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Abstract. Conventional risk factors have limited ability to
predict recurrent events in subjects with first-time coronary
artery disease (CAD). This aim of this study was to identify
novel biomarkers using comparative global proteome analysis
to improve the risk assessment for recurrent coronary events.
We used samples from phase-I of the Indian Atherosclerosis
Research Study (IARS), consisting of 2,332 subjects, of
whom 772 were CAD-affected subjects, including 152 with
recurrent events identified during a 5-year follow-up period.
Global proteome analysis was performed on serum samples
of 85 subjects with recurrent coronary events and 85 age- and
gender-matched subjects with first-time CAD using surface-
enhanced laser desorption ionization time-of-flight mass
spectrometry with CM10 arrays. Tagldent was used for protein
identification followed by validation by western blot analysis and
ELISA.Data were analyzed by logistic analysis, Cox-regression,
hazards ratio, C-statistics and combined-marker risk score
using SPSS version-17 and R-package version-2.13.0 software.
We identified 16 significantly differentially expressed protein
peaks. Of these, 2 peaks corresponding to m/z 8588 and 1864
were identified as [-defensin-128 and histatin-3, belonging
to the danger-recognizing peptide family, which exhibited a
significant independent association with recurrent events (odds
ratios of 7.49 and 1.4, respectively). C-statistics improved
significantly from 0.677 for conventional risk factors alone to
0.800 (p-value=0.001) in combination with $-defensin-128 and
histatin-3 with a hazards ratio of 1.833. A combined risk score
of B-defensin-128 and histatin-3 could reclassify 112 out of the
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170 subjects into intermediate- and high-risk groups. On the
whole, our data indicate that 3-defensin-128 and histatin-3 may
be potential biomarkers whch may be used to improve risk the
stratification for recurrent coronary events.

Introduction

Cardiovascular diseases have reached epidemic proportions in
India, particularly among the younger population in compar-
ison to other ethnic groups (1). Patients who have survived a
first-time coronary event are at a greater risk of developing
recurrent episodes, as compared to asymptomatic subjects (2).
Several biomarkers belonging to different pathways have been
identified in coronary artery disease (CAD) and are being
deployed to identify the subset of subjects who are at a greater
risk of developing acute coronary events. These biomarkers are
associated with inflammation (C-reactive protein), hemody-
namic stress (brain natriuretic peptide, N-terminal prohormone
brain natriuretic peptide) and kidney dysfunction (albuminuria
andcystatin-C) (3,4). Pathogen burden caused due to the simul-
taneous infection by multiple pathogens, such as Chlamydia
pneumoniae, cytomegalovirus (CMV), Helicobacter pylori,
Herpes simplex virus (5) and in particular, neutralizing anti-
body titers against CMV along with inflammatory markers
have been shown to be important for risk stratification in the
Asian Indian population (6).

On the other hand, the use of global proteome analysis
can not only provide a better understanding of the under-
lying disease process, but can also help to unearth novel
disease markers that can enhance the power to predict the
risk of acute coronary events when combined with other
well-studied markers as discussed above (7). This includes
the comparative proteomics approaches based on mass
spectrometric analysis of protein profiles in serum samples
obtained from normal and diseased subjects. Therefore, the
aim of this study was to perform global proteome analysis
using the surface-enhanced laser desorption ionization time-
of-flight mass spectrometry (SELDI-TOF MS) platform to
possibly identify novel biomarkers associated with recurrent
coronary events in patients with established CAD. We identi-
fied 2 infection-related proteins, namely p-defensin-128 and
histatin-3 as potential biomarkers for recurrent CAD.
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Materials and methods

