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(13T B 2 R4 — B8 2 B R LA B M 450000 5 2.7 1 F 22 24 2 55— I AR 2 24 B, F59H 450000;
3RS EAE = NRERE, HIH 450000)

[#ZE] miRNA E—RRIEM RNA 5F, KR N 19~25 DETFER , 38 U0 R 81 I A5G 58 Bl
P A R SE B A 2R K, miRNA FEURTIK A T B & 26 | & e SR I7 rh e 3 v A 14 g A
(B, ERTHBK AT B (DVT) A28 TR F I P4 LT 5 5 205, BHL S 00 Ok A I, 3 50 ok 1 0 R, 22 L R e, 1
Fe 75 AR AT 5 1EIET ., AR SCERR THEAER & T miRNA 78 DVT FF L oofb ERIMLE, 2T 4T pitr
BoJA 1y miRNA (932357 REXS DVT HYREE AR HEE T, A SR A8 T miRNA £E DVT I Ri2 W AE 57 i
TELEN L, B 72 DVT U I RN LRI ST $2 4 MM 2%
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Research progress on microRNAs in deep vein thrombosis
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[ Abstract]  MicroRNAs (miRNAs) comprise a class of endogenous RNA molecules with a typical length of 19~25
nucleotides. They regulate gene expression levels by identifying homologous sequences and intervening in transcription,
translation, or epigenetic processes. miRNAs have potential applications in relation to the pathogenesis, progression, and
treatment of deep vein thrombosis (DVT). DVT refers to the abnormal coagulation of blood within the lumen of the deep
veins, blocking the venous lumen and obstructing the venous return, especially in the lower limbs. Furthermore,
detachment of the thrombus and entry into the lungs can lead to death. This article comprehensively reviews recent research
findings regarding the diverse mechanisms of action of miRNAs in relation to DVT. Given that the regulation of miRNA
expression using targeted therapeutic approaches may promote the recovery of DVT, this article also discusses the potential
applications of miRNAs for the clinical diagnosis and treatment of DVT, and aims to provide valuable references and
insights for future clinical and basic research in the field of DVT.
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0 ik 1L 72 42 2E ( venous thromboembolism, VTE)
SEARTE— & A 1F T, W DK N VA TE 5 B4, A 1M
EATEAREGE M ZERY LN , 4F R HHN 1~2/1000
N AR T O WU ZE 0 v US55 = R il A8
PR 32 A AR VR DK AR JE AR ( deep venous
thrombosis, DVT ) 1 Jiili #& %€ ( pulmonary embolism,
PE) . RAETERFENKT VIE Bk DVT, SLRER Hy
R FBAA b K | g NI Sl BB, 0 AR A B e AT
MR IY, & v gl & #5485 1R ( post-
thrombotic syndrome , PTS) , Xf A= i it & 125 b¥ ™ 52
M 2R AR, A IDK I O R e IO S U, 5 BO1EE P TR
VK ) RE B 6, A I AR 7 T 3 0BT A i A
FEL W DVT S -8 i D- KI5
(EREA 7R ER o e e S )7 N 9 ey
A HABBE AR S W . T 8= 5 KA T2 1K
FHOC A RE S P I R AR AIE R 5 M iR, T R 2
PWHEIR SR, RA SRR AR AR, K
DA, S i 5 e T ot e A4 S AH O 1) 95 9 DXL RS B 552
BVTE /Y B HERG 12 B, S48 — R U T SE R 2R
b RO E S

/N RNA ( micro-ribonucleic-acid , miRNA ) J&—
Pl () N R AR AR % RNA 431, 38 30 42 F mRNA
1 R i sl A0 19 mRNA 19 37 UTR S ] 5 5 [H 5%
ik miRNA HA R 1 40 F Rk L R 24~ #03%
KA EAEFHIEE ST, 2 = AR EH A Y Th e LA Je
AL HGE A BT, 2 5 R E 5 id BERIGEE AY &
AR R B BIIE B BE A% 5 W 1 22 B B AR W) e ol
£, miRNA B B SMMA B, IS E 1k
PO T LY | I A5 A i B AT A
MPEST . miRNA &R A 14 78 T6 AT DL R e 95 9
MR I LA I BE T v AR R 0 A ) s i 1Y
miRNA 832 Fl T — RIVBR 2 W AT | 445
SRk EERE AL O WLAEFE it i A e i
A B EN B R, B
Z ,miRNA YE2h— R X a8 1 B Rk % IR
FEHAE DVT {95 LE ML LI 3 i 1 3408 11297
T EARKIE T,

