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A MMP derived versican neo-epitope is elevated in  
plasma from patients with atherosclerotic heart disease
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Abstract: Extracellular matrix remodelling is a prerequisite for plaque rupture in atherosclerotic lesion. Versican, an 
extracellular matrix proteoglycan present in normal and atherosclerotic arteries is a substrate for matrix metallopro-
teinases (MMPs) present in macrophage rich areas. The aim of the current study was to develop an immunoassay to 
detect a specific MMP-12 derived versican degradation fragment (VCANM) and assess its potential as a biomarker 
for extracellular matrix remodelling in atherosclerosis. A mouse monoclonal antibody raised against VCANM was 
used for the development of a competitive ELISA for detection of the fragment in plasma. VCANM was measured in 
plasma of patients with different levels of heart diseases. Patients experiencing I) acute coronary syndrome, II) sta-
ble ischemic heart disease and III) demonstrating high levels of coronary calcium deposits had significantly higher 
plasma levels of VCANM compared to a control group of individuals with no detectable coronary calcium deposits. 
VCANM was also detected by immunohistochemistry in coronary artery sections of patients with different degrees of 
atherosclerosis. VCANM ability to separate patients with atherosclerotic diseases from healthy individuals suggest-
ed VCANM as a potential biomarker for the pathological arterial matrix remodelling associated with atherosclerosis.
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Introduction

Atherosclerosis is the underlying basis for car-
diovascular disease, which is the leading cause 
of morbidity and mortality in the Western world. 
The hallmark of atherosclerosis is spotty thick-
ening of the arterial intima, followed by narrow-
ing of the arterial lumen, leading to local isch-
emia particularly in the case of coronary 
atherosclerotic plaque rupture and myocardial 
infarction [1].

Due to its asymptomatic nature in its early stag-
es, atherosclerosis has proven difficult to reli-
ably diagnose. Most candidates for novel circu-
latory markers for cardiovascular diseases are 
either related to specific risk components (lip-

ids, diabetes) or to the inflammatory aspects of 
the atherogenic process (CRP). Very few candi-
dates have so far been based on the composi-
tion of the atherosclerotic plaque.

Remodelling of the arterial extracellular matrix 
(ECM) is an important feature of atherosclero-
sis. The ECM is critically important for maintain-
ing the physicochemical structure of the artery, 
providing tensile strength as well as viscoelas-
tic properties [2]. The pathologically elevated 
levels of matrix metalloproteinases (MMPs) pro-
duced by macrophage foam cells and/or other 
inflammatory cells, as seen in atherosclerosis, 
may lead to excessive matrix remodelling and 
ultimately rupture of the fibrous cap of the ath-
erosclerotic plaque [3-6]. MMP-12 is mainly 
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released by macrophage foam cells and has a 
broad range of substrates, in particular colla-
gens, elastin and proteoglycans.

Versican is a large chondroitin sulfate proteo-
glycan (CSPG) and one of the main CSPGs 
found in the ECM of normal blood vessels. It is 
present in the intima and adventitia of most 
arteries and veins, where it is synthesized by 
vascular smooth muscle cells (SMCs) as well as 
endothelial cells (ECs), myofibroblasts and 
even macrophages [7]. Dramatically increased 
levels of versican have been reported in ath-
erosclerosis and restenosis, implicating this 
proteoglycan as a specific component of devel-
oping lesions and contributing to the progres-
sion of atherosclerotic and restenotic lesions 
[8]. Studies have shown that proteoglycans, in 
particular versican and biglycan, have a capac-
ity for binding to and retaining low density lipo-
proteins (LDL) and thus to contribute to the 
pathological events leading to atherosclerotic 
tissue remodeling [9]. The atherosclerotic 
artery is continuously being remodelled, releas-
ing in the process a range of degradation prod-
ucts of ECM proteins, the so-called neo-epit-
opes, into the circulation [10].

