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Objective: In this study, the results of the proteomic analysis of plasma samples of stable angina patients are
presented.

Background: Plasma samples from 44 patients were analysed in two groups: A) a control group of 22
patients without significant coronary artery disease and B) 22 patients admitted with stable angina pectoris.
Methods: During coronary angiography, plasma samples were collected and further analysed using
two-dimensional gel electrophoresis, image analysis and mass spectrometry.

Results: Five spots were found with significantly increased or decreased normalised volumes resulting from
either a change in the amount of protein or changes in posttranslational modifications. Spots containing
serum amyloid A protein and fibrinogen gamma chains displayed increased normalised volumes, and spots
containing apoliprotein A-1 and pigment epithelium-derived factor showed decreased normalised volumes.
Conclusions: Almost identical proteomic profiles of the stable angina pectoris group compared with
the control group corresponded well with clinical results comparing stable patients with the general
population.

SOUHRN

Klicova slova:
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Cil: Prace prezentuje vysledky proteomického vysetieni plazmy u pacienti se stabilni anginou pectoris.
Soubor a metodika: Celkem byly vysetfeny vzorky plazmy od 44 nemocnych rozdélenych do dvou skupin:
A) kontrolni skupina 22 nemocnych bez vyznamné koronarni nemoci a B) 22 nemocnych se stabilni anginou
pectoris. Vzorky plazmy byly odebrany béhem koronarni angiografie a dale analyzovany pomoci dvojroz-
mérné elektroforézy, analyzy snimk( a hmotnostni spektrometrie.
Vysledky: Celkem v péti spotech jsme nalezli rozdily v normalizovanych objemech, kdy zména normalizova-
ného objemu je déana bud zménénym mnozstvim proteinu, nebo jeho posttransla¢nimi modifikacemi. Zvy-
$eni normalizovanych objemu se nachazelo ve spotech obsahujicich sérovy amyloid A a gama fetézce fibri-
nogenu. Naopak snizené normalizované objemy vykazovaly spoty obsahujici apolipoprotein A-1 a pigment
epithelium-derived factor.
Zavér: Skupina se stabilni anginou pectoris vykazovala témér identicky proteomicky profil jako kontrolni
skupina, coz dobre koresponduje s klinickou zkusenosti prakticky stejného klinického pribéhu u stabilnich
pacientl v porovnani s obecnou populaci.

© 2012, CKS. Published by Elsevier Urban and Partner Sp. z.0.0. All rights reserved.

Adresa: MUDr. Martin Maly, Ph.D., Kardiologicka klinika, 2. lékarska fakulta Univerzity Karlovy a Fakultni nemocnice Motol,
V Uvalu 84, 150 06 Praha 5, e-mail: martin.maly@fnmotol.cz

DOI: 10.1016/j.crvasa.2012.01.006



34 Proteomic analysis of the plasma samples of patients with stable angina pectoris

Introduction

The development of genetic research to rapidly move
from bench to bedside is one of the most challenging
fields for clinically applied research. Molecular profiling
technologies to assess the occurrence, appearance and
amounts of DNA, RNA, protein and metabolites are the
foundation for the “omics” disciplines (genomics, pro-
teomics and metabolomics). These disciplines provide the
opportunity to potentially strengthen the concept of
“personalised medicine”. Genomics is utilising methods
to identify genes and their polymorphisms to compare
the results with phenotypes and vice versa. Different
types of genetic studies are used for this purpose [1,2].
Next, proteomic and metabolomic disciplines analyse the
final results of genes — metabolites, proteins and their
posttranslational modifications. Progress in the search
for new therapeutic tools and potentially new biomar-
kers in atherosclerosis has moved forward due to analysis
of genes, results of their expression and identification of
proteins using proteomic analysis [3]. We are presenting
the results of proteomic analysis of plasma samples from
stable angina pectoris patients.

Patients and methods

Plasma samples were collected from 44 patients in two
subgroups: A) 22 patients without significant coronary
artery disease (controls) and B) 22 patients with stable
angina pectoris (SAP) and significant coronary artery
disease according to angiography. The characteristics of
the study groups are summarised in Table 1. The reasons
for coronary angiography of the controls are summarised
in Table 2.

