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Abstract

BACKGROUND: Despite a series of clinical treatment measures, the treatment of pulmonary fibrosis still faces challenges. In recent years, mesenchymal stem
cells and their extracellular vesicles have attracted extensive attention as an emerging therapeutic strategy and are considered to be a promising means of

treating pulmonary fibrosis.

OBIJECTIVE: To systematically review the application of mesenchymal stem cells and their extracellular vesicles in the treatment of pulmonary fibrosis, to
comprehensively understand their therapeutic mechanism, efficacy evaluation and problems, and provide reference and guidance for further research and

clinical application in the future.
METHODS: Using Chinese and English search terms “mesenchymal stem cells

”ou

mesenchymal stem cell extracellular vesicles”,

”ou

pulmonary fibrosis”, we

searched the CNKI and PubMed electronic journal databases. By means of manual reading and eliminating duplicate articles, 112 articles were selected, but 58

Chinese and English articles were finally included for summary.

RESULTS AND CONCLUSION: (1) Mesenchymal stem cells and their extracellular vesicles have shown great potential in the treatment of pulmonary fibrosis,
such as regulating inflammatory responses, inhibiting fibroblast proliferation, and promoting damaged tissue repair. Preliminary results from clinical trials

have also shown some effects of the treatment, including improved lung function and quality of life in patients. (2) However, mesenchymal stem cells and
extracellular vesicles in the treatment of pulmonary fibrosis still face some challenges. During treatment, technical challenges such as cell migration and
intrachistological localization need to be addressed for it to accurately reach the damaged lung tissue. Furthermore, its long-term safety also needs to

be further studied and improved. For translational medicine development, standardized procedures such as cell collection, cell isolation, cell culture, cell
harvesting, and cell identification need to be refined. (3) Despite these challenges, through the joint efforts of scientific researchers and medical personnel,
these problems are expected to be gradually solved. In the future, we can further improve treatment outcomes by optimizing treatment regimens and
exploring individualized treatments. At the same time, in-depth research on the therapeutic mechanism of stem cells and their extracellular vesicles is expected

