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Research progress of extracellular vesicles in neonatal diseases
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Abstract : Neonatal diseases are the leading causes of infant mortality and long-term health complications. Its high
mortality rate poses a severe challenge to modern intensive care medicine. Exiracellular vesicles, biologically active
membrane-bound structures, mediate critical intercellular functions including signal transduction, antigen presentation,
and immune responses. This positions EVs as a novel therapeutic avenue for neonatal diseases. Current research primarily
focuses on characterizing the properties of EVs derived from diverse cellular origins and subtypes, alongside evaluating
their therapeutic potential in preclinical disease models. Preclinical studies have demonstrated significant efficacy of EVs
in treating neonatal conditions such as retinopathy of prematurity, bronchopulmonary dysplasia, neonatal hypoxic-ischemic
encephalopathy, and necrotizing enterocolitis, indicating their clinical feasibility in neonatal therapeutics. However, the
clinical translation of EVs faces substantial challenges, including inherent heterogeneity and translational bottlenecks.
Addressing these necessitates establishing standardized protocols, advancing clinical translation efforts, and exploring
their diagnostic utility.
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(Bronchopulmonary dysplasia, BPD) \3RFE /)N iz 4%
%&(Necrotizing enterocolitis, NEC)ZE, & BN F 5
WP LA TR A E R S BRI ROR Y
AWt R TR LR AR B 5 2 %
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T Ak, i M Ah 4% i (Extracellular vesicles,
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T2+ A0 ML A MR BE f S8 R I R T
FEUE 5L, HF ) 72 8] 72 51 1 40 g (Mesenchymal stem
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SEPO AR rp R B 2 R 2 R TR R
AP IRITIE T o WHFEIE Bl AT 2L 3h ) 4
He (20 S e 0 55 ) 9 e BIR R AR T 7L sh ok
U EVs B AT REVES o SR, 12 40U 1m] 15 R 5 £k
ATH AT DGRk, BT HE  EVs 18 BE S B o
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EVs J2 4 K 22404 M 75 FLAE o JR 0] OB il ) i
PERE X R R B IE XU T2, W& &
B A= IS P BT, AE R A 2 s N T2 i ) 3 TR
J7 1A A AN AT s VR o BT R TR R AR AR
T EVs AT LA R 328 - (AR IAA : th 234 5 il i
TS5 J5 6T, BLAR M 40 ~ 150 nm 4/ NREIL 5 (2)F0 e
U6 - PR 2B B4 ) 0 5 T I T A At LA M R] BE
B, AR M 100 ~ 1000 nm B R ; (3)JH T-/)MA - ZE4H
MagE T R = A EAR N 100 ~ 5 000 nm (14267 25
e EVs YN £ 8 W AEY 4 DNAL
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WA . AR5 e 12 52 A5 14 (Endosomal sorting com-
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i Z TR EVs, BVFR R 8 T 40 i U5 9 EVs (Apoptotic
