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Introduction: Levels of inflammatory markers increase in patients with acute coronary syndromes (ACS)
and the magnitude of the inflammatory response has been related to clinical outcomes. The release patterns
and, thereby, the time point of maximal increase for multiple inflammatory markers following an ACS are not
fully defined. Our purpose was to serially measure three acute phase proteins (APPs) in patients with ACS.
Methods: We prospectively enrolled 74 consecutive patients (54 men, age 62.2 + 9.8 years) with ACS: 38
with ST-elevation acute myocardial infarction (STEMI), and 36 with non-ST-elevation acute myocardial in-
farction (NSTEMI) or unstable angina (UA). Peripheral levels of alpha-1 antitrypsin (A1AT), alpha-1 acid gly-
coprotein (A1GP) and haptoglobin (HPT) were measured on admission, and 6, 12, 24, 48, 72 hours, 7 days
and 6 months after the initial evaluation.

Results: Baseline levels of the APPs did not differ between the two groups. A1AT, A1GP and HPT all exhibited a
similar time course among NSTEMI/UA patients, all reaching maximal values at 7 days. The markers showed an
earlier increase and A1AT showed earlier peaking (at 72 hours) in STEMI patients. Peak levels were higher in pa-
tients with STEMI vs. NSTEMI/UA for all three APPs (p<0.01 for A1AT and HPT, p<0.05 for A1GP).
Conclusions: A1AT, A1GP and HPT levels increase significantly in patients with ACS and display different
release curves in those with STEMI versus NSTEMI or UA. Knowledge of the release patterns of APPs may
determine the optimal time point of measurement and thereby enhance their potential prognostic value in the
setting of ACS.

markers has been shown to enhance their
predictive value,’ the release patterns and
the time point of maximal increase of oth-

the pathophysiology of atheroscle-

l nflammation is a critical factor in
rosis and its thrombotic complica-

tions."> Population-based studies suggest
that the assessment of circulating inflam-
matory markers may facilitate cardiovas-
cular risk stratification among healthy in-
dividuals.®> Accumulating evidence has also
established the role of inflammatory bio-
markers in the prognosis of patients with
acute coronary syndromes (ACS).* Interest
has primarily focused on C-reactive pro-
tein (CRP), a biomarker that independent-
ly predicts future vascular events. Although
the assessment of multiple inflammatory

er acute phase proteins (APPs) have been
studied to a much lesser extent.

The inflammatory response triggered
in the ACS setting is the cumulative re-
sult of preexisting low-grade inflammation
in vulnerable atherosclerotic plaques, and
the ongoing myocardial ischemic damage
during the progression of an acute coro-
nary event. Consistently, the magnitude
of the inflammatory response, as reflect-
ed by the peripheral levels of inflamma-
tory markers, is largely determined by the
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temporal interval between symptom onset and the
time point of biochemical measurement.® Optimal in-
terpretation of the elevated circulating levels of bio-
markers would therefore require knowledge of their
release curves and consideration of the time point of
blood sampling. Furthermore, differences have been
reported in circulating levels of APPs between pa-
tients with acute myocardial infarction (AMI) and
unstable angina (UA),”® indicating the variability of
inflammatory reactions according to the exact nature
and extent of ischemic myocardial damage.

The purpose of the present study was to serial-
ly investigate the temporal changes in three APPs,
haptoglobin (HPT), alpha-1 antitrypsin (A1AT) and
acid alpha-1 glycoprotein (A1GP) in patients with
ACS, determine the time points of their maximal in-
crease, and compare the time course of these markers
in the ST-elevation acute myocardial infarction (STE-
MI) vs. non-ST-elevation acute myocardial infarction
(NSTEMI) or unstable angina (UA) setting.

Methods

Study population and follow up

Seventy-four consecutive patients (54 men, mean age
62.2 *+ 9.8 years) who were admitted to the Coronary
Care Unit of AHEPA University Hospital in Thessa-
loniki, Greece, with a diagnosis of ACS were recruited
prospectively. Presentation within <6 hours after symp-
tom onset was required. Thirty-eight patients (51.3%)
were diagnosed with STEMI and 36 (48.7%) with
NSTEMI or UA, according to established criteria.”

Patients with a history of systemic inflammato-
ry diseases, such as infections or autoimmune disor-
ders, neoplastic or hematological disease, adminis-
tration of anti-inflammatory or immunosuppressive
drugs, surgical procedures or trauma in the preced-
ing 3 months, as well as patients with an equivocal or
uninterpretable electrocardiogram (ECG), including
left bundle branch block or persistent ST-segment el-
evation due to a previous myocardial infarction, were
excluded from the study.

Therapeutic management during hospitalization
was left to the discretion of the attending cardiologist,
according to the patients’ clinical course and standard
institutional protocols.!’ All STEMI patients received
thrombolytic treatment.

