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[bookmark: OLE_LINK7][image: ] Supplementary Fig. 1. Temporal profile of myelination in the corpus callosum and microglial myelin internalization following BCAS. (A, B) Representative images and quantifications of MAG and MBP staining. Scale bar, 40 μm. (C–G) Representative EM images and quantification showing the myelin thickness, myelinated axons, and g-ratio in the corpus callosum. Scale bar, 2 μm. (H, I) Representative images showing the immunoreactivity of Iba-1, LAMP1, and MBP in the corpus callosum after BCAS. Scale bar, 20 μm for fluorescence; 50 μm for 3D-reconstructed images. (J) Temporal quantification of Iba-1+ cells. (K) Temporal quantification of Iba-1+LAMP1+MBP+ cells. (L, M) Representative images showing staining for Iba-1, Galectin-3, and MBP in the corpus callosum after BCAS. Scale bar, 20 μm for fluorescence; 50 μm for 3D-reconstructed images. (N) Quantitative analysis of the temporal profile of Galectin-3+ microglia. For all quantitative analyses, n = 5 mice per group. Data were presented as mean ± S.D. and compared by one-way ANOVA with Dunnett post hoc test. *P < 0.05, **P < 0.001 vs. Sham.

[image: ]Supplementary Fig. 2. Gating strategy for flow cytometry analysis in vitro. Gating strategy to determine the percentage of myelin-laden astrocytes in vitro.

[bookmark: _Hlk215151099][image: ]Supplementary Fig. 3. Gating strategy for flow cytometry analysis in vivo. Gating strategy used to determine the percentages of GFAP+ astrocytes expressing Cav-1 and GFAP+Cav-1+ astrocytes co-expressing MBP in vivo.


[image: ]Supplementary Fig. 4. Analysis of myelin debris internalization in WT and Cav-1-deficient primary astrocytes. (A) Experimental flowchart for astrocyte-mediated myelin internalization in vitro. Created in BioRender. Wu, M. (2026) https://BioRender.com/kwtojmt (License Agreement #: JH29YLZ63Q). (B, C) Flow cytometry analysis of the astrocytic engulfment of myelin debris (n = 5 independent primary cell cultures). (D, E) Representative images and quantitative analysis of myelin debris uptake by WT and Cav-1-/- primary astrocytes (n = 5 independent primary cell cultures). Scale bar, 20 μm. All data were shown as mean ± S.D. and compared by two-way ANOVA with Sidak post hoc test. **P < 0.001 or ns above horizontal brackets indicate the comparisons between the connected groups. ns, not significant.


[image: ] Supplementary Fig. 5. Flow cytometry analysis to determine the Cav-1 knockout efficiency. (A, B) Flow cytometry and quantitative analysis of the Cav-1 knockout efficiency (n = 4 mice per group). Data were presented as mean ± S.D. and compared by unpaired t-test. **P < 0.001 vs. WT Sham.

[image: ] Supplementary Fig. 6. Interaction between Cav-1 and CTSD. (A) Representative images showing the combination of CTSD with Cav-1 after BCAS. Scale bar, 20 μm for fluorescence; 50 μm for 3D-reconstructed images. (B) Quantification of the relative area of CTSD with Cav-1. (C) The colocalization of CTSD with Cav-1 in vitro. Scale bar, 20 μm. (D) Quantification of the relative area of CTSD with Cav-1. n = 5 mice per group for panels (A, B), and n = 5 independent primary cell cultures per group for panels (C, D). Data were presented as mean ± S.D. and compared by unpaired or paired t-test. **P < 0.001 vs. WT Sham or WT Control.


[image: ]
Supplementary Fig. 7. Graphical abstract of the Cav-1–CTSD trafficking axis in chronic ischemia-induced white matter injury. Chronic ischemia increases Cav-1 expression and alters proCTSD trafficking, shifting it away from lysosomal maturation toward extracellular secretion. This impairs lysosomal proteolysis, leading to myelin debris accumulation, inflammatory activation, and white matter injury. Created in BioRender. Wu, M. (2026) https://BioRender.com/3gulij1 (License Agreement #: OE29Z18E23).



