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Abstract

Introduction: SERPINA3 is an acute-phase protein triggered
by inflammation. It is upregulated after an acute myocardial
infarction (AMI). Data on its long-term prognostic value in Ml
patients are scarce. We aimed to assess the utility of SER-
PINA3 as a prognostic marker in patients hospitalized for
chest pain of suspected coronary origin. Methods: A total of
871 consecutive patients, 386 diagnosed with AMI, were
included. Stepwise Cox regression models, applying con-
tinuous loge-transformed values, were fitted for the bio-
marker with all-cause mortality and cardiac death within
2 years or all-cause mortality within the median 7 years as
dependent variables. An analysis of M| and stroke, and

combined endpoints, respectively, was added. The hazard
ratio (HR) (95% Cl) was assessed in a univariate and multi-
variable model. Results: Plasma samples from 847 patients
were available. By 2-year follow-up, 138 (15.8%) patients had
died, of which 86 were cardiac deaths. The univariate
analysis showed a significant association between SERPINA3
and all-cause mortality (HR 1.41 [95% 1.19-1.68], p < 0.001)
but not for cardiac death. Associations after adjustment
were non-significant. By 7-year follow-up, 332 (38.1%) pa-
tients had died. SERPINA3 was independently associated
with all-cause mortality from the third year onward. The HR
was 1.14 (95% Cl, 1.02-1.28), p = 0.022. Similar results ap-
plied to combined endpoints, but not for Ml and stroke,
respectively. The prognostic value of SERPINA3 was limited
to non-AMI patients. No independent associations were
noted among AMI patients. Conclusions: SERPINA3 predicts
long-term all-cause mortality but fails to predict outcome in

AMI patients. © 2024 The Author(s).
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Introduction

The serine protease inhibitor, alpha-1 antichymotrypsin
(SERPINA3 or ACT), a member of the serpin superfamily of
proteinase inhibitors [1], is involved in a wide range of
physiological and pathophysiological processes, such as in-
flammation, extracellular matrix remodeling, and throm-
bogenesis [2, 3]. SERPINA3 consists of 423 amino acids and
is postranslationally modified by glycosylation, by which it
may change its mode of action [4, 5]. It inhibits a wide range
of serine proteases, such as chymotrypsins, cathepsin G, and
mast cell chymase [1, 4-6]. Of these, cathepsin G is of
particular interest. It is contained in neutrophil granules and
is released at sites of inflammation, where it activates in-
flammatory cytokines [2] and protease-activated receptor 4
(PAR-4) [3], initiating platelet aggregation [3]. It also con-
tains a DNA-binding domain and inhibits DNA polymerase,
thereby decreasing DNA synthesis, as reflected by inhibition
of cellular growth, proliferation, and differentiation [5, 7].

Based on its role in various pathogenic pathways,
SERPINA3 has been implicated in the pathology of several
disorders, including various types of cancer, neurode-
generative diseases such as Alzheimer’s disease, and au-
toimmune disorders like lupus nephritis [1-3]. To what
extent SERPINA3 may influence outcomes in coronary
heart disease has not been fully elucidated. Clinically, there
are reports with small patient numbers claiming that
SERPINA3 may be a predictor of survival in subjects with
acute myocardial infarction (AMI) [8] and in a cohort of
chronic heart disease [9]. The role of SERPINA3 in cor-
onary heart disease as a marker of outcome and potentially
also as a mediator is, however, not clear.

The current study was designed to disclose any existing
association between SERPINA3 and outcomes in coronary
heart disease in a chest pain population with clinically
suspected ACS. Two subpopulations, with and without an
AMI, employing a troponin T (TnT) cut-off level of 50 ng/
L, were studied separately to assess the influence of an
acute TnT response on the prognostic utility of SERPI-
NA3. The patients had a follow-up period of 2 and 7 years,
respectively, with respect to pre-defined outcomes in-
volving all-cause mortality, myocardial infarction (MI),
stroke, and to cardiac death during the first 2 years.

Materials and Methods

Study Design and Patient Population

Unselected patients presenting with chest pain of suspected
coronary origin were recruited in “Risk Markers in the Acute
Coronary Syndrome (RACS)” (ClinicalTrials.gov Identifier:
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NCT00521976) [10, 11]. They were prospectively followed up for
2 years and retrospectively for additional 5 years. The total ma-
terial in the RACS study consisted of 871 patients consecutively
admitted to Stavanger University Hospital, Norway, from No-
vember 2002 until September 2003. Exclusion criteria were age <18
years, unwillingness or incapacity to provide informed consent,
and prior inclusion. Patients were sub-classified as having sus-
tained an AMI or not by their TnT level at baseline and 6 h after
admission, respectively, employing a cut-off value of 50 ng/L.
Patients with a TnT value <50 ng/L were classified as having no
MI. Coronary angiography during hospitalization was performed
in 268 patients, among whom percutaneous coronary intervention
(PCI) was performed in 160 patients (10). The TnT-negative group
consisted essentially of observational cases, not requiring invasive
diagnostics. Correlation studies included high-sensitivity
C-reactive protein (hsCRP), pentraxin 3 (PTX3), and B-type
natriuretic peptide (BNP) which had previously been studied in
the same population [11].

