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ABSTRACT 

Background/Objectives: We aimed to evaluate mitochondrial 

biogenesis (MB), structure, metabolism, and dysfunction in 

abdominal adipose tissue from male pediatric patients with obesity. 

Subjects/Methods: Samples were collected from five children 

with obesity (percentile ≥ 95) and five eutrophic boys (percentile ≥ 

5 / ≤ 85) (8-12 years old) following parental informed consent. We 

analyzed the expression of key genes involved in MB (SIRT1, 

PPARγ, PGC1α, NRF1, NRF2, and TFAM) and surrogates for 

mitochondrial function/structure/metabolism (porin, TOMM20, 

complex I and V, UCP1, UCP2, SIRT3, SOD2) by Western blot. 

Citrate synthase (CS), complex I (CI) activity, ATP levels, 

mitochondrial (mt) DNA content and oxidative stress endpoints 

were also determined. 

Results: Most MB proteins were significantly decreased in 

samples from children with obesity except complex I, V and 

SOD2. Similarly, CS and CI activity showed a significant 

reduction, as well as ATP levels and mtDNA content. PPARγ, 

PGC1, complex I, V, and SOD2 were hyperacetylated compared 

to lean samples. Concurrently, in samples from children with 

obesity, we found decreased SOD2 activity and redox state 

imbalance highlighted by decreased GSH/GSSG ratio and 

significant increases in protein carbonylation. 
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Conclusions: Adipose tissue from children with obesity 

demonstrates a dysregulation of key modulators of MB and 

organelle structure, and displays hyperacetylation of key proteins 

and altered expression of upstream regulators of cell metabolism. 

  

©    2017 Macmillan Publishers Limited. All rights reserved.



 

 5 

INTRODUCTION 

Obesity is a worldwide public health problem whose pathogenesis 

has been associated with genetic factors, inappropriate diet, and 

sedentary lifestyle among other causes(ref. 1). Obesity was mainly 

considered as a condition that develops during adulthood. 

Nowadays, it has become a health problem that appears with 

greater frequency earlier in life including childhood(ref. 2). 

Children with obesity tend to retain this condition into adulthood 

carrying a higher risk of developing obesity-associated type 2 

diabetes mellitus and cardiovascular diseases(ref. 3). In Mexico, as 

of 2012 the prevalence of overweight or children with obesity 

between 5 – 11 years of age is ~37% in males and ~32% in 

females. At the aggregate level, this roughly represents ~5.7 

million of school age children.(ref. 4). 

 

Adipose tissue is essential for energy storage. It is also a 

metabolically active tissue with relevant roles in glucose 

homeostasis and endocrine functions(ref. 5). However, obesity can 

alter adipose tissue functions and lead to an increased release of 

fatty acids, hormones and proinflammatory molecules, which can 

contribute to promote obesity-associated complications(ref. 6,ref. 

7). Several studies have shown that with obesity, adipose tissue 

mitochondrial respiration is decreased thus, evidencing 
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mitochondrial dysfunction(ref. 8,ref. 9). Obesity and other 

metabolic disorders such as type 2 diabetes and metabolic 

syndrome are also associated with a mitochondrial overload of 

glucose and fatty acids yielding an incomplete oxidation of 

substrates as well as increased generation of intermediate products 

such as diacylglycerol, which stimulate an excess production of 

reactive oxygen species (ROS)(ref. 10,ref. 11). 

 

Other perturbations associated with mitochondrial dysfunction 

have been identified in animal models and patients with obesity, 

including reduced fatty-acid oxidation(ref. 12), lower oxidative 

phosphorylation(ref. 13,ref. 14), increased inflammation, ROS 

generation and oxidative stress(ref. 15–ref. 18), reduced 

mitochondrial mass and mitochondrial biogenesis (MB) genes, 

structural damage and altered mitochondrial morphology(ref. 

14,ref. 19), as well as mitochondrial protein hyperacetylation(ref. 

20). Thus, altered mitochondrial structure and function may play 

an important role in the pathophysiology of obesity-induced 

disorders(ref. 20). However, nothing is known about the nature of 

such changes in pediatric adipose tissue samples. 

