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Background-—Platelet activation is involved in acute coronary syndromes (ACS). Incomplete suppression by low-dose aspirin
treatment of thromboxane (TX) metabolite excretion (urinary 11-dehydro-TXB2) is predictive of vascular events in high-risk patients.
Myeloid-related protein (MRP)-8/14 is a heterodimer secreted on activation of platelets, monocytes, and neutrophils, regulating
inflammation and predicting cardiovascular events. Among platelet transcripts, MRP-14 has emerged as a powerful predictor of ACS.

Methods and Results-—We enrolled 68 stable ischemic heart disease (IHD) and 63 ACS patients, undergoing coronary
angiography, to evaluate whether MRP-8/14 release in the circulation is related to TX-dependent platelet activation in ACS and IHD
patients and to residual TX biosynthesis in low-dose aspirin–treated ACS patients. In ACS patients, plasma MRP-8/14 and urinary
11-dehydro-TXB2 levels were linearly correlated (r=0.651, P<0.001) but significantly higher than those in IHD patients (P=0.012,
P=0.044) only among subjects not receiving aspirin. In aspirin-treated ACS patients, MRP-8/14 and 11-dehydro-TXB2 were lower
versus those not receiving aspirin (P<0.001) and still significantly correlated (r=0.528, P<0.001). Higher 11-dehydro-TXB2
significantly predicted higher MRP-8/14 in both all ACS patients and ACS receiving aspirin (P<0.001, adj R2=0.463 and adj
R2=0.497) after multivariable adjustment. Conversely, plasma MRP-8/14 (P<0.001) and higher urinary 8-iso-prostaglandin F2a
(P=0.050) levels were significant predictors of residual, on-aspirin, TX biosynthesis in ACS (adjusted R2=0.384).

Conclusions-—Circulating MRP-8/14 is associated with TX-dependent platelet activation in ACS, even during low-dose aspirin
treatment, suggesting a contribution of residual TX to MRP-8/14 shedding, which may further amplify platelet activation.
Circulating MRP-8/14 may be a target to test different antiplatelet strategies in ACS. ( J Am Heart Assoc. 2014;3:e000903 doi:
10.1161/JAHA.114.000903)
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P latelets play a fundamental role in the initiation, devel-
opment, and total extent of myocardial damage in acute

coronary syndromes (ACS). Platelet interaction with leuko-
cytes, endothelial cells, macrophages, and circulating progen-
itor cells plays a crucial role in upholding a proinflammatory
and prothrombotic milieu leading to plaque instability and
subsequent atherothrombotic events.1 Increased in vivo

platelet activation, as reflected by episodic, transient
increases in the excretion of thromboxane metabolites
(TXM), has been reported in patients with ACS.2 Although
enhanced TXA2 biosynthesis is largely suppressed with low-
dose aspirin in this setting, incomplete suppression of TXM
excretion has been detected in some patients with unstable
angina (UA) and predicts the future risk of serious vascular
events and death in high-risk aspirin-treated patients.3,4 Given
the systemic nature of TXM excretion, involving both platelet
and extraplatelet sources, urinary 11-dehydro-TXB2 may
reflect either platelet cyclooxygenase-1 (COX-1)–dependent
TX generation or COX-2–dependent biosynthesis by inflam-
matory cells and/or platelets, or a combination of the 2,
especially in clinical settings characterized by low-grade
inflammation or enhanced platelet turnover.5

Myeloid-related protein (MRP)-8 (S100A8) and MRP-14
(S100A9) are members of the S100 family of calcium-
modulated proteins that regulate myeloid cell function and
control vascular inflammation.6 MRP-14 and MRP-8 are
expressed by neutrophils, monocytes,7,8 and subsets of
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macrophages during inflammation in different tissues, as well
as in atherosclerotic lesions.9 On cell activation, the 2
proteins can form a complex, MRP-8/14, that translocates to
the cytoskeleton and plasma membrane, where it is secreted.
MRP-8/14 broadly regulates vascular inflammation10 and
contributes to the biological response to vascular injury,
including plaque destabilization and disruption, by promoting
leukocyte recruitment and endothelial cell apoptosis.11

A transcriptional platelet profiling approach revealed that
the MRP platelet transcript was one of the strongest
discriminators of ST-segment elevation myocardial infarction
(STEMI), compared with controls with stable ischemic heart
disease (IHD).12 Concurrently, in the same cohort, plasma
levels of MRP-8/14 heterodimer were higher in STEMI patients
than in stable IHD patients, thus suggesting the platelet origin
of circulating MRP-8/14 in this clinical setting.12 Further
studies demonstrated that elevated plasma levels of MRP-8/
14 heterodimer independently predict the risk of first cardio-
vascular events in healthy individuals and recurrent cardio-
vascular events and poor prognosis in patients with ACS.13

We hypothesized that activated platelets during an ACS
release MRP in the circulation in a TX-dependent fashion,
contributing to further leukocyte recruitment and inflammation,
and that low-dose aspirin treatment is associated with a
reduction ofMRP release in this setting. Incomplete inhibition of
plasma MRP release may be related to residual TX biosynthesis
and explain the detrimental phenotype of high on-aspirin
platelet reactivity. This would be consistent with the finding that
on-aspirin treatment but not baseline TXB2 metabolite levels
predict adverse outcomes in patients with ACS.14

Our study was aimed to evaluate (1) whether ACS patients
exhibit higher MRP-8/14 levels compared with stable IHD
patients and (2) whether MRP-8/14 release in the circulation
is related to TX-dependent platelet activation in this setting,
and to residual TX biosynthesis, in aspirin-treated patients
with an ACS.

