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ABSTRACT. The relationship between serum neopterin levels and 
coronary heart disease (CHD) was investigated. Eighty-six CHD 
patients were divided into an acute myocardial infarction (AMI) 
group (N = 21), an unstable angina pectoris (UAP) group (N = 35), 
and a stable angina pectoris (SAP) group (N = 30), based on coronary 
angiography (CAG), 30 subjects without CHD served as the control 
group. Serum neopterin levels were determined by enzyme linked 
immunosorbent assay (ELISA), and relationships between neopterin 
and the severity of stenosis, stenosis number, and the stability of 
coronary artery were analyzed. Serum neopterin levels were higher in 
the AMI and UAP groups than in the SAP and control groups (P < 
0.01), but no significant differences were observed between the AMI 
and UAP groups or between the SAP and control groups (P > 0.05). 
Mean serum neopterin levels were higher in the single, double, and 
three vessel lesion groups than in the control group (P < 0.05), whereas 
there were no significant differences among the lesion groups (P > 
0.05). Serum levels of neopterin were significantly higher in the type 
II than in the type I or type III, plaque groups (P < 0.01), the incidence 
of type II plaque was significantly higher in the AMI and UAP groups 
compared to the SAP group (P < 0.01). Neopterin likely plays a role in 
the occurrence and development of athermanous plaque and can serve 
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as a useful biomarker of vulnerable plaques. Immunoreaction may be 
involved in the pathophysiological process of CHD.
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INTRODUCTION

Coronary heart disease (CHD) is the most common type of organ lesions caused by 
atherosclerosis, and is a cardiovascular disease with serious hazards to human health. Acute 
coronary syndrome (ACS) is the serious clinical manifestation of CHD. The main mecha-
nism of ACS is based on coronary atherosclerotic lesions, in which vulnerable plaques ap-
pear, crack, erode, rupture, and result in secondary platelet aggregation and thrombosis, which 
causes either complete or incomplete coronary artery occlusion (Depré et al., 1997).

ACS pathogenesis is currently a popular research topic. The occurrence of ACS is 
closely related to plaque vulnerability and is disproportionate to the degree of coronary artery 
stenosis (Naghavi et al., 2003). Coronary angiography data show that 60 to 70% of ACS had 
occurred in patients with mild to moderate coronary atherosclerotic lesions; however, patients 
with similar coronary artery stenosis severity have significantly different clinical presentations 
and prognoses. Some patients with severe vascular disease or complete occlusion showed only 
mild clinical symptoms without myocardial infarction. This suggests that the clinical onset of 
CHD is not dependent on the degree of stenosis, but instead depends on whether the struc-
ture of the plaque is stable. Once patients with CHD suffer from ACS, damage is severe and 
mortality rates are high. Therefore, the identification of vulnerable plaque, blood, and myocar-
dium, as well as the identification of vulnerable patients, should be research priorities for car-
diovascular disease (Naghavi et al., 2003). In addition, determining chemical markers related 
to vulnerable plaque, the timely identification of vulnerable plaques, and early prediction of 
ACS are of great significance to reduce the incidence of ACS and associated mortality rates.

Recent studies have suggested that immune system activation plays a role in the 
pathogenesis of ACS (Curtiss et al., 2000). When animals’ respiratory tracts are infected 
with Chlamydia pneumonia, pathological changes may occur in their cardiovascular tissues 
with the participation of the immune system (Fan et al., 1999). Furthermore, phenotypes of 
lymphocytes and monocytes change in patients with atherosclerosis, as B1 and B2 integrant, 
which bind readily to inflammatory cells, are expressed on the cell surface. Transgenic ani-
mal experiments have demonstrated confirm that T lymphocytes and B lymphocytes play a 
pivotal role during the atherosclerotic process (Schmitz et al., 1998). The number of mac-
rophages and activated lymphocytes increases significantly in vulnerable plaque, which can 
make atherosclerotic plaques even more vulnerable. Once the macrophages are activated by 
γ-interferon, they can synthesize neopterin. Therefore, neopterin can act as a sensitive mark-
er of cell-mediated immune activation (Huber et al., 1984). The concentration of neopterin 
increases in patients with diseases related to cell-mediated immune activation (Wirleitner 
et al., 2002) and significantly increases in circulating blood of acute inflammation patients 
(Avanzas et al., 2004). The presents study aimed to investigate the relationship between 
neopterin and CHD. Neopterin levels were compared between in patients with CHD that 
varied in the stenosis degree of coronary artery disease, the number of diseased vessels, and 
plaque stability.
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MATERIAL AND METHODS

