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Summary 

The aim of our study was to explore the effects of regular 

aerobic exercise on anthropometric, biochemical and hormonal 

parameters and mRNA expression of selected factors involved in 

metabolic regulations in subcutaneous adipose tissue of patients 

with obesity. Fifteen obese women with arterial hypertension 

underwent a three-month exercise program consisting of 30 min 

of aerobic exercise 3 times a week. Fifteen healthy lean women 

with no intervention served as a control group. Obese 

group underwent anthropometric measurements, blood  

sampling, subcutaneous adipose tissue (SCAT) biopsy and  

24-h blood pressure monitoring at baseline and after three 

months of exercise, while control group was examined only once.  

At baseline, obese group had increased SCAT expression of 

proinflammatory cytokines and adipokines relative to control 

group. Three months of regular exercise improved 

anthropometric parameters, decreased CRP, blood glucose and 

HOMA-IR, while having no significant effect on lipid profile and 

blood pressure. Gene expressions in SCAT were not affected by 

physical activity with the exception of increased aquaporin-3 

mRNA expression. We conclude that three months of regular 

exercise decrease systemic subclinical inflammation with only 

minor influence on the blood pressure and the endocrine function 

of subcutaneous fat.  
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Introduction 
 

The pathophysiology of various features of 
metabolic syndrome is complex and comprises multiple 
potential mechanisms including subclinical inflammation 
and disturbed endocrine function of adipose tissue 
(Ravussin and Smith 2002, Haffner 2003, Reaven et al. 
2004). Adipose tissue, in particular the visceral fat, plays 
a pivotal role in this process by producing excessive 
amounts of proinflammatory and insulin resistance-
inducing factors that contribute to the development of 
insulin resistance, arterial hypertension, subclinical 
inflammation and other pathologies clustered within 
metabolic syndrome (Mraz et al. 2011b, Trachta et al. 
2014).  

Adipose tissue of patients with obesity  
is characterized by increased infiltration by 
immunocompetent cells that, together with hypertrophic 
adipocytes, contribute to the proinflammatory milieu 
of obese fat (Xu et al. 2003, Neels and Olefsky  
2006). Secreted factors include proinflammatory/ 
prothrombogenic cytokines that promote atherogenesis 
and contribute to the development of insulin resistance, 
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arterial hypertension and atherosclerosis (Havel 2002, 
Mazurek et al. 2003). The endocrine production of 
adipose tissue and its anti/proinflammatory balance is 
regulated on multiple levels including its intensive 
interaction with circulating immunocompetent cells 
(Mraz et al. 2011a). Numerous epidemiological studies 
have shown that regular exercise is one of the most potent 
measures to protect against obesity, type 2 diabetes 
mellitus and long-term cardiovascular complications (Hu 
et al. 2004, Pi-Sunyer et al. 2007). While a single bout of 
acute exercise is accompanied by a short term 
proinflammatory response (Pedersen et al. 2001, Gleeson 
2007), regular exercise evokes a long-term anti-
inflammatory effect (Kasapis and Thompson 2005, 
Timmerman et al. 2008). While some of the mechanisms 
behind the beneficial effects of regular exercise have 
been deciphered (Dunkley et al. 2012), the role of 
modulation of endocrine function of adipose tissue in this 
process remains only partially clarified, with some 
studies showing improved endocrine profile of fat with 
regular exercise while others failing to do so (Stefanyk 
and Dyck 2010, Lakhdar et al. 2013).  

We hypothesized that regular physical activity 
could improve systemic subclinical inflammation and 
other obesity-related pathologies through the modulation 
of inflammatory profile of adipose tissue. To this end, we 
explored the effect of three months of regular exercise on 
anthropometric, biochemical and hormonal parameters, 
blood pressure and mRNA expression of adipokines, 
chemokines, cytokines and other relevant factors in 
subcutaneous adipose tissue.  
 
