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Abstract

Introduction: Chronic vascular inflammatory process promotes and intensifies
all atherogenic events. The aim of this research was to estimate the clinical val-
ue of pregnancy-associated plasma protein A (PAPP-A) measurement associat-
ed with plaque destabilization and rupture in prediction and monitoring of acute
coronary syndromes (ACS) as well as to assess the predictive value of this bio-
marker in comparison to traditional myocardial infarction (MI) risk markers.
Material and methods: The study included 119 patients in 2 investigated groups
and one control group. PAPP-A assay was performed using manual ELISA kit,
DRG. All other parameters were determined using automatic analyzers: Olym-
pus and Dade Behring.

Results: A statistically significant difference between PAPP-A concentration medi-
an value was found in the investigated group MI individuals’ serum and control
group individuals’ serum (11.42 ng/ml and 7.22 ng/ml respectively, p = 0.003).
PAPP-A assay had the highest specificity (83.3%) and sensitivity (53.8%), and
therefore the highest clinical value. In patients with clinically and laboratory
confirmed MI we proved that PAPP-A serum level is a clinically useful biomark-
er in ACS prediction, better than C-reactive protein (hsCRP) and fibrinogen (FBG)
level.

Conclusions: The highest diagnostic efficiency for ACS prediction was proved
for simultaneous panel assays consisting of 2-3 parameters (PAPP-A — hsCRP,
PAPP-A — FBG, PAPP-A — hsCRP — FBG), while PAPP-A itself does not show char-
acteristics necessary for it to be used as a biomarker for Ml dynamic monitor-
ing. It is possible that prothrombotic component is mainly responsible for repeat-
ed major adverse cardiac events, more than inflammatory process.

Key words: pregnancy-associated plasma protein A, acute coronary syndrome,
myocardial infarction prediction, biomarker.

Introduction

It is commonly known that in acute coronary syndrome, prevention is
as important as treatment. That is why along with classical risk factors,
special notice should be taken of those that can be measured, hence
becoming risk indicators [1]. The widely used preventive panel includes
serum lipid profile, glucose and fibrinogen level as well as more and more
often C-reactive protein indicated by the high-sensitivity method (hsCRP).
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Recent publications contain many studies sug-
gesting the necessity of adding to the panel some
biomarkers that define the degree of ACS risk [2].
Among the biomarkers, particularly important seem
to be those whose level in the bloodstream pre-
cedes the cardiac event, and whose increase in con-
centration is related directly to the occurrence of
those incidents or even determines them [3, 4]. This
group includes inflammatory state biomarkers,
commonly known as inflammatory proteins respon-
sible for plaque destabilisation. Our particular atten-
tion was drawn to pregnancy-associated plasma
protein A (PAPP-A) (pappalysin-1, EC 3.4.24.79). It is
a zinc-binding metalloproteinase, whose known
substrates present in humans are insulin-like
growth factor binding proteins 4 and 5 [5]. For a few
years it has been used in routine prenatal diag-
nostics of Down’s syndrome. It is physiologically
synthesised by the syncytiotrophoblast and
released to the bloodstream of a pregnant woman
in concentrations increasing with the advancement
of the pregnancy. However, in the case of Down’s
syndrome, the concentration of PAPP-A in serum
stays at significantly low levels during the first
trimester. A low level of this protein is also observed
in men and non-pregnant women [6]. Pregnancy-
associated plasma protein A is synthesized in tis-
sues related to reproduction (ovaries, endometri-
um, myometrium) and also in kidneys, colon and
bone marrow cells [7, 8]. Elevated levels of PAPP-A
appear in blood in relation to plaque destabilisation
[9]. It is assumed, however, that in this situation
the protein is produced within the plaque and
shows different structure, which can cause poten-
tial methodology problems [10]. In a physiological
environment, PAPP-A circulates in the blood as
a heterotetramer composed of two peptides of the
enzyme (mass 200-250 kDa), staying in a covalent
bond with two molecules of its endogenous
inhibitor pro-MBP (eosinophil major basic protein,
mass 50-90 kDa). The PAPP-A coming from desta-
bilised plaque is a homodimer, which makes it
potentially difficult to track in immunochemical
tests [11]. The tests are meant to detect biological-
ly non-active molecules (associated with pro-MBP).
Bayes-Genis et al. [12] were among the first to con-
duct immunochemical research that showed the
presence of a significant amount of this very form
of PAPP-A in ruptured plaque and a small amount
of it in stable plaque. So far indirect release of PAPP-
A from the plaque has not been proved. Bayes-
Genis et al. as well as Conover et al. [13] attribute
the production of this protein to the plaque smooth
muscles cells, whereas Sangiorni et al. [14] suggest
that monocytes/macrophages produce and release
PAPP-A. Nevertheless, the authors agree that PAPP-
A is associated with plaque destabilisation. This
allows intensive research to be conducted in order

to include this protein in the group of plaque
destabilisation biomarkers useful in ACS prediction
[15-18]. The latest publications suggest that a full
diagnostic and preventive strategy for cardiovas-
cular disease and its consequences should be
based on indication of a few versatile sets of bio-
markers different in terms of the disease patho-
physiology [19, 20]. Plaque destabilisation markers
could be a good supplement to the existing diag-
nostic panel as they carry some independent pre-
dictive information.

