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Summary 

The abnormal proliferation of vascular smooth muscle cells 

(VSMC) is thought to play a role in the pathogenesis of 

atherosclerosis. Adipocytes produce several bioactive paracrine 

substances that can affect the growth and migration of VSMCs. 

Our study focuses on the direct effect of the bioactive substances 

in conditioned media (CM) that was obtained by incubation with 

primary adipocyte-derived cell lines, including cell lines derived 

from both preadipocytes and from more mature cells, on the 

proliferation rate of human aortic smooth muscle cells 

(HAoSMCs). We used a Luminex assay to measure the adipokine 

content of the CM and showed that there was a higher 

concentration of monocyte chemoattractant protein-1 in renal 

preadipocyte-CM compared with the HAoSMC control (p<0.5). 

The addition of both renal preadipocyte- and epicardial 

adipocyte- CM resulted in the elevated production of vascular 

endothelial growth factor compared with the control HASoSMC 

CM (p<0.001). The adiponectin content in renal adipocyte-CM 

was increased compared to all the remaining adipocyte-CM 

(p<0.01). Moreover, the results showed a higher proliferation 

rate of HAoSMCs after co-culture with epicardial adipocyte-CM 

compared to the HAoSMC control (p<0.05). These results 

suggest that bioactive substances produced by adipocytes have 

a stimulatory effect on the proliferation of VSMCs. 
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Introduction 

Obesity, the most common nutritional disorder 

in industrialized countries, is associated with the 

accelerated progression of atherosclerosis and its clinical 

complications (Calle et al. 1999). Currently, adipose 

tissue is perceived not only as a reservoir of energy but 

also as an important endocrine and immunologically 

active tissue that produces various bioactive substances, 

particularly, adipokines. It is well-established that various 

levels of adipokines are produced in the adipose tissue of 

lean vs obese individuals. Adipose tissue of obese 

individuals shows signs of low-grade inflammation 

together with infiltration of adipose tissue macrophages. 

Moreover, obese individuals have higher circulating 

concentrations of many inflammatory markers compared 

with lean people. The source of these mediators within 

the adipose tissue is not clear, but infiltrating 

macrophages seem to be especially important. However, 

adipocytes themselves also play a significant role (Calder 

et al. 2011). Adipose tissue can be divided into two basic 

groups: visceral and subcutaneous adipose tissue. 

Virtually all blood vessels are surrounded by various 

amounts of a special type of visceral adipose tissue (Cinti 
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2002). For a long time, perivascular adipose tissue 

(PVAT) was considered to be a rather passive structural 

support for vessels, but the vasocrine function of PVAT 

has been extensively studied (Gao 2007). Perivascular 

adipocytes are similar to adipocytes of visceral adipose 

tissue, which is a well-known producer of various 

bioactive substances with apocrine, paracrine and 

endocrine effects. They appear to be powerful endocrine 

cells capable of responding to metabolite cues 

(Chartterjee et al. 2009) and are capable of signal 

transduction to adjacent blood vessels through a paracrine 

or vasocrine signaling pathway (Gustafson 2010). This 

“outside-to-inside signaling paradigm” suggests that 

biologically active mediators produced by PVAT may 

have a pathologic role in the development of 

atherosclerosis (Mazurek et al. 2003, Yudkin et al. 2005). 

Epicardial adipose tissue (EAT) is a type of perivascular 

fat, located in the chest near the adventitia of the coronary 

arteries. Some evidence demonstrates a relationship 

between epicardial and visceral fat masses (Iacobellis et 

al. 2003). The expansion of visceral adipose tissue is 

associated with a high risk of metabolic syndrome and 

incidence of cardiovascular disease (Despres et al. 2008, 

Piche et al. 2008). Clinical findings, together with ex vivo 

and in vitro studies, suggest that EAT plays an important 

role in the process of the pathogenesis of atherosclerosis 

(Taguchi et al. 2001, Mazurek et al. 2003, Ding et al. 

2008, Chartterjee et al. 2009, Zhou et al. 2011). 