Study population. The Indian Atherosclerosis Research
Study (IARS) is a prospective cohort study designed to investi-
gate and understand the molecular basis of CAD in the Indian
population. The design and details of data collection and the
procedures used are described elsewhere (8). The study was
designed in accordance with the principles and the guidelines
of World Medical Association Declaration of Helsinki and
the Indian Council of Medical Research and was approved
by the Thrombosis Research Institute Ethics Committee. The
participants provided their signed informed consent to partici-
pate in the study. In phase-I of this study between 2004-2006,
2,332 subjects were enrolled of which 772 (33%) were
CAD-affected. A total of 152 subjects from this CAD-affected
group experienced a recurrence of cardiac events during the
course of a 5-year follow-up period. All the subjects in this
study had a family history of CAD, and we matched the age
and gender of 85 subjects in the recurrent events group to those
of 85 subjects with first-time events, and the serum samples
of these subjects was used for global proteome analysis. The
baseline characteristics of the study participants are presented
in Table I. The subjects were recruited based on the following
criteria: i) age at onset of CAD was <60 years for males and
<65 years for females; ii) the diagnosis of CAD was based on an
electrocardiogram (ECG)/echocardiography (echo)/biochem-
ical or angiogram findings; iii) patients who were posted for
percutaneous transluminal coronary angiography (PTCA)/
coronary artery bypass graft (CABG). The subjects who did
not meet the above-mentioned criteria or had any other major
illness, as defined by the World Health Organization, such as
cancer, liver failure, etc. were excluded from the study. All blood
samples were collected after overnight fasting for 12-14 h, and
the plasma and serum aliquots were stored at -80°C. Detailed
information on medical history, demographics and relevant
information, including 3-generation pedigree was recorded in
a questionnaire after a personal interview. The diagnosis of
diabetes and hypertension was based on medical reports, while
the body mass index was calculated.

Telephonic assessment of cardiac health status. The periodic
telephonic follow-up of all study participants was undertaken to
obtain an update on the cardiac health status and 5 such rounds
of follow-up were completed. Follow-up was performed once
every 18 months on an average from the time of recruitment
with a successful follow-up rate of 60%. Endpoints included
non-fatal events (re-do PTCA/re-do CABG/heart attack,
stroke) and fatal events (fatal heart attack/fatal stroke/sudden
death/cardiac arrest). This information was verified through
either paper trail or hospital records whenever available.

Global proteome analysis. Global proteome analysis of serum
samples was performed using SELDI-TOF MS. Sinapinic
Acid (SPA) and CM10 chip were purchased from Bio-Rad
(Hercules, CA, USA) and all the other reagents were from
Sigma-Aldrich (St. Louis, MO, USA). Serum samples were
assayed on CM10 chip and data were analyzed using Ciphergen
Express Client software. Serum samples were thawed on ice
and centrifuged at 14,000 rpm for 5 min at 4°C. A total of 20 ul
of supernatant and 30 ul of U9-buffer (9 M urea, 2% CAHPS,
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1% DTT) were added to a tube and agitated for 30 min at 4°C
on a platform shaker. Subsequently, 450 pl of Tris-HCI (50 mM
pH 7.5) were added to the U9/serum mixture and agitated at
4°C for 2 min. This was followed by the addition of 150 ul
of 50 mM Tris-HCI (pH 7.5) and agitation for 5 min twice to
activate the CM10 chips. Diluted samples (150 u1) were spotted
onto a bio-processor containing the ProteinChip arrays and
then agitated on a platform shaker for 60 min at room tempera-
ture. Excess serum was discarded and the chips were washed
thrice with 150 pl of Tris-HCI (50 mM, pH 7.5) and twice with
200 ul of dH,O, removed from the bioprocessor and air-dried.
Prior to SELDI analysis, 1 ul of a saturated solution of SPA was
applied onto each chip twice and air-dried.

Analysis of protein chip array and protein identification. A
set of different protocols was used on each spot which varied
in laser intensity. Pre-processing was done on ProteinChip®
software 3.1. Peaks which had less background noise were
considered for further analysis after baseline subtraction. The
peaks were normalized and those having +2 standard devia-
tion were removed. Finally, clusters were made by expression
differential matrix (EDM) within a range of 1,500-30,000 Da.
Peaks having m/z <1,500 were considered as matrix noise. A
threshold of 20% and signal to noise ratio and valley depth
of 5 was set as first pass and 0.3% mass window and second
pass of 2 was assigned. Mass accuracy was calibrated to <0.1%
by all-in-one peptide molecular mass standard (Ciphergen
Biosystems, Fremont, CA, USA).

