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[bookmark: _Hlk114217244]Figure S1. Production and characterization of IL2-sEVs and gating strategy of flow cytometry analysis for Treg cells. (AC) Production and characterization of IL2-sEVs. (A) At day 3 post-lentiviral infection, the mRNA levels of IL2 in non-infected Jurkat T cells (Jurkat) and IL2-tethered Jurkat T cells (Jurkat-IL2) were measured using qRT-PCR (n = 3). (B) Flow cytometry analysis (left) and fluorescence image (right) of Jurkat and Jurkat-IL2 at day 3 post-lentiviral infection. Infected cells were detected with Flag (left) and mCherry (right, red fluorescence) tags. Scale bars, 50 μm. (C) Flow cytometry analysis of mCherry-fused IL2 expression on Jurkat T cells. To compare to surface marker expression of non-infected Jurkat T cells (Con), that of pre-sorted (Before) and post-sorted (After) IL2-tethered cells are denoted by graphs in grey and red, respectively. (D) Increase in sEV secretion from Jurkat T cells by IL2-tethering. Left: the number of sEV particles (n = 6). Right: representative NTA images of sEVs. (E) sEV markers were analyzed using western blotting of total lysates of Jurkat T cells or IL2-tethered Jurkat T cells and their sEVs, respectively. (F) STAT5-dependent secreted alkaline phosphatase (SEAP) reporter assay in IL2 reporter (HEK-blue-IL2) cells was performed after treatment with PBS (Con), rhIL2 (0.1 or 1 ng), sEVs (5 μg), or IL2-sEVs (5 μg) (n = 36). (G) Dose-dependency of sEV or IL2-sEV-induced-SEAP activities (n = 3). (H) Expansion of CD4+, CD25+, CD127dim regulatory T (Treg) cells from human peripheral blood mononuclear cells (PBMCs) after treatment with PBS, sEVs (10 μg), IL2-sEVs (10 μg), or rhIL2 (200 IU) was measured using flow cytometry (n = 4). Data represent mean ± SEM. ****p < 0.0001 using the Student’s t-test in (A) and (D), and in comparison among groups using one-way ANOVA combined with the post-hoc Dunnett test for (F).


[image: ]Figure S2. Regulation of activity of CD8+ T cells by IL2-sEVs. (A) Programmed cell death protein-1 (PD-1) and (B) cytotoxic T lymphocyte associated antigen (CTLA)-4 expression levels in CD8+ T cells were determined using flow cytometry analysis.


[image: ]Figure S3. Analysis of enriched internal contents of IL2-sEVs. (A) Heat map of protein profile in sEVs and IL2-sEVs using proteomic analysis. Each experiment was performed three times and all measurements were averaged. (B and C) Heat maps were generated from miRNA-sequencing (miRseq) in terms of (B) immune stimulation and (C) tumor suppression. Each experiment was performed twice, and all measurements were averaged. (D and E) qRT-PCR analysis showed that the expression levels of two representative miRNAs (D) miR-181a-3p and (E) miR-223-3p of IL2-sEVs are approximately 10-fold higher than those in sEVs (n = 3). Data represent mean ± SEM. **p < 0.01 using the Student’s t-test for both (D) and (E).


