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Research progress of cellular mechanisms in peritoneal adhesions
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Abstract Peritoneal adhesions (PAs) are abnormal fibrous bands between damaged tissues and organs in the

abdominal cavity caused by surgery, peritoneal inflammation, peritoneal dialysis, etc. Among them,
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surgery is the leading cause of PAs. PAs can cause infertility, intestinal obstruction, intestinal perforation,
and other clinical complications. Secondary adhesiolysis surgery is the primary treatment option, but it is
prone to recurrence and has various complications and risks. In recent years, a series of drugs and barrier
materials have been developed to prevent and treat PAs, but the effect is not satisfactory. PA-resistant
drugs increase the risk of bleeding and inhibit normal immune function. Although barrier materials can
alleviate the progress of PAs to a certain extent, they cannot achieve the ideal effect of anti-PAs because
they cannot cover the peritoneal injury site for a long time, and the degradation is not complete.
Therefore, breakthroughs are needed in the prevention and treatment of PAs. Recent studies have shown
that PAs result from various events, including vascular injury, platelet aggregation, coagulation cascade,
and fibrin deposition. Eventually, fibrin and extracellular matrix deposition form adhesion bands and
later develop contractile scarring and cause clinical symptoms. In the above events, various cells
involved in PAs play a crucial role. Peritoneal mesothelial cells (PMCs), neutrophils, eosinophils, T
lymphocytes, macrophages, mast cells, etc., are distributed in the peritoneal microenvironment. Under
physiological conditions, these cellular components are significant for the dynamic stabilization of the
peritoneal microenvironment. When bacteria and foreign bodies invade the peritoneal cavity, fibrin and
inflammatory cells exude with the peritoneal fluid to limit, remove, and absorb foreign bodies. Finally,
the fibrin is absorbed, and the peritoneal injury usually heals. Under pathological conditions, the above
cells are dysfunctional, promoting the progression of PAs. Dysfunction of PMC function promotes initial
PA formation, expanded inflammatory response, and excessive fibrin deposition; neutrophils and
peritoneal resident macrophages are first recruited to the peritoneal injury site, the former mediates the
inflammatory response, and the latter covers the injury site for a transient protective effect; intermediate
and advanced neutrophils of PAs form neutrophil extracellular traps and synergize with other cells to
promote fibrosis progression and lead to PA formation. Here, the authors review the action mechanisms
of various cells in the peritoneal microenvironment in the pathogenesis and development of PAs and the
connections and interactions of multiple cells in the progression of PAs. In addition, the main measures
for the prevention and treatment of PAs, which have been widely studied in recent years are introduced,
and the prevention and treatment strategies focused on the cells involved in PAs are summarized, hoping
to provide new ideas for the clinical prevention and treatment of PAs.

Tissue Adhesions; Peritoneum; Peritoneal Mesothelial Cells; Inflammation; Fibrosis; Review
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W2 I KE #%  (peritoneal adhesions, PA) J& H F
A REIESE A A LR A IR v 32 4 2 21
HlEs B )Y S o 21 dE PR R e, Horh TR A A
PRI, PEARGEY, ARJE A 50%~90% H HH K
ARG . PART BRI TEIE R . 2. B
LR L PEAR A A ), PA A I 77 2 IR TR
FA ARG EHZ, H R T RAFAE TR I A) 2 4K
Ak L JEFELAS B A5 XU RS 8 i A ) BT
e, PARY R A AL B R B R & IE T,
BEXF A REBE AR R Pk Dy i A TR T A
R KUK, JT AR SR IF & TR £ BB FIATT PA (Y 2)
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Yy A B A RE, (ELI PRRICR #4 AS Tl

