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Recent data indicate that the serum level of neopterin, a marker of inflammation and immune
modulator secreted by monocytes/macrophages, is elevated in patients with acute coronary syndrome (ACS) and seems to be a prognostic marker for major cardiovascular events. Soluble cellular adhesion molecules (sCAMs) and myeloperoxidase (MPO) levels are also related to ACS.
The aim of the present study was to evaluate differences in serum levels of neopterin, sCAMs
and MPO between coronary artery disease and metabolic syndrome (CAD-MetS) patients with
stable and unstable angina pectoris (SAP, UAP), and to clarify the relationships between neopterin and other biomarkers. The study included 60 patients with CAD-MetS who were classified
into two groups, 30 patients with SAP and 30 patients with UAP. Twenty healthy subjects were
selected as controls (C). Serum soluble vascular cell adhesion molecule-1 (sVCAM-1), intercellular cell adhesion molecule-1 (sICAM-1), sE-selectin and MPO levels were measured by Luminex
xMAP technology, and serum neopterin concentrations were measured by radioimmunoassay.
Results: Serum levels of neopterin, MPO, sVCAM-1, sICAM-1, and sE-selectin were significantly
higher in patients with UAP in comparison with the group of healthy controls (P < 0.05). Patients
with SAP also had higher levels of these biomarkers than those in healthy controls (P < 0.05), except for sE-selectin. The biomarker level did not differ between the two patient groups, except for
MPO, which was significantly higher in the USP group (P < 0.05). Neopterin was significantly correlated only with sVCAM-1 (P < 0.05). In conclusion, CAD-Met patients with SAP had more apparent raised levels of serum sICAM-1 and sVCAM-1, simultaneously with higher MPO and
neopterin concentrations, in comparison to those in healthy subjects. However, UAP is also associated with more substantial changes in MPO and significantly increased sE-selectin levels.
Neopterin concentration was had a close correlation only with sVCAM-1.
Key words: neopterin, cellular adhesion molecules, myeloperoxidase, angina pectoris, metabolic
syndrome, coronary artery disease.
INTRODUCTION
Both endothelial cell activation and macrophage activation
play significant roles in atherogenesis and atheromatous
plaque vulnerability and may determine rapid coronary artery disease (CAD) progression (Zouridakis et al., 2004).
Markers of systemic inflammation and macrophage activation, i.e., serum neopterin and C-reactive protein (CRP) levels, have been found to be associated with the presence of
complex stenoses and the development of serious cardiovascular events (Avanzas et al., 2004a). There are data show-

ing that serum levels of neopterin are elevated in patients
with acute coronary syndromes (ACS), compared with
those in stable angina pectoris (SAP) and healthy control
subjects. In unstable angina pectoris (UAP), serum neopterin levels are associated with the presence of vulnerable
coronary stenosis, multiple complex coronary lesions, and
patient outcome. Serum neopterin is an independent predictor of major adverse coronary events in patients with
chronic SAP and as a marker of macrophage activation it
may be useful for risk stratification in patients with chronic
SAP (Avanzas et al., 2005).
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Although studies have reported an association between
neopterin and the extent of atherosclerosis, serum neopterin
levels are not correlated with severity or extent of CAD
(Schumacher et al., 1997; Avanzas et al., 2005), which suggests that neopterin may be a marker of inflammatory coronary disease activity, rather than a measure of the anatomical extent of the coronary atheromatous process (Avanzas et
al., 2005). Neopterin stimulates nuclear factor-kB translocation to the nucleus (Wirleitner et al., 1997), promoting the
expression of proinflammatory genes, adhesion molecules,
tissue factor, and other substances implicated in the inflammatory processes that take place within the arterial wall in
atherogenesis and atheromatous plaque disruption. Avanzas
et al. have shown that serum neopterin concentrations are
associated with the development of adverse cardiovascular
events in patients with SAP. This association is independent
of the severity of CAD. Neopterin may thus be a useful
marker of risk of future coronary events in these patients
(Avanzas et al., 2005).
Soluble cellular adhesion molecules (sCAMs) have also
been suggested to represent an important factor in
atheromatous plaque disruption and the occurrence of ACS
(Ridker et al., 1998). The expression of soluble vascular
cell adhesion molecule-1 (sVCAM-1) and intercellular cell
adhesion molecule-1 (sICAM-1) is increased in response to
inflammatory cytokines or oxidised low-density lipoprotein
(LDL). Because these molecules are also expressed on a variety of cell types, including smooth muscle cells or
monocytes, they are not endothelial cell specific (Constans
et al., 2006). sICAM-1 and sVCAM-1 have been detected
in atherosclerotic plaques. Both sICAM-1 and sVCAM-1
levels are higher in variant angina pectoris patients than in
healthy controls (Miwa et al., 1997). Metabolic syndrome
(MetS), which is frequently present in CAD patients, is considered a state of chronic inflammation closely associated
with endothelial dysfunction causing an increased incidence
of ischemic cardiovascular events and high mortality.
Low-grade inflammation is manifested in patients with increased plasma levels of sVCAM-1, sICAM-1 and endothelial-leukocyte adhesion molecule-1 (sE-selectin) (Gonzalez
and Selwyn, 2003), which are correlated with inflammatory
markers e.g., CRP, tumour necrosis factor-alpha (TNF-a),
interleukin (IL)-6, and IL-1 (Ruotsalainen et al., 1998).
Despite the fact that many studies have reported cytokine
imbalance in ACS (Alam et al., 2004) there is a lack of evidence of a significant correlation between neopterin and
cytokines, including sCAMs. Data of recent studies confirm
the pivotal role of sCAMs in the development of CAD, but
it is still unclear which type of sCAMs has a closer relationship to acute coronary syndrome.
It is known that myeloperoxidase (MPO) is a heme protein
produced by activated neutrophils, monocytes, and tissue
macrophages and catalyses the modification of LDL, which
is a critical step in atherogenesis (Zhang et al., 2001). Several studies have suggested that there is an association between MPO level and CAD (Zhang et al., 2001). In a prospective study of patients presenting to the emergency