Research subjects

Eighty-six patients with CHD, including 49 men and 37 women, with an average age 
of 59.3 ± 10.2 years, were recruited from the Department of Cardiology, Nanyang Central 
Hospital. All CHD diagnoses were confirmed by coronary angiography based on the luminal 
diameter stenosis of no less than 50% in at least. One of the left main, left anterior descending 
artery, left circumflex artery, or right coronary artery (Gibbons et al, 1999). The 86 patients 
with CHD were divided into three groups: 21 patients were in the acute myocardial infarction 
(AMI) group, 35 patients were in the unstable angina pectoris (UAP) group, and 30 patients 
were in the stable angina pectoris (SAP) group. A further, 30 subjects, whose average age was 
57.3 ± 11.2 years, with a normal CAG result were chosen as the control group, including 17 
men and 13 women. Patients with other heart diseases, such as cardiomyopathy and valvular 
disease, as well as tumors, infections, systemic autoimmune diseases, liver and renal dysfunc-
tion, and significant cerebrovascular or peripheral vascular diseases were excluded. Differ-
ences in sex, age, smoking, hypertension, family history and blood lipid levels among groups 
were not statistically significant (P > 0.05).

Specimen collection

Three milliliters fasting venous blood was collected from patients in each group with-
in 24 h after hospitalization, except for patients with AMI and UAP, who were sampled im-
mediately upon hospitalization). All specimens were centrifuged at 1600 rpm for 5 min within 
30 min of collection. The serum was then separated and tubes were sealed. Specimens were 
stored at -30°C.

Detection of neopterin

Neopterin detection was carried out with enzyme linked immunosorbent assay (ELISA) 
using the IBL ELISA kit (Germany) in strict accordance with manufacturer instructions.

Coronary angiography, number of diseased coronary arteries, and plaque 
morphological classification

Using Judi kin’s catheter technology, coronary angiography was accomplished 
through the right femoral artery or the radial artery approach by conventional multi-position 
projection. Angiography results were analyzed by two or more experienced physicians. The 
maximum luminal diameter stenosis percentage, which showed the most serious stenosis, was 
calculated according to the angiography image in several projection positions. The left main, 
left anterior descending artery, left circumflex artery, and right coronary arteries were ana-
lyzed and then patients were sub-divided into the one, two, or three diseased vessels groups. 
Main vessels, such as diagonal vessels and edge vessels, were classified together for statisti-
cal analyses. Based on the plaque morphological classification of Ambrose (Ambrose et al., 
1985), coronary atherosclerotic lesions were divided into three types. Type I lesions show a 
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smooth surface and wider basement, and are centripetal or eccentric lesions. Type II lesions 
have narrow basements or a closed angle shape (smooth or rough surface), a niche, or a rough 
surface or crater shape (centripetal or eccentric). Type III lesions are agree segmented irregular 
stenosis lesions.

Statistical analysis

The statistical software package SPSS10.0 was used for all analyses. Measurement 
data is expressed as means ± standard deviation. The Student test and the chi-squared test were 
used for between group comparisons. P < 0.05 represented statistically significant 

RESULTS

Comparison of neopterin concentrations in serum between CHD subunits and 
control group

Neopterin concentrations in the CHD groups and the control group are shown in Table 
1. Neopterin concentrations in the serum of patients in the AMI and UAP groups were signifi-
cantly higher than those of the SAP and control group (P < 0.01), but there was no statistical sig-
nificance between the AMI and UAP groups, or between the SAP and control groups (P > 0.05).

Groups	 N	 Neopterin (nM)

AMI	 21	 11.85 ± 2.30
UAP	 35	    9.94 ± 1.91a

SAP	 30	     8.13 ± 2.10bc

Control	 30	      7.97 ± 1.99bcd

AMI = acute myocardial infarction; UAP = unstable angina pectoris; SAP = stable angina pectoris. Compared 
with AMI group: aP > 0.05; bP < 0.01, compared with UAP group: cP < 0.01, compared with SAP group: dP > 0.05.

Table 1. Contrasts of neopterin concentration in serum between CHD subunits and control group (means ± SD).