Admission levels of SERPINA3 were available in 847 patients.
The flow chart is shown in Supplemental Figure 1 (for all online
suppl. material, see https://doi.org/10.1159/000537919). Follow-
up was performed at 2 years and median 7 years. Separate end-
points consisted of all-cause mortality, cardiac mortality, MI, and
stroke, respectively. Cardiac mortality was recorded up to 2 years,
whereas the other endpoints were recorded during the entire
follow-up period. Combined endpoints consisted of cardiac
mortality, MI, or stroke. The definition of cardiac mortality in-
cluded death preceded by a definitive MI or by chest pain >20 min
in those without a given TnT or a history of ischemic heart disease
and no other obvious cause of death [12]. Clinical follow-up data
were obtained from hospital and public registries and by telephone
interview at 30 days, 6, 12, 24, and 84 months, and, if needed,
additional information was obtained from general practitioners
and nursing homes [10, 11]. Retrospective follow-up information
on mortality beyond 2 years was essentially provided from death
registries, and limited to all-cause mortality [11], as retrospective
information on cardiac causes during a period of 5 years would be
cumbersome and less precise. Baseline data including information
on demographics, smoking habits, clinical history, and general
laboratory characteristics were collected at hospital admission.

Ethics

Written informed consent was obtained from all patients. The
RACS study was approved by the Regional Board of Research
Ethics and by the Norwegian Health Authorities and was con-
ducted in accordance with the Helsinki Declaration of 1971, as
revised in 1983.

Blood Sampling Procedures and Laboratory Measurements

Blood was drawn by direct venepuncture of an antecubital vein
immediately following hospital admission, applying a minimum of
stasis. A second blood sample for measurement of TnT was drawn
6-7 h later. Blood samples were centrifuged for 15 min at 2,000 g at
20°C and stored at —80°C. Measurement in serum of TnT, esti-
mated glomerular filtration rate (eGFR), glucose, and lipids were
performed immediately after centrifugation at the laboratory for
Medical Biochemistry at Stavanger University Hospital. Multiple
aliquots of ethylene diamine tetra-acetic acid (EDTA) plasma,
citrated plasma, and serum were frozen and stored at —80°C for
later measurements.
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SERPINA3 Measurements

SERPINA3 (given in arbitrary units) was analyzed in duplicate
in plasma from 847 patients using antibodies from Abnova
(Taipei, Taiwan) diluted as described by the producer in a 384-well
format using a combination of a SELMA (Jena, Germany) pi-
petting robot and a BioTek (Winooski, VT, USA) dispenser/
washer. Absorption was read at 450 nm with wavelength cor-
rection set to 540 nm using an ELISA plate reader (BioTek). Intra-
and inter-assay coefficients of variation (CV) were <10%. EDTA
blood was lacking in 65 patients and was replaced by citrated
blood. Based on data from our own laboratory, measurements in
EDTA and citrated plasma did not differ significantly.

TnT Measurements

The diagnoses were established 2 decades ago with a less
sensitive modified second-generation troponin T assay, and we
used a rule-in-rule-out MI protocol with TnT measurements at
baseline and 6 h. The assay was based on a high-affinity cardiac-
specific TnT isoform antibody (Roche Diagnostics, Germany),
which completely abolished the non-specific binding to skeletal
muscle known to occur with the first-generation TnT assay [13,
14]. As compared to the conventional second-generation TnT
assay used at that time, the performance of a locally modified assay
was considerably increased by employing biotin-streptavidin-
coated microplates on an Elecsys TM Analyzer [15, 16]. The
lower detection limit of the locally modified assay was 10 ng/L,
with a cut-off level for MI of 50 ng/L and a coefficient of variation
(CV) of 10% [16].

hsCRP, PTX3, and BNP

Measurements of hsCRP, PTX3, and BNP in this patient
material have previously been reported [10] and performed as
follows: hsCRP was measured in serum using an im-
munoturbidimetric assay (Tina-quant® C-reactive protein (latex)
high sensitive assay, Roche Diagnostics, Germany) performed on a
Roche automated clinical chemistry analyzer (MODULAR P). The
detection limit was 0.03 mg/L and the measuring range was
0.1-20.0 mg/L, with an extended measuring range with automatic
re-run of 0.1-300 mg/L. The between-assay CV was 3.45% at
1.19 mg/L and 2.70% at 0.43 mg/L [10].

PTX3 was analyzed in EDTA plasma using a human PTX3
ELISA kit (Perseus Proteomics Inc., Tokyo, Japan), performed on a
BEP III analyzer (Dade Behring, Germany). The PTX3 concen-
tration was measured linearly between 0.1 and 20 ng/mL. The
intra- and inter-assay CV were 2.9% at 0.67 ng/mL and 0.8% at
15.91 ng/mL, and 1.8% at 0.66 ng/mL and 4.1% at 15.95 ng/mL,
respectively [10].