to develop more efficient and safe therapeutic strategies.
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B-catenin {5 544 GAE ARSI (A Py LR — )RR 4k
R 19 76 5 1440 CHEN ©% SD K 50 mg AUALE BBk 5x10% MBS 24h AIMUESH)S 28d SESRN RS, R AR 3 BRI N, Bcl-2/Bax HL
SR E NI R 40 A Tk
IR0 18] 78 J 4 FIKRY 7! C57 /IR kR REAIHEIR RIVEA A BRI T R R TR A 2 PHYEANAD, I RS T (2R 4R
R T K
N s ) 70 57 T4t RUBIO ¥ €57 /MR 2U/kg Wk H Bk 5x10° 3RS 24h RS 21d BELLE: AKT 378 25 1o 50 A5 i 0 90 RE RV 2R 4484 1 49 A & 00
N JIR 07 18] 78 5 4 FELIX 1 Wistar K fil kR R 10 K ERE 21d W REE A T MRIEEA VA0 AN = 17 kRN
2] 1 JEEASE NP 33 T O 4 2T A A AR
T N8 78 5 T4 SHI 7 C57 /IR 2U/kg MORBEZE  WIKIES: 5x10°: MBS 24h  AIIESHI)E 14 d miR-199a-5p Jif it 115 Sirtd/AMPK {7 53 i 3 i A 15 0 S
R MRl Ak R T T3, miR-199a-5p (131 45 45 4 1tk s 2T 4 4k, 8 2 1) S
s 18] 76 5 41 i o7 1) 78 R TR SR g, SR T BRI RE )
NI [8] 78 5 40 wuy €57 /MR 3mg/kg WERBZ BN 5x10° RIS 7 K ERE 21d PEm TANRAATE R, BT RIEE Mg SR,
DK EESNCR: S EEREal R - PRIOEYIESPN
N 1) 76 5 4t MORONCINI ' €57 /N, 1.5 U/kg MR8 % Elkikat: 2.5x10°% GHS5 7 iR 21 d L M2 E AR A1 3 6/ A K 10/ B b K
PN R B &M, 229N R ( SAERILF 4L )
NS 18] 78 53 T4 i cHU ™ SD KE: Wi 8me/kg WERHE R AU WIEST: 5x10° 57 2.5x107; 345 49d i LA R PN, R A D e R 4 AR T g 9 1
YA AN UGS 21 R, FLHigR i, CARRARIB R A s D IURCLT 2k 40 (¥ s
M T 44N
NI 18 78 5% T4 XIAO ! €57 /MR B2 R BGEST: 110°, 5x10° Rl R T Ja 55 7, IFAEIRIZE AR TANMIL I # Ik CXCR7, 3] Wnt/B-catenin il
1x10°% AR 1K 14, 28 K P&/ 16 Notch/Jagl, J%% 400 RN, (R HEMTLT 4k iP5
NG HEE WS 0] L €57 /M 5mg/kg WERA K RBEIGES: 1x10°; EB53d &5 28d i3 R 1 FOXP1-HUR-EZH2/STATL/FOXKY [ Wtk & 3% i3 1 i
T4
N 1) 76 5 T4t ZHANG *! €57 /N 5mg/kg KA H REBGES: 1x10°; 5 3d )5 28d LAY circANKRD42-miR-136-5p {f: g YAPL ) bl kAR li£F
Hifl
Ad, DCN I&/Hiffg At Lo C57 /IR 20 Gy %@t KA RS e h, AEATE & BE )G 28d, SR R SO AN AR TR R IA, TR N T A0 JE R R
o4 28 d 34 A FtALZ P TR AR T 0k, ST AR A
NI ISR T AT Lo ™ RVEAN A EPSEFN SE NS RVEAN A MSC-AEC2s F] LUE T I /b B-catenin /15 1 TSR A4 il £ 44k
F) R 5 4 (MSC-
AEC2s)
NJFAF I FE R T4, i MAHMOUDI ! ¢57 /N, 4U/kg MREEZR  AUE AR 2x10°: SRS 7 3EKE 21d AL AN T AR L, 45 4 AL SRR B R S R i
AL S TTAL EL (¥ N S T P WA R, HAEK ﬂ T BL A a- P UVLEN & 1 ) ik ik
FEIT4 b
NI L0 T4 Py At C57 /R 3mg/kg REE R AUEATES: 5x10°: MEBUEH 7 EEUE 21d PR EPCR A3 43 41061 5 Ak AR K PR B BT - T8 ILAL BN &
Hff) C 5 1524 (EPCR) i R EPQ Y VSRS E MR YN HEE W e ) %4
RN A 1) 78 0 T4 i) U
[ R LA 5 17805 DA SILVA ®! Eﬁifrf’a{mﬁmﬁﬁi RIEAIH IR Wk 5x107/ 50, 2 MR AURESHE 6 A B SR FAZAN MR, CDA" HRERAIIAT 2 T2 S SR AN
T4 RE 2d; HIUERS 35 K A rkEY; (cDC2) #84hm, ~F4 M@ 1 T4 & 50 e AR TR
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&2 | I 5 FkEFERTAAEsIRAMEINE R (MSC-EVs) JETT A EF4E L AT SR IR

MSC-EVs K (s SRR WL BHEER. e 1A WS RHL YRIT B

NEHA BRI A5 LEL ™) C57 /N 15Gy i HkiEST: 100 ug/uL100 ks EATEHE 2, JEITHEE miR-214-3p K ATM/PS3/P21 (55465, W5 T
T4 Moy mIEESE 0, 3, 7K 4, 8 JAAbEL ARSI M B . SRR AN LR EAL
MK % YANG™ 57 MR 25U/kg  UERTES BOIKIES REUN WERUE 21d BB G b, SO Th e, W L - 1
2% R T 18 45 4 M 382 W 200 ug s IEREEE 1, 2 K JRFAL, R4 AR

NPT B IET SUN ® C57 /N 1.5U/kg  HfkiEsT; 0.5 mg/(kg-d), 7 d;
2 fid (MensCs) k&R ER 21d
OGRS ST T4 TAN C57 /N MoRE R HFMES: 10 ug/0.1 mL;

