann, O.; Gayat, E.; et al. Circulating
dipeptidyl peptidase 3 and alteration in haemodynamics in cardiogenic shock: Results from the OptimaCC trial. Eur. J. Heart Fail.
2020, 22, 279-286. [CrossRef]

Frigyesi, A.; Lengquist, M.; Spangfors, M.; Annborn, M.; Cronberg, T.; Nielsen, N.; Levin, H.; Friberg, H. Circulating dipeptidyl
peptidase 3 on intensive care unit admission is a predictor of organ dysfunction and mortality. J. Intensive Care 2021, 9, 52.
[CrossRef] [PubMed]

Deniau, B.; Rehfeld, L.; Santos, K.; Dienelt, A.; Azibani, F.; Sadoune, M.; Kounde, P.R.; Samuel, J.L.; Tolpannen, H.; Lassus, J.; et al.
Circulating dipeptidyl peptidase 3 is a myocardial depressant factor: Dipeptidyl peptidase 3 inhibition rapidly and sustainably
improves haemodynamics. Eur. |. Heart Fail. 2020, 22, 290-299. [CrossRef]

Chioncel, O,; Parissis, J.; Mebazaa, A.; Thiele, H.; Desch, S.; Bauersachs, J.; Harjola, V.P.; Antohi, E.L.; Arrigo, M.; Gal, T.B.; et al.
Epidemiology, pathophysiology and contemporary management of cardiogenic shock—A position statement from the Heart
Failure Association of the European Society of Cardiology. Eur. |. Heart Fail. 2020, 22, 1315-1341. [CrossRef]

McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bchm, M.; Burri, H.; Butler, J.; Celutkiene, J.; Chioncel,
O.; et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 2021, 42, 3599-3726.
[CrossRef] [PubMed]

Reynolds, H.R.; Hochman, J.S. Cardiogenic shock current concepts and improving outcomes. Circulation 2008, 117, 686—-697. [CrossRef]
Blet, A.; Deniau, B.; Santos, K.; Van Lier, D.P.T.; Azibani, F; Wittebole, X.; Chousterman, B.G.; Gayat, E.; Hartmann, O.; Struck,
J.; et al. Monitoring Circulating dipeptidyl peptidase 3 (DPP3) predicts improvement of organ failure and survival in sepsis: A
prospective observational multinational study. Crit. Care 2021, 3, 1-10. [CrossRef]

Deniau, B.; Picod, A.; Van Lier, D.; Vaittinada Ayar, P; Santos, K.; Hartmann, O.; Gayat, E.; Mebazaa, A.; Blet, A.; Azibani, F. High
plasma dipeptidyl peptidase 3 levels are associated with mortality and organ failure in shock: Results from the international,
prospective and observational FROG-ICU cohort. Br. J. Anaesth. 2022, 128, e54—e57. [CrossRef] [PubMed]

Deniau, B.; Blet, A.; Santos, K.; Ayar, P.V.; Genest, M.; Késtorf, M.; Sadoune, M.; de Sousa Jorge, A.; Samuel, ].L.; Vodovar, N.; et al.
Inhibition of circulating dipeptidyl-peptidase 3 restores cardiac function in a sepsis-induced model in rats: A proof of concept
study. PLoS ONE 2020, 15, e0238039. [CrossRef]

Van Diepen, S.; Katz, ].N.; Albert, N.M.; Henry, T.D.; Jacobs, A.K.; Kapur, N.K; Kilic, A.; Menon, V.; Ohman, E.M.; Sweitzer,
N.K; et al. Contemporary Management of Cardiogenic Shock: A Scientific Statement from the American Heart Association.
Circulation 2017, 136, €232—-e268. [CrossRef] [PubMed]

Kolte, D.; Khera, S.; Aronow, W.S.; Mujib, M.; Palaniswamy, C.; Sule, S.; Jain, D.; Gotsis, W.; Ahmed, A.; Frishman, W.H.; et al.
Trends in incidence, management, and outcomes of cardiogenic shock complicating ST-elevation myocardial infarction in the
United States. ]. Am. Heart Assoc. 2014, 3, e000590. [CrossRef]