Biomarker validation assays. Three independent western blot
analyses were performed to validate the presence and levels
of significant proteins identified through global proteome
analysis. Age- and gender-matched serum samples from
10 CAD-affected and 10 CAD patients with recurrent events
were used for western blot analysis. An equal amount of 50 ug
protein was loaded after protein estimation using the Bradford
method. The blot was first probed for -defensin-128 (sc-51670,
secondary antibody SC-2033; Santa Cruz Biotechnology, Inc.,
Santa Cruz, Ca, USA) and then re-probed with histatin-3
antibody (SAB1402234; Sigma-Aldrich; secondary antibody
sc-2005; Santa Cruz Biotechnology, Inc.). Finally, the same blot
was probed for loading control B-tubulin (sc-85539; Santa Cruz
Biotechnology, Inc.). Following 3 independent western blot anal-
yses, the images were scanned in Bio-Rad molecular imaging
ChemiDoc XRS plus (Bio-Rad), and bands were quantified
using Image] software (http://rsbweb.nih.gov/ij/index.html) and
ratio of B-defensin-128/p-tubulin and histatin-3/B-tubulin were
calculated (Fig. 2B). ELISAs were performed for $-defensin-128
(CSB-EL006698HU) and histatin-3 (CSB-EL006698HU) using
kits from Cusabio (Hubei, China) with covariance percentage of
1.21 and 7.04%, respectively.

Bioinformatics and statistical analysis. We compared the
differential pattern of protein levels between the first-time
CAD-affected group and the recurrent event group. Prior
to the analyses, all spectra were normalized, and subjected
to baseline correction and de-noising. A non-parametric
t-test (Mann-Whitney) was performed to identify the most
significant peaks. Tagldent software (wWww.expasy.org)
was used to identify the proteins from their corresponding
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Table I. Baseline characteristics of the study population.
Variables First-time cases, n=85 Recurrent events, n=85 p-value
Age (years) 55.13+1.00 54.45+1.12 0.649
BMI (kg/m?) 25.83+0.416 26.95+0.486 0.080
Sex, n (%)

Male 58 (68.2) 59 (69.4) 0.50

Female 27 (31.8) 26 (30.6)
Hypertension, n (%) 36 (42.4) 51 (60.0) 0.031
Diabetes, n (%) 39 (45.9) 46 (54.1) 0.357
Systolic blood pressure (mmHg) 127.73+1.70 134.67+2.63 0.028
Diastolic blood pressure (mmHg) 81.47+1.003 83.11£1.067 0.266
Total cholesterol (mg/dl) 154.18+5.72 162.31+4.63 0.270
TG (mg/dl) 156.02+9.06 150.24+8.07 0.630
HDL (mg/dl) 36.76x1 35.54+1 0.391
LDL (mg/dl) 82.77+3.68 96.94+4 .07 0.011

BMI, body mass index; TG, triglycerides; HDL, high-density lipoprotein, LDL, low-density lipoprotein.

m/z values (Table ITA) (9-12). Backward logistic regres-
sion, logistic regression, Cox regression analysis for hazards
ratio (HR) and C-statistics were performed for the ELISA
data to estimate the improvement in risk assessment of the
predictive models using the two biomarkers. Using the prob-
abilities scores through logistic regression followed by ROC
analysis, we generated the area under the receiver operating
characteristic curve (AUC) for 3 different models: conven-
tional risk factors (CRFs) [age, gender, hypertension (HTN),
diabetes mellitus (DM), body mass index (BMI), waist-hip
ratio, smoking, total cholesterol (TC), triglycerides (TG),
high-density lipoprotein (HDL) and low-density lipopro-
tein (LDL)] alone, the biomarkers alone, and for a combination
of CRFs and biomarkers. The significance of improvement
or change in the models was calculated using the DeLong
method. The combined risk score was calculated for the
final model of biomarkers values adjusted to CRFs. We used
the following equation to calculate the combined risk score
for these two biomarkers (13): combined score = (B1xf - bi
omarkerl) + (f2xbiomarker2) where, pl and 2 denote the
estimates of biomarker 1p coefficient (3-defensin-128) and
biomarker 2 (histatin-3), respectively. Participants were catego-
rized into quintiles of combined risk score with the lowest two
quintiles categorized as low risk, third and fourth quintiles
as intermediate, and the top quintile as high risk categories.
The Kaplan-Meier curve analysis was performed for the best
models for estimating the cumulative cardiovascular events
in each group and plots were generated for the low and high
risk groups. The analysis was performed using SPSS soft-
ware (version 17.0) and R package 2.13.0.