Supplementary Table 1. Primary and secondary antibodies used in this study.
	Type of antibody
	Commercial Source
	Catalog Number
	Dilution

	Anti-GFAP 
	Invitrogen
	eFluor® 660, 50-9892-80, RRID: AB_2574407
	1:200 for FC

	Anti-MBP
	Sigma-Aldrich
	M3821, RRID: AB_1841021
	1:200 for FC

	Anti-Cav-1
	Proteintech
	CL488-66067, RRID: AB_2883249
	1:500 for FC

	R-PE-conjugated Goat Anti-Rabbit IgG(H+L)
	Proteintech
	SA00008-2, RRID: AB_2890954
	1:500 for FC

	Anti-GFAP
	Abcam
	ab53554, RRID: AB_880202
	1:300 for IF

	Anti-GFAP
	Abcam
	ab7260, RRID: AB_305808
	1:300 for IF

	Anti-GFAP
	Cell Signaling Technology
	3670, RRID: AB_561049
	1:300 for IF

	Anti-Galectin-3 
	Abcam
	ab2785, RRID: AB_303298
	1:300 for IF

	Anti-LAMP1
	R&D Systems
	AF4320, RRID: AB_2296826
	1:300 for IF

	Anti-MBP
	Abcam
	ab40390, RRID: AB_1141521
	1:300 for IF; 1:1000 for WB

	Anti-MBP
	Santa Cruz Biotechnology
	SC-271524, RRID: AB_10655672
	1:300 for IF

	Anti-MAG
	Abcam
	ab89780, RRID: AB_2042411
	1:200 for IF

	Anti-Iba-1
	Wako
	019-19741, RRID: AB_839504
	1:200 for IF

	Anti-Iba-1
	Novus Biologicals
	nb100-1028, RRID: AB_3148646
	1:200 for IF

	Anti-Cav-1
	Abcam
	ab2910, RRID: AB_303405
	1:300 for IF; 1:1000 for WB

	Anti-Cav-1
	Santa Cruz Biotechnology
	SC-53564, RRID: AB_628859
	1:200 for IF

	Anti-CTSD
	Abcam
	ab75852, RRID: AB_1523267
	1:300 for IF; 1:1000 for WB

	Anti-CTSD
	R&D Systems
	AF1029, RRID: AB_2087094
	1:300 for IF

	Anti-Rab5
	Cell Signaling Technology
	3547, RRID: AB_2300649
	1:200 for IF

	Anti-Rab7
	Cell Signaling Technology
	9367, RRID: AB_1904103
	1:200 for IF

	Anti-Rab27a
	Cell Signaling Technology
	69295, RRID: AB_2799759
	1:200 for IF

	Anti-Myc
	Cell Signaling Technology
	2276, RRID: AB_331783
	1:1000 for WB

	Anti-Fag 
	MilliporeSigma
	F7425, RRID: AB_439687
	1:1000 for WB

	Anti-β-actin 
	Cell Signaling Technology
	8457, RRID: AB_10950489
	1:1000 for WB

	Alexa Fluor 594-AffiniPure Donkey Anti-Goat IgG (H+L)
	Jackson
	705-585-003, RRID: AB_2340432
	1:400 for IF

	Alexa Fluor 488-AffiniPure Donkey Anti-Goat IgG (H+L)
	Jackson
	705-545-003, RRID: AB_2340428
	1:400 for IF

	Alexa Fluor 647-AffiniPure Donkey Anti-Goat IgG (H+L)
	Jackson
	705-605-003, RRID: AB_2340436
	1:400 for IF

	Alexa Fluor 594-AffiniPure Donkey Anti-Mouse IgG (H+L)
	Jackson
	715-585-150, RRID: AB_2340854
	1:400 for IF

	Alexa Fluor 488-AffiniPure Donkey Anti-Mouse IgG (H+L)
	Jackson
	715-545-150, RRID: AB_2340846
	1:400 for IF

