
lable at ScienceDirect

Atherosclerosis 237 (2014) 754e759
Contents lists avai
Atherosclerosis

journal homepage: www.elsevier .com/locate/atherosclerosis
Platelet expression of transforming growth factor beta 1 is enhanced
and associated with cardiovascular prognosis in patients with acute
coronary syndrome

Dominik Rath a, Madhumita Chatterjee a, Iris Müller a, Karin Müller a,
Corinna B€ockmann a, Michal Droppa a, Fabian Stimpfle a, Athanasios Karathanos a,
Oliver Borst a, Peter Seizer a, Harald Langer a, Matthias Schwab b, c, Meinrad Gawaz a, *,
Tobias Geisler a, *

a Medizinische Klinik III, Kardiologie und Kreislauferkrankungen, Universit€at Tübingen, Tübingen, Germany
b Dr Margarete Fischer-Bosch Institute of Clinical Pharmacology, Stuttgart, Germany
c Department of Clinical Pharmacology, University Hospital of Tübingen, Tübingen, Germany
a r t i c l e i n f o

Article history:
Received 11 April 2014
Received in revised form
4 August 2014
Accepted 13 October 2014
Available online 30 October 2014

Keywords:
Transforming growth factor beta-1
Acute coronary syndrome
Coronary artery disease
Platelets
* Corresponding authors. Medizinische Klinik III,
Cardiovascular Research, Otfried-Müller-Strasse 10, 7

E-mail addresses: meinrad.gawaz@med.uni-tuebi
geisler@med.uni-tuebingen.de (T. Geisler).

http://dx.doi.org/10.1016/j.atherosclerosis.2014.10.021
0021-9150/© 2014 Elsevier Ireland Ltd. All rights rese
a b s t r a c t

Background. Functional recovery and prognosis after acute coronary syndromes (ACS) are mainly driven
by the extent of reperfusion injury and myocardial repair mechanisms. Transforming growth factor-beta
1 (TGF-b1) is critically involved in cardiac injury, repair and remodeling. In this study, we investigated the
prognostic role of platelet TGF-b1 surface expression and circulating TGF-b1 levels in patients with
coronary artery disease (CAD). Methods and results. Expression of TGF-b1 in platelets and circulating
TGF-b1 levels were investigated by flow cytometry and ELISA, respectively, among patients with ACS and
stable CAD undergoing percutaneous coronary intervention (PCI). In a cohort study, platelet and circu-
lating TGF-b1 was measured in 299 patients with symptomatic CAD (stable CAD ¼ 145, ACS ¼ 154) at the
time of PCI. The primary combined endpoint was defined as death and/or STEMI during 12-month
follow-up. Platelets expressed TGF-b1 and circulating TGF-b1 showed a weak, but significant negative
correlation. TGF-b1 surface expression was significantly elevated on platelets in ACS patients compared
to patients with stable CAD (median MFI 13.4 vs. median MFI 11.7, p ¼ 0.003). During follow-up, lower
platelet expression of TGF-b1 was associated with all-cause mortality (median MFI 11.0 vs. median MFI
13.9, p¼ 0.011) as well as for the combined endpoint of death and/or STEMI, (median MFI 10.8 vs. median
MFI 13.9, p ¼ 0.006). In multivariate analysis platelet TGF-b1 expression was independently associated
with the combined primary endpoint in the overall cohort (Hazard Ratio 0.31, 95% Confidence Interval
0.11e0.89, p ¼ 0.029) and was strongly associated with prognosis in ACS patients. There was no sig-
nificant association of circulating TGF-b1 levels neither with the presence of ACS nor the occurrence of
the primary endpoint. Conclusion. These findings highlight a potential role of platelet expressed TGF-b1
in ACS and indicate a prognostic value of TGF-b1 on clinical outcomes in patients with acute coronary
syndromes. Large scale studies are warranted to further evaluate the regulatory mechanisms of platelet
TGF-b1 expression- and its prognostic impact in CAD.

