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Summary

Soluble suppression of tumorigenicity 2 (sST2), a biomarker representing myocardial fibrosis and inflam-
mation, has been applied in risk stratification of patients with myocardial infarction (MI). However, whether pri-
mary PCI (PPCI) will eliminate the predictive value of sST2 in STEMI patients has not been well studied.
Here, we conducted a prospective clinical trial to evaluate the correlation between sST2 and prognosis in
STEMI patients undergoing PPCI. sST2 levels were measured in 295 STEMI patients (60.2 + 10.8 years) at ad-
mission using a high sensitivity assay. Baseline sST2 levels were significantly associated with heart function,
biomarkers of inflammation, and myocardial injury. During a 12-month follow-up, 19 patients had major ad-
verse cardiovascular events (MACEs). Greater sST2 was continuously associated with a higher risk of incident
MACE:s. Such association remained even after adjusting for other risk factors in a multivariate Cox analysis. A
baseline sST2 level in the highest quartile (> 58.7 ng/mL) was independently associated with mortality (HR:
5.01, 95%CI: 1.02-16.30, P = 0.048). More incident heart failure was seen in the group with greater sST2,
however, the association was not significant after adjustment. Therefore, baseline sST2 may be useful to predict

MACEzs, especially mortality, in STEMI patients receiving PPCIL.

(Int Heart J 2019; 60: 19-26)
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uring the last decade, primary percutaneous coro-
D nary intervention (PPCI) has been applied world-
wide as an effective treatment for patients with
ST-segment elevated myocardial infarction (STEMI). De-
spite the success, complications like recurrence of myo-
cardial infarction, heart failure, and death in patients after
PPCI are haunting clinicians even though they have made
great efforts to reduce ischemia time. Other than the pro-
cedure itself, the severity of cardiac damage is critical to
the prognosis, therefore, it is important to explore
biomarkers that can represent the myocardial injury and
predict the prognosis of STEMI patients receiving PPCI.
Interleukin (IL)-1 family members participate in mul-
tiple pathogenic processes involved in cardiovascular dis-
ease, among which IL-33 has been identified to protect
myocardiocytes against fibrosis and hypertrophy. Being an
important ligand processing the IL-33 signal, suppression
of tumorigenicity 2 (ST2) functions via two isoforms. ST2
L, the transmembrane form of ST2, is the receptor of IL-
33 and plays a central role in the pathway. Soluble ST2

(sST2), the circulating form of ST2, belongs to the IL-1
receptor-like family, and it is a decoy receptor of IL-33.
In response to myocyte stretch, sST2 is released from
myocardium and vascular endothelial cells. Massive circu-
lating sST2 neutralizes the protective effects of IL-33.
Previous studies have shown that sST2 level is highly as-
sociated with poor prognosis in patients with AMI and
other cardiovascular diseases."” Furthermore, sST2 has
been reported to be valuable for prediction of clinical out-
comes and over-all estimation of cardiac damage for
STEMI patients though more clinical data are needed for
further support.”

Given the limited efforts in risk stratification for
STEMI patients receiving PPCI, and the significant asso-
ciation between the baseline sST2 level and major cardiac
adverse events (MACESs), we hypothesized that sST2 lev-
els would be associated with prognosis, and might be use-
ful to predict the clinical prognosis in STEMI patients re-
ceiving PPCIL.
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Methods

Study design: We conducted this prospective observa-
tional study at Wuhan Asia Heart Hospital, Wuhan, China
with up to 12-month follow-up. The aim of the study was
to evaluate the clinical significance of sST2 in STEMI pa-
tients receiving PPCIL.

