Proteomic profile of unstable atheroma plaque: increased neutrophil
defensin 1, clusterin and apolipoprotein E levels in carotid secretome
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ABSTRACT

Due to the clinical significance of carotid atherosclerosis, the search for novel
biomarkers has become a priority. The aim of the present study was to compare
the protein secretion profile of the carotid atherosclerotic plaque (CAP, n=12)
and non-atherosclerotic mammary artery (MA, n=10) secretomes. We used a
non-targeted proteomic approach which incorporated tandem immunoaffinity
depletion, iTRAQ labelling, and nanoflow liquid chromatography coupled to
high-resolution mass spectrometry. In total, 162 proteins were quantified, of
which 25 showed statistically significant differences in secretome levels
between carotid atherosclerotic plaque and non-diseased mammary artery. We
found increased levels of neutrophil defensin 1, apolipoprotein E, clusterin and
zinc-alpha-2-glycoprotein in CAP secretomes. Results were validated by ELISA
assays. Also, differentially secreted proteins are involved in pathways such as
focal adhesion and leukocyte transendothelial migration. In conclusion, this
study provides a subset of identified proteins that are differently expressed in

secretomes of clinical significance.
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INTRODUCTION

Atherosclerosis, the underlying cause of most clinical cardiovascular events, is
a chronic and progressive inflammatory disease characterized by the
accumulation of lipids and fibrous elements in the large arteries. Its prevalence
is assumed to have risen along with the worldwide increase in obesity and

2 One of the major clinical manifestations of this inflammatory

diabetes
disease is carotid atherosclerosis, which is prevalent and often clinically silent.
However, on many occasions, embolisms can cause acute temporary occlusion
of the cerebral circulation, resulting in a transient ischemic attack or stroke °.
With the increasing incidence of atherothrombosis, due to carotid atheroma
plaque rupture, the search for novel therapeutic approaches and biomarkers is
a priority. Moreover, new biomarkers should have the potential to improve risk-
stratification, diagnosis or treatment. Although this pathology has been
extensively studied, its molecular mechanisms are not completely understood.

In this regard, the ‘omics’-based approaches (such as genomics,
transcriptomics, proteomics and metabolomics) have enabled us to make an
overall characterization, at the molecular level, of complex global biological
systems and their changes in pathological processes. In this context,
proteomics has emerged as a useful tool for analysing the proteins involved in

4,5

the pathogenesis of such diseases as atherosclerosis ™. In the search for

potential biomarkers, several proteomic study designs have sought to identify
new plasma biomarkers for atherosclerosis and its clinical manifestations 67
The results of these studies are often based on relatively few samples, and so

are unable to address the inter-individual variation of candidate biomarkers.

Moreover, at the methodological level, direct plasma analysis by proteomic



techniques is limited by challenges such as interference from highly abundant
proteins (e.g. albumin and immunoglobulins), which restricts the number of
proteins identified/quantified. In this regard, analysis of the secretome has
emerged as a new strategy for studying the atheroma plaque in humans ®°. The
secretome is the sub-set of proteins released by a cell or tissue under certain
conditions and shows a narrower dynamic range of proteins than serum or
plasma, which means less complexity. Furthermore, studies on tissue
secretomes more closely resemble the in vivo situation than cell culture
workflows. To date, only a few human arterial secretomes (pathological and

non-diseased tissue) have been subject to analysis.

The main objective of this study was to identify potential candidate biomarkers
for carotid atherosclerosis. Specifically, we analysed the protein secretion profile
of carotid atherosclerotic plaque and non-atherosclerotic mammary secretomes.
To evaluate their potential use as atherosclerotic biomarkers, we also studied

the functional pathways in which these secreted proteins are involved.



EXPERIMENTAL SECTION

Subjects/Samples

Human carotid atherosclerotic plaques (CAP) were obtained from patients
(men, n=12) who underwent carotid endarterectomy at the Angiology and
Vascular Surgery Unit of the Hospital Universitari Joan XXIII (Tarragona, Spain).
Patients with cerebrovascular ischemia and internal carotid artery stenosis
>75% were included, diagnosed by colour Doppler assisted duplex imaging and
arteriography. The CAP diagnosis was made by an experienced pathologist

following the American Heart Association (AHA) guidelines ™

. Mammary
arteries were used as non-atherosclerotic control arteries (MA). Segments of
mammary arteries (men, n=10) were obtained during coronary revascularisation
surgery at the Cardiovascular Surgery Department of the Germans Trias i Pujol
Hospital (Badalona, Spain). Patients who had an acute illness, acute or chronic
inflammatory or infective diseases, or malignant neoplastic disease were
excluded.

Blood samples were obtained from each individual immediately before surgery
and after overnight fasting. Serum was obtained by standard protocols and
preserved at -80°C until use.

The institutional review board approved the study. All participants gave written

informed consent for participation in medical research.

Clinical and biochemical assessments

A complete anthropometric, physical examination and biochemical analysis was
carried out on each patient. Body height and weight were measured with the

patient standing in light clothes and shoeless. Body mass index (BMI) was



calculated as body weight divided by height squared (kg/m?). Laboratory studies
included glucose, insulin, glycated haemoglobin (HbA1c), total cholesterol, high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C) and triglycerides, all of which were analysed using a conventional
automated analyser. Insulin resistance (IR) was estimated using the

homeostasis model assessment of IR (HOMA2-IR) ™.