 

The aim of this study was to compare in adipose tissue obtained 

from lean subjects and children with obesity, their mitochondrial 

©    2017 Macmillan Publishers Limited. All rights reserved.
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status defined by the assessment of endpoints reflective of 

organelle abundance, structure and function.  
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MATERIALS/SUBJECTS AND METHODS 

Study Group 

Samples of subcutaneous adipose tissue from the abdominal region 

were obtained during laparoscopy, after parental informed consent 

from male pediatric appendicitis patients (8-12 years old) from La 

Raza National Medical Center, in Mexico City. Anthropometric 

measurements were obtained to classify patients according to their 

body mass index and percentile reference tables from the US 

Center for Disease Control. Based on these results, we stratified 

our sample into two groups, one with five boys with obesity 

(percentile ≥ 95) and a lean (control) group with five eutrophic 

children (percentile ≥ 5 / ≤ 85). Our protocol was approved by La 

Raza National Medical Center Institutional Review Board (IRB). 

All participants had proper informed consent. 

 

Study design 

Adipose tissue samples were processed to isolate protein extracts. 

The identification of specific mitochondrial proteins by Western 

blot, citrate synthase (CS) activity, complex I activity, ATP content 

and mitochondrial (mt) DNA levels were used as surrogates of 

mitochondrial density, structure and function. Total protein 

acetylation was analyzed by Western blot using an antibody 

against acetylated lysine. Mitochondrial protein acetylation was 
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analyzed after immunoprecipitation with an acetylated lysine 

antibody by Western blots. As indicators of oxidative stress, we 

evaluated mitochondrial superoxide dismutase (SOD) 2, ratio of 

reduced glutathione (GSH) / oxidized glutathione (GSSG) levels 

and total protein carbonylation. 

 

Western blotting (WB) 

WB included analysis of nuclear NAD
+
 dependent deacetylase 

sirtuin-1 (SIRT1), energy metabolism co-transcriptional activation 

factors peroxisome proliferator-activated receptor gamma, 

(PPARγ) and PPARγ coactivator-1α (PGC1α), nuclear respiratory 

factor 1 and 2 (NRF1 and NRF2) as well as the mitochondrial 

transcription Factor A (TFAM). We also analyzed the 

mitochondrial outer membrane protein porin, translocase of outer 

mitochondrial membrane (TOMM) 20, oxidative phosphorylation 

complex (C) I (CI) (subunit NDUFB8), and CV (ATP synthase 

subunit alpha), uncoupling proteins (UCP) 1 and 2 (UCP1, UCP2), 

mitochondrial NAD
+
 dependent deacetylase sirtuin-1 and -3 

(SIRT) and SOD2. For the analysis, ~50 mg of fat tissue were 

homogenized with a polytron in 500 μl lysis buffer (1% Triton X-

100, 20 mM Tris, 140 mM NaCl, 2 mM EDTA, and 0.1% SDS) 

with protease and phosphatase inhibitor cocktails (P2714 and 

P2850, Sigma-Aldrich), supplemented with 0.15 mM PMSF, 5 
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mM Na3VO4 and 3 mM NaF. Homogenates were sonicated 10 min 

at 4◦C and centrifuged 12,000 g for 10 min. Total protein content 

was measured in the supernatant using the Bradford method. A 

total of 40 μg of protein was loaded onto a 4–15% precast 

polyacrylamide gel (Bio-Rad), electrotransferred to a 

polyvinylidene difluoride (PVDF) membrane using a semidry 

system. Membranes were incubated 1 h in blocking solution (5% 

non-fat dry milk in TBS plus 0.1% Tween 20 [TBS-T]), followed 

by a 3h incubation at room temperature with primary antibodies 

from the following sources: SOD2 (Cell Signaling), TOMM20, 

UCP1, UCP2, and PPARγ (Abcam), PGC1α, NRF1, NRF2, 

SIRT1, SIRT3 (Cell Signaling) and TFAM (Sigma-Aldrich) porin, 

CV and CI (MitoSciences). -Tubulin (Cell Signaling) protein 

levels were used as a loading control. All primary antibodies were 

diluted 1:1000-2000. Membranes were washed (3 X for 5 min) in 

TBS-T and incubated 1 h at room temperature with specific HRP-

conjugated secondary antibodies. Membranes were again washed 3 

times in TBS-T, and the immunoblots developed using an ECL 

Plus detection kit (Amersham-GE). Band intensities were digitally 

quantified using ImageJ software (http://www.nih.gov). 