Participants: STEMI patients admitted to the Chest Pain
Center of Wuhan Asia Heart Hospital, Wuhan, China be-
tween May 2015 and June 2016 were recruited. All pa-
tients were diagnosed according to the criteria for STEMI
by the American College of Cardiology (ACC) or Ameri-
can Heart Association (AHA):® symptoms of myocardial
ischemia; persistent electrocardiographic ST elevation; and
release of biomarkers of myocardial necrosis. PPCI was
performed as soon as possible in those patients who had
symptoms within 24 hours and were eligible according to
the criteria for myocardial revascularization.” PCI proce-
dures were performed according to current guidelines.””
Patients with a history of pulmonary fibrosis, chronic ob-
structive pulmonary disease, liver and/or kidney dysfunc-
tion, autoimmune disease, chronic infection, or tumors
were excluded. The Ethics Committee of Wuhan Asia
Heart Hospital approved this study. Informed written con-
sent was obtained from patients while recruiting.
Laboratory and clinical assessment: Blood samples
were obtained when patients were admitted to the emer-
gency room before PPCI and thereafter according to the
study design. Plasma was separated by centrifuging the
blood samples at 4000 rpm for 10 minutes. sST2 was ana-
lyzed using a US FDA approved high-sensitivity Presage®
ST2 assay (Critical Diagnostics, San Diego, CA, USA).
The measurement range of the sST2 assay was 3.1 to 200
ng/mL with an intra-assay CV% of 5.1% and inter-assay
CV% of 5.2%. All samples with a level of sST2 more
than 200 ng/mL were diluted further to provide quantita-
tive results according to the manufacturer’s protocol.

Laboratory data at admission included the following:
the plasma levels of triglycerides (TG), total cholesterol
(TC), high density lipoprotein cholesterol (HDL-C), low
density lipoprotein cholesterol (LDL-C), uric acid (UA),
creatinine, high sensitivity C-reactive protein (hs-CRP),
interleukin-6 (IL-6), N-terminal pro B-type natriuretic
peptide (NT-proBNP), cardiac troponin I (cTnl), D-dimer,
and hemoglobin Alc (HbA1C). Peak cTnl was also re-
corded. These blood tests were analyzed in fresh blood
and determined by standard quantitative assay techniques
in our Department of Pathology and Clinical Laboratory
according to the manufacturer’s protocol.

Clinical characteristics were obtained from the medi-
cal records and included age, sex, and medical history.
Cardiovascular disease assessment variables included
evaluation of heart function such as Killip classification
and left ventricle ejection factor (LVEF). The location of
the infarction and number of affected vessels were also re-
corded.

Follow-up and primary endpoints: Follow-up was cen-
sored at the time of adverse events or lasted until June
2017 when all patients reached 12-month follow-up. The
primary endpoints were MACEs, defined as the composite
adverse events of all-cause death, heart failure, and non-
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fatal myocardial infarction (MI).

Statistical analysis: Descriptive statistics such as number
of observations were summarized using counts and per-
centages. Continuous data are reported as the mean + SD
for normally distributed or median with interquartile
ranges (IQR) for skewed data. Baseline characteristics
were compared with ANOVA or the Krustal-Wallis test for
continuous variables depending on the normality of their
distributions and with the ’ test for categorical variables.
Kaplan-Meier survival curves and Cox proportional hazard
models were employed for survival analysis and the as-
sessment of risk factors. The Spearman correlation was
used to determine the correlations between sST2 and other
variables. Receiver operating characteristic (ROC) analysis
was performed to determine the predictive efficiency of
baseline sST2. Comparison of the area under curve (AUC)
between different ROCs was conducted according to the
method of Delong, et al” A 2-sided P-value less than
0.05 was accepted as statistically significant. All statistical
analyses were performed using SPSS 21.0 (IBM).

Results

Participant characteristics: We continuously recruited
311 patients at our chest pain center from May 2015 to
June 2016. All patients met the diagnostic criteria for
STEMI. Six patients were excluded because they were in-
eligible for PPCI. A total of 305 patients were included in
the follow-up, 3 of whom did not continue until comple-
tion and 7 were lost during the 12-month follow-up.
Therefore, 295 patients were included in the final analy-
sis.

There were 243 males and 52 females and their ages
ranged from 32 to 87 years. The range of sST2 at base-
line was 6.2 to 559.7 ng/mL. Table I presents the baseline
demographic and clinical characteristics of the participants
separated by sST2 quartile. Sex, age, and factors of medi-
cal history were distributed equally across quartiles.
Greater sST2 was associated with longer time of onset to
ER time, days in-hospital, and worse heart function. No
differences were seen with respect to either infarction lo-
cation or number of affected vessels among groups.
Biomarkers of myocardiocyte damage and inflammation
were also positively correlated with baseline sST2 levels
as their elevations were significantly associated with
greater sST2 across quartiles.