Tissue processing and secretome preparation

Tissue samples were transported from the surgery to the laboratory in
phosphate-buffered saline (PBS) at room temperature. Immediately upon
arrival, the tissue was transferred to a Petri dish and washed with PBS.
Samples were then cut into similar-sized pieces about 3-5 mm in length and
transferred to a 12-well tissue culture plate containing 2ml/well of protein-free
Roswell Park Memorial Institute medium (RPMI) (RPMI-1640, Gibco, Invitrogen,
N.Y, USA) supplemented with penicillin (100 U/ml), streptomycin (100 pg/ml)
and 50 mM HEPES. These procedures were all carried out under a laminar flow
hood using sterile equipment. After 24 hours of incubation at 37°C and 5% of
CO,, the media containing the secreted proteins, the so-called secretome, were
collected, aliquoted and stored at -80°C until analysis. Additionally, a section of
each atherosclerotic plaque was placed in formol 10% and further studied by an
experienced pathologist from the Hospital Universitari Joan XXIII (Tarragona)

following the AHA guidelines °.

Protein preparation



Secretome samples were concentrated by ultrafiltration using 3kDa Amicon
Ultra 0.5mL filters from Millipore in accordance with the manufacturer’s
instructions. The protein concentration was determined by Bradford’s method. A
total of 200 g total protein per sample was run on a self-poured stacking SDS-
PAGE gel (12% resolving gel and 4% stacking gel) at 20mA/gel. The
electrophoresis was stopped when the front dye had barely passed from the
stacking gel (4% acrylamide) into the resolving gel (12% acrylamide), and
before the protein mixture had separated into discrete bands in the gel. In this
way, all proteins were concentrated in a single band, which removed sample
contaminants and made reproducibility for comparison easier. This single
concentrated band obtained for every sample was stained using Coomassie
Brilliant Blue G-250, excised, cut into small pieces and stored at 4°C in

ultrapure water.

Protein digestion

Protein digestion was performed according to Shevchenko et al. with minor
variations 2. Gel pieces were destained using 75% acetonitrile, 25% 0.5M
triethylammonium bicarbonate pH 7.9 solution. Then they were de-hydrated by
successive washes of 50mM triethylammonium bicarbonate pH 7.9 solution and
acetonitrile, and vacuum dried. Subsequently, proteins were reduced using
5mM tris(2-carboxyethyl)phosphine (TCEP) in 50mM triethylammonium
bicarbonate pH 7.9 for 1h at 60°C and alkylated with 3.81mM lodoacetamide
(IAA) in the same buffer for 30 min at room temperature in the dark. For
digestion, samples were incubated with 15.4 ng/pL sequencing-grade trypsin in

50 mM triethylammonium bicarbonate at pH 7.9 overnight at 37°C. After



digestion, the peptides were extracted from the gel by elution in a mixture of
50% acetonitrile, 5% formic acid. Tryptic peptides were dried by SpeedVac and

re-suspended in 30 ul TEAB 0.5M, pH 7.9.

iTRAQ 8plex labelling and purification

Digested samples were labelled using iTRAQ 8-plex reagents (AB SCIEX). To
accommodate all the samples of the study three iTRAQ 8-plex reagent kits are
necessary and for this reason samples were equally distributed in three sub-
groups (A, B and C) containing both CAP and MA samples to minimize
technical variability (Table 1). Hereby, one CAP sample (labelled with 113-tag)
was used as normalizer sample for the three iTRAQ groups and to cover all the
proteins present in CAP arteries. Quantification results are expressed as ratios
of the different labelling tags vs tag 113 and these ratios were used for statistical

purposes.

The iTRAQ labelling reaction was performed according to manufacturer’s
instructions, incubated at room temperature for 120 min and stopped by adding
water. After peptides were labelled, they were purified by using a SCX column
(Strata® SCX 55 um, 70 A, Phenomenex). Then, samples were desalted and
concentrated using a C18 Sep-Pak column (Waters, Bedford, MA) previously to

nanoLC-MS/MS analysis.

Nano LC chromatography and mass spectrometry

Peptides were separated onto a C-18 reversed phase (RP) nano-column (75

pm 1.D.; 15 cm long; 3 um particle diameter, Nikkyo Technos Co. LTD, Japan)



coupled to a trap nano-column (100 um I.D.; 2 cm long; Sum particle diameter,

Thermo Fisher Scientific, San Jose, CA, USA).

The three iTRAQ groups (A, B and C) were analysed by triplicate so that a
higher number of covered proteins and single peptides could be quantified. For
each analysis, 2ug of sample was injected using a continuous acetonitrile
gradient consisting of 0—-5% B in 4 min, 5-15% B in 60 min, 15-35% B in 60 min
and 35-95% B in 10min, which was maintained for 20 min (A = water, 0.1%

formic acid; B = acetonitrile, 0.1% formic acid).

In all the analyses a flow rate of 300 nl/min was used to elute peptides for real
time ionization and peptide fragmentation on an LTQ-Orbitrap Velos Pro mass
spectrometer (Thermo Fisher). An enhanced FT-resolution spectrum (resolution
= 30,000 FHMW) followed by MS/MS scan (R=7500 FHMW) from the ten most
intense parent ions was analyzed throughout the chromatographic run. The
MS/MS scan was acquired in the FT analyzer using an HCD collision cell with
normalized collision energy of 45%, a precursor mass window selection of 2

m/z, a charge state rejection of +1 and a dynamic exclusion of 0.5 min.