Table 1 - Demographics and list of medication on admission.

Table 2 - Final diagnosis in the control group.
N

Atypical chest pain 18
Cardiomyopathy 2
Valve disease 2
Table 3 - Classification and angiographic results of the stable
angina subgroup.

N (%)
CCS 1 4(18)
CCs 2 12 (55)
CCs3 6 (27)
1VD 6 (27)
2VD 9 (41)
3VD 7(32)

CCS - severity of angina according to the Canadian Cardiovascular
Society classification; VD — number of vessel diseased.

Subgroup A is a heterogeneous population with the
common characteristic of the absence of significant coro-
nary artery disease during coronary angiography. Sub-
group B consists of the patients undergoing angiography
due to SAP. 13 patients had the history of typical chest
pain during exertion and established ischemic heart di-
sease with known coronary artery disease, and 9 patients
had history of typical chest pain and newly diagnosed
significant coronary artery disease on the coronary angio-
graphy. The classification of the SAP and the angiograp-
hic results are summarised in Table 3. All of the patients

A (control) B (SAP) p
Patients, n 22 22
Men/Woman, n (%) 9 (41)/13 (59) 16 (73)/6 (27) 0.0666
Age, years + SD 64.0 + 12.6 64.7 £ 9.3 0.8601
Risk factors
Hypertension, n (%) 11 (50) 21 (95) 0.0015
Smoking, n (%) 3 (14) 7 (32) 0.2806
Dyslipidaemia, n (%) 13 (59) 18 (82) 0.1854
Diabetes, n (%) 6 (27) 9 (41) 0.5256
Medication on admission
Beta blockers, n (%) 6 (27) 14 (64) 0.0329
Aspirin, n (%) 9 (41) 16 (73) 0.0666
ADP blockers, n (%) 2(9) 5(23) 0.4121
Statins, n (%) 12 (55) 18 (82) 0.5365
Nitrates, n (%) 1(5) 5(23) 0.1853
ACE inhibitors, n (%) 5(23) 14 (64) 0.0139
ARB, n (%) 2(9) 3 (14) 1.0000
Ca blockers, n (%) 4 (18) 5(23) 1.0000
Coumadin, n (%) 2(9) 2(9) 1.0000

ACE - angiotensin converting enzyme; ADP - adenosine diphosphate; ARB - angiotensin receptor blockers; Ca - calcium; dyslipidaemia —

(statin use or increased cholesterol levels); SD - standard deviation.
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agreed to participation in the study and signed a consent
approved by the Ethics Committee of the University Hos-
pital Motol.

1) Blood sampling

Blood was collected by venipuncture into tubes coated
with EDTA. Plasma was obtained by centrifugation (15 min,
3,000 x g) of blood samples. The supernatant was centrifu-
ged once more under the same conditions. Subsequently,
the obtained (clear) plasma was transferred to polypropy-
lene Eppendorf tubes and stored at —70 °C until used.

2) Plasma depletion

Plasma depletion is based on the removal of abundant
proteins, which constitute more than 90% of protein
mass in plasma. The depletion is necessary to uncover
small proteins with low plasma concentrations. In our
study, six proteins were depleted (albumin, IgG, a1-anti-
trypsin, IgA, transferrin and haptoglobin).

Plasma samples were centrifuged (5 min, 12,000 x g),
diluted 1 : 4 in depletion buffer (Agilent, CA, USA) and
filtered using 0.22 um Spin filters (Agilent Technologies,
USA) for 1 minute by centrifugation at 12,000 x g. MARS
Hu-6 4.6 x 100 mm columns (Agilent Technologies, CA,
USA) were used to remove the six most abundant proteins
(albumin, 1gG, a1-antitrypsin, IgA, transferrin and hapto-
globin). Spin Concentrators 5K MWCO (Agilent Technolo-
gies, CA, USA) were used to desalinate and concentrate
the samples (3,000 x g, 20 °C). MilliQ water (4 ml) was
added to concentrated samples, and the desalinating-
concentrating step was repeated three times. Finally,
desalinated and concentrated samples were vacuum
dried, frozen rapidly and stored at -70 °C.

