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Extended Experimental Procedures 
 
Subjects: 
All subjects had a stable weight with no fluctuations of more than 2% of the body weight for at least 
three months before surgery. Patients fasted for at least 8 hours and were not treated with any hormones 
that might influence metabolism prior to the acquisition of samples. None of the patients had diabetes 
and none were on medications known to influence adipose function or metabolism. After being 
removed, adipose tissue samples (5–20 g) were immediately transported to the laboratory.  

 
Human Adipose Stromal Vascular Fraction (SVF) Cell culture  
Human stromal-vascular fraction (SVF) cells were isolated from SAT and VAT samples of subjects as 
described(1). Harvested fat was washed in 0.1% BSA-PBS, finely minced, and digested in 2 mg/ml type 
I collagenase solution (Gibco) for 30 min at 37°C with vigorous shaking. The resulting cell suspension 
was then filtered through a 150-μm nylon mesh, and adipocytes were removed by centrifugation and 
was washed with 0.1% BSA-PBS. Fresh SVF Cells were plated into plates (5 × 104 cells/cm2) in fresh 
growth media (DMEM/Ham’s F-12 medium with 10% fetal bovine serum; Life Technologies, 
Gaithersburg, MD, USA) and allowed to adhere to the culture dish overnight. The next day, cells were 
washed to remove the floating cells and cultured in growth medium for 5–7 days until cells reached 
confluent. Two experiments were carried out as following:  
mRNA expression – After confluence, cells were grown in a serum-free differentiation medium 
(DMEM/Ham’s F-12 medium containing 0.5 mmol/L 3-isobutyl-1-methylxanthine, 15 mmol/L 
NaHCO3, 15 mmol/L Hepes, 33 mmol/L biotin, 17 mmol/L pantothenate, 66 nmol/L human insulin and 
0.2 nmol/L triiodothyronine) (Sigma, St. Louis, MO, USA) with 0.01 µM (control group) or 1 µM (dex 
group) dexamethasone (DEX) for 24 hours.  Total RNA was then extracted for UCP1 gene expression 
analysis (see detail in RNA preparation, real-time PCR sessions below)  
miRNA microarray analysis - After confluence, SVF cells isolated from human SAT or VAT were grown 
in the differentiation medium with 0.01 µM (as control group) or 1 µM (dex group) dexamethasone for 
24 hours. Total RNA was harvested using TRIzol (Invitrogen) and miRNeasy mini kit (QIAGEN) 
according to manufacturer’s instructions. After having passed RNA quantity measurement using the 
NanoDrop 1000, a mixture of equal amount of total RNA from cells of six subjects (n=6, pool together) 
were made and 2 μg total RNA from samples pool were labeled using the miRCURY™ Hy3™/Hy5™ 
Power labeling kit and hybridized on the miRCURY™ LNA Array (v.16.0). miRNA array contains more 
than 1891 capture probes, covering all human, mouse and rat microRNAs annotated in miRBase 18.0, as 
well as all viral microRNAs related to these species. Following the washing steps the slides were 
scanned using the Axon GenePix 4000B microarray scanner. Scanned images were then imported into 
GenePix Pro 6.0 software (Axon) for grid alignment and data extraction. 
 
Animals: 
Male C57BL/6J mice were purchased from the Model Animal Research Center of Nanjing University 
(Nanjing, China). For all experiments, mice were maintained on a normal 12:12-h light-dark cycle and 
provided regular mouse chow and water ad libitum at an Association for Assessment and Accreditation 
of Laboratory Animal Care (AAALAC)-accredited specific pathogen-free facility.  
Mice (aged 12 weeks) were intraperitoneally injected with dexamethasone at 5 mg/kg daily (09:00 h) or 
with PBS as placebo control for 6 weeks. Body weight were determined weekly.  

 
Insulin tolerance test 
For the insulin tolerance test (ITT), mice were fasted for 6 hours prior to a baseline blood glucose 
reading, followed by an intraperitoneal injection of insulin at 0.75U/kg body weight (Eli Lilly). Blood 
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glucose was then measured at 15, 30, 60, 90, and 120 minutes after insulin injection. Blood was obtained 
from a tail prick, and blood glucose was measured on glucose strips and with an Accucheck glucometer 
(Roche). Blood glucose data is presented as percentage of baseline blood glucose. 
 