Protein identification analysis

Tandem mass spectra were extracted and charge state deconvoluted by
Proteome Discoverer version 1.4.0.288 (Thermo Fisher Scientific). All MS and
MS/MS spectra were analyzed using Mascot search engine node (Matrix
Science; version 2.4.1.0). Mascot was set up to search Swissprot
2012_03.fastadatabase (v 2.4, 535248 entries), restricting for human taxonomy
(20255 sequences) and assuming trypsin digestion. Two missed cleavages

were allowed and an error of 0.80 Da for fragment ion mass and 10.0 ppm for a



parent ion. Oxidation of methionine and acetylation of N-termini were specified
as variable modifications, whereas iTRAQ 8-plex and carbamidomethylation of
cysteine were set as static modifications. The false discovery rate (FDR) and
protein probabilities were calculated by Target Decoy PSM Validator working
between 0.01 and 0.05 for strict and relaxed, respectively [9]. For proteins
identified with only one peptide, the fragmentation spectra were visually verified.
The three technical replicates were analyzed as replicates on Proteome

Discover software to obtain a unique report for each iTRAQ group.

Quantitative proteome analysis

Protein quantification was done by calculating the ratios obtained between each
iTRAQ mass tag of each unique peptide from a given protein, against tag 113.
The quantification is the average value of the ratios obtained for the unique
peptides for each protein and was normalized based on protein median. These

ratios were exported to an excel spreadsheet for statistical analysis.

ELISA assays

Defrosted secretome samples were centrifuged at 3000 rpm and 4°C for 15
minutes. Then, they were analysed by enzyme-linked immunosorbent assays
(ELISA) following the manufacturer’s instructions. Neutrophil defensin 1 (ElAab,
Wuhan, China), apopoliprotein E (AssayPro, St. Charles, MO, USA), clusterin
(RayBiotech Inc, Norcross, GA, USA) and zinc-alpha-2-glycoprotein (BlueGene

Biotech., Shangai, China) were determined in secretome samples.

Statistical analysis

10



The statistical analysis was performed on Mass Profiler Professional software
v.12.1 (Agilent Technologies). For statistical calculations, only these proteins
that were quantified in more than 70% samples in almost one condition (CAP
and MA) were considered. Differences between groups were calculated using a
Student’s t test and to avoid false positives, a multiple testing correction using a
Benjamini-Hochberg method was used. p values < 0.05 and fold change >1.5
were selected as cut-off values. Principal component analysis (PCA) and
hierarchical clustering analysis were performed using Mass Profile Professional
software v.12.1 (Agilent Technologies). Pathway analysis was performed using
The ConsensusPathDB-human platform. Other statistical calculations were

performed using the SPSS software (version 20.0; SPSS, Chicago, IL, USA).
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RESULTS

Baseline characteristics of subjects

The clinical characteristics and biochemical measurements of the population
studied are shown in Table 2. Patients were classified according to the samples
obtained: CAP samples from patients undergoing endarterectomy (n=12) and
MA samples from patients undergoing cardiac bypass (n=10). They were all
men. The analyses indicated that patients from the CAP and MA groups are of
similar ages. Biochemical parameters showed no significant differences
between these groups. 80% of MA patients and 83% of CAP patients received
lipid-lowering therapy. As expected, hypolipemiant treatment did not show

significant differences in both groups (p=0.840).

Protein identification and quantification

In order to assess potential biomarkers for atheromatous plaque progression,
we focused on the carotid atherosclerotic secretome and compared it to
changes in the mammary secretome. Using a nontargeted proteomic approach,
we identified and quantified a total of 162 proteins in the human arterial
secretome (Table 3). The analyses of the three ITRAQ groups (A, B and C)
were prepared in triplicate so that a higher number of covered proteins and
single peptides could be quantified (Figure 1). To study changes in the whole
proteome, multivariate statistics (hierarchical clustering analyses and principal
component analysis (PCA)) were applied. Figure 2 (A and B) shows that we
were able discriminate samples from each group, which suggests that
atheromatous plaque progression has a specific secretome. Subsequently, we

used univariate statistics to define specific potential biomarkers. We found that
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25 proteins exhibit statistically significant differences in secretome levels
between carotid atherosclerotic plaque and non-atherosclerotic mammary artery
(Table 4). The table shows the role that each protein might play in
atherosclerosis according to the literature. Of all the differentially expressed
proteins, four had significantly increased levels in CAP secretomes: neutrophil
defensin 1, apolipoprotein E, clusterin and zinc-alpha-2-glycoprotein.
Multivariate statistics of the 25 proteins that exhibit differences (Figure 2C and
2D) also showed good clusterization and sample discrimination for each group,
which suggests that atheromatous plaque progression has a specific

secretome.

Validation by ELISA assay

ELISA assays were applied to secretome samples in order to validate the
differential release observed by IiTRAQ Ilabelling spectrometry. For the
verification, we selected proteins with an increase profile in CAP secretomes.
We confirmed that neutrophil defensin 1, apolipoprotein E and clusterin levels
were significantly increased in CAP secretomes than in mammary artery group
(Figure 3A, 3B and 3C). Conversely, the levels of zinc-alpha-2-glycoprotein
showed no significant differences between the two secretome groups analysed

(Figure 3D).