3) Two-dimensional electrophoresis (2D SDS-PAGE)
Two-dimensional electrophoresis was performed as desc-
ribed previously [4]. Briefly, the samples were resuspen-
ded and centrifuged at 37,500 x g at 20 °C for an hour.
Following IEF, strips were equilibrated for 20 min in DTT
followed by equilibration in iodoacetamide. Proteins
were separated in the second dimension on SDS-PAGE.
Following electrophoresis, the gels were stained with
colloidal Coomassie blue stain (17% w/v ammonium sul-
fate, 1.8% H;PO,, 35% v/v methanol and 0.12% Serva
Blue G) for at least 24 hours and destained with 1% ace-
tic acid.

4) Image analysis

Scanned images (16-bit grayscale) were processed with
Progenesis SameSpots software (Nonlinear Dynamics,
UK). Both manual and automatic alignments were used
to align the images. Normalised volumes of the spots,
instead of spot intensity, were used in the statistical ana-
lysis, and only spots that fulfilled statistical criteria
(ANOVA p < 0.05 and fold > 1.5) were accepted for pro-
tein identification. The fold change is a value related to
the average amount of all proteins in the spot calculated
as a ratio normalised to the control. The fold change
value shown in the spot list is calculated from the mean
normalised volumes of respective spots in sample and
control gels.

5) In-gel digest

Selected spots were excised from the gel and destained
ina1:1ratioof 100 mM NH,HCO; and acetonitrile. Des-
tained gel pieces were dehydrated with acetonitrile,
rehydrated with 100 mM NH4HCO; and then dehydrated
with acetonitrile once again. Finally, vacuum dried gel
pieces were rehydrated in trypsin solution (12.5 ng/ul of
trypsin in 25 mM NH4HCOs), and then trypsin digestion
was performed at 37 °C for 16 hours. Next, a solution
of 50% acetonitrile/0.1% formic acid was added to the
gel pieces, and peptides were extracted by agitation for
15 min. The supernatant was recovered, and the extrac-
tion step was repeated once again. The supernatants
were pooled, dried and dissolved in 2% acetonitrile/0.1%
formic acid.

6) Liquid chromatography (LC)
and mass spectrometric analysis (MS)

An ion-trap mass spectrometer (MS HCT ultra [Bruker
Daltonik, Germany] with nanoelectrospray ionisation
coupled to the nanoLC system UltiMate 3,000 [Dionex
Corporation, CA, USA]) was used to perform mass spec-
trometric analyses. Tryptic peptides were desalted on
a 300 um ID/5 mm-length C18 PepMap 100 precolumn (LC
Packings, CA, USA) and separated on a 75 um ID/15 cm-
length C18 PepMap 100 analytical column (LC Packings,
CA, USA). A gradient of acetonitrile was used to elute
peptides (0% to 20% B in 2 min, 20% to 50% B in 15 min;
mobile phase A: 2% ACN/0.1% formic acid, mobile phase
B: 80% ACN/0.1% formic acid) at a flow rate of 300 nl/min.
The nanolLC system was connected to MS using a PicoTip
needle (New Objective, MA, USA) with an applied volta-
ge of 1,500 V. The flow of the dry gas was 10 I/min with
a dry temperature of 160 °C. The “Standard Enhanced”
positive scan mode for collision induced dissociation (CID)
data acquisition was used. The scan ranges were 300 to
1,500 m/z and 100 to 2,500 m/z for MS and MS(2), respec-
tively. Three precursor ions were selected during one
autoMS(2) cycle, and active exclusion (0.35 min, singly
charged ions) was used. EsquireControl v6.2 software was
used for data acquisition. DataAnalysis v4.0 was used for
data processing, and BioTools v3.2 (all software above,
Bruker Daltonik, Germany) together with MASCOT (Mat-
rix Science, UK) were used for database searching (SWISS-
PROT 57.0). The following database search parameters
were utilised: taxonomy was restricted to Homo sapiens,
carbamidomethyl (C) was selected as a fixed modification
and oxidation (M) as a variable modification, the number
of missed cleavages was restricted to 1, mass was mono-
isotopic and the mass tolerance was 0.1% for MS and 0.5
Da for MS/MS.