The abnormal proliferation of vascular smooth 

muscle cells (VSMCs) is thought to play an important 

role in the pathogenesis of atherosclerosis and in-stent 

restenosis via the mechanism of neo-intimal formation. 

The migration of VSMCs from the media to the intima, 

together with phenotypic modulation, is defined as 

a switch from a contractile phenotype (in which cells 

have increased cytoplasmic myofilaments and are 

involved in the maintenance of vascular tone) to 

a synthetic phenotype (where cells, although less 

contractible, upregulate the machinery required for 

proliferation, migration, and production of the 

extracellular matrix); this migration also reduces the 

expression of contractile genes compared to cells with 

a contractile phenotype (Owens et al. 2004). VSMCs can 

switch between these states, but the regulation of this 

balance is disrupted in proliferative and obstructive 

vascular diseases such as atherosclerosis, restenosis after 

angioplasty, and pulmonary hypertension (Davis-

Dusenbery et al. 2011). Several studies indicate that  

 

growth factor/cytokine-signaling can dramatically affect 

the phenotypic status of VSMCs. For example, 

interleukin 6 (IL-6) (Ikeda et al. 1991), interleukin 8  

(IL-8) (Yue et al. 1994), interleukin 1 alpha (IL-1 alpha) 

(Schultz et al. 2007), vascular endothelial growth factor 

(VEGF) (Schlich et al. 2013), monocyte chemoattractant 

protein-1 (MCP-1) and platelet-derived growth factor 

(PDGF) (Miao and Li 2012) can promote DNA synthesis 

in VSMCs and cause cell proliferation. 

Adipocytes produce several paracrine bioactive 

substances that can affect the growth and migration of 

VSMCs and which can eventually contribute to the 

development of proliferative vascular disease (Kiefer et 

al. 2012, Szasz et al. 2013). A study by Barandier et al. 

(2005) identified protein as one of the responsible factors, 

as both boiling and digestion with proteinase K decrease 

the pro-proliferative effect of conditioned media on the 

growth of VSMCs. The remaining effect of treated 

conditioned media on the proliferation of VSMCs could 

be ascribed to nonprotein factors. For example, free fatty 

acids (primarily oleic acid), are also able to induce the 

proliferation of VSMCs (Lamers et al. 2011). However, 

the network of mechanisms and factors responsible for 

aberrant VSMC proliferation is far from understood. 

Although the effects of several individual adipokines on 

VSMC function have been previously reported (Szasz et 

al. 2013), the effects of the complex secretory output of 

human adipocytes has not been fully investigated. Our 

study was designed to compare the effect of bioactive 

substances produced by epicardial and renal 

preadipocytes and adipocyte primary cell lines on the 

proliferation rate of human aortic smooth muscle cells 

(HAoSMCs). Based on the foundations set forth in 

previous studies, we focused on the following adipokines: 

IL-6, IL-8, MCP-1, VEGF and adiponectin. A study by 

Schlich et al. (2013) found VEGF levels in conditioned 

medium (CM) to be significantly correlated with the 

proliferation rate of VSMCs. Moreover, their study 

showed that VEGF is most likely not the only important 

factor for VSMC proliferation. As CM contains various 

adipokines such as IL-6, IL-8 and MCP-1 (Dietze-

Schroeder et al. 2005), it is possible that some of these 

adipokines, in addition to VEGF, induce VSMC 

proliferation. Adiponectin also seems to be an important 

factor. A study by Lamers et al. (2011) presumed that the 

adiponectin content in CM might be responsible for the 

differences in the proliferative potency of CM. 
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Materials and Methods 
 

Cell culture 

The following experiments were approved by 

the Ethical Committee of the Institute for Clinical and 

Experimental Medicine. All donors signed an informed 

consent. Renal adipose tissue was selected to represent 

visceral fat. Samples of renal and subcutaneous adipose 

tissues were collected exclusively from healthy 

volunteers during kinship organ transplantations. The 

EAT samples were obtained from the explanted hearts of 

patients who received a transplant because of 

cardiomyopathy. The EAT samples were taken from the 

following locations: the right side of the coronary artery, 

the ramus circumflexus and the anterior descending 

branch of the coronary artery. All fat samples used in our 

study were obtained from middle aged men. In order to 

minimize the influence of pre-existing pathologies, only 

patients who experienced no clinical signs of 

atherosclerosis and had no evidence of diabetes according 

to routine laboratory tests were selected for the study. 