The aim of the current study was to develop a 
plasma assay for a MMP-derived versican neo-
epitope present in atherosclerotic tissue. Our 
hypothesis was that the level of such epitope in 
plasma may reflect the presence of actively 
remodelling atherosclerotic plaques. To verify 
our hypothesis, the levels of VCANM were mea-
sured in I) asymptomatic individuals with no 
detectable coronary calcium (control group), II) 
asymptomatic patients with CT-verified pres-
ence of coronary calcium, III) patients with sta-
ble ischemic heart disease (IHD) and IV) 
patients with acute coronary syndrome (ACS).

Materials and methods

Reagents

All chemicals were purchased from either 
Sigma Aldrich or Merck unless otherwise stat-
ed. Cell culture reagents were obtained from 
Gibco, Sigma Aldrich or Roche. The ELISA strep-
tavidin pre-coated plates were purchased from 
NUNC. Peptide conjugation reagents and buf-
fers were obtained from Pierce.

In vitro cleavage

For in vitro digestion of versican by MMPs, we 
have used the commercially available extracted 
extracellular chondroitin sulfate proteoglycans 
from chicken brain purchased from Millipore, 
Denmark (product id: cc117). This proteoglycan 
mix composed of neurocan, versican, and 
aggrecan was subjected to proteolytic cleavage 
in vitro by different proteases, including MMP-8 
and MMP-12 following a previously described 
methodology [11]. Briefly, the digestion was 
performed by mixing 100 μg of chicken brain 
extract and 10 μg of protease in MMP buffer 
(100 mM Tris-HCl, 100 mM NaCl, 10 mM CaCl2, 
2 mM Zn acetate, pH 8.0). The solution was 
incubated for 7 days at 37°C. 100 μg of chick-
en brain extract was mixed with buffer alone as 
a control. The cleavage reaction was stopped 
using 50 μM ethylenediaminetetraacetic acid 
(EDTA) to a final concentration of 1 μM.

Peptide fragments so generated were identi-
fied by LC-MS/MS. Samples were ultrafiltrated 
to remove proteins above 10 kDa, the pH was 
adjusted to 2.0 using formic acid and the sam-
ples (4 μL) were separated on a nanoACQUITY 
UPLC BEH C18 Column (Waters, Milford, MA, 
USA) using a formic acid/acetonitrile gradient. 
MS and MS/MS were performed on a Synapt 
G1 High Definition Mass Spectrometer quadru-
pole time-offlight MS (QUAD-TOF; Waters) with 
an acquisition range of 350 to 1,600 m/z in MS 
and 50 to 2000 m/z in MS/MS. ProteinLynx 
Global SERVER software (Waters) was used to 
analyze spectra and generate peak lists. To 
identify peptides, MS and MS/MS data were 
searched against a versican protein database 
(FASTA) using Mascot 2.2 software (Matrix 
Science, Boston, MA, USA) with the ESI-QUAD-
TOF settings and carbamidomethyl (C), oxida-
tion of methionine (M), oxidation of lysine (K) 
and oxidation of proline (P) as variable 
modifications.

The six amino acids in the N- or C-terminal of 
the peptides identified by MS were regarded as 
a neo-epitope generated by the specific prote-
ase. All protease-generated sequences were 
analyzed for distance to other cleavage sites, 
for homology between different species and 
with other proteins using NPS@: network pro-
tein sequence analysis [12].
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Peptide selection and monoclonal antibody 
production

A monoclonal antibody (mAb) specific for the 
selected versican neo-epitope (VCANM) was 
generated. The synthetic peptides used for 
mAb production and validation were:

a) Immunogenic peptide: KTFGKMKPRY-GGC. 
This peptide was selected for being unique to 
human versican and homologue across several 
species such as primates, rat and mouse. The 
immunogenic peptide conjugated to the carrier 
protein Ovalbumin (OVA) was used as 
immunogen.