Oral glucose tolerance test 
The oral glucose tolerance test (oGTT) was performed following a 16-hour fast by measuring blood 
glucose on glucose strips and with an Accu-check glucometer (Roche) at baseline and at 15, 30, 60, 90, 
and 120 minutes after an oral bolus dose of glucose at 2 g/kg body weight. Blood was obtained as for the 
insulin tolerance test. Blood glucose data is presented as the percentage of baseline blood glucose. 
 
Whole-body energy metabolism 
Whole-body energy metabolism was evaluated using the Comprehensive Lab Animal Monitoring 
System (CLAMS, Columbia Instruments). Mice were acclimated in individual metabolic chambers with 
free access to food and water, allowing them to acclimatize for 2 days before starting the experiments. 
Subsequently, CO2 and O2 levels were monitored every 30 minutes for each mouse over a period of 3 
days. The sensor was calibrated against a standard gas mix containing defined quantities of O2 and CO2. 
The heat was calculated using the following formula: (3.815 + 1.232 × VCO2/VO2) × VO2. 
Spontaneous locomotor activity was recorded with OPTO-M3 Activity Application Device (Columbus 
Instruments). Total activity and food intake were measured at regular intervals. 
 
Adipose tissue histology and immunohistochemistry 
VAT (visceral adipose tissue) were dissected from prominent bilateral intra-abdominal visceral depots 
attached to the epididymides in mice, and SAT (subcutaneous adipose tissue) were dissected from 
bilateral superficial subcutaneous WAT depots between the skin and muscle fascia just anterior to the 
lower segment of the hind limbs. Tissues were fixed in 10% formalin, processed and paraffin-embedded. 
Multiple sections (5 µm) were prepared and stained with hematoxylin and eosin for general 
morphological observation. For immunocytochemistry staining, the sections of SAT or VAT were 
incubated with anti-UCP1 antibodies (Abcam) for 30 min at room temperature. The signals were 
detected using a biotinylated goat anti-rabbit secondary antibody (Vector Laboratories) in combination 
with the ABC kit (Vector Laboratories) and DAB substrate (Vector Laboratories). Samples were 
visualized using a Nikon Eclipse 80i upright microscope (Nikon). 
 
Mouse Adipose Stromal Vascular Fraction (SVF) Cell culture  
Mouse SAT and VAT was isolated from 3-week-old male C57BL/6J mice. The tissue was minced and 
digested with 10 mg/ml type Ⅱ collagenase solution (Gibco). The resulting cell suspension was then 
filtered through a 50-μm nylon mesh and the filtrate centrifuged at low speed. The stromal-vascular 
fraction (SVF) cells in the pellet were resuspended, plated in 12 multiwell culture plates and grown in 
DMEM containing 10% fetal bovine serum until confluent. For most murine primary adipocytes 
cultures, unless indicated, the confluent SVF cells were differentiated for 4 days in a differentiation 
medium (DMEM medium containing 10% fetal bovine serum, 0.5 mmol/L 3-isobutyl-1-methylxanthine 
and 20 nM insulin) in the absence (control) or presence of 1 µM DEX (dex treated). The medium was 
changed every 2 days. 
  
Overexpression miR-27b in primary adipocytes - The SVF cells isolated from SAT were cultured in 
growth medium (DMEM containing 10% fetal bovine serum) till 80% confluence, which then were 
transfected with either mimic-miR-27b or mimic-miR-control transfection complex consisting of 50 nM 
miRNA, 1 μl of siPORT NeoFX transfection agent (Ambion) in 50 μl of Opti-MEM. Twenty-four hours 
after transfection, medium was replaced by fresh growth medium. After complete confluence, the 
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adipocyte differentiation was then initiated by replacing the adipocyte differentiation medium and 
cultured cultured for further 4 days without DEX complementary. 

