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Abstract
The present study is an attempt to investigate the changes in serum soluble suppression of tumorigenicity 2 
(sST2) and Interleukin-33 (IL-33) biomarkers levels in Iraqi ischemic heart disease(IHD) patients including 
stable angina (SA), unstable angina (UA) and myocardial infarction (MI) compared to the healthy controls 
(HC), and to evaluate the differences in these levels between these diseases combination groups. The 
IHD’smortality surpass that of every major disease, so it is important that to get such research especially 
among Iraqi patients. These biomarkers are expressed by myocardial cells, the sST2 is released when there 
is a myocardial stress while the IL-33 has a cardio protective role, and both are expressed on atherosclerotic 
plaque which is the most common cause of IHD. Collecting the blood samples from one hundred thirty 
IHD patients with ages ranged (30-80) years, of both genders, excluding the patient with any autoimmune 
disease, investigated for sST2 and IL-33 by ELISA technique. This study revealed that the sST2 was highly 
significantly decreased in all IHD groups compared with HC; the 5% trimmed mean (ng/ml) was 8.48, 8.37, 
9.31 versus 23.88 in SA, UA, MI and HC respectively; while the IL-33 was highly significantly decreased 
in SA and UA groups while not significantly different in MI patients;the 5% trimmed mean (ng/L) was 
969.93, 762.21, 1279.45 versus 2110 in SA, UA, MI and HC respectively. Also there was a significant direct 
correlation between these biomarkers levels in all IHD groups.
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Introduction
The ischemic heart disease (IHD) is a disease of 

coronary arteries, so it is also called coronary heart 
disease (CHD) or coronary artery disease (CAD), 
in which there is a blood supply reduction to the 
myocardium, mostly due to atherosclerosis in the 
coronary arteries. It is the main cause of death worldwide, 
so it is important in many studies nowadays(1). IHD can 
be classified into chronic stable angina (SA) and acute 
coronary syndrome (ACS) that include unstable angina 
(UA) and myocardial infarction (MI)(2). The primary 
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prevention of CAD is dependent upon the ability to 
identify high risk individuals(3)and by studying the 
novel biomarkerslong before the development of overt 
major adverse cardiac events (MACEs) (4). The ST2 
is known as interleukin-1 receptor-like-1 (IL1RL1) 
protein, it has two isoforms; ST2L and sST2, the later 
can act as a decoy receptor by binding freeIL-33,and 
it reflects the myocardial stress. It provides prognostic 
information especially in the MI(5). The IL-33 is a 
cytokine,is a functional ligand for ST2L, is expressed 
by myocardial cells, it has a cardioprotective role and 
inhibits the atherosclerotic plaques development;it 
predicts the mortality andMACEs in the MI patients(6). 
The present study aimed to investigate the changes in 
the serumsoluble suppression of tumorigenicity 2 (sST2) 
and Interleukin-33 (IL-33) biomarkers levels, as well as 
the risk factors such as age, gender, smoking and serum 
cholesterol level in Iraqi IHD patientswho are with SA, 
UA and MI compared to apparently healthy controls 
(HC) group.
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Patients and Method
Collecting the blood samples from one hundred 

thirty patients with ages ranged (30-80) years, of both 
genders, newly admitted to different Iraqi hospitals(Ibn 
Al- Betar Teaching Hospital, Baghdad Teaching 
Hospital and The Iraqi Center for Heart Disease), 
classifying them into fifty patients with MI, fifty patients 
with SA and thirty patients with UA according to the 
clinical manifestations, electrocardiogram findings and 
laboratory investigations.

Patients with diabetes mellitus [confirmed by 
blood sugar and hemoglobin A1c levels (bychemistry 
autoanalyzer (AU480, Beckman))]and with any other 
autoimmune disease were excluded from this study(7). 
Thirty five apparently HC were enrolled in this study 
with the same age range of both genders. A form of 
questionnaire was applied for both the patients and HC 
groups. This questionnaire listed some informations 
especially the age, gender,presence of the medical history 

(especially of any autoimmune disease) and whether 
smoker with its grading or not. Most of the patients serum 
samples were collected within about (24-48 hours) of the 
symptom onset and investigated for blood cholesterol 
level(by chemistry autoanalyzer (AU480, Beckman)), 
sST2 and IL-33 by enzyme linked immune sorbent assay 
(ELISA) technique [(sandwichkit) (Human)].

