
1 
 

Supplemental Information 1 
 2 

β3-adrenergic receptors regulate human brown/beige adipocyte lipolysis and 3 
thermogenesis 4 

 5 
Cheryl Cero 1, Hannah J. Lea 1, Kenneth Y. Zhu 1, Farnaz Shamsi 2, Yu-Hua Tseng 2, 6 

Aaron M. Cypess1,* 7 
 8 

1Diabetes, Endocrinology, and Obesity Branch, NIDDK, NIH, Bethesda, MD 9 
2Section on Integrative Physiology and Metabolism, Joslin Diabetes Center, Harvard 10 

Medical School, Boston, MA 11 
 12 

*Correspondence: aaron.cypess@nih.gov 13 
 14 
 15 

Contents: Supplemental Figures = 7; Supplemental Tables = 4 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 

mailto:aaron.cypess@nih.gov


2 
 

Supplemental Figures Titles and Legends 35 
Supplemental Figure 1. Genetic and phenotypic profile of human supraclavicular 36 
primary pre-and differentiated adipocytes. (A-C) Gene and protein expression of 37 
UCP1 in superficial neck (WAT) and supraclavicular (BAT) adipose tissue (n=1) (A); 38 
gene expression of brown/beige adipocyte markers (B) and adrenergic receptors (C) in 39 
WAT and BAT tissues. (D-F) Differentiation protocol and differentiation progression of 40 
primary human brown/beige adipocytes (D); gene expression of PPARGC1A, UCP1 and 41 
MT-CO2 (E) and protein expression of UCP1, TOM20 and Actin (F) over differentiation. 42 
(G-J) qPCR of late markers of differentiation (G); brown/beige adipocyte markers (H); 43 
fatty acid oxidation genes (I); and beta-adrenergic receptors (J) in pre- and mature 44 
primary supraclavicular adipocytes. Gene expression data are normalized to pre-45 
adipocytes and expressed as mean ± SEM on a Log 10 scale. Data are analyzed by 2-46 
tailed unpaired Student's t-test and a One-way ANOVA with *P<0.05, **P<0.01, 47 
***P<0.001, ****P<0.0001. 48 
 49 
Supplemental Figure 2. Silencing ADRB3 in mature brown/beige adipocytes 50 
lowers UCP1 protein content but does not compromise lipid accumulation. (A-C) 51 
Immunofluorescence of differentiated adipocytes staining for mitochondria (Mitotracker, 52 
red), lipid droplets (LipidTox-green), anti-UCP1 (white) and nuclei (Dapi, blu) in 53 
untreated siRNA (A); siRNA-Ctrl (B) and siRNA-ADRB3 (C) adipocytes. Scale bars: 100 54 
µm for all images. (D) Quantification of LipidTox positive adipocytes in untreated, siRNA-55 
Ctrl and siRNA-ADRB3 adipocytes. Data are the mean of five sections analyzed by One-56 
way ANOVA.   57 
 58 
Supplemental Figure 3. Silencing ADRB3 in mature brown/beige adipocytes does 59 
not compromise beige/brown adipocyte identity and ETC genes and proteins. (A) 60 
qRT-PCR analysis of human brown/beige adipocyte markers (B-C) mRNA expression of 61 
nuclear encoded electron transport chain genes (B) and proteins (C) in siRNA Ctrl and 62 
siRNA-ADRB3 adipocytes. Gene expression data are normalized to siRNA-Ctrl 63 
adipocytes and expressed as mean ± SEM on a Log 10 scale. Data are analyzed by 2-64 
tailed unpaired Student's t-test with *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. 65 
 66 
Supplemental Figure 4. Activation of all three beta-adrenergic subtypes in primary 67 
human brown/beige adipocytes stimulates lipolysis and can be suppressed by 68 
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pre-treatment of the β3-AR antagonist L-748,337. (A) Basal, beta-agonists, and iso 69 
(10 µM) stimulated lipolysis with and without pre-treatment of propranolol (10 µM) and 70 
β3-AR antagonist L-748,337 (10 µM). Data are represented as mean ± SEM. 2-way 71 
ANOVA was used for statistical analysis. * when comparing basal to beta agonist 72 
stimulated lipolysis; # when comparing beta-agonist stimulation to propranolol; $ when 73 
comparing beta-agonist stimulation to L-748,337 pre-treatment. *P<0.05; **P<0.01; 74 
***P<0.001; ****P<0.0001.  75 
 76 
Supplemental Figure 5. Silencing ADRB3 in mature brown/beige adipocytes 77 
lowers non-mitochondrial respiration. (A-B) Non-mitochondrial respiration of 78 
differentiated siRNA-Ctrl and siRNA-ADRB3 transfected adipocytes without ligand 79 
stimulated OCR (A) and Fsk-stimulated OCR (B). (C) mRNA expression of human genes 80 
encoding and glucose transporters 1 (SLC2A1) and 4 (SLC2A4) in transfected 81 
adipocytes. Gene expression data are normalized to siRNA-Ctrl adipocytes and 82 
expressed as mean ± SEM on a Log 10 scale.  83 
 84 
Supplemental Figure 6. Phenotype of immortalized human brown/beige 85 
adipocytes. (A) Representative microscopic pictures of the morphology of 86 
undifferentiated and differentiated immortalized brown adipocytes. (B) Oil Red O staining 87 
of differentiated adipocytes at passage number 18 (P18). (C-D) qPCR of late markers of 88 
differentiation (C); brown/beige adipocyte markers in pre- and mature adipocytes (D). (E)  89 
Protein expression of FABP4, adiponectin and UCP1 at P18 in pre- and mature 90 
adipocytes. (F-G) Gene expression of the mitochondrial encoded gene MT-CO2 (F); 91 
beta-adrenergic receptors (G) in undifferentiated and differentiated immortalized brown 92 
adipocytes. (H) Gene expression of beta-adrenergic receptors and UCP1 in pre-93 
adipocytes and mature adipocytes of primary and immortalized brown/beige adipocytes. 94 
PCR data are normalized to pre-adipocytes and expressed as mean ± SEM on a Log 10 95 
scale, except for data in (H) that is not normalized. Data are analyzed by 2-tailed 96 
unpaired Student's t-test. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.  97 
 98 
Supplemental Figure 7. Silencing ADRB3 in immortalized human brown 99 
adipocytes lowers the cellular lipogenic and thermogenic machinery. (A-G) mRNA 100 
expression profiles of beta-adrenergic receptor genes (A); thermogenic related genes 101 
(B); fatty acid synthesis genes (C); fatty acid oxidation genes (D); mtDNA encoded 102 
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genes (E); glucose transporters (F); and lipogenic genes (G) in 48h transfected siRNA-103 
Ctrl and siRNA-ADRB3 immortalized adipocytes. (H-I) Basal and Fsk (10 µM) stimulated 104 
cAMP concentration (H) and western blot of PKA substrates in basal and Fsk 10 µM 105 
stimulated transfected adipocytes (I). (J-K) Basal and Fsk (10 µM) stimulated glycerol 106 
release (J) and protein expression of pHSL563; pHSL660; HSL; ATGL and actin in 107 
siRNA-Ctrl and siRNA siRNA-ADRB3 adipocytes following treatment. (L-N) OCR by 108 
differentiated cells treated in immortalized siRNA-Ctrl (black); siRNA-ADRB1 (gray) and 109 
siRNA-ADRB3 (red) transfected adipocytes (L); quantification of basal respiration (M) 110 
and metabolic profile (N) by transfected immortalized adipocytes. Data are expressed as 111 
mean ± SEM. Gene expression data are normalized to siRNA-Ctrl adipocytes, 112 
expressed on a Log 10 scale and analyzed by 2-tailed unpaired Student's t-test. OCR 113 
data are analyzed by one-way ANOVA. cAMP and lipolysis data are analyzed by 2-way 114 
ANOVA with * when comparing basal vs stimulated in siRNA-Ctrl; $ when comparing 115 
basal to stimulated in siRNA-ADRB3 adipocytes; # when comparing same doses 116 
between siRNA-Ctrl and siRNA-ADRB3 adipocytes. *P<0.05; **P<0.01; ***P<0.001; 117 
****P<0.0001.  118 
 119 
Supplemental Table 1. List of genes and sequences of the primers used for RT-120 
PCR gene expression analysis. 121 
 122 
Supplemental Table 2. Ct values of genes investigated in the main figures 1, 2 and 123 
5. 124 
 125 
Supplemental Table 3. Ct values of genes investigated in the supplemental figure 126 
1. 127 
 128 
Supplemental Table 3. Ct values of genes investigated in the supplemental figures 129 
2,4 and 5.   130 
 131 
 132 
 133 
 134 
 135 
 136 
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Supplemental Figure 1. Genetic and phenotypic profile of human supraclavicular 137 
primary pre-and differentiated adipocytes. 138 