Methods 
 
Study subjects 

Fifteen non-diabetic obese female patients with 
arterial hypertension (age 48.5±2.2 years, body mass 
index (BMI) 37.6±0.9 kg/m²) were included in the study. 
The patients underwent a supervised three-month 
exercise program consisting of 30 min of aerobic exercise 
3 times a week. The control group consisted of 15 healthy 
lean women (age 48.1±1.8 years, BMI 23.7±0.6 kg/m²).  

Control subjects had no history of obesity and/or 
diabetes mellitus, arterial hypertension, or lipid 
metabolism disturbances and received no medication. 
Blood tests confirmed normal blood count, biochemical 
and hormonal parameters. In the obese group, 13 women 
were treated with antihypertensive medication, 2 had 
dyslipidemia treated with hypolipidemic agents, none of 

the patients had type 2 diabetes.  
Written informed consent was signed by all 

participants before being enrolled into the study. The 
study was approved by the Human Ethics Review Board, 
First Faculty of Medicine and General University 
Hospital, Prague, Czech Republic. 

 
Anthropometric examination, biochemical and hormonal 
determination, blood pressure measurements and tissue 
sampling 

The obese group was examined at baseline and 
after three months of regular exercise, while the control 
group was examined only once. All subjects were 
measured and weighed, and their body mass index (BMI) 
was calculated. Percentage of total body fat was assessed 
by bioimpedance analysis (Multi-frequency Bodystat 
QuadScan 4000, Douglas, UK). In the obese group casual 
blood pressure (BP) values were obtained in the sitting 
position using a sphygmomanometer (LCD 301, Spirit 
Medical Co., Taiwan) and 24-h ambulatory blood 
pressure monitoring (ABPM) was performed using an 
oscillometric device (SpaceLabs 90207, SpaceLabs 
Medical, Redmond, WA, USA), which was set to 
measure the blood pressure every 20 min during the day 
(from 06:00 h to 22:00 h) and every 30 min during the 
night (from 22:00 h to 06:00 h). Casual blood pressure in 
the control group was measured only once at baseline. 
Blood samples for biochemical and hormonal 
measurements were withdrawn between 07:00 h and 
08:00 h after 12 h of overnight fasting. Blood samples 
were separated by centrifugation for 10 min at 1000 × g 
within 30 min from blood collection. Serum was 
subsequently stored in aliquots at −80 °C until further 
analysis. 

Samples of the subcutaneous adipose tissue 
(abdominal area) were obtained by subcutaneous needle 
aspiration biopsy. Approximately 100 mg of adipose 
tissue was collected to 1 ml of RNA stabilization Reagent 
(RNAlater, Qiagen, Germany) and stored at –80 °C until 
further analysis. 

 
Hormonal and biochemical assays 

Serum concentrations of FABP-4, resistin, leptin 
and adiponectin were measured using a commercial 
ELISA kits (BioVendor, Modrice, Czech Republic) with 
a sensitivity of 0.1 ng/ml for FABP-4, 0.2 ng/ml for 
resistin, 0.12 ng/ml for leptin and 1.0 ng/ml for 
adiponectin. Serum C-reactive protein (CRP) levels were 
measured by high sensitive assay (Bender MedSystems, 
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Vienna, Austria) with a sensitivity of 3 pg/ml. Serum 
insulin concentrations were measured by commercial 
RIA kit (Cis Bio International, Gif-sur-Yvette, France) 
with a sensitivity of 2.0 µIU/ml. The intra- and inter-
assay variabilities of all kits were less than 5 % and less 
than 10 %, respectively.  

Biochemical parameters (HbA1c, total LDL and 
HDL cholesterol, TAG, IA, glucose) were determined by 
standard laboratory methods in the Department of 
Biochemistry of General University Hospital, Prague. 

