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[Abstract]
mesenchymal stem cells (HGF-MSCs, HGF-MSCs-EXO ) in regulating epithelial-mesenchymal transition (EMT) and inflammation

Objective  To investigate the role of exosomes derived from hepatocyte growth factor-overexpressing
in airway epithelial cells of obliterative bronchiolitis (OB) by modulating autophagy via the miR-221-Sp/NLRP1 axis. Methods
Umbilical cord mesenchymal stem cells (UC-MSCs) were transfected to overexpress HGF, and HGF-MSCs-EXO were isolated from
the transfected cells. Transmission electron microscopy (TEM) was used to observe the morphology of HGF-MSCs-EXO, and
nanoparticle tracking analysis (NTA) was performed to assess their particle size distribution. Western blotting was used to detect the
expression of exosome marker proteins CD63 and tumor susceptibility gene 101 (TSG101). qRT-PCR was employed to detect the
expression of HGF mRNA to verify the successful construction of HGF-MSCs-EXO. An in vivo OB mouse model and an in vitro OB
model of TC-1 cells induced by lipopolysaccharide (LPS) were established. HGF-MSCs-EXO were administered to intervene in both
models. Histopathological examination was performed to evaluate tracheal tissue damage. Western blotting was used to detect the
expression of autophagy-related proteins [such as Beclinl, autophagy-related gene 5 (ATGS), p62], and EMT marker proteins [such
as a-smooth muscle actin (a-SMA), Vimentin, and E-cadherin]. Enzyme-linked immunosorbent assay (ELISA) was employed to
measure the concentrations of pro-inflammatory cytokines [interleukin (IL)-6, IL-1B, and interferon-y (IFN-+v)]. Additionally, to
clarify the regulatory mechanism, miR-221-Sp inhibitor or agomir was transfected, and NLRP1 was knocked down in cells/mice. Dual-
luciferase reporter gene assay and chromatin immunoprecipitation-qPCR (CHIP-qPCR) were conducted to confirm the targeting
relationship between miR-221-5p and NLRP1. Results HGF-MSCs-EXO were successfully constructed and identified: TEM
showed cup-shaped or vesicular structures, with a diameter range of 30-150 nm, the exosomal marker proteins CD63 and TSG101
were expressed, and HGF mRNA was highly expressed in HGF-MSCs-EXO. In vivo experiments, compared with control group, model
group showed severe tracheal tissue damage, abnormal activation of autophagy (increased Beclinl and ATGS, decreased p62),
enhanced inflammation (elevated IL-6, IL-1B, IFN-vy), and obvious abnormal EMT (decreased E-cadherin, increased ac-SMA and
Vimentin) (P<0.0S). These indicators and pathological damage were significantly improved in the HGF-MSCs-EXO group (P<0.05).
In vitro experiments, PKH26 fluorescence confirmed that TC-1 cells could internalize HGF-MSCs-EXO. Consistent with in vivo
results, the LPS-induced model group exhibited abnormal autophagy, inflammation, and EMT, accompanied by downregulated miR-
221-Sp and upregulated NLRP1 (P<0.05), which were reversed by HGF-MSCs-EXO treatment (P<0.05). HGF modification
significantly increased the expression of miR-221-Sp in MSCs and their exosomes, while transfection of miR-221-Sp inhibitor
abrogated the autophagy-inhibitory effect of HGF-MSCs-EXO (P<0.05). Administration of miR-221-Sp agomir in vivo and in vitro
upregulated miR-221-Sp expression, remarkably alleviated pathological damage, and inhibited autophagy, inflammation, and EMT
(P<0.0S). Dual-luciferase reporter gene assay and CHIP-qPCR confirmed that miR-221-Sp directly targeted NLRP1. miR-221-Sp
mimics decreased NLRPI mRNA and protein expression, while miR-221-Sp inhibitor increased them (P<0.0S). NLRPI knockdown
mimicked the regulatory effect of miR-221-Sp, and this effect was reversed by miR-221-5p inhibitor (P<0.0S). In vivo verification
showed that NLRP1 mRNA and protein expression in tracheal tissues of the model group was significantly higher than that of the
control group, lower in the miR-221-Sp agomir group than in the model group, and higher in the HGF-MSCs-EXO group than in the
miR-221-5p agomir group (P<0.05). Furthermore, compared with the HGF-MSCs-EXO+negative control knockdown group, the
HGF-MSCs-EXO+NLRP1 knockdown group showed lower NLRP1 expression, more significant improvement in pathological
damage, and stronger regulatory effects on autophagy, inflammation, and EMT indicators (P<0.0S). Conclusion HGF-MSCs-EXO
can target and inhibit NLRP1 expression by delivering miR-221-5p, thereby modulating autophagy and ultimately alleviating EMT
and inflammatory responses in airway epithelial cells of OB. This provides a novel potential target for OB.
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BN ERG (5‘% [E Life Technologies VN Hl) i miR-150-5p.
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Y. 1F 17 S-TGGTTTGCCTTCCAGCACTAA-3',
] S“TGAGGTCTGCAGGGGTCTTG-3',