Methods

Study Subjects
Patients undergoing coronary angiography at the catheteriza-
tion laboratory of the Department of Cardiology of Pescara
Civil Hospital between February 2008 and September 2013
were enrolled in an institutional review board–approved
protocol, and all patients provided written consent. Patient
groups included those with (1) IHD (history of angina and/or
positive noninvasive test and angiographic coronary heart
disease) and (2) a diagnosis of ACS, including STEMI and non–
ST-elevated ACS (NSTE-ACS).

The first group included 68 consecutive patients referred
to our center for elective coronary angiography because of

suspected or proved IHD (chronic stable), who were enrolled
the day before the procedure after they had signed a written
informed consent. Blood and urine samples were obtained
before the procedure. Forty-nine of them were receiving low-
dose aspirin (Cardioaspirina, 100 mg/day) at the time of the
evaluation. In the remaining 19 patients, aspirin was admin-
istered after blood and urine sampling before the procedure.
The reasons for these 19 patients with IHD not receiving
aspirin at the time of evaluation included unwillingness of the
patient, a recent episode of bleeding requiring aspirin
withdrawal, or no definite indication reflecting a suspected
diagnosis of IHD, eventually confirmed with subsequent
coronary angiography.

The second group included 63 patients with ACS (STEMI,
n=16 or NSTE-ACS, n=47). The diagnosis of STEMI was typical
chest pain with serum cardiac enzyme levels twice those of the
upper level of normal or cardiac troponin I level ≥0.1 ng/mL,
both with persistent electrocardiographic ST-segment eleva-
tion >1 mm in ≥2 contiguous leads or newly occurred left
bundle-branch block. NSTE-ACS included non-STEMI (NSTEMI)
and UA. NSTE-ACS was defined as chest pain at rest in the past
48 hours preceding the admission associated with evidence of
transient ST-segment depression and/or prominent T-wave
inversion on 12-lead electrocardiogram and normal (UA) and/
or elevated (NSTEMI) serum troponin T levels. Forty-seven of
ACS patients were already receiving long-term low-dose aspirin
for ≥1 month at the time of the evaluation for primary or
secondary thromboprophylaxis. In the remaining 16 patients,
no definite indication for aspirin treatment had emerged before
the current event, and aspirin was administered after blood
and urine sampling before the procedure.

Inclusion and Exclusion Criteria
In all patients, traditional cardiovascular risk factors, including
type 2 diabetes mellitus (as defined in accordance with the
criteria of the American Diabetes Association15), dyslipidemia
(in accordance with the ATP III criteria16), smoking, family
history of early ischemic heart disease, hypertension (systolic
blood pressure >140 mm Hg and/or diastolic blood pressure
>90 mm Hg or treated hypertension), and previous history
of CAD, including previous MI or revascularizations, were
carefully obtained. Medications taken on admission were also
recorded. The Thrombolysis In Myocardial Infarction (TIMI)
risk score was calculated for all patients17,18; the mean TIMI
risk score was 3.4�1.3 for NSTEMI patients and 3.6�1.9 for
STEMI patients.

Exclusion criteria included valvular heart disease; severe
arrhythmias; clinically significant hepatic, renal, cardiac, or
pulmonary insufficiency; malignant diseases (diagnosed and
treated within the past 5 years), anemia; acute or chronic
inflammatory diseases; pregnancy or lactation; use of drugs
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known to interfere with platelet function other than aspirin or
clopidogrel (nonsteroidal anti-inflammatory drugs, ticlopidine,
ticagrelor, cilostazol, glycoprotein IIb/IIIa inhibitors) in the
previous 10 days; and use of oral anticoagulants or heparin in
the previous 2 days.

Design of the Studies
First, a cross-sectional comparison of circulating MRP-8/14
and of the urinary excretion of 11-dehydro-TXB2 and 8-iso-
prostaglandin (PG) F2a, in vivo markers of TX-dependent
platelet activation and lipid peroxidation, respectively, was
performed among all patients and controls. Second, to test
the hypothesis of a platelet origin of plasma MRP-8/14,
patients receiving aspirin (100 mg/day) were compared with
the patients not receiving aspirin treatment.

Analytical Measurements
Blood was collected from the arterial sheath before angiog-
raphy. Blood samples were collected in EDTA-containing tubes
and centrifuged at 3000g for 5 minutes at room temperature
within 2 hours after draw. To avoid preactivation due to
preanalytical and analytical interferences, one of the major
risks when analyzing platelet-derived molecules, we followed
current recommendations regarding the appropriate specimen
and preparation of plasma samples to minimize ex vivo
release of MRP-8/14 from platelets.19

Plasma aliquots were stored at �20°C until analysis.
Plasma MRP-8/14 levels were measured by using ELISA
(Buhlmann Laboratories). Plasma total cholesterol, triglyce-
rides, high-density lipoprotein cholesterol, and low-density
lipoprotein cholesterol concentrations were determined as
previously described.20 Interassay and intra-assay variations
of all measurements were <10%.

