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Supplementary Table 1. List of the antibodies used in the study. 

Antibody Reference Provider 
mouse anti-human collagen IV ab52235 Abcam, Cambridge, UK 
rabbit anti-human NG2 ab83508 Abcam 
mouse anti-human α-SMA ab54723 Abcam 
mouse anti-human CD31 M0823 DAKO, Glostrup, Denmark 
rabbit anti-human vWF M0616 DAKO 
rabbit anti-human phospho-AKT (Ser473) mAb 4060 Cell Signaling Technology, Denvers, CO, USA 
rabbit anti-human phospho-AKT (Ser473) mAb 9272 Cell Signaling 
anti-human IL-6 neutralizing monoclonal 
antibody 

MAB206 R&D system, Minneapolis, MN, USA 

mouse antihuman IL-1β neutralizing 
monoclonal antibody 

MAB201 R&D system 

mouse antihuman TNFα neutralizing 
monoclonal antibody 

MAB210 R&D system 

Alexa 488-conjugated anti-mouse antibody A21202 Life Technologies, Foster City, CA, USA 
Alexa 546-conjugated anti-rabbit antibody A22283 Life Technologies 
Alexa 546-conjugated phalloidin A22283 Life Technologies 

 
 
Supplementary Table 2. Clinical parameters of lean and obese subjects. 
 

 Obese subjects Lean subjects p value 
n 87 29  
mean age ± SEM 
(range) 

44.7 ± 1.3 
(15-70) 

43.3 ± 2.1 
(22-66) 

ns 

Gender (M/F) 19/68 0/29  
BMI (kg/m²)± SEM 
(range) 

46.5 ± 0.9 
(33-71) 

22.9 ± 0.4 
(19-27) 

p<0.0001 

Diabetic status (n) 21 0  
 
The obese subjects were not on a diet and their weights were stable before surgery. 
None of the patients had diabetes or metabolic disorders, and none were taking medication. Informed 
personal consent was obtained from every participant. 
 
SEM, standard error of the mean  
ns, non significant 
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Supplementary Table 3.  List of primer sequences used for real-time PCR. 
 

Human Gene Forward Reverse 

h ANG-1 gacagatgttgagacccaggta tctctagcttgtaggtggataatgaa 

h ATF4 ggtcagtccctccaacaaca ctatacccaacagggcatcc 

h CCL2 ttctgtgcctgctgctcat ggggcattgattgcatct 

h CCL5 acaccagtggcaagtgctc acacacttggcggttctttc 

h CD146 gggtaccccattcctcaagt cagtctgggacgactgaatg 

h CHOP aaggcactgagcgtatcatgt tgaagatacacttccttcttgaaca 

h HSPA5 agctgtagcgtatggtgctg aaggggacatacatcaagcagt 

h RGS5 cccactcatgcctggaaa tgacaaggtcaccaactgagtc 

h TNFα cagcctcttctccttcctga gccagagggctgattagaga 

h, human 
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Supplementary Figure 1. Endothelial phenotype of CD31-positive cells. A, Immunofluorescence 
analysis by confocal microscopy of human VAT CD31-positive cells using antibodies directed against 
vWF (red, Cy3- conjugated anti-rabbit IgG). A representative photomicrograph is presented. Scale bar = 
100 µm. B, Tube formation assay of CD31+ cells on Matrigel-GF reduced. Original magnification ×10. 
VAT-ECs (1x104 cells per well) were seeded onto Matrigel-GF reduced (BD Biosciences) in µ-slide 
angiogenesis (Ibidi, Madison, WI, USA) and cultured in ECBM. After 6 h incubation, three phase-
contrast images were recorded by a digital camera (Olympus, Tokyo, Japan).  
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Supplementary Figure 2. Phenotype of pericytes isolated from human SAT. A and B, The expression 
of CD146 (A) and RGS5 (B) was quantified by real-time PCR and normalized to rplpo expression in 
pericytes (PC), endothelial cells (Endo), and pre-adipocytes (PA) isolated from WAT and fibroblasts 
(Fib) from the skin of lean individuals (n=6). A.U., arbitrary units. Data are presented as means ± SEM 
of six independent experiments.***P<0.001, PC vs. Endo, PA and Fib.C, Immunofluorescence analysis 
of SVF cells from human SAT (lean individual) using antibodies directed against NG2 (red, Cy3-
conjugated anti-rabbit IgG) and CD31 (green, Cy2-conjugated anti-mouse IgG), or isolated pericytes 
from human WAT using antibodies directed against NG2 (red, Cy3-conjugated anti-rabbit IgG) and type 
IV collagen (green, Cy2-conjugated anti-mouse IgG) or αSMA (green, Cy2-conjugated anti-mouse 
IgG). Representative microphotographs are shown. Scale bars = 20 µm.  
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Supplementary Figure 3. Experimental procedure for 3D co-culture of adipocytes/WAT-ECs. Mature 
adipocytes were isolated from visceral WAT and washed three times in 10% sucrose solution. After 
sonication for 30 minutes to decrease viscosity, the hydrogel was diluted in 20% sucrose solution 
according to the manufacturer’s recommendations. Adipocytes were embedded in this gel at a 
concentration of 1x104 cells per 100 µL of gel preparation into 96-well plates containing 150 µL of  
ECBM culture medium, 1% BSA, 1% antibiotics, and human insulin (50 nmol/L).  Next, ECs isolated 
from the visceral depot of the same individual were introduced to the adipocytes in the ratio of 2 ECs for 
one adipocyte. The top photograph shows the floating hydrogel containing mature adipocytes in culture 
medium. The bottom microphotograph shows mature adipocytes co-cultured with WAT-ECs migrating 
into the hydrogel (from optical microscopy). 
 

