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Purpose: Perivascular release of inflammatory mediators may accelerate coronary lesion
formation and contribute to plaque instability. Accordingly, we compared gene expression in
pericoronary adipose tissue (PCAT) in patients with advanced coronary artery disease (CAD)
and non-CAD controls.

Patients and Methods: PCAT samples were collected during coronary bypass grafting
from CAD patients (n = 21) and controls undergoing valve replacement surgery, with CAD
excluded by coronary angiography (n = 19). Gene expression was measured by GeneChip™
Human Transcriptome Array 2.0. Obtained list of 1348 transcripts (2.0%) that passed the
filter criteria was further analyzed by Ingenuity Pathway Analysis software, identifying 735
unique differentially expressed genes (DEGs).

Results: Among the CAD patients, 416 (30.9%) transcripts were upregulated, and 932
(69.1%) were downregulated, compared to controls. The top upregulated genes were
involved in inflammation and atherosclerosis (chemokines, interleukin-6, selectin E and low-
density lipoprotein cholesterol (LDL-C) receptor), whereas the downregulated genes were
involved in cardiac ischaemia and remodelling, platelet function and mitochondrial function
(miR-3671, miR-4524a, multimerin, biglycan, tissue factor pathway inhibitor (TFPI), glu-
curonidases, miR-548, collagen type I, III, IV). Among the top upstream regulators, we
identified molecules that have proinflammatory and atherosclerotic features (High Mobility
Group Box 2 (HMGB?2), platelet-derived growth platelet (PDGF) and evolutionarily con-
served signaling intermediate in Toll pathways (ESCIT)). The activated pathway related to
DEGs consisted of molecules with well-established role in the pathogenesis of atherosclero-
sis (TFPI, plasminogen activator, plasminogen activator, urokinase receptor (PLAUR),
thrombomodulin). Moreover, we showed that 22 of the altered genes form a pro-
atherogenic network.

Conclusion: Altered gene expression in PCAT of CAD patients, with genes upregulation
and activation of pathway involved in inflammation and atherosclerosis, may be involved in
CAD development and progression.
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Introduction

Obesity, particularly abdominal obesity, is one of the most important risk factors for
atherosclerosis and cardiovascular events.' > The volume and thickness of epicar-
dial adipose tissue (EAT) correlate with intra-abdominal fat mass and the severity
of obesity*” and are independently associated with cardiovascular events.® Many
studies have shown that inflammation plays a key role in the development of
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atherosclerosis and the destabilization of atherosclerotic
coronary plaques, but the exact mechanism of this phe-
nomenon is still unknown.”” EAT is an active inflamma-

10,11 and

tory tissue that releases cytokines and chemokines
plays a role in the pathogenesis of coronary artery disease
(CAD). EAT is a part of the visceral fat that lies between
the pericardium and the myocardium'? and is not sepa-
rated from the myocardium and vessels by fascia, allowing
paracrine or vasocrine interactions.'® Pericoronary adipose
tissue (PCAT), in turn, is a part of EAT that directly
neighbors coronary arteries. In patients with CAD who
undergo coronary artery bypass grafting (CABG), PCAT
releases higher levels of inflammatory markers than sub-
cutaneous adipose tissue (SAT),'* which further correlates
with insulin resistance. The presence of inflammatory cells
in the adventitia among patients who died due to acute
coronary syndrome was confirmed in autopsy studies.'”
There is also a correlation between the degree of coronary
artery narrowing and the degree of inflammatory infiltra-
tion in the adventitia.'> EAT volume (EATV), assessed by
computed tomography (CT), is associated with the total
coronary plaque burden, and there is a positive correlation
between EATV and the amount of necrotic tissue in ather-
osclerotic plaques, evaluated using intravascular ultra-
sound imaging (IVUS), indicating a relationship between
EATV and the vulnerability of atherosclerotic plaques.'®
Qualitative assessment of PCAT using positron emission
tomography/computed tomography (PET/CT) was also
performed in patients with acute coronary syndrome with-
out persistent ST-segment elevation (NSTE-ACS).'” In
these patients, the inflammatory activity of PCAT, as mea-
sured by maximum fludeoxyglucose (FDG) uptake, was
greater than that adipose tissue in other locations.
Moreover, it correlated with the severity of atherosclerosis
and the necrotic core volume of coronary plaque, as
assessed by virtual histology IVUS. Similarly, in patients
with stable CAD, PCAT maximum FDG uptake was
greater than in healthy volunteers.'®

