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BACKGROUND: Interaction of the receptors for advanced glycation
end products (RAGEs) with advanced glycation end products (AGEs)
results in expression of inflammatory mediators (tumor necrosis factor-
alpha [TNF-a] and soluble vascular cell adhesion molecule-1
[sVCAM-1]), activation of nuclear factor-kappa B and induction of
oxidative stress — all of which have been implicated in atherosclerosis.
Soluble RAGE (sRAGE) acts as a decoy for the RAGE ligand and is
protective against atherosclerosis.

OBJECTIVES: To determine whether levels of serum sRAGE are
lower, and whether levels of serum AGEs, TNF-a and sVCAM-1 are
higher in non-ST elevation myocardial infarction (NSTEMI) patients
than in healthy control subjects; and whether sRAGE or the ratio of
AGEs to sRAGE (AGEs/sRAGE) is a predictor/biomarker of
NSTEMI.

METHODS: Serum levels of sSRAGE, AGEs, TNF-a and sVCAM-1
were measured in 46 men with NSTEMI and 28 age- and sex-matched

control subjects. Angiography was performed in the NSTEMI
patients.

RESULTS: sRAGE levels were lower, and levels of AGEs, TNF-a,
sVCAM-1 and AGEs/sRAGE were higher in NSTEMI patients than
in control subjects. SRAGE levels were negatively correlated with the
number of diseased coronary vessels, serum AGEs, AGEs/sRAGE,
TNF-a and sVCAM-1. The sensitivity of the AGEs/sRAGE test is
greater than that of the SRAGE test, while the specificity and predic-
tive values of the SRAGE test are greater than those of the AGEs/
sRAGE test for identifying NSTEMI patients.

CONCLUSIONS: Serum levels of sSRAGE were low in NSTEMI
patients, and were negatively correlated with extent of lesion, inflam-
matory mediators, AGEs and AGEs/sRAGE. Both sRAGE and AGEs/
sRAGE may serve as biomarkers/predictors for identifying NSTEMI
patients.
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dial infarction; Soluble receptor for advanced glycation end products;
Soluble vascular cell adhesion molecule-1; Tumor necrosis factor-alpha

dvanced glycation end products (AGEs) are a heterogen-

eous group of irreversible adducts resulting from non-
enzymatic glycation and oxidation of proteins, lipids and
nucleic acids (1,2). AGEs act on cell receptors for AGEs
(RAGEs). There are three forms of RAGEs (2-5) — full-length,
N-truncated and C-truncated soluble RAGEs (sRAGE). The
interaction of full-length RAGE with AGE:s leads to increased
expression of adhesion molecules, including soluble vascular
cell adhesion molecule-1 (sVCAM-1) and the cytokine tumor
necrosis factor-alpha (TNF-a) (2,6,7); activation of nuclear
factor-kappa B (6), which in turn leads to increased expression
of proinflammatory genes for adhesion molecules and cytokines
(2); and generation of oxygen radicals (8,9). SRAGE circulates
in the plasma (4) and acts as a decoy for RAGE ligands, com-
peting with full-length RAGE for ligand binding (10). It has a
protective role by preventing the activation of full-length
RAGE.

Adhesion molecules, cytokines and oxygen radicals are
involved in atherosclerosis, progression of lesions and lesion
instability (11-14). The AGEs and RAGE axis has been impli-
cated in the pathogenesis of atherosclerosis in diabetes (15-17).
sRAGE in animal models reduces atherosclerotic lesions,

aortic vascular cell adhesion molecule-1 and tissue factor
(18-20). The proximate cause of acute coronary syndrome
(ACS) is thrombosis and the principal underlying cause is ath-
erosclerosis. Because the combination of AGEs, RAGEs and
sRAGE determines the extent of vascular injury, the measure-
ment of these factors is appropriate for determining vascular
complications. However, it is not possible to measure RAGE in
humans, which is on the cell surface of the artery.

