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Abstract

Objective: We investigated the correlation between levels of IL-33 multifunctional inflammatory
cytokine and its soluble receptor (sST2) in the sera of patients with myocardial infarction.
Methods: Blood samples were collected from 39 patients with ST Elevated Myocardial Infarction
(STEMI) and 42 healthy blood donors. IL-33 and sST2 were measured in the sera by Enzyme Linked
Immunosorbent Assay (ELISA) and their concentrations were compared between groups and according
to clinical criteria.
Results: While there was a significant difference between healthy individuals and patients based on sST2
(p=0.002, the level of IL-33 was not significantly different between groups (p=0.17). A significant
correlation between the serum levels of sST2 and IL-33 in patient group was observed (p=0.022). There
were significant negative correlations between serum levels of sST2 (p=0.028) and IL-33 (p=0.091) with
Ejection Fraction. While there was no difference between diabetic and non-diabetic patients regarding
sST2 levels (p=0.695), a trend of lower IL-33 level was observed in diabetic patients in comparison to
non-diabetes ones (p=0.057). Similarly, IL-33 was lower in smokers compared to non-smokers, although
the difference did not reach the significant level (p=0.057).
Conclusion: sST2 but not IL-33 levels increase in sera of patients with STEMI. However, the correlation
between the two factors in patients group implies a complex interaction between IL-33 and its receptor
(s) in STEMI. The higher levels of IL-33 in non-diabetic and non-smokers highlight a difference in the
Th2 responses in patients and demands further investigation.
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Introduction
Interleukin-33 (IL-33) is a member of IL-1 family of cytokines,
which is broadly expressed in different tissues [1]. Despite
being in the same family with IL-1α, IL-1β, and IL-18, it
demonstrates a different cellular pattern of expression.
Accordingly, hematopoietic cells show only limited IL-33
mRNA expression [2]. Endothelial cells are the main producers
of IL-33 in different tissue and organs including lung, colon,
kidney, liver, skin, brain, and adipose tissues [3,4]. In addition
to endothelial cells, epithelial cells, keratinocytes, Smooth
Muscle Cells (SMC), and fibroblasts may express IL-33 [1].

IL-33 is a multi-functional immunodulatory cytokine that can
act both as a pro or anti-inflammatory factor in different
conditions depending on disease state or experimental
conditions [5]. IL-33 binds to a receptor complex composed of
toll like/IL-1 receptor family member (ST2) and IL-R
Accessory Protein (IL-IRACP), which is expressed on T helper

cell type 2 (Th2) lymphocytes [1,6]. ST2 exists is both soluble
and membranous forms which are produced by alternative
splicing and differential usage of proximal and distal promoters
rather than protease-dependent cleavage [7,8]. The soluble
form of the molecule can play the role of a decoy receptor by
binding free IL-33 and preventing its signaling [9]. Soluble
ST2 (sST2) is shown to decrease TNF-α, IL-33, and Toll like
receptor-4 thereby modulating inflammation in acute lung
injury. IL-33 as the natural ST2 ligand plays a role in the Th2
dependent immunopathology associated with IL-4, and IL-5
cytokines such as asthma, rheumatoid arthritis, collagen
vascular disease, and lung cancer [10]. Chronic IL-33 exposure
can cause epithelium hypertrophy and accumulation of mucus
in bronchi as seen in Chronic Pulmonary Obstructive Disease
(COPD) [11]. On the other hand, soluble ST2 is shown to
increase in the sera of patients with systemic lupus
erythematosus, advanced systemic sclerosis, Wegener
granulomatosis and behcet’s disease [12]. In this regard,
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administration of Fc-sST2 is shown to reduce the symptoms in
rheumatoid arthritis as well as reducing IFN-γ and TNF-α
levels [13]. Thus much interest exists in sST2 as a new
therapeutic molecule in the treatment of asthma and
rheumatoid arthritis [14]. Increased sST2 levels in the sera of
patients diagnosed with sepsis as well as in patients who were
hospitalized in Emergency ward due to non-cardiac dyspnea
are reported [15]. Similarly, administration of exogenous sST2
can reduce serum levels of IL-6, IL-12, and TNF-α associated
with increased survival in mice with sepsis [15].

