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Supplementary Figure 1. Secretory profile of human SAT and VAT adipocytes. 
 
A-Secretory profile of 48h-conditioned media prepared from 3D human adipocytes from lean SAT (lean 
SAT CM) and obese SAT and VAT (obese SAT CM and obese VAT CM, respectively). Heatmap 
represents the secretory profile. Graded shades from green to red represent the secretion levels (pg/ml). 
Cytokines and chemokines were classified from high to low secretion. 
 
B-Secretory profile of 48h-conditioned media prepared from human adipocytes from paired samples of 
obese SAT (obese SAT CM, white bars) and VAT (obese VAT CM, black bars). Results are expressed 
as fold variation over control, obese SAT CM. 
 
The amounts of adipokines were determined by ELISA (leptin and adiponectin) and multiplex 
(cytokines/chemokines) analysis in 10-14 experiments using different adipocyte preparations.   
 
*p<0.05, ** p<0.01 obese VAT CM vs. obese SAT CM (B) 
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Supplementary Figure 2. Experimental procedure for 3D co-culture of human adipocytes and 
myoblasts 
 
A- Muscle cells were embedded in hydrogel at the concentration of 200.000 cells per 100µl of gel 
preparation containing 0.5 mg/ml type 1collagen. The gel preparation was put into 96-well plates 
containing 150µl of growth medium. After 2 days of culture, this medium was replaced by 
differentiating medium for 3 days. A second hydrogel containing mature adipocytes isolated from SAT 
or VAT of obese subjects (10.000 cells per 100µl of gel preparation) was then added. Adipocytes and 
differentiated myoblasts were then co-cultured for 3 days in DMEM/F12 (1% antibiotics and 50 nM 
insulin). Culture medium was changed daily. 
 
B- Microphotographs showing the hydrogel containing the mature adipocytes (AD) and/or the 
differentiated myoblastes (MYO). 
 
C- Immunofluorescence analysis of differentiated myoblastes cultured in 2D or 3D conditions using 
antibodies against MF20 (green, Cy2-conjugated anti-mouse IgG), actin (red, Cy3-phalloidin). Nuclei 
were stained with DAPI (blue). 
 

Human SAT and VAT 
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Supplementary Figure 3. Gene expression of ER stress markers in co-cultured myocytes and VAT 
adipocytes. 
 
Muscle cells were differentiated in the 3D hydrogel for 3 days and then 3D adipocytes (from VAT of obese 
subjects) were added for an additional period of 1 day. Cells were then collected for RNA extraction. After 
reverse transcription of total RNAs, cDNAs were analyzed for ER stress markers. 
 
Graph represents gene expression in myocytes co-cultured with adipocytes (black bars, AD+MYO) compared to 
adipocytes alone (white bars, AD) and myocytes alone (grey bars, MYO). 
 
Data (fold over control, AD) are presented as means ± SEM of 5 independent experiments. 
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Supplementary Figure 4. Cytotoxicity and inflammation in co-cultures and impact on myotubes 
thickness. 
 
A-Muscle cells were differentiated in the 3D hydrogel for 3 days and then adipocytes (from VAT of 
obese subjects) in another 3D hydrogel were added for an additional period of 1 day. Cytotoxicity was 
evaluated by measuring the activity of lactate dehydrogenase (LDH) released from damaged cells.  
Graph represents LDH activity in differentiated myocytes co-cultured with adipocytes (black bars, 
AD+MYO) compared to adipocytes alone (white bars, AD) or differentiated myocytes alone (grey bars, 
MYO).  
 
Data (fold over control, AD) are presented as means ± SEM of 5 independent experiments. 
 
B- Muscle cells were differentiated in the 3D hydrogel for 3 days and then inflammatory adipocytes in 
the 3D hydrogel were added for an additional period of 3 days. Media were then collected for the 
measurement of cytokine and chemokine secretion by a multiplex assay. Heatmap represents the 
secretory profile. Graded shades from green to red represent the secretion levels (pg/ml). Cytokines and 
chemokines were classified from high to low secretion. AD was used as control. 
 
Data are presented as means ± SEM of 7 independent experiments. 
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Supplementary Figure 6. Muscle cells atrophy and inflammatory mediators IL-6/IL-1.  
 