Pathway analysis

To determine whether differentially expressed proteins belong to specific
pathways, we conducted pathway analysis on proteomic data. The

ConsensusPathDB-human Platform, which integrates interaction networks in

13



the Homo sapiens proteome, was used to calculate the pathway impact. Briefly,
this platform collates pathways from several public databases of protein
interactions, signaling and metabolic pathways, and gene regulation in humans.
We applied our analysis to the following databases: KEGG, Reactome, Netpath,
Biocarta, HumanCyc and the pathway interaction database (PID), Signalink,
Inoh, Wikipathways, Pharmgkb, Humancyc and Ehmn. The use of multiple
databases enhances coverage and therefore reduces bias. Only pathways
showing two proteins or more in the over-representation analyses and a p value
cutoff <0.05 were taken into account (Figure 4). We used this tool for proteins
that exhibit statistically significant differences in secretome levels. A list of 10
related pathways was generated. Interestingly, differentially secreted proteins
are involved in pathways such as focal adhesion and leukocyte transendothelial

migration.
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DISCUSSION

Several proteomic approaches have been used to study carotid tissue and
understand the mechanisms and progression of atherosclerosis. These studies
have identified only a small number of proteins in relatively few samples, and so
cannot address the inter-individual variation of candidate biomarkers '>'*. To
date, the human artery secretome has not been extensively analysed so the
novelty of this study lies in the fact that we analyzed the proteomic changes that
occur in secretomes of carotid atherosclerotic plague (CAP) and non-
atherosclerotic mammary artery (MA). Multivariate statistics revealed overall
changes in 162 proteins. Further, when univariate statistics were applied, 25
proteins emerged as potential biomarkers of carotid atherosclerotic plaque. The
functional analysis performed in our study corroborated the results of recent
studies and revealed that selected proteins were involved in pathways related to
vascular disease such as focal adhesion and leukocyte transendothelial
migration '°. Our findings show the potential role of secretome evaluation in
carotid atherosclerosis, as a means to determine new possible biomarkers and

further study the progression and physiology of the disease.

Of the 25 proteins selected, we will first focus on significantly decreased
proteins in carotid atherosclerotic plaque secretomes. We classified the
decreased proteins in CAP secretomes into different groups on the basis of
their potential role in atherosclerosis, as reported in the literature. Although we
found that a significant number of the proteins selected were involved in focal
adhesion pathway, these proteins are indirectly related to extracellular matrix

and they could be implicated in remodelling of atherosclerotic plaque maturation
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such as proteoglycans'™. The alterations described could indicate tissue
remodelling with a loss of elasticity in the artery. Moreover, we observed
proteins involved in smooth muscle cell differentiation, contraction, proliferation,
migration and focal adhesion pathways, which corroborates that vascular
smooth muscle cells play a leading role in plaque progression '"'®. We also
found proteins that were involved in protecting against oxidized stress. One of
them, extracellular superoxide dismutase (ecSOD), is an antioxidant enzyme in
vascular tissues. It is known that it plays a major role in modulating blood
pressure and could prevent endothelial dysfunction '°?°. Another antioxidant
enzyme was peroxiredoxin 2 (Prdx2), which regulates proinflammatory
responses, vascular remodelling, and overall oxidative stress 2"?2. A recent
study showed that Prdx 2 deficiency in apolipoprotein E—deficient (ApoE/) mice
accelerates atherosclerosis by increasing the infiltration of immune cells into
plaques %. We also observed decreased levels of carbonic anhydrase 1 (CA1)
in CAP secretomes. Aamand et al. 2 showed that CA1 plays a role in the
generation of vasoactive nitric oxide (NO), which suggests that low levels of
CA1 induced impaired NO production and, subsequently, endothelial

| 2° we also

dysfunction. Finally, in agreement with Martin-Ventura JL et a
detected a decrease in heat shock protein-70 1A (Hsp70 1A) levels in CAP
secretomes. Hsp70 is a chaperone with antiinflammatory and anti-apoptotic

properties that improve the viability of stressed vascular smooth muscle cells %

The increased proteins in CAP secretomes were neutrophil defensin 1,
apolipoprotein E, clusterin and zinc-alpha-2-glycoprotein. As far as neutrophil

defensin 1 is concerned, recent studies have revealed that polymorphonuclear

16



neutrophils participate in the development of atherosclerotic lesions 2’~2°. During
inflammation, large amounts of intracellular proteins such as neutrophil
defensins are released from the activated polymorphonuclear neutrophils 2%
These proteins have been found in human atherosclerotic arteries 233, Apart
from its role in the inflammation underlying atherosclerosis, this protein inhibits
LDL metabolism and fibrinolysis and promotes Lp(a) binding % In addition,
some authors * have reported that neutrophil defensins could induce leukocyte
transendothelial migration and increased foam cell formation. In this regard,
according to our results, neutrophil defensin 1 is another key molecule in the
pathogenesis of atherosclerosis.

Zinc-alpha-2-glycoprotein (ZAG) is a newly identified adipokine and it has not
been studied on atheroma plaque yet. In agreement with our findings, several
studies have shown that serum ZAG levels are upregulated in a variety of

36-38 However,

pathological processes involving endothelial dysfunction
immunoassay data did not show similar profiles as the ones obtained in
spectrometry experiments. This protein has been quantified by mass
spectrometry using only a 1 unique peptide. In this sense, it has been described

d 394 and these

in the literature that this sequence could be easily modifie
changes could affect the quantification by mass spectrometry or ELISA
detection. Otherwise, the quantitative changes detected by mass spectrometry
referred to a very minor difference.

As far as the role of clusterin in atherosclerotic lesions is concerned, other
authors studying the atheroma plaque have reported similar results to ours *'*2.