Of note, sST2 is significantly associated with stroke/transient
ischemic attack even after adjustment for cardiovascular risk
factors and increases the rate of re-hospitalization and
mortality in patients with non-cardiac dyspnea [16,17]. With
regard to stable coronary artery disease, elevated sST2 plasma
concentrations at baseline correlate with poor survival of the
patients [18]. Moreover, sST2 levels one day after MI,
correlate with unfavourable outcome [19]. Pathological
examinations of myocardial tissues after MI are indicator of
advanced inflammatory reaction where fibrosis and scar
formation mediated by cellular infiltrates are unfavourable
responses to injury [20]. In animal models, manipulation of
this cellular inflammatory process causes decrement in the
intensity of MI [21]. Interestingly, IL-33/ST2 system can
modulate the fibrosis associated with arrhythmia as well [14].

Although the prognostic values of circulating IL-33 in
cardiovascular disease is not yet clear, increase in the levels of
its soluble receptor is recognized as a marker of poor prognosis
in patients with myocardial infarction and heart failure [19,22].
IL-33 and sST2 are shown to be induced upon biomechanical
strain in cardiac fibroblasts where IL-33 exerts anti-
hypertrophic effects on cardiomyocytes in a dose-dependent
manner in rats [14].

It is therefore not surprising that new therapeutic approaches
based on the IL-33/ST2 pathway are emerging [22-24]. IL-33
administration has been shown to decrease the size of
atheromas in ApoE-/-mice, which were fed a high-fat diet and
had high serum cholesterol [22]. The idea of using IL-33/ST2
pathway in therapeutic regimens is in its infancy but ST2 has
already been recommended in the treatment of arthritis [13].
Administration of beta-blockers is recently shown to enhance
IL-33/ST2 signaling by increasing IL-33 and decreasing sST2
[25].

Since sST2 can play as a decoy receptor for IL-33, we asked if
the levels of IL-33 and its soluble receptor correlate with each
other and the clinicopathological parameters after myocardial
infarction.

Materials and Methods
The study population included 39 patients and 42 healthy
individuals. The patients entered to this study by the
convenient method of sampling from hospitals affiliated to the
Shiraz University of Medical Science and controls selected
from volunteers of Blood Transfusion Center of Shiraz.

Serum samples from patients gathered after consideration of
inclusion and exclusion criteria. Inclusion criteria of the
patients were: Increase in TnT levels and ST elevation in
anterolateral and anteroseptal leads. Diagnosis of myocardial
infarction was made by the treating physician based on the
presenting Electrocardiogram (ECG) in combination with
serial TnT measurement. The diagnosis was later confirmed
with selective coronary angiography in the hospital course.
Patients with Chronic Renal Failure (CRF), autoimmune
diseases, and cardiogenic shock were excluded from the study.
Clinical data for each patient extracted from patient’s files and
at the time of serum sampling using a questionnaire. The
demographic and clinical information gathered included:
Name, age, gender, history of ischemic diseases, family history
of myocardial disease, smoking, medications, and history of
coronary angiography, diabetes history, hypertension, valvular
heart disease, fat blood, ECG findings, and echocardiography.
The inclusion of control individuals was based on the lack of
history of cancer and autoimmune diseases as well as their age
and gender. The demographical and clinical characteristics of
patients are shown in Table 1.

Table 1. IL-33 and sST2 levels in patients based on their
demographical criteria and risk factors.

Characteristics No. (%) sST2 (pg/ml) IL-33 (pg/ml)