department with chest pain, elevated MPO levels identified
patients with undetectable troponin T levels, who were at
increased risk of myocardial infarction (MI) during their
hospital stay or after discharge (Brennan et al., 2003). MPO
independently predicts CAD (Nicholls and Hazen, 2005)
and may participate in plaque vulnerability and instability
process (Roman et al., 2010), but there are only a small
number of comparative studies of MPO and other cytokines
that indicate endothelial activity, in patients with SAP and
UAP.
The purpose of the present study was to evaluate alterations
in serum levels of neopterin, sCAMs and MPO in coronary
artery disease patients with metabolic syndrome (CADMetS), who were diagnosed with either SAP or UAP, and to
clarify relationships between neopterin and other biomarkers.
MATERIALS AND METHODS
Subjects. CAD-Met patients with dyslipidemia were classified into two groups: 30 patients with SAP, and 30 patients
with UAP. 20 healthy subjects were selected as controls
(C). The study groups were matched for age, sex and number of smokers, and the patient groups also for body mass
index (BMI), type-2 diabetes mellitus (T2DM) and hypertension. Demographic and clinical data of the study groups
are presented in Table 1.
The diagnosis of CAD was substantiated by coronary angiography. Digital coronary angiography was performed by
means of a GE Medical System X-ray digital angiography
system. Results of coronary angiography were accepted as
positive if stenosis 50% of at least one of the three main
epicardial branches of coronary arteries was detected. In
UAP patients, coronary angiography was performed at the
emergency department, and the diagnosis of CAD in SAP
patients was angiographycally confirmed at least six months
earlier. SAP was defined as angina pectoris symptoms stable for 3 months. We did not include patients with previous history of coronary artery bypass graft surgery, myocardial infarction (MI) (as defined by standard World Health
Organization criteria), or clinically significant valve heart
disease. Previous history of UAP (defined according to
Braunwald’s classification (Braunwald, 1989) was also assessed in every patient. MetS was diagnosed according to
the International Diabetes Foundation criteria with specific
reference to the European population (Alberti et al., 2005).
T2DM was defined as a reported history of diabetes and
treated with antidiabetic drugs. Duration of T2DM was 5 ±
3 years and glycated hemoglobin HbA1c in diabetics was
less than 7.5%. Diabetics were not undergoing insulin therapy and lacked pronounced diabetic complications. Patients
who had evidence of peripheral vascular disease or cerebral
ischemia were not included. Other exclusion factors were
acute inflammatory condition or chronic inflammatory
states, such as rheumatoid arthritis, systemic lupus erythematosus, vasculitis, inflammatory bowel disease, renal or
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Table 1
ANTHROPOMETRIC AND LABORATORY PARAMETERS OF STUDY GROUPS
Healthy controls; C
(n = 20)

