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Abstract
Background: Obesity has increased over the last years and it is one of the most common cardiovascular
risk factors. In addition obesity is associated with the development of other metabolic disorders such as
insulin resistance and type-2 diabetes mellitus (T2DM). Here, we have investigated two adipose tissue
depots (AT) proteome and secreted serum proteins in obese patients to understand fat tissue
characteristics in metabolic syndrome and T2DM.
Methods: We used an untargeted proteomic approach to compare white AT of subcutaneous (SAT) and
visceral (VAT) depots in type 3 obese patients. In silico analysis and bioinformatics were applied to
proteomic data to gain systems biology information. By bead-based targeted multiplex assay system, we
simultaneously detected and quantified multiple targets in qualified complex samples and analyzed the
changes produced in the adipokine serum composition due to obesity and T2DM.
Results: Protein composition in SAT and VAT showed significant differences. There was upregulation of
proteins related with the endocrine regulation system in SAT, whereas proteins upregulated in VAT were
related to metabolic disorders. VAT protein composition was more sensitive to the presence of diabetes
than SAT. A pro-inflammatory state, caused by the secretion of cytokines and related adypokines, was
observed in the serum protein composition of both obese and diabetic patients.
Conclusions: Our results show a synergic alteration in the metabolic and inflammatory state in both VAT
and serum due to the presence of diabetes, whereas changes in SAT were related with endocrine
regulation.

Background
Obesity is a serious health problem. Over the last years the incidence of obesity has increased
exponentially and it is now considered the new epidemic of the 21st century [1]. Obesity is defined as an
excess of body fat, so the study of obesity associated disorders is always related with adipose tissue
composition [2]. Significant advances in its pathophysiology and paracrine effects have been reported in
the last years helping to better understand its impact on comorbidities [3]. However there are many
obesity related mechanisms that should be further studied, including the basic understanding of
metabolic changes in relation to body weight as well as the effect of obesity without the presence of
other co-morbidities as dyslipidemia, hyperglycemia and hypertension [3].
White adipose tissue (AT), one of the most metabolically active tissues, was initially considered just an
energy storage reservoir. Nowadays it is known that AT functions as an active organ [4], secreting
numerous bioactive molecules and hormones called adipokines [5]. AT function and composition are
depot-specific and obesity associated disorders are commonly related with visceral adipose tissue (VAT)
located in the intra-abdominal cavity, including visceral and mesenteric fat, whereas subcutaneous
adipose tissue (SAT), broadly distributed right under the skin, is considered less harmful or even
protective [6, 7]. Additionally, VAT contains more inflammatory cytokines, macrophages and T cells than
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SAT. Thus, accumulation of VAT confers a higher risk than that of SAT and it is associated with metabolic
complications including insulin resistance and type 2 diabetes mellitus [8, 9]. We had previously studied
the influence of diabetes and other cardiovascular risk factors (CVRFs) on the genomic profile of the
resident stem cells (ASCs) in different fat depots, either in humans [10, 11] or in experimental models
[12–14] to find specific differences in stem cells and functions of ASCs depending on AT location and the
presence of diabetes
Here we aimed to investigate the two adipose tissue depots (AT) proteome and secreted serum proteins in
obese patients to understand fat tissue characteristics in metabolic syndrome and T2DM.

Methods

Study population and design
Subcutaneous (SAT) and visceral (VAT) adipose tissue samples from the same patient were obtained
during bariatric surgery (N = 38). As standard of operating procedure, patients were subjected to a
hypocaloric diet before surgery in order to have them loose around 5–8% of the total body mass weight.
All patients fasted for at least 12 hours overnight and were taken to the operating room. Blood samples
were obtained at the time of intervention in order to analyze metabolic markers and serum protein
composition. Written informed consent was obtained from all subjects and the study was conducted
according to the recommendations of the Declaration of Helsinki and approved by the Centro Médico
Teknon Ethical Committee.
Untargeted proteomics were performed on both fat depots, VAT and SAT (from same patient), in six type
3 obese non-diabetic patients and six type 3 obese diabetic patients with fully characterized
demographics (Table 1 and Fig. 1). Targeted plasma proteomic characterization was performed by the
Bio-Plex Multiplex System, powered by Luminex xMAP technology, a multiplex assay system to
simultaneously detected and quantified multiple target analyzed in qualified complex samples obtained
from patients characterized by increasing cardiovascular risk: non-obese non-diabetic (N = 11); type 3
obese/non-diabetic (N = 13); and type 3 obese/diabetic (N = 14).
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Table 1
Demographic description and clinical parameters of the patients included in the proteomic analysis
Non Diabetics

Diabetics

Diabetes Mellitus

NO

YES

Age

50 ± 3

53 ± 3

BMI (Kg/m2)

43.6 ± 1.0

43.3 ± 1.3

Gender (M/W)

3/3

3/3

CV Risk factors

1

3–5

Glucose (mg/dl)

127.6 ± 19.5

149.4 ± 13.6

TG (mg/dl)

173.2 ± 37.8

170.8 ± 12.7

Cholesterol (mg/dl)

168.4 ± 12.2

197.8 ± 21.9

HDL (mg/dl)