Each subject provided a urine sample, immediately before
blood sampling. Urine samples were supplemented with the
antioxidant 4 hydroxy-tempo (1 mmol/L; Sigma Chemical Co)
and stored at �20°C until extraction. Urinary 8-iso-PGF2alpha
and 11-dehydro-TXB2 were measured with previously
described radioimmunoassay methods.21,22 Measurements
of these urinary metabolites with radioimmunoassay have
been validated through comparison with gas chromatogra-
phy/mass spectometry, as detailed elsewhere.21,22

Sample Size and Statistical Analysis
The main outcome of this study was the difference in plasma
MRP-8/14 levels between ACS patients and stable IHD
patients.

Given an expected plasma MRP-8/14 level of 0.90 lg/mL
in chronic IHD patients, the study had 90% power to detect a

2-fold difference in patients with ACS not treated with aspirin
with estimated group SDs of 0.7 for both groups and with a
significance level (a) of 5% using a nonparametric adjustment
2-sided Mann–Whitney test, assuming that the actual distri-
bution is uniform.

Instead, the study had 95% power to detect a reduction by
≥50% in aspirin-treated ACS patients versus ACS patients not
receiving aspirin. This evaluation was performed using the
PASS 2005.

The Kolmogorov–Smirnov test was used to determine
whether each variable had a normal distribution. Variables
are summarized as frequency and percentage or median and
interquartile range (Q1 to Q3). When necessary, log transfor-
mation was used to normalize the data or appropriate
nonparametric tests were used (Mann–Whitney U-test, Spear-
man’s correlation coefficient).

Comparisons of qualitative data between the groups were
performed by v2 test or Fisher exact test, when appropriate.
Quantitative variables were analyzed by ANOVA with the
Scheff�e post-hoc test to correct for multiple comparisons,
with logarithmically transformed data. Multiple linear regres-
sion analyses were performed to assess significant predictors
of plasma MRP-8/14 levels and 11-dehydro-TXB2, with
logarithmically transformed data. Clinically relevant potential
confounders, such as age, sex, and medications (aspirin,
clopidogrel, and statins), were used as covariates in the
models.

Multivariable logistic regression was applied to confirm
predictors of high values of MRP-8/14, dichotomized using
median value as threshold. The results of the model were
expressed as adjusted odds ratio (ORs).

P-values <0.05 were regarded as statistically significant.
All tests were 2-tailed, and analyses were performed using a
computer software package (Statistical Package for the Social
Sciences, version 13.0; SPSS Inc).

Results

ACS Versus Chronic IHD Subjects
The baseline characteristics and cross-sectional comparisons
between the 63 patients with ACS and the 68 with chronic
IHD, analyzed as a whole and regardless of ongoing aspirin
treatment, are detailed in Table 1. The 2 groups were
comparable for most of the clinical characteristics. ACS
subjects were more frequently male, with a history of previous
MI or revascularization and ongoing treatment with clopido-
grel, and had greater mean platelet volume.

Plasma levels of MRP-8/14 were not significantly different
in ACS patients compared with chronic IHD patients (median
[Q1 to Q3] 0.93 [0.32 to 1.76] versus 0.84 [0.41 to 1.56],
P=0.668) (Figure 1). As expected, given that approximately
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three-quarters of patients in both groups were being treated
with low-dose aspirin, urinary 11-dehydro-TXB2 excretion rate
was also not significantly different in ACS compared with IHD
patients (241 [82 to 608] versus 276 [160 to 507], P=0.737).
A significant direct correlation was observed between MRP-8/
14 and urinary 11-dehydro-TXB2 (r=0.651, P<0. 001,
Figure 2) only among ACS patients. Both plasma MRP-8/14
and urinary 11-dehydro-TXB2 did not differ according to the

presence of cardiovascular risk factors, history of vascular
events, or ongoing medications, including clopidogrel
(P=0.374 and 0.335), except for aspirin treatment. These
findings prompted us to hypothesize that MRP-8/14 circulat-
ing levels may be related to TX-dependent platelet activation
and, thus, affected by long-term low-dose aspirin treatment.
Therefore, we stratified patients according to ongoing aspirin
treatment.