 

Immunoprecipitation (IP) 

©    2017 Macmillan Publishers Limited. All rights reserved.
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IP was implemented as follows. Adipose tissue (50 mg) was lysed 

with 250 µL of nondenaturing extraction buffer (0.5%, Triton X-

100, 50 mmol/L Tris–HCl, pH: 7.4, 0.15 mol/L NaCl, 0.5 mmol/L 

EDTA) and supplemented with protease and phosphatase inhibitor 

cocktails plus 2 mmol/L Na3VO4, and 1 mmol/L NaF. 

Homogenates were incubated on ice with shaking for 25 min and 

centrifuged (15 min, 4 °C) at 12,000 g. Total protein content was 

measured in the supernatant by the Bradford method. A total of 0.5 

mg protein was precleared by adding 1 µg of normal rabbit IgG 

control and 20 µL protein A/G-agarose and mixed for 30 min (4 

°C) with subsequent centrifugation at 12,000 g for 10 min at 4 °C. 

The supernatant was recovered and incubated at 4 °C under mild 

agitation for 3 h with 10 µL of IP antibody (Ac-Lys, Cell 

Signaling). Twenty microliters of protein A/G-agarose was added, 

and the mixture was incubated overnight at 4 °C with shaking. The 

IP mixture was centrifuged at 12,000 g for 15 min at 4 °C, and the 

supernatant was recovered and stored at 4 °C for later analysis. 

The pellet was washed 3× with extraction buffer under shaking 15 

min and centrifuged at 12,000 g for 15 min at 4 °C. The IP proteins 

in the pellet and those remaining in the supernatant were boiled 5 

min and applied to a precast 4–15% sodium dodecyl sulfate–

polyacrylamide gel electrophoresis for WB against CI, CV, SOD2 

PPAR and PGC1. 

©    2017 Macmillan Publishers Limited. All rights reserved.
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Citrate Synthase activity 

Adipose tissue samples (25 mg) were homogenized with a polytron 

in 250 μL of cold extraction buffer (20 mM Tris-HCl, 140 mM 

NaCl, 2 mM EDTA, and 0.1 % sodium dodecyl sulfate) with 

protease inhibitors (P2714, Sigma-Aldrich), 5 mM Na3VO4, and 3 

mM NaF. Homogenates were centrifuged at 10,000 x g for 15 min 

at 4°C. Supernatants were recovered and used to measure CS as 

the rate of production of the mercaptide ion based on conversion of 

acetyl-CoA and oxaloacetate into CoA-SH. CoA-SH in the 

presence of 5,5-disthiobis-2-nitrobenzoic acid (DTNB) produces 

mercaptide ion. Samples were analysed in a Beckman DU 730 

spectrophotomer (Beckman, Fullerton, CA, USA) at 412 nm (1, 2). 

All samples were tested in duplicates and measured at room 

temperature. 

 

Complex I activity 

Complex I activity was assessed using a pre-coated microplate 

with a capture antibody for CI in a kit (Abcam). Protein samples 

(20 g/well) were loaded onto the kit microplate wells and once CI 

was immunocaptured its activity was analyzed at 450 nm using a 

spectrophotometer (Synergy HT, BioTek) by measuring NADH 

oxidation to NAD+ following the instructions. 

©    2017 Macmillan Publishers Limited. All rights reserved.
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ATP assay 

ATP levels were evaluated using an ATP determination kit (Life 

Technologies). Approximately 10 mg of tissue were homogenized 

in 200 L of cold isolation buffer (5mM HEPES pH 7.2, 225mM 

mannitol, 75mM sucrose, 1mM EGTA and protease inhibitors) 

followed by 5 times syringe passages. Samples were centrifuged at 

1500 x g for 5 min and supernatants were used to measure ATP 

using a luminometer (Synergy HT Luminometer, BioTek).  All 

samples were tested in duplicates and measured at room 

temperature following kit instructions. 

