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Abstract

BACKGROUND: The formation of postoperative abdominal adhesions is a complicated process, and the prevention of postoperative adhesions is an urgent

problem in clinic.

OBJECTIVE: To analyze the mechanism of adhesion at cellular and molecular levels, and to provide theoretical basis for the prevention and treatment of

adhesion by mesenchymal stem cell exosomes.

METHODS: “Abdominal adhesion, pelvic adhesion, postoperative adhesion, epithelial mesenchymal transformation, mesenchymal stem cells, stem cell
exosomes, mesenchymal stem cell exosomes” were selected as Chinese and English search terms. We searched PubMed, CNKI, and Chinese biomedical
literature and screened relevant articles on postoperative abdominal adhesion and mesenchymal stem cell exosomal intervention published from inception to
August 2023. After systematic analysis, 54 articles were finally included for the review.

RESULTS AND CONCLUSION: (1) Any pathological factors such as peritoneal inflammation, mechanical injury, tissue ischemia, and foreign body implantation
cause peritoneal surface injury, resulting in postoperative abdominal adhesion. The formation process of adhesion includes the interaction of peritoneal
mesothelial cell repair, inflammatory response, fibrinolytic system, coagulation pathway and other processes, involving a variety of cytokines and signaling
pathways. Wnt/B-catenin pathway can induce fibrosis and angiogenesis, and cooperate with transforming growth factor-/Smads signaling pathway to stimulate
fibroblast proliferation and cause peritoneal fibrosis. Meanwhile, nuclear factor-kB signaling pathway up-regulates the expression of cellular inflammatory
factors, promotes fibroblast proliferation, and plays a key role in the process of tissue fibrosis. (2) The paracrine function of stem cells is an important direction
of molecular intervention in abdominal adhesions based on regenerative medicine. It can participate in a variety of complex cytokines and signaling pathways
involved in abdominal adhesions. (3) Compared with traditional methods for treating abdominal adhesions, mesenchymal stem cell exosome has biological
activity and is safe to use. Mesenchymal stem cell exosomes without special culture and expansion have lower immunogenicity, longer stability and other
advantages, can guide a normal repair and healing through a variety of ways. (4) Mesenchymal stem cell exosome has been proven to be involved in regulating
the above processes of adhesion formation in previous studies, showing potential application prospects in clinical studies. However, further clinical studies are
needed to explore appropriate treatment options for mesenchymal stem cell exosomes to address the problem of clinical translation.

Key words: postoperative abdominal adhesion; epithelial mesenchymal transformation; inflammatory response; fibrinolytic system; mesenchymal stem cell
exosome; tumor necrosis faction-a; interleukin; growth factor; transforming growth factor-/Smads signaling pathway; Wnt/B-catenin; nuclear factor-«kB

signaling pathway
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o gm AL, 44 LEF/TCF, B3 Tt A R & 45104
YR 89 45 R A, Wint/B-catenin i 34 5 &0 A K B
F B/Smads 12 F B &2 A 49 B AL S F F U p AL E
R, fEEMT 8K R, AL ity idA2 b & 35 £ 484k
AL AR AR e R R R S G
(E-cadherin). a- L) & & (a-SMA). B-catenin. [ B IR & & .
Wnt-1 Aok Bl 38 2 48 6B T 1 & @ K-F 82 H
= [22]

=

RT EARAR S 6915 585, @14y H| JAK2/STAT3
BB BERAL, IR @mieNE Ll @i E 6. &
i F 10 fe iY B IR T a KPRk & KiE, T
9% 38 1 E 1L R AL A B R 3 7A 4 BE AR v(peroxisome
proliferator-activated receptor gamma, PPARy) ki 2 JE iz
#53& P Wnt/Notch 12 5 R 09 $ RS T de L B 0
B E, 4w MMP-21 = &) 48 i/~ % 10, Hippo i# 3% MAPK-
ERK1/2 #= PI3K-Akt 5 FiXi@ 3 X B, THALEE
Fb ik bg it Az Y,

