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., MSCs AR R 1EH . 75 ARDS %
FF, MSCs 40 i i 4 24 K T (hepatocyte
growth factor, HGF) Z%] N Bz BB A R 1EHT,
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MSCs ] LA ARl JL-HFPai e R 5, ok A AS[E Fh
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SEARTE ), AN [ 2 58 () MSCs 433 14 TR 7 3% AN
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DLAR 0 9 Bz 40 e . Hu & ) H g £ ok
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BB, KEEBEMSCs i] IR i s vk, feik
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1 (VE-cadherin) A3k, 1M A FH 480 75 2R A40K:
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Iii mTORC2 F %3 F i 1k 22/795 2 FR & 11 I il
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/2 mTOR/STAT-3 {5538 A =19 ' FE/DER
Jie FERE AR IR T HGF -t m L2k A2 il £ it 5 1 R 44
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R 40 B B R B 1 B L R 545, MISCs 55 43 i
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Fig. 1 MSCs protect pulmonary vascular endothelium by paracrine cytokines
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miR-21-5p, [ PTEN 1 PDCD4, M i i /& Ak
o7 75 T B I NS PN B B R T Y TR A
/N B H 5AE A rp bk AT I MSCs 1]
DIRIE/NRATIG , ARt A b A A v . A
NG K N Rz 20 B A T AR AP S0 A 3, B 17 MSCs
AL DL o A A f% 3% miR-126, 7% PI3K/AKT i
M, WPTAEAFZOAMET ™ T
AR T AR #E R TR 09 MSC-EVs A LA
RN A 05 . RAEMEF ML, B4 MSC-EVs
FE7E K miR-214-3p, 0] DLl #[] ATM, T4
ATM/P53/P21 i %, [ AK AR 5135 5 19 DNA #5455 .
PE— 5 A, R4S MSC-EVs 3 20 i i il iy
B 20 M S RO T B R AR R Y, X B
R D O 7 I 5 Bt T AR . TERR
BB AST 0 LF AL rp e K AN
MSCs Zh & (MSC-Exos) 1 LLFFAR LT 2 fk 7K -,
HE— W58 & P, MSC-Exos 5 %15 miR-218, i
1t # [] MeCP2/BMP2 18 %, 4111 P Kz 40 i 1) i) 3¢
e A N (S e

AR, AE/N BLGE SO AR Rk
A/NRUEBEMSCs 1T LUSEFE B 405, 280 R S 9 R
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R BE. A FHLal L, /NECE 8§ MSCs 1 R il i
8 miR-155-5p {2 i P Kz 20 L A W, 447 P9 R 4
MAETE B2 RE TR U5 i) MSC-Exos X HL 8 =it
Bt A IRITVET, 3 AT RE ARk 4 i A i /25 P pe
MR TRPVA/Ca® E i, (R4 B2 RSt
FENAIE T AL A, 55 L miR-378a-5p [ K
SRUEHE MSCs FEVK S IR TG . BRARARAE N . &
O Tt L 1 200 A A5 0 A5 P g 00 i a5 P )y T
L 5 MSCs B A 20, R Ah S8 & B,
miR-378a-5p 1 GEi i I I8 HGF & 454 P 1EF B4,
fH )&, B B8 MSCs /& 75 i i 4h W 1k B % 1% 8
miR-155-5p 5% miR-378-5p - 1% A HEIEE, 1%
BT .
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coding RNA, IncRNA) FImRNAR N E AR EH]

IncRNA il i ZFp AL H 2 5 a0tk . &
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7F MSCs 1 # B IncRNA-ZFASI, i 41 W 44
IncRNA-ZFAST 37>, AR T /1N BB i MSC-Exos
M ERIER . RSN CER B4/ T LIS /)N

SRR AE PN R A T, T IncRNA-ZFAST 2 5
T /N MSC-Exos X Jili B ifiL 57 P4 12 240 it 1) £ 47
YER, fRHEN R AEAETS . BB AIERS . E—2D
LRI, IncRNA-ZFASI nf A3 i 5 UPF1 A H.1E
., AR FOXD1 FEfif, 0 Gal-3 1%t A,
NIIEZS Al ] e

AMSC-MVs FI/£7E KGF mRNA, HAELPS 7
S AL A GRPYER , BTG R R A E R
STRUN AN 8 20 e ) A i | NG =
MSC-MVs 14 K Ang-1 mRNA, 7ELPS %S
() ALL A Y v n] DLk ORI PE TR i B
MSC-MVs H1 Ang-1 mRNA mifl 5, HARD 45 58
RVERIRE IR . RSN SE R s & 9, 7E LPS L
T, Ang-1 mRNA B I MVs AN BELERE AR
DAL B2 20 B B ) S Y, KB MSC-M Vs 1] L
11 1% 1% Ang-1 mRNA B PN J2 40 & ¥5VEH .