 
anti-miR-27b transfection – The SVF cells isolated from SAT or VAT were cultured in growth medium 
till 80% confluence, which then were transfected with 2 nM locked nucleic acid (LNA)-modified anti-
miR-27b oligonucleotides (methylene bridge between the 2′-O and the 4′-C atoms) (Exiqon, Denmark) 
or LNA scrambled miR-27b control (anti-miR-control). Tweenty-four hours after transfection, medium 
was replaced by fresh growth medium. When the cells reached to complete confluence the adipocyte 
differentiation was then initiated by replacing the adipocyte differentiation medium and cultured 
cultured for further 4 days with 1 µM DEX complementary. The custom-made mimic-miR-27b (Pre-
miR™ miRNA Precursor) and LNA-anti-miR-27b 5′-3′ sequence were showed in supplemental table 2. 
Knock-down PRDM16 by letivirus transduce – PRDM16 expression was knock down via a lentiviral-
based expression system driving the production of short hairpin PRDM16 RNA or scrambled non target 
species (shRNAs, Genechem Inc, Shanghai, China) according to the manufacturer’s protocol. Three 
clones were designed (sequence shown in supplemental table 2), and tested.  The SVF cells isolated 
from SAT were cultured in growth medium till 70% confluent, which then were transfected with anti-
miR-27b or anti-miR-control oligonucleotides as described above.  After mixture of culture medium, the 
anti-miR-27b transfected cells were further transduced by incubation of lentivirus containing 
shPRDM16 in growth medium while a set of anti-miR-control and anti-miR-27b transfected cells 
received lentivirus containing scrambled non target shRNA as control. After overnight lentivirus 
incubation, medium was replaced by fresh growth medium for 24 house. After complete confluence, the 
adipocyte differentiation was then initiated by replacing the adipocyte differentiation medium and 
cultured for further 4 days with 1 µM DEX complementary.  
 
Measurement of O2 consumption 
The oxygen consumption of SVF cells was measured on an XF24 respirometer (Seahorse Bioscience,) 
following the manufacturers instructions (can also be found on the manufacturers website 
http://www.seahorsebio.com). In Brief, primary SVF cells (with or without transfection procedures as 
indicated in figure legends and results) were cultured in 24-well XF cell culture microplate and 
differentiated under the adipogenesis conditions as indicated (Seahorse Bioscience). Four wells on each 
plate, for which no cells were plated, served as negative control. At the end of differentiation, cells were 
switched to 500 µl assay media containing 25 mM glucose, 2 mM GlutaMax-1 and 1 mM sodium 
pyruvate (Seahorse Bioscience) per well for measurement of oxygen consumption on an XF24 
respirometer (Seahorse Bioscience). Oxygen consumption rates (OCR) were measured at basal glucose 
levels, as well as with drugs disrupting the respiratory chain: oligomycin (ATP synthase inhibitor, 1 µM) 
(Sigma-Aldrich) and FCCP (uncoupler, 1 µM) (Sigma-Aldrich). Finally, the mitochondrial respiration 
was blocked by 1 µM rotenone (Sigma-Aldrich). All the drugs were added to the inherent assay 
cartridge of XF microplate before the plate inserted into the instrument. An integrated drug delivery 
system allows sequential addition of the drugs per well during assay. The OCR are mesured at intervals 
of approximately 9 minutes. Total assay time of each treatment is typically 27 minutes. The residual 
OCR was considered non-mitochondrial respiration. 
 
RNA preparation and quantitative real-time PCR of mRNA  
Total RNA was extracted from adipose tissue (SAT or VAT) or primary adipocyte cultures derived from 
SAT or VAT using TRIzol reagent (Invitrogen) according to the manufacturer’s instructions. Total RNA 
(2 µg) was reverse-transcribed to cDNA using 200 U M-MLV reverse transcriptase (Promega, Madison, 
WI, USA), in the presence of 0.5 mmol/L deoxynucleotide triphosphate, 25 U RNase inhibitor, and 0.5 
μg N15 random primers, in a total volume of 25 μl. The sequences of the primers used are shown in 
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Supplementary Tables 3 and 4. Each quantitative real-time PCR reaction was carried out in triplicate, in 
a 25 μl volume using SYBR Green Real-time PCR Master Mix (Toyobo, Osaka, Japan). β-actin was 
used as an internal reference as described previously as an internal reference. Expression for each gene 
was arbitrarily set at 1 to facilitate comparison between several treatment groups. 
For miRNA qRT-PCR, a miRNA-specific stem-loop RT primer is hybridized to the miRNA and then 
reverse transcribed(2; 3). Next, the RT product is amplified and monitored in real time using a miRNA-
specific upstream primer and the universal downstream primer (Supplementary Tables 3 and 4, the 
universal downstream primer: GTGCAGGGTCCGAGGT). Expression level was normalized to that of 
small non-coding RNA U6. 
 
Western blotting 
For western blot analysis, cell or tissue extracts were lysed in RIPA buffer (0.5% NP-40, 0.1% SDS, 150 
mM NaCl, 50 mM Tris-Cl [pH 7.5]). Proteins were separated by 10% SDS-PAGE, transferred to PVDF 
membrane (Millipore) and probed with anti-uncoupling protein-1 (UCP1) (Abcam), anti-PRDM16 
(Abcam), anti-PPAR (Abcam), anti-beta-actin, and anti-tubulin (Abcam) antibodies. Protein isolated 
from 293FT cells or primary brown adipocyte cultures was used as negative or positive control 
respectively for Prdm16 and Ucp1 detections as shown in the figure below.  
 

