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Summary: This study examined the adipocytokine-vascular interactions and link between epicardial
adipose tissue and coronary artery atherosclerosis. Thirty-four patients undergoing open heart surgery
were chosen randomly, and divided into group I (non-coronary artery disease group) and group
II (coronary artery disease group). Blood samples were taken through peripheral vein prior to surgery.
Plasma levels of a panel of proteins (adiponectin, IL-10, TNF-a) were detected by using ELISA.
Epicardial adipose tissue was taken near the proximal tract of the right coronary artery and subcuta-
neous adipose was taken from the leg before cardiopulmonary bypassing, adiponectin and CD68 +
were detected by using RT-PCR and immunohistochemistry. Our results showed that plasma adi-
ponectin level was significantly lower in the group Il as compared with group I (P<0.05). There were
no differences in plasma concentration (IL-10, TNF-a, tatal-chol, HDL-chol, LDL-chol) between
group | and group II. The number of CD68+ cells in epicardial adipose tissue of group Il was sig-
nificantly higher than that in subcutaneous adipose tissue. Adiponectin mRNA expression was 6 fold
higher in subcutaneous adipose tissue than in epicardial adipose tissue of group Il (P<0.01). Fur-
thermore, the level of adiponectin mRNA in the epicardial adipose tissue in group Il was also signifi-
cantly lower than in group [ (P<0.05). We are led to conclude that inflammation that occurs locally in
epicardial adipose tissue of CAD contributes to the pathogenesis of coronary artery disease.
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Obesity is a great risk for vascular diseases, in-
cluding atherosclerosis and restenotic change after
coronary arterial bypass graft!'!. Obesity is also linked
to a state of chronic inflammation that is associated
with the production of pro- and anti-inflammatory cy-
tokines secreted by white adipose tissue (WAT)™, such

1 SUBJECTS AND METHODS

1.1 Patient Data
Thirty-four consecutive subjects (including 13

as interleukin (IL)-6, tumor necrosis factor (TNF-a),
IL-1 and IL-1 receptor antagonist. Adiponectin is a
fat-derived hormone directly bridging the adipose-
vascular axis®!.

Adiponectin is an adipose-derived factor identified
in the human adipose tissue. A recent study found that
adiponectin has the potential of anti-atherosclerosis,
anti-inflammation and anti-injury-induced intimal hy-
perplasial”. In this study, we examined the effect of
adiponectin protein expression on coronary artery.

Xinzhong CHEN, E-mail: xinzhongchen@yahoo.com.cn
*Corresponding author

"This project was supported by a grant from the National
Natural Science Foundation of China (No. 30872541
C160502), and fund for Doctoral Program of Ministry of
Education of China (No. 200804871116).

women and 21 men, age range: 39-72 y) were included
and divided into 2 groups: non-coronary artery disease
group (group [ ) and coronary heart disease group (group
II). In the group I, seven subjects had undergone sur-
gery for valve replacement and four for correction of
congenital heart disease. In group I, 23 patients who had
undergone elective coronary artery bypass transplant for
critical CAD. The subjects had no signs, symptoms and
history of chronic pulmonary hypertension, diabetes,
dyslipidemia, and other metabolic diseases. None of
them was taking drugs. Echocardiography was per-
formed in all subjects during routine examinations. This
study was approved by the review committee of Tongji
Medical College, Huazhong University of Science and
Technology, Wuhan, China. Informed consent was ob-
tained from all the subjects before the study began.

1.2 Methods

1.2.1 Blood and Pericardial Cavity Fluid Measure-
ments For blood collection and treatment, before the
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surgery, peripheral venous blood was drawn into pyro-
gen-free tubes with EDTA as an anticoagulant and stored
at —80°C. Adiponectin, IL-10 and TNF-a were quantita-
tively determined by double antibody sandwich ELISA.
IL-10, TNF-a, EK-ADI-01 ELISA kits were purchased
from Jingmei Co., China.

Pericardial cavity fluid was obtained during the car-
diac thoracic surgery and centrifuged at 2500 r/min for
10 min. Then the supernatant was harvested and pre-
served at —80°C. Adiponectin, IL-10 and TNF-a concen-
tration was assayed by ELISA.

Concentrations of tatal-chol, HDL-chol and LDL-
chol were measured by using automatic biochemistry
analyzer.

