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Supplementary Figures
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Figure S1. Identification of UC-MSCs and the effects of HS treatment on the
properties and viability of MSC.

(A)The morphology of MSCs was detected by light microscopy (scale bar: 100
um). (B) Representative images of MSCs of each group, which differentiate into
osteogenesis and adipogenesis (scale bar: 100 um). (C) The cell surface makers
were determined by flow cytometric analysis, which highly expressed CD73,
CD90 and CD105, and negatively expressed CD11b, CD19, CD45, CD34 and
HLA-DR. (D-E) The viability of MSC treated with or without HS were assessed
by flow cytometric analysis. Data are shown as the mean + SD (n=3). *p < 0.05,

*5p< 0,01, ***p< 0.001, ****p< 0.001.
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Figure S2. HS treatment promotes autophagosome formation to enhance EV
release from MSCs.

(A-B) Western blotting analysis of autophagy-related proteins in MSCs at different
times after HS treatment as indicated and the relative protein levels were calculated.
(C-D) Western blotting analysis of autophagy-related proteins in MSCs with indicated
treatments and the relative protein levels were calculated. (E) Rapamycin increased
the autophagosomes, while SBI-0206965 suppressed the autophagosome formation
induced by HS treatment. (Scale bar, 20 um). (F) The number and size of EVs
isolated from indicated MSCs groups were examined by NTA. (G) TEM showed the
morphology of indicated EVs (scale bar: 600nm and 100 nm). (H-I) The key proteins
of EVs isolated from indicated MSCs groups were assessed by Western blotting and
the relative protein levels were calculated. (J-K) Cell lysates from MSCs treated with
or without rapamycin were assessed by western blotting and the relative protein levels
were calculated. (L-M) Rapamycin had positive effects on the CD63 and the relative
fluorescence intensity was analyzed. (scale bar: 20 pum). All experiments of EVs
collection were subjected to a standardized 48-hour incubation protocol. Data are

shown as the mean + SD (n = 3). *p <0.05, **p< 0.01, ***p< 0.001, ****p<0.001.
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Figure S3. HS treatment activates autophagy to stimulate EV release of MSCs by
upregulating TRPV2 expression

(A)The PCA analysis of MSCs treated with or without HS. (B) Volcano plot showed
the differentially expressed genes in MSCs treated with or without HS treatment.
(C-D) Western blotting showed the expression of TRPV2 in different groups as
indicated and the relative protein levels were calculated. (E) Immunofluorescence
staining images of DAPI (blue) and TRPV2 (green) between control and HS treated
Group (Scale bar, 50 pm). (F-G) Ca?* fluorescence images of MSCs treated with or
without HS was analyzed (Scale bar: 100 um). The qualification of Ca2+ fluorescence
intensity was measured. (H-I) Knockdown and overexpression efficiency of TRPV2
were assessed by western blotting and the relative protein levels were calculated. (J-K)
Knockdown of TRPV2 decrease intracellular calcium ions (Scale bar: 100 um). The
qualification of Ca?* fluorescence intensity was measured. (L-M) Overexpression of
TRPV2 increase intracellular calcium ions (Scale bar: 100 um). The qualification of
Ca?" fluorescence intensity was measured. (N-O) Western blotting showed the
expression of autophagy-related proteins in different groups as indicated and the
relative protein levels were calculated. (P-Q) Western blotting showed the expression
of CD63 and Rab27a in different groups as indicated and the relative protein levels
were calculated. All experiments of EVs collection were subjected to a standardized
48-hour incubation protocol. Data are shown as the mean+ SD (n=23). **p< 0.01,

*#%5p< 0,001, ****p< 0.001.
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Figure S4. Detection of alterations of common protein modifications in MSCs

with indicated treatments.



(A) Comparison of the profiles of the 6 common protein modifications in MSCs
treated with or without HS and the level of only succinalytion was significantly
increased. (B) Comparison of the profiles of the 6 common protein modifications in

MSCssTRPV2 and the level of only succinalytion was significantly decreased.
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Figure S5. Q classification method, GO enrichment analysis and detection of
Succe modification of YWHAZ in MSCs with HS treatment.