2.4 [BFRATERINUATEIEIRAGEPHIINEG 18 ARk T
MR kR TIEME L FHe) P e R, AR AR EH.
@ iabe — £ S e T e, 18 AR T e is sy
Ve R KA EARI A i b o s, G FEIN bR (B
1 <150 nm). fikkidk ( E 42 100-1 000 nm) Fa B = MK ( A
#>1000 nm), 5 il om0 R HATAE B4R 18 P
0 i A N2 NEC R B O s 2 (AR e i e N
) KRR L B PR RIS BEE R, S AP 4
AT TR A A0 T 3, AR08 BT ta e sl ik EAL T,
BAFARA, it B3I A KIT K, IR S A &
& /7. miRNA. mRNA. DNA Foém o B F 5, #iAH 2 4m
JeL B e —FP 3 Ak, B b B AT A B S AR 1R AR T
2 b o SRR IT i B AEAS @) SR g A A7 iR A O,

A 6 TR K TR kL % 04 77 ik £ 2 63518 R ARG
[ Fo i 7). MUK B BTG R B2 AAR R R 2
89, IET IR BRI SE A, (2R ARG
ZARER Z A W E M, TR0 I 69 LR 8 AR AL,
AT EEAT AR KIER S AR TH B A%, LA
MK T W R R B, Fodbig ) 2 A E KL TR 7 X,
R R - SilNE T INE -2 0 &S ) S o A PEr i
H 5 ARG [ 45 A f8 38 RAE A B 18], ooy BF 50 18 1 B
KB R@mERF " 2 AP G E T AE A
F bk it A2 6915 5l sg v,

Rk, BAE SR ZIE R AL 004 5
BRI E T o A LB REKIE, ARAINT @mies 3
TAREE R 44, BB AR5 | F—FF B 6915 AR 4.
BAEFFHAAH T a R S a0 25 55K,
(2L £ ARG IFEN, AMTCZRFRESRET Tt
WF ot hee LT, FFAMERA I RmieNE T4 FE
BHATT —R9IR %K. BFR, KEOHUIKABARI 1
FOAR R R IR )R T 4m A BN e AR =T AAR 3t I 8] T 4m
L E A BRART B0 K I R BRI K JG PR ks 1% T R 1252,
nE1, 2,
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=Y 3

F1 | BRRTABEINLEET ARG EEEN RIS

%3 | BRRTABREINLEEE thERBRRE RIS

BRUE KRR S REUSE BTk EEGR Tk R S T gl EEL
LRI S gy 1 gl
SHI 2022 KR WUES ANJEIFIAZRR > TIEBASE R AT RE. S 2022 OJLBR miRNA-143- CJULAL 58 15 78 58 140 i R 5 ¥ miR-143-3p
=070 % v e UL A T | TS e = S B (N R R o & B MR 3pidEE H T DA A g 4 O JUL SR - S 3 3
Az i, AT BE LR AR A RGO 11 i IR BE 7S i
i35 JF T4
MUHAR ® 2019 K HUWGAE S GREHE SR Thmm A i 2 10 K7, ik SRR 2023 HIAL/N ABFILIE TS MG Eh2H (gt M1 RSB /)N R J5 40 iR 1) M2 Y
[l B S IR SR 0T KRG A 2 B8l B FTA s #A, e g T
P MZEN JG
ROJO ¥ 2018 /N HUMGE S NEBEIRIZCHR /b 1 HERE R TR AT A 2 i 2020 filZF4E BRMLAIFE R BiAHZY w) LLGE Sk f0 ) i A A K IR 7 B/
HpES Tanfusb b BN 7 AR E A R, > 4 B /N T4 Smad2/3 15 538 H B 10 1 7 18] B
YEAE R, BE LB G Rl 3 R B BN LT bR
KARACA®Y 2018 Kl WUWGE S WKW F# (K E-selectin, P-selectin, Jif G 2022 &2 NEWiAITE Bk ks B A0 A T A 98 v A e b
[ T4ani BRI T a K A% 1 1l kBRI sh Gy, BEIMPLAR AR 1530, (eadk
£l K, AHIRAC R A 2 LTI TRANY /2N SHAE I T R, 1 5 B T 40 AR A
YR EER X R pilspE e liiTpse
WANG ®2 2012 KB HUIAES BOEBEE 7SR 4 W TSG-6 & B H B 1) 78 R T R 2021 DIWTER AR e U i BRI PR A K T B
S 40 230 R A s Rl 32 11 2 R 3R & [ e P BSKEEA. MENEAEKRE T
LUCAS 1996 K VIJTAEME BUEBAIAIFC R AR 45 A7 B SRR, 4 o wister WA FRET RN AR K R T 3R 0E, ) &
T4l b b A Fil PERF E M/ 2 18 R SERR T
- - a fFds, (MR K, (el
RiE: TSG-6 AMIEIAFEIN T o HIWIHEIA 6, W4 fsn i 5