Results

Patient characteristics. Table I shows the clinical characteristics
of the study participants. The mean age, gender distribution, BMI
and lipid profile were comparable between the patients with first-
time CAD and those with recurrent events. Hypertension and a

higher systolic blood pressure were more frequent, and LDL-c
levels were higher in the latter group than in the former group of
patients. The subgroup with recurrent events included 21 deaths
due to cardiac arrest out of 85 subjects, while none of the patients
in the first-time CAD-affected group had any event or death.

Protein profiling. The proteomic profile of the 85 first-time
CAD-affected and 85 subjects with recurrent events using
SELDI-TOF MS yielded 39 differentially expressed protein
peaks [representative peak and pseudo gel (Fig. 1)], of which 16
had p-values <0.05 (Table ITA), belonging to different pathways
and functions, as suggested in the SWISSPROT database (www.
expasy.org). Of the 16 proteins, 4 of them were related to
infection [histatin-3 (m/z 1864), defensin-5 (m/z 7040), lacto-
transferrin (m/z 3185) and B-defensin-128 (m/z 8588)]. The
defensin proteins and complement C3 (m/z 2022) play an impor-
tant role in immune regulatory mechanisms. A total of 5 of the
other proteins, vascular endothelial growth factor A (m/z 22259),
choriogonadotrophin subunit B-variant-1 (m/z 14680),
peptide-YY (m/z 4146), growth-regulated a protein (m/z 7604)
and pro-neuropeptide Y (m/z 4293) were all related to growth and
hormone pathways. The other members included inflammation-
related proteins, interleukin-24 (m/z 18072), metalloproteinase
inhibitor 4 (m/z 22466), platelet factor 4 (m/z 7742) and natri-
uretic peptide-B (m/z 2498), a well known CAD risk marker,
cardiac phospholamban (m/z 6100) and transcription factor
MAFG (m/z 17845).

Backward logistic regression analysis resulted in the iden-
tification of peaks with m/z 8588 and m/z 1864 identified as
[-defensin-128 and histatin-3 (HTN-3), respectively, to be signif-
icantly associated with odds ratios of 7.49 (95% CI, 2.71-21.90,
p-value <0.001) and 1.4 (95% CI, 1.02-2.13, p-value=0.042),
respectively (Table IIB). These markers were further used for
validation.

Biomarker validation. The two protein peaks, m/z 8588 and
m/z 1864, corresponding to 3-defensin-128 and histatin-3 were
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Table II. Significant protein peaks classifying between CAD cases and subjects with recurrent CAD.

A, List of m/z protein peaks showing significant differential levels in the subjects with first-time CAD and those with recurrent events.

