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Abstract: 

The pro-inflammatory status of adipose tissue (AT) has been found to be related to reverse 
cholesterol transport (RCT) from peritoneal macrophages. However, this finding was made in 
experimental models using induced peritonitis and isolated peritoneal macrophages of animals. 
This experimental relationship is in agreement with RCT changes in man in two extreme 
situations, sepsis or cardiovascular complications. 
Given the above, we sought to test RTC in relationship to macrophage polarization in the visceral 
AT (VAT) of living kidney donors (LKDs) and the effect of conditioned media obtained from their 
AT. The influence of ATCM on CE capacity was first assessed in an experiment where standard 
plasma was used as cholesterol acceptor from [14C] cholesterol labeled THP-1. Conditioned media 
as a product of LKDs’ incubated AT showed no effect on CE. Likewise, we did not find any effect 
of individual plasma of LKDs on CE when individual plasma of LKDs were used as acceptors. On 
the other hand, we documented an effect of LKDs’ adipose cell size on CE. Our results indicate 
that the pro-inflammatory status of human AT is not likely induced by disrupted RCT but might 
be influenced by the metabolic status of LKDs’ adipose tissue. 
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1. Introduction

Cardiovascular disease represents the most common cause of mortality in developed countries 
[1]. Consumption of high-fat, high-cholesterol diets – known as Western-type diets (WTDs) – can 
lead to hypercholesterolemia as well as clinical complications of atherosclerosis. Atherosclerosis is a 
chronic disease of the vascular wall characterized by atherosclerotic plaque formation with its main 
feature being a combination of high concentrations of low-density lipoprotein (LDL) and a systemic 
pro-inflammatory status. Pro-inflammatory mechanisms have been shown to play a key role in 
atheroma formation [2]. A high plasma LDL concentration leads to an increase in LDL influx into 
the arterial wall and further to intracellular cholesterol accumulation, pro-inflammatory changes in 
local macrophages and release of cytokines stimulating further macrophage accumulation in the 
arterial wall as the initial step in atherosclerosis development. High-density lipoproteins (HDL) 
probably oppose this process of cholesterol accumulation and are thought to reduce inflammation 
[3]. High-density lipoprotein subfractions feature a wide variety of anti-atherosclerotic properties 
(anti-inflammatory, protection against LDL oxidation, anti-apoptotic, anti-thrombotic, etc.) [4,5]. 
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One of the most crucial atheroprotective roles of HDL particles is their function as cholesterol 
acceptor in reverse cholesterol transport (RCT) from extrahepatic cells [6,7]. 

Reverse cholesterol transport is a process that results in cholesterol efflux (CE) from peripheral 
tissue back to the liver via HDL particles [8]. The first step in the process is the transport of non-
esterified cholesterol to the plasma membrane and, subsequently, to the extracellular space. The 
process is mediated by the transporters adenosine triphosphate-binding cassette subfamily A 
member 1 (ABCA1), adenosine triphosphate-binding cassette transporter G1 (ABCG1), scavenger 
receptor class B type 1 (SR-BI) and pre-β-HDL mature spherical HDL as cholesterol acceptors [9]. In 
the second step, lecithin-cholesterol acyltransferase (LCAT) in a complex with HDL, very low-
density lipoprotein (VLDL) or LDL esterifies free cholesterol, which is more efficiently carried by 
lipoproteins transporting it to the liver [10]. 

It has been shown that a systemic pro-inflammatory status of the body is associated with 
changes in the RCT pathway [11]. Furthermore, according to a study examining the effect of murine 
model of obesity on RCT changes, obesity impairs RCT due to reduced plasma cholesterol uptake 
by hepatocytes and adipocytes and cholesterol efflux from these cells [12]. 