[image: ]Figure S4. Effect of miRNAs within IL2-sEVs on T cell functions. (AE) mRNA expression of the (A) ki-67, (B) ifnγ, (C) perforin, (D) gzmb and (E) pd-1 in human primary CD8+ T cells 24 h post-transfection with each indicated miRNA (n = 4). (F) Expression levels of activation markers of miRNA-transfected Treg cells were determined using flow cytometry. Data represent mean ± SEM. *p < 0.05 in comparison among indicated groups using one-way ANOVA combined with the post-hoc Dunnett test for (AE).
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[bookmark: _Hlk90387361][bookmark: _Hlk90386912]Figure S5. Effect of intratumoral administration of IL2-sEVs in melanoma syngeneic and xenograft mouse models. (A) Representative images (left) and bar graphs (right) of B16F10-lug-g5 cells in each group (treatment with PBS, sEVs, IL2-sEVs, or rhIL2) using an in vivo imaging system (n = 57 mice/group). (B) Quantification of spleen size (right) in each group (n = 57 mice/group). (C) Flow cytometry analysis of splenic T cell population in each group (n = 5 mice/group). (D) IHC analysis of the tumor tissues of each group showed infiltration of pan T cells (CD3ε). Scale bars, 100 μm. (E) Representative IHC images of Rab27a (green) and PD-L1 (red) expression in the tumor tissues. Scale bars, 100 μm. (F) Gating strategy for the isolation of sEVs using alignment beads in flow cytometry. (G) The expression level of plasma ePD-L1 in each group was determined using flow cytometry. (H) Schematic diagram (top) and tumor volumes of xenografts in CAnN.Cg-Foxn1nu/Crl mice (n = 6 mice/group) (bottom; mean ± SEM). (I) Weight of excised tumors from each group (n = 6 mice/group). Data represent mean ± SEM. *p < 0.05, **p < 0.01, and ns, not significant in comparison among different groups using KruskalWallis with post-hoc Dunn’s nonparametric test for (AC) and (I) in comparison among different groups using two-way ANOVA combined with the post-hoc Tukey for (H).

[image: ]Figure S6. Effect of intravenous administration of IL2-sEVs in a melanoma syngeneic mouse model. (A and B) Mice were injected subcutaneously with B16F10-luc-g5 cells. Five days after cancer cell injection, IL2-sEVs (100 μg) were administered via the tail vein. (A) The therapeutic design (top) and tumor volumes of allografts in WT C57BL/6 mice (n = 56 mice/group, bottom: mean ± SEM, right-bottom: individual groups). (B) Weight of excised tumors from each group (n = 56 mice/group). Data represent mean ± SEM. *p < 0.05 using the Student’s t-test for (A and B).


Table S1. Top analysis-ready molecules in sEVs
	Top analysis-ready molecules (sEVs vs IL2-sEVs)

	Protein name
	Expression
value
	sEVs
	IL2-sEVs
	Log2Fold
(Normalized)

	Beta-1,4-galactosyltransferase 1
	6.048
	1.5
	105.5
	6.0

	Actin-related protein 2/3 complex subunit 2
	6
	0.5
	34
	6.0

	EH domain-containing protein 1
	5.866
	0.5
	31
	5.9

	Golgi reassembly-stacking protein 2
	5.719
	1
	56
	5.7

	Ras GTPase-activating-like protein
	5.667
	0.5
	27
	5.7

	Staphylococcal nuclease domain-containing protein 1
	5.613
	0.5
	26
	5.6

	Unconventional myosin-Ig
	5.436
	0.5
	23
	5.4

	Bestrophin-2
	-6.564
	89
	1
	-6.6

	T-complex protein 1 subunit alpha
	-5.611
	23
	0.5
	-5.6

	Histone H4
	-5.323
	113
	3
	-5.3

	Moesin
	-5.297
	37
	1
	-5.3

	Prefoldin subunit 2
	-5.196
	34.5
	1
	-5.2

	HAUS augmin-like complex subunit 8
	-5.175
	34
	1
	-5.2





Table S2. Top diseases and biofunctions of proteins in sEVs
	sEVs vs IL2-sEVs
	Name
	P-value range
	Molecules

	Diseases and disorders
	Cancer
	3.03E-10 - 1.01E-91
	1908

	
	Organismal injury and abnormalities
	3.14E-10 - 1.01E-91
	1930

	
	Infectious diseases
	2.60E-12 - 1.10E-79
	496

	
	Endocrine system disorders
	5.04E-11 - 4.52E-78
	1549

	
	Tumor morphology
	3.91E-37 - 3.51E-63
	162

	Molecular and cellular functions
	RNA post-transcriptional modification
	8.58E-21 - 7.26E-90
	304

