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Abstract

ABSTRACT

Juha Lund, MD

PAPP-A AS A PROGNOSTIC MARKER IN SUSPECTED ACUTE CORONARY
SYNDROMES

University of Turku, Faculty of Medicine, Department of Cardiology and Cardiovascular
Medicine, Doctoral Programme in Clinical Research, Heart Center, Turku University
Hospital, Turku Finland

Annales Universitatis Turkuensis, Painosalama Oy, Turku Finland 2018

The major initial mechanism of acute coronary syndrome (ACS) is the rupture of the
atherosclerotic coronary artery plaque. Clinical signs, electrocardiogram and cardiac tro-
ponins, as markers of myocardial ischemia or damage, give an accurate diagnosis, prog-
nostic information and guidance for optimal treatment choices. The useful marker of un-
stable plaque or the early stage plaque rupture is still missing.

The primary purpose of this study was to assess the usefulness of pregnancy associated
plasma protein A (PAPP-A) and its different forms abundantly expressed in unstable but
not in stable atherosclerotic plaque as a prognostic marker in patients presenting with
suspected ACS.

The basic study population comprised 541 consecutive patients who were admitted to the
emergency department for symptoms consistent with ACS. Mortality data and data on
other cardiac adverse events of nonfatal myocardial infarction, revascularization or hos-
pitalization due to unstable angina, worsening heart failure or stroke, were collected dur-
ing the 12 months follow up. The blood samples for PAPP-A and other measurements
were obtained at admission, 12 h, 24 h and in patients representing with ST-elevation
myocardial infarction (STEMI) also at 48 h. The PAPP-A analyses were performed by
measuring the total fraction of PAPP-A (totalPAPP-A) in studies I (n=136) and II (n=62).
After observing that the elevated PAPP-A concentration in ACS was almost entirely due
to the free fraction of PAPP-A (freePAPP-A), a comparison of prognostic performance
was done between freePAPP-A and totalPAPP-A measurements (study I1I, n=267).

The early elevation (< 24h) of circulating totalPAPP-A in patients who remained cardiac
troponin I negative and highly elevated (>10 mIU/L) totalPAPP-A already at admission
in patients with STEMI were predictive of higher risk of death or cardiac adverse events.
In patients with STEMI the concentration of totalPAPP-A elevated early during the first
hours of attack and normalized rapidly. The variability of totalPAPP-A kinetics at 48
hours reflects the success of reperfusion of the culprit artery. FreePAPP-A showed supe-
riority as a prognostic marker compared to totalPAPP-A, giving independent and additive
prognostic information when measured at the time of admission in patients hospitalized
for non-ST-elevation ACS.

This study provides evidence of the prognostic performance of PAPP-A, a potential
plaque instability marker, in patients representing with ACS. FreePAPP-A is the most
prominent form in the circulation during ACS, and its prognostic performance is superior
compared to totalPAPP-A.

Keywords: Prognosis, Acute Coronary Syndrome, Pregnancy Associated Plasma Protein
A
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PAPP-A EPAILLYN AKUUTIN SEPELVALTIMOTAUTIKOHTAUKSEN ENNUS-
TEMERKKIAINEENA

Turun yliopisto, Ladketieteellinen tiedekunta, Kardiologia ja kardiovaskulaariladketiede,
Turun kliininen tohtoriohjelma; Sydénkeskus, Turun yliopistollinen sairaala Turku,
Suomi

Annales Universitatis Turkuensis, Painosalama Oy, Turku, Suomi 2018

Sepelvaltimoplakin repedminen on tavallisin akuuttiin sepelvaltimotautikohtaukseen joh-
tava mekanismi. Potilaan oireet, syddnfilmi ja sydénlihakselle spesifisen troponiinin li-
sddntynyt veripitoisuus ilmentdvét sydénlihassolujen hapenpuutetta ja solutuhoa ja tar-
joavat tdsméllisen diagnoosin, ennustearvion sekéd ohjaavat hoitovalintoja. Merkkiaine,
jolla voitaisiin jo edeltdvasti ennustaa epdvakaan sepelvaltimoplakin repedmisté, ei tois-
taiseksi ole kliinisessé kédytossa.

PAPP-A on proteiini, jonka on todettu ilmentyvéin epidvakaassa mutta ei niinkdin va-
kaassa sepelvaltimoplakissa. Tamén tutkimuksen tavoitteena oli selvittdd PAPP-A:n ja
sen eri ilmenemismuotojen veripitoisuutta ja sen merkitystd arvioitaessa potilaan kuole-
man ja uusintatapahtumien riskid akuutin sepelvaltimotautikohtauksen eri alamuodoissa.

Tutkimusaineisto koostui 541 perdkkéisestd, epdillyn akuutin sepelvaltimotautikohtauk-
sen takia ensiapuun hakeutuneesta potilaasta. PAPP-A:n veripitoisuus médritettiin tulo-
vaiheessa, 12 ja 24 tunnin sekd ST-nousuinfarktipotilailla myds 48 tunnin kohdalla. Tie-
dot kuolleisuudesta, sairastetuista sydéninfarkteista, suoritetuista sydéntoimenpiteista
sekd sairaalahoidoista syddmen vajaatoiminnan, epidvakaan rintakivun tai aivoinfarktin
vuoksi kerdttiin 12 kuukauden seuranta-aikana. Osatyossd I (n=136) maédritettiin veren
kokonais-PAPP-A:n pitoisuus potilailla, joilla ei todettu veren troponiinipitoisuuden li-
sdantymistd sekd osatydssd II (n=62) potilailla, joilla todettiin akuutti ST-nousuinfarkti.
Havaittuamme, ettd akuutissa sepelvaltimotapahtumassa PAPP-A:n veripitoisuuden
nousu johtui ldhes tidysin PAPP-A:n vapaan muodon lisdéntymisestd, vertasimme osa-
tyossd III (n=267) vapaan ja kokonais-PAPP-A:n ennustearvoa toisiinsa.

Totesimme, ettd varhainen (<24t) kokonais-PAPP-A:n pitoisuuden lisddntyminen tro-
poniini negatiivisilla potilailla seké jo tulovaiheessa huomattavasti (>10 mIU/L) liséén-
tynyt kokonais-PAPP-A:n pitoisuus ST-nousuinfarktipotilailla ennustivat korkeampaa
kuoleman sekd uusinta sydantapahtuman riskid. Kokonais-PAPP-A:n veripitoisuus li-
saantyi ST-nousuinfarktin yhteydessd ensimmdisten tuntien aikana ja vdheni tdmén jal-
keen nopeasti ja pitoisuus 48 tunnin kohdalla korreloi infarktisuonen aukeamiseen. Tulo-
vaiheessa médritetty vapaan PAPP-A:n veripitoisuus osoittautui kokonais-PAPP-A:ta pa-
remmaksi merkkiaineeksi ennustamaan kuolemaa ja sydantapahtumia potilailla, joilla to-
dettiin akuutti sydéntapahtuma ilman ST-nousua.

Yhteenvetona voidaan todeta, ettd akuutin sepelvaltimotautikohtauksen yhteydessa todettava
PAPP-A:n lisdédntynyt veripitoisuus, potentiaalisena epéstabiilin plakin merkkiaineena, liit-
tyy korkeampaan kuolleisuuteen seké uusinta sydéntapahtuman riskiin. Vapaa PAPP-A:n pi-
toisuus, selittden valtaosan veripitoisuuden noususta akuutissa sepelvaltimotapahtumassa,
osoittautui kokonais-PAPP-A:n mééritystd paremmaksi ennustemerkkiaineeksi.

Avainsanat: ennuste, akuutti sepelvaltimotautikohtaus, PAPP-A
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ABBREVIATIONS

ACS acute coronary syndrome

AMI acute myocardial infarction

ApoE KO apolipoprotein E—deficient knockout
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BMI body mass index
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ECG electrocardiogram

ED emergency department
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freePAPP-A free form of circulating PAPP-A
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GRACE Global Registry of Acute Coronary Events
HR Hazard Ratio

hs-cTn high sensitive cardiac troponin
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IGFBP insulin-like growth factor binding protein
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IL interleukin
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1 INTRODUCTION

The prognosis of acute coronary syndrome (ACS) has improved markedly during
the last decades (McManus et al., 2011; Chung et al., 2015), but it is still the major
cause of mortality and morbidity in the western world. Early, accurate diagnosis
and prognostic evaluation play crucial roles in the triage and management of these
patients.

The main ACS mechanism is the rupture or erosion of the underlying, vulnerable
atherosclerotic plaque (Naghavi et al., [2003a;2003b]) that activates platelets and
coagulation cascade (Toschi et al., 1997) and causes thrombus formation in the
coronary artery (Libby et al., 2005). This compromises the blood flow and oxygen
supply of the myocardium leading to varying levels of myocardial ischemia (Libby
et al., 2005) and damage. This phenomenon causes also the typical clinical signs
and symptoms in the acute phase of this syndrome.

The definition, final diagnosis and classification of ACS are based on clinical
symptoms consistent with myocardial ischemia, electrocardiogram (ECG) and the
determination of cardiac troponin I (cTnl) or T (cTnT) levels in blood samples
supplemented, if necessary, by invasive or non-invasive imaging (Roffi et al.,
2016). Using modern, highly sensitive cardiac troponin (hs-cTn) assays reveals
even minimal myocardial damage early after the onset of symptoms (Ilva et al.,
2005; Reichlin et al., 2009; Keller et al., 2009; Keller et al., 2011; Giannitsis et al.,
2010; Haaf et al., 2012; Thygesen et al., 2012a; Rubini et al., 2013; Mueller et al.,
2014), and these assays have also demonstrated good prognostic performance
(Kavsak et al., 2009; Bonaca et al., 2010). Awareness is also increasing of the
prognostic value of different ischemic changes in ECGs recorded at the acute phase
of ACS (Savonitto et al., 1999; Kaul et al., 2001; Savonitto et al., 2005; Collinson
et al., 2006; Jiménez-Candil et al., 2008; Yan et. al., 2010; Nikus et al., 2011).

The best treatment option for ACS would be prevention of a vulnerable plaque’s
rupture. However, the processes preceding this phenomenon are difficult or even
impossible to foresee with methods currently available. When the clinical signs,
cardiac troponin (¢Tn) and ECG in ACS, mirror the myocardial ischemia, useful
markers have been missing of unstable plaque prone to rupture or of very early
stage plaque rupture. Furthermore, even if the currently available tools give fairly
good prognostic information, the outcome of patients with suspected ACS is vari-
able in normal ¢Tn levels and also in patients with cTn elevations (Wong et al.,
2007). Additionally, the high sensitivity of modern cTn assays is partly achieved
at the expense of lower specificity (Alcalai et al., 2007); thus, there is still room
for improvement.
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Pregnancy associated plasma protein A (PAPP-A) is a metzincin metalloproteinase
(Kristensen et al., 1994) first detected in the serum of the women in late pregnancy
by Lin and colleagues (1974). Bayes-Genis and colleagues (2001a) used immuno-
histochemical staining in the early 2000s to show the abundant expression of
PAPP-A in both eroded and ruptured plaques but only minimal expression in stable
plaques. This finding resulted in an awakening of interest in the potential role of
PAPP-A as a marker of vulnerability or rupture of the atherosclerotic coronary
artery plaque and as a prognostic marker inside the spectrum of ACS.

The primary aim of this study was to test the prognostic value of PAPP-A and its
investigational novel forms when combined with traditional risk markers in pa-
tients admitted to the emergency department with symptoms and findings con-
sistent with suspected ACS and, furthermore, to scrutinize the presumptive role of
PAPP-A as a marker of plaque instability or rupture.
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2 REVIEW OF LITERATURE

2.1 ACUTE CORONARY SYNDROMES

2.1.1 Pathogenesis

Acute coronary syndrome (ACS) is the manifestation of acute, severe narrowing
or occlusion of coronary artery leading to variable degree of myocardial ischemia.
Figure 1 illustrates the ruling phenomena of this cascade. Almost invariably the
mechanism is the rupture or erosion of atherosclerotic plaque (Naghavi et al.,
[2003a; 2003b]) uncovering the thrombogenic collagen matrix and exposing blood
to tissue factor, activating the coagulation cascade (Toschi et al., 1997) and plate-
lets leading to thrombus formation inside the coronary artery (Libby et al., 2005).
The coronary flow is rarely blocked by an embolus or spontaneous coronary dis-
section (Kamran et al., 2008). The plaque itself and the formed thrombus narrow
or occlude the lumen of the coronary artery, reducing or stopping the nourishing
coronary flow. The plaque debris and the fragments of the thrombus frequently
embolize to the distal parts of the vessel, leading to reduced circulation in smaller
arteries and microcirculation, though the site of plaque rupture may remain open
(Topol et al., 2000; Heusch et al., 2009). Autopsy materials of individuals dying
suddenly from an acute coronary event have shown evidence of distal microembo-
lization in 54-79% of the cases (Falk et al., 1985; Frink et al., 1988; Schwartz et
al., 2009). It is likely, therefore, that acute microvascular dysfunction driven by
vasoactive agents released during the plaque rupture leads to dynamic vasospasm,
playing a key pathogenetic role in the whole spectrum of ACS (De Caterina et al.,
2011). The magnitude of myocardial damage that occurs will vary, depending on
the level of impairment of coronary flow and myocardial perfusion and the size of
the myocardium nourished by the blocked artery. Although the symptoms of acute
coronary syndromes can manifest suddenly, the study of Falk and colleagues
(1985) showed that an occluding thrombus per se is seldom formed abruptly but is
very often preceded by recurrent thrombus formation and fragmentation that may
last even for weeks before the occluding thrombosis will occur. The time of the
plaque rupture itself is very difficult to define, though it is well known that vulner-
able plaques with a lipid-rich core and thin, fibrous cap are prone to rupture.
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Atherosclerotic plaque Plaque rupture and formation of occluding thrombus with distal embolization

A. Plaque erosion and a small thrombus B. C.  Ischemic myocardium
.

Necrotic core Smooth rﬁuscle cell Foam cell Capillary artery

Blood flow Endothelium T-cell

Figure 1. The ruling phenomena touching the rupture of atherosclerotic plaque causing myocar-
dial ischemia. A) Early erosion of atherosclerotic plaque and small thrombus formation, B) rup-
ture of atherosclerotic plaque activating coagulation cascade leading to formation of occluding
thrombus and C) distal embolization of plaque material causing myocardial ischemia.

2.1.2 Diagnostics and classification

Chest pain or shortness of breath are typically the signs leading to the suspicion of
ACS, while the intensity and type of symptoms can vary greatly inside the spec-
trum of the disease, ranging from lack of pain to sudden cardiac death. According
to the current guidelines of the European Society of Cardiology (ESC), an ACS
diagnosis is based on clinical signs, 12-leads electrocardiogram (ECG) and bio-
chemical markers of myocardial damage, preferably the level of circulating cardiac
troponin measured with a highly sensitive assay (hs-cTn) (Thygesen et al., 2012b).
Strictly speaking, an ACS diagnosis can be used only when the symptoms and
myocardial ischemia are driven by an occluded or stenotic coronary artery.