extracellular vesicles, ApoEVs). ApoEVs F 4145
2K WA, — 2 2 8K Y % (Apoptotic bodies,
ApoBDs) , 3 — 28 U & B /)N 1Y fil 22 ¥ (Apoptotic
microvesicles, ApoMVs)""> . FERI T I FE o, 41 it fi
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NEC A8 rp 3 Bl i TE AR 2 frl R 2
3.1 BFE)LMMERRE ROPE MBI
PRI, TE 35 [, 3 A s 76 JL B 2% B IR op A6 S 45
T AR T R BT RS o TEEROIRAES T IR N AE
TE Z R AT, 05715 B0 190 S A Ao A v
FEAE IR AR B L T R ) B 4T i e i A4
SR, p 77 LA PR 0 1 R 58 4 o B L, B
B o5 B m AR o e A RS A A
ST Lo B35 1 T A 2000 A N R AR IR T
(Vascular endothelial growth factor, VEGF ) Fllji# i &
FEAE AR 1K1 B, AT 490 1 40 DO J58 ) 1 5 1.
BB, 3% ROPJ AL B R G265 — I B, R
133 Ko R YT, LI I 718 T e IE e 25 B Be
PR o 5 R 2T 24 20 2 0 A= DL R DN B A Y 4E LAk
P05, T8 ORI , A 7 S SO D00 6 25 3 Y
WFFE R, EVs R LU S A 0 510 I AE 47 45 14 58
R, SN IS ) RV
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A4 25070 ROP /IS BRI B A 1045 A TR A, ELAK
K5 EVs B R IEARC?, X LRI TLRF MSC-EVs
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AR TER#L RS T R L%, (1
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SRR, 2E 5 T 40 B A o A A KR BB
HEE,
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TR el L A7 R E R, T R 7 ) LI W A B B A
FUBPENE IR . 4R, Bk 3 MSC-EVs A B Fimi />
5 IV 40 O X 50 1109200, e ok AR A1 e 4 3 | S )
SRV PR 3 o BRI 2 A LI 30 ok s e 1) 2
R B AN  MSC-EVs th 1] 38 i 5 1 BPD 7= JLAi
IS 40 T 5 200 L A 410 i) 0 i N G928 i N7, 1 7 AR 2 il
WEMMIER EH IR E Z B mE Re™ .
BPD 22 4J1 JL I RE AR I AN 23 Bl 45 AF 5 1) 1 i A fir 2
fife, S 2 K WA B NAE . S EERN R,
BPD B i1 I MSC-EVs o BEA& & 5 175 A i 41 4, 2%
il A7 0 2 B R R4 v BB R B as Bh B ™ X Rk
&, JCIE A Il 5475 14 0 130 2% 06 T B Bt , MSC-EVs
A AN ERBENS i 36 il D RE RS g . WF9E & i — 2 L
BT AN TR T30 AL A 2 ) - B 9 /N RO 2R R
554 R, XN LA 24 ~ 28 Tl & & B B )
S0 R AR SR 18 ~ 39 K, RN T AR B
AR ) A EL, A T TR AR S A AL R AT A AL T
TR oA ™ ik, KRN MSC-EVs T 1
XA & BN B
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N ) R AE T TL-6  TNF-o F1TL-1B 19 2235 7K, [
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VEGF A fEJ& MSC-EVs Z 7557 BPD (¥ 55 5y
T WFFER L, FEIK MSC-EVs 1 VEGF [ 351k , 23l
553 LA AR 2 il 6 A L P A B R AR E A5 T T
MM RE S fdi ] siRNA Bk MSC-EVs ' VEGF
B 2B 5, HAIR 7 AR ZE AN A siRN A A2k 351 114 [ Xt
M2 Fe 8] VEGF J2& MSC-EVs K #1687 1E FH iy ¢
HEAF o AR MUESE T hUC-MSC-EVs ik
1 VEGF-A J& 28 f PTEN/Akt {5 5 3 [ (1238 2% 7T 4
ARG A PR T i A A AR ) 3K — BIL I R & %
it 38 1) R AP
3.3 FEJLBRESLMMERAE  HIE 48 B B
B 7 N oy o il A 2 1 [ T R R 29 A
NI R R, Hageit, HIE 295 23k L
ST 23% , 75 I K, B 1000 51 5 L BA
1~ 8 B, L $6 B L FERE ™ M & R 50
JEIRAE , QRARRE R A A B T RERS AR A A