There are many anatomical, histological, embryologi-
cal and molecular features that distinguish EAT from the
other fat depots.® There are studies showing that gene
expression in adipose tissue depends not only on its loca-
tion in the human body'® but also on its location within the
heart.?® Moreover, gene expression in adipose tissue may
differ between a healthy population and patients with
CAD. Currently, there are a few studies which evaluated
gene expression in EAT.'”?* In one of the latest studies, it
was demonstrated that the EAT transcriptome is (i) unique

compared to the SAT transcriptome, and (ii) different
among patients with and without CAD. Emerging data
supports the participation of EAT and/or PCAT in the
pathophysiology of CAD.** Moreover, it has been postu-
lated that EAT or PCAT may be novel therapeutic targets
in obesity-related atherosclerosis.>>?® Previously, we
showed that EAT/PCAT is a source of inflammatory med-
iators in high-risk cardiac patients.'® Here, we hypothe-
sized that PCAT has specific gene regulation patterns in
patients with CAD, compared to those without CAD, and
that the dysregulated genes form specific networks. The
aim of this study was to compare gene expression in PCAT
samples collected during open heart surgery in patients
with and without CAD.

Materials and Methods

Forty PCAT samples were collected during CABG from
patients with severe, symptomatic CAD. (study group, n =
21 samples) and heart valve replacement after excluding
CAD by coronary angiography (control group, n = 19
samples). Qualification for CABG was performed by the
Heart Team consisting of a general cardiologist, interven-
tional cardiologist and thoracic surgeon. All collected
samples were coded with a unique number and analyzed
by operators blinded to patient data. The study was con-
ducted according to the guidelines of the Declaration of
Helsinki, and approved by the Institutional Review Board
(IRB) at Medical University of Warsaw (approval number:
KB 91/2012) and all participants gave written informed

consent.

RNA Isolation

After harvesting, tissue pieces were immediately sub-
merged in RNAlater (Thermo Fisher, US) and stored at
—20 °C. Prior to RNA purification, tissue samples were
homogenized using the MagNA Lyser instrument and the
MagNA Lyser Green Beads tubes, together with 100-400
pL MagNA Pure DNA tissue lysis buffer (Roche
Diagnostics, Germany). After transferring the samples to
the MagNA Pure Compact System, automated isolation of
total RNA was performed using the MagNA Pure Compact
RNA isolation kit (Roche Diagnostics, Germany). The
yield and purity of the isolated RNA were calculated by
measuring the absorbance at 260 nm and 280 nm with
a Nanodrop spectrometer. RNA integrity checks were per-
formed using an Agilent BioAnalyzer 2100 (Agilent, US).
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Microarray Analysis
Microarray expression analysis was performed using the
Affymetrix Gene GeneChip® Instrument System accord-
ing to the manufacturer’s instructions (Thermo Fisher,
US). A total of 10 ng of RNA that passed the initial quality
control screen was then processed using the GeneChip™
WT Pico Kit, which was designed specifically to process
small amounts of input RNA, according to the standard
protocol provided by Affymetrix. Labeled samples were
hybridized to the GeneChip™ Human Transcriptome
Array 2.0. After hybridization, the arrays were washed
and stained using a GeneChip Fluidics Station 450 and
the Affymetrix GeneChip hybridization wash and stain kit.
Microarrays were scanned on the Affymetrix GeneChip
Scanner 3000 7G using Command Console Software.
Data from the microarrays were normalized and ana-
lyzed using Transcriptome Analysis Console 4.0. Apart
from the tested condition difference (CAD presence), the
main sources of variation included inter-subject variability
and sample source, while patient sex and the protocol used
were less important. However, to overcome variation dri-
ven by additional factors, additional normalization and
corrections were applied (such as “batch effect” normal-
ization for used protocol), following the TAC user guide.
The analysis of variance was performed by one-way
ANOVA (CAD group vs control group), followed by false
discovery rate (FDR) correction by the Benjamin—
Hochberg procedure. To determine the significance of
differentially expressed genes (DEGs), a cut-off for the
fold change value +1.5 and FDR < 0.05 was applied.