The aim of the study was to estimate the clini-
cal value of PAPP-A concentration in ACS prediction
and monitoring and to assess the predictive value
of the biomarker in question in comparison to exist-
ing myocardial infarction (MI) risk markers for ACS
prediction.

Material and methods

The study included 119 patients in two investi-
gated groups and one control group. The first inves-
tigated group consisted of patients suffering from
their first clinically confirmed MI with elevated lev-
els of cTnl. From the first pain in the chest or its
equivalent until admission no more than 3 h
passed. It enabled us to assume that all the
changes in the level of investigated biochemical
parameters were not directly caused by the myocar-
dial infarction but they reflected the state in coro-
nary vessels before the incident. There was no
heparin administration before colleting blood. The
treatment we used was percutaneous coronary
intervention (PCl). The second investigated group
included patients with an earlier cardiovascular
event in the history who had undergone primary
vascular angioplasty with stent implantation and
in whom a major adverse cardiac event (MACE)
had occurred within 15 months. As MACE we
defined another PCl, coronary artery bypass graft
or secondary hospitalisation for cardiac reasons.
The patients were given statins, acetylsalicylic acid
(ASA), thienopyridine derivative and, where possi-
ble, B-blocker and angiotensin-converting enzyme
inhibitor as preventive measures. The patients were
included in the research after completion of the
treatment. The control group (C) consisted of ran-
domly chosen generally healthy individuals without
cardiovascular episodes in their history or previous
cardiac events, with no manifestation of clinical
chronic disorders or no awareness of such. Based
on a detailed interview with the patients, the lab-
oratory indication results determined whether the
individual was qualified for the research (results
within reference value) or excluded from it (patho-
logical results). Detailed group characteristics are
presented in Table I.

The material used was blood samples taken from
the basilic vein and put into Sarstedt tubes (aspi-
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Table I. Group characteristics including frequency of risk markers

Parameter MI (n = 40) MACE (n = 41) C(n=39
Age [years] 30-78 43-80 40-67
Smoking, n (%) 30 (75) 25 (61) 6 (15.8)
Diabetes 7 (17.5) 6 (14.6) 0 (0)
BMI > 25 [kg/m2], n (%) 26 (65) 21 (51.2) 4 (10.5)
HDL-cholesterol: M < 40 mg/d|, F < 50 mg/dl 10 (25) 11 (26.8) 3(7.9)
Triglicerydes > 150 mg/dl 20 (50) 25 (61) 4 (10.5)
hsCRP > 3 mg/| 9 (22.5) 9 (22) 8 (21)

Table II. Detailed statistical analysis of results obtained in investigated groups in comparison with the control group

Parameter Group Median 25th-75th Percentile Value of p
(in comparison with C group)
hsCRP [mg/l] MI 1.65 0.80-4.80 0.052
MACE 1.60 0.80-2.70 -
C 1.00 0.60-2.40 -
FBG [g/dl] MI 402 283-500 0.0085
MACE 465 360-594 -
C 368 263-379 -
PAPP-A [ng/ml] MI 11.42 7.03-18.33 0.0026
MACE 4.87 3.31-7.38 -
@ 8.30 5.79-8.81 -
Cholesterol [mmol/l] MI 5.79 4.85-6.60 0.5
MACE 4.73 4.05-5.92 -
C 5.87 5.18-6.20 -

ration vacuum principle). The following were meas-
ured indirectly after taking: in plasma — fibrinogen
concentration; in serum — the concentration of HDL
cholesterol, triglycerides, high-sensitivity C-reactive
protein (hsCRP), cardiac troponin | (cTnl) and PAPP-A
(Tables I, I1). In order to examine the concentration
dynamics of the biomarker in question during the
course of the spreading coronary attack in the
group MI individuals, the cTnl and PAPP-A levels
were measured at five points: on admission (no
heparin administration before sampling), and then
6, 12, 24 and 48 h following admission.
Biochemical parameter concentrations were
measured with an AU 640 biochemical analyser and
Siemens reagents. A Sysmex analyser and Siemens
reagents were used to measure fibrinogen con-
centration in serum. Cardiac troponin | (cTnl) con-
centration was measured by enzyme-linked fluo-
rescent assay (ELFA) technology with a Vidas
analyser and Biomerieux reagents. The PAPP-A was
measured by manual enzyme-linked immunosor-
bent assay (ELISA) method with PAPP-A US (ultra
sensitive) kits manufactured by DRG Germany
designed especially to detect low concentrations

of enzyme circulating in serum in association with
plaque destabilisation.