Protein m/z peak intensity m/z peak intensity

peaks Identified in CAD in recurrent

(m/z) protein Protein ID affected subjects event subjects p-value

1864 Histatin-3, HIS3_HUMAN P15516 60.53+10.61 118.21+14.48 <0.001

22259 Vascular endothelial growth factor A, P15692 4.25+0.19 3.69+£0.19 0.004
VEGFA_HUMAN

2022 Complement C3, CO3_HUMAN P01024 143.75+14 .44 204.44+18.34 0.006

18072 Interleukin-24, IL-24_HUMAN Q13007 2.26+0.18 1.76+0.15 0016

14680 Choriogonadotropin subunit § variant 1, A6NKQ9 14.27+0.84 11.34+0.68 0.02
CGB1_HUMAN

4146 Peptide YY, PYY P10082 49.22+8.22 100.63+18.03 0.02

7604 Growth-regulated o protein, P09341 50.84+2.85 43.23+291 0.023
GROA_HUMAN

7040 Defensin-5, DEF5_HUMAN Q01523 24.82+3.26 28.33+4.62 0.024

22466 Metalloproteinase inhibitor 4, TIMP4 Q99727 445+0.24 3.87+0.21 0.025

4293 Pro-neuropeptide Y, NPY P01303 78.46+£14 .48 92.52+12.96 0.03

7742 Platelet factor 4, PLF4_HUMAN P02776 67.07+5.81 88.58+10.14 0.037

2498 Natriuretic peptides B, ANFB_HUMAN  P16860 51.32+2.79 46.55+2.69 0.039

6100 Cardiac phospholamban, PPLA_ HUMAN  P26678 22.25+2.30 25.01£2.00 0.039

3185 Lactotransferrin, TRFL_HUMAN P02788 100.13+10.87 124.79+£12.32 0.042

8588 [-defensin-128, DB128_HUMAN Q7Z7BS8 369.09+25.49 424+28.20 0.042

17845 Transcription factor MafG, 015525 2.33+0.21 1.86+0.16 0.049
MAFG_HUMAN

B, Significant peaks obtained with backward logistic regression from all the 16 m/z peaks

m/z peak Odds ratio 95% CI p-value

8588 (3-defensin-128) 749 2.57-21.90 <0.001

1864 (HTN3) 14 1.02-2.13 0.042

HTN3, histatin-3; DB128, B-defensin-128.

validated using western blot analysis (Fig. 2A). Densitometric
analysis (Fig. 2B) of the protein bands suggested that the
levels of both proteins were higher in subjects with recurrent
events than in the subjects with first-time CAD. Furthermore,
ELISAs (Fig. 2C) performed for these two proteins in all the
170 subjects confirmed that both proteins were significantly
differentially expressed. The mean levels of [3-defensin-128
in the first-time CAD-affected subjects was 0.779+0.045 ng/
ml and in the recurrent subjects was 1.19+0.082 ng/
ml (p-value=2.2x10""%). Similarly, the histatin-3 level was
2.38+0.130 pg/ml in the first-time CAD affected subjects and
3.42+0.306 pug/ml in the recurrent subjects (p-value of 0.002).

Association of 3-defensin-128 and histatin-3 in CAD-affected
subjects with recurrent events. We evaluated individual and
combined association of these biomarkers with recurrent
events. As shown in Table III, the HR for -defensin-128
was 1.715 (95% CI, 1.32-2.24; p-value=8.14x10") and that
for histatin-3 was 1.133 (95% CI, 1.04-1.24; p-value=0.004).

However, when combined with the CRFs, the HRs improved to
1.729 (95% CI, 1.28-2.34; p-value=3.51x10"*) for -defensin-128
and 1.147 (95% CI, 1.04-1.26; p-value=0.004) for histatin-3.
The combined HR of B-defensin-128 and histatin-3 together
was 1.699 (95% CI, 1.29-2.24; p-value=1.6x10"*) before adjust-
ment and 1.833 (95% CI, 1.34-2.50; p-value=1.3x10"*) after
adjustment for the conventional risk factors. The analysis
of C-statistics (Fig. 3) suggested that CRFs alone yielded
an AUC of 0.677 (95% CI, 0.601-0.714; p-value=5.1x10").
Upon the addition of biomarkers, the AUC increased to
0.800 (95% CI, 0.702-0.844; p-value=1.37x10") and the differ-
ence was statistically significant (p-value=0.001) (Table I'V) as
evaluated using DeLong analysis.

The combined risk score (Table V) of -defensin-128 and
histatin-3 adjusted to the CRFs reclassified the subjects into
3 groups, namely low (combined risk score of <0.6256, reference
tertile), intermediate (combined risk score of 0.625 to <0.956;
HR, 2.22; 95% CI, 1.008-4.891; p-value=0.048) and high risk
(combined risk score of =0.956; HR, 2.962; 95% CI, 1.675-
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Figure 1. Representative spectra and pseudo-gel showing m/z 8588 of subjects with first-time coronary artery disease (CAD) and those with and recurrent events.
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Figure 2. Validation of presence of f-defensin-128 (DB128) and histatin-3 (HTN3) in serum samples of subjects with first-time coronary artery dis-
ease (CAD) (Affected) and those with recurrent events (Recurrent). (A) Protein expression levels examined by western blot analysis. (B) Intensity of protein
bands. (C) ELISA of the expression levels of 3-defensin-128 (DB128) and histatin-3 (HTN3).