2 | [EFRTF MR INLAIE R TR R AR LI 5Tl 2

WgEE  ORE MRS GORRM TSk RS
F4
JAORY 2023 AR FEREAL ORI AS SKUE TN BRI 5 T 40 A

FAfaz B 4as8h, JR T4k ST Inc-COHR W] Rl AKT/
(hmRSV i GBIl JEAISMIEYE FOXO i % 5 miR-3149 3% 4 1k
5) EMT gh4, T PTEN JE K )
F], IR HMISVS [ EMT
HUANG ®*' 2023 AJEfsIE] 2.5% % AJFF51a)78 @ i % IncRNA GASS i #% 3
FErdni EREE BT Ak HPMCs, A JiE A TR 78 5 T 40 il
PRI MAAS SR 1 A A4 T g8 1 Wint/
B-catenin i& & 5 miR-21 3% 4+
PES A, IR PTEN 2 K]

4], B HPMCs (1) EMT
FebE 24 b N IR FE T b X B I e 4 A B L
RN (2R TR R, Ak TT

VR AMIAA LA T 5 5 (v iz 240 A ) 366 5
O R AR TR R

A NG R T ik
2022 KEUEME HUbAR 0T AR 7S 38 i ¥ MAPK-ERK1/2 Fl PI3K-
[E) 40N AR B TANARAh Akt B 7E M 1 5 5 K BRI )
HOERLT WA B an s pE e R

ks HPMCs Jy NBRRSIA ] B2 4l EMT D4 bR IR 78 i dl; MET-5A 4ilfiil g A
[53] B 5%

2.5 [BFRATERISUAEEMERPIARIVIR 4 4
I BE TR AR B ERGELGERHER, —2
RAEGYI, ZEATLDEL, EREFTRART. T
BN ARIE T A S AT T R E MR, £
B ARG MR AR R P I RE ST, QS APE
PR B, Na ke A A%, RART@iESY
Ak AR TAEFR A EFAUREA E LR,
RERREFEAY, RIELETHART @I LA
SR EA R R ARG S AR R P g B R R BT,

% A8 ST s b AR AAE K TR T S A e tm
fe, Attt EH A mAedga. BV LA, —FIS A
B 4R RE, ERMAFARALKHK., T LA
VATHRB: O%c5, T BATELRHEF. BE.
RIGE TGN @ EHIRALHEH: 42 & BT miesh
AR A EAKIE T R AR A, 2-8 'C, 72 h AR ARERIEE
M, QRBREAS, FETEH;, OLMLEFA, HibH
BEABKRNERNAE, B AT R T e sh b ke ls &k

ORGP Y 2022 MET-5A
41

SHI 2
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EHRMI 2023 2 ALK
g 1)

NEREI SRR e
PRI TN AN I s
B £

N B A IR A B
HME C ARANEE 5 F AT T
TR DTS B RN s TR IR AL
THITT L, SRS, R B AN
Bt B LU T e, L3 o AR SRR R
THHAMA R 1B HH A 12,
THE v MRIRICH T o T FF, T
PURET AHAF 4 M E MR
10 T

IR Ras/ERK {5 53 B i FURL AT At
WE KT DR AN i 2 R KT
MEHE BRSPS Z K

WA 2022 GRELE AFHT TS GREL.
& TR FTansh ik
WA

R ORI FBFE T TS A SLse A, BRI IR A .
BREARAS 9P 2 Reds 5 R R AR &

JE 1967 5 Wolf & WL Z| T oMbk, Lat4kfkA “do
JNARAE IR, 1981 S Trame 3L T “ORBEIR” , FhIA A
REA A et EI, AT Einuteymies)
BetEA. 2011 R B R miesl b ik &892 ISEV iR, JF
% T SN bR AL S BB A AR & m AR, 2013 i
NARALFEREFLZT T RIE AT 0 E 48
B FHE . L hE R DN BREAIEHAFEE,
A SRR G fm LRIV R AR AR T 3296 LB, 2014 49 MISEV
et — IR R T 8 AT @i sk (18 R T minsk
AR ) SRR R 490E ST AE R . 2018 4 MISEV 48 £47, 4
BRI B R R — AL, f 2021 FF
HEINIAR ER R T Ve R, ded AR,
Bits. B, ARBRHREE THBAM T LS. LFE
L5108 AR T e h b Ak ey BE L 2R R 1A 4, LI 5.