b) Screening peptide: KTFGKMKPRY-K-Biotin. A 
biotinylated version of the peptide was gener-
ated to be used in the competitive ELISA set-
ting as coating peptide. 

c) Standard peptide: KTFGKMKPRY. This pep-
tide was used in the competitive ELISA setting 
as standard.

d) Elongated peptide: AKTFGKMKPRY. The 
selected peptide was elongated with one amino 
acid at the site of the protease cleavage. In this 
case one alanine, the residual amino acid 
placed on the N-terminal end of the cleavage 
site, was added. Antibodies recognizing the 
elongated peptide were not selective for the 
neo-epitope and were therefore discarded. 

All the peptides were purchased from the 
Chinese Peptide Company, Beijing, China.

The production of the mAb directed towards the 
VCANM neo-epitope was performed as previ-
ously detailed [11].

VCANM enzyme-linked immunosorbent assay 
(ELISA) methodology 

A 96-well streptavidin pre-coated plate was 
coated with 2.5 ng/mL of the biotinylated syn-
thetic peptide, KTFGKMKPRY-K-Biotin, dis-
solved in PBS-BTB buffer (2 mM KH2PO4, 9 mM 
Na2HPO4, 2H2O, 3 mM KCl, 137 mM NaCl, pH 
7.4) and incubated for 30 minutes at 20°C. 20 
μL of the peptide calibrator or sample were 
added to appropriate wells, followed by 100 μL 
of 20 ng/ml HRP-conjugated mAb, and incubat-
ed for 1 hour at 20°C. Finally, 100 μL tetra-
methyl benzidine (TMB) developer (Kem-En-Tec 
cat.438OH, Taastrup, Denmark) was added, 

and the plate was incubated for 15 minutes at 
20°C in the dark. All the above incubation steps 
included shaking at 300 rpm. After each incu-
bation step the plate was washed five times in 
washing buffer (20 mM Tris, 50 mM NaCl, pH 
7.2). The TMB reaction was stopped by adding 
100 μL of stopping solution (1% HCl) and mea-
sured at 450 nm with 650 nm as the reference. 
A standard calibration curve was plotted using 
a 4-parametric mathematical fit model with a 
starting concentration of 10 ng/mL of the stan-
dard peptide following a 2-fold dilution and the 
last standard was a zero standard.

The ELISA was technically validated according 
to the Nordic Bioscience standard operating 
procedures. Linearity, lower detection limit 
(LDL), intra- and inter-variation, spiking recov-
ery and assay stability were assessed as previ-
ously described [11]. The specificity for the 
neo-epitope was tested using the extracted 
extracellular chondroitin sulfate proteoglycans 
from chicken brain cleaved for 7 days at 37°C 
with MMP-8, MMP-12, Cathepsin K and with 
MMP buffer only (intact VCAN) as sample.

Samples and procedures for immunohisto-
chemistry

Coronary arteries were excised from hearts 
obtained at autopsy from patients with differ-
ent degree of atherosclerosis aged 25-75 years 
of age, who all died within 18 month of each 
other at North Carolina Baptist Hospital, 
Winston-Salem, USA [13]. Hearts were flushed 
with normal saline and were perfusion fixed 
with 4% neutral buffered formaldehyde solu-
tion at a pressure of 100 mm Hg for 1 hour. 
Adjacent tissue blocks for histological section-
ing (each 3 mm long) were cut perpendicular to 
the long axis (proximal 3 cm) of the left anterior 
descending (LAD), the left circumflex, and the 
right coronary arteries.

The standard Nordic Bioscience protocol was 
used for VCANM staining of the human LAD 
coronary arteries. Briefly, the paraffin embed-
ded arteries were cut into 5 μm sections, de-
paraffinized, peroxidase blocked and rehydrat-
ed. The sections were subjected to 
pre-treatment in citrate buffer over night at 
60°C. Hereafter, the sections were washed in 
TBS, blocked in 0.5% casein TBS and incubat-
ed with 2.25 μg/ml VCANM mAb diluted in TBS 
buffer over night at 4°C. Negative controls were 
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performed incubating the tissue with mouse 
IgG1 (Dako) in TBS. 