Statistical analyzing: Analysis of data was carried 
out by using the available statistical package of SPSS-22 
. The significance of the differences of different means 
(quantitative data) was tested by using Mann – Whitney U 
test for the differences between two independent means, 
while Pearson’s Correlation Coefficients was calculated 
for the correlation between two quantitative variables. 
The correlation coefficient value (r) was either positive 
(direct correlation) or negative (inverse correlation);in 
addition to the graphical presentation by using Stem-
Leaf Plots and Receiver Operation Characteristic (ROC) 
curve charts.

Results
Table (1): Studied (sST2 and IL-33) biomarkers in all combinations of studied groups.

Biomarkers
Groups Stable 

Angina
Unstable 
Angina

Myocardial 
Infarction

Healthy 
Controls

Combinations 
Groups Z-value P value

Statistics

sST2 (ng/ml)

5% Trimmed Mean 8.48 8.37 9.31 23.88 SA x UA
SA x MI
SA x HC
UA x MI
UA x HC
MI x HC

-0.666
-0.179
-5.316
-0.726
-4.567
-5.021

0.505 NS
0.858 NS
0.000HS
0.468 NS
0.000HS
0.000HS

Median 7.90 7.65 7.90 15.40

Range (minimum-maximum) (3.70-20.20) (2.10-26.00) (2.40-46.20) (6.40-53.90)

Interquartile Range 2.63 4.30 1.63 30.10

IL-33 (ng/L)

5% Trimmed Mean 969.93 762.21 1279.45 2110 SA x UA
SA x MI
SA x HC
UA x MI
UA x HC
MI x HC

-0.925
-3.864
-2.796
-3.225
-3.429
-0.671

0.355 NS
0.000HS
0.005 S
0.001HS
0.001HS
0.503 NS

Median 756.40 756.45 912.40 1340.9

Range (minimum-maximum) (309.90-
3731.50)

(173.60-
3574.10)

(705.00-
4553.90)

(457.50-
4383.2)

Interquartile Range 281.73 528.13 491.03 3395.3

Data presented as 5% Trimmed Mean, median, 
Interquartile Range and P value tested by Mann-Whitney 
U Test.SA: Stable angina;UA: Unstable angina; MI: 
Myocardial infarction; HC: Healthy controls; HS: 
Highly significant at P value <0.01;S: Significant at 
P value <0.05;NS: Non significant at P value >0.05; 
sST2: soluble suppression of tumorigenicity 2;IL-33: 
Interleukin-33.

In the table (1), the results of the sST2 and IL-33 
biomarkers test had reported low levels of estimates 

compared with HC group. The 5% trimmed mean (ng/
ml) concerning the sST2 was 8.48, 8.37, 9.31 versus 
23.88 in SA, UA, MI and HC respectively; the IL-
33 was highly significantly decreased in SA and UA 
groups while not significantly different in MI patients; 
the 5% trimmed mean (ng/L) concerning the IL-33 was 
969.93, 762.21, 1279.45 versus 2110 in SA, UA, MI 
and HC respectively. Also this table shows that Mann-
Whitney-U test statistic for testing distribution of sST2 
and IL-33 biomarker’s readings in each pair of probable 
combinations among studied groups. Regarding to sST2 
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biomarker, the significant differences are accounted 
at P <0.01 among the morbidity groups against the 
HC, while no significant differences at P >0.05 among 
diseases combinations groups such as between SA group 
and each UA and MI groups, and between UA and MI 

groups. Regarding to IL-33 biomarker, the significant 
differences are accounted at P <0.05, except between SA 
and UA groups, and between MI and HC groups, since 
no significant differences at P >0.05.

Table (2): Statistics of ROC Curve for studied (sST2 and IL-33) biomarkers responding according to 
(diseases and healthy) groups.