WG 24 hal 7d

HEREG 28d MensCs KIS ZH A SN FE L) Let-7 JE I I8 PR, TR
BERZIR A5 (0 R NOD R 32 0K B (1 45 MBI S B 1 3 Wi ok
SRARATLT 4k

S A T R A Y SR g S5 R T PR o A R A, R
I3 T AR 12 2

5 14d

HHIRER T ZHANG * 57 R Smg/kg  HBKEEST: 1x107/100 pL; RS 7d I ANE] Wit/B-catenin {5 53 % 01 g 2 05 S 10 B -
ek S 12h [B AL, o RHLT 4 db = A R R
HREEIZEFE T MANSOURI®! €57 /N, 3U/kg Il FlkiESF: 5x10% JERBUYR EHS 28d BRI AT, IR, (EHE T R, &K
KER PR AR A e
FHHEIE T4 zHoU PV C57 /IR 5mg/kg  AENTEN 100 pg/200 ul;  ERSE 21d AR AR FE ) miR-186 Jdid 5 SOX4 A1 ZH A Dickkopf 4
ok zm EHEH 7 K KA 1 AHELARE FH 2 e R PE 4T AL
HREE R T ZHANG ™ sD KR S0mg = FMKIEST; 200 ug/mLs A ERE 28d 4 ANEEIE AR LA KT BL KT AN R - 1]
Ak EE 2R JR AL IRk e R R I 444k, A FH ] BB 3T Wint/B-catenin
EReplilvesyl
EREE R TR U C57 /N 14 Gy [l HpfkiEsT; 200 pg/a00 ul;  MEAEJE 1, 4, ZiHLANEELE T miR-466f-3p HI i) c-MET 1] AKT/GSK3B K
RS EAERT 2h 8, 12 4 TR S5 S0 R — (AL
HEEE T4 WAN P FERVENTAR 4 ARVEQN  ARE4UHEE RGN 24004 33038 3T miR-29b-3p #1 1] FZD6 1)) il jit 2T 4k 41 ffw 384
it Mk ik AN LT Ak
ARzl
v TR E  ROZIER ™) BALB/c /N HOCI [z py ikt dis 250 ng/100 pL; S 42d T4 3 TUAL B (1 18] 78 07 T4 A U 4 i A1 JE 18 o508 1 it
18] 7653 T 4H i TES42d BRI 21 K IR IR B R IE
NG I07 18] 76 5% T-4H)f.. BANDEIRA ™ €57 /)N, 20mg = EWTES: 1x10°24 hy RVEAIR SRR S By PR R/ LA R PR 25 i R0 i o R s P49 )
FALRE MG 15 d WEAN R R, SO R
NI ) 78 5T 40 Hou AVEIRER  RVELIH RN RV 20 i 4b 3 60 7% 338 miR-223-3p LA i) circPWWP2A, AT Jill
ik it NLRP3 {5 518 B 2% f il £ 416
NJBFAF IR 78 57 T 4m) Xu 7 €57 /IR TEAEE B 200 pg/ U HEBE EREG 30d YT ACRE SR, ERE I I 4 A USRI R 4545
G 4d1 Ik
ING T EE s i S TR C57 /IR 3U/kg 1 kST 20 ug/100 pL; RS 35d I £k miR-21 Al miR-23 i # 4b AE K Rl 1 B2 A (kAR
KR EBET7RS5FE 21K KT B %2k 2 7R 1 A 4efbFERE
NG IR ZE R T 40 Ko €57 /IR 3mg/kg  HlKiES; 100 pg/250pl; MG 21d @I TGF-B1/Smad2/3 fE SE IS b R - IRl EE AL
HRE R GBI 2 KA 11 R SN BRI AR AR RS, HR WS IT R RO B 2
Fe,0,@PDA B #hal " €57 /R Smg/kg  FRIKFES ;s 100 ug/250 uL;  ERE 21d A DLEMRTEORE RIE T IO I MR R EIT AT 4R, TEARA
JiF s 18] 78 53140 A k&R R KRGS 10 K TR T R AL T2 i 40 o 23
NJBFE IR 785 T4 ZHAO BV ANER LB Fedb K 50 wg/mL AR R FE B T4 545 30d 44 FE AT AE (1) miR-26a-5p 7F AL RE 1 5 A il 4F 44k
Slin B BL; k4N i 3 it FPOE B ) iR A S R 17 SR b R - Al B A AL
€57 /MR R ST M it 2T 4 K
NGRS 18] 768 5 T4 . ZHAO AVEYNHER RGN kb RVEANEIR R [N R) 70 0T 41 B A1 30 4 ) miR-218 i i MeCP2/
b4 BMP2 & i b 7 — 8] T A Ak R ma i 4T e Ak gt A2
OV ) 76 R T4 XU B PNE SN 1 A N E T N E R E i RVEGNER 8T A5 i3 let-7i-5p B ) 4 A2 K Rl B 244 1 0 ek it v
ARl % PR 2T A A0 S
NG ZE R T4 2shg 0o C57 /MR 35mg/kg kRS 3x107 AN AFIE] B 6 it miR-146a-5p 1% SMADA Y il LT 4EAL,
M BRAE AL EE SRR TR UM W i Al A s