 

Mitochondrial DNA (mtDNA) measurements 

Total genomic DNA was extracted from adipose tissue using a 

DNA extraction kit (QIAGEN Inc.). Mitochondrial/nuclear DNA 

ratio was calculated using reference standards from the Step 1 Real 

Time PCR (Applied Biosystems). We used mitochondrial DNA 

primers: forward 1 (CCTCATCCTAGCAATAATCCCCATCCT 

CCATATAT) and reverse 1 (ACTTGTCCAATGATGGTAAAA 

GG) and nuclear DNA primers forward 1 (TGCTGTCTCCATGT 

TTGATGTATCT) and reverse 1 (TCTCTGCTCCCCACTCTAA 

GT). Real time PCR was performed in triplicate. 
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SOD2 activity 

Adipose tissue (20 mg) was homogenized with a polytron in 250 

L of cold buffer (50 mM potassium phosphate, pH 7.4 containing 

1 mM EDTA), centrifuged at 10,000 g 15 min at 4 °C and 

supernatant (duplicates) used to measure activity using a 

colorimetric kit (Cayman Chemicals). 

 

Protein Carbonylation 

Approximately 100 mg of adipose tissue were rinsed with PBS pH 

7.4. Tissue was homogenized in 1 ml of cold buffer (50 mM MES 

pH 6.7, containing 1 mM EDTA). Homogenates were centrifuged 

at 10,000 g for 15 min at 4 °C. Supernatant was recovered and 

incubated at room temperature for 15 min with streptomycin 

sulfate at a final concentration of 1%. Samples were centrifuged at 

6000 g for 10 min at 4 °C. Supernatant was recovered and an 

aliquot was used to measure protein content using a Bradford assay 

(Bio-Rad). Carbonyl assay kit (Cayman Chemicals) relied on 

protein carbonyl functional group derivatization with 2,4-

dinitrophenyldrazone (DNPH) forming a Shiff base to produce 

hydrazone, which was measured in spectrophotometer Quant 

(Bio-Tek Instruments, Inc.) at 360-385nm. 

 

Reduced (GSH) and oxidized (GSSG) glutathione 

©    2017 Macmillan Publishers Limited. All rights reserved.
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Tissue samples (25 mg) were homogenized with a polytron in 250 

μL of cold buffer (50 mM potassium phosphate, pH 7, containing 1 

mM EDTA), centrifuged at 10,000 x g for 15 min at 4°C. The 

supernatants were deproteinated as per manufacturer instructions. 

Briefly, samples were mixed with an equal volume of 1.25M 

metaphosphoric acid (MPA) and centrifuged at 2,000 x g for 2 

min. Supernatants were recovered and incubated with 

triethanolamine (TEAM) 4M, then samples were used to measure 

GSH and GSSG using a colorimetric detection assay kit according 

to the manufacturer’s instructions at 405 nm using 

spectrophotometer Quant (Bio-Tek Instruments, Inc.)  (Cayman 

Chemicals). All samples were tested in duplicates and measured at 

room temperature. 

 

Statistical Analysis 

All data are presented as mean ± SE unless otherwise noted. Given 

the limited number of samples examined, we performed Wilcoxon 

signed-rank tests to ascertain if any significant difference (two-

sided tests) in median values exists across groups for each 

characteristic. We further plotted our results stratified by group 

(lean vs. obese) in scatterplots, graphing mean and SE. Statistical 

significance was defined when p<0.05.  

©    2017 Macmillan Publishers Limited. All rights reserved.
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RESULTS 

Biopsies of visceral adipose tissue from male pediatric subjects 

were classified according to the patient’s BMI as lean or obese 

(Table 1). 

 

Mitochondrial protein levels 

To evaluate the expression of genes involved in MB, we analyzed 

SIRT1, PPARγ, PGC1α, NRF1, NRF2 and TFAM protein levels 

by WB. We also analyzed porin, TOMM20, CI and CV, UCP1, 

UCP2, SIRT3, as surrogates of mitochondrial function, structure 

and metabolism (SOD2). As shown in Figures 1 and 2 (right 

panels) relative to lean subjects, most samples from children with 

obesity demonstrated a statistically significant reduction in their 

relative protein levels except for CI, CV and SOD2 vs. lean values. 