© 2014 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Functional recovery and prognosis after acute coronary syn-
dromes (ACS) are mainly driven by the extent of reperfusion injury
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and myocardial repair mechanisms. Transforming growth factor
beta (TGF-b) is critically involved in cardiac injury, repair and
remodeling [1,2]. TGF-b is a pleiotropic cytokine and is implicated
in a variety of cell functions, in regulation of inflammation, extra-
cellular matrix deposition, cell proliferation-, differentiation- and
growth [3]. TGF-b consists of 3 isoforms, TGF-b1, TGF-b2 and TGF-
b3 [2]. TGF-b1 is found almost ubiquitously whereas expression of
TGF-b2 and TGF-b3 is more limited to certain tissues [1]. TGF-b1 is
secreted to a large extend by platelets [4]. Platelets contain up to
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Table 1
Baseline patient characteristics in patients with acute coronary syndrome compared
to patients with stable CAD.

Characteristics All (n ¼ 299) Acute coronary
syndrome
(n ¼ 154)

Stable CAD
(n ¼ 145)

p

n male 219 (73.2%) 116 (75.3%) 103 (71.0%) 0.458
n female 80 (26.8%) 38 (24.7%) 42 (29.0%)
Age years (mean ± SD) 68 (±12) 69 (±12) 68 (±11) 0.906
CVRF
Arterial hypertension 262 (87.6%) 126 (81.8%) 136 (93,8%) 0.002
Hyperlipidemia 195 (65.2%) 90 (58.4%) 105 (72.4%) 0.015
Diabetes 85 (28.4%) 45 (29.2%) 40 (27.6%) 0.702
Smoking 56 (18.7%) 27 (17.5%) 29 (20.0%) 0.620
Ex-smoking (>6 months) 55 (18.4%) 26 (16.9%) 29 (20.0%) 0.519
Atrial fibrillation 65 (21.7%) 34 (22.1%) 31 (21.4%) 0.937
LV function (LVEF%)

(mean ± SD)
49.7 (±11.1) 48.2 (±11.0) 51.2 (±11.2) 0.192

LVEF% normal 128 (42.8%) 52 (33.8%) 76 (52.4%) 0.009
LVEF% mild impairment 68 (22.7%) 41 (26.6%) 27 (18.6%)
LVEF% moderate

impairment
55 (18.4%) 35 (22.7%) 20 (13.8%)

LVEF% severe impairment 45 (15.1%) 24 (15.6%) 21 (14.5%)
LVEF% unknown 3 (1.0%) 2 (1.3%) 1 (0.7%)
Renal function

