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	Figure s1: Identification of ADSC-EVs
a: Representative Western blot images of EVs biomarkers (CD81, CD9, Alix) and Calnexin in ADSCs and ADSC-EVs. b: Representative images of NTA showed that ADSC-EVs particle sizes are predominantly within the range of 50-200 nm. c: Representative image of electron microscopy showed the bilayer vesicle structure of ADSC-EVs.
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	Figure s2. Long-term efficacy evaluation of intranasal ADSC‑EVs administration. 
a: mNSS scores in the MCAO and ADSC‑EVs groups over the 28‑day observation period. b-c: Wire hanging scores and Time hanging scores in the wire hanging test. d: Latency to fall in the rotarod test. For each panel, both scatter plots (individual animal data points) and line graphs (mean values over time) are presented separately to illustrate the distribution and temporal trends for the MCAO and ADSC‑EVs groups. n≧9/group,*p<0.05,**p<0.01,***p<0.001.
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	Figure s3: Effects of intranasal administration of ADSC-EVs on learning and memory function after IS
a: Schematic diagram of swimming trajectory. b: Frequency analysis, Latency to first analysis and Cumulative duration analysis of MWM tests in Sham, MCAO and ADSC-EVs-treated groups at 7 days after MCAO. n≧15/group,*p<0.05, ns p>0.05. c: Max Alternations analysis of Y maze tests in Sham, MCAO and ADSC-EVs-treated group at 7 days after MCAO. n≧15/group. d: Entries in open arms, Entries in closed arms, Times in open arms and Times in closed arms of Elevated Plus Maze tests in  Sham, MCAO and ADSC-EVs-treated group at 7 days after MCAO. n≧5/group. 
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	Figure s4: ADSC-EVs are taken up by brain cells upon intranasal administration
a: Representative in vivo images of DiR-labeled ADSC-EVs in the brains of MCAO mice at 3, 5, and 7 days by intranasal administration. b: Representative confocal 3D images showing colocalization of PKH67-labeled PBS with IBA1/NeuN in SHAM mice. c: Representative confocal 3D and 2D images showing colocalization of PKH67-labeled ADSC-EVs with GFAP in SHAM mice. Scale bar, 10 μm. d: Confocal panoramic scans showing PKH-labeled ADSC-EVs colocalizing with IBA1 in distinct brain regions of IS mice. Scale bar, 10 μm. e: Confocal panoramic scans showing PKH-labeled ADSC-EVs colocalizing with IBA1 in distinct brain regions of IS mice. Scale bar, 10 μm. f: Confocal panoramic scans showing PKH-labeled ADSC-EVs colocalizing with NeuN in distinct brain regions of IS mice. Scale bar, 10 μm.
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	Figure s5. Effects of ADSC‑EVs on the expression of the M2 marker Arg‑1 in vitro and in vivo. 
a: Representative immunofluorescence images showing colocalization of IBA1 (green) and Arg‑1 (red) in primary microglia following LPS stimulation with or without ADSC‑EVs treatment. Scale bar: 10 μm. b: Quantification of Arg‑1 mean fluorescence intensity per cell area (analyzed using Leica confocal software) and qRT‑PCR analysis of Arg‑1 mRNA expression in microglia from the Control, LPS, and ADSC‑EVs groups. c: qRT‑PCR analysis of Arg‑1 mRNA expression in brain tissues from the SHAM, MCAO, and ADSC‑EVs groups. *p<0.05, **p<0.01, ***p<0.001.
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	Figure s6: Screening for functional miRNAs in ADSC-EVs
a-d: The mRNA expression of CD86, iNOS, IL-1β and TNF-α in BV2 cells of NC, LPS, miR-21-5p mimics and LPS+miR-21-5p mimics groups detecting by qRT-PCR. e: The mRNA expression of miR-221-3p in mice brain tissues of SHAM and MCAO groups detecting by qRT-PCR. f: Schematic diagram of the experimental protocol for intranasal delivery of agomiRmiR-221-3p in vivo. g: Representative co-localization immunofluorescence images of IBA1 (green) and CY3-labeled agomiR-221 (violet). Scale bar, 50 μm. h: The mRNA expression of CD86, iNOS, IL-1β, IL-6/ CD11b, iNOS, IL-1β, IL-6 in BV2 cells of NC, LPS, miR-23a-3p mimics/miR-100-5p mimics and LPS+miR-23a-3p mimics/miR-100-5p mimics groups detecting by qRT-PCR. *p<0.05, ***p<0.001.
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	Figure s7: Engineered ADSC-EVs suppressed microglia activation in vitro and promoted functional behavioral recovery in vivo
a: Illustration of engineered ADSC-EVs extraction methods. Figure created with biorender.com. b: The mRNA expression of miR-221-3p of ADSC-EVNC and ADSC-EVmiR-221-3p groups detecting by qRT-PCR. ***p<0.001. c-d: The mRNA expression of CD11b and IL-1β in BV2 cells of Control, LPS, LPS+ADSC-EVNC and LPS+ADSC-EVmiR-221-3p mimics groups detecting by qRT-PCR. **p<0.01, ***p<0.001. e: Diagram showing the setup of an indirect co-culture system for microglia and neurons. Figure created with biorender.com. f: Experimental flowchart for evaluating the efficacy of ADSC-EVs and engineered ADSC-EVs (40μg) in IS mice. g: Wire hanging scores and Time hanging of wire hanging tests of MCAO, ADSC-EVsNC and ADSC-EVsmiR-221-3p groups at 7 days after MCAO. N=5/group, *p<0.05, **p<0.01. h: Latency to fall(s) and Falling speed of rotarod tests of MCAO, ADSC-EVsNC and ADSC-EVsmiR-221-3p groups at 7 days after MCAO. N=5/group, **p<0.01.
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	Figure s8. Determination of the minimum effective dose and safety evaluation of engineered ADSC‑EVs. 
a–e: MCAO mice received a single intranasal dose of 5µg, 15µg, or 25µg of engineered ADSC‑EVs, and therapeutic efficacy was assessed using the mNSS score, rotarod test, wire hanging test, and adhesive removal test. f: Body weight changes in wild‑type mice from day 1 to day 28 following repeated intranasal administration of engineered ADSC‑EVs or PBS. g: qRT‑PCR analysis of pro‑inflammatory cytokine expression (IL‑6, IL‑1β, TNF‑α, and IL‑1α) in brain tissues at day 28. h: H&E staining of major organs (brain, heart, liver, spleen, lung, and kidney) at day 28 to evaluate histopathological changes. i–k: Serum biochemical markers of liver and kidney function and complete blood counts at day 28. l: ELISA analysis of serum IL‑6 and TNF‑α levels at day 28. *p<0.05, **p<0.01, ***p<0.001, ns p>0.05.
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	Figure s9. Effects of IKKβ overexpression on the NF‑κB signaling pathway and microglial M1 polarization. 
a: Representative image of BV2 cells transfected with a GFP‑tagged constitutively active IKKβ mutant. Scale bar, 10 μm. b: Western blot and quantification analysis of IKKβ protein expression in BV2 cells transfected with the IKKβ mutant, stimulated with LPS, and treated with engineered EVs. c, d: Western blot and quantification analysis of downstream NF‑κB pathway proteins (IκBα, NF‑κB, and p‑NF‑κB) and the M1 microglial marker iNOS. *p<0.05, **p<0.01, ***p<0.001.
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	[bookmark: _Hlk195456337]Gene name
	Forward primer (5＇－3＇)
	Reverse primer (5＇－3＇)