	
	Protein synthesis
	2.16E-12 - 3.60E-74
	456

	
	Cell death and survival
	2.46E-10 - 2.55E-71
	910

	
	RNA damage and repair
	8.37E-20 - 5.14E-60
	192

	
	Cellular compromise
	4.40E-50 - 4.03E-54
	217

	Physiological system development and function
	Organismal survival
	2.17E-12 - 1.27E-31
	549

	
	Connective tissue development and function
	1.09E-11 - 1.77E-16
	146

	
	Hematological system development and function
	1.66E-10 - 4.13E-14
	270

	
	Lymphoid tissue structure and development
	6.60E-11 - 4.13E-14
	184

	
	Immune cell trafficking
	4.44E-11 - 9.81E-13
	184





Table S3. Incidence of extrapulmonary metastasis in pulmonary metastatic mice model after IL2-sEV treatment
	Incidence of metastasis
	Liver
	Bone
	Lymph nodes
	Kidney

	Control
	7/8 [87.5%]
	5/8 [62.5%]
	2/8 [25.0%]
	2/8 [25.0%]

	sEVs
	7/8 [87.5%)
	1/8 [12.5%]
	2/8 [25.0%]
	5/8 [62.5%]

	IL2-sEVs
	1/8 [12.5%)
	1/8 [12.5%]
	0/8 [0%]
	2/8 [25.0%]





Table S4. List of antibodies used
	Target antigen
	Isotype
	Dilution
	Source
	Application

	Alix
	Mouse IgG1
	1:1,000
	Abcam (ab117600)
	WBa)

	-actin
	Rabbit IgG
	1:2,000
	Cell Signaling (4970)
	WBa)

	CD9
	Rabbit IgG
	1:500
	Abcam (ab223052)
	WBa)

	Flag
	Mouse IgG1
	1:500 (E, F)
1:1,000 (WB)
	CST (8146)
	WBa), Eb), Fc)

	HSP70
	Mouse IgG1
	1:1,000
	Abcam (ab2787)
	WBa)

	PD-1
	Mouse IgG1
	1:100
	Abcam (ab95791)
	Fc)

	PD-1
	Rabbit IgG
	1:100
	CST (86163)
	Fc)

	PD-L1
	Mouse IgG2
	1:500 (E, F)
1:1,000 (WB)
	Abcam (ab210931)
	WBa), Eb), Fc)

	PD-L1
	Rabbit IgG
	1:200
	CST (13684)
	IHC-Pd), IHC-Fe)

	PD-L1
	Rat IgG2b
	100 µg/each
	Bio X Cell (BE0101)
	ITf)

	Rab5
	Rabbit IgG
	1:1,000
	Abcam (ab18211)
	WBa)

	Rab7
	Mouse IgG1
	1:1,000
	Abcam (ab50533)
	WBa)

	Rab27a
	Mouse IgG1
	1:200 (F)
1:1,000 (WB)
	Abcam (ab55667)
	WBa), Fc)

	TSG-101
	Rabbit IgG
	1:1,000
	Abcam (ab30871)
	WBa)

	CD3
	Mouse IgG1
	1:100
	Miltenyi biotec (130-113-697, 130-102-496)
	Fc), Mg)

	CD3
	Rabbit IgG
	1:100
	Abcam (ab32186)
	IHC-Pd)

	CD3
	Rabbit IgG
	1:100
	CST (99940)
	IHC-Pd)

	CD4
	Rat IgG2a
	1:80
	CST (26589)
	Fc)

	CD4
	Mouse IgG1
	1:100
	Novusbio (NBP2-25199)
	IHC-Pd)

	CD4
	Rabbit IgG
	1:200
	CST (25229)
	IHC-Pd)

	CD4
	Mouse IgG1
	1:50
	Miltenyi biotec (130-113-815)
	Mg)

	CD8
	Rabbit IgG
	1:200
	CST (98941)
	IHC-Pd)

	CD11c
	Rabbit IgG
	1:200
	CST (97585)
	IHC-Pd)

	CD25
	Mouse IgG1
	1:10
	Miltenyi biotec (130-124-029)
	Mg)

