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ABSTRAK

Protein ST2 memiliki peran pluripoten dan berpartisipasi penting dalam proses imunologi, serta fibrosis otot jantung sebagai respon
cedera. Gen ST2 mengkodekan dua isoform protein ST2, yakni transmembran (ST2L) dan bentuk terlarut, beredar (sST2) yang
diinduksi kardiomiosit dan fibroblas oleh stres biomekanik. sST2 dianggap sebagai biomarker baru untuk regangan jantung.
Konsentrasi plasma N-Terminal Pro-Brain Natriuretic Peptide (NT-proBNP) meningkat cepat selama 24 jam pertama setelah infark
miokard akut kemudian menurun dengan perawatan pasien, namun menunjukkan kenaikan kedua setelah lima hari, kemungkinan
berhubungan dengan efek remodeling. Ketika diukur pada awal sindroma coroner akut (SKA), NT-proBNP memiliki konsentrasi
darah yang kuat dan independen terkait dengan risiko jangka pendek dan jangka panjang dari kematian dan terjadinya gagal
jantung. Penelitian ini bertujuan untuk menganalisis hubungan antara konsentrasi protein ST2 dan NT-proBNP pada serum
penderita sindroma koroner akut. Penelitian berupa studi observasional pada 34 penderita SKA di IRD dan ICCU RSUD dr
Soetomo. Konsentrasi Protein ST2 diukur menggunakan kit Quantikine® human ST2/IL-1 R4 Immunoassay dan NT-proBNP diukur
menggunakan kit RELIA TM Immunoassay Diagnostic Instrument (SSJ-2) dengan metode Elisa, yang diukur pada jam pertama
setelah masuk rumah sakit. Proporsi NT-proBNP antara kategori normal dan kelas II hampir sama, yaitu 32,4% dan 35,3%.
Proporsi terendah adalah dimiliki oleh kelas IV yaitu 8,8%. Terdapat hubungan yang kuat antara konsentrasi puncak ST2 dengan
besarnya peningkatan konsentrasi NT-proBNP.(FMI 2013;49:202-207)
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ABSTRACT

Protein ST2 has a pluripotent role and participates in immunology process, as well as in fibrotic of heart as response to injury. The
ST2 gene encodes two isoforms of ST2 protein, trans-membrane (ST2L) and soluble, circulating (sST2) induced in cardiomyocytes
and fibroblasts by biomechanical stress. sST2 is considered a novel biomarker for cardiac strain. N-Terminal Pro-Brain Natriuretic
Peptide (NT-proBNP) is released as a response of wall stress and myocyte stretch. Plasma concentration of NT-proBNP rises rapidly
over the first 24h after acute myocardial infarct then declines, and exhibit a second rise after five days, possibly related to adverse
remodeling. When measured either at the time of initial presentation onset of ACS, the blood concentration of NT-proBNP is strongly
and independently associated with the short- and long-term risk of death and heart failure. Our objective is to analyze correlation
between serum level of Protein ST2 and NT-proBNP on Acute Coronary Syndrome (ACS) patient. This is an observational study of
34 Acute Coronary Syndrome Patient in Emergency Room and ICCU dr Soetomo Hospital. Quantikine® human ST2/IL-1 R4
Immunoassay was used to measured protein ST2 concentrations with ELISA method and RELIA TM Immunoassay Diagnostic
Instrument (SSJ-2) Kit was used to measured NT-proBNP concentrations with ELISA method, 1 hour after admission. The proportion
of NTproBNP between normal category and second class is almost the same, namely 32,4% and 35,3%. The lowest proportion is
owned by fourth class, which is 8,8%. There was correlation between peak ST2 and Amount of NT - pro BNP elevation.(FMI
2013;49:202-207)
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INTRODUCTION

Coronary heart disease is now the leading cause of
death in the world, both men and women. According to
the World Health Organization (WHO) also indicate
death due to ischemic heart disease keep the top of the
12,2% in 2004 and 14.2% in 2008 (World Health