BNP was analyzed in EDTA plasma using the Microparticle
Enzyme Immunoassay (MEIA) Abbott AxSYM® (Abbott Labo-
ratories, Abbott Park, Illinois, USA). The dynamic range was
0-4,000 pg/mL, and the within-run CV was 6.3% at 95 pg/mL and
4.7% at 1,587 pg/mL (10).

Statistical Analysis

Descriptive statistics are presented as medians with an
interquartile range (25th-75th percentile) for continuous data
and as numbers and percentages for categorical data. Differences
in baseline characteristics were assessed by the Kruskal-Wallis
test for continuous data and the ¥? test for categorical data. Due
to a skewed distribution, SERPINA3, hsCRP, PTX3, BNP, and
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eGFR levels were logarithmically transformed to the base-e (log.)
prior to analysis of continuous values and normalized by dividing
by the standard deviation (SD). Pearson’s correlation coefficient
was calculated to identify a possible relation between the ad-
mission level of biomarkers.

Patients were divided into quartiles (Q1-4) according to their
SERPINA3 concentrations. The Kaplan-Meier product limits were
used for plotting the times to event, and the log-rank test was used
to test for the equality of the survival curves. Cox regression
models, applying both quartiles and continuous log.-transformed
values, were fitted for SERPINA3 with the clinical endpoints as the
dependent variables within the defined follow-up periods. In
multivariable analysis applying a forced-entry method, risk factors,
as shown in the baseline tables, were adjusted for. For continuous
log.-transformed values, we employed hazard ratio (HR) and 95%
CI per SD increase of the biomarker. The HRs presented in the
results section are 1-SD on the log scale. Subgroup analyses were
performed for patients with or without TnT release above 50 ng/L
at index hospitalization. The interaction between SERPINA3 and
hsCRP was analyzed by fitting a Cox model with their quartiles
plus their interaction term for each of the endpoints.

Statistics were performed using the statistical package SPSS
version 25 (IBM Corp., Armonk, NY, USA). All tests were 2-sided
with a significance level of 5% without multiplicity adjustment.

Results

Characteristics of the Study Population

Exclusions during recruitment are shown in online
supplementary Figure 1. No patient was lost to follow-up.
Of the 871 subjects included, baseline samples were
available in 847 individuals. Median follow-up was
7 years. A peak TnT concentration exceeding 50 ng/L was
recorded in 386 patients (44.3%) at inclusion, whereas
485 patients (55.7%) had no or a minor TnT release up to
50 ng/L. The baseline characteristics of the total patient
population and for quartiles of SERPINA3 are shown in
Table 1, whereas online supplementary Tables 1 and 2,
respectively, show the baseline characteristics of the AMI
patients and those without AMI, respectively. hsCRP
followed the same trend as SERPINA3 across the quar-
tiles (p < 0.001). An increase in BNP (p < 0.001) and a
decrease in eGFR (p = 0.008) were noted in the total
material, with similar trends for AMI patients.

As shown in online supplementary Table 3, in the
study group as a whole, baseline levels of SERPINA3 were
significantly correlated with PTX3 (r = 0.282) and BNP
(r = 0.203), and particularly with CRP (r = 0.433). No
significant interaction was observed between SERPINA3
and CRP at any of the endpoints measured.

The results of the univariate and multivariable analyses are
presented for 2-year and 7-year follow-up and include (1) all
patients, (2) AMI patients, and (3) patients without AMI,
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employing separate and combined endpoints. Tables con-
taining results show the total number of patients, the number
of patients studied, the number of patients in whom complete
information was available for multivariable analysis, the
number of events, and the event rates of patients studied.

2-Year Follow-Up on Separate Endpoints

In the univariate analysis for the total patient pop-
ulation at 2 years (online suppl. Table 4A), SERPINA3
remained strongly associated with all-cause mortality (p <
0.001), but not with cardiac death (p = 0.18), whereas an
association between SERPINA3 and MI (p = 0.016) and
stroke (p = 0.006) was noted. However, after adjustment
for confounders, only the association with stroke remained
significant (p = 0.035). The Kaplan-Meier curves com-
paring quartile levels of SERPINA3 for all-cause mortality
and CV mortality at 2 years are depicted in Figure 1.

For the AMI patients, no significant associations were
found between SERPINA3 and all-cause mortality, car-
diac death, M1, or stroke either, in univariate or multi-
variable analysis (online suppl. Table 4B). In patients
without AMI (online suppl. Table 4c), however, the
univariate analysis showed a positive association between
SERPINA3 and all-cause mortality (p < 0.001), also after
adjusting for confounders (p = 0.023). The univariate, but
not multivariable, analysis also revealed a positive asso-
ciation with stroke (p = 0.028), whereas the associations
of SERPINA3 with other endpoints remained statistically
non-significant (online suppl. Table 4C).

Seven-Year Follow-Up on Separate Endpoints

At 7 years of follow-up (Table 2), the positive associ-
ation between SERPINA3 and all-cause mortality in the
patients as a whole remained highly significant in the
univariate analysis (p < 0.001), and the association with MI
was strengthened (p = 0.008), whereas the association with
stroke was no longer present (p = 0.13). An independent
positive association between SERPINA3 and all-cause
mortality was already noted in the third year of follow-
up (p =0.042) and remained significant at 7-year follow-up
(p = 0.022). No independent association was noted be-
tween SERPINA3 and MI and stroke, respectively.

