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ABSTRACT

BACKGROUND The internal mammary artery (IMA) is routinely used as an arterial graft for coronary
artery bypass grafting with an excellent long-term patency rate, but its protective mechanism is unclear.
AIMS  We evaluated the differences between the expression of several gene in perivascular adipose tissue
from the IMA (PVAT-IMA) as compared with other fat depots in patients with severe coronary artery disease.
METHODS A total of 53 patients (13 women) with severe coronary artery disease and preserved left
ventricular ejection fraction were scheduled for coronary artery bypass grafting. Clinical assessment,
anthropometric parameters, and quantification of fat depots were performed in all patients. The relative
expression of the following genes were obtained in PVAT-IMA, as well as epicardial, pericardial, and
subcutaneous (SF) fat samples: angiotensinogen (AGT), angiotensin I converting enzyme 1 and 2 (ACE7
and ACE2), glucagon-like peptide receptors type 1and 2 (GLPTR and GLP2R), phospholipid transfer protein
(PLTP), adiponectin (ADIPOQ), omentin-1 (ITLNT), and uncoupling protein 1 (UCPT).

RESULTS The expression of UCPT (median [interquartile range [IQR], 2.5 [0.91-16.6]; P <0.01) and AGT
(2.2210.65-6.2]; P <0.01) was higher in PVAT-IMA compared with the SF depot. ADIPOQ expression was
higher in pericardial and epicardial fat depots as compared with PVAT-IMA. The expression of ITLNT was
increased in PVAT-IMA as compared with epicardial and pericardial fat (P <0.001).

CONCLUSIONS PVAT-IMA revealed differences in the expression of selected genes in relation to SF. We
found a higher expression of ITLN7 in PVAT-IMA compared with other adipose tissue depots, which could
be associated with protective mechanisms against atherosclerosis in IMA. However, this remains a subject
for further studies.

INTRODUCTION Obesity is an important risk
factor for coronary artery disease and athero-
sclerosis."? Both diseases result from inflamma-
tory responses among various genetic and non-
genetic factors.? However, perivascular adipose
tissue (PVAT) releases adipokines and other va-
soactive factors.*® Visceral and epicardial adi-
posity revealed closer association with cardio-
vascular risk compared with subcutaneous fat,*’
possibly due to stronger immune cell infiltration
and higher expression of proinflammatory cy-
tokines in this adipose tissue depot.® Although
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recent papers have suggested an important role
of PVAT in arterial atherosclerosis, the inter-
nal mammary artery (IMA) is an exception and
shows nearly no atherosclerosis.’ Recently, PVAT
from the IMA (PVAT-IMA) has been evidenced
to have vasodilatory effect."’ It is a primary arte-
rial graft used for coronary artery bypass graft-
ing (CABG) with the best 10-year life-patency.""
Overweight patients were found to have partial-
ly reduced endothelial function in the IMA."
The evidence supporting the potential explana-
tions and properties of PVAT-IMA depot is still
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WHAT'S NEW?

We report a specific analysis study of different genes in adipose tissue derived
from the perivascular mammary artery and epicardial, pericardial, or
subcutaneous fat. The most prominent differences were found between adipose
tissue from the perivascular internal mammary artery and the epicardium,
particularly, a higher expression of omentin-1 (ITLNT) in fat from the internal
mammary artery. We consider it as one of the possible explanations of
the protective properties of the internal mammary artery grafts against
atherosclerosis.

limited. Therefore, our aim was to assess the rel-
ative expressions of selected genes in PVAT-IMA
in relation to other fat depots in patients with
severe coronary artery disease (CAD).

METHODS The study group was recruited from
the Department of Cardiac Surgery at the Med-
ical University of Silesia in Katowice and sched-
uled for elective CABG. The study protocol con-
forms to the ethical principles of the Declara-
tion of Helsinki and was approved by the Eth-
ics Committee of the Medical University of Sile-
sia (KNW/0022/KB1/127/1/13/14). All patients
signed written informed consent. In brief, all
patients had a detailed clinical evaluation with
a special focus on anthropometric parameters.
Adipose tissue samples were obtained during
cardiac surgery. The final study group included
53 patients with severe CAD and preserved left
ventricular ejection fraction. Exclusion criteria
were as follows: heart failure, ventricular dys-
function, acute coronary syndrome, kidney or
liver dysfunction, infectious disease or inflam-
mation in the past 60 days, obesity by causes oth-
er than primary, obesity treatment procedures,
unintentional weight loss or malnutrition, can-
cer in the past 5 years, any other concomitant
cardiac surgery procedures. All risk factors and
cardiovascular diseases were defined according
to the guidelines."