Comparison of neopterin concentration in serum between groups varying in 
diseased coronary artery numbers and control group

Neopterin concentrations in the coronary artery severity groups are shown in Table 2. 
Neopterin concentrations in serum of patients with CHD in the one, two, and three diseased 
vessels groups were significantly higher than that of the control group (P < 0.05). There were 
no statistically significant differences among the three diseased vessel groups (P > 0.05).

Groups	 N	 Neopterin (nM)

One diseased vessel	 43	  9.89 ± 1.28
Two diseased vessels	 22	 10.07 ± 1.81a

Three diseased vessels	 20	    9.93 ± 1.91ac

Control	 30	     7.97 ± 1.99bde

Compared with one diseased vessel group: aP > 0.05; bP < 0.05, compared with two diseased vessels group: cP > 
0.05, dP < 0.05, compared with three diseased vessels group: eP < 0.05.

Table 2. Contrasts of neopterin concentration in serum between groups with different diseased coronary artery 
numbers and control group (means ± SD).
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Comparison of neopterin concentration in serum between groups with different 
coronary artery plaque shapes and control group

Neopterin concentrations of different plaque types are shown in Table 3. Neopterin 
concentrations in serum of type I, type II, and type III patients were higher than that of the 
control group. Furthermore, neopterin concentrations in serum of patients in the type II group 
were higher than those of the type I and type III groups.

Groups	 N	 Neopterin (nM)

Type I plaque	 21	 8.01 ± 1.18
Type II plaque	 38	 10.97 ± 2.81*
Type III plaque	 27	  8.33 ± 2.01#

Control	 30	 7.97 ± 1.99

Compared with Type I and Type III plaque groups: *P < 0.01, compared with Type I plaque group: #P > 0.05.

Table 3. Contrasts of neopterin concentration in serum between groups with different coronary artery plaque 
shapes and control group (means ± SD).

Comparison of coronary artery disease plaque shapes among CHD subunits

Results of the frequencies of plaque shapes in CHD patients are shown in Table 4. The 
incidence of Type II plaques was significantly higher in the AMI and UAP groups than in the 
SAP group, whereas type I and type III plaques were lower in the AMI and UAP groups than 
in the SAP group (P < 0.01).

Groups	 N		  Different plaque types (%)

	 	 Type I plaque	 Type II plaque	 Type III plaque

AMI	 21	 4 (19.05)	 3 (61.90)	  4 (19.05)
AUP	 35	   7 (20.00)*	  20 (57.14)*#	   8 (22.86)*
SAP	 30	 10 (33.33)△	   5 (16.67)△	 15 (50.00)△

Compared with AMI group: *P > 0.05, compared with SAP group: #P < 0.01, compared with AMI group and UAP 
group: △P < 0.01. For abbreviations, see legend to Table 1.

Table 4. Contrast of incidence of different coronary artery disease plaque shape among CHD subunits.

DISCUSSION

The association between inflammation and atherosclerosis has received increasing 
attention in recent years. More and more studies have demonstrated that local and systemic 
inflammation plays an important role in the occurrence and development of atherosclerosis, 
as well as in its related complications. A variety of inflammatory cells (e.g., coenocytes, mac-
rophages, T-lymphocytes), cytokines, adhesion molecules, and growth factors are involved in 
the formation and development of atherosclerosis. In addition, these cells may play an impor-
tant role in the early initiation of ACS.

The main determinants of plaque stability, such as lipid core size, fibrous cap thick-
ness, and damage repair capacity, are all related to the inflammatory response, especially the 
number and activity of monotypes macrophages. The major lipid components, including cho-
lesterol and cholesterol ester, make their way into plaques, which is the result of the common 
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role of inflammatory cells. Low-density lipoproteins (LDLs) and coenocytes each combine 
with dysfunction of endothelial cell adhesion The former are modified to oxidized low density 
lipoproteins (OX-LDLs), whereas the latter evolve into macrophages and express scavenger 
receptors, engulf lipid into foam cells, and release lipids after their death, which then consti-
tutes the core of the plaque. Inflammatory cells can reduce the thickness of the fibrous cap 
in three ways (Weissberg, 2000): i) mononuclear macrophages can produce metal protease 
(MMPs), which can specifically combine with extracellular matrix components, which leads 
to fiber cap matrix degradation; ii) γ-interferon and other cytokines can inhibit proliferation 
and collagen synthesis of vascular smooth muscle cells (VSMC), and can further promote the 
expression of MMP genes; iii) activated macrophages can induce VSMC apoptosis.