(A) The DESPs were classified into four clusters by the Q classification method for
further enrichment analysis. (B) GO enrichment analysis showing the enriched
functions with DESPs in each Q cluster. (C)The relative protein levels of “Figure. 41”

were calculated. (D-E) HS treatment increased Succ modification of YWHAZ in



MSCs and the relative Succ modification levels were calculated. Data are shown as

the mean £+ SD (n=3). **p< 0.01, ***p< 0.001, ****p< 0.001.
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Figure S6. Schematic diagram of mutation and YWHAZ combined with ULK1
instead of Beclin-1.

(A)Schematic diagram of the construction of YWHAZ mutants. (B) The relative
protein levels of “Figure. 5C” were calculated. (C) The interaction between YWHAZ
and ULK1 was investigated by immunoprecipitation. (D) The interaction between

YWHAZ and Beclin-1 was investigated by immunoprecipitation.
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Figure S7. Analysis of the interaction between YWHAZ and enzymes related to
succinyl modification and detection of enzyme activity.

(A-D) Indicated succinylases plasmid and YWHAZ-HA expression plasmid were
transfected into MSCs, and the cells were then subjected to immunoprecipitation with
anti-HA beads to evaluate the interaction between Indicated succinylases and
YWHAZ. (E) The concentration of CaCl, (ImM and 1.5mM) significant affects

enzyme activity of OXCT1 and SUCLG2.
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APAP-induced liver injury mouse models.

(A) Representative IVIS images of 6, 24, and 48 h post-injection of HIRI mouse
model injected i.v. with DiR-labeled MSCs supernatant (left, upper), DiR-labeled
MSCs (left down), DiR-labeled HS-treated MSCs supernatant (right, upper), or
DiR-labeled HS-treated MSCs (right, down) in vivo; Representative IVIS images of
five different organs harvested at 6, 24, and 48 h in each group, respectively. (B-C)
Quantification of the fluorescent intensity in liver and lung at 6, 24, and 48 h in each
group. (D) Representative IVIS images of 6, 24, and 48 h post-injection of
APAP-induced liver injury mouse model injected i.v. with DiR-labeled MSCs
supernatant (left, upper), DiR-labeled MSCs (left down), DiR-labeled HS-treated
MSCs supernatant (right, upper), or DiR-labeled HS-treated MSCs (right, down) in
vivo; Representative IVIS images of five different organs harvested at 6, 24, and 48 h
in each group, respectively. (E-F) Quantification of the fluorescent intensity in liver
and lung at 6, 24, and 48 h in each group. Data are shown as the mean+ SD (n=75).

*p < 0.05, **p< 0.01, ***p< 0.001, ****p< 0.001.
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Fig. S9 HS treatment strengthens the hepatoprotective potentials of MSCs in the
male liver injury models via enhancing EVs release.

(A) The transfected efficiency of siRab27a were assessed by qPCR. (B)
Quantification of liver injury area in Figure 7D. (C) Quantification of TUNEL
positive area in Figure 7E. (D) Quantification of Ly6G or F4/80 positive cells

infiltration in Figure 7H. (E) Quantification of liver injury area in Figure 7L. (F)
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Quantification of TUNEL positive area in Figure M. (G) Quantification of Ly6G or
F4/80 positive cells infiltration in Figure 7P. All experiments of EVs collection were
subjected to a standardized 48-hour incubation protocol. Data are shown as the

mean + SD (n=3-5). *p < 0.05, **p<0.01, ***p< 0.001, ****p<(0.001.
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Figure S10. HS treatment strengthens the hepatoprotective potentials of MSCs in



the female liver injury models via enhancing EVs release.

