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Elucidating the Molecular Mechanisms of Thymic Involution in Abuse Stress
—Using a Restraint Stress Model—
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Acute stress induces rapid thymic involution characterized by loss of cortical thymocytes and reduced naive T-cell
output; however, the underlying intrathymic mechanisms remain poorly defined. In this study, we investigated the role of
the CX3CL1-CX3CRI1 chemokine axis in restraint stress (RS)-induced thymic atrophy using wild-type and CX3CRI1-
deficient mice. RS markedly upregulated CX3CL1 and CX3CR1 expression in thymic macrophages, suggesting activation
of a local inflammatory pathway. Importantly, CX3CRI1 deficiency significantly attenuated thymic atrophy, preserved
cortical architecture, and reduced thymocyte apoptosis. Mechanistically, RS induced Fas ligand expression and increased
apoptotic cells predominantly in cortical regions in wild-type mice, whereas these changes were diminished in CX3CR1-
deficient mice. In vitro experiments demonstrated that CX3CL1 did not directly induce thymocyte apoptosis, indicating
an indirect mechanism mediated by inflammatory cells. Furthermore, RS altered hypothalamic—pituitary—adrenal (HPA)
axis hormone dynamics, and CX3CR1 expression was detected in hypothalamic microglia, suggesting involvement of
neuroimmune regulation. Collectively, these findings demonstrate that the CX3CL1-CX3CR1 axis contributes to stress-
induced thymic involution through both intrathymic inflammatory signaling and systemic neuroendocrine modulation.
Targeting this pathway may provide a novel therapeutic strategy to preserve immune function under acute psychological

stress.
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