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ABSTRACT
Objective: To determine the levels of serum and salivary neopterin in acute coronary syndrome (ACS) in comparison with established biomarkers
like Troponin-l and CK-MB.

Background: Neopterin is the product of activated macrophage which is released by activated monocyte by cytokines during the acute phase
response of ACS, can be used as a biomarker for diagnosis of ACS.

Materials and methods: ACS (n = 675) individuals with or without ST-segment elevation myocardial infarction were enrolled for the study,
for three years. Serum and saliva neopterin were estimating by HPLC and compared with established biomarkers like Troponin-l and CK-MB.

Results: Increased serum and salivary neopterin levels were observed in patients with STEMI, NSTEMI, and UA of ACS. From the ROC analysis serum and
salivary neopterin were found to be more sensitive and specific than the established biomarkers of ACS like Troponin-l and CK-MB, in diagnosing ACS.

Conclusion: Neopterin being more sensitive and specific than troponin and CK-MB, can be a marker of ACS. The collection of saliva being Non-

invasive salivary neopterin can be easily estimated than serum neopterin.
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INTRODUCTION

cute coronary syndrome (ACS) being a life-threatening disorder

that remains a source of high morbidity and mortality despite
advances in treatment. Approximately 80% of these comprise either
unstable angina (UA) or non-ST-segment elevation myocardial
infarction (NSTEMI), and 20% were ST-segment elevation myocardial
infarction (STEMI)."? Although clinical presentation and ECG are
important components in diagnosis and management of the ACS, as
well as biochemical markers play afundamental role in monitoring
risk stratification, and therapeutic management.®*

Inflammation and macrophage activation play a central role in
atherogenesis and plaque liability in patients with ACS.** Unstable
atherosclerotic plaques which holds activated T cells, produces
cytokine, interferon-y (IFN-y), which activate macrophages and
interferes with plague matrix collagen synthesis, which causes
disruption of atherosclerotic plaque and leads to intracoronary
thrombus formation, which leads to the ACS.° Plaque disruption
occurs commonly where the fibrous cap is thin and profoundly
where foam cells infiltrate is present.”

Neopterin is regarded as an early biomarker of the cellular
immune response. It is a low-molecular compound belongs to the
class of pteridines, which is produced by the activated macrophages
and antigen presenting cell by stimulation with INF-y. Increased
neopterin in body fluids are associated with diseases such as
malignancies, heart failure, and coronary artery disease. *'°

Until now there are no studies in comparison of serum and
salivary neopterin levels and salivary neopterin levels alone.
We, therefore, compared the neopterin levels in ACS with the
established biomarkers like troponin [, creatine kinase-MB (CK-MB).

MATERIALS AND METHODS

The study was carried in patients admitted into the coronary care unit
at Frontier Lifeline Hospital and Dr KM Cherian Heart Foundation,
Chennai, Tamil Nadu, India, for three years. The study included
675 subjects, grouped (using ECG and chest pain), STEMI group
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(n = 135) and NSTEMI group (n = 135), Unstable angina group
(n = 135), Noncardiac chest pain group (n = 135) and normal
controls (n = 135) who came for master health checkup. The study
protocol was approved by the institutional ethical committee. After
obtaining informed written and signed consent form the subjects
were included in the study.

Patients with a malignant tumor, rheumatoid arthritis, renal
failure, cirrhosis of the liver, heart failure, brain ischemia, and
pregnant women were excluded from the study. Saliva is collected
by using salimetrics oral swab. The serum and samples were stored
at —20°C until analysis. Routine investigations were done by using
fully automated autoanalyzer (Randox RX Daytona), whereas
troponin-l is estimated using Axsym Analyser.

Serum neopterin were estimated by mixing, 200 uL of ethanol to
100ul of serum, to precipitate protein the mixture was centrifuged at
10,600rpm for 10 min at 4°C to collect the supernatant; whereas for
saliva neopterin, equal amounts of (100 pL) ethanol and saliva were
mixed and centrifuged for 10 min at 10,600 rpm at 4°C to obtain
clearsaliva. Neopterin present in the saliva and serum supernatant
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(20 pL) was used in estimating by using HPLC (Shimadzu) with LC-20
AD pump system, equipped with RF-10 AXL fluorescence detector.
Separations were carried out at room temperature with a 5 mm
reverse-phase HPLC (Phenomenex C18 column 4.6 x 250 mm). The
flow rate is maintained at 1.5 mL/min with water: acetonitrile (99:1
v/v) as the mobile phase, and the fluorescence detector was set
at 353 nm of excitation and 438nm of emission for detection. The
retention time for the neopterin was 2.7 min." Statistical analysis
was done using SPSS Software-17.0.