Baseline sST2 and MACEs: A total of 19 patients
reached their primary endpoints during the 12-month
follow-up in our study. Baseline sST2 levels were associ-
ated with MACEs (HR: 1.81, 95%CI: 1.08-2.02, P <
0.001), and the independent association remained after be-
ing adjusted by other risk factors including age, onset to
ER time, Killip classification, LVEF, NT-proBNP, peak
c¢Tnl, and hs-CRP (HR: 1.54, 95%CI: 1.07-1.80, P =
0.018). When analyzed based on sST2 quartiles, the
Kaplan-Meier curves showed more MACEs were observed
in the group with the highest interval of sST2 (Figure 1,
P = 0.006). Table II shows the increase in sST2 was
highly associated with adverse events. The risk increased
nearly 6-fold from the lowest quartile to the highest quar-
tile of sST2 in unadjusted analysis. After adjustment for
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Table I. Basic Characteristics of STEMI Patients Receiving Primary PCI
sST2 range, ng/mL
P value
Q1 (6.2-20.1) Q2(20.3-32.2) Q3 (32.3-57.2) Q4 (58.7-559.7)
Patient number 74 74 74 73
Age, years 61.5+104 58.5+9.5 61.0+11.8 597114 0.317
Male 60 (81.1) 67 (90.5) 59 (79.7) 57 (78.1) 0.191
Alcohol 35(47.3) 42 (56.8) 35 (47.3) 29 (39.7) 0.232
Smoking 0.728
Never 27 (36.5) 21 (28.4) 23 (31.1) 28 (38.4)
Past 7(9.5) 3(4.1) 7(9.5) 5(6.8)
Current 40 (54.1) 50 (67.6) 44 (59.5) 40 (54.8)
History
Hypertension 38 (51.4) 41 (55.4) 45 (60.8) 42 (57.5) 0.701
Diabetes 14 (18.9) 16 (21.6) 11 (14.9) 14 (19.2) 0.767
Hyperlipidemia 16 (21.6) 17 (23.0) 13 (17.6) 12 (16.4) 0.712
Stroke 2(2.7) 2(2.7) 1(1.4) 3(4.1) 0.788
Heart function
LVEF, % 47.4+3.8 463 +4.5 458 +4.8 444 +4.6 0.002
Killip > II 3(4.1) 4(54) 11 (14.9) 21 (28.8) <0.001
Infarction location 0.766
Anterior 34 (45.9) 38 (51.3) 29 (39.2) 39 (53.4)
Inferior 35(47.3) 31(41.9) 33 (44.6) 31 (42.5)
No. of affected vessel 0.691
1 18 (24.3) 17 (22.9) 23 (31.1) 17 (23.3)
2 26 (35.1) 20 (27.0) 20 (27.0) 23 (31.5)
3 29 (39.2) 36 (48.6) 31(41.9) 32 (43.8)
Duration
Onset to ER, hours 4.0 (1.5-8.0) 4.0(2.0-7.0) 6.0(3.0-17.5) 9.0 (5.0-14.0) <0.001
Hospitalization, days 84+34 8.6+3.1 89+25 99+49 0.007
Biomarkers
Urea, mmol/L 5.85 + 1.60 5.88 + 1.61 6.02 +2.07 6.11 £2.04 0.980
UA, umol/L 351.5+95.3 350.0 + 100.4 354.3 + 106.5 356.2 +110.2 0.960
Crea, umol/L 77.5 (66.8-87.0) 74.0 (66.0-87.5) 77.0 (67.8-90.0) 71.0 (59.0-88.5) 0.244
TG, mmol/L 1.68 (1.17-2.49) 1.80 (1.29-3.27) 1.56 (1.17-2.31) 1.21 (0.87-1.80) <0.001
TC, mmol/L 4.54 (4.06-5.43) 4.93 (4.28-5.80) 5.00 (4.28-5.55) 4.48 (3.93-5.36) 0.057
LDL-C, mmol/L 2.86 (2.40-3.38) 3.13 (2.49-3.70) 3.13 (2.60-3.66) 2.79 (2.48-3.36) 0.147
HDL-C, mmol/L 0.99 (0.84-1.12) 0.97 (0.83-1.14) 1.07 (0.93-1.28) 1.06 (0.91-1.21) 0.016
hs-CRP, mg/L 1.99 (0.73-4.40) 2.54 (1.18-4.29) 3.27 (1.30-8.16) 4.26 (1.78-12.67) <0.001
D-dimer, ug/mL 0.24 (0.12-4.83) 0.28 (0.15-3.95) 0.20 (0.11-4.10) 0.27 (0.17-4.97) 0.831
HbAILC, % 5.8 (5.5-6.2) 5.8 (5.6-6.3) 5.9 (5.5-6.4) 5.8 (5.6-6.2) 0.904
IL-6, pg/mL 7.2 (3.6-12.7) 8.1 (4.6-14.0) 9.9 (4.4-29.5) 15.5(7.4-39.3) <0.001
c¢Tnl-adm, ng/mL 1.1 (0.2-4.5) 1.3 (0.2-4.9) 4.4 (0.6-9.7) 7.3 (1.2-17.1) <0.001
cTnl-peak, ng/mL 49.3 (14.3-137.6) 68.2 (31.4-143.7) 81.3 (34.9-169.4) 114.5 (53.3-253.1) <0.001
NT-proBNP, pg/mL 180.4 (84.8-596.3) 214.2 (68.1-685.4) 626.2 (185.1-1836.3)  817.8 (315.3-2183.0) < 0.001
sST2, ng/mL 15.2 (13.1-17.8) 25.3(22.2-27.9) 41.8 (36.1-48.9) 101.3 (78.8-153.9) <0.001

