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Table S1. Quantitative real-time PCR primer sequences. 

Gene Primer sequences 

C-C motif chemokine ligand 2 CCL2 Forward 5´ TCTCAAACTGAAGCTCGCAC 

  Reverse 5´ GCATTGATTGCATCTGGCTGA 

Interleukin-1α IL1A Forward 5´ CGCCAATGACTCAGAGGAAGA 

  Reverse 5´ AGGGCGTCATTCAGGATGAA 

Interleukin-1β IL1B Forward 5´ TGGAGCAACAAGTGGTGT 

  Reverse 5´ TTGGGATCTACACTCTCCAGC 

Interleukin-6 IL6 Forward 5´ TGCAATAACCACCCCTGACC 

  Reverse 5´ GTGCCCATGCTACATTTGCC 

C-X-C motif chemokine ligand 8 CXCL8 Forward 5´ CAGTGGACCACACTGCGCCAA 

  Reverse 5´ TCCACAACCCTCTGCACCCAGTT 

Hypoxanthine phosphoribosyltransferase 1 HPRT1 Forward 5´ CCTGGCGTCGTGATTAGTG 

  Reverse 5´ ATCCAGCAGGTCAGCAAAGA 

Patatin like phospholipase domain containing 2 PNPLA2 Forward 5´ CCGATGTTTCTGGAGTGCTG 

  Reverse 5´ CACCAACAACACCGAGACC 

Toll like receptor 4 TLR4 Forward 5´ CAGAGTTGCTTTCAATGGCATC 

  Reverse 5´ AGACTGTAATCAAGAACCTGGAGG 

Tumor necrosis factor TNF Forward 5´ CTGAACTTCGGGGTGATCG 

  Reverse 5´ GCTTGGTGGTTTGCTACGAC 

Lipase A, lysosomal acid type LIPA Forward 5´ GAAAATGCGGTTCTTGGGGT 

  Reverse 5´ CAACTGGTTTGGGACCTTTGT 

 

 

Table S2. Primary antibodies used in Western Blotting. 

Antibody Cat. Number Company Dilution 

Adiponectin sc-136131 Santa Cruz 1:200 

Alix 92880 Cell Signaling Technology 1:1000 

ApoA1 3350S Cell Signaling Technology 1:1000 

ApoCIII ab31528 Abcam 1:1000 

Mouse β-actin A5441 Sigma-Aldrich 1:1000 

Rabbit β-actin A2066 Sigma-Aldrich 1:1000 

Calnexin 2433 Cell Signaling Technology 1:1000 

CD9 sc-59140 Santa Cruz 1:1000 

CD63 ab59479 Abcam 1:1000 

FABP4 AF3150 R&D systems 1:500 

Phospho-HSL (Ser660) 45804 Cell Signaling Technology 1:1000 

Rab7 9367 Cell Signaling Technology 1:1000 

TSG101 ab125011 Abcam 1:1000 

 

 

Table S3. Characteristics of normal-weight subjects from which fasting plasma samples were obtained (mean ± SEM).   

Gender (male/female) 4/2 

Age 37 ± 5.4 

Body mass index (kg/m2) 23.7 ± 0.8 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. Fatty acid (FA) profiles of pre- and mature SGBS cells as well as of their extracellular vesicles (EVs). Detailed 

FAs were determined from total lipids with gas chromatography–mass spectrometry. Results are presented as mol-%, 

mean ± SEM. FAs are listed in the order of increasing chromatographic retention time. DMA = plasmalogen alkenyl 

chain-derived dimethyl acetal derivative, SFA = saturated fatty acid, MUFA = monounsaturated fatty acid, PUFA = 

polyunsaturated fatty acid, UFA = MUFA + PUFA. Means with no common letter are significantly different from each 
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other within a row (Kruskal–Wallis ANOVA). * p ≤ 0.05 Mann–Whitney U test vs. premature cells or EVs. Results of 

EV samples were obtained from 3, and results of cell samples from 6 independently obtained samples. 