Table 1. Baseline Characteristics of ACS and Chronic IHD Patients

ACS Patients, n=63 Chronic IHD Patients, n=68 P Value

Male sex, n (%) 52 (82.5) 32 (47) <0.001

Age, y 66.5 (61 to 73.5) 69 (63 to 77) 0.062

BMI, kg/m² 25.8 (24 to 28.1) 25.8 (24.4 to 28.6) 0.706

Smoking, n (%) 21 (33.3) 14 (22.9) 0.234

Hypertension, n (%) 43 (68.2) 54 (81) 0.102

Systolic blood pressure, mm Hg 135 (120 to 140) 140 (125 to 140) 0.534

Diastolic blood pressure, mm Hg 80 (70 to 80) 80 (75 to 87.5) 0.147

Diabetes, n (%) 16 (25.4) 23 (35.3) 0.252

Hypercholesterolemia, n (%) 40 (64.5) 43 (63.2) 1.000

Fasting plasma glucose, mmol/L 5.72 (4.78 to 6.67) 5.28 (4.78 to 5.83) 0.346

Total cholesterol, mmol/L 4.57 (3.98 to 5.27) 4.7 (4.12 to 5.1) 0.983

HDL cholesterol, mmol/L 1.16 (0.93 to 1.32) 1.24 (1.06 to 1.42) 0.090

Triglyceride, mmol/L 1.6 (1.28 to 1.99) 1.63 (1.03 to 1.85) 0.749

LDL cholesterol, mmol/L 2.84 (2.24 to 3.37) 3.05 (2.51 to 3.39) 0.777

Hemoglobin, 109/L 14.6 (12.9 to 15) 14.4 (12.9 to 15.6) 0.923

Red blood cells, 109/L 4.7 (4.2 to 5.1) 4.8 (4.4 to 4.9) 0.802

White blood cells, 109/L 7.3 (6.0 to 10.5) 7.7 (6.1 to 8.4) 0.832

Platelet count, 109/L 210 (163 to 270) 223.5 (174.7 to 262) 0.832

Mean platelet volume, fL 10 (8.9 to 11.2) 8.4 (8.1 to 9.4) 0.028

Previous MI or revascularization, n (%) 33 (52.4) 23 (33.8) 0.036

No. of diseased vessels, mean�SD 1.63�0.94 1.44�1.10 0.40

Medical treatment, n (%)

Aspirin 47 (74.6) 49 (72.1) 0.844

Clopidogrel 42 (66.7) 5 (7.4) 0.0001

Lipid-lowering drugs 43 (69.3) 39 (57.3) 0.203

ACE inhibitors or ARBs 37 (58.6) 31 (45.6) 0.602

b-Blockers 27 (43.5) 32 (47) 0.727

Digitalis — 2 (3) 0.498

Calcium channel antagonists 10 (16) 1 (1.5) 0.03

Nitrates 6 (9.52) 1(1.47) 0.05

Diuretics 8 (13.1) 18 (26.5) 0.079

Proton pump inhibitors 12 (19.04) 4 (5.8) 0.31

Values are n (%) or median (Q1 to Q3). The v
2 or Fisher exact test was used for comparison of categorical data, when appropriate. Student t test for unpaired data or Mann–Whitney tests

were used for comparison of continuous variables. ACE indicates angiotensin-converting enzyme; ACS, acute coronary syndrome; ARB, angiotensin II receptor blocker; BMI, body mass
index; HDL, high-density lipoprotein; IHD, ischemic heart disease; LDL, low-density lipoprotein; MI, myocardial infarction.
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ACS Versus Chronic IHD Subjects, Stratified
According to Ongoing Low-Dose Aspirin
Treatment
The clinical characteristics of patients with ACS or IHD
stratified according to ongoing aspirin treatment are depicted
in Table 2. ACS patients not receiving aspirin were fairly
balanced with the IHD group not receiving aspirin for most of
the clinical characteristics, including cardiovascular risk
factors, lipid profile, fasting plasma glucose, and treatment

with blood pressure– or lipid-lowering drugs. As expected, a
history of MI or revascularization and ongoing treatment with
clopidogrel were more frequent in the ACS group not
receiving aspirin than in the chronic IHD counterpart.
Similarly, groups receiving aspirin were largely comparable,
except that ACS patients receiving aspirin were more
frequently male and receiving clopidogrel and calcium channel
blocker treatment than were IHD patients receiving aspirin.
Among patients not receiving long-term aspirin treatment,
plasma levels of MRP-8/14 were significantly higher in
patients with ACS compared with those of chronic IHD
patients (median [Q1 to Q3] 2.23 [0.96 to 2.73] versus 0.93
[0.49 to 1.68], P=0.012) (Figure 3), with STEMI patients
exhibiting higher values compared with NSTEMI patients
(Figure 4). Urinary 11-dehydro-TXB2 and 8-iso-PGF2a excre-
tion rates were also significantly higher in ACS patients
compared with IHD patients (1161 [606 to 1591] versus 607
[328 to 975], P=0.019, and 591 [365 to 872] versus 244 [129
to 388], P=0.034) (Figures 5 and 6). A direct correlation at
the limit of significance (r=0.474, P=0.064) was observed
between MRP-8/14 and urinary 11-dehydro-TXB2 in ACS
patients not receiving aspirin but not in the IHD counterpart
(data not shown).

Patients Receiving Aspirin Versus Patients Not
Receiving Aspirin
No statistically significant differences were found between
aspirin-treated and -untreated patients for cardiovascular risk
factors, lipid profile, fasting plasma glucose, and treatment
with blood pressure– or lipid-lowering drugs (Table 2). ACS
patients receiving aspirin exhibited higher rates of hyperten-
sion than untreated subjects, whereas, as expected, IHD
patients were more frequently diabetics, with a history of MI
or revascularization compared with their counterparts who
were not receiving aspirin. Concurrent treatment with clop-
idogrel was more frequent in aspirin-treated ACS patients
than in non–aspirin-treated counterparts. However, unlike
low-dose aspirin, clopidogrel did not affect MRP-8/14 circu-
lating levels in either group (P=0.459 and 0.470 in ACS,
receiving aspirin and not receiving aspirin, respectively;
P=0.106 and 0.105 in chronic IHD, receiving aspirin and not
receiving aspirin).