1 FEkMEFERNIEIRBEXEREER

1856 4F, Virchow B UK ML FE TE A8 Y & 9% HL 1l
VS 20 A LA PR R 400 B 63 405 IO 38 e R I 38 8 5
HIS L DVT &AL 8 R Ik i o ek 2
55 KO S | PN B2 3y RE R RS | I A0 R S A | BT I TR

b RAE T miRNA 40 1~ Btk N 155 2 07
T, B 5E, 2 0E 5 L A2 ) T 40 i O B Y ik
AP BN B AN TG AL, 9 R A A T bt 2
YR B A0 25 1 4 5 4 90 B T SR as G
IMATE B R BRI 1 o H, 300 i/ N 7E
WO SE g 3L 46, 2 5 (A 45 & FNG 1L, ok
7 2 YL FT-EP A2 240 L 3 303 3 v 240 L i A1 375 4
M ( neutrophil extracellular traps, NETs) %1 B Fil 2H
LA - (tissue factor, TF) K | 8 15 PN IR PE R AR
PR I A28 P B ., () B 97 AR B 22 1 i A N, R
FUMAR T RG22 Fh P 3 ) Y
Wil DVT [ %Az 4 e | T AR 2T it st ity P 4 i 5] - 1
(plasminogen activator inhibitor-1, PAI-1) | ZJi] Jfd 74
1 (extracellular vesicle, EV) Z54H ¢4 F AL LL K %
PEERLHITT S SR R R T, DVT J& e K
FMAR SMEFFEAR ARk | FMRokE 28 25 55 AT P A 16 [
BN MoE S G v G B I A AR B &
JERFIER, AW AR A 0 8 4 2o 38 i ik
AR G KBS 3 BB 52, Lindstom 2507 )
BT 16 RS EEM HUEE  RIESFEH R A VIE
Dy IBALRAEAE . PR S BRAIL D 2 T HIL] | S
FALHI LT 5 fE R K R B P AR EAE R, i DVT
F) A IR SR IR P RE

2 miRNA #iA

55—~ miRNA T 1993 4E7£ 75 if B AT 26 i b
KB IEF 2000 AFAENMRN LI miRNA 2
— B NEME K 19~25 AN IR A BERY AR gR s
P PABE RNA 20 7, miRNA A9 8 2 72 46 T 40 Jifg
¥, B e /e RNA RGBT bl 5t 8 UKk 80T
A8 R OR I K e 45 K 1) W % miRNA ( pri-
miRNA) SR J5 T4 i A% P9 480 T ik B35 52 & W V)
#)E L HTA miRNA (pre-miRNA ) | i J5 Bif 44 miRNA
FEHCE 20 M T, 2835 T A B AE BOUEE miRNA  fi
LN A miRNA . BT miRNA 5 52 (K20 il
4555 55 S Il A AL B XTS5 K 1) mRNA A
HAER ARG SR JE K b 3m i ] B sk mRNA [
i oA T i PR e 3k [ s 45 22 40 i R ) R
72, JLT A B AR 2l b miRNA #R0] & ¥ A AE
FH, 2 512280 19 BRA= 31, 45 4 20 i i 384 5 L 43
b GEBMPET ) FRRIA R miRNA L #0 fi)
FEHAAE i i RNA, WK 5% JE 4 5% RNA (IncRNA )
s FRIR RNA (cireRNA) 2% A GBI SE4E , AR Y
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miRNA 7¢ DVT &4 )5, i i3 2 Fp 4 i A (2%) 43+
(13815, SR BUAS [) ) I 92 7 =X, 52 B0k 20 1fi A FE
AR A P AN R Y H

3 miRNA 5iR Rk M F R

ULAEA, — R FNEIHIFIEHIE miRNA 7545 FfoB
(R R e L By Y TR 45 T AR PE
TE LA PAG 75 T, miRNA 78 2O U BE A 2 ik
ARG A B AF T o 4 E S A7, T Aok, A AT
Fi Pk miRNA 76 DVT B4R #4717 REBESE, IR
BWIRA . AW FEHRE , miRNA B85 b k20
BRI PR - P K7 HH 41 B ( endothelial progenitor cells,
EPCs ) FILT 75 B SR 05 A  hl RAR B AR T
3.1 miRNA BT FER SR A aRMERNS S
MmiefRIELTE

Laridan %5 O RF 58 UE 32, 24 16 % B i R S0
SR PSLNSEIREEE & n L e g
SEE P A A AR, T 7 A= T LA SR A R
o Ji A4 4 o 14 ORL 20 L L A1 355 4 M ( neutrophil
extracellular traps, NETs) . #R1M, #43 H DNA FlIA
[ J0AE B 1R B NETs A BB 231755 5 4 A A4
TE AR SC PR SN, NETs S 2040 | ifin /NS A If,
IINKR BB A3 B A A IR TR Y S A R B
ZS TR Ry e i D22 =N v - RN 3 RN e SN I
PEFISNEEEE I A2

miRNA LR L 2 S 6] NETs #9245 0L,
1M NETs 1524 i A% 8 181 49 5t BE Atk 2 — , diy o] LA
BT, miRNA ]38 3 8 #5 NETs 245 1k (978 i 5k
R, Aguila %73 ST miR-146a 78 kL
41 B M 40 B B AH & BE T ( neutrophil  extracellular
traps-osis , NETosis ) FAIVE T, 2B miR-146a LIAR A
FIBLHI 25 NETs fA9IE I, /KA miR-146a A L
i3k NETs (9% L, 3+ H. miR-146a [)35 43 5% 4346 it
R PR AR LY B NETs B9 FERE ST, Chen
SEUOEWR ST IR S, AL I A #E 1 (ox-LDL)
PR miR-505 & & A /M A 5 A alifb i b vk
AN Y A B AR 3G TR S NETs B9 i, Jiao
SR B, /AR K U AP 3B 4K miR-15b-5p Al
miR-378a-3p i i #8 [ £ B % b P kL 4 i
( polymorphonuclear neutrophils, PMNs ) H i) B g ik
JUUBEEAR 4 14 26 11 3 ¥ 1 ( phosphoinositide-dependent
protein kinase-1, PDK1) #ll#i] Akt/mTOR i #% i5 ¥,
AT A3 R [ AR i NETs 9B, mTJLAE, 76