In the AMI patients, SERPINA3 was found to be
significantly associated with all-cause mortality (p <
0.001) in univariate analysis but not in the multivariable
analysis. No significant associations were found with MI
or stroke (online suppl. Table 5).

In subjects without AMI, an independent association
with all-cause mortality was observed from the second year
of follow-up (HR 1.34 [95% CI: 1.04-1.73], p = 0.023). By
7 years (online suppl. Table 6), a positive association was

SERPINA3 Predicts Mortality in Chest Pain
Patients

noted between SERPINA3 and all-cause mortality in both
univariate (p < 0.001) and multivariable analyses (p =
0.004) in these patients. Except for a significant association
with MI in univariate analysis (p = 0.027), no other sig-
nificant associations with outcome were revealed.

Analysis of Combined Endpoints

In the univariate analysis at 2 years, the association
between SERPINA3 and the combined endpoint of
cardiac mortality, MI, or stroke in the total population
was statistically significant (HR 1.31 [95% CI: 1.15-1.50],
p < 0.001) but not in the adjusted analysis (HR 1.12 [95%
CI: 0.97-1.28], p = 0.12).

Second-year results in subgroups are shown in
Table 3A. A borderline significant association between
SERPINA3 and the combined cardiac endpoint (p = 0.048)
was noted at 2-year follow-up in the univariate analysis of
the AMI patients but was no longer evident after ad-
justment. A significant univariate association was dem-
onstrated in patients without AMI (p = 0.002), although it
weakened after adjusting for confounders (p = 0.049).

Table 3B shows the univariate and multivariable
association between SERPINA3 and the combined
endpoint of all-cause mortality, MI, or stroke at 7-year
follow-up in AMI and in patients without AMI, re-
spectively. Whereas the univariate association was
significant in both populations, it remained significant
after adjustment only in patients without AMI (p =
0.007).

Discussion

In this follow-up study through 7 years, SERPINA3 was
found to be independently associated with all-cause mor-
tality from the second year onwards until the end of the
study in patients without AMI, but not in AMI patients.
Cardiac mortality was followed prospectively for up to
2 years, and during this period no association was found
between SERPINA3 and cardiac death after adjusting for
confounders in either AMI or in patients without AML
Furthermore, in the multivariable analysis, no association
was found between SERPINA3 and MI at 2 and 7 years,
respectively. Taken together, our findings do not suggest an
independent association between SERPINA3 and coronary
atherothrombotic events, especially not in AMI as defined
by a TnT value >50 ng/L. However, in patients without
AMI, SERPINA3 was independently associated with total
mortality, suggesting a prognostic impact of SERPINA3 in
other subgroups of patients presenting in the emergency
department with chest pain.
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Table 1. Baseline characteristics in 871 chest pain patients with suspected coronary origin, arranged in quartiles (Q) of SERPINA3,
measured in arbitrary units (AU)

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p value Total
(n=211) (n =212 (n =212) (n =212 (n = 847)
SERPINA3 (AU) 39.3 (35.0-41.6) 47.9 (45.6-50.0) 56.6 (54.4-59.0) 69.1 (65.5-76.2) <0.001° 51.8 (43.4-62.4)
Age, years 71.0 (56.3-79.9) 70.2 (57.1-79.2) 71.8 (59.6-80.7) 76.2 (63.4-83.4) <0.001° 72.6 (59.0-81.1)
Risk markers at baseline
Male gender 133 (63.03) 128 (60.38) 138 (65.09) 120 (56.60) 0.308% 519 (61.28)
hsCRP mg/L 24 (1.2-44) 2.8 (1.2-6.9) 5.1 (2.1-16.2) 12.3 (3.7-33.0) <0.001° 4.0 (1.7-13.5)
BNP, pg/mL 79.0 720 97.0 206.0 <0.001° 97.5
(36.0-217.0) (26.0-226.0) (29.0-269.0) (58.0-601.0) (34.0-310.0)
eGFR, mL/min/1.73m? 65.9 (50.3-77.4) 64.8 (53.0-77.1) 61.3 (46.6-72.9) 59.1 (42.8-74.1) 0.008° 63.3 (48.7-75.4)
Total cholesterol, mmol/L 5.2 (4.3-6.0) 5.3 (4.4-6.0) 5.2 (4.3-6.1) 4.9 (4.1-6.0) 0.149* 52 (4.3-6.0)
TnT release, >0.01 ng/mL* 101 (47.87) 99 (46.70) 118 (55.66) 138 (65.09) <0.001? 456 (53.84)
Risk factors
Past smoking 0.542°
Never smoked 76 (36.02) 80 (37.74) 74 (34.91) 87 (41.04) 317 (37.43)
Current smoker 48 (22.75) 56 (26.42) 63 (29.72) 52 (24.53) 219 (25.86)
Ex-smoker 87 (41.23) 76 (35.85) 5 (35.38) 73 (34.43) 311 (36.72)
Hypertension 76 (36.02) 92 (43.40) 97 (45.75) 91 (42.92) 0.206 356 (42.03)
Diabetes mellitus type | 3 (1.42) 2 (0.94) 2 (0.94) 1(0.47) 0.796% 8 (0.94)
Diabetes mellitus type Il 24 (11.37) 24 (11.32) 31 (14.62) 29 (13.68) 0.664 108 (12.75)
Total cholesterol >6.5 32 (15.17) 35 (16.51) 34 (16.04) 30 (14.15) 09132 131 (1547)
mmol/L
History of heart disease
Angina pectoris 8 (41.71) 87 (41.04) 100 (47.17) 9 (46.70) 0.4432 374 (44.16)
Myocardial infarction 8 (36.97) 60 (28.30) 60 (28.30) 2 (38.68) 0.0322 280 (33.06)
Previous CABG 3 (10.90) 23 (10.85) 20 (9.43) 21 (9.91) 0.948% 87 (10.27)
Previous PCl 23 (10.90) 28 (13.21) 16 (7.55) 20 (9.43) 0.268% 87 (10.27)
Heart failure 2 (19.91) 43 (20.28) 58 (27.36) 84 (39.62) <0.001? 227 (26.80)
Treatment prior to admission
ACEI/ARB 67 (31.75) 58 (27.36) 79 (37.26) 84 (39.62) 0.0352 288 (34.00)
Beta-blocker 75 (35.55) 82 (38.68) 69 (32.55) 78 (36.79) 0.608% 304 (35.89)
Statins 79 (37.44) 76 (35.85) 71 (33.49) 67 (31.60) 0.6032 293 (34.59)