F BT PA 19 & A= HLAITS AN BT o 3 399 BF 90 4 7
PA B AR AL T2y . (1) LR 48 R Rk
75 (2) B ET 4k 200 M0 f) 1 5E K HG o3 8 0 240 L A Sk
Jii (extracellular matrix, ECM) KAy FH Z00-121, (3) %
E SR 3 88 S A AL R B K 22 Bl A i X PA
RO 1 o TR B S5 v B A AT g3 Ry IR M) B
Al (peritoneal mesothelial cells, PMC) . ¥ £F 4 21
ML N RCARRE . LR ET4EAn . e R . R
B AN M . RSN . B AR L 40 A R0 T 4k A0 i
SEOL AR PO L X S ik 53 X I Gl A5
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1 sh At BAA BB L, AW R YR AR
JBEJs 1), 2 4 2 AN 9 M AN e B IR RS i, R
il I BRIF U S, A A Y AR
VAT T AR W NS, PMC 3G BEE A ) e 4 B I O AR AL
B, BRI, NI oE B &L, e B AR
T, WA S S SNE OB T 4E A B R PA
TE R o 4 PMC mT LA A Sk LS 2T 24 41t 42 32 PA
yi 20 ARG e & S A | ORI 0 Wl @ e Y DA K
(neutrophﬂ extracellular traps, NET) & 3t PA Bt
JRIT, I AR R T B R H B I 0 i 3 BE 1 ) PA
R GRS P, 20 MR 7E PA R A FNE g
AOFE FAS AT 2000, 38 5 3T SR W 3 19 Ry o 400 D 1Y)
T E R AE M PA A 0 4 B B 41 i) PA BEJ, AT 9
B BEPE PA BYIE . AR SORE X 2 5 PA 19 40 i AL
g LA BEAE AT 280k, JF oF — 20 DA 4i it )&
BT BT i PA B SRS, LAIY) O il PR B A3A T PA
S HEHT Y SR B

1 S5PARMMMK S

1.1 PMC

1.1.1 PA#I B # 5msk & PMC HIAG 2 PA &
AR B R . PMC 58 PR I IR | LS IR 1Y 2
i = A7 YR 2R M A py R RETY, PMC i — 20 i i B
PR 51 FLH PAJE Y IS K BT A 1 PA
2 H AR S T 0 Z 45 PMC 3R T 2 8] [ 15 28 2 A
A s, BEEA B PMC A . IR, X
UL PMC A8 R J& PA IIWI IR 5N, B S & 4 R AE
SN, HEVE YR, B, PMC 3E i 8] K7 (8] 78 i i
1t (mesothelial mesenchymal transformation, MMT)
TE WL RS 27 4 4 g A2 2F PATE B, AL A K T g1
(transforming growth factor B1, TGF- Bl1) = 5
MMT"=1 - PMC e 5346 S WUSCET 46 20 10 s 345 B
MR . (R H7 4 ECM BIRE J1 . PA &K i PMC
BBy A B U R TR 7/ 1A N e R SN s e
Koo, XULEIZ R R PMC B A T 02T 4k 40 i 45
PEUS 20 38 2o 5 1% AR 8 B R 40 K B PA I
Hh R AR 23 U 2T 48 40 i R U8 T PMCP, X 7R PA
o) PMC S L 21 4 240 B 9 B 4 ok IR, DL BIE
P 2 W] PMC 58 & PE 9 32 K BR )G 3l PA #8748, PMC
M MMT 3R B e i T PA R .