R A5 A B I 56 T miR-1696 Al miR-16-5p i i
FXMLHEIZS 5 NETs a3 , 5B —I 5T , Yang
VR, miR-1696 38 i 410 i 7% e H KL E k4
Jiff 3 ( glutathione peroxidase 3,GPx3) , DA A5 224754
JEIE Ak 25 1 4 T ( mitogen-activated protein kinase,
MAPK) A7 14 48 (ROS) B9 TE i, T4 PI3K/ Akt i
B%, FECNETs 17742, SR, miR-1696 124~ AT Ik
B GPx3 TEMFL 3 W NET B8 e 48 69 oF
58, I, Yin SRR R, SR
EYIEAL A (H,S) LIE T miR-16-5p B3Rk, %
M 7~ NETosis FIPIANTEAE TR R T~ 34, B Raf-1
J i R IR 22 S 1R/ S B R T ( RAF L) B R LB 3
TS5 7 5 1 ( phosphoinositide-3-kinase regulatory
subunit 1,PIK3R1), b3 P 5 F 53 4% SR (A5 1 —
5T LI 78 miR-1696 Fl miR-16-5p 7E I F.3h 4
2 5 NETs 4 A LI, DU #F— 22 BF5E miRNA
FE M B e AL R A VE . Hawez %60 fF 53 3%
WY, miR-155 AJ LA i ik B [ JOR P oG 2 1R 5 IV Vi it
( peptidylarginine deiminase 4, PAD4) mRNA I ¥ 4F
FEDL AR VE NETs (75 R o R, MR 408 AF 58
258, miR-155 AN AP S PERAE NETs B U 7
TEAEHIRE AL

miRNA 38 A [A] AL 45 NETs (94 58, M i
SEI A TR B, FL bR E miRNA 41 miR-146a . miR-
505 . miR-15b-5p . miR-378a-3p ,miR-1696 . miR-16-5p
Fl miR-155 f7m HiFE NETSs & B8R i AL rp i v
TEAEH . #E— 2 5E miR-1696 I miR-16-5p 7E M
Ashh 25 NETs A4 a B HLH DL &% miRNA 7 1L
Fe S e AL b B )z AR T, 6T B A% DVT B9 AL ]
IR WIGIT ik B BB E L, HHh, Xt
miRNA J& 75 233 i 5% e A 40 i, 2 5 NETs f)JE
B, 8 T B — 2B M AR
3.2 miRNA BEAEENLEFS5 nidRETE
3.2.1 LY EAIR

214 H B (fibrinogen , Fg) /& —F i IF i &
AR, BA 2 X EZENE MR, Ko 7=
KK 340 kDa, B 3 XA H) 2 IkdE—o By 5
W, Fg LEIMARTE B S 2 v 7 08 A% O A 40 AR
AR R NVIIRY) , B S 5918 T A e s
FHELIR IRV, Fg AL 20 B AS A 6 ik i 4
TV B = B8 2 o0 G AR Ik A A S XU 1) R
PRI, 1T ELER R 2 5 K O e A 2 1Y) A JHL 38
RHIBT Fe 55 K AL 14 45 G X8 T 08 20 1 ok ot A4 A4 2E
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TRV K I A% ZE A OC 5 5t RE 1 R A R B AR B
VERAEIRIT A L Fort 2510 38 xof 7 Y A JHF9R 40 i
Z (HuH-7) J& Fg W BEME AR E T 23 > T
Fg /=4 f) miRNA ( hsa-miR-29a , hsa-miR-29¢ | hsa-
miR29b Z5) fil 4 /4~ FJH Fg 74 i) miRNA ( hsa-miR-
365 .hsa-miR-126 hsa-miR-592 %) . £ 4k 4& 1 2
SEMLFGEAE T Fe MR, A 100 A i 58 B, Bt
I/ ( antithrombin , AT ) J& —Ff th A= 15 00 B , B
OV 0t 37 AR I TS Ak, AT BT L £F 4k 2R TR
BT Jian ZEU IR 1 DVT A BRAS R A) 7 PE H
UESE T miR-200c-3p L[] AT JE[H SERPINC , I/ 24
RAIRE B Z % C bt 1(SERPINC) (&I, 15
AT (35, NIMTECGE VTE A9 ERE R,
3.2.2 HHHTF