A 1) 78 5 T4 G 4 4

i Lim_/r_ss'lr'zl‘,

NEEeEag

W ROS: JETE4; mtDNA: W HEIZEZ; NLRP3: NOD Ff 524k
B EASE IR A K T 3; DDK1: H4H A Dickkopf #H ¢4 [ 1; TGFB2:
AL A K KT B2; TGFBR2: HAb A K [K 1224k 2; TGFBRL: kA&

P72k 1; MeCP2/BMP2: I CpG i H 2/ WIRASKAEEA 25
TIEER; Adaml7: EJRERCIMELIIK 17; FZD6: B4k 6; AKT:
ARSI B GSK3B: MR &R 3.

[ 4 | [B)FE BT 4mRaskiRAARSN B IRIATT AR AT 4E (L AL I ]

3 RLESREE Summary and prospects
3.1 BAEMATEZIUEARIOMAGENGEIRE Az A R B E
mia R, AMARMAY. BOMMAE. RMAFEH L L5 kEid
RETHEA. SRR ABNG KA T AL BB AR Rt —F A 4l if
Bl 7 A 0 BRI, A I IR 3 Bl 41 S Al iX — S afe o 49 sk R B R
FREEVA . AT AR AR S A MACIRAE B R ) 2 S sk A e,
BEAE AT R AER] T MSCs Fo MSC-EVs x4 ifi 4F 44w BL A7 36 55 #% 1. MSCs #a
MSC-EVs 5T A8 137 4 £F LA A2 o 69 KRR . 32 LR - 1B 45 4b.
FrHIAE LR am R . AR AR AT Y I M S B I S AR A RO A 4
WA E, R AL ST AR i MSCs R ARG b h =2 Al 6 b R am e 5 F 5K
itk Z R LLLR G915 F e B . BB AR 06 57 BAk T ALH 69T
A2, ALK EH B AN BORAEIA TIRAT #E, AU 6 IRAE
fif Ry itk — H KA IT KRR T B s A A AR R

BAT, MhAS AR o —A A I A YIS T Rk, e d TR A
% ERE BAIRNG B AL AT P, B AT e An AR 216 R B A A BATHE T
Ve m s 09 & KiK. T4k MSCs F= MSC-EVs &4 #F 5, 3E J& 4 A 4F 440
TR T R E LA F IR AR, (25— B PR AR T B AR
XA QA BITIVA F aOn A F A E AR, 2 E S it
4% ]l MSCs F= MSC-EVs & & #9350 & RAEF 7 @R R A TR, QI
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H R ZATEAY G 7R AL, TR 6T misbik, B4
FE. B AR Heh TR VT T B B By SRR R
4T Bl Fo T 4| AT PR, % F MSCs F= MSC-EVs #9 SR 4% & . AR EAE
BRAM. BBEZR AT SHAREYmEE, MiFt—FARA
A G T BOR . B R T IR I 693831, A d A PR MSCs 74 77 89 4
AMAEIEE, ZARYEEAR GG 230 S HE R E A R R AR AR R AR KT A 49
2thrik, ORMBIR 6 RA B ARG RIEL, AHlsREHBERE.
RS E, MSCs 5@ min—4, §ETmieRE. miens.
eI, mIRMOE A R S AAAR S, BRASREE AL
2023 4 4 J RAT KA 64 RATIR (AR T jl = 5 25 AR 5 R
FFRNUY E—F A EMB T Fmie kT8 54 E, @
mps E A R IEATER & T R E R BT RN FR—FRES
AR, BN, TR BB P A A F R . B RS N A R
AT AR L et iE AR, AR AR R ARG E AR .