1.1.2 RREAR AR R Foo8aH ERER
T, PMC R I 43 1 A B2, W55 iy 3818 05 R A
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WENR . WE I RAELL AL, RE S AR NI B i $2 Al
Mg PR R, PMC 451 10 5 B =58 A A IR R AR DS
JIEE 1) 7 % 23 BE i i W] B iR (hyaluronic acid, HA) ,
HA 7] {2 3 & 4E > 2, e Ah . PMC 457 25 3 WA 40
MR 7 KA, iR (CXC R 7)) BT
w1, pEdapaEn L, SFERERAM . Bk
RN R, B 4R RN, PMC B 7 R 4 1
T AR B AR B O 7 AR TL-6 12 E 58 RE B P
PRI, PMC 4548 1 i 08 2 I 3 R E S 1Y 55 — 2
HTEBE G R AE SR8 R PR AN 0 HE 58 0 2 I i A
o 4109 PMC E A £ 2F 48 46 X 7 19 2 35 42 i PA
P g N A K T a2 K
5. TGF-B. f g PRZE R T o (tumor necrosis factor o,
TNF-o) FIL-1%70 27 4 45 1 rY 0 AR B 0% 15
PMC P24 TIL-18 . 1L-6. TNF-o AL P B A4 KA1
AR HEPA, T H 25 4 8 PR 3xX — A H] ) o BH Wy
SRR (integrin-linked kinase, TLK) i %
T 980555, A BIF 5213 WAt TLK 40 i 58] QLT-0276 £:
MTagEEr)m, P48 H 5] K PMC RO IS
ARJG PATGE T k3 .
1.1.83 Fim A Phraseid4 IEHBOT, PMC
PR AT DR O B T v DR RO ) . AU
2 1 T DTS TR B 1 R £ T RS R R
(plasminogen activator inhibitor 1, PAI-1) Fl12 BI£Fi%
it J5 OB AR A R Y, dERR LTI RGP . RUIR
JBEA5 3 K 5 | e A FIBE Il Ao B, 2T 4 B SRR
Pif A i PR B /E R, B JS PMC R il 2F 48 25 1 0 i
A TS 2T WA AT R R R, A
(1B A o T AR LA PMC B CE £ PAIL-1 410
il 21 5 Wl 9 B00E L L PMC (%) £F 4 B (TG PR
W2 2 ALY, fE o 21 4 4 A B ORI AN B PA
PAI-1 BE4S & 4 VR 21 135 Wl IR 00 R0 L ol B e 4
JL A A R, 35 S I A i 5 A 3 M R 2
O, FOWEAN S i 1 PMC | 1Y 52 7k HERT {2 i 55
Z (9 PAL-1 3 b, MTITFE — 25 il 32 451 5007 47 4 5
FLASTURRL, X PAL-1 R4 ) A (S RE % £ E 27 4 25 1
e, T LR BE Ik T W A Y SR AR, BLEAIE
i #4275 PMC ) BB 25 6L 23 52 W 21 % R Ge -1, A2
iR - R R
1.2 EE4H

I B s P 22 /0 5 A T 2K O A B Y, — 28
JER AR R K Far KE BRI L (larger peritoneal
macrophages, LPM) U, B HILEHAE S, N
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SEE WA M, AEAEREIE RS B R S A,
ELH F4/80" . MHCII®, GATA 6 (+) F1CD206 (-)
FRULB Gy — 2SI R A R TR A /)N B A i
(small peritoneal macrophages, SPM) U %+ 45 /b |
FIE % 5 WG A s SR A, (i 0 SORE I, IR B AE
R ™ H I AR FE LPMET

1 RS 20 L B R B 8 RS A2 48 A A i
PAPY . fEE RS 000 0], LPM B R BE4E, If &
PR AP 8 RS2 R AL B 7 . A A 8 R LA i i
PO 5 AR OBE G RR NE NBRES R h
GATA6 (+) LPM fE % F 2 2 4 3] iz 18 451 477 35 167 A2
BB, 1 H GATA6 (+) LPMRSEEE RN
IFi] £ e B2 41 oA VR 4 1 I 4 i %) Bl 3 R 52
M 2 MK 5 ATP R0 0 3 007 19 38 B IR o a8 — 20 1Y
WFFEP % B GATA6 (+) LPM 75 Jay kb P Bofsi 4 a4
JEE T E N5 R R A E WA R B T AR
FH - HGE S T A 2R A R O 4 468 40 358 6 O 42 gk
BB S o SRR T T AR 3 0 55 K I B3t 3
GATA6 (+) LPMWEEESFHEPALIL, X5HEE
M RES 2 LI REEGLA &, wFR" R
F4/80" CD206 (-) E W 20 i 75 i 1] 38 & B h B W
20t 5% B L B 5 A0 AR 0, (T A B R R R LA
B PATE L, AN AT 35 60% 1 2 58 X k. DL b
52 7 U B RS A0 0 9 IR B ™ o R R s ol 4 i
o N R = = 7 (R /A N E 7 T 5 =
LPM 5% 4= 74 35 104 005 &6 0o IF 4 i A& &2 o (R X F 5%
BRI T, AN R BE AN L DA T 8 40
TR VA BN 8 = P R S ) (TR o - = BT s
PA &