1.2.2 Immunohistochemistry For adipose tissue collec-
tion and detection, epicardial adipose tissue samples
(group I') and subcutaneous fat surrounding great
saphenous vein (group II) was harvested before the car-
diopulmonary bypassing. Then the adipose tissue was
divided into three groups: group A (epicardial adipose
tissue in group I ), group B (epicardial adipose tissue in
group II) and group C (subcutaneous adipose tissue in
group I). CD68+was detected by immunohistochemi-
cal staining with a polyclonal goat antibody (Santa Cruz
Biotechnology, USA) and a secondary fluorescein
isothiocyanate-coupled donkey anti-goat IgG antibody
(Santa Cruz, USA). For cell counting, 4 different fields
of view on each slide were examined at 400 magnifica-
tions. The total number of cells expressing CD68+ in
each field was calculated by using the Leica Qwin soft-

ware pacakage (Leica, USA).
1.2.3 Total RNA Isolation and RT-PCR

For adiponectin mRNA detection, total RNA was
prepared with an RNASTAT-60 kit (Tel-Test, Friends-
wood, TX, USA). cDNA was produced by using Taqgman
reverse transcription kits (PerkinElmer Life Sciences,
USA). RT-PCR was performed according to the manu-
facturer’s instructions. Primers for adiponectin were:
5'-GTCCTAAGGGAGACATCG and 5-GAGGCTGAC
CTTCACCTA, and primers for B-actin 5'-CCAACC
GCFAFAAFATGACC and 5'-GATCTTCATGAGGTA
GTCAGT. PCR amplification of adiponectin was per-
formed under the following conditions: 35 cycles of de-
naturation for 55 s at 95°C, annealing for 55 s at 49°C,
and extension for 55 s at 72°C. Perilipin primer sequence
was based on that by Faber et al.
1.3 Statistical Analysis

The experimental data were expressed as ¥+s and
processed by Student’s ¢ test by using SPSS software
package.

2 RESULTS

2.1 Adiponectin, IL-10, TNF-a, Tatal-chol, HDL-chol,
LDL-chol Levels in Peripheral Venous Blood

Plasma adiponectin level was significantly lower in
group Il as compared with group I (P<0.05). There were
no differences in plasma concentration (IL-10, TNF-o,
tatal-chol, HDL-chol, LDL-chol) between group II and
group I (table 1).

Table 1 Adiponectin, IL-10, TNF-a, tatal-chol, HDL-chol, LDL-chol levels in peripheral venous blood in the two groups

Groubs Adiponectin IL-10 TNF-a Tatal-chol HDL-chol LDL-chol
p (pg/mL) (pg/mL) (pg/mL) (mmol/L) (mmol/L) (mmol/L)

[ 14.3+6.9 4.7+0.51 2.63+0.77 4.84+0.49 1.24+0.21 2.93+0.49

Il 9.74+6.6 4.1£0.26 2.58+0.61 5.1+0.47 1.09+0.38 3.08+0.51

2.2 Adiponectin, IL-10, TNF-a in Pericardial Cavity
Adiponectin concentration in pericardial cavity was

significantly lower in group Il group as compared with

group I (P<0.05), but TNF-0 concentration was signifi-

cantly higher in group II (P<0.05). There was no differ-
ences in IL-10 concentration between group II and
group [ (table 2).

Table 2 Adiponectin, IL-10, TNF-a in Pericardial Cavity

Groups Adiponectin IL-10 TNF-a
(ng/mL) (pg/mL) (pg/mL)
18.1£8.9 4.3+0.53 3.71+£0.87
11 13.4+7.4 4.1+£0.44 5.89+0.74
2.3 The CD68+ Expression y
The quantity of CD68+ cells in epicardial adipose N gl
tissue of group Il was significantly higher than that in ¥ _ Al
group I (fig. 1-3). S - \ Za
2.4 Adiponectin mRNA Expression {-"7 |
Adiponectin mRNA expression was higher in sub- e 4 i
cutaneous adipose tissue than in epicardial adipose tissue : \ 7
of group II (P<0.01). Furthermore, the level of adi- ¥ S \
ponectin mRNA in the epicardial adipose tissue in group i )
‘

I was also significantly lower than in group I
(P<0.05) (fig. 4).

Fig. 1 The CD68+ expression in epicardial adipose tissue in
group |
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Fig. 2 The CD68+expression in epicardial adipose tissue in
group I
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Fig. 3 The CD68+expression in subcutaneous adipose tissue
in group II
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Fig. 4 Adiponectin mRNA expression (CNT/mm?) in three

groups
A: Epicardial adipose tissue in group I ; B: Epicardial
adipose tissue in group Il ; C: Subcutaneous adipose tis-
sue in group Il

