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t is estimated that in the United States, each year,
>780 000 people will experience an acute coronary
syndrome. Approximately 70% of these people will have a
non–ST-elevated myocardial infarction (NSTEMI), and the rest
will have an ST-elevated myocardial infarction (STEMI).1
Patients with NSTEMI typically have more comorbidities, both
cardiac and noncardiac, than patients with STEMI.
In both STEMI and NSTEMI, risk estimation by current
guidelines recommends the use of the TIMI (Thrombolysis in
Myocardial Infarction) or GRACE (Global Registry of Acute
Cardiac Events) risk scores. The TIMI risk score is composed
of 7, 1-point risk indicators (≥65 years of age, ≥3 risk factors
for coronary artery disease, prior coronary stenosis ≥50%, ST
deviation on ECG, ≥2 anginal events in prior 24 hours, use of
aspirin in prior 7 days, and elevated cardiac enzyme levels),2
and it has been validated internally within the TIMI 11B trial
and in 2 separate cohorts of patients from the ESSENCE
(Efﬁcacy and Safety of Subcutaneous Enoxaparin in Non–QWave Coronary Events) trial,3 published 20 years ago. The
TIMI risk score calculator is available at http://www.timi.org.
The GRACE risk model predicts in-hospital and postdischarge
mortality of MI.4,5 The GRACE tool was developed from
11 389 patients in GRACE and validated in subsequent
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GRACE and GUSTO (Global Utilization of Streptokinase and
TPA [Tissue Plasminogen Activator] for Occluded Arteries) IIb
cohorts, also reported a couple of decades ago.4,6 The GRACE
clinical application tool is available at http://www.outcomesumassmed.org/grace.
During the past 2 decades, since these scores were
developed, several things have changed in the management of
patients with STEMI and NSTEMI, as well as the phenotype of
these patients, who are generally older and have more
comorbidities. Remarkably, biomarkers have entered into the
center stage in cardiovascular diseases. Among them, natriuretic peptides (NPs) have had a successful path from research
studies to clinical guidelines and routine implementation,
mainly to rule in and rule out heart failure (HF). Despite the
versatility of NPs, other biomarkers have provided additional
and complementary information. The soluble suppression of
tumorigenicity-2 (sST2) protein is one such biomarker.7 It is
regarded as a 3-in-1 biomarker because of its comprehensive
added value in cardiovascular pathological features.
In the setting of NSTEMI, higher sST2 levels are associated
with an increased risk of adverse outcomes.8 In a study of 577
patients with NSTEMI, predischarge sST2 levels provided
independent prediction of 18-month risk of death, HF admission, or reinfarction.9 Subsequently, a substudy from the larger
MERLIN (Metabolic Efﬁciency with Ranolazine for Less
Ischemia in Non-ST-Elevation Acute Coronary Syndromes)TIMI 36 study of 4426 high-risk patients with NSTEMI found
that sST2 levels were independently associated with increased
risk of cardiovascular death or new/worsened HF at 30 days
and 1 year.10 In this study, sST2 levels remained predictive of
risk, even after adjusting for NP and troponin levels.
In patients with STEMI, several studies have found that
sST2 levels are independently associated with an increased
risk of death or HF.11,12 This risk appears to be additive to
standard risk factors and NP levels.11 ST2 levels in patients
with STEMI also improved on short-term risk prediction using
the GRACE score and NP levels, with signiﬁcant improvement
in risk discrimination when all 3 were combined.12 Remarkably, in the setting of an acute MI with HF signs or symptoms,
an sST2 level >35 ng/mL before discharge identiﬁed the
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shortening and survival, compared with wild-type littermates.19 Furthermore, recombinant IL-33 treatment reduced
hypertrophy and ﬁbrosis and improved survival after transverse aortic constriction in wild-type mice, but not in ST2 /
littermates. Treatment with sST2 antagonizes the ability of IL33 to block angiotensin II– and phenylephrine-induced
hypertrophy in cardiomyocytes,19 suggesting that sST2 functions in the myocardium as a soluble decoy receptor and
introducing the possibility that an excess of sST2 could
reduce IL-33/ST2L-mediated cardioprotective signaling.