 

Mitochondrial function 

As an indicator of mitochondrial function, we evaluated CS, CI 

activity and ATP content. CS activity values shown in figure 3A, 

CI activity (3B) and ATP levels (3C) evidence a statistically 

significant relative reduction in samples from children with obesity 

compared to that of lean subjects.  

 

Mitochondrial (mt) DNA content  

©    2017 Macmillan Publishers Limited. All rights reserved.
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mtDNA copy number is often used as an indicator of 

mitochondrial mass. mtDNA/nDNA values shown in figure 3D 

demonstrate a statistically significant reduction in samples from 

children with obesity vs. lean group values. 

 

Protein acetylation  

Obesity-induced hyperacetylation has been described as a hallmark 

of suppressed protein function(ref. 20). As shown in Fig. 4A, total 

protein acetylation levels evidence a significant increase in among 

children with obesity compared to the lean group. Following IP 

assays, the acetylation levels of PPARγ, PGC1, CI, CV, and 

SOD2, were significantly increased in samples from children with 

obesity (Fig. 4B) vs. lean values. 

 

Oxidative stress 

SOD2 activity values shown in figure 5A evidence a statistically 

significant reduction in samples from children with obesity vs. lean 

group levels. A significant decrease in the GSH/GSSG ratio was 

also identified in these samples (Fig. 5B). Conversely, a significant 

increase in the amount of total protein carbonylation was noted in 

samples from boys with obesity (Fig. 5C) vs. lean values. 
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DISCUSSION 

Unique results from this study demonstrate that adipose tissue 

from children with obesity evidence a dysregulation of key 

modulators of MB, structure and function which is associated with 

the hyperacetylation of proteins and altered expression of upstream 

regulators of cell metabolism. We also demonstrate that in adipose 

tissue from these children, there is increased oxidative stress 

relative to lean subjects. 

 

Obesity is an ever increasing serious public health problem leading 

to the emergence of associated comorbidities such as type 2 

diabetes, cardiovascular disease and metabolic syndrome(ref. 3). 

However, the cellular and molecular mechanisms involved in the 

development of obesity are poorly understood. Adipose tissue 

mitochondrial dysfunction has been suggested to possibly 

contribute to the pathogenesis of obesity.  

 

In adipocytes, as in multiple tissues, MB is regulated at the 

transcriptional level by the action of the key transcription factor 

PPAR(ref. 21,ref. 22). The dynamic control of MB and 

respiratory function of mitochondria also depends on the PGC-1 

family of transcriptional factors(ref. 21,ref. 23). The activity of 

PGC-1 factors is by itself, also regulated by post-translational 
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modifications elicited by intracellular energy state sensors such as 

AMP-activated protein kinase (AMPK) and NAD+-dependent 

deacetylase SIRT1(ref. 24). In adipose tissue, SIRT1 can promote 

metabolic efficiency by stimulating adiponectin production(ref. 

25). However, in adipose tissue from individuals with obesity, 

SIRT1 expression is markedly reduced thus, adversely impacting 

the energy status of adipocytes(ref. 19,ref. 23). Under normal 

conditions, SIRT1 closely interacts with AMPK and deacetylates 

multiple lysine residues which are present in PGC-1α, and lead to 

the stimulation of lipid catabolism while suppressing the 

“inflammation” of white adipose tissue (WAT)(ref. 19,ref. 26,ref. 

27). As a consequence of the reduced expression of SIRT1 and 

deregulated downstream effectors (i.e. PGC-1α), the expression 

and function of MB regulators such as NRF1, NRF2 and TFAM 

which are involved in the replication and transcription of mtDNA 

is reduced.(ref. 28) In this study, a relative decreased expression of 

these regulatory proteins was noted in adipose tissue of children 

with obesity supporting previous reports regarding the alteration of 

mitochondrial control systems with obesity and potentially 

accounting for the reduced mtDNA levels noted(ref. 15,ref. 18,ref. 

29). The reduced levels noted for porin and TOMM20 in WAT 

from children with obesity coupled with diminished mtDNA and 
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ATP levels strongly suggest reduced mitochondrial content vs. 

lean donors. 