HIE 114 995 38 A= 3 A8 £k 2 Bl B 1) (%) 8 7% i 2 ™
XIS S R YT AR S R E . HIE 955 28
53R AN B s (D) & M BE i ol - S B 205 &
ATP FE 3 , 5S040 M 2 7K b A2 obE SR BT 5 ()75 (R
W] FIVEVEJS 6 ~ 48 h, Ifi PR 3¢ B0 85 1) 28 it | (HL 456
A S R e R R SR TR 5 (3)
Yk R VERE R S50 24 ~ 72 h N, R AR T ERE RS AL 4
E SR, 51 3R & P 2 I0AET 5 (A K I . IRE
AL R B I ORI T B S i 22 45 5 UK A
PEM L DReE . AN, TR A LR NP b
FR e B2 B AR, AR R R B A, A AR IO R
Ik %) 552 e I Ay i 2

AR A B IR KA T I AR
B HIE T2 808 A LR R AT I B R N 2 —
KR IGYT (Therapeutic hypothermia, TH) /& HHiiRYY

HIE B — R 807 2%, ol B & BRI 18 Al i LAET
o 22 % T A A AU . SR, TH Y N 2 i
W IR B IR) 7 S R T it A A A BR A, EL 4 AR
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AR VE . 4553 B8, BM-MSC-EVs AU Bk 3 T
R BE , REAR TR A AR R S R AL
], A2 T R R R X IS A BE RS 5 5 . MSC-EVs
AIRPZE APV E T AT RE S S DI REAHDC ¥ BM-MSC-E Vs
T SR 30 A /0 B R RS P, AT DA RS ARR A ki A 412 4 44
WL TNF-a (9 7KF-, [RIEHE T 48 4L X F- TGF -8
FR 7K , DT 25 £ HIE R Bt 72

Thomi G 5" 5 & B A £ 38 IG5 R U8 1Y
MSC-EVs BE 52 M0 /NI 5t 40 Bl 1 Toll BEAZ 4 4 FH 11
55 A %, 38 I A ) NF-kB A ] 5 (5 B g AT MAPK
AR R Ak, 400 T /)N JS S5 248 6L ) sk 8 5 A 5 [T iR
REHE = FOXO03a 7 5% 7 1y 3k, s 2o b AR 1 A
W FE 7, 1 7 R AT dte A0/ P T s /N T A B A T

1M1 5% &5 (Blood brain barrier, BBB) &4 ME F1K
ki 2 [R1 ) o se 4 AT 2 , L2 ks B MR B A
(an g R (HE P = 40 001 48 B i Rk
EVs XK 5 BBB 14544 56 86 1k 3G i 288 52 B+
PFRIAEEIEEELNEN. CAMRIEPEVs#R
TS R R (AL —Fh PR E A AEN
AN JE A0 L B ) 98 T PR R I 4 A A
W) I s, 7E4E R BBB B 58 88 M 5 T & 5 4R Y .
B AN, 78 HIE /N BUBE RS vh kB, 3l oo 18 s 1 4
MSC-EVs A ¥4 il 2 Fh #2278 32 A T 19 &35, a0
VEGF Filg fz A K R, fid i2F BBB 25 ik &2
3.3.2 ciMSC-EVs Bt & HT B & HIE T HHF5Y
R, Ak A=A FE BT 4R AT A2 1Y EVs (¢iMSC-EVs)
2 B 33 06 1] B AR T HIE A0/ N BRI /0 5 e Jot 40
MUAR 5 Olig2 3k, b 8 AR 47 30 ASE 5 JRAR
MSC-EVs fH 4 , i fig % &t 5 MSC AH ¢ 9 5 o1 4 [7)
B A, AR HT 5 ciMSC-EVs AHZ5 &>
GIF HIE, I AEZ G 1.3.5 d AT BN 44 25, S5
R R AH EL 4l HT IR YT, B A1 45 T ciMSC-EVs
RERSAT BT HI 5 R A AN BRBE A A T R, I
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AL, T RETT AR T AR SR, A BB A i
v A 238 B LR B BT 5 | AR — S 1 I
i, Q0 b R 2R 4 AR R I DI BR (>50%) i L
160% HIATFLF AL . R R EVs Ay
R A e S A 3 O AP VR T TR YT NEC 1Y
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3.4.1 EVSITiEFENECIEfT A Mcculloh C)J
ENESE TR AR RIZE AL K BRI EVs X NEC
FIVRIT AR . X EE EVs 43 HIR I T AT 4 Fp 40
SRR R A 1] 78 J5T T 248 L B A R 1 ) 7 Jo T 4
JHL SRR P s 2 T 20 RN T A L T P 2 T A
JL . 3k SR R Y EVs # BB % 1 2 BE AKX NEC 19 & 4=
3.4.2 B RIFEAEVsENECETPH{ER
ATEFEILBHIERT A S TE R GG &
P S HER . Zonnevseld M 145 BF 58 K0 , BEFL
RAE Y EVs (mEVs) AT LU 5 5 1 18 N 40 i i)
At R I RENS ELHEAE FH T CD4" T 40, {2
T, T I 16 fh A A, (HAS 2 5 BOWLAR X 3 i 2k
TR AT AZ o AN, E IR ARG mEVs N1
I TIO  FR EILT 25 miRNAs, {1 let-7a. let-7b .
let-7f % miRNA-148a, iX £ miRNAs HA7 6| DI i,
FE 08 2 AT A 2 IR 20 i v 2 5 300G NF-kB (5 5 i 42
AHOCIE R R IR 7K