1.12  Western blotting £ Il #H 0¢85 (1A ikl
RIPA 24 2% /P (V1.7 Keygen Biotech 2 H ) $& RS A
SEHA S S EE, IR BCARUN & (LI
Beyotime /2 F) ) i f A IV o 551 (20 pg) Y AL 1
Jo LA 1) 1096 1 ot FE AR 1R - 2R TR s T g 5 G L Kk
LA TS, SRR e R B IR I R £ (36 [
Millipore o) o 5% BiRg A B AR R RS A

J& . BB 5 —$0 NLRP1(#ab36852, 1:1000). CD63
(#ab134045, 1:10 000), TSG101(#ab125011, 1:5000) .
Beclinl(#ab207612, 1:2000). [ WEAHICHERF S(ATGS;
ab108327, 1:1000), p62(#ab109012, 1:1000), «o-SMA
(#ab5694, 1:500). U B 2K [1 (#ab92547, 1:5000) .
E-cadherin(#ab40772,  1:1000).  GAPDH(#ab9485,
1:1000) T4 CHFF L&, A5 51LFPiR 1gG H&L
(HRP) (#¥ab205718) M7 & 1 ho 38 & fiff Y 3 19 b2 &
SEAEAF SR AT AL . — BRI ZHTE P [E Abcam
NHE

1.13 St 408 >R GraphPad Prism 8.0.1 £
178t b . A B DA ks 7, PHALIR] HLBER
FEFCXT XU Student £ 4G 55, 2240 [A] H AR LRI R
Jr 250, LW L ECR I LSD-t K555 . SEE R
DESE 3R, P<0.0S NERA GRS,

2 & B

2.1 HGF-MSCs-EXO W% ST T mggdifh
AN AR SRR (BRI 1A). NTAKGINZE R ER,
HGF-MSCs-EXO [ EL4% 5 [ 4 30~150 nm(fHf &l 1B),
Western blotting # Il 45 R B 7~ , SMBARRENS FRIAFRE
11 CD63 A1 TSG101 (Bl 1C). b4k, qRT-PCRE:
W25 R B 7R , HGE TR /MR H oK 355 (P<0.05,
B P 1D), 2 B AE MSCs B D AG HE T 43 35 1 T Bk
HGF &4 ) MSCs ZMlAA& HGF-MSCs-EXO.

2.2 HGF-MSCs-EXO %f BO /N /A H L < I
Fe M A W . S M EMT BS540 HE L A 45 51 1§
N, XTRRANRAAE E R Z AR RS L JBERIE
W, BT R HERIERE, 528,
YA R, R SR BRE M, R eI . /K
P S B AR X BRI AH L, BN R RS
B E, R IR AR A A I 1 ARk
T M /INA AR AL 3 21 4 1l 78 235 4 L 20 LT 58 4
FE, PEBEE LR AN AR L . SRFEAE T R A e 7%
TSR . A ZELH SO B 5 PR A0 M ) BCAEFRUR
ERERIZH A G, HGE-MSCs-EXO 4 B4 <45 2H 414
1380 B8 %% (€] 1A) . Western blotting, ELISA 7 45 I
SR, XTI, BRI BO /N
HA T Beclinl . ATGS £ A RKIAAK P HHE, p62H
FEIRFEAR (P<0.05), I IL-6. IL-1B. IFN-y #¢ T+
1 (P<0.05), A AL 1 He 4t v ] 78 s s
Y a-SMA, JWIEEHARBEKEFE, LRnEY
E-cadherin &5 [1 7235 K F-FE K (P<0.05) ;545 78 21 AH
I, HGF-MSCs-EXO 4/ B L 441 Beclin |
ATGS i IR IBKFREAL, p62 M R IKIKE T+
(P<0.05), I IL-6, IL-18, IFN-y /K FF#{E(P<0.05),
B EHL T o-SMA, I H R IR KRG,