A- Muscle cells differentiated for 3 days were treated by IL-6 (10 ng/ml) and IL-1 (1 ng/ml) during 3 
days. Cells were fixed and stained for desmin (thickness measurement) or titin (green, alexa488-
conjugated anti-mouse IgG) and nuclei (blue, DAPI staining).  Media were collected for IGF-II ELISA 
assay. 
 
Graph represents IGF-II secretion, myotube thickness and titin staining in muscle cells (white bar, 
MYO) compared to muscle treated by recombinant IL-6 and IL-1 (black bar, MYO+IL-6/IL-1β).  
 
B- Muscle cells were differentiated for 3 days and then 3D adipocytes (from VAT of obese subjects) 
were added for an additional period of 3 days treated with IL-6 and IL-1 neutralizing  antibody 
(MYO+AD+Neut Ab) compared to co-cultures treated with IgG1 (control MYO+AD) in the 3D setting. 
Cells were fixed and stained for desmin (thickness measurement) or titin (green, alexa488-conjugated 
anti-mouse IgG) and nuclei (blue, DAPI staining).  Media were collected and analyzed for IGF-II 
ELISA assay. 
 
Graph represents myotube thickness and titin staining in muscle cells (MYO, white bar) or co-cultured 
with VAT adipocytes (black bar, MYO+AD) compared to myocytes co-cultured with VAT adipocytes 
in the presence of neutralizing antibodies (grey bar, MYO+AD+Neut Ab). 
 
Data are presented as means ± SEM of 4-8 independent experiments.  
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Supplementary Figure 6. Cell thickness, titin and troponin content in muscle cells treated by 
IgFII/IGFBP-5 
 
Muscle cells were differentiated in the 3D hydrogel for 3 days before 3 additional days of treatment with 
(MYO+IGF-II/IGFBP-5) or without (MYO) IGF-II (50ng/ml) and IGFBP-5 (200ng/ml). Cells were 
fixed and stained with the corresponding antibodies. Immunostaining of titin (green, Alexa488-
conjugated anti-mouse IgG), troponin (red, Alexa555-conjugated anti-mouse IgG) and nuclei (blue, 
DAPI) were performed. Representative photomicrographs are presented (scale bar = 50 µm). Myotube 
thickness was quantified using Image J software in five random fields in 6 independent cultures. 
Quantification of immunofluorescence was performed using Image J software measuring intensity of the 
titin  and troponin staining in five random fields in 6 independent cultures.  
Data are presented as means ± SEM of 6 independent experiments. 
 
* p<0.05, MYO vs MYO+IGF-II/IGFBP-5. 
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Supplementary Figure 7. Inflammatory secretome of co-cultured muscle cells treated by IGF-
II/IGFBP5. 
 
Muscle cells were differentiated for 3 days and then 3D adipocytes (from VAT of obese subjects) were 
added for an additional period of 3 days treated by IGF-II (50 ng/ml) and IGFBP5 (200 ng/ml) or not . 
Media were then collected and analyzed for multiplex assay. 
 
Graph represents the percentage variation in secretions in differentiated myocytes co-cultured with 
adipocytes in the presence of IGF-II (50 ng/ml) and IGFBP5 (200 ng/ml)   (black bars, % of MYO+AD) 
compared to control co-culture of myocytes and adipocytes (MYO+AD). 
 
Data are presented as means ± SEM of 6 independent experiments. 
 

G-CSF Fractalkine CXCL    CCL7      IL-6       IL-8      CCL2     MIP-1� VEGF
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Supplementary Figure 8. Gene expression of atrophic markers in muscle cells exposed to VAT 
adipocytes. 
 
Differentiated muscle cells were exposed to 3D adipocytes (from VAT of obese subjects) with or without IGF-1 
(10 ng/ml) or with IGF-II (50 ng/ml) and IGFBP5 (200 ng/ml). Gene expression of atrogin-1 and murf-1 was 
estimated by real time PCR and normalized to 18S.  
The graph represents gene expression in myocytes co-cultured with adipocytes (black bars, MYO+AD) compared 
to myocytes alone (white bars, MYO) with IGF-I (dark grey bars, MYO+AD+IGF-I) or IGF-II/IGFBP-5 (light 
grey, MYO+AD+IGF-II/IGFBP-5).   
 