Adipose tissue samples were collected without
damage during CABG. The following 4 types of
fat tissue were analyzed: subcutaneous fat at ster-
notomy (subcutaneous fat [SF]), within the tho-
rax (pericardial fat), PVAT-IMA and adherent
to the origin of the right coronary artery (epi-
cardial fat [EF]). Then, the harvested samples
were promptly stored at —-80 °C. RNA was ex-
tracted using the polymerase chain reaction with
TRI Reagent (MRC Inc., Cincinnati, Ohio, Unit-
ed States).”” Adipose tissue samples precipitation
with carrier reagent was performed prior to ho-
mogenization. Finally, RNA was resolved in 100
nl of nuclease-free water and the concentration
was determined by measuring the absorbance
at 260 nm in a spectrophotometer (BioPhotome-
ter, Eppendorf (Eppendorf AG, Hamburg, Germa-
ny). Using the High Capacity cDNA Reverse Tran-
scription Kit (Thermo Fisher Scientific, Warsaw,

1216 KARDIOLOGIA POLSKA  2020; 78 (12)

Poland) in a reaction volume of 20 ul, RNA was

reverse transcribed and the reaction mixture was

diluted in a ratio of 1 to 4 with nuclease-free water.
Real-time quantitative polymerase chain reaction

(QPCR) was performed in 2 steps. The glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) gene

was used as a reference gene. For QPCR template,
2 pl of the reverse transcription reaction mixture

was used. Real-time QPCR was performed using
the SYBR Select Master Mix (Thermo Fisher Sci-
entific, Warsaw, Poland) in a total volume of 20

ul that contained 200 nM of each (forward and

reverse) gene-specific primers. All QPCR primers

were delivered from the PrimerBank database

(https://pga.mgh.harvard.edu/primerbank).'®

The probability of false-positive results from ge-
nomic DNA was ruled out because primer pairs

spanned the intron/exon boundary. All reac-
tions were performed using the Roche Light Cy-
cler 480 Instrument II (Roche Diagnostics, War-
saw, Poland) with a standardized thermal pro-
file protocol.

The increase in fluorescence was measured in
real time and threshold cycle values (Ct) were re-
ceived. The target gene Ct number was normal-
ized to the endogenous reference human GAPDH.
Then, gene expression relative to SF was evalu-
ated with the formula 26247 The relative ex-
pressions of the following genes were assessed:
angiotensinogen (AGT), angiotensin I convert-
ing enzyme 1 and 2 (ACEI and ACE2), receptors
for glucagon-like peptide 1 and 2 (GLPIR and GL-
P2R), phospholipid transfer protein (PLTP), adi-
ponectin (ADIPOQ), omentin-1 (ITLNI), and un-
coupling protein-1 (UCPI).

Statistical analysis Results are shown as
means (SD) for normally distributed variables.
For variables with a nonnormal distribution,
we used medians (interquartile ranges [IQRs])
or numbers (percentages).

The distribution was tested for the normality
with the Kolmogorov-Smirnov test. Baseline pa-
rameters were compared between the subgroups
using the Wilcoxon test for variables with non-
normal distribution. Associations between pa-
rameters were assessed using the Pearson or
Spearmen rank correlation analysis, depend-
ing on the parametric or nonparametric distri-
bution of variables. A P value of less than 0.05
was considered significant. Statistical analysis
was performed using the Statistica software
(version 10.0, Stat Soft, Warsaw, Poland)

RESULTS Study group characteristics A to-
tal of 53 patients (40 men and 13 women) with
severe CAD were included in the study group.
All patients had preserved left ventricular ejec-
tion fraction with no indications for heart valve
surgery and required only a single CABG proce-
dure. Patients characteristics are presented in



TABLE1 Clinical characteristics of the study group (n =53)

Parameter Value

Age, y, mean (SD) 64.7 (7.4)
Female/male sex 13(25)/40 (75)
Diabetes 26 (49)
Dyslipidemia 53(100)
Total cholesterol, mg/dl, mean (SD) 152 (34)
LDL cholesterol, mg/dl, mean (SD) 86 (29)
HDL cholesterol, mg/dl, mean (SD) 43 (11)
Triglycerides, mg/dl, mean (SD) 119 (50)
Hypertension 53(100)
Smoker or exsmoker 27 (51)
Number of vessels with CAD, mean (SD) 2.7(0.5)
Prior MI 9(17)
Body mass index, kg/m?, mean (SD) 29.9 (4.5)
Overweight 28(53)
Obesity 21(39)
Body fat, %, mean (SD) 32.2(7.7)
WC, women >80 cm or men >94 ¢cm 42 (79)
WC, cm, mean (SD) 102.4 (12.6)
Metabolic syndrome 30 (56)
Cardiovascular pharmacotherapy