In the whole group of patients, plasma MRP-8/14
(P=0.002) and urinary 11-dehydro-TXB2 (P<0.001), but not
8-iso-PGF2a (P=0.435), were significantly lower in low-dose
aspirin–treated subjects compared with those not receiving
aspirin. A significant direct correlation was observed between
MRP-8/14 and urinary 11-dehydro-TXB2 in all patients
receiving aspirin treatment (r=0.423, P<0.001) and in all
patients not receiving aspirin treatment (r=0.387, P=0.022),
regardless of the diagnosis (ACS or chronic IHD).

Figure 1. Plasma MRP 8/14 in acute coronary syndrome (ACS)
and ischemic heart disease (IHD) patients. Dots represent
individual measurements; horizontal bars represent median value
for each group. MRP indicates myeloid-related protein.

Figure 2. Correlation between plasma MRP 8/14 and urinary 11-
dehydro-TXB2 among ACS patients. Linear direct correlation
between plasma MRP 8/14 and urinary 11-dehydro-TXB2 in
the whole ACS group, regardless of ongoing low-dose aspirin
treatment. Values are logarithmically transformed. ACS indicates
acute coronary syndrome; MRP, myeloid-related protein; TXB2,
thromboxane B2.
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Figure 3. Plasma MRP 8/14 in acute coronary syndrome
(ACS) and ischemic heart disease (IHD) patients, receiving aspirin
(ASA) and not receiving aspirin. Plasma levels of MRP 8/14 in
ACS patients receiving aspirin and not receiving aspirin and
IHD patients receiving aspirin and not receiving aspirin. Dots
represent individual measurements; horizontal bars represent
median value for each group. MRP indicates myeloid-related
protein.

Figure 4. Plasma MRP levels in patients not receiving aspirin,
according to the assigned diagnosis. Plasma MRP levels in
chronic ischemic heart disease (IHD), non-ST elevated acute
coronary syndromes (NSTE-ACS) and ST-segment elevation
myocardial infarction (STEMI) patients not receiving aspirin
treatment. Dots represent individual measurements; horizontal
bars represent median value for each group. ACS indicates
acute coronary syndrome; MRP, myeloid-related protein; NSTE,
non-ST elevated.
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In ACS patients, plasma MRP-8/14 was significantly lower
in low-dose aspirin–treated subjects compared with those
untreated with aspirin at the time of the cross-sectional
evaluation (0.57 [0.28 to 1.32] versus 2.23 [0.96 to 2.73],
P<0. 001) (Figure 3). Similarly, urinary 11-dehydro-TXB2, but
not 8-iso-PGF2a was also significantly lower in ACS patients
receiving aspirin at the time of the study, compared with
subjects not receiving aspirin (P<0.001) (Figures 5 and 6).
A significant direct correlation was also observed between

MRP-8/14 and urinary 11-dehydro-TXB2 among both ACS and
stable IHD patients receiving aspirin (r=0.528, P<0.001, and
r=0.282, P=0.049, respectively, Figure 7) In low-dose aspirin–
treated subjects, urinary 11-dehydro-TXB2 was also related to
8-iso-PGF2a both in ACS (r=0.321, P=0.038, Figure 8) and in
chronic IHD patients (r=0.497, P<0. 001) (data not shown). In
the ACS group, plasma MRP-8/14 levels increased with
increasing quartiles of residual urinary 11-dehydro-TXB2
despite ongoing low-dose aspirin treatment (Figure 9).

Determinants of Plasma MRP-8/14
To further define the relationship between MRP-8/14, met-
abolic variables, atherosclerotic risk factors, medications,
isoprostane formation, and TX-dependent platelet activation
in either ACS or stable IHD subjects, multiple regression

0

400

800

1200

1600

2000

2400

2800

3200

3600 p<0.001
p=0.019

ACS 
on ASA 
(n=47)

IHD 
on ASA 
(n=49)

IHD 
not on ASA 

(n=19)

ACS 
not on ASA 

(n=16)

U
rin

ar
y

11
-d

eh
yd

ro
-T

XB
2

pg
/m

g 
cr

ea
tin

in
e

p<0.001

Figure 5. Urinary excretion of 11-dehydro-thromboxane (TX) B2
in acute coronary syndrome (ACS) and ischemic heart disease
(IHD) patients, receiving aspirin (ASA) and not receiving aspirin.
Urinary excretion of 11-dehydro-TXB2, in ACS patients receiving
aspirin and not receiving aspirin and IHD patients receiving aspirin
and not receiving aspirin. Dots represent individual measure-
ments; horizontal bars represent median value for each group.

Figure 6. Urinary excretion of 8-iso-PGF2a in acute coronary
syndrome (ACS) and ischemic heart disease (IHD) patients,
receiving aspirin (ASA) and not receiving aspirin. Urinary
excretion of 8-iso-PGF2a, in ACS patients receiving aspirin and
not receiving aspirin and IHD patients receiving aspirin and not
receiving aspirin. Dots represent individual measurements;
horizontal bars represent median value for each group. PG
indicates prostaglandin.

