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Preclinical Progress of Stem Cells and Exosomes in the Treatment
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Abstract NEC (necrotizing enterocolitis) is the most common life-threatening gastrointestinal disease in

premature infants, characterized by intestinal injury and necrosis. The exact pathogenesis of the disease is unknown,

and extensive surgical resection of the diseased intestine is usually required, with poor long-term prognosis and

no effective prevention and treatment currently available. The extensive proliferation and differentiation of SCs

(stem cells) and the release of cytokines (paracrine action) can be used as an effective treatment strategy for NEC.

A growing number of preclinical studies have confirmed the potential therapeutic role of SCs in experimental NEC.

However, the mechanisms of action and optimal treatment strategies remain unresolved, limiting their clinical appli-

cability. This paper reviews the mechanism of action and research progress of SCs in the treatment of NEC in recent

years, providing ideas for the clinical transformation of SCs in the treatment of NEC in the next step.
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IRFEAE /N 45 W 98 (necrotizing enterocolitis,
NEC)& U R4 475 . 8 5E IR FE Bl 28 FL oM
BERME ) & S A B BB, PR E RS DL
SOl FE R AR T, B TR L, U R
72 LM NECH) 3 [\ & 5 B i oA B ) B, {2 — 3K
WHEGZHEHAY, FESE=NERERE
AREAT KB 2 ak R, W7 RIE. miE
WRER R . ARE B TE A 2, S NECH) R
HUHIAT SGM o 7= iy A0 = S5 DR 3%, a4 9 4 vy ML s
PRI R . MBI R A E N A KR
WENECH & fi R =P B B A LG E e BEEL
13 7 H R R, (R H AR iR AR 68 22 ) L) AR A7 2
A P @, (HENECH) K Z ML T 557 B A FEAR,
#git, WENECH) KIwZFEm T K2 H KRB EZK,
=52 —(27.9%) 1 LR F RIEITY. NECAR
JaEAF WA ERELG SN A K FIRS, b
JE IR SN E TR B TR E R, SR AT
V. H Al oA R IR BUA T NECH) 7
%, PRI, im PRIE )75 23T VR 7 S0 . 20l (stem
cells, SCs)¥aJ7 IELERE FH Ti6 97 — e 57 L fE H ok
i, WS SE M R B AS R (bronchopulmonary dyspla-
sia, BPD)®, Ji% 45 {73 (traumatic brain injurt, TBI)P/Fll
PR 5 AR 1Y, B R BR 22 1) Il PR BT AT IR SE T SCs
FE LI PENECH I AR 7 VR M. AR, HoAk
BRI 5 FE VR T HEBE AT A A ok, 31X PR 1 I PR &
. AT 2 A SCsEUE R D, A2 LA
P~ L am oK IR YT R, BL S5 23l J7 3053 Wk i) A=)
EPER T AT REA T T AR L] . K41 (am-
niotic fluid-derived stem-cells, AFSCs)A[H] 78 i1 41
Jfd(mesenchymal stem cells, MSCs) & H #f F T 1697
NEC [ 79 Fit 3 -0 g4, Ik H BTMSCs.
AFSCs J fi7 4= 1 41 0 f& (exosomes, Exos)id 7T NEC
BN S B0 F 9E 3k fe AT 4, DU INECIR IR I
7R B .

1 SCsFNZHAESMFE B (external vesicles, EVs)
L1 SCsHYTEREMFINEE

SCsH s A2 ¥F AT 43 A MR G 40 i (embryonic
stem cell, ESCs) M54 T4l Y (adult stem cell, ASCs),
%55 £ 5 T4l il (induced pluripotent stem cell, iPSCs)
RN =FhSCsHH . BT B EAMEA
M TERESL, SCsIE HA 557 ER ALK BT K . it

T R TR R A ThRe L
1.2 EVsHI X REFThEE

EVsi& — Mgk KNS A 58, /2 SCs
WG HSE B R RAE BN . T AME.
PR ANBAR R EVs I = Fh 1 EKA ) T /ME
(0.5~2.0 pm){E 40 BIE TP~ P B, TR i
(0.1~1.0 pm)2 EL#E T b H 28 i 3 25 4, Hhiik
12(40~120 nm) & H 2 F& 044 5 53 R il 5 T BRI 2
NHFESEUY, EESCEVsH] LRI K B LR A 41 i
R AR I, 7EIX =FPEVsHY, ExosHiE ¢ ] i,
P& R PSR %« Exos ] HIA N ¥ 2 AN A 26
R 20 B RE R, M I A7 AE T MR PRV B 7L S5 A
W, 7R B A0 A 23 8] Ja, Fom i 5 #m g e T
(RS2 AR TELATE T, A6 V0 40 L P 4 L A PR 15, 5
1 6 55 5 0 PR 5 R TS R 4 o 4 i R
S AE T 5 T, A B SRR IR S A2 0, AT
AR 2 AR A AE FDIR S, Exos 2 microRNA
mRNAFIsiRNA, L&A KK F&EE A, AT
RIERIEE S MR, THAFIMPIET: K1
A ETHREN . Exos ANMY EL H: BEAR 40 i 4% iR
PEREAR, 48 AT 448 1 LA 5 A= 10 R) FH R 400 i 4 1)
PE, BEAN, F T AR R AT AN 22 R TG PE, TR I A
TIETERACEL . AR BRAR DL B S50 1 (1) 5%
R Rk, Exost] BREBRAR A A TE BAR S, {HEA]
BRI E PR ) LBRIR VG T SRR I E AR R 254, (H H /T
IR F-Bh A S IR0HE 7¢ o