A4 MSC-MVs H ) HGF mRNA B #% i i%
I 20 A b B R K HGF & 1, 15 3 40 M o A A0 AR
K AN MSC-MVs it 1] LK: HGF mRNA ¥
RSB L Rz A0 AR A5 P B i b, 8 e i
PI3K-AKT-mTOR {5538 & 22 i ALI
1.2.3  Mughgeit h A BT o e Ve

/NERE R MSC-MV's 1] I 2 B AIG LPS 375 5 119 fili
TULIIL A PR 2 200 R 5 s A Rl s P, 9/ PN 2 24
PR, E A, BN R A i ) B A
VE-cadherin F1 occludin %) 235, 1fj @ {ik HGF J5 1A
SrRCRZ B, X EH MVs H HGF N AR
FER

5 RI, EVs WS ERMAEERI ST, NE
& MSC-EVs A il i /> S LR AR Y TR EERS , IR
FAERBUE AR/ INVAGE Bz - i 3 P9 Kz 2
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W EALBERR LAY, PR 6 b R - 40 1 5 B
B SERE 2 B M MSC-Exos i A] $F£Rkr A4 i o3
AR E R T, YK B AR M LR R e
PE, P AR AT, KO A F w20 M A
FRPERRA, IR AAE

Zi LTk, MSCs KI5 EVs HA MSCs B9 4=
Yreeetk, B A REFEELZARNA, HFT.
A PR AA S P oL, A S R Ak R e
W A AR (B12).
1.3 MSCsiBidiE T A sERIP M K

i 38 2 1k 2 S A 32 Fh P R AR M SR T R A 1Y
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Fig.2 MSC extracellular vesicles protect pulmonary vascular endothelium
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BT AN EndMT: NEZHIBTHAL; HGF: BFANVEICH T KGF: MBAIMEICE T Angl: B4R,

o bR R AR T S B M R XU,
Trre féﬁﬂﬁ?ﬁﬂ@%*”%”’r ﬁx@ﬁ\]Eﬁ[ﬂE@%@iﬂ, %
SiE B, AL FIIERR . MSCskr T
Xf Vﬂﬁéﬂﬁlﬂ@ﬁﬁﬁﬁ%ﬁﬁﬂiﬁﬁ , ik Eﬁﬁ%ﬂ’]ﬁé%—?iﬁl
TRES, ATRGE A R A e, P TAL
TR SN, DN ORAP It P B 240
1.3.1  MSCsidi iz ] 55 Hh Mok 20 4 D RE DR 1A K2
2 i

HR MR R ARDS B9 SRR A Jey, P
PERLANML AT LAV B A, o m] 5 | R S RE BRIt
B MR bR AR S FERRERAE D, ok B R
L 210 3 A AT b PRE A0 M AM 5 T ) (neutrophil
extracellular traps, NETs) 1] Jll3 PN Bz 41 ffd i) 0 %
FGR ML AE A SUSINE ,  ReE A PR B 240 ML e TR P =2,
AR, RHERERN TR ek, it ek
PR B 2R B O T S A S A e i PR A B
NI MSCs 1677 AT LA RUBEARHT B TR g 2 Sk e

(COVID-19) fF M3 NETs K-, B0 I ACAE
AR [RIFETE LPS 75 /MR ALTAC Y rhr O]/ )N
L6 MSCs Al LA NETs FORERL 7 B T 30
NETs iR, LPS i3 Al i Al rp K/ B
MSCs 54157 kA A ] FEATG A 20 i 5 Fn s
T%Lﬂﬁ%@ﬁ (myeloperoxidase, MPO) ¥4, #HH
MSCs ] g ik 55 43 W FHAM ] e ok 240 B 7 S5 4R
&M S 72 LPS AT A/ ERIS I i Al /)N
5B 8 MSC-Exos RJ LA 1] il Jili 2H 28 F1 41 J& i v
NETs #9JE BLFN 98 5 R A9 B, 1 miR-127-5p i
G SN AR HIE IS, S 2B, Sk
A ) miR-127-5p AT GE 8 1 #0 [p Hp pk RE 0 A 1Y
CD64EAEH . B T I#ENETs, H#EMSCsitn]
PL3d a1 3R CD24 i 2 AP 240 i DA 3% A 75 ) o

