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ABSTRACT

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to infection and it remains the
most frequent cause of death amongst critically ill patients worldwide, despite recent medical advancements. The cardiac
involvement in sepsis, better known as sepsis-induced cardiomyopathy, represents a form of cardiac dysfunction identified
in septic patients, characterized by ventricular dilation, myocardial involvement, decreased ejection fraction and
reversibility. Although the implications of cardiac involvement in sepsis can be extremely severe, this affliction has not
been intensely debated in literature. Therefore, in order to better understand this affliction, we need to identify new
markers. Two biomarkers, endothelin-1 (ET-1) and the soluble form of suppression of tumorigenicity 2 protein (sST2)
have previously been linked to both sepsis and acute/chronic heart failure.

Endothelin-1 is part of a family of amino acid peptides, that is mainly produced by endothelial cells and exerts a
vasoconstrive effect, but also causes fibrosis of the vascular cells, stimulates production of reactive oxygen species and
induces proinflammatory mechanisms. During sepsis, it induces coronary vasoconstriction, decreased cardiac output,
increased vascular resistance and permeability and increased fluid flux into the extravascular space on cardiac level, as
well as affecting the contractility of myocardial myocytes. High values of serum ET-1 have also been identified in septic
shock and in endotoxin-induced febrile responses in rats.

The Suppression of tumorigenicity 2 protein (ST2) is a member of the interleukin-1 receptor family and is involved in
T helper 2 cells-associated immune response. Recent studies identified a close link between ST2 and both inflammatory
and heart diseases. Furthermore, it was recently approved by the Food and Drug Administration as a prognostic
biomarker in heart failure and is recommended for the evaluation of additional cardiovascular risk.
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INTRODUCTION clinical trials, and epidemiology, convened by the
Society of Critical Care Medicine and the European

According to its present definition, established in 2016 ) ) o i
Society of Intensive Care Medicine, sepsis represents a

by a task force with expertise in sepsis pathobiology,
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life-threatening organ dysfunction caused by a
dysregulated host response to infection [1]. Therefore,
sepsis requires two criteria: a primary infection and an
organ dysfunction, away from the main infection site.

The organ dysfunction can be evaluated by the use of
The SOFA score (Sequential Organ Failure Assessment).
This score includes data related to clinical findings,
laboratory data or therapy, in regards to respiration
(Pa02/F102), coagulation (platelet count), liver function
(bilirubin levels), cardiovascular function (arterial
pressure values and/or the use of dopamine,
dobutamine, epinephrine or norepinephrine), renal
function (creatinine levels) and central nervous system
(Glasgow Coma Scale). A higher SOFA score is associated
with an increased probability of mortality, a score of 2
points or more being associated with an in-hospital
mortality greater than 10% [1,2].

Despite recent medical advancements in sepsis therapy,
this pathology remains the most frequent cause of
death amongst critically ill patients worldwide [3]. The
World Health Organization (WHO) identified the fact
that five of the top ten mortality causes meet the
criteria for sepsis. Furthermore, septic shock was found
to determine more deaths than acute myocardial
infarction [4].

The cardiac involvement in sepsis, better known as
sepsis-induced cardiomyopathy, represents a form of
transient cardiac dysfunction identified in septic
patients. Although, at the moment, this pathology has
not been clearly defined, multiple studies have
identified a few of its characteristics: ventricular
dilation, myocardial involvement, decreased ejection
fraction (with more than 10% of the initial value, up to
50%) and reversibility [3,5]. This pathological entity has
been identified primarily in younger male patients, in
patients with high severity scores, patients previously
diagnosed with heart failure, as well as in diabetic
patients. Among septic patients, its prevalence ranges
between 10 and 70% [3].

In order to diagnose and evaluate the severity of
sepsis-induced cardiomyopathy, echocardiography
represents the golden standard, by determining the
ejection fraction. Complementary to echocardiography,
there is a series of biomarkers that can be used to
determine the severity and prognosis. In practice, the
most commonly used biomarkers are troponin
(especially the T, | and C isoforms) and N-terminal pro
b-type natriuretic peptide (NT-proBNP) [4].

Although the implications of cardiac involvement in
sepsis can be extremely severe, this affliction has not
been intensely debated in literature [4]. Moreover,
despite modern diagnosis techniques and treatment
options, the mortality rate of patients with sepsis who
develop cardiac dysfunction is extremely high, some
studies suggesting that it can reach up to 90% [5].
Furthermore, although echocardiography is an
excellent, simple method to evaluate these patients and
determine the prognosis, recent studies have shown
that the mere identification of the ejection fraction is a
poor evaluation technique, because it does not
ascertain other traits of sepsis-induced cardiomyopathy,
like the myocardial involvement [3].

