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ABSTRACT

Obesity is a chronic multifactorial disease associated with numerous comorbidities, including
cardiovascular disease, type 2 diabetes, and several forms of cancer. Despite the availability of
lifestyle interventions, pharmacological treatments, and bariatric surgery, long-term weight
management remains challenging. Brown adipose tissue (BAT) has emerged as a promising
therapeutic target due to its ability to increase energy expenditure through non-shivering
thermogenesis mediated by uncoupling protein 1 (UCP1). Understanding the molecular
mechanisms underlying brown adipocyte differentiation and activation may contribute to the
development of new obesity treatments.

This study aimed to characterize brown adipocytes in human adipose tissue and identify molecular
features associated with the differentiation of brown adipocytes. Single-nucleus RNA sequencing
(snRNA-seq) was performed on adipose tissue samples collected from five patients diagnosed
with catecholamine-secreting paraganglioma, a condition known to promote BAT recruitment
through chronic adrenergic stimulation. Samples were obtained from three adipose tissue depots:
subcutaneous, visceral (particularly, omental), and perirenal. Publicly available snRNA-seq
datasets from non-paraganglioma donors were incorporated as controls. Following quality
control, demultiplexing, doublet removal, and batch-effect correction, cell populations were
identified through clustering and were annotated following different approaches. Downstream
analyses included compositional analysis, differential gene expression, gene-set enrichment,
trajectory inference, gene regulatory network reconstruction, and cell-cell communication

analysis.

A comprehensive cellular atlas of human adipose tissue was generated, revealing the presence of
multiple immune, vascular and adipocyte populations across depots. Within the adipocyte
compartment, distinct adipocyte subpopulations were identified, including a population
displaying transcriptional features consistent with brown adipocytes. These cells exhibited
expression patterns associated with thermogenic activity and mitochondrial metabolism such as
UCPI. Functional analyses suggested enrichment of marker genes related to glycolysis, oxidative
phosphorylation, and fatty acid metabolism. Trajectory inference indicated the existence of
transitional cellular states starting in control-specific adipocytes and ending in brown-like
adipocytes. Regulatory network analysis identified candidate transcriptional regulators
potentially involved in brown adipocyte identity, while cell-cell communication analyses

highlighted signalling pathways that may contribute to adipocyte differentiation.

Overall, this study provides a detailed single-nucleus transcriptomic characterization of brown
adipocytes in human adipose tissue. The findings contribute to the understanding of brown
adipocyte biology and identify candidate molecular pathways involved in the differentiation of
brown adipocytes. These results may support future efforts to promote thermogenic adipocyte
recruitment as a therapeutic strategy for obesity, after experimental validation.