Indeed, clusterin is upregulated in a wide variety of clinical situations including

aging, diabetes and atherosclerosis ****. Although the role of clusterin in

17



atherosclerosis remains unknown, several studies have shown that clusterin
distribution in human aorta is increased as this disease progress .

Human apolipoprotein E (apoE) plays an important role in the metabolism of
lipids, including cholesterol, and promotes the clearance of atherogenic
lipoproteins such as very low density lipoprotein (VLDL) and chylomicron

remnants from the circulation *°

. In addition, the expression of apoE in
macrophages plays an important anti-atherogenic role by promoting cholesterol
efflux from cells in the arterial wall *’. Recent studies have indicated that the
regulation of apoE expression from macrophages is under the control of several
signaling pathways. ApoE secretion was stimulated by several molecules such
as apolipoprotein A-l, HDL, ATP binding cassette transporter (ABCA1), protein
kinase A, intracellular calcium and microtubular network “®. In addition, the
function of apoE is linked with both proinflammatory and antiinflammatory
cytokines “°. Therefore, under pathological conditions, the expression of apoE
could be upregulated by macrophages in the arterial wall. In our study, one

explanation for high levels of apoE in carotid atherosclerotic secretomes finding

could be that this molecule may act as a protective factor.

We should point out the following drawbacks of our study. First, we used
mammary arteries as controls since previous studies have shown a lower
incidence of atherosclerosis. Although non-diseased carotid arteries would be
the best choice, unfortunately they were not available. Second, our results were
obtained in homogeneous groups of men. Therefore, they cannot be
extrapolated to other population groups with mixed genders or associated

metabolic diseases. Third, our patients were in treatment. Although we cannot
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exclude the influence of drugs on our results, this study design provided
information of real clinical situation during necessary lipid lowering therapy.
Finally, another limitation of the study was the sample size due to the fact the
difficulty in obtaining human artery samples. Despite that, our high sensitive
method evidences a very wide spectrum of proteins in CAP and MA secretomes
which was verified by ELISA assays. Further studies would be useful to validate

our findings.

CONCLUSIONS

In conclusion, our results indicate the potential role of secretome analysis in
carotid atherosclerosis, as a means to identify new possible biomarkers and
further study the progression and physiology of the disease. By means of
iTRAQ labelling spectrometry, some proteins involved in focal adhesion,
oxidative stress, inflammation and endothelial dysfunction, among others, were
differentially identified. Prospective studies are needed to confirm what profile of
secreted proteins could be useful targets for diagnosing and treating carotid

atherosclerosis.
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FIGURE LEGENDS

Figure 1. Analysis of the three ITRAQ groups (A, B and C) prepared in triplicate
so that a higher number of covered proteins and unique peptides were

quantified.

Figure 2. Proteomic analysis in CAP and MA secretome samples. Heat map
representation of hierarchical clustering of molecular features found in each
sample of two groups (A represents quantified proteins and C statistically
significant proteins). The scale from -2.4 blue (low abundance) to +2.4 red (high
abundance) represents this normalized abundance in arbitrary units. The CAP
group is represented as red samples and MA secretomes as blue samples.
Tridimensional principal component analysis (PCA) was used before (B) and
after (D) Student’s unpaired t-test. The CAP group is represented as red spots
and the MA group as blue spots. CAP, carotid atherosclerotic plaque; MA,

mammary artery secretome.

Figure 3. Protein validation by ELISA assays. Neutrophil defensin 1 (A),
apolipoprotein E (B), clusterin (C) and zinc-alpha-2-glycoprotein (D) levels in

secretome samples.

Figure 4. The ConsensusPathDB-human platform integrating interaction
networks in Homo sapiens proteome was used to calculate pathway impact.
Pathway analysis was conducted on proteins that exhibit statistically significant
differences in secretome levels. Minimum overlap with input protein = 2 and p-

value cutoff < 0.05.
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Table 1. Sample labelling and distribution in three iTRAQ groups (A, B and C).

iTRAQ groups Labelling

Sample Type

113
114
115
116
117
118
119
121

CAP*
MA
CAP
MA
CAP
CAP
MA
CAP

113
114
115
116
117
118
119
121

CAP*
MA
MA

CAP
MA
MA

CAP
MA

113
114
115
116
117
118
119
121

CAP*
CAP
CAP
CAP
CAP
MA
MA
MA

CAP, carotid atherosclerotic plaque; MA, control mammary artery. *This sample was

added in all groups in order to normalize the quantification results that are expressed

as ratios of the different labelling tags vs tag 113.
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Table 2. Clinical baseline characteristics of the cohort studied

CAP group MA group
(n=12) (n=10)
Mean £ SD Mean £ SD
Age (years) 68,83 + 6,39 67,00 + 9,99
BMI (kg/mz) 28,06 3,26 30,64 + 1,27

Glucose (mg/dl)
HbA1c (%)

Insulin (mUI/L)
HOMA2-IR
Triglycerides (mg/dL)
Cholesterol (mg/dl)
HDL-C (mg/dL)

LDL-C (mg/dL)

129,17 £ 49,75
6,39 £ 1,07
8,29 £ 4,95
1,01 £ 0,67

112,00 £ 44,67

122,10 £ 36,22
29,08 £7,20

70,73 + 27,49

118,88 + 45,64
7,03+ 1,38
10,47 £ 6,89
1,59 £ 0,97

113,50 £ 27,97

130,07 £+ 24,96
24,33 £4,76

78,56 + 19,48

CAP, carotid atherosclerotic plaque; MA, control mammary artery; BMI, body mass

index; HbA1c, glycosylated haemoglobin; HOMA2-IR, homeostatic model assessment

2-insulin resistance; HDL-C, high density lipoprotein; LDL-C, low density lipoprotein.

