HE el i E BRI R Vol.32 No.6

2023 46 H

China Journal of General Surgery Jun. 2023

Rt doi:10.7659/j.issn.1005-6947.2023.06.017 2 iy S
oi /j.issn * KAKERAK -

o A

ar http://dx.doi.org/10.7659/j.issn.1005-6947.2023.06.017
China Journal of General Surgery, 2023, 32(6):943-949.

M ERES RERPkME ARG EIERXHRER

W, ALk’

(1.#BEAKRSF AR, #7152 52 KF830000; 2. HiBLERABRARER o590, #58 52K F 830001)

m =

ES 4t

WK AT BUR 5 B AE (PTS) R4k R TUREIK M ARTE R (DVT) RIS IF &G, 26 KRN &
JEOTTE TS | KR . K B 5 . B T PTS B IKEELF AR AL AN wT a0, L P A 4 6 P 28 5 SO i 5t 9%
TR, VRI7ITE T A B BRCR A D) o LIRS0 AT S B s A R e K BEL 2 7 98 R i
B HLAL P B DO D RS2 B, 7 AR R K e 5 PTS 19 2R ML o 3 A >k & 3w Ik e
PR3 LA v PR 240 B S 32 0 T B I AR T IR RS L AT Sl I Bk S 7 A Y AT AN
R TG o 7 O IR VS A B B, I T 4 D 4% A R AL AR I I PN BT A I T B S
MRS A, R AT LA I DR RE R ARON P, SRS KA EMAR FBPTS BAE ., AL FE
B AR S0 A0 F DK AR T B . 4 0 R i B 2T A AL S TR) B BE B VR T, 3 B 208 2 ks 2 0 LA D6 e
RO YNE 250k

WK MR TE B;  MA T BUR SR A AE s AP 90E ; £53
FE S ES: R6543

=

Research progress related to thromboinflammation and
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Abstract

Post-thrombotic syndrome (PTS) is a long-term complication secondary to deep vein thrombosis (DVT),
characterized by symptoms such as heaviness, pain, swelling, and ulcers in the affected limb. Due to the
irreversible fibrosis of the venous wall in PTS, along with luminal occlusion leading to intractable ulcer
formation, the treatment options are limited and their effectiveness is uncertain. Previous perspectives
suggested that venous obstruction and dilation, as well as thrombus recanalization and valvular
dysfunction, resulting from the progression of thrombosis, are the main pathogenic mechanisms leading
to PTS. In recent years, it has been discovered that aseptic inflammatory thrombosis, primarily driven by
neutrophils, is abnormally activated in a venous stasis environment. This activation can initiate a cascade

of coagulation reactions, leading to intensified thrombus formation, known as the waterfall effect. During
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the phase of thrombus resolution, macrophages can promote neovascularization within the thrombus by

secreting various inflammatory factors, thereby accelerating thrombus dissolution. However, they can

also affect the venous wall, reducing compliance, inducing luminal fibrosis, and promoting unfavorable

remodeling, ultimately contributing to the development of PTS. This article primarily focuses on the role

of thromboinflammation in different stages of venous thrombosis formation, lysis, and venous wall

fibrosis, and provides a comprehensive review regarding inflammatory markers and relevant anti-