The sections were subsequently rinsed and 
incubated with Super Sensitive Polymer-HRP 
IHC Detection System combined with DAB sub-
strate according to the supplier’s instructions 
(Biogenex, Taby, Sweden). Sections were coun-
terstained with Mayer’s hematoxylin for 12 sec-
onds, mounted and left to dry. Digital photo-
graphs were taken using an Olympus B 60 x 
microscope equipped with an Olympus C-5050 
Zoom digital camera (Olympus, Tokyo, Japan).

Patients and sample collection

Four groups of 30 individuals each, with differ-
ent degrees of atherosclerotic heart disease, 
were selected from three large studies 
(DanRisk, DEFAMI and Odense Artery Biobank). 
The DanRisk and DEFAMI protocols were 
approved by the Regional Scientific Ethical 
Committee for Southern Denmark (S-20080140 
and S-20090082) and were conducted in 
accordance with the Declaration of Helsinki. 
Written informed consent was obtained from 
each participant. Participants in these studies 
were enrolled simultaneously by Odense 
University Hospital, Odense, Denmark. All sam-
ples were handled and tested by the 
Department of Clinical Biochemistry and 
Pharmacology at Odense University Hospital 
(Odense, Denmark).

The four groups consisted of: 1) 30 asymptom-
atic individuals with no detectable coronary cal-
cium (CT-no Ca), 2) 30 asymptomatic subjects 
with subclinical CVD defined by the presence of 
coronary calcium (CT-plus Ca), 3) 30 patients 
with stable ischemic heart disease (IHD), bound 
for coronary by-pass surgery and 4) 30 patients 
with acute coronary syndrome (ACS) and symp-
tom onset within the previous 24 hours. 

The group 1 and 2 patients belonged to the 
DanRisk-cohort, a random recruitment of 1825 
men and women aged 50 and 60 years old, 
who in 2009 were invited for screening for coro-
nary disease. The screening included a non-
contrast enhanced cardiac CT-scan, followed 
by an estimation of the amount of coronary cal-
cium (CAC score). Complete details of the study 
have been described by Diederichsen and co-
authors [14]. Among the individuals aged 60 
years (n=647), 30 patients without detectable 

coronary calcium (CT-no Ca, group 1), and 30 
with an Agatston score ≥400 (CT-plus Ca, group 
2), were chosen. These two groups were 
matched for total cholesterol and blood pres-
sure. The group of patients with stable IHD 
(group 3) belonged to The Odense Artery 
Biobank, which gathers spare arterial tissue 
and blood samples from patients undergoing 
coronary by-pass surgery. Blood samples were 
taken the day before the surgery. 30 patients 
with a mean age of approximately 60 years and 
a gender distribution similar to the above-men-
tioned populations were selected. The group of 
patients with ACS (group 4) was recruited from 
the DEFAMI-cohort. This cohort consisted of all 
patients admitted to Odense University Hospital 
between October 1 2009 and April 30 2010 
who had troponin analysis performed on suspi-
cion of ACS. In these patients, serial blood sam-
pling was performed within the first 24 hours of 
symptom onset. Of the 822 patients in the 
DEFAMI cohort, 30 patients with non-ST seg-
ment elevation myocardial infarction (NSTEMI, 
n=24) or unstable angina pectoris (n=6) were 
selected to participate in the current study. 
Their age was approximately 60 years and their 
gender distribution matched the two DanRisk 
subgroups (group 1 and group 2). NSTEMI was 
defined as a typical rise and/or fall of TnI levels 
above 0.03 μg/l, in association with the pres-
ence of typical clinical symptoms. Unstable 
angina pectoris was defined as the presence of 
typical chest pain during rest or minimal physi-
cal exertion together with ST-segment depres-
sion or T-wave fluctuations, but with normal TnI 
levels (<0.03 μg/l). All patients with unstable 
angina pectoris also had to demonstrate at 
least one significant coronary artery stenosis 
(>50% diameter stenosis). Patients with ST seg-
ment elevation myocardial infarction (STEMI) 
were not included, because it would not be pos-
sible to obtain sufficient serial blood samples 
from these patients before medication with 
heparin and acute PCI were done. Both inter-
ventions might interfere in biochemical assays. 
The mean TnI level in the 30 ACS patients 
(group 4) was 0.62 μg/l (range 0.01-5.23 μg/l). 