Data are expressed as mean = SD. p<0.05 are considered statistically significant.

HOMA-2 is calculated
(http://www.dtu.ox.ac.uk).

using the

HOMA  Calculator
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Table 3. Protein identified in human carotid plaque secretome

FBNiSS'PrOt Protein Name Coverage % PléJStiiqduees* Peptides PSMs MW [kDa] g?lc.

P01834 Ig kappa chain C region 80.19 5 5 119 11.6 5.87
P68871 Hemoglobin subunit beta 65.99 5 8 440 16.0 7.28
POCGO05 Ig lambda-2 chain C regions 62.26 3 5 55 11.3 7.24
Q01995 Transgelin 55.72 11 11 64 22.6 8.84
POCGO04 Ig lambda-1 chain C regions 46.23 1 3 43 11.3 7.87
P02042 Hemoglobin subunit delta 44.22 3 6 222 16.0 8.05
P02768 Serum albumin 42.53 28 28 793 69.3 6.28
P08670 Vimentin 42.49 16 19 183 53.6 5.12
P69905 Hemoglobin subunit alpha 35.21 5 5 146 15.2 8.68
P02647 Apolipoprotein A-I 33.71 9 9 49 30.8 5.76
POCG48 Polyubiquitin-C 32.85 2 2 8 77.0 7.66
P02675 Fibrinogen beta chain 31.98 12 12 175 55.9 8.27
P60709 Actin. cytoplasmic 1 28.80 1 9 103 41.7 5.48
P63261 Actin. cytoplasmic 2 28.80 1 9 101 41.8 5.48
P02649 Apolipoprotein E 28.39 8 8 30 36.1 5.73
P32119 Peroxiredoxin-2 27.78 4 5 27 21.9 5.97
P01860 Ilg gamma-3 chain C region 27.59 2 8 162 41.3 7.9

Q96KK5 Histone H2A type 1-H 27.34 3 3 11 13.9 10.89
P01598 Ig kappa chain V-I region EU 26.85 2 2 6 11.8 8.44
P02679 Fibrinogen gamma chain 26.71 11 11 75 515 5.62
P00738 Haptoglobin 26.35 10 10 40 45.2 6.58
P01765 Ig heavy chain V-Ill region TIL 26.09 2 2 6 12.3 9.13
P02787 Serotransferrin 25.50 16 16 125 77.0 7.12
P01766 Ig heavy chain V-Ill region BRO 25.00 2 2 30 13.2 6.57
P01620 Ig kappa chain V-IIl region SIE 24.77 2 2 14 11.8 8.48
P01857 Ilg gamma-1 chain C region 23.94 2 7 157 36.1 8.19
P02743 Serum amyloid P-component 23.77 5 5 18 25.4 6.54
P01625 Ig kappa chain V-1V region Len 21.93 2 2 2 12.6 7.93
P09493 Tropomyosin alpha-1 chain 21.48 3 8 25 32.7 4.74
P60174 Triosephosphate isomerase 21.33 5 5 9 30.8 5.92
P01871 Ig mu chain C region 19.91 8 8 37 49.3 6.77
P07951 Tropomyosin beta chain 19.72 2 7 27 32.8 4.7

P63267 Actin. gamma-enteric smooth muscle 19.41 1 7 78 41.8 5.48
P00338 L-lactate dehydrogenase A chain 19.28 4 6 28 36.7 8.27
P59665 Neutrophil defensin 1 19.15 2 2 10 10.2 6.99
P18206 Vinculin 19.14 18 18 51 123.7 5.66
P01859 Ilg gamma-2 chain C region 19.02 2 6 142 35.9 7.59
P01700 Ig lambda chain V-l region HA 18.75 2 2 11 11.9 8.91
P00915 Carbonic anhydrase 1 18.01 5 5 54 28.9 7.12
P01876 Ig alpha-1 chain C region 17.85 2 5 61 37.6 6.51
P0O1717 Ig lambda chain V-IV region Hil 17.76 1 1 1 115 6.51
P01617 Ig kappa chain V-II region TEW 17.70 1 2 6 12.3 6

29



P62805
P05452
P01593
P02792
P21333
P06310
P01877
P06733
P02671
Q06830
P01023
043707
P01009
P01024
P02545
P01011
P06396

P08294

P62942

P02760
P12814
P51884
P05109
P37802
PO7737

P30086

P07195
P04075
P10909
P02144
P01008
P02652
P07339
P06703
P02766

P04406

P60660
P31949
P02763
P35542
P01605
P00325
P04433
P04083
P36955

Histone H4

Tetranectin

Ig kappa chain V-1 region AG
Ferritin light chain
Filamin-A

Ig kappa chain V-II region
Ig alpha-2 chain C region
Alpha-enolase
Fibrinogen alpha chain
Peroxiredoxin-1
Alpha-2-macroglobulin
Alpha-actinin-4
Alpha-1-antitrypsin
Complement C3
Prelamin-A/C
Alpha-1-antichymotrypsin

Gelsolin

Extracellular superoxide dismutase [Cu-
Zn]