Paired biopsies from subcutaneous and renal adipose 

tissues were obtained from two sample donors (the first 

donor was 38 years old, body mass index 27.5 kg/m2; the 

second donor was 35 years old, body mass index 

29.19 kg/m2). Samples of EAT were obtained also from 

two donors (the first donor was 51 years old, body mass 

index 31.1 kg/m2; the second donor was 54 years old, 

body mass index 30.1 kg/m2). Donors did not receive 

long-term treatment with medication that could, 

according to our knowledge, affect the outcome of the 

study. The preparation of the adipose tissue cultures was 

performed as previously described (Fried and Moustaid-

Moussa 2001). Briefly, only the EAT adipose tissue 

samples were subsequently pooled and, similar to the 

renal and subcutaneous samples, were minced with 

scissors into small pieces (2-4 mm3) under aseptic 

conditions. The minced tissue samples were washed in 

PBS, placed in digestion solution (2 mg/ml collagenase, 

2 % fatty acid-free BSA in PBS) and incubated in 

a shaker (200 rpm) at 37 °C for 1 h. The collagenase-

digested samples were separated from undigested tissue 

by filtration through a 200-μm mesh fabric. Floating fat 

cells were separated from the stromal vascular fraction 

(SVF) by centrifugation at 200 g × 10 min. The SVF that 

contained the preadipocytes was subsequently washed 

several times and was finally resuspended in a selective 

preadipocyte growth medium (Promo Cell, Heidelberg, 

Germany), cultivated in a culture flask and maintained in 

an incubator at 37 °C and 5 % (v/v) CO2. The medium 

was changed every 2-3 days unless otherwise stated. At 

subconfluent densities, the cultured cells were trypsinized 

and plated in triplicate for each condition into 12-well 

plates at 0.1 × 106 cells/well. When the cell monolayer 

cultures reached ~90 % confluence, the cells were 

induced to differentiate. The cells were subsequently 

cultured for a total of 21 days in order to obtain mature 

adipocytes. The cells were cultured in an adipocyte 

differentiation medium for the first 3 days and were later 

cultured in an adipocyte nutrition medium (Promo Cell, 

Heidelberg, Germany). The degree of adipocyte 

differentiation was determined by oil-red staining (Sigma 

Aldrich, St. Louis, MO, USA). The conditioned medium 

was prepared as follows: subconfluent preadipocytes or 

adipocytes were washed and kept in a preadipocyte 

growth medium or adipocyte nutrition medium for 24 h. 

The conditioned medium was collected, centrifuged 

(13000 rpm for 10 min at 4 °C) to remove cell debris, 

frozen and kept at –80 °C until further use. All 

experiments were performed on cells at passage 6 or less, 

and each condition was assayed in triplicate in two 

independent experiments. 

 

Cell proliferation assay 

We used the Real-Time cell analyzer 

xCELLigence System, together with E-Plate View 16 

(Roche Applied Science, Basel, Switzerland) to measure 

the level of cell proliferation in primary cell cultures of 

HAoSMCs during co-cultivation with conditioned media. 

The conditioned medium was obtained from primary cell 

cultures of both undifferentiated and mature adipocytes. 

HAoSMCs were seeded at an initial density of 2 × 103 

cells per well and allowed to attach. The cells were 

washed and rendered quiescent for 24 h in a serum-free 

HAoSMC growth medium. Conditioned media obtained 

from adipocyte cell lines were added in the amount of 

37.5 % v/v in Smooth Muscle Cell Growth Medium 2 

(Promo Cell, Heidelberg, Germany). All experiments 

were performed on cells at passage 6 or less, and each 

condition was assayed in triplicate in two independent 

experiments. 