Downstream Analysis

The list of detected differentially expressed transcripts was
analyzed by Ingenuity Pathway Analysis (IPA, version:
51963813) software to identify significant interactions
and pathways.*’

To quantify biological activity of pathways and main
pathway regulators, the gene expression z-scores were
calculated.”® Briefly, a z-score is defined as the difference
between the error-weighted mean of the expression values of
the genes in each pathway and the error-weighted mean of all
genes in a sample after normalization. Positive and negative
z-scores indicate activation or inhibition of pathways and
regulators, respectively, based on the relationships with
DEGs. All analyses were performed by limiting the IPA
database information only to molecules and relationships
where the information was experimentally observed among

humans. The list of DEGs was also used to establish custom
IPA networks to further reveal the connections between dis-
covered genes (Figure 1). All analysis and corresponding
plots were executed following software guide.

Results

Table 1 shows the baseline clinical characteristics of the
study participants, which were comparable in both groups.
Among 67,528 transcripts, 1348 (2%) were identified as
DEGs, with 416 (30.9%) and 932 (69.1%) transcripts that
were up- and downregulated, respectively, in patients ver-
sus controls. Figure 2 shows DEGs in CAD patients,
compared to controls, generated using Transcriptome
Analysis Console 4.1. Although the majority of DEGs
were downregulated, the upregulated DEGs showed the
highest difference in expression. Table 2 shows the list of
top 20 upregulated genes in PCAT of patients with CAD,
compared to controls. The top upregulated genes included
those involved in inflammation and atherosclerosis: che-
mokines (CXCLS8, CXCL2), interleukin (IL)-6, E-selectin,
low-density lipoproteins receptor (LDL-R). The genes
which were upregulated more than 20-fold in patients
compared to controls were coding CXCLS8 (+193 fold
change, FC), selectin E (+91 FC), IL-6 (+49 FC) and
ADAM metallopeptidase with thrombospondin type 1
motif 4 (ADAMTS4; +28 FC).

Table 3 shows the list of top 20 downregulated genes in
PCAT of patients with CAD, compared to controls. Among
the top downregulated genes, signaling proteins (ATM
serine/threonine kinase), different types of collagen (type
IV, 1 and III), enzymes (histone acetyltransferase
KANSLI1, glucuronidase) and miRNAs (miR-548, miR-
4524, miR-1299 and miR-3671) were found. The most
downregulated genes were coding collagen type IV alpha
4 chain (-9 FC), histone acetyltransferase KANSL1 (=7
FC), miR-579 (=7 FC) and miR-4524a (—6 FC).

Table 4 shows the list of top upstream regulators iden-
tified by IPA, based on the relationships with DEGs in
PCAT of patients with CAD, compared to controls. The
top upstream regulators were high mobility group box 2
(HMGB2), platelet-derived growth factor BB (PDGF BB),
evolutionarily conserved signaling intermediate in Toll
pathway, mitochondrial (ECSIT), cluster of differentiation
(CD) 24 and cyclin-dependent kinase 9 (CDK9).

Figure 3 shows the main canonical pathways found by
IPA, based on the relationships with DEGs. Among top
canonical pathways, coagulation system pathway consist-
ing of genes involved in atherosclerosis (tissue factor
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Figure | Differentially expressed genes (DEGs) in coronary artery disease (CAD) patients, compared to controls, generated using Transcriptome Analysis Console 4.1.
Colored dots represents up- and down-regulated transcripts (red and blue, respectively). Grey dots represents transcripts not classified as DEGs due to either high FDR p-
value (y-axis) or low fold change (FC; x-axis). The significance threshold was determined at FC > |.5 and FDR p-value < 0.05.

pathway inhibitor (TFPI), plasminogen activator, uroki-
nase receptor (PLAUR) and thrombomodulin) was acti-
vated (z-score +0.45), whereas the senescence pathway
and intrinsic prothrombin activation pathway (collagen
type I and III, coagulation factor XIII, different types of
anaphase-promoting complex subunits, calpain 7) were
inhibited (z-score —1.5 and —2.0, respectively).