 
Determination of mRNA expression 

Samples of subcutaneous adipose tissue were 
homogenized on MagNA Lyser Instrument with MagNA 
Lyser Green beads (Roche Diagnostics GmbH, 
Germany). Total RNA from homogenized tissue was 
extracted on MagNA Pure instrument using Magna Pure 
Compact RNA Isolation kit (tissue) (Roche Diagnostics 
GmbH, Germany). The RNA concentration 
was determined from absorbance at 260 nm on 
a NanoPhotometer (Implen, Munchen, Germany). 
Reverse transcription was performed using 0.25 µg of 
total RNA to synthesize the first strand cDNA using the 
random primers as per the instructions of the High-
Capacity cDNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA, USA). Gene expression of 
FABP-4, CD68, adiponectin and its receptors, resistin, 
angiotensinogen (AGT), angiotensin-converting enzyme 
(ACE) and angiotensin receptor type 1 (AGTR1) was 
performed on a 7500 Real-Time PCR System using 
TaqMan ® gene Expression Assays (Applied Biosystems, 
Foster City, CA, USA). Measurement of gene expression 
of other 44 genes was performed on ViiA7 Instrument 
using TaqMan Custom Array (Applied Biosystems, 
Foster City, CA, USA). A mix of TaqMan® Universal 
PCR Master Mix II, NO AmpErase® UNG (Applied 
Biosystems, Foster City, CA, USA), nuclease-free water 
(Fermentas Life Science, Lithuania) and specific 
TaqManGene expression Assays (Applied Biosystems, 
Foster City, CA) was used for reaction. 

The increase in fluorescence was measured in 
real time and threshold cycle (Ct) values were obtained. 
To compensate for variations in RNA amount and 
efficiency of reverse transcription, beta-2-microglobulin 
and HPCAL1 were used as endogenous reference and 
results were normalized to the mean of these values. The 
formula 2-ΔΔCt was used to calculate relative gene 
expression. 

 

Statistical analysis 
Statistical analysis was performed using 

SigmaStat software (SPSS Inc., Chicago, IL, USA). 
Results were expressed as means ± SEM. Differences of 
gene expression, anthropometric, biochemical and 
hormonal parameters between obese and control group 
were evaluated using one-way ANOVA followed by 
Dunnett´s Method as Multiple Comparison versus 
Control Group or Kruskal-Wallis One Way ANOVA on 
Ranks followed by Dunn´s Method, as appropriate. 
Differences in parameters of obese group before and after 
three months of exercise were evaluated using paired  
t-test or Wilcoxon Signed Rank Test, as appropriate. The 
correlations between various parameters were estimated 
by Pearson product moment correlation test or Spearman 
rank order correlation test. Statistical significance was 
assigned to P<0.05. 
 
Results 
 
Anthropometric, biochemical and hormonal 
characteristics of study subjects and its changes after 
three months of exercise 

Anthropometric, biochemical and hormonal 
characteristics of both study groups are summarized in 
Table 1. At baseline, obese group had significantly higher 
body weight, BMI, body fat percentage, waist and hip 
circumference, fasting blood glucose, serum triglycerides, 
CRP, IA, insulin, leptin, FABP-4 and HOMA index 
compared to control group. Serum adiponectin and HDL-
cholesterol levels were significantly reduced in obese 
relative to control group.  

Three months of regular exercise in obese group 
significantly reduced body weight, BMI, body fat 
percentage, waist and hip circumference, fasting blood 
glucose, CRP and HOMA index. Serum adiponectin, 
leptin, FABP-4 and insulin were not affected by exercise. 
Nor the casual or the 24-h blood pressure values were 
significantly affected by the three months of exercise 
(Table 2).  

 
mRNA expression of adipokines and inflammation and 
insulin pathway-related genes in subcutaneous adipose 
tissue 

The summary of mRNA expressions of 
adipokines and inflammation and insulin pathway-related 
genes in subcutaneous adipose tissue of control and obese 
group before and after three months of regular exercise is 
shown in Table 3. 
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Table 1. Anthropometric, biochemical and hormonal characteristics and blood pressure values of study subjects. 
 