	CD45
	Rat IgG2a
	1:100
	CST (60943)
	Fc)

	CD63
	Rat IgG2a
	1:100
	Biotechne (MAB5417)
	IHC-Fe)

	CD63
	Rabbit IgG
	1:500 (E)
1:100 (F)
	Fisher scientific (50-198-3592)
	Eb), Fc)

	CD63
	Rabbit IgG
	1:1,000
	Abcam (ab68418)
	WBa)

	CD127
	Mouse IgG1
	1:50
	Biotechne (130-113-972)
	Mg)

	CTLA-4
	Rabbit IgG
	1:200
	Abcam (ab237712)
	Fc)

	F4/80
	Rabbit IgG
	1:200
	CST (70076)
	IHC-Pd)

	FoxP3
	Rabbit IgG
	1:200
	CST (12653)
	IHC-Pd)

	IFN
	Rat IgG2a
	1:500
	CST (49151)
	Fc)

	IL2
	Rat IgG2a
	2 μg/ml
	Invitrogen (JES6-5H4)
	Eb), Fc), Nh)

	Ki-67
	Rabbit IgG
	1:500
	Abcam (ab16667)
	Fc)

	Ki-67
	Rabbit IgG
	1:100
	CST (11882)
	Fc)

	TGF
	Mouse IgG1
	1:100
	Abcam (ab190503)
	Fc)

	anti-mouse IgG-HRP
	Mouse IgG1
	1:1,000 (E, WB)
1:500 (IHC-P)
	CST (7076)
	WBa), Eb), IHC-Pd)

	anti-mouse IgG-Alexa Fluor 350
	
	1:500
	Invitrogen (A-11045)
	Fc)

	anti-mouse IgG-Alexa Fluor 488
	
	1:500
	Invitrogen (A-11001)
	Fc), IHC-Fe), IFi)

	anti-mouse IgG H&L (10nM Gold)
	
	1:100
	Abcam (ab27241)
	Tj)

	anti-rabbit IgG-HRP
	Rabbit IgG
	1:1,000 (WB)
1:500 (IHC-P)
	CST (7074)
	WBa), IHC-Pd)

	anti-rabbit IgG-Alexa Fluor 488
	
	1:200
	Invitrogen (A-11008)
	Fc), IFi)

	anti-rabbit IgG-Alexa Fluor 594
	
	1:500
	Invitrogen (A-11012)
	Fc), IHC-Fe), IFi)

	anti-rat IgG-HRP
	
	
	CST (7077)
	Eb)

	Mouse IgG1
	
	
	Abcam (ab91353)
	Ck)

	Rabbit IgG
	
	
	Abcam (ab172730)
	Ck)

	Rat IgG2a, 
	
	
	Abcam (ab18450)
	Ck)

	Rat IgG2b
	
	100 µg/each
	Bio X Cell (BE0090)
	ITf)


a)WB: Western blot; b)E: Enzyme-linked immunosorbent assay; c)F: Flow cytometry; d)IHC-P: Immunochemistry paraffin section; e)IHC-F: Immunochemistry frozen section; f)IT: In vivo treatment; g)M: Manual ability classification system; h)N: Neutralizing; i)IF: Immunofluorescence; j)T: Transmission electron microscopy; k)C: Isotype control


Table S5. List of primers used in qRT-PCR and their sequences
	Gene
	Forward (5 to 3)
	Reverse (5 to 3)

	gapdh
	Hu: gaatttggctacagcaacaga)
Mo: tcaccaccatggagaaggcb)
	Hu: tgagggtctctctcttcctca)
Mo: gctaagcagttggtggtgcab)

	grzmb
	Hu: agtctctgaagaggtgcggta)
Mo: ctactgctgaccttgtctctb)
	Hu: ttatggagcttccccaacagtga)
Mo: aaagtaaggccatgtagggtb)

	ifn
	Hu: ctgttactgccaggacccata)
Mo: gacaatgaacgctacacactb)
	Hu: tctgtcactctcctctttccaaa)
Mo: taggctttcaatgactgtgcb)