Coronary artery disease patients with metabolic syndrome; CAD-MetS
stable angina pectoris;
SAP
(n = 30)

P

unstable angina pectoris;
UAP
(n = 30)

Age, years

55.3 ± 11.2

57.3 ± 9.6

60.5 ± 5.1

NS

Men, %

30 (n = 6)

30 (n = 9)

33 (n = 10)

NS

20 (n = 4)

20 (n = 6)

17 (n = 5)

NS

25.4 ± 4.0

37.1 ± 2.7

38.7 ± 5.3

<0.001

90 ± 8

120 ± 8

124 ± 6

<0.001

Dyslipidemia, %

0 (n = 0)

100 (n = 30)

100 (n = 30)

<0.001

Type-2 diabetes mellitus, %

0 (n = 0)

17 (n = 5)

20 (n = 6)

<0.001

Hypertension, %

0 (n = 0)

80 (n = 24)

80 (n = 24)

<0.001

Triglycerides, mmol/l

1.6 ± 0.9

2.6 ± 0.6

2.6 ± 0.3

<0.001

High-density lipoprotein-cholesterol, mmol/l

1.2 ± 0.2

0.7 ± 0.2

0.7 ± 0.1

<0.001

Low-density lipoprotein-cholesterol, mmol/l

3.8 ± 0.9

5.9 ± 1.2

5.7 ± 1.1

<0.001

High-sensitivity C-reactive protein, mg/l

1.4 ± 0.7

2.8 ± 1.1

5.8 ± 2.9

<0.001

Smoker, %
2

Body mass index, kg/m
Waist, cm

Data are expressed as number (n), or means ±SD.
NS = not significant (P > 0.05 compared to all group)

liver diseases, or malignancies and other diseases known to
be associated with significant changes of cytokines, including surgery or trauma within the preceding 30 days. We did
not include patients who were taking COX-2 inhibitors,
nonsteroidal antiinflammatory agents or corticosteroids, or
had been taking them within the preceding 30 days. All subjects gave their informed consent to the protocol, which was
approved by the local Medical Ethics Committee of the
University of Latvia for Biomedical Research.
Measurements. Blood samples (5 ml) for the determination
of cytokines were collected after a 12-h fast and allowed to
coagulate for 20 to 30 min at room temperature. Sera were
separated by centrifugation at 4 C for 20 min at 1600 x g.
All specimens were immediately aliquoted, frozen, and
stored at -80o. sVCAM-1, sICAM-1, endothelial-leukocyte
adhesion molecule-1 (sE-selectin), and MPO concentrations
were measured by Luminex xMAP technology (Millipore
GmbH), and serum neopterin levels were measured by commercially available radioimmunoassay (Brahms Diagnostica
GmbH). CRP concentrations were measured with a highsensitivity Immulite ELISA immunoassay (DPC, Gwynedd
Ltd.). Fasting concentrations of lipids, glucose, and other
routine blood biomarkers were analysed by standard methods.
Statistical analysis. After testing the normality of data distribution with the Kolmogorov-Smirnov test (neopterin and
all other biomarkers had a normal distribution), statistical
differences between two groups were analysed by a twosided unpaired Student's t test and differences between three
groups assessed by Kruskal-Wallis test. Data were recorded
as the means ± SD and a two-tailed value of P < 0.05 was
considered to be significant. Correlation analyses were performed using one-factor linear regression analysis. All

analyses were performed using STATISTICA 7 software
(StatSoft Inc., USA).
RESULTS
Both patient groups demonstrated significantly higher neopterin levels than in the group of healthy controls (C: 4.79 ±
0.76, SAP: 6.81 ± 3.26, UAP: 6.64 ± 3.55 nmol/l, P < 0.05),
while the level of neopterin in the UAP group was not
higher than that in the group of SAP patients (Fig. 1).
Serum levels of sVCAM-1, sICAM-1, and sE-selectin in
patients with UAP (P < 0.05) were significantly higher in
comparison with those in the control group (P < 0.01), but
were not different from those in the SAP group, except for

Fig. 1. Neopterin level in stable (SAP) and unstable angina pectoris
(UAP) patients with coronary artery disease and metabolic syndrome; and
healthy subjects (C). Data are expressed as mean ± SD. *P < 0.05 vs. controls.
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Fig. 2. Soluble vascular cell adhesion molecule-1 (sVCAM-1) level in stable (SAP) and unstable angina pectoris (UAP) patients with coronary artery disease and metabolic syndrome; and healthy subjects (C). Data are
expressed as mean ± SD. * P < 0.05, **P < 0.01 vs. controls.