 Controls OB (before PA) OB (after PA) 

Number (n) 15 15 15 
Dyslipidemia  0 2 2 
Diabetes mellitus 0 0 0 
Arterial hypertension 0 15 15 
Age (years) 48.1 ± 1.8 48.5 ± 2.2 48.5 ± 2.2 
Body mass index (kg/m²)  23.7 ± 0.6 37.6 ± 0.9 * 35.4 ± 0.8 *† 
Body weight (kg)  67.5 ± 2.3 105.2 ± 3.2 * 99.2 ± 3.0 * † 
Body fat (%)  29.0 ± 1.8 46.7 ± 1.5 * 42.6 ± 2.0 * † 
Waist circumference (cm) 78.1 ± 2.2 108.4 ± 2.2* 104.3 ± 2.2* † 
Hip circumference (cm) 96.0 ± 2.1 125.5 ± 2.2 * 119.3 ± 1.8 * † 
Fasting blood glucose (mmol/l) 4.81± 0.09 5.72 ± 0.15* 5.32 ± 0.12* † 
HbA1c (% IFCC)  3.79 ± 0.08 4.13 ± 0.11 4.01 ± 0.09 
Triglycerides (mmol/l) 0.96 ± 0.10 1.53 ± 0.17 * 1.44 ± 0.18 * 
Cholesterol total (mmol/l)  5.17 ± 0.27 5.36 ± 0.31 5.45 ± 0.25 
HDL-cholesterol (mmol/l) 1.59 ± 0.07 1.34 ± 0.06 * 1.40 ± 0.06 
LDL-cholesterol (mmol/l)  3.15 ± 0.23 3.34 ± 0.28 3.41 ± 0.24 
Atherogenity index  2.31 ± 0.19 3.11 ± 0.25 * 2.99 ± 0.24 
HOMA-IR index 3.35 ± 0.17 11.30 ± 1.28* 9.11 ± 0.99* † 
Adiponectin (μg/ml) 12.1 ± 1.3 8.4 ± 1.3* 8.5 ± 1.2* 
Insulin (mIU/l)  15.6 ± 0.7 44.1 ± 4.7* 38.0 ± 3.4* 
FABP-4 (μg/ml) 25.3 ± 2.5 39.3 ± 3.9* 36.1 ± 3.6* 
Leptin (ng/ml)  13.5 ± 2.0 47.8 ± 5.7* 40.4 ± 4.1* 
hsCRP (ug/ml) 0.20 ± 0.06 0.81 ± 0.22* 0.56 ± 0.12* † 

 
Values are mean ± SEM. Statistical significance is from One Way ANOVA vs. Control group and paired t-test or its non-parametric 
version vs. Obese after PA. *p<0.05 vs. control group; †p<0.05 vs. Obese before PA. PA – physical activity; HOMA-IR – homeostasis 
model assessment – insulin resistance; FABP – fatty acid-binding protein. 
 
 
Table 2. Blood pressure values of the study subjects. 
 

 Controls OB (before PA) OB (after PA) 

24 h x 121.3 ± 3.5 119.2 ± 2.9 
Daytime x 124.33 ± 4.1 122.2 ± 3.0 
Nighttime x 113.1 ± 3.6 110.4 ± 3.2 

Systolic blood pressure (mm Hg) 

 
Casual 129.3 ± 3.2 139.1 ± 4.2 132.3 ± 3.7 
24 h x 71.8 ± 3.0 72.1 ± 2.8 
Daytime x 75.9 ± 3.4 74.7 ± 3.0 
Nighttime x 66.4 ± 3.0 63.9 ± 2.5 

Diastolic blood pressure (mm Hg) 

Casual 78.7 ± 1.1 89.3 ± 2.7 * 86.9 ± 3.4 
24 h x 73.5 ± 1.9 72.4 ± 2.2 
Daytime x 76.5 ± 2.4 74.1 ± 2.2 
Nighttime x 65.7 ± 1.8 67.4 ± 2.5 

Heart rate (beats/min) 

Casual 71.5 ± 2.0 76.8 ± 4.0 72.6 ± 1.8 

 
Values are mean ± SEM. Statistical significance is from One Way ANOVA vs. Control group and paired t-test or its non-parametric 
version vs. Obese after PA. *p<0.05 vs. control group. 
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At baseline, significant differences in mRNA 
expression were detected in 11 out of 53 studied genes in 
subcutaneous adipose tissue between obese and control 
group, respectively. mRNA expression in subcutaneous 
adipose tissue was undetectable in seven genes 
(SERPINA 12, IL-2, -3, -4, -12B, CCL-1, ITLN-1).  

