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Soluble suppression of tumorigenesis-2 (sST2), a member of the interleukin-1 receptor family, is
a novel biomarker of mechanical stress that is measurable in serum. It has been shown in hu-
mans and animals to be physiologically related to cardiac hypertrophy, fibrosis, and ventricular
dysfunction. This study aimed to evaluate sST2 levels in cats with cardiomyopathy. In addition,
serum sST2 and other cardiac biomarker levels were compared. Twenty-four client-owned cats
with hypertrophic cardiomyopathy (HCM) and restrictive cardiomyopathy (RCM) were investi-
gated. The cats included in the study were divided into four groups (I, II, III, and IV) according
to the American College of Veterinary Internal Medicine (ACVIM) classification. Class B1 cats
were included in group I (n=7), class B2 cats were included in group II (n=6), class C cats were
included in group III (n=6), and healthy control-group cats in group IV (n=5). Measurement of
cardiac troponin I (¢Tnl), cardiac troponin T (¢TnT), N-terminal pro-brain natriuretic peptide
(NT-proBNP), creatine kinase-MB (CK-MB), aspartate aminotransferase (AST), lactate dehy-
drogenase (LDH), sST2 levels, and echocardiographic examinations were performed in all groups,
and correlations were investigated. We observed positive correlations among sST2 levels and CK-
MB and LA diameter (p=0.05). There was no correlation between sST2, NT-proBNP, Troponin
I, Troponin T, AST, and LDH levels. We confirmed positive correlations between NT-proBNP
levels and LA diameter (p<0.05), CK-MB, IVSd, LVFWd, and LA/Ao ratio (p<0.01). Cardiac
biomarkers have diagnostic significance for feline cardiomyopathies. There was no statistically
significant difference in sST2 levels between the groups. However, further research is needed to
investigate the relationship between the severity of cardiomyopathies and sST2 levels in cats.
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Introduction

Cardiomyopathies (CMs) are a heterogeneous group of
myocardial diseases that can primarily or secondarily
affect the heart and changeable phenotype and prog-
nosis (Ferasin, 2009; Spalla et al., 2016; Luis Fuentes
et al., 2020). CMs are common in cats, and cardiovas-
cular disease is among the ten most common causes of
death in cats (Fox et al., 2019; Luis Fuentes et al.,
2020). According to The American College of Vet-
erinary Internal Medicine (ACVIM) classification, the
CMs in cats are classified based on structural and func-
tional characteristics or phenotype.

Phenotypic classification of CMs is hypertrophic
cardiomyopathy (HCM), restrictive cardiomyopathy
(RCM), dilated cardiomyopathy (DCM), unclassified
cardiomyopathy (UCM), and arrhythmogenic right
ventricular cardiomyopathy (ARVC) (Elliott et al.,

2008; Luis Fuentes et al., 2020). Hypertrophic car-
diomyopathy is common in cats and is a significant
cause of congestive heart failure and cardiovascular
diseases (Maron and Fox, 2015). Echocardiography is
the gold standard in the diagnosis of cardiomyopathies
and Doppler echocardiography can add additional in-
formation (Schober et al., 2003; Wood and Picard,
2004). However, echocardiography is time-consuming
and technically demanding, and very few veterinari-
ans specialize in echocardiography. Therefore, cardiac
biomarkers are recommended when echocardiography
is not available (Singletary et al., 2012).

Cardiac biomarkers application includes screening
for preclinical cardiomyopathy, assessing the severity
of the disease, and differentiating between cardiogenic
and non-cardiogenic causes in cats with dyspnea. Cur-
rently, N-terminal pro-brain natriuretic peptide (NT-
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proBNP), cardiac Troponin I (¢Tnl), and cardiac Tro-
ponin T (c¢TnT) are used as cardiac biomarkers of CMs
in cats (Bakirel et al., 2021).

The search for a novel cardiac biomarker continues
due to the limitations of available biomarkers. Tro-
ponins and natriuretic peptides may increase in non-
cardiac diseases secondarily affecting the heart. Pre-
vious studies demonstrated that troponins and NT-
proBNP concentration increase in cats suffering from
hyperthyroidism, anemia, and renal disease (Menaut
et al., 2012; Lalor et al., 2014; Sangster et al., 2014).
Soluble suppression of tumorigenicity 2 (sST2) is a
novel biomarker and can be found on cardiac myocytes
and fibroblasts. ST2 is part of the interleukin (IL)-
1 receptor family and the interaction between IL-33
and ST2 is protective and reduces fibrosis, hypertro-
phy, and apoptosis (Sanada et al., 2007; Biaggi et al.,
2019).