 

Luminex assay 

The Luminex assay is a multiplex bead-based 

immunoassay, which allows for the simultaneous 

measurement of multiple analytes (e.g. adipokines) using 

a library of antibody-coupled color-coded beads. Human 

cytokine Luminex kits for IL-6, IL-8, MCP-1, VEGF and 
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adiponectin were purchased from R&D (R&D Systems 

Inc, Minneapolis, MN, USA). The assay was performed 

in 96-well plates, and all reagents and plates were 

prepared according to the manufacturers’ instructions. 

We measured the cytokines present in the conditioned 

media that had been incubated with adipocyte cell lines 

for 24 h. Each condition was assayed in triplicate in two 

independent experiments. Plates were read by the 

Luminex 100 analyzer (PerkinElmer, Inc, MA, USA) 

using xPONENT software (Luminex, Austin, TX, USA). 

The triplicate readings for each standard, quality control 

and sample were averaged, and the average Median 

Fluorescence Intensity (MFI) of the blank was subtracted. 

An acquisition gate of between 7500 and 15500 was set 

to discriminate against any doubled events and ensure 

that only single microbeads were measured. A total of 

100 beads/well was collected, and MFI readings were 

measured. The MFI readings were converted to 

concentrations using the best parameter logistic fit curve, 

which was generated for each analyte from the seven 

standards using Multiplex Analyst software (Millipore). 

 

Statistical analysis 

The data are always presented as a mean ± 

standard deviation (SD). The statistical analysis was 

performed using Student’s t-test or ANOVA (post-hoc 

test: Bonferroni´s multiple comparison test). Differences 

were considered statistically significant at the level of 

p<0.05. 

 

Results 
 

Adipokine production in conditioned media from 

undifferentiated and mature human adipocyte cell lines  

The production of adipokines (IL-6, IL-8,  

MCP-1, VEGF and adiponectin) from epicardial, renal 

and subcutaneous pre- and fully differentiated adipocytes 

in conditioned media (CM) was measured by a Luminex 

assay. The adipokine content in CM of the primary cell 

line of HAoSMCs was considered as a reference standard 

(100 %) (Fig. 1A and 1B are associated with the p-value 

data displayed in Table 1). Our results showed varying 

levels of adipokine production that was dependent on the 

cell origin and the differentiation status of the cell line. 

No IL-6, IL-8, MCP-1 or VEGF was detected in pure 

preadipocyte growth, adipocyte nutrition or Smooth 

Muscle Cell Growth Medium 2 media. Our results 

showed that HAoSMCs produced significantly higher 

amounts of IL-6, IL-8, MCP-1 and VEGF compared to 

adipocyte cell lines, derived from both undifferentiated 

and differentiated cells (for all groups, p<0.01). Only 

renal preadipocyte-CM showed an increased production 

of MCP-1 compared to the HAoSMC control (p<0.05). 

Renal preadipocyte-CM and epicardial adipocyte-CM 

also demonstrated a higher production of VEGF 

compared to the control (p<0.001). The amount of IL8 in 

epicardial preadipocyte-CM and subcutaneous 

preadipocyte-CM was similar to the control.  
 
 

A 

 
 
 
B 

 
 
Fig. 1. Relative content of adipokine production (IL-6, IL-8,  
MCP-1, VEGF and adiponectin) in conditioned media. Conditioned 
media were obtained during a 24-h incubation with control 
primary cell line derived from HAoSMCs and with both 
undifferentiated and mature adipocyte cell lines. The adipokine 
content in the conditioned medium of the HAoSMCs was 
considered a reference standard (100 % or 1.0). Relative content 
of IL-6, IL-8, MCP-1, and VEGF in conditioned media (A). 
Relative content of adiponectin in conditioned media (B). All 
experiments were performed in triplicate for each condition, and 
the results are presented as the mean ± SD for two independent 
experiments. Figure 1A and 1B are associated with the p-value 
data displayed in Table 1. Values were considered to be 
significantly different at p<0.05.  
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Table 1. The level of significance of the adipokine content (IL-6, IL-8, MCP-1, VEGF and adiponectin) associated Figure 1A and 1B.  
 