3.4.3 HABRETEWEVs X IFERANETE
A BENRSE SR ER, HREZ3 ERE W
TE A RE R G0N P Bk 22 18] 3 25 A AR B A 52
FOE AR R ], — 255 A AT AE I EVs WAl 7R
B BE R B BB DI RE A TR . T RRR AT AE
EVs 0] Bl & 2k 38 % 22 B i B8 41 (Dextran sulfate
sodium, DSS) % S W) 718 WUE W RERR A WA )%
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)T A AT . FEDR R SR IR SRS RNA,
1 PIWT 25 A H.AF FH RNA (piRNA) B ## 1A RNA |
A" /INRNA FIFRAR RNA 25 A 176 EVs H ) D) RE AN
VEFRBLEML A V2 Rz ik . IEAh 85 EVs T
Il PRI T Ifei — 2R 81 5 AR A2 4 T i Pk ik o i,
WHA] i EVs A 202 88 A W) B B 145 1 226 3% 28 300 44
JiL AR Ar] I X R BB 75 & ) B3 B g B T AE K
G [ T, $57 2 R T A R T G B AT, T XS 3
R, FRAT T B B e RS R AR (R 2
FIHE R 20 2 09 20 B B, R 4B 78 EVs INTR #5194
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TR RO PEAL o 332 B 3 657 & A 2 1 I
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SE Mk

[1] OmarS A, Abdul-Hafez A, Tbrahim S, et al. Stem—cell
therapy for bronchopulmonary dysplasia (BPD) in new-
borns[J]. Cells, 2022, 11(8): 1275.

[2] Goryunov K, Ivanov M, Kulikov A, et al. A review of the



31

LA

20 M DA A LB Hh R RIF S a0

(8]

[10]

[11]

[12]

[13]

[14]

[15]

use of extracellular vesicles in the treatment of neonatal
diseases: current state and problems with translation to
the clinic[J]. IntJ Mol Sci, 2024, 25(5): 2879.

Wang W, Jo H, Park S, etal. Integrated analysis of ascites
and plasma extracellular vesicles identifies a miRNA-
based diagnostic signature in ovarian cancer[J]. Cancer
Lett, 2022, 542: 215735.

Elsharkasy O M, Nordin J Z, Hagey D W, et al.
Extracellular vesicles as drug delivery systems: why and
how?[J]. Adv Drug Deliv Rev, 2020, 159 332-343.
Szatanek R, Baj—Krzyworzeka M, Zimoch J, et al.
The methods of choice for extracellular vesicles (EVs)
characterization[ J |. Int ] Mol Sci, 2017, 18(6): 1153.
Clares—Pedrero 1, Rocha—Mulero A, Palma—Cobo M, et al.
Molecular determinants involved in the docking and uptake
of tumor—derived extracellular vesicles: implications in
cancer| J]. Int J Mol Sci, 2024, 25(6): 3449.

ThéRy C, Amigorena S, Raposo G, et al. Isolation and
characterization of exosomes from cell culture supernatants
and biological fluids [J]. Curr Protoc Cell Biol, 2006,
Chapter 3: Unit 3. 22.

Winter V, Hauser M T. Exploring the ESCRTing machin-
ery in eukaryotes [J]. Trends Plant Sci, 2006, 11(3) :

115-123.

Krylova S V, Feng D. The machinery of exosomes :
biogenesis, release, and uptake[J]. Int J Mol Sci, 2023,
24(2): 1337.

Ghossoub R, Lembo F, Rubio A, et al. Syntenin-
ALIX exosome biogenesis and budding into multivesicular
bodies are controlled by ARF6 and PLD2 [J]. Nat
Commun, 2014, 5: 3477.

Sheta M, Taha E A, Lu Y, et al. Extracellular vesicles:
new classification and tumor immunosuppression (1]
Biology (Basel), 2023, 12(1):110.

Atkin—Smith G K, Tixeira R, Paone S, et al. A novel
mechanism of generating extracellular vesicles during
apoptosis via a beads—on-a—string membrane structure

[J]. Nat Commun, 2015, 6: 7439.

Ainola M, Porola P, Takakubo Y, et al. Activation of
plasmacytoid dendritic cells by apoptotic particles—
mechanism for the loss of immunological tolerance in
Sjogren’s syndrome[]]. Clin Exp Immunol, 2018, 191

(3): 301-310.