The research was conducted with the consent
of the Bioethics Commission at the Medical Uni-
versity in Lodz on the basis of the Bioethics Com-
mission Resolution concerning medical experiment
project number RNN/355/KB dated 24 October
2006.

Statistical analysis

The consistency of results distribution for indi-
vidual parameters with normal distribution was
specified with the Wilk-Shapiro test. To analyse
the significance of differences between individual
groups a non-parametric Mann-Whitney U test
was used. To analyse the significance of differ-
ences in the case of distribution consistent with
normal distribution the T test for independent
samples was used. The correlation between cho-
sen parameters was investigated by non-para-
metric Spearman test.

The interdependence between sensitivity and
specificity of the assay and hence the clinical val-
ue of the laboratory test was presented graphical-
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ly and numerically for all cut-off values in ROC
curves. The relative area under the curve (AUC) was
defined.

Results

The study found a statistically significant differ-
ence between PAPP-A concentration median value in
the investigated group of Ml individuals’ serum and
control group individuals (11.42 ng/ml and 7.22 ng/ml
respectively, p = 0.003). That corresponds to recent
publications on the subject and can confirm the
thesis about releasing larger amounts of the bio-
marker in question to the bloodstream in associa-
tion with the plaque destabilisation process which
can indirectly precede coronary disease aggravation
such as cardiac arrest.

The statistical analysis of the results showed
that PAPP-A concentration measurement for coro-
nary attack prediction in group Ml had the highest
diagnostic specificity and sensitivity (83.3% and
53.8%; cut-off = 9.4 ng/ml), which made it the most
clinically useful (Table 111). Relative AUC for this bio-
marker was 0.720 and was greater than the AUC
for the existing risk indicators hsCRP (AUC = 0.631)
and fibrinogen (FBG) (AUC = 0.680). What is more,
PAPP-A measurement together with existing mark-

ers hsCRP and FBG (AUC = 0.751 and AUC = 0.795,
respectively) raised the diagnostic value of their
measurement for ACS prediction. On the other
hand, FBG and hsCRP measurement simultaneously
with PAPP-A increased the PAPP-A predictive value
normally measured on its own. Sensitivity and
specificity of this biomarker triad were 80.0% and
64.7%, respectively (AUC = 0.756), whereas the pos-
itive and negative prediction values were 70% and
76%, respectively (Figure 1). The PAPP-A concen-
tration value did not show a significant difference
at individual measurement points in the Ml group
compared to cTnl concentration medians for
myocardium necrosis (Figure 2).

The PAPP-A and FBG concentration medians val-
ues were different in the investigated group and
control group and were respectively 11.42 ng/ml
and 7.22 ng/ml (p = 0.003) and 401.6 mg/dl and
314.5 mg/dl (p = 0.009) (Table II). It is worth noting
that no statistically significant differences were
found between those groups in median values of
hsCRP and cholesterol (p > 0.05).

In the MACE group the FBG concentration value
was the highest (479 mg/dl) in comparison to low
average concentrations of the other analysed
parameters (Ml = 420 mg/d|, C = 332 mg/d|;
p = 0.008 and p = 0.00002 respectively).

Table 1. Statistical analysis of clinical value of laboratory tests in MI prediction

Biomarker AUC Cut-off Sensitivity [%] Specificity [%]
hsCRP 0.63 4.1 mg/l 28.9 97.2
FBG 0.68 379 g/dl 60.5 76.5
PAPP-A 0.72 9.4 ng/ml 53.8 83.3
FBG + hsCRP + PAPP-A 0.76 - 80.0 64.7
A
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Figure 1. Clinical value of biomarker measurement
in MI group in comparison with the control group

Figure 2. PAPP-A (A) in comparison with cTnl (B) con-
centration dynamics during the course of spreading Ml
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Discussion

Plaque destabilization and rupture are direct and
the most common cause of ACS. The chronic vas-
cular inflammatory process promotes and intensi-
fies all atherogenic events; therefore for a few years
research has been undertaken to discover inflam-
mation markers that could improve laboratory pre-
dictive assessment of ACS [21-26].