E-cadherin FA/KCEFE(P<0.05, K 1B—D).

2.3 HGF-MSCs-EXO X {44} BO B A 4 Jfd I Wit . R
St FEMT 9540 PKH26 &b Wb 1A 45 B 52 36 45 3
/R, HGE-MSCs-EXO 4141 (455 538 Z1 H A T
YA PN, PBS 41 A M5 F) 4T (4 208 6 {5 5 (& 24).
Western blotting. ELISA{% . qRT-PCRAGIMIZE R IR,
Hos [ BH AH e, LPS AR A 2H 40 Jifd P Beclinl .
ATGS 5 H R IKKF TR, p62 M 11 R IKIKF FEAR
(P<0.05), 4 FiEW P IL-6. IL-18. IFN-y k& T+
171 (P<0.05), “IH I K A b (8] FE B bR ) o-SMA
WIREAHEARBACETHE, R EY) E-cadherin
A RILIKCFFEAR(P<0.05), miR-221-5p Rk K[
ik (P<0.05), NLRP1 4 [13RikKF-F+m (P<0.05); 5

Xof B2

AL
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LPS AU M L, HGE-MSCs-EXO 41 41 ifg ' Beclinl |
ATGS 8 HRIKIKF AL, p62 & H R IK K- T
(P<0.05), ZHMfL IS TIL-6. IL-1B. IEN-yikEEREAL
(P<0.03), AT o-SMA. JIEHE 1 F1ERIE KR
fi, E-cadherin 5 [3RIAKFFHE(P<0.05), miR-221-5p
F ik KT (P<0.05), NLRP1 5 72 1k 7K F A%
(P<0.05)(¥12B—F).

2.4 HGF-MSCs-EXO X BO H' miR-221-5p (1) 1k & 1
H qRT-PCREGINZE S 7R, 5 MSCs M1, HGE
1& Hii f MSCs 1 miR-221-5p & ik /K % B & T &
(P<0.05, KI3A); 5 MSCs-EXO A, HGE-MSCs-
EXO 41 1 miR-221-5p ¢ 1k 7K -t W i 7} 5 (P<0.05)
(K3B).

HGE-MSCs-EXO41

4n L_Bupiitic] 200 |_BogiEil
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Beclinl * 60kD 9 HGE-MSCs-EXO4 1 HGE-MSCs-EXO4
(1)
E‘; ( 1) 3 1504 ( : )
ATGs w D - SID T E "
3 = i 1
& i o) &)
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62 — 62kD Rl (
P62 - — = E 50 )
T T
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WP o
s
o
N (1) |_Dagikil
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WIUAE] = @D e 57kD ﬁt} 34
E-cadherin - — W 35D ﬁ 2+ (1)
B 2
i DD T O
0-
% ) A <
4,\)3@‘%%33\"%Q}0 £ o-SMA  J¥JEEE  E-cadherin
N
o )

1 HGF-MSCs-EXO X BO /MU AU B il b A0 A . JRAE A EMT [9365 7 1R (n=6)
Fig.1 The therapeutic effects of HGF-MSCs-EXO on tracheal tissue injury and autophagy, inflammation and EMT of airway epithelial
cells in BO mice (n=6)