Although sST2 appears to mediate myocardial fi-
brosis, an important pathogenetic process in cardiomy-
opathies, data about its usefulness in patients with
CMs are limited. To our knowledge, no study has cor-
related the severity of CMs with sST2 levels in cats.
Our primary goal was to determine the levels and diag-
nostic significance of sST2 levels in cats with cardiomy-
opathy. The secondary aim is to determine whether
sST2 levels were correlated with NT-proBNP, ¢TnT,
or ¢Tnl and if they correlated with echocardiographic
measures of left atrial (LA) and left ventricular (LV)
size; with Doppler echocardiographic estimates of left
ventricular filling pressure; and whether blood concen-
trations differed between various forms of cardiomy-
opathy.

Material and methods
Study population
Twenty-four cats that were admitted to the Is-
tanbul University-Cerrahpasa, Faculty of Veterinary
Medicine, Research and Teaching Hospital were used in
the study. Radiography and echocardiographic evalua-
tion were performed in cats with cardiomyopathy and
the healthy-control group. Echocardiography was per-
formed in all groups using a micro convex probe run-
ning at 7-9.3 mHz. The present study protocol was
approved by the Istanbul University-Cerrahpasa Fac-
ulty of Veterinary Ethical Committee. The cat owner‘s
consent to participate was obtained for all cats. Study
cases were selected from cats that presented with acute
dyspnea, presence of a cardiac murmur, arrhythmia,
gallop sound, tachycardia, and tachypnoea (respiratory
rate >40 breaths/min in cats), abnormal lung auscul-
tation findings, and arterial thromboembolism (ATE).
None of these cats were known to have medical con-
ditions that would affect cardiac biomarker (sST2, Nt-
proBNP, ¢cTnT, ¢Tnl AST, LDH, and CK-MB) concen-
trations. All cats were evaluated by echocardiography
from standard views according to accepted techniques
(Thomas et al., 1993; Fox et al., 2009).

The inclusion criteria were diagnosis of HCM,
HOCM, and RCM on 2-dimensional (2D) echocardio-
graphy. A blood sample was taken after the examina-

tion. Cats included in the study were grouped as Bl
(Group I), B2 (Group II), and C (Group III) according
to the ACVIM classification. In this study, we evalu-
ated separately Nt-proBNP, ¢TnT, ¢Tnl AST, LDH,
CK-MB, and sST2 levels in patients divided into four
groups. Cats with concurrent systemic diseases such as
renal failure, neoplasia, hyperthyroidism, or systemic
hypertension were excluded. Cats receiving any medi-
cations (cardiac or non-cardiac) other than routine pre-
ventatives were excluded.

Clinical data

All cases included in this study were selected from cats
with CMs. The age, sex, breed, and weight of all pa-
tients included in the study were recorded. The cats
were divided into four groups according to the ACVIM
classification. There are cats with the group I B1 (n=7)
low-risk subclinical cardiomyopathy, group II (n=6) B2
high-risk cats, and group III (n=6) class C cats at
risk of developing CHF or arterial thromboembolism
(ATE). Group IV (n=5) is a healthy control group.

M-mode measurements of interventricular septal
thickness at end-diastole (IVSd), left ventricular inter-
nal diameter in diastole and systole (LVIDd, LVIDs),
and left ventricular free wall in diastole (LWFWd),
left ventricular ejection fraction (LV %EF) and left
ventricular shortening fraction (LV %FS) were at the
level of the chordate tendineae in the short axis view.
Left ventricular hypertrophy was defined when IVSd,
LVPWd, or both equal or exceeded 6 mm (Ferasin,
2009; Luis Fuentes et al., 2020). Left atrial (LA)
and aortic (Ao) dimensions were measured on the
right parasternal short axial basilar view by M-mode
echocardiography, and the LA /Ao ratio was calculated
from these dimensions.