Blood samples for measurement of SERPINA3 were available in 847 patients. Data are presented as median (interquartile range)
or numbers (%). hsCRP, high-sensitivity C-reactive protein; BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration
rate; TnT, troponin T; CABG, coronary artery bypass grafting; PCl, percutaneous coronary intervention; ACEI, angiotensin-
converting-enzyme inhibitor; ARB, angiotensin receptor blocker. *For the diagnosis of an AMI, we applied a cut-off value for

TnT of 50 ng/L and the lowest detectable value was 10 ng/L. 2x? test. °Kruskal-Wallis test.

Our results contradict existing small-sized clinical
studies claiming an association between SERPINA3 and
outcome in AMI patients [8, 17]. Cheow et al. [17]
validated the potential diagnostic value of eight novel
biomarkers, including SERPINA3, reported to be in-
volved in plaque destabilization [18], in 27 subjects with
chronic ischemic heart disease and 26 patients with a MI,
and found that SERPINA3 could distinguish myocardial
injury from stable angina. Furthermore, Zhao et al. [8],
who investigated the utility of SERPINA3 as a predictor of
major cardiac events (MACE) in 120 AMI patients,
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demonstrated that MACE-free survival rate after
9 months was significantly lower in patients with higher
SERPINAS3 levels. In their study, SERPINA3 was closely
associated with increased total leukocyte counts and
higher CRP levels. Finally, Li et al. [9] investigated the role
of SERPINA3 in 86 patients with coronary artery disease,
most of whom were clinically stable and only 14% pre-
sented with ACS, compared to 64 patients with a normal
angiogram, and demonstrated elevated plasma levels of
SERPINA3 in the CAD population as compared to
controls.
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Kaplan-Meier plots comparing quartile levels of SERPINA3
Death and cardiac death at two years
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Table 2. Univariate and multivariable Cox regression model applying continuous log.-transformed values of
baseline SERPINA3 values during median 7-year follow-up in 871 patients with a suspected acute coronary

syndrome
All-cause mortality Mi Stroke
7 years 7 years 7 years
N = 325 (38.4%) N = 197 (23.3%) N = 52 (6.1%)
M = 315 (38.5%) M =191 (23.3%) M = 51 (6.2%)
HR (95% Cl) p value  HR (95% ClI) p value  HR (95% Cl) p value
Univariate 1.41 (1.26-1.58)  <0.001 1.21 (1.05-1.39)  0.008 1.24 (0.94-1.63) 0.13
Multivariable  1.14 (1.02-1.28)  0.022 1.04 (0.90-1.20) 0.60 1.10 (1.83-1.46) 0.51
All-cause mortality or MI All-cause mortality or MI or stroke
7 years 7 years
N = 395 (45.4%) N =411 (47.2%)
M = 383 (44.0%) M = 398 (45.7%)
HR (95% Cl) p value HR (95% Cl) p value
Univariate 1.33 (1.20-1.47) <0.001 1.30 (1.18-1.43) <0.001
Multivariable 1.12 (0.01-1.24) 0.031 0 (1.00-1.22) 0.060

There were 24 missing values in the univariate and 53 missing values in the multivariable analysis. N,
number of events in the univariate analysis; M, number of events in the multivariable analysis; MI, myocardial
infarction; stroke, cerebral stroke; HR, hazard ratio; 95% Cl, 95% confidence interval.