33.5 ± 4.0

39.5 ± 8.4

LDL (mg/dl)

226.8 ± 57.1

170.2 ± 40.8

Urea (mg/dl)

28.2 ± 5.1

47.3 ± 18.6

Total proteins (g/dl)

6.9 ± 0.3

7.5 ± 0.4

GOT (AST) UL

25.0 ± 4.6

17.6 ± 2.8

GPT (ALT) UL

20.8 ± 4.6

15.4 ± 2.8

GPT/GOT

0.9 ± 0.2

1.0 ± 0.1

Creatinine

1.0 ± 0.1

1.1 ± 0.2

Data expressed as Mean Value ± SEM. BMI: Body mass Index; M: Men; W: Women; CVD:
Cardiovascular diseases

Sample collection and preparation
Blood samples were collected in anticoagulant-free Vacutainer tubes for serum preparation. Serum
fractions were separated by centrifugation at 3000 x g at 4ºC for 20 min, aliquoted and stored at -80ºC
until used.
Adipose tissue was collected under sterile conditions at the operating room; samples were washed in
phosphate-buffered saline and immediately frozen in liquid N2. Samples were stored at -80ºC until protein
extraction.
Adipose tissue protein isolation was performed following the previously described method (Cortón et al.
2008) with minor modifications. In brief, AT was mechanically homogenized, diluted in lysis buffer
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(8.4 mol/l urea, 2.4 mol/l thiourea, 50 g/l CHAPS, 50 mmol/l DTT) and sonicated (6 cycles of 15
seconds). The suspension was shaken for 1 hour at room temperature and centrifuged at 60.000 rpm for
1.5 hours.

Biochemical analysis
Blood levels of glucose; triglyceride; and total, high-density lipoprotein (HDL) and low-density lipoprotein
(LDL) cholesterol were determined with a CLIMA MC-15 analyzer (RAL) (Table 1).

Two-Dimensional Gel Electrophoresis (2-DE)
For the 2-DE analysis, samples were desalted using the ReadyPrep 2D Cleanup Kit (Bio Rad), and proteins
were diluted in urea/thiourea buffer (7 mol/l urea, 2 mol/l thiourea and 20 g/l CHAPS). The protein
concentration was determined using the 2-D Quant Kit (GE Healthcare).
Protein extracts from SAT and VAT (100 µg) were diluted in urea/thiourea buffer supplemented with 1%
(v/v) IPG buffer, and 50 mmol/l DTT and then applied to IPG strips (pH 4–7; Bio-Rad) by active
rehydration (12 h; 50V). IPG strips were then equilibrated in equilibration buffer (0.1% DTT) to maintain
the fully reduced state of proteins, followed by 2.5% iodoacetamide to prevent reoxidation of thiol groups
during electrophoresis. The second dimension was performed in 12% acrilamide gels using an Ettan
DALT II System (GEHealthcare). 2D-gels were stained with Flamingo™ Fluorescent Gel Stain (Bio Rad) and
scanned with a Typhoon FLA9500 (GE Healthcare). For each independent experiment, 2-DE for protein
extracts from SAT and VAT were processed in parallel to guarantee a maximum of comparability.
Analysis for differences in protein patterns were performed with the PD-Quest 8.0 (BioRad), using a single
master that included all gels of each independent experiment. Each spot was assigned a relative value
that corresponded to the single spot volume compared to the volume of all spots in the gel, following
background extraction and normalization between gels.

Mass spectrometry analysis
Proteins were identified after in-gel tryptic digestion and extraction of peptides from the gels pieces, as
previously described[15], by matrix – assisted laser desorption/ionization time-of-flight (MALDI-TOF)
using an AutoFlex III Smartbeam MALDI-TOF/TOF (Bruker Daltonics). Samples were applied to
Prespotted AnchorChip plates (Bruker Daltonics) surrounding calibrates provided on the plates. Spectra
were acquired with flexControl on reflector mode, (mass range 850–4000 m/z, reflector 1: 21.06 kV;
reflector 2: 9.77 kV; ion source 1 voltage: 19 kV; ion source 2: 16.5 kV; detection gain 2.37x) with an
average of 3500 added shots at a frequency of 200 Hz. Each sample was processed with flexAnalysis
(version 3.0, Bruker Daltonics) considering a signal-to-noise ratio over 3, applying statistical calibration
and eliminating background peaks. For identification, peaks between 850 and 1000 were not considered
as in general only matrix peaks are visible on this mass range. After processing, spectra were sent to the
interface BioTools (version 3.2, Bruker Daltonics) and MASCOT search on Swiss-Prot 57.15 database was
done (Taxonomy: Homo Sapiens, Mass Tolerance 50 to 100, up to 2 miss cleavage, Global Modification:
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Carbamidomethyl (C), Variable Modification: Oxidation (M)). Identification was accepted with a score
higher than 56.

Quantification of serum protein levels
Multiplexed bead-based immunoassay was utilized for the simultaneous measurement of different
proteins. A 37-plex assay was performed to measure inflammation related proteins (171AL001M), a 10plex assay for the measure of diabetes related proteins (171A7001M), and finally a 2-plex assay was
used to measure Adipsin and Adiponectin due to the different dilution needed (171A7002M). Multiplex
assay is based on an internal color-coded bead that is coupled to analyze specific antibodies allowing the
simultaneous measurement of multiple analyzes on the same well. The assay was performed according
to the supplier’s instruction (Bio Rad Laboratories).

