Supplementary Figures and Legends
[image: ]Figure S1. Brain wide mapping of microglial distribution and dynamics after CLP 
(A) Pseudocolor heat map of Iba1 immunostaining in hypothalamic nuclei, cortex, hippocampus, and thalamus from Sham and CLP1d. Brightness encodes Iba1 signal intensity according to the color scale. Region boundaries are outlined for orientation. Scale bar, 100 µm. (B) Quantification of Iba1⁺ cell density per mm² in the indicated regions from Sham and CLP1d. N = 4-8 per region. (C) Time-lapse imaging (0–30 min) of Tmem119-tdTomato microglia in acute ARC slices from Sham and CLP1d; arrowheads mark dynamic process movements. (D) Examples of three ARC microglial morphotypes used for classification: Ramified, Bushy, and Amoeboid. (E–F) Spatial maps of morphotype distribution in Sham and CLP1d (E) and proportions of the three morphotypes (F, N = 6-7). (G) Representative Iba1 immunostaining of microglia in cortex and hippocampus from Sham and CLP1d with higher-magnification views. Scale bars, 50 µm (overview) and 10 µm (zoom). (H and I) Quantification of Cortical and hippocampal microglia: process diameter (h) and total process length per cell (i). N = 4-5. Statistics Data are shown as mean ± SEM. (B, H and I) Student’s t test for each region. * P < 0.05, ** P < 0.01. 
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Figure S2. Time course of systemic and hypothalamic inflammatory responses after CLP
(A) Serum IL-1β, IL-6, and TNF-α levels at the indicated hours after CLP or Sham. N = 4-8. (B) qPCR analysis of hypothalamic Il1b, Il6, and Tnf mRNA across time points, normalized to Gapdh. N = 5-6. Data are shown as mean ± SEM. (A) two-way ANOVA. (B) one-way ANOVA. ns, not significant; * P < 0.05, ** P < 0.01, *** P < 0.001.
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Figure S3. Limited immune cell entry into ARC parenchyma at CLP1d 
(A–C) Immunostaining of ARC region from Sham and CLP1d mice showing Iba1 (green) and DAPI (blue) with CD206 (A), MPO (B), or F4/80 (C) in red. Arrowheads indicate immunopositive cells. Scale bars, 100 µm. (D, E) Quantification of CD206⁺, F4/80⁺, and MPO⁺ cells per section in ARC parenchyma (D) and in ARC meningeal region (E). N = 5-6. Data are shown as mean ± SEM. (D, E) Unpaired two tailed Student’s t test for each marker. ns, not significant. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S4. Single nucleus RNA sequencing annotation of the mediobasal hypothalamus
(A) UMAP of all nuclei showing major cell types in the mediobasal hypothalamus based on marker gene annotation. (B) Feature plots of canonical Agrp neuron markers (Agrp, Lepr, and Npy). (C) Module score of a myeloid signature (Csf1r, Hexb, and Cx3cr1) projected onto the global UMAP. (D) Violin plots showing log normalized expression of representative markers across myeloid subclusters (0 to 5), including microglial markers (Fcrls, Gpr34, Siglech, Tmem119), BAM associated markers (Axl, Cd163, Dab2, F13a1, Mrc1), and macrophage associated markers (Fcgr4, Lyz2, Ms4a4a, Msr1). (E) Heatmap of scaled expression for marker genes across major cell type clusters.
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Fig. S5. Selective microglia-neuron interaction and synaptic remodeling in the ARC at CLP1d (related to Fig. 3) 
(A) Representative ARC images from Sham and CLP1d mice showing POMC (red), Iba1 (green), c-Fos (white), and DAPI (blue). Right, 3D surface renderings highlighting microglia-POMC soma apposition. Scale bar, 50 μm. (B and C) Quantification of contact area between individual microglia and POMC somata (B) and numbers of c-Fos positive POMC positive cells per ARC section (C). N = 3. (D) Immunostaining of ARC sections from Agrp tdTomato mice showing tdTomato (red), Iba1 (green), Vglut2 (white), and DAPI (blue) in Sham and CLP1d. Scale bar, 10 μm. (E) Quantification of perisomatic Vglut2 positive puncta around AgRP neurons. Data are mean ± SEM. N = 4 to 5. (B), Mann-Whitney U test. (C, E), Unpaired Student’s t test. ns, not significant.