Peptidyl-prolyl cis-trans isomerase
FKBP1A

Protein AMBP
Alpha-actinin-1
Lumican

Protein S100-A8
Transgelin-2

Profilin-1

Phosphatidylethanolamine-binding protein
1

L-lactate dehydrogenase B chain
Fructose-bisphosphate aldolase A
Clusterin

Myoglobin

Antithrombin-1I|

Apolipoprotein A-Il

Cathepsin D

Protein S100-A6

Transthyretin

Glyceraldehyde-3-phosphate dehydroge-
nase ]

Myosin light polypeptide 6

Protein S100-A11

Alpha-1-acid glycoprotein 1

Serum amyloid A-4 protein

Ig kappa chain V-I region Lay

Alcohol dehydrogenase 1B

Ig kappa chain V-IIl region VG (Fragment)
Annexin A1

Pigment epithelium-derived factor

17.48
17.33
16.67
16.57
15.72
15.04
15.00
14.75
14.67
14.57
14.18
13.83
13.64
13.47
13.25
13.24
12.15

12.08

12.04

11.93
11.88
11.83
11.83
11.56
11.43

10.70

10.48
10.44
9.80
9.74
9.70
9.00
8.98
8.89
8.84

8.66

8.61
8.57
8.46
8.46
8.33
8.27
7.83
7.8
7.66
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22.5
12.0
20.0
280.6
14.7
36.5
47.1
94.9
22.1
163.2
104.8
46.7
187.0
74.1
47.6
85.6

25.8

11.9
39.0
103
38.4
10.8
22.4
15.0
21.0

36.6
39.4
52.5
17.2
52.6
11.2
44.5
10.2
15.9
36.0
16.9
11.7
23.5
14.7
11.8
39.8
12.6
38.7
46.3
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11.36
5.67
5.99
5.78
6.06
9.25

6.1
7.39
6.01
8.13
6.46
5.44
5.59

6.4
7.02
5.52
6.28

6.61

8.16

6.25
5.41
6.61
7.03
8.25
8.27

7.53

6.05
8.09
6.27
7.68
6.71
6.62
6.54
5.48
5.76
8.46
4.65
7.12
5.02
9.07
7.96
8.29
4.96
7.02
6.38



P17661
P52565
P14618
P06888
P23528
060814
P07355
POCOL4
P00558
P13797
P12883
P00441
P02790
P06702
P61626
P23284
P08758
P78417
P08107
P63104
P06732
P02794
P08571
P00450
Q6NZI2
P04004
P05155
P02751
P29401
P62258
P04264
P25311
P68366
P00918
P08603
P02774
Q01518
Q13642
P08238
P26038
P07451

P19827

Q14624
P13796
P51911
P40925

Desmin

Rho GDP-dissociation inhibitor 1
Pyruvate kinase isozymes M1/M2

Ig lambda chain V- region EPS
Cofilin-1

Histone H2B type 1-K

Annexin A2

Complement C4-A

Phosphoglycerate kinase 1

Plastin-3

Myosin-7

Superoxide dismutase [Cu-Zn]
Hemopexin

Protein S100-A9

Lysozyme C

Peptidyl-prolyl cis-trans isomerase B
Annexin A5

Glutathione S-transferase omega-1
Heat shock 70 kDa protein 1A/1B
14-3-3 protein zeta/delta

Creatine kinase M-type

Ferritin heavy chain

Monocyte differentiation antigen CD14
Ceruloplasmin

Polymerase | and transcript release factor
Vitronectin

Plasma protease C1 inhibitor
Fibronectin

Transketolase

14-3-3 protein epsilon

Keratin. type Il cytoskeletal 1
Zinc-alpha-2-glycoprotein

Tubulin alpha-4A chain

Carbonic anhydrase 2

Complement factor H

Vitamin D-binding protein

Adenylyl cyclase-associated protein 1
Four and a half LIM domains protein 1
Heat shock protein HSP 90-beta
Moesin

Carbonic anhydrase 3

Inter-alpha-trypsin inhibitor heavy chain
H1
Inter-alpha-trypsin inhibitor heavy chain
H4

Plastin-2
Calponin-1

Malate dehydrogenase. cytoplasmic

7.66
7.35
7.34
7.34
7.23
7.14
7.08
7.00
6.71
6.67
6.67
6.49
6.28
6.14
6.08
6.02
5.94
5.81
5.77
5.71
5.51
4.92
48
479
4.62
46
46
4.44
433
431
4.04
4.03
4.02
3.85
3.82
3.8
3.79
3.72
3.59
3.47
3.46
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3.03
3.03
2.99
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232
57.9
11.4
18.5
13.9
38.6
192.7
44.6
70.8
223
15.9
51.6
13.2
16.5
23.7
35.9
275
70.0
27.7
43.1
21.2
40.1
1221
43.4
54.3
55.1
262.5
67.8
29.2
66.0
34.2
49.9
29.2
139.0
52.9
51.9
36.2
83.2
67.8
295
101.3

103.3

70.2
33.1
36.4
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5.27
511
7.84
9.29
8.09
10.32
7.75
7.08
8.1
5.6
5.8
6.13
7.02
6.13
9.16
9.41
5.05
6.6
5.66
4.79
7.25
5.55
6.23
5.72
5.6
5.8
6.55
5.71
7.66
4.74
8.12
6.05
5.06
7.4
6.61
5.54
8.06
8.97
5.03
6.4
7.34