During the acute phase of response to infection, plasma HDL and apolipoprotein (Apo) AI 
levels are reduced in humans [13.] Many of the transport proteins and enzymes that play important 
roles in HDL metabolism are altered during the acute phase response (LCAT, cholesteryl ester 
transfer protein, and hepatic lipase decrease, while secretory phospholipase A2 [sPLA2] and 
endothelial cell lipase increase) [13]. In patients developing acute sepsis, CE from cultured 
macrophages to plasma or HDL is significantly decreased [14]. While these changes could be 
beneficial as part of the immune response to infection, this prolonged intracellular cholesterol 
accumulation inducing the immune response may cause chronic infections and autoimmune 
diseases and, importantly, is associated with chronic metabolic inflammation including the 
development of atherosclerosis [15,16]. 

The principle underlying the relationship of RCT to infection was investigated in detail [17] 
and tested in peritoneal macrophages of animal models by Tall [2]. Tall's group used peritoneal 
macrophages obtained by inducing peritoneal infection. ABCA1- and ABCG1-deficient mice tended 
to accumulate free and esterified cholesterol in peritoneal macrophages and this defect of CE has 
been suggested as the cause of growing inflammation. As macrophage deficiency of ABCA1 and 
ABCG1 is proatherogenic and increases inflammation, CE from macrophages is assumed to have 
anti-inflammatory activity within the atherosclerotic plaque in mice [18]. 

Although the risk of coronary heart disease (CHD) in man has been related to HDL 
concentration in many studies, data reported recently by Cahill clearly demonstrated that the CHD 
risk did not relate simply to HDL cholesterol concentration but directly to CE capacity [19]. That 
was why we decided to test the possibility of a relationship between inflammation in human 
adipose tissue (AT) and RCT. 

In our earlier study, we demonstrated a link between AT macrophage polarization and 
cardiovascular risk factors [20] and the term AT immunometabolism is currently commonly used in 
this area of research [21-23]. Under this concept, a role of interaction between adipocytes and 
immune cells has been acknowledged [24]. As AT involvement in the process of RCT is also widely 
accepted [25,26], we tested a hypothesis that the pro-inflammatory microenvironment within AT 
may be related to the ability of macrophages to be involved in RCT. Adipocyte size affects 
lipoprotein metabolism and large adipocytes are combined with increasing of triglycerides and 
decreasing of HDL cholesterol concentration [27,28]. Although fatty acid turnover is small and large 
adipocytes does not differ, an effect of cholesterol metabolism might be considered [29]. 

Our primary focus was to assess the effect of pre-treatment of THP-1 macrophages with AT-
conditioned media (ATCM) on CE as it is probably the only way how to analyse the reverse 
cholesterol transport in human AT. 

2. Methods

Subjects 
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Our study designed to analyze the structure of adipose tissue plasma membrane and including a 
total of 42 living kidney donors (LKDs) was conducted between March 2017 and October 2019. Part of 
the data obtained in this study have been presented elsewhere [30]. The project was approved by the 
joint Ethics Committee of the Institute for Clinical and Experimental Medicine and Thomayer 
University Hospital (G-16-06-22, 963/13) in compliance with the principles of the Declaration of 
Helsinki of 1975, as revised in 2000, and the study was conducted in accordance with the approved 
protocol. All participants signed informed consent and completed a standard questionnaire with a 
healthcare professional. 

Adipose tissue samples 

All donors underwent hand-assisted retroperitoneoscopic nephrectomy. Visceral adipose tissue 
(VAT) outside Gerota´s fascia was obtained in the operating theatre during cleansing of the kidney 
before transplantation. Tissue samples were immediately transported in Dulbeco’ s Phosphate 
Buffered Saline (PBS, Biosera, Nuaille, France) to the laboratory where they were divided into three 
parts. The first sample used for stromal vascular fraction (SVF) isolation and analysis of AT 
macrophages by flow cytometry. The second part was used to prepare ATCM and the third one for 
analysis of fat cell size measurement. 

Biochemistry 

Immediately before anesthesia induction, fasting blood samples were obtained by venipuncture. 
Plasma total cholesterol, LDL cholesterol, HDL cholesterol and triglyceride concentrations were 
determined enzymatically on a Cobas Mira Plus Autoanalyzer (Roche, Basel, Switzerland) using 
commercially available kits (Roche Diagnostics, Basel, Switzerland). 