2.6 [EFRTARIMMETER D IBE T IEPEIERTE
B AT A A 18] U T am B o b AR AR 4 3B R T & 4G 2B AL
H@iE: O RARBET R ABEER T Xh@mie L
ZARYGE B, @ILibRik mie A, 454 49 RNA. DNA
BB FE5AE R T3 5@ R AR T Faeln,
AP ARG EE, BHRBR IR KXEELN S, A
mine A F e P, LEBL TN ARTF @inshikik
) ZAEAAE], JLE 6. @Al R T e s bR AR LR 4R
BG4 VE M ALEI T 4635 & 3 Frdy: @474 18] K 4w
feey B A B R B R A @R AR KR, RV
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2022431 20228 )]
20184 SF-MSCs-ExofJ7 % B #4 HEREMS Cse E;O{;aﬁMMﬁﬁﬁ
MISEV 38 B EH -3 31 8-t}
T %;ZSTIT%&MK” 20137 s
rame WOURE B RE R 20224748
Eililink- £ 8 on - k)R] MSCs-Exo i 7 2L LA 58
1 PR R 5%
O O O —O O O O O O O O
19674 20224E10A4
wolf % B4 31 51 b £ 2022624 EV-Pure i iT I 4 4 4t
20144 ILB-202¥ T Bt 'F % MR R AT R4
MISEV#E A3 th MSCs-Exo 2021438 Bl R 149 Kig I 51
20114 WwITER ExoFloT™ G JF
B o 20 o S ot 4 JE Y B & R B BB AARDS
ISEV R 3L gk 1 /1088

[&73: ExoFlo™ Jy Direct Biolotics 2\ w) (K] fi [71] 78 Jii 40 Ju M kA 2454, SF-MSC-Exo Jy ¢4

PV 7 5 T4 AR A4 s 1LB-202  ILIAS Biologics 24 )

EPURE (B INGI RF IkB (AL AZGH); EV-Pure Jy vitti labs [ [R5 447 il; MSCs-Exo iy [H] 76 B T- 41 4k A .

5 | FLRRRSNLATITT AR B 5

miRNA

i I IR N
FUTR

TGF-pismadsilifi
NK KBS
Wat/p-cateninil§g
Notchj@jF
Hippoififit

d——————

—

S

€ne expressmn
Cells

Bl AN ACHE T 10 B 1 B T 32 AR b i 2 Al i . Ak
AR MR, 3700 miRNAL 2R AL AR TR TS 5@ B35
WML LR [k . MSCs SN Ta) 78 T-40ffl; Exo NAMIBAA; receptor 3%
fA; gene expression JyEE[R R IA; NF-kB A% #E 5% K+ kB; TGF A#4 1k
AR T

El 6 | MSCs-Exo 4RI HIHLH

WRB; QT RAAEARRL, RELELL.

2.6.1 41 R e ey BT A LR R R SN RAS
IS T LIS P R AR A T 2AE R, TT@iT et
18] AR T am it E A R R AP R R AL P £ R
e, STARHERE ML ) R aa i hg3g . A, R4
JELIE 49 EMT. SHI % % 6k 51 52 36 % IUARE 5 18] 707
2 i, 4| ik 4K (adipose mesenchymal stem cells exosomes,

ADSC-Exo) =T 4t i if %% 7& MAPK-ERK1/2 #= PI3K-Akt 1% it
R 18] B 4m 0,38 78 Ao i A5, W AR IR AR 4 K RARA
WIS AR A A IR #E %, B 5 P ekt
FI R, AFFo 8] R T 4 Bk R 69 Sh ik AR (human

umbilical cord mesenchymal stem cells-derived exosomes,

hUCMSC-Exo) 3+ A B 18] & 4m o A5 245 AR R, 474 S48
RILTF MAL A T K A A K B T @ e /~& 6 it