ResuLts

In our study, we analyzed for the risk factors such as diabetes,
hypertension, familial history of CAD, smoking and food habits for
ACS and found to be significant (Table 1). Basic clinical parameters
like glucose, LDL-C, HDL-C were found to be significant with all

the groups whereas serum creatinine found to be significant with
group-lll, cholesterol with group-Il, triglycerides with group-I1V, V
and BM, urea, total protein is found to be non-significant (Table 2).

The biomarkers for the ACS like, troponin-I, CK-MB were found
to be significant with groups IV and V whereas serum and salivary
neopterin levels were significant with groups 1, IVand V (Table 3).
ROC analysis of troponin, CK-MB, serum and salivary neopterin
has shown greater area under the curve, with 0.771, 0.745, 0.885
and 0.891 respectively, with cutoff values of 0.02 (ng/mL), 25 (U/L),
8.8 (nmol/L), and 5.6 (nmol/L), respectively, which considered to be
very significant biomarkers of ACS (Table 4).

DiscussioN

In our study raise in both serum and saliva neopterin levels in UA,
both STEMI and NSTEMI groups and the ROC analysis with high are

Table 1: Risk factors distribution among controls and patients

Group | Group Il Group Il Group IV Group V

Controls NCCP UA NSTEMI STEMI Significance
Variables n=7135 n=7135 n=7135 n=135 n=7135 (control vs other groups)
Diabetes mellitus 21% 31% 54% 58% 51% S (Group I, 11, IV.and V)
Hypertension 22% 22% 57% 58% 82% S (Group I, 11l IV and V)
Family history of CAD 0.6% 11% 32% 20% 82% S (Group II, 11, IV and V)
Smoking 16% 31% 22% 30% 72% S (Group I, 1l IV and V)
Food habits (non-veg) 63% 73% 68% 57% 79% S (Group I, 11, IVand V)

Note: Chi-square analyses were done,
p value were considered significant at 0.05%

Table 2: Routine parameters distribution among controls and patient

Group | Group Il Group Il Group IV Group V Significance
Controls NCCP UA NSTEMI STEMI (control vs other
Variables n=135 N=135 N=135 N=135 N=135 groups)
BMI 25.96 + 3.97 26.42 +3.10 2741 £3.62 25.76 +3.29 27.14+£5.19 NS
Serum glucose (mg/dL) 117.22+38.17 143.00+48.35 179.39+8998 181.64+7493 193.13+91.96 S (Group Il Ill, IV
and V)
Serum urea (mg/dL) 26.71£4.83 2524 +4.49 26.46 £ 4.34 2733 +£5.17 2748 £ 4.47 NS
Serum creatinine (mg/dL) 0.84+£0.13 0.80£0.12 0.79+£0.10 0.84£0.11 0.84+0.14 S (Group IlI)
Serum total protein (mg/dL)  6.03 £0.84 5.96 £1.00 5.98+0.83 6.15+0.86 599+0.74 NS
Total cholesterol (mg/dL) 19479+32.87 136.08+£39.63 183.59+45.09 192.77+44.03 201.52+4243 S (Groupll)
LDL (mg/dL) 91.39£29.52 110.33+28.94 133.46+42.14 12419+34.66 131.55+3595 S (Group I, I, IV
and V)
HDL (mg/dL) 45.17 £ 8.04 38.61+6.38 37.40+3.70 36.78 £4.10 38.73+£5.13 S (Group I, 11, IV
andV)
Triglycerides (mg/dL) 136.08 +39.63 146.83+4556 158.76+58.13 137.19+51.03 166.51£45.58 S (Group lllandV)

Note: ANOVA analyses were done; S, Significant; NS, Nonsignificant
p values were considered significant at 0.05%

Table 3: Comparison of standard biomarkers (troponin | and CK-MB) with serum and salivary neopterin