Miller, PE.; Gimenez, M.R.; Thiele, H. Mechanical respiratory support in cardiogenic shock. Eur. J. Heart Fail. 2020, 22, 168.
[CrossRef] [PubMed]

Helgestad, O.K.L.; Josiassen, J.; Hassager, C.; Jensen, L.O.; Holmvang, L.; Serensen, A.; Frydland, M.; Lassen, A.T.; Udesen, N.L].;
Schmidt, H.; et al. Temporal trends in incidence and patient characteristics in cardiogenic shock following acute myocardial
infarction from 2010 to 2017: A Danish cohort study. Eur. J. Heart Fail. 2019, 21, 1370-1378. [CrossRef] [PubMed]

Lang, R.M.; Badano, L.P; Victor, M.A.; Afilalo, J.; Armstrong, A.; Ernande, L.; Flachskampf, F.A.; Foster, E.; Goldstein, S.A.;
Kuznetsova, T.; et al. Recommendations for cardiac chamber quantification by echocardiography in adults: An update from the
American Society of Echocardiography and the European Association of Cardiovascular Imaging. J. Am. Soc. Echocardiogr. 2015,
28, 1-39.e14. [CrossRef] [PubMed]

Hu, K.; Mathew, R. Inotrope and vasopressor use in cardiogenic shock: What, when and why? Curr. Opin. Crit. Care 2022, 28,
419-425. [CrossRef] [PubMed]

Mebazaa, A.; Combes, A.; van Diepen, S.; Hollinger, A.; Katz, ].N.; Landoni, G.; Hajjar, L.A.; Lassus, J.; Lebreton, G.; Montalescot,
G.; et al. Management of cardiogenic shock complicating myocardial infarction. Intensive Care Med. 2018, 44, 760-773. [CrossRef]
Magliocca, A.; Omland, T.; Latini, R. Dipeptidyl peptidase 3, a biomarker in cardiogenic shock and hopefully much more. Eur. J.
Heart Fail. 2020, 22, 300-302. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1073/pnas.1118005109
http://doi.org/10.1515/BC.2007.039
http://www.ncbi.nlm.nih.gov/pubmed/17338643
http://doi.org/10.1161/HYPERTENSIONAHA.116.07357
http://doi.org/10.1111/febs.16429
http://doi.org/10.1002/ejhf.1600
http://doi.org/10.1186/s40560-021-00561-9
http://www.ncbi.nlm.nih.gov/pubmed/34429159
http://doi.org/10.1002/ejhf.1601
http://doi.org/10.1002/ejhf.1922
http://doi.org/10.1093/eurheartj/ehab368
http://www.ncbi.nlm.nih.gov/pubmed/34447992
http://doi.org/10.1161/CIRCULATIONAHA.106.613596
http://doi.org/10.1186/s13054-021-03471-2
http://doi.org/10.1016/j.bja.2021.11.021
http://www.ncbi.nlm.nih.gov/pubmed/34895716
http://doi.org/10.1371/journal.pone.0238039
http://doi.org/10.1161/CIR.0000000000000525
http://www.ncbi.nlm.nih.gov/pubmed/28923988
http://doi.org/10.1161/JAHA.113.000590
http://doi.org/10.1002/ejhf.1599
http://www.ncbi.nlm.nih.gov/pubmed/31497904
http://doi.org/10.1002/ejhf.1566
http://www.ncbi.nlm.nih.gov/pubmed/31339222
http://doi.org/10.1016/j.echo.2014.10.003
http://www.ncbi.nlm.nih.gov/pubmed/25559473
http://doi.org/10.1097/MCC.0000000000000957
http://www.ncbi.nlm.nih.gov/pubmed/35792520
http://doi.org/10.1007/s00134-018-5214-9
http://doi.org/10.1002/ejhf.1649

	Introduction 
	Diseases of the Cardiovascular System 
	Cardiogenic Shock 
	Dipeptidyl Amino-Peptidase 3 in the Context of Cardiovascular Diseases 
	Study Purpose 

	Materials and Methods 
	Study Design and Population 
	Measurements 
	Echocardiographic Measurements 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