FILEF a ey kL, RIFAMEIER Z @mineg3gid, £%
ARG B R R T, 1B AR T @RS KAk R A

)L 45 EMT 694E R, 18 LR T 4 ST e AR AT 69 miR-21-
5p #= miR-7162-3p A 7T e A0t F 5 M B AR 4m e g 74
8 KA ST, B la) AR T e sh ik i E9R miR199a
LA KR T B A6 E 0 49 EMTHY, RORME
BEIA) )% T 4w L 91 ik 4K (bone marrow mesenchymal stem
cells exosomes, BMSC-Exo) i it T i s£ 3o 25 1 £ K R4

M@ mieAE B @ mit/~F 10. B IRILE T a.

iNOS Fa3fR 8 AFf 2 /K-F, 474 caspase 44 & & Mh b & am it

a8 ¥ ARl 5286 o 38 iF 4% e miR-200b BREF AL A
JR T tm e sh b Ak iE i M AREE A A KB F B KA g b
A i 2 Y Bk, AESBWAR T TS
J kb 1% gk AR AL, 38 AT 4F H R EURAF E 49 miRNA, %‘iﬁ

8] 7R T fm B AR L AR GG R B BAE R 4945 5 id Bk,
*umiﬁﬁﬁ%@k%&WM%&m%kkﬁﬁmm
EMT ¢ L),
26.2 AP RIEKMERL, RYVALRG 8 LR T @
ShabARE AR 3 K g . #%il T A= miRNA k38 %
BRI, BEm i BAF S B AR e 3E A, R, M
AAait A%, 18] TR T IS AR T AR R E K dm e M1 A
WAk, HF Thl 45k Th2, BV T @@ ia s T @0
17(Th17) 4635, 3% hmifl b T mie (Treg) 443 %, 92 47,
&)mm@@ 2 LA F U R R A I, SRR
BEIR) LR T m N b IR T AR R B tm i &) ta e A% 6 A=
iINOS & & A, #9E S mitm M1 A AL, wEF " 5
R ABR SR B R) R T fn RS h b AR RE 18 AR e ) G
Treg/Th17 k4%, 4| A KR B . L4 PRS2 30 & I,
i it 4% ¢ miR-181c B4 3E hUCMSC-Exo #4 +T i@ it 37 4| Toll-4
15 58 BRI BRI 7| A0 KM R L. TR SR PR R s B
PIARERL 0 PRI AR R, A S 4m L 64 A ST VAR E 1) AR
T mpp b RB IR T R IE KERT, RV A 6T AR,
263 TRAHALARER, WEHEE%L BART@R
SRk —r BT AR S AV IR B G )RR, B
SN R R RE, B —F @FREZ% BT MMP/TIMP
0. A AR AR R IR Hb % K SARA & IL, ADSC-Exo
VA _EREIE F TIMP-1 &34, Fifl [ BRAEA= MMP-9 &
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i P QU A Y A BT A LA SARA) dE 52 miRNA-181-
5p LA 49 ADSC-Exo %818 id 4645 T AT 2K mfie F #:1L 4
KB F Bl AL AR A B2 thRE, RV EFEE.
SYEEROF TR, UF T B A B8R LR
T tm IR s P AR B T B AT B AR IR 6 IR R G T A,
mMiR-451-5p 7] A 4 L AR A PAI-1 £ AR Ut 4F 4 % @ FE7

RTITARE B2, AT @itk g 4
ZAAREF (e WA AEKEF. G@ient 6 flk
£5 5B F 1a) A miRNA 47T VAR RT3 & ax B F A3
A A R B 0] 64 T B R ARAE R . AFR A IL ADSC-Exo F
M amies-£ 6 @it STAT3 B FH Lmb s % E P, miR-21
5T A3l 1T 38 A K AAE T B T lo Ao B A A KE T &
i P9 miR-125a ¥ vA ¥e ) 3 4| Delta £ Bt 4k 4(Delta-like
ligand 4, DLL4) &)k A, 1Rt d’s A K et sk, {24H
R T, B IR T s sk T VA8 it 4 b A5 A K
AT B BRI ES TR T lafedn® i LA KE T4
Fik, B ES Ua b st s A R i —
WA