In silico bioinformatics analysis
The statistically significant neural network and canonical pathway in which the identified proteins were
involved were generated through the use of IPA (Ingenuity System, www.ingenuity.com).

Statistical analysis
Non-parametric Wilcoxon or Mann-Whitney analyses were performed to analyze differences in protein
levels between subcutaneous and visceral adipose tissue and between diabetic and non-diabetic
patients. Data were expressed as mean ± SEM unless stated. The level of significance was set at p < 0.05.
All analyses were conducted with StatView software.

Results

1. Differential protein expression between the
subcutaneous and the visceral white adipose tissue
The protein signature of the white adipose tissue was resolved by two-dimensional gel electrophoresis. A
total of 72 non-redundant proteins were identified in the differential proteome of SAT and VAT of type 3
obese patients. Since the two fat depots were from the same donor dietary, environmental and genetic
factors could be excluded (Supplementary Table 1). Comparative analysis of subcutaneous and visceral
fat depots showed significant differential protein expression of twelve proteins, corresponding to different
functional groups including coagulation, oxidation, energy homeostasis, chaperones and signaling
pathway regulators among others. SAT showed two proteins up-regulated versus VAT (14-3-3 protein
beta/alpha and Hemopexin), and ten proteins were down-regulated (Annexin A1, ATP-binding cassette
sub-family G member 8 [ABCG8], Ferritin light chain [FTL], Fibrinogen gamma chain [FGG], Glutathione Stransferase P [GSTP1], Kazrin, N(G)-dimethylarginine dimethyl-aminohydrolase 2 [DDAH2], Seleniumbinding protein 1 [SBP1], Serum amyloid P [SAP] and Transmembrane and coiled-coil domain-containing
protein 7 [TMCO7]) (Table 2 Column I).
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Table 2
Significance of changes in differential protein expression of subcutaneous versus visceral adipose tissue
in: all patients; obese type 3 non-diabetic patients (OB3 + nDM); and obese type 3 diabetic patients (OB3
+ DM).
Subcutaneous vs Visceral
I

II

III

All Patients

OB3 +
nDM

OB3 + DM

14-3-3 protein b/a

0.05 ↑

0.11

0.17

Actin-related protein 2

0.21

0.75

0.04 ↑

Annexin 1

0.04 ↓

0.60

0.02 ↑

Apolipoprotein A1

0.43

0.34

0.02 ↑

ATP-binding cassette sub-family G member 8

0.01 ↓

0.04 ↓

0.24

Creatine kinase B-type

0.24

0.91

0.04 ↓

Ferritin ligth chain

0.05 ↓

0.028 ↓

0.50

Fibrinogen gamma chain

0.002 ↓

0.02 ↓

0.02 ↓

Glutathione S-transferase P

0.02 ↓

0.02 ↓

0.68

Hemopexin

0.02 ↑

0.24

0.04 ↑

HSP 60

0.08

0.60

0.04 ↓

Inorganic pyrophosphatase

0.18

0.02 ↓

0.91

Kazrin

0.006 ↓

0.02 ↓

0.04 ↓

N(G)-dimethylarginine dimethylaminohydrolase 2

0.004 ↓

0.02 ↓

0.08

Selenium BP1

0.006 ↓

0.02 ↓

0.11

Serum amyloid P

0.02 ↓

0.04 ↓

0.50

Transmembrane and coiled-coil domain-containing protein
7

0.005 ↓

0.06

0.02 ↓

P value < 0.05 is considered significant and marked in bold.
↑ proteins up-regulated in SAT. ↓ proteins down-regulated in SAT.
In order to investigate the influence of the biochemical characteristics on the expression of the different
proteins identified by proteomics we analyzed the effect of glucose, tryglicerides, HDL, LDL and
Cholesterol levels in protein expression in SAT and VAT. We observed that total cholesterol and LDL levels
were the parameters with more influence on protein expression both in SAT and VAT (Table 3).
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Table 3
Significance in protein levels corresponding to correlation between SAT/VAT and different biochemical
parameters.
Biochemical
parameters

Protein

Glucose

Alcohol DH [NADP+]