Gender  

Male 16 (41.1) 493.91 ± 277.11 74.11 ± 25.62

Female 23 (58.9) 386.30 ± 285.28 197.77 ± 307.24

Smoking status  

Smoker 18 (46.1) 456.43 ± 275.40 66.86 ± 19.37

Non-smoker 21 (53.9) 366.63 ± 295.03 174.55 ± 269.81

Diabetes  

Positive 8 (20.5) 401.63 ± 165.94 69.41 ± 28.75

Negative 31 (79.5) 424.53 ± 310.60 139.15 ± 226.42

Hypertension  

Positive 18 (46.1) 446.71 ± 269.27 92.72 ± 106.55

Negative 21 (53.9) 396.80 ± 302.86 152.38 ± 259.54

Hyperlipidemia  

Positive 12 (30.7) 475.93 ± 296.33 107.83 ± 130.81

Negative 27 (69.3) 394.90 ± 282.21 132.41 ± 230.5

Family history  

Positive 4 (10.2) 386.77 ± 153.22 77.13 ± 21.08

Negative 35 (89.8) 423.61 ± 297.83 130.3 ± 214.42

After informed consent, 5 ml blood was collected by
venipuncture method. After 30 min coagulation, the serum was
separated, aliquoted in 50 µl volumes and kept in the -20°C
until used. The IL-33 (BioLegend, San Diego, USA) and sST2
(Abcam, UK) were measured by Enzyme Linked
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Immunosorbent Assay (ELISA) according to the
manufacturer’s instructions. The Optical Density (OD) values
transformed to concentration levels by the standard curve. The
results were then analyzed using the SPSS 11.5 software and
discussed accordingly. For this purpose, student t-test was used
to compare the serum levels of IL-33 and sST2 between
patients and control group. Due to the lack of normality of data
(Kolmogrov-Smirnov test) the results were confirmed by
Mann-Whitney test. Correlation between IL-33 and sST2
levels in the sera of patients as well as each factor with
Ejection Fraction was evaluated by Spearman rank test.
Comparison between serum levels of IL-33 and sST2 in
patients group based on clinical or demographical criteria such
as Diabetes, smoking, etc. was performed by Mann-Whitney
test. Chi-square and Kruskal-Wallis tests were used to evaluate
the correlation between IL-33 and sST2 levels and clinical
presentations of MI where applicable. P values of ≤ 0.05 were
considered statistically significant.

Results
We observed a significant increase (p=0.002) in the serum
levels of sST2 in patients with acute MI 419.83 ± 285.22 pg/ml
compared to control individuals 248.01 ± 181.27 pg/ml (Figure
1). A trend of higher concentration of IL-33 in the patients sera
124.85 ± 203.5 pg/ml compared to controls 78.00 ± 41.39
pg/ml was also observed (p=0.17) (Figure 1). The patients
were divided to two age groups under and over age 50 y and no
significant differences in IL-33 (85.63 ± 33.73 vs. 134.97 ±
227.9 pg/ml, p=0.816) and sST2 (409.47 ± 149.23 vs. 422.51 ±
312.74 pg/ml, p=0.81) between groups were observed. Using
Spearman rank test, we also observed a significant correlation
between the serum levels of sST2 and IL-33 in patient group
(p=0.022, Figure 2). Interestingly, there were negative
correlations between serum levels of sST2 (p=0.028, Figure
3A) and IL-33 (p=0.091, Figure 3B) with Ejection Fraction.
While there was no difference between diabetic and non-
diabetic patients regarding sST2 levels (p=0.695), a trend of
lower IL-33 level was observed in diabetic patients in
comparison to non-diabetes ones (p=0.057, Figure 4).
Similarly, IL-33 was lower in smokers 66.86 ± 19.37 pg/ml
compared to non-smokers 174.55 ± 269.81 pg/ml, although the
difference was only marginally significant (p=0.057, Figure 5).

There was no significant difference in the IL-33 or sST2
between patients regarding diastolic function (p>0.5 for both).
No significant correlation between the type (location) of
myocardial lesion and sST2 was observed. The level of IL-33
was higher in extensive anterior MI than other groups,
however, the difference did not reach the significant level
(p=0.28). No significant correlation between Hypertension,
Hyperlipidaemia, family history of MI, family history of
angiography, mechanical complications, rate, axis, MR, TR,
and other clinical parameters (Table 2) with IL-33 or sST2
levels was found. Moreover, due to the small group sizes, no
statistical analysis was performed on the IL-33 or sST2 levels
between patients based on consumption of ACE Inhibitors,
beta blockers, Statins, Streptokinase and LCX. However, the

average levels in the groups are shown in Table 3. There was
no significant difference in the level of IL-33 or sST2 based on
ASA prescription.

Figure 1. Comparison of IL-33 and soluble ST2 levels between the
sera of patients with STEMI and control individuals.

Figure 2. Correlation between IL-33 and soluble ST2 levels in the
sera of patients and controls.

Figure 3. (A) Correlations of soluble ST2 with percent of Ejection
Fraction; (B) Correlations of soluble IL-33 with percent of Ejection
Fraction.
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Figure 4. Comparison of IL-33 and soluble ST2 levels in the sera of
diabetic and non-diabetic patients.

Figure 5. Comparison of IL-33 and soluble ST2 levels in the sera of
smoker and non-smoker patients.

Table 2. IL-33 and sST2 levels in patients based on the clinical presentations of MI.