Witnessed informed consent was obtained from
all patients prior to enrollment in the study, which
was approved by the Institutional Ethics Committee.
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Blood sampling and biochemical analyses

Serial venous blood samples were obtained at base-
line, which was the time of admission, and after 6, 12,
24, 48, 72 hours and 7 days. Blood samples were also
obtained on a follow-up evaluation 6 months (187 +
21 days) after admission. Blood was collected in tubes
containing EDTA and centrifuged, and plasma was
frozen and stored at -70°C for subsequent analyses.
HPT, A1AT, and A1GP levels were determined us-
ing rate nephelometry (ARRAY 360- BECKMMAN-
USA). The normal range for plasma concentrations
was 0.16-2.0 g/LL for HPT, 0.83-1.99 g/L for A1AT and
0.47-1.25 g/L for A1GP. The intra- and inter-assay co-
efficients of variation for the biochemical measure-
ments were 7.9% and 11.3% for HPT, 4.4% and 7.1%
for A1AT, and 5.9% and 8.5% for A1GP, respective-
ly. All other biochemical measurements were per-
formed in the biochemistry laboratory of our hospital
from the samples obtained at baseline, using standard
methods. All measurements were carried out by per-
sonnel blinded to the patients’ baseline characteristics
and clinical outcomes.

Statistical analyses

Continuous variables are presented as mean * stan-
dard deviation (SD) and categorical ones as actual
numbers and percentages. Normality of distribution
for continuous variables was assessed using the Kol-
mogorov-Smirnov test. Comparisons between categori-
cal variables were performed using the chi-square test
or Fischer’s exact test, as appropriate. Levels of the
APPs over time were compared to baseline values us-
ing the paired-samples t-test or Wilcoxon Signed Rank
test as required; comparisons between groups were
carried out using Student’s t-test or the Mann-Whitney
U-test according to the normality of distribution. Find-
ings were considered statistically significant at the 0.05
level. All calculations were performed using the SPSS
14.0 software package (SPSS Inc, Chicago IL, USA).

Results
Baseline characteristics

The patients’ baseline characteristics are summa-
rized in Table 1. A higher incidence of dyslipidemia
(p<0.01), higher levels of triglycerides (p<0.05) and
lower high-density lipoprotein (HDL) cholesterol
(p<0.05) were observed in NSTEMI/UA compared
to STEMI patients.
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Table 1. Baseline characteristics of patients with ST-elevation myocardial infarction (STEMI) and non ST-elevation myocardial infarction

(NSTEMI) or unstable angina (UA).

STEMI group NSTEMI/UA group p
(n=38) (n=36)
Demographic data:
Age (years) 60.4 = 8.6 63.8+9 0.17
Male gender, n (%) 30 (78.9%) 24 (66.6%) 0.28
Body mass index (kg/m?) 26.8 +3.4 259 +4 0.85
Coronary risk factors, n (%)
Diabetes mellitus 5 (13.1%) 10 (27.8%) 0.093
Hypertension 14 (36.8%) 20 (55.5%) 0.08
Dyslipidemia 6 (15.8%) 18 (50%) 0.001
Smoking 9 (23.7%) 15 (41.7%) 0.078
Family history of premature CAD 6 (15.8%) 4 (11.1%) 0.71
Biochemical parameters (mg/dL):
Total cholesterol 2105+ 73 226.7 = 454 0.153
HDL cholesterol 473 £ 8.1 35477 0.043
LDL cholesterol 146.3 = 64.7 149.7 + 56.8 0.354
Triglycerides 156.2 = 63.6 209.4 =834 0.015
Medications, n (%):
Beta-blockers 9 (23.7) 6 (16.7) 0.453
Calcium antagonists 7 (184) 8 (22.2) 0.684
ACE inhibitors 12 (31.6) 14 (38.9) 0.51
Statins 12 (31.6) 17 (472) 0.168
Aspirin 4 (10.5) 6  (16.7) 0.44
Clopidogrel 3 (79 3 (8.3) 0.945

ACE - angiotensin converting enzyme; CAD - coronary artery disease; HDL — high-density lipoprotein; LDL — low-density lipoprotein.