0.039

0.638

0.392

0.05 ↓

Apolipoprotein E

0.139

0.53

0.635

0.03 ↑

Protein disulfide isomerase A3

0.389

0.04 ↓

0.101

0.34

Annexin A5

0.017

0.7

0.385

0.04 ↑

Apolipoprotein A1

0.291

0.08

0.331

0.03 ↑

Breast carcinoma-amplified seq1

0.558

< 0.01 ↓

0.004

0.82

Haptoglobin

0.08

0.39

0.371

0.04 ↓

Hemopexin

0.477

0.01 ↓

0.216

0.15

Retinal DH

0.412

0.03 ↓

0.113

0.31

Protein disulfide isomerase A3

0.203

0.61

0.476

0.02 ↓

Paroxiredoxin 2

0.496

0.02 ↓

0.03

0.61

Ribonuclease inhibitor

0.552

< 0.01 ↓

0.153

0.23

Alpha-1 antitrypsin

0.414

0.04 ↓

0.116

0.33

Annexin A5

0.001

0.82

0.459

0.03 ↑

D2 Dopamine receptor

0.495

0.02 ↓

0.066

0.47

L-lactate DH A chain

0.454

0.03 ↓

0.551

0.01 ↓

Actin. Aortic smooth muscle

0.652

< 0.01 ↓

0.385

0.04 ↓

Annexin A3

0.41

0. 04 ↓

0.009

0.77

Apolipoprotein E

0.551

0.15

0.636

0.03 ↓

Breast carcinoma-amplified seq1

0.544

0.01 ↓

0.02

0.69

Creatine kinase B-type

0.844

< 0.01 ↓

0.001

0.91

Glycerol-3-phosphate DH
[NAD+]

0.398

0.03 ↑

0.001

0.92

Haptoglobin

0.003

0.87

0.373

0.04 ↓

Tryglicerides

HDL

LDL

Subcutaneous

Visceral

R2 P

R2 P

P value ≤ 0.05 is considered significant. (↑ up-regulated and ↓ down-regulated).
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Biochemical
parameters

Cholesterol

Protein

Subcutaneous

Visceral

R2 P

R2 P

HSP 60

0.396

0.03 ↓

0.042

0.54

Intelectin-1

0.399

0.03 ↑

0.234

0.132

Retinal DH

0.67

< 0.01 ↓

0.029

0.62

Paroxiredoxin 2

0.588

0.01 ↓

0.082

0.39

Serine/Threonine protein kinase

0.753

< 0.01 ↓

0.044

0.53

Tropomyosin beta chain

0.137

0.29

0.424

0.03 ↓

14-3-3 Protein alpha/beta

0.479

0.01 ↑

0.04

0.55

14-3-3 Protein gamma

0.57

< 0.01 ↑

0.247

0.24

14-3-3 Protein zeta/delta

0.514

0.01 ↑

0.338

0.06

26S protein regulatory subunit
6B

0.179

0.29

0.696

< 0.01
↑

ADP/ATP Translocase 3

0.38

0.04 ↓

0.092

0.39

Alpha-1 antitrypsin

0.582

< 0.01 ↓

0.003

0.87

Annexin A5

0.001

0.8

0.359

0.05 ↑

Apolipoprotein A1

0.022

0.66

0.44

0.02 ↑

Collagen alpha-1 (XIII) chain

0.39

0.05

0.496

0.02 ↑

Fibrinogen gamma chain

0.117

0.3

0.378

0.04 ↑

Haptoglobin

0.535

0.01 ↓

0.213

0.15

Hemopexin

0.196

0.17

0.446

0.02 ↓

HSP 60

0.002

0.88

0.463

0.03 ↑

Serine/Threo protein kinase

0.251

0.11

0.433

0.02 ↑

P value ≤ 0.05 is considered significant. (↑ up-regulated and ↓ down-regulated).

2. Influence of diabetes in the proteome of subcutaneous
and visceral white adipose tissue of obese patients
Because obesity is associated with metabolic disorders, we studied the effect of type 2 diabetes mellitus
(DM) in AT. The influence of DM on the differential proteomic profile between SAT and VAT was striking;
changes were affecting different proteins than those observed above in non-diabetic patients. Again the
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two fat depots were from the same donors and therefore dietary, environmental and genetic factors could
be excluded. In obese non-diabetic subjects, expression of Inorganic pyrophosphatase appeared as a new
protein significantly reduced in SAT, and these were no proteins showing up-regulation (Table 2 Column
II). However, in obese-diabetic patients two new proteins appeared up-regulated (Actin-related protein 2
[ARP2] and Apolipoprotein A1) and two down regulated (Creatine kinase B-type and HSP 60) in SAT
versus VAT (Table 2 Column III).
Next, we investigated whether DM may affect AT protein composition in the same fat depot. DM has
different effect on AT depending of its localization, thus, not all proteins with a differential profile on SAT
showed differences in VAT and vice versa (Fig. 2). 15 proteins in SAT and 18 proteins in VAT were
identified with significantly changed due to the presence of diabetes (Table 4), although influence of DM
was higher in VAT than SAT. DM patients have many more proteins down-regulated in SAT than those upregulated in VAT with respect to non-diabetics. However, the affected proteins were different in the two fat
depots of the same patient. Only 6 proteins showed the same trend in both tissues: a reduction of
Annexin A3 (ANX3), HSP 27 (HSPBI), 14-3-3 protein a/b (YWHAB), and 14-3-3 protein zeta/delta (YWHAZ)
and an increased level of haptoglobin (HP), and ADP/ATP translocase 3 SLC24A6) (Fig. 2).
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Table 4
Significance of changes in differential protein expression in diabetic versus non-diabetic patients in
subcutaneous and visceral adipose.
Diabetes vs non-Diabetes
Subcutaneous

