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Figure S1. MSC sEVs has a negative immune regulation function. (related to Figure 2)

A) Heat map of miRNAs targeting these immune genes created using 4,872 Immunologic Signature
Gene Sets provided by the GSEA website, n = 3. B) Real time RT-PCR confirmation of miR125b-5p,
let-7b-5p and miR-21-5p up-regulated by miRNA-sequencing, n = 3. Error bar, mean + SEM.
P-values are calculated using student T-test. *P < 0.05, **P < 0.01, ***P < 0.001. C) Inhibition of
PBMC and CD3" T cells over a 5 day period by different SEVs groups using CFSE staining. PBMCs
or T cells were stimulated with plate-bound CD3 (10 pg/mL) and IL-2 (2 ng/mL), then treated with the
indicated different types of SEVs (50 pg/mL). Cell proliferation was detected by CFSE at 5 days
post-treatment, respectively. NC group: treated with PBS. DO group: CFSE assay at 0 days

post-treatment. CFSE staining was analyzed by flow cytometry.
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Figure S2. Modification couldn’t affect the negative immune regulation function of the
MiRNAs in exosomes. (related to Figure 2)

Heat map of miRNAs in HEK-293T sEVs and MSC-FP sEVs targeting whole genome
provided by the GSEA website, n = 3.
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Figure S3. Construction of MSC cell line stably expressing GFP or OFP and GFP/OFP.
(related to Figure 3)

A) Confocal images indicated the expression of GFP or OFP in MSC cells. B) Confocal images
indicated the expression of GFP and OFP in MSC cells. WGA-Alexa-350 was used to stain cell

membranes. Scale bar: 10 um.
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Figure S4. Establishment and characterization of FGL1 sEVs and PD-L1 sEVs. (related
to Figure 3)

A-C) The TEM images (A), size distribution (B), and the Zeta potential (C) of purified SEVs from
MSC-FGL1 and MSC-PD-L1 cells, n = 3. (scale bar: 100 nm).
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Figure S5. Upregulated PD-1 and LAG-3 mRNA levels of PBMC and Jurkat cell after Pl
stimulation. (related to Figure 4)

A-B) Expression of LAG-3 (A) and PD-1 (B) mRNA levels in Jurkat cells upon P/I
stimulation as detected by qPCR, n = 3. Error bar, mean + SEM. P-values are calculated using

student T-test. *p< 0.05, **p< 0.05, ***p< 0.001.
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Figure S6. FGL1/PD-L1 sEVs could affect Thl, Th17 and Treg differentiation. (related to
Figure 4)

A-C) Flow cytometry analysis of CD4" IFN-y" Thl (A), CD4" IL-17A" Th17 (B) and CD4"
CD25" Treg (C) expression in P/l-stimulated CD3" T cells treated with or without different

groups of sEVs.



9 W
[—) [—}
1 |

encapsulation effciency(%)
=
1

[—]

Figure S7. Encapsulation rate of FGL1/PD-L1 sEVs loaded with FK506. (related to
Figure 4)

FK506 was encapsulated in the FGL1/PD-L1 sEVs by electroporation, and its encapsulation
rate was detected by UV-VIS at 300 nm (n = 3).
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Figure S8. Establishment of MSC cells expressing mouse-FGL1/PD-L1. (related to Figure
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A) Western blotting for mouse-PD-L1-OFP and mouse-FGL1-GFP in the whole cell lysate in MSCs. B)
Confocal images indicate the expression of mouse-PD-L1-OFP, mouse-FGL1-GFP and
mouse-PD-L1-OFP/mouse-FGL1-GFP in MSCs. Cell membranes stained with WGA Alexa 350. Scale

bar: 10 um.
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Figure S9. Bioluminescence imaging and toxicity test of FGL1/PD-L1 sEVs in mice.
(related to Figure 5)

A) In vivo Bioluminescence imaging of SEVs, Free sEVs, and FP sEVs originating from MSC cells via
tail vein injection. sEVs: injected with MSC-sEVs. Free sEVS: injected with vector sEVs. B)
Complete blood count test (CBC test). Mice were injected with Free sEVs or FP sEVS via tail vein
injection for 14 days for whole blood analysis, n = 5. Error bar, mean + SEM. P-values are calculated
using student T-test. ns: not significant. C) Histological images obtained from the hearts, livers,
spleens and kidneys of mice treated with NC, saline, or different groups of EVs for 14 days

post-injection as compared to the NC group. Scale bar: 100 um.
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Figure S10. The appearance and biochemical analysis of FK506 and FP sEVs @ FK506
in heart allogenic mice. (related to Figure 5)

A) Images highlighting the hair loss of heart allogenic mice after injecting with FK506 or FP
SEVS@FK506. B) Blood samples were collected after injecting with saline, FK506 or FP
SEVS@FK506 to measure creatinine (CREA) and urea nitrogen (UREA) by automatic blood
analyzer. n = 5. Error bar, mean £ SEM. *P < 0.05, **P < 0.01, ***P < 0.001.