Characteristics No. (%) sST2 (pg/ml) IL-33 (pg/ml)

MI type  

Anterior 4 (10.3) 491.12 ± 182.16 64.78 ± 6.58

Anterolateral 2 (5.1) 575.20 ± 35.07 104.94 ± 48.94

Anteroseptal 6 (15.4) 281.43 ± 181.88 67.31 ± 11.83

Antreoseptal/

Anterolateral

27 (69.2) 428.52 ± 318.62 148.01 ± 241.94

   

History of angiography  

Positive 5 (12.8) 407.36 ± 244.48 133.4 ± 216.99

Negative 34 (87.2) 504.65 ± 519.01 66.71 ± 19.85

ECG rate  

<60 2 (5.1) 197.40 ± 69.69 58.59 ± 1.45

60-90 11 (28.2) 457.70 ± 310.63 117.12 ± 134.77

>90 26 (66.6) 420.92 ± 283.32 133.21 ± 235.10

ECG axis  

Natural 25 (64.1) 429.08 ± 299.93 133.02 ± 240.19

Left axis 14 (35.8) 414.66 ± 282.84 110.24 ± 119.45

Left ventricular hypertrophy  

Positive 9 (23) 489.26 ± 333.06 123.9 ± 148.46

Negative 30 (77) 399.00 ± 272.12 125.13 ± 219.59

Bundle branch block  

Negative 31 (79.4) 398.49 ± 260.36 124.47 ± 215.95

Right BBB 2 (5.1) 345.29 ± 360.21 80.02 ± 26.51

Left BBB 6 (15.3) 554.99 ± 398.29 141.75 ± 183.94
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Ejection fraction  

<35% 12 (30.7) 531.41 ± 358.10 169.32 ± 316.21

>35% 27 (69.3) 370.25 ± 237.37 105.08 ± 130.17

Diastolic dysfunction  

positive 12 (30.7) 404.97 ± 336.97 136.90 ± 229.62

negative 27 (69.3) 379.25 ± 212.37 97.73 ± 11.79

Mitral regurgitation  

Negative 24 (61.5) 444.44 ± 281.61 93.01 ± 106.86

Mild MR 15 (38.4) 380.47 ± 296 175.78 ± 298.67

Tricuspid regurgitation  

Negative 29 (74.3) 456.30 ± 304.74 128.04 ± 217.69

Mild TR 10 (25.6) 314.08 ± 194.51 115.57 ± 165.55

Left anterior descending artery  

Normal 2 (5.1) 278.28 ± 20.67 60.086 ± 2.33

Significant lesion 37 (94.8) 428.82 ± 231.71 128.30 ± 208.57

Posterior descending artery  

Normal 34 (87.2) 368.31 ± 297.40 132.22 ± 217.33

Significant lesion 5 (12.8) 450.32 ± 266.9 74.70 ± 20.32

Left circumflex artery  

Normal 22 (56.4) 407.74 ± 273.66 93.84 ± 111.09

Significant lesion 17 (43.5) 412.5 ± 274.89 164.97 ± 281.40

Right coronary artery  

Normal 29 (74.3) 156.37 ± 51.68 105.70 ± 125.72

Significant lesion 10 (25.6) 439.98 ± 273.43 180.38 ± 348.11

LAD thrombosis  

Positive 6 (15.3) 493.88 ± 480.99 146.90 ± 214.80

Negative 33 (84.6) 406.37 ± 243.39 120.84 ± 204.67

Table 3. IL-33 and sST2 levels in patients based on their medication.

Medication No. (%) sST2 (pg/ml) IL-33 (pg/ml)