Gk e A B w R/ WATkS ah oy vkt [ T e NN = W
FINADPH %8 AL B i 24 0 e sbh, AJealy
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TR, R LR RRLG PR PR A A Y
LARADIREFALIRA, DA NETs IR R BV, X2
B E RIS A DG, FiErh 2 S Aa 2L A
FFUESE

Zi LRTIR, MSCs AAT LAy /b v P s 240 e £
iD= Sl oF ey vt DR O e =i s Z T D
L Z AL HI NETs BB . % T NETs %X 4
K sfEH . MSCs A7 AT Be i 18 77 rh s 4 i
PRI N R BRI . (RS2, HETA JEMSCs 777 i Pk
L ORI 10055 PN B B B ) R AN R, R
RHLEMA TRt — P R5E
1.3.2  MSCs3 it i 55 Wi 48 Jf 04 2 58 4R 4 4 iz
g2hi)iial

P 8 240 3 5 0 00k 2 SR, A R ML
T B9 B Mg (classical activated macrophages,
ML) F1 B QI B9 B OWE 4 g (alternatively
activated macrophages, M2), M1 I 3% & #E4E 5%
ERT, T M2 B E B MR AER . N E Bl
MSCs AJ DA B 240 el n] B W 4 oAk, I BAE
MSCs 5 M1 3SR i R I, M1ERIIREREAL
()[R A M2 B 2 MSCs 5 M2 He85 57
MSCs 1] LU #E M2 EL R4 i Ak, & S i 2 i
PIVER 5 FE/NBUE IS5 FL 2 A 2 10 ALT LAY
W, IR ATR IS MSC-Exos 1] DA L W5 41 Bt 75 fili
AR R, IFHMHE WEAM W IL-27, Jb
i 7K b R A B U, DT R 0N BRI AT R Y
XL IR RN], BRI S N REEPEAR DG, T
MSC-Exos HJ fig 8 128 8 5 B I 20 Jf (%) D g O 40 N B
BrbE . RAMERE SRS R B, 5 EBE MSCs 2
IR ML 40 K e 0 NI, TS B R
MSCs 3t 15 57 19 M2 241 Jd wT DL AR 3F 9 Bz 4 3
B, xS ZE LRI, MSCs e i I 45 M1/
M2 (¥ EE I, S s 5 M1 R M2 [ DT RE LR AP N 1
. HAE/DNRA BRI, S AN
MSCs 1] DLy /b B w40 i 1) M2 Ak, 4l 12 48
SESO Y, 5 IR CE#E MSCs {2 M2 1) A6 AR HIAH
o B, AL, MSCs RE A8 o 545 F
MR N R, TR B2 IA
1.3.3  MSCsitad P85 T Y DI RE LR A N B2 4 e

1 LPS 5 S 1 ALL#E B ey, fili 2 2047 K4
Ly6C'CD8" T 4H i iz id, X L4 T 40 5 Wit i Y
y 4= (interferony, IFN-y) HnEZHSFifn, i
/INELEBE MSCs 7] LA B 420 /0 Ly6C'CD8” T 4t il 7F
Jili 2 20 B, I @k 4| IFN-y . CXCL1 48 &

i AR AL R Bk, SRR IR s 2,
SUAR B, TFN-y 0] 3 o 41 i 26 1 37 /R 0% STAT3
MzzY)E A (cofilin) & 40F, HEMM 30 ik P B2 4
Ji B S P S0, eAk, TFN-y 38 0] LU
Pt IR A = N v 0 51 = e |
(intercellular cell adhesion molecule-1, ICAM-1) Fil
Il 4 40 M &G BfF 4 7 1 (vascular cell adhesion
molecule-1, VCAM-1), JFf42 5N B P nise 4
EHEST, MRS ARAE RN T I, MSCs ARl
fiE 38 1 2> Ly6C"CDS8* T 35 1id A1 48 M D 143 0%
B2 R Il S A8 P9 B 4, (AT 5 AR P S 56 i —
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ZH 21 CD8™ T 41 ffd F 2 /& ALI/ARDS & 9 1
KRR SN &, T ALAY CD8* T 41 it ] 3l o Ho 41 i
BEPEXT P B A0 i s iKY COVID-19
N, e E AT DL T 4RI, 5 R IEE D)
AHE Y T ESE COVID-19 % A, #MA S k2>
SECT M A AR, X R T
CDI16 A5 1 CDS8* T 4 i i i ik, S5
PN R 20 RS A A, R fk BT CXCL8 Al
CCL2, MIMFEN LRI EA 1 FEIRSMER R
BRI R B, /NEUTEBE MSCs 1] DAL #E CDS* T 41
WL B 1 F2k LA RURL ', TR B E MSCs ¥
VR PR AF AT HEAT IFN-y AL B, 4 95 5 vl L3 1
CD3'CDS'TFN-y" T 4 Jifd i fikr ', ik RPN A] 4%
PEEUAN[R] PR ) MSCs X CD8 T 4 it fib it s 4
ATREAN TR, H L] BEAS [A] % CD8™ T 41 iy W 74 Xf
MSCs [ e W A A o PRI, MSCs B8 7538 i 520 T
21 L IS SR LR PN B AR AT A TR A

