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Abstract: Objective: This research aimed to explore the clinical significance of inflammatory reactions mediated by
the IL-33/ST2 signaling pathway in heart failure (HF) patients. Methods: A total of 100 HF patients treated in the
Department of Cardiology in our hospital were prospectively regarded as the observation group, and 100 healthy
age and gender matched patients who were undergoing physical examination were considered as the control group.
The levels of interleukin-33 (IL-33), ST2, tumor necrosis factor-a (TNF-a) and pro B-type natriuretic peptide (pro-
BNP) in the peripheral blood of patients were detected. The potential correlation between IL-33 and ST2, TNF-a
and pro-BNP was analyzed by Pearson. Results: The levels of IL-33, IL-10, ST2 and pro-BNP in the peripheral blood
of patients in the observation group were higher than those in the control group; and they increased with the rise
of cardiac function grade (all P<0.05). In addition, IL.-33 was positively correlated with TNF-&, ST2 and pro-BNP
(r=0.863, 0.879, 0.945; all P<0.05). Multivariate Logistic analysis revealed that the increase of IL-33 and ST2 were
independent risk factors of HF. Conclusion: The I.-33 and ST2 levels in the peripheral serum of HF patients are cor-

related with TNF-a and BNP, the finding of which can assist in clinical diagnosis and treatment.
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Introduction

Epidemiological investigation shows that the
morbidity of cardiovascular disease is second
only to tumors; where the population morbidity
approaches 10%, and the fatality rate is also
close to 100/100,000. With the increase of
population aging and the rising morbidity of
chronic diseases, such as diabetes, hyperten-
sion and obesity, the incidence of cardiovascu-
lar diseases is increasing annually reaching
18.59% [1-3]. All kinds of cardiovascular dis-
eases can cause damage to heart function
(ventricular remodeling, myocardial dilatation),
and heart failure (HF) can appear when the
heart’s pumping function is seriously damaged
[4-6]. Clinically, according to the type of
impaired cardiac function, HF can be divided
into congestive and low ejection fraction HF.
Patients may have corresponding symptoms,
such as chest tightness, shortness of breath,
and congestion-related discomfort, which may

affect the quality of life of patients, and may
cause death due to malignant arrhythmia [7-9].

At the moment, HF is mainly treated by medical
drugs for the adjustment of cardiac function.
Active, effective and accurate markers of HF
are of great significance to clinical diagnosis
and treatment [10, 11]. Among the currently
used HF indicators, BNP and N-terminal pro-B-
type natriuretic peptide (NT-proBNP) are com-
mon; however, they are easily affected by kid-
ney function, gender, weight, etc. At the same
time, it has a wide range and lacks certain char-
acteristics and sensitivity [12, 13]. The latest
research has confirmed that the IL-33/ST2-
mediated inflammatory reaction plays a vital
role in HF occurrence. IL-33/ST2 exerts the bio-
logical efficacy of inhibiting myocardial dilata-
tion by suppressing cardiomyocyte hypertrophy
and myocardial fibrosis, and participates in car-
diovascular events such as hypertension and
acute coronary syndrome [14-16]. However,
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Table 1. Comparison of general data between both groups (n;