2 NECHYEZTRHLE
2.1 BHEAZBTRASEIEERIER R

LR LI bR AR B AN B e 3 B0 I 3
SZAR S BERE AR BRI i b R B T R A T B
Z AL, B S 3G 0 T R I 5 M A B 5
NS, IS 20 BE 1 90 [ By B If
EFEAEIMIAGE . TollFf 52 44(Toll-like receptor 4,
TLR-4){EIX P 98 i e B ke A5 G B A FH, 2 28 4t
Al F(TNF-a. IL-6. IL-8)LA JZ 72 % 15 5 NOMI B i
Tk T E R B, T FEINECH & A=Y,
2.2 BRE-ERMMER G ISR

TR A 52 457 B A 5 | S ) VE A JE 25 3 30N
WY RE R BB I, 30T B E AR AR, TR AR ) LA
TLRE DA IHGTE B R 1A S 5 m . B AR ) LgiE
SXof S B 1) e I8 0 46 i T I i 4 ATVEGF/VEGFR2
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W), 2405 1E VEGF/VEGFR2E 5 1] fig
108 T i AT A A DA 78 70T A AU 75 SR 19 ok
NECH] &y &M, PRtk 4 JLEE N Wi BE 25 %)
2 3| gy 1 S 1L/ P 454K
2.3 BAARSF

i MW FR S T B0 28 FE DA b R %) 3 0 g A% A
A K, RNECKAER mGZ . BT IRk B
FL b HG 5 G % Th RENAT BT 4E 4 i R 8L 8 B 1) =
BRI B I i iE pHARL, AR T AR T 1)
A, SEUEEER . OB B AT T A5 R A R
KPRRAR, RIAFE . AFE . TR T TR R 28 1
AP TR 55 9 TR A LU A 38 3850 288 B e o 18 164 o - 4l
VAR AR AR AL IR - ) = AR e Ab, BT MR T eIk
R At 765 555 AT 2% 2 g T Al A D RN i T L AH BLAE
H.
2.4 EHEELE

¥ 38 T A 2R TR R NEC R 9 11 JC BEREAIE, S0 P
B AR =15 S T IR IR 2R &
W B2 QB T 1) T BIOE il B A
U FITLR-445 5 38 2% IS0, (e 2k 1 i b R 48 i
P R & SZ 45N 58 40 BT 7~ dn L /N 0TS
[Al-F-(platelet activating factor, PAF). i J&d ¥R 38 K 1
(tumor necrosis factor, TNF-a))Fl1 38 7 2k & [ ¥ (epi-
dermal growth factor, EGF)J R, 25 EINECH]
RN, JGIER AR 107 . Bl TR, K
HIBLAR R IT FIH2 2 RS BRI 520
2.5 BEEHRM

HAZ IR 2 S YESNECH) A WA 2R, o R sk
YN =R A S SR - 7 N 71 2R e R Y
MM R 7t F RS 5 7R, SRR
ORI k. ANRRE P R BRACHT . 1A A2
2 oAb 5k ot B 2R JUL Y WA 1) D R AR, I B
IR P A KIS NP I — AN B Z A~ 1)
AE R K FINOD24Z 57 B %% &5 FBNEC, M /£ & AENEC
i 57 )L Hh, SIGIRRZAE 5 4% & £, NOD2HISIGIRR
HB & TLRAG 53 B (4 7). VEGE A1 HAth Ifi 457
IRl )8 A% A8 S & NEC 5 8 IRV AR A Ao