Supplementary Tables

Table S1. Top-scored negative immunoregulation miRNAs between HEK-293T sEVs and MSC-FP sEVs.

Up-regulated miRNAs ID P VALUE Function

hsa-miR-199a-3p™! MIMATO0000232 | 1.45713E-08 Inhibition of inflammation, immunity and resistance to kidney damage
hsa-miR-23b-3p™ MIMAT0000418 | 2.43588E-05 Effective treatment of rheumatoid arthritis

hsa-miR-125a-5p"! MIMAT0000443 | 0.008456264 Promote the generation of M2 type macrophages

hsa-miR-3168 MIMATO0015043 | 8.46957E-25 Suppress the immune system and relieve asthma

hsa-let-7i-5p™! MIMATO0000415 | 1.19388E-33 Inhibition of IL - 6

hsa-miR-21-5p'® MIMATO0000076 | 0.000657411 Inhibits the immune function of dendritic cells

hsa-miR-23a-3p!"! MIMATO0000078 | 3.35175E-05 Upregulate the expression of PD-L1 to inhibit T cells function
hsa-let-7b-5pt! MIMATO0000063 | 4.70362E-27 Inhibit the expression of inflammatory cytokines in macrophages
hsa-miR-125b-5p!°! MIMATO0000423 | 1.37316E-88 Inhibition of inflammation, immunity and resistance to kidney damage
Down-regulated miRNAs ID P VALUE Function

hsa-miR-44421" MIMATO0018960 | 1.2899E-122 Downregulation inhibits inflammation and relieves dermatomyositis
hsa-miR-1273h-5p*! MIMATO0030415 | 1.0546E-166 Increased in the PBMCs of SLE patients




Table S2. Description of T cell related factors

Factor Function description Reference
IL-2 Promote the differentiation of CD4 T cells and activate Treg cells [12]
IL-18 Promote the differentiation of CD4"T cells =
IL-22 Promote the differentiation of CD4"T cells r4
IL-10 Activate Treg cells =
IL-5 Regulating the differentiation, growth and activation of eosinophils [16]
IL-17A Promote the differentiation of CD4*T and CD8" cells [14,47]
IL-21 Inhibit the proliferation of Treg cells -
IL-12 Promote the differentiation of CD4*T cells [182, 19]
IL-6 Regulator of Treg/Th17 balance (201
ccL1 Suppressive function of Tregs [21]
ID3 Control of the differentiation of regulatory T cells and TH17 cells [22]
ID1 Promotes T Regulatory Cell Differentiation =
TNFRSF12 | Promotes T Regulatory Cell Differentiation [24]
BMPR1B Development and Activation of CD4" T Cells =
CX3CL1 Chemotactic activity for monocytes, NK cells, and T cells [2e]
IL11 Promote the proliferation and differentiation of CD4'T cells [27]
ILF Regulator of Treg/Th17 balance (28]




CXCL13

Activate Tregs cells

[29]

CCL4 Inhibit the proliferation of CD8" cells [s01
IL12RB2 Promotes Th1 Cell Differentiation =
TNFSF14 Activate NK T cells (321
IDO1 Activate Tregs cells 3]
IL36A Activate T cells [341
ILIRN Activate Th17 cells (3]
IL12A Promotes CD8" Cell Differentiation (3¢l
IL21 Promotes CD8" Cell Differentiation &7l
TNFRSF8 Promotes Th17 Cell Differentiation 3]
TNFRSF12A | Promotes the proliferation of T cells (9
EDA2R Inhibit the Differentiation of Th17 cells k]
TSLP enhances the function of helper type 2 cells 41l




Table S3.  The demographic clinical characteristics in kidney transplant patients.