HIRI model: (A) Serum ALT in Sham, IRI, IRI+MSCs, IRI+HS-MSCs and
IRI+HS-MSCssiRab27a (B) Serum AST in each group. (C-D) Representative images of
H&E staining (the dotted line indicate areas of necrosis) on liver sections from
different groups (Scale bar: 50 um); The severity of liver injury was evaluated from
histological section and scored according to Suzuki's injury criteria. (E-F)
Representative images of TUNEL staining on liver sections from different groups
(Scale bar: 50 um); Statistical analyses of the percent of TUNEL-positive cells in
each group. (G) Serum MDA in each group. (H) Serum T-SOD in each group. (I-J)
Representative images of Ly6G and F4/80 staining on liver sections from different
groups (Scale bar: 50 pum); Statistical analyses of the percent of Ly6G-positive or
F4/80-positive cells in each group. APAP-induced liver injury model: (K) Serum ALT
in Sham, IRI, IRI+MSCs, IRI+HS-MSCs and IRI+HS-MSCssiRa272 (L) Serum AST
in each group. (M-N) Representative images of H&E staining (the dotted line indicate
areas of necrosis) on liver sections from different groups (Scale bar: 50 pum); The
severity of liver injury was evaluated from histological section and scored according
to Suzike's injury criteria. (O-P) Representative images of TUNEL staining on liver
sections from different groups (Scale bar: 50 um); Statistical analyses of the percent
of TUNEL-positive cells in each group. (Q) Serum MDA in each group. (R) Serum
T-SOD in each group. (S-T) Representative images of Ly6G and F4/80 staining on
liver sections from different groups (Scale bar: 50 um); Statistical analyses of the

percent of Ly6G-positive or F4/80-positive cells in each group. Data are shown as the



mean = SD (n=35). *p <0.05, **p< 0.01, ***p< 0.001, ****p<(0.001.
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Figure S11. The biodistribution of MSC-EVs and HS-treated MSC-EVs in HIRI
and APAP-induced liver injury mouse models.

(A) Representative IVIS images of 24 h post-injection of HIRI mouse model injected
i.v. with DiR-labeled MSC-EVs supernatant, DiR-labeled MSC-EVs, DiR-labeled
HS-treated MSC-EVs supernatant, or DiR-labeled HS-treated MSC-EVs in vivo (left);
Representative IVIS images of five different organs harvested in each group,
respectively (second on the left); Quantification of the fluorescent intensity in liver
and lung (third on the left); The fluorescent images of the liver following
administration of DiR-labeled HS-treated MSC-EVs (right). (B) Representative IVIS
images of 24 h post-injection of APAP-induced liver injury mouse model injected i.v.
with DiR-labeled MSC-EVs supernatant, DiR-labeled MSC-EVs, DiR-labeled
HS-treated MSC-EVs supernatant, or DiR-labeled HS-treated MSC-EVs in vivo (left);

Representative IVIS images of five different organs harvested in each group,
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respectively (second on the left); Quantification of the fluorescent intensity in liver
and lung (third on the left); The fluorescent images of the liver following
administration of DiR-labeled HS-treated MSC-EVs (right). Scale bar: 50 um. Data
are shown as the mean+=SD (n=35). *p < 0.05, **p< 0.01, ***p< 0.001, ****p<

0.001.
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Figure S12. HS Treatment Heightened the Hepatoprotective

MSC-EVs in the female liver injury models.
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(A-B) Serum ALT and AST in Sham, IRI, IRI+MSCs, IRI+EVs and IRI+HS-EVs.
(C-D) Representative images of H&E staining (the dotted line indicate areas of
necrosis) on liver sections from different groups (Scale bar: 50 pum); The severity of
liver injury was evaluated from histological section and scored according to Suzuki's
injury criteria. (E-F) Representative images of TUNEL staining on liver sections from
different groups (Scale bar: 50 upm); Statistical analyses of the percent of
TUNEL-positive cells in each group. (G-H) Serum MDA and T-SOD in each group.
(I-J) Representative images of Ly6G and F4/80 staining on liver sections from
different groups (Scale bar: 50 pm); Statistical analyses of the percent of
Ly6G-positive or F4/80-positive cells in each group. (K-L) Serum ALT and AST in
Control, ALI, ALI+MSCs, ALI+EVs and ALI+HS-EVs. (M-N) Representative
images of H&E staining (the dotted line indicate areas of necrosis) on liver sections
from different groups (Scale bar: 50 pm); The severity of liver injury was evaluated
from histological section and scored according to Suzuki's injury criteria.  (O-P)
Representative images of TUNEL staining on liver sections from different groups
(Scale bar: 50 um); Statistical analyses of the percent of TUNEL-positive cells in
each group. (Q-R) Serum MDA and T-SOD in each group. (S-T) Representative
images of Ly6G and F4/80 staining on liver sections from different groups (Scale bar:
50 um); Statistical analyses of the percent of Ly6G-positive or F4/80-positive cells in

each group. (n=5) *p < 0.05, **p<0.01, ***p<0.001, ****p< 0.001.
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Figure S13. Distinct proteins and non-coding RNAs (ncRNAs) profiles in EVs

from MSCs and HS-treated MSCs.