Among the most significant networks automatically
identified by IPA, many were associated with the patho-
genesis of atherosclerosis. Figure 4 presents an example of
such pathway, termed “coagulation system” by IPA (sig-
nificance score 22).

Discussion

In this study, we compared gene expression in PCAT of
patients with advanced CAD and non-CAD controls. We
found that (i) the top upregulated genes in CAD are
involved in inflammation and atherosclerosis,"*!” (ii) the
top downregulated genes are responsible for cardiac

29,30 platelet function,!+3

ischaemia and remodelling,
mitochondrial function,33 obesity,34 and encode different
types of collagen, and (iii) the top upstream regulators
related with DEGs include molecules that have proinflam-
matory and atherosclerotic profile (HMGB2, PDGF and

ECSIT). We identified one activated pathway related with

https:
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Table | Baseline Clinical Characteristics

Baseline Clinical Characteristics Total (n=40) CAD (n=21) CON (n=19) P
Age 66.6 = 1.8 644 + 44 679 %12 NS
Male (%) 68 71 63 NS
BMI 303+ 1.0 290+ 1.3 308 £ 1.2 NS
Risk factors (%)

Prior MI 18 50 0 NS
Prior stroke 0.06 0 0.08 NS
Hypertension 89 83 92 NS
Diabetes 0 0 0 NS
Dyslipidemia 56 67 50 NS
Smoking 60 71 54 NS
Medications (%)

ACEi/ARB 89 83 92 NS
B-blocker 79 83 77 NS
Statin 78 83 75 NS
ASA 89 100 83 NS
Indication for cardiosurgery (%)

CABG 100 0 na.
AS 29 50 na.
MR 19 26 na.
AOA 18 0 24 na.
Mean ejection fraction (%) 54.3 47 58.3 NS

Abbreviations: ACEIl, angiotensin-converting-enzyme inhibitors; AOA, aortic aneurysm; ARB, angiotensin receptor blockers; AS, aortic stenosis; ASA, acetylsalicylic acid;
BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CON, control group; MI, myocardial infarction; MR, mitral regurgitation; n.a,

not applicable; NS, not significant.

DEGs, associated with coagulation system, and two inhib-
ited pathways related with DEGs, associated with senes-
cence and intrinsic prothrombin activation pathway. In
addition, this is one of the first studies showing that the
upregulated DEGs and activated pathways form a pro-
atherosclerotic network (Figure 1) in patients with CAD,
which proves the involvement of PCAT in the athero-
sclerosis progression.

Previously, we showed that genes coding multiple
inflammatory mediators are upregulated in EAT/PCAT in
patients with advanced CAD, compared to SAT.'® In line
with our previous results, here we also showed the upre-
gulation of genes coding IL-6, CXCL2 and thrombomo-
dulin in PCAT of CAD patients. In the present study, the
genes which were most upregulated in patients with CAD
compared to controls were coding several proinflammatory
and proatherogenic molecules, including chemokines, IL-
6, selectin E and LDL-C receptor. The contribution of IL-
6, selectin E and LDL-C receptor in the pathogenesis of
atherosclerosis is well established.*>” There is no doubt
that IL-6 plays one of the key roles in atherosclerosis at

various stages of plaque development. IL-6 stimulates the
synthesis of acute-phase proteins, activates endothelial
cells and hypothalamic—pituitary—adrenal axis, increased
coagulation (primarily through inducing monocyte expres-
sion of tissue factor), causes lymphocyte proliferation and
differentiation and intensifies the influx of inflammatory
cells.®® E-selectin belongs to the Selectin family which
mainly participate in the rolling adhesion of leukocytes.
Activated endothelial cells express different types of mole-
cules including E-selecting which attract lymphocytes and
monocytes that bind to the endothelium and infiltrate
arterial wall contributing to inflammation process.”> The
LDL receptor family consists of multiple transmembrane
proteins that play an important role in a wide range of
biological process including lipid metabolism, thrombosis
and atherogenesis. There is increasing evidence that mem-
bers of this family are involved not only in lipid metabo-
lism but also as signal transducing receptors and thus may
contribute to the progression of atherosclerosis.>” We also
showed increased level of expression of metalloproteinase
ADAMTS4 compared to the control group. The
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Figure 2 Main canonical pathways identified by Ingenuity Pathway Analysis, based on the relationships with differentially expressed genes. The pathways are ordered and
listed by the -log (p-value), with threshold (orange line) representing p-value of 0.05. The colors of bar charts represent predicted dictionality described by z-score. Positive
z-score indicates activation (orange bars), whereas negative z-score indicates inhibition (blue bars) of the pathway in pericoronary adipose tissue of patients with coronary
artery disease, compared to controls. Bars marked as white and grey represent pathways with neutral z-score or pathways with no activity pattern available, respectively.