Caruso S, Poon I K H. Apoptotic cell-derived extracellular
vesicles: more than just debris [J]. Front Immunol,
2018, 9: 1486.

Sanz—Ros J, Mas—Bargues C, Romero—GarciA N, et

al. Extracellular vesicles as therapeutic resources in the

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

clinical environment[J]. Int J Mol Sci, 2023,24(3) :
2344.

Bond S T, Calkin A C, Drew B G. Adipose—derived
extracellular vesicles: systemic messengers and metabolic
regulators in health and disease [J]. Front Physiol ,
2022, 13: 837001.

Masuda T, Shimazawa M, Hara H. Retinal diseases
associated with oxidative stress and the effects of a free
radical scavenger (edaravone) [J]. Oxid Med Cell
Longev, 2017, 2017: 9208489.

Bashinsky A L. Retinopathy of prematurity[ J]. N Carol
Med J, 2017, 78(2): 124-128.

Moisseiev E, Anderson J D, Oltjen S, et al. Protective
effect of intravitreal administration of exosomes derived
from mesenchymal stem cells on retinal ischemia [J].
Curr Eye Res, 2017, 42(10): 1358-1367.
Fernandez—Gonzalez A, Willis G R, Yeung V, et al.
Therapeutic effects of mesenchymal stromal cell-derived
small extracellular vesicles in oxygen—induced multi—
organ disease: a developmental perspective [J]. Front
Cell Dev Biol, 2021, 9: 647025.

Zhang X T, Zhao B W, Zhang Y L, et al. Human
umbilical cord mesenchymal stem cells derived—exosomes
on VEGF=-A in hypoxic—induced mice retinal astrocytes
and mice model of retinopathy of prematurity [J]. Int ]
Ophthalmol,, 2024, 17(7): 1238-1247.

Xi Y, Ju R, Wang Y. Mesenchymal stem cell-derived
extracellular vesicles for the treatment of bronchopulmo-
nary dysplasialJ ]. Front Pediatr, 2022, 10: 852034.

Bonadies L., Zaramella P, Porzionato A, et al. Present

and future of bronchopulmonary dysplasia [J]. J Clin
Med, 2020, 9(5): 1539.
Lee C, Mitsialis S A, Aslam M, et al. Exosomes

mediate the cytoprotective action of mesenchymal stromal
cells on hypoxia—induced pulmonary hypertension [J].
Circulation, 2012, 126(22): 2601-2611.

Willis G R, Fernandez—Gonzalez A, Anastas J, et al.
Mesenchymal stromal cell exosomes ameliorate experi-
mental bronchopulmonary dysplasia and restore lung
function through macrophage immunomodulation [J].
Am J Respir Crit Care Med, 2018, 197(1): 104-116.
Willis G R, Fernandez—Gonzalez A, Reis M, et al.
Mesenchymal stromal cell-derived small extracellular
vesicles restore lung architecture and improve exercise
capacity in a model of neonatal hyperoxia—induced lung
injury[.”. ] Extracell Vesicles, 2020, 9(1): 1790874.
Chaubey S, Thueson S, Ponnalagu D, et al. Early

gestational mesenchymal stem cell secretome attenuates

— 253 —



W BB R iR

2026 4E

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

experimental bronchopulmonary dysplasia in part via
exosome—associated factor TSG=6 [J]. Stem Cell Res
Ther, 2018, 9(1): 173.

You J, Zhou O, Liu J, et al. Human umbilical cord
mesenchymal stem cell-derived small extracellular
vesicles alleviate lung injury in rat model of broncho-
pulmonary dysplasia by affecting cell survival and
angiogenesis [J]. Stem Cells Dev, 2020, 29 (23) :
1520-1532.

Wu Y, Zhang Z, Li J, et al. Mechanism of adipose—
derived mesenchymal stem cell-derived extracellular
vesicles carrying miR-21-5p in hyperoxia—induced lung
injury [J]. Stem Cell Rev Rep, 2022, 18 (3) : 1007-
1024.

Reis M, Willis G R, Fernandez—Gonzalez A, et al.
Mesenchymal stromal cell-derived extracellular vesicles
restore thymic architecture and T cell function disrupted
by neonatal hyperoxia [J]. Front Immunol, 2021, 12:
640595.

