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Macrophages take residence in nearly all tissues, where they function as sensors and 

integrators of environmental and metabolic stress. In metabolic tissues, tissue resident 

macrophages sense their local and systemic environment to coordinate parenchymal 

cell metabolism. Here, we present evidence that the innate immune system also 

regulates acclimatization to environmental cold. Previous work has demonstrated that 

prolonged cold exposure induces the growth of uncoupling protein 1
+
 brown 

adipocytes in the subcutaneous white adipose tissue of mice, termed “beige” fat, to 

provide a defense against cold and obesity. Although a cold environment is the 

physiologic stimulus for inducing beige fat mass in mice and humans, the events that 

lead from the sensing of cold to the development of beige fat had remained poorly 

understood. We identified the efferent beige fat thermogenic circuit, consisting of 

eosinophils, type 2 cytokines interleukin (IL)-4/13 and alternatively activated 

macrophages. Genetic loss of eosinophils or IL-4/13 signaling impairs cold-induced 

biogenesis of beige fat. Mechanistically, macrophages recruited to cold-stressed 

subcutaneous white adipose tissue undergo alternative activation to induce tyrosine 

hydroxylase expression and catecholamine production, factors required for browning 



of subcutaneous white adipose tissue. Conversely, administration of IL-4 to 

thermoneutral mice increases beige fat mass and thermogenic capacity to ameliorate 

pre-established obesity. Together, our findings have uncovered the efferent circuit 

controlling biogenesis of beige fat and provide support for its targeting to treat 

obesity. 