In all patients, group 1-4 (n=120), hypertension 
was considered if the patient used anti-hyper-
tensive medical treatment and diabetes was 
defined if anti-diabetic medication was pre-
scribed. Systolic and diastolic blood pressure 
was measured on the same day as blood sam-
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pling. Agatston score was calculated in group 1 
and 2 patients. TnI in the ACS group was mea-
sured immediately on hospital admittance, 
prior to the current blood sampling. Total cho-
lesterol, LDL, HDL and triglycerides were also 
measured prior to blood sampling. Blood sam-
ples were drawn in tubes with EDTA and centri-
fuged at 2000 x g for 10 min. Plasma was 
stored at -80°C until biochemical analysis.

Statistical analysis

One-way analysis of variance (ANOVA) was used 
for comparison among groups in both clinical 
cohorts. If ANOVA revealed a statistically signifi-
cant difference between groups, each of the 
groups (CT-plus Ca, ACS and IHD) was com-
pared with the control group (CT-no Ca) with the 
level of significance adjusted for multiple com-
parisons by the method of Dunnett. Differences 
were considered statistically significant if 
p<0.05. The diagnostic value of the assay was 
calculated by receiver operating characteristic 
(ROC) curve plots. GRAPH PAD PRISM 5 (Graph 
Pad Software, LaJolla, CA, USA) was used for 
calculations. The Statistical Analysis System 
(SAS Institute, Cary, NC, USA) was used for the 
analyses.

peptide was shown to be unique to versican 
with 100% homology across different species 
(Homo sapiens, Mus musculus, Rattus norvegi-
cus, Equus caballus, Bos Taurus, Gallus 
gallus).

Technical performance of the VCANM assay

The antibody NB158-8B2 raised against 
VCANM antigen was chosen for ELISA develop-
ment, on the basis of best native reactivity, 
affinity and stability. As illustrated in Figure 1, 
the VCANM antibody was specific to in vitro 
cleaved versican, with preference to MMP-12 
digestion. Importantly, there was no inhibition 
of the signal in the samples containing either 
synthetic elongated peptide or intact versican. 
Furthermore, we demonstrated that VCANM is 
not generated by Cathepsin K.

The assay showed good technical performanc-
es: the lowest detection limit (LDL) was 0.38 
ng/ml, dilution recovery for samples diluted 1:2 
and 1:4 to undiluted sample was within 
100%±10%, and the mean intra- and inter 
assay variations were 6.98% and 6.65% 
respectively, both below the recommended 
10%.

Figure 1. Test of antibody specificity towards VCANM neo-epitope. 
Samples added and tested in a competitive ELISA setting were: elon-
gated peptide, uncleaved versican (VCAN), MMP-8 cleaved versican 
(VCAN+MMP-8), MMP-12 cleaved versican (VCAN+MMP-12) and Ca-
thepsin K cleaved versican (VCAN+CatK).