(GFR) (Mean ± SD)
75.2 (±24.8) 75.3 (±26.9) 75.1 (±21.6) 0.426

Medication on admission
Acetyl Salicylic Acid 178 (59.5%) 83 (53.9%) 95 (65.5%) 0.118
Clopidogrel 64 (21.4%) 18 (11.7%) 46 (31.7%) <0.001
Prasugrel 9 (3.9%) 2 (1.3%) 7 (4.8%) 0.090
Ticagrelor 16 (5.4%) 9 (5.8%) 7 (4.8%) 0.606
Oral anticoagulants 33 (11.0%) 13 (8.4%) 20 (13.8%) 0.201
ACE inhibitors 144 (48.2%) 63 (40.9%) 81 (55.9%) 0.027
AT1-receptor antagonists 48 (16.1%) 23 (14.9%) 25 (17.2%) 0.750
Beta blockers 173 (57.9%) 74 (48.1%) 99 (68.3%) 0.001
Statins 169 (56.5%) 72 (46.8%) 97 (66.9%) 0.001
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100 times as much TGF-b as other cells and immediately release it
upon activation [5,6]. Effects of TGF-b1 in myocardial infarction and
heart failure are widely studied in experimental settings and ani-
mal models. In myocardial infarction, TGF-b1 might play a critical
role in cardiac remodeling by effects on inflammation and repara-
tion [2]. Experimental studies suggest TGF-b1 to be some kind of
“master switch” in mediating the transition from inflammation to
scar formation [1]. Furthermore, TGF-b shows an up-regulation in
animal models of heart failure. Elevated levels of TGF-b1 are asso-
ciated with cardiac hypertrophy- and fibrosis [4,5]. TGF-b1 over-
expressing mice develop significant cardiac hypertrophy in
addition to interstitial fibrosis [7]. On the contrary, heterozygous
TGF-b1 ±mice are protected against age-associated cardiac fibrosis
and diastolic dysfunction [8]. In a mouse model of pressure over-
load, mice with specific deletion of TGF-b1 showed less cardiac
interstitial- and perivascular fibrosis than wild-type mice. Mice
with deletion of TGF-b1 had a lower expression of myofibroblasts in
their hearts compared with wild-type mice [9]. Myofibroblasts are
probably key elements of cardiac tissue fibrosis since they produce
collagen with a higher activity than their progenitors, fibroblasts,
and TGF-b1 is capable of inducing the differentiation of cardiac fi-
broblasts to myofibroblasts [10e13]. To date, there are no data
regarding the prognostic impact of TGF-b in cardiovascular pa-
tients. Hence, the aim of the present study was to investigate dif-
ferential regulation of TGF-b on the surface of platelets, which are
considered one of the richest sources of TGF-b, in patients with
symptomatic coronary artery disease (CAD).

2. Subjects and methods

2.1. Patient characteristics and blood sampling

Blood samples were collected during PCI and immediately
analyzed for surface expression of TGF-b1 and GPIb by flow
cytometry. All subjects gave written informed consent. Patients
were admitted to the department of cardiology at the university of
Tübingen, Germany. The study was approved by the institutional
ethics committee (270/2011BO1) and complies with the declaration
of Helsinki and the good clinical practice guidelines [14]. We
included 299 consecutive patients with symptomatic CAD (stable
CAD n¼ 145, ACS n¼ 154). ACS was defined as worsening of angina
or acute myocardial infarction. An acute myocardial infarction was
diagnosed by a rise and/or fall of cardiac biomarker values [pref-
erably cardiac troponin (cTn)] with at least one value above the
99th percentile upper reference limit and with at least one of the
following: Symptoms of ischemia, new or presumed new signifi-
cant ST-segmenteTwave (STeT) changes or new left bundle branch
block (LBBB), development of pathological Q waves in the ECG,
imaging evidence of new loss of viable myocardium or new
regional wall motion abnormality, identification of an intra-
coronary thrombus by angiography [15].

2.2. Surface expression by whole blood flow cytometry

Platelets in whole blood collected in CPDA anticoagulant were
analyzed for the surface expression of TGF-b1 specifically gating for
platelets as the GPIb positive population. Blood was diluted 1:50
with PBS (Gibco) and incubated with the respective fluorochrome
conjugated antibodies-mouse monoclonal anti-human TGF-b1-PE
(R&D systems, clone 9016, catalog number: IC240P, Ig class: IgG1)
and mouse anti human GPIb-FITC (Beckman Coulter, clone SZ2)
under resting condition, for 30 min at room temperature. After
staining, the samples were fixed with 0.5% paraformaldehyde and
analyzed by flow cytometry (FACS-Calibur flow cytometer Bec-
toneDickinson, Heidelberg, Germany).
2.3. Circulating levels of TGF-b1 measured by ELISA

Serum levels of TGF-b1 were evaluated in samples from patients
with stable CAD and ACS using specific TGF-b1 ELISA kit from Enzo
Life Sciences having a sensitivity range of (31.25e1000) pg/ml.
Blood was collected from patients in CPDA anticoagulant. Serum
samples were processed as per manufacturer's instructions and
levels of TGF-b1 are reported as pg/ml.