Organization 2008). Indonesia Health Profile 2009
issued by the Morita of the Republic of Indonesia in
2008 showed that vascular system diseases were the
highest cause of death, 11,06% of all deaths in hospital
(Ministry of Health Republic of Indonesia 2010). It is
most often caused by a blockage in the coronary artery
atheroma plaque. On coronary heart disease due to
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atherosclerosis, there is a buildup of fat and other
substances that form plaque on artery walls, narrowing
of the coronary artery, hindering blood flow and cause
myocardial ischemia. When the plaque ruptures,
thrombus formation occurs that can lead to total
occlusion of the coronary artery and myocardial
necrosis cells. This series of events provides clinical
manifestations ranging stable angina pectoris and acute
coronary syndrome, namely unstable angina pectoris,
acute myocardial infarction (AMI) without ST
elevation, AMI with ST elevation until sudden death
(Rilantono 2012).

So far, the success of the treatment over time as a
biomarker to be determined, as such diagnosis is very
important and as accurate as possible, therapy can be
done but the results are still not without risk.
Biomarkers are biological parameters that are used as
indicators of biological status, both markers of risk in
normal biological processes, pathogenic processes
screening (subclinical and clinical) or progression of
disease, pharmacologic responses to therapeutic
interventions, and prognosis (Chan & Ng 2010).

Recent data have demonstrated that B-type natriuretic
peptide (BNP) and N-terminal-pro (NT-pro) BNP are
associated with adverse cardiovascular events in
patients presenting with acute coronary syndrome
(ACS). A rapid accumulation of evidence has indicated
that B-type natriuretic peptide (BNP) and the N-
terminal fragment of its prohormone (NT-proBNP) are
robust markers of the risk for mortality and new
congestive heart failure (CHF) in patients presenting
with acute coronary syndrome (ACS) (Morrow 2006).
Both BNP and NT-proBNP levels are higher in patients
with anterior Myocard Infarction (MI) than in those
with inferior MI. In addition, the time course of the rise
in inferior STEMI may be characterized by a single
peak during the first day, whereas in anterior STEMI, a
biphasic pattern of BNP secretion is common, with the
first peak occurring between 1 and 2 d and the second
between 4 and 6 d after infarction (Morita et al 1993).
The rise in BNP and NT-proBNP concentration may be
sustained over several weeks after ACS and correlates
with infarct size, as measured by cardiac enzyme release
(Arakawa et al 1994). Many biomarkers of
hemodynamic stress are secreted molecules that not
only are induced by hemodynamic stress, but also have
hemodynamic effects themselves. It is logical that some
biomarkers of hemodynamic overload are vasodilators
or diuretics. To achieve blood pressure hemostasis, an
increase in arterial or venous pressures may be relieved
by vasodilation or loss of intravascular volume. B-type
natriuretic peptide is the prototypical example of this
group of biomarkers and has established the clinical

relevance of hemodynamic biomarkers as a class (Katz
2000).

The emergence of convincing evidence establishing
BNP as a valuable diagnostic and prognostic marker in
cardiovascular disease (CVD) has provided proof in
principle for a clinical role for biomarkers of
hemodynamic stress. ST2, an IL-1 receptor family
member, is a novel biomarker of hemodynamic stress in
AMI and heart failure. The aim of this study is to
discern the potential of ST2 as a marker of
hemodynamic stress in AMI and is in agreement with
the rapid induction of ST2 mRNA expression in
cultured cardiac myocytes (Shimpo et al 2004).

MATERIALS AND METHODS

The study was an observational analytic with cross
sectional approach. We prospectively studied 34
consecutive patients of acute coronary syndromes
admitted to the Emergency Room of Dr. Soetomo
Hospital. These patients had no prior history of
myocardial infarction and heart failure. In first hour, we
examinedd plasma NTproBNP and sST2 level. The
local scientific ethical committee has approved the
study and each participant was given written informed
consent.