The current ACS classification is designed to serve simple, reliable and fast thera-
peutic decision making during the acute phase of the syndrome. The patients can
be classified by ECG, as the main and the first step with acute coronary syndrome
with ST-segment elevation (STE-ACS) or without ST-segment elevation (NSTE-
ACS) on ECG (Table 1), followed by cardiac troponin I (cTnl) or T (¢TnT) deter-
mination to ensure or exclude the myocardial necrosis. Figure 2 shows the overall
ACS classification based on the ECG and the circulating level of cardiac troponin
(cTn) (Roffi et al., 2016).
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Table 1. The ECG classification of ACS

STE-ACS In STE-ACS group the patients have acute chest pain with persis-
tent (>20 minutes) ST-elevation or sometimes new left bundle
branch block (LBBB) on ECG. The myocardial perfusion sup-
plied by certain coronary artery is totally stagnant or very seri-
ously disrupted leading to severe, usually transmural myocardial
hypoxia. This causes almost without exception some degree of
myocardial necrosis leading to cTn leakage and the diagnosis of
ST-elevation myocardial infarction (STEMI) can be set.

NSTE-ACS In NSTE-ACS the patients have symptoms suggesting acute cor-
onary syndrome, but there is no persistent ST-elevation on ECG.
Ischemic ECG changes without ST elevation can be present in
both unstable angina (UA) and in myocardial infarction without
ST-elevation on ECG (NSTEMI), but the ECG can be also normal
especially in the asymptomatic phase. In NSTEMI detectable
amount of ¢cTn can be found in the circulation. In UA no sign of
myocardial damage measured by cTn can be seen.

ECG no ST-elevation ST-elevation

cTnlT l normal \l elevated elevated

Dmgnomsl \ l NSTEMI STEMI

Figure 2. The classification of acute coronary syndrome. ACS=acute coronary syndrome,
ECG=electrocardiogram, cTnl/T cardiac troponin I/T, NSTEMI=myocardial infarction without
ST-elevation on ECG, STEMI=myocardial infarction with ST-segment elevation on ECG,
UA=unstable angina pectoris.

The diagnosis of myocardial infarction (MI) can be confirmed when there is at
least one clinical sign consistent with myocardial ischemia (ischemic symptoms,
ischemic signs on ECG, recent myocardial damage in imaging investigations or
intracoronary thrombus detected on angiography or autopsy) with cTn elevation
over the 99th percentile of a healthy population in spontaneous situations and 5
times or 10 times of this upper reference limit (URL)(see section 2.1.4.2.1) after
percutaneous coronary intervention (PCI) or coronary artery bypass grafting
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(CABQ), respectively (Thygesen et al., 2012b). According to the current guide-
lines, the myocardial infarctions are divided into five categories, depending on the
clinical situation (Table 2).

Table 2. The clinical classification of MI based on the current guidelines (Thygesen et
al., 2012b).

Type 1 Spontaneous MI.

Type 2 MI secondary to an ischemic imbalance.

Type 3 MI resulting in death when biomarker values are unavailable.
Type 4a MI related to PCI.

Type 4b MI related to stent thrombosis.

Type 5 MI related to CABG.

2.1.3 Overall prognosis of ACS

The patient population presenting with the signs and symptoms and also having
the final diagnosis of ACS is very heterogeneous, and the exact overall prognosis
is difficult to define. Overall, the outcome of ACS patients has improved during
the last two decades surely due to increased education of the population, improve-
ment of diagnostics and, especially, because invasive interventions have been es-
tablished as a part of routine treatment of ASC patients. In the recently published
registry data of over 500000 ACS patients in Sweden and the United Kingdom, the
30-day mortality rate was 9.3 — 12.8% during the year 2004 and 6.5 -7.6% in 2010
(Chung et al., 2015). Mortality was similar in patients with STEMI and NSTEMI
(7.0 — 10% and 7.0 — 9.6%). The three-year total mortality rate of NSTEMI in the
Swedish registry improved from 29.1% in the years 1996-1998 to 23.9% in the
years 2005-2007 (Chung et al., 2015). A randomized FRISC II study assessing
patients with unstable angina reported that the rates were 3.1% and 9.9% for death
and 10.1% and 22.0% for myocardial infarction in one and five years of follow up,
respectively (FRISC II investigators 1999, Lagerqvist et al., 2006).

2.1.4 Evaluation of prognosis in ACS

2.1.4.1 Clinical features and risk scores

Although the symptoms do not play a major role in the ACS classification, the
clinical signs during ACS guide the treatment and the prognostic evaluation. Sev-
eral risk scores have been developed to facilitate the prognostication among the
wide spectrum of symptoms and signs. The Global Registry of Acute Coronary
Events (GRACE) and the Thrombolysis in Myocardial Infarction (TIMI) risk
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scores are the most widely used, but neither has gained real routine status in eve-
ryday clinical practice, and the impact of risk score implementation on patient out-
comes has not been adequately investigated. Table 3 shows the risk factors and
scoring of the GRACE risk factors. GRACE seems to provide better prognostic
accuracy than the TIMI risk score both at the time of admission and at six months
after the index event (de Araujo et al., 2005; Aragam et al., 2009), and the use of
the GRACE risk score and GRACE?2 risk calculation is recommended in the re-
cently published ESC guidelines for the management of the ACS in patients pre-
senting without persistent ST-segment elevation on ECG (Roffi et.al., 2016).

Table 3. The GRACE risk score. Adapted from de Araujo et al. 2005 and Aragam et al.
2009.

Score
Age (<30 to >90 yrs) 0to 100
Heart rate (<50 to >200 beats/minutes) 0to 46
Systolic blood pressure (<80 to >200 mmHg 5810 0
Killip class I-IV 0-59
Serum creatinine level 0 to >354 pmol/l 0to 28
ST-segment deviation on ECG No/Yes 0/14
Cardiac arrest at hospital admission No/Yes 0/39
Elevated serum cardiac marker No/Yes 0/14

In hospital death 6-month death after discharge

Score < 108 <1% <3%
Score 109 — 140 1-3% 3-8%
Score > 140 >3% >8%

2.1.4.2 Biochemical markers

2.1.4.2.1 Troponins

The research on Troponins started in the early 1960s. Ebashi (Ebashi et al., 1963)
published the first report about the protein complex regulating the calcium-depend-
ent relaxation of the skeletal muscle. The protein complex was first called “"native
tropomyosin”” until Ebashi and Kodama (Ebashi et al., 1965) found the native tro-
pomyosin was formed of two proteins, tropomyosin and another protein they called
troponin (Tn). In 1971 Greaser and Gergely succeeded in separating the Tn complex
into one inactive and three active parts that they first time named Tnl, TnT and tro-
ponin C (TnC) (Greaser et al., 1971). A few years later, the expression of different
isoforms of Tnl was identified in slow and fast skeletal muscle and in myocardium
(Syska et al., 1974; Wilkinson et al., 1975; Grand et al., 1976; Grand et al., 1977).

The observation of the different molecular sizes and structure of the N-terminal site
of the Tnl isoforms between skeletal and cardiac muscles (Wilkinson et al., 1978)
allowed the development of cardiac-specific cTnl assay (Cummins et al., 1987). The
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isoforms of cardiac cTnT are also expressed in fetal skeletal muscle but are not found
in the normal skeletal muscle of adults (Anderson et al., 1991). TnC, in turn, is also
expressed after the postnatal period in the slow skeletal muscle, compromising its
use as a specific clinical cardiac marker (Parmacek et al., 1989).

Cummins et al. (1987) published the first reported use of the plasma concentration
of cTnl to detect myocardial necrosis and diagnosis in 32 acute MI patients. A few
years later, Katus et al. proved the efficiency of circulating cTnT to detect myocar-
dial necrosis in 50 patients with transmural MI (Katus et al., 1989) and also its su-
perior efficiency in diagnosis compared to the MB isoform of creatine kinase (CK-
MB) in 388 suspected ACS and 101 muscle damage patients (Katus et al., 1991).

Hamm et al. (1992) published the first study on the prognostic significance of
cTnT. This study reported that the circulating cTnT was detectable (> 0.20 ug/L)
in 33 of 84 (39%) patients with UA and ischemic chest pain at rest, while CK-MB
was elevated in only three of those patients. The mortality during the hospitaliza-
tion was 15.2% and 1.9% in patients with elevated and normal ¢cTnT, respectively.
Several studies during the 1990s showed the myocardial damage, as detected by
elevation of ¢Tn, as a sign of unfavorable prognosis (Ravkilde et al., 1993; Antman
etal., 1996; Stubbs et al., [1996a; 1996b]; Lindahl et al., 1996; Galvani et al., 1997,
Polanczyk et al., 1998; Ottani et al., 2000). The determination of cTn was accepted
as a diagnostic criteria of MI for the first time in 2000 (Alpert et al., 2000). Imme-
diately after this, Heidenreich and colleagues (2001) published a large meta-anal-
ysis of 26 studies with 11963 patients in which the prognostic performance of cTnl
or cTnT was tested in NSTE-ACS. In ¢TnT studies 99 of 1635 (6.1%) ¢TnT posi-
tive vs. 53 of 3524 (1,5%) cTnT negative patients died during the mean follow-up
time of 28 weeks; the corresponding number for cTnl studies with a mean follow
up of 10 weeks was 108 of 1981 (5,5%) and 77 of 4422 (1.74%) respectively.

The first generation assays were still quite insensitive, and the cut-off points were
high, although the prognostic performance of cTn was unequivocally demonstrated.
The observations that even a minor ¢Tn elevation increases the risk of adverse events
in patients with acute coronary syndrome (Morrow et al., 2001; Pham et al., 2004;
Kontos et al., 2004) led to changing the recommendation to use the diagnostic cut-
off limit for MI corresponding to the 99% URL of healthy subjects, when using
assays with coefficient of variation (CV) <10 % (see Table 4) at URL (Hamm et al.,
2011). Recently, the modern, highly sensitive assays have shown superiority by de-
tecting even smaller myocardial damage more quickly after the onset of chest pain
and by also giving more reliable prognostic information (Keller et al., 2009; Venge
et al., 2009). Today cTn plays a key role in the current recommendations for the
diagnostics, classification and prognostic evaluation of ACS and in identifying the
patients who benefit, for example, from antiplatelet, antithrombotic and early inva-
sive treatment. A rapid rule-out protocol (0 h and 3 h) is recommended using hs-cTn
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tests, and even a 0 h and 1 h rule-out can be used if a hs-cTn test with a validated 0
h/1 h algorithm is available (Roffi et al.,2016). Additional testing after 36 h is in-
dicated if the first two troponin measurements are inconclusive and the clinical con-
dition is still suggestive of ACS (Roffi et al., 2016).

2.1.4.2.2 C-reactive protein (CRP)

Inflammation plays an important role in atherosclerosis (Ross, 1993) and its con-
sequences of plaque formation and rupture (Moreno et al., 1994; van der Wal et
al., [1994a; 1994b; 1994c]; Kovanen et al., 1995) underlying the process of acute
coronary syndrome. C-reactive protein (CRP) is an acute phase protein represent-
ing a highly sensitive marker of inflammation produced in hepatocytes when stim-
ulated by interleukin (IL)-1,-6 and tumor necrosis factor-a (TNFa) (Volanakis et
al., 2001). Evidence also exists of CRP expression in coronary smooth muscle cells
induced by inflammatory cytokines (Calabro et al., 2003). CRP can itself also af-
fect the inflammation reaction and, possibly, the atherotrombotic effects by induc-
ing endothelial cells to express vascular-cell adhesion molecules (Pasceri et al.,
2000) and monocytes to produce tissue factor (Cermak et al., 1992).

Elevated CRP has been associated with increased risk of cardiovascular events in
the general population (Ridker et al., 1997; Koenig et al., 1999; Ford et al., [2000a;
2000b]; Ridger et al., 2000; Strandberg et al., 2000) and with recurrent instability
in patients with stable coronary disease (Haverkate et al., 1997). Several studies
have confirmed the correlation between elevated CRP and the risk of repeated car-
diovascular events in unstable coronary disease (Haverkate et al., 1997, Toss et al.,
1997; Rebuzzi et al., 1998; Ferreiros et al., 1999; Heeschen et al., 2000). The meta-
analysis of 20 studies with 17422 ACS patients also found that the CRP levels of
3.1-10.0 mg/1 and >10.0 mg/I after ACS were associated with 1.40-fold and 2.18-
fold higher risks of adverse outcomes as compared with the low levels (CRP <3.0
mg/l) (He et al., 2010). However, as the prospective analysis of 52 studies with
246669 participants without a history of cardiovascular disease shows, the use of
CRP as a prognostic marker in ACS contains a number of uncertainties, such as
poor specificity and the lack of decision-making levels. In this cohort, the assess-
ment of CRP level in individuals at intermediate risk for a cardiovascular event
would prevent one additional event over a period of 10 years for every 400 to 500
screened (Kaptoge et al., 2012). In conclusion the current guidelines do not rec-
ommend the use of CRP as prognostic marker in ACS (Roffi et al., 2016).

2.1.4.3 ECG

The ECG, an immediately accessible, simple and noninvasive tool, is nowadays
the cornerstone of ACS diagnostics, classification and prognostication.
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The ECG can be inconclusive in patients with acute chest pain (due to, for exam-
ple, LBBB or pacemaker), but the first line discrimination between ST-elevation
and non-ST-elevation can easily be done in the majority of cases. In STEMI the
ECG gives immediate and reliable information on location, size and even progno-
sis of the threatening myocardial infarction (Eskola et al., [2007a; 2007b; 2007c];
Eskola et al., [2009a; 2009b]; Tierala et al., 2009). However, in NSTE-ACS a wide
variation exists in the ischemic ECG changes in the different ACS populations.
For example, in the PRAIS UK registry (Collinson et al., 2006), SYNERGY ECG
substudy (Yan et al., 2010) and Paragon B cTnT substudy (Kaul et al., 2003), 19%,
28,6% and 60 % of the patients had ST-segment deviation upon their admission
ECQG, respectively. Around one fifth of the patients have a normal ECG (Antman
et al., 1999; Collinson et al., 2006) with the rest having some degree of T-wave
changes or Q-waves. However, an ECG can be normal even in very severe coro-
nary artery disease (CAD) in asymptomatic phase (Atie et al., 1991), and the ECG
should be registered repeatedly in ACS according to the patients’ symptoms.

ECG changes also provide information on the severity and prognosis of the under-
lying CAD in NSTE-ACS. Prominent (Savonitto et al., 2005) and/or widespread
ST depressions (Holmvang et al., 2003) increase the likelihood of 3-vessel or left
main disease and, when associated with inverted T-waves in V4-V5, are signs of
poor prognosis (Nikus et al., 2004). Kaul et al.’s (2001) study found the ST de-
pression >0.1 mV was associated with an 11% rate of death and MI at one year,
while ST depression >0.2 mV carried about a six-fold increase in mortality. In the
case of regional ischemia, the ECG changes (ST depression, T-wave changes) are
usually evident in less than six leads (Nikus et al., 2010). However, the localization
of culprit stenosis in NSTE-ACS is not necessarily unambiguous except in the case
of ST depression in leads V1-V5 with positive T-waves, indicating the culprit lo-
calization in the left anterior descending coronary artery (LAD). The patients with
isolated T-inversion without ST depression have a better prognosis than the pa-
tients with ST elevation or depression or both during ACS (Savonitto et al., 1999).

Table 4. Clarification of quality criterions of the diagnostic tests.