ILA HF 5, PTAERA &9 MSCs Ao MSC-EVs & 57 Fifi 4F 440 69 4k 8 & 3 b BR
2. MSCs 4945 54 : @ MSCs o vh o4k RE £ A g tm e, M dt &
RN AT A4, @ MSCs B4R F 894 £ A= % B AT 1R A,
M B Y KIEAR G & ARG AR, Qg 4F g A KB TAmaR T,
T ARt 4 ) 4F Al it A2 A BAR B4R A5 it AR K AR F B AEF . MSCs
WEEA: O FHLASA — RO RANFE, BHETRAT LS £
S JE RN S B S AR R, QKo b BUR AR i — T
1, A B I VA BNE RAFFAE T a0 LA N B A BN , RTER,
REFE GG et R, EEERLT T, MSCs BT i FHIARA
P g A POl MSC-EVs #948 B R QST A EK, Eatm
JieLi6 7 6 77 KA 28 %, T S R, Q8 FHEFEE N A B AR
Fam ooy uk o tafosh e T T e, Al Aeid i A4 Eoeds ., A
A5 B R Ak E B AR H] B, R A AR A B AR A6 F
B, AR —F R ER; @ MSC-EVs ABst T MSCs A& £, T wd
BRHFEAG e FE, K Gt L 040 A E NS TF.
MSC-EVs 894k 54 : QIVH FH5 7 ik N mILIE Idh F 5 B Aa A K 284
MSC-EVs 172X 5 fE 3 AR L 04 Pk, 7 LI 3515248 0 F MSCs + 54 1%,
LipiE MM ER K, R RBA&F X miesh £0T i A R E
HheAOR, BF 2L L AR R AR Sk, Qv T
LAFARE Y, BARERB S ReaFE, FRTANRE—F4#
ALK S 441

IUA HF AR Y] MSCs F2 MSC-EVs s T 7 Bl LA 2 7 ) ok o AT 5044 Ff
LA e — R 06 7 R AN Loy 27, Kk 2R E Fahd
ARG £ R SRR RIEAE] 6 £ AL MR A BT 18] BT R e K
EALE . ARG ALE EF B RS A8 R T i kR R &
A& 584y, Rt e ike £ 700 Rih s RERF 0. B,
FRATE T BRI, FREEF BRI LR E, FRTE S RN
#—F T A 5 Rk,

42 F Bk, MSCs Faz MSC-EVs 74 57 B 4 4 AL e AP R BRAF T — e it &,

A2 AR it — W IRNATF R R G R IUA 69 1) R A DK,
32 FEGRRBIFMHAMRNER X H%EE bl X %k e 7R
Z R F AT S A EHRARR T MSCs fm MSC-EVs 2 Ml 4F 4E4056 77 o 9 FL
R, RAFmib T REAY. FE. FTHERE. FRAEAEMAEAR
A, AT HA LR AT 4 BME T &4 A 6916 RAF R4 RAnib 57 20
R, A EE TIRITET I L) S A 5 ok,

Z LA E R TIRGT B AT T T @ s e PR S P, dels BRI
Y RAE R . B AT @R BB S . IS E N Sk
HeW BT T MRIZE T ikt B TR, ) R R R AR R ) B AL
THF.

o, ZFRAEIE TR E R Uk, R ARG LiksRiE
ik, PRT XFH T EAESME, HAT5] A6 SRR RR A
JRiXEe g R — 3R T L E AR, AR 3t Ik F 49 52 30 3 dE Al
RIS RBATT 2@y bss, BIFiEE % LT T M MSCs f=
MSC-EVs 34 57 i 4F 44064 57 2 Fn it /) .