2.4. Follow-up

All patients were tracked after initial PCI for clinical events
including all cause death and STEMI. Follow-up was performed by
telephone interview and/or review of patients' charts on read-
mission by investigators blinded to the results of laboratory testing.
The day after PCI we investigated LVEF% by transthoracic echocar-
diography. Course of LVEF% was evaluated in ACS patients using
transthoracic echocardiography at a median 3-months follow-up.
2D echo LVEF% was assessed using the Simpson's biplane method
of discs by manual planimetry of the endocardial border in end-
diastolic and end-systolic frames [16].

2.5. Statistical analysis

All statistical analysis was performed using SPSS version 20.0
(SPSS Inc., Chicago IL). The primary endpoint of this study was the
combination of all-cause death and/or ST-elevation myocardial
infarction during follow-up. With a probability of 90% that the
study will detect a minimal risk ratio of 1.5% for the primary
endpoint between high vs. low TGF-b1 levels (e.g. > and �median)
at a two-sided 5.0% significance level we estimated a total sample
size of 256 patients [17]. Normally distributed data were compared



Table 2
Univariate analysis of covariance with TGF-b1 levels as dependent variable and
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by using independent student's T-test and presented by mean
values ± standard deviation (SD). Normality was checked by QQ-
Plots of the residuals and the KolmogoroveSmirnov test. Trans-
formation of TGF values was performed using BoxeCox method to
optimize for normality as previously described [18]. Non-
parametric data, including MFIs and circulating concentrations
were compared using the U-Test by Mann and Whitney. MFIs and
circulating concentrations are presented as median values and
25th- and 75th percentiles. General linear models (GLM) were
established using univariate analysis of covariates to show inde-
pendent associations of TGF-b1 levels. Variables entered into the
model included clinical risk factors, acute coronary syndrome, age,
glomerular filtration rate (GFR), percentage left ventricular ejection
(LVEF%) and cardiovascular comedication. Paired samples T-test
was performed to analyze differences of LVEF% at 2 timepoints (1
day after PCI and at 3 months) in patients with ACS. Cox regression
analysis was applied to compare the association of continuous
values of TGF-b1 transformed by BoxeCox method with the com-
bined cardiovascular endpoint after adjustment for epidemiological
factors influencing cardiovascular outcome. The time-dependent
covariate method was used to check the proportional hazard
assumption of the model. Cumulative event-free survival from
death and ST-elevation myocardial infarction was presented by
KaplaneMeier curves. The log-rank test was applied to
compare cumulative survival between patients with TGF
values � vs. > median.

3. Results

Patients' characteristics (age, gender, cardiovascular risk factors,
co-medication) of the prospective cohort (n ¼ 299) stratified ac-
cording to the subgroups stable CAD and ACS and high vs. low TGF-
b1-levels are provided in Table 1.

TGF-b1 surface expression on platelets was significantly
elevated on platelets in ACS patients compared to the control group
[median MFI 13.4 (25th; 75th percentile 10.5; 16.2) vs. median MFI
11.7 (25th; 75th percentile 9.4; 15.1), p ¼ 0.003] (Fig. 1).

Next, we evaluated associations between surface expression of
TGF-b1 on platelets and cardiovascular risk factors, diagnosis and
cardiovascular co-medication. In univariate analysis of covariance,
no significant interrelations except for ACS vs. stable CAD [point
estimates 1.53, 95% confidence interval (CI) 0.04e3.01, p ¼ 0.044]
and hyperlipoproteinaemia [point estimates �2.42, 95% CI �4.01
to �0.83, p ¼ 0.003] on TGF-b1 surface expression could be shown
Fig. 1. Median TGF-b1 MFI in ACS patients compared to patients with stable CAD.
(Table 2). Thus, acute coronary syndromes were independently
associated with enhanced TGF-b1 levels.

Interestingly, circulating TGF-b1 levels did not differ in ACS
patients as compared to patients with stable CAD (median con-
centration 40441.88 pg/ml, 25th; 75th percentile 20319.90;
76415.45 vs. median concentration 39822.53 pg/ml, 25th; 75th
percentile 19879.46; 80043.96, p ¼ 0.934).