Visceral

14-3-3 protein b/a

0.02 ↓

0.004 ↓

14-3-3 protein gamma

0.42

0.05 ↓

14-3-3 protein zeta/delta

0.02 ↓

0.03 ↓

26S protease regulatory subunit 6B

0.03 ↓

0.20

Actin. aortic smooth muscle

0.02 ↓

0.34

Actin-related protein 2

0.42

0.01

ADP/ATP Translocase 3

0.05 ↑

0.006 ↑

Alpha-1-antitrypsin

0.26

0.01 ↓

Alpha-1B-glycoprotein

0.47

0.01 ↑

Alpha-2-macroglobulin receptor-associated protein

0.35

0.004 ↑

Annexin A3

0.006 ↓

0.006 ↓

Annexin A8-lije protein 2

0.63

0.004 ↓

Antithrombin III

0.11

0.004 ↓

Apolipoprotein A1

0.01 ↓

0.20

Collagen alpha-1(XIII) chain

0.10

0.04 ↓

Cytochrome c oxidase subunit 7A-related protein. Mitochondrial

0.03 ↑

0.20

Fibrinogen gamma chain

0.11

0.01 ↓

Haptoglobin

0.03 ↑

0.03 ↑

Heat shock cognate 71 kDa protein

0.05 ↑

0.75

Hemopexin

0.2

0.03 ↑

HSP 27

0.05 ↓

0.007 ↓

HSP 60

0.004 ↓

0.75

Protein disulfide isomerase

0.33

0.006 ↑

P value < 0.05 is considered significant and marked in bold. ↑ proteins up-regulated and ↓ proteins
down-regulated in diabetes versus non-diabetes.
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Diabetes vs non-Diabetes

Selenium-binding protein 1

0.007 ↑

0.52

Serine/threonine-protein phosphatase 2A catalytic subunit alpha

0.05 ↓

0.08

Transhyretin

0.20

0.02 ↑

Ubiquitin carboxyl-terminal hydrolase isozyme 1

0.03 ↑

0.34

P value < 0.05 is considered significant and marked in bold. ↑ proteins up-regulated and ↓ proteins
down-regulated in diabetes versus non-diabetes.
To find the protein-interaction networks affected by the presence of diabetes on each tissue we performed
an in silico bioinformatics analysis with the Ingenuity Pathway Analysis (IPA) software. For this, we
introduce all those proteins with a significant change or a ratio DM versus non DM lower than 0.5 or
higher than 1.7. Regarding SAT, the top affected network with a score of 56 and 25 proteins involved was
the network “Endocrine System Disorders. Free radical Scavenging” (Supplemental Fig. 1). On the other
hand, when we studied VAT the top affected network was associated with “Metabolic disease” with a
score of 40 and the contribution of 16 proteins (Supplemental Fig. 2).

3. Identification and detection of Kazrin in adipose tissue
Investigating the proteomic profile of AT, we identified a protein never before described in adipose tissue.
This is Kazrin, a protein originally described expressed in stratified squamous epithelia that becomes
membrane associated in the suprabasal layers, coincident with up-regulation of periplakin, and is
incorporated into the cornified envelope of cultured keratinocytes [16]. It plays a role in desmosome
assembly, cell adhesion, cytoskeletal organization, and epidermal differentiation. This protein co-localizes
with desmoplakin and the cytolinker protein periplakin. In general, this protein localizes to the nucleus,
desmosomes, cell membrane, and cortical actin-based structures [17]. Figure 3 shows Kazrin in the
different types of AT studied. Expression is higher in visceral fat than in subcutaneous fat both in nondiabetics and diabetics (Supplemental Fig. 3).

4. Influence of obesity and diabetes on serum proteins.
A sample of blood was extracted for serum isolation at the time of surgery when WATs were collected
from the patients. Serum protein analysis was performed with a Bio-Plex kit, which allowed measuring a
great amount of proteins at the same time. Forty-nine proteins related to inflammation and diabetes were
investigated. A group of non-obese and non-diabetic patients was included as control of plasma values
(Supplemental Table 2).
Ten proteins appeared in significantly higher levels in obese patients compared to non-obese controls
(independently on the presence of diabetes) (Fig. 4), including pro-inflammatory proteins as C-peptide,
Chitinase 3-like 1, Tumor necrosis factor receptor 1 (TNFR-1), gut derived incretin hormones as Ghrelin,
Glucose-dependent insulinotropic polypeptide (GIP), Glucagon like-peptide-1 (GLP-1), Glucagon, glucose
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related adipokines as Insulin, Leptin, Adipsin. Three proteins were minimally affected APRIL (A
proliferation-inducing ligand), PAI-1 (Plasminogen activator-inhibitor-1), and TWEAK (TNF-related weak
inducer of apoptosis); and three proteins were found in lower levels in obese patients, the obesity-related
adipokine adiponectin, the inflammatory proteins matrix metalloproteinase-2 (MMP-2), and Osteocalcin.
We then compared the differential serum protein levels in obese and diabetic patients (Fig. 5) and found
seven proteins in higher levels in the serum of diabetic patients than in non-diabetics, related with glucose
metabolism, satiety and inflammation: Ghrelin, GLP-1, Glucagon, B-cell activating factor (BAFF), Chitinase
3-like, TNFR-1 and TNFR-2; one minimally modified Matrix metalloproteinase-3 (MMP-3), and one protein
in lower levels in diabetic patients, the cytokine interleukin-8 (IL-8).
Results in the three patient groups; 1) non-obese & non-diabetic; 2) Obese & non-diabetic; 3) Obese &