Clarification Calculation
Variance The average of the
squared from the mean
Standard deviation (SD)  Amount of variation of data values The square root of the
variance
Coefficient of variation ~ Extent of variability in relation to the Ratio of the standard de-
(CV) mean of the measurements viation to the mean

Imprecision Measurement deviation from true value
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2.2 PREGNANCY ASSOCIATED PLASMA PROTEIN A (PAPP-A)

The PAPP-A protein was first detected by Lin and coworkers in 1974 from the
serum of the woman in late pregnancy (Lin et al., [1974a; 1974b]). A few years
later, the level of circulating PAPP-A was noticed to increase when gestation and
at the highest level just before the delivery (Smith et al., 1979; Folkersen et al.,
1981). In the early 1990s, Wald and colleagues (1992) demonstrated the correla-
tion between low levels of PAPP-A in maternal circulation, especially during the
first trimester, and 21 trisomy (Down’s syndrome) pregnancies. The concentration
of PAPP-A in blood has widely been used as one of the components in multimarker
screening protocols for Down’s syndrome and possible other abnormities or com-
plications during the pregnancy as a result of these findings.

2.2.1 The molecular structure of PAPP-A

PAPP-A has a similar zinc binding site as found in other metalloproteinases be-
longing to the metzincin superfamily (Kristensen et al., 1994). As a monomer, the
polypeptide contains 1547 amino acid residues (Kristensen et al., 1994). When
PAPP-A was found, the protein sequence did not conform to any of the existing
four families of metzincins, and PAPP-A was declared as the founding member of
a new, fifth subfamily of metzincins named as Pappalysins (Boldt et al., 2001). It
was first believed that PAPP-A consists of two disulfide-bridged subunits, but it
was later realized that during pregnancy and in healthy populations, PAPP-A is
manifested in blood predominantly as a 500-kDa 2:2 heterotetramer covalent com-
plex (Figure 3) of two PAPP-A and two proform of eosinophil major basic protein
(proMBP) subunits (complexed PAPP-A) (Oxvig et al., 1993; Qin et al., 2005).
ProMBP is a heterogeneously glycosylated proteoglycan with moderately variable
molecular mass of 30-100 kDa (Oxvig et al., 1993; Oxvig et al., 1994) and is pro-
duced by the maturing eosinophils (Popken-Harris et al., 1998). ProMBP regulates
the activity of PAPP-A (Figure 3), being proteolytically active when presenting its
free, noncomplexed form and inactive when complexed with proMBP (Overgaard
et al., 2000).

Complexed PAPP-A is variably found in circulation in all individuals, while the
level of free form (not complexed with proMBP) PAPP-A (freePAPP-A) is near
to zero in healthy subjects (Wittfooth et al., 2006). The circulating fraction of free-
PAPP-A is <1% also during the second and third trimester of pregnancy (Over-
gaard et al., 2000) while a variable fraction of active freePAPP-A exist during the
early pregnancy (Gyrup et al., 2007).
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Figure 3. The rough structure of PAPP-A and pro-MBP molecules and the regulation of PAPP-
A activity by pro-MBP. A) Proteolytically active noncomplexed free form PAPP-A. B) Proteo-
lytically inactive PAPP-A complexed with pro-MBP. Adapted from Boldt et al., 2007 and Glerup
et al., 2005.

2.2.2 The expression of PAPP-A

The expression of both PAPP-A in the syncytiotrophoblast and proMBP in ex-
travillous trophoblasts is strongest during late pregnancy (Bonno et al., 1994). By
using a sensitive, semi-quantitative, reverse transcription polymerase chain reac-
tion (PCR) method, Overgaard and colleagues (1999) could demonstrate the ex-
pression of both PAPP-A and proMBP in a wide range of tissues. PAPP-A and
proMBP messenger ribonucleic acid (mRNA) were synthesized in all other tested,
postmenopausal reproductive tissues (ovary, tuba uterina, endometrium, and my-
ometrium), in addition to the placenta, and the non-reproductive tissues of non-
pregnant individuals (kidney, colon, prostate, prostate carcinoma, bone marrow
cells, breast, and breast carcinoma) were also tested. PAPP-A is additionally ex-
pressed by human fibroblasts, osteoblasts and osteoprogenitor cells (Lawrence et
al., 1999). Chen and colleagues (2003) demonstrated staining for PAPP-A in un-
injured skin in the epidermis, sweat and sebaceous gland epithelial cells, hair fol-
licles and blood vessels. The expression of PAPP-A was augmented by injury in
the dermal granulation tissue, small blood vessels and on collagen near the injury.
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The basal PAPP-A expression in endothelial cells of human coronary arteries is
low (Conover et al., 2008), but the stimulation by pro-inflammatory cytokines,
especially TNF-a and interleukin (IL)-18, increase the expression (Conover et al.,
2006; Conover et al., 2008). Interestingly, resveratrol, a polyphenol thought to ex-
plain the salutary effect of grapes and red wine, inhibits the expression of PAPP-
A and its proteolytic activity (Conover et al 2006). Bayes-Genis and colleagues
2001 demonstrated the expression of PAPP-A in human and porcine vascular
smooth muscle cells (VSMCs) in vitro and that PAPP-A was markedly up-regu-
lated in vivo in (porcine) neointimal hyperplasia after coronary angioplasty
(Bayes-Genis et al., 2001).

2.2.3 The main physiologic function of PAPP-A

The active, non-complexed form of PAPP-A acts as a protease cleaving locally
insulin-like, growth factor binding proteins (IGFBP) -2, -4 and -5 (Lawrence et al.,
1999; Laursen et al., 2001; Gerard et al., 2004) and is the predominant protease of
IGFBP-4 (Overgaard et al. 2000). The cleavage of IGFBPs by PAPP-A releases
insulin growth factors (IGF) I and II from their binding proteins (Jones et al., 1995;
Laursen et al., 2002). IGFs are small (7.5 kDa) polypeptide hormones with struc-
tural similarity with pro-insulin and are mostly (ca. 80%) synthesized in the liver
and in periphery by connective tissue type cells to a lesser extent (Clemmons et
al., 2007). In an extra-cellular environment, the IGFs are mainly (ca. 99%) bound
to IGF-binding proteins, but cleavage of IGFBP enables bioactive IGFs to bind
predominantly to cell-surface receptors, mediating the most actions of IGFs (Hsieh
et al., 2003). IGFs are acting in various cell functions like cell proliferation and
differentiation. The effects of IGF-1 resemble the effects of insulin, and IGF-1
generally promotes insulin signaling in the cell (Blundell et al., 1980).

2.2.4 PAPP-A and the process of atherosclerosis

Bayes-Genis and colleagues (2001a) collected coronary artery plaques in the early
2000s from eight patients who had died suddenly of cardiac causes and showed by
immunohistochemical staining an abundant expression of PAPP-A, especially in
the shoulder regions of both eroded and ruptured plaques, but only a minimal ex-
pression in stable plaques. Sangiorgi and colleagues (2006) later observed similar
findings in carotid plaques collected by surgical endarterectomy. They demon-
strated a strong correlation between a decrease in plaque cap thickness and an in-
crease in inflammatory infiltrate and the expression of PAPP-A in the plaque.
Briigger-Andersen and colleagues (2010) collected the plaque debris and thrombus
material by aspiration thrombectomy during a PCI procedure from 13 acute
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STEMI patients. They demonstrated PAPP-A expression in the plaques’ extracel-
lular matrix but not in the thrombus itself. Bayes-Genis and colleagues’ study
showed the abundant expression of PAPP-A in the cytoplasm of medial and neo-
intimal cells of porcine arteries at 7, 14, and 28 (highest labeling) days after angi-
oplasty (Bayes-Genis et al., 2001b). Smith and colleagues (2001) showed similar
results by balloon dilatation of the femoral artery in rats, as did Resch and col-
leagues (2006) by ligation of the carotid artery in mice. On the contrary, Rossen
and colleagues (2007) could not show any PAPP-A expression in the atheroscle-
rotic plaque materials collected during PCI of acute STEMI, while the circulating
PAPP-A level was elevated.

The mechanism of PAPP-A in atherosclerosis and its acute manifestations is still
not fully understood. The research trying to explain the mechanism is partly con-
tradictory and there have been confounding factors in the studies. However, the
conceivable role of PAPP-A in the atherosclerotic processes is possibly, at least in
part, mediated by IGFBPs and/or biologically active IGFs (Bayes-Genis et al.,
2000; Bayes-Genis et al., 2001b; Bayes-Genis et al., 2003). PAPP-A (Bayes-Genis
et al., 2001a; Sangiorgi et al., 2006) and IGF-1 (Grant et al., 1994; Grant et al.,
1996) are abundantly expressed in human atherosclerotic lesions. However,
whether the excessive local PAPP-A expression is the primary pathological pro-
cess causing the atherosclerotic progress or secondary to tissue healing is not well
understood. Liu and coworkers (2008) demonstrated a significant increase of cir-
culating IGF-1 and PAPP-A after the PCI. Grant and colleagues’ (1996) study did
not detect IGF-1, its receptor and IGFBPs in VSMCs of normal coronary arteries,
while the expression of IGF-I, IGF-I receptor, IGFBP-1, IGFBP-2, IGFBP-3,
IGFBP-4 and IGFBP-5 in de novo and restenotic atherosclerotic plaques was no-
ticed. IGFs induce not only the growth and migration of VSMCs but also their
extracellular matrix synthesis in the atherosclerotic plaque (Delafontaine et al.,
2004). IGF-I has an ability to promote macrophage activation, chemotaxis, low-
density lipoprotein (LDL) cholesterol uptake by macrophages and the release of
pro-inflammatory cytokines by these cells (Bayes-Genis et al., 2000); in turn, a
high expression of PAPP-A by monocyte—macrophage cells was shown by San-
giorgi and colleagues (2006) in complicated and vulnerable carotid plaques but
only to a lesser extent in stable plaques. However, a later study of Conover and
colleagues did not detect any expression of PAPP-A in macrophages or in human
peripheral monocytes (Conover et al., 2007).

Interestingly, the recently published study by Bale and colleagues (2014) showed a
significant inhibition of both atherosclerotic plaque progression and development of
advanced plaque with necrotic cores by decreasing the PAPP-A gene expression in
mice. Similar results were already shown earlier in Harrington and colleagues’
(2007) study, in which they demonstrated the resistance of atherosclerotic lesion
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progression, but not full inhibition, in apolipoprotein E—deficient knockout (ApoE
KO) mice with genetically deleted PAPP-A compared to a control group of ApoE
KO mice with normal PAPP-A expression predisposed to the same high-fat diet. In
the same work, the expression of PAPP-A mRNA, IGF1 and IGFBP-4 mRNA in
the control group was significantly higher (20-, 20- and 8-fold respectively) in the
formed atherosclerotic lesions compared to the areas without atherosclerotic lesions
(Harrington et al., 2007). Conover and colleagues (2010) performed a study with a
reversed design with ApoE KO mice expressing the human PAPP-A transgene at
relatively high levels in arterial smooth muscle cells (SMC). They noticed a 3,5 -
fold increase in atherosclerotic lesion areas in mice aortas with high expression of
human PAPP-A compared to the control ApoE KO mice while, as in earlier studies,
no difference in the lesion number was noticed. Interestingly, the PAPP-A KO mice
seems to live significantly longer (even 35%) compared to the wild-type controls
(Conover et al., 2010). These observations strongly support the pivotal role of
PAPP-A, IGFs and IGFBPs axis in the process of atherosclerotic plaque formation.

2.2.5 The anticipated mechanism of circulating PAPP-A release in ath-
erosclerotic manifestations

There is only indirect evidence of the release of PAPP-A into the circulation from
the atherosclerotic plaque or from the atherosclerotic vascular bed. Although partly
controversial, the currently available data supports the plaque hypothesis, while
other theories also explain the PAPP-A release.

2.2.5.1 Circulating PAPP-A and the character of atherosclerotic plaque

In 2001 Bayes-Genis and coworkers showed an abundant expression of PAPP-A
in ruptured and eroded, but not any or only minimal expression in stable coronary
artery plaques (Bayes-Genis et al., 2001a) and after this observation the levels of
circulating PAPP-A and the atherosclerotic plaque character have been clarified in
several studies. In the work of Sangiorgi and colleagues (2006) the PAPP-A level,
determined the day before the planned endarterectomy, was significantly higher in
patients with vulnerable and ruptured plaques with thrombus versus in patients
with stable carotid plaques collected by surgical endarterectomy. Also, Heider and
colleagues (2010) reported significantly higher PAPP-A level in patients with un-
stable vs. stable carotid artery plaques. Recently Wu and colleagues (2013) de-
tected with intravascular ultrasound (IVUS) larger plaque burden, more thrombus
and more complex plaques in patients with higher (taken before any heparin treat-
ment) compared to patients with lower PAPP-A levels. Similarly, PAPP-A levels
were significantly higher in patients with any fulfilled criteria of unstable or com-
plex lesions showed by IVUS compared to patients with plaques lacking those
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signs. In the work of Zhao and colleagues (2013) the PAPP-A level was positively
correlated with plaque necrotic core area and negatively correlated with plaque
fibrotic area evaluated with IVUS. In the same study, the PAPP-A level was sig-
nificantly higher in patients with no-reflow phenomenon during the PCI. Recently,
similar results have been shown by Daidoji and colleagues (2015). Interestingly,
Mei and colleagues (2011) noticed the higher restenosis rate after PCI done in
acute phase in ACS patients with high PAPP-A compared to patients with low
PAPP-A levels measured at the time of admission due to ACS.

To summarize, the available data shows the positive correlation between the ath-
erosclerotic plaque complexity and the level of circulating PAPP-A. This supports,
albeit indirectly, the hypothesis of PAPP-A release due to plaque rupture and the
over-expression of PAPP-A in unstable or complex atherosclerotic vascular bed.

2.2.5.2 The elevation of circulating PAPP-A due to tissue ischemia or damage

While there is a strong suspicion of the plaque rupture as a mechanism behind the
release of PAPP-A into the circulation, there are also doubts that myocardial is-
chemia itself can explain the phenomenon. In a recent work by Steffensen and
coworkers (2015), the myocardial ischemia was induced by ligation of pigs’ LAD
for 45 minutes; the blood samples were collected from the aorta, coronary sinus
(CS) and left femoral vein at baseline and every 10-15 minutes (ad 85 minutes)
after the induction of myocardial ischemia. The PAPP-A level started to elevate
40 minutes after the induction of ischemia and, interestingly, the levels were com-
parable in the aorta, femoral vein and in CS at every time point. The same work
demonstrated higher PAPP-A levels in the femoral vein compared to the aorta or
CS after the ligation of femoral artery. They conclude that PAPP-A can be released
in situations of myocardial ischemia in the absence of atherosclerosis, and part of
the PAPP-A elevation could be due to hypoperfusion of non-cardiac striated mus-
cle. This observation is in line with a previous finding of localization of PAPP-A
in injured skin (Chen et al., 2003), most likely due to part of the healing process.

2.2.5.3 The effect of heparin administration on the level of circulating PAPP-A

As recently shown, the concomitant heparin treatment may significantly affect the
concentration of circulating PAPP-A. Terkelsen and colleagues (2009) first no-
ticed a trend towards higher PAPP-A levels in 84 STEMI patients treated with
intravenous unfractionated heparin (UFH) before primary PCI, compared to 14
historical control patients with acute STEMI not treated with heparin. The animal
experiment, published in the same paper, showed the higher PAPP-A levels in
mice receiving concomitant heparin, and the reinjection of heparin caused a re-
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elevation of PAPP-A. At the same time, Hdjek and coworkers (2010) showed par-
allel results in patients heparinized for elective coronary angiogram with or with-
out PCI and in patients with PCI for acute STEMI. In their study, intravenous hep-
arin caused a dose-dependent, precipitous and high PAPP-A elevation followed by
a quite rapid decrease during the next one-to-two hours and reaching the normal
level in 12 hrs. No PAPP-A elevation was noticed during or after the elective cor-
onary angiogram done without any heparinization and without any angiographic
signs of atherosclerotic coronary disease. Tertti and colleagues (2009) demon-
strated the rapid, intense increase and decrease of the levels of circulating total-
and freePAPP-A after the intravenous dispensing of low molecular weight heparin
(LMWH) or UFH during coronary angiography or hemodialysis. In vitro, adding
heparins to whole blood samples of the same dialysis patients did not cause eleva-
tion of PAPP-A. Later, Wittfooth and colleagues (2011) demonstrated the eleva-
tion of freePAPP-A after intravenous injection of UFH and LMWH. The elevation
of freePAPP-A was lower and slower after the subcutaneous bolus of LMWH. The
extracted PAPP-A from atherosclerotic plaques was in free form, and the extrac-
tion was significantly enhanced by LMWH in the same work. The circulating
PAPP-A level also increases after the subcutaneous injection of LMWH and nor-
malizes quite slowly during the 36-48 hrs after the last subcutaneous injection
(Wang et al., 2011, Wang et al., 2013).