M I B A5 5 R AE I I AR iF PA B,
LPM F1 SPM Z [0] ) it & #2 FE HAf A AW 2, (HH
T A AF 5 00013 B B 32 450 I R ) i 40 A 56 43 F
A S5E A Er R Z R SR E
Wi 200 i & 2B R e MO AR Ak, B M W A L, F
R A8 P DR 0 1 R i 1 o % B ds AT A8
f 128 3 W 85 TP L & IR CCR7 26 A Y i £ 35, 48R
M1 5 40 B A J8 s . I 0 B % A Ak S R R
s 240 M 3% 70 9 A8 Ak, R A X A 5 U
50 T — i R AR AL, RS Y W 4 A M
M2 TG Fh LAY I A 2 52 i B PE Th 48 i R
IR 4 L DR B4 TR AR 2 B R S S R AR M Ak,
HAERAEA, T M2 40 B B4 4
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Z R4l (polymorphonuclear leukocytes ,
PMN) W] f8 5 5 i 3078 8 R4 1 38 067 & 4542 R AR
o /BB W1 be iR 525 v & B Ly6G FH
O gifdi)s 6 59, i GIHPE) PMN B 5%
LR ZWKE T, TEH BRI E 26 h 3 &k 5]
UEE{E, T ME AN . T 40 AT B AN M O R B
PMN i &3 i B LT b 72 5 PA L f . #F
¥ % BETNF 0% 19 PMN 76 45 443 35 7 B i TGF-B 1
P2 i PA B i, ) B 4T Ly6G 5 5 B 40 44 75 B
PMN J& /N B PA 3 /0, DRt PMIN AT g 2 9 4 40
N ] £F 2 Al i B & . BEAh, PMIN 38 & JE B NETs
B E PA B KUY, NETs A< B b2 40 35 45 4 /&
. EAR . PR AR DNA, 32 AR 2 BR e
JRAARE - Tsai ZE051% I PA £ 21 o 77 78 NETs JE i
(IRAR Y, JH DNA il 1367 RE 22 i PA . 45 b Fnik
rh R 2 R E A 2 5 SRRE SN T N AR A Ak i R
P2k PAJE G .
1.4 Htpe

e N2 O R Y = 2 NNy o = N
fiti . TGF-B. TNF-a. IL-4 ZA E™, &5 K5E R
N LR YR R AN B T AT Chelper
T cell, ThZHMI) Thi 5 Th2 401 Lk 1) i 2 5 2 5 5%
PARE LR R, HFiEMHFR™ LM Thl 5 Th2 Z [A]
() 2 M 7E PA T R HEAE T, 0 HL 25 88 94 KOk B %
i 1:F TLR4/MyD88/NF-« B i i ¥ 15 Th1/Th2 [H] (1) - i
B PA. Th2 40 Mg v] §8 X £F 4k fb H A7 o & 22 19 1F
FH 7 I RRE A B85 R A0F 52 b & B Th2 48 i fE 98
PR b 72