Bayes-Gensis et al. found the presence of
PAPP-A in unstable plaque in patients who died
suddenly during the course of ACS. They described
the phenomenon of increased PAPP-A concentra-
tion in patients suffering from unstable angina and
ACS [27]. According to another study, PAPP-A con-
centration measurement seems to be useful for the
detection of unstable vascular disease even in
patients who do not show increased concentrations
of myocardial necrosis biomarkers [28]. In both the
above studies, the correlation of PAPP-A and cTnl
levels was weak, which disqualifies this enzyme as
a potential myocardial necrosis marker. PAPP-A con-
centration in the blood of patients with ACS starts
increasing not earlier than during the 2" h and not
later than after the thirtieth hour following the
occurrence of the first symptoms. Only in 2/3 of the
patients does the PAPP-A concentration remain at
the same level. What is more, the research showed
that PAPP-A is found only in ruptured plague and
is not observed in stable plaque. Our research did
not confirm the phenomenon of PAPP-A concen-
tration increase in serum during the 15t h of the
attack.

In some other research which included 547 pa-
tients with angiographically proved ACS and an
additional group of 644 patients with acute chest
pain, PAPP-A concentrations were an important risk
marker both in the group with increased cardiac
troponin | concentration and in the group with its
normal level [29]. It was also observed that PAPP-A
concentration does not correlate either with lipid
profile parameters or with any other inflammatory
markers. It does not clearly show that PAPP-A is an
inflammatory mediator. Additionally, it was proved
that PAPP-A sensitively reflects changes in kidney
function, especially in patients who undergo dialy-
sis. The PAPP-A shows a positive correlation with
serum creatinine concentration, which disqualifies
its prognostic value for ACS risk in patients with
kidney dysfunction [30]. The clinical value of PAPP-A
measurement as a marker for cardiovascular events
in patients with hyperlipidaemia who showed no
clinical symptoms of ACS risk was examined. A cor-
relation of the enzyme concentration increase with
carotid plaque echogenicity was also observed [31].
Still, PAPP-A concentration did not depend on statin
treatment [32]. The research also indicated that
PAPP-A concentration increase does not necessar-
ily represent ACS cases. It can also reflect earlier

stages of atheromatosis changes even before there
are any clinical atheromatosis symptoms [33-36].
Recent publications also indicated that PAPP-A con-
centration within the range of the highest percentile
in patients admitted to A&E with stenocardial pain
preceding ACS was associated with a high risk of
late complications leading to death within the fol-
lowing 12 months after a coronary attack [37, 38].
On the other hand, Iversen [39] described PAPP-A
concentration dynamics in patients with ACS symp-
toms without ST-segment rising, indicating this pro-
tein as a marker of ischaemia in patients with low
and high risk of cardiovascular disease aggravation.
The PAPP-A concentration dynamics observed in Ml
patients based on our research strictly correspond
to those results. This fact leads to the conclusion
that PAPP-A level in serum does not change signif-
icantly during myocardial infarction. This reinforces
previous observations concerning this biomarker
increase in association with plaque destabilisation.
The latter being a process occurring before myocar-
dial infarction confirms the legitimacy of using
PAPP-A measurement as a prediction marker.

The same author pointed out that elevation of
PAPP-A in patients with acute coronary syndromes
may be caused by heparin-induced release of
PAPP-A from the arterial wall and not due to excre-
tion from vulnerable plaques [40]. In our research
there was no heparin treatment before blood col-
lection.

In conclusion, thus we can conclude that PAPP-A
is not a clinically useful biomarker in monitoring
the course of coronary attack. What is more, PAPP-A
concentration in serum measurement as a useful
marker for ACS prediction seems to be better than
CRP and FBG concentration evaluation. The high-
est diagnostic efficiency for ACS prediction was
proved for simultaneous panel assays consisting
of 2-3 parameters (PAPP-A — hsCRP, PAPP-A — FBG,
PAPP-A — hsCRP — FBG).

The results of the study also indicated that
a high FBG level together with a relatively low CRP
level in serum of patients who had suffered from
a coronary attack may lead to the conclusion that
it is the prothrombotic component in the form of
increased "thrombotic readiness” that is mainly
responsible for repeated MACE. However, in litera-
ture the authors consider other pathological process-
es that may play important role in risk assessment
after acute myocardial infarction [41, 42].

A relatively small number of patients included in
the research might have been a certain limitation
influencing the statistical results. It is also not clear
whether single PAPP-A concentration measurement
is sufficient for the risk stratification. The directives
of the American Heart Association and Centers for
Control and Prevention concerning inflammatory
markers recommend measuring CRP twice with
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a 2-to-3-week interval during full metabolic effi-
ciency (general health) [43]. Additionally, so far it
has not been possible to state how long before the
cardiac event PAPP-A level rises [44], which further
limits the cohesion of interpretation of measure-
ment of the marker in question.
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