Fig. 4. Soluble endothelial-leukocyte adhesion molecule-1 (sE-selectin)
level in stable (SAP) and unstable angina pectoris (UAP) patients with coronary artery disease and metabolic syndrome; and healthy subjects (C).
Data are expressed as mean ± SD. *P < 0.05 vs. controls.

Fig. 3. Soluble intercellular cell adhesion molecule-1 (sICAM-1) level in
stable (SAP) and unstable angina pectoris (UAP) patients with coronary artery disease and metabolic syndrome; and healthy subjects (C). Data are
expressed as mean ± SD. *P < 0.05, **P < 0.001 vs. controls.

Fig. 5. Myeloperoxidase (MPO) level in stable (SAP) and unstable angina
pectoris (UAP) patients with coronary artery disease and metabolic syndrome; and healthy subjects (C). Data are expressed as mean ± SD. *P <
0.0001 vs. controls.

the level of sE-selectin, which in this group of patients did
not differ from that in healthy controls (Figs. 2, 3 and 4).
A significant increase in serum MPO concentrations was
observed in both patient groups (P < 0.001), and the MPO
level in the UAP group was higher compared to that of the
SAP group (SAP: 137.5 ± 79.9 vs. UAP: 221.1 ± 196.9
ng/ml, P < 0.05) (Fig. 5).
Serum neopterin levels were significantly correlated with
sVCAM-1 concentrations (r = 0.28, P < 0.05) (Fig. 6), but
no correlations were established with other biomarkers.
DISCUSSION
Inflammation is a crucial factor in atherogenesis and CAD
progression and there is evidence that molecules such as

Fig. 6. Correlation of neopterin and soluble vascular cell adhesion molecule-1 (sVCAM-1) levels in total clinical material (r = 0.28, P < 0.05).
Proc. Latvian Acad. Sci., Section B, Vol. 65 (2011), No. 3/4.

90

Unauthenticated
Download Date | 12/20/15 7:45 AM

CRP, neopterin, and sCAMs may not be just markers of inflammation and cardiovascular risk, but that they also likely
play a pathogenic role in atheromatous plaque vulnerability
and rapid coronary stenosis progression (Burke et al.,
2002).
The results of the present study indicate that CAD-MetS patients with SAP have higher serum levels than do healthy
controls regarding two circulating sCAMs: sICAM-1 and
sVCAM-1, and also significantly higher serum neopterin
and MPO levels. UAP was associated with significantly
elevated sE-selectin concentration and the increase in MPO
was more pronounced in UAP than SAP patients. The study
showed a significant correlation between serum neopterin
and sVCAM-1. However, no correlation was found between
neopterin and other biomarkers.
Neopterin, a molecule secreted by activated macrophages
on stimulation by interferon-gamma (Huber et al., 1984),
has previously been reported to be elevated in the serum of
patients with ACS, compared with patients with stable
forms of CAD, and correlated with increased cardiovascular
risk (Avanzas et al., 2004b). There is evidence that increased neopterin levels are an independent predictor of
180-day adverse cardiac events in patients with ACS (Kaski
et al., 2008) and that neopterin may thus be clinically useful for patient risk stratification (Estévez-Loureiro et al.,
2009). Although our data showed that serum neopterin levels in CAD-MetS were significantly higher than those in
healthy controls, the increase was similar in UAP and SAP.
Neopterin is considered to be a pathogenic factor in the development of cardiac dysfunction in chronic disease states
with high neopterin levels secondary to activation of the immune system (Balogh et al., 2005). Neopterin is a sensitive
indicator for cellular immune activation. Furthermore, reactive oxygen species are produced in cases of immune activation and inflammation (Murr et al., 2009). Previous studies indicate that neopterin exerts a direct effect on human
coronary artery endothelial cells by promoting sCAMs and
tissue factor expression and support the hypothesis that
neopterin, besides representing a marker of inflammation,
might be an effector molecule able to induce a pro-atherothrombotic phenotype in cells of the coronary circulation
(Cirillo et al., 2006).
In recent years, special attention has been paid to the potential value of sCAMs as biomarkers for CAD risk (Blankenberg et al., 2001). sCAMs may be important in atherosclerosis, inasmuch as they facilitate the immigration of
leukocytes into the vessel wall (van der Meer et al., 2002).
However, reports on sCAMs and atherosclerosis are not
consistent. Several studies have reported significant associations of sICAM-1 (Hwang et al., 1997), sVCAM-1 (Peter et
al., 1997) or both sCAMs (Blankenberg et al. 2001) with
measures of atherosclerosis. Our findings support the notion
(Kressel et al., 2009) that adhesion molecules are excellent
markers of CAD risk, especially in metabolic syndrome patients. Nevertheless, clinical data regarding these soluble
sCAMs forms are controversial. For example, there are reports that support the notion that inflammation-related en-