3 i77if Discussion

3.1 B AEZITHARNAMAEENLGE F4AE
FRE A INGE, ) R T s AR A E N,
R s, B LERRZARY ., I 2R R K
PRk EFRY, fdid 2 AR5 F—FE
TS A, AREAR SO ERNE. 9Lk T
LN S . AN, YRR, B, AL AAL
IS m AR EOR I, EREMEAEE T & B AT IR
QBN AL R B 0 R B BRSO AR Y, 1A) AR T dm B s kAR
3% 77 49 miRNA fE B $E 548 B 69V 32 . o F AL
AAH, FER—F FAR T BARGAE A RS BAH.
AR L3t KT m BN bR R AR 2R F
A5 69 miRNA, faxt L3 F 69 & E . Be R Rl
BRI .

32 {EEGEARXBIFARIVESR BT AAEFER
J& FERE L b 0 4R AR R A% BN AN AL, B sl R
Fampes b hEABREEFFHERZMA T @, EMX
R PR TR R AR Z IR AR, XFELE T K
AR R A BN F &, TR R R
ik 5 mILAH R FE . IR L R ARG 15 A
M YR R AR IR, Wt —F T fRIR LR T fa R sl ik AR
FEFE R A6 3% P 69 5T 8445 A L]

3.3 ZFARIEIRY OB aTsh At £258 T T amie i
SN BLARAE PRI K 15 T 09 R, A2 ELAR 6 4F B U AT R 4R
vy @ TR R VER e S BT AN F A R
AT 25 AP RE L EHUE| BT ISR L ARG 5T B R 09 A BT
Fd & R T it —F e A A8, ) deid 184k
Fa gk A 2B, IaiE4F E miRNA AR IS #6925k, O
A RN REAE YR 2, FFRT B R B HGiE .
3.4 ERNEBEN LFEBMAFLMBHE, ALK
T m IR oh ARG 57 RIS HE i RAL IR A BB L 7 @,
FEAJE QB3 T VA S I RS HE ik R AR R, B ad4b

154 | PEARKRTIZHASR | 5529% | 518 | 202551

AR HF Z 49 miRNA, I84E 8] 700 T 28 L o) b AR 69 A7 2%
PR BN 0945 il 5k, Bt— oA AA R LR T e sk
AR 217 4% G Rk & A HLR) . ISR 69 fa AR S b AR T
% FBFAGE B R R AR LG RRBE TR, AR
W A 18] 7% T 4 RO b AR 6 o7 IERE Hb 1% AFF 7 04 TR &
T R A 4 k3 1 IS R 1% 04 16 R X e LT WA 4] 15 4
8418 Z R T s bk 3 T .

3.5 RBEERXRFKVEN MEAEARTIE, HEAR
ST A2 R8T R R 7 K AT H £ AF 9] AR T am AR sk sk Ak
PR, doid i TRAL BEOE H MR R AN abik G
AR A E R A W E i, RSN AR AR A S
FH G B B, AL ISR B PR AR RS 4% A R ABAE A & iE
TR BRERRINBREBRMIN IR, FRBEFE. ZHR
Fo % Bk F 5 B E SN bR AL, R B R A 4F £ miRNA
REB AN TFH R &7 IR, B2, W AR
T mAesh ik 5L R Tl RRAE T @

TEBTRK: ERiHH AR Feikah., TADICE R AP S5 B
B, BB HE ARAFTIRE., KEMBEE AL, KT,

FIEATE: LFayhIted Fol, ARAFL A LTHRE TL TR
BEA B R,

FFHRENERR : X2 —BFARR L F, #RIE (Feilk THT B0
“EL - WAL - ABR 7 K F 407 Foik, ESEIIRNHEILT,
AARAAIE T L B 9T RN R %4, A%y &, FAFE
TR P EE. FHR. HN. AR, 7. k. BREBEZLHK, HFH
Z T EG], ARSI R AT AR R 1R,

RRAREELE: 3 AT AR A b S B30 A E T LA A L.

HARHE: ZXSHREBEATEREFHANAHBERN L (RAasiidt
EoMBEIILY) (PRISMA 36 ); LB iaaT €2 it + Wb B2 5 L kel
RGHATI AL FRAREE;, LFERIRAITIFEERT G, FITFE
BUAA LEHASRLIZTE.
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