Our AMI subpopulation numbered 386 patients findings do not confirm the suggested prognostic
observed over a period of 7 years, far more and with a  utility of SERPINA3 in patients with AMI. In contrast,
longer duration than the referenced studies above. Our in the 485 patients without AMI, an independent
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Table 3. Univariate and multivariable Cox regression models

Troponin T >50 ng/L
AMI

Troponin T <50 ng/L
non-detected AMI

A 2-year follow-up

2-year follow-up

cardiac mortality
N = 55 (14.8%)
M = 53 (14.8%)

stroke
N = 126 (33.9%)
M = 123 (34.3%)

cardiac mortality or Ml or cardiac mortality

cardiac mortality or Ml or
stroke

N = 89 (18.7%)

M = 85 (18.5%)

N = 29 (6.1%)
M = 27 (5.9%)

Statistical analysis HR (95% Cl) p value HR (95% Cl) p value HR (95% Cl) p value HR (95% Cl) p value

Univariate 1.02 (0.78-1.33) 0.88 1.19 (1.00-1.42) 0.048 1.34 (0.92-1.94) 0.12 1.40 (1.13-1.73) 0.002

Multivariable 0.83 (0.62-1.13) 0.24 1.01 (0.84-1.21) 0.95 *Did not 1.24 (1.00-1.54) 0.049
converge

B 7-year follow-up 7-year follow-up

all-cause mortality
N = 148 (39.8%)
M = 145 (40.4%)

or stroke
N = 197 (53.0%)
M = 192 (53.5%)

all-cause mortality or Ml

all-cause mortality
N =177 (37.3%)
M = 170 (37.0%)

all-cause mortality or Ml or
stroke

N = 214 (45.1%)

M = 206 (44.9%)

Statistical analysis HR (95% Cl) p value HR (95% Cl) p value HR (95% Cl) p value HR (95% Cl) p value
Univariate 1.32 (1.12-1.55) <0.001 1.21 (1.05-1.39) 0.008  1.50 (1.28-1.74) <0.001 1.37 (1.19-1.58) <0.001
Multivariable 1.03 (0.87-1.23) 0.71 1.00 (0.87-1.16) 0.98 1.25 (1.07-1.44) 0.004 1.21 (1.06-1.39) 0.007

Model A: Univariate and multivariable Cox regression model applying continuous loge-transformed values of baseline SERPINA3
values during 2 years follow-up in 386 patients with an acute myocardial infarction (AMI) (TnT >50 ng/L), with 14 missing values in
the univariate and 27 missing values in the multivariable analysis, and in 485 patients without AMI (TnT <50 ng/L), with 10 missing
values in the univariate analysis and 26 missing values in the multivariable analysis. Model B: Univariate and multivariable Cox
regression model applying continuous log.-transformed values of baseline SERPINA3 values during 7-year follow-up in 386
patients with AMI and 485 patients without AMI, respectively. *Model did not converge.

positive association between SERPINA3 and all-cause
mortality was noted from 2 years onwards. As a
predominant number of deaths by 2 years in the
current study are assumed to be linked to the index
event [9], a cardiovascular cause would be suspected.
However, SERPINA3 was not found to be associated
with MI during follow-up. Therefore, a role of SER-
PINA3 as a prognostic indicator of death by an
atherothrombotic mechanism is not obvious but still a
possibility, as demonstrated for the combined cardiac
endpoint in the cohort without AMI at 2-year follow-
up. The reason for the link between SERPINA3 and all-
cause mortality is at present not clear, but high ex-
pression of SERPINA3 has been associated with an
increased mortality rate in cancer [1, 19], and further
studies are needed to clarify which disease categories
contribute to the association between SERPINA3 and
all-cause mortality in patients without AMI. None-
theless, our data may indicate that patients attending

344 Cardiology 2024;149:338-346
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to hospital with chest pain are at risk for adverse
outcome even in the absence of AMI.

SERPINA3 increases on a similar scale as that of CRP
during an acute-phase reaction [20]. In the current setting,
SERPINA3 and CRP [21], both essentially produced in the
liver, were significantly and positively correlated, but even
if they correlate, their utility as prognosticators may differ,
which may provide grounds for future clinical research.

Limitations

The registry was established in 2002, in a clinical
setting with on-site invasive treatment, when required.
Coronary angiography based on clinical criteria was
performed in approximately one-third of the population
during hospitalization. Medical management may have
changed somewhat, but symptoms are universal and re-
main unchanged, underscoring the relevance of the study
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results. Patients presented with clinically suspected ACS
and were sorted by their TnT values. In this study, we did
not use the high-sensitivity “fifth-generation” TnT assay
which was implemented in 2010 (13). As compared to our
locally modified “second-generation” TnT assay (15, 16),
assays with a high sensitivity would pick up minor
myocardial injury with TnT values below our cut-off level
of 50 ng/L, down to a level of 14 ng/L. However, the fact
remains that SERPINA3 in the present setting with a well-
defined AMI did not serve as a predictor of future athe-
rothrombotic events. Sampling of the biomarkers was
limited to one draw at hospital admission. However, as
SERPINA3 is an acute phase reactant and is upregulated
following an AMI, this may have affected its prognostic
utility, despite its measurement in early samples collected
at admission. Due to some missing EDTA samples, ci-
trated plasma was used instead for measurement of
SERPINA3. No definite diagnosis of the chest pain origin
in patients without AMI limits our interpretation of these
data. Measurement of SERPINA3 was run as a modifi-
cation of the original assay kits, which may affect the
absolute biomarker values obtained. Furthermore, all
subjects were recruited from a Norwegian population.
Therefore, our results may not necessarily be generalizable.