3 SCsXINECHIATT N FA#EMR
ANEFFFEE B, MSCs. AFSCsHI 74 44
(enteric neural stem cells, E-NSCs)#E fit. 52 Wi 52 6 P

NECHIERIFFE(ERD), BARW R,

3.1 MSCs

MSCsAR T4 P 1) 105 & FRL 2, ] LA B8
(bone marrow, BM). 77 (umbilical cord, UC). it 7
I (umbilical cord blood, UCB). 7K (amniotic fluid,
AF). Ji5%E (placenta, PL)AIfIE i 2141 (adipose tissue,
ADSC) %5 M 2 Tl 5 Joit 2H 2R 73 55 Hi SR 25T, MSCs 1)
FEVE R B A RSN SRE ), 2T MR AR L 1
FIE. ERIE A KA SRR AN, BT A, Wign
PRLFRAH 28 70 (1) 40 A0 78 e DA R S e R A R 7. oA
R HIAE FH CAE VR 2 56T AN [F) J0E 2544 R I PR A AT
I PRAFE 70 I Z2 5. ELAR L AIMSCs ) — S8 4y
FRAE, (EAT R = 2 SURE SR 19 32 L. MSCs LA R L
i ZMHC IR SR RZ 5. 5T 03,
PRI F R RE IR RSN g R i A A B
KETEITIE 18, BN RS R AN 7 A4 5 S04 43 30
AL 1 240 i B 460 A2 MISCsE FH B S BR ML, SR, BRAG
IR AR R GEH N <1%~5%) 2 DL K B IR 2 1
M SC = 238 i 24 e [|] Py e 15 R 43l e % T 1 A2 2 1)
EVNEVE S T RRIESRITER , A2 7 A0 A
YT BT, 5543 WA IR T A& MSCsIT RUI S BE IR B A 2%
DR B 18 B G20 il 55 5 MSCs— A 24P, BM
FTADSC 2 H #if MSCs & FH B KU , 1 UC/UCB-
MSCsH] DAEB A RAMEFAREE LN KRR,
BM-MSCsE A 5 K1) %% 8 17 . ESCsHIiPSCs
AIAEAIMCSsHT AT AERIE, EATETT B A PR AE
Tt 5L i B
3.1.1 BM-MSCs  TAYMANZEBI 50 AE 52 1 f8
Ji v S BM-MSCs X NEC K 5 A% 20 44 8 388 n s I IR
P TP VP 43 R 2H S5 B2 0 2 A, (RN AR A7 T i 3
0. YANGZEPIIE 52, BM-MSCs A Y SNECH: 77
A wi, R 2H S0 B A A i I E 1 L, A
T (1) 2, M ST L B s ¥ S 9 0L HH B e 1) 4 i
H, SRR S AEKKE T (HB-EGF)A WA 1
. WEILZPIT ¢ & Bil, BM-MSCsiff i 43 WA IL-6.
VEGFAHGFYS N 1 A6 7 b 5z 4 i sk 28045345 J= 1
HETEFNE 71, STAYMANZSEPI 7T 45 L2481, ZANI
LI 5% 3] F i E S BM-MSCs it} kK BUINECHH A 4E
KAFEIA DT A . NIKIFOROUZEPHT 52 iIE 52, #
Fik i S BM-MSCs % i T i i P 26 (1) 517 B 26, [FIFE
WA S S I R A B i TE A . AR AT AR
B, Bz N FBM-MSCs & 15 77 B 6k 2 ¥R 97 2070,
XA BB A T 5% 43 Wb IR - B AN A2 R S 1) o A
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SR, AHRFH i 208 72 A2 (proly] hydroxylase 2,
PHD2)JTER FIBM-MSCs 2k 115 77 L 18 1 NF-« B i
ML G 58 T MSCsHNECH) 5% 73 WA VE FHIPY, Xt
ToR A T 25 B TN 53 (R 7 B R 1) T A
FAFIMSCs

3.1.2 AF-MSCs  GOODZEPIE R I, 1/ Fl A
R o 2 KR A S N R W T IR EENEC IR 280
N, AF-MSCs=E 212 38 b 7% 18 2 i 41 i 34 480 & B
2(cyclooxygenase 2, COX-2)F I fil| TLR-4/5 5 i i,
P& BINEC ) A= A7 Ze Mg g 42 49 B IR AE 210, T AS &
BTG, COX-20 — ik Sy, W
FEWTEHIRRIE, W] AR SOREA I B a1, 2
e bR IG5, . AF-MSCsid 7] DL i 0% Wnt{5
SIEHENEC/N B b R 7 A TS Cs s, £
MR PENECHL Y i, 784 i 718 37 F0 g 8 57 1 )
Y25 T AF R IR #, $2 mINECPE /3. AF-MSCs
EATIR/ONECK SRR HE B, BRI K R AR 5,
3.1.3 UC-MSCs  S5mHANHZURIFEMSCsHEL, J5
I E B BIMSCs A 2 B8 J5L 4 R4 B 99 5

PEFEAR, 20 B RCRE . UC-MSCs B B 5 HoAth
KR IMSCsTE LI HENECH —REA 3. W R W,
FEAR SR 25 A FUC-MSCsHJ P i 55 43 W4 B I B
WERFEAMRARY . PrAFIPL R Th R, AN
ROIBTER BRI B HITEOL T, 45 T SRR A2 b B
fJUCB, PAPRHE$Z HESCsia 7.
3.1.4 HAEAMSCs  HAMSEHHMSCs, i A
ESCsEt NiPSCsfENECTA 7 4035 (1) i 5 AT SR AN A2 o
ESCsH T-¥# K& ZIIEIGAH I, 77246 BEFR #1, iPSCsh]
DA MRS A i BT 2 B R RS . KAGIASEIRE 7T
g5 JAR B, NEC/) UL AY I i 79 3 VE S BM-MSCs.
UC-MSCs. ESC-MSCs#l1iPSC-MSCsJs , 1Y 7£ BM-
MSCsHIUC-MSCsZH 7] T Il PR Fl 20 2397 BE 5 04 3%,
{HiPSC-MSCsIEK [ 47 . HENAR LA T Bidg 24
ZIMSCs, % G T 4 EMSCs ] B8 5 5 £ A B
AU AE, DRI AT BB A SRAFAEAR N R SIEAS 5 1
RILBEST o
3.2 AFSCs