ACE inhibitors Positive 7 (17.9) 374.64 ± 186.13 65.51 ± 17.99

Negative 32 (82.1) 429.72 ± 304.06 173.83 ± 223.08

STATIN  

Positive 3 (7.6) 311.76 ± 226.90 64.84 ± 14.79

Negative 36 (92.4) 428.84 ± 290.34 129.85 ± 21.29

ASA  

Positive 12 (30.7) 386.40 ± 322.24 99.31 ± 131.45

Negative 27 (69.3) 434.69 ± 272.43 136.19 ± 229.83

B-blocker  

Positive 6 (15.3) 485.31 ± 421.55 99.31 ± 131.45

Negative 33 (84.6) 407.93 ± 260.55 136.19 ± 229.83

Streptokinase  

Positive 36 (92.3) 394.15 ± 254.08 117.47 ± 200.83

Negative 3 (7.6) 728.06 ± 511.36 213.30 ± 262.25

Discussion
Our first finding in this study is that sST2 levels increase in
sera of patients with ST Segment Elevated MI (STEMI) and
negatively correlate with ejection fraction on admission.
Previous studies have shown that sST2 is a valuable marker in
prognosis of heart failure and Acute Coronary Syndrome
(ACS) in patients [26-29].
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A previous study has beautifully shown that elevated levels of
either of IL-33 or sST2 in STEMI patients between 3-5 d is
associated with increased risk of mortality in short and long-
term follow up [30]. sST2 is an independent factor which
participates in the regulation of extra cellular matrix
remodelling and inflammation and it can lead to arrhythmia
and other coronary cardiac diseases [7,9,14,28-32]. Moreover,
sST2 elevation and its prognostic value in patients with ST
segment elevated AMI is shown in another study [19].
However, its value to predict fatal and non-fatal heart failure,
coronary heart disease and stroke in a large population of
healthy adults in Finland was not significant [33].

A recent study has shown a higher but not significant increase
in the baseline sST2 of patients admitted with primary
Percutaneous Coronary Intervention (PCI) for acute MI [30].
In our hands too, there was no significant difference between
the levels of sST2 in patients who were referred for PCI and
those who were not.

Interestingly, IL-33 showed only a marginal increase in the
patient’s sera which was negatively but non-significantly
correlated with ejection fraction. Due to the harmful effects of
low ejection fraction, our finding is in accordance with
previous studies that showed elevated IL-33 was correlated
with increased mortality in patients with STEMI, but not
NSTEMI cardiac condition.

The finding that the IL-33 and sST2 levels are in direct
correlation implies that the crosstalk between IL-33 and its
receptor both on the cell membrane and as a soluble factor is a
complex interaction. On one hand we expect that IL-33 binding
to surface ST2 results in down-regulation of the receptor and
therefore, one may expect that increased IL-33 would decrease
the surface and soluble ST2 molecules [31]. On the other hand,
it is suggested that IL-33 can induce the synthesis and release
of sST2 in allergic inflammation and sST2 plays a role as a
decoy receptor for IL-33 and can modulate the functions of this
cytokine while in other conditions, nuclear IL-33 but not free
IL-33 regulates the expression of sST2 [32,34]. In fact it is
possible that the differential usage of promoters for expression
of sST2 in different cells create diverse cellular sources of
sST2, which do not correspond to membranous ST2 expression
levels [8].

In general, IL-33 can induce Th2 cell to produce cytokines and
inhibits inflammation and myocardial hypertrophy. Moreover,
the possible variation in the receptor signaling and function
based on genetic differences in related genes such as Glycogen
Synthase Kinase-3 (GSK-3) may contribute to differences in
the correlation coefficient we observed between patients and
controls [35]. This point would make sense in the context of
the role Akt/GSK-3β pathway plays in cardiomyopathies
[36,37]. However, there is no direct evidence on the
significance of functional differences of the molecules
downstream of IL-33/ST2 signaling pathway in myocardial
infarction.

Another interesting finding that calls for further investigation is
the lower levels of IL-33 but not sST2 in diabetic patients with

MI as compared with non-diabetic patients. While both
diabetic and non-diabetic patients had 2-folds higher sST2 in
their sera compared to healthy individuals, the IL-33 levels
were only increased in non-diabetic patients (Table 1). Our
data are in line with the study by Rui et al. who showed that
the levels of IL-33 decreased in myocardium of mice with
diabetes mellitus and this decrease exacerbated the injury and
increased infarction size [38]. Since elevated levels of IL-33 in
type I diabetes patients is also reported, investigating IL-33
levels in CAD patients with and without type I diabetes would
be of great value [23].

The decreased levels of IL-33 in the sera of smoker patients is
contrary to our anticipation, as the handful of studies on the
relation of smoking and IL-33 levels have shown that cigarette
smoke induces IL-33 expression. Having said so, we should
consider that the majority of studies have investigated COPD
in mice models, which may not be completely relevant in
human MI [39,40].

Conclusion
Increased levels of sST2 in sera of patients with STEMI and its
correlation with the IL-33 levels in patients group not only
underscores the significance of this receptor in the
immunopathology of Myocardial Infarction but also implies a
complex interaction between IL-33 and its receptor(s) in
STEMI. The higher levels of IL-33 in non-diabetic and non-
smokers highlight a difference in the Th2 responses in patients
and demands further investigation.
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