Results

Altogether, 44 2D SDS-PAGE gels were processed throug-
hout the experiment. Scanned gel images were divided
into two individual subgroups: A) controls (22 gels) and
B) stable angina pectoris (22 gels). Progenesis SameSpots
software was utilised to process the image analysis. Using
both manual and automatic image alignment, applying
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Fig. 1 Five different spots on 2D SDS-PAGE

pre-filtering (edge and area exclusion, minimal spot
area or normalised volume) and specific criteria (ANOVA
p < 0.05, minimum fold change of 1.5), five spots were
detected that significantly differed in their normalised
volumes (Fig. 1). Four proteins in these five spots were
successfully identified by nanoscale liquid chromatograp-
hy/tandem mass spectrometry (nanoLC-MS/MS). At least
two protein-unique peptides (fulfilling a minimal
MASCOT score) were necessary for the identification of
a protein. The list of spots, including protein identification
with ANOVA p-value, fold difference, sequence coverage
protein and accession number (SWISS-PROT 57.0), are
summarised in Table 4.

Increased or decreased normalised volumes of protein
mass are due to changes in amount of protein or due to
posttranslational modifications. Compared to controls,
the stable angina pectoris subgroup showed increased
normalised volumes of two spots containing the serum
amyloid A and fibrinogen chains. Decreased normalised
volumes were identified in three spots containing apoli-
protein A-1 and pigment epithelium-derived factor (PEDF).

Discussion

Humans have 30,000 to 40,000 genes, which is only ap-
proximately twice the number of less complex organisms

Table 4 - List of identified proteins.

such as worms. However, a single gene might yield diffe-
rent proteins due to alternative splicing of transcripts
and protein post-translational changes. Thus, although
the genome is stable and gives information about the
potential of an organism, the proteome is dynamic and
reflects the biological processes that are taking place in
that organism. Both approaches are complementary and,
along with transcriptomics and metabolomics (which
study the transcripts and the metabolites, respectively),
integrate the so-called “omic” sciences [6].

Proteomic analysis can utilise almost any tissue. The
analysis of the atherosclerotic plaques has identified
osteopontin as a potential biomarker of poor prognosis.
During three years of follow up, it was confirmed that
a high expression of osteopontin was associated with
a higher incidence of cardiovascular events [7].

Proteomic analysis of whole blood is methodologically
easier. The proteome of the blood cells or plasma can be
investigated. The analysis of the blood cells is more diffi-
cult because of the necessity of the isolation of the cells
and extraction of the proteins. These investigations are
also difficult because of the critical time delay (no more
than four hours) to process samples. Plasma samples dif-
fer in that frozen samples can be stored for a long time.

During the analysis of circulating monocytes sampled
from patients with acute coronary syndrome without ST
elevations, 17 proteins with altered expression were alto-
gether identified when compared with patients with
stable angina pectoris. There were decreased antiathero-
genic proteins such as paraoxonase or HSP 70 and anti-
inflammatory proteins such as protein disulfide isomera-
se. Increased expression was associated with cathepsin D
and enolasis | [8].

Proteomic analysis faces many limitations. As mentio-
ned in the methods section, six proteins (albumin, IgG,
al-antitrypsin, IgA, transferrin and haptoglobin) repre-
sent more than 90% of the protein plasma mass. The
depletion process separates these proteins as well as
proteins that are associated, mainly to albumin. How-
ever, without this depletion, further analysis is impossib-
le. Another limitation is the sensitivity of the method.
Using a proteomic approach in plasma, only approxima-
tely 3,000 genes are now recognised [9,10], much less
than the hypothetically anticipated 900,000.