Speculation exists about the mechanism of how heparin increases the concentra-
tion of circulating PAPP-A. Laursen and colleagues (2002) demonstrated reversi-
ble binding of PAPP-A to the cell surface of several cell types mediated by the
glycosaminoglycan binding site, and heparin and heparan sulfate competed for
PAPP-A surface binding. PAPP-A is also known to bind heparin (Sinosich et al.,
1981; Davey et al., 1983).

2.2.6 Measurement and the levels of circulating PAPP-A

2.2.6.1 Assays for circulating PAPP-A

Existing commercial PAPP-A assays are based on the measurement of the total
form of PAPP-A (totalPAPP-A) by detecting, with specific antibodies for the
PAPP-A subunit, both the complexed PAPP-A/proMBP and the non-complexed
free form of PAPP-A (Figure 4).

Complexed PAPP-A is variably found in all individuals (Wittfooth et al., 2006),
and the normal reference level of circulating PAPP-A varies between the used as-
says; until now, there is no general approval for any cut-off point or normal range
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for PAPP-A assays. Table 5 illustrates the detection methods and the levels of to-
talPAPP-A in a normal population of a certain assay.

Table 5. The detection methods and the levels of totalPAPP-A in normal population by
various PAPP-A assays.

Author Assay TotalPAPP-A mIU/L in normal population Detection method

Median (25", Median [range] Mean £SD

751h)
Mueller et al. DSL 0.64 (0.40, ELISA (enzyme
2006 1.04) linked immuno-
Coskun et al. DSL 39@3.1,5.2) sorbent assay)
2007
Aso et al. 2004 DSL 4.54 (4.00,

6.01)
Lauzurica et al. DSL 0.96 [0.16 to 3.08]
2005
Joaquin et al. DSL 0.92 +0.56
2008
Khosravi etal. DSL 1.09 [0 to 10.4] (men)
2002 0.03 [0 to 3.60]

(women)
Wittfooth et al. 24(2.0,3.1) 24[1.0t05.9] Time-resolved im-
2006 munofluorometric
Qin et al. 2002  Qin 3.01 [1.51 to 7.59] assay
Stulc et al. 2003 BRAHMS 6.5+2.5  TRACE (Time-re-
Kryptor solved amplified
Kalousova et al. BRAHMS 8.0 (7.0, 10.0) cryptate emission
2003 Kryptor assay)
Beaudeux et al. BRAHMS 8.0+2.8
2003 Kryptor
Hodkova et al. BRAHMS 11.4+1.9
2006 Kryptor
Liu et al. 2008  Bayes-Genis 8.4+2.0  Biotin tyramide
Bayes-Genis et  Bayes-Genis 7.4 3.8 t0 10.4] amplified
al. 2001a enzyme immuno
assay

Interestingly, freePAPP-A predominantly represents the fraction that changes dy-
namically in ACS (Qin et al., 2005; Wittfooth et al., 2006). This observation raised
the idea that the measurement of freePAPP-A could be a more specific and sensi-
tive biomarker in ACS than totalPAPP-A. Our group developed and evaluated the
first, new point-of-care assay for the determination of the ACS-related non-com-
plexed PAPP-A in 2006 (Wittfooth et al., 2006). This assay measures freePAPP-
A by using two separate assays measuring total and complexed PAPP-A forms,
and the concentration of freePAPP-A is calculated from the difference of the re-
sults given by these two assays (Figure 4).
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Total PAPP-A assay Complexed PAPP-A assay
Free Complexed
PAPP-A PAPP-A

Complexed
PAPP-A

Capture
mab

Figure 4. The basics of detection of total and complexed PAPP-A. PAPP-A subunits bind to
surface capture antibody regardless of complexation with pro-MBP or not. In total PAPP-A assay
the labeled antibody binds to PAPP-A molecule. In complexed PAPP-A assay the labeled anti-
body binds to pro-MBP molecule thus detecting only the PAPP-A/pro-MBP complex. Repro-
duced with the permission of S. Wittfooth.

2.2.6.2 The level of circulating PAPP-A related to gender, age, diabetes, hyper-
cholesterolemia and smoking

The concentration of totalPAPP-A seems to be significantly higher in men com-
pared with non-pregnant women in an apparently healthy population, as shown by
Wittfooth and colleagues (2006) (2.8 vs. 2.1 mIU/L, p<0.0001), Coskun and col-
leagues (2013) (6.85 vs. 3.40 ng/mL, p <0.011) and also by Pellitero and col-
leagues (2007) (1.04 vs. 0.52 mIU/L, p=0.025). A weak positive correlation might
exist between the PAPP-A level and age (Cosin-Sales et al., 2005; Coskun et al.,
2013).

According to a few case control studies with diabetic patients, the PAPP-A level
is higher in patients with type 2 diabetes than in non-diabetic controls. Studies by
Heidari with coworkers (2015) and Aso with coworkers (2004) showed that the
serum concentrations of PAPP-A were significantly higher in diabetic patients vs.
control subjects (mean + standard deviation (SD) [0.61 +0.24 mIU/L vs. 0.35
mlIU/L £0.08, p <0.001] and median [interquartile range (IQR)] 7.82 [6.31 t0 9.93]
mlU/L vs. 4.54 [4.00 to 6.01] mIU/L, p<0.0001, respectively). Astrup and col-
leagues’s (2007) study reported that the PAPP-A was higher in type 1 diabetes
patients with diabetic nephropathy vs. patients without albuminuria (median
[range] 3.6 [0.4 to 51.1] mIU/1 vs. 2.1 [0.4 to 46.6] mIU/ 1, p<<0.0001). Conversely,
Pellitero and colleagues’s (2007) study showed that the PAPP-A level was lower
in type 2 diabetic patients than in normal controls (median [IQR] 0.73 [0.48 to
1.33] mIU/L vs. 0.45 [0.19 to 0.82] mIU/L, p <0.0001).

The level of circulating PAPP-A in patients with hypercholesterolemia has been
studied in some trials. Stulc and coworkers’s (2003) small, controlled study
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demonstrated that the PAPP-A concentration was significantly higher in hypercho-
lesterolemic (total cholesterol >7 mmol/l) patients without any other significant
diseases vs. controls (mean £SD 8.02 +1.86 mU/L vs. 6.50 +2.54 mU/L, p=0.018),
while atorvastatin treatment had no effect on PAPP-A levels. However, Miedema
and coworkers (2008) studied 59 patients with ACS or stable CAD and noticed a
significant decrease of the circulating PAPP-A level at one month with high dose
(80 mg per day) atorvastatin treatment but not with low dose (10mg per day) treat-
ment.

The level of circulating PAPP-A seems to be lower in smokers vs. non-smokers
(Coskun et al., 2013; Szumska et al., 2013), which has been established also during
pregnancy (Zhang et al., 2011; Chelchowska et al., 2012).

2.2.6.3 The level of circulating PAPP-A in CAD

2.2.6.3.1 The level of circulating PAPP-A in stable coronary artery disease

While few trials showing divergent results exist, the greater part of the studies done
on stable CAD show no correlation of circulating levels of PAPP-A or PAPP-
A/proMBP ratio and the extent or complexity of underlying CAD. In Cosin-Sales
and colleagues’ study (2005), the PAPP-A concentration, determined just before
the diagnostic angiogram in 643 patients with stable angina pectoris, was found as
an independent predictor for the presence and extent of CAD in patients with
chronic stable CAD. The concentration (mean =SD) of PAPP-A was significantly
higher in patients with multivessel disease (6.45 +£2.58 mIU/L) vs. in patients with
single vessel disease (5.49 £1.54 mIU/L, p <0.001) or without CAD (4.62 +1.17
mlU/L, p <0.001). The PAPP-A concentration >4.5 mIU/L was found to predict
the presence of significant (>50%) stenosis with a sensitivity of 45% and a speci-
ficity of 84%. The same researchers had previously observed a significant relation-
ship between PAPP-A/proMBP ratio, PAPP-A levels, and the presence of complex
coronary stenosis and PAPP-A/proMBP ratio was an independent predictor of
plaque complexity in patients with stable angina pectoris (Cosin-Sales et al., 2004).
Bayes-Genis and coworkers’s (2001a) study reported that the (median [range])
levels of PAPP-A were comparable between the patients with stable CAD and age-
matched controls without any clinical or angiographic evidence of CAD (8.4 [4.4
to 22.5] mIU/L and 7.4 [3.8 to 10.4] mIU/L, p=0.07). Liu and coworkers’ (2008)
small study showed similar results, wherein the corresponding (mean £SD) PAPP-
A levels in stable CAD and control group were comparable (8.5 +3.1 mIU/L and
8.4 £2.0 mIU/L). Schulz and coworkers (2011) measured PAPP-A two-to-three
days prior to a diagnostic coronary angiogram and without any heparin treatment



Review of literature 31

from 228 outpatients suffering from stable angina pectoris type symptoms. No cor-
relation was noticed between the (median [25%, 75" percentiles]) PAPP-A levels
and the presence of CAD (2.12 [1.38, 2.64] mIU/L in patients with and 1.65 [1.18,
2.61] mIU/L without CAD, p=NS) or the complexity of atherosclerotic lesions in
the angiography. The available evidence logically reflects the character of the sta-
ble coronary disease with atherosclerotic plaques compromising the blood flow
but not prone to rupture.

2.2.6.3.2 The level of circulating PAPP-A in ACS

The circulating PAPP-A level has been widely investigated inside the whole spec-
trum of ACS manifestations. In summary, the PAPP-A level elevates in patients
with ACS, reflecting the mechanism of acute plaque rupture. Bayes-Genis and
coworkers (2001a) were the first to notice significantly higher (median [range))
PAPP-A levels taken at the time of a coronary angiogram in patients with UA (14.9
[6.3 to 63.4] mIU/L) or acute myocardial infarction (AMI) (20.6 [9.2 to 46.6]
mlIU/L) compared to patients with stable angina pectoris or to a control group of
patients without evidence of CAD (7.4 [3.8 to 10.4] mIU/L), p<0.001. The PAPP-
A level of 10.0 mIU/L had the best composite of sensitivity and specificity for the
identification of ACS, being 89.2% and 81.3%, respectively. Only one of 13 of the
control subjects without any evidence of atherosclerosis had PAPP-A >10.0
mlU/L. Similarly, Khosravi with colleagues (2002) reported with serial blood sam-
pling in 71 cardiac patients and in 47 healthy controls (women and men), collected
together with markers of myocardial damage, significantly higher (median [range])
PAPP-A levels in patients with elevated CK-MB or ¢TnT (4.47 [0.31 to 16.5]
mlIU/L or 3.89 [ 0.01 to 97.0] mIU/L) compared to patients with CK-MB in the
normal range (0.29 [0 to 4.9] mIU/L, p<0.001) or healthy controls of men (1.09 [0
t010.4] mIU/L (p<0.001)) and women (0.03 [0 to 3.60] mIU/L (p<0.001)).
Miedena and colleagues’ (2008) study, performed with 86 patients suffering from
ACS (n=35) or stable angina pectoris (n=51), reported that the level of (median
[25%, 75" percentiles]) PAPP-A taken before diagnostic coronary angiography was
significantly higher in patients with ACS than in patients with stable angina pec-
toris (2.05 [1.02, 4.45] mIU/L vs. 0.75 [0.42, 1.47] mIU/L, p=0.001). Liu and
coworkers (2008) determined PAPP-A before the coronary angiogram in patients
with UA and cTn and CK-MB in the normal range, in patients with acute STEMI
(n=12), in patients with stable angina pectoris and in 16 normal controls. They
noticed the significantly higher (median £SD) PAPP-A levels in patients with UA
(15.2 £10.5 mIU/L) and STEMI (16.9 £10.3 mIU/L) compared to a control group
(8.4 £2.0 mIU/L, p<0.01) or to patients with stable angina pectoris (8.5 £3.1
mlU/L, p<0.01). Rossen and colleagues’ (2007) study observed the lowest PAPP-
A levels (0 to 4.8 mIU/L) in healthy controls (n=103), while the concentrations
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were significantly higher (0 to 18.9 mIU/L) in NSTEMI (n=20) and the highest
(4.5 t0 49.8 mIU/L) in patients with STEMI (n=14).

Iversen and colleaques (2009) conducted the first study with a bigger number of
NSTE-ACS patients (n=573) clarifying the release patterns and the levels of cir-
culating PAPP-A in different types of NSTE-ACS. This study showed that the
PAPP-A level stayed constantly elevated at all time points (determined at every
six-eight hrs) except at admission during the first 36 hours in patients with high
risk ACS (defined as cases with elevated CK-MB and ¢TnT and/or ischemia on
ECG) and also in low risk ACS with normal EGC and no elevation in cardiac
markers. No significant difference existed in (mean (95% confidence interval (CI))
peak PAPP-A levels between the groups being 14.0 (11.9—16.0) mIU/L for patients
with high-risk and 12.3 (11.0-13.6) mIU/L for those at low risk (p=0.20). How-
ever, PAPP-A was significantly higher in these groups compared to a reference
population of 1448 patients admitted with non-cardiac reason, of which PAPP-A
was under the detection limit (<4.0 mIU/L) in 80.8 %; the mean cPAPP-A was 6.3
(6.1-6.5) mIU/L in the rest (Iversen et al., 2008a).

Some studies with ACS patients have determined the level of circulating PAPP-A
at the time of admission that reduced the possible effects of confounding factors,
such as, in particular, the effect of heparin and invasive treatments. McCann and
colleagues’ (2008) study revealed that the (median [25%™, 75" percentiles]) admis-
sion PAPP-A was slightly higher in patients with AMI as the final diagnosis vs. in
patients without the evidence of AMI (6.7 [2.6, 12.4] mIU/L vs. 5.0 [1.7, 11.0]
mlU/L, p=0.044). However, PAPP-A did not demonstrate significant, independent
predictive value for an MI diagnosis. Elesber and colleagues (2007) included pa-
tients with an intermediate or high likelihood of a coronary event at presentation
and determined PAPP-A at the time of admission. The (median [25%, 75" percen-
tiles]) PAPP-A concentration was significantly higher in patients with ACS as a
final diagnosis vs. in patients with chest pain from non-cardiac reasons (2.0 [1.2,
4.9] mIU/L vs. 1.2 [0.7, 1.6] mIU/L, p=0.001). Heeschen and colleagues (2005)
measured PAPP-A at admission time and before any possible heparin treatment in
a heterogeneous group of 644 patients representing with acute chest pain consistent
with suspected ACS. This study showed that (median [range]) PAPP-A was sig-
nificantly higher in patients with chest pain of ischemic origin vs. in patients with
stable angina pectoris or no evidence of coronary artery disease confirmed by cor-
onary angiography (4.9 [0.1 to 362.5] mIU/L vs. 1.9 [0.1 to 113.9] mIU/L,
p=0.007) or 1.4 [0.1 to 54.1] mIU/L; p< 0.001, respectively).