inflammatory target medications.
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G R K M #E T2 AL (deep vein thrombosis, DVT)
ST AR ML VRAE DR KON RS IE R BELS , SRR T T
B, HoRm AR B R 10 451, 20%~50% 1Y
DVT f8& 3% JE AN 1R 3] 4 i hy T ik i A% 10 ) 25
A HE (post-thrombotic syndrome, PTS) 1 PTS 19 %%
O W HL K M8 R # Ik B0 BB R 4 (chronic venous
insufficiency, CVI), I R 2% 1 2B 06 3 5 UL AN
i KR . T BOK M B, T E R A A
W B, S BT AR, R T PTS i ikRE £F
HEAL AT, HoW A R M 28 S SO bt i P
B, RN A R BACR AT . DLW AR
N IR I, B R A G i ik BEL 2E B 5K
A AL A P 8 e R KO T RE A2 45, i o AR Y
i K s TR 2 5 | S PTS /Y 32 S A AL Ao SR T ik
T I ARV R R M BT HE S I PUBE I AR AT TR i
TV B S5 IR T 8 e O oK 1 35 B AR PTS 19 & A LA
I A XU, B R SA ak PTS B AR & s L AT o 58
AN EAERESEC R B, KA R N
I A SRS, ST RN L e o 4 Sy 3 Y
TG 1 5 PR IR R R S O, PR3 B
TG ML IR 5 o7 7 A 1 AT RN o DK I A TP RS R
VR D R, B MR AN AR S AONE AN i i
I3 Wb A 2 R IR A B i Ag BT AR I AR RLSE N
B IR A, IR AT LS e e A RE R AR M
SIEE L 4E )T H AN R S HPTS R AP, A3
T IR AR IR M SE TR DK R R L A R R
ok BE 2T AE AL AN W) B Be g VR T, O B8 A M ik
FIAHCHT R L S 2GWME— S35k .

1 MAEMERES Rk MR

FIRT I A # Ibk Ii Ae 1E B4 18 3l PR 2R o A P
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JBESZ 450 o e IV iy BR AR, K P R 4 i DI
TR BT U) ) S BON B2, R 2 R R
F 4o o4 B | &5 B 2 F 1 Cintercellular adhesion
molecule 1, ICAM-1) . Il 4 240 M &5 B 20 + 1
(vascular cell adhesion molecule 1, VCAM-1) F* ik I
T, 20 ) B R G BRT) . PR A A P B 4
5 AR 1 S A - PR R M S FIICAR 1 (p-selectin
glycoprotein ligand 1, PSGL-1) %5 &, Pt 3 it
E— 08 £ 23 1 P— B 45 2 28 19 B2 200 Jif0 2 T o 5 2 A 4
i LI RANY TN S G AR o i DR S B e
BT 32 W 0, LA v PR 40 M A 3 A TS e
SAEVE AR B R S5 B . PSGL-1 5 G 2 F 4
Bk 52 K CXC ¥tk B 7 % {k 2 (CXC chemokine
receptor 2, CXCR2) 58, fih & v 14 bz 290 Jifd Joe fiE |
B2 & A R £ ZE F K M 1 (lymphocyte function-
associated antigen 1, LFA-1) 5 kN B Z K ICAM-1
Sha, HE—L g kLA s B

ML /I8 i 52 45 28 6 B TR D ARIE DY s, TR
AV ER K N B A AL SR A, R I R R
Bl (high mobility group box 1 protein, HMGB1) ,
HMGB1 5 % 40 i 3 T w5 2% 0 Ak ¢ 7 W) 2 1K
(receptor for advanced glycation end products, RAGE)
[i] r P k7 20 i % T CXCR2 B 45 4, e &5
KL A0 ST 45 S I P K R =R R IR Y g 4
(peptidylarginine deiminase 4, PAD4) 5458 145 &
IS A RN R AP SN Z R 4L 8 H 3
(citrullinated histone 3, CitH3) ", Hf PN 85 3 3 i
C WM 1k im 3 7 4 (reactive oxygen species, ROS)
O R SR AL L Y O TR 4 O R I M A1
B B A 40 L 21 5 4 ) (neutrophil extracellular
traps , NETs) P11

NETs 5 1fil /M FZE 40 ML 45 5, Sk I i T2 i
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Fefit T — AW H )2 338 . HMGBI ik A DLAE i 5
A% 4 7 A 20 BN S 20 B I G R N, T R
HPE R A HE 55 . NETs JE R el i 44 72 pi =12
Il PRATF 92 rf & B ok il A2 I PR 4 2 4 )5, iR AT
FETE 0 DK 8 K 50 TN ) RE R A5, R B R A0 A Il v
ICAM-1. VCAM-1 }% LFA-1 & &3, 783 & NETs
FeARK R R, UL BB R AT R e R AT
AR 20 LA AR TR B b AT DA s I AR A i
Fe T B, R 20 M K NETs B BCAE 8k I # TE
Mo A EEAE