	Alexa Fluor 647-AffiniPure Donkey Anti-Mouse IgG (H+L)
	Jackson
	715-605-150, RRID: AB_2340862
	1:400 for IF

	Alexa Fluor 594-AffiniPure Donkey Anti-Rabbit IgG (H+L)
	Jackson
	711-585-152, RRID: AB_2340621
	1:400 for IF

	Alexa Fluor 488-AffiniPure Donkey Anti-Rabbit IgG (H+L)
	Jackson
	711-545-152, RRID: AB_2313584
	1:400 for IF

	Alexa Fluor 647-AffiniPure Donkey Anti-Rabbit IgG (H+L)
	Jackson
	711-605-152, RRID: AB_2492288
	1:400 for IF

	Anti-Mouse IgG, HRP-linked
	Cell Signaling Technology
	7076S, RRID: AB_330924
	1:5000 for WB

	Anti-Rabbit IgG, HRP-linked
	Cell Signaling Technology
	7074S, RRID: AB_2099233
	1:5000 for WB



Supplementary Table 2. Primers used for RT-qPCR of mouse genes.
	Primer
	Forward primer (5–3’)
	Reverse primer (3–5’)

	[bookmark: _Hlk236295761]Cav-1
	GAAGGGACACACAGTTTCG
	AGGAAGGAGAGAATGGCAA

	Ccl2
	CAGTTAACGCCCCACTCACC
	ATTCCTTCTTGGGGTCAGCA

	Ccl3
	TGTACCATGACACTCTGCAAC
	CAACGATGAATTGGCGTGGAA

	Ccl5
	TTTGCCTACCTCTCCCTCG
	CGACTGCAAGATTGGAGCACT

	Cxcl1
	TGGCTGGGATTCACCTCAAG
	CCGTTACTTGGGGACACCTT

	Cxcl2
	GCTGTCCCTCAACGGAAGAA
	CAGGTACGATCCAGGCTTCC

	Cxcl10
	CCAAGTGCTGCCGTCATTTTC
	GGCTCGCAGGGATGATTTCAA

	Tnf-α
	CGGGCAGGTCTACTTTGGAG
	ACCCTGAGCCATAATCCCCT

	Icam-1
	GGTGGACCTTCAGCCAAGAA
	TCTCAGCTTTCCTGTGTCGG

	Gapdh
	AACTTTGGCATTGTGGAAGGG
	GACACATTGGGGGTAGGAACA





[bookmark: OLE_LINK1]Supplementary Table 3. Representative human differentially expressed genes underlying the astrocyte pathway/module score changes in Fig. 4D–F.
	Gene
	p_val
	avg_log2FC
	pct.1
	pct.2
	p_val_adj

	Caveolin-mediated endocytosis (GO:0072584)

	ITSN1
	1.868e-14
	0.544
	0.685
	0.619
	4.986e-10

	NEDD4L
	1.812e-09
	0.730
	0.574
	0.532
	4.851e-05

	MLC1
	6.579e-08
	0.299
	0.487
	0.403
	0.002

	Lysosome localization (GO:0032418)

	KIT
	1.802e-68
	-2.237
	0.054
	0.225
	4.812e-64

	LYN
	3.350e-62
	3.380
	0.247
	0.032
	8.945e-58

	MYH9
	3.642e-57
	1.543
	0.443
	0.205
	9.724e-53

	SYTL4
	1.951e-46
	-0.758
	0.384
	0.619
	5.209e-42

	Lysosomal lumen acidification (GO:0007042)

	ATP6V0A1
	2.298e-24
	0.839
	0.490
	0.343
	6.136e-20

	ATP6V0B
	8.869e-07
	0.299
	0.140
	0.085
	0.024

	ATP6V1H
	1.317e-06
	0.257
	0.472
	0.403
	0.035

	ATP6V1A
	1.522e-06
	0.459
	0.304
	0.237
	0.041


Note: Representative significantly altered genes were identified from astrocyte differential expression analysis (VaD patients vs. control) and filtered by membership in the corresponding GO gene sets.
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