AFSCs# i\ & ESCs Al ASCs 2 [a] i) v [d] 2

=1 TFHRAENECHRIThEERN N

Table 1 Functions and applications of stem cells in NEC

eSid) e e LSty
Type Origin Administration Model

BIF 545 SR
Results Reference

BM-MSCs (bone marrow-derived stem cells)

BM-MSCs Adult rat Intraperitoneal In vivo
injection
BM-MSCs Adult rat Intraperitoneal In vivo
injection
BM-MSCs Human Intraperitoneal In vivo
injection
BM-MSCs Mouse Intraperitoneal In vitro
homozy- injection In vivo
gotes Intravenous
injection
BM-MSCs Human Intravenous In vivo
injection

BM-MSCs, AF-MSCs, AF-NSC, and E-NSC treatments all ~ [12]
show significant reductions in NEC incidence compared

with the control group

There is no significant difference in incidence among the

four treatment groups

BM-MSCs, AF-MSCs, AF- NSC and E-NSCs treatments [13]
all show a significant decrease in intestinal permeability

and improved gut barrier function compared with the con-

trol group

There is no significant difference in intestinal permeability

or gut barrier function among the four treatment groups
BM-MSCs administrated by intraperitoneal injection im- [33]
prove pathological changes of the neonatal NEC rat model
BM-MSCs injected rats show significant weight gains and

clinical sickness score improvement

MSCs administrated intravenously have increased engraft-  [34]
ment into NEC-injured intestine compared with MSCs
administrated intraperitoneally

Heparin-binding EGF-like growth factor and MSCs act
synergistically to reduce injury and improve survival in
experimental NEC

Intravenous MSCs treatment do not ameliorate hypoxia- [37]
ischemia induced adverse intestinal events, which are

associated with NEC
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Type Origin Administration Model Results Reference
BM-MSCs Adult rat Intraperitoneal In vitro Condition medium of PHD2-silenced BM-MSCs repairs the [38]
injection In vivo intestinal damage and improves the survival of NEC rats
(conditioned BM-MSCs’ paracrine effect is enhanced by PHD-2 silencing
medium) PHD-2 silencing activates NF-kB and promotes IGF-1 as
well as TGF-B2 secretion in BM-MSCs
AF-MSCs (amniotic fluid-derived mesenchymal stem cells)
AF-MSCs E14.5 rat Intraperitoneal In vivo BM-MSCs, AF-MSCs, AF-NSC and E-NSC treatments all [12]
injection show significant reductions in NEC incidence compared
with the control group
There is no significant difference in incidence among the
four treatment groups
AF-MSCs E14.5 rat Intraperitoneal In vivo Pups expose to NEC but treated with BM-MSCs, AF- [13]
injection MSCs, AF-NSC and E-NSC have significantly reduced
intestinal permeability and improve gut barrier function
There is no significant difference in incidence among the
four treatment groups
AF-MSCs E14 rat Intraperitoneal In vivo AF-MSCs improve survival and increase the repair of in- [36]
injection jured intestine in NEC via a COX-2 dependent mechanism.
AF-MSCs decrease bowel inflammation, increase cell
proliferation and reduce cell apoptosis
AF-MSCs mediated effects do not depend on direct re-
population, but on a paracrine manner
AF-MSCs Mouse pup Intraperitoneal In vivo AF-MSCs rescue intestinal injury, restore epithelial regen- [40]
injection Ex vivo eration, and increase active ISCs
AF-MSCs E14 rat Intraperitoneal In vivo AF-MSCs decrease fluid retention and lower the incidence ~ [90]
injection of ascites in NEC rats
UC-MSCs (umbilical cord-derived mesenchymal stem cell)
UC-MSCs Human Intraperitoneal In vitro UC-MSCs exert beneficial effects in NEC via the produc- [43]
injection In vivo tion of the paracrine mediator H,S
UC-MSCs produce more H,S under hypoxic conditions.
NSC (neural stem cell)
AF-NSCE- E14.5 rat Intraperitoneal In vivo BM-MSCs, AF-MSCs, AF-NSC, and E-NSC treatments all ~ [12]
NSC Rat pup injection show significant reductions in NEC incidence compared
with the control group
There is no significant difference in incidence among the
four treatment groups
AF-NSC E14.5 rat Intraperitoneal In vivo BM-MSCs, AF-MSCs, AF-NSC, and E-NSC treatments all [38]
E-NSC Rat pup injection show a significant decrease in intestinal permeability and
improved gut barrier function compared with the control
group
There is no significant difference in intestinal permeability
or gut barrier function among the four treatment groups
NSC Mouse Intraperitoneal In vivo NSC transplantation improves the enteric nervous system, [53]
embryos at injection intestinal integrity, stem cell differentiation,and intestinal
12.5 days transit, as well as decreases the mortality of NEC rats
post coitum
NSC El11.5 mouse Intraperitoneal In vitro NSC transplantation reduces NEC incidence [54]
injection In vivo NSC injection improves gut barrier function and intestinal