 

 

 

Figure S2. Responses of Simpson Golabi Behmel Syndrome (SGBS) cells to tumor necrosis factor α (TNFα) and palmitic 

acid (PA, 16:0) treatments. The mRNA expression levels of inflammation-related genes, including IL6, CCL2, CXCL8, 

TNF, IL1A, and IL1B after 6 h and 24 h TNFα treatments were analyzed by RT-qPCR (a). The values of one experiment 

are shown. Based on these results, final concentration of 20 ng/ml of TNFα was chosen and CXCL8 and CCL2 mRNA 

levels were further analyzed from two independent experiments (means + SEM) (b). The mRNA expression levels of 

inflammation-related genes, including IL6, CCL2, CXCL8, IL1A, IL1B, and TNF after 6 h and 24 h PA treatments were 

analyzed from one experiment (c). Based on these results, final concentration of 400 µM of PA was chosen and IL6, TNF, 

and IL1A mRNA levels were further analyzed from two independent experiments (means + SEM) (d). 
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Figure S3. Viability and responses of Simpson Golabi Behmel Syndrome (SGBS) cells to tumor necrosis factor α (TNFα) 

and palmitic acid (PA, 16:0) treatments. SGBS cells were treated with different concentrations of TNFα and PA for 24h, 

and cell viability was evaluated by propidium iodide (PI) staining and confocal microscopy. PI-positive cells were 

manually counted from one experiment, from 10 images per each sample group. Results are presented as mean % of PI-

positive cells from total cell count + SEM. 

 

Figure S4. Responses of Simpson Golabi Behmel Syndrome (SGBS) cells to 24-h eicosapentaenoic acid (EPA, 20:5n-3) 

treatments. The mRNA expression levels of inflammation-related genes, including CCL2, TNF, IL6, and TLR4 were 

analyzed by RT-qPCR from one experiment (a). Based on these results, final concentration of 75 µM of EPA was chosen, 

and CCL2 and TLR4 mRNA levels were further analyzed from two independent experiments (b). The means + SEM are 

shown.
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Figure S5. Fatty acid (FA) profiles of Simpson Golabi Behmel Syndrome (SGBS) cells and extracellular vesicles (EVs) from treatments. FAs of mature cells and EVs from 

tumor necrosis factor α (TNFα), palmitic acid (PA, 16:0), and eicosapentaenoic acid (EPA, 20:5n-3) treatments were determined from total lipids with gas chromatography–

mass spectrometry. Results are presented as mol-%, mean ± SEM. FAs are listed in the order of increasing chromatographic retention time. DMA = plasmalogen alkenyl chain-

derived dimethyl acetal derivative, SFA = saturated fatty acid, MUFA = monounsaturated fatty acid, PUFA = polyunsaturated fatty acid, unsaturated FA (UFA) = MUFA + 

PUFA. Means with no common letter are significantly different from each other within a row (Kruskal–Wallis ANOVA). * p ≤ 0.05 Mann–Whitney U test vs. control. The 

results of TNFα and PA treatments were measured from 5 independent experiments and the results of EPA treatments from 7 independent experiments.



 

 

                  

 

 

 

 

 

 

 

 

 

 

 

Figure S6. Caspase-9 staining of patient adipose tissue (AT) samples. AT samples from bariatric surgeries were cultured 

ex vivo in extracellular vesicle (EV)-free culture medium for several days, after which EVs were isolated by differential 

steps of ultracentrifugation. After 6 days of culture initiation, paraffin sections of both visceral (VAT) and subcutaneous 

(SAT) ATs were obtained and stained both immunohistochemically and fluorescently for caspase-9, in order to confirm 

that no major degree of apoptosis is present in AT cultures. 