i LRk, Z R Al A BAE LR 25 PA 1Y
W, PMCTE PAJE BRI & e 5 = S fi7 . PMC
05 J5 BT HA TR 5 1 W 4 i o 5 R 3 4
PR IFAE PA RE R /E ™Y, B PA B0 E W 4
i) BB A A M1 6 B G 4 DA T i i PA R RE . O —
Ji, PMC E A N - 3R GA KO 4 S A 1k
AL A B WA B, B PR R A B O R R AR
AW B, BEJS A A B W0 524, W& 1A 7E
O R, B A A R T R 2 T B0 R A
U8 T2 77 ) B NETs (19 38 i JF ik — 20 42 i A, it
Ah, PMC Fl Z B 4 i 52 5T it — 20 i 3F PA B
T PR R 4 i AT {2l PMC 5% 534k R LA £F 4
A0 I 77 A= TGF-B1Y, 3k — 2 sk 7 PMC 5 H Al
2 4 R BV O 03 PA i R
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H TR 6 PA (SR ms E 24 (D) W F AR X
LS 7 TRV /o R A i I 1 | o (1
P AL DURRLAESY (2) 259 T, andt R 259 .
BUEE ML 259 . A2 21 2 25 11 0 ik 1 4 B0 2F 355 g i
PR PO (3) il FH B R AR R G IR 2 5 RE 2
B il AR R TR B A e R e
i 1 BRI A0 05 S 2 AT, AT AR X ST 4 X i
W05, DL PA 259 Fl5 5 44 R} A 06 ) B AR T —
E HE R, ARG R SCR I AN 0 BT PA 259 19
T RIS 2 P I B 40 40 78 7 1 0k i b it ™!, B i
HET PA IR o BE B AR LR I U L K B R N [
PRIEST, BAEY AR OB AR AYE, H
I FH Sk AR R R I 2 IR, S TR RT K B
AN BE AT o A B A A R ALY, AR R 5
WO AT B, R TR LR, 1 pA
YIRS KU B, ST AR R NG
A BT PA SIS, A PA JE B 41 M A0 K R B iR
PA 1) 3 s 2 AT BEAE M i o

H AT LA S 5 PA JE LAY 40 I 0 b0 B 3R PA
BHWKT%E. F—, {2 PMC L BEIF
R PMC & A2 MMT ., % PMC 1 T B A3 £ 07 Ak
#. PMC 1 725 BB W08 b7 F W BE F — 20 B4, JF
WA AR B B S 0 2k PA
KRR, B PMC B4 0 Pk @ A, PMC 43
W PAT-1 08 /0, X PA 15 B @07, i sh, B
W PMC () MMT #] 3 /0 PA B 30 43 3 ECM 1 UL 47
Y 0 Y 77 A2 T R A PA . 1E— 45 BF 5T IE S PMC
1 Al 20 43 96 Y TGF- B 2 5 5 MMT fi4 4% .0 43
T, B G TGF- B BH W7 57 68 9% 45 2B 1E PMC & 2E
MMT M i 2 35 PAPT) gl iy S B0 EL IE S8, L [a]
Rz Z P A o B IR & 2 MMT 19 PMC B 11 PA #E i
DL 98 3 B AR UE PMC FEAE | 4] MMT & A - 4
FE PMC 55 B 54 5 0 07 PA B BRI . 4 —,
PUNETVRI7 o T P Mok 40 i NETs (98 56 PA
JEA R WAER, B Ik NETs JE BT % 38 B /) NETs
f) 5 W 5L AT N R 5% o Sudo 2521 % BRIk JE S & R
56 IV Jie i 4 170 ) 7] GSK484 3 3 BH W NETs 56 4 i 72
RAETD; PAVEF ., H DNA i 1 3 6 6% 0% I8 Bl 9
NET M iy 2% fiff PAI™Y

A R A R 2 1 B R PA SR B A — s 1l
(R SR (L i a7 R 7 e A N A R A
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A A A AR PA AL 35 B0 6 8 45 1 £ 4 Ak
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