Sil C, Yoon A, Bae J, et al. Critical role of vascular
endothelial growth factor secreted by mesenchymal stem
cells in hyperoxic lung injury[J]. Am J Respir Cell Mol
Biol, 2014, 51(3): 391-399.

Yoon A, Soon P, Eun K, et al. Vascular endothelial
growth factor mediates the therapeutic efficacy of
mesenchymal stem cell-derived extracellular vesicles
against neonatal hyperoxic lung injury [J]. Exp Mol
Med, 2018, 50(4): 26.

Lesage F, ThéBaud B. Mesenchymal stromal cell-
derived extracellular vesicles for neonatal lung disease :
tiny particles, major promise, rigorous requirements for
clinical translation[ J]. Cells, 2022, 11(7): 1176.
Douglas—Escobar M, Weiss M D. Hypoxic—ischemic
encephalopathy: a review for the clinician [J]. JAMA
Pediatr, 2015, 169(4): 397-403.

Tagin M A, Woolcott C G, Vincer M J, et al. Hypothermia
for neonatal hypoxic ischemic encephalopathy : an
updated systematic review and meta—analysis[J]. Arch
Pediatr Adolesc Med, 2012, 166(6): 558-566.
Adstamongkonkul D, Hess D C. Ischemic Conditioning
and neonatal hypoxic ischemic encephalopathy : a
literature review [J]. Cond Med, 2017, 1(1): 9-16.
Ophelders D R M G, Wolfs T G A M, Jellema R K, et
al. Mesenchymal stromal cell-derived extracellular
vesicles protect the fetal brain after hypoxia—ischemia
[J]. Stem Cells Transl Med, 2016, 5(6): 754-763.
Kaminski N, KoSter C, Mouloud Y, et al. Mesenchymal
extracellular vesicles reduce

stromal cell-derived

— 254 —

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

neuroinflammation, promote neural cell proliferation
and improve oligodendrocyte maturation in neonatal
hypoxic—ischemic brain injury[J]. Front Cell Neurosci,
2020, 14: 601176.
Thomi G, Surbek D, Haesler V, et al. Exosomes derived
from umbilical cord mesenchymal stem cells reduce
microglia-mediated neuroinflammation in perinatal brain
injury[J]. Stem Cell Res Ther, 2019, 10(1): 105.
Hu Z, Yuan Y, Zhang X, et al. Human umbilical cord
mesenchymal stem cell-derived exosomes attenuate
oxygen—glucose deprivation/reperfusion—induced microg-
by promoting FOXO3a-dependent
Oxid Med Cell Longev, 2021, 2021:

lial  pyroptosis
mitophagy [J].
6219715.
Cristante E, Mcarthur S, Mauro C, et al. Identification
of an essential endogenous regulator of blood-brain
barrier integrity , and its pathological and therapeutic
implications [J]. Proc Natl Acad Sci USA, 2013, 110
(3): 832-841.

Labusek N, Mouloud Y, Ko6Ster C, et al. Extracellular
vesicles from immortalized mesenchymal stromal cells
protect against neonatal hypoxic—ischemic brain injury
[J]. Inflamm Regen, 2023, 43(1): 24.

Labusek N, Ghari P, Mouloud Y, et al. Hypothermia
combined with extracellular vesicles from clonally
expanded immortalized mesenchymal stromal cells
improves neurodevelopmental impairment in neonatal
hypoxic—ischemic brain injury [J]. J Neuroinflamma-
tion, 2023, 20(1): 280.

Filip R. An update on the role of extracellular vesicles
in the pathogenesis of necrotizing enterocolitis and
inflammatory bowel diseases[J]. Cells, 2021, 10(11):
3202.

Roberts A G, Younge N, Greenberg R G. Neonatal
necrotizing enterocolitis: an update on pathophysiology,
treatment, and prevention [J]. Paediatr Drugs, 2024,
26(3): 259-275.

Manchon E, Hirt N, Bouaziz J D, et al. Stem cells—
derived extracellular vesicles: potential therapeutics for
wound healing in chronic inflammatory skin diseases
[J]. Int] Mol Sei, 2021, 22(6): 3130.

Mcculloh C J, Olson J K, Wang Y, et al. Treatment of
experimental necrotizing enterocolitis with stem cell-

derived exosomes [J]. J Pediatr Surg, 2018, 53 (6) :
1215-1220.

(F#% 261 1)