 

 

 

 



SUPPLEMENTARY DATA 
 

©2013 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db13-0537/-/DC1 

Supplementary Figure 4. WAT-ECs in the 3D hydrogel  A, VAT-EC attraction into the hydrogel in 
response toVAT-adipocyte-secreted factors. VAT-ECs (2x105) were introduced into an insert with an 8-
µm pore size in 24-well plates on polymerized hydrogel. ECBM culture medium was added at the top of 
the insert. Next, the bottoms of the wells were filled with adipocyte-conditioned medium or control 
medium. Positive control medium was ECBM with 10% SVF. After 24 h, the hydrogel was retrieved 
and fixed in 4% paraformaldehyde. Immunofluorescence analysis were performed on VAT-ECs from 
obese subjects in the 3D setting using antibodies directed against CD31 (red, Cy3-conjugated anti-
mouse IgG). The photomicrographs show EC density in the hydrogel after migration in response to 
adipocyte-conditioned medium compared to control medium with or without 10% serum. Scale bars = 
20 µm. B, VAT-ECs interact with the adipocytes in the hydrogel.Immunofluorescence analysis of VAT-
ECs and adipocytes from obese subjects co-cultured in the 3D setting were performed by confocal 
microscopy using antibodies direct against CD31 and CD36 (red, Cy3-conjugated anti-mouse IgG); cav-
1 and vWF (green, Cy2-conjugated anti-rabbit IgG). C, Maintenance of the inflammatory profile in the 
3D setting. The inflammatory profile of VAT-ECs was followed by screening secreted inflammatory 
molecules in the 3D hydrogel from day 1 to day 6. Data are the means of three independent experiments. 
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Supplementary Figure 5. Experimental procedure for reversing EC inflammation and adipocyte 
dysfunction. VAT-ECs isolated from obese subjects were embedded in the 3D peptidic hydrogel and 
treated with Ang-1 (100 ng/mL) for 24 h at 37°C. VAT adipocytes isolated from the same subject were 
embedded in a separate hydrogel in control media. Then, VAT adipocytes and Ang-1-treated ECs were 
co-cultured by associating the two hydrogels in control medium for 3 days. 
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Supplementary Figure 6.   Long-term  following of adipocyte functions in the 3D experimental system. 
Validation of the 3D setting for long term VAT-adipocyte. VAT-Adipocytes were cultured 6 days (D1-
6) in the 3D hydrogel in ECBM culture medium, 1% BSA, 1% antibiotics, and human insulin (50 
nmol/L) every day changed. A, The hydrogel (3D) prevents adipocyte lysis (LDH activity) compared to 
a bidimensional culture (2D). B, ELISA analysis of secreted leptin (white bars) and adiponectin (black 
bars) from adipocytes cultured in the 3D setting from D1 to D6. Data are the means of 14 independent 
experiments. C, Lipolytic activity was evaluated by glycerol and NEFA release from adipocytes cultured 
in the 3D setting from D1 to D6. Glycerol and NEFA release was measured under basal (white bars) or 
stimulated conditions (Isoproterenol, Iso 1µmol/L, black bars) for 4 h. Data are the means of ten 
independent experiments. *p<0.05, ***p<0.001 2D vs 3D adipocytes. 
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Supplementary Figure 7. NEFA release and insulin-induced phosphorylation of Akt in adipocyte/EC 
co-cultures. A, Lipolytic activity was evaluated by NEFA release from AD or AD+ECs after 3 days in 
the 3D setting. NEFA release was measured under basal or stimulated conditions for 4 h. Isoproterenol, 
Iso (1µmol/L); forskolin, FK (10µmol/L); and dibutyryl-cAMP, DcAMP (0.5 mmol/L). Black bars 
represent the percentage of decreased NEFA release from adipocytes co-cultured with VAT-ECs 
(AD+ECs) compared to adipocytes cultured alone in the 3D setting (control, AD). Data are mean ± SEM 
of six independent experiments **P<0.01, ***P<0.001 AD vs. AD+ECs. B, VAT adipocytes were 
cultured alone or with VAT-ECs in the 3D hydrogel. The cells were stimulated by insulin (10 nmol/L) 
for 15 min compared to untreated cells. Cell lysates were immunoblotted to detect pS473 Akt and total 
