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Supplementary Fig. 1. TEM images of EVs derived from embryonic stem cells (ESCs) (left) and mesenchymal stem cells (MSCs) (right). Both ESC- and MSC-derived EVs exhibit the typical cup-shaped morphology characteristic of EVs observed by TEM with uranyl acetate negative staining. Scale bar: 0.5 µm.
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Supplementary Fig. 2. Flow cytometry analysis of EV surface markers and immunogenicity markers in multiple iPSC lines. Classical EV markers CD9, CD63, and CD81 were detected on MSC EVs (blue) and EVs from 6 iPSC lines: 1, red (iPS DF6-9-9T.B); 2, orange (HLA-I/II–knockout iPSC line); 3, purple (NH50191 iPSCs); 4, light brown (hiPSC 2); 5, dark red (hiPSC 23); and 6, dark brown (BSCRC 23F1i3), confirming the presence of these characteristic markers. Immunogenicity markers HLA-ABC and HLA-DR (MHC class I and II molecules, respectively) were minimally expressed on EVs from all tested iPSC lines, indicating a low immunogenic profile. Isotype controls are shown in gray.
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Supplementary Fig. 3. Similar expression of EV markers (CD9, CD63, and CD81) and minimal expression of immunogenicity markers (HLA-ABC and HLA-DR) in EVs derived from iPSCs cultured under static or dynamic conditions. Isotype controls are shown in gray, with static conditions represented by purple and dynamic conditions, orange.




[bookmark: _Hlk192516405]Supplementary Table 1. List of lipid signals identified by NMR spectroscopy, including their corresponding meanings, and approximate chemical shifts in parts per million (ppm). Lipid assignments were based on published studies 1, 2, 3, 4 and the Human Metabolome Database 5. Identified lipids include total cholesterol (TChol), free cholesterol (FChol), various fatty acids (FA, ω3, MUFA, PUFA), phospholipids (PL, PC, PE), and sphingomyelin (SM), among others.

	Label
	Meaning
	Approx ppm

	TChol
	Total cholesterol
	0.63

	FA
	Fatty acid terminal
	0.85

	ω3
	Omega-3 FA
	0.95

	FChol
	Free cholesterol
	1.09

	CH2
	Fatty acid chain
	1.20

	CH2 C4+
	Fatty acid chain C4+
	1.30

	MUFA
	Monounsaturated FA 
	2.01

	Linoleic
	Linoleic acid
	2.02

	PUFA
	Polyunsaturated FA
	2.90

	SM
	Sphingomyelin
	3.19

	Glyc
	Glycerol
	3.5-3.8

	PE
	Phosphatidylethanolamine
	3.64

	PC
	Phosphatidylcholine
	3.66

	PL
	Phospholipid
	3.70
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Supplementary Fig. 4. Upset plot illustrating the intersection of protein components from iPSC- and ESC-derived EVs, previously published MSC-EV datasets (three bottom rows) 6, 7, 8, and the MSC EV proteins sourced from the ExoCarta database 9. The largest intersection (red bars) represents 891 proteins uniquely found in ESC/iPSC EVs, followed by 366 proteins shared between ESC/iPSC EVs and MSC EVs from ExoCarta database. Black bars indicate intersections among MSC-EV datasets or those excluding ESC/iPSC EVs. Each dot and connecting line beneath the bars denote dataset participation in an intersection, with filled dots indicating presence. The right-side bars display the total protein count per dataset, emphasizing both unique and shared EV protein profiles across sources.
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Supplementary Fig. 5. Pathway enrichment analysis of proteins in ESC, iPSC, and MSC EVs.
Proteins shared across all EV types (ESC, iPSC, and MSC) were enriched in pathways related to tissue remodeling, metabolism, and stress adaptation, including epithelial-mesenchymal transition (EMT), MYC targets, mTORC1 signaling, angiogenesis, glycolysis, and IL-2/STAT5 signaling. Proteins uniquely shared between ESC and iPSC EVs were enriched in biosynthetically active and proliferative pathways such as MYC and E2F targets, mTORC1 signaling, and the G2–M checkpoint. In contrast, proteins unique to MSC EVs were enriched in pathways associated with coagulation, IL-6/JAK/STAT3 signaling, complement, EMT, and angiogenesis—reflecting their stromal and regenerative origin. Dot size represents the number of overlapping proteins; color intensity indicates the adjusted –log₁₀(p-value).
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Supplementary Fig. 6. Comparison of surface marker expression (CD133, ROR1, and SSEA-4) on iPSC-derived EVs produced under static or dynamic culture conditions. No significant differences in the expression of these markers were observed between the 2 conditions, confirming that the dynamic culture process preserves the characteristic surface marker profiles of iPSC-derived EVs. Isotype controls are shown in gray; static conditions, in purple; and dynamic conditions, in orange.
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Supplementary Fig. 7. Upset plot comparing the miRNA profiles of iPSC- and ESC-derived EVs from this study with miRNA profiles of MSC EVs from 5 different sources 10, 11, 12, 13, 14. The largest intersection represents miRNAs uniquely present in iPSC- and ESC-derived EVs, highlighting distinct miRNA signatures in these pluripotent stem cell–derived EVs compared to those of MSC EVs. Smaller intersections indicate shared miRNAs across EV types and datasets. 
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 Supplementary Fig. 8. Identification of immune cell populations in mouse draining lymph nodes based on cell-type-specific markers. Violin plots showing expression levels of key cell type–specific markers across identified immune cell populations, confirming the classification of cell types within the lymph node.
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Supplementary Fig. 9. UMAP visualization of immune cells isolated from mouse draining lymph nodes following iPSC EV treatment. (a) UMAP embeddings of cell clusters colored by sample. (b) UMAP embeddings of cell clusters colored by treatment group. UMAP visualization of single-cell transcriptomic data comparing control (blue) and EV-treated (brown) samples. The plot reveals shifts in gene expression profiles across different cell populations, indicating that EV treatment induces distinct transcriptional changes.
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Supplementary Fig. 10. Selective upregulation of IL-2/STAT5-associated genes in CD8+ T cells following iPSC EV treatment. Dot plot showing significantly upregulated genes within the IL-2/STAT5 signaling pathway in CD8+ T cells from draining lymph nodes 5 days after iPSC EV injection. Dot size reflects the –log10 Stouffer-adjusted p-value, and color intensity represents the average log2 fold change (avg_log2FC).
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Supplementary Fig. 11. Hematological and clinical chemistry parameters evaluated in control (Ctrl), hydrogel only (H), and iPSC EV–loaded hydrogel (EV+H) groups at day 1 and day 7 post-injection. Liver function markers (AST, ALT), kidney function markers (BUN, creatinine), and hematological parameters (RBC, WBC, platelets, and monocytes) were measured. No significant differences were observed between the groups across time points, indicating no signs of systemic toxicity induced by the hydrogel or iPSC EV–loaded hydrogel treatment. Bars show means and SDs.
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Supplementary Fig. 12. Single-cell library quality control (QC) features. (a–d) Violin plots showing the distribution of (a) the number of unique genes, (b) total unique molecular identifier (UMI) count, (c) the percentage of mitochondrial genes, and (d) the percentage of ribosomal genes detected per single cell in each sample before quality control filtering. (e–h) Violin plots showing the distribution of (e) the number of unique genes, (f) total UMI count, (g) the percentage of mitochondrial genes, and (h) the percentage of ribosomal genes detected per single cell in each sample after quality control filtering.
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