It is hypothesized that non-ST elevation myocardial infarc-
tion (NSTEMI) patients have lower levels of serum sRAGE
and/or higher levels of AGEs, and a higher ratio of AGEs to
sRAGE (AGEs/sRAGE) than healthy subjects. Because the
interaction of RAGE with AGE:s results in increased expression
of cytokines and adhesion molecules, and because sSRAGE neu-
tralizes AGEs, low sRAGE levels would be associated with high
levels of TNF-a and sVCAM-1. Therefore, the main objectives
of the present study are to determine whether levels of serum
sRAGE are lower, and whether levels of serum AGEs and AGEs/
sRAGE are higher in NSTEMI patients than in healthy subjects;
whether low levels of serum sRAGE, and high levels of serum
AGEs and AGEs/sRAGE are associated with high levels of
serum TNF-a and sVCAM-1; whether the number of diseased
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TABLE 1
Baseline characteristics of the study subjects

NSTEMI subjects

Control subjects

Subjects, n 28 46
Age, years 60+2.0 63.8+1.5
Smoking No Yes
Body mass index, kg/m? 25+1.5 29+0.7
Systolic BP, mmHg 125+4.3 150+15.8*
Diastolic BP, mmHg 78+2.7 68+10.4
Hypertension, n 0 35

TC, mmol/L 4.40+0.25 6.04+0.25*
HDL-C, mmol/L 1.35+0.14 0.92+0.30*
LDL-C, mmol/L 2.78+0.10 4.33+0.33*
Triglycerides, mmol/L 2.19+0.30 2.60+0.32
Risk ratio (TC/HDL-C) 3.89+0.33 7.62+0.55*
Glucose, mmol/L 5.78+0.32 5.55+0.21
Cardiac troponin I, ug/L 2.70+0.48
Creatine kinase, U/L 383+55.8

Results are expressed as mean = SE unless otherwise indicated. *P<0.05,
control versus non-ST elevation myocardial infarction (NSTEMI). BP Blood
pressure; HDL-C High-density lipoprotein cholesterol; LDL-C Low-density
lipoprotein cholesterol; TC Total cholesterol

coronary arteries is negatively correlated with serum sSRAGE and
positively correlated with serum TNF-a, sVCAM-1, AGEs and
AGEs/sRAGE; and whether the level of sSRAGE or AGEs/
sRAGE is a better biomarker/predictor of NSTEMI.

METHODS

Study population

The present study comprised 46 consecutive male NSTEMI
patients admitted to the Royal University Hospital,
Saskatoon, Saskatchewan, and 28 male age-matched control
subjects. Patients with NSTEMI and discrete de novo local-
ized lesions in single or multiple vessels, and who were
between 50 and 70 years of age were included in the study.
Patients with acute myocardial infarction within the previ-
ous five days, bypass surgery, inflammatory disease, valvular
heart disease, Alzheimer’s disease, diabetes and any current
smoking habits were excluded from the study.

The selected control subjects had no history of angina or
other heart disease, a normal resting electrocardiogram, were
normotensive, and had no current smoking habits, Alzheimer’s
disease, diabetes or inflammatory disease. Cigarette smokers
were defined as having smoked ‘ever’, rather than being current
or former smokers. Hypertension was defined as blood pressure
of greater than 140/90 mmHg, or the use of antihypertensive
medications. The study protocol was approved by the
Ethics Committee for Human Studies at the University of
Saskatchewan (Saskatoon) and Royal University Hospital.
Written informed consent was obtained from each participant.

Angiographic analysis

Angiography was performed and the angiograms were analyzed
by two observers blinded to the clinical characteristics of the
patients. Reference diameter, minimal lumen diameter, per-
centage of stenosis and lesion length were measured using a
semiautomated edge counter detection computer analysis sys-
tem (QCACMS Version 4, Medis Medical Imaging Systems
Inc, The Netherlands). Coronary angiography showed that
16 patients had one-vessel disease (1VD), 15 patients had
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two-vessel disease (2VD) and 15 patients had three-vessel dis-
ease or more (3VD). The number of diseased vessels was used
for correlation with biochemical parameters (sSRAGE, AGEs,
AGEs/sRAGE, TNF-a and sVCAM-1).