Left atrial dilatation was diagnosed when the left
atrium-to-aorta (LA/Ao) ratio was >1.5 (Zimmering
et al., 2010). Doppler echocardiography (color, pulse
wave, and continuous) was performed to characterize
flow disturbances and identify cases of HOCM also to
calculate the ratio of peak early (E) diastolic to peak
late (A) (Connolly et al., 2003; Schober et al., 2003; Fox
et al., 2011). The RCM diagnostic criteria; are defined
as cats with a restrictive mitral inflow Doppler pat-
tern, biatrial or LA enlargement, and normal or mildly
modified LV (Chetboul et al., 2019). Congestive heart
failure (CHF) was diagnosed based on radiographic ev-
idence of pulmonary edema or pleural effusion, present-
ing with dyspnea. We made the diagnosis of ATE with
the presence of paralysis in the legs with the loss of pe-
ripheral pulse, limb cyanosis, cool extremities, and the
presence of neuromuscular pain (Smith et al., 2003).

Samples collection and laboratory assays

All samples from cats were collected in serum tubes
and tubes containing K3-EDTA, and lithium heparin
by 21 g cannula. The serum obtained was separated
within 20 minutes after coagulation. A portion of the
serum was used to measure the sST2 level and stored
at -80°C. The remaining samples were refrigerated be-
fore transportation to an outside laboratory (Vetlab
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Figure 1: Age and gender distribution of the cats.

Veterinary Assay Laboratory, Istanbul, TURKEY) for
determination of NT-proBNP, Troponin I, Troponin T,
AST, LDH, and CK-MB levels. sST2 levels were mea-
sured by using a soluble interleukin 33 receptor ELISA
kit (Bioassay Technology Laboratory, China). We used
the quantitative sandwich ELISA method for the sST2
assessment of 4 standards and 21 serum samples with
duplicates. The optical density of each ELISA well
was determined by using an ELISA reader (Allsheng
AMR-100 Microplate Reader, China) set to 450 nm.

Statistical Analysis

All statistical analyses were performed using SPSS soft-
ware (Version 13, Statistical Package for the Social Sci-
ences, International Business Machines, Inc., Armonk,
New York, USA). One-way ANOVA was used to com-
pare the results of serum cardiac biomarkers, echocar-
diographic measurements of the left ventricle, and sST2
between the three groups. When ANOVA was signifi-
cant, post hoc comparisons between groups were done
using the Duncan test. Pearson’s correlation was used
to correlate serum levels of cardiac biomarkers and
echocardiographic measurements of the left ventricle.
Values of P<0.05 were considered to be statistically
significant.

Results

Our cases consisted of five cats with HCM, one cat
with HOCM, 11 cats with RCM, and five healthy con-
trol groups. The cats included in the study were 10
females and 14 males (Figure 1). Statistics for NT-
proBNP, ¢Tnl, ¢cTnT, LDH concentrations and IVSd,
LVFWd, LV EF%, LV FS%, Left atrial dimension
(LAD), and LA /Ao ratio for the control and cardiomy-
opathy groups are summarized in Table 1. Serum
sST2 levels were not significantly different between
the healthy-control, symptomatic, and asymptomatic
groups. The mean sST2 value of the healthy con-
trol group was 25.82 ng/mL (28.45-31.57 ng/mL), and
the mean sST2 value of group I (Stage B1) was 24.47
ng/mL (15.38-35.67 ng/mL), while the mean sST2

value of the group II (Stage B2) was 24.47 ng/mL
(13.25-30.55 ng/mL), and the mean sST2 value of the
group III (Stage C) was 30.60 ng/mL (23.16- 38.55
mg/mL). All sSST2 results in different groups are shown
in Figure 2.

We observed positive correlations among sST2 lev-
els and CK-MB and LAD (p<0.05). There was no cor-
relation between sST2 and NT-proBNP, Troponin I,
Troponin T, AST, and LDH levels. We confirmed pos-
itive correlations between NT-proBNP levels and LAD
(p<0.05), CK-MB, IVSd, LVFWd, and LA/Ao ratio
(p<0.01). A negative correlation between NT-proBNP
levels and LVIDd (p<0.05) was found. Levels of ¢Tnl
were also positively correlated with ¢TnT (p<0.05),
AST and LDH (p<0.001). cTnl levels were negatively
correlated with LV FS% and LV EF% (p<0.01). ¢TnT
levels were positively correlated with LAD (p<0.05).
Positive correlations were detected between AST lev-
els and LDH (p<0.001), and LVFWd (p<0.05). AST
levels and LV EF (p<0.05), and LVFS (p<0.05) were
also negatively correlated. LDH levels were positively
correlated with LVFWd (p<0.05) and negatively cor-
related with LV EF% (p<0.05) and LV FS% (p<0.05).
CK-MB showed a positive correlation with LA/Ao ra-
tio (p<0.05) and LAD (p<0.01).