Data (fold over control, MYO) are presented as means ± SEM of 6 independent experiments performed with 
different adipocytes preparations. 
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Supplementary Figure 9. Gene expression profile of muscle, adipose and inflammatory markers in 
skeletal muscle of obese mice 
 
A-Gene expression profile in subcutaneous (SAT) and epididymal (GnAT) adipose tissue from 20-
week-old mice after 12 weeks of standard diet (chow, white bars) or High Fat Diet (HFD, black bars). 
n=8 mice per experimental group 
*p<0.05, **p<0.01, ***p<0.001, ns, non-significant, chow vs HFD mice in SAT and GnAT 
###p<0.001, SAT vs GnAT during HFD 
 
B-Gene expression in the Gastrocnemius of 24-week-old mice after 16 weeks of standard diet (chow, 
white bars) or High Fat Diet (HFD, black bars). 
n=9 mice per experimental group 
*p<0.05, **p<0.01, ***p<0.001, ns, non-significant, chow vs HFD mice 
 
C-Gene expression of adipose markers in the Gastrocnemius of 20-week-old mice after 12 weeks of 
standard diet (chow, white bars) or High Fat Diet (HFD, black bars). 
n=8 mice per experimental group 
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Supplementary Table 1. List of the antibodies, recombinant proteins and ELISA kits used in the 
study 
 

Antibody Reference Provider 

anti-human MF-20  antibody MAB4470 Developmental Hybridoma Bank, Iowa City, IW, USA 

anti-human emerin antibody NCL-emerin Leica, Newcastle, UK 

anti-human desmin monoclonal antibody  M076 DAKO, Glostrup, Dk   

anti-human troponin monoclonal antibody  T6277 Sigma, St Louis, Mo, USA 

rabbit anti-human phospho-AKT (Ser473) mAb 4060 Cell Signaling Technology, Denvers, CO, USA 

rabbit anti-human total-AKT  mAb 9272 Cell Signaling 

rabbit anti-human phospho-4E-BP1(Ser65)  mAb174A9 Cell Signaling 

rabbit anti-human total-4E-BP1 mAb 53H11 Cell Signaling 

rabbit anti-human phospho- S6 ribosomal protein 
(Ser240/244) 

mAb D68F8 Cell Signaling 

rabbit anti-human total- S6 ribosomal protein mAb 5G10 Cell Signaling 

anti-rabbit IgG HRP-linked antibody  P7074 Cell Signaling  

mouse anti human IL-6 neutralizing monoclonal 
antibody  

MAB206 R&D Systems 

mouse anti human IL-1β neutralizing monoclonal 
antibody  

MAB201 R&D Systems 

Alexa 488-conjugated anti-mouse antibody A21202 Life Technologies, Foster City, CA, USA 

Alexa 546-conjugated anti-rabbit antibody A22283 Life Technologies 

phalloidin conjugate alexa®568 A22283 Molecular Probes, Eugene, Or, USA  

anti-mouse conjugate alexa®488  A21202 Molecular Probes, Eugene, Or, USA 

human recombinant protein IGF-II 292-G2-050 R&D Systems 

human recombinant protein IGFBP-5  875-B5-025 R&D Systems 

human recombinant protein IL-6 200-06 Peprotech ,Rocky Hill, NJ, USA 

human recombinant protein IL-1 200-01 Peprotech 

human Insulin  I91077C Sigma 

ELISA assay for human IGF-II CSB-E04583h CUSABIO , Wuhan, P.R. China 
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Supplementary Table 2. Clinical parameters of obese subjects 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
The obese subjects were not on a diet and their weights were stable before surgery. Regarding lean 
subjects, none had diabetes and metabolic disorders and none was taking medication. Informed personal 
consent was obtained from every participant. In obese subjects, body composition was estimated by 
whole-body fan-beam dual energy X-ray absorptiometry scanning (Hologic Discovery W, software 
v12.6, 2; Hologic, Bedford, MA) (1). To determine body fat and lean mass repartition, we used specific 
measures and analyses as described (2). Blood samples were collected after an overnight fast of 12 h. 
Glycaemia was measured enzymatically. Serum insulin concentrations were measured using a 
commercial IRMA kit (Bi-insuline IRMA CisBio International, France). Serum leptin and adiponectin 
were determined using a radioimmunoassay kit (Linco Research, St. Louis, MO), according to the 
manufacturer's recommendations, sensitivity: 0.5 ng/ml and 0.8 ng/ml for leptin and adiponectin 
respectively.  
 