Biochemical measurements

Blood samples were collected for measurement of serum AGEs,
sRAGE, TNF-a, sVCAM-1, lipids, creatine kinase, cardiac
troponin I, glucose and glycated hemoglobin. Serum total
sRAGE levels were measured using a commercially available
ELISA kit (R&D Systems, USA). TNF-a was measured using
an ELISA kit (R&D Systems). sVCAM-1 was measured using
an ELISA kit (Abcam Inc, USA). AGE levels were measured
using a human AGE ELISA kit (BIOPCR, Beijing Zhonghao
Shidai Co Ltd, China). All measurements were made accord-
ing to the manufacturers’ protocols. Serum total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol, triglycerides, glucose and crea-
tine kinase were measured on a Beckman DxC-800 (Beckman
Coulter Inc, USA) using standard laboratory protocol.
Troponin I was measured using an Abbott Architect (i2000-SR,
Abbott Laboratories, USA)

Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and accuracy of the sSRAGE
and AGEs/sRAGE tests in identifying NSTEMI patients were
calculated as described by Glas et al (21).

Statistical analysis

The sample size was calculated, using a two-sided Satterthwaite
t test, to have 95% power and a 5% alpha level. Data are
reported as mean * SE. The data were compared between the
two groups using the two-tailed unpaired Student ¢ test. Single
linear univariate correlations (Pearson’s correlation coeffi-
cients) were calculated to evaluate the relationships between
circulating SRAGE levels and the following variables: serum
TNF-a, sVCAM-1, AGEs and AGEs/sRAGE. The serum lev-
els of SRAGE, AGEs, AGEs/sRAGE, TNF-a and sVCAM-1 in
1VD, 2VD and 3VD were compared with control values.
P<0.05 was considered significant.

RESULTS

The baseline characteristics of the NSTEMI and control sub-
jects are shown in Table 1. There were no significant differen-
ces in age, body mass index, diastolic arterial blood pressures
and serum glucose between the two groups. However, the levels
of TC, low-density lipoprotein cholesterol, triglycerides, risk
ratio (TC/HDL-C) and systolic arterial blood pressure were
higher, and levels of HDL-C were lower in NSTEMI patients
than in control subjects. All NSTEMI patients were smokers.
None of the control subjects were hypertensive; however, 76%
of the NSTEMI patients were hypertensive.

Serum sRAGE, AGEs, AGEs/sRAGE, TNF-o and
sVCAM-1

Serum levels of SRAGE, AGEs, AGEs/sRAGE, TNF-a and
sVCAM-1 are summarized in Figure 1. The level of sSRAGE in
the control subjects was 1287.0+41.5 pg/mL. The levels were
lower in NSTEMI patients than in control subjects. The levels
of AGEs in NSTEMI subjects were higher than in control sub-
jects (1192.5+82.6 ng/mL versus 669.4+47.9 ng/mL). The ratio
of AGEs/sRAGE was higher in NSTEMI patients than in
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Figure 1) Serum levels of soluble receptors for advanced glycation end products (sSRAGE), advanced glycation end products (AGEs), AGEs/
sRAGE, tumor necrosis factor-alpha (TNF-alpha) and soluble vascular cell adhesion molecule-1 (sVCAM-1) in control subjects and non-ST
elevation myocardial infarction (NSTEMI) patients. Results are expressed as mean + SE. ¥*P<0.05, control subjects versus NSTEMI patients

control subjects (1.72+0.14 versus 0.54+0.06). The levels of
TNF-a in control and NSTEMI subjects were 10.3+0.8 pg/mL
and 23.1+2.3 pg/mL, respectively. The levels of sVCAM-1 in
control subjects were lower than in NSTEMI patients
(651.0+35.5 ng/mL versus 1059.6+70.8 ng/mL).

Relation of sSRAGE, AGEs, TNF-a and sVCAM-1 with
number of diseased vessels

The levels of serum sRAGE, AGEs, AGEs/sRAGE, TNF-a
and sVCAM-1 in relation to the number of diseased vessels are
summarized in Figure 2. The levels of sSRAGE in patients with
1VD, 2VD and 3VD were 21%, 26% and 47% lower, respect-
ively, than in the control subjects. The values were not differ-
ent between patients with 1VD and 2VD; however, they were
lower in patients with 3VD than in patients with 1VD and
2VD. The levels of AGEs were higher to a similar extent in
patients with diseased vessels than in the control subjects. The
AGEs/sRAGE values in patients with 1VD, 2VD and 3VD
were similar but higher than in the controls. The levels of
sVCAM-1 in patients with 1VD, 2VD and 3VD were 30%,
57% and 114% higher, respectively, than in the control sub-
jects. The sVCAM-1 values were not different between 1VD
and 2VD patients; however, they were higher in 3VD patients
than in both 1VD and 2VD patients. The levels of TNF-a in
patients with 1VD, 2VD and 3VD were 49%, 85% and 140%
higher, respectively, than in the control subjects. The TNF-a
levels were not significantly different in patients with 1VD and
2VD, but the levels were higher in patients with 3VD than in
patients with 1VD and 2VD.
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Correlation of sSRAGE to TNF-a, sVCAM-1, AGEs and
AGEs/sRAGE