 

We also observed decreases in the expression of the uncoupling 

proteins UCP1 and UCP2 in adipose tissue of children with 

obesity. In rodent models, the ablation of UCP1 has obesogenic 

effects thus, it has been postulated that the loss of UCP1 function 

is permissive for the development of obesity(ref. 30). UCP2 

activity in WAT, has been associated with facilitating fat 

oxidation(ref. 31,ref. 32) and with reductions in tissue oxidative 

stress (ref. 33,ref. 34). In visceral and subcutaneous adipose tissue, 

the expression of UCP2 is known to be decreased in subjects with 

obesity and type 2 diabetes suggesting that it indeed, may play a 

role in their pathophysiology(ref. 27,ref. 35).  

 

With obesity, the presence and activity of specific functional 

components within the mitochondria appear dysregulated(ref. 36). 

CS activity has been used as a surrogate indicator of mitochondrial 

function(ref. 35,ref. 37–ref. 39). In our study, we report a 

significant decrease in CS activity in the obese group. The 

reduction in CS activity is similar to that reported by Christe et al., 

whom measured both, the activity and the expression of the CS in 
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omental adipose tissue and found a significant reduction in 

samples obtained from adult subjects with obesity (ref. 38). 

 

In human WAT, there is also a dysregulation of other components 

of the respiratory chain which correlate with the extent of 

obesity(ref. 18,ref. 40). Chattopadhyay et al., measured oxidative 

phosphorylation complex activities and reported reduced CI-IV 

levels in mitochondria isolated from subcutaneous adipose depots 

of patients with obesity but no alterations in CS activity(ref. 41). 

Although CI and CV WB data yielded no differences in samples 

obtained from children with obesity, the activity of CI was 

suppressed and associates in our study, with reduced CS activity 

and ATP levels. This observation may also reflect a potential 

reduction in mitochondrial content. 

 

Lysine acetylation has been implicated in the control of metabolic 

pathways and in promoting the maintenance of energy 

homeostasis(ref. 42). Complex I, V and SOD2 are inactivated by 

Lys acetylation(ref. 43,ref. 44). PPAR and PGC-1 are also 

negatively regulated by Lys acetylation(ref. 29,ref. 45). Evidence 

supporting the physiological relevance of Lys acetylation is based 

on knocking out SIRT3, a nuclear-encoded enzyme localized to the 

mitochondrial matrix, whose deacetylase function targets key 
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mitochondrial proteins such as SOD2 and CI(ref. 46). Studies 

demonstrated that mitochondrial proteins accumulate in 

hyperacetylated forms in sirt3−/− animals(ref. 43,ref. 47–ref. 49). 

Disruption of SIRT3 activity in mice, either by genetic ablation or 

during high-fat feeding, is associated with accelerated development 

of metabolic abnormalities similar to metabolic syndrome in 

humans(ref. 20,ref. 38). In our study, we report on increases in 

total protein acetylation levels in WAT of children with obesity. 

The analysis of acetylation levels of specific proteins evidenced 

increased levels in CI and CV, SOD2 and in the MB regulatory 

proteins as PPAR and PGC-1 that were accompanied by 

decreased SIRT3 protein levels. The concurrence of these events 

likely contribute to mitochondrial dysfunction in adipocytes from 

children with obesity, as previous studies have reported in 

adults(ref. 41). 

 

Obesity and mitochondrial dysfunction are associated with an 

elevated production of ROS, partly caused by infiltration of 

macrophages that produce high levels of superoxide radicals and 

an increase in NADPH oxidase(ref. 50). In our study, we measured 

components of the antioxidant defense system and oxidative stress 

levels in WAT. Although we did not identify reductions in SOD2 

protein levels, its activity was reduced and correlated with 
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increases in total protein carbonylation. A likely explanation for its 

reduced activity, is the enhanced levels of SOD2 acetylation noted 

in the IP samples from children with obesity. Of interest is that 

over-expression of SOD can limit oxidative damage in obese 

models(ref. 51). 