Hajek and coworkers’ (2012) study, with a limited number (n=67) of heparin-naive
acute chest pain patients, reported that the (median) admission PAPP-A level was
significantly higher in patients with a final ACS diagnosis vs. in the patients clas-
sified into the non-ACS group (8.6 vs. 7.3 mIU/1, p=0.006).
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2.2.6.4 Circulating PAPP-A as a prognostic marker in CAD

The use of the level of circulating PAPP-A as a prognostic marker in stable coro-
nary artery disease and during the acute manifestations of CAD has been broadly
investigated.

2.2.6.4.1 Circulating PAPP-A as a prognostic marker in stable CAD

Evidence exists that supports the prognostic value of the concentration of circulat-
ing PAPP-A in the stable phase of atherosclerotic coronary disease. The decision
limit has been quite comparable in these studies, varying between 2.7 mIU/L to
4.8 mIU/L. Elesber and colleagues (2006) measured PAPP-A just before the diag-
nostic coronary angiogram showing at least one coronary artery diameter stenosis
of >50% in 103 patients suffering the symptoms consistent with stable angina pec-
toris. During the median follow-up time of 4.9 yrs, an elevated (>4.8 mIU/L)
PAPP-A concentration was significantly associated with the combined endpoint of
future death (adjusted hazard ratio (HR) 5.2, 95% CI 1.27-22.0, p=0.023), death
and ACS (adjusted HR 3.56, 95% CI 1.27-10.0, p=0.015) but not with death and
revascularization. The mortality rate was 9 % and 29 % in patients with PAPP-A
< 4.8 mIU/L and > 4.8 mIU/L, respectively, while the parallel ACS rates were 2
% and 16 %. Consuegra-Sanchez and colleagues’ (2008) study followed up 663
patients with stable angina pectoris for a median time of 8.8 years. An increased
PAPP-A concentration (>4.8 mIU/L) taken at the time of a diagnostic coronary
angiogram was an independent predictor of all-cause mortality (HR 1.95, 95% CI
1.14-3.36, p=0.016) during the follow-up time. The PAPP-A was determined at
the time of study entry in a multicenter CLARICOR trial comparing clarithromy-
cin to placebo in 4242 stable CAD patients with a history of hospitalization due to
angina pectoris, myocardial infarction or revascularization. During the median fol-
low-up time of 2.8 years, the PAPP-A level >4.0 mIU/L was significantly related
to the composite outcome of MI and death (HR 1.99, 95% CI 1.62-2.45,
p<0.0005), all-cause mortality (HR 2.42, 95% CI 1.92-3.06, p <0.0005) and MI
(HR 1.40, 95% CI 1.01-1.94, p=0.046) (Iversen et al., 2011). Schulz and col-
leagues’ (2011) study showed similar results, wherein the PAPP-A level > 2.7
mUI/L, determined from outpatients (without any heparin treatment) two-to-three
days prior to the scheduled coronary angiography indicated by the symptoms of
stable angina pectoris, was predictive for all-cause death (HR 4.73, 95% CI 1.46—
15.31, p=0.01), all-cause death or nonfatal MI (HR 4.01, 95% CI 1.58-10.13,
p=0.003) and all-cause death, nonfatal MI or hospitalization (HR 1.96, 95% CI
1.03-3.70, p=0.04). The prognostic power of PAPP-A did not change substantially
after correction for values of high-sensitive ¢Tnl.
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2.2.6.4.2 Circulating PAPP-A as a prognostic marker in suspected ACS

The suspicion of ACS is a complex continuum of clinical pictures from non-car-
diac reasons that mimic the symptoms of cardiac origin, such as NSTEMI, STEMI
and, in the worst case, death. Thus, the prognosis in patients presenting with acute
coronary syndrome is also highly variable. As section (2.2.6.3.2) previously
showed, there is more interindividual and between-studies variation in measured
PAPP-A levels. The risk of influence of confounding factors is higher in this ACS
group, and no clear cut-off points of PAPP-A are currently available for clinical
decision making. The follow-up times also vary between the studies.

However, while there are few studies with divergent results showing no correlation
of elevated levels of circulating PAPP-A and worse prognosis, the majority of the
trials show that the patients with elevated PAPP-A have higher mortality, a higher
risk of recurrent MI and, in some studies, higher risk on revascularization. Table 6
shows the summary of the prognostic PAPP-A studies

In 2004 Laterza with coworkers (2004) determined the concentration of PAPP-A at
the time of admission from 346 patients hospitalized due to suspected ACS. PAPP-
A >0.22 mUI/L was calculated by receiver operating characteristics curve (ROC) to
be the best cut-off point (area under the curve (AUC) 0.56 with sensitivity and spec-
ificity [95% CI] of 66.7% [48.2—82.0] and 51.1% [45.4-56.8], respectively) to fore-
cast the combined adverse event of death, MI and revascularization during the 30
days follow up. Elevated PAPP-A (>0.22 mIU/L) was found as a predictor of adverse
events (risk ratio (RR) 4.7, 95% CI 2.2-9.8), although not as specific as ¢cTnT. Hee-
schen and colleagues (2005) clarified the additive and independent prognostic infor-
mation given by PAPP-A levels compared to already established biomarkers in 626
concomitant patients with acute chest pain suggestive of ACS. Elevated PAPP-A
>12.6 mIU/L, taken at the time of admission and before the start of any anticoagulant
treatment, was associated with higher risk of death or myocardial infarction within
30 days in patients with low (<0.1ug/l) cTnT levels (odds ratio (OR) 2.55, 95% CI
1.22 - 5.36) and also in patients with high (>0.1ug/l) TnT levels (OR 4.38, 95% CI
1.79 - 10.75). The event rates of the whole study group in univariate analysis were
16.9% vs. 7.9% (OR 2.38, 95% CI 1.4 - 4.05, p=0.001) in patients with elevated
PAPP-A vs. patients with PAPP-A <12.6 mIU/L, respectively. Using a multimarker
approach (¢TnT, hs-CRP, sCD40-ligand, interleukin-10), PAPP-A emerged as a
powerful, independent predictor of cardiovascular events during the 30-day follow
up (OR 3.11, 95% CI 1.74 - 5.56, p<0.001).

In Kavsak and colleagues’ (2009) study, 320 patients were admitted with symp-
toms suggestive of cardiac ischemia. They observed that the subjects with baseline
PAPP-A concentrations in the highest tertile (>1.62 mIU/L) compared to the low-
est tertile (<0.92 mIU/L) were at higher risk for death during the two-year follow
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up, even after adjusting for age, sex, and baseline cTnl (RR 2.15, 95% CI 1.00-
4.63, p=0.050). The statistical significance was even higher in a group of patients
with hs-cTnl elevation (p=0.02), while the prognostic significance was not noticed
in patients without hs-cTnl elevation (n=66). The proportion of patients having
heparin treatment during the index hospital stay was only 22% in this study, and
no difference existed in the baseline PAPP-A level between the patients with and
without heparin treatment, while the peak PAPP-A level was higher in the heparin-
treated group, indicating that the PAPP-A taken at the baseline was not signifi-
cantly influenced by heparin treatment. Iversen and colleagues (2010) measured
PAPP-A at the time of admission and, thereafter, every six-to-eight hrs in 415 pa-
tients with suspected ACS, but no evidence of ischemia on ECG and normal (<0.03
ug/l) cTnT occurred during the hospitalization. The risk of death or non-fatal MI
(combined endpoint) was 15% in the highest (>12.4 mIU/L) compared to 3% in
the lowest (<4.0 mIU/L) PAPP-A quartile (highest measured) (relative risk 3.7,
p=0.01) after three months of follow up. The corresponding numbers after one year
were 24% and 10% (RR 2.4, p=0.01), respectively. In the post hoc analyses per-
formed only with admission PAPP-A sample, the patients with admission PAPP-
A >4.0 mIU/L had higher risk for the combined endpoint (p=0.001). PAPP-A >4.0
mlU/L was also significantly predictive for the combined endpoint (HR 1.85, 95%
CI 1.17 —2.93. p=0.01) in the multivariate analyses.

Schaub and colleagues’ (2011) later study measured the concentration of PAPP-A
at the time of admission and before any heparin treatment in 398 patients present-
ing with the symptoms suggestive of myocardial infarction. The PAPP-A level was
significantly higher in patients with AMI than in patients with another diagnosis
(median [IQR] 4.6 [4.0 to 9.3] vs 4.0 [4.0 to 5.6] mIU/L, p <0.001). However, the
trend towards the higher risk of mortality was only in the patients with PAPP-A in
the highest tertile (>4.9 mIU/L) (RR 1.29, 95% CI 0.68 — 2.46). Mei and coworkers
showed, in the same year, the predictive prognostic value of PAPP-A, measured
before any anticoagulant treatment, in 129 ACS (42 NSTEMI and 87 UA) patients
with only single coronary stenosis treated successfully by PCI during the index
hospitalization. They found PAPP-A >11.33 mIU/L as an independent predictor
of a combined adverse event of cardiac death, nonfatal MI, revascularization and
rehospitalization for angina pectoris during the two-year follow-up (adjusted RR
4.1, 95% CI 1.0 - 16.2, p=0.037). The event rate was only 6.2% in patients with
PAPP-A <11.33 mIU/L, while it increased to 25.0% and 36.8% in patients with
PAPP-A 11.33 - 24.71 mIU/L (p=0.035) and > 24.71 mIU/L (p=0.002), respec-
tively (Mei et al., 2011). The elevated PAPP-A was found to be an independent
risk factor for all-cause mortality (RR 1.78, 95% CI 1.33 - 2.40), combination of
all-cause mortality and non-fatal MI (RR 1.75, 95% CI 1.36 - 2.26), and combined
cardiovascular events (RR 1.58, 95% CI 1.19 - 2.11) in the recent meta-analysis,
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including a total of 12,830 participants and 1813 cases. Interestingly, the prognos-
tic value of PAPP-A was not influenced by the assay methods, CAD type or fol-
low-up duration (Li et al., 2013). von Haehling and coworkers’ (2013) study meas-
ured the PAPP-A at the time of admission before any heparin treatment in 2568
patients hospitalized for chest pain of cardiac origin and confirmed by coronary
angiogram during the first 24 hrs after admission. Of those patients, 1229 had ACS
(including UA, STEMI and NSTEMI patients) with cTnl elevation (>0.04 ng/ml);
the rest remained cTnl negative. Elevated PAPP-A (>34.6 mIU/L) was inde-
pendently associated with an increased risk of combined endpoint of stent throm-
bosis, myocardial infarction, ischemic stroke or cardiovascular death in the whole
study group and also in the patients with (RR 1.91, 95% CI 1.48 - 2.46) and without
(RR 2.15,95% CI 1.81 - 2.56) cTnl elevation during the 90- day follow up. Bonaca
and coworkers (2012) determined PAPP-A at baseline in 3782 NSTEMI patients
randomized to MERLIN-TIMI 36 study. Patients with elevated PAPP-A (>6.0
mlU/L) had higher rates of cardiovascular death or MI at 30 days (7.4% vs. 3.7%,
RR 2.01,95% CI 1.43 - 2.82, p=0.001) and at one year (14.9% vs. 9.7%, RR 1.63,
95% CI11.29t0 2.05,p 0.001). Zengin and coworkers’ (2015) recent analysis found
that PAPP-A was determined in 927 patients presenting with cardiac chest pain
between the admission and coronary angiogram and, if possible, before heparin
treatment. However, the blood sample from the 393 patients was collected after
the start of recommended heparin treatment. Out of the whole study group, the
elevated PAPP-A (>11.4 mIU/L) was predictive for cardiac mortality in the long-
term (median 5 years) follow up in the patients with ACS or stable angina.

Some studies also show no clear evidence of the prognostic value of the level of
circulating PAPP-A in patients with ACS. Briigger-Andersen and colleagues’
(2008) study of 298 patients with MI were included and PAPP-A, determined late
during the index hospitalization (4-5 days after the admission), was not found to
be related to the primary endpoint of MI during the median follow-up time of 45
months. McCann and colleagues (2009) enrolled 555 acute chest-pain patients, of
whom 53% had an AMI diagnosis (19% STEMI, 34% NSTEMI), 26% UA, and
the rest had non-ischemic chest pain during the index hospitalization. The follow-
up time for composite endpoint of death or MI was one year. PAPP-A taken at the
time of admission before the start of any thrombolysis or anticoagulant treatment
was not a predictor of adverse events in this study. Sanchis and colleagues (2008)
enrolled 422 patients presenting to the emergency department with chest pain with-
out ST-segment deviation on ECG or troponin elevation during the hospital stay.
Using ROC analysis, the association during the median 60 weeks of follow up
between PAPP-A and death or myocardial infarction was borderline significant
(AUC 0.62, p=0.07) and significant with combined adverse event of death or MI
or revascularization (AUC 0.58, p=0.04). However, PAPP-A was not statistically
significantly associated with adverse events in the multivariate analysis.



Table 6. Summary of the prognostic studies of circulating PAPP-A in patients with suspected ACS

Study and patient profile n Highest Heparin PAPP-A  FU-time  Study All patients cTn positive patients cTn negative patients
detected/ effect cut-off dpoint
admission miU/L PAPP-A Event RR (95% Cl)/p - PAPP-A Event RR (95% Cl)/p
PAPP-A miULL Rate PAPP-A Event RR(95%Cl)p ~ miIUL Rate
mlU/L rate

Heeschen et al., 2005

ACS patients
with ECG changes

Suspect ACS patients

Sanchis et al., 2008

Chest pain without ECG changes
and without ¢Tn elevation.