Therefore, we need to identify other markers that could
help us better understand this affliction. To that
purpose, two biomarkers that have previously been
identified in both sepsis and acute and chronic heart
failure have shown potential for further study:
endothelin-1 (ET-1) and the soluble form of suppression
of tumorigenecity 2 protein (sST2).

ENDOTHELIN-1

The endothelins are a family of 21 amino acid peptides,
that consist of three isoforms: endothelin-1 (ET-1),
endothelin-2 (ET-2) and endothelin-3 (ET-3) and are the
product of different genes, located on chromosomes 6,
1 and 20, respectively. Of these, endothelin-1 is the
isoform found in the human body in the highest
concentrations. It is also the one best described in
medical literature. ET-2 and ET-3 were identified later
and are not as well studied [6,7].

ET-1 is produced by many types of cells (mainly by
endothelial cells — hence its name, but by
cardiomyocytes, neurons, renal medulla,
macrophages, leukocytes and fibroblasts as well) and
there are many factors involved in its secretion. ET-1
mainly exerts a vasoconstrictive effect, however, it also
causes fibrosis of the vascular cells and stimulates
production of reactive oxygen species. It is claimed
that ET-1 induces proinflammatory mechanisms, by
activation of transcription factors such as NF-kB,
increasing superoxide anion production and cytokine
secretion (including including TNF-q, IL-1, and IL-6). In
turn, these transcription factors and proinflammatory
cytokines can stimulate ET-1 production. Also, the ET-1
gene expression in endothelial cells is activated by
physical and chemical stimulants, through the binding
of transcription factors such as activator protein-1,
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GATA-2, smad, hypoxia inducible factor-1 and NF-kB
(6,7]

Other studies have revealed that endothelin-1 might
also have an oedema-promoting effect, especially in
septic patients, being related to the augmented levels of
heparin-binding protein (HBP) accompanying sepsis.
HBP is a protein released from neutrophils, which
induces vascular hyperpermeability and contributes to
oedema formation during endotoxaemia [6].
Furthermore, endothelin-1 was found to increase Ca2+
transient and mitochondrial ROS production and to
enhance the consumption of ATP [8].

Endothelin-1 acts through two types of receptors that
have been identified in all mammals — ETA and ETB.
They are part of the G protein coupled receptors
(GPCRs) family. ETA receptors are located mainly in the
vascular smooth muscle tissue from blood vessels and
take part in vascular wall contraction, cellular
proliferation, while also manifesting a proinflammatory
effect. In addition, ETA receptors in the brain play a role
in reducing the mortality of animals with sepsis [6-8].
ETB receptors include two subtypes: ETB1, which is
expressed on endothelial cells and evokes nitric oxide-
mediated vasodilation, and ETB2, also present in
vascular smooth muscle cells, which causes contraction
[6,8]. ETB receptors in the central nervous system also
induce fever, when stimulated [7]. However, ETB1
stimulation also provides tissue protection in pro-
inflammatory and ischemia-reperfusion conditions in
the peripheral and central nervous system, and may
have significant peripheral microcirculatory effects
through its influence on the reuptake of ET-1 [8].
Furthermore, some studies suggest the fact that ETB
receptors are also involved in the clearance of
endothelin-1 and both ETA and ETB receptors are
involved in the generation of reactive oxygen species
[6]. Therefore, the hypoxia-sensitive endothelin system
plays an important role in circulatory regulation, sepsis
being associated with microcirculatory and
mitochondrial disturbances along with tissue hypoxia

[8].

The involvement of endothelin-1 in the pathophysiology
of sepsis has been observed in numerous reviews. High
values of serum ET-1 have been identified in septic
shock, leading to development of inflammation inside
vascular walls [increasing the expression of adhesion
molecules on vascular endothelial cells and stimulating
the aggregation of polymorphonuclear neutrophils) [6],
by increasing vascular permeability, cytokine release

and leukocyte migration [9]. Therefore, during sepsis,
the vascular tone is impaired in part due to the
disrupted production of cytokines such as nitric oxide
(NO), prostacyclin, and endothelin [10].

Experiments performed on lab rats proved the
involvement of this cytokine in febrile responses
induced by injecting toxins released by pathogens, such
as lipopolysaccharide . These experiments showed that
3 hours after LPS injection, there was an increase in the
concentration of ET-1 in the cerebrospinal fluid and a
decrease in its precursor big-endothelin [7]. Moreover,
some toxins released by Gram-negative
microorganisms, such as endotoxin, can stimulate the
production and secretion of endothelin in the
bloodstream. Likewise, the expression levels of ETA and
ETB receptors is also increased in some tissues [6].
Additionally, the experiments on rats proved that the
LPS-induced febrile response could be blocked by ETB
receptor antagonists, but not by ETA receptor
antagonists, which suggests that ET-1 would participate
in the endotoxin-induced febrile response only by
activating ETB receptors. On the other hand, the
administration of an ETA receptor antagonist 2 hours
after the administration of LPS, significantly and clearly
reduced the febrile response induced by this stimulus.
This result would suggest that ET-1 participates in the
febrile response induced by high doses of LPS through
the activation of ETA receptors as well, but at a later
stage of the response. Therefore, we can deduce the
implications of endothelin-1 in febrile response induced
by bacteria and fungi [7]. In addition, other studies have
shown that septic animals were hypotensive with
elevated plasma levels of ET-1 [8].