2 Mm#EMERESPTS

2.1 MmtERAES Mie Az

v P KL 0 B4 S A0 B A B g5 Ol R R A R P A
JHLE H AR TR ok B S0 92 i o A A 5 UK BE S 5 NETs £2
JE AR S5 AL, TR IR VA A Y BGE G Toll K 32 1A
(toll like receptors, TLR) SEAE PR AN M A0 AE I
T J8CH SRR S v MR A, AT 5 B0 Dk AR 5
il AE T B, B L A Y SRR IR T o e Ak R 4%
P31, 7E TLRO % P BBk (TLRO™) /Iy B Bk 1M
B R v, i A AR A R[] IR o) i DK R 2T 4 AR
LA 20 AR R 0 Ak B 5% A R Y T I AR A
I v AR T AR A A AL . I A S e A A
L S RN ¢ o1 i PSR 1B -
(matrix metalloproteinase, MMPs ) SR ZT 4E
fifg F A SUE M, 4D f§ MMP-4 . MMP-9 | TNF-« |
IL-1B . IL-6 %507 TNF-o A1 IL-1B AT LA R4 b 38 3%
PBZ AL, 1GNP R A M R Ry T R SR s, R
gEimAEIE s, —E WA LIS SR RIL, W
S8 (11 ooy N1 A T N = 9 A A o N 3
T T 6 (growth arrest-specific 6, GAS6) 55
e =T G O O S VDR aala O Al 8 %1 B
i E A -1 (monocyte chemotactic protein-1, MCP-1)
IR A2 T KO VA . GAS6 J PR I5 /0N B il A
Fi B MCP-1 40 i 3% T 8 AL I 752 16 2 (e-c
chemokine receptor type 2, CCR2) FIRW /D, CCR2
] AL B A BT R AR 2 5 i B

L 240 AR A 2 28 R T BIL A 2 A 4R 9 4R A
Eomidnf (M1 24) Fos 55 R AE B e 20 i (M2 &)
W T oo 40 g 2R T CD1Ib'Ly6CMe . CCR2* |
CX3CRI* PL M 3% 3K 52 30O M1 B 28 it 33 7% A
CD11b*Ly6C™™ . CCR2™ . CX3CRI*H{ & # ik M & X
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Sy M2 B R TR R B Db Ly6CHe i 48 i
RS5O I, Mk Y BB IR A0 R Y
CD11b*Ly6C"e" [i] CD11b*Ly6C™™ %% 4k {2 B i ¥ %
fi# , CD11bLy6C™ F W 40 M Lo ] % % o f B
CD11b*Ly6C™™ [ I 4 fifg 35 W 5 S50 A4 4 B3 el
WA p53 15 53 B 2 55 U8 9w K R Y A LI
e P B 4 M A Ak RN 2F 2 A, sl R 4 T AT i
OB A i Bk i Y. y- TR (IFN-vy)
o F G LR F 1 (signal transducers and activators
of transcription 1, STAT1) 155 38 I 38 05 vl LA 46
M2 I E I A0 i MMP-9 ik, 54T IFN-y /] LU
/0N BRI R I A, AT R I 2 ST A 7 48 D) g
ZES B HSRERE, AR
SiE PR F A IL-6 . IL-9 . IFN 55 1L-10 %5 7T LU3E & Janus
W H  (Janus kinase, JAK) /STAT ik f2 1% 3% {5 %5 |
T JAK 41 65 550 1w A 107 FH v W ¢ 3] A8 28 1l A = A
A ARG =
22 MiEMERESFRIKEET 4L