involvement of this proteinase in the pathogenesis of
CAD, especially acute coronary syndromes, has been
described in both humans and mice.***° Very interesting
results were presented by Zha et al who identified the
expression level of ADAMTS4 in plasma and monocytes
as a marker of plaque instability. In their observation, the
ADAMTS4 level increased successively from the control
group, through unstable angina, NSTEMI to STEMIL.**-?

It was also showed that the release of adipokines by EAT
is dysregulated in obesity and CAD, and that EAT-derived
adipokines induce pathophysiological changes in human
monocytes and coronary artery endothelial cells.*? Several
studies showed that the immune cell phenotype in PCAT is
important in the pathogenesis of CAD.**** Altogether,
numerous studies in mouse and human models confirmed
that EAT has more proinflammatory profile of gene
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Table 2 Top 20 Upregulated Genes in Pericoronary Adipose Tissue of Patients with Coronary Artery Disease, Compared to

Controls
Gene Symbol Fold Change FDR p-value Description
CXCL8 193.15 0.0186 Chemokine (C-X-C motif) ligand 8
SELE 91.14 0.0326 Selectin E
IL6 48.60 0.0150 Interleukin 6
ADAMTS4 28.12 0.0480 Metallopeptidase with thrombospondin type | motif 4
CXCL2 18.79 0.0269 Chemokine (C-X-C motif) ligand 2
KLF10 16.13 0.0160 Kruppel like factor 10
AREG 16.02 0.0459 Amphiregulin
TRIBI 11.18 0.0216 Tribbles pseudokinase |
LDLR 111 0.0466 Low density lipoprotein receptor
PLAUR 10.80 0.0492 Plasminogen activator, urokinase receptor
PPPIRI5B 8.56 0.0141 Protein phosphatase | regulatory subunit I5B
CD55 832 0.0453 CD55 molecule (Cromer blood group)
ATPIB3 7.84 0.0452 ATPase Na+/K+ transporting subunit beta 3
mir-3156 7.12 0.0338 microRNA 3156-2
TNFAIP6 7.12 0.0211 TNF alpha induced protein 6
DDX2l1 6.83 0.0324 DExD-box helicase 21
ERRFII 6.47 0.0386 ERBB receptor feedback inhibitor |
GPRC5A 6.25 0.0367 G protein-coupled receptor class C group 5 member A
mir-3661 6.16 0.0097 microRNA 3661
KDMéB 6.13 0.0399 Lysine demethylase 6B

Table 3 Top 20 Downregulated Genes in Pericoronary Adipose Tissue of Patients with Coronary Artery Disease Compared to

Controls
Gene Symbol Fold Change FDR p-value Description
COL4A4 -9.10 0.003 Collagen type IV alpha 4 chain
KANSLI -7.19 0.0301 KAT8 regulatory NSL complex subunit |
MIR548X —6.67 0.0332 microRNA 548x
MIR4524A —6.39 0.0131 microRNA 4524a
SLC40Al -5.70 0.022 Solute carrier family 40 member |
COLIA2 —5.52 0.0132 Collagen type | alpha 2 chain
TFPI —5.26 0.0132 Tissue factor pathway inhibitor
HERC2P2 -5.21 0.0288 Hect domain and RLD 2 pseudogene 2
mir-1299 =5.17 0.0155 microRNA 1299
MMRNI -5.16 0.0189 Multimerin |
BGN —5.14 0.012 Biglycan
CCL2] —5.02 0.0377 Chemokine (C-C motif) ligand 21
MIR3671 —4.73 0.0237 microRNA 3671
FI3AI —4.70 0.0452 Coagulation factor XIII A
FLRT2 —4.44 0.0326 Fibronectin leucine rich transmembrane protein 2
HERC2P3 —4.41 0.0156 Hect domain and RLD 2 pseudogene 3
SMA4 —4.18 0.020 Glucuronidase beta pseudogene
ATM —4.16 0.0135 ATM serine/threonine kinase
ART4 —4.15 0.0186 ADP-ribosyltransferase 4
COL3AlI —4.13 0.0221 Collagen type lll alpha | chain
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Table 4 Top Upstream Regulators Identified by Ingenuity Pathway Analysis, Based on the Relationships with Differentially Expressed