diabetic are shown in Fig. 6 and Table 5. C-Peptide, GLP-1, glucagon, insulin, adipsin, chitinase 3-like 1
and TNF-R1 levels increased with increasing cardiovascular risk, suggesting an alteration in both the
inflammatory and metabolic systems. In contrast, Adiponectin level was reduced. Levels of gut derived
incretins, ghrelin, GIP and leptin were significantly lower in group 1 (non-obese and non-diabetic) whereas
no changes were observed between both groups of obese patients. On the contrary, MMP-2 and
Osteocalcin serum levels were significantly higher in group1 (non-obese and non-diabetic) compared with
the other two obese patient groups. Additionally, Osteopontin, MMP-3, TNF-R2 and BAFF levels were
significantly lower in the obese non-diabetic group compared with the obese diabetic group, suggesting a
reduced inflammatory state. Finally, TWEAK level of the obese non-diabetic group was reduced compared
with the control group and IL-6RA was also reduced compared to both the control and the obese diabetic
group.
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Table 5
Differential serum-circulating protein concentration due to obesity and diabetes
OB-nDM vs nOB-nDM

OB-DM vs nOB-nDM

OB-DM vs OB-nDM

Leptin (ng/ml)

< 0.01 ↑

< 0.01 ↑

0.713

Insulin (pg/ml)

0.01 ↑

< 0.01 ↑

0.52

Chitinase 3-like 1 (ng/ml)

0.66

< 0.01 ↑

0.01 ↑

C-peptide (ng/ml)

0.03 ↑

< 0.01 ↑

0.86

TNF-R1 (ng/ml)

0.03 ↑

< 0.01 ↑

< 0.01 ↑

Ghrelin (pg/ml)

< 0.01 ↑

< 0.01 ↑

0.82

GLP-1 (pg/ml)

0.01 ↑

< 0.01 ↑

0.18

Glucagon (pg/ml)

0.03 ↑

< 0.01 ↑

0.08

IL-6Ra (ng/ml)

0.04 ↓

0.84

0.04 ↑

TWEAK/TNFSF12 (pg/ml)

0.03 ↓

0.16

0.33

Adiponectin (µg/ml)

0.01 ↓

< 0.01 ↓

0.75

Osteocalcin (ng/ml)

< 0.01 ↓

0.01 ↓

0.33

MMP-2 (ng/ml)

< 0.01 ↓

< 0.01 ↓

0.59

PAI-1 (ng/ml)

0.05 ↓

0.16

0.96

GIP (pg/ml)

0.06

0.02 ↑

0.71

Adipsin (µg/ml)

0.07

0.01 ↑

< 0.01 ↑

TNF-R2 (pg/ml)

0.41

0.10

0.03 ↑

BAFF/TNFSF13B (ng/ml)

0.55

0.06

0.05 ↑

Osteopontin (OPN) (ng/ml)

0.16

0.58

0.05 ↑

MMP-3 (ng/ml)

0.24

0.26

0.03 ↑

Statistical significance was accepted at P ≤ 0.05; ↓ Down-regulated; ↑ up-regulate

Discussion
In the present study we have used a proteomic approach to compare, for the first time, subcutaneous and
visceral fat from the same patient with type 3 obesity and with or without T2DM as well as their serum
proteome.