Increased expression of chemokines  
(CCL-2, -3, -4, -17), macrophage marker CD68, apelin, 
angiopoetin 1, IGF1R, CD-40-ligand, IL10 and STAT3 
was found in subcutaneous fat of obese patients relative 
to control group, while mRNA expression of adiponectin 
in obese group was significantly decreased. mRNA 
expression of renin-angiotensin system-related genes did 
not differ between the groups.  

 
The influence of physical activity on mRNA expression 
profile in obese patients with arterial hypertension 

Three months of physical activity significantly 
increased mRNA expression of aquaporin-3, while no 
other studied genes were significantly affected by the 
exercise program.  
 
Discussion 
 

The most important finding of this study is that 
three months of regular aerobic exercise significantly 
decreased body weight and body fat, systemic subclinical 
inflammation and insulin resistance without having 
a major effect on endocrine function of adipose tissue, 
blood pressure or circulating lipid levels. These findings 
indicate that endocrine production of subcutaneous 
adipose tissue was not a major player in the improvement 
of systemic subclinical inflammation and insulin 
resistance.  

Obesity is typically characterized not only by 
excessive amount of adipose tissue with adipocyte 
hypertrophy, but also by a marked alteration of its 
endocrine function and increased production of 
proinflammatory and insulin resistance-inducing factors 
(Bluher 2013). In our study, patients with obesity had 
markedly increased expression of chemotactic cytokines 
including CC chemokines 2, 3, 4 and 17 and 
macrophage marker CD68 compared to lean control 
subjects. This finding suggests increased 
proinflammatory milieu of adipose tissue in obese 
patients and higher infiltration of their adipose tissue 
with proinflammatory macrophages, which is in 
agreement with previously published data (Dahlman et 
al. 2005, Huber et al. 2008). Interestingly, obese 

patients had also increased mRNA expression of the 
anti-inflammatory cytokine IL-10 – one of the 
phenotypic markers of anti-inflammatory M2 
macrophages (Turner et al. 2010), suggesting a complex 
influence of obesity on the adipose tissue 
immunocompetent cell content. Our data thus indicate 
the existence of a strong proinflammatory and 
chemoattractant state of subcutaneous adipose tissue for 
macrophages and other immunocompetent cells in obese 
non-diabetic patients with arterial hypertension.  

Another interesting and possibly slightly 
surprising finding of our study is the observation that 
three months of regular exercise did not significantly 
change the expression of any up-regulated chemokines 
in SCAT. This data indicate a persistent 
proinflammatory and chemotactic profile in SCAT after 
the regular exercise intervention. The lack of effect of 
three months of regular physical activity on the 
inflammatory status of subcutaneous fat combined with 
improved systemic subclinical inflammation may have 
several explanations. Firstly, it has been demonstrated 
that subcutaneous adipose tissue, albeit comprising the 
largest fat depot, is not the most active player within 
different fat depots with respect to systemic metabolic 
effects (Bluher 2012). Both experimental and clinical 
studies have shown that the primary place of subclinical 
inflammation in patients with obesity both with or 
without type 2 diabetes mellitus is the visceral adipose 
tissue (Curat et al. 2006, Despres 2007). Although 
human studies did not, in contrast to experimental 
results, convincingly show that visceral fat is more 
proinflammatory than subcutaneous fat, they have 
clearly demonstrated that early body weight loss either 
by diet or exercise is mostly due to the decrease in 
visceral rather than subcutaneous fat (Imbeault et al. 
1999, Dolinkova et al. 2008). In our study, significant 
loss of visceral fat was documented by a reduction of 
waist circumference suggesting that changes of 
endocrine function of adipose tissue could have been 
more pronounced in visceral that in subcutaneous fat. 
On the other hand, as we did not detect any major 
changes in the circulating levels of the most important 
systemic adipokines after the three-month exercise 
intervention, it is conceivable that the overall 
significance of the changes in the endocrine function of 
adipose tissue could have had only minor impact on the 
improvement of systemic subclinical inflammation and 
insulin resistance.  
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Table 3. mRNA expression in SCAT of control group and obese patient with arterial hypertension before and after 3 months of physical 
activity.  
 