6.79

6.98
5.43
9.07
7.36



P40121
ABNIK2
P20774
P02749
P55058
P37837
P18428
P06727
P04217
P00488
P16930
P02765
P01042
P04003

Q12805

P00751
P07602
P04040
P02748
Q05682
075083
P00747
Q8N436
P00734
Q9Y490
P35579
P04114
P01031
P07996

Macrophage-capping protein 2.87 1 1 4 38.5
Leucine-rich repeat-containing protein 10B 2.74 1 1 1 32.7
Mimecan 2.68 1 1 1 33.9
Beta-2-glycoprotein 1 2.61 1 1 5 38.3
Phospholipid transfer protein 2.43 1 1 1 54.7
Transaldolase 2.37 1 1 1 375
Lipopolysaccharide-binding protein 2.29 1 1 1 53.3
Apolipoprotein A-IV 2.27 1 1 2 45.4
Alpha-1B-glycoprotein 2.22 1 1 1 54.2
Coagulation factor XIII A chain 2.19 1 1 1 83.2
Fumarylacetoacetase 1.91 1 1 1 46.3
Alpha-2-HS-glycoprotein 1.91 1 1 2 39.3
Kininogen-1 1.86 1 1 3 71.9
C4b-binding protein alpha chain 1.84 1 1 1 67.0
Eﬁgi;g?é?é?;n% fibulin-like extracellular 183 1 1 1 54.6
Complement factor B 1.83 1 1 4 85.5
Proactivator polypeptide 1.72 1 1 2 58.1
Catalase 1.71 1 1 1 59.7
Complement component C9 1.61 1 1 5 63.1
Caldesmon 151 1 1 1 93.2
WD repeat-containing protein 1 1.32 1 1 2 66.2
Plasminogen 1.23 1 1 1 90.5
Inactive carboxypeptidase-like protein X2 1.19 1 1 2 85.8
Prothrombin 1.13 1 1 2 70.0
Talin-1 0.94 2 2 3 269.6
Myosin-9 0.82 1 1 1 226.4
Apolipoprotein B-100 0.77 3 3 8 515.3
Complement C5 0.6 1 1 3 188.2
Thrombospondin-1 0.6 1 1 1 129.3

6.19
7.36
5.63
7.97
7.01
6.81
6.7
5.38
5.86
6.09
6.95
5.72
6.81
7.3
5.07
7.06
5.17
7.39
5.59
5.66
6.65
7.24
6.87
5.9
6.07
5.6
7.05
6.52
4.94

The proteins included in this table met all identification criteria laid out in the Methods
section. Proteins are arranged according to the % coverage of target protein by
identified peptides. *Unique peptide: the number of identified unique peptides subjected
to quantification for the given protein. PSM, peptide spectrum match; MW, molecular

weight; calc. pl, predicted isoelectric point.
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Table 4. Secretome proteins differ significantly between CAP and MA group

Gene *Role in
Swiss-ProtID  Protein name atherosclerosis Ratio P-value Effect
P51911 Calponin-1 CNN1 SMC differentiation 0.30 0.0024 decreased
P09493 Tropomyosin-1 alpha TPMA1 SMC differentiation 0.35 <0.001 decreased
P00325 Alcohol dehydrogenase 1B ADH1B - 0.41 <0.001 decreased
Q01995 Transgelin TAGLN SMC differentiation 0.21 <0.001 decreased
P07951 Tropomyosin beta chain TMP2 SMC differentiation 031 <0.001 decreased
P21333 Filamin-A FLNA Focal adhesion 031 <0.001 decreased
P30086 Phosphatidylethanolamine-binding protein 1 PEBP1 - 0.50 0.0013 decreased
P63267 Actin, gamma-enteric smooth muscle ACTG2 Focal adhesion 0.40 0.0036 decreased
P18206 Vinculin VCL Focal adhesion 0.33 <0.001 decreased
P08670 Vimentin VIM Focal adhesion 0.58 0.0027 decreased
043707 Alpha-actinin-4 ACTN4 Focal adhesion 0.30 <0.001 decreased
P12814 Alpha-actinin-1 ACTN1 Focal adhesion 0.42 <0.001 decreased
P08107 Heat shock protein-70 1A HSPA1A Inflammation 0.48 <0.001 decreased
P04075 Fructose-bisphosphate aldolase A ALDOA - 059 0.0018 decreased
P00915 Carbonic anhydrase 1 CA1 Endothelial dysfunction 0.49 0.0013 decreased
P32119 Peroxiredoxin-2 PRDX2 Antioxidant enzyme 0.51 0.0014 decreased
P40925 Malate dehydrogenase MDH1 - 056 0.0091 decreased
P04264 Keratin, type Il cytoskeletal 1 KRT1 - 047 0.0091 decreased
P08294 Extracellular superoxide dismutase SOD3 Antioxidant enzyme 058 <0.001 decreased
Q9Y490 Talin-1 TLN1 Focal adhesion 063 0.0099 decreased
P59665 Neutrophil defensin 1 DEFA1 Leukocyte migration 191 0.0366 increased
P01766 Ig heavy chain V-III region BRO - - 171 <0.001 increased
P02649 Apolipoprotein E APOE Lipid transport 161 0.0018 increased
P10909 Clusterin CLU Lipid transport 28 <0.001 increased
P25311 Zinc-alpha-2-glycoprotein AZGP1 Endothelial dysfunction 1.66 0.0099 increased

Student’s unpaired t-test was used. To avoid false positives, a multiple testing correc-
tion using a Benjamini-Hochberg method was also used. P-value<0.05 and fold
change>1.5 were selected as cut-off values. *Role in atherosclerosis refers to data

reported in the literature.
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Figure 2.
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Figure 4.
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