Values are mean + SD, n (%), or median (interquartile range). cTnl-adm indicates cardiac troponin I on admission; Crea, creatinine; ER,
emergency room; hs-CRP, high sensitivity C-reactive protein; HDL-C, high-density lipoprotein cholesterol; HbA1C, hemoglobin Alc; IL-6,
Interleukin 6; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro B-type na-
triuretic peptide; PCI, percutaneous coronary intervention; STEMI, ST-segment elevated myocardial infarction; sST2, soluble suppression of
tumorigenicity 2; TG, triglycerides; TC, total cholesterol; and UA, uric acid.

risk factors, the increasing sST2 represented a 2-fold risk
of MACEs.

Since a significant difference in the incidence of
MACEs was seen between the group with the highest
quartile of sST2 and others (Figure 1), we further investi-
gated the details of MACEs using 58.7 ng/mL of sST2 as
a cut-off value (Table III). Most MACEs occurred after
discharge (n = 15, 78.9%, P < 0.001). The incidence of
mortality increased significantly as follow-up increased in
patients whose baseline sST2 was high (P = 0.001).
Moreover, the risk of mortality was significantly greater
for patients with higher sST 2 regardless of whether they

were in hospital or after discharge. There was no heart
failure during hospitalization in our study. Patients with
greater sST2 had more heart failure after discharge (P =
0.019). However, the correlation between sST2 and heart
failure no longer existed after adjustment by other risk
factors. Though MI were seen during follow-up, there was
no significant difference between patients with different
levels of sST2.

Baseline sST2 and mortality: All-cause death accounted
for the majority of major events in MACEs (n = 10,
52.6%). Therefore, we analyzed the predictive value of
sST2 for mortality. A total of 11 all-cause deaths were ob-
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Figure 1. Incidences of MACEs across quartiles. Incidences of
MACEs in each group are presented. Highest quartile of sST2 had
more adverse events during follow-up compared with the other 3
groups.
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served during 12 months of follow-up. Six died from car-
diac problems, 3 of which died of an unknown cause.
Two patients died from cerebrovascular accidents. Seven
deaths occurred in patients with sST2 greater than 58.7
ng/mL (Table III). Notably, the all-cause deaths in patients
with sST2 less than 58.7 ng/mL happened after discharge,
whereas the mortality of patients with greater sST2 during
hospitalization was similar to that after discharge.