HZUA ¥ (tissue factor, TF) ,VEH—~H 263 4~
FIEFR IR I B 5 B B 2 1 8 T I A
RERYAMNE M 2 i, — ELIL A RE A 58 38 0 2 B
N, TF i 2 2 88 TOEM M b, @2t 5 7 VI Va
SE-GMTIG 20 B I 2 056 1 BB i A48 45 A 3L o O AR
. Eisenreich S8 58 T miRNA XF TF Az Ho 7] 43
SRR = A DA TR B A 902 D) RE (A A2 T2 A% )
MPE T MER . Sahu % T AEYE B %S5k N
YIRSV AR B 5T AHZE & 0 5 7%, K B miR-145
PEMEPETT TF /) 28 38 2k A 3 5 ik i A2 T2 B ( venous
thrombosis, VT) i & &, #fi & T TF /& miR-145 A9
R, BEFERILEE R miR-145 78 VT B F by
KK R R, miR-145 5 TF B#R kK k., H
T, £ miRNA (miR-223 .miR-451 .miR-19 %) ©. ¥k
UEBA AT RS TF Fak7
3.2.3 B X

#E MK F XI ( coagulation factor, FXI) , 1 k—Fh
FH G B 22 S A 11 I, A P UM 8 I ik 42 v
RAEE REEVER . AR AR ZEME BRI o B RS F
XU 7K - FH A5, Nourse 25 il i WIS & BHL, F
XUE A miRNA £ i 2 W& L 7, Salloum-
Asfar ZEHIERH] | A8 AFF A F XD 80k % — Pl g
5P miRNA B miR-181a-5p A B384, miR-181a-
Sp SFELFXIA F11 mRNA /K- 5 A%, 26 A
FEFIFH, F11 mRNA 7K 5 miR-181a-5p 7KF- i A
KXZRME ., [, JLEMSE &3 F11 mRNA (1)
3’ UTR ¥ miR-181a-5p THEHN (] | 1A ¥ T A)F
SEUESE T miRNA A A9 27 S 2%, Ui T miRNA
B SE PR T Re sl 2% FXDVE 1, R XK T 5

HUf eI g, i F XS Z 59 85 al Hp7 VTE ik i

PERCH
2 b miRNA 38 3o R I 4 45 2F 4 3 1 it 2

PR FIEE 1l PR~ XL 3R 3K, KT 7, miRNA 7E &
I FRGE I Z2 A543 vk FE PR R, 52 ) i A4
BRI ZE IRV 3 26 e B RS T #K53 miRNA 7
AL I AR AE T, o DVT B9 15 B AR Y7 $2 446
TR R AR R A
3.3 miRNA B EEFRBRATONHTSS
Mg wmIE i i2

21 15 Tt D 38005 0 40 1) 351 ( plasminogen activator
inhibitor, PAI) 43> PAI-1 1 PAI-2, PAI-1 7E 375 IfL
WA EEA/EH] . PAL-L B T2 &R
Pl 3%, 2 I A8 = 0 e v i) OGS B 1, 5 Bl ik
ST BRI I A4 T o LA B B i 78 it 4% B B AT
Ko PAI-1 38 2 400 ) R % Bl 0 2 V5 i Dl 383 7
(uPA) FNZHZIRVEF 5 S0 ) (WPA ) R8T 47 %
Z G0, ATk 553 2T 75 T D T R 47 4 2 A R
Karnewar 25 BF 58 % B, 2R AARE - - 20 5 2%
AL 1 305 P2 miR-19b Fl miR-30c A i 1)
il 7N BRUSEY 1fi 335 T PAL-1 K SF- A4 T 5, s/ il 45 40
2, A2 58 N AR I A T A

U BB = KR RS 3 ] miRNA 3518
2 PAL-1 3R35 0% S8 3] miRNA 7 R A PR
T IZET, LU PAL-1 7E£T VA 2 50 i 1 B 4
A7, 4D miRNA AT G838 (B 8207 2 ) PAL-1 B3
Pk R KT, X 0] BT Bt — 2 I 5 ok 4 R
BARBAE AP

4 miRNA 7= DVT H i & Nz B

4.1 miRNA BE KA DVT MEMRED

AW bR A W T A2 B DL K S W L
A R HE B, TR B T T A B0 0 1A
BITBR B R mALE BTG R B X DVT A2 Wi
BRI PRAE IR 125 b i B G | 3o e el B G
LG D- RGN R (5 2 #h A 75  CT il MRI
KSR DA S 8 & 52 (A4 A 8% . B ET miRNA
ELVE R 2 (o0 i 890 ReIE 55 ) T TE 12
Wi AN TS A= bR s . miRNA [RRELE DVT (%
AR SR T B A A, OB DVT 12 Wi vk
PP BB TS 0 AT BEVE IEFE B AR 22238