  Epicardial 

preadipocyte 

CM 

Renal 

preadipocyte 

CM 

Subcutaneous 

preadipocyte 

CM 

Epicardial 

adipocyte 

CM 

Renal 

adipocyte 

CM 

Subcutaneous 

adipocyte  

CM 

IL-6 vs HAoSMC 

CM 

*** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

IL-8 vs HAoSMC 

CM 

n.s. *** ↓ n.s. ** ↓ *** ↓ *** ↓ 

MCP-1 vs HAoSMC 

CM 

*** ↓ *  ↑ *** ↓ ** ↓ *** ↓ *** ↓ 

VEGF vs HAoSMC 

CM 

*** ↓ *** ↑ *** ↓ *** ↑ n.s. *** ↓ 

Adiponectin vs HAoSMC 

CM 

** ↑ n.s. n.a. n.s. *** ↑ n.a. 

IL-6 vs Epicardial 

adipocyte CM 

*** ↓ *** ↓ *** ↓ p=1 *** ↓ *** ↓ 

IL-8 vs Epicardial 

adipocyte CM 

n.s. n.s. n.s. p=1 * ↓ n.s. 

MCP-1 vs Epicardial 

adipocyte CM 

n.s. *** ↑ n.s. p=1 * ↓ ** ↓ 

VEGF vs Epicardial 

adipocyte CM 

*** ↓ n.s. *** ↓ p=1 *** ↓ *** ↓ 

Adiponectin vs Epicardial 

adipocyte CM 

n.s. n.s. n.a. p=1 ** ↑ n.a. 

IL-6 vs Renal 

adipocyte CM 

n.s. n.s. n.s. *** ↑ p=1 n.s. 

IL-8 vs Renal 

adipocyte CM 

n.s. *** ↑ n.s. * ↑ p=1 *** ↑ 

MCP-1 vs Renal 

adipocyte CM 

*** ↑ *** ↑ n.s. * ↑ p=1 *** ↓ 

VEGF vs Renal 

adipocyte CM 

** ↓ *** ↑ n.s. *** ↑ p=1 n.s. 

Adiponectin vs Renal 

adipocyte CM 

*** ↓ *** ↓ n.a. ** ↓ p=1 n.a. 

IL-6 vs 

Subcutaneous 

adipocyte CM 

n.s. *** ↑ n.s. *** ↑ n.s. p=1 

IL-8 vs 

Subcutaneous 

adipocyte CM 

n.s. *** ↑ n.s. n.s. *** ↓ p=1 

MCP-1 vs 

Subcutaneous 

adipocyte CM 

*** ↑ *** ↑ n.s. ** ↑ *** ↑ p=1 

VEGF vs 

Subcutaneous 

adipocyte CM 

*** ↓ *** ↑ n.s. *** ↑ n.s. p=1 

 
Values were considered to be significantly different at p<0.05. *** p<0.001, ** p<0.01, * p<0.05, n.s. – not significant, n.a. – not 
analyzed. 
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Finally, production of VEGF in renal adipocyte-

CM was statistically not significant compared to the 

control. IL-6 production from epicardial adipocytes was 

higher than that in all other cell lines (p<0.001). Similar 

to IL-6, the production of IL-8 also differed among the 

mature adipocyte-CM depending on the origin of the 

adipocytes. VEGF production in epicardial preadipocytes 

was significantly reduced compared to other cell lines 

(p<0.01), but it was significantly increased in the CM of 

fully differentiated epicardial adipocytes. In contrast, 

high VEGF content in CM of renal preadipocytes showed 

a significant decrease compared with that in CM from 

fully differentiated renal adipocytes (p<0.001). 

Adiponectin production from renal adipocytes was higher 

in comparison to all other cell lines (p<0.001). Taken 

together, we found that adipokine production depends on 

the adipocyte maturation status and that it is cell origin-

dependent. 