At the time of enrollment, blood specimens were
collected in citrate treated tubes and centrifuged for at
least 12 minutes. The plasma component was frozen.
After the trial was completed, all available plasma
specimen was analyzed. NTproBNP was measured with
Kit RELIA TM Immunoassay Diagnostic Instrument
(SSJ-2) for the quantitative determination of NTproBNP
in plasma specimens and sST2 was measured with
Quantikine® ELISA Human ST2/ IL-1 R4
Immunoassay.

The level of sST2 was identified using Enzime
Immunosorbant Linked Assay (ELISA) method. Mouse
monoclonal anti-human ST2 antibody coated onto the
surface of the first microtiter plate wells and sST2
molecule acts as a catcher. Moderate mouse anti-human
monoclonal antibody second antibody serves as a trace
that will detect the presence of sST2-bound capture
antibody. Microtiter plate is available in a ready state.
sST2 standard diluent, sST2 control and patient
specimens were put in well, incubated for 60 min.
During the incubation period, sST2 contained in the
wells will be tied to the capture antibody found on the
surface of the well. After incubation is complete, we
washed it using Wash Buffer to dispose of materials that
are not bound. Antibody Reagent Anti sST2 biotinylated
tracer antibody was added to the wells and incubated for
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60 min. During the incubation period complex antibody-
antigen-antibody will be formed. After incubation is
complete, we washed with Wash Buffer. Added
Streptavidin-HRP Working Conjugate Reagent
(Streptavidin-HRP Conjugate Concentrate which has
been dissolved in the diluent) into the wells and
incubated for 30 min. During the incubation of
Streptavidin-HRP Conjugate with Anti sST2 will bound
biotinylated antibodies. After incubation is complete,
we washed with Wash Buffer. Addition of
Tetramethylbenzidine (TMB) Reagent will result in a
blue color in the wells if there was HRP. Discoloration
will expire after 20 minutes with the addition of Stop
Solution, which will change color to yellow and can be
read using Elisa Microplate Reader with a wavelength
of 450 nm within 15 minutes. The examination took 100
l serum specimens of patients.

Principles of NT-proBNP examination in this study is
bi-directional lateral flow immunoassay using a double-
antibody sandwich with Relia reader tool system.
During the test, the buffer-A added to port 1 to pre-wet
the strip. Sample was added to port 2, when added to the
sample analyte in the sample reacts with anti NT-
proBNP conjugate immunogold conjugate pad and
formed immune complexes, which then flows to the
nitrocellulose. Immunogold complexes that reach the
test band, will react with the antibody anti-NT-proBNP
were coated on nitrocellulose, and the band would be
fixed to the nitrocellulose test. The higher levels of NT-
proBNP in the blood, immunogold complexes bound to
the band would be more and more with each tests.
During the control test conjugate, gold colloid labeled
DNP-BSA, would also flow into the sample by
chromatography nitrocellulose. DNP-BSA gold would
react with anti-DNP antibodies on nitrocellulose in the
control band 1 and band 2 controls, and fixed to the
control band. Colloidal gold is red, then the DNP-BSA
immune complexes bound to the gold anti-DNP on the
control band 1 and band 2 on nitrocellulose control will
be colored red, in the absence of NT-pro-BNP in the
sample, only the control band 1 and band control 2 that
appears. NT-proBNP levels in the sample is indicated
by the appearance of the red color band test.
Immunoaasay Relia Diagnostic Instruments (SSJ-2)
would analyze DR (Densty of reflectance) of the band,
and calculate RI (relative intensity of the band bandtes
and control) after reaction complete, the instrument
would determine the analyte concentration based on a
standard curve programmed into the instrument and
displays results (ng/mL). NT-proBNP levels were
categorized into 5, which are normal (<250pg/ml), Class
I (250 - <450pg/ml), Class II (450 - <1700pg/ml), Class
III (1700 - <4200pg/ml), and to weld IV (> 4200pg/ml).

Results were presented as Descriptive data shown as
mean ± SD or median and frequency is displayed as a
percentage. Further inferential data was analyzed in
order to see the correlation between the level of ST2 in
the category NT Pro BNP levels using Spearman
Correlation Test. Limit value of significance () = 0.05,
and power () = 80%. The analysis also showed the
value of correlation (r) which indicates the direction and
strength of the correlation between the two variables.
The entire results of the analysis presented in tabular
form. The whole process of analysis using SPSS for
windows version 20.0.