Genes
Regulator Type State Z-Score Description
HMGB2 Transcription regulator - - High Mobility Group Box 2
PDGF BB Complex Activated 3,46 Platelet Derived Growth Factor BB
ECSIT Transcription regulator Activated 2,65 Evolutionarily Conserved Signaling Intermediate in Toll pathway
CD24 Other Inhibited —2,67 CD24 molecule
CDK9 Kinase Activated 2,21 Cyclin-dependent kinase 9

Notes: Positive z-score indicates activation, whereas negative z-score indicates inhibition of the regulator in pericoronary adipose tissue of patients with coronary artery

disease compared to controls. Lack of z-score activation pattern is indicated by *“-“.

expression compared to subcutaneous tissue, mediastinal
adipose tissue or perirenal fat.'%!41%:4!

The top downregulated genes included those responsible
for cardiac ischaemia and remodelling (miR-3671, miR-
4524a),>° platelet function (multimerin, TFPI),*'** mito-
chondrial function (glucuronidases),®* obesity (miR-548),*
and encode different types of collagens (type I, III, IV). In
line with our finding, other authors also found specific
miRNA and gene signatures of EAT in CAD, with down-
regulation of genes involved in mitochondrial function, lipid
metabolism, nuclear receptor transcriptional activity, and up-
regulation of those involved in chemokine signalling and
inflammation.”® Other downregulated genes included the
gene for multimerin 1 and biglycan, which are known to be
involved in platelet function and in the pathogenesis of
atherosclerosis, respectively.’'*> Biglycan is one the most
important proteoglycans in the extracellular matrix of the
vascular intima. There are many studies that directly link
traditional cardiovascular risk factors such as hypertension,
smoking or diabetes with increased expression of biglycan.*’
TFPI also has an established position in CAD pathogenesis,*
and it seems that TFPI effect on the development of athero-
sclerosis may depend on the genetic polymorphism.*° Tissue
factor (TF) by promoting thrombus formation, inflammation,
migration and proliferation of vascular smooth muscle cells
(VSMQ) is directly involved in CAD pathogenesis. TFPI’s
role is to inhibit these unfavorable processes. It should be
emphasized that TFPI works not only by affecting the coa-
gulation system but also by inhibiting the activity of endothe-
lial cells, inhibiting the proliferation and migration of
VSMC, promoting apoptosis of macrophages at plaques or
inhibiting the secretion of proinflammatory factors.** Thus,
the decreased expression of TFPI in the group of CAD
patients confirms its protective role. MiR-548, which was
among the downregulated microRNAs, was recently showed
to regulate the expression of HMGBI.*” HMGBI is
a nonhistone chromatin-binding protein that is involved in

the regulation of transcription, DNA replication, and repair.*®
HMGBI is secreted by cells either actively, in response to
stimulation by proinflammatory cytokines or endotoxins,***>
or passively from necrotic or damaged cells.’'* In the
extracellular environment, HMGBI1 induces the release of
proinflammatory cytokines and chemokines and exposure of
the adhesion molecules on the endothelium and macro-
phages, thereby taking part in the pathogenesis of CAD.>
Among the different types of downregulated types of col-
lagen, type I1I was found, which facilitates platelets aggrega-
tion and plays an important role in blood clotting.>*