Gene 
symbol 

Gene name 
Control  
(n = 15) 

Obese  
(before PA)  
(n = 15) 

Obese  
(after PA)  
(n = 15) 

Adipokines and hormones    
ADIPOQ Adiponectin 1.026 ± 0.062 0.730 ± 0.082 * 0.734 ± 0.075 * 
ADIPOR1 Adiponectin receptor 1 1.044 ± 0.086 0.864 ± 0.064 0.982 ± 0.118 
ADIPOR2 Adiponectin receptor 2 1.041 ± 0.076 1.327 ± 0.129 1.212 ± 0.117 
ADM Adrenomedullin 1.066 ± 0.122 1.463 ± 0.099 1.645 ± 0.157 * 
ANGPT1 Angiopoietin 1 1.049 ± 0.086 2.051 ± 0.174 * 1.826 ± 0.199 * 
APLN Apelin 1.395 ± 0.262 3.312 ± 0.673 * 2.370 ± 0.272 
C1QTNF1 C1q and tumor necrosis factor related protein 1 1.054 ± 0.093 1.217 ± 0.151 1.201 ± 0.112 
DPP4 Dipeptidyl-peptidase 4 1.058 ± 0.092 1.045 ± 0.101 1.057 ± 0.113 
FABP-4 Fatty acid binding protein 4 1.067 ± 0.114 1.154 ± 0.187 1.210 ± 0.220 
FAM132A Family with sequence similarity 132, member A 1.042 ± 0.080 1.227 ± 0.123 1.099 ± 0.129 

KDR 
Kinase insert domain receptor (a type III 
receptor tyrosine kinase) 

1.039 ± 0.084 1.082 ± 0.080 0.996 ± 0.117 

LCN2 Lipocalin 2 2.473 ± 0.851 0.955 ± 0.264 1.825 ± 1.178 

RARRES2 
Retinoic acid receptor responder (tazarotene 
induced) 2 

1.056 ± 0.096 1.084 ± 0.082 0.904 ± 0.100 

RBP4 Retinol binding protein 4, plasma 1.069 ± 0.107 1.189 ± 0.091 0.986 ± 0.135 
RETN Resistin 1.415 ± 0.320 1.685 ± 0.261 1.950 ± 0.733 
SAA1;SAA2 Serum amyloid A1;serum amyloid A2 1.152 ± 0.162 1.477 ± 0.191 1.360 ± 0.148 

Aquaporines    
AQP1 Aquaporin 1 (Colton blood group) 1.066 ± 0.103 1.321 ± 0.132 1.231 ± 0.131 
AQP3 Aquaporin 3 (Gill blood group) 1.119 ± 0.137 1.472 ± 0.141 2.028 ± 0.202 *† 
AQP7 Aquaporin 7 1.018 ± 0.051 0.945 ± 0.048 0.930 ± 0.090 
AQP9 Aquaporin 9 1.912 ± 0.664 1.120 ± 0.169 2.246 ± 0.898 