Figure 7. Correlations between plasma MRP 8/14 and urinary
11-dehydro-thromboxane (TX) B2. Correlation between plasma
MRP 8/14 and urinary 11-dehydro-TXB2, in low-dose aspirin-
treated patients with acute coronary syndrome (ACS) (A) and
chronic ischemic heart disease (IHD) (B). Values are logarithmi-
cally transformed. MRP indicates myeloid-related protein;
TXB2, thromboxane B2.
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analyses were performed in which plasma MRP-8/14 was
included as the dependent variable. In the ACS group, linear
regression yielded a model in which only higher urinary
11-dehydro-TXB2 (regression coefficient [b]=0.561, SEM=
0.112, P<0. 001) predicted plasma MRP-8/14, after adjust-
ment for age, sex, cardiovascular risk factors, medications,

and urinary 8-iso-PGF2a excretion (adjusted R2=0.463). Sim-
ilarly, in the stable IHD group, only higher urinary 11-dehydro-
TXB2 (b=0.480, SEM=0.131, P=0.004) predicted plasma
MRP-8/14, after adjustment for other variables (adjusted
R2=0.436).

In ACS patients on long-term low-dose aspirin treatment,
residual TX biosynthesis, despite ongoing aspirin treatment
(b=0.497, SEM=0.153, P=0.001), was the only significant
predictor of plasma MRP-8/14 (adjusted R2=0.497). Indeed,
among patients with both urinary metabolite excretion in the
third and fourth quartiles, �75% had MRP-8/14 above the
median (Figure 8).

A multivariate logistic analysis confirmed that only increas-
ing urinary 11-dehydro-TXB2 remained significantly associated
with higher MRP-8/14 in both the ACS and IHD groups
(OR=4.965, P<0.001 and OR=2.930, P=0.012).

Determinants of TX Biosynthesis
Interestingly, in the ACS group, linear regression with 11-
dehydro-TXB2 as the dependent variable, yielded a model in
which higher plasma MRP-8/14 (regression coefficient [b]=
0.449, SEM=0.133, P<0. 001), lack of ongoing aspirin
treatment (b=�0.398, SEM=0.292, P=0.001), and higher
urinary 8-iso-PGF2a (b=0.213, SEM=0.135, P=0.031) pre-
dicted urinary 11-dehydro-TXB2, after adjustment for age, sex,
cardiovascular risk factors, and medications other than aspirin
(adjusted R2=0.571). Similarly, in the stable IHD group, linear
regression yielded a model in which lack of ongoing aspirin
treatment (b=�0.461, SEM=0.217, P<0. 001), higher urinary
8-iso-PGF2a (b=0.239, SEM=0.103, P=0.016) ,and MRP-8/14
levels (b=0.288, SEM=0.118, P=0.004) predicted urinary 11-
dehydro-TXB2 after adjustment for age, sex, cardiovascular
risk factors, and medications other than aspirin (adjusted
R2=0.471). Plasma MRP-8/14 (b=0.471, SEM=0.171, P<
0. 001) and urinary 8-iso-PGF2a (b=0. 463, SEM=0.171,
P=0.050) were the only significant predictors of residual TX
biosynthesis, despite ongoing aspirin treatment, in ACS
patients (adjusted R2=0.384, Figure 8).

Discussion
Our data on patients with an ACS or with stable IHD referred
to our center for coronary angiography have revealed
(1) enhanced TX biosynthesis and MRP-8/14 plasma levels
in ACS patients not receiving aspirin at the time of the
vascular event, compared with stable IHD patients; (2) higher
F2-isoprostane formation, as reflected by the urinary excretion
of 8-iso-PGF2a, not affected by low-dose aspirin, in ACS versus
stable IHD subjects; (3) residual TX biosynthesis despite
long-term aspirin treatment, with post–aspirin-treatment
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Figure 8. Correlation between urinary 8-iso-PGF2a and
11-dehydro-TXB2 excretion rates in ACS patients on long-term
low-dose aspirin treatment, according to quartiles of plasma MRP
8/14. Vertical and horizontal lines mark the boundaries of median
values of both urinary metabolites. Open and closed symbols
represent individual measurements, according to plasma MRP
8/14: open circles first and second quartile; solid triangles, third
and fourth quartile. ACS indicates acute coronary syndrome; MRP,
myeloid-related protein; PG, prostaglandin; TX, thromboxane.

Figure 9. MRP 8/14 plasma levels according to quartiles of
residual urinary 11-dehydro-thromboxane (TX) B2 in acute coro-
nary syndrome (ACS) patients receiving aspirin. Plasma levels of
MRP 8/14 in ACS patients, divided by quartiles of urinary 11-
dehydro- TXB2 during ongoing low-dose aspirin treatment. MRP
indicates myeloid-related protein.
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values of 11-dehydro-TXB2 in ACS comparable to those of
nonaspirinated healthy subjects, as previously published23;
and (4) lower plasma MRP-8/14 in low-dose aspirin–treated
ACS patients, correlated with TX biosynthesis, suggesting a
possible contribution of residual TX to MRP-8/14 shedding.

The clinical benefit of low-dose aspirin in the prevention of
cardiovascular disease relies on its ability to irreversibly
acetylate the platelet COX-1 and block by 97% to 99%
subsequent TX production for the entire life span of the
platelets.24

The consistent finding of a 50% reduction with aspirin in
the risk of MI or death from vascular causes among UA
patients provides a convincing evidence for a role of TXA2 as a
platelet-mediated mechanism implicated in the growth of a
coronary thrombus.