3 DISCUSSION

Adiponectin, an adipocyte-derived plasma protein
that contains 244 amino acids is a serum protein of 30
kD. Serum adiponectin concentration is at 2-30 mg/L.
Adiponectin, a member of the complement factor Clq
family, produced and secreted exclusively by adipose
tissues, has been reported to be linked with visceral adi-
posity, insulin resistance and cardiovascular risk!>”".
Recently, immunohistochemical studies found adi-
ponectin accumulates in the subendothelial space of the
injured human artery and repairs it™°!. In tissue cultures,
adiponectin attenuates monocyte attachment to endothe-
lial cells by reducing the expression of adhesion mole-
cules on endothelial cells!'” ', Adiponectin also sup-
presses lipid accumulation in monocyte-derived macro-
phages by suppressing the expression of macrophage
scavenger receptor and its deficiency aggravates neoin-
timal thickening!'"> '*!. Moreover, adiponectin supple-

ment attenuates neointimal thickening in mechanically
injured arteries through the suppressive effect of adi-
ponectin on the proliferation and migration of vascular
smooth muscle cells. AdiPonectin serves as a protector
for human coronary artery!'* '

Epicardial adipose tissue is a true visceral fat tissue
that deposits not only on the free wall of right ventricle
and on the left ventricular apex, but also around the
atria'® ' The epicardial adipose tissue is signiﬁcantl?/
associated with the development of heart diseases!'* 2",
In fact, both epicardial fat and intra-abdominal fat origi-
nate from the brown adipose tissue in infancy. The bio-
chemical properties of epicardial adipose tissue suggest it
might serve as cardiovascular and metabolic risk indica-
tor*'!. Epicardial adipose tissue is a source of several
inflammatory mediators. It was reported that in young
adult guinea pigs, the rate of free fatty acids released by
epicardial adipose tissue was twice that of the perirenal
fat deposits, indicating an increased lipolytic activity. So
far, there is little research concerning the role of epicar-
dial adipose for ethical considerations prevented obtain-
ing such tissues from patients undergoing heart surgery.

Human IL-10 is a potent anti-inflammatory cyto-
kine that inhibits the synthesis of the major proinflam-
matory cytokines, chemokines and antigen-specific T
cell response® *!. In our study, we found that plasma
adiponectin level was significantly higher in group I as
compared with group Il (P<0.05), which suggests it is, to
some extent, linked to coronary heart disease. There
were no significant differences in plasma concentration
(IL-10, TNF-0, tatal-chol, HDL-chol, LDL-chol) be-
tween the two groups, suggesting that plasma inflamma-
tory biomarkers can’t reflect the epicardial tissue in-
flammation. In fact, we found that IL-10 and TNF-a in
epicardial adipose tissue is significantly higher in group

I than in group II. However, adiponectin expression in
epicardial adipose tissue is significantly lower in
group I than in group II. In this study, we found that the
presence of more epicardial adipose is associated with
elevated plasma inflammatory factor concentrations and
lower plasma adiponectin levels, indicating that inflam-
mation in epicardial adipose tissue contributes to the
development of coronary artery disease!** ).

A growing body of evidence shows that macro-
phages, as well as T lymphocytes, preferentially accu-
mulate and activate at the epicardial adipose!®®. Histo-
logical studies of the human coronary artery revealed
adipocytes producing IL-8 and MCP-1 to the smooth
muscle cells of the media and the endothelial cells of the
vasa vasorum™". Moreover, it has been shown that
smooth muscle cells and endothelial cells possess func-
tional chemokine receptors, including receptors for
MCP-1 and IL-8. Macrophages, as well as T lympho-
cytes, preferentially accumulate at the interface between
WAT and the adventitia of atherosclerotic aorta.

The epicardial adipose tissue themselves are the
major source of chemokines®®). WAT is an active endo-
crine and paracrine organ secreting various pro- and
anti-inflammatory cytokines and chemokines””. The
paracrine role of adipose depots in local coronary
atherosclerosis was recently illustrated in epicardial
WAT, which has been shown to produce significantly
higher levels of inflammatory factors than subcutaneous
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adipose tissue (scWAT), including IL-1, IL-6, MCP-1,
and TNF-a. The local infiltration by leukocytes was as-
sociated with the production of these cytokines by the
epicardial adipose depots. Similarly, others have specu-
lated that the presence of WAT surrounding epicardial
arteries leads to an amplification of vascular inflamma-

tion.

Epicardial fat cells play a key role in the pathogene-

sis of cardiovascular diseases. Under certain conditions,
epicardial fat cells produce a great deal of bioactive sub-
stances and induce the inflammatory response. So far,
the treatment of coronary heart disease has failed to
eliminate the inflammation produced by epicardial adi-
pose tissue. The investigation of inflammation and
ischemia caused by epicardial fat cells will contribute to
the development of new and more effective treatment of
cardiovascular diseases.
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