	Mus-Gapdh
	GAAGGGTGGAGCCAAAAGGG
	GTGGTCATGAGCCCTTCCAC

	Mus-Cd68
	ACTTCGGGCCATGTTTCTCT
	GGGGCTGGTAGGTTGATTGT

	Mus-Cd11b
	CTTTGGGAACCTCCGACCAG
	CACCAAAGTGTCCAAGCCCA

	Mus-Cd86
	ATGGACCCCAGATGCACCAT
	CCTTTGTAAATGGGCACGGC

	Mus-Inos
	CCTGCTTTGTGCGAAGTGTC
	CCCAAACACCAAGCTCATGC

	Mus-Il-6
	CACTTCACAAGTCGGAGGCT
	CTGCAAGTGCATCATCGTTGT

	Mus-Il-1β
	GTGTCTTTCCCGTGGACCTT
	AATGGGAACGTCACACACCA

	Mus-Tnf-α
	TAGCCCACGTCGTAGCAAAC
	ACAAGGTACAACCCATCGGC

	Mus-Il-1α
	CGCTTGAGTCGGCAAAGAAAT
	CTTCCCGTTGCTTGACGTTG

	Mus-Arg-1
	GTACATTGGCTTGCGAGACG
	ATCGGCCTTTTCTTCCTTCCC

	hsa-miR-221-3p
	CGCGAGCTACATTGTCTGCTG
	AGTGCAGGGTCCGAGGTATT

	hsa-miR-221-3p
(stem-loop)
	5＇－GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAAACC－3＇
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