Page 14/29

Obesity is an important risk factor for cardiovascular diseases (CVD). However, a protective role of the
adipose tissue in certain clinical conditions has been described, giving rise to the “obesity paradox”,
defined as the duality behavior of the adipose tissue [18]. Until now, most of the studies carried out on AT
have been performed by using non-invasive imaging technologies such as MRI, X-ray or ultrasound [19–
21] as well as in different animal models. However, some limitations appear when animal findings are
translated to human studies [22, 23]. Concerning human studies, there are a few studies that have
compared the proteomic profile of both SAT and VAT of the same individual, but results have been quite
different. Pérez-Pérez et. al. [24] found an increased expression of metabolic related proteins in VAT
compared with SAT, but Insener et. al. [21] did not reproduce similar findings. Additionally, obesity is
associated with the development of insulin resistance and type-2 diabetes mellitus (T2DM), although not
all obese patients become diabetic or insulin resistant. Therefore, serum and adipose tissue composition,
or adipose tissue location might differ in obese patients with or without any other metabolic complication
[20, 25]. The proteomic signature of VAT from diabetic and non-diabetic patients was previously
described but a little number of changes was reproduced among the different groups [26]. However SAT
proteomic signature in diabetic and non-diabetic has not been investigated.
VAT associates with higher metabolic complications than SAT [27] and accordingly, it is not surprising to
see powerful changes on visceral adipose tissue compared with subcutaneous tissue, as a result of
diabetes. Likewise, changes on SAT are related to the endocrine system, whereas changes in VAT are
linked to metabolic disease, supporting the involvement of VAT in metabolic disorders in comparison with
that of SAT. Thus, an altered metabolic and inflammatory state was observed both in adipose tissue and
in serum suggesting a coordinated effect probably caused by the altered protein secretion from
adipocites to the bloodstream. Among all the identified proteins in AT, only Hemopexin (HPX), actin
related protein-2 (Arp2) and 14-3-3-protein beta/alpha (YWHAB) were reduced in VAT compared with the
SAT. HPX and Arp2 are both only modified in the diabetic group, and both associated with adipocyte
differentiation and development [28, 29] suggesting adipocyte dysfunction in VAT of diabetic patients. On
the other hand, a relative increased expression in VAT compared with SAT, was observed in many other
proteins, highlighting the presence of two proteins, kazrin and N(G)-dimethylarginine
dimethylaminohydrolase 2 (DDAH2).
Kazrin was initially identified bounded to the N-terminal domain of the cytolinker periplakin [17]. Multiple
functions have been reported, including regulation of desmosome assembly [30], epidermal
differentiation by regulation of keratinocytes adhesion and differentiation [31], but its association with
visceral adiposity was unknown, in fact, kazrin had never before been detected in any adipose tissue.
Desmosomes are intercellular junctions of epithelia and cardiac muscle. Disruption of desmosomal
adhesion implicates human health problems, mutations in genes encoding desmosomal proteins have
been related with arrhythmogenic right ventricular dysplasia, a heart muscle disease characterized by lifethreatening arrhythmias and increased risk of sudden heart failure [32]. The presence of Kazrin in AT
could indicate the degree of AT dystrophy.
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By contrast, DDAH2, protein narrowly related with insulin secretion [33], was previously detected in VAT,
but not in SAT, and therefore, no one has previously compare the expression of this protein in different fat
depots. The presence of these two proteins in AT underwrites the need to further investigate adipose cells
function and regulation that is highly dependent on fat location
Besides its undoubted link to metabolic disorders, obesity has also a direct effect in oxidative stress that
is present in countless diseases. This might be one potential connector of obesity with related disorders
such as T2DM and cardiovascular diseases [34, 35]. Indeed, diets rich on carbohydrates induce oxidative
stress and inflammation state in obese individuals [34]. Also, Murri et al have previously described the
effect of DM in the visceral oxidative proteome [26]. They described an antioxidant state in the visceral
fat of diabetic patients that could act as a defense against the metabolic stress induced by insulin
resistance, diabetes and hyperglycaemia. In line with these, we aimed to compare the differential
oxidative stress among the different fat depots, and we observed an up-regulation of different oxidation
related proteins in VAT compared with SAT, including antioxidant proteins as Paroxiredoxin-6 [36],
gluthatione-S Transferase (GSTP1) [37], and the glutathione related protein disulfide isomerase-3 (PDIA3)
[38], supporting the statement that visceral adipose tissue from diabetic patients could try to compensate
the characteristic oxidative stress that comes up with the impaired glucose handling. However, not only
oxidation-related proteins were up-regulated in VAT but also proteins related with coagulation,
inflammation and cholesterol efflux indicating that VAT is a much more active fat depot than SAT.
Besides the differential adipose tissue protein composition, we also observe changes at serum levels,
related both to obesity and DM. Obesity is known to be associated with a low-grade pro-inflammatory
state and many inflammatory adipokines are altered in the secretome of obese patients compared with
lean subjects [39, 40]. This also happens with the proteins secreted by the adipose tissue, adipokines
such Leptin, Adiponectin and Visfatin among others, are dysregulated as a response of fat accumulation
[41]. Thus, as it could be expected, the pro-inflamatory adipokines Leptin, Adipsin, Insulin, C-Peptide,
Chitinase 3-like 1, Tumor necrosis factor receptor 1 (TNF-R1), and TNF-ligand superfamily member 13
(TNFSF13 or APRIL) were found in higher levels in the serum profile of the obese group compared with
lean subjects and osteocalcin, which improves insulin resistance by decreasing inflammation [42], was
found in lower levels in the obese patients group. A narrow relation between insulin resistance, DM and
inflammation is also generally accepted [43]. Therefore, a coordinated pro-inflammatory state is observed
not only in the adipose tissue, but also in the serum proteins as a response to obesity and diabetes.
However, serum protein composition is more complex than just adipose tissue secreted proteins, being
also affected by the secretion of other cytokines produced by other organs such as the pancreas, the liver,
and the hypothalamus [44] and cells from the cardiovascular system.
At circulating level, we have observed significant higher levels of the gut derived incretin hormones,
specifically the obese patients showed higher levels of Ghrelin, GIP, GLP-1 and Glucagon. Incretin
hormones have an important role in glucose homeostasis [45]. In fact, T2DM patients show a decreased
bioavailability of these proteins. In previous studies, incretins have showed an anti-inflammatory,
antioxidant and anti-apoptotic effect and they are major players on appetite and satiety, being also widely
related with obesity [46]. Interestingly, serum levels of PAI-1, an inhibitor of fibrinolysis usually upPage 16/29