5.23; p-value=1.89x10). The analysis of the complete study
group (n=170) revealed that 81 subjects were at high risk of
which 31 belonged to the CAD-affected group and 51 were
subjects with recurrent events (13 deaths and 3 subjects with

a third reported event). Similarly, 32 subjects were reclassi-
fied into the intermediate risk group, of which 17 were from
the affected group, while 15 belonged to the recurrent events
group (3 deaths and 2 subjects with 3 events reported). Kaplan-
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Figure 3. C-Statistic analysis of receiver operating curve showing an improve-
ment of area under the curve for combination of CRFs and biomarkers over
the CRFs alone. CRF, conventional risk factor.

Meier survival analysis for the cumulative probability of
recurrent event for the model containing (3-defensin-128 and
histatin-3 adjusted to the CRFs, suggested that subjects in the
high-risk group had a low survival rate as compared to those in
the low-risk group (Fig. 4A). Similar analysis on the cuamulative
probabilities of death due to cardiovascular events or occur-
rence of triple events for recurrent event subjects alone also
suggested that the high-risk group had a low survival rate as
compared to the low-risk subjects (Fig. 4B).

Discussion

Using comparative global proteome analysis, we identified
[-defensin-128 and histatin-3 as novel biomarkers associated
with recurrent coronary events. Recently, we also demonstrated
that pathogen burden (5) and in specific CMV-NA titer is
strongly associated with recurrent CAD events (6). Several other
studies have focused on using putative candidate biomarkers
for improving risk assessment in cases with recurrent CAD
events, and these have provided a modest improvement in the
risk discrimination (4). These findings suggest that there is a
need to improve these discriminative models, as it is well
known that subjects with established CAD have a high risk of
further vascular events compared to disease-free subjects (14).
In such a scenario, the use of global proteomic analysis help to
unearth newer biomarkers that can substantially improve risk
assessment. Global proteome analysis using SELDI-TOF MS
commonly used for biomarker discovery in complex diseases
has also been described with regard to network biomarkers asso-
ciated with the incidence of CAD (15), major adverse cardiac
events (MACE) (16) and the identification of soluble tumor
necrosis factor-like weak inducer of apoptosis STWEAK) as a
possible biomarker of subclinical atherosclerosis (17).

Of the 16 significant peaks (Table IIA), logistic regres-
sion analysis identified 2 significantly associated proteins,
(-defensin-128 and histatin-3 (Table IIB). Furthermore,
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Table I11. Hazards ratio for histatin-3 and (3-defensin-128 adjusted
for conventional risk factors.

Model Hazards ratio 95% CI p-value
DB128 1.715 132224  8.14x10°
DB128 adjusted 1.729 1.28-2.34  3.51x10*
for CRF

HTN-3 1.133 1.04-1.24 0.004
HTN-3 adjusted 1.147 1.04-1.26 0.004
for CRF

DB128 + HTN3 1.699 1.29-224  1.60x10*
DB128 + HTN3 1.833 134250  1.30x10*
adjusted for CRF

HTN3, histatin-3; DB128, 3-defensin-128.

western blot analysis (Fig. 2A and B) and ELISAs (Fig. 2C) in
individual serum samples also revealed differential levels of
these proteins in the 2 groups. [3-defensins play an important
role in immunoregulation (18), and have been shown to be
significantly associated progressive cardiovascular disease (19).
Furthermore, genetic polymorphisms and copy number varia-
tion of B-defensin-4 gene have been shown to be associated
with ischemic stroke (20). Other studies have shown that in
oral infections by spirochetes, which constitute 40% of the
microflora in disease sites, are also linked to cardiovascular
diseases (21,22). In our analysis, f-defensin-128 was shown to
be associated with recurrent events, suggesting that this may
be a novel biomarker belonging to the defensin family, linking
infection and immunity to CAD. Similarly, gene polymor-
phisms in histatin-3 (23) and gene expression (24) have been
shown to play a major role in oral and other infections.

