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FKBP prolyl isomerase 4: a potential target for heart failure and cardioprotective effects
via leonurine-pretreated mesenchymal stem cell-derived exosomes
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ﬂIIGHLIGHTS:
The use of mesenchymal stem cell-derived exosomes (MSC-EXOs) is a promising strategy for treating heart failure. Pretreatment of MSCs with cardioprotective
agents, such as leonurine, has the potential to augment the therapeutic efficacy of their EXO activities. However, the cardioprotective potential of EXOs derived
from MSCs pretreated with leonurine (MSCLe>-EXQO) remains unexplored. This study offers the first proof that leonurine-pretreated MSC-derived exosomes
increase mMiR-3152-5p expression, which in turn causes specific suppression of FKBP4. This process results in a reduction in cardiac fibrosis, cell pyroptosis,
and inflammatory responses, thereby enhancing cardioprotection, improving cardiac function postheart failure, and promoting myocardial repair. Our findings
offer a novel strategy for optimizing the application of exosome therapy in cardiac repair and establish a research foundation for the future utilization of exosome

@erapy in this field.

Graphical Abstract: 3. MSCle°-EXOs effectively protected cardiac function in 1ISO-induced heart
failure mice
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7 Fig 4. (A) Representative in vivo imaging images of the MSC-
EXO and MSCte-EXO groups on day 29. (B) Representative M-
mode echocardiograms of the hearts of mice in different groups
on day 29 after heart failure and (C) cardiac function parameters,
including EF, FS, SV, LVEDd, LVEDs, LVAWSs, LVAWd, LVPWs,
LVPWd, LVEVs, LVEVd, and heart rate (n=6). (D)
Representative images of HE staining, Masson staining, and PSR
staining of heart cross sections from mice in different groups.
Scale bar =100 um. (E) Statistics of the different staining areas in
(D) (n=3). (F) CD31 staining of heart cross sections from the
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‘ MSC'*°.EXO l I mice in each group and (G) quantification (n =3). Scale bar =100

Jl ll um. (H) Representative western blot images showing the

expression levels and quantification of a-SMA, Col1, and Col3 in

I ; the myocardial tissues of each group (n=3). *p<0.05, *p<0.01,

ﬂ i I i, ***n<0.001, vs. CON. #p<0.05, ##p<0.01, ##Hp <0.001, vs. ISO.
) I : g I ' I | | I . &p <0.05, &&p <0.01, vs. MSC-EXOs.
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Fig 1. (A) Representative western blot images showing the expression . MSCLeo-EXO. (B) Representative western blot images showing the & »0* £, s,
levels of PCNA, Bcl-2, Bax, and HIF-1a in H9¢2 cells treated with MSC- g expression levels of a-SMA, Col1, Col3, and FN1 in H9c2 cells induced by 4 ¢ > * 4 #
EXOs and MSCLeo-EXOs under hypoxia. (B) Quantification of PCNA % g Vl - % of TGF-B after treatment with MSCLe°-EXOs and MSCte° (Si-3152)-EXOs and CON IS0 MSC<.EXO MSCl~(Si318EX0  CON HOL ISR MR RS TR0
expression (n=3). (C) Quantification of Bcl-2/Bax expression (n=3). (D) g S8 ’ I . i (C) their quantification (n=3). (D) Representative western blot images > -
Quantification of HIF-1a expression (n=3). (E) Dot plots of apoptosis in e showing the expression levels of Nrf2 and HO-1 in H9c2 cells under H/R § i
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. . = echocardiograms of the hearts of mice in different groups on day 29 after
treated with MSC-EXOs or MSCLeo-EXOs under hypoxia and (H) heart failure and (G) cardiac function parameters, including EF, FS, SV,
quantlflcatlon (n=3). White arrOWS=damaged nuclei. Scale bar =50 Mm. LVEDd. LVEDs. LVAWs. LVAWd. LVPWs. LVPWd. LVEVs. LVEVd. and
(I) Representative Mitro Red fluorescence images showing mitochondrial heart r’ate (n _’4) (H) I,?e resen,tative im,a es of ,HE stai,nin Mésson <
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hypoxia and (J) quantification (n=3). Scale bar =50 ym. **p<0.01, g sammg, _an sa.unlng ot the _ea s orthe m_lce in dirteren gioups an - i
*+5 < 0.001, vs. CON. #p < 0.05, ##p < 0.01, vs. H/R. (Figure in right) () statistics of the size of the stained area (n=3). Scale bar =100 pm.
*p<0.05, **p<0.01, ***p<0.001, vs. CON. #p<0.05 ##p<0.01,