 139 
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Supplemental Figure 2. Silencing ADRB3 in mature brown/beige adipocytes 141 
lowers UCP1 protein content but does not compromise lipid accumulation.  142 
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Supplemental Figure 3. Silencing ADRB3 in mature brown/beige adipocytes does 154 
not compromise beige/brown adipocyte identity and ETC genes and proteins.  155 
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Supplemental Figure 4. Activation of all three beta-adrenergic subtypes in primary 164 
human brown/beige adipocytes stimulates lipolysis and can be suppressed by 165 
pre-treatment of the β3-AR antagonist L-748,337.  166 

 167 
 168 
 169 
 170 
 171 
 172 
 173 
 174 
 175 
 176 
 177 
 178 
 179 
 180 
 181 
 182 
 183 



9 
 

Supplemental Figure 5. Silencing ADRB3 in mature brown/beige adipocytes 184 
lowers non-mitochondrial respiration. 185 
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Supplemental Figure 6. Phenotype of immortalized human brown/beige 192 
adipocytes. 193 
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Supplemental Figure 7. Silencing ADRB3 in immortalized human brown 201 
adipocytes lowers the cellular lipogenic and thermogenic machinery. 202 
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Supplemental Table 1. List of genes and sequences of the primers used for RT-209 
PCR gene expression analysis.  210 

 211 
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Supplemental Table 2. Ct values of genes investigated in the main figures 1, 2 and 212 
5. 213 
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Supplemental Table 3. Ct values of genes investigated in the supplemental figure 223 
1. 224 
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Supplemental Table 4. Ct values of genes investigated in the supplemental figures 228 
2,4 and 5.   229 
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