22



(A) PCA showed both intragroup repeatability and intergroup variability. (B)
Heatmap showing differentially expressed proteins in the indicated groups. (C) The
top 4 most abundant miRNAs in control and HS treated MSCs. (D) Enriched

biological process related to the differentially expressed miRNA.
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Supplementary Table 1: Reagents and Resources

Mouse anti-f-Actin CST Cat: 3700
Rabbit anti-CD63 abcam Cat: ab271282
Rabbit anti-ALIX CST Cat: 21718
Rabbit anti-TSG101 abcam Cat: ab125011
Mouse anti-Rab27a abcam Cat: ab55667
Rabbit anti-GRP94 CST Cat: 202928
Rabbit anti-Beclin-1 abcam Cat: ab62557
Rabbit anti-ATGS5 CST Cat: 12994
Rabbit anti-LC3B CST Cat: 3868S
Rabbit anti-TRPV?2 abcam Cat: ab272862
Rabbit anti-HA CST Cat: 3724S
Rabbit anti--Succinyllysine PTM Cat: PTM-401
Rabbit anti-ULK 1 BioArt Cat: ET1704-63
Rabbit anti-YWHAZ CST Cat: 7413
Rabbit anti-SUCLG2 Proteintec | Cat:

h 14240-1-AP
Mouse anti-OXCT1 Proteintec | Cat:

h 12175-1-AP
Rabbit Anti-KAT2A Abcam Cat:ab217876
Mouse anti-FLAG CST Cat: 147938
Rabbit Anti-Sirt5 Abcam Cat:ab259967
Rabbit-Anti SUCLA2 Abcam Cat:ab202582
Mouse anti-UB CST Cat: 3936T
Rabbit anti-Lactyl Lysine PTM Cat:

PTM-1401RM
Rabbit anti-GAPDH CST Cat: 2118
Mouse anti-Anti-Acetyllysine PTM Cat: PTM-105
Mouse anti-Malonylation PTM Cat: PTM-902
Rabbit anti- 3 -Hydroxybutylation PTM Cat:
PTM-1201RM

Rabbit anti-Sumolyatiion-1 CST Cat: 4930S
Rabbit anti-Sumolyatiion-2/3 CST Cat: 49718
Actin-Tracker Red-594 Beyotine | Cat: C2205S
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https://www.abcam.cn/products/primary-antibodies/kat2a--gcn5-antibody-epr21146-chip-grade-ab217876.html
https://www.abcam.cn/products/primary-antibodies/kat2a--gcn5-antibody-epr21146-chip-grade-ab217876.html

FITC Conjugated Goat anti-rabbit [gG(H+L) Beyotine | Cat: A0562
anti-human CD73-PE BioLegend @ Cat:344003
anti-human CD90-PE BioLegend | Cat: 328109
anti-human 105-PE BioLegend @ Cat: 323205
anti-human CD11b-FITC BioLegend | Cat: 982614
anti-human CD19-FITC BioLegend @ Cat: 302206
anti-human CD34-FITC BioLegend | Cat: 343503
anti-human CD45-FITC BioLegend @ Cat: 982316
anti-human HLA-DR-FITC BioLegend | Cat: 327005
HRP-conjugated anti-mouse IgG CST Cat: 982306
HRP-conjugated anti-rabbit IgG CST Cat: 300911

JetPRIME  Polyplus | Cat: 101000046
HBAD-mRFP-GFP-LC3 HANBIO | Cat:HH2023060
9CJF-ADO1
Antifade mounting medium with DAPI KeyGEN | Cat: KGF0282
Fluo-4 calcium ion detection kit Beyotime | Cat: S061S
Colorimetric Histone Acetyltransferase Activity @ ScienCell | Cat: 8668
Assay (HAT)
Pierce™ GST Protein Interaction Pull-Down Kit Thermo Cat:21516
One-step TUNEL apoptosis detection kit Beyotime | Cat: C1088
(green fluorescence)
Malondialdehyde (MDA) Test Kit Jiancheng | Cat: A003-1
Technolog
y
Total superoxide dismutase (T-SOD) assay kit Jiancheng | Cat: A00O1-1
Technolog
y
Recombinant Human LDHA protein (His tag) Elabscienc | Cat:
e PDEH100141
YWHAZ Fusion Protein Proteintec | Cat: Ag6654
h
OXCT1 Protein, Human, Recombinant (His) TargetMol | Cat:
TMPH-02151
Recombinant ~ Human  Succinyl-CoA  ligase | CUSABIO | Cat:
[GDP-forming]  subunit  beta,  mitochondrial CSB-EP846636
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PCDNA3.1