e T E 2T A Al K DO R B 7 AR v R K
JE 5 8 MMPs 3 i A4 B A 3 T (extracellular
matrix, ECM) B, 3 e ikBE 5Kk | 0% 2 g
BEAT DK TR 0 AN I T 5 U e 2R AE 20 i 12 1
31 MMPs 5 SR 20 454, 8 OB P BRI 7/
GRS RY I A 0 0 1 MMP-9 7E i JDk 8 BE A
I B 5 WY S T, MMIP-9 B 2R R 52 i Il
TR, T B S i DK ORE SRR AR AS B R AY I A RE I
R, i — 25T & B MMP-9 3 i 7 I 4 I i 1
T v 14 I 240 L A R J5T RS T R 2 A Y B R Ok
AV Ik B DG P 125200 52 BR T A TR 5 bk 2H 23R B
PRIME, B4 ) PTS AR T ik P 58 5l A8 BE 1 AT 5%
B, 3 R Tk A Sl bk PR I AR
RAG W HBLREA Y L K AL RAE . ML ZETL . A
e IO T8 A5 BB S5 e P B A0 R LA e ] 5 A0 M R
A R, BN K - | BT Ak
mesenchymal transition, EndMT) . A iX A>3 72 B 3R
KN B A ST 7 A TR J A0 Y A S P R A R G
WEER, B oa-FHEINMN3IEH (a-smooth
muscle actin) . B £F 4E 4 i FF 5 M E H -1
(fibroblast specific protein-1) DL R 1 A A0 I A i 5 2
M, B BFZEY R B EndMT 5500 M55 53 00 25
VIR OG, 72 # K il A% %< 95 vh BE 1 6 38 3 TGE- B/
Smad3 {5 538 B I EndMT, 52 56 7 i FH A1) 1% 7 BF
BV i B A 7 BRUAT DA ) EndMT [ 1% 3% # ik

(‘endothelial-to-
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I T2 JRBE R o Wang S5 K BRI AG J5 1% bk BE SF- 3
JUL2H 13 A2 TNF- o 400 350 16] 5k 200 JHO A SR B e Ak, %
AR5 BE % 73 Wb TNF- o Jill B 48 AE B W 4 i ik 457 BE 1Y
Wi, R B BE A KA o 3d A 4 ] EndMT Sk
ol i A T e 44 3% 4 AT RE 2 TR AR T5 PTS 1Y
— TR SR

3 PTSHXKMHRE

PTS 2 Wi . A7 AL ) o] 58 R PEAR BN
R B, BUAR SROE DR 7 R IR R B . W 8
o B AR, (E ARG R R A 25 28350 rh 2
J BLANJE IV 9% M A AR 0 X PTS 19100 2 SR AS AP0
BioSOX ff 7L g Ak | &K (24 451)) F13EH
s (725 6) 19 SOX i 4 (NCT00143598) &4,
I 3 2 A BE DT IR AR Y 20T ST v R R K R
S, T IE M M A S ORE AR ) bR 3R W0 FE PTS T
EM . e REBELWE 1. 6. 12, 18,
240 ARy M, e C-J B & H . ICAM-1, 1L-6
FUIL-10, 25 5 & B3 26 41 g B - 1 3 7K F 5 PTS
o it FAE AR R AR O, P ICAM-1 K78 & AR
PTS (2 # Ml oK & 4 PTS & 2 0] A 4t i 2% %
FEP ICAM-1 J2& — i g 2 20 J 0 1 448 JE AH DG 125 g
B, TERRE 4 5 40 M A B4R RAR i e
JtL P Bz 4 B A% 5 B A S AR P, 55— 0
BRSS9 I PR BIF 5 P2 IF 52 T ICAM-1 7 351 U
#r i, 76 DVT KW J5 4 A~ H 19 307 f & &
ICAM-1>157.6 ng/mL 5 PTS % 4 i 3 HH 5% .

