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    ABSTRACT
Cold-exposure triggers neogenesis in classic interscapular brown adipose tissue (BAT) that involves activation of b1-adrenergic receptors, proliferation of PDGFRA+ adipose tissue stromal cells (ASCs), and recruitment of immune cells whose phenotypes are presently unknown. Single- cell RNA-sequencing (scRNA-seq) identified three ASC subpopulations that occupied distinct tissue locations. Of these, interstitial ASC1 were found to be direct precursors of new brown adipocytes (BA). Surprisingly, knockout of b1-adrenergic receptors in ASCs did not prevent cold- induced neogenesis, whereas pharmacological activation of the b3-adrenergic receptor on BAs was sufficient, suggesting that signals derived from mature BAs indirectly trigger ASC proliferation and differentiation. In this regard, cold exposure induced the delayed appearance of multiple macrophage and dendritic cell populations whose recruitment strongly correlated with the onset and magnitude of neogenesis across diverse experimental conditions. High resolution immunofluorescence and single molecule fluorescence in situ hybridization demonstrated that cold-induced neogenesis involves dynamic interactions between ASC1 and recruited immune cells that occur on the micrometer scale in distinct tissue regions. Our results indicate that neogenesis is not a reflexive response of progenitors to b-adrenergic signaling, but rather is a complex adaptive response to elevated metabolic demands within brown adipocytes.
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Footnotes
	Abbreviations: ADRB1, b1-adrenergic receptor; ADRB3, b3-adrenergic receptor; ASC, adipose tissue stromal cells; BA, brown adipocyte; BAT, brown adipose tissue; Blym, B lymphocyte; cDC1, conventional dendritic cell type 1; CL, CL316,243; DEGs, differentially expressed genes; DEND, dendritic cell; ECM, extracellular matrix; EDTA, ethylenediaminetetraacetic acid; EdU, 5-ethynyl- 2’-deoxyuridine; FACS, fluorescence-activated cell sorting; FBS, fetal bovine serum; FC, fold- change; FF-BSA, fatty-acid free bovine serum albumin; GEMs, gel beads in emulsion; GO, gene ontology; HBSS, Hanks’ balanced salt’s solution; HEPES, 4-(2-hydroxyethyl)-1- piperazineethanesulfonic acid; iBAT, interscapular brown adipose tissue; KO, knockout; Lin+, lineage marker positive; Lin-, lineage marker negative; MAC, macrophage; MACS, magnetic cell separation; moDC, monocyte-derived dendritic cell; NBF, neutral buffered formalin; NE, norepinephrine; NEUT, neutrophil; NKT, natural killer T-cell; NN, nearest neighbors; PBS, phosphate buffered saline; PER, Primer Exchange Reaction; Prolif/Diff, proliferating/differentiating; RBC, red blood cell; RET, reticulocyte; scRNA-seq, single-cell RNA sequencing; RT, room temperature; smFISH, single molecule fluorescence in situ hybridization; SVC, stromal vascular cell; t-SNE, t-Distributed Stochastic Neighbor Embedding; Tlym, T lymphocyte; WAT, white adipose tissue; WT, wild type; VEC, vascular endothelial cells; VSMC vascular smooth muscle cells.
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