A number of human studies have found that the direct
administering of endothelin-1 in humans, can lead to
cardiovascular changes similar to those found in sepsis,
like decreased cardiac output, pulmonary artery
vasoconstriction or impairment of renal and splanchnic
circulation, as well as liver and lung dysfunction [6].

On cardiac level, during sepsis and septic shock, ET-1
induces vasoconstriction, decreased cardiac output,
increased vascular resistance and permeability and
increased fluid flux into the extravascular space, leading
to the hypodynamic state of septic shock. Moreover,
during this state, endothelin-1 may increase the activity
of the sinoatrial node and determine tachycardia [11].
With other cytokines, such as nitric oxide,
prostaglandins (PGI2, PGF2, PGE2) and angiotensin I,
ET-1 acts inside the endocardial endothelium and
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affects the contractility of myocardial myocytes [12],
including during sepsis. In the past, studies performed
on rats revealed that ET-1 upregulation appears within 6
hours of inducing sepsis and during the hyperdynamic
period of septic shock, ET-1 production increases for 12
hours and returns to baseline levels 24 hours post
shock. This phenomenon is followed by an increase in
ET receptors expression, as well as the enhanced
expression of endothelin converting enzyme in heart
tissue. In a very recent study, it was revealed that acute
heart failure induced by sepsis is attributed to the
downregulation of FKBP12.6 and SERCA2a, which is
related to an activated ET system. Therefore, we have
proof of the role played by endothelin-1 and ET
receptors in the pathogenesis of sepsis-induced
cardiomyopathy [13].

High serum levels of endothelin-1 have also been
correlated with increased severity and mortality in
septic patients [6,8,14]. A cohort study has revealed
that serum levels in patients with mild and severe sepsis
were significantly higher than those in the control
group, and the levels in the severe sepsis group were
significantly higher than those in the mild sepsis group.
Moreover, deceased patients had significantly higher
levels of ET-1 in their serum than surviving patients [14].

In the past, techniques to measure the levels of
endothelin-1 in patient’s plasma have not been reliable
due to its rapid clearance from the circulation, limiting
its use in practice. This lead to the development of new
sandwich assays that measure its more stable precursor
fragments, like CT-proET-1, given the fact that CT-
proET-1 levels exhibited an increase from patients with
SIRS to those with septic shock. Furthermore, studies
have revealed that baseline CT-proET-1 values of all
patients correlated with other markers of infection, like
procalcitonin and CRP, as well as with mean blood
pressure [15]. However, the tight correlations between
increased serum levels of ET-1 in septic patients and the
degree of cardiovascular impairment, disease severity,
as well as increased mortality rates [6, 8] impose further
study of this biomarker.

SUPPRESSION OF TUMORIGENECITY 2

The Suppression of tumorigenecity 2 protein (ST2), also
known as T1, Fit-1, and DER4 is a member of the
interleukin-1 receptor family (formally known as
interleukin-1 receptor like 1 IL1RL-1). The human ST2
gene is located on chromosome 2 and encodes at least
three isoforms: a transmembrane receptor (ST2L), a

secreted soluble form (sST2) and a variant form (ST2 V).
Recent reviews identified a close link between ST2 and
both inflammatory and heart diseases, being considered
as a prognostic marker for both [16,17,18].

Discovered in 1989 by two separate research groups
who studied fibroblasts stimulation, ST2 is involved in
activating t-helper 2 cells (Th2), in the production of
Th2-associated cytokines (IL-4, IL-5, and IL-13) and in
cell proliferation. ST2 is also expressed on membranes
of mast cells, therefore serum protein levels are
increased in patients with asthma and allergic airways
inflammation [17,18].