 

Effect of co-culture of adipocytes and aortic smooth 

muscle cells on muscle cell proliferation  

In order to obtain information about the effects 

of factors secreted by pre-adipocytes on the proliferation 

of smooth muscle cells, we measured the real time 

proliferation rate of HAoSMCs that were co-cultured 

with conditioned media from both renal and epicardial, 

and undifferentiated and mature adipocytes. Repeated 

measurements showed that only the epicardial adipocyte-

conditioned medium increased the proliferation rate of 

HAoSMCs compared to a HAoSMC control without 

treatment (p<0.05). We found no stimulatory effect of 

conditioned media from either renal or epicardial 

undifferentiated adipocytes, or from renal mature 

adipocytes on the proliferation of HAoSMCs. 

 

Discussion 
 

The aim of our study was to determine the 

effects of bioactive substances produced by epicardial 

and renal preadipocytes and adipocyte primary cell lines 

on the proliferation rate of HAoSMCs. Our results 

showed varying levels of adipokine production (IL-6,  

IL-8, MCP-1, VEGF and adiponectin) in conditioned 

media, which depended on cell origin and maturation 

status. The results also showed that the conditioned 

medium from differentiated (but not premature) 

epicardial adipocytes stimulated HAoSMC proliferation. 

Co-cultivation of HAoSMC with both premature and 

mature renal adipocytes had no influence on the growth 

of HAoSMCs. 

Obesity is associated with an increased risk for 

the development of atherosclerosis and its clinical 

complications, and adipokines are thought to act as 

a molecular link in this relationship (Calle et al. 1999, 

Mathieu et al. 2010). Perivascular fat is an important 

endocrine and paracrine organ that produces various 

adipokines and many other substances (Mazurek et al. 

2003, Yudkin et al. 2005, Miao and Li 2012). Due to the 

absence of an anatomic barrier, the active substances 

secreted by adipocytes readily gain access to the blood 

vessel wall (Barandier et al. 2005, Rajsheker et al. 2010). 

The local secretion of adipokines by perivascular adipose 

tissue via this mechanism may provide a direct link 

between obesity and vascular complications (Iacobellis et 

al. 2003, 2008). In addition to endothelial cells, VSMCs 

represent one of the most abundant cell types of the 

vascular wall. The bioactive substances secreted by 

adipocytes could lead to smooth muscle cell dysfunction 

and perhaps contribute to the development of 

proliferative vascular disease. 

Our previous results showed that under basal 

conditions, i.e. in the absence of signs of atherosclerosis, 

not only are the adipose tissue-infiltrating cells important, 

but the adipocytes themselves are an important source of 

proinflammatory mediators; indeed, their phenotype is 

affected by the degree of adipocyte differentiation 

(Zdychova et al. 2012). Our measurements of the 

adipokine content in adipocyte conditioned media 

showed trends which are generally in accordance with 

previous findings. Our results suggest that epicardial 

adipocytes substantially differ from visceral (renal) 

adipocytes and that the former exhibit a proinflammatory 

phenotype even under basal conditions. Moreover, we 

reported an increased proliferation rate of HAoSMCs 

during co-culture with epicardial adipocyte-conditioned 

medium. It was previously shown (Lamers et al. 2011) 

that the conditioned medium from human adipocytes that 

were differentiated in vitro induces the proliferation of 

VSMCs in the human coronary artery. The same study 

also postulated that the proliferation-stimulating effect of 

conditioned media negatively correlated with the levels of 

adiponectin, but the authors found no correlation with  

IL-6 content. Further studies by the same group found 

a strong correlation among conditioned medium, VEGF 

content and the VSMC proliferation rate. VEGF seems  

to contribute to VSMC proliferation via an 

autocrine/paracrine mechanism. Treatment of VSMCs 

with the VEGF-containing conditioned medium induced 
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VEGF secretion in the VSMCs, increased the expression 