Xu %1058 13 X% 130 i) £ 2 1 2% FE AR miRNA
B % R ATE 9T & B, DVT B34 R T AR 5 BE A
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1, D- B {K miR-125a-5p . miR-223-3p H Ifil. 3 7K
SIS T AT R DVT 2 W i USRS
F2WCR , AR DVT WS FRAGHE 71, ROC
2k 23 M 9F — A 3E 52, miR-125a-5p A1 miR-223-3p
JEZIE DVT [ KA B0 R, Lu 57 (BF5E 35
W, 5% miRNA-185 2 il (1 W A SR AL 2K 7 ) 32 4K
5500058 P B 40 MG B4 16 5 R JE T2 A G miRNA-185
AT LIRS — Rl 72 0 A= b T DVT /92 WG
RIS RE, Anijs 2503 ad 25 AT OB SE , A5
miRNA & BT A AR AR B VTE KUK 70 7Y
AABNGEEREDIREY AL, Bir T M
miRNA G0 {2 3E VTE Fhe AH 5C i bk il 4298 iy
REREB A TRAFT AW EY. Yang
ZLOT R FHAE 15 B2 B ROC k43 B 93 1 WL ¢
K B R & SC 8 K B, DVT H 3% 41 I b miR-
181¢-5p 261k F i, miR-181c-5p A LA i 71 i) 9 7
FBJ ‘& N 98 #% 7% % %& A ( osteosarcoma oncogene,
FOS) U2 4 A A % B2 5 25 1 (ox-LDL) 75 3 1Y N J¢
41 ( endothelial cell , EC) 45 473 A1 il #2E BYAH G K
2235, miR-181c-5p X DVT HAF %5 &5 1 1 PR 12 Wt
e,

ZE b, 3 R E miRNA 7K1 A 407 e .2
P75 DVT 2 Wi i MERR 1, H 4% % miRNA U1 miR-
125a-5p .miR-223-3p .miR-181¢-5p Z:7E DVT 2 Wi Fil
BRI R HIETEM (., 2 W DVT 3248 T8 14 i
VEAE YRR
4.2 miRNA &N A DVT Mg s

W5 R B, 76 DVT Zh gl SR8 T %8 1
N K2 1 41 ( endothelial progenitor cells, EPCs) il i
PR PN R A0 B A | i A P A R i A AL DL SRy
WML G 2 AR i | B L AR (R 9 HOR & A S5 L
{2 R I AR A 3R, PR LA EPCs 1T
FEELA DK I T 15 1 PR 7% Ak T 1) 240 MY 7
T 1o AE R PN B A MR R A0 ALY EPCs, ] S1 & i
TEFEIF o1k 0 R N K B 1) 3 B2 A2 Z2 Ff miRNA
IEFE . miRNA B 26 I8 530 EPCs M T RERR 1S, A\
MH DVT B & AEFZ

AHOC S5 R i PRAFFE 2 B, miRNA 38 13 22 F AL
Hil /5 EPCs 1T # 3558, 255 DVT i #2  fe 458
I/ EPCs (3 A afF P Bz 40 M P2 | i A8 A B
Kot Tk A 5% EPCs 78 DVT H0 i f A% 1 g
JF Ul #R K I A2 55 H AR, miRNA 7E7H 75 EPCs
el E EXLEEMER(IE L),

Jin 25U BRSE & B, E DVT S35, miR-195-5p
PFRIBKV-BE ETE, X A BT S MVE B 40k
t988 2( B-cell lymphoma2 , Bel-2) f &35 T I8 4776 1H
WASCIRPE, 2 miR-195-5p FIZRIAIKF- B THNF, 2%
TR B Ik oA B 200 FeL ) 3% 1 075 S L o (R
PRI R IR, $2 15 Bel-2 3R IA KT AT LUA R %
FECRP A AN T4 . miR-195-5p AT BEiE 1 I
TIENEZHEH T2 5 DVT W #, RN
FERMW], 713 miR-126 (9 EPC fi7 4 095N B AR 97
Jei , M AR 2H 7 e e 0 RIS S i D 3T L A
DVT S i v | i 25 A2 8 1 i 13 e, DA Sh s
ARy AR B miR-126 845 7T BB &8 TE RV IR YT DVT
FBL, IR, 7 Du 5 [BFSE T, miR-150 38 52
T Ak/FOXOT FH4MH] o-Myb {5 53 B 5201 EPCs 43
Ak, MTTT 78 AR A I8 15 52409 19 2 A1 40 i (early EPCs,
eEPCs) Fll N Bz v [ T2 h 41 B ( endothelial colony-
forming cells, ECFCs) fJ DI RE, TEAR P, miR-150 ¥4
Gei) eEPCs 5 ECFCs F[a] 751 ] 42 1k 1fin 35 #4308 A
MARTE A

ZE iR, miR-150 , miR-195-5p . miR-181¢-5p/
FOS 55 miRNA A B im KR YT DVT A 4 1)
TRITHE A O BIRYT e, RIS AT 2 DVT 3G 97
T3 BT R B B (4 T ) RO S BARHE

5 RESRE

miRNA i 845 5 AR T A 56 1 3k P 33k
TE DVT JE fad 72 o K 8 8 ZAE ., 0 55 & 9L,
miRNA 7E DVT 83 5 1E & ALK 1 () 238K A7
FEREZES WA A I I P AR 2 miRNA 3R
K TRk DVT 20 54808 1 S8 A i 38
I A5 AR T AR S ) miRNA 221k, il REA Bh T
Wk DVT (9 % A & J&, 588 DVT 1A SUR YT
PALHIR AR