A HE BN A U LSO S Ak (x200) 5 B. Western blotting K5I/ U A T LSV [ W8 Beclinl . ATGS ., p62 [#3E
H0L; C.ELISA BEAIN/NANE ILIALIG IL-6 . TL-1B8, TEN-y ¥R /¥ ; D.Western blotting £/ S A 8 4 4 b L Jz - 18] B35 Ak (BMT) AR s
Hoa-SMA, BIEH . E-cadherin AL, SXTHALIHLEL, (1)P<0.05; SHIAILILEL, (2)P<0.05. HGE-MSCs-EXO. F4iA: 1 -7 ifia]
FERTANMIANBA; BO. HIZEVEANS A 45 ATGS. AWEMIEEER 55 pe2 ZREEBE M p62; IL-6. FHANNENFK-6; 1L-1B. FHANNINFK-18;
IEN-y.y T4 E; a-SMA. o FIFHINLENE 3 E-cadherin. B-£5%4 8
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Fig.2 HGF-MSCs-EXO alleviates autophagy in the in vitro BO cell model and improves inflammation and EMT (n=3)
A. PEIGIRER TC-1 %) HGE-MSCs-EXO 45 H; B. Western blotting Kl TC-1 48 H [ WEFR 14 Beclinl . ATGS . p62 fJ#ik; C.ELISATAKS
M TC-1 4 RE % LW 95 [ IL-6. IL-1B. IFN-y % ; D.Western blotting Filll TC-1 4H M _E % -[a] B % fb (EMT) bR 2 11 a-SMA |
(ﬁ'ﬁ/ﬁ 1. E-cadherin [J#&ik; E.qRT-PCREZIMANMH miR-221-5p [J34ik; F. Western blotting £ Il 4 }fs 1 NLRP1 ik . 525 (I R4 L
, (1)P<0.05; 5 LpSHIAIL LA, (2)P<0.05. HGE-MSCs-EXO. AT 4 it A A< PR -1 i ] 78 o T 4i i AN A4 s BO. M ZEMEAN X R K
DAPL 4,6- " JJkFE-2- 2K JEm Wk — Ehfadh Je(t; PKH26. SN /REEYLRIUL (L ATGS. AMEAIDEREIN 55 p62. iZ REEA M p62; IL-6. 1411
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TEHGF-MSCs, HGF-MSCs-Exo H4% %% miR-221-5p
IS, HGE-MSCs X HGE-MSCs-Exo 1 miR-221-5p
FARAKCF B W REAL, 545 H B PEXT B2 AR L 25 5
A G112 L (P<0.05, K 3C). 5 HGF-MSCs-Exo+
PO X B A HE, T C-1 40 i %5 58 T HGE-MSCs-
Exo+miR-221-5p il 7 /5, Beclinl, ATGS & 13Kk
KETEE, p62 B 1k KO B4R (P<0.05, [#13D).
qRT-PCREGIMAE R Wor, SXTRAIAHLL, BiRI4] BO
/N BB R SRS 2 20 miR-221-5p 26 IR 7K - B I AT
(P<0.05); SHAIZHA L, HGE-MSCs-EXO ZHAH S,
 4H 2P miR-221-Sp 3K 3k K ¥ B 2 J+ 5 (P<0.0S,
[ 3E).

2.5 miR-221-5p X BO/INRSCE UM H W . RAE
EMT HURCEMEH] qRT-PCRAGIMSGE S s, 5i4sh
FIXTREZAH L, miR-221-Sp #8514 BO /MR 4
2 miR-221-5p IR BT (P<0.05, Kl 4A). HE Y
gEIR IR, BEhFI AN B E AL B S
BRI, A L R AN 3L . o444
WK, SENCHEMIR, Rl 0L IR 2 418U A R i
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KRR ; S5EShFRIX IAAEE, miR-221-5p
B0 500 20 /0 BRORS A A 2 200 B A 00 15 B 4% 1
(1 4B). ELISA 7. Western blotting A5 il 25 2 i 715
s FIN A M, miR-221-5p 50720 BO /Ml
ML 28 H T IL-6.. IL-1B. IFN-v ik Ji B i JAIG
(P<0.05) B HE A 4141 Beclinl . ATGS 25 H# kK
SRR, p62 1 FRIA KT (P<0.05), BAHAE
HAUP A b R A b ] FE B bR AR o-SMA L BE
A RIRACEREAL, L FREY) E-cadherin 85 H 1k
KT (P<0.05) (K1 4C—E).