Flow cytometry 

All visible blood vessels, connective tissue and residual blood were removed and AT was cut 
into small pieces and digested in a collagenase II solution (2 mg/mL, 3.4 mL per g of tissue, Sigma-
Aldrich,  St. Louis, MO, USA) for 20 minutes at 37°C in a shaking water bath. Next, the resultant cell 
suspension was cooled, repeatedly filtered on ice (150 µm and 50 µm filters, Sysmex, Kobe, Japan) 
and purified (10 minutes, 200 rcf, 4°C) to obtain the SVF. A sample of SVF was incubated with a 
mixture of conjugated antibodies for 20 minutes at room temperature (CD14 - PC7, clone RM052; 
CD16 - ECD, clone 3G8; CD36 - FITC, clone FA6.152, all Beckman Coulter, Brea, CA, USA, Fixable 
Viability Dye (FVD) - eFluor 780, Thermo Fisher Scientific, Waltham, MA, USA) to be subsequently 
analyzed by flow cytometry (CytoFLEX, Beckman Coulter, Brea, CA, USA). The absence of FVD 
staining indicated the number of live cells; only singlets were included. 

The threshold for CD16 positivity was set on a blood sample from the same patient. The data 
were processed with FlowJo software (Becton, Dickinson & Company, Franklin Lakes, NJ, USA). 

Based on previous results [30, 31, 32, 33], we defined CD14+CD16+ positive macrophages with 
high CD36 expression (CD14+CD16+CD36high) as pro-inflammatory (referred to as such hereinafter). 
Their proportion to total macrophages (CD14 positive cells) was expressed in %. 

A detailed description of the technique of flow cytometry including the gating strategy was 
published elsewhere [32]. 

Immunohistochemistry of macrophages of adipose tissue 

Cryosections were fixed in an ice-cold acetone-methanol mixture for 10 minutes. Heat-induced 
epitope retrieval was performed with an antigen unmasking solution (Tris-Based, 25 minutes, 
95 °C). After washing, sections were blocked for 2 hours in PBS with goat serum (5%), bovine serum 
albumin (1%) and Triton X (0.3%) and incubated with primary antibody (CD68, clone PG-M1; 
Agilent Technologies, 1:100) or respective isotype controls (BioLegend) overnight. After 1-hour 
incubation with secondary antibodies (goat anti-mouse antibody DyLight 488, Invitrogen), sections 
were mounted with mounting medium with DAPI (Abcam). Four representative photographs of 
each section were taken at 10× magnification using the Eclipse Ni-E upright microscope (Nikon 
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Corporation). The number of CD68 positive cells was expressed as a percentage of all nuclei 
present. 

Adipose tissue-conditioned media 

A method of isolation of pieces of AT similar to that used for SVF preparation was employed to 
prepare ATCM. Adipose tissue-conditioned media were obtained by incubation of cleansed and 
minced VAT in culture media (1 mL per 1 g of AT) (EBM-2, Lonza, Basel, Switzerland) with 0.2% fatty 
acid-free bovine serum albumin solution (BSA) (Sigma Aldrich, St. Louis, MO, USA with penicillin-
streptomycin, Sigma-Aldrich, St. Louis, MO, USA in a thermostat for 24 hours (5% CO2, 37°C). Next, 
the ACTM were separated from pieces of tissue using a 150-µm strainer, then a 0.22-µm syringe filter 
and stored in a -80°C freezer until used. 

We have published earlier that the concentrations of pro-inflammatory cytokines (TNF-α, IL-1β) 
in conditioned media are related to the behavior of macrophages to the endothelium and, generally, 
to their pro-inflammatory phenotype [34]. We sought to assess any potential effect of ATCM on CE.  

Cholesterol efflux analysis 

Cholesterol efflux (CE) was measured using methods described earlier but with small 
modifications [35]. In Experiment 1, a macrophage culture had been pre-treated by individual ATCM 
before CE measurement using identical plasma for all media as the acceptor. On the contrary, in 
Experiment 2, CE from standard (unaffected) macrophages was analyzed using the plasma of 
individual LKDs as cholesterol acceptor. 