dothelial cell activation is reflected mainly by increased
sICAM-1 levels (Zouridakis et al., 2004). Other studies, on
the contrary, have shown that sVCAM-1 is more closely related to ACS than sICAM-1. UAP is characterised by significant elevation of serum sVCAM-1 levels, which seems
to be related to enhanced platelet and leukocyte activation
(Mizia-Stec et al., 2002). It has been suggested that
sVCAM-1, but not sICAM-1, may serve as a marker of
CAD in patients with SAP (Eschen et al., 2005), and that
sVCAM-1 may represent the persistent existence of coronary endothelial dysfunction and may be an index that predicts progression of coronary atherosclerosis. These findings can be explained by the different roles of sICAM-1 and
sVCAM-1 in the progression of atherosclerosis. sICAM-1
appears to be a general marker of a pro-inflammatory status,
whereas sVCAM-1 emerges as a predictor for future
cardio-cardiovascular events in patients with pre-existing
disease (Blankenberg et al., 2003). Our data showed that
SAP and USP in CAD-MetS patients were associated with
equally significant elevation of sVCAM-1 and sICAM-1.
sE-selectin is specific for the endothelium and is increased
in CAD and diabetes mellitus (Constans and Conri, 2006).
A circulating form of sE-selectin may be released by enzymatic cleavage or may result from shedding of damaged or
activated endothelial cells (Pigott et al., 1992). Therefore,
plasma sE-selectin concentration may be a marker of endothelial cell damage or activation. In most studies, sEselectin levels have been found to be increased in patients
with UAP or acute MI when compared to healthy controls
(Mizia-Stec et al., 2002). However, the role of sCAMs in
risk stratification in patients with CAD is not established, as
the results on predicting cardiovascular risk are rather confusing (Zakynthinos and Pappa, 2009). An association between obesity in MetS patients and the expression of
sCAMs has also been demonstrated. This suggests that obesity is involved in the development of endothelial dysfunction. Studies on the effects of weight loss suggest that endothelial dysfunction caused by obesity is reversible.
Mechanisms that may explain these relationships include increased oxidative stress to the cardiovascular system in
overweight patients, increased production of inflammatory
markers by adipocytes, and metabolic stimuli such as the effect of insulin on the endothelium (Schram and Stehouwer,
2005). sCAMs may play an important role in the development of MetS and T2DM, as well as in their cardiovascular
complications. Strong evidence exists that an increased
level of sCAMs reflects an alteration of endothelial function, which may have pathophysiological consequences.
Inflammation and oxidative stress are associated with atherosclerosis. MPO is linked to both inflammation and oxidative stress by its location in leukocytes and its role in catalysing the formation of oxidising agents. Recent evidence
suggests that MPO activity precipitates atherogenesis.
Measurement of MPO in plasma may therefore contribute
to CAD risk stratification. Increasing evidence suggests that
MPO is causally linked to atherosclerosis and that its measurement may improve CAD risk estimation (Schindhelm et
al., 2009). MPO seems to contribute directly to the patho91
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genesis of ACS. The current data underscore the role of
MPO as a diagnostic marker in acute coronary disease;
however, the additive information derived from MPO is restricted to patients presenting in the early phase of symptom
onset (Rudolph et al., 2010). Oxidative stress participates in
all stages of cardiovascular disease, from lipoprotein modification to plaque rupture, and biomarkers of oxidative