motility
NSC-HB-EGF co-administration or HB-EGF-overex-
pressed NSC has augmented therapeutic effects on NEC
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A, X MSCsHINSCs ) — $6 3% [ b5 10 ) 4 4 2 FH
P, (H 9 Rk B BURE 2 PR IR iR P -4(stage special
embryo antigen 4, SSEA-4). CD29. CD49e. OCT-
4, MHC 1125 &2 §5 FH % ), Rt 5 AF-MSCs 3 T it
173118 . EATONZEUIHIE 5% % B, AFSCSTE B 77 3 h
TREFAR T AL A N R B, lEMSCs B A
B = ESCshrit 318 /K, #ig b 5 A T g3
FARE T ZReME. G 8 VR I T AN AR 0 BB
AFSCs/r b B AL HG L2 R /75 R R 2R 1A W IR T
PP 1y A4 355 I & 28 2E K H 7 45 & 8 A (insulin
growth factor binding protein, IGFBP) %%, PP1-yiL.
B 5 T2 A AR, R R AN
Muor. mERE R PR, g sEEA
DA B JIES 52 4 RIT3E 38 11 12, IGFBPHE 5% Ik C 4 iE 1
AT L VR 2 40 M A7 0GB RS RS A, R,
AFSCs A 58 K (1) 1l 3 38 SCs 38 5 A 18 TR AT 1)
REJTo o N S 2E 7K AR By o] DL e s 36 R AR K A
F 524k (epidermal growth factor receptor, EGFR)¥ I
BRI ENECH) ™ HFEE . 5L I, AFSCsEEMSCs
RE7r WA B 22 IR AR K IR T, A4 RCAT 4 20 i A K IR 7
I3 N B AR KR T 40 i AR K R 7 FIIGFBPRE 5K
JERU, SX BEAH PR - E 15 5l b R S COX-2 1) 3k
WA T EEAER . AFSCsiBfE SRR & ML COoX-2
FEVELN T, X 5 78 i 2 A %, X Le/E A
] B BRI COX -2 1l 77 PELWTS, 7 55 — Tt 56,
AFSCsH Wt # 357K 15 T MSCs, X & W] AFSCsfE
A9 Jip T 4 18G5 7 TR B R A O, AR
U 2 4 e 23R 458 X TR 14 45 2 AFSCs, AFSCsi
PR RAEATIE . o7 2R RN IS b, SR S5 B i 55 40 b
K 7175 5 B 4 M M2 AR AL, I 4 M2 1)
FALE W T T A P 4 4 Pl T L O HE T B A
R, LIZEHONIE 52 7 AFSCsAR #iWntid@ #% % 5 I jz
2t P AR A0 N LgrS™ 1 T 41 M R SUGENEC T $ 10
g 45, SR A A B> B I AFSCs i & i v] 5 &
TE M BE H, S 2H 20 AR T BB AN /2 AFSCs R 75 A 7 A
FH 0 = B
3.3 E-NSCs

E-NSCsHAGMFFI H K EH /e 1, &0l
i 22 0 R0 I Jof 41 Y. E-NSCsH A8 1 B 3% NEC K
R E RS, miE w8, BTani s
EHIE, JERRIET- R, SR, JOREROAEE n] REXT
FEAHE-NSCHIAZIG G H AL F2 7= AE fh T 52, {2

2% 20 IR ¥ U0TL- LRI -6 44 28 70 4340 7= A 4 il 4
. S5HB-EGFXBM-MSCsf# f %5 /E Al A5 {1, HB-
EGFE 14 4 B¢ {2 BENSCsH 7, £ P 8] i 45 7 HB-
EGFHIE-NSCsH#§ 58 11597 2R,
3.4 A[ELHELKIFRISCstLiR

TENECH, B 91 38 — B 7 1k 1 13 A 3 v 288 284 1)
SCsye s 1, LA B G 4] B8 4 ioRs & AT T i 3 1k
HE, W R, AFEZEASCSHNECTAYT 55 A
%, AF-MSCs. BM-MSCs. AF-NSCs il E-NSCs A
JYNECH) B E X T NECR AR, i 1 pil b b
Dise, BPUAMRIT AR Z 7 g it e M. NSCs
A LU AFSCsHR 4l fl AT 2R oK, X 28227k ATAE 1Y
NSCsa] it B3 5 H Al NSCs K MSCs#H R (17697 2L
. 5MSCsAHH L, AF-NSCsHIE-NSCshs 77 143 B H.
Ao, RS T HIERMNH . EGFA FGFIRIAEAE
AT IR NSCsAE T R AR 1. W FLib R B,
BM-MSCsHl AFSCs# nJ /> SLIG P i 147 ) ) NEC
1) [ T8 453493 R0 98 R e B, {HAY AFSCs i 38 2E K T 4E
RO, EE A TR, AFSCs EZE S 54
MK AR E , 1 MSCsI 25 4% 817, £ NEC
75045 T AFSCs 1] [EAIK NEC ) 7™ 5% & R & i
RIE, il G N PR SCsim b8 . SR1, 44T
MSCsI A 27w A 25 I 1EHPY. DRUCKERZP")
NN, MSCs/ENECHI £ SCsiRIT i+, KN Ef1RE
g A Z B 2, B R A BAR I R 4
ZFEPE. AKDUMANZECIE YO MSCs i 2y v -+
H AR 22 KB AR LI = P 0 Bl 3 (supraventricular
tachycardia, SVT)fH < ENECYAR I7, &5 F & 7~"MSCs
H BT 15 56 B 2 A ik, MSCs RN F Tl e ik 7 %2
T ERIAEERRIN) i 7B ENE X 3 =87 W7 44 EAN