When using an sST2 cut-off value of 58.7 ng/mL, a
greater sST2, Killip classification, LVEF%, NT-proBNP,
and hs-CRP were risk factors for mortality (Table IV).
However, the predictive significance remained only for
sST2 after adjustment. Patients with a greater sST2 had a
5-fold risk of mortality.
ROC analysis for sST2: sST2 was significantly associ-
ated with MACESs, mortality especially, in the study popu-
lation. We performed ROC curve analysis to evaluate the
prognostic efficiency of sST2. Figure 2A presents the
ROC curve analysis of sST2 in predicting MACEs. The
area under the curve (AUC) was 0.73 (95% CI 0.67-0.78,
P < 0.001). When applying 58.7 ng/mL as the cut-off
value, the sensitivity was 57.9% (95% CI 33.5%-79.7%)
and the specificity was 73.9% (95% CI 68.3%-79.0%). As
shown in Figure 2B, the predicted probability of predict-
ing mortality yielded an AUC of 0.776 (95% CI 0.724-
0.822, P = 0.0029). When applying 58.7 ng/mL as the
cut-off value, the sensitivity was 70.0% (95% CI 34.8%-
93.3%) and the specificity was 77.2% (95% CI 71.9%-
81.9%).

No significant differences were seen between sST2

Table II. Predictors of MACEs by Univariate and Multivariate Cox Analysis
Univariate Multivariate
HR 95% CI P value HR 95% CI P value

sST2 - - 0.006 - - 0.035

Q1 (6.2-20.1, ng/mL) reference - - reference - -

Q2 (20.3-32.2, ng/mL) 1.51 0.25-9.02 0.153 1.44 0.72-6.57 0.222

Q3 (32.3-57.2, ng/mL) 1.50 0.25-8.97 0.258 1.29 0.60-5.23 0.530

Q4 (58.7-559.7, ng/mL) 591 1.31-26.65 <0.001 2.23 1.20-6.78 0.001
Age 1.07 1.02-1.12 0.005 1.04 0.98-1.08 0.161
Sex 1.24 0.41-3.73 0.706 0.81 0.21-2.32 0.558
Time from onset to ER 1.01 0.99-1.01 0.399 1.01 0.98-1.02 0.476
Hospitalization days 1.04 0.96-1.14 0.339 - - -
Infarction location 0.99 0.37-2.30 0.867 - - -
Number of affected vessels 1.16 0.65-2.08 0.617 - - -
Hypertension 1.09 0.78-1.71 0.431 - - -
Diabetes 1.04 0.93-1.77 0.160 - - -
Killip classification 2.28 1.63-3.18 <0.001 1.57 0.76-2.29 0.223
LVEF 0.83 0.76-0.90 <0.001 0.93 0.78-0.99 0.041
NT-proBNP 1.01 1.00-1.03 <0.001 1.00 0.99-1.01 0.236
c¢Tnl-adm 0.99 0.97-1.02 0.780 - - -
cTnl-peak 1.01 1.00-1.01 0.048 1.00 0.99-1.01 0.797
hs-CRP 1.01 1.01-1.02 0.002 1.00 0.99-1.01 0.901
1L-6 0.99 0.99-1.01 0.795 - - -

CI indicates confidential interval; cTnl-adm, cardiac troponin I on admission; ER, emergency room; hs-CRP, high
sensitivity C-reactive protein; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; IL-6, Interleukin 6;
LVEEF, left ventricular ejection fraction; MACEs, major adverse cardiac events; NT-proBNP, N-terminal pro B-type
natriuretic peptide; and sST2, soluble suppression of tumorigenicity 2.
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Table III. Incidence of MACEs

sST2 < 58.7 ng/mL

sST2 > 58.7 ng/mL

P value
(n=222) (n=173)
MACEs
Total 8 (3.6) 11 (15.1) <0.001
In-hospital 1(0.5) 3(4.1) 0.019
After-discharge 7@3.1) 8 (11.0) 0.008
All-cause death
Total 3(1.4) 7 (9.6) 0.001
In-hospital 0(0.0) 3(4.1) 0.002
After-discharge 3(1.4) 4(5.5) 0.044
Heart failure
Total 1(0.5) 3(4.1) 0.019
In-hospital 0 (0.0) 0(0.0) -
After-discharge 1(0.5) 34.1) 0.019
Non-fatal MI
Total 4(1.8) 1(1.4) 0.801
In-hospital 1(0.5) 0(0.0) 0.566
After-discharge 3(1.4) 1(1.4) 0.985

MACEs indicates major adverse cardiac events; MI, myocardial infarction; and
sST2, soluble suppression of tumorigenicity 2.