stress predict development of CAD (Heslop et al., 2010).
Increased plasma levels of MPO independently predict endothelial dysfunction and CAD (Nicholls and Hazen, 2005),
even after adjusting for traditional risk factors or CRP. In
subjects presenting with acute coronary events, the serum
MPO level is a strong predictor of adverse cardiac outcome
(Baldus et al., 2003). Taken together, these findings suggest
a distinct role of the inflammatory markers studied in the
pathophysiology of CAD (Roman et al., 2010). Emerging
paradigms shift the focus from treating flow-limiting lesions and classic risk factors to a more integrated approach
that includes prevention and identification of plaque vulnerability and modifiable inflammatory triggers and mediators
(Alam et al., 2004).
Our findings show that CAD-Met patients with SAP demonstrate elevated serum sICAM-1 and sVCAM-1 concentrations and have higher MPO and neopterin levels, compared
to those in healthy subjects. The presence of UAP in CADMet patients is also associated with a more pronounced increase in MPO concentrations and significantly elevated
sE-selectin levels. Despite sICAM-1 and sVCAM-1 levels
being higher in angina pectoris patients than in healthy controls, neopterin has a close correlation only with sVCAM-1.
This shows the implication of neopterin in the development
of adverse cardiovascular events (UAP) by promoting elevation of sVCAM-1, which leads us to the conclusion that
both neopterin and sVCAM may be useful markers for predicting the risk of future coronary events in UAP patients.
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NEOPTERÎNS, ÐÛNU ADHÇZIJAS MOLEKULAS UN MIELOPEROKSIDÂZE PACIENTIEM AR STABILU UN NESTABILU STENOKARDIJU
Mûsdienu pçtîjumi liecina, ka pacientiem ar akûtu koronâro sindromu (ACS) ir palielinâta neopterîna koncentrâcija asins serumâ un tâ spçj kalpot kâ
prognostisks biomaríieris kardiovaskulâriem notikumiem. Seruma ðíîstoðo ðûnu adhçzijas molekulu (sCAMs) un mieloperoksidâzes (MPO) koncentrâcijas
palielinâðanâs arî ir saistîta ar ACS. Ðî pçtîjuma mçríis bija novçrtçt atðíirîbas neopterîna, sCAMs un MPO seruma koncentrâciju atðíirîbas koronârâs sirds
slimîbas un metabolâ sindroma pacientiem (CAD-MetS) ar stabilu un nestabilu stenokardiju (SAP, UAP), kâ arî noskaidrot neopterîna saistîbu ar minçtajiem
biomaríieriem. Pçtîjumâ tika iesaistîti 60 CAD-MetS pacienti, no kuriem 30 bija ar SAP un 30 ar UAP. 20 veseli voluntieri tika iekïauti kontroles grupâ (C).
Seruma ðíîstoðo vaskulâro ðûnu adhçzijas molekulu-1 (sVCAM-1), intracelulâro ðûnu adhçzijas molekulu-1(sICAM-1), ðíîstoðâ E-selektîna (sE-selectin) un
MPO koncentrâcijas tika noteiktas ar Luminex xMAP tehnoloìiju, bet seruma neopterîna koncentrâcija – radioimunoloìiski. Seruma neopterîna, MPO,
sVCAM-1, sICAM-1 un sE-selectin koncentrâcijas bija statistiski ticami augstâkas pacientiem ar UAP, salîdzinot ar C grupu (P < 0.05). Pacientiem ar SAP
arî bija bûtiski augstâka minçto biomaríieru koncentrâcija serumâ nekâ veseliem voluntieriem, izòemot sE-selectin koncentrâcijas, kas neatðíîrâs. Pçtîjuma
biomaríieru koncentrâcijas neatðíîrâs starp pacientu grupâm, izòemot MPO koncentrâciju, kas bija bûtiski lielâka USP pacientu grupâ (P < 0.05). Neopterîna
koncentrâcijas bûtiski korelçja tikai ar sVCAM-1 koncentrâcijâm (P < 0.05). Tâdçjâdi CAD-MetS pacientiem ar SAP ir bûtiskâk izteikts sVCAM-1 un
sICAM-1 seruma koncentrâciju palielinâjums, vienlaikus, lielâkas neopterîna un MPO koncentrâcijas, bet UAP saistîts ar vçl bûtiskâku MPO un sE-selectin
koncentrâciju palielinâðanos, salîdzinot ar veseliem voluntieriem. Seruma neopterînam ir cieða korelâcija tikai ar sVCAM-1.
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