Several mononuclear macrophages and T lymphocytes have been shown to infiltrate 
and they are activated in unstable plaque and ruptured plaque. The extent of such infiltration 
is significantly higher than in stable plaque, and is positively correlated with disease severity 
and patient prognoses (Ueland et al., 2006). Urgency of clinical onset of CHD is not depen-
dent on the stenosis degree, but instead depends on the structural stability of plaque. Once 
patients with CHD suffer from ACS, there will be great harm and high mortality. Therefore, 
determining chemical markers related to vulnerable plaque, timely identification of vulnerable 
plaques, and early prediction of ACS is of great significance to reduce the incidence of ACS 
and associated mortality rates. To date, several markers, such as C-reactive protein (CRP) and 
interleukin (IL), have been applied in clinical experiments. However, these markers are all 
systemic and are non-specific.

Neopterin is the most important pteridine in body fluids. It is an intermediate me-
tabolite in guanosine triphosphate metabolism and in tetrahydrobiopterin biosynthesis and 
it can be used as a hydroxylation cofactor of several neurotransmitter enzymes, such as phe-
nylalanine and tyrosinase. Neopterin is produced by mononuclear macrophages, which are 
excited by γ-interferon that is secreted by activated T lymphocytes. Therefore, neopterin levels 
directly reflect the activation of macrophages, T lymphocytes, and cellular immunity (Weiss-
berg, 2000). Since the concentration of neopterin reflects the level of γ-interferon secreted by 
activated T lymphocytes, which in turn directly reflects the condition of cellular immunity 
function in the body (Caligiuri et al., 1998), the concentration of neopterin can be detected 
to assess cellular immunity function. Due to its high chemical stability and low molecular 
weight, neopterin can easily penetrate into the blood circulation. Furthermore, the conditions 
of neopterin do not change in damaged areas, as do other substances with active chemical 
properties and high molecular weights. The neopterin level of peripheral blood can be detected 
to reflect the neopterin concentration of coronary artery blood, which can be used to assess the 
character and degree of coronary artery lesions.

Results of the present study revealed that neopterin concentrations of the AMI and 
UAP groups were significantly higher than those of the SAP and control groups, whereas the 
difference between the AMI and UAP groups was not statistically significant, nor was the 
difference between the SAP and control groups. These results suggest that activation of the 
mononuclear phagocyte system plays an important role in the onset of CHD. Plaque rupture 
induced by inflammatory mediators often occurs in patients with AMI. Ruptured plaques can 
further adsorb activated mononuclear macrophages and other inflammatory cells, which leads 
to a massive release of neopterin and other inflammatory markers. Neopterin activates endog-
enous and inducible nitric oxide syntheses to regulate the intracellular redox state (Glynn et 
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al., 2000; Domanski et al., 2001) and to promote the transcription of the NF-κB subunit in the 
nucleus (Werle et al., 2002). The cell-mediated immune response is one type of atherosclerosis 
pathogenesis.

This study also demonstrated that the difference in neopterin concentration among the 
one, two, and three diseased vessels groups was not statistically significant, which suggests 
that neopterin is not related to the number of diseased coronary arteries, and that the coronary 
angiography shows the shape of plaque rather than its internal structure and properties. Due to 
its own limitation, coronary angiography can not directly reflect the property of plaque. There-
fore, vulnerability should not be determined solely on the basis of the stenosis degree and the 
extent revealed by coronary angiography, but should instead be based on the recognized “gold 
standard, which should be complemented via intracoronary ultrasound as well as the detection 
of serum markers and other substances.

In the present study, we found that type II plaque was often seen in patients with AMI 
or UAP, while type I and type III plaques were often seen in SAP patients. This result is simi-
lar to those of Monroe et al. (2002). Plaque morphological features may indirectly reflect the 
stability of the plaque. Type II plaque often represents morphological changes in ACS plaque, 
while type I and type III plaque reflect changes in SAP plaque. This study demonstrated that 
the neopterin concentration of the type II plaque group was significantly higher than those of 
type I and type III plaque groups, which suggests that neopterin is related to unstable plaque. 
Therefore, neopterin can be efficiently used as a marker for the assessment of plaque stability.
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