4 Exos¥INECHYATT R SR (FR2)
4.1 MSCs3KiEHRIExos

WAL, V5T MSCs ) TC Y 4% 1 5% 95 5
BUExosfENECH! 5 HUphffi - MSCs H AT [A] 5597 2,
Exos 3 B8 i J > JRE I A8 i bR 20 ok 2 gk
NECH7IE P2 4, NITKINZS CORF 573 0, fi i v 4
BM-MSC-Exs iJ {47 K B 738 B b (1) e 8%, I 0%
K RNECH R A R A HFEE . RAGERS IR
LR W, BM-MSC-Exs ] £ 2441 b 5z 4t 45 11
A, FER ExosHI2& 5 72 LM LG O @&/ ST .
Exosits n] UAE N FENECYR JT iz i 1T 5 FA% i %%
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Table 2 Functions and applications of exosomes in NEC

Bt
Type

P/
Origin

Py

Administration

b # 77 5
Model

T T 5
Results

S 3k

Reference

BM-MSC-Exos

AF-MSC-Exos

AF-MSC-Exos
BM-MSC-Exos
AF-NSC-Exos
E-NSC-Exos

HM-Exos

BovM-Exos

HM-Exos

HM-Exos

HM-Exos

HM-Exos

HM-Exos

PM-Exos

Mouse

Rat

Mouse

Human

Cow

Human

Human

Human

Human

Human

Pig

Intraperitoneal

injection

Intraperitoneal
injection

Intravenous

injection

Gavage

Gavage

Gavage

Intraperitoneal
injection
Gavage

Gavage

In vitro

In vivo

In vitro
In vivo

Ex vivo

In vivo

Ex vivo

Invivo

In vitro

In vivo

In vivo

In vitro

In vivo

In vivo

Ex vivo

In vivo

In vitro

In vivo

Wound healing in IEC-6 cells is significantly in- [31]
creased by BM-MSC-derived exosomes

BM-MSC-Exos significantly lower intestinal perme-

ability and the incidence of NEC

AF-MSC-Exos increase cellular proliferation reduce [40]
inflammation, and regenerate a normal epithelium
AF-MSC-Exos attenuate NEC intestinal injury via

activating the Wnt signaling pathway

BM-MSC-Exos, AF-MSC-Exos, AF-NSCExos and [46]
E-NSC-Exos demonstrate equivalent reductions in

NEC incidence

Stem cell-derived exosomes are equivalent to stem

cells in NEC therapy

HM-Exos reduce inflammation and improve mucus [63]
production in vivo

HM-Exos decrease inflammation in hypoxia and LPS

treated intestinal organoids

Pasteurized HM-Exos are as effective as raw HM-

Exos

BovM-Exos promote goblet cell and endoplasmic [64]
reticulum chaperone protein expression both in vitro

and in vivo, which increases mucus production and

protect the intestine

HM-Exos promote the proliferation and migration of  [65]
intestinal epithelial cells both in vitro and in vivo

Peptidomic differences between preterm and term
milkexosomes are revealed

HM-Exos increase the proliferation and decrease the [66]
apoptosis of intestinal epithelial cells

HM-Exos administered intraperitoneally or enterally
decrease NEC incidence

HM-Ex enteral administration has better effects

HM-Exos reduce oxidative stressrelated injury on [91]
intestinal epithelial cells

HM-Exos derived from colostrum, transitional or [92]
mature human milk prevent inflammatory injury

HM-Exos derived from colostrum are most effective

in decreasing inflammatory cytokine

HM-Exos upregulate Wnt/B-catenin [93]
signaling in ISCs and increase cell viability under

H,0, exposure compared with the control group

PM-Exos inhibit intestinal epithelial cell apoptosis [94]
and decrease TLR4/NF-«B signaling through miR-

NAs in vitro

PM-Exos prevent LPS-induced intestinal injury and

inflammation in vivo

A, AR B ) B 1 5 A 40 7 ) S AR TR R
o, A8 T4, 38 n] DURE S M Ho 8 Ay HB-EGF 2INEC
FAGEBALN . AR AE, R 52 BITE A P AR I 52,

{EL 7 N 25 FMSCs KR I Exos ) Bl A B2 3UR .
4.2 AL KIERINAAR(HM-Exos)