Conclusions

SERPINA3 served as a predictor of all-cause mortality
in the third year of follow-up in the total population with
suspected ACS. Its utility as an independent predictor of
all-cause mortality and combined cardiovascular events
was limited to the cohort without AMI and did not apply
to patients with diagnosed AMI. The lack of associations
with cardiac events (i.e., cardiac mortality and MI) fur-
ther suggests that SERPINA3 is not a good marker of
atherothrombotic events.

Statement of Ethics

The RACS study was approved by the Regional Board of
Research Ethics (approval No. 118.02, 2010/1074-3) and by
the Norwegian Health Authorities. Written informed consent
was obtained from participants to participate for 2 years and
for long-term follow-up. The study was conducted in
accordance with the Helsinki Declaration of 1971, as revised
in 1983.

Conflict of Interest Statement

The authors have no conflicts of interest to declare. All au-
thors take responsibility for all aspects of the reliability and
freedom from bias of the data presented and their discussed
interpretation.

Funding Sources

This work was supported by the Western Norway Regional
Health Authority and Stavanger University Hospital, Norway.

Author Contributions

D.N.,, T.U,, and P.A. were responsible for conception. V.P.,
T.B.-A., H.G,, and R.A.A. were responsible for acquisition of data.
D.N,, H.S.,,P.A,, T.U,, and A.E.M. were responsible for analysis and
interpretation of data. D.N. was responsible for design and drafting
the article. P.A. and A.E.M. were responsible for revising the draft
critically. All authors contributed to final approval of the final
version of the paper prior to submission.

Data Availability Statement

The data that support the findings of this study are not publicly
available due to privacy reasons but are available from the cor-
responding author.

interaction with

References

1 Sanchez-Navarro A, Gonzélez-Soria I, Caldino- 4 Baker C, Belbin O, Kalsheker N, Morgan K.
Bohn R, Bobadilla NA. An integrative view of SERPINA3 (aka alpha-1-antichymotrypsin).
serpins in health and disease: the contribution of Front Biosci. 2007;12:2821-35.
SerpinA3. Am ] Physiol Cell Physiol. 2021; 5 de Mezer M, Rogalinski J, Przewozny S,
320(1):C106-18 First published October 28. Chojnicki M, Niepolski L, Sobieska M, et al.

2 Wiedow O, Meyer-Hoffert U. Neutrophil SERPINA3: stimulator or inhibitor of patho-
serine proteases: potential key regulators of logical changes. Biomedicines. 2023;11(1):156.
cell signalling during inflammation. J Intern 6 Travis ], Bowen ], Baugh R. Human alpha-1-
Med. 2005;257(4):319-28. antichymotrypsin:

3 Sambrano GR, Huang W, Farugi T, Mahrus chymotrypsin-like proteinases. Biochemistry.
S, Craik C, Coughlin SR. Cathepsin G acti- 1978;17(26):5651-6.
vates protease-activated receptor-4 in human 7 Santamaria M, Pardo-Saganta A, Alvarez-

platelets. ] Biol Chem. 2000;275(10):6819-23.

SERPINA3 Predicts Mortality in Chest Pain
Patients

Asiain L, Di Scala M, Qian C, Prieto J, et al.

Nuclear al-antichymotrypsin promotes chro-
matin condensation and inhibits proliferation
of human hepatocellular carcinoma cells.
Gastroenterology. 2013;144(4):818-28.¢4.
Zhao L, Zheng M, Guo Z, Li K, Liu Y, Chen
M, et al. Circulating Serpina3 levels predict
the major adverse cardiac events in patients
with myocardial infarction. Int J Cardiol.
2020;300:34-8.

Li B, Lei Z, Wu Y, Li B, Zhai M, Zhong Y,
et al. The association and pathogenesis of
SERPINA3 in coronary artery disease. Front
Cardiovasc Med. 2021;8:756889.

Cardiology 2024;149:338-346
DOI: 10.1159/000537919

345

202 1990300 62 Uo Jasn usbiag | 1oxajolaigsiensionun Aq jpd-61.6.£5000/ L EYEIZVIBEE/Y/6Y | HPA-Bl0IE/PIO/WOD I8BIEN//:d}Y WOl papeojumoq


https://doi.org/10.1152/ajpcell.00366.2020
https://doi.org/10.1111/j.1365-2796.2005.01476.x
https://doi.org/10.1111/j.1365-2796.2005.01476.x
https://doi.org/10.1074/jbc.275.10.6819
https://doi.org/10.2741/2275
https://doi.org/10.3390/biomedicines11010156
https://doi.org/10.1021/bi00619a011
https://doi.org/10.1053/j.gastro.2012.12.029
https://doi.org/10.1016/j.ijcard.2019.08.034
https://doi.org/10.3389/fcvm.2021.756889
https://doi.org/10.3389/fcvm.2021.756889
https://doi.org/10.1159/000537919

10

1

—

12

Ponitz V, Briigger-Andersen T, Pritchard D,
Grundt H, Staines H, Nilsen DW, et al.
Activated factor XII type A predicts long-
term mortality in patients admitted with
chest pain. ] Thromb Haemost. 2009;7(2):
277-87 Epub 2008 Dec 1.

