
Distinct Signaling Dynamics of BMP4 and BMP9 in Brown 

versus White Adipocytes

Benjamin Constant§,1, Ioannis Kamzolas§,2,3, Xudong Yang1, Jingxu Guo1, Sonia Rodriguez-

Fdez1,2, Iman Mali1,2, Sergio Rodriguez-Cuenca2, Evangelia Petsalaki3, Antonio Vidal-

Puig$,1,2,*, Wei Li$,1,*

Supplementary Figure 1. Time course signalling assays. 

Supplementary  Figure 2. A summary of the GSEA analysis of BMP4 and BMP9 regulated 

DEGs in white adipocytes.

Supplementary  Figure 3. EnrichR analysis of DEGs from BMP4- and BMP9- treated 

brown and white adipocytes.

Supplementary  Figure 4. In brown adipocytes, BMP4 and BMP9 do not induce significant 

changes in the expression of TGF-β family receptor.

Supplementary Figure 5. Uncropped blot images for Supplementary Figure 1. 

Supplementary Table 1. Primers for the RT-qPCR analysis.
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Supplementary Figure 1. Time course signalling assays. Mature brown and 

white adipocytes were treated with BMP4 or BMP9 for the indicated length of 

time, and Smad1/5 phosphorylation were measured by immunoblotting. An 

identical gel was run for total Smad1 immunoblot. β-actin was used as a loading 

control. Original blots/gels are presented in Supplementary Figure 5.
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Supplementary  Figure 2. A summary of the GSEA analysis of BMP4 and 

BMP9 regulated DEGs in white adipocytes. Number of up- and down-regulated 

terms with adjusted P-values smaller than 0.05.

Gene 

Ontology 

(GO)

KEGG Reactome

BMP4 Up-regulated 165 39 28

Down- regulated 19 10 2

BMP9 Up-regulated 98 15 69

Down-regulated 8 5 4



Number of terms with AdjP <0.05
GO Biological 

process
GO Cellular 
component

GO Molecular 
function

KEGG

1 BMP4, in both brown and white adipocytes 67 none 16 3

2 BMP9, in both brown and white adipocytes 85 none 14 3

3 BMP4, only in white adipocytes 139 4 2 25

4 BMP4, only in brown adipocytes none 1 none 1

5 BMP9, only in white adipocytes 93 1 8 24

6 BMP9, only brown adipocytes 4 none none 1

7 White adipocytes, common in both BMPs 177 1 17 23

8 White adipocytes, only BMP4 5 2 none 1 

9 White adipocytes, only BMP9 none none none none

10 Brown adipocytes, common in both BMPs 88 1 13 3

11 Brown adipocytes, only BMP4 none none none none

12 Brown adipocytes, only BMP9 12 none none 2

White adipocytes, only BMP4 (row 8) B C Brown adipocytes, only BMP9 (row 12) 

Supplementary  Figure 3. EnrichR analysis of DEGs from BMP4- and BMP9- 

treated brown and white adipocytes. A. A summary of total number enriched 

terms with adjusted P-values smaller than 0.05. B. In white adipocytes, significantly 

enriched pathways can be found for only BMP4 treatment. C. In brown adipocytes, 

significantly enriched pathways can be found only BMP9 treatment. 
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RT-qPCR validation of BMP4 and 

BMP9 signalling in brown adipocytes
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Supplementary  Figure 4. In brown adipocytes, BMP4 and BMP9 do not induce 

significant changes in the expression of TGF-β family receptor. A&B. Volcano 

plots of differential gene expressions of TGF-β family receptors. A dashed line is 

drawn at Y=1.3 which indicate where the adjP =0.05. Only induction of Acvr1c has 

adjP <0.05. C. RT-qPCR validation of receptors changes using three independently 

differentiated brown and white adipocytes, treated with control or BMPs. Means ± 

SEM are shown. Two-way ANOVA. *, P<0.05, **, P<0.01. 
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Supplementary Figure 5. Uncropped blot images for Supplementary Figure 1. 
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Supplementary Table 1. Primers for the RT-qPCR analysis.
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