Since TGF-b1 is associated with myocardial repair mechanisms
following reperfusion on the ischemic myocardium, we performed
a 3-month follow-up of left ventricular ejection fraction in ACS
patients to assess a possible influence of TGF-b1-surface expression
on LVEF% recovery after myocardial injury. LVEF% significantly
improved over time (paired samples T-test p¼ 0.001). Interestingly,
we found no significant impact of high vs. low TGF-b1-surface
expression on absolute changes in LVEF% after 3 months
(p ¼ 0.334). Similar to platelet TGF-b1 we could not find a signifi-
cant influence of high vs. low levels of circulating TGF-b1 on LVEF%
recovery after ACS (p ¼ 0.537).

All patients were tracked after initial PCI. Mean follow-up time
was 297 days (standard deviation 93 days). Of 299 patients
enrolled, complete follow up was obtained in 289 patients (97.0%).
10 patients were lost to follow-up.We found a significant difference
in baseline TGF-b1 levels in patients who subsequently died [me-
dian MFI 11.0 (25th; 75th percentile 8.9; 12.8) vs. median MFI 13.9
(25th; 75th percentile 10.5; 16.5), p ¼ 0.011] as well as for those
who subsequently suffered from death and/or STEMI [median MFI
10.8 (25th; 75th percentile 8.8; 13.1) vs. median MFI 13.9 (25th;
75th percentile 10.6; 16.5), p ¼ 0.006] (Fig. 2). However, we could
neither find a significant difference of baseline circulating TGF-b1
values for the endpoint death (median concentration 40413.66 pg/
ml, 25th; 75th percentile 20319.90; 76772.66 vs. 31931.88 pg/ml,
25th; 75th percentile 21642.75; 88438.33, p ¼ 0.916) nor for the
combined endpoint of death and/or STEMI (median concentration
40413.66 pg/ml, 25th; 75th percentile 20231.81; 76822.72 vs.
29657.30 pg/ml, 25th; 75th percentile 20848.43; 92552.55,
p ¼ 0.704).

Multivariate Cox regression analysis showed that lower TGF-b1
levels were independently associated with the combined primary
endpoint besides acute coronary syndrome and hypertension
(hazard ratio (HR) for TGF-b1 0.31, 95% CI 0.11e0.89, p ¼ 0.029, for
clinical factors as covariates.

Variable TGF-b1median
valuesin categories

Point estimates
(lower bound e upper
bound) 95% confidence
interval

p

Cardiovascular risk factors
Hypertension 12.2/13.5 (yes/no) 0.65 (�1.94 to 3.25) 0.620
Hyperlipoproteinaemia 11.8/14.6 (yes/no) �2.42 (�4.01 to �0.83) 0.003
Smoker 12.1/12.3 (yes/no) 0.43 (�1.76 to 2.62) 0.697
Diabetes mellitus

type II
11.9/12.4 (yes/no) �0.56 (�2.16 to 1.03) 0.488

Medication
Clopidogrel 12.1/12.6 (yes/no) 0.11 (�1.75 to 1.98) 0.904
Prasugrel 10.3/12.4 (yes/no) �1.48 (�5.54 to 2.59) 0.475
Ticagrelor 10.7/12.4 (yes/no) �2.37 (�5.39 to 0.65) 0.124
Oral anticoagulants 12.3/12.4 (yes/no) �0.72 (�2.91 to 1.47) 0.517
ACE inhibitors 12.4/12.3 (yes/no) 0.44 (�1.09 to 1.98) 0.569
Clinical factors
Age e �0.01 (�0.09 to 0.07) 0.820
Gender 12.3/12.3 (m/f) 0.11 (�1.52 to 1.74) 0.896
LVEF% e 0.01 (�0.06 to 0.07) 0.850
GFR e �0.01 (�0.04 to 0.03) 0.629
Groups
ACS vs. stable CAD 13.4/11.7 1.53 (0.04e3.01) 0.044



Fig. 2. Median baseline TGF-b1 MFI in patients suffering the combined endpoint death
and/or STEMI in follow-up.