The top upstream regulator related with DEGs were
HMGB2, PDGF and ESCIT. HMGB2 is a member of
HMGB family and has a similar role in atherosclerosis
as HMGBI1, which has been discussed before. In the
HMGB2

a chemokine and may promote proliferation and migra-

extracellular ~ compartment, acts  as

tion of endothelial cells.”> Overexpression of PDGF
may contribute to the development of atherosclerosis.’®
PDGF and its receptor are an intensively studied ther-
apeutic target in patients with CAD.>” Especially inter-
esting is activated status of PDGF in our study in
patients with CAD. This is in the line with literature
which reports that overactivity of PDGF is associated
with atherosclerosis.’® Under normal conditions, its
expression in arteries is low but increases after the
inflammatory fibroproliferative response.’® This is con-
firmed by the results of animal studies, in which the use
of anti-PDGF-B antibodies reduced the incidence of
atherosclerosis and restenosis after angioplasty.’®>’
ESCIT, activated in our study, is an adapter protein of
the Toll-like and IL-1 receptor signaling pathway that is
involved in the activation of nuclear factor (NF)-kappa
B,°° which in turn is a pivotal mediator of inflammatory
response.®' Toll-like receptor 4 (TLR4) can activate the
transcription factors nuclear factor-xB leading to the
production of proinflammatory cytokines.>® Activation
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of the NF-kB pathway has a crucial role in inflammation
and can be induced by many factors including cyto-
kines, adhesion molecules, chemokines, growth factors,

and monocytes bound to the endothelium.*®®" The

activation of TLR4/NF-kB pathway promotes the plaque
growth and instability.®? These observations further con-
firm the proinflammatory gene expression profile in EAT
in patients with CAD.
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We identified one activated pathway related with DEGs,
associated with coagulation system, and two inhibited path-
ways related with DEGs, associated with senescence and
intrinsic prothrombin activation pathway. The pathway asso-
ciated with coagulation system included TFPI, plasminogen
activator, urokinase receptor (PLAUR) and thrombomodulin.
The role of TFPI in the pathogenesis of CAD has been
mentioned before. There are also reports in the literature
about the important role of PLAUR in this process.® For
example, the functional genetic variation of the PLAUR gene
may affect the susceptibility to myocardial infarction.®* The
involvement of thrombomodulin in CAD pathogenesis is
confirmed as well.®> Moreover, as with PLAUR, there are
reports about potential association of thrombomodulin gene

polymorphisms with susceptibility to atherosclerosis.®®°’

Finally, to the best of our knowledge, this is one of the
first studies which showed not only the altered expression
of individual genes in PCAT of CAD patients but also the
entire pro-atherogenic pathways and networks formed by
these genes, providing a much stronger proof that PCAT is
a metabolically active source of proinflammatory mole-
cules, involved in atherosclerosis progression.

Limitations

The main limitation of the study is the lack of data
validation using polymerase chain reaction, which was
not feasible due to the insufficient quantity of the col-
lected biological samples. Since the samples were col-
lected during open-heart surgery, validation would

require setting up a new study, which we are planning
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to do in the near future. Moreover, since our study group
included patients with severe, symptomatic CAD quali-
fied for CABG, the results cannot be extrapolated to
patients with less severe CAD. Third, based on our
relatively small, observatory study, it is difficult to iden-
tify one specific pathway associated with the develop-
ment and progression of CAD. Although we were able to
show that the DEGs and upstream regulators contribute
to the entire pathways and networks, our data still should
be seen as a snapshot in time based on the most recent
knowledge, but will most likely be expanded by further
updated of the bioinformatic database used in our study.
Finally, differences in gene expression between CAD
and control group does not prove the causality between
DEGs and CAD, neither the mechanisms how DEGs
CAD development and

directly  contribute to

progression.

Conclusion

PCAT of CAD patients has specific gene expression pattern,
with upregulation of genes involved in inflammation and
atherosclerosis (chemokines, IL-6, selectin E and LDL-C
receptor), and downregulation of genes involved in cardiac
ischaemia and remodelling, platelet function and mitochon-
drial function (miR-3671, miR-4524a, multimerin, biglycan,
TFPI, glucuronidases, miR-548, collagen type I, III, IV).
Among the top upstream regulators, we identified molecules
that have proinflammatory and atherosclerotic features
(HMGB2, PDGF and ESCIT). The activated pathway related
to DEGs consisted of molecules with well-established role in
the pathogenesis of atherosclerosis (TFPI, plasminogen acti-
vator, PLAUR, thrombomodulin). Most importantly, we
showed the presence of entire pathways and networks com-
posed of these genes. Altogether, the proinflammatory gene
expression profile in EAT in patients with CAD seems
involved in CAD development and progression.
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