there are few studies on IL-33/

X +sd) ST2 and inflammatory factors in
o Observation Control group , HF [17, 18]. Based on this, this
roup group (n=100)  (n=100) VX P research explored the expres-
Gender (male/female) 52/48 49/51  0.080 0.777 sion of IL-33/ST2 and inflam-
Age (years) 54.8+43  54.3:40 0851 0396  matory factors in HF patients
High blood pressure (n) 45 32 3.041 0.081 and the potential relationship
Dyslipidemia (n) 18 14 0.335 0.563 ]E’etw?en I-33/ST2 and heart
Diabetes mellitus (n) 16 19 0.139 0.710 unction, in order.to prowde a
) new research direction and
BMI (kg/m?) 25.8+2.1 26.1+2.4 0.941 0.348 therapeutic intervention target
Cause of heart failure (n) 2.409 0.300 for diagnosis and treatment.
Cardiomyopathy 46 49
Coronary heart disease 32 31 General data and methods
Valvular disease 22 20
General data
* Altogether 100 HF patients treated in the
500+ . .
— Cardiology Department of our hospital from
400- January 2019 to January 2020 were regarded
- as the observation group, and 100 healthy per-
TE' 300- sons who were matched in age and gender,
é undergoing physical examination were consid-
& 200+ ered as the control group. Inclusion criteria are
:': as follows: 1. The diagnosis of all patients
— 1004 meets the relevant diagnostic criteria in the
American Heart Association’s Guidelines for
o Q' Diagnosis and Treatment of Chronic Heart
,‘o° Failure [19]. 2. Those whoes age was 20-70
‘L\OQQ years old. 3. The cardiac function was classified
00(‘ é-\"’ as Grades II-lll. 4. HF patients seek medical
ova" advice first. Exclusion criteria were as follows:

Figure 1. Comparison of IL-33 levels in the peripheral
blood between both groups. IL-:33: interleukin-33.
Compared with control group, "P<0.05.
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Figure 2. Comparison of ST2 levels in the peripheral
blood between both groups. Compared with control
group, "P<0.05.
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1. Those complicated with other valve diseases
or coronary atherosclerotic heart disease. 2.
There was a history of malignant arrhythmia
such as ventricular tachycardia and fibrillation.
3. The symptoms of HF, such as chest tight-
ness, shortness of breath and edema, were not
completely controlled. 4. Those with major
organ dysfunction such as liver and kidney
insufficiency. 5. Those who were complicated
with immune system diseases and use of
immunosuppressants. 6. No infected patients
within two weeks before hospitalization. 7.
Tumor patients. 8. Those who participated in
other research projects. Both groups of patients
knew this research and signed an informed
consent form. This research was approved by
the Ethics Committee of our hospital.

Methods

Treatment of HF patients: Patients were admit-
ted to the hospital. According to the related
treatment recommendations of the 2017
American Heart Association Heart Failure
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Table 2. Comparison of inflammatory cytokines TNF-o
and NT-proBNP in peripheral blood between both groups

exclusion criterion were 0.05 and 0.10,
respectively. The relative risk of social

Group Cases TNF-a (ug/mL) NT-proBNP (pg/mL)

avoidance was expressed by the cali-

Observation group 100 278.57+19.67 223.46+26.46
100 189.87+15.59  136.95+20.23

Control group

brated odds ratio (OR value), with
d=0.05 as the inspection standard.
P<0.05 was considered statistically

t/x2 16.460 27.110 remarkable.
P 0.000 0.000
Note: TNF-a: tumor necrosis factor-; NT-proBNP: N-terminal pro-B-type Results

natriuretic peptide.

Guidelines [18], they were given the following
measures: regular administration of ACEI drugs
to improve myocardial remodeling, catechol-
amines to enhance cardiac function, B-blockers
to reduce heart rhythm and control arrhythmia,
diuretics combined with human serum albumin
diuresis to decrease edema, and other mea-
sures that included routine oxygen inhalation,
ECG monitoring, etc.

Detection methods of various monitoring fac-
tors: The detection methods of various fac-
tors (IL-33, ST2, TNF-a, NT-proBNP) were as fol-
lows: About 3-5 mL fasting peripheral venous
blood of both groups of subjects was collect-
ed. Then, it was added into an anticoagulation
tube and put into a centrifuge (Guangzhou Jidi
Instrument Co., Ltd., model JIDI-20D) at 3000
r/min for 30 min. After that, the supernatant
was separated and stored at -80°C for later
use. The contents of IL-33, ST2 and IL-10 were
detected by enzyme-linked immunosorbent
assay kit (Merck, USA). The specific operation
method was in line with the instructions.
The NT-proBNP in the peripheral blood was
examined by the fluorescence immunoassay
analyzer (Getein Biotechnology Co., Ltd., model
Getein1100).