UHTET miRNA 7E DVT JE A B9 VE FEHL I %
AGEARNERE AT LUt — 39T miRNA 5 DVT JE B
AR FE IR A 530 I =2 o) A AR VR G &R, IR
ABRf#R DVT 0 2L 3 2k & . BHET DVT
B W7 = BRI T 52 A5 A6 A5 AR I V027 4 A A 0
FAMFFE ] LU — LR EFET miRNA 19 DVT 27
B $5 =512 W 0% o P A RORR M, i, mT DL
FFE T miRNA KB DVT 2 W B sl )
&P EEERIZ W, 4 DVT BYiRYT £
Wi THUBEL RN R 250, F ok ] DLtk — 2D 4R
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R 1 miRNA 1N BAR AR £ TR B0 S

Table 1 Mechanism and significance of miRNA in endothelial progenitor cells

icRNA AL X
’ Mechanism of action Significance
miR- B I3 SN R /b EPCs MOITR% FIILE B 1, 1 5 A A2 g
483—3p:47: Target serum reaction factor. Reduce EPCs migration and angiogenesis and enhance thrombolysis.
PO BERRAEFIGK ) 2R 1 R I IR R, 3 Ak . X )
e g : o B3 EPCs DIAE ; PEE 1045 A B, D/ IR A 5 (R 39 5 JK 1730 00 0 A
1 WA 15 0 7 0 8 11 -2 ik Soointe et o e ek
miR-205"4 Targeting phosphatase and tensin homolog; regulation ° . . .
. . . Enhance EPCs function; promote angiogenesis, reduce venous
of matrix metalloproteinase-2 expression through Akt/ . - .
thrombosis; promote venous recanalization and thrombolysis.
autophagy pathway.
i3 PI3K/ Ak/ [ W 5 80 1] BRI 2 AR LA B A5 EPCs A M AU RS 42 28 | 1 B, Jon 3okt 9 Ik o e % 914 388 0 o
o HEA-T, Fil,
me==op Targeting transient receptor potential Mediate the migration, invasion and proliferation of EPCs cells, accelerate
melastatin-7through PI3K/ Ak/autophagy pathway. the regression of venous thrombosis and vascular recanalization.
7 WL FAS FEfk PEHT EPCs 114949 FE 0 L8 A2 1 D a2 A 8 e R L A8
miR-21% i ; .’ Regulate the proliferation and angiogenesis of EPCs; promote thrombolysis
Targeted FAS ligand. .
and revascularization.
g T SRC B 1. R IK L R
e Targeted SRC kinase signaling inhibitor 1. Promote venous thrombolysis.
it id PI3K/ Akt 38 i B4 HLE PIK3R2 JE[A SRS RE ) 5 30 ML B ) 5 DR MR A
miR-1261%2 Target PIK3R2 gene directly through PI3K/Akt Enhance the ability of tube formation; enhance the ability of vascular
pathway. recanalization ; promote thrombolysis.
miR- #U[7 SPREDI T3 EPCs T2 AT AR I 5 G2 MR A7 o
204-5p:53: Target SPREDI. Accelerate EPCs migration and angiogenesis; promote thrombolysis.
i EPCs F W, $45 EPC B39 58 | 1T 8% 0L A8 AR JSCRE 7 5 38 Jon 1l e
s MEBUERCIEN ol ik, AR,
i Increase the expression of gap junction protein al. Inhibit EPCs autophagy, enhance the proliferation, migration and
angiogenesis of EPC, and increase the rate of thrombolysis.
miR- VRS AR A e - 1, B45E EPCs TR AN MR A2 pi 5 PEE AR VA

125a—5p[2(’: Up-regulation of myeloid cell leukemia sequence 1.

miR- i FUR BRI,
136-5p'55' Inhibit the thioredoxin-interacting protein.

Strengthen EPCs migration and angiogenesis; promote thrombolysis.

R T K A P A%

Stimulate venous thrombolysis.

RILT miRNA (69 DVT 3697 7, 1 DVT 367741
B S AT v . R AT AR miRNA 51
i T BRI BT, AR 5 1R 7 BOR AR
&

SAZ, miRNA 75T K LB iU A T 52 B
AT TR BT SRR (B, 4 J5 R — B TRAR
X miRNA 78 DVT JE i i) B AR AL OF K 5
miRNA ) DVT 2 W 37 50R MG 7 75 155, 8 DVT
HY AR LR 0 B B A T

s

[1] JIAN X, YANG D, WANG L, et al

microRNA-200c¢-3p

Downregulation of

alleviates the aggravation of venous
thromboembolism by targeting serpin family C member 1 [J].
Bioengineered, 2021, 12(2) . 11156-11168.

