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[Abstract] Adipose tissue hyperplasia represents one of the pathological foundations of thyroid-associated ophthalmopathy
(TAO), and its nonsurgical management remains a major challenge. Studies have revealed that orbital tissues possess a unique
developmental origin and metabolic profile, with orbital fibroblasts (OFs) serving as the core effector cells in TAO. OFs expand through
hyperplasia rather than hypertrophy, and two OF subsets, namely the thymocyte antigen 1 (Thy-1)- and CD34" OFs, are identified as the
primary effector populations. The thyrotropin receptor (TSH-R) and the insulin-like growth factor-1 receptor (IGF-1R) are two core
receptors implicated in TAO; they can engage in crosstalk by linking through their extracellular leucine-rich domains and intracellular
-arrestin scaffolds, jointly mediating the phosphatidylinositol 3-kinase (PI3K)-forkhead box O (FOXO) signaling pathway to drive the
differentiation of OFs. This process is coordinately regulated by epigenetic modifications, autophagy, and high concentrations of retinol
derivatives within the orbital microenvironment. The IGF-1R-targeted agent teprotumumab has become a second-line clinical therapy, yet
it shows limited improvement in adipose tissue hyperplasia. In contrast, strategies targeting TSH-R/IGF-1R crosstalk, PI3K inhibitors, and
active constituents of traditional Chinese medicine that modulate autophagy have exhibited promising therapeutic potential. Future
investigations should prioritize the mechanisms of multi-pathway crosstalk and the establishment and application of three-dimensional
organoid models, with the aim of developing precision drugs against adipose hyperplasia. This review systematically summarizes the
biological characteristics and regulatory networks of adipose hyperplasia in TAO, along with potential targeted therapeutic strategies, in

order to provide a reference for the development of nonsurgical interventions.
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Fig.1  Schematic diagram of pathological changes in thyroid-associated ophthalmopathy
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Fig.2 Schematic diagram of adipose differentiation mediated by autoantigens in TAO
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