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Figure S6. Validation of DT mediated microglial depletion and systemic metabolic indices after CLP 
(A) Representative ARC images from Sham and CLP1d Tmem119-tdTomato mice showing Iba1 (green), tdTomato (red), and DAPI (blue). Scale bar, 100 μm. (B) Percentage of Iba1 positive cells that were tdTomato positive. N = 3. (C) Representative Iba1 immunostaining in saline and DT (diphtheria toxin) treated mice after 5 days of DT administration to validate microglial depletion. Scale bar, 100 μm. (D) Immunostaining for Aβ in the ARC in Sham, CLP7d, and Mgdep_CLP7d mice. (E) Quantification of mean Aβ fluorescence intensity in the ARC. N = 4. (F) Change in body weight over 7 days after CLP. N = 6 to 12. (G) Blood glucose during the first 24 h after CLP. N = 7 to 11. (H and I) Serum albumin (ALB) and globulin (GLB) levels at the indicated groups. N = 5 to 10. Data are mean ± SEM. (B) Unpaired two tailed Student’s t test. (E, H, I) One-way ANOVA. (F, G) Two-way ANOVA. ns, not significant. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S7. Transcriptomics reveal a phagocytic to reparative shift in microglia after CLP
(A) Workflow for microglia enriched Smart-seq2. Tmem119-tdTomato mice were treated with tamoxifen, the mediobasal hypothalamus was microdissected and dissociated, tdTomato positive cells were isolated by fluorescence activated cell sorting, and Smart-seq2 was performed in Sham, CLP1d, and CLP7d groups. N = 3 mice per group. (B) Expression of canonical microglial markers and low expression of macrophage or other cell type markers in the sorted populations. (C) Heatmap of the top 200 differentially expressed genes across Sham, CLP1d, and CLP7d. (D) Z-scored module expression of representative functional gene sets across conditions. (E) Gene Ontology enrichment analysis of CLP7d versus CLP1d differentially expressed genes. (F) Gene Ontology enrichment analysis of CLP7d versus Sham differentially expressed genes. (G) Venn diagrams showing overlap of upregulated and downregulated genes between CLP1d versus Sham and CLP7d versus Sham, with representative genes indicated. (H) Representative ARC immunostaining showing P2RY12 (white), C1qa (red), Iba1 (green), and DAPI (blue) in Sham, CLP1d, and CLP7d. Yellow arrowheads indicate reduced P2RY12 signal and white arrowheads indicate C1qa positive Iba1 positive microglia. Scale bars, 50 μm. (I and J) Quantification of P2RY12 positive Iba1 positive cells (I) and C1qa positive Iba1 positive cells (J) per ARC section. N = 4. (K) Transmission electron microscopy of ARC microglia in Sham, CLP1d, and CLP7d showing lysosomes (Ly), mitochondria (Mit), and rough endoplasmic reticulum (RER). Insets highlight membrane invaginations and small vesicular structures. Scale bars, 0.5 μm. (L) Representative ARC images showing Iba1 (green), Lamp1 (red), and DAPI (blue). Scale bars, 10 μm. (M and N) Quantification of Lamp1 positive vesicle number per microglia (M) and Lamp1 positive area per microglia (N). Data are mean ± SEM. For (I, J, M, N), one-way ANOVA. ns, not significant. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S8. Differential programs of myeloid subclusters in snRNA seq
(A) UMAP feature plots showing module-score overlays for representative marker gene sets across subclusters. (B) GO enrichment analysis for each myeloid subcluster. (C) Volcano plot of DEGs comparing Subcluster 2 with homeostatic Subclusters 0 and 3. (D and E) GO enrichment of DEGs from (C), with upregulated genes (D) and downregulated genes (E). (F) Comparison of Arhgap24 expression across major hypothalamic cell types in CLP versus Sham.

[image: ]
Figure S9. Additional Arhgap24 knockdown assays and in vivo Rac1 or Cdc42 modulation
(A) Immunostaining of BV2 cells showing ARHGAP24 (red), Iba1 (green), and DAPI (blue) under control (CTL) and LPS treated conditions. Scale bar, 10 µm. (B) Quantification of ARHGAP24 puncta per cell in (A). N = 6. (C) CCK-8 assay showing cell viability of shCtrl and sh-Arhgap24 1# BV2 cells at the indicated time points. N = 4. (D, E) BrdU incorporation assay in BV2 cells under the indicated conditions (shCtrl ± LPS; sh-Arhgap24 1# ± LPS), with representative images (D) and quantification of BrdU positive cells (E). Scale bar, 50 µm. N = 4-5. (F, G) Scratch wound assay under the same conditions, with representative images at 0 h and 24 h (F) and quantification of migration distance (G). Scale bar, 100 µm. N = 4-5. (H) Representative Iba1 immunostaining of ARC microglia one day after third ventricle injection of aCSF, AZA1, or CN02 under physiological conditions. Scale bar, 10 µm. (I, J) Sholl analysis and morphology quantification of ARC microglia from (H), including maximal radius and Sholl AUC, total process length, and mean process diameter. N = 3. (K) Immunostaining of ARC sections from CLP1d mice treated with aCSF, AZA1, or CN02 showing Iba1 (green), Lamp1 (red), and DAPI (blue). Scale bar, 10 µm. (L, M) Quantification of Lamp1 positive vesicle number per cell (L) and Lamp1 positive area per cell (M) from (K). N = 3-4. Data are shown as mean ± SEM. (B) Student’s t test. (E, G, J, L-M) one-way ANOVA. (C) two-way ANOVA. ns, not significant; * P < 0.05, ** P < 0.01, *** P < 0.001.
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