Results

Identification of VCANM neo-
epitope

More than 100 peptides from 
chicken brain extract cleaved by 
the different proteases were iden-
tified with a statistically significant 
Mascot score (p<0.05) and tested 
for homology to other human pro-
teins (data not shown). Antibodies 
were generated against six neo-
epitope sequences, and based on 
the reactivity against the selec-
tion peptide, the specificity for the 
cleaved versican and the reactivi-
ty against native material (human 
plasma), the mAb recognizing one 
of the peptides identified by 
LC-MS/MS was selected for assay 
development. The sequence 
KTFGKMKPRY (VCANM), cleaved 
at the N-terminal in position 3306 
by MMP-8 and MMP-12 was iden-
tified by LC-MS/MS and selected 
for immunization. The VCANM 
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Immunohistochemistry of VCANM

The human arterial left anterior descending 
(LAD) coronary artery from two deceased indi-
viduals with different severity of atherosclero-
sis, stained with monoclonal anti-VCANM anti-
body, is shown in Figure 2. The versican 
neo-epitope is present in the specimens of ath-
erosclerotic patients, with specific localization 
at the plaque level, towards the edges of the 
atherosclerotic plaque.

Clinical demographics

The demographics of the 120 patients included 
in this study are presented in Table 1. From the 
30 patients in each of the four group, the group 
consisting of ACS patients had a small, but sig-
nificant higher mean age (p=0.0001) and sys-
tolic blood pressure (p=0.004) compared to the 
other three groups. The IHD group had signifi-
cantly lower total and LDL cholesterol levels 
(p=0.007 and p=0.02), probably due to a high 
prevalence of lipid-lowering medication.  It is 
worth mentioning that 13% CT-no Ca, 23% of 
CT-plus Ca, 87% of subjects with stable IHD 

and 60% of patients with ACS were treated with 
statins and therefore the data regarding total 
and LDL cholesterol cannot be used for correla-
tion with VCANM levels.

Biomarker levels of circulating VCANM

Measurements of VCANM in plasma are shown 
in Figure 3. Levels of the VCANM neo-epitope 
were significantly increased in the groups of 
patients with high-coronary calcium, ACS, and 
IHD compared to the control group, with no 
detectable coronary calcium deposits. The 
average value of circulating VCANM in the con-
trol group was 1.52 ng/ml, while the patients in 
the ACS group had average levels of 1.98 ng/
ml (p<0.0005), CT-plus Ca 1.92 ng/ml 
(p<0.0005) and IHD 1.85 ng/ml (p<0.05).

ROC values determined in the clinical cohorts

The levels of VCANM with the highest signifi-
cant ROC values were found in the group of ACS 
patients (AUC: 0.775, p-value <0.0001). 
Furthermore the groups of patients with CT-plus 
Ca and stable IHD also displayed significant 
ROC values (Table 2).

Figure 2. Immunohistochemical analysis of VCANM on LAD coronary arteries from patients with different degrees 
of atherosclerosis. The photomicrographs show a particular of the plaque region (original magnification, x40) with 
presence of VCANM localized at the plaque edges (arrows).
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Discussion

In this study we identified a fragment of versi-
can, VCANM, neo-epitope generated in vitro by 
MMP degradation, preferentially MMP-12. We 
presented the development of a novel, techni-
cally robust ELISA, detecting the VCANM neo-
epitope in plasma. The assay was specific for 
the neo-epitope, as demonstrated by the ability 
of VCANM mAb to recognize only MMP-12 
cleaved versican and not intact versican or 
elongated peptide variants.

The developed assay was used to preliminary 
assess the possibility of VCANM to separate 
patients with different manifestations of ath-
erosclerotic heart disease from healthy sub-
jects. The purpose of this analysis was to dem-
onstrate VCANM potential as marker of 
extracellular matrix remodelling in lipid laden 
vulnerable plaques. The results of our mea-
surements showed that the mean concentra-
tion of the VCANM neo-epitope was increased 

in three different patient groups with athero-
sclerotic heart diseases. We observed signifi-
cantly higher levels of the VCANM neo-epitope 
in patients with stable IHD bound for the by-
pass surgery and in a group of patients suffer-
ing from ACS compared to an asymptomatic 
group with no signs of coronary calcifications.