MIAOLIN
G BIOLO
GY

(SUCLG2), partial In Stock HU

Succinyl coenzyme A sodium salt Sigma Cat: S1129
Anti-FLAG® M2 Magnetic Beads Sigma Cat: M8823
EZview™ Red Anti-HA Affinity Gel Sigma Cat: E6779

Cat:

pCMV-SIRT5(human)-3xFLAG-Neo

MIAOLIN
G BIOLO
GY

Cat: P44526

pLV3-CMV-SUCLG2(human)-2-3
FLAG-CopGFP-Puro

MIAOLIN
G BIOLO
GY

Cat:P50931

pCMV-SUCLA2(human)-3 X FLAG-Neo

MIAOLIN
G BIOLO
GY

Cat:P45443

pCMV-SDHA (human)-3xFLAG-Neo

MIAOLIN
G BIOLO
GY

Cat: P47875

pCDNA3.1-KAT2A(human)-FLAG

MIAOLIN
G BIOLO
GY

Cat:P20785

pLV3-CMV-YWHAZ(human)-3xHA-Puro

MIAOLIN
G BIOLO
GY

Cat:P57396

pLV3-CMV-YWHAZ(human)-L11R-3xHA-Puro

MIAOLIN
G BIOLO
GY

N/A

pCMV-OXCT1(human)-FLAG-SV40-Neo

MIAOLIN
G BIOLO
GY

Cat:P4044

pLV3-CMV-YWHAZ(human)-K11E-3xHA-Puro
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5’-AUCUGAGGAAUAUGGAUGUCUUCUG-3’

ma

NC siRNA F: 5°>-TTCTCCGAACGAGTCACGT-3" | Genephar | N/A
ma
NC siRNA R: 5>~ ACGTGACTCGTTCGGAGAA-3’ | Genephar | N/A
ma
TRPV2-siRNA1 F: Genephar | N/A
5’- GGACAGAGGAAAGCUGGAUATAT -3° ma
TRPV2-siRNA1 R: Genephar | N/A
5’- AUCCAGCUUUCCUCUGUCCdAJT -3° ma
TRPV2-siRNA2 F: Genephar | N/A
5’- CCAGUGCACAGAUGACUAUATAT -3’ ma
TRPV2-siRNA2 R R: Genephar | N/A
5’- AUAGUCAUCUGUGCACUGGAdAJT -3° ma
SUCLG2 siRNAI F: Genephar | N/A
5’-GGAGUGAGAGUUCAAAGAUTT-3’ ma
SUCLG?2 siRNAT1 R: Genephar | N/A
5’-AUCUUUGAACUCUCACUCCTT -3’ ma
SUCLG2siRNA2 F: Genephar | N/A
5’-CCAGGCUGCAGAUCAAAUUTT-3’ ma
SUCLG2siRNA2 R: Genephar | N/A
5’-AAUUUGAUCUGCAGCCUGGTT-3’ ma
OXCTI1siRNA1 F: Genephar | N/A
5’-CAAGAAGGAGGAUCGCCCAUCAAAU-3’ ma
OXCT1siRNAI R: Genephar | N/A
5’-AUUUGAUGGGCGAUCCUCCUUCUUG-3’ ma
OXCTI1siRNA2 F: Genephar | N/A
5’-CAGAAGACAUCCAUAUUCCUCAGAU-3’ ma
OXCT1siRNA2 R: Genephar | N/A

GAPDH-F: 5°- CTGGGCTACACTGAGCACC-3’ Generay N/A
GAPDH-R: Generay N/A
5’- AAGTGGTCGTTGAGGGCAATG -3’

TRPV2-F: Generay N/A
5’- AGTCAACCTCAACTACCGAAAGG-¥

TRPV2-R: 5’- CCGCATTGAAGAGCCGATCT-3" | Generay N/A
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