Table IV. Predictors of Mortality by Univariate and Multivariate Cox Analysis

Univariate Multivariate
HR 95% CI Pvalue HR 95% CI P value
sST2 > 58.7 ng/mL 1.01 1.01-1.10 0.001  5.01 1.02-16.30 0.048
Age 1.05 0.98-1.12 0.113  1.04 0.96-1.11 0.154
Sex 1.16  0.26-5.44 0.856 0.89 0.15-4.76 0.827
Time from onset to ER 1.00  0.99-1.01 0.174  1.01  0.99-1.01 0.286
Hospitalization days 1.01  0.96-1.02 0.147 - - -
Infarction location 0.99 0.24-3.02 0.806 - - -
Number of affected vessels 1.27  0.55-2.95 0.582 - - -
Hypertension 1.77  0.73-2.68 0.690 - - -
Diabetes 1.04  0.71-2.90 0.339 - - -
Killip classification 2.61 1.68-4.06 <0.001 126 0.61-2.29 0.639
LVEF 0.81 0.72-091 0.001 0.86 0.64-1.09 0.188
NT-proBNP 0.84 0.73-096 <0.001 1.00 0.88-1.10 0.810
cTnl-adm 1.00  0.97-1.02 0.840 - - -
cTnl-peak 1.01  0.98-1.12 0.069 1.00 0.99-1.01 0.734
hs-CRP 1.01  1.00-1.01 <0.001 1.01 0.98-1.02 0.073
1L-6 0.99 0.97-1.03 0.874 - - -

CI indicates confidential interval; cTnl-adm, cardiac troponin I on admission; ER, emergency
room; hs-CRP, high sensitivity C-reactive protein; HR, hazard ratio; IL-6, Interleukin 6; LVEF,
left ventricular ejection fraction; MACEs, major adverse cardiac events; NT-proBNP, N-terminal
pro B-type natriuretic peptide; and sST2, soluble suppression of tumorigenicity 2.

and other markers when ROC curve analysis was em-
ployed for other risk factors that were associated with
MACEs and mortality. Though sST2 > 58.7 ng/mL had
the highest specificity numerically, it failed to show a sta-
tistical improvement in predicting MACEs and mortality
when compared with other markers. In addition, adding
sST2 did not improve the prognostic efficiency of other
markers.

Discussion

Here we report a prospective clinical trial of sST2 for
prediction of clinical outcomes in STEMI patients receiv-
ing PPCI. Our study shows baseline sST2 levels predicted

the incidence of MACEs in these patients during a 12-
month follow-up. Increased sST2 levels were associated
with an increasing risk of MACEs. Specifically, the cut-
off value of 58.7 ng/mL for sST2 identified the patients at
high risk of MACEs, even after adjustment for other risk
factors. Furthermore, baseline sST2 > 58.7 ng/mL pre-
dicted mortality with a sensitivity of 70.0% and a speci-
ficity of 77.2% using a US FDA approved high sensitivity
assay. There were no significant differences in overall pre-
dictive efficiency between sST2 and other markers. Add-
ing sST2 to other markers did not improve their prognos-
tic efficiency either.

In the era of PCI, it is usually recommended that
STEMI patients receive PPCI. However, adverse clinical
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Figure 2. sST2 ROC curve analyses for MACEs and mortality. A: ST2 ROC curve analyses for MACEs. AUC

0.725, P = 0.0008, 95% CI 0.670-0.775. B: ST2 ROC curve analyses for mortality. AUC 0.776, P = 0.0029, 95% CI
0.724-0.822. Red line represents the ROC curve, and grey lines represent the 95% confidence intervals. MACE:s indi-
cates major adverse cardiovascular events; ROC, receiver operating characteristic; AUC, area under the curve; and CI,

confidence interval.

outcomes such as death, heart failure, and others are still
seen in patients after PPCL'” Other than the operation
performance, STEMI patients with different age, cardiac
function, and different health conditions present different
risks of adverse outcomes before any treatment. Early risk
stratification is required for an overall estimation and pre-
ventative therapeutic strategies thereafter even though the
application of PPCI has reduced mortality by nearly
50%.'"" Being a member of the superfamily of IL-1 recep-
tors, ST2L, the transmembrane form of ST2, binds with
IL-33 to reduce the fibrosis and hypertrophy of tissue
when overloaded. sST2, the soluble form of ST2, acts as
a decoy receptor to decreased beneficial effect from IL-
33/ST2L signaling by binding free IL-33. After Weinberg
and colleagues first reported that sST2 increased in pa-
tients after ML'® studies found that released sST2 also
participated in the processes of myocardial fibrosis and in-
flammation."' Thereafter, sST2 has been widely used in
risk stratification for cardiovascular disease. Shimpo, et al.
first reported sST2 predicted clinical outcomes in patients
with acute myocardial infarction,'” and a subsequent rec-
ommendation by guidelines that sST2 can be used for risk
stratification and prognostication in patients with heart
failure further emphasized its application.'” Studies ob-
served that sST2 not only added more comprehensive
value to existed biomarkers for risk evaluation, but also
predicted death and heart failure independently in STEMI
patients.'”"®