oy — T 5E e i 2 N B D e B A R O 4
YRR % U1 MMPs FAH 5 48 M B 4 v R 4
ML B B B B BT iz 2 25 1 (neutrophil gelatinase-
associated lipocalin, NGAL) ., TNF-a., IL-6, %
PTS 2 # A Bt 24 K MMP-1 1 MMP-8 7K 3F B i 55 TR
KA PTS B (P<0.01), #R1M0 H #i i JG A A1 BA 41
WG XT L HEAT B0 UE,, MMPs BE 75 A 2L WL PTS 75 2L
E— LW SE o HABAR W i 5 R H v e A E R
Wi 11 (histidine-rich glycoprotein, HRG) 7K M £F
Yk 5 IR Y S AR PTS R Y R LA B T
[ = i 10 AR VS g 0 723 1 et 7 I 8 1
T B U B A A A B B R R Ak, 32 IR BT B
R B Ta] 52, S [R) B B 4% E A 8 0 A R 3R A
2SR, B RIS E W W A REYE R PTS 09 A &4
R =R 7N
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MLAF SR, A X H PRk 40 A T B 1) NETs 76 £
Fofr 5 95 11 9 BEBE 9% S TR N, A AR E P IR B
B, NETs 32 %258 18 3 Ak b R0 20 M 42 1 1 # J8
WS 5 R WIE K, Hs o 4 & R o A
) B AT DA S P9 B 4l BE T R K O AR T R S
NETs 38 42 K- Th i, 2 20 i ICAM-1 % v 1 4
JiL e AR R 2L, 51 R E 2 1ICAM-1 KT &
X 5 i R WP 98 28 SR A — 2. X5 ICAM-1
YA G B NETs, 5207 % 3L AT DL F A i #
DAL £T 4 20 % 0k 0 0 ol ke A defh, WU —
AT

4 PTSHXILEAY

PUBEE DVT VR IT B9 A7 L J2 PTS B A A9 2 51 o
AR A EMBTEEIR Y IS A AT RE & A PTS, (H
RV A2 T R B DLBE IR T 2 22 Tk > 78% Y PTS &
o AU, B9F 5 DA R 70 B B3 B AT 40 o A 2 R 08 R
EREI AN HA BT RAE Y. DVT IR YT vh i T
BAMEEFERE . K4 FHFZE (low-molecular-
weight heparins , LMWH) . #7810 IR BT EEF] (direct
oral anticoagulants, DOACs) FIZEA 2 KH5bril . H
R BE RO L S LR T AR H S
Pk B E A H TNF-o 5 S 4R s, i
AL DL RR i Ve 48 M ) 20 2U0T #% 23 i NETs, AT
V5 RAl e 1 i [UNES S Rt S 1 11 0 A S R
R0 AR 22 S 5 O EL A DO O i T
AT DVT &35 1 4k Z2 5 B8R 7. LMWH
5 HAT BUUF 1 U BE 2 A Ik P R AR TR T LA 2K
FEAR PTS K HE, & H il I FR G I7 3w o T 9 2
Yy o WF5E K B AR JE S LMWH 3675 1] LL3E i 410
ifill MIMIP-O Jok /% it Jok B 2 o S £F Ae AL A2 12, IF £
02 S 5 KRR N R AR Sl W R A v i 3R AR
1% AP0 H] ) 1 (plasminogen activator inhibitor 1,
PAL-1) (1% 5 PR 2 AT LA 32 /) B T8 o ok o e 125 i
$8 o AE RE SRR R & R, A AESRE R B
LMWH "] DL i PAT-1 A J7 200k it e 1 7 e
Jik BE A OR AP AR RO i BE P HOME-LITE
(NCT00203658) #F 52 i 1] LMWH 5 4 3% bk 4
LU PTS AH SAE AR R 5 35t 97 14 & A= R B R AR . H
H 1 R & B DOACs #H BT 2 AL, AHIT & /Y Il R
W rp R ARV FEVA S R D AR 5 T
R ARAE L, PTS B AH X XU B 2 7T F [
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76%* . Karathanos 25" % 38 F 4% 70 BE 40 PTS % A= %
W E R, DOACs 1 PTS H A9/ FI ML A ff ik — 2
248