The levels of serum sRAGE negatively correlated with the
levels of serum AGEs, AGEs/sRAGE, TNF-a and sVCAM-1
(Figure 3).

Sensitivity, specificity, predictive value and accuracy of the
sRAGE test

The mean — 2SD (848.7 pg/mL) for sSRAGE and mean + 2SD
(0.92) for AGEs/sRAGE, which cover 95% of the control sub-
jects, were used as the cut-off points. Any values of sSRAGE
above 848.7 pg/mL and values of AGEs/sRAGE below 0.92
were considered normal. The sensitivity, specificity, PPV, NPV
and accuracy of the SRAGE biomarker test were 59%, 100%,
100%, 100% and 74%, respectively. The sensitivity, specificity,
PPV, NPV and accuracy of the AGEs/sRAGE test were 85%,
91%, 97%, 67% and 86%, respectively. The sensitivity of the
AGEs/sRAGE test appears to be greater than that of sSRAGE,
while the specificity and predictive values of sSRAGE are
greater than those of AGEs/sRAGE.

DISCUSSION

sRAGE

The present study is the first to show that serum sRAGE lev-
els were lower in NSTEMI patients than in control subjects,
and that the levels were inversely related to the number of
diseased vessels. Falcone et al (22) showed that the concen-
tration of sSRAGE in the plasma of patients with coronary
artery disease (CAD) was lower (median [interquartile range]:
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Figure 2) Serum levels of soluble receptors for advanced glycation end products (sRAGE), advanced glycation end products (AGEs), AGEs/
sRAGE, soluble vascular cell adhesion molecule-1 (sVCAM-1) and tumor necrosis factor-alpha (TNF-alpha) in control subjects and non-ST
elevation myocardial infarction (NSTEMI) patients with one-vessel (1VD), two-vessel (2VD), and three-vessel disease or more (3VD). The
results are expressed as mean + SE. *P<0.05, control subjects versus NSTEMI patients with 1VD, 2VD or 3VD; "P<0.05, 1VD wersus

2VD or 3VD; ¥P<0.05, 2VD wversus 3VD

966 pg/mL [658 pg/mL to 1372 pg/mL]) than in control sub-
jects (1335 pg/mL [936 pg/mL to 1954 pg/mL]), which was
comparable with our results. However, patients with acute cor-
onary syndrome (ACS) were excluded from their study. ACS is
divided into ST elevation myocardial infarction (STEMI),
NSTEMI and unstable angina. These three types of ACS have
few differences in clinical characteristics, treatment options,
prognosis and outcomes (23,24).

AGEs

We demonstrated that serum AGEs levels were elevated in
NSTEMI patients compared with control subjects, and that
the levels were positively correlated with the number of dis-
eased coronary arteries, and negatively correlated with
serum sRAGE. Basta et al (25) showed that plasma
Ne-(carboxymethyl) lysine levels were elevated on day 1 after
coronary stenting in patients with CAD and were significantly
higher in multivessel stent implants than in single-vessel stents
compared with pre-stent levels. However, they did not com-
pare the pre-stent levels of Ne-(carboxymethyl) lysine with
those of healthy control subjects. Plasma levels of pentosidine
markers of AGEs were associated with coronary artery calcifi-
cation in hemodialysis patients (26). Nakamura et al (27)
reported a positive correlation between sRAGE and AGEs,
which is contrary to the present findings. This difference could
be due to the difference in the study subjects. The Nakamura
study subjects were diabetic patients with CAD, while our
study involved nondiabetic NSTEMI patients. They reported
higher levels of SRAGE in their CAD patients than in the
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healthy control subjects. Yamagishi et al (28) have shown that
serum sSRAGE levels were positively associated with AGEs
levels in the nondiabetic general population. These differences
were not likely due to the method of biochemical measurement
because the same kits for sSRAGE measurement were used in
the present study.

