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SUPPORTING MATERIALS AND METHODS: 

Bulk RNA-seq analysis. Bulk RNA-seq reads were aligned to UCSC mm9 genome using 

STAR aligner. For differential gene expression analysis, raw read counts were measured 

within RefSeq genes using featureCounts (1). Differentially expressed genes between 

distinct ATM subpopulations, or between bone marrow-derived macrophage (BMDM) 

polarization statuses, were identified using edgeR (FC > 2, FDR < 0.01, > 1 RPKM) (2). 

All the gene ontology analysis was performed using EnrichR (3). Hierarchical clustering 

was performed using Pearson correlation coefficient as a similarity measure under the 

Ward’s criterion. Effect of adoptive ATM-transfer in eWAT was investigated by differential 

gene expression analysis using edgeR (FC > 1.5, FDR < 0.05, > 0.5 RPKM). Genes 

differentially expressed between any two groups of ATM transfers (PBS, CD9, or Ly6c) 

were selected, and their group average expression levels were subject to hierarchical 

clustering. Among three distinct clusters, we focused on two clusters representing CD9 

or Ly6c ATM transfer-induced gene activation. ATM transfer effect on eWAT gene 

expression was compared with previously published high fat diet effects directly and via 

gene set enrichment analysis (GSEA) (4). For GSEA, a ranked gene list was prepared by 

sorting genes using a ranking metric, log(FDR) from LFD vs HFD differential expression 

analysis, where genes with log2FC > 0 were unaltered and genes with log2FC < 0 were 

multiplied by 1. Then, GSEA was performed on the ranked gene list for the CD9-induced 

gene cluster. 
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ATAC-seq analysis. ATAC-seq reads were aligned to UCSC mm9 genome in paired-

end mode using STAR aligner. After removing chrM reads and discordantly aligned reads, 

PCR and optical duplicates were eliminated using Picard tools 

(http://broadinstitute.github.io/picard). Read-pairs of short fragments (<120bp) were 

selected as putative nucleosome-free reads for downstream analysis. Peaks were 

subsequently called by findPeaks command in Homer package (5), using an option “-

style factor -size 150”. For differential analysis, first, a master peak set was generated by 

pooling and merging peaks from all the replicates of CD9 and Ly6c ATMs. Then raw and 

RPM-normalized tag counts were measured for each sample within 150bp windows of 

master peaks. RPM-tag counts were further normalized using normalize.loess function in 

affy Bioconductor package (6). Differential peaks (i.e. ATM subpopulation-specific peaks) 

were called by an exact test in edgeR (FC > 1.5 and FDR < 0.05, > 0.5RPM). Each 

differential peak was associated with the closest TSS (within 50 kb) of CD9 ATM-specific 

or Ly6c ATM-specific genes identified in the bulk RNA-seq as described above. A Fisher’s 

exact test was performed to compare the differential peak-gene association. De novo 

motif search was performed using Homer within cell type-specific peaks associated 

corresponding cell type-specific genes. Motif enrichment was compared between the two 

groups of peaks by Fisher’s exact test using the obtained de novo motifs. Reference 

cistromes from BMDM were obtained from cistrome.org for the validation of the motif 

search results (JUNB-LPS, GSM1022319; p65-LPS, GSM611116; CTCF-untreated, 

GSM918726) (7-9). 

 

  

http://broadinstitute.github.io/picard
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SUPPORTING FIGURES: 

Supporting Figure 1 

 

 

 

 

 

Figure S1. CD9 and Ly6c best differentiate ATM populations. (A) Weight gain in B6 mice fed HFD for 0, 4, 
8, or 12 weeks (n=5 per group, statistical comparison of 0 and 12 weeks by student’s t test, * p<0.05). (B) 

Comparison of surface marker expression on HFD eWAT CD9, CD9, or Ly6c ATMs by mean 
fluorescence intensity (normalized to % mode of MFI; Neg. = lymphocyte gate). Representative of three or 
more independent experiments. 
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Supporting Figure 2 

 

 

 

 

 

 

 

Figure S2. CD9 and Ly6c ATMs are bone marrow-derived. (A) Experimental design of bone marrow (BM) 

chimera generation. CD45.2 BM cells were transferred into irradiated, CD45.1 recipients prior to initiation 

of 12 weeks of HFD exposure. (B and C) Flow-cytometric analysis of donor (CD45.2) or recipient (CD45.1) 
splenic lymphocytes (B), and eWAT CD9 or Ly6c ATMs (C) in recipient mice fed HFD for 12 weeks. Spleen 

gated on CD3 cells; ATMs gated as previously described. Numbers indicate percentage cells of parent 
gate. Representative of two independent experiments. 
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Supporting Figure 3 

 

Figure S3. Identification of M1 and M2-specfic gene signatures. (A) LPS-induced genes in bone marrow-
derived macrophages (BMDM) (FC >2 and FDR <0.01, n=2). (B) IL-4-induced genes in BMDM (FC >2 and 
FDR <0.01, n=2). (C) CD9-specific gene ontologies with component genes. Representative of two 
independent experiments.  
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Supporting Figure 4 

 

 

 

 

 

 

Figure S4. Features of CD9 and Ly6c ATMs chromatin landscapes. (A) De novo motif search within 
common ATAC-seq peaks shared between CD9 and Ly6c ATMs. (B and C) Representative RNA-seq, 
ATAC-seq, and ChIP-seq browser tracks displaying the Cd9 (B) and Ly6c1 (C) gene loci in CD9 or Ly6c 

ATMs. Legacy ChIP-seq tracks for JunB (AP-1) or p65 (NFB) in lipopolysaccharide-treated bone marrow-
derived macrophages (BMDM), and CTCF in untreated BMDM, displayed. Representative of two or more 
independent experiments. 
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Supporting Figure 5 

 

 

 

 

 

Figure S5. Donor ATMs accumulate in recipient adipose and modify the transcriptome. (A) Number of 

CD45.2 donor ATMs in recipient eWAT (n=3-5 per group, statistical comparison by student’s t test, ** 
p<0.01). (B) Heatmap of transcriptional changes in eWAT of recipient mice. Average of four replicates 
displayed. Boxed area represents sub-analysis displayed in Figure 5. Representative of two or more 
independent experiments. 

  



 

9 
 

Supporting Figure 6 

 

 

 

 

Figure S6. Identification of human adipose tissue macrophages by flow cytometry. (A) Flow-cytometric 
identification of ATMs in human visceral adipose tissue. Numbers indicate percentage cells of parent gate. 

(B) Correlation between VAT CD9 ATM number and patient BMI (statistical comparison by linear 
regression, n=12). 
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Supporting Figure 7 

 

 

 

 

 

Figure S7. Model of murine ATM subpopulations. (A) Under lean conditions, CD9 ATMs predominate. (B) 

Upon transition to an obese state, (i) lipid-laden CD9 ATMs accumulate in crown-like structures. (ii) CD9 

ATMs produce proinflammatory cytokines and chemokines including CCL2, while (iii) Ly6c monocytes are 
recruited and attempt to repair tissue damage through the production of tissue-regulatory factors. 