626

422

Admission

Admission

<24 hours af-
ter admission

Yes

No

Probable

126

126

6 months

30 days

60 weeks

Mi+death <126  7.9%
>12.6 174%  2.64 (1.554.50)/
p=0.001
Mi+death <126  7.9%
>12.6 16.9%  2.38(1.40-4.05)
p=0.001

MI + death
+ revascu-
larization

MI + death

<126
>126

<126
>126

13.2%
22.8%

(57%)°
(23%)°

NA/p<0.01

4.38 (1.79-10.75)

<126
>126

<126
>126

5.4%
13.5%

(5%)°
(10%)°

NA

NA

NA/p<0.01

2.55 (1.22-5.36)

AUC 0.58
p=0.04

AUC 0.62
p=0.07
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Table 6. continued

Study and patient profile n Highest Heparin PAPP-A  FU-time  Study All patients cTn positive patients cTn negative patients
detected/ effect cut-off dpoint
admission miU/L PAPP-A  Event RR (95% Cl)/p - PAPP-A Event RR (95% Cl)/p
PAPP-A miU/L Rate PAPP-A Event RR(95%Cl)p ~ mIUL Rate

Iversen et al., 2010

Low risk ACS patients

Post hoc analysis with
the same population without
heparin effect

Mei et al., 2011

NSTEMI and
UA patients

415 Highest Obvious 1
year
1
year

NA Admission No NA

129 Admission No 1.3 2
years

miUL rate

MI + death

Death

Mi+death

Death

vs. 1% Tertile

<13 6.2%
11.3-247  25.0%
>24.7 36.8%

NA/p=0.035
NA/p=0.002

<40
40-77
7.8-124
>124

<40
40-77
78124
>124

<4.0
24,0

<4.0
24,0

10.0%
(13%)
(20%)
24.0%

6.0%
(7%)°
(10%)°
14.0%

NA

NA

NA
NA

4hys, st
Quartile

24 (NA)/
p=0.01

2.4 (NA)
p=0.05

Multivariate
analysis

1.85(1.17-2.93)/
p=0.01

2.09(1.16-3.77)/
p=0.01
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Table 6. continued

Study and patient profile n Highest Heparin PAPP-A  FU-time  Study All patients cTn positive patients cTn negative patients
detected/ effect cut-off dpoint
admission miU/L PAPP-A  Event RR (95% Cl)/p - PAPP-A Event RR (95% Cl)/p
PAPP-A miU/L Rate PAPP-A Event RR (95% Cl)/p miUL Rate
mlU/L rate

Lietal., 2013

ACS patients 12830 Probable

Mi+death

Death

Elevated PAPP-A
and risk

1.80 (1.26-2.57)
162 (0.93-2.81)

Zengin et al., 2015 4hys, st
Quartile
Whole study group of patients 927 Between Probable  11.4 7 CV mortality  <7.2 (4%)°
with cardiac chest pain admission and years 7.2-93 (4%)®
coronary 93117  (6%)°
angiogram >11.7 (12%)° 2.64 (1.26-5.54)
ACS patients 393 Highly <72 (4%)° <114 NA
probable 7293 (3%)° >114 NA NA/p=0.01
93117 (M%)
>11.7 (13%)° NA/p=0.01

bEstimated percentages from Kaplan Meier curves
Abbreviations not appearing outside this table in the thesis: NA=not available

2.4nD.42]1] JO Ma140Y

6¢



40 Aims of the study

3 AIMS OF THE STUDY

The primary purpose of this study was to test the usefulness of circulating PAPP-
A and its investigational novel forms as prognostic markers in patients presenting
with suspected ACS.

The specific aims were

L to investigate the prognostic value of totalPAPP-A in patients with symp-
toms of ACS without elevation in troponin I,

II.  to evaluate 48-hour release pattern of totalPAPP-A and its association with
dynamic ECG changes, the patency of infarct related artery and 12 month
outcome in patients with acute STEMI, and

III.  to estimate the prognostic value of free form of PAPP-A vs. totalPAPP-A
concentrations in predicting death and nonfatal myocardial infarction in pa-
tients with NSTE-ACS.
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4 MATERIALS AND METHODS

4.1 MAIN STUDY POPULATION AND DESIGN

The basic population of this study comprised 541 consecutive patients who were
admitted to the Turku University Hospital Emergency Department for symptoms
consistent with acute coronary syndrome and who gave their written, informed
consent to participate (Table 7). The recruitment of study patients started in May
2000 and was completed in June 2001. Of these 541 patients, 366 were hospital-
ized during the index visit (during the same visit the patient was enrolled in the
study) for at least 12 hours, and the rest 175 were discharged from the emergency
department (ED). All patients were treated according to routine clinical protocols
of Turku University Hospital. The mortality data were obtained from Statistics
Finland during the 12-month follow up, and the data of other endpoints were col-
lected by mail, telephone interviews and from the hospital records, which were
retrospectively reviewed for classification. Random discrepancies were settled by
mutual consensus. The study was conducted in accordance with the Declaration of
Helsinki as revised in 1996 and approved by the Ethics Committee of Turku Uni-
versity Hospital.
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Table 7. Baseline demographics and follow-up data of the main study population (n=541)

n=541
Age * 67.0 (29-94) £12.0
Diabetes (%) 91 (16.8)
Gender, male (%) 320 (59.1)
Hypertension (%) 238 (44.0)
Hyperlipidemia (%) 300 (55.5)
Killip class >2 (%) 165 (30.5)
Statin treatment (%) 141 (26.1)
Current smoker (%) 104 (19.2)
Former smoker (%) 160 (29.6)
Coronary artery disease (%) 213 (39.4)
Previous MI (%) 148 (27.4)
Previous PCI (%) 58 (10.7)
Previous CABG (%) 65 (12.1)
UA or non-cardiac chest pain at index hospitalization (%) 344 (63.6)
MI as a diagnosis at index hospitalization (%) 197 (36.4)
STEMI 62 (11.5)
NSTEMI 135 (24.9)
Follow-up data (12 months)
Revascularization (PCI or CABG) (%) 97 (17.9)
Stroke (%) 7  (1.3)
Myocardial infarction (%) 52 (9.6)
Cardiac mortality (%) 45 (8.3)
Total mortality (%) 62 (11.5)
*Mean (range)+SD

+The diagnosis set by treating clinician according to guidelines.

4.2 PATIENTS AND DESIGN IN SUB-STUDIES

All 366 patients hospitalized for at least 12 hours and the 64 discharged from the
ED were screened in the final analysis of the substudies. Of the 541, 111 (the pa-
tients discharged from ED with ID between 1-240 and 441-541) patients were not
included in the analyses of this study.

4.2.1 Troponin negative subgroup (study I)

Two hundred consecutive (patients with ID 241-440 of the basic population) pa-
tients were enrolled in this study template. Serum samples for PAPP-A and cTnl
determinations were collected immediately at admission, 6—12 and 24 hours. CRP
was measured at admission. One patient was excluded from the analysis because
of incomplete follow-up data. During the first 24 hrs of hospital stay, 136/199 (69
men and 67 women; mean +SD age, 66 £16 years) remained cTnl-negative for up
to 24 hours. These 136 patients were followed up for six months for the primary
endpoint as a combination of cardiovascular mortality, first episode of nonfatal MI
or revascularization (PCI or CABG) and secondary endpoint as a combination of
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non-cardiovascular death, hospitalization for UA, worsening heart failure (conges-
tive heart failure) or stroke.

4.2.2 STEMI subgroup (study II)

This analysis included all 62 patients in the main study population who met the
STEMI criteria of acute typical chest pain >20 minutes and new >1.0 mV and/or
>2.0 mV ST-elevation in two consecutive limb and/or precordial leads, respec-
tively. An additional 14 patients were selected to a subgroup with frequent early
sampling to clarify the release pattern of circulating PAPP-A and c¢Tnl. These sam-
ples were collected immediately at admission and at the time points of 6-12, 24
and 48 hours and in 14 patients selected for frequent sampling group also at 1, 2
and 4 hours. CRP was analyzed at admission. The patency of the infarct-related
coronary artery was estimated by clinically driven coronary angiography per-
formed for half of the patients (n=31), 19 of whom during the first 7 days after the
index event. The angiography data were analyzed offline by two cardiologists to
identify the culprit lesion, infarct-related vessel patency (Thrombolysis In Myo-
cardial Infarction (TIMI) flow >2) and the overall extent of CAD. Special attention
was drawn in this study to a late PAPP-A elevation and its possible correlations
with prognosis, early reperfusion or vessel patency. The patients were followed up
for 12 months for the study endpoint as a combination of cardiovascular mortality
and the first episode of non-fatal MI after enrollment.

4.2.3 Comparison of free and totalPAPP-A (study III)

This study’s population comprised all patients in the basic study population who
were hospitalized for at least 12 hours (n=366) during the index visit. Individuals
with acute ST elevation on electrocardiogram (ECG) (n=62) or missing blood sam-
ples (n=9) or inadequate follow up data (n=6) were excluded. LMWH was given
to 136 patients during the hospitalization. Of these patients, 22 received LMWH
before the admission blood sampling and were excluded. Thus, 267 (136 men and
131 women, median [25%, 75" percentile] age 70 [60, 78] years) patients were
eligible for this study’s final analysis. The blood samples were collected at admis-
sion for PAPP-A and CRP and at admission, 6-12 hours and 24 hours for cTnl
analysis. The prognostic value of freePAPP-A compared to totalPAPP-A concen-
trations to forecast death and nonfatal MI was estimated during the 12-month fol-
low up.
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4.3 METHODS

4.3.1 Biochemical measurements

4.3.1.1 Circulating PAPP-A

PAPP-A levels were determined post hoc in study I and II as totalPAPP-A, i.e.,
whether in free form or in complex with the proMBP, by an investigational point-
of-care, time-resolved immunofluorometric assay (Qin et al., 2002). The lower
limit of detection was 0.5 mIU/L and the functional sensitivity (imprecision <20%)
1.5 mIU/L. The between-assay imprecision at the lowest standard (2.5 mIU/L) was
13.7%. The PAPP-A samples were studied in study III by investigational point-
of-care, time-resolved immunofluorometric assays for totalPAPP-A and PAPP-
A/proMBP complex (Wittfooth et al., 2006). In the totalPAPP-A assay, the capture
antibody and the detection antibody both specifically bind to the PAPP-A subunit
of freePAPP-A and complexed PAPP-A molecules. In the PAPP-A/proMBP as-
say, the same antibody is used for capture as in the totalPAPP-A assay; however,
the detection antibody specifically binds to the proMBP subunit of PAPP-
A/proMBP complex, enabling the exclusive detection of this complexed PAPP-A
form. The analytical detection limits (zero calibrator + 3SD) and functional detec-
tion limits (imprecision < 20%) were 0.18 mIU/L and 0.27 mIU/L for the to-
talPAPP-A assay and 0.23 mIU/L and 0.70 mIU/L for the PAPP-A/proMBP assay,
respectively. The total coefficient of variation (CV) for the totalPAPP-A assay was
7.2% at 4.9 mIU/L and 9.7% at 3.1 mIU/L for PAPP-A/proMBP assay. The con-
centration of freePAPP-A was calculated from the difference of the results given
by these two assays.

4.3.1.2 Troponin

c¢Tnl was determined in study I using the Innotrac AIO (Innotrac Diagnostics Corp)
with analytical sensitivity 0.05 pg/L and the cutoff value at 10% imprecision (CV)
of 0.22 pg/L, the level used retrospectively to define cTnl negativity in the trial.
Bayer Immuno I assay (Bayer Diagnostics, Tarrytown, NY, USA), MDC 0.1 pg/L,
cutoff value for AMI at 10% CV 0.3 pg/L (Morrow et al., 2000) was used in study
II to measure the troponin I levels. For the purposes of study II1, cTnl was analyzed
using the Innotrac Aio! second-generation assay (Innotrac Diagnostics Corp.),
which has been classified as a level 1 contemporary, clinically useable cTn assay
(Eriksson 2005). The minimum detectable concentration of the assay is 0.012 ug/L,
and the cutoff value for myocardial infarction was defined as the concentration with
a 10% CV is 0.06 pg/L. The 99th percentile reference concentration was determined
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to be 0.025 pg/L. Thus, a cTnl concentration>0.03 pg/L was deemed to be increased
in this study.

4.3.1.3 C-reactive protein

CRP was determined (I, II, IIT) by an ultrasensitive Aio! assay with an analytical
detection limit of 0.003 mg/L and a functional detection limit of 0.1 mg/L. 2.0
mg/L was used as a cutoff concentration in multivariate analysis.

The clinicians had no access to the investigational AIO c¢Tnl, CRP, or cPAPP-A
information, but the results of ¢cTnl measured by Bayer Immuno I were (II) made
available for the treating physicians.

4.3.2 ECG

ECG was recorded at admission (IL, III) and also 120 + 30 minutes after the start of
trombolysis treatment in patients with acute STEMI (II). The patients with LBBB
or non-diagnostic ECG were identified by manual coding. ST-segment elevation
>0.1mV (except V1-3 0.2 mV) at the J-point in two continuous leads was classified
as ST elevation. Ischemic ST-segment depression=0.05 mV at the J + 80 ms point
in at least one lead was coded as having ST depression. If the previous criteria were
unfulfilled, then the T-wave was measured. T-inversion was coded if it was present
in 22 contiguous leads. If none of these criteria was fulfilled, the ECG was coded as
having no ischemic changes. Early reperfusion was determined as >75% ST-resolu-
tion during the first 150 minutes after the initiation of reperfusion therapy, obtained
in a single lead with the highest ST elevation on primary ECG.

4.3.3 Statistical analysis

Categorical variables between the groups were compared with the Chi-square test
(IL, III) and 2-tailed Fisher exact test (I). Continuous variables were compared
with the use of Wilcoxon’s rank-sum test (I, II, III). Survival curves were esti-
mated using the Kaplan-Meier method, and differences between the curves were
tested with the log rank test (I, I1, III). Correlations were tested using Spearman’s
correlation test (I, II, IIT). Uni-(I) and multivariate (I, IT) associations were ana-
lyzed using Cox proportional-hazards modeling to evaluate the independent con-
tributions of the variables to the risk of cardiovascular events during the follow up.
Statistical analyses were performed using SAS statistical software (versions 6.12
@), 8.1 (II) and 9.2 (III); SAS Institute, Cary, NC, USA). P values <0.05 were
considered significant.
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5 RESULTS

5.1 CIRCULATING PAPP-A AND PATIENT CHARACTERISTICS IN SUB-STUDIES

5.1.1 The levels of circulating PAPP-A

The median [25th, 75th percentiles] admission totalPAPP-A was 2.3 [1.6, 3.0]
mlU/L in study I. The highest detected totalPAPP-A was 2.35 [1.6, 2.9] mIU/L in
discharged and 3.3 [2.1, 6.5] mIU/L in hospitalized patients (p<0.001), respec-
tively. The median [25th, 75th percentiles] admission and the highest detected to-
talPAPP-A in STEMI frequent sampling group was 8.0 [3.7, 12.2] mIU/L and 11.6
[4.7, 18,8] mIU/L, respectively (II). Median freePAPP-A was 1.43 [1.13, 1.95]
mlU/L (1.49 [1.12, 1.97] mIU/L in men and 1.43 [1.13, 1.89] mIU/L in women,
p=NS) in study III’s admission samples. The corresponding values for totalP APP-
A were 2.41 [1.82, 3.26] mIU/L (2.53 [1.90, 3.39] mIU/L in men and 2.32 [1.80,
3.18] mIU/L in women, p=NS).

5.1.2 Definition of the prognostic cut-off points of circulating PAPP-A

TotalPAPP-A value 2.9 mIU/L (the highest level of any time point) was found to
be the best predictive cut-off value for the combined endpoint (RR, 3.7, 95% CI
1.6-8.9, P=0.0028) in study I. Patients were then divided into four groups accord-
ing to the highest detected totalPAPP-A levels: <2.0, 2.0 to 2.8, 2.9 to 4.4, and
>4.5 mlIU/L (I). The patients were divided in tertiles based on admission to-
talPAPP-A value in study II: <3.0, 3.0 — 10.0 and >10.0 mIU/L and divided in
study III according to tertiles of admission freePAPP-A (<1.27, 1.27-1.74, >1.74
mlU/L) and admission totalPAPP-A (<1.98, 1.98-2.99, >2.99 mIU/L).

5.1.3 Characteristics of patient with different circulating PAPP-A levels

Tables 8 (I), 9 (II) and 10 (IIT) show the patient characteristics between the groups
with different PAPP-A levels in the substudies. Briefly, the groups were well balanced
in all substudies for most background variables. However, diabetes (I, II, IITI) and
previous MI (I, II) were more frequent in patients with higher PAPP-A levels, and
there was also a trend of patients with higher PAPP-A being older. Admission cTnl
and CRP were significantly higher in the third tertile compared with the lowest one in
study III; the same trend for admission cTnl can be seen in study II.
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Table 8. Patient characteristics between the groups with different totalPAPP-A level in
troponin negative sub-study (Study I).

totalPAPP-A

<2.9 mIU/LL >2.9 mIU/L

n=75 n=61 P
Age* 64+13 69+13 ns
Diabetes (%) 6 (8.0) 13 (21.7) 0.027
Gender, male (%) 35 (46.7) 34 (56.7) ns
Hypertension (%) 30 (40.0) 34 (56.7) ns
Previous MI (%) 15 (20.0) 22 (36.7) 0.035
Current smoker (%) 21 (28.0) 11 (18.3) ns
Aspirin (%) 31 (41.3) 25 (41.6) ns
Statins (%) 18 (24.0) 20 (33.3) ns
Warfarin (%) 5(6.7) 11 (18.3) ns
Killip class >2 (%) 709.3) 20 (33.3) ns

*Mean +SD, ns = non significant.