Time course of acute phase proteins

Temporal changes in HPT, A1AT and A1GP levels in
patients with NSTEMI/UA and STEMI are present-
ed in Table 2. Levels of all markers were within nor-
mal values at baseline in both groups. In NSTEMI/
UA patients all markers exhibited a similar changing
pattern: they were significantly increased at 48 hours
compared to baseline and continued to rise, reaching
their peak value at 7 days. In the STEMI group, all

three markers started increasing at 24 hours, there-
by exhibiting an earlier increase compared to the
NSTEMI/UA group. Two of the markers, HPT and
A1GP, reached maximal levels at 7 days in the STE-
MI group, similar to the NSTEMI/UA group, while
A1AT peaked earlier, at 72 hours. All markers in
both groups returned to normal levels at 6 months.
Baseline levels of all three markers did not differ
between the two groups. Peak levels, i.e. levels at 7 days,
and exceptionally at 72 hours for A1AT in the STEMI

Table 2. Levels of HPT, A1AT and A1GP at baseline and 6h, 12h, 24h, 48h, 72h, 7 days and 6 months after initial evaluation in patients

diagnosed with NSTEMI/UA (n=36) and STEMI (n=38)

Oh 6h 12h 48h 72h 7 days 6 months

NSTEMI/UA

HPT (glL) 1.67+0.75 1.66=0.68 16506 1.77+0.63 193 +0.69* 21=x0.7 215£0.76% 1.56 = 0.59

AIAT (glL) 148 +035 145+033 144+032 1.54+036 1.6 £ 0.38* 1.68 = 035 1.69 = 0.33% 1.38 +0.29

AIGP (g/L) 087+02  083+021 085+023 089+025 094+028% 1.0+031% 1.07+03 076=0.16
STEMI

HPT (L) 1.53+0.65 145+0.63 152+062 172+06" 224+073 259+07" 291 +088 148046

AIAT (g/L) 144024 134+027 142+026 1.63=034% 198 +048" 22+058 212=052% 136+031

AIGP (g/L) 083 +025 0.79+022 081 +024 091+022" 1.12+03% 127+036° 1.39+039% 0.76 + 0.22

Values are given as mean + SD. *p<0.05, ¥p<0.01, p<0.001. Comparisons refer to levels of each substance at a specific time compared to baseline levels
HPT - haptoglobin; A1AT - alpla-1 antitrypsin; A1GP — alpha-1 acid glycoprotein
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group, were significantly higher in patients with STE-
MI versus NSTEMI/UA for all three APPs (p<0.01 for
AI1AT and HPT, p<0.05 for A1GP) (Figure 1).

We also investigated the association between pre-
admission use of statins and the peak levels of the
markers. There was no significant difference in peak
levels between patients with (n=29) versus patients
without statin treatment before admission (n=45) for
A1GP (1.18 = 0.24 vs. 1.26 = 0.2, p=NS) and HPT
(2.44 £ 0.63 vs. 2.62 = 0.72, p=NS). In contrast, pa-
tients receiving statins at baseline exhibited lower
peak levels of A1AT compared to statin-naive pa-
tients (1.69 + 0.41 vs. 2.12 + 0.49 g/L, p<0.05).

Discussion

While the temporal changes of CRP have been exten-
sively investigated in patients with ACS, limited data
are available regarding the three inflammatory mark-
ers measured in the present study. We found that
HPT, A1AT, and A1GP all increased in the setting of
ACS, and showed different temporal patterns in pa-
tients with STEMI vs. NSTEMI/UA. Considering the
potential prognostic value of increased inflammato-
ry markers in patients with acute cardiac events, our
results underscore the differential inflammatory re-
sponse in different types of ACS, and the impact of
the timing of biochemical measurements on the re-
sults recorded.

Acute phase proteins contribute to the restora-
tion of homeostasis at sites of inflammation. HPT
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Figure 1. Peak levels of haptoglobin (HPT), alpha-1 antitrypsin
(A1AT), and alpha-1 acid glycoprotein (A1GP) in patients with
non-ST-elevation myocardial infarction (NSTEMI) or unstable
angina (UA), versus ST-elevation acute myocardial infarction
(STEMI). **p<0.01; *p<0.05.
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regulates iron homeostasis and is a critical compo-
nent of the endogenous anti-oxidant system, due to
its ability to counterbalance hemoglobin-induced oxi-
dative damage.!! A1AT is a plasma proteinase inhibi-
tor that counteracts the effects of neutrophil-derived
proteolytic enzymes, thereby preventing the degrada-
tion of matrix proteins during inflammatory process-
es. A1GP, or orosomucoid, exerts immunomodula-
tory and antithrombotic effects, and also binds steroid
hormones and lipophilic drugs.

Time course of acute phase proteins

We found that peripheral levels of APPs increased in
patients with ACS and continued to rise for several
days, a finding consistent with the well described acute
phase reaction.'? Inflammatory reactions are critical
determinants of the progression of clinical syndromes
precipitated by atherosclerotic plaque disruption or
erosion. Macrophage-derived pro-inflammatory cy-
tokines interleukin (IL)-6 and IL-1 and tumor necro-
sis factor-a (TNF-a) activate the hepatic production
of several inflammatory-sensitive proteins, including
CRP, HPT and A1GP." The latter in turn further en-
hance the production of pro-inflammatory mediators
by macrophages and endothelial cells, thereby sustain-
ing a self-perpetuating circle of inflammation. Our
findings are also in agreement with previously reported
data from ACS patients showing a sustained increase
and delayed peaking of CRP compared to IL-6, the
main promoter of hepatic CRP production.'*

