Icariin inhibits macrophage activation in diabetic nephropathy via the GPER/Sp3/CSF-1 pathway 
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Introduction. Diabetic nephropathy (DN) is associated with decreased G protein-coupled estrogen receptor (GPER) expression. Previous studies show that icariin activates GPER, reducing podocyte apoptosis and oxidative stress. This chapter investigates how GPER activation by estradiol and icariin modulates macrophage migration and polarization to ameliorate DN.
Aims. 1. To determine whether GPER activation inhibits macrophage infiltration and polarization. 2. To explore the role of CSF-1 and Sp3 in GPER-mediated suppression of macrophage migration and phenotype switching.
Methods. In vivo: Immunohistochemistry, immunofluorescence, and flow cytometry were used to assess macrophage infiltration (CD68⁺) and polarization (iNOS⁺ M1, CD163⁺ M2) in diabetic mice. In vitro: A macrophage migration model was established using conditioned medium from HG+LPS-stimulated podocytes. RAW264.7 cell migration and polarization were evaluated after GPER knockdown or icariin treatment. 
Results. Icariin reduced macrophage infiltration (CD68⁺), decreased peripheral CD115⁺ cells, suppressed M1 markers (iNOS, CD68), and promoted M2 markers (CD163) in vivo. GPER knockdown increased RAW264.7 migration, while icariin inhibited migration and promoted M2 polarization (↑CD163, CD206; ↓iNOS, TNF-α, IL-6). GPER activation suppressed CSF-1 expression, and siGPER reversed this effect. CSF-1 knockdown reduced macrophage migration and M1-to-M2 polarization. Sp3 was upregulated in DN and HG+LPS-stimulated podocytes but downregulated by icariin via GPER. Sp3 knockdown reduced CSF-1 expression, macrophage migration, and M1 markers while increasing M2 markers.
Discussion. GPER activation by icariin inhibits macrophage migration and promotes M2 polarization by downregulating the Sp3/CSF-1 pathway. This mechanism underlies the therapeutic potential of GPER targeting in diabetic nephropathy.