Chemokines    
CCL2 Chemokine (C-C motif) ligand 2 0.991 ± 0.106 2.567 ± 0.308 * 2.983 ± 0.347 * 
CCL3 Chemokine (C-C motif) ligand 3 1.881 ± 0.656 5.690 ± 0.978 * 4.633 ± 0.832 * 
CCL4 Chemokine (C-C motif) ligand 4 1.179 ± 0.172 2.257 ± 0.397 * 2.671 ± 0.499 * 
CCL5 Chemokine (C-C motif) ligand 5 1.544 ± 0.419 1.208 ± 0.213 1.826 ± 0.467 
CCL17 Chemokine (C-C motif) ligand 1 1.835 ± 0.406 4.364 ± 0.806 * 4.389 ± 0.969 * 
CD68 CD68 molecule 1.137 ± 0.153 2.419 ± 0.388 * 2.570 ± 0.454 * 

Cytokines     
IL1B Interleukin 1, beta 1.753 ± 0.539 0.880 ± 0.173 1.771 ± 0.667 
IL6 Interleukin 6 (interferon, beta 2) 1.154 ± 0.180 1.461 ± 0.253 1.783 ± 0.290 
IL10 Interleukin 10 1.442 ± 0.415 4.243 ± 0.556 * 4.310 ± 0.494 * 

IL12A 
Interleukin 12A (natural killer cell stimulatory 
factor 1, cytotoxic lymphocyte maturation factor 
1, p35) 

1.157 ± 0.178 1.414 ± 0.242 1.130 ± 0.224 
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Insulin signaling pathway    
IGF1R Insulin-like growth factor 1 receptor 1.051 ± 0.097 1.585 ± 0.142 * 1.388 ± 0.179 
IGF2R Insulin-like growth factor 2 receptor 1.043 ± 0.084 1.050 ± 0.073 1.222 ± 0.099 
INSR Insulin receptor 1.048 ± 0.095 0.974 ± 0.041 0.884 ± 0.071 

SHC1 
SHC (Src homology 2 domain containing) 
transforming protein 1 

1.039 ± 0.078 1.514 ± 0.169 1.340 ± 0.142 

SHC3 
SHC (Src homology 2 domain containing) 
transforming protein 3 

1.299 ± 0.319 1.121 ± 0.206 1.174 ± 0.157 

SLC2A1 
Solute carrier family 2 (facilitated glucose 
transporter), member 1 

1.076 ± 0.113 0.981 ± 0.061 1.127 ± 0.121 

SLC2A3 
Solute carrier family 2 (facilitated glucose 
transporter), member 3 

1.105 ± 0.132 1.194 ± 0.080 1.324 ± 0.127 

Renin-angiotensin system    
ACE A-converting enzyme 1.039 ± 0.079 0.953 ± 0.051 0.931 ± 0.0342 
AGT Angiotensinogen 1.246 ± 0.217 0.837 ± 0.105 1.014 ± 0.126 
AGTR1 Angiotensin receptor 1  1.075 ± 0.111 0.922 ± 0.063 0.976 ± 0.079 

Cell migration and other relevant genes    

CD40 
CD40 molecule, TNF receptor superfamily 
member 5 

1.027 ± 0.066 1.293 ± 0.105 1.087 ± 0.090 

CD40LG CD40 ligand 1.589 ± 0.397 2.516 ± 0.312 3.400 ± 0.727 * 
NAMPT Nicotinamide phosphoribosyltransferase 1.112 ± 0.167 0.895 ± 0.078 1.134 ± 0.129 

STAT3 
Signal transducer and activator of transcription 
3 (acute-phase response factor) 

1.035 ± 0.072 1.579 ± 0.177 * 1.483 ± 0.134 * 

STAT5A 
Signal transducer and activator of transcription 
5A 

1.033 ± 0.073 0.884 ± 0.071 0.832 ± 0.089 

VEGFC Vascular endothelial growth factor C 1.073 ± 0.112 1.355 ± 0.105 1.280 ± 0.151 

 
Values are mean ± SEM. Statistical significance is from One Way ANOVA vs. Control group and paired t-test or its non-parametric 
version vs. Obese after PA. *p<0.05 vs. control group; †p<0.05 vs. Obese before PA. PA – physical activity. 