Groups Biomarkers Cutoff 
Point Sensitivity Specificity Area

Standard
Error

A. S.
Asymptotic 95% C. I.

L. b. U. b.

Stable Angina
sST2 (ng/ml) 3.850 0.960 0.000 0.160 0.046 0.000 HS 0.070 0.250

IL-33 (ng/L) 588.25 0.880 0.171 0.321 0.065 0.005 HS 0.194 0.448

Unstable Angina
sST2 (ng/ml) 2.250 0.967 0.000 0.170 0.049 0.000 HS 0.073 0.266

IL33 (ng/L) 188.35 0.967 0.000 0.252 0.060 0.001 HS 0.134 0.370

Myocardial 
Infarction

sST2 (ng/ml) 4.350 0.960 0.000 0.179 0.052 0.000 HS 0.077 0.281

IL33 (ng/L) 730.75 0.960 0.314 0.457 0.073 0.503 NS 0.315 0.599

HS: Highly significant at P value <0.01; NS: Non significant at P value >0.05; A. S.: Asymptotic significant;C. I.: Confidence interval; 
U. b.: Upper bound; L. b.: Lower bound; sST2: soluble suppression of tumorigenicity 2; IL-33: Interleukin-33. The positive actual state 
is Positive.

In the table (2), the results recorded significant 
area by Receiver Operation Characteristic (ROC) curve 
under the guideline of HC group in all IHD groups, with 
95% confidence interval (C. I.) of all diseases with HC 
groups in light of studied sST2 and IL-33 biomarkers. 
In both SA and UA patients, the results show that the 
recorded significant area at P <0.01 concerning both 
biomarkers, with more accurate concerning sST2 
compared with the IL-33, and accordingly indicating 
that both biomarkers could be reported good indicators 
for SA and UA diagnosis; while in MI patients, the 

results show that the recorded significant area at P <0.01 
concerning sST2 biomarker, and accordingly indicating 
that the sST2 biomarkercould be reported very good 
indicator for patient’s diagnosis with MI, while IL-33 
biomarker illustrated weak or non-reliable indicator for 
MI diagnosis, since significant level was not achieved.

Figures (1,2 and 3) show that the ROC curve 
distribution concerning the sST2 and IL-33 biomarkers 
responding according to compare SA, UA and MI 
patients under the guideline of HC group respectively.

Figure (1): ROC Curve distribution for studied (sST2 and IL-33) biomarkers distributed according to 
(stable and healthy) groups. IL-33: Interleukin-33; sST2: soluble suppression of tumorigenicity 2.
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Figure (2): ROC Curve distribution for studied (sST2 and IL-33) biomarkers distributed according to 
(unstable and healthy) groups.IL-33: Interleukin-33; sST2: soluble suppression of tumorigenicity 2.

Figure (3): ROC Curve distribution for studied (sST2 and IL-33) biomarkers distributed according to 
(myocardial infarction and healthy) groups. IL-33: Interleukin-33; MI: Myocardial infarction;sST2: soluble 

suppression of tumorigenicity 2.
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Table (3) shows that there is a perfect positive 
correlation and a direct proportion between the sST2 
and IL-33 biomarkers levels in all disease groups by 

using Person’sCorrelations Coefficients, with highly 
significant at P <0.01.

Table (3): Using Person’s Correlations Coefficientsfor (sST2 and IL-33) biomarkers responding according to 
stable angina, unstable angina and myocardial infarction groups.

Morbidity Groups Marker (ng/ml) Statistics IL33 (ng/L)

Stable Angina sST2 

Correlation Coefficient 0.862

Significant (1-tailed) 0.000HS

No. 50

Unstable Angina sST2 

Correlation Coefficient 0.469

Significant (1-tailed) 0.004HS

No. 30

Myocardial Infarction sST2 

Correlation Coefficient 0.505

Significant (1-tailed) 0.000 HS

No. 50

HS: Highly significant at P value <0.01; No.: Number; sST2: soluble suppression of tumorigenicity 2; IL-33: Interleukin-33.

Discussion
The atherosclerosis formation tends to increase with 

age(8) and most of the IHD cases occur after the age of 
65 years(9). The male gender is one of the risk factors 
for IHD(10), so the present study results were compatible 
with the results of many studies regarding to the age and 
gender(11, 12).

Tobacco smoking is the most avoidable and 
strongest IHD risk factor (13). It causes the death in IHD 
cases(14), the present study smoking results are exactly 
compatible with Radovanovic et al(8) and agree with 
Mohammad et al(15) studies results. Blood cholesterol is 
a predictive risk factors for CAD(16), and it play a role 
in the atherosclerosis development(17), so the present 
study cholesterol test results are agree with Chauhan and 
Trivedi(13), and Oommenet al(18) studies results.