Of the other proteins identified (Table IIA), we found
peptides, such as natriuretic peptide-B, pro-neuropeptide-Y
and peptide-YY which are associated with cardiovascular
diseases (25). However, in the present study, infection-related
biomarkers, 3-defensin-128 and histatin-3 in particular seem
to play a major role in the discrimination between first-
time CAD-affected subjects and those with recurrent
events (Tables III-V and Figs. 3 and 4). This may be due to the
importance of active infection of CMV in these subjects, as our
previous study using the same subset of patients demonstrated
that higher titer values of CMV-NA (6) were associated with
first-time CAD and to recurrent CAD (26).

Several studies have shown that chronic infection can
lead to pro-atherogenic effects (27), and can lead to vascular
damage (27-29). The Asian population has been earlier reported
to have a higher pathogen burden, which includes CMV infec-
tion (5,6,26) and the identification of these two biomarkers
suggests that they may add better value proposition in conjunc-
tion with other biomarkers. Earlier studies have reported
that the combination of biomarkers, such as Nt-proBNP,
albuminuria and CRP (4) or CMV-NA with IL-6 (6) has a
marginal improvement in C-statistics. Therefore, the develop-
ment of a multimarker approach by including -defensin-128
and histatin-3, where there was a significant improvement in
the AUC (Table IV), may help to better discriminate subjects
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Figure 4. (A) Kaplan-Meier curve of the cumulative probability of cardiovascular recurrent events in accordance with different risk categories using a combined
score of histatin-3 and (3-defensin-128 adjusted to the conventional risk factors in a 5-year follow-up study in 85 subjects with recurrent events. (B) Kaplan-Meier
curve of the cumulative probability of cardiovascular death and third event in the recurrent events subjects in low- and high-risk categories using a combined risk
score of histatin-3 and -defensin-128, adjusted to conventional risk factors (CRFs).

Table IV. C-statistic analysis showing improvement of the Area Under the Curve (AUC) for the combined model of biomarkers
and CRF over the CRF alone.

DeLong analysis for significance
(p-value) in the improvement

of AUC from CRF model to
Model AUC p-value 95% CI CRF + biomarkers
CRF 0.677 5.100x10° 0.601-0.714 0.001

CRF + HTN3 + DB128 0.800 1.37x10° 0.702-0.844

HTN3, histatin-3; DB128, -defensin-128.

Table V. Combined score of histatin-3 and -defensin128 adjusted for CRFs stratifying low, intermediate and high risk groups
in the study population.

Combined- Total subjects  Affected subjects Recurrent subjects
marker score 95% CI reclassification  reclassification reclassification
Category for event HR for Exp(B) p-value n=170 n=85 n=85
Low <0.6256 1.00 (Ref) - - 57 37 20 (6 deaths)
Intermediate  0.625 to <0.956 2.220 1.008-4.891  0.048 32 17 15 (3 deaths and
2 subjects with
3rd event)
High >0.956 2.962 1.675-523 1.89x10* 81 31 50 (13 deaths and
3 subjects with
3rd event)

with recurrent CAD. Furthermore, the combined risk scores  events (Fig. 4A) or deaths/3rd event (Fig. 4B) suggested that
of B-defensin-128 and histatin-3 (Table V) and Kaplan-Meier 68 out of the 85 subjects with recurrent events were correctly
curve cumulative probability analysis of cardiovascular classified into the intermediate- and high-risk groups.
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Understanding the limitations of the present study, further
validation of these biomarkers in larger cohort of subject
is needed. In order to understand the role of other proteins,
protein-protein interactions network (15), pathways, regulome
analysis (30) and greater dissection of all the 16 significant
proteins in our data set (Table ITA) may provide a compre-
hensive understanding of the crosstalk that occurs among the
different pathways and their collective contribution to recurrent
coronary events.

In conclusion, this study identified two members of
the danger-recognizing protein family, f-defensin-128 and
histatin-3 which are associated with recurrent CAD events,
and also demonstrated their potential use in discrimination of
subjects.
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