Akt. A representative Western blot is presented among the 6 separated experiments each performed with 
different cell preparations.  
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Supplementary Figure 8. Dose-dependent effects of visceral ECs on the metabolic and secretory 
functions of adipocytes. 3D co-cultures were performed by associating visceral adipocytes with an 
increasing number of VAT-ECs. Metabolic and inflammatory responses were evaluated after 3 days of 
co-culture. A, Lipolytic activity was evaluated by glycerol and NEFA release. Assays were performed in 
KRB medium without (white bar) or with the β-adrenergic agent, isoproterenol (1 µmol/L, black bar) for 
4 h. B, Leptin, IL-6, and IL-8 secretions were measured by ELISA. The cytotoxic effect was evaluated 
by measuring the LDH activity. The secretion and LDH activity in adipocytes co-cultured with WAT-
ECs (black bars) is compared to that of WAT-ECs grown alone in hydrogel (white bars). 
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Supplementary Figure 9. Cytokine/chemokine and adipokine secretion by adipocytes in the presence 
of conditioned medium from VAT-ECs. Adipocytes isolated from visceral obese WAT were treated 
with conditioned medium (CM) prepared from VAT-ECs or control culture medium. A, Results of the 
multiplex assay are expressed as the fold change between control adipocytes and CM-treated adipocytes 
(AD+CM). B, Results of ELISA are expressed as the fold change between control AD (white bars) and 
AD+CM (black bars ). Data are presented as means ± SEM of six independent experiments. *P<0.05 
AD vs. AD + CM. 
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Supplementary Figure 10.  Treatment of adipocytes and WAT-ECs with neutralizing IL-6 and IL-1β 
antibodies improves inflammation and adipokine secretion. A, Insulin response of adipocyte (AD IgG) 
and adipocytes/EC co-cultures treated (AD+ECs abTNFα or AD+ECs ab IL-6/IL-1β) or not (AD+ECs 
IgG) with neutralizing TNFα (0.5µg/mL) or IL-6 (2.5µg/mL) and IL-1β (0.5µg/mL) antibodies, was 
evaluated after 10 nmol/L insulin stimulation of Serine 473 phosphorylation of Akt (pS473 Akt) during 15 
min. A representative Western blot is presented among the 5 separated experiments each performed with 
different cell preparations. B, ELISA comparison of secreted leptin and adiponectin from adipocytes 
treated with neutralizing IL-6 and IL-1β antibodies (AD abIL-6/IL-1β, black bars) and  adipocytes 
treated with IgG1 (control, AD IgG) 3 days in the 3D setting. Results are represented as the fold 
variation between AD abIL-6/IL-1β and AD IgG. C, Multiplex assay of the inflammatory secretome in 
adipocytes. Black bars represent the percentage decreased of secretions in  adipocytes treated with 
neutralizing IL-6 and IL-1β antibodies (AD abIL-6/IL-1β) compared to adipocytes treated with IgG1 
(control, AD IgG) 3 days in the 3D setting. Data are presented as means ± SEM of seven independent 
experiments. *P<0.05, **P<0.01, ***P<0.001 AD abIL-6/IL-1β vs. AD IgG. D, Multiplex assay of the 
inflammatory secretome in WAT-ECs. Black bars represent the percentage decrease in secretions in 
WAT-ECs treated with neutralizing IL-6 and IL-1β antibodies (ECs abIL-6/IL-1β) compared to WAT-
ECs treated with IgG1 (control, ECs IgG) 3 days in the 3D setting. Data are presented as means ± SEM 
of seven independent experiments. ***P<0.001 ECs abIL-6/IL-1β vs. ECs IgG.  
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Supplementary Figure 11. Inflammatory profile in co-cultures with lean SAT cells ELISA assay 
compared IL-6, IL-8, G-CSF, and CCL2 levels secreted by AD, AD+ECs, and ECs isolated from lean 
subjects (SAT cells, white bars) and cells isolated from obese subjects (VAT cells, black bars). Data are 
presented in graphs as means ± SEM of six independent experiments. n.s., non-significant AD vs. 
AD+ECs in lean cells. *P<0.05, ** P<0.01 lean vs. obese WAT cell co-cultures. #P<0.05 AD vs. 
AD+ECs. 
 