 



 

Figure S7. Fatty acid (FA) profiles of adipose tissue (AT) extracellular vesicles (EVs) and culture media. Visceral (VAT) 

and subcutaneous adipose tissue (SAT) EVs, as well as ex vivo culture media were determined from total lipids with gas 

chromatography–mass spectrometry. Results are presented as mol-%, mean ± SEM. FAs are listed in the order of 

increasing chromatographic retention time. DMA = plasmalogen alkenyl chain-derived dimethyl acetal derivative, SFA 

= saturated fatty acid, MUFA = monounsaturated fatty acid, PUFA = polyunsaturated fatty acid, unsaturated fatty acid 

(UFA) = MUFA + PUFA. Means with no common letter are significantly different from each other within a row (Kruskal–

Wallis ANOVA). * p ≤ 0.05 Mann–Whitney U test vs. VAT. Results of FA profiles were analyzed from 3 EV samples, 

from which each corresponded to a pooled EV sample from 2 different patients. Media samples were obtained from 2 

patient’s AT ex vivo cultures. 
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Supplementary methods 

 

Immunofluorescent and immunohistochemical staining of adipose tissue (AT) for caspase-9 

AT samples were fixed in 10% buffered formalin solution and embedded in paraffin. For caspase-9 immunohistochemical 

staining, 5 µm thick sections were deparaffinized, and antigen retrieval in 10 mM citrate buffer (pH 6.0) in a pressure 

cooker for 10 min was performed. Endogenous peroxidase activity was blocked with 1% H2O2 for 5 min, and samples 

were washed with H2O 2 × 3 min and PBS 2 × 5 min. For blocking non-specific antibody binding, sections were incubated 

with 1% bovine serum albumin (BSA) PBS for 30 min. For primary antibody binding, sections were incubated with anti-

pro caspase-9 phospho-S196 antibody (ab135544, Abcam, Cambridge, UK) 1:100 1% BSA PBS dilution at +4°C for o/n. 

Samples were washed with PBS 3 × 10 min and incubated with the secondary antibody, biotinylated anti-rabbit IgG (BA-

1000, Vector Laboratories, Newark, CA, USA) 1:150 in 1% BSA PBS at RT for 1 h. Caspase-9 antibody was visualized 

with Vectastain Elite® ABC kit (PK-6101, Vector Laboratories) using 3,3'-diaminobenzidine  to stain in brown, and 

Mayer’s hematoxylin to the detection of nuclei in blue. Samples were imaged with Leica Thunder imager 3D Tissue Slide 

scanner with 10× dry objective (Leica Microsystems, Wetzlar, Germany).  

For immunofluorescent staining, the sections were deparaffinized, and autofluorescence was removed by 

50 mM glycine in H2O for 40 min. For blocking non-specific antibody binding, sections were incubated with 1% BSA 

PBS for 30 min at +37°C. Primary antibody staining was performed as above. After 3 × 5 min phosphate buffer (PB) 

washes, secondary antibody staining with Texas Red anti-rabbit IgG (TI-1000, Vector Laboratories) dilution 1:200 in PB 

at RT for 1 h was performed. After 3 × 5 min PB washes, nuclei were stained with 1 µg/ml 4´,6-diamidino-2-phenylindole 

(DAPI, D8417, Sigma-Aldrich, St. Louis, MO, USA). Sections were then mounted in Vectashield (H-1000, Vector 

Laboratories), and imaged with 40× NA 1.3 objective on a Zeiss Axio Observer inverted microscope equipped with a 

Zeiss LSM 800 confocal module (Carl Zeiss Microimaging GmbH, Jena, Germany). 

 

Propidium iodide (PI) staining of Simpson Golabi Behmel Syndrome (SGBS) cells for confocal microscopy 

SGBS cells were plated and differentiated on Ibidi chamber slides (Ibidi GmbH, Martinsried, Germany), and then treated 

with TNFα or PA for 24h. To demonstrate cell viability, live SGBS cells were first stained with NucBlue® Live Cell Stain 

ReadyProbesTM reagent (R37605, Life Technologies, Eugene, OR, USA) at RT for 5 min. Cells were then stained with 

60 µM PI (SC-3541, Santa Cruz Biotechnology, Santa Cruz, CA, USA) at +37°C for 5 min and washed with PBS. Cells 

were visualized with 40× NA 1.3 objective on a Zeiss Axio Observer inverted microscope equipped with a Zeiss LSM 

800 confocal module. PI-positive cells were manually counted from confocal images, and the data were expressed as % 

PI-positive cells from counted cells. 
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