Table 9. Patient characteristics between the the groups with different totalPAPP-A level
in STEMI sub-study (Study II).

Admission totalPAPP-A mIU/L

<3.0 3.0-10.0 >10.0
n=20 n=20 n=22 p*
Age T 62.5 (34 to 84) 66.0 (4410 82)  71.5(51to 83) 0.045
BMI 269 (17310 349) 27.8(21.6t032.7) 269 (21.2t034.6) ns
Male gender (%) 10 (50.0) 17 (85.0) 13 (59.0) ns
ST-elevation on ECG
Anterior (%) 5(25.0) 5(25.0) 11 (50.0) 0.046
Inferior (%) 8 (40.0) 12 (60.0) 8 (36.0) ns
Posterolateral (%) 7 (35) 3 (15) 3 (13.6) ns
Thrombolysis (%) 14 (70.0) 15 (75.0) 22 (100) 0.007

Delay (min) from symptom 180 [120, 400] 120 [60, 360] 160 [90, 270] ns
onset to reperfusion therapyi

Early reperfusion on ECG (%) 17 (85.0) 12 (60.0) 14 (63.6) ns
Revascularization 7 (35.0) 10 (50.0) 10 (45.0) ns
(PCI or CABG) (%)$§

Current smoking (%) 9 (45.0) 5(25.0) 6(27.3) ns
Hypertension (%) 7 (35.0) 7 (35.0) 7 (31.8) ns
Previous MI (%) 1(5.0) 3 (15.0) 6(27.3) 0.076
Diabetes mellitus (%) 1(5.0) 1(5.0) 5(22.7) 0.035
Killip class >2 (%) # 8 (40.0) 9 (45.0) 13 (59.1) ns
Family history of CVD (%) 5(25.0) 11 (55.0) 9 (40.9) ns
AdmcTnl ng/ml § 010, 0.3] 0.2 [0, 0.7] 0.25 [0, 2.0] ns

48 hrs c¢Tnl ng/ml 7.4[3.6,16.4] 11.1[2.9,17.3] 5.9]2.0,13.2] ns
MaxcTnl ng/ml § 339(11.9,153.8] 34,2[11.0,89.8] 27.9[13,2,109.4] ns
AdmCRP mg/I § 2.3[0.75, 4.35] 2.11.0,5.1] 2.7[1.6,5.7] ns
*P-value for the difference between the groups with admPAPP-A > and <10mIU/L.

tMedian (range).

tMedian [25%, 75",

§ during 1 year follow up.

#Killip class during index hospitalization

Abbreviations not appearing outside this table in the thesis: AdmcTnl=admission cardiac troponin I, MaxcTnl=maxi-
mal cardiac troponin I, AdmCRP= admission C-reactive protein, ns = non significant.
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Table 10. Patient characteristics between the the groups with different PAPP-A level in
the study of comparison of free and totalPAPP-A (Study III).

freePAPP-A (mlU/L) totalPAPP-A (mlIU/L)
<1.27 1.27-1.74 >1.74 <1.98 1.98-2.99 >2.99
n=89 n=89 n=89 p’ pt n=89 n=89 n=89 p° pt
Age (years) T  64[57,74] 70[62,78] 73[64,79] ns ns 67 [58,76] 68[59,78] 73[66,78] ns ns
Male gender (%) 46 (51.7) 43 (48.3) 47(52.8) ns ns 37 (41.6) 49 (55.1) 50(56.2) ns ns
Diabetes (%) 12 (13.5) 19(21.3) 27(30.3) ns 0.012 13 (14.6) 19(21.3) 26(29.2) ns 0.018

Smoking (%) 23 (23.6) 21(25.8) 23(23.6) ns ns 22 (24.7) 23(25.8) 22(24.7) ns
Previous MI (%) 24 (27.0) 35(39.3) 32(36.0) ns ns 32 (36.0) 26(29.2) 33(37.1) ns
Previous reper- 17 (19.1) 22 (24.7) 12(13.5) ns ns 18 (20.2) 17(19.1) 16 (18.0) ns
fusion (%)

Hospitalization 4[2,6] 5[3,7] 5[2,7] ns ns 412, 6] 5[2,7] 5[2,7] ns
time (days) 1

ns
ns
ns

ns

1%t versus 2™ tertile
+ 1%t versus 3" tertile.
1 Median [25%, 75% percentile]

5.2 THE PROGNOSTIC PERFORMANCE OF CIRCULATING PAPP-A

5.2.1 In troponin negative patients (I, III)

The prognostic performance of totalPAPP-A (admission and highest detected) and
freePAPP-A (admission) investigated in cTnl- negative patients in study I (n=136)
and in study III (n=146), respectively. Figure 5 shows how the cumulative risk of
endpoint was only 8% if the highest detected totalPAPP-A was below 2.9 mIU/L,
but the risk increased to 25.0% if totalPAPP-A was 2.9 to 4.4 mIU/L (p=0.035)
and to 37.9% if the level was >4.5 mIU/L (p=0.0012) (I). Using only the admission
totalPAPP-A value, 12 of 40 (30.0%) with totalPAPP-A >2.9 mIU/L versus 14 of
96 (14.6%) with totalPAPP-A <2.9 mIU/L patients experienced a combined pri-
mary endpoint during the 6-month follow up (RR 2.3, 95% CI 1.1 to 5.0, p=0.03)
(I). A similar trend was also noticed in patients (n=64) who were discharged di-
rectly from the emergency room (I). Adjusting for age, congestive heart failure
(CHF) (during index event), CRP, current smoking, diabetes (dietary or drug ther-
apy), gender, hypertension and previous M1, the totalPAPP-A >2.9 mIU/L was an
independent predictor of a combined primary adverse event during the 6-month
follow up (adjusted RR 4.6, 95% CI 1.8 to 11.8, p=0.002) (I). The patients with
normal cTnl but elevated (>1.74 mIU/L) freePAPP-A at admission in study III
had significantly higher risk for adverse events vs. the patients with low (<1.27
mlU/L) freePAPP-A (8 of 45 (17.8%) vs. 3 of 55 (5.5%), p=0.042) Figure 6.
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Figure 5. Kaplan-Meier curves of event free survival for cardiovascular death, myocardial infarc-

tion and revascularization according to totalPAPP-A level (I).

5.2.2 In NSTEMI patients (III)

Study III included 121 patients with elevated cTnl during their hospitalization. As
Figure 6 shows, the highest risk was observed in patients with increased cTnl and
admission freePAPP-A >1.74 mIU/L, as 19 of 44 (43.2%) met the endpoint. Alt-
hough, there was a trend of higher risk for an adverse event in patients in the high-
est freePAPP-A tertile compared to the patients in the lowest tertile, the difference

was not statistically significant (p=0.084).
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Figure 6. Cumulative frequency (%) of endpoints according to pooled maximal c¢Tnl and free-
PAPP- A status. P values are between the first and second and first and third freePAPP-A tertiles.

ns=non-significant.
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5.2.3 In STEMI patients (II)

Study II invested the prognostic value of totalPAPP-A determined at early and late
phases in patients with STEMI. At the end of follow up, 17/62 (25.7%) patients
with STEMI had met a primary endpoint. Cardiovascular causes accounted for
100% of the 11 deaths (total mortality 16.6%). Six patients (9.1%) suffered non-
fatal MI. The cumulative risk of a primary endpoint was 15% and 20.0% if admis-
sion totalPAPP-A was <3.0 mIU/L and 3.0-10.0 mIU/L, respectively, but it in-
creased to 45% when the admission totalPAPP-A was >10.0 mIU/L (p=0.049), as
shown by Figure 7. The presence or absence of a late totalPAPP-A elevation was
not statistically significantly associated with outcome as a single variable. How-
ever, 7/13 (53.8%) of those patients who showed late totalPAPP-A elevation after
having failed reperfusion by ECG criteria met the primary endpoint in 12 months
(versus 20.4% out of the other 49 patients, p=0.016).

100
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I |
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2 75 1
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Figure 7. Kaplan-Meier analysis of the 12-month outcome according to admission totalPAPP-A
tertiles (II).

5.2.4 Free vs. totalPAPP-A (III)

Study III compared the prognostic performance of freePAPP-A and totalPAPP-A
determined at the time of admission and before any heparin treatment. During the
12 month follow up, 57 patients (21.3%) met an endpoint (22 deaths and 35 non-
fatal MIs). Total mortality was 32 of 267 (12.0%), as 10 patients who had MI as
an endpoint died during the entire follow up. An endpoint was met by 12 (13.5%),
18 (20.2%), and 27 (30.3%) (p=0.02) subjects and 17 (19.1%), 17 (19.1%), and 23
(25.8%) (p=0.54) subjects in freePAPP-A and totalPAPP-A tertiles, respectively.
The Kaplan—Meier survival curves for the various freePAPP-A tertiles diverged
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early, but this was not the case for totalPAPP-A (Figure 8). Adjusting for age / 10
year, gender, diabetes (dietary or drug treated), previous AMI and ischemic ECG
findings, freePAPP-A >1,74 mIU/L (RR 2.0, 95% CI 1.0 - 4.2, p=0.048), elevated
admission cTnl (RR 1.9, 95% CI 1.1 - 3.5, p=0.024) and CRP >2.0 mg/L (RR 2.4,
95% CI 1.2 - 4.7, p<0.01) were independent, early-phase predictors of adverse
outcome. Replacing admission cTnl with maximal cTnl gave comparable results.
However, in the same settings, totalPAPP-A did not reach independency as a pre-
dictor of an endpoint (RR 1.1-1.2, p=0.49-0.88).
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Figure 8. Kaplan—Meier curves of event-free survival for myocardial infarction and total mortal-
ity according to freePAPP-A (A) and totalPAPP-A (B) tertiles (IIT).
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5.3 THE RELEASE PATTERN OF CIRCULATING PAPP-A IN STEMI (II)

The early release pattern of circulating PAPP-A was investigated in detail in 14
STEMI patients treated with thrombolysis (II). Figure 9 shows the trends of to-
talPAPP-A and cTnl levels as median [25™ and 75™ percentiles] values in all 14
patients with frequent sampling. The highest PAPP-A value was reached at one
hour; thereafter, the values started to decline, and the lowest level was measured
at 48 hours after admission. The peak Tnl value was measured at 12 hrs. The lower
PAPP-A levels at one hour was noticed in patients with a longer (>285 min) delay
between the onset of symptoms to thrombolysis (Figure 10).

5.4 THE LATE ELEVATION OF CIRCULATING PAPP-A IN STEMI (II)

Using >9.5 mIU/L (75" percentile at 48 hours) as the cut-off for late totalPAPP-A
elevation, 20/62 (32.3%) patients were identified as having a second peak. Delayed
totalPAPP-A elevations were associated with less successful, early reperfusion by
ECG criteria (35% versus 88%, P<0.001). All patients in the coronary angiography
subgroup (n=31) who demonstrated early ECG reperfusion (n=20) were found to
have a patent infarct-related coronary artery by angiography. A late totalPAPP-A
elevation was found in only two of them (10.0%). In contrast, the late totalPAPP-
A elevation occurred in eight (72.7%) patients with only late or no reperfusion
(P<0.01 versus early reperfusion).
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Figure 9. The averaged (median 10th, 25th, 50th, 75th, 90th percentile) circulating levels of
totalPAPP-A and cTnl in the 14 patients with frequent early blood sampling (box plots). X-axis:
Time after admission (hours). The bolded dotted line represents the upper 97.5th PAPP-A per-
centile in healthy normal males (Qin et al., 2002).
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Figure 10. The release patterns of totalPAPP-A into the circulation during the first 12 hours in
the frequent sampling group according to delay from symptom onset to thrombolysis. Solid line:
short delay (<285 min), dotted line: long delay (>285 min). X-axis: time after admission (hours).
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5.5 CORRELATIONS OF CIRCULATING PAPP-A WITH OTHER CARDIAC
MARKERS

The correlations were tested in substudies between cPAPP-A and CRP and Tnl.
Briefly, there was no correlation between totalPAPP-A and CRP (I, II) or ¢Tnl
(ID) in study I or study II. Furthermore, only very weak correlations were found
between freePAPP-A and admission ¢Tnl (»=0.15, p= 0.012), maximal c¢Tnl (»
=0.12, p=0.043) or CRP (»=0.17, P= 0.005) in study III.
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6 DISCUSSION

Early, accurate diagnosis and prognostic evaluation play crucial roles in triage and
management of the patients with ACS. The mechanism of ACS is almost invaria-
bly the rupture or erosion of atherosclerotic plaque that activates the coagulation
cascade (Toschi et al., 1997). The currently used diagnostic and prognostic mark-
ers, mainly highly sensitive troponins, have an excellent prognostic performance
but are mostly mirroring the myocardial damage. As shown already by Falk and
colleagues (1985), the occluding thrombus per se is seldom formed abruptly but is
very often preceded by recurrent thrombus formation and fragmentation that may
last even for weeks, opening variable time windows for potential preventive inter-
ventions before the occluding thrombosis will occur. However, despite intensive
research efforts, an ideal marker to forecast the plaque rupture does not exist. This
study was motivated by the presumptive role of PAPP-A as an early marker of
plaque instability or rupture, a concept evoked for the first time by Bayes-Genis
and colleagues (2001a), reflecting also the prognosis of these patients.

6.1 STUDY POPULATION

The study population consists of 541consecutive patients admitted to the ED of
Turku University Hospital between May 2000 and June 2001 with symptoms con-
sistent of ACS. The data collection during the follow-up period was comprehen-
sively managed by mail and telephone interviews and review of hospital records.
Only one patient in study I and 6 patients in study III were dropped out due to
incomplete follow up data. The (mean £SD) age was 67 +12 years and 59.1 %
were men. The proportion of diabetics was 16.8 %, and 19.2 % were current and
29.6 % former smokers. The smoking habits correspond well with the general
Finnish population. The proportion of patients with previously known diabetes at
baseline was quite low. However, the real prevalence of diabetes was probably
higher, because the diagnosis of diabetes or impaired glucose tolerance (IGT)
made during or after the index hospitalization was not included in this analysis. It
is well known that even two-thirds of the patients with acute myocardial infarction
without previously known diabetes will have type 2 diabetes (25 %) or IGT (41%)
(Bartnik et al., 2004). At baseline, 26.1 % had statin medication and hypercholes-
terolemia was diagnosed in 55.5 % of the patients before the index hospitalization.
The proportion of patients with previously known coronary artery disease was 39.4
% and 27.4 % had history of myocardial infarction. Total mortality during the 12
months follow up was 9.6 % and 72.6% were cardiac deaths in line with the re-
cently published registry data from Sweden and UK (Chung et al., 2015). Thus,
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this cohort can be considered as representative of non-selected ACS patients in
ED.