High concentrations of ST2 (especially sST2 isoform) in
blood can be identified in patients suffering from
diseases associated with an abnormal immune response
mediated by Th2 cells (for example, systemic lupus
erythematosus and asthma), as well as in inflammatory
conditions that are mainly independent of a Th2
response, such as septic shock or trauma [16].
Therefore, ST2 has emerged as a useful prognostic
biomarker in patients with cardiovascular disease and
dyspnea [17]. Furthermore, the interleukin-33/ST2L
signaling plays a major part in the cardioprotective
mechanism in case of mechanical overload [16] and by
releasing sST2 from cardiomyocytes, this process leads
to fibrosis and cardiac remodeling and therefore ST2
levels can reflect myocardial stress and degree of
fibrosis and left ventricular stiffness, more in HF with
preserved ejection fraction (HFpEF) than in HF with
reduced ejection fraction (HFrEF). sST2 can bind to IL-33
and limit the interaction between IL-33 and ST2L, thus
hindering its beneficial effects. This makes it a useful
biomarker in predicting future heart failure (HF) in
patients with myocardial ischemia (STEMI or NSTEMI),
as well as in those with coronary bypass and heart
surgery, stable coronary artery disease, valvular disease
and cardiomyopathy, acute HF, chronic HF, acute cardiac
allograft rejection or acute Kawasaki disease [17,19,20-
22]. Another study found an association between ST2
levels, right ventricular pressure overload and
dysfunction, as well as systemic congestion [22]. In
addition, studies have shown that high sST2 values
(above 35 ng/mL) are correlated with a less favorable
prognosis in patients suffering from heart failure or
myocardial infarction, even more than traditional
biomarkers [16,20,22].

In rat LPS-induced shock models, ST2 was found to
enhance survival rate and suppress IL-6, IL-12, and
TNF-a production by acting directly on macrophages via
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the ST2-TLR-4 route. Also, ST2 expression was shown to
be induced by IL-1b, IL-1a, and TNF-a in fibroblasts,
macrophages, muscle, and in spleen after LPS infusion,
thus macrophages produce Th2-associated cytokines,
that in turn increase the expression of sST2 [18].

Regarding the differences between genders, some
studies demonstrated the fact that there is a significant
difference between sST2 baseline values in men and
women, the mean concentration of sST2 plasma levels
being almost two times higher in men, in comparison to
women [16].

In pathological conditions, slightly higher levels of sST2
have been identified in patients with various degrees of
heart failure, moderate levels have been identified in
patients with pneumonia or chronic obstructive
pulmonary disease (COPD), moderately high levels in
patients with both pneumonia and heart failure, while
high levels have been identified in sepsis. In addition,
serum levels of sST2 were significantly increased in
sepsis compared with trauma. Recently, high levels of
serum sST2 have been identified in idiopathic
pulmonary fibrosis and various autoimmune diseases as
well [16,18]. In normal conditions, higher levels of sST2
have been reported in studies after exercise [20].

A recent review revealed that high levels of serum sST2
can also be identified in COVID-19 patients without
underlying cardiovascular pathology. Furthermore, sST2
levels were significantly correlated with the severity of
the inflammation and implicitly of the disease.
Therefore, these results further tie the connection
between this marker and inflammatory diseases (given
the proinflammatory status associated with COVID-19)
[23].

Furthermore, high serum levels of sST2 associated with
increased levels of other biomarkers involved in cardiac
dysfunction (such as NT-proBNP), have been correlated
with a worse severity poorer prognosis in patients with
acute myocardial infarction and/or acute or chronic
heart failure, as well as a lower survival rate post-open
heart surgery [19,22]. Also, a recent meta-analysis
proved that discharge ST2 levels are predictive of
adverse effects in acute heart failure [22]. In addition,

sST2 was identified as a useful biomarker for the
evaluation of prognosis in patients with acute dyspnea,
independent of its cause [17].

ST2 was recently approved by the Food and Drug
Administration as a prognostic biomarker in heart
failure [24] and was proposed as the new gold standard
biomarker for the evaluation of heart failure prognosis.
Based on current data, the 2013 American Heart
Association and American Association of Clinical
Chemistry guidelines recommend ST2 measurement in
order to evaluate additional cardiovascular risk in
patients with acute or chronic heart failure (some
studies revealed that serum ST2 levels over 54 ng/mL
correlate with adverse effects occurring within 6
months in patients with heart failure and diabetes
mellitus type 2 and a poor prognosis) [22,25]. However,
ST2 measurement has low specificity and therefore is
not a useful option for the differential diagnosis of
certain pathologies [25].

Although multiple reviews have shown the correlation
between sepsis and the increase of ST2 plasma levels,
as well as the link between heart failure and ST2
[16-25], there are not sufficient data in literature to
describe an association between this biomarker and the
cardiac involvement in sepsis.

CONCLUSIONS

Given the fact that despite recent medical
advancements in sepsis therapy, this pathology remains
the most frequent cause of death amongst critically ill
patients worldwide, we need to identify some markers
that could help us better understand this affliction.
Endothelin-1 and ST2 are two biomarkers that could
prove to have significant prognostic power in patients
with sepsis-induced cardiomyopathy, given the fact that
they are both correlated with sepsis severity and cardiac
dysfunction. However, we have not found any studies
that can correlate these markers and the cardiovascular
dysfunction determined by sepsis. Therefore, more
studies in this field are required in order to find out the
prognostic value of endothelin-1 and ST2 in patients
with sepsis-induced cardiomyopathy.
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