RESULTS

After two months of data collection of the Acute
Coronary Syndrome patients who came for treatment to
Dr. Soetomo Hospital Surabaya, a total of 34 samples
were obtained to be included in this study. Samples
found no dropouts during the study. In the table 1, we
see that most of the study subjects were males, with a
mean age of 56.21 years. Most complaints presented
patients upon hospital admission (Emergency Room) is
chest pain. Despite the pain, the mean vital signs shown
by the study subjects was within normal limits.

Table 1. Basic characteristics of the study subjects

Variables n (%) or Mean ± SB
Sex
Men
Women

Age (year)

Symptom
Dyspneu
Chest Pain
Palpitation
Dyspepsia

Systolic (mmHg)
Diastolic (mmHg)
Heart Rate (beat/minute)
Respiratory Rate (x/minute)

Smoking
Yes
No

Diabetes Mellitus
Yes
No

Hypertension
Yes
No

Diagnosis
STEMI
NSTEMI

Unstable angina

19(55.9)
15 (44.1)

56.21 ± 10.1

2 (17.6)
26 (76.5)
1 (2.9)
1 (2.9)

124.88 ± 24.1
76.12 ± 10.9
91.59 ± 17.1
22.03 ± 4.8

15 (44.1)
19 (55.9)

11 (32.4)
23 (67.6)

23 (67.6)
11 (32.4)

17 (50.0)
3 (8.8)
14 (41.2)
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When looking at risk factors, the majority of the study
subjects had risk factors for hypertension (67.6%)
followed by smoking (44.1%) and diabetes mellitus
(32.4%). Diagnosis of Acute Coronary Syndrome Most
of this research is ST-Elevation Myocardial Infarction
(STEMI), and the least is Non ST-Elevation Myocardial
Infarction (NSTEMI). Figure 1a and Figure 1b  shows
that NTproBNP levels  and ST2 levels in patients with
STEMI and NSTEMI higher than the UA. And average
highs are in the NSTEMI group. The graph shows that
there is a more severe mechanical stress in the
myocardial infarction group than in the group UA.

Figure 1a.NTpro BNP levels based on spectrum Acute
Coronary Syndrome

Figure 1b. ST2 levels based on spectrum Acute
Coronary Syndrome

Figure 2.a and b. It can be concluded that NTproBNP
levels increase with increasing Killip class. Median
NTproBNP levels found in Killip class 3 and ST2 levels
with increasing Killip class. The average levels of ST2
are in Killip class 4. It can be concluded more severe
Killip class higher NTproBNP and ST2, reflecting a
more severe mechanical stress.

To test this hypothesis, the correlation analysis of the
two variables is by using Spearman Rank Correlation
Test. Analysis results using this test shows that there is
significant correlation, positive, and strong enough

between category levels of NT pro-BNP and ST2 levels
(p <0.001; r = 0.593).

Figure 2a. NT pro BNP levels based on the
classification of Killip class

Figure 2b. ST2 levels based onthe classification of
Killip class.

DISCUSSION

This study was an observational study that aims to
analyze the correlation between levels of NT-proBNP
category with ST2 in patients with Acute Coronary
Syndrome. In the descriptive analysis of the proportion
of subjects showed more men than women with a mean
age of 56.21 years. These results resemble the results
obtained by Eggers et al (2010) in Sweden that
examined the levels of ST2 in Acute Coronary
Syndrome patients with NSTEMI the proportion of
males was 64.8% with a mean age of 69 years (Eggers
et al 2010). The proportion of male subjects were more
likely to suffer Acute Coronary Syndrome (ACS) is
expected in this study because many risk factors, where
smoking is not found in female subjects.