Interestingly, VCANM was also able to separate 
with statistical significance two gender-, age-, 
cholesterol-, and blood pressure matched 
asymptomatic groups with or without the pres-
ence of coronary calcium deposits (AUC CT-plus 
Ca vs CT-no Ca: 0.748, p-value 0.0003). Both 
groups were recruited from a population-based 
screening of individuals without cardiovascular 
symptoms, which have been separated only on 
the basis of the amount of coronary calcium, 
detected by a coronary-CT. The degree of 
detected calcium (CAC score) reflects the 
amount of coronary atherosclerosis [14, 15] 
and therefore also to a large degree the total 
amount of lesions throughout the complete 

Table 1. Demographics of each group included in the study with mean values and standard deviation 
(in [])

CT-no Ca
n=30

CT-plus Ca
n=30

ACS
n=30

IHD
n=30

ANOVA
p-value

Age (years) 60.2 60.3 64.5** 59.7 0.0001
[59.8; 60.7] [60.0-60.6] [56.0; 73.0] [56.8; 62.6]

Triglycerides#

(mmol/L)
1.57 1.49 1.30 1.48 0.52

[0.85; 2.93] [1.00; 2.21] [0.78; 2.19] [0.92; 2.30]
HDL Cholesterol#
(mmol/L)

1.28 1.36 1.13 1.30 0.14
[0.93; 1.75] [0.98; 1.89] [0.83; 1.52] [0.90;1.87]

LDL Cholesterol 
(mmol/L)

3.14 3.26 2.93 2.41* 0.02
[2.13; 4.16] [2.29; 4.22] [1.74; 4.11] [1.27; 3.55]

Total Cholesterol 
(mmol/L)

5.25 5.47 4.74 4.45* 0.007
[4.06; 6.43] [4.29; 6.64] [3.44; 6.04] [3.20; 5.71]

Systolic Blood Pressure 
(mmHg)

145 147 159* 145 0.04
[131; 159] [128; 167] [132; 187] [123; 168]

Diastolic Blood Pressure 
(mmHg)

86 85 88 83 0.56
[76; 95] [75; 96] [72; 103] [74; 92]

Agatston score# 0 1299 - - -
[717; 2352]

Heart Score# 6.33 8.30 - - 0.3
[2.23; 8.92] [3.10;12.42]

CT-no Ca: Asymptomatic individuals without detectable coronary calcium; CT-plus Ca: Asymptomatic individuals with high 
coronary calcium; ACS: Acute Coronary Syndrome; IHD: patients with stable Ischemic Heart Disease. Mean values [+/- STD]; 
#Geometric mean values [+/- STD], and p-value from one-way of analysis of variance (ANOVA). The level of significance of p-
values from comparison of each group against the control group CT-no Ca was adjusted for multiple comparisons by the method 
of Dunnet (*p<0.05; **p<0.01).
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arterial tree, since the occurrence of athero-
sclerosis is associated at different locations 
[16]. However, absence of coronary calcifica-
tion does not rule out calcification in other 
arteries, which in part may explain the variation 
in the control group.  The ROC value of VCANM 
for CT-plus Ca vs CT-no Ca is at the same level 
of the ROC value for the prediction of coronary 
heart disease events using the traditional risk 
factors [17]. Since the CAC score improves the 
risk prediction when added to the traditional 
risk factors, a marker useful to detect subclini-
cal atherosclerosis (as VCANM in subjects 
belonging to the CT-plus Ca cohort) can be a 
breakthrough in term of preventive cardiology.