Table 4
Events in ACS patients (n ¼ 147) and corresponding TGF-b1 values.

Variable Number
of events

TGF-b1 median
valuesin categories

p

All cause mortality N ¼ 18 10.6/13.0 (dead/alive) 0.011
ST-elevation myocardial

infarction
N ¼ 5 8.7/13.4 (yes/no) 0.116

Combined endpoint
death and/or STEMI

N ¼ 22 10.8/13.9 (yes/no) 0.006
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acute coronary syndrome vs. stable CAD HR 6.77, 95% CI
1.79e25.65, p ¼ 0.005, and for hypertension HR 5.55, 95% CI
1.11e27.89, p ¼ 0.037); (Table 3). Of note, this effect was mainly
triggered by a prognostic impact of high vs. low TGF-values in ACS
patients whereas there was no significant effect on the primary
outcome in stable CAD patients (Tables 4 and 5). Thus, ACS patients
with TGF-b1 above the median showed a significantly better cu-
mulative event-free survival compared to patients with TGF-b1
below or equal to the median (log rank 0.029, Fig. 3).

Since TGF-b1 is a powerful pleiotropic cytokine, with immune-
suppressing and anti-inflammatory properties [19], we evaluated
possible associations between platelet surface expression of TGF-b1
and the inflammatory marker C-reactive protein (CRP) and leuco-
cytes. We could not show any significant associations between CRP
and TGF-b1 (r ¼ �0.069, p ¼ 0.324) and leucocytes and TGF-b1
(r ¼ �0.018, p ¼ 0.777).

Finally, we correlated platelet TGF-b1 and circulating TGF-b1
levels. We found a weak but significant negative correlation of
platelet TGF-b1 and circulating TGF-b1 (r ¼ �0.172, p ¼ 0.008).
Table 3
Cox Regression analysis for Event Death and/or STEMI as dependent variable and
clinical factors as covariates in the overall cohort of cardiovascular patients
(n ¼ 289).

Variable Hazard ratio (lower/upper 95% CI) p

Cardiovascular risk factors
Hypertension 5.55 (1.11/27.89) 0.037
Hyperlipoproteinaemia 1.21 (0.36/4.08) 0.755
Smoker 1.54 (0.23/10.25) 0.655
Diabetes mellitus type II 1.69 (0.51/5.57) 0.392
Medication
Clopidogrel 0.99 (0.24/4.13) 0.994
Prasugrel 0.000 0.984
Ticagrelor 2.66 (0.41/17.09) 0.304
Oral anticoagulants 3.21 (1.00/10.33) 0.050
ACE-inhibitors 1.27 (0.41/4.00) 0.679
Clinical factors
Age 1.04 (0.97/1.11) 0.263
Gender 0.48 (0.15/1.59) 0.229
LVEF% 0.97 (9.33/1.02) 0.240
GFR 0.99 (0.96/1.01) 0.341
Groups
ACS vs. stable CAD 6.77 (1.79/25.65) 0.005
TGF-b1 0.31 (0.11/0.89) 0.029
4. Discussion