THP-1 cells (human monocyte leukemia cells; ECACC 88,081,201, Salisbury, UK) were cultured 
in RPMI-1640 with 10% fetal bovine serum (Gibco, Thermo Fisher Scientific, Waltham, MA, USA), 2 
mM L-glutamine (Sigma Aldrich, St. Louis, MO, USA) and penicillin-streptomycin (Sigma-Aldrich, St. 
Louis, MO, USA) at 37°C, 5% CO2 to be subsequently seeded into 24-well plates at a density of 
approximately 0,4 × 106 cells/ml and differentiated into macrophages with phorbol 12-myristate 
13-acetate (PMA, 100 ng/ mL, Sigma Aldrich, St. Louis, MO, USA) for 72 hours. Before each of the 
following steps, the medium was aspirated and the cells washed with PBS containing 0.1% fatty acid-
free BSA (Sigma Aldrich, St. Louis, MO, USA). 

Next, THP-1 cells were labeled in a medium containing [14C] cholesterol (ARC, St. Louis, MO, 
USA, specific activity 0.1 µCi/mL) for 48 hours. The culture medium with 10% ATCM was 
subsequently added for 48 hours. Cholesterol efflux was measured by incubation of the labeled tissue 
culture in RPMI medium containing 5% standard plasma. Labeled free cholesterol molecules only 
absorbed on the cell surface were subtracted as radioactivity after 15 min of incubation. In Experiment 
1, standard identical plasma from all samples was used. 

Aliquots of efflux media were first collected and measured at 15 min of incubation to assess 
labeled cholesterol on the surface of THP-1. The next incubation period was at 240 minutes of CE 
measurement when the efflux phase ended. The media were subsequently centrifuged at 400 relative 
centrifugal force (rcf) at 4°C for 5 minutes to remove any floating cells. Next, the supernatants were 
mixed with a scintillation liquid (Rotiszint eco plus, Roth, Germany) for liquid scintillation counting 
followed by double washing of medium-free cell monolayers with ice-cold PBS containing 0.1% BSA. 
The cells were frozen for one hour, defrosted and then lysed in isopropanol-hexane (2:3) for one hour. 
Aliquots of the lysates were centrifuged at 400 rcf and evaporated in scintillation vials. Next, the 
scintillation liquid was added to aliquots for liquid scintillation counting. All the samples were 
analyzed in triplicate using a liquid scintillation analyzer (Tri-Carb 2900TR; PerkinElmer, Waltham, 
United States). 

The above procedure was also used for CE measurement in Experiment 2, with acceptors being 
the plasma samples of individual LKDs. 

 
Histological analysis of AT cell size 
  
 The third AT sample was used for fat cell size measurement. A small piece (approximately 100-
150 mg) of adipose tissue was separated from the sample and prepared for long-term storage. The 
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tissue was subsequently fixed overnight at room temperature in neutral buffered formalin. After 
washing with PBS, the tissue was incubated overnight in 30% sucroce in PBS at 4°C. Samples were 
then gently dried with cellulose wadding paper, mounted in OCT (Tissue-Tek O. C. T.™ 
Compound, Sakura Finetek Europe BV, Alphen aan den Rijn, the Netherlands) and flash frozen in 
an isopentane bath cooled by liquid nitrogen and stored at -80 °C until further use. 

Fresh prepared cryosections (8 µm) were incubated in 96% ethanol for 5 minutes. After a short 
wash in distilled water, the sections were stained with fresh Giemsa working solution (10 minutes), 
washed thoroughly in tap water and dried at room temperature. Dry sections were cleared briefly 
in xylene and immediately mounted (Pertex®, Histolab). 

Four representative photographs of each section were taken at 10×  magnification using an 
Eclipse Ni-E upright microscope (Nikon Corporation). Adipocyte area was measured using the Fiji 
Adiposoft plugin (semi-automatic approach; Fiji software [NIH-Fiji, Bethesda, MD, USA] 
and Adiposoft plugin [University of Navarra, Pamplona, Spain]). Damaged adipocytes and 
adipocytes on image margins were excluded from the analysis. A minimum of 400 cells per subject 
was analyzed. 