Data are presented as means ± SEM (standard error of the mean).  

      Obese subjects 
Number of 

subjects 
41 

Age (years) 41.6 ±1.5 
 

BMI (kg/m2) 47.74 ±1.2*** 
 

% of fat mass 43.22 ±5.32 
 

% of lean mass 48.34±1.23 
Adipocyte 

volume (pL) 
800.7 ±94.6 

 
Glycaemia 
(mmol/L) 

4.66 ±0.57 
 

Insulinemia 
(µU/mL) 

15.39 ±2.65 
 

HOMA-IR 3.75 ±0.65 

Leptin 
(ng/ml) 

63.17 ±12.56 
 

Adiponectin 
( µg/mL) 

4.52 ±0.87 
 

IL-6 
(pg/ml)  

2.93±0.53 
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Supplementary Table 3. List of primer sequences used for real-time PCR 
 

Gene       Forward           Reverse 

h ATF4            ggtcagtccctccaacaaca                            ctatacccaacagggcatcc 

h C/EBP           aaggcactgagcgtatcatgt                           tgaagatacacttccttcttgaaca 

h HSPA5           agctgtagcgtatggtgctg                                   aaggggacatacatcaagcagt 

h IGF-II                       gctggcagaggagtgtcc    gattcccattggtgtctgga 

h IGFBP-5                              agagctaccgcgagcaagt                            gtaggtctcctcggccatct 

h irisin                                    tcgtggtcctgttcatgtg                                        ggttcattgtccttgatgatgtc  

h PGC           tgagagggccaagcaaag                                     ataaatcacacggcgctctt 

h PGC1           ggcaggcctcagatctaaaa                                   tcatgggagccttcttgtct 

h RPLPO                                 acagggcgacctggaagt                                     ggatctgctgcatctgctt 

h titin                                       tggccacactgatggtctta                                    tcctacagtcaccgtcatcg 

m β-actin             gctctggctcctagcaccat                gccaccgatccacacagagt 

m CCL2             ggctcagccagatgcagttaa   cctactcattgggatcatcttgct 

m IGF-II                       cgcttcagtttgtctgttcg    gcagcactcttccacgatg 

mIGFBP-5           aaagcagtgtaagccctccc    tccccatccacgtactccat 

m IL-6              gtctggaagactcgcctacg                 aagtgcatcatcgttgttcataca 

m IL-1β          agttgacggaccccaaaag    agctggatgctctcatcagg 

m leptin            agcatccactgctatggtagc                tcttctagtcccaagcattttgg 

m myo D                       agcactacagtggcgactca    ggccgctgtaatccatca           

m myogenin                            ccttgctcagctccctca                     tgggagttgcattcactgg                    

m PGC1                       gaaagggccaaacagagaga               gtaaatcacacggcgctctt  

m  PGC1           ctccagttccggctcctc                                       ccctctgctctcacgtctg 

m titin  `          gaggtgccgaagaaacttgt               ttgggtgcttccggtactt 

 

h, human; m, mice 
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Supplementary Table 4. Spearman correlations between the gene expression of muscle markers in 
the quadriceps muscle and the expression of leptin/IL-6 in both epididymal  adipose tissue  and 
skeletal muscle. 
 

 

20-week-old mice (n=16). 
 