 

In our study, we also observe a significant reduction of 

GSH/GSSG ratio demonstrating a shift of the cellular redox state 

toward pro-oxidant conditions, similar to those found by 

Kobayashi et al., in WAT of ob/ob mice(ref. 52). We can infer that 

the decrease in the GSH content follows an overproduction of ROS 

which must be buffered to reduce oxidative stress. Due to altered 

cellular redox status and decreased antioxidant systems in adipose 

tissue of subjects with obesity, damage by ROS can be produced 

on multiple biomolecules. In adipocytes, ROS oxidize lipids 

producing hydroperoxides, which in turn, generate reactive 

aldehydes that covalently modify proteins in a process called 

carbonylation. As noted above, increased levels of carbonyls were 

indeed detected in WAT from children with obesity. Similar 

findings were reported by Frohnert et al., who observed a 

significant positive correlation between total protein carbonylation, 

BMI and the content of visceral adipose tissue(ref. 53). 
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Obesity is a serious public health problem and strategies aimed to 

ameliorate or control this epidemic represent an urgent need. It is 

therefore critical to identify the cellular and molecular mechanisms 

involved in its pathophysiology. In this study for the first time, we 

report on the altered status of recognized molecular control 

systems in pediatric samples of WAT that control the metabolic 

status of fat. Future studies may aim to positively modulate such 

systems with the goal of mitigating the development of obesity 

and/or its complications.  
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FIGURE LEGENDS: 

Figure 1. Relative protein levels of mitochondrial biogenesis 

associated regulatory factors SIRT1, PPARγ, PGC-1α, NRF1, 

NRF2 and TFAM in adipose tissue of lean and children with 

obesity. Protein levels were assessed by Western blot using 

specific antibodies. Signals were quantified by densitometry and 

values normalized using β-tubulin as a loading control. Each 

column represents the mean ± SE of n=5 subjects/group. Statistical 

differences were assessed using a non-parametric Wilcoxon test, * 

p< 0.05. 

 

Figure 2. Relative protein levels of mitochondrial associated 

molecules porin, TOMM20, CI, CV, UCP1, UCP2, SIRT3 and 

SOD2 in adipose tissue from lean and children with obesity. 

Protein levels were assessed by Western blot using specific 

antibodies. Signals were quantified by densitometry and values 

normalized using -tubulin as a loading control. Each column 

represents the mean ± SE of n=5 subjects/group. Statistical 

differences were assessed using non-parametric Wilcoxon test, * 

p< 0.05. 

 

Figure 3. Citrate synthase (CS) (A), complex I activity (B) ATP 

levels (C) and mitochondrial (mt) DNA content (D) in adipose 
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tissue from lean and children with obesity. CS, CI activity, and 

ATP levels were quantified, and values normalized to total protein. 

mtDNA content was normalized to nuclear DNA. Each column 

represents the mean ± SE of n=5 subjects/group. Statistical 

differences were assessed using a non-parametric Wilcoxon test, * 

p< 0.05. 

 

Figure 4. Total protein acetylation in adipose tissue from lean and 

children with obesity. Acetylation levels of total tissue 

homogenates (A) were evaluated by Western blot using anti Ac-

lysine antibody. Acetylation levels of mitochondrial related 

proteins were determined following immunoprecipitation (IP) 

using an Ac-lysine antibody and by Western blot using antibodies 

against PPARγ, PGC1, CI, CV and SOD2 (B). Signals were 

normalized using -tubulin as a loading control (A) or total protein 

input in IP (B). Each column represents the mean ± SE of n=5 

subjects/group. Statistical differences were assessed using a non-

parametric Wilcoxon test, * p< 0.05. 

 

Figure 5. Superoxide dismutase 2 (SOD2) activity is diminished, 

and oxidative stress indicators are altered in adipose tissue from 

children with obesity. SOD2 activity (A) was quantified, and 
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values normalized to total protein content. The GSH/GSSG ratio 

(B) and total protein carbonylation (C) values are also noted. Each 

column represents mean ± SE of n=5 subjects/group. Statistical 

differences were assessed using a non-parametric Wilcoxon test, * 

p< 0.05.  
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SUBJECT ONTOLOGY: 

Mitochondrial biogenesis, pediatric obesity, abdominal fat. 
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Table 1. Patient characteristics according to their BMI 

Group Age (years ±SE) BMI (kg/m
2 

±SE) BMI for age 

percentile 

Lean (n=5) 10±1.4 15.6±1.3 32.2±23.5 

Obese (n=5) 10.8±1.6 26±3.8 96.8±1.3 
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