AGEs/sRAGE

The present study is the first to show that the AGEs/sRAGE
ratio was higher in NSTEMI patients than in control subjects,
and was positively correlated with the number of diseased ves-
sels and negatively correlated with serum sRAGE levels.

TNF-a

In the present study, serum levels of TNF-a and sVCAM-1
were elevated in NSTEMI patients compared with control
subjects. Also, there were inverse correlations between
sRAGE, and TNF-a and sVCAM-1. There have been no
similar studies performed previously in NSTEMI patients.
However, there are reports of elevated levels of TNF-a in
STEMI patients (29-31). Individuals carrying the TNF-o
-308 AG + AA genotypes are significantly more represented
among acute myocardial infarction patients affected by STEMI
than among NSTEMI patients and healthy controls (31).
Correlations of SRAGE with TNF-a in NSTEMI patients
have not been reported previously. However, Nakamura et al
(27) reported a positive correlation between sRAGE and
TNF-a in type 2 diabetic patients. This discrepancy may be
due to the different patient population.
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Figure 3) Correlation of soluble receptors for advanced glycation end products (sRAGE) with advanced glycation end products (AGEs), tumor necro-
sis factor-alpha (TNF-alpha) and soluble vascular cell adhesion molecule-1 (sVCAM-1) in non-ST elevation myocardial infarction patients

sVCAM-1

In the present study, serum levels of sSVCAM-1 were elevated
in NSTEMI patients compared with control subjects, and the
levels were inversely related to the serum sRAGE levels. The
present study is the first of its kind in NSTEMI patients. In
another study (32), the serum concentration of sVCAM-1 in
STEMI patients varied from 1391+38 ng/mL (nighttime) to
1200443 ng/mL (daytime). Type 2 diabetic patients with
STEMI, compared with control subjects, had sVCAM-1 levels
of 1393.4+£865.4 ng/mL versus 573.3+226.1 ng/mL, respectively
(33). These values are similar to the values in the present study
with NSTEMI patients and control subjects (1059.62+71 ng/mL
versus 651+35.5 ng/mL, respectively). There is one recent
study in which the sVCAM-1 level in STEMI patients was
496+34 ng/mL, which is lower than the other studies (34).

sRAGE and atherosclerosis

The results demonstrated that low serum levels of sSRAGE
were associated with high levels of serum TNF-a and
sVCAM-1 in NSTEMI patients. The possibility exists that
CAD in these patients may be related to an increase in the
levels of serum TNF-o. and sVCAM-1. TNF-a. may induce
atherosclerosis in many ways. TNF-o stimulates superoxide
(O,7) production in neutrophils and endothelial cells via
NADPH oxidase (35), xanthine oxidase (36) and nitric oxide
(NO) synthase (37). TNF-a activates nuclear factor-kappa B,
which regulates the expression of genes involved in inflamma-
tion and oxidative stress (38). TNF-a decreases the bioavail-
ability of NO by diminishing its production (39) and enhancing
its removal (40). Oxidative stress (14,41,42) and deficiency of
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NO (43) have been implicated in the pathophysiology of
atherosclerosis.

Adhesion molecules are involved in the development of
atherosclerosis (11,14). In patients with established disease,
sVCAM-1 is a better marker of the extent and severity of ath-
erosclerosis (44). The increased levels of sVCAM-1 in NSTEMI
patients in the present study suggest the involvement of
sVCAM-1 in CAD.

Low levels of serum sRAGE in NSTEMI patients may be
associated with CAD. In support of this finding, it has been
reported that balloon injury in the carotid artery was associated
with neointimal hyperplasia and increased levels of AGEs and
RAGE in the lesion (17). Administration of sSRAGE before bal-
loon injury reduced neointimal growth in this study. Sakaguchi
et al (18) also reported that endothelial injury in mice was asso-
ciated with neointimal expansion and deposition of AGEs in
the expanding neointima. SRAGE administration decreased
neointimal expansion, and smooth muscle cell proliferation and
migration in this study. sSRAGE treatment significantly reduced
atherosclerotic lesions and VCAM-1 in this study. Treatment of
diabetic apolipoprotein E-deficient mice with sRAGE com-
pletely suppressed atherosclerosis (19,20).
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