5 PTSHXAZAY

LT X N 1 B BL SO X R 5
B K 20 mg Fit &7 b 7T 0T L 2 vl 20 i ik i A e BE
JE  (venous thromboembolism, VTE) & 4. #fF3™!
RBABTT 2 25wl LU IS 5 8 0 s i A, e
o AU P 3 3R RN BE L A R, 0 5 B ok
Kruppel £ A 7 2 (kruppel-like factor 2, KLF-2) i
L] VR 1 N 1 1 o8 e R = S
I 38 5 26 4 C B BE I AR 16 1k . RT3 25
AT LAY 55 Pk £ 2 3h 51 80 Hp vk 40 B RN B 40
WOd /0 AR Y PAT-1 R TF 635, N A& IR
it VoK % T K BE ZF 4B Joseph VL B TT 2K 24
Yy Al Al VTE XU F# AR 47% , B JG1E 2& 75 17 15 I 42
mfE R, HRCR R - . 81T Meta 43 #7 Li
SR B T 2 25 i 38 T DL BE IR VTE & & KUK .
FE /N R A op i 2ok A 4 A A B (PF-FDG)
PET/CT, & LA H B & £ A 7T AT D e AR i A4 4 38
J W K R T A A0 SO 05, A BD TR PTS &
A8 BRI SAVER  (NCT04319627) #F 581 dh g A
312 W 5E X4, SE 5 4 F R 20 mg Fi &F A AT
180 d, BF5E /s i &7 F AL 7T 4 Villalta 3753 24 3.5 =

03, XM~ 33+03 (P=0.59), PTS (Villalta i
>4 58 ) AE B & B At VT 2H A X IR 2H e R g S ke

53 5 K 29.7% 1 25.5% , Fii &F AT R B 3 R AR
Villalta 743 o BLBFSE AT £E 2E47 v, 5% 22 K 100 B 1
HE— 25 R VT 25 24 1) 8 A 4R R I A T A R 3
ik 21 4 Ak AT RIS PTS &A= .

b BLE] B — R RARAEAE R SRR AT, B H
712 T 7 OB s T B AT B R )T I 25 . B 28
oA W n] LA 8508 i i Ik 9 0 Ry IF B — s 1Y
E71 . N (S S SO 1 N ) G S0 7 NI = N P - I |
(cyclooxygenase-1, COX-1) 1l 7 DL Je Il 1 25 A2
Z 1K (thromboxane A2, TxA2) 1§ i /)y A AE FH %
ZF M AR ERE DA A 0E 5 O A R R, ok
IR LB 20 A A R R A SR A0 R I R IR T R
2l A Bk Ak B8 B AR 03 T LAAT 08K VI R E IR
& PTS (WA 8067 259 . B i E 78 #E17 i) MUFFIN-
PTS iff 58 (NCT03833024 ) K 43 > 8 i 2 245 ) 9 I

© WA )3 of [ FF I F A EPTA

PRI 4 (it — 2B 450

6 B =2

153 A W DVT IR YT 7 B 1 B8 KRR 20%-~
50% % VA R PTS ,  3#F — 20 W 2 o HIL o) R 348 2 2
AR A BT PTS By R BB AR YT o H AT IS I Ry
S Ve R AR A W R UM PTS, {H 38 2 5 1ifs PR T 45
i AH 25 G D0 AL B0 A A I R T D0 S A0, AT DA
R ANBEPTS 9 & 2E o AR RATH 75 22 1 IR 10 56 ik B
BB . Pi R LW AE PTS 1697 10 48 4 Ve MU 3%
Pk, fd 22 BN PTS G YT I T B ER YT .

R E . A R RA L B R,

HeA T B A B A AT
ks Ak RIS B,

5% Tk
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