PRI, B, KA. IRTAR ST I LA e 2 IR DAl 452

RIS R [J]. SErhRHE R (R , 2024, 53

(3):409-413.
CHEN S Y, DAN M, JIANG Y S. Research progress of risk
assessment models for cancer-associated venous thromboembolism
[J]. Acta Med Univ Sci Technol Huazhong, 2024, 53(3) ; 409
-413.
[ 3] WENGER N, SEBASTIAN T, ENGELBERGER R P, et al.
Pulmonary embolism and deep vein thrombosis: Similar but
different [ J]. Thromb Res, 2021, 206. 88-98.
[ 4] BURLACU C C, NEAG M A, MITRE A O, et al. The role of
miRNAs in dexmedetomidine * s neuroprotective effects against
brain disorders [ J]. Int J Mol Sci, 2022, 23(10) : 5452.
[5] ANIJSR J S, NGUYEN Y N, CANNEGIETER S C, et al.
MicroRNAs as prognostic biomarkers for ( cancer-associated )
venous thromboembolism [ J]. J Thromb Haemost, 2023, 21
(1):7-17.
[ 6] SHARMA A R, SHARMA G, BHATTACHARYA M, et al.
Circulating miRNA in atherosclerosis: a clinical biomarker and
early diagnostic tool [J]. Curr Mol Med, 2022, 22(3): 250

-262.



o H A PR A 2R 35 2024 4F 11 45 34 555 11 ] Chin J Comp Med, November 2024, Vol. 34, No. 11 175

[7]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

SEARLES C D. MicroRNAs and cardiovascular disease risk [ J].
Curr Cardiol Rep, 2024, 26(2) : 51-60.

AREAE, 4HE, AP EE, A miRNA LB A A b 22
PRI ERE [J]. T E EEBE AR, 2023, 33(11)
110-117.

LIHY, LAN R, FU X Q, et al. Progress of research into the
roles of miRNA in neuroprotection against ischemic stroke [ J].
Chin J Comp Med, 2023, 33(11): 110-117.

LOBERA E S, VARELA M A, JIMENEZ R L, et al. miRNA as
biomarker in lung cancer [ J]. Mol Biol Rep, 2023, 50(11):
9521-9527.

FOROUHARI S, MAHMOUDI E, SAFDARIAN E, et al.
MicroRNA ; a potential diagnosis for male infertility [ J]. Mini
Rev Med Chem, 2021, 21(10); 1226-1236.

SMITH D A, REDMAN J E, FRASER D J, et al. Identification
and detection of microRNA kidney disease biomarkers in liquid
biopsies [ J]. Curr Opin Nephrol Hypertens, 2023, 32(6) : 515
-521.

LIU H, YAN L, 1I X,
osteoarthritis: a meta-analysis [ J]. Clin Exp Med, 2023, 23
(7): 3737-3749.

KYRLE P A, EICHINGER S. Is Virchow’
[J]. Blood, 2009, 114(6) . 1138-1139.
NAVARRETE S, SOLAR C, TAPIA R, et al. Pathophysiology
of deep vein thrombosis [ J]. Clin Exp Med, 2023, 23(3) ; 645
—-654.

BRILL A. Multiple facets of venous thrombosis [ J]. Int J Mol
Seci, 2021, 22(8) : 3853.

YAO M, MA J, WU D, et al. Neutrophil extracellular traps

et al. MicroRNA expression in

s triad complete?

mediate deep vein thrombosis; from mechanism to therapy [ J].
Front Immunol, 2023, 14, 1198952.

HUANG S L, XINH Y, WANG X Y, et al. Recent advances on
the molecular mechanism and clinical trials of
thromboembolism [ J]. J Inflamm Res, 2023, 16: 6167-6178.
BO|, mEE, THRE, % T2 XK ERETT2E
BRI KURS: R 2R 3 BT DA IRl [J]. hAR B4R
O MR AR, 2023, 25(12) ¢ 1289-1292.

FAN J, GAO X F, WANG Z L, et al

venous

Risk factors and
awareness of deep vein thrombosis among outpatients in Shanghai
community hospitals; a multi-center study [ J]. Chin J Geriatr
Heart Brain Vessel Dis, 2023, 25(12) : 1289-1292.
LINDSTROM S, WANG L, SMITH E N, et al. Genomic and
transcriptomic association studies identify 16 novel susceptibility
loci for venous thromboembolism [ J]. Blood, 2019, 134(19) .
1645-1657.

LEE R C, FEINBAUM R L, AMBROS V. The C.
heterochronic gene lin-4 encodes small RNAs with antisense
complementarity to lin-14 [ J]. Cell, 1993, 75(5) : 843-854.
RUVKUN G, REINHART B J, SLACK F J, et al. The 21-
let-7 RNA  regulates
Caenorhabditis elegans [ J]. Nature, 2000, 403 ( 6772) . 901
-906.

elegans

nucleotide developmental timing in

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

FHRT, BREt, I —, 4. RHT R miRNAs (I 55E 5
SRFTLT]. B BEEAR, 2024, 55(7) ; 3085-3093.

1LIJ Y, CEHN J M, ZHANG M Y, et al. Identification and
Analysis of miRNAs of Neospora caninum [ J]. Acta Vet Zootech
Sin, 2024, 55(7) : 3085-3093.

DIENER C, KELLER A, MEESE E. Emerging concepts of
miRNA therapeutics: from cells to clinic [ J]. Trends Genet,
2022, 38(6): 613-626.

ANASTASIADOU E, JACOB L S, SLACK F J. Non-coding
RNA networks in cancer [ J]. Nat Rev Cancer, 2018, 18(1): 5
-18.

LU R, ZHU W, SUN H, et al. Study on the effect and
mechanism of miR-185 on lower extremity deep venous thrombosis
[J]. Mol Biotechnol, 2022, 64(3) : 330-337.