Continued TX production despite ongoing low-dose aspirin
treatment, as reflected by the urinary excretion of the TXA2
metabolite 11-dehydro-TXB2, has been consistently associ-
ated with an increased risk of serious cardiovascular events
in patients at high vascular risk,4 a finding subsequently
validated externally in an independent data set,25 and may
potentially account, at least in part, for the proportion of
atherothrombotic events (�10% to 25%) occurring while
receiving aspirin therapy.26

Based on the consistent suppression of TXM excretion by
70% to 80% with low-dose aspirin in several clinical settings
characterized by enhanced platelet activation,24,27 it has been
argued that about 20% to 30% of urinary 11-dehydro-TXB2
derives either from extraplatelet sources, with the fraction of
extraplatelet production likely increasing with the degree of
inflammation, or by increased platelet turnover, occurring in
particular clinical conditions, such as diabetes mellitus,28

polycythemia vera,5 and ACS.2 In such conditions, a faster
renewal of platelet COX-1 may overcome the effectiveness of
the usual once-daily low-dose aspirin in inhibiting TX biosyn-
thesis.28 In addition, transient expression of COX-2 in newly
formed platelets or megakaryocytes29 is scarcely sensitive to
low-dose aspirin and may contribute to enhanced TX produc-
tion in this setting.

Finally, reactive oxygen species induce lipid peroxidation,
which generates biologically active F2-isoprostane, nonenzy-
matic derivatives of arachidonic acid through its oxidative
damage. F2-isoprostanes, such as 8-iso-PGF2alpha, may act as
aspirin-insensitive agonists of the platelet TXA2 receptor,
accounting for the less-than-complete inhibition of platelet
activation.30

We decided to challenge the relationship between MRP-8/
14 and TX biosynthesis in ACS versus chronic IHD patients,
because a number of reasons made plasma MRP-8/14 an ideal
candidate to account for the variability in TXM excretion in this
setting. First, MRP-8/14 is a proinflammatory molecule highly
expressed in leukocytes, with the potential to reflect the

proinflammatory milieu eliciting extraplatelet sources of TX.
Second, MRP-8/14 has been shown to be significantly
increased in ACS patients, at both intraplatelet transcript
and circulating protein levels12 indicating that platelets and
megakaryocytes may function as additional sources of MRP-8/
14. A causal relationship between the presence of large,
dense, reactive platelets in the circulation and ACS is
supported by the results of many clinical studies. Furthermore,
the results of 2 large, prospective, epidemiological studies
have demonstrated that mean platelet volume, reflecting
accelerated platelet turnover, was the strongest independent
predictor of poor outcome in patients with acute MI.31,32 In our
cohort, mean platelet volume was significantly higher in ACS
subjects compared with chronic IHD patients for the majority
of clinical characteristics (Table 1). Notably, evidence indi-
cates that an increase in mean platelet volume in the
pathogenesis of ACS can potentially overwhelm current
therapeutics.33

Thus, the observation of significantly lower MRP-8/14
levels is aspirin-treated subjects, paralleled by the expected
finding of lower TXM excretion in this subgroup, prompted us
to hypothesize that activated platelets during or in the days
preceding an ACS may release MRP-8/14 in the circulation in
a TX-dependent fashion, whereby ongoing low-dose aspirin
treatment may be associated with a reduction, at least in part,
of MRP-8/14 release in this setting. Enhanced MRP-8/14
expression, in turn, may contribute to further leukocyte
recruitment and inflammation. Indeed, a strong correlation
between the circulating inflammatory biomarkers C-reactive
protein and interleukin-6 and the platelet gene expression of
MRP-14, also known as S100A9, was detected in 1625
participants of the Framingham Heart Study, even after
adjustment for cardiovascular disease risk factors.34 More-
over, high MRP-8, MRP-14, and MRP-8/14 levels have been
associated with the features of the rupture-prone lesions,9 and
high MRP-8/14 plasma and plaque levels were independently
related to an increased risk of adverse cardiovascular events
after a carotid endarterectomy,35 suggesting a role for high
levels of MRP in plaque destabilization and disruption. Here,
we showed that incomplete inhibition of plasma MRP-8/14
release during aspirin treatment may be related to residual TX
biosynthesis and may explain the detrimental phenotype of
high on-aspirin platelet reactivity. However, the issue of the
potential role of MRP-8/14 as a predictor for major adverse
cardiovascular events in aspirin-treated subjects with an ACS
remains unanswered. Because circulating MRP-8/14 values in
patients receiving aspirin were roughly comparable, whether
ACS or chronic IHD, while the 1-year prognosis in the 2 groups
is different to a large extent, it is conceivable that this
circulating protein may be considered as a marker for TX-
dependent platelet activation more than as a biomarker of
recurrent events in patients already receiving aspirin.
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Notably, plasma MRP-8/14 is correlated to urinary 11-
dehydro-TXB2 in both non–aspirin-treated and aspirin-treated
patients. While the first correlation suggests that MRP-8/14
release may be, in parallel with TX, at least in part COX-1
derived, the second correlation may reflect both enhanced
platelet reactivity, driven by accelerated platelet turnover,
which escapes low-dose aspirin inhibition, and the involve-
ment of nonplatelet cells, likely neutrophils and phagocytic
cells, contributing to the plasma levels of this protein
complex. Our study design does not allow us to distinguish
between failure to suppress platelet COX-1 and upregulation
of COX-2 expression in newly formed platelets or inflamma-
tory cells. Whether the source of both circulating MRP and
residual TX biosynthesis while receiving aspirin reflects either
low-grade inflammation or enhanced platelet turnover, we
unraveled a previously unappreciated biochemical link
between the release of a proinflammatory, presumably
platelet-derived molecule, and aspirin-insensitive TX biosyn-
thesis.