 
 
Chromatin immunoprecipitation (ChIP) assay 
SVF cells isolated from SAT of 3-week-old male C57BL/6J mice were cultured to confluent in growth 
medium. The medium was then replaced by fresh adipocyte differentiation medium and cultured for 24 
hours with the treatments of 1 µM DEX and 1 µM DEX + 10 µM RU486, a glucocorticoid receptor 
(GR) antagonist. The vehicle treated cells served as control.  24 hours after treatment, the cells were 
fixed with 1% formaldehyde for 10 min at room temperature to cross-link DNA and proteins and then 
washed with cold PBS. Subsequently, cells were lysed using cell and nuclear lysis buffer (150 mM 
NaCl, 25 mM Tris pH 7.5, 1% Triton-X-100, 0.1% SDS, 0.5% deoxycholate) supplemented with 
protease inhibitor tablets and PMSF. Sonication of cross-linked chromatin was performed at 200 watt 
with five rounds of 20 s pulses so that chromatin fragments thus obtained ranged from 200 to 1000 bp 
(approximately 500 bp) in size. The resulting suspension containing 200 μg of protein was used for 
immunoprecipitation by incubating overnight at 4°C with anti-GR (Santa Cruz) antibody or IgG control. 
The immunoprecipitates were then pelleted, washed, and the antibody/protein/DNA complex was eluted 
the beads by resuspension of the elution buffer for 30 min. Following immunoprecipitation and elution, 
the eluent was added 4 μl 5M NaCl and heated to 65°C for 2h to remove RNA and reverse the cross-
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link. Protein were removed by adding 2 μl Proteinase K and incubated at 42°C for 2 h. Then precipitated 
genomic DNA was amplified by the promoter-specific primers (ChIP-F, 5’- 
TCTAAGAGTATTTTTGCCCG - 3′  and ChIP-R, 5′ - AGACTGAATGGGTTGGGAT - 3′), and real-
time PCR was performed under the following conditions: 5min at 95 °C, followed by 44 cycles of 15 s 
at 94°C, 15 s at 60°C, and 30 s at 72°C on a plate reader. Serial dilutions of genomic DNA extracted 
from normal cells were included with ChIP samples as standards to determine the amount of DNA being 
precipitated by a particular antibody. Ten percent of the starting material was also included as the input. 
Data were normalized to the input and expressed as pg of DNA precipitated per ng of input DNA. 
 
Luciferase assay and site-directed mutagenesis 
The oligonucleotides comprising the wild-type or mutated miR-27b target sequence was synthesized by 
Integrated DNA Technologies, and annealed to be cloned into pMiRGLO vector (Promega) for 
luciferase reporter assays. The miR-27b target sequence within the 3′-untranslated regions (3′-UTRs) of 
target PRDM16 gene mRNA were predicted by TargetScan, and the sequence of PRDM16 wild-type 
was 5′ - GUAGCAAUGAGUGAUACUGUGAC - 3′, while the sequence of mutated-type was 5′ - 
GUAGCAAUGAGUGAUUGACACUA - 3′. For luciferase assays, HEK293 cells were seeded into 96-
well plates and a plasmid containing the 3’ UTR of the human Prdm16 gene (pGL3UC-PRDM16 3’-
UTR) or a mutated version (pGL3UC-PRDM16 mut 3’-UTR) was transfected together with mimic-miR-
27b or mimic-miR-control into HEK293 cells using lipofectamine 2000 (Invitrogen). Luciferase 
activities were assayed after transfection for 24 h using a luciferase reporter assay system (Promega). 
Experiments were routinely performed in triplicate wells and repeated three times. 
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Supplementary Figure 1. MiR-27b is present in mammals, birds, fish and reptiles and is highly 
conserved (TargetScan). Has = Homo sapiens, Ptr = Pan troglodytes, Mml = Macaca mulatta, Mmu= 
Mus musculus 
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Supplementary Figure 2. Conservation of the miR-27b binding site in the Prdm16 3’-UTR of 
mammals. The miR-27b seed match region is highlighted in red. Mmu= Mus musculus, Has = Homo 
sapiens, Ptr = Pan troglodytes, Oga = Otolemur garnetti 
 

 
 

Supplementary Figure 3. Western blot to confirm Prdm16 protein expression in Prdm16 knock down 
cells. Whole-cell lysates from four-day differentiated SVF cells isolated from SAT following 
transfection with a lentiviral-based expression system driving the production of short hairpin Prdm16 
RNA (LV-shPrdm16) or scrambled non target speciesor (LV-scramble). NO.1-3 refer to 3 clones of LV-
shPrdm16.   
Among 3 designed clones, PRDM16 shRNA clone-1 most markedly inhibited PRDM16 protein 
expression in SAT derived adipocytes. Thus, PRDM16 shRNA clone-1 was used for the experiments of 
Figure 6. 
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Supplementary Table 1. Anthropometric and metabolic characteristics of the study groups. 
 