The revascularization from PPCI reduces the myocar-
dial damage caused by ischemia in STEMI patients,
whereas whether traditional biomarkers retain their predic-
tive power for patients after PPCI remains unclear. Re-
cently, two research groups have been focusing on the ap-
plication of sST2 in patients undergoing PPCI. Wang and
colleagues found the serum level of ST2 was an inde-
pendent risk factor for MACEs in 1-year follow-up, and
was positively correlated with the Gensini score.”” An-
other study carried out by Yu and colleagues observed 38
MACCEs in 323 STEMI patients undergoing PPCI during

1-year follow-up.”” Serum sST2 at baseline also predicted
I-year MACCE independently. Higher sST2 combined
with higher NT-proBNP was associated with worst prog-
nosis. The present study obtained similar conclusions that
baseline sST2 levels were associated with MACEs in
STEMI patients receiving PPCI. Baseline sST2 signifi-
cantly predicted mortality after adjustment and such sig-
nificance did not remain when applied to heart failure,
which is in agreement with other studies reporting that
sST2 is highly associated with mortality in STEMI pa-
tients.”” In addition, we assessed the prognostic efficiency
of sST2 using a US FDA approved high sensitivity assay
in our study. Among all the markers significantly associ-
ated with clinical outcomes, sST2 > 58.7 ng/mL provided
the highest specificity in predicting either MACEs or mor-
tality in the present study. A previous study from our
group also observed 56.68 ng/mL of sST2 predicted
MACEs within 30 days for STEMI patients.”” The US
FDA approved high sensitivity sST2 assay suggests that a
cut-off value of 35 ng/mL will differentiate patients with
cardiovascular disease at high risk of all-cause mortality.
No specific cut-off value has yet been suggested for
STEMI patients. Therefore, a cut-off of sST2 around 57
ng/mL may identify STEMI patients who are at high risk
of MACEs with increased prognostic specificity even
though they underwent PPCI. However, our study did not
observe a significant improvement in adding sST2 to other
markers. Further studies may focus on the application of
this specific cut-off of sST2 in practice and provide more
suggestions on combination of different markers.

Being a promising biomarker for risk stratification
for STEMI patients, sST2 has more advantages other than
the significant association between elevated levels and fi-
brosis and myocardial injury as follows: first, it is less af-
fected by GFR. Second, the biological variability of sST2
is low. Third, sST2 levels respond well to the effective
treatment.”” Here, our study adds more evidence to the
application of sST2 as a new predictive biomarker for the
prognostication of adverse events in STEMI patients re-
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ceiving PPCI. However, there are still several limitations:
firstly, more male patients were included in our study due
to the continuous recruitment of participants, which may
lead to an unselected bias on gender. Secondly, only 12-
month follow-up was performed in our study, which may
need to be extended for further evaluation. Thirdly, there
were only 295 patients included in our final analysis,
which may eliminate some statistical significance due to
the small number of participants.

In conclusion, the present study not only observed
baseline sST2 presented myocardial injury and predicted
MACEs independently, especially mortality, in patients re-
ceiving PPCI, but also showed that sST2 provided prog-
nostic efficiency that was similar to other markers, and a
cut-off value of 58.7 ng/mL identified the patients at
greater risk of MACEs with the highest specificity. Since
no previous studies have offered a prognostic cut-off value
for sST2 in predicting MACEs in STEMI patients receiv-
ing PPCI in clinical practice, our study suggests an overall
evaluation of cardiac damage based on a cut-off value of
58.7 ng/mL for sST2 will provide more confidence to
physicians as well as better risk stratification to the pa-
tients.
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