Variables Total (n =19) ABMR (n =6) TCMR (n=6) Stable (n=7) P
Donors
Types, n (%) 0.045
DD 11 (58) 2 (33) 6 (100) 3(43)
LD 8 (42) 4 (67) 0 (0) 4 (57)
Recipients
Gender, n (%) 0.037

Female 9 (47) 1(@17) 2 (33) 6 (86)

Male 10 (53) 5 (83) 4 (67) 1(14)

Age (year), Mean + SEM 36.96 +9.30 42.10+10.44 37.43 +£10.60 32.14+ 461 0.156
Weight (kg), Mean + SEM 52.0+12.2 50.3+16.1 50.2+7.2 47.3+10.2 0.191
Previous_transplantation, n (%) 0.48

0 16 (84) 6 (100) 4 (67) 6 (86)

1 3 (16) 0 (0) 2 (33) 1(14)
Days_from_transplant_to_sample, Median (IQR) 371 (185, 582) 1474 (822, 2142) 133 (73, 152) 376 (369, 378) 0.002
CNI’, n (%) 1

FK506 19 (100) 6 (100) 6 (100) 7 (100)




FK506 C, (ng/ml), Median (IQR) 6.5 (5.10, 7.80) 7.8 (7.58, 9.75) 5.5 (5.05, 6.30) 6.3 (5.55, 8.25) 0.168

White blood cell count (1079/L), Median (IQR) 7.44+2.14 7.63 +2.82 7714225 7.05+ 1.63 0.847
Lymphocyte count (10"9/L), Mean + SEM 1.35+0.63 1.07+0.38 1.32+0.66 1.61+0.75 0.331
Neutrophil (10"9/L), Median (IQR) 5.41+2.12 5.83 +2.63 570 +1.71 4.80 +2.14 0.657
Monocyte count (10"9/L), Mean + SEM 0.57 +0.17 0.62 +0.17 0.58 + 0.22 0.52 +0.14 0.608

CNIs, Calcineurin inhibitors; FK506, Tacrolimus; LD, Living donor; DD, Death donor. =~ Standard maintenance immunosuppression, including CNI,
prednisolone and mycophenolic acid was applied to all patients.



Table S4. gPCR primer sequences.

Gene

Forward primer sequence 5°—3’

Reverse primer sequence 5°—3’

mouse-f-Actin
mouse-Tnfao
mouse-Granzyme B
mouse-Pd-11
mouse-Fgll
mouse-Tim3
mouse-Vista
mouse-Ctla4
mouse-Tigit
mouse-11-12
mouse-Pd-1
mouse-LAG-3
mouse-Foxp3
human-LAG-3
human-PD-1
human-ACTIN
human-FGL1
human-PD-L1
human-TBET
human-GATA3
human-FOXP3

GGCTGTATTCCCCTCCATCG
TCTCATCAGTTCTATGGCCC
TCGACCCTACATGGCCTTAC
TCTGATCGTCGATTGGCAGC
CTTCGTCCTGGTCGCCATT
TCAGGTCTTACCCTCAACTGTG
GACAGGTGGCCTCTCACC
GCTTCCTAGATTACCCCTTCTGC
CTGATACAGGCTGCCTTCCT
CAGCATGTGTCAATCACGCTAC
ACCCTGGTCATTCACTTGGG
AGGTTCCAGGGTGGGGC
CACCTATGCCACCCTTATCCG
TCACTGTTCTGGGTCTGGAG
GCACGAGGGACAATAGGAGCC
CCACACTGTGCCCATCTAC
AGTCTGCTTCTGCTACTTGG
GGTGAGGATGGTTCTACACAG
GCAGCACCGCTACTTCTACC
AGAGCGTGGCCTGGAGAC
GAGAAGCTGAGTGCCATGCA

CCAGTTGGTAACAATGCCATGT
GGGAGTAGACAAGGTACAAC
TGGGGAATGCATTTTACCAT
CGTTGTTCCAGGCTCCTCTC
TCCCGCAAGCAGTTCTCAC
GGCATTCTTACCAACCTCAAACA
TTTTCGATTCCTTGGGTGTT
CGGGCATGGTTCTGGATCA
TGGGTCACTTCAGCTGTGTC
TGTGGTCTTCAGCAGGTTT
CATTTGCTCCCTCTGACACTG
GTCCACTTGGCAGTGAGGAA
CATGCGAGTAAACCAATGGTAGA
GGTAAAGTCGCCATTGTCTC
AATGGTGGCATACTCCGTCTG
AGGATCTTCATGAGGTAGTCAGTC
TCCCTCCATCTTCACCCTTATT
GAGAACTGCATGAGGTTGC
GTAGGCGTAGGCTCCAAGG
CTCCCACAGTCAAGGAAACC
TTGATCTTGAGGTCAGGGGCCAGG



human-RORyt
human-U6
mQ-PRIMER-R
miR-let-7b-5p-F
miR-21-5p-F
miR-125b-5p-F

AAATCTGTGGGGACAAGTCG
CTCGCTTCGGCAGCACA
GTGCAGGGTCCGAGGT
GCGCTGAGGTAGTAGGTTGT
GCGCTAGCTTATCAGACTGA
GCTCCCTGAGACCCTAAC

CTGACGGGTGCAGGAGTAG
AACGCTTCACGAATTTGCGT
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