Th17/Tregs>0.79 J& ARDS £ # 28 KIET- 1y 1t
S S Th17 40 20 RE R N, 1
Treg 4l A AFIN I SAE SV IVER , I s/ D21 4
Y SEAE , REARNBET A XURS: (o7, T Se4F K R,
/INEH 6 MSCs 1 38 i HGF 38735 Th17/Treg 24 il °F
i 7' Th17 240 M 43 W6 A9 IL-17 7T LA 5 VCAM-1
(1) 235 R 40 B A RGN 35 T Treg
21 B 43 3 B TL-35 AT LA o 400 i 95 PE A 5 1
H3K 14 Z WALl N Bz 4t is 4 ' Rk, MSCs
A 38 1 15 Th17/Treg 40 M0F-45 , V875 40 g X 7
Faas, PRI AR

ZE LAl DIE Y, MSCs Rl REif 1 I 42 H 4 4
M. EWEAIA . T AMSE, KENKAEPIE
M (E3).
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Abstract Acute respiratory distress syndrome (ARDS) is severe respiratory failure in clinical practice, with a
mortality rate as high as 40%. Injury of pulmonary endothelial cells and alveolar epithelial cells occurs during
ARDS, and pulmonary endothelial injury results in endothelial barrier disruption, which usually occurs before
epithelial injury. Especially, when harmful factors enter the blood, such as sepsis and hemorrhagic shock, the
pulmonary endothelial cells are affected firstly. The injured endothelial cells may loss cell-to-cell connections and

even die. After the endothelial barrier is disrupted, fluid and proteins cross the endothelial barrier, causing
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interstitial edema. The alveolar epithelium is more resistant to injury, and when the tight barrier of the epithelium
is broken, fluids, proteins, neutrophils, and red blood cells in the interstitium enter the alveolar space. From this
process, it is easy to find that the endothelium is the first barrier to prevent edema, therefore, the protection of
endothelium is the key to the prevention and treatment of ARDS. In addition, the injured endothelial cells express
selectin and cell adhesion molecules, promoting the recruitment of immune cells, which exacerbate the
inflammatory response and pulmonary endothelial cell injury. Mesenchymal stem cells (MSCs) can be derived
from umbilical cord, bone marrow, adipose and so on. Because of low immunogenicity, MSCs can be used for
allogeneic transplantation and have great application potential in tissue repairing. Through paracrine effect, MSCs
can promote cell survival and balance inflammatory response. MSCs infused intravenously can locate in lungs
rapidly and interact with endothelial cells directly, thus MSCs have advantages in protecting pulmonary
microvascular endothelial cells. Animal experiments and clinical trials have found that MSC transplantation can
significantly improve the symptoms of ARDS and reduce inflammatory reactions and endothelial permeability.
Mechanically, MSCs acts mainly through paracrine and immunomodulatory effects. Paracrine cytokines from
MSCs can not only promote pulmonary endothelial proliferation, but also reduce inflammatory response and
promote cell survival to maintain endothelial integrity. In addition to paracrine cytokines, extracellular vesicles of
MSCs are rich in RNAs, proteins and bioactive substances, which can protect pulmonary endothelial cells by
intercellular communication and substance transport. Furthermore, MSCs may protect pulmonary endothelial cells
indirectly by regulating immune cells, such as reducing the formation of extracellular trapping network of
neutrophils, regulating macrophage polarization and regulating Th17/Treg cell balance. Although the beneficial
effects of MSCs are verified, much work still needs to be done. MSCs from different tissues have their own
characteristics and the scope of application. Different lung diseases possess different endothelial injury
mechanisms. Thus, determining the indications of MSCs derived from different tissues is the direction of
pulmonary disease clinical trials. From the perspective of transplantation route, intravenous injection of MSCs
may have better clinical application in pulmonary endothelial injury caused by endogenous harmful factors in
blood. Previous reviews mostly focused on the protective effects of MSCs on alveolar epithelium. In this article,
we focused on endothelial cells and reviewed the direct protective effects and mechanisms of MSCs on
endothelium through paracrine cytokines and extracellular vesicles, and summarize the mechanisms by which

MSCs may indirectly protect pulmonary endothelial cells by regulating immune cells.
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