3.3 LRRBVSRIE % 423t MSCs fm MSC-EVs 2 £ 421056 77 7 @ it
AT T ENWMBGIEIT, BTkt T8 T 4R ey i 20 fo B 0 2R 0 Brik

4084 | PERKTIEHAR | 8528% | 88255 | 2024598

T, MAEFZHR TR, A Y4076 57 AURT R 2tk AT 69 &
AR, EFOFEIGETFE. HOBMIRITGEHFIEE, Bk
KSR B AR RAE T R T R AR BN, BAAFIL R
B T B — ) By TR, R R B B AT 4G AR R AR
B9, @ T MSCs Fr MSC-EVs 74 77 Al 47 4 ALaT AL T R By R R AR R IR,
FaAIE KRR A R B R AR, LR PTI B e R 4 R
BRBRTRZIFERAEED . AR RIRFRZ Y, BEE
F B KA. % Pty R R R L Bt A s b,

3.4 RNEBEN B4k, Bidxt OF Lok 7 m R o8 fo sy
M AR AL Fole RE S ARRET — o @me) 55 FAt, b T
VAR T fi# MSCs Fr MSC-EVis 124 41 42 4k.56 75 F 44 ILAT FL B vA B FE A,
FAR LGB AT B el RECR, A B TIHA B % HFERIEH
TFIZ ARG AR, RS A g8 7 a9 e # At ¥, ok, Z4ERIE
T B AT @69 M A e b X, Aol EAAE . BHLEARE, Tk P IRA
DHTARAFALAT AR #5445 B HFI0IAIRB) %06 IF F ik 49 By PRt o I 52 XE R,
M 5| G R R ARG E S AT 6y, iR AT AR Sk B A 8 B R AR, K
HBTFAHRACE T FHE, RGEFHR, PMEEITH T A Fb R FE .

3.5 RAEKEAXNKRHVEIN *F T MSCs F= MSC-EVs 74 77 i 4F 4169
AR B, TAMAT 7 @R R OBt L muhl. 7657
AU A B4 JELTR) 38 RS AR G A 2, FT VA A ROk 64 W R AR L 4R
AT T ARG, QM ARG RLI, EAIzEaT il
R bl E 0T AR G Eab b, FENTFAR AR oL
4 MSCs Fo MSC-EVs 74 77 AT 4F e Akt 20 %, P X ERF. AR T
R4, A BLF LTI, KB T 3 —FHhAs TR A
gy (59 81 83 90 100 MOAR) S ST ) 3 i 5 AAE R G0 B T R AR R AT
MSCs 2k MSC-EVs &4 £ 45 , FF1 ) 24 R 3BAR R 52 o Ak ok 52 I ¥e ) A
REBRE. QIRAEA A7k T @l o 16 R M6 77 77 AR T
B b7 e 2™, XA R AN MSCs S MSC-EVs Al T 15 R 4510
0 —IR i F A%, R T AR A RARG AT ik, MSCs K MSC-EVs i ¥T vA
WAV A B, A TR LA ESEDT, B, AR ETHE
GRS, XAPUAIE T 69 KA LRI TG E T BR, FFRFZM A
PAEF W AEGERAER T, OWARKE L #—F 0GR L
BT, FRRZLY RN RIRIESIELIT4E MSCs 2 MSC-EVs 74 77
Tl A S AL o R ST A gk, RIS LG 7 7 ik e G R R . R T,
KI5 B 50 7T VAR BO R4 06 97 09 A Ak £ 09 1 B %R,

4% E BT, MSCs 3% MSC-EVs 74 57 ifi 41 44k, 22 13 7% K 49 A 5 &R,
EHFROIRFT B Rk, AT HA IS RESFARERGOS
#, #—FIREAR LA @MY, MSCs K MSC-EVs &F H 72 A Fls
JRIEIR GG TF .

{EE Tk E46ra. X4 5 L F 09 B ikt AP TRl R b 2k
WIIRE; ATEME, AWM TEIASIT. XFNREEHNAFR, FXLF
AR, WREE,

FIEHREE: L TR A, ERAAAALFRE LT AL
Fl B R,

FAHUGRERARR: X2 — B FURIR L E, AR4E (St sk 25Ty “F
4 - LA - AR X EF 407 £H, AL AGERLT, A
AAAE B At B TR XA B iR ARSI R, BB AHERTR PR
TH. BN, ik, 9. k. RAIEZ UK, FAHZES L3, AK
AT A NI IE RS AT AR R

MRAREELL : I3 R AT kA B S 30 5 T I RRARSE AR T

HERMSE: ZXFREEATEREFNIAEEN S (AABEREEN
AAREHLIEY (PRISMA 35 ); L3 PR HT €2 14 % b B 2| 55 SUAkAR M & et AT
3RXFAAREE; XFLDRTING £ RRE T, BATFOAN LEHF
SIPKARE .
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