The mean value of VCANM was not higher in the 
two groups with manifest atherosclerotic dis-
ease, compared to asymptomatic individuals 
with CT signs of coronary atherosclerosis. 
Although it may be assumed that patients with 
ACS or IHD have larger plaque burden than 
CT-plus Ca individuals, it is important to point 
out that in the screening program we chose 
patients with the highest calcium scores and 

remodelling in atherosclerotic plaques, but this 
hypothesis needs to be verified in larger longi-
tudinal studies. A limitation of this work is the 
possibility that VCANM can be generated in 
locations different than arteries, being versican 
and MMP-12 not exclusively expressed in blood 
vessels. To demonstrate that VCANM is gener-
ated in arteries we performed an immunohisto-
chemical analysis of VCANM in human coronary 
artery sections. Our results showed that the 
VCANM neo-epitope was present at the edges 
of the necrotic core of the plaque in individuals 
with different degrees of atherosclerosis. 
These findings are consistent with previous 
findings in literature, where versican has been 
identified in both early and advanced athero-
sclerotic lesions, as well as in plaque thrombus 
interface [20-23]. In early developing lesions 
involving intimal thickening, versican has been 
primarily associated with arterial SMCs, espe-
cially in arteries more susceptible for athero-
sclerosis, such as coronary arteries [24]. In 
advanced stages of lesion development versi-
can was most prominent at the edges of the 
necrotic core, in close proximity to deposited 

Figure 3. Plasma levels of VCANM measured in patients diagnosed 
with acute coronary syndrome (ACS), high deposits of coronary cal-
cium (CT-plus Ca), stable ischemic heart disease (IHD) and compared 
with age-matched controls comprising individuals with no detectable 
coronary calcium deposits (CT-no Ca). Individual values are shown 
and the group mean and SEM are indicated as line and error bars. * 
= p<0.05; *** = p<0.0005.

that we do not have measures for the 
combined plaque burden, which may 
also be of considerably size in some 
individuals in the screen-negative 
asymptomatic group.

Our hypothesis is that the amount of 
VCANM may not simply reflect the 
amount of plaque material, but could 
relate to the activity in atherosclerotic 
areas. VCANM is in fact a fragment of 
versican, a prominent component of 
restenotic and atherosclerotic lesions, 
and its elevated presence in circula-
tion can indicate the presence of 
intense remodelling at the plaque 
level. The tissue specificity is 
increased by the combination of versi-
can with MMP-12, which is a crucial 
protease for the initiation of the ath-
erosclerotic lesion [18, 19]. The MMP-
12 generated versican fragment 
VCANM found in circulation is likely to 
be generated in the arteries subjected 
to high ECM remodelling that can lead 
to pathological outcomes. For this rea-
son we believe VCANM can have a 
potential as prognostic marker reflect-
ing the levels of extracellular matrix 
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lipoproteins [21, 25]. The immunohistological 
evidences suggest that VCANM was generated 
in vivo in the atherosclerotic plaque, supporting 
the hypothesis that the neo-epitope found in 
plasma of atherosclerotic heart disease affect-
ed individual could be originated in the athero-
sclerotic plaque and then released into 
circulation.

The generation of neo-epitopes by protease 
cleavage is a much more complex process in 
vivo than in vitro, involving different proteases 
in different moments of the pathological 
events, therefore it is not possible to exclude 
the possibility that in vivo proteolytical events 
can generate different pathological relevant 
versican fragments than those generated in 
vitro. Even if neo-epitope peptides have proven 
to be a central part of the disease pathogene-
sis in other diseases [26], further investiga-
tions are needed to understand how VCANM is 
generated in vivo and on how different prote-
ases contribute to the generation of this neo-
epitope and its subsequent release into the 
circulation.

Conclusions

In summary, we developed an assay measuring 
a MMP generated neo-epitope of versican, 
which was able to separate individuals with dif-
ferent degree of atherosclerosis from subjects 
with no coronary calcium deposit. These results 
were supported by the immunohistological 
evaluation of human coronary arteries, where 
VCANM was present in the atherosclerotic 
plaque. Our data suggest that the level of 
VCANM may reflect the activity of matrix remod-
elling in atherosclerotic plaques. Larger longitu-
dinal clinical studies are needed to confirm the 
diagnostic and prognostic features of this novel 
biomarker. 
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