Data statistics

All the data were analyzed by SPSS 22.0 statis-
tical analysis software. The measurement data
were expressed by mean + standard deviation
(X#sd), and those between groups were com-
pared by variance analysis. The rates between
groups were assessed by Chi-square test, and
the correlation between IL-33 and IL-10, ST2
and NT-proBNP was evaluated by Pearson cor-
relation analysis. The serum IL-33 and ST2 lev-
els were seen as dependent variables. With the
occurrence of HF as an independent variable,
the variables were screened by a step-by-step
forward method. Thereinto, the inclusion and
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General information comparison

This research revealed that there was no obvi-
ous difference between both groups in general
data, such as sex composition, age, hyperten-
sion, dyslipidemia, diabetes, BMI, and causes
of HF (P>0.05). Therefore, both groups were
comparable (Table 1).

Comparison of IL.-33/ST2 levels in peripheral
blood between both groups of subjects

This research documented that the IL-33/ST2
levels in the peripheral blood of subjects in the
observation group were higher than those of
the healthy controls, which preliminarily indi-
cated that the levels in HF patients were higher
than those in healthy persons (P<0.05; Figures
1,2).

Comparison of TNF-a and NT-proBNP in pe-
ripheral blood of both groups of subjects

This research found that the TNF-a and
NT-proBNP levels in the peripheral blood of
patients in the observation group were higher
than those in the healthy control group
(P<0.001), which indicated that the inflamma-
tory levels and HF indexes of HF patients were
higher than those in the control group (Table 2).

It also revealed that in the observation group,
there were 52 cases of heart function NYII
grade and 48 of NYIIl. Further study showed
that the levels of serum IL-33, ventricular index-
es (LVEDD, LVEF) and NT-proBNP in patients
with NYIIl grade were higher than those with
NYIl (P<0.001), indicating that the above index-
es increased with the decrease of cardiac func-
tion (Table 3).

Correlation analysis between I-33 and ST2,
TNF-a, NT-proBNP and left ventricular indexes
in observation group

The results manifested that IL-33 was positive-
ly correlated with ST2, TNF-&, NT-proBNP and
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Table 3. IL-33 levels and changes in ventricular indexes in patients with different cardiac function
grades (X +sd)

Group IL-33 (pg/mL) LVEDD (mm) LVEF (%) NT-proBNP (pg/mL)
Level Il group 447.36+£22.68 51.48+5.39 52.65+3.28 189.48+35.37
Level lll group 478.56+£20.97 54.3914.85 48.49+4.37 242.74+40.29
t/x? 10.101 4.013 7.613 9.934

P 0.000 0.000 0.000 0.000

Note: LVEDD: Left ventricular end-diastolic volume; LVEF: Left ventricular ejection fraction; NT-proBNP: N-terminal pro-B-type

natriuretic peptide.

Table 4. Correlation analysis of IL-33 with
ST2, TNF-&, NT-proBNP and left ventricular
indexes

Classification r P

ST2 0.879 0.042
TNF-o 0.863 0.047
NT-proBNP 0.945 0.003
LVEDD 0.927 0.021
LVEF -0.939 0.017

Note: LVEDD: Left ventricular end-diastolic volume; LVEF:
Left ventricular ejection fraction; TNF-a: tumor necrosis
factor-a; NT-proBNP: N-terminal pro-B-type natriuretic
peptide.

left ventricular end-diastolic volume, but nega-
tively correlated with left ventricular ejection
fraction (Table 4).

Univariate Logistic regression analysis of HF
patients

In this research, the serum IL-33 and ST2 levels
(the average value of normal healthy controls
was 407.46 pg/mL and 673.55 pg/mL, res-
pectively, higher than that was abnormal and
lower than that was normal) were considered
as a dependent variable, and the occurrence
of HF was regarded as an independent vari-
able. Logistic regression analysis revealed that
increased serum IL-33 and ST2 levels were
independent risk factors for HF (Table 5).