 
Supplementary Figure 12.  Cocultures of adipocytes/ECs/pericytes isolated from obese VAT and effet 
of dexamethasone treatment A, Significant changes in the secretion of inflammatory molecules in 3D 
ECs/pericytes co-cultures (ECs+PC) compared to ECs or Pericytes (PC) cultured alone are represented 
in the graphs (ELISA analysis). Results are expressed as the fold variation between ECs (white bars), 
ECs+PC (black bars) or PC (hatched bars). Data are presented as means ± SEM of five independent 
experiments. B, Significant changes in the secretion  of inflammatory molecules by pericytes from VAT 
of obese subjects treated or not with dexamethasone (Dex, 100nM). Results (ELISA analysis) are 
expressed as % variation in Dex-treated pericytes (one hour or 24h) compared control pericytes (no 
treatment). Data are presented as means ± SEM of five independent experiments. *p<0.05, **p<0.01 PC 
vs. PC Dex 1h  or PC Dex 24h.C, ELISA analysis of Ang-1 secretion in pericytes treated (Dex 24h) or 
not (control) with dexamethasone (Dex 100 nM) during 24h. Results are expressed as fold variation of 
Ang-1 secretion between control and dex 24h. Data are presented as means ± SEM of five independent 
experiments. ns, non significant D, Glycerol release and adipokine secretion were measured in adipocyte 
cultures (AD) and co-cultures associating adipocytes and ECs from obese VAT (AD+ECs) with addition 
or not of pericytes (PC) from the same VAT depot. Pericytes were pre-treated (AD+ECs+PC Dex) or 
not (AD+ECs+PC) one hour with dexamethasone (Dex, 100nM). Glycerol release was measured after 
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isoproterenol (1 µmol/L) stimulation for 4 hours. Leptin and adiponectin secretion were analysed by 
ELISA. Results are represented as the fold variation of glycerol release between AD and AD+ECs, 
AD+ECs+PC or AD+ECs+PC Dex. Data are presented as means ± SEM of five independent 
experiments. *p<0.05, **p<0.01 AD vs. AD+ECs, AD+ECs+PC or AD+ECs+PC Dex. ns, non 
significant between AD+ECs+PC and AD+EC+PC Dex. 
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Supplementary Figure 13. Adipokine secretion and Ang-1 treatment of VAT-ECs. A and B, The 
secretion of leptin (A) and adiponectin (B) from adipocytes cultured alone (AD) or co-cultured with 
VAT-ECs pre-treated (AD+Ang-1-ECs) or not (AD+ECs) with angiopoietin-1 (100 ng/mL, 24 h) was 
measured by ELISA. Data are presented as means ± SEM of three independent experiments. *P<0.05, 
AD vs. AD+ECs/AD+Ang-1-ECs. C, Insulin response of adipocyte (AD) and adipocytes/EC co-cultures 
with VAT-ECs pre-treated (AD+Ang-1-ECs) or not (AD+ECs) with angiopoietin-1 (100ng/ml, 24h), 
was evaluated after 10 nmol/L insulin stimulation of Serine 473 phosphorylation of Akt (pS 473 Akt) 
during 15 min. A representative Western blot is presented among the five separated experiments each 
performed with different cell preparations.  

 

 
 

 

 

 

 