Mjelva @R, Ponitz V, Briigger-Andersen T,
Grundt H, Staines H, Nilsen DW. Long-
term prognostic utility of pentraxin 3 and
D-dimer as compared to high-sensitivity
C-reactive protein and B-type natriuretic
peptide in suspected acute coronary syn-
drome. Eur ] Prev Cardiol. 2016;23(11):
1130-40.

Ledn de la Fuente R, Naesgaard PA, Nilsen
ST, Woie L, Aarsland T, Gallo P, et al.
B-Type natriuretic peptide and high sensi-
tive C-reactive protein predict 2-year all
cause mortality in chest pain patients: a
prospective observational study from salta,
Argentina. BMC Cardiovasc Disord. 2011;
11-57.

13

14

15

16

17

Danese E, Montagnana M. An historical
approach to the diagnostic biomarkers of
acute coronary syndrome. Ann Transl Med.
2016;4(10):194-205.

Muiller-Bardorff M, Hallermayer K, Schroder
A, Ebert C, Borgya A, Gerhardt W, et al.
Improved Troponin T ELISA specific for
cardiac Troponin T isoform: assay develop-
ment and analytical and clinical validation.
Clin Chem. 1997;43(3):458-66.

Hetland @, Dickstein K. Cardiac troponin T
by Elecsys system and a rapid ELISA: ana-
Iytical sensitivity in relation to the TropT
(CardiacT) “bedside” test. Clin Chem. 1998;
44(6):1348-50.

Hetland O, Goransson L, Nilsen DWT.
Cardiac troponin T immunoassay on biotin-
streptavidin-coated microplates: preliminary
performance in acute myocardial infarction.
Scand ] Clin Lab Invest. 1995;55(8):701-13.
Cheow ESH, Cheng WC, Yap T, Dutta B, Lee
CN, Kleijn DPVD, et al. Myocardial injury is

346

Cardiology 2024;149:338-346

DOI: 10.1159/000537919

18

19

20

21

distinguished from stable angina by a set of
candidate plasma biomarkers identified using
iTRAQ/MRM-based approach. J Proteome
Res. 2018;17(1):499-515.

Wagsidter D, Johansson D, Fontaine V,
Vorkapic E, Backlund A, Razuvaev A, et al.
Serine protease inhibitor A3 in atheroscle-
rosis and aneurysm disease. Int ] Mol Med.
2012;30(2):288-94.

Zhou J, Cheng Y, Tang L, Martinka M,
Kalia S. Up-regulation of SERPINA3 with
high mortality of melanoma patients and
increased migration and invasion of
cancer cells. Oncotarget. 2017;18(12):
18712-25.

Aronsen KF, Ekelund G, Kindmark CO,
Laurell CB. Sequential changes of plasma
proteins after surgical trauma. Scand J Clin
Lab Invest Suppl. 1972;124:127-36.

Eklund CM. Proinflammatory cytokines in
CRP baseline regulation. Adv Clin Chem.
2009;48:111-36.

Nilsen et al.

202 1990300 62 Uo Jasn usbiag | 1oxajolaigsiensionun Aq jpd-61.6.£5000/ L EYEIZVIBEE/Y/6Y | HPA-Bl0IE/PIO/WOD I8BIEN//:d}Y WOl papeojumoq


https://doi.org/10.1111/j.1538-7836.2008.03248.x
https://doi.org/10.1177/2047487315619733
https://doi.org/10.1186/1471-2261-11-57
https://doi.org/10.21037/atm.2016.05.19
https://doi.org/10.1093/clinchem/43.3.458
https://doi.org/10.1093/clinchem/44.6.1348
https://doi.org/10.3109/00365519509075400
https://doi.org/10.1021/acs.jproteome.7b00651
https://doi.org/10.1021/acs.jproteome.7b00651
https://doi.org/10.3892/ijmm.2012.994
https://doi.org/10.3109/00365517209102760
https://doi.org/10.3109/00365517209102760
https://doi.org/10.1016/s0065-2423(09)48005-3
https://doi.org/10.1159/000537919

	α1-Antichymotrypsin Complex (SERPINA3) Is an Independent Predictor of All-Cause but Not Cardiovascular Mortality in Patient ...
	Introduction
	Materials and Methods
	Study Design and Patient Population
	Ethics
	Blood Sampling Procedures and Laboratory Measurements
	SERPINA3 Measurements
	TnT Measurements
	hsCRP, PTX3, and BNP

	Statistical Analysis

	Results
	Characteristics of the Study Population
	2-Year Follow-Up on Separate Endpoints
	Seven-Year Follow-Up on Separate Endpoints
	Analysis of Combined Endpoints

	Discussion
	Limitations
	Conclusions
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