Among echocardiographic variables, IVSd was
positively correlated with LAD (p<0.05), LVFWd
(p<0.001), and LA/Ao (p<0.001), while negatively
correlated with LVIDd (p<0.05). The LA/Ao ra-
tio was positively correlated with LAD (p<0.01) and
negatively correlated with LV EF% and LV FS%
(p<0.05). LVFWd was positively correlated with
LAD (p<0.01) and negatively correlated with LVIDd
(p<0.05). LVIDd was positively correlated with LVIDs
(p<0.001). In addition, LVIDs were negatively corre-
lated with LV EF% and LV FS% (p<0.01). LV EF%
and LV FS% (p<0.001) were positively correlated with
each other.



Table 1: Biomarkers, echocardiographic, and doppler findings in cats with cardiomyopathies that divided into

four classes according to ACVIM classification.

Variable® All cats Group I (ACVIM Group II (ACVIM Group IIT (ACVIM Group IV (Healthy value
(n=24) stage B1) (n=T7) stage B2) (n=6) stage C) (n=6) -control) (n=5)
sST2 26.3444+1.440 24.66443.297% 24.473+2.624 30.608+2.274* 25.82442.958% 0.407
NT-proBNP 216.79428.252 141.43+42.246* 348.00448.280" 288.17+30.196" 79.20+1.800* 0.000
Troponin I 5.20+1.862 0.06+0.006* 5.034+2.191* 15.68+5.141° 0.0440.003* 0.002
Troponin T 0.493+0.206 0.02740.002* 0.1514+0.069* 1.777+0.580° 0.016+£0.001% 0.001
LDH 853.254+170.359 639.71+137.910% 770.334176.632%P 1639.83+533.253° 307.80+98.618 0.033
IvVSd 7.54240.299 7.42940.347" 8.51740.654" 8.23340.416" 5.700+0.207* 0.002
LVFWd 7.92540.405 7.91440.301° 8.85040.831 9.13340.777° 5.380£0.318" 0.002
LV EF% 76.100+2.881 83.04343.734* 75.617+3.934% 60.68345.723" 85.460+4.167% 0.000
LV FS% 46.042+2.464 52.04344.543* 43.933+3.501* 34.967+3.597" 53.460+4.692% 0.004
LA diameter 14.542+0.670 14.286+0.872%P 14.383+1.708%P 17.483+0.875 11.560+0.647% 0.019
LA/Ao 1.9354+0.110 1.71540.023" 2.283+0.203¢ 2.390+0.157¢ 1.278+0.107° 0.017

«
Values are expressed as mean+ standard error

a,b Superscript letters identify groups which differed significantly
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Figure 2: Comparison of sST2 levels between four groups.

Discussion

Echocardiography is the gold standard for identify-
ing cats with cardiogenic respiratory distress, but it
is not always applicable. Cats with respiratory dis-
tress are generally unstable and intolerant of handling
or diagnostic interventions. Measurement of a cardiac
biomarker may be helpful if a blood sample can be ob-
tained with minimal stress, which might be safer than
thoracic radiography and echocardiography.

The NT-proBNP and troponins are the most effec-
tive biomarkers to distinguish whether cat’s respira-
tory distress is cardiogenic or non-cardiogenic (Sleeper
et al., 2001; Connolly et al., 2008). However, our search
for a new independent cardiac biomarker continues due
to increased concentrations in conditions such as hyper-
thyroidism and kidney diseases. Previous studies have
shown that using multiple biomarkers is more effective
than using a single marker (Oyama et al., 2013).

ST2 in-vivo binds to IL33, which has antihyper-

trophic and antifibrotic effects on cardiomyocytes. In
this way, sST2 may serve as an adverse “decoy recep-
tor” for circulating IL-33, minimizing the protective
effects of 133 on the cardiovascular system (Sanada
et al., 2007). Furthermore, in humans, the concen-
tration of sST2 increases with the severity of heart
disease, and increasing concentrations highly and inde-
pendently predict one-year mortality (Boswood, 2009).
This predictive value complemented Troponins and
NT-proBNP, suggesting that a multi-biomarker strat-
egy for risk stratification in human and veterinary
medicine might be the best way forward.