Proteomic analysis of patients with ischemic stroke
confirmed high levels of haptoglobin and serum amyloid
A in the subgroup of patients with atherothrombotic
events in comparison with embolic events [11]. In pa-

AN Identification p Fold SC (%)
P02647 Apolipoprotein A-1 0.0035 -1.6 50
P02647 Apolipoprotein A-1 0.0134 -1.8 47
P02735 Serum amyloid A protein 0.0304 1.9 36
P36955 Pigment epithelium-derived factor 0.0099 -1.5 36
P02679 Fibrinogen gamma chain 0.0001 1.6 27

The list of spots including protein identification with ANOVA p-value, fold difference (when compared with the control group), SC: sequence

coverage of protein (%).
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tients with acute coronary syndrome, studies show de-
creased levels of different isoforms of al1-antitrypsin or
apolipoprotein A-1 and increased levels of fibrinogen
chains and heavy chain gammaglobulins [12].

In our research, we compared two subgroups of pa-
tients: (1) with stable angina pectoris and (2) without
documented significant coronary artery disease. A sub-
group of patients without coronary artery disease served
as controls. The results of proteomic analysis found only
very discrete changes in the spectrum of proteins, which
correlates well with clinical observations of small diffe-
rences in patients with stable ischemic heart disease com-
pared to the general population. The level of the disease
documented by severity of angina seems not to influen-
ce the spectrum of molecules because increasing angina
is here associated with the severity and extension of the
atherosclerotic lesions, more then with superimposed
thrombosis, which causes the acute coronary syndrome
and where molecular spectrum will be due to thrombotic
process different [12]. In the plasma of patients with
stable angina pectoris, our results show increased levels
of serum amyloid A and gamma chains of fibrinogen.
Decreased levels of apolipoprotein A-1 and pigment epi-
thelium-derived factor (PEDF) were also found.

Serum amyloid A protein is a member of the family of
inflammatory proteins. C reactive protein belongs to the
same family and is currently widely used as an indicator
for increased risk of cardiovascular events [13,14]. Serum
amyloid A protein was reported to have a more rapid re-
sponse and different kinetics. Its addition to the C reacti-
ve protein level indicators increases the predictive value
for the risk of death, myocardial (re)infarction and the
need for target-vessel revascularisation in 30 days, com-
pared with C reactive protein levels alone [15,16]. Increa-
sed levels of C reactive protein and serum amyloid A pro-
tein were the independent predictors of poor prognosis
in severe unstable angina patients at admission [17].

Besides its role in inflammation, fibrinogen plays an
important role in the coagulation cascade, and it is estab-
lished that increased C reactive protein and fibrinogen
levels are predictors of poor long term prognosis [18,19].
Both of these findings correlate well with current estab-
lished pathophysiology of atherosclerosis.

The role of apolipoprotein A-1 has been widely inves-
tigated. Apolipoprotein A-1 is a major apoliprotein of
HDL cholesterol and is protective against atherosclerosis
through several mechanisms including the ability to
mediate reverse cholesterol transfer [20]. In the setting
of coronary artery disease, dysfunctional HDL cholesterol
has been found to be caused by oxidative damage [21].
The decreased presence of apoliprotein A-1 found in the
subgroup of acute coronary syndrome patients correlates
well with the lipid theory of atherosclerosis.

PEDF is involved in pathogenesis of diabetic prolifera-
tive retinopathy. Because of the fact that atherosclerosis
is a proliferative and inflammatory disease, and PEDF
blocks reactive oxygen radicals, one can assume the
important role also in the atherosclerosis [22].

Our results suggest that the subgroup without clinical
manifestation of atherosclerosis and the subgroup with
chronic ischemic heart disease are, from the point of pro-

teomic view, identical. This corresponds with the view of
atherosclerosis as a systemic disease where one can sup-
pose some degree of atherosclerotic disease by the age
of 50 in persons exposed to risk factors. Their clinical cha-
racteristics correspond only with the severity of the disea-
se and not with presence or absence of atherosclerosis.

In this study, the small numbers of patients has so far
been the limitation of all proteomic studies due to me-
thodological complexity and expense.

Conclusions

Our results show the availability and utility of proteomic
analysis as a method for prognosis and its shift from bench
to bedside, which brings new insight into both the pa-
thophysiology and clinical manifestation of atherosclerosis.
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