The ST2 is released when myocytes are under 
stress or injuried (19), it plays a role in inflammatory 
signaling(20), cardiac fibrosis (21), and is involved in 
cardiac function and dysfunction (22). In the extra cellular 
environment, the sST2 can act as a decoy receptor by 
binding free IL-33 (6).

The IL-33 is a functional ligand for ST2L, is 
expressed by myocardial cells, it has a cardioprotective 
role and inhibits the atherosclerotic plaques 

development(23). IL-33 is expressed by myocardial 
and coronary arterial smooth muscle cells(24). Both IL-
33 and sST2 are expressed in atherosclerotic plaques, 
when sST2 is binding the free IL-33, the IL-33 level 
that is available for ST2L binding will be decreased, 
inhibiting the effects of IL-33/ST2L signaling which 
has a myocardioprotective function(25). This IL-33/
ST2L signaling may be triggered by IL-33 or increased 
by inhibiting sST2 (26), so by the measurement of sST2 
level, we can understand the role of IL-33 in IHD (27), so 
it is very important to study them together. Some results 
suggest that the ST2 concentrations may be elevated in 
some MI patients (28,29), while some studies revealed that 
its level may be not elevated in the MI patients (30). It was 
found that the IL-33 levels were not different between 
the patients with the MI and the control group (31), while 
other study showed that the patients with heart failure 
with non-ischemic etiology had higher IL-33 levels than 
those with ischemic etiology (32). The presence of the 
IHD risk factorssuch as age, gender or smokingdoes not 
influence the serum levels of both sST2 (31,33) and IL-33 
biomarkers (27).

Regarding to the sST2 biomarker level, this study 
recorded that there was some elevation of sST2 level in 
the HC group in comparison with the lower levels in the 
morbidity groups; in the HC group, the minimum level 
was (6.4 ng/ml) and the maximum level was (53.9 ng/ml), 
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while the minimum level in the morbidity groups was in 
the UA group (2.1 ng/ml) and the maximum level was 
in the MI group (46.2 ng/ml). Some studiesrecorded that 
there were low levels of sST2 (6.2 ng/ml) in MI(30, 34,35). 
The sST2 is also elevated in the asthma and autoimmune 
disease(7); it reflects a non-specific inflammatory 
response thus limits its specificity and diagnosis for 
any disorder including IHD(5, 36). The sST2 peak level 
occurred at 12 hours(37)(6-18 hours of symptom onset) 
then is followed by a significant decreasing to a stable 
level by (24-42 hours) after the onset(21, 33).

Early post infarction sST2 values (i.e., < 24 hours 
after symptom onset) have the greatest significant 
prognosis (33), as it has been found that the baseline 
sST2 levels were significantly higher (the cutoff value 
of 58.7 ng/mL) in those patients who died or developed 
new MACEs such as heart failure or recurrent MI 
either in MI, in stable IHD or even in subjects without 
known IHD, during short-term follow-up (30 days) 
than those patients without MACEs(7,21,29,31,35). Sothe 
importance of early sST2 levels is for the best prognostic 
information(33), so that we can prevent morbidity and 
mortality of the IHD by providing rapid and appropriate 
therapy(37). in addition to that the most of Iraqi patients 
are too late to come to the hospital or physician after the 
beginning of symptom onset, the Iraqi patient may come 
after 24 hours of his first complain, so the sST2 peak 
level could not be detected in such situation as we knew 
that the peak level is 12 hours after the symptom onset.

In comparison with HC group, one of the studies 
stated that the ST2 baseline level had a clinical 
significant in SA patients(33) and it was reported that 
there was a significant difference in both UA and MI 
patients(31). In diseases combination groups, it was 
showed that there was no significant difference between 
SA and MI groups, and confirmed that the sST2 has no 
significant distribution value for combination of UA 
and MI groups(34). The study of Karimzadeh et al (38) 

observed that there was a significant correlation between 
the serum sST2 and IL-33 biomarkers levels in all the 
IHD.

In diseases combination groups, concerning to IL-
33, it was showed that there was no significant difference 
between SA and UA groups (31, 35); some studies showed 
that there was a significant difference between SA and 
MI groups and suggested that in SA patients, the IL-
33 has a protective role against progression to UA or 
MI stage(41), while it was demonstrated that there was 

a significant difference between UA and MI groups 
regarding to IL-33(27).
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