 
 
Interestingly, the only significant change in 

mRNA expression in subcutaneous fat after three months 
of exercise in our study was an increase in aquaporin-3 
gene suggesting its possible connection to regular 
exercise. Aquaporins are a family of small, hydrophobic, 
integral membrane proteins expressed in multiple tissues 
and involved in water and glycerol transport, cell 
migration, neural signaling and numerous other processes 
(Rodriguez et al. 2011). Aquaporin-3 is strongly 
expressed in the basal layer of keratinocytes contributing 
to water transport and hydration of subcutaneous tissues 
(Agre 2006). Recent data have suggested its involvement 
in the regulation of cell proliferation through the 
regulation of glycerol transport. It is tempting to 
speculate that increased mRNA expression of aquaporin-
3 in the adipose tissue after physical activity could be 
connected to the changes of proliferative capacity of 

adipose tissue after regular exercise or to other exercise-
related regulatory processes (Guo et al. 2013). 
Nevertheless, since this is the first report possibly linking 
aquaporin-3 to exercise-induced changes in adipose 
tissue, our finding certainly requires further investigation. 

Previous studies have suggested that increased 
expression of crucial components of the renin-
angiotensin-aldosterone system such as angiotensin-
converting enzyme, angiotensinogen and angiotensin 
receptor 1 in adipose tissue may present another link 
between obesity and arterial hypertension (Engeli et al. 
2003). In our study, all of the obese patients had arterial 
hypertension, yet we could not detect any significant 
differences in the mRNA expression of angiotensin-
converting enzyme, angiotensinogen or angiotensin 
receptor 1 in their subcutaneous fat as compared to lean 
normotensive control subjects, nor any measurable effect 
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of three months of regular exercise on these parameters. 
These findings are in line with the previous study by 
Giacchetti et al. who demonstrated increased 
angiotensinogen and angiotensin receptor 1 mRNA 
expression in visceral but not in subcutaneous fat of 
obese patients (Giacchetti et al. 2000). In our previous 
study on cardiac surgery patients, we did not detect any 
difference in mRNA expression of renin-angiotensin-
aldosterone components between epicardial and 
subcutaneous fat suggesting that their regulation might 
indeed be depot-specific (Roubicek et al. 2008). 
Collectively, these data do not support a connection 
between increased production of renin-angiotensin-
aldosterone components in subcutaneous fat and the 
presence of obesity and arterial hypertension.  

Most of the long-term studies focused on the 
effects of regular exercise on circulating lipid levels have 
shown increased HDL-cholesterol and decreased 
triglyceride concentrations with changes being dependent 
on the frequency and duration of exercise (Schellenberg 
et al. 2013). In our study, only non-significant tendency 
towards these improvement were detected. The lack of 
a detectable effect of exercise could have been due to the 
fact that its frequency was relatively low, i.e. three times 
a week, and that the overall duration of the exercise 
program was only three months, while it was usually six 
months or more in most of other studies (Schwingshackl 
et al. 2013). Along the same line, we did not see any 
significant changes in blood pressure after three months 
of exercise. The lack of changes in blood pressure is most 
likely explainable by the fact that antihypertensive 

medication of our patients has been appropriately 
adjusted (mostly lowered) based on the changes of blood 
pressure throughout the study period. These finding show 
that, in contrast to changes in insulin sensitivity and 
systemic subclinical inflammation, longer duration of 
exercise or its higher frequency or intensity may be 
necessary to achieve significant improvements in blood 
pressure or circulating lipid levels.  

In summary, our study has demonstrated that 
three months of regular exercise decreased systemic 
subclinical inflammation and improved insulin resistance 
with only minor influence on the endocrine function of 
subcutaneous fat and no significant effect on blood 
pressure and circulating lipid levels. These findings 
suggest that the changes of inflammatory status of 
subcutaneous fat probably did not contribute to positive 
metabolic and anti-inflammatory effects of regular 
exercise. An interesting and novel finding of increased 
aquaporin-3 mRNA expression in subcutaneous fat after 
the exercise program and its possible pathophysiological 
significance requires confirmation and clarification by 
further studies. 
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