of vascular endothelial growth factor receptors 1 and 2, 

and stimulated the proliferation of VSMCs in a VEGF-

dependent manner (Schlich et al. 2013). Although our 

results partially agreed with Schlich’s findings, we were 

unable to confirm the prominent role of VEGF as the 

mediator of adipocyte paracrine action. Our results 

demonstrated that only the conditioned medium from 

mature epicardial adipocytes was able to stimulate the 

proliferation of HAoSMCs. Conditioned media from 

epicardial and renal preadipocytes and from renal 

adipocytes had no effect on the growth of HAoSMCs 

compared with the control. In contrast, the VEGF content 

was increased in both the epicardial adipocyte- and in the 

renal preadipocyte-conditioned medium, but the renal 

preadipocyte-conditioned medium exhibited only a very 

slight stimulatory effect on HAoSMC proliferation. We 

may speculate about several possible explanations for this 

phenomenon. First, we used conditioned media obtained 

from primary adipocyte cell lines that were derived 

exclusively from donors with no signs of diabetes and 

atherosclerosis. The study by Schlich et al. (2013) 

compared adipose tissue origin-dependent VEGF release 

and its correlation with the proliferation of VSMCs. Their 

results showed low VEGF release from the visceral and 

subcutaneous fat of lean subjects, together with no effect 

on the proliferation rate of VSMCs. The presence of 

obesity, especially the combination of obesity and 

diabetes, seems to markedly increase the levels of VEGF, 

together with the VSMC proliferation rate, in the case of 

visceral fat tissue. We can only speculate on the effect of 

the epicardial fat tissue-conditioned medium from lean 

subjects on the VSMC proliferation rate when obesity 

and diabetes are not present. It should be noted from 

Schlich´s study that complex conditioned media obtained 

by incubation with adipose tissue biopsies were used. 

Second, the discrepancy between the results of the 

HAoSMC proliferation rate could be, at least in part, 

related to the adiponectin produced by renal adipocytes. 

The adiponectin content in the conditioned medium of 

renal adipocyte cell lines was higher compared to all 

other conditioned media. The study by Lamers et al. 

(2011) showed that adiponectin content negatively 

correlates with the proliferation of VSMCs. The third 

possibility is that because the secretory profile of human 

adipocytes is complex, it is probable that the interactions 

of many adipokines affect the final result. A recent study 

published by Ruan et al. (2010) featured liquid 

chromatography-tandem mass spectrometry technology 

to analyze the secretome of PVAT. Their proteomic 

analysis identified 81 proteins from PVAT, including 

21 proteins that were previously identified in several 

types of adipocytes and 60 proteins that were identified 

for the first time by Ruan´s group. The effect of the 

individual components could be studied through the use 

of specific inhibitors. Therefore, further studies could 

highlight the detailed impact of perivascular fat, alone 

and together with visceral fat-derived adipokines, on the 

proliferation of VSMCs. 

A limitation of the present study is that EAT 

samples and samples of subcutaneous and renal fat tissue 

cannot be sampled simultaneously during a surgical 

procedure in the same donor. Unfortunately, these types 

of multiple biopsies are not possible at our institute for 

technical and ethical reasons. We attempted to overcome 

this obstacle by matching donors. Another point that 

should be discussed is the fact that EAT from healthy 

human donors is essentially unobtainable, and therefore, 

we cannot exclude the possibility that the inflammatory 

state in the donor´s EAT was affected by the underlying 

pathology (cardiomyopathy). Nevertheless, previous 

studies (Mazurek et al. 2003, Hug and Lodish 2005, 

Sacks and Fain 2007) have shown that the most 

prominent cause of the proinflammatory phenotype of 

EAT is the presence of coronary artery disease. To avoid 

this problem, we obtained fat samples exclusively from 

donors with no clinical signs of atherosclerosis.  

On the one hand, we found no effects on the 

proliferation rate of HAoSMCs of conditioned medium 

produced by renal preadipocyte and adipocyte cell lines. 

On the other hand, bioactive substances produced  

by epicardial adipocytes demonstrated a potential 

stimulatory effect on the HAoSMC proliferation rate 

under basal conditions, i.e. in the absence of clinical signs 

of atherosclerosis, which could locally contribute to the 

development of proliferative vascular disease. 
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