Acetylsalicylic acid 53(100)
B-Blocker 53(100)
ACEI or ARB 53(100)
Statin 53(100)
CcB 21(39)
Diuretics 11(21)
Insulin 509)

Oral diabetes medications 21 (40)

Data are presented as number (percentage) unless otherwise indicated.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker;
CAD, coronary artery disease; CCB, calcium channel blocker; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; MI, myocardial infarction; WC, waist circumference

mBLE1. The expressions of all genes were quanti-
fied in PVAT-IMA and compared with other fat de-
pots. In brief, the expression of UCPI and AGT was
higher in PVAT-IMA compared with SF (FIGURE 14).
We found differences in relative expressions of
genes between PVAT-IMA and pericardial fat ex-
cept ITLN1 and ADPIOQ (FiGURe 18). The expression
of ITLN1 was higher and the expression of PLTP
and ADIPOQ was lower in PVAT-IMA compared
with EF (FIGURE1C).

The prevalence of cardiovascular risk fac-
tors and diseases in our study group was high
and similar among patients with severe CAD.
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Therefore, we could compare subgroups based on
obesity or diabetes mellitus. Patients with obesi-
ty had increased expression of GLPIR compared
with nonobese individuals (median [IQR], 0.97
[0.17-2.46] vs 0.2 [0.01-0.66]; P = 0.01). Diabe-
tes was associated with lower expression of AGT
compared with normoglycemic patients (median
[IQR],1.32[0.17-4.5] vs 4.25 [1.68-8.4]; P= 0.01).
There were no other differences in PVAT-IMA be-
tween those subgroups (data not shown).

The expression of UCPI was associated with
PLTP (r = 0.35; P = 0.02) and GLPIR (r = 0.3;
P = 0.04). Moreover, ACE1 was associated with
AGT (r = 0.7; P <0.001). Expression of ADIPOQ
in pericardial (median [IQR], 1.37 [0.5-4.5];
P =0.01) and epicardial fat (median [IQR], 0.44
[0.23-2.3]; P = 0.05) was higher compared with
PVAT-IMA. Also, in epicardial fat, the expres-
sion of PLTP was higher (median [IQR], 1.61
[0.96-3.1]; P = 0.01).

We found no differences in the expressions
of the following genes between both fat depots:
ACE1 and ACE2, GLPIR and GLP2R, AGT and
UCP1.

Perivascular fat in the internal mammary ar-
tery and epicardial fat Associations between
genes in both fat depots surrounding the ar-
teries (PVAT-IMA and EF) were assessed. We
found higher expression of ADIPOQ (median
[IQR], 0.44 [0.23-2.3]; P = 0.05) and PLTP (medi-
an [IQR], 1.61 [0.96-3.1]; P = 0.01), and lower ex-
pression of ITLNI (median [IQR], 1.01 [0.17-6.1];
P <0.001).

DISCUSSION Omentin is known as an anti-
-inflammatory and anti-atherogenic adipokine
that has potentially beneficial effects on car-
diovascular disorders.” It is typically found in
the epicardial and omental human fat."” Our
study showed increased expression of ITLNI in
PVAT-IMA compared with EF. Nishimura et al'®
showed an independent and inverse associa-
tion between atherosclerosis and plasma omen-
tin levels. Our findings may suggest that the
ITLNI gene expression is higher in PVAT-IMA
compared with EF (obtained from the right cor-
onary artery with severe atherosclerosis) and
it may be a protective association against ath-
erosclerosis in the IMA. Du et al?’ showed sim-
ilar findings. Moreover, the IMA is known to be
the best arterial graft in CABG with excellent
life-patency rate.”’ However, the comprehensive
mechanism explaining its exceptional properties
is not well explained. On the other hand, qual-
ity and quantity (thickness) of epicardial adi-
pose tissue are related with CAD and may help
in risk stratification./

We found no differences in the expressions
of the following genes between both fat depots:
ACE1 and ACE2, GLPIR and GLP2R, and UCP1.

Perivascular fat in severe coronary artery disease 1217
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FIGURE1  Expression of various genes in perivascular adipose tissue samples from the internal mammary artery (PVAT-IMA) (n = 53) compared with:

A - subcutaneous fat (SF) depot obtained from the sternal region in the same patients; B - pericardial fat (PF) depot obtained from thoracic adipose tissue in

the same patients; C - epicardial fat (EF) depot obtained from the epicardium near the proximal segment of the right coronary artery in the same patients. Statistical
analysis using the Wilcoxon test with the medians (interquartile ranges). All panels present the magnitude of change in relation to the subcutaneous fat value.
Abbreviations: ADIPOQ, adiponectin; AU, arbitrary unit; ACET, angiotensin I converting enzyme 1; ACE2, angiotensin I converting enzyme 2; AGT, angiotensinogen;
GLPTR, glucagon-like peptide 1 receptor; GLP2R, glucagon-like peptide 2 receptor; ITLN1, omentin-1; PLTP, phospholipid transfer protein; UCPT, uncoupling protein 1;
others, see TABLE1
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Given the patient characteristics, we found that
diabetes was associated with increased UCPI
and AGT in PVAT-IMA. UCP1 is involved in non-
shivering thermogenesis and in the pathogene-
sis of obesity.”? The UCP1 gene is located at chro-
mosome 4 and is considered to be involved in
the pathogenesis of cardiometabolic diseases.?®
It has been suggested that brown adipose tis-
sue (BAT) activity, mediated by the UCPI ex-
pression, may contribute to 5% of the basal met-
abolic rate,? indicative of a regulatory role of
BAT in energy balance and body weight. In hu-
man adults, the level of UCP1 in BAT decreases
with age and it is inversely associated with adi-
posity.?>?¢ Indeed, individuals with low levels of
BAT activity are more susceptible to the above-
mentioned diseases.?’?8 UCP1 is regulated both
at the gene and the mitochondrial level to ensure
a high thermogenic capacity to tissue.?”’ Recent
studies showed that activation of UCPI has be-
come a therapeutic strategy against obesity and
diabetes.’? It might participate in the pathogen-
esis of obesity-related metabolic diseases.’' In
obese patients, UCPI polymorphism was asso-
ciated with weight, body fat mass, and risk of
type 2 diabetes mellitus.’? Our study revealed
higher expression of the UCPI gene in PVAT-
-IMA compared with SF. Additionally, the UCP1
expression in PVAT-IMA was associated with
PLTP and GLPIR.

AGT is expressed in adipose tissue and it
might be involved in the development of upper-
-body obesity.** Recent studies showed that nu-
merous traditional cardiovascular risk factors
are associated with the synthesis of AGT.> We
found a higher expression of the AGT gene in
PVAT-IMA as compared with SF. The increased
adipose tissue secretion of AGT is a potential
link between insulin resistance and high blood
pressure, especially in obese patients.?* We also
found that patients with diabetes had a lower
expression of AGT compared with normoglyce-
mic patients. Similar results were observed in
patients after cardiac surgery.* Overproduc-
tion of AGT in adipose tissue induces adipose
inflammation, glucose intolerance, and insu-
lin resistance.’®

Although the physiological role of ADIPOQ
has not yet been fully clarified, previous stud-
ies showed that an increased ADIPOQ expres-
sion in PVAT might contribute to the main-
tenance of endothelial function in obese pa-
tients.” In our study group with the mean (SD)
BMI of 29.9 (4.5) kg/m?, the expression of ADI-
POQ in PVAT-IMA was significantly lower com-
pared with epicardial and pericardial fat depots.
There are reports suggesting that low plasma
adiponectin concentrations were associated
with atherosclerosis®’*° and elevated serum
adiponectin concentrations were independent-
ly associated with a decreased risk for diabetic
macroangiopathy.*’ On the other hand, it was
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reported that adiponectin shows an inverse as-
sociation with CAD.*"*? Adiponectin levels were
found to be decreased in obesity despite anti-
atherogenic and anti-inflammatory effects.®
A recently published meta-analysis suggested
that an elevated adiponectin level is an inde-
pendent predictor of cardiovascular mortali-
ty in patients with CAD.** It is a better predic-
tor of coronary endothelial function than oth-
er factors such as body mass index, immuno-
reactive insulin, and TG.* Our study showed
that patients with severe CAD had a lower ex-
pression of ADIPOQ in PF and EF as well as low-
er PLTP in EF.

The adenylyl-cyclase pathway is stimulated by
GLPIR and in this way insulin is synthesized and
released to the blood.***’ Agonists of GLPIR be-
came a target in treating diabetes mellitus.*®-
Our patients with obesity had an increased ex-
pression of GLPIR in PVAT-IMA compared with
nonobese individuals.

This study showed that the expression of
ITLNI in PVAT-IMA was higher compared with
other fat depots including surrounding athero-
sclerotic arteries. The mechanism of IMA re-
laxation is still unknown and requires more
research. The level of ITLNI expression may
play a role in that mechanism. Higher levels
of mentioned adipokine expression should
be the subject of further studies assessing
the cause-and-effect relationship.

Our study has some limitations. It was a cross-

-sectional study. There was no control group as it
is not possible to have a true healthy control with
other indications for cardiac surgery procedure.

In conclusion, we found no differences in
the expressions of the following genes between
both fat depots: AGT, GLPIR and GLP2R, and
UCPI1, but diabetes was associated with increased
UCP1 and AGT expressions in PVAT-IMA.
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