regulated in obesity [47] were not much affected in our patients. This could be caused by the hypocaloric
diet prior bariatric surgery received by the patients that could have affected their metabolic profile.
However, as expected, the weight loss of those patients (around the 5 to 8% of the total body mass) was
not enough to achieve a total improvement on the serum profile of type 3 obese subjects, and the downregulation of Adiponectin, protein negatively correlated with body mass [39] and the up-regulation of
adipsin and leptin, both proteins usually increased with body mass gain [41], were observed in the serum
proteome of this type 3 obese individuals.
Not only obesity, but also diabetes affects the serum proteome. However, unlike in adipose tissue
composition where metabolic, oxidation, coagulation and inflammatory proteins were altered, mainly
inflammatory cytokines as IL-8, TNFSF13 B, TNFR1 and TNFR2 [41] and the metalloproteinase MMP-3
were affected in the serum of diabetic patients, independently on the presence of obesity. This proinflammatory state is however accompanied with the increase of insulin in DM patients and adipsin
levels in obese diabetic patients. Adipsin, which is a member of the complement system, is also
associated with the protection of β-cells and therefore positively related to insulin levels [48].

Conclusions
In summary, in the present study we have performed for the first time the parallel study of the adipose
tissue (two depots) and the serum protein profile of the same patients that had different grade of obesity
and type 2 diabetes mellitus (T2DM), providing novel signs on the importance of visceral adiposity on
obesity and diabetes and the translation of the adipocyte dystrophy to adipokines secretion to the blood
stream. In fact, the impact of these metabolic conditions on the resident stem cells in these two depots
may affect their multipotency capacity for regeneration and it is an area of active research at present.
Additionally, we have also demonstrated for the first time the presence of kazrin and DDAH2 in both
adipose tissue depots, highlighting the need to further investigate adipose tissue composition, its
paracrine regulation on the diverse body tissues and organs, and the function of adipose cells.
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Figure 1
Study design. Subcutaneous and visceral white adipose tissue from type 3 obese patients (with or
without diabetes mellitus) was collected. Proteins were extracted with a lysis buffer and a proteomic
approach was used to identify changes in the proteomic profile due to fat location or due to the presence
of diabetes.
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Figure 2
Different changes due to diabetes depending on fat location. Red shows up-regulation due to diabetes
and green down-regulation due to diabetes. Significance (P<0.05). A1BG, alpha 1B glycoprotein; ACADS,
Short-chain specific acyl-CoA dehydrogenase; ACTA-2, actin aortic smooth mucle; ACTB, actin.
Cytoplasmic; ANXA3, Annexin A3; ANXA8L1, Annexin A8-like protein 2 ; Apo A1, Apolipoprotein 1; BLVRA,
Biliverdin reductase A; COL13A1, Collagen alpha-1(XIII) chain; COX7A2L, Cytochrome c oxidase subunit
7A-related protein; FGG, Fibrinogen gamma; HP, Haptoglobin; HPX, Hemopexin; HSPC70, Heat shock
cognate 71kDa protein; HSPB1, Heat shock protein 27; HSPD1, Heat shock protein 60; LDHA, L-lactate
dehydrogenase A chain; PDI, Protein disulfide isomerase; PPP2CA, Serine/threonine-protein phosphatase
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2A catalytic subunit alpha isoform; PRDX1, Peroxiredoxin-1; PRDX2, Peroxiredoxin-2; PSMC4, 26S
protease regulatory subunit 6B; SBP1, slenium binding protein 1; SERPINC1, Antithrombin III; SLC24A6,
ADP/ATP Translocase 3; TTR, Transthyretin; UCHL1, Ubiquitin carboxyl-terminal hydrolase isozyme 1;
YWHAB, 14-3-3 protein beta/alpha; YWHAG, 14-3-3 protein gamma; YWHAZ, 14-3-3 protein zeta/delta

Figure 3
Proteomic analysis of SAT and VAT of obese patients with or without T2DM. Representative 2-DE image
of AT. Kazrin spot (MW: 86 kDa, pI: 6.6) is marked with a circle.
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Figure 4
Changes in protein serum levels due to obesity. Box-Plot diagram showing the effect of obesity on the
serum proteomic profile. *p<0.05; **p<0.01; ***p<0.001
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Figure 5
Changes in protein serum levels due to diabetes. Box-Plot diagram showing the effect of type 2 diabetes
on the serum proteomic profile. *p<0.05; **p<0.01; ***p<0.001
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Figure 6
Different changes due to obesity and diabetes on serum proteins. Red shows up-regulation and green
down-regulation. Significance (P≤0.05). GLP-1, glucagon like-peptide 1; GIP, glucose-dependent
insulinotropic polypeptide; MMP-2, matrix metalloproteinase-2; MMP-3, matrix metalloproteinase-3; PAI-1,
plasminogen activator inhibitor-1; BAFF/TNFSF13B, B-cell activating factor/tumor necrosis factor ligand
superfamly member 13B; TWEAK/TNFSF12, TNF-related weak inducer of apoptosis/Tumor necrosis
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factor ligand superfamily member 12; TNF-R1, Tumor necrosis factor receptor 1; TNF-R2, Tumor necrosis
factor receptor 2; and IL-6Ra, interleukin 6 receptor, alpha
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