	il2
	Hu: agacccagggacttaatcaga)
	Hu: acaatggttgctgtctcatca)

	ki-67
	Hu: catcaaggaacagcctcaacca)
	Hu: gacctacggcgttgatcacta)

	pd-1
	Hu: gggcgtgacttccacatgaa)
Mo: agaatcttggagacctcaacb)
	Hu: ttctgcccttctctctgtcaca)
Mo: atacccactagggcactcatb)

	pd-l1
	Hu: ggtcatcccagaactacctca)
Mo: tgctgggtgctgatattgacab)
	Hu: acggaagatgaatgtcagtga)
Mo: ttcagtgcattctctgcggtb)

	rab5
	Hu: gcatgggtccctctcactaaa)
Mo: tctgctgttggcaaatcaagb)
	Hu: gtggagaaatgggctggttaa)
Mo: tctcgcaaaggattcctcatb)

	rab7
	Hu: ccctgtttggattgcagagta)
Mo: ggccttctacagaggtgcagb)
	Hu: tgacaatcaacgttttggaaa)
Mo: tctttgtggccacttgtctgb)

	rab27a
	Hu: tgggagattctggagtcggga)
Mo: ttcctgcttctgttcgacctb)
	Hu: cacaccgagagactggaacca)
Mo: tttcactgccctctggtcttb)

	perforin
	Hu: gtgccgcttctacagtttcca)
Mo: tttcgcctggtacaaaaaccb)
	Hu: aagagggcttcttttctttagcaata)
Mo: agggctgctaggaccgagatb)

	ctla-4
	Mo: ggactccggaggtacaaagcb)
	Mo: ttgggtcacctgtatggcttcb)


a)Hu: Human; b)Mo: Mouse


Table S6. List of miRNA mimics and their sequences
	miRNA
	Universal sequences (5 to 3)

	hsa-miR-10a-5p
	uacccuguagauccgaauuugug

	hsa-miR-17-5p
	caaagugcuuacagugcagguag

	hsa-miR-29a-3p
	uagcaccaucugaaaucgguua

	hsa-miR-92a-1-5p
	agguugggaucgguugcaaugcu

	hsa-miR-101-3p
	uacaguacugugauaacugaa

	hsa-miR-125a-5p
	ucccugagacccuuuaaccuguga

	hsa-miR-146a-5p
	ugagaacugaauuccauggguu

	hsa-miR-150-5p
	ucucccaacccuuguaccagug

	hsa-miR-181a-3p
	accaucgaccguugauuguacc

	hsa-miR-200c-3p
	uaauacugccggguaaugaugga

	hsa-miR-223-3p
	ugucaguuugucaaauacccca

	hsa-miR-619-5p
	gcugggauuacaggcaugagcc

	hsa-miR-1246
	aauggauuuuuggagcagg

	hsa-miR-1285-5p
	gaucucacuuuguugcccagg

	hsa-miR-1908-5p
	cggcggggacggcgauugguc

	hsa-miR-1972
	ucaggccaggcacaguggcuca

	hsa-miR-3138
	uguggacagugagguagagggagu

	hsa-miR-3182
	gcuucuguaguguaguc

	hsa-miR-3195
	cgcgccgggcccggguu

	hsa-miR-3654
	gacuggacaagcugaggaa

	hsa-miR-4259
	caguugggucuaggggucagga

	hsa-miR-4448
	ggcuccuuggucuaggggua

	hsa-miR-4488
	agggggcgggcuccggcg

	hsa-miR-4497
	cuccgggacggcugggc

	hsa-miR-4530
	cccagcaggacgggagcg

	hsa-miR-4634
	cggcgcgaccggcccgggg

	hsa-miR-4787-5p
	gcggggguggcggcggcauccc

	hsa-miR-5787
	gggcuggggcgcggggaggu

	hsa-miR-6510-5p
	cagcaggggagagagaggaguc

	hsa-miR-6734-3p
	cccuucccucacucuucucucag

	hsa-miR-7851-3p
	uaccugggagacugagguugga
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