The increase in plasma levels of APPs after ACS
has been reported previously, although there is a pau-
city of data concerning the release curve of each mark-
er. Crook et al reported elevated A1GP levels in pa-
tients with AMI compared to controls.® A prolonged
increase of HPT and A1GP levels was also demon-
strated in ACS patients who underwent coronary
stent implantation, starting at 48 hours and rising up
to 7 days post stenting; however, these changes were
attributed to the combination of the ACS and the
coronary intervention.'®

We identified different release curves of the
measured APPs between STEMI and NSTEMI/UA
patients. We found that patients with STEMI dis-
played higher peak levels, but not baseline levels of
A1AT, A1GP and HPT, compared to patients with
NSTEMI/UA. Brunetti et al reported higher levels
of A1AT and HPT, obtained at one single time point
within 12 hours of symptom onset, in patients with
AMI compared to UA patients.® Similar differenc-
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es have been found for CRP, in single, pre-discharge
measurements of AMI vs. UA patients,'” as well as in
serial measurements up to 96 hours from symptom
onset in patients with Q-wave AMI vs. non Q-wave
AMI or UA patients.” Further, Kazmierczak et al re-
ported earlier peaking of A1GP in patients with AMI
compared to UA;'® however, unlike the results of our
study, these authors reported a more marked increase
of A1GP in UA patients, likely due to a more intense
response to continuous inflammatory stimulation
during the progression of unstable angina. Differenc-
es in the study population, the interval between symp-
tom onset and the initial evaluation, and the time
points of biochemical measurements may account for
the discrepancy with the present study.

The underlying mechanisms of the variable activa-
tion of APPs in heterogeneous clinical entities defined
as ACS have not been fully elucidated. The cumulative
effect of preexisting chronic inflammation in the ath-
erosclerotic coronary vasculature, acute phase reac-
tions in highly-inflamed atherosclerotic plaques, and
the inflammatory response to myocardial necrosis or
ischemia reperfusion damage, may all contribute to the
marked activation of APPs in AMI. In contrast, low-
grade myocardial necrosis that occurs during the pro-
gression of UA!” may account for the less accelerated
elevation, and the less pronounced peaking of A1AT,
A1GP and HPT in our NSTEMI/UA compared to
STEMI patients. The exact nature of the myocardi-
al damage, as well as the time lapse between the ini-
tiation of the atherothrombotic event and blood sam-
pling, clearly affect the magnitude of the recorded in-
flammatory activation, emphasizing the importance of
the time point of the assessment of different biomark-
ers in different types of acute coronary events.

We also observed variable changing patterns of
the measured markers within the STEMI group, con-
sisting of an earlier peaking of A1AT compared to
A1GP and HPT. The finding that the APPs mea-
sured in our study do not exhibit the same response
to equal stimuli may support the need for a multi-
marker approach rather than the quest for a unique
“ideal” biomarker in patients with ACS. Indeed, the
evaluation of multiple biomarkers has been shown to
enhance their performance as cardiovascular risk pre-
dictors. >

Although in the present study we did not specifi-
cally investigate the effect of medications on the re-
lease of the assessed inflammatory markers, we de-
termined the potential impact of statins, recognized
anti-inflammatory agents,?' on the release patterns of

these markers. While statin treatment has previously
been associated with attenuation of the inflammatory
response in the ACS setting,?>? statins were related
to the decrease of only one of the markers measured
in this study, namely A1AT. This finding likely indi-
cates the heterogeneity in the response of individu-
al inflammatory mediators to the anti-inflammatory
properties of statins.

In conclusion, the present study found a signifi-
cant increase of three acute phase proteins during
the progression of acute coronary syndromes. These
markers exhibited variable release curves in patients
with STEMI compared to NSTEMI or UA, empha-
sizing the differential inflammatory activation trig-
gered by different types of myocardial damage. In-
creased levels of inflammatory markers predict ad-
verse events in different manifestations of coronary
atherosclerotic disease.”** Our present serial investi-
gation adds to previous studies by showing that differ-
ences in the changing patterns among certain mark-
ers might determine the optimal timing for their mea-
surement. Given the well established predictive role
of CRP in the ACS setting,%’ serial evaluation of less
studied inflammatory mediators may further optimize
individual risk stratification in ACS patients, and like-
ly enable more aggressive management and targeted
follow up of higher-risk patients.

Study limitations

The relatively small number of patients and the fact
that CRP, a gold standard inflammatory marker, was
not measured are acknowledged as limitations of the
present study. Further studies with larger population
sizes may be warranted to further assess the serial
changes, and the potential role of acute phase pro-
teins as risk predictors after acute coronary events.
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