Revascularization procedures were quite infrequent (17.9 %) even during the fol-
low-up period. The main studies showing the superiority of early invasive treat-
ment in NSTE-ACS patients with elevated ¢Tn (FRISC II Investigtors 1999, Mor-
row et al., 2001) were published just before or during the patient enrollment of this
study and the treatment strategy had not yet changed to favor more invasive diag-
nostics and treatment as coronary angiogram, PCI and CABG. This might be also
the strength of this study cohort without conceivable bias caused by routine, not
symptom driven invasive treatment especially during the follow-up period. On the
other hand, this study population does not fully represent the current practice,
which is the weakness of this material.

6.2 NORMAL VARIATION, DECISION LIMITS AND POTENTIAL SOURCES OF
ERROR OF CIRCULATING PAPP-A DETERMINATION

Excluding study III, our own totalPAPP-A assays are the ones that so far have been
used in published clinical reports on circulating PAPP-A as a cardiac or ACS
marker. Although the level of totalPAPP-A correlates with the prognosis in this
and previous studies, both the wide interindividual and interassay variations with-
out established cut-off values make the comparison of the different studies with
different decision limits complicated. Complexed PAPP-A is found in variable
concentrations in circulation in all individuals without ACS (Qin et al., 2005; Witt-
footh et al., 2006). The studies conducted with apparently healthy populations
show substantial variation in totalPAPP-A levels between different populations
and assays, as Table 5 illustrated. Serteser and colleagues (2012) evaluated the
biological variation of circulating PAPP-A levels by weekly standardized meas-
urements for five weeks in 24 healthy, non-pregnant subjects and noticed 12.6%
within-subject and 14.0% between-subject variations. These observations express
a wide variation in totalPAPP-A levels in healthy individuals and in ACS mainly
due to interindividual variations in circulating concentrations of complexed PAPP-
A. The significance of interindividual and inter-assay variation is emphasized es-
pecially in minor changes in PAPP-A levels, while conversely being diminutive in
greater changes. This partly explains the superiority of freePAPP-A compared to
totalPAPP-A assay as a prognostic marker, as study III has shown. The future
development challenges are to minimize the inter-assay variations and standardize
the PAPP-A assays.

As recently shown, heparin treatment may significantly increase the circulating
PAPP-A concentration (Terkelsen et al., 2009; Tertti et al., 2009; Hajek et al.,
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2011; Wang et al., 2011; Wittfooth et al., 2011; Wang et al., 2013). This phenom-
enon should be taken into account when assessing the results of the PAPP-A stud-
ies in which the possible heparin effect has not been taken into consideration, as is
the case in the greater part of clinical trials, including two of our own (I, II). The
confounding effect of heparin treatment on the results is difficult to estimate. The
heparin treatment may strengthen the results and others dilute the “real” PAPP-A
elevation in some studies. Nonetheless, the results of the studies performed in pa-
tients with stable CAD and also in ACS mainly advocate the observation of circu-
lating PAPP-A as a prognostic marker in acute manifestations of atherosclerotic
heart disease. Furthermore, there are studies in which the possible heparin effect
has been taken into account or the PAPP-A level has been determined before hep-
arin treatment, supporting the prognostic value of PAPP-A. von Haehling and
coworkers’ (2013) study determined the presence of circulating PAPP-A in 2568
acute chest pain patients before any heparin treatment; 45 % of the patients had
ACS and the rest had stable disease. A coronary angiogram confirmed the CAD.
Patients with ACS had slightly higher PAPP-A compared to patients with stable
disease. The PAPP-A level was significantly higher in patients who did vs. those
who did not experience the primary endpoint of stent thrombosis, myocardial
(re)infarction, ischemic stroke or cardiovascular-related death during 90 days of
follow up; the unadjusted risk of an adverse event above the optimal cut off was
5.30 (4.02-6.98). The PAPP-A also remained a highly significant prognostic factor
in multivariate analysis. Mjelva and coworkers’ (2013) study evaluated the prog-
nostic value of PAPP-A, determined before any heparin treatment, in a long-term
(84 months) follow up. The mortality was significantly higher in patients with
PAPP-A >4.8 mIU/L compared to the patients with low (< 4.8 mIU/L) PAPP-A
(42.4 % vs. 32.4%, p< 0.05). Similarly, the rate of combined endpoint of death or
myocardial infarction was higher in patients with high PAPP-A. The prognostic
power of circulating PAPP-A was analyzed in the post hoc analysis of the study of
Iversen and coworkers (2010) including low risk ACS patients with normal ¢Tn
and without new ischemic ECG changes. Only the patients with admission PAPP-
A sample collected before heparin treatment were included in the analysis. The
patients with admission PAPP-A >4.0 mIU/L had higher risk for the combined
endpoint of death or non-fatal MI (p=0.001), and PAPP-A >4.0 mIU/L was also a
significant predictor of the combined endpoint in multivariate analyses. Similarly,
in the studies of Heeschen and coworkers (2005) and Kavsak and coworkers
(2009), PAPP-A was a significant predictor of adverse events. Interestingly, in the
two studies on stroke or transient ischemic attack, the circulating PAPP-A deter-
mined before any heparin treatment was predictive for recurrent events (Wang et
al., 2014; Wang et al., 2016).

The effect of heparin may also partly explain the discrepancy in the prognostic
performance of totalPAPP-A between our previous studies I and III, although the
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patient material and PAPP-A sampling protocols were not identical. As we previ-
ously reported, the maximal totalPAPP-A within 24 h predicts adverse cardiac
events in six months in ACS patients without cTnl elevation (study I). Patients
received heparin medication within the first 24 h after admission in this work,
which may have had a substantial effect on the results, i.e., the inclusion of higher-
risk patients on heparin treatment led to higher observed increases of PAPP-A in
these patients due to heparin effects. Only admission freePAPP-A and totalPAPP-
A were analyzed in study III to avoid the heparin effect, and patients receiving
heparin or low molecular weight heparin treatment before the first blood sampling
were excluded. The freePAPP-A gave independent and additive prognostic infor-
mation, even with these prerequisites.

6.3 CIRCULATING PAPP-A IN TROPONIN NEGATIVE PATIENTS (I, III)

Studies I and study III (partly) evaluated the prognostic performance of circulating
PAPP-A in patients without elevation of troponin. The proportion of patients rep-
resenting with ACS and remaining troponin negative varies according to the study
population, troponin assays and the URL used for the assay. For example, in a
meta-analysis of 4422 suspected ACS patients, the percentage of troponin negative
patients was 67 % in clinical trials and 77 % in cohort studies using the first-gen-
eration troponin I assay (Heidenreich et al., 2001). Morrow and colleagues’ (2001)
study with 1821 UA or NSTEMI patients found that 734 (40.3%) remained tro-
ponin I negative when using the first generation Tnl assay with a cut-off point of
0.1 ng/mL.

Study I was the first to show the predictive power of circulating PAPP-A deter-
mined as totalPAPP-A in patients with suspected ACS and negative cTnl. A single
PAPP-A level, determined at the time of admission, also showed a significant pre-
dictive value. Similar results were shown, for example, in Heeschen and cowork-
ers’ (2005) study, in which the level of circulating PAPP-A >7.0 mIU/L, taken at
the time of admission and before the start of any anticoagulant treatment, was as-
sociated with a higher risk of death or myocardial infarction within 30 days com-
pared to PAPP-A <7.0 mIU/L in patients with low (<0.1 pg/L) admission TnT lev-
els (OR 2.55, 95% CI 1.22-5.36).

Study I measured the cTnl using the first generation Innotrac AIO assay with an-
alytical sensitivity 0.05 pg/L. The cut-off value at 10% imprecision (CV) was 0.22
pg/L, which was used to define cTnl negativity. According to ESC/ACC guide-
lines published already in 2000 (Alpert et al., 2000), the 99" percentile with CV <
10% should be used as the URL for troponin assays. However, none of the assays
available at that time met these criteria; therefore, the lowest concentration with
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imprecision of 10% was used as a cut-off point in the studies published at the early
2000s. The currently used hs-cTnl and hs-cTnT assays fulfill the strict guideline
criteria. The current guidelines also recommend using these high sensitivity tro-
ponin assays in clinical practice (Roffi et al., 2016).

It is a matter of debate whether or not the results would be the same using hs-cTn
to indicate the troponin negativity. Our own group (Eriksson et al., 2005) studied
the concordance between the first (innotrac AIO with cut off limit 0.22 pg/) and
the second generation cTnl (detection limit 0.012 pg/L, with cut-off value at 10 %
imprecision 0.06 pg/L); 14.3 %, 10.2 % and 8.3 % of patients classified as cTn
negative using the first generation assay had elevated (>0.06 pg/L) cTnl when
measured with the second generation assay at the time points of admission, 6-12 h
and at 24 h, respectively. This indicates about 10% crossover from the ¢Tn nega-
tive to the cTn positive group, expressing a not very significant diluting effect,
especially for the results of study I. When using the second generation cTnl, 142
(54%) patients remained cTnl negative in study III. The prognostic value of free-
PAPP-A for death and non-fatal MI was good (study III) in this ¢Tnl negative
group. Iversen and colleagues (2010) published similar results in patients with sus-
pected ACS but no evidence of ischemia on ECG and normal (<0.03 pg/L) cTnT
determined by second generation assay. The prognosis for death or non-fatal MI
was also good (3% event rate) in the lowest PAPP-A quartile compared to signifi-
cantly worse prognosis (event rate 15 %) in the highest quartile at three months in
this study (Iversen et al., 2010).

These results taken together support the view that the level of circulating PAPP-A
at admission, especially determined as freePAPP-A, may carry additional prog-
nostic information in suspected ACS patients with low or normal troponin levels
in situations in which the expected change in PAPP-A concentration is also small,
even when measured with high sensitivity cTn assays,

6.4 RELEASE KINETICS AND PROGNOSTIC PERFORMANCE OF CIRCULATING
PAPP-A IN STEMI (II)

The main mechanism of ST-elevation MI is the acute atherosclerotic plaque rup-
ture that activates platelets and a coagulation cascade, leading to intracoronary
thrombus formation and blockage of the nourishing blood flow to the myocardium.
The time of symptoms onset is possible to determine in most of the cases, in con-
trast with NSTEMI. Our study (II) was the first to clarify the release pattern and
the prognostic performance of circulating PAPP-A in the acute phase of STEMI.
The main finding was the early and high elevation of PAPP-A during the first
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hours, followed by a quite rapid decrease near to normal level, particularly in pa-
tients with clinical and ECG signs of early reperfusion, which fits the hypothesis
of PAPP-A release due to plaque rupture. The similar release pattern was repeated
by Iversen and coworkers (2008b) and Schoos and coworkers (2009). However,
Terkelsen and colleagues (2009) noticed a trend towards higher circulating con-
centration of PAPP-A in heparinized STEMI patients compared to historical con-
trols without heparin treatment and a clear re-elevation of PAPP-A with reinjection
of heparin in mice already heparinized. Hajek and colleagues (2011) confirmed the
effect of heparin on the release pattern of PAPP-A in STEMI by showing a com-
parable release pattern of PAPP-A to Study II. However, the observed heparin
effect does not exclude the possible plaque derived PAPP-A release. In the work
of Terkelsen and coworkers, the median circulating PAPP-A level of STEMI pa-
tients without heparin treatment was 5.5 mIU/L, and one quarter of patients had
PAPP-A concentration over 24.0 mIU/I, while the normal reference limit was <10
mlU/L. To conclude, the natural release patterns of cPAPP-A in STEMI patients
remains obscure.

The prognosis of STEMI patients with high PAPP-A already at the time of admis-
sion was very poor, and the event-free survival rate for cardiovascular death or
non-fatal MI was significantly lower compared to patients with low PAPP-A (II).
Interestingly, the absence of late PAPP-A elevation was strongly associated with
early reperfusion and patency of the infarct-related artery, while the patients with
a biphasic release pattern were characterized by late or no reperfusion in a majority
of the patients (II). The difference cannot be explained by heparin treatment, be-
cause the recommendation was to continue LMWH treatment for several days after
STEMI in all patients at the time of patient enrollment. One explanation is that the
longer myocardial ischemia and larger myocardial damage increases PAPP-A con-
centration. A similar correlation with late or persistent PAPP-A elevation and the
concomitant clinical complications was later noticed in a smaller study by Hajek
and coworkers (2011). Although the precise mechanisms of PAPP-A elevation in
STEMI remain unclear, the elevated level of circulating PAPP-A also seems to
carry prognostic information in this patient group.

6.5 THE PROGNOSTIC PERFORMANCE OF FREE FORM OF PAPP-A (III)

As shown by our group, the freePAPP-A predominantly represents the circulating
PAPP-A fraction changing dynamically in ACS (Qin et al., 2005). Furthermore,
the concentration of freePAPP-A is negligible in an apparently healthy population
(Wittfooth et al., 2006) and <1% of totalPAPP-A concentration is in circulation in
the late phase of pregnancy (Overgaard et al., 2000). It would be expected that
freePAPP-A could be a more precise marker for ACS compared to totalPAPP-A
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when also taking the smaller interindividual variation into account (Wittfooth et
al., 2006). Contrary to previous studies, study III used freePAPP-A as a prognostic
marker in ACS, and the prognostic power was compared to totalPAPP-A in hepa-
rin-naive patients. FreePAPP-A, measured at the time of admission before any
heparin treatment, turned out to be an independent predictor of the combined end-
point of death or myocardial infarction during the one-year follow up. These re-
sults also confirmed the hypothesis of the superiority of freePAPP-A compared to
totalPAPP-A as a prognostic marker in ACS. Theoretically, the main advantage of
using freePAPP-A would be achieved in low PAPP-A levels supported by the find-
ing of the correlation of totalPAPP-A and freePAPP-A in higher levels but not the
lower ones.

No commercially available assays exist for freePAPP-A to our knowledge, and
study III is the first - and up to this point, the only - to use freePAPP-A as a prog-
nostic marker in the settings of ACS. While freePAPP-A seems to be a superior
marker compared to total PAPP-A, the fact that two separate assays are needed is
a clear methodological limitation; thus, an obvious need exists for a direct free-
PAPP-A assay, which is in the development phase in our group’s laboratory.



62 Conclusions

7 CONCLUSIONS

The main conclusions based on the current study’s results are summarized as fol-
lows:

1. The level of circulating totalPAPP-A, notably when determined at an early
phase, i.e., at admission, has prognostic value for cardiac adverse events
especially in patients representing with suspected ACS with minimal or no
troponin I elevation and in patients with STEMI.

2. A circulating free form of PAPP-A holds promise to be superior as a prog-
nostic marker for death or myocardial infarction compared to totalPAPP-A,
giving independent and additive prognostic information when measured at
the time of admission and before any heparin treatment in patients hospital-
ized for NSTE-ACS.

3. The heparin treatment increases the level of circulating PAPP-A and should
be taken into account when assessing the utility of PAPP-A as a prognostic
marker in ACS. With the currently available technology, the samples should
be collected before any heparin treatment.

Although the level of circulating PAPP-A has prognostic value in patients rep-
resenting with suspected ACS, the uncertainties (like interaction with concomi-
tant heparin treatment) linked to available PAPP-A assays, the lack of clear de-
cision cut points and the wide interindividual variation in the concentrations lim-
it the use of PAPP-A in clinical practice so far. Nevertheless, PAPP-A may still
have potential as a marker of plaque activity, and our results are not in conflict
with this theory. However, an obvious need exists for a direct freePAPP-A assay
to eliminate the interindividual and the interassay variation; further research is on-
going by our group to reach this target. At present, there are no data on potential
pharmacological or interventional measures to improve the prognosis of patients
with elevated circulating PAPP-A, which remains to be clarified in further studies.
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