In fact, multivariable linear regression analysis yielded a
model in which lack of platelet inhibition by aspirin, higher
MRP-8/14 levels, and higher urinary 8-iso-PGF2a were the
only significant predictors of TXM excretion in ACS patients,
with MRP-8/14 accounting for most of the variance in
residual TX biosynthesis despite ongoing aspirin treatment. In
this regard, it is of interest that an ADP receptor antagonist
such as clopidogrel, while inhibiting platelet function, did not,
at least cross-sectionally, affect plasma MRP-8/14 levels,
either in the whole cohort or in the groups stratified according
to ongoing aspirin treatment. This observation might further
strengthen the hypothesis of a TX-dependent mechanism
underlying the link between platelet activation and MRP-8/14
release in the circulation.

Our finding that 8-iso-PGF2a is enhanced in both STEMI
and NSTE-ACS patients compared with chronic IHD, and
contributes to aspirin-insensitive TX biosynthesis, is largely
confirmatory of previous data in a group of UA subjects.36

Here, we also report that, among patients with both urinary
8-iso-PGF2a and TXM excretion in the third and fourth
quartiles, �75% had MRP-8/14 above the median (Figure 8).

Recent studies indicate that specific changes in the
expression/distribution or amount of platelet mRNAs and
proteins identify patients with NSTEMI versus stable IHD,37

suggesting that ACS platelets are potentially preconditioned
to a higher degree of reactivity on the transcriptional level and
that a different composition of the mRNA pool might mediate
an increased platelet prothrombotic potential in NSTEMI
patients. Among platelet transcripts, MRP-14 was one of the
strongest discriminators of STEMI.12 Because the transcrip-
tional profiling of anucleated platelets, incapable of new
transcription, provides a window on gene expression preced-
ing ACS, unbiased by new gene transcription following and

triggered by the acute event, we can speculate that the
enhanced plasma MRP observed in patients with an ACS
undergoing a coronary angiography may reflect events
preceding an ACS. Consistently, circulating MRP-8/14 was
recently found to be significantly higher in patients presenting
with an MI compared with patients with noncardiac chest
pain, evaluated as early as 4 to 6 hours after symptom
onset.38 However, whether the detected increase in circulat-
ing MRP-8/14 mirrors the platelet and inflammatory activa-
tion preceding the ACS39,40 or that triggered by the coronary
event itself remains beyond the scope and discrimination
capacity of this study design. In either case, the correlation of
MRP-8/14 with urinary TXM excretion now suggests that its
release is associated with TX-dependent platelet activation.

Our study has some limitations. First, we enrolled patients
with ACS with only a cross-sectional study design and without
follow-up data. Thus, the clinical implications of our patho-
physiological findings are elusive and require longitudinal
evaluation, including outcome event measures, to be trans-
lated into clinical practice. In addition, the subgroups of
patients not receiving aspirin were small: although this
unbalanced proportion largely mirrors real life, being consis-
tent with the majority of reports in both ACS and chronic IHD
subjects undergoing coronary angiography,41,42 it may also
yield considerable variability of biomarker levels. Moreover,
no direct demonstration of the cellular source of circulating
MRP-8/14 is provided. However, the rate of TXM excretion
was, at least in part, largely suppressible by low-dose aspirin,
as observed with the cross-sectional comparison between
aspirinated and not-on-aspirin subjects, both with ACS and
with stable IHD (Figure 5). Although this comparison was
based on a nonrandomized study, the proportional reduction
in TXA2 biosynthesis associated with this regimen of aspirin
therapy was similar to that reported in other clinical
conditions characterized by persistent platelet activation24,43

and was paralleled by a similar reduction in plasma MRP-8/14
(Figure 3).

We conclude that circulating levels of MRP-8/14 are
associated with TX-dependent platelet activation in ACS, even
during ongoing low-dose aspirin treatment, suggesting a
possible contribution of residual TX to MRP-8/14 shedding,
which, in turn, may further amplify TX biosynthesis and
residual platelet activation. Thus, circulating MRP-8/14
despite long-term low-dose aspirin treatment at the time of
the acute event may be a target to test different antiplatelet
therapies or better administration schemes than currently
done with the dogma of once-daily low-dose aspirin.44 Once-
daily aspirin does not provide stable 24-hour antiplatelet
protection in a significant proportion of patients with coronary
artery disease45 and in both diabetic and nondiabetic subjects
at cardiovascular risk,28 largely identified for having acceler-
ated platelet turnover and higher mean body mass index.
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Interestingly, MRP-14 platelet transcript was associated with
higher body mass index,46 and in our cohort of ACS patients,
a trend, at the limit of significance, for higher levels of plasma
MRP-8/14 in obese subjects was observed. A twice-daily
regimen has been shown to overcome incomplete platelet
COX-1 suppression in the 24-hour interval in both diabetic
and nondiabetic subjects at cardiovascular risk28 and may be
worth testing in the setting of ACS.
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