YU J, JIN Y, XU C, et al. Downregulation of miR-125a-5p
promotes endothelial progenitor cell migration and angiogenesis
and alleviates deep vein thrombosis in mice via upregulation of
MCL-1 [J]. Mol Biotechnol, 2023, 65(10) : 1664-1678.
SUNDERLAND N, SKROBLIN P, BARWARI T, et al
MicroRNA biomarkers and platelet reactivity: the clot thickens
[J]. Circ Res, 2017, 120(2) : 418-435.

LARIDAN E, MARTINOD K, DE MEYER S F. Neutrophil
extracellular traps in arterial and venous thrombosis [ J]. Semin
Thromb Hemost, 2019, 45(1) : 86-93.

AGUILA S, DE LOS REYES-GARCIA A M, FERNANDEZ-
PEREZ M P, et al. MicroRNAs as new regulators of neutrophil
extracellular trap formation [ J]. Int J Mol Sci, 2021, 22
(4): 2116.

CHEN L, HU L, LI Q, et al. Exosome-encapsulated miR-505
from ox-LDL-treated vascular endothelial cells aggravates
atherosclerosis by inducing NET formation [ J]. Acta Biochim
Biophys Sin, 2019, 51(12): 1233-1241.

JIJAO Y, LI W, WANG W, et al. Platelet-derived exosomes
promote neutrophil extracellular trap formation during septic
shock [J]. Crit Care, 2020, 24(1) : 380.

YANG Z, WANG S, YIN K, et al. MiR-1696/GPx3 axis is
involved in oxidative stress mediated neutrophil extracellular traps
inhibition in chicken neutrophils [ J]. J Cell Physiol, 2021, 236
(5): 3688-3699.

YIN K, CUL'Y, QU Y, et al. Hydrogen sulfide upregulates miR-
16-5p targeting PiK3R1 and RAF1 to inhibit neutrophil
extracellular trap formation in chickens [ J]. Ecotoxicol Environ
Saf, 2020, 194. 110412.

HAWEZ A, AL-HAIDARI A, MADHI R, et al. MiR-155
regulates PAD4-dependent formation of neutrophil extracellular
traps [J]. Front Immunol, 2019, 10. 2462.

ALEMAN M M, WALTON B L, BYRNES J R, et al. Fibrinogen
and red blood cells in venous thrombosis [ J]. Thromb Res,
2014, 133(1) . S38-S40.

FORT A, BOREL C, MIGLIAVACCA E, et al. Regulation of
fibrinogen production by microRNAs [ J]. Blood, 2010, 116

(14): 2608-2615.



176

rh [ LR BE A Ak 2024 4F 11 A 45 34 4555 11 )

Chin J Comp Med, November 2024 ,Vol. 34 No. 11

[37]

[38]

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

AR, X0H0, JEI 0%, Bk e iV TR B HE R R i
WEsEkR [J]. iS5k, 2023, 29(1) : 47-51.

SONG J J, LIU L, ZHOU H. Research progress on the
mechanism of antithrombin and its clinical application [ J]. Chin
J Thromb Hemostasis, 2023, 29(1) . 47-51.

EISENREICH A, LEPPERT U. The impact of microRNAs on the
regulation of tissue factor biology [J]. Trends Cardiovasc Med,
2014, 24(3) . 128-132.

SAHU A, JHA P K, PRABHAKAR A, et al. MicroRNA-145
impedes Thrombus formation via targeting tissue factor in venous
thrombosis [ J]. EBioMedicine, 2017, 26 175-186.

NOURSE J, DANCKWARDT S. A novel rationale for targeting
FXI: Insights from the hemostatic microRNA targetome for
emerging anticoagulant strategies [ J]. Pharmacol Ther, 2021,
218 107676.

SALLOUM-ASFAR S, TERUEL-MONTOYA R, ARROYO A B,
et al. Regulation of coagulation factor XI expression by
microRNAs in the human liver [ J]. PLoS One, 2014, 9
(11): ell1713.

MORROW G B, MUTCH N J. Past, present, and future
perspectives of plasminogen activator inhibitor 1 (PAI-1) [J].
Semin Thromb Hemost, 2023, 49(3) : 305-313.

KARNEWAR S, PULIPAKA S, KATTA S, et al. Mitochondria-
targeted esculetin mitigates atherosclerosis in the setting of aging
via the modulation of SIRTI1-mediated vascular cell senescence
and mitochondrial function in ApoE”" mice [ J]. Atherosclerosis,
2022, 356 28-40.

WU Y, LI Q, ZHANG R, et al.
biomarkers of disease [ J]. Clin Chim Acta, 2021, 516 46-54.
XU L, JI C, MIAO X, et al. Combination of Circulating miR-
125a-5p, miR-223-3p and D-dimer as a Novel Biomarker for
Deep Vein Thrombosis [ J]. Am J Med Sci, 2022, 364(5) : 601
-611.

YANG F, CHEN D, LIU Y, et al. Overexpression of miR-181c-

Circulating microRNAs;

Sp attenuates human umbilical vascular endothelial cell injury in
deep vein thrombosis by targeting FOS [ J