The major findings of the present study are: (1) TGF-b1
expression is significantly higher on platelets of ACS patients
compared to patients with stable CAD. (2) Low platelet TGF-b1
expression is associated with mortality and major coronary events.
(3) Circulating TGF-b1 does not differ in ACS patients compared to
patients with stable CAD. (4) Circulating TGF-b1 is not associated
with mortality and major coronary events. (5) There is a significant
negative correlation between platelet TGF-b1 and circulating TGF-
b1 levels. Platelets have been previously found to be a major source
for TGF-b [4]. Elevated systemic levels of total TGF-b have been
reported in a number of human disorders, including coronary ar-
tery disease [20]. Induction of TGF-b is associated with cardiac
hypertrophy and fibrosis [5,6]. Evolving evidence suggests that,
through its pleiotropic and multifunctional actions, TGF-b is criti-
cally involved in cardiac injury, repair and remodeling after acute
coronary syndromes and myocardial infarction [1]. TGF-b may
regulate phenotype and function of all cells involved in tissue
injury, repair- and remodeling. The effects of TGF-b on inflamma-
tory leukocytes can either be stimulatory- or inhibitory, high-
lighting the cytokine's pleiotrophic characteristics [21]. TGF-b has
been described as being either angiogenic or angiostatic in vivo,
depending on the nature of the assay used [22]. TGF-b stimulation
induces hypertrophic effects on cardiomyocytes promoting syn-
thesis of fetal contractile proteins [23]. In the infarcted heart TGF-b
plays a critical role in the pathogenesis of cardiac remodeling
through effects on the inflammatory and reparative response [2]. In
murine experiments, early TGF-b antagonism within 24 h after
coronary occlusion resulted in increased mortality, enhanced
neutrophil infiltration and increased pro-inflammatory cytokine
and chemokine gene expression [24], whereas late TGF-b after the
inflammatory phase of infarct healing resulted in decreased
adverse remodeling and therefore decreased collagen deposition
[25]. Devaux et al. have shown that total TGF-b1 expression in the
heart of rats after LAD occlusion did not significantly correlate with
LV-function, as assessed by the LVEF% at 2 months. However, this
group has found at positive correlation between TGF-b1 and LV
remodeling. Rats with the largest degree of remodeling had the
highest level of TGF-b1 [26]. Similarly, we did not find a relation-
ship between course of left ventricular ejection fraction in patients
with acute coronary syndromes in the present cohort study. Several
studies have shown, that both systemic- and myocardial TGF-b
Table 5
Events in patients with stable CAD (n ¼ 142) and corresponding TGF-b1 values.

Variable Number
of events

TGF-b1 median valuesin
categories

p

All cause mortality N ¼ 4 11.6/11.8 (dead/alive) 0.767
ST-elevation myocardial

infarction
N ¼ 0 e e

Combined endpoint death
and/or STEMI

N ¼ 4 11.6/11.8 (yes/no) 0.767
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levels are increased in patients with cardiomyopathy [1]. Patients
with dilated cardiomyopathy exhibited increased myocardial TGF-
b1 and TGF-b2 expression [27]. Cardiac TGF-bwas also upregulated
in patients with myocardial hypertrophy and aortic stenosis
[28,29]. Here, we report for the first time that platelet TGF-b1
surface expression is elevated in patients with ACS compared to
patients with stable CAD. Besides we found, that decreased TGF-b1
levels correlate with adverse clinical events after acute coronary
syndromes. In follow-up, the combined endpoint of both death and
recurrent STEMI is significantly and independently associated with
decreased TGF-b1 levels at study enclosure.

Limitations: We are aware that the current results put forward a
hypothesis and that the biological mechanisms behind the
observed prognostic impact of platelet bound TGF-b1 have to be
further investigated in experimental studies. We are also aware,
that heterogeneity of included subgroups regarding cardiovascular
outcome (i.e. overall low event rate in stable patients vs. higher
event rate in ACS patients) might underpower the observed asso-
ciations and the prognostic impact of TGF-b1 expression in
particular subgroups of cardiovascular patients [30]. However, it
has been a common and accepted approach to include different
conditions of cardiovascular disease as control (i.e. stable CAD vs.
acute coronary syndromes) in multivariate survival analyses of
observational studies in the past [31e33]. Thus, we observed an
association between platelet TGF-b1 expression that was inde-
pendent from the presence of ACS.

To conclude, the present clinical data suggest a highly critical
and clinically relevant role of platelet derived-TGF-b1 in prognosis
of cardiovascular patients. Understanding the role of platelets and
platelet-derived TGF-b on cardiac remodeling and cardiac fibrosis
might further help to improve clinical outcomes after ACS and to
develop novel therapeutic strategies for the treatment of patients
with ischemic heart disease. Large-scale prospective studies are
warranted to evaluate the role of platelet TGF-b on clinical prog-
nosis after acute coronary syndromes in future.
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