Statistical analysis 

Data were analyzed using the paired t-test. All results are expressed as mean ± SD. Probability 
values of less than 0.05 were considered significant. 

3. Results

The main characteristics of the whole group of LKDs are presented in the Table. The study 
include a total of 42 LKDs (28 women and 14 men) whose baseline physiological and clinical 
characteristics were compared with data of age- and sex-matched individuals selected from a 
population study analyzing a 1% representative Czech population sample aged 25-64 years [36]. 
Our group of LKDs was clearly slightly healthier than the representative Czech population sample 
as their BMI was significantly lower (p<0.05); however, there were no significant differences in non-
HDL cholesterol and total HDL cholesterol concentrations. Slightly lower concentration of HDL 
cholesterol in LKDs corresponds to slightly lower concentrations of non-HDL cholesterol. Quite 
surprisingly, triglyceride concentrations were (non-significantly) higher in our LKDs. 

When comparing the relationship between CE and concentration of HDL cholesterol, no 
statistically significant correlation was found (Figure 1-A).  

Experiment 1 was intended to detect a possible effect of ATCM on release radiolabeled 
cholesterol. As CE was not affected by the presence of ATCM in our experiment, we were unable to 
demonstrate any effect of ATCM obtained from a sample of incubated adipose tissue (Figure 1-B). 
The implication is that no molecule released from incubated VAT of LKDs could have affected CE 
from pre-labeled macrophages when using identical plasma samples as the acceptor of labeled 
cholesterol from cultured macrophages. 

Experiment 2 was conducted to measure CE from pre-labeled macrophages to plasma samples 
of individual acceptors, i.e., various plasma samples from LKDs. Similarly, there was no statistically 
significant correlation between CE and the percentage of pro-inflammatory CD14+CD16+CD36hi 
cells as a measure of adipose tissue inflammation (Figure 1-C). However, the proportion of pro-
inflammatory macrophages in visceral AT of LKDs varied between 15 and almost 60% of total 
adipose tissue macrophages, there is no any significant trend with analysed CE.  

The same adipose tissue (used to prepare ATCM) was used to measure adipocyte size of LKDs 
(n=32) by immunohistochemical analysis. The pattern of distribution of CD68 positive macrophages 
is documented in Figure 3 showing that it is rather homogeneous as it is documented in figure 2 a 
statistically significant decrease of CE to increasing adipocyte size of LKDs was documented (n=32; 
p<0.002; R=0.3).  
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4. Discussion

Experimental data of Tall´s laboratory [37, 2] together with decreases in RCT and CE in sepsis 
[14] and coronary artery disease [38] in man suggest the important role played by CE in 
inflammation. As adipose tissue inflammation is a most significant factor in cardiometabolic risk, 
our aim was to investigate the relationship between CE and the proportion of pro-inflammatory 
macrophages in adipose tissue. As both clinical cases documenting the relationship of inflammation 
and RCT are extreme ones, we sought to test CE to the plasma of a set of healthy individuals.

Our study was designed to analyze the adipose tissue of LKDs obtained intraoperatively 
during donated kidney isolation [32]. We focused primarily on macrophage polarization as a 
marker of pro-inflammatory changes in AT because of the widely recognized pivotal impact of 
these immune cells on AT dysfunction. To study the local effect of human AT, ATCM were 
prepared from the adipose tissue of LKDs. Adipose tissue-conditioned media were supposed to 
influence CE from macrophages during their incubation prior to CE measurement. Our model of 
RCT estimate based on measurement of CE from radiolabeled macrophages is widely employed 
(using the whole plasma [39,40] or different lipoprotein particles [41,42,43]). 

Experiment 1 analyzing a possible effect of ATCM on CE was principally based on our data 
[34] suggesting that AT in vitro is able to produce the same pro-inflammatory stimuli. The negative 
results only document (using identical cells as well as an identical cholesterol acceptor) that 
conditioned media were not able to influence any effect on reverse cholesterol transport.