Group | Group Il Group Il Group IV Group V Significance

Controls NCCP UA NSTEMI STEMI (control vs other
Parameter n=135 n=135 n=135 n=135 n=135 groups)
Troponin | (ng/mL) 0.04+0.211 0.10 £ 0.54 0.08 £0.19 298 £6.70 6.20 +£7.32 S (Group IV and V)
CK-MB (U/L) 21.66 +10.7 2142+£104 2839+1.7 60.91 £76.1 84.63£79.5 S (Group IVandV)
Neopterin serum (nmol/L) 6.88 +1.4 73514 944+23 9.78+1.9 10.82+1.9 S(Group I, IV and V)
Neopterin saliva (hnmol/L) 3.36+0.73 3.61+0.73 19.40 +£3.53 18.68+3.13 20.99 +3.48 S (Group I, IV and V)

Note: ANOVA analysis were done; S, Significant; NS, Nonsignificant
p value were considered significant at 0.05%
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Table 4: ROC curve of biomarkers

Area under the curve
Biomarker Sensitivity (%) Specificity (%) (AUC) Cut off values
Troponin | (ng/mL) 52.84 95.56 0.771 0.02
CK-MB (U/L) 56.30 88.15 0.745 25
Neopterin serum (nmol/L) 82.72 92.96 0.885 8.8
Neopterin saliva (hmol/L) 84.61 91.62 0.891 5.6
under curve show itas a good biomarker. Whereas the established A cKNOWLEDGMENTS

biomarkers like troponin-I, CK-MB have shown significant rise
only in STEMI and NSTEMI groups and area under the curve is
high. Serum and salivary neopterin have noted more AUC when
compared with established biomarkers like troponin-land CK-MB,
which indicates, neopterin to be more sensitive biomarker than
troponin-l and CK-MB and it is proven to be a biomarker even for
UA. Neopterin being a marker of macrophage activation predicts
adverse cardiovascular events in patients with ACS.” Our previous
study, the serum neopterin levels have shown good results in the
clinical management of patients with ACS.'? So, we attempted
estimating salivary neopterin levels and compared the same with
serum neopterin levels to establish it in a simple noninvasive
procedure.

Although studies carried out on salivary neopterin have
been reported in some other context, but none reported the
same on patients with ACS. Katoh et al., were the first to estimate
salivary neopterin to compare the biopterin and neopterin
levels.® Reibnegger et al., estimated salivary neopterin in HIV
patients,' Ledjeff et al., in colon dialysate' and Sfriso et al., in
Sjogren’s syndrome etc.'® Biopterin and neopterin and other
related pteridines found in human saliva, seem to originate
from metabolites in the salivary glands. Saliva contains some
components transferred from serum and is a body fluid more easily
collected than serum and CSF."” But the studies so far conducted
on saliva neopterin did not have a clear picture of neopterin origin
in saliva, whether it was due to local production or was a reflection
of the concentrations of neopterin in the serum.!

Neopterin is produced primarily in monocyte/macrophage
and related cells by stimulation with interferons, especially INF-y
and TNF-a."” Meisel et al., proposed the mechanism of monocyte
activation during the acute phase of MI, where the release of
cardiac antigens from the necrotic myocytes activates the T cell to
generate cytokines, such as INF-y, IL-3,and granulocyte-monocyte
colony stimulating factor (GM-CSF). These cytokines cause
leukocyte activation which further induces synthesis and release
of GM-CSF and IL-6 by fibroblasts and endothelial cells, along with
augmentation of monocyte activation.'® Hence, we hypothesize,
neopterin as a product of monocyte/macrophage activation in
ACS can be due to the acute phasic response wherein the salivary
neopterin may be due to the reflection of the concentration of
serum neopterin levels along with the neopterin metabolism in
the salivary glands.

CoNcLusION

Biochemical estimation makes an important role for clinicians to
make decisions in treating patients in the emergency unit to rule
out AMland also to determine the thrombolytic therapy. Neopterin
being highly sensitive and specific than Troponin and CK-MB can
be a surrogate marker of ACS. Salivary neopterin which is cost
effective can be easily estimated by noninvasive procedure and
can replace routinely serum estimations, which requires about 30
min as time around time.
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