Significant correlations are indicated in bold 

      Epididymal Adipose Tissue Quadriceps 

Quadriceps  

Fat mass % Leptin IL-6 Leptin IL-6 

R p R p R p R p R p 

MyoD -0.314 0.127 -0.414 0.063 -0.824 0.0001 -0.433 0.053 0.293 0.144

MyoG -0.203 0.225 0.050 0.428 -0.516 0.021 -0.091 0.366 0.462 0.037

β-Actin -0.232 0.193 -0.577 0.011 -0.643 0.004 -0.225 0.198 0.253 0.172

Titin -0.04706 0.8626 0.1059 0.6963 0.1947 0.47 0.4297 0.0967 -0.08824 0.7452

IGF-II -0.482 0.036 -0.489 0.033 -0.577 0.013 -0.320 0.120 0.207 0.229

IGFBP-5 -0.2412 0.3682 -0.2735 0.3053 -0.4248 0.101 -0.4032 0.1214 0.3176 0.2306

PGC-1α 0.041 0.441 0.279 0.147 -0.077 0.385 0.155 0.283 0.391 0.068

PGC-1β -0.124 0.324 -0.006 0.494 -0.086 0.373 -0.019 0.470 0.218 0.208
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Supplementary Table 5. Spearman correlations between the gene expression of muscle markers in 
the Gastrocnemius muscle and the expression of leptin and IL-6 in inguinal AT. 
 

  
Gastrocnemius 

Inguinal Adipose Tissue 

Leptin IL-6 

r p r p 

MyoD -0.7794 0.0004 -0.01071 0.9698 

MyoG -0.2029 0.4510 0.3750 0.1684 

β-Actin -0.5000 0.0486 -0.3250 0.2372 

Titin -0.5 0.0577 -0.2352 0.4183 

IGF-II -0.6588 0.0055 -0.1714 0.5413 

IGFBP-5 -0.6747 0.0081 0.1484 0.6286 

PGC-1α -0.03736 0.8991 0.5824 0.0367 

PGC-1β -0.4250 0.1143 0.08132 0.7823 
 
20-week-old mice (n=16). 
 
Significant correlations are indicated in bold 



SUPPLEMENTARY DATA 
 

©2015 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db14-0796/-/DC1 

Supplemental list 
 
List of the genes present in the “Human myogenesis and myopathy PCR array” 
 
Skeletal Muscle Contractility: 
Dystrophin-Glycoprotein Complex: CAMK2G, CAPN3, CAV3, DAG1, DMD (Dystrophin), DYSF, 
LMNA, MAPK1, SGCA. 
Titin Complex: ACTA1, ACTN3, CAPN3, CRYAB, DES, LMNA, MAPK1, MSTN, MYH1, MYH2, 
MYOT, NEB, SGCA, TNNI2, TNNT1, TNNT3, TRIM63 (MuRF1), TTN.  
Energy Metabolism: CS, HK2, PDK4, SLC2A4 (GLUT4).  
Fast-Twitch Fibers: ATP2A1, MYH1, MYH2, TNNI2, TNNT3. 
Slow-Twitch Fibers: MB, MYH1, TNNC1, TNNT1. 
Other: DMPK, IKBKB, RPS6KB1. 
 
Skeletal Myogenesis: ACTA1, ADRB2, AGRN, BCL2, BMP4, CAPN2, CAST, CAV1, CTNNB1, 
DMD, HDAC5, IGF1, IGFBP3, IGFBP5, MEF2C, MSTN, MUSK, MYF5, MYF6, MYOD1, MYOG, 
PAX3, PAX7, PPP3CA (Calcineurin Aa), RHOA, RPS6KB1, UTRN. 
 
Skeletal Muscle Hypertrophy: ACTA1, ACVR2B, ADRB2, IGF1, IGFBP5, MSTN, MYF6, MYOD1, 
RPS6KB1. 
 
Skeletal Muscle Autocrine Signaling: ADIPOQ, FGF2, IGF1, IGF2, IL6, LEP, MSTN, TGFB1. 
 
Diabetes/Metabolic Syndrome: ADIPOQ, LEP, PPARG, PPARGC1A (PGC-1a), PPARGC1B (PGC-
1), PRKAA1 
(AMPK), PRKAB2, PRKAG1, PRKAG3, SLC2A4 (GLUT4). 
 
Skeletal Muscle Wasting/Atrophy: 
Autophagy: CAPN2, CASP3, FBXO32 (Atrogin-1), FOXO1, FOXO3, MSTN, NOS2, PPARGC1A 
(PGC-1), 
PPARGC1B (PGC-1), RPS6KB1, TRIM63 (MuRF1). 
Dystrophy: AKT1, AKT2, FBXO32 (Atrogin-1), IL1B, MAPK1, MAPK14, MAPK3, MAPK8, MMP9, 
NFKB1, TNF, 
TRIM63 (MuRF1), UTRN. 
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