This study was designed to evaluate a novel cardiac
biomarker, sST2, as a potential predictor of the sever-
ity of cardiomyopathies in the feline. Recently, inter-
est in cardiac biomarkers has increased, but to date,
sST2 are scarce. The few available studies have fo-
cused on the evaluation of heart failure in dogs and
have reported no difference in sST2 levels between



groups (Boswood, 2009; Oyama et al., 2013; Kim et al.,
2018). In this study comparison of ST2 levels within
the healthy-control, asymptomatic, and symptomatic
cats with cardiomyopathies groups showed no signif-
icant difference among groups, and sST2 levels were
positively correlated with CK-MB and LAD.

NT-proBNP levels in patients with HCM corre-
lated positively with hypertrophy severity, left ven-
tricular (LV) diastolic dysfunction, LV outflow tract
gradient, death prediction, and heart failure-related
events (Gawor et al., 2018). In a study, an NT-proBNP
concentration of >95 pmol/L discriminated healthy
cats from asymptomatic cats with cardiac enlargement
(Wess et al., 2011). Another study found that an
NT-proBNP concentration <100 pmol/L distinguished
clinically normal cats from cats with HCM (Tominaga
et al., 2011). When the NT-proBNP level is over 270
pmol/L; the risk of heart failure is a concern (Bakirel
et al., 2021). In this study, the mean NT-proBNP level
of the healthy control group was 79.20 pmol/L, class B1
141.43 pmol/L, and class B2 cats were 288.17 pmol/L.
We confirm that in all cats and cats with HCM, the
NT-proBNP concentration increased with increasing
IVSd and LVFWd. In our study, the left ventricular
hypertrophy and LA enlargement were associated with
significantly increased NT-proBNP concentrations in
cats with cardiomyopathies.

It has been reported that circulating ¢Tnl concen-
trations are elevated in cats with HCM and higher ¢Tnl
concentrations have a poor prognosis (Langhorn et al.,
2014; Hori et al., 2018). Many studies have shown
that ¢Tnl and ¢TnT are associated with cardiac death,
and troponins provide useful prognostic information
(Borgeat et al., 2014; Langhorn et al., 2014). In our
study, significant differences in c¢Tnl and ¢TnT levels
were detected between the groups. The mean c¢Tnl
level of the healthy control group was 0.04 ng/mL,
class B1 0.06 ng/mL, class B2 5.03 ng/mL, and class C
cats were 15.68 ng/mL. In a previous study, ¢cTnl >0.7
ng/mL was associated with a shorter survival time to
cardiac death, but also it had a predictive value on the
CHF and LAD. In our study, a positive correlation was
found between LAD and ¢TnT.

The LA dilatation is one of the most important in-
dicators of severity and poor outcome in cats with car-
diomyopathies (Trehiou-Sechi et al., 2012). Another
important finding of this study is a positive correla-
tion between sST2 and LAD. In a recent study, sST2
levels correlated with the left atrial diameter and were
more elevated in patients with a more persistent form
of atrial fibrillation (Chen et al., 2018).

In conclusion, our data demonstrated that as the
severity of cardiomyopathy increases, the levels of Nt-
proBNP, ¢Tnl, ¢cTnT, and LDH increase, and the use
of these biomarkers in feline cardiomyopathy had been
reconfirmed. Another important finding in this study
is that the positive correlation between sST2 and LAD
may be important for cats with cardiomyopathy. How-
ever, these results could not confirm the single or multi-
ple uses of sST2 with other biomarkers. Therefore, new
studies with a larger patient population are needed.

Limitations

The main limitation of our study is the number of
cats involved. Serial measurement of sST2 in human
medicine is essential for risk classification and prognos-
tication. Another limitation is that sST2 levels were
not measured serially. A comparison of sST2 levels
assessed with pre and post-treatment periods between
similar groups may also be considered in future stud-
ies. In addition, our analysis includes different types
of cardiomyopathy, but sST2 levels may differ between
HCM, RCM, and HOCM.
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