BEFL A R AR & & Exos, 1 H7EYIAL & 2K



1854

Gk -

fa1. HM-ExsfE 1E % 1 52 56 PENEC /) B A v] g8k 2>
EAC LA b R BT, Pk AR 41 flgMUC2
(6 77 A2 KN J5 X 2 E, MARTINZEP R 52 2% 1,
HM-Exos 1] ff 3 7 & 57 41 il %0 52 H,0,15 5 11 A4k
IS4 () B . % PIHM-Exosfi B T A7 T-Wnt I i
[FIGRPY4, Jy R FL 1 R 9 1 FHF2 4 7 73 7 J ke,
WANGZEOIEL 55 7 & H AL 77 )L BE 2 U HM-Exos,
SEHLR B, B ) HM-Exost 3% W b Bz 4 i 18 4 1)
A /158 T /& AHM-Exos. & A0 R, F
7= JLHM-ExosH & A 2 5K, K&, RZR5%.
Gy IR bR Ay e N 1 B0 7707 B
Y824 G v S, NEC K A 2k — 3B FEAIK, 1t 1
HM-Exos A % 8k Ji7 b R Bt B, I P 45 24 2 S8 47 (13
F0, HM-ExosPFENEC K I R (AL 7] G 8 ik
B Wnt/B-cateninfF 5 1@ 2%, Fifi J5 38 0 7 ISCsiE /1
FHORFF 4 G 52 S8 A LI
4.3 ESCsHKIEHRIIMILAE

AW FVEAL T KRB A 2K A Exos IR IT AL
B, 455K Y], BM-MSC-Exs. AF-MSC-Exos. AF-
NSC-Exos#ll E-NSC-ExosfF M3 K 5l 718 Bt f 1) g
AR NEC K £ 275 I B A [FSEEH, A0
IR, Exos® N Z &, A SZExos K/N 43 i85
BT EA0  AHE F R B, A R 2 2R IE [ Exos
XoF 955 13 R A A [ B2, 480 0 M g b R T e B 9%
Y1l i R T I Exos A Bl T-NECH) 3 J&, 1 5K FIMSCs
ol BE LKV [FExos 1] GENECH ™ AR, JF0-FF
1A PN T B e T RELS . 2 KRR U Exos ] ik /b g i
NECH 457 F1 9 i, [7] B2 TS Cs 3 428 R 241 i 38 55167
7N 1T 44 20 SR U () Exos T 17 1 SCs i 715 FT 75 1
A KR FANBGF S5 B, i Py IR 18 15 Wnt/B-3Z
R H B S R I EENECH IE 517, FH 15 W F 2 SCs
ThRe Agn f i #, 1X 46 KT PE4E T8 b R 20 M 1)
SE AR B AR 5 5 T R FE BRI, thAb,
ENECHE R 7, KI8T N AFSCs i 4% 1 15 77 2k [A] £
AW Rz JORE . 380 1 5 20 B 36 5 Ak 5 2%
BB ES T A0 AR S A7 DA R 3 B it A A
MAERER . B AT, 1A [F R I8 (1 ExosfE F ML
AN A, TS 2 RIS R B S 1 TR

\\\\\

5 SCs/Exst]geBI1ER L&
NEC 1975 B A 3 5 A FE U T I . S R I,

I, NEC K 9% ML i A1SCs/ExstE FH AL H] 1) 5= 2 )y
SCsHIExsifI7 #& 4t 7 # A8 vl AT (K1), H #ifE
PEFH, MSCs & HExos ¥ Zi@id stk Pk, {2
BN DU YRR AL P R AR U, A4
BAE LR LA 7 TH
5.1 HBUAREApEERE

TEMIE R AENECH, RAE/ . HEEL
TAREACE T 52 R IR N, A MSCs ] 52 45 11 %
G A, R N 42 0E [X 3k [T BM-MSCs
AL 3 A N S i T S A, 38 mT DA (L 2 F Rl 7,
VEGFFTGF-B1, 1 57 BLF 4E 40 o if Ak I8 A i
MALBE . HAHITEMH, MSCsHAFSCsTENEC
FRAY e B SR B AN L LR G TEVE A I 1, {5
AT REAL Tzt ()37, B A AER) . MSCs iR
AR I 55— A HLEE S B 4n i b &, Bk B A
I B 28 1) 7 AN A 5 9 R — A P ke A% {5 R R
Iro BM-MSCsAICoJULAH 2 8] 3/ & B # & o0 A
JHF 40 B 2 T8] L I S P DA T2, — SR 5t AIE 5K
TBM-MSCs 5l bR 4iie 2 (Al (i, (HA A — Lk
WFFCFe H, 1K AT BEAS 20X S 20 il 52 (it O 1 F B AL
il o
5.2 {ZHISCsFRIAIE M

AL B 83 SIS B (IS Cs (3G 5 RN A4 2 11 2 i B
T BN R . NECHISCsEHA T #6 5 1
TE 55 1 E AL E R AE B . NEC 5 Wnt/B-E &
3 % Th e B RS AR %, 1238 M ISCs T AN iz i b 2
YeFFAT L TE R, WIFT AR, AFSCs%h 253 8 Wnt/
B-EEINE (BB SE N R IE . [FAE, MSCsHI LA I
WA AE KR 7, e HEISCs 2R IA K T 18 i R ek 4 26 i 477
o
5.3 {Ri#tRH £ HRpERY1ETE