 Male (n=6) Female (n=6) p-value Mean±SEM Mean±SEM 
Age (years) 55±2.7 51±2.8 >0.05 

BMI (kg/m2) 23.9±0.7 22.4±2.3 >0.05 
WHR 0.90±0.01 0.84±0.02 >0.05 

Fasting plasma glucose (mmol/l) 4.8±0.6 4.7±0.2 >0.05 
Systolic blood pressure (mmHg) 123±9.0 79±5.5 >0.05 
Diastolic blood pressure (mmHg) 125±10.9 81±11.6 >0.05 

Total cholesterol (mmol/l) 3.62±0.62 4.05±0.55 >0.05 
HDL cholesterol (mmol/l) 1.02±0.29 1.28±0.32 >0.05 
LDL cholesterol (mmol/l) 2.03±0.45 2.10±0.67 >0.05 

TG (triglyceride) 1.16±0.50 1.01±1.71 >0.05 
 
Supplementary Table 2. Sequences for transfection 

 5’-3’ 

mimic-miR-27b AGGUGCAGAGCUUAGCUGAUUGGUGAACAGUGAUUGGUUUCC
GCUUUGUUCACAGUGGCUAAGUUCUGCACCU 

anti-miR-27b GCAGAACTTAGCCACTGTGA 
shPRDM16-1 TCCTGTCTACATTCCTGAA 
shPRDM16-2 GCGCATGAGTGCAAGGATT 
shPRDM16-3 TTGCATTATGCTAAGCCTT 
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Supplementary Table 3. Sequences of primers used for mouse 
 

mRNAs  5’-3’ 

Ucp1 forward AGGGTTTGTGGCTTCTTTTC 
reverse TGGTTGGTTTTATTCGTGGT 

Prdm16 forward CAGCACGGTGAA GCCATTC 
reverse GCGTGCATCCGCTTGTG 

Cidea forward TCCTCGGCTGTCTCA ATG 
reverse GGCTGCTCTTCTGTA TCG 

Cox7α1 forward AGGACGCAA AATGAGGGC 
reverse TCTTGTGGGGGA AGGAGG 

Cox8b forward GGA GTGCGACCCCGAGAAT 
reverse CGGCGGAAGTGGGAGTTTT 

Ap2 forward ACACCGAGATTTCCTTCAAACTG 
reverse CCATCTAGGGTTATGATGCTCTTCA 

β-actin forward TAA AGACCTCTATGCCAACACAGT 
reverse CACGATGGAGGGGCCGGACTCATC 

miRNAs  5’-3’ 

miR-27b 

sequence UUCACAGUGGCUAAGUUCUGC 
forward CGCGTTCACAGTGGCTAAG 

reverse GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATAC
GACGCAGAA 

U6 

sequence 
GTGCTCGCTTCGGCAGCACATATACTAAAATTGGAACGATA
CAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC
AAATTCGTGAAGCGTTCCATATTTT 

forward CTCGCTTCGGCAGCACATA 

reverse GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATAC
GACAAAATA 

 
Supplementary Table 4. Sequences of primers used for human 
 

mRNAs  5’-3’ 

UCP1 forward AGGTCCAAGGTGAATGCCC 
reverse TTACCACAGCGGTGATTGTTC 

β-actin forward ATTGGCAATGAGCGGTTCCGC 
reverse CTCCTGCTTGCTGATCCACATC 

miRNAs  5’-3’ 

miR-27b 

sequence UUCACAGUGGCUAAGUUCUGC 

forward CGCGTTCACAGTGGCTAAG 

reverse GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATAC
GACGCAGAA 

U6 

sequence 
GTGCTCGCTTCGGCAGCACATATACTAAAATTGGAACGATA
CAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC
AAATTCGTGAAGCGTTCCATATTTT 

forward CTCGCTTCGGCAGCACATA 

reverse GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATAC
GACAAAATA 

 