From an analytical perspective, in the current study,
measurement of sST2 was accomplished via the Presage
assay. Three different ELISA assays can be used for sST2: one
produced by MBL International, Inc (Woburn, MA), one
produced by R&D Systems (Minneapolis, MN), and one
produced by Critical Diagnostics (San Diego, CA; the Presage
assay). Of these assays, the ﬁrst 2 are research assays only,
whereas the Presage assay is Food and Drug Administration
approved and Conformite Europeene (CE) marked as an aid in
risk stratiﬁcation of patients with HF or MI. More important, a
recent method comparison study found that sST2 results
obtained with the 3 different assays are not equal to each other;
thus, results obtained using one method are not directly
comparable to the other methods.22 The lack of agreement
between the 3 assays is likely because of different antibodies
(which may be detecting different epitopes), different puriﬁcation processes for the standards, and possibly different
reagents and buffers as well.22 The Presage assay has good
precision (coefﬁcient of variation, <5%), even at low analyte
concentrations, and high in vitro stability.23 sST2 levels appear
to be stable over the long-term in frozen samples. Levels of
sST2 are not signiﬁcantly associated with body mass index and
have a weak association with age and renal insufﬁciency
compared with NP.7,24
The recommended clinical cut point for sST2 is 35 ng/mL,
and between 90% and 95% of normal individuals have levels
lower than this threshold. A recent study evaluating the
biological variation of sST2 and other cardiovascular biomarkers found that the long-term intraindividual variation for sST2
was only 11%, considerably lower than that of NP (33%–
50%).25 The low biological variation suggests that sST2 may
be a useful biomarker to follow serially to guide therapy.
The roadmap for precision and personalized medicine after
MI advocates the incorporation of biomarkers to reﬁne and
improve current risk stratiﬁcation based on clinical and
imaging techniques. Pathophysiological, clinical research, and
analytical data on sST2 during the past years are robust and
consistent. The study by Gerber et al14 suggests that sST2
may emerge as a bona ﬁde and precise tool to estimate longterm risk in patients after MI on a day-to-day basis. Additional
research about the impact of treatment-induced longitudinal
changes in sST2 levels over time on clinical outcomes after MI
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subset of patients in whom eplerenone was likely to be
especially beneﬁcial in terms of preventing left ventricular
adverse remodeling during follow-up.13
In the study by Gerber et al, published in the current issue
of JAHA,14 the authors are to be commended for a comprehensive analysis of patients with MI in a real-life setting:
Olmsted County, Minnesota, from November 2002 to December 2012. In the current report, the authors examined the
added value of sST2 on top of currently recommended TIMI
and GRACE scores. Relative to the discriminatory performance
of sST2, the authors found that sST2 markedly improved
discrimination over GRACE (c-statistic from 0.78 to 0.84) and
TIMI (c-statistic from 0.61 to 0.81). Indeed, these changes in
c-statistic are impressive. As an example, in the setting of HF,
a biomarker is considered of relevance for risk stratiﬁcation if
it has the ability to improve the c-statistic by 0.02.15 In this
report, in the setting of MI, the incremental beneﬁt of sST2 on
the c-statistic ranged between 0.06 for GRACE and 0.20 for
TIMI. A further veriﬁcation of the impact of sST2 was obtained
by reclassiﬁcation examination. Gerber et al14 showed that
addition of sST2 reclassiﬁed 44.9% of patients over TIMI and
39.7% of patients over GRACE. Present data support, conﬁrm,
and validate previous reports on the use of sST2 for post-MI
risk stratiﬁcation. The time is right to consider incorporation of
sST2 in routine clinical decision making.
From a biological perspective, the ST2 protein is a member
of the Toll-like/interleukin (IL)-1 receptor superfamily,
encoded by the IL-1 receptor like 1 (IL1RL1) gene that has
2 primary isoforms regulated by different promoters.16 The
transmembrane ST2 isoform (ST2L) is a membrane-bound
isoform; sST2 is a circulating isoform, which lacks the
transmembrane and intracellular domains. IL-33 has been
identiﬁed as an extracellular ligand for ST2L.16 IL-33/ST2L
signaling has emerged as a pathway with a central role in
processes of the immune response, homeostasis, and tissue
injury/repair.17 Several lines of experimental evidence suggest that sST2 acts as a decoy receptor, attenuating the
cellular and tissue effects of the IL-33/ST2L axis.16,17
At the cardiac level, both ST2L and sST2 are transcriptionally induced by mechanical strain in rat cardiomyocytes
and cardiac ﬁbroblasts.18,19 In cardiomyocytes and cardiac
ﬁbroblasts, IL-33 was transcriptionally induced by mechanical
stretch, angiotensin II, and phorbol ester,19 as well as by the
proinﬂammatory cytokines tumor necrosis factor-a, interferon-c, and IL-1b.20 IL-33 markedly blocked angiotensin II–
and phenylephrine-induced nuclear factor-jB activation and
hypertrophy in cardiomyocytes.19 Interestingly, IL-33 prevents
cardiomyocyte apoptosis and improves cardiac function and
survival after MI in rats through ST2L signaling.21 After
pressure overload by transverse aortic constriction, ST2 /
mice had more left ventricular hypertrophy, myocardial
ﬁbrosis, and chamber dilation, and decreased fractional
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is ongoing. Furthermore, sST2 has inhibited the release of
proinﬂammatory cytokines by human immune cells.26 This
property could be advantageous, taking into account that
immune activation and increased production of proinﬂammatory cytokines play an important role in both myocardial repair
and clinical outcome after MI.27
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