J¥ b Bz 4 2 B 1k A0 R B i AN 2R N 1)
HEPFE, CRIBE T FFRas 3 1 - R 40
PRHTAE 5, SBCT L T8 5 W Caspases-3
() _E AT, SCsIBITNECH 2 kb2 — & iy b
B e REVE E . QT BTIR, 7K B4 FRNECHR 1Y
W, BT DR SR RS B SCsH 4ERF 1 11 b R 1) 58 1,
FaE et 55 2 WA 3 I T NECH5473 )5 i b e 4R 1)
T AN B e
5.4 RO RAEMBET

PN AENEC K AL 1 8 BE 2R 2, A FE bt
AT B Z AR KA R IE KRG i, MSCs
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GRP94
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-catenin
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| Necrotizing enterocolitis | f

2 A A1 A A S R A S B R NEC R #4493 (K - MSCs 23 i 2t i PR 7 F A KPR 7, A HEIL-6. VEGFRIHGF. PHD2IH T i s T
MSCsHFINF-kBA& i, M 7 IGF-1FITGF-B211 55 70 b B, MSCsitlid 55 73 WA (1 75 2UHG Ik Jog 40 2 1 COX-2 #1323 7K~ . Exos & 47
AR TNECH {7 (1134 FURNA(cRNAs) . “FJIR IR K Exosfit # 1 AR AR I AE R E M TFF3RIMUC2 LA K GRPI4I 3L . MSCsHIMSCHIZL I
Exos# BE 0T Wnt/B-EEH 2 115 18, AT $2 mISC IR i 7 FigiE AL g

Stem cells and exosomes have beneficial effects on NEC through a variety of signaling pathways: MSCs secrete cytokines and growth factors, includ-
ing IL-6, VEGF, and HGF. Down-regulation of PHD?2 activates the NF-xB signaling pathway in MSCs, resulting in increased paracrine release of IGF-
1 and TGF-B2. MSCs increased COX-2 expression in stromal cells by paracrine. Exos contains non-coding RNAs (ncRNAs) that are beneficial to NEC
damage. Milk-derived Exos increased the expression of goblet cell expression markers TFF3 and MUC2, and GRP94. Both MSCs and MSC-derived
Exos activate the Wnt/B-catenin signaling pathway, thereby enhancing ISC activity and intestinal regeneration.

Bl FLRpaFsNMATEIRTE M /A LE RS 2 (NEC) T HIVE R FnANL HI (AR 1B 52 STk [16] 15240

Fig.1 The role and mechanism of stem cells and exosomes in NEC (necrotizing enterocolitis) (modified from reference [16])

ERAER PR AP A M Z A Fa RN ESCEE, ekl W, 55 2808 &N AT B8 2
F5 0 983 IR BE K] ¥ ol 3 3 [A] (tumor necrosis factor- MSCsIi FENECSL 56 8 W) 3545 1 25 ZE AL U8,
alpha stimulation gene, TSG). M| Wgf& 2,3- XN 4 55 RMEERK

I (indoleamine 2,3-dioxygenase, IDO). HI ¥R & MSCsH A I3 A4 e A, 32 Ei8 it VEGF &
E2(prostaglandin E2, PGE2)F1 TGF-Bl. IDOREE  H#/EH . E%«fﬁﬁn%%% K H AR A FUCBIMSCs
R 428 0 0 TR R vy AN AR 3R AU 40 ke 00 o) 4 948 240 FIAFSCsifi it 73 WAVEGF 3 5 5 W I PEVEGF 73 i,
VR, TGF-B1 AT I 2 505 1% T4 I 204k S EBPDARE B A (1) filh i & 25 B0, 7E 44 4b, UCB-
AR 301 NG B R 0] S S A0 (O B0 . MSCs MSCs&/EREIRIEH T N I il B s AN TR, 5
P 98 E (1 5E 730 K 60TV 2 Ho 2 20 3 2 () &2 B %N H VEGF 7 -3 [ 1E 2R,

IV EAE, E£F SRR K FUIIL-1B. IL-6. 5.6 IMLFHENK

TNF-a. IFN-y. IL-1Ro#l PGE2Ial$i 45 41 fu K+ UMM S S T RN RAT 4 40 M V5 A0 1
IL- 1051 TSG-6 1) %4k 1) [ B U1, 3842 i3 Tregs 1) PRIEFR, 75 2 LR B, AR 4R T AR IA
Foxp3 1 L1 LA K EL W20 M1 R M2 AL R 8 46, MK E5 3 200 PR 8 R S (R R T, W gt S5 LR 2 0
T AR 7 b B 240 i 5 32 2ORE AT BARMSCs A 41 i 5 3 AH 5% (AR 48 4B IR 7 Ak [] 7 22
FUHITHH B RE S 7E A4 SMR B T 7870 IUE 8, (HE Ao il 21 AN DL A0 R RS2 24 240 = A 1) i 2
TIEAR N I hRE AN 2 Hob o B se R B, hUC-  JRAME FRUTA NERIE. W 73R B, NECHE 34 41 1
MSCsiffi it 55 B k% 4 i A0 S 40 i (6 A B4, TA] G IR AT AE A0 i 0 B2 B R TR R, RS AR 4
BEAMHIThAn P 0380, X T e so@E M AIRIENECIH B R, (LSt i697 AR
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