Acute Coronary Syndrome occurs on coronary blood
flow interruption to the acute myocardial giving
symptoms of chest pain. This has resulted in more than
half of the subjects in this study complained of chest
pain but mean vital signs are within normal limits. Risk
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factors related to the subject in question ACS, this
research is smoking, diabetes mellitus, and
hypertension. From the results of this research note that
the majority of subjects did not have the habit of
smoking, diabetes mellitus, but has a history of
hypertension. Brown et al (2007) also found risk factors
of hypertension as a risk factor with the highest
proportion SKA suffered by research subjects them than
other risk factors such as family history of acute
myocardial infarction, diabetes mellitus, history of use
of tobacco, a history of cocaine use, and hyperlipidemia.

In acute myocardial infarction can occurs ischemic
process lead to tissue hypoxia and myocardial cells so
that there will be stress and stretch. Myocardial
response will increase the pressure on the walls of the
ventricles. In this study, we get the ST2 and NTproBNP
levels in unstable angina or NSTEMI compared to
STEMI, NSTEMI occurred probably due to the
ischemic process rather than the process of necrosis,
which is also supported by Salama et al (2011) that NT-
proBNP levels in patients with NSTE-ACS were
significantly higher than in patients with STE-ACS,
CKMB and Troponin level despite lower. NT proBNP
increased in the hyperacute phase of NSTE-ACS
patients caused by ischemia process not due to necrosis
of myocardial.

Heart failure is a complication of acute myocardial
infarction, if the pressure in the ventricle wall occurs
continuously. As an indicator of heart failure can be
used left ventricular ejection fraction (LVEF) and
clinical calcification (Killip classification). Sabatine et
al (2008) said that ST2 levels at the time did not appear
related to the clinical characteristics potentially
associated with increased chronic LV wall stress such as
age, gender, hypertension, previous MI, and previous
CHF. This independence is in marked difference to the
levels of NT-proBNP, which is strongly associated with
all the previously mentioned characteristics. In this
study it was showed increased levels of ST2 in
accordance with the increase in Killip class, whereas
NTproBNP rise higher in Killip class 3 than Killip class
4.

On a study conducted by Dhillon et al (2011) on 577
patients with NSTEMI ACS result that ST2 was
independently associated with severe heart disease
(major adverse cardiac events) (HR = 1.78, p = .03).
These results remained the same when made
adjustments of the NT-pro-BNP levels (HR = 1.67, p =
0.004). Vondrakova et al. (2013) in a review of the
literature regarding new biomarkers of heart failure also
support these results. They mention that the second
increase this biomarker increased risk of death within
one year. Based on the above it can be concluded that

both these markers simultaneously influence the
incidence of severe heart disease and risk of death.

NT-proBNP levels were categorized into 5, which is
normal (<250pg/ml), Class I (250 - <450pg/ml), Class II
(450 - <1700pg/ml), Class III (1700 - <4200pg/ml), and
Class IV (> 4200pg/ml). While the levels of ST2 are not
classified though with risk of heart failure limit is>
35ng/ml. Results of analysis using the Spearman Rank
correlation test Correlation Test shows that there is
significant correlation, positive, and strong enough
between category levels of NT-pro BNP and ST2 levels.
These results resemble the results of research conducted
by Rehman et al (2008) who reported that there is a
significant and positive correlation between ST2 with
BNP (r = 0.293, p <0.001), NT-proBNP (r = 0.413, p
<0.001).

Limitation of this study is the difficulty of determining
when the actual onset of AMI, because the complaints
are subjective, so the peak ST2 concentrations could not
be detected. Since the peak levels of ST2 is 12 hours
after the onset, NTproBNP concentration before
ischemia events is unknown. And the presence of
ventricular dysfunction and hypertrophy were
previously unknown. Due to an increase in NTproBNP
and the resulting output is not only caused by ischemia
alone. Sample size is too small and a high α value
greatly affects the results of this study.

CONCLUSION

ST2 as a novel biomarker in determining the prognosis
of patients with Acute Coronary Syndrome for ST2 and
can be used to help biomarker NTproBNP has been
used for the assessment of prognosis in patients with
acute coronary syndrome so that we can prevent
morbidity and mortality by providing rapid and
appropriate therapy.
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