2.6 miR-221-5p U [] NLRP1 X} 4CHH |- Bz 41 [
SN S EMT BMEIER A= 015 5 M 3 TargetScan
(https:/ /www.targetscan.org) T Il 45 2 . 7, miR-221-5p
5 NLRP1fFESE A0 (] 5A) o X6 E BT A JE A
SIEGZE LR, fE WT-NLRP1 TC-1 i, 54
Ykt BRAL HE 3, miR-221-5p AR 2H 41 i H AR X 28
2 il 5 7 A R R AIK (P<0.05), il /£ MuT-NLRP1 TC-1
i, SEYINT IR AL, miR-221-Sp B
A P A X RO R B IE M 2 R RS B X
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Fig.3 HGF-MSCs-EXO supplements the down-regulated miR-221-5p in BO

A. qRT-PCRHM MSCs, HGE-MSCs H' miR-221-5p [ 31k, 5 MSCs41HAE, (1)P<0.05; B. qRT-PCRAGM MSCs-EXO . HGF-MSCs-EXO
FF miR-221-5p Y #6ik, 5 MSCs-EXO 41 F#:, (2)P<0.05; C. qRT-PCRAG M Yt miR-221-5pp 1118 77 BF 1 X6 B B miR-221-Sp 41011 571 4 BT
HGFE-MSCs K H X W A4 (HGF-MSCs-Exo) ' miR-221-Spp FZ%35, HHIFIX AL LLEL, (3)P<0.05; D.Western blotting Kiilll PBS . HGEF-
MSCs-Exo. HGE-MSCs-Exo+miR-221-5pp Ml ill 7] B 4: X} 18 S HGE-MSCs-Exo+miR-221-5p #il il 5 kb B 1Y TC-1 MAEH [ W 86 4 Beclinl . ATGS .
p62 (UKL, Fa5 A MR LA, (4)P<0.05; 5 HGF-MSCs-Exo+miR-221-5p Il FI 41 [b 4, (5)P<0.05; E.qRT-PCR 4 ill HGF-MSCs-EXO
IRITRIG BO/NRBAE U HA T miR-221-5p IURIL, SXF MR LLEL, (6)P<0.05; SHBULHLLEL, (7)P<0.05, HHESIIANS T 3K, /)
fln=6. MSCs. [B]FEFE T 40/l ; HGE-MSCs. 144 4 I+ (HGF) &4 i 18] 76 i T 4R ; MSCs-EXO. [8] 78 i T 40 g 4N 4 ; HGE-MSCs-
EXO. JAF4H it AR+ B B4 14 1) 72 5 T 4U IS MNRMA ;. BO. I ZEMEAI ST A 45 ATGS. FIWEMISCIEE 55 p62. IZ REEH I p62
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Fig.4 miR-221-Sp alleviates autophagy, EMT and inflammation of bronchial cells in mice with BO (n=6)
A. qQRT-PCRAGI BO /N FUTE ST miR-221-5p #8515 B A B 4121 rf miR-221-Sp (7235 B. HE YL (SR 14T miR-221-Sp S B3I BO /s
BRI S SV B3 54 (x200) s C. ELISA VARG 5 miR-221-Sp 34 S516 BO /NS LML HH IL-6 . IL-1B. IEN-y ¥k (15400 ;

D. Western blotting p ORI miR-221-5p BN FNE S S BO /N RS L4 A W4 [ Beclinl . ATGS . p62 f)235; E. Western blotting p Rl

miR-221-Sp B AN 515 BO /NS S G L4 | Je -] B Ak (BMT) bR 85 11 o-SMA, JIE 1 . E-cadherin I 3R3% . 5 iah7 % B4
HoAZ, (1)P<0.05, BO. IZEMAN L SAE R s ATGS. HIWEMHICIEN 55 p62. IZ Z LA HE M p62; IL-6. FIANIENZK-6; IL-1B. 14T/ FK-1B;