Discussion

HF refers to irreversible damage to heart func-
tion, which ultimately affects the systolic and
diastolic functions of the heart, causing a
series of clinical symptoms in patients, thus
affecting their quality of life [20, 21]. Limited by
the number of donors for surgical heart trans-
plantation and the high cost of an artificial
heart, treatment mostly depends on internal
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medicine. Various internal medicines can also
better improve heart function, and effective
hematological indexes are one of the important
roles in clinical response to the efficacy [22,
23]. The diagnosis of HF mainly depends on
transthoracic ultrasound and pro-BNP. The for-
mer has a certain asymptomatic missed diag-
nosis rate and is affected by individual differ-
ences, while the latter cannot provide accurate
clinical guidance because of its large fluctua-
tion range [24]. Therefore, exploring the moni-
toring indicators of HF is important to improve
treatment efficacy.

Previous studies tend to accept the view that
HF is related to many factors, such as heredity,
inflammation, eating habits, etc., among which
inflammatory reactions are more common.
IL-33, as a new member of IL-1 family, can trig-
ger the inflammatory reaction by combining
with downstream ST2, thus causing myocar-
dial cell injury and even HF. This research also
found that the levels of IL-33 and ST2 in the
peripheral blood of HF patients were higher
than those of the healthy control group. It may
because this research regards the IL-33/ST2
signaling pathway as the activation system of
cardiac dynamics, and excessive myocardial
stretch causes excessive secretion of ST2,
which activates the IL-33/ST2 signaling path-
way, eventually accelerates ventricular remod-
eling and leads to HF. This supports previous
studies that confirm reports of abnormal
expression of IL-33/ST2 in the peripheral blood
of patients [25].

Numerous studies have discovered that there
is a negative correlation between TNF-a level
and muscle strength of the myocardium and
papillary muscles. A higher the content of TNF-
o, leads to weaker contractility of the myocar-
dium. This directly leads to ventricular remodel-
ing. Meanwhile, in vitro cell experiments have
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Table 5. Univariate Logistic regression analysis of heart

failure patients

Medical University, No. 28 Guiyi Street,
Guiyang 550004, Guizhou Province,

Indicators Standardizedf OR

95% CI

P

China. Tel: +86-0851-86772465; Fax:

I.-33 0.578
Elevated ST2 levels 0.524

1.782 1.019~2.954 <0.001
1.689 1.14~2.430 <0.001

+86-0851-86772465; E-mail: xiang-
ninggn@163.com

proved that TNF-at is intrinsically related to car-
diovascular events [26, 27]. In this research,
the TNF-a level in the peripheral blood of HF
patients were higher than those of healthy con-
trols, which preliminarily confirmed the relation-
ship between TNF-a and HF occurrence.
Previously, scholars also observed an exces-
sive expression of TNF-a in the peripheral blood
of HF patients [28].

The correlation between [L-33/ST2 and in-
flammatory factors and HF indicators was ana-
lyzed in depth. It showed that IL.-33 was posi-
tively correlated with ST2, TNF-a, NT-proBNP
and left ventricular related functional indica-
tors (LVEDD and LVEF). What's more, Logistic
regression analysis also revealed that the
increase of serum IL-33/ST2 levels was an
independent risk factor. To some extent, IL.-33/
ST2 can trigger the pathophysiological process
of HF by regulating the inflammatory reaction,
and it has a good correlation with NT-proBNP
index. Thus, it may become a potential target
for treatment.

This research is still somewhat insufficient: 1.
It's a single-center study with a small sample
size, which needs to be further verified by multi-
center large sample experiments. 2. The IL-33/
ST2 content, as a threshold for HF diagnosis
and efficacy, also needs to be described in the
next step. 3. The perfection of an animal model
is a crucial supplement to the pathway of IL-33/
ST2.

Above all, 1L-33/ST2, as a key inflammatory
regulation pathway, it participates in ventricular
reconstruction and HF by adjusting inflamma-
tory TNF-a. Hence, its dynamic monitoring has
certain guiding significance for clinical diagno-
sis and treatment.
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