Similar to data derived from experimental models [2], we expected reduced RCT in individuals 
with higher proportions of pro-inflammatory macrophages in AT. Cholesterol efflux was measured 
using the plasma of individual LKDs and various proportions of pro-inflammatory macrophages in 
their visceral AT were compared with RCT. 

Surprisingly, we were unable to document effect of different concentrations of HDL acceptors 
or the proportion of pro-inflammatory macrophages to CE. One could assume that, in healthy 
individuals, RCT is probably not related to inflammation expressed as a proportion of pro-
inflammatory macrophages and to HDL concentration. 

Despite our inability to confirm Tall's hypothesis, we found a strong negative correlation 
between CE and adipocyte surface. The size of adipocytes is a significant predictor of the 
cardiometabolic alterations related to obesity. Adipocyte hypertrophy, especially in visceral AT, 
may be associated with cardiometabolic alterations [44]. This theory is consistent with our finding 
of reduced CE from adipocytes with a larger surface area as a characteristic feature suggesting that 
cholesterol accumulation in macrophages is associated with the development of cardiovascular 
disease. Adipocyte size has been shown to be an important determinant of adipokine secretion [45]. 
Furthermore, large adipocytes are presumably able to influence the activity of intracellular and 
extracellular lipases [46]. Although fatty acid turnover in small vs. large adipocytes is not different, 
large cells are, by definition, able to store greater amounts of fatty acids. The advantage to store 
high energy substrate in long history starvation of men was probably very important advantage in 
history. On the contrary in recent high prevalence of obesity and frequent supply high-energy 
meals it might be an important disadvantage. Similarly to the situation of higher risk of 
hypertension and genetically determination hypercholesterolemia [47].  

 In conclusion, changes in RTC are not related to macrophage polarization and pro-
inflammatory status of human AT. On the contrary, it has been documented that larger adipocytes 
correlate positively with the concentration of triglycerides and negatively with HDL [48], and are 
also behind decreasing RTC. 
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Short title: Cholesterol efflux and inflammation 

 
Table. Characteristics of the group of LKDs and age- and sex-matched controls from the 1% 
representative Czech population sample 

 LKDs 
Czech population 

sample 
p value 

Number (men/women) 42 (28/14) 42 (28/14) ns. 
Age (years) 51.96±10.36 51.57±9.77 ns. 
BMI (kg/m2) 26.73±3.10 29.24±6.11 p<0.05 
Non-HDL-C (mmol/l) 3.37±0.96 3.95±1.12 ns. 
HDL-C (mmol/l) 1.35±0.43 1.57±0.41 ns. 
Triglycerides (mmol/l) 1.72±0.96 1.28±0.58 ns. 

 
BMI: body mass index; non-HDL-C: non-high-density lipoprotein cholesterol, HDL-C: high-density 
lipoprotein cholesterol, ns: non-significant 

 
Characteristics of the whole LKDs group compared with the Czech population sample. The 
number, age, BMI, non-HDL-C, triglyceride and HDL-C concentrations of the group of LKDs were 
compared with those of a representative sample of the Czech population whose age- and sex- 
matched individuals were selected from a population study analyzing a 1% representative Czech 
population sample aged 25-64 years [34]. The total numbers of women and men were 28 and 14, 
respectively. Values are expressed as mean ± SD. 
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Fig. 1. The relation of cholesterol efflux to total HDL cholesterol A (n=42). The relation of cholesterol 
efflux to the proportion of pro-inflammatory CD14+CD16+CD36hi macrophages influencing by the 
presence of ATCM B (n=32). The relation of cholesterol efflux to the proportion of pro-inflammatory 
CD14+CD16+CD36hi macrophages C (n=32, no cytometric analysis was available for 10 samples due 
to technical difficulties). 
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Fig. 2. The relation of cholesterol efflux (measured with individual LKDs’ plasma) to adipocyte size 
(n=32; p<0.002; R=0.3). A total of 10 immunohistology samples were not taken at all because of very 
small amounts of tissue available. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Immunohistochemical analysis of adipose tissue CD68 positive macrophages (marked in green) 
of living kidney donors.    