IEN-y. y T E; a-SMA. - FIFNUILBIEE 5 E-cadherin. B-£5Z6 8 H

(P>0.05, K1 SB), CHIP-qPCR L5045 i 7k, miR-
221-5p B4 T B B A 1 NLRP1 25 (15 H 55 3)
?IZE/‘]%%(P<0.0S, 5C), beJm, H Lipofectamine®
3000 % 4 miR-221-Sp A5 LN B4 1 551 Ko HAH B 1) B
PEXFHR, IR qQRT-PCREGINE YAHCR, S50 R,
SRR IR AT L, miR-221-5p FE 48140 26 41 i v
miR-221-Sp FRIR KV B 5 T 55 (P<0.05) 5 54 il 57 %oF
FRAHAR L, miR-221-Sp #0570 2 4 o miR-221-5p 3R
ik B & % fI% (P<0.05) (8] SD). qRT-PCR Hl Western
blotting Fill 45 5 s, SHAUYIXT A L, miR-
221-5p B AL 41 40 Jifd Fh NLRP1 mRNA FIEE [ 2 187K
- WY 4 B AR (P<0.05) 5 54 il 55 X BEZHAH [, miR-
221-5p 41 77 41 40 Jfd b NLRP1 mRNA F1E [ #2157k
SRR 5 T 5 (P<0.05) (I SE) o S IS BEALAH 1L, it
Ik NLRP1 20 4t jfd | 3% W b 2 0% I IL-6. IL-1B.
IEN-y ¥ FER#AK (P<0.05), i Beclinl . ATGS 5
FIRACFFEAR, p62 H HEKIBIKF- T+ (P<0.05), [H]
FFbREY a-SMA ., BB E FHRIBFAL, bR
W E-cadherin 7K [ &A1 1 (P<0.05); 5L NLRP1+
PHIFIRT LA L, R NLRP1+miR-221-5p 11 1l 1]
ZHAAM |- ISP AREIN T IL-6 . IL-1B . IFN-y I
Jn(P<0.05), 401 Beclinl . ATGS 75 11 2635 KT+

i, p62 M R IK AT FEAR (P<0.05), a-SMA. JEIF
HARIAIKEFE, E-cadherin £ 13 5 K F-REAIL
(P<0.05, [EISF—H).

Ak, FE/NRAARSME RN F R B T 8 2256
JIE, gRT-PCR. Western blotting Kl 25 5 7~ , 5%}
HREAA I, AV BO /NS4 <8 T NLRPI mRNA
E 20K TH i (P<0.05, [ ST), IHeabh, Stk
HAHL, miR-221-Sp S5 41 BO /NRASAE A 41N
o' NLRPI mRNA FI 8 [ 235 /K FE A% (P<0.05); 5
miR-221-5p B SN FI LA H, HGE-MSCs-EXO 41 BO /)y
B S8 2H 21 NLRPI mRNA FIZE 4 235 7K TF
5 (P<0.05, K5)).
2.7 HGF-MSCs-EXO 5 NLRP1 Xf BO /)N U/ 1
RAE X EMT 4%  qRT-PCR. Western blotting £
M2ER IR, 5 HGF-MSCs-EXO+ R {l XF HR 41 4H
HGF-MSCs-EXO+ i il NLRP1 21 BO /) f{ NLRPI
mRNA Fll 1 2B K P BRI (P<0.05, [#16A), HE 4
45 R 7R, HGF-MSCs-EXO-+ X B4/ A Al
W IESX R, P BERE, HAKEN
R AR i 50 5 HGF-MSCs-EXO+ i {1 X 18 25 4
I, R NLRPL i — P4 5% T HGF-MSCs-EXO ZZfiff
0 A 0 B4 H (Bl 6B). Western blotting Fl1
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A. TargetScan Tii Il miR-221-5p 5 NLRP1 [ 25 &0 £ ; B. DI 3 M 45 ik X S 38 B0HIF miR-221-5p 5 NLRP1 (W45 &5
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miR-221-5p directly targets NLRP1 to inhibit autophagy, inflammation and EMT in airway epithelial cells (cell =3, mouse n=6)

Az, (1)P<0.05;
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C. CHIP-gPCR 52

D. FIH miR-221-5p B4 . miR-221-5p 10l 70 K AR N7 BH o) G Y TC-1 RS, R qRT-
PCRAGIN I 1 miR-221-5p FIFE35; E. qRT-PCR Al Western blotting A6 %% & miR-221-5p 41 il 71 |
A NLRP1 B9 FR 0 S R4
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