##H#p < 0.001, vs. TGF-B, H/R, or ISO. &p <0.05, &&p <0.01, &&&p <0.001, vs. '
2. MSC'e°-EXOs reduced TGF-induced cardiac fibrosis, inflammation and MSCEee-EXOs

alleviated pyroptosis by preventing NLRP3 inflammasome activation
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FKBP4-WT §-3 TTCTAAGGGTAGAAGAGGCAAG
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Fig 6. (A, B) Dual luciferase reporter assay for the binding sites of
miR-3152-5p and FKBP4 (n=3). ***p<0.001, vs. mimic NC. (C)
PCR assay for FKBP4 levels in H9c2 cells treated with miR-3152-5p
and NC (n=3). *p<0.001, vs. mimic NC. (D) mRNA levels of
FKBP4 in H9c2 cells treated with CON, TGF-B, MSC-EXOs, or
MSCLeo-EXOs (n = 3). (E) mRNA levels of FKBP4 in the myocardial
& tissues of mice treated with CON, 1ISO, MSC-EXOs, or MSC\ec-
< EXOs (n=3). (F) mRNA levels of FKBP4 in H9c2 cells treated with
CON, TGF-B, MSCLe-EXO, or MSCLee (Si-3152)-EXO (n=3).
**p<0.01, vs. CON. #p<0.05, #p<0.01, vs. TGF-B or ISO. (G)
FKBP4 mRNA levels in the blood of healthy people and patients
with heart failure (n=10). (H) Representative western blot images
showing the expression level of FKBP4 in HO9c2 cells transfected
with the FKBP4 overexpression plasmid or its NC and its
quantification (n=3). *p<0.05, vs. OE-NC. (I) Representative
| western blot images showing the expression and quantification of a-
pEe B FER SMA, Col1, Col3, FN1, p-AKT, and AKT in H9c2 cells transfected
J with the FKBP4 overexpression plasmid or its NC (n=3). *p <0.05,

*p<0.01, vs. OE-NC. (J) Representative western blot images
4 | 5500 showing the expression level of FKBP4 in H9c2 cells transfected
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Fig 2. (A) Representative western blot images showing the expression levels of Col3,

Col1, a-SMA, p-AKT, and AKT in TGF-B-induced H9c2 cells treated with MSC-EXOs and

p-AKTIAKT
Col3f-aclin
T
FREP 478-actin

MSCLeo-EXOs. (B) Quantification of a-SMA, (C) Col1, (D) Col3, and (E) p-AKT/AKT J\a'%(v S “ o si-NC. #p <0.05, ###p <0.001, vs. H/R. Abbreviations: NC: negative
expression. PCR detection of the mRNA expression levels of (F) a-SMA, (G) Col1, and SN I * oruc cenans "ot cemes e o control; OE: overexpression
(H) Col3 in the TGF-B-induced H9c2 cells treated with MSC-EXOs and MSCLe0o-EXOs b K L
(n=3). (I) Representative fluorescence images of a-SMA and SMAD?2 in different groups. ‘ (‘, .y - ) . : = .
Green=0-SMA or SMAD2, blue =nucleus. Scale bar =50 um. (J) Quantification of o 220 g g CO"CIUS'O“
SMAD2 and (K) a-SMA fluorescence intensity (n = 3). " 5 g %. %
. 0,-‘@.&“ P £ Leonurine-pretreated MSC-derived exosomes

increase mMiR-3152-5p expression, which in turn
causes specific suppression of FKBP4. This process
results in a reduction in cardiac fibrosis, cell
pyroptosis, and inflammatory responses, thereby
enhancing cardioprotection, improving cardiac function
post heart failure, and promoting myocardial repair.

Fig 3. (A) Representative TEM images showing morphological changes in H9c2 cells under different treatments. Scale bar =10 um. (B) Representative
western blot images showing the expression levels of IL-183, c-IL-B, GasD, c-GasD, Cas1, and c-Cas1 in TGF-p-induced H9c2 cells after MSC-EXO and
MSCLe-EXO treatment and (C) quantification of c-Cas1/Cas1, c-Cas1/Cas1, and c-IL-1B/IL-1B expression (n=3). (D) PCR detection of the mRNA
expression levels of NLRP3, ASC, Cas1, and GasD in TGF-B-induced H9c2 cells after MSC-EXO or MSCLec-EXO treatment (n=3). (E) Representative
fluorescence images of GasD in different groups and (F) its quantification (n=3). (G) Representative western blot images showing the expression levels of
the NLRP3 inflammasome complex (pro Cas1, ASC, and NLRP3) in TGF-B-induced H9c2 cells after treatment with MSC-EXOs or MSC°>-EXOs and their
quantification (n=3). (H) Co-IP was used to verify the interaction between the NLRP3 inflammasome complex in H9c2 cells after different treatments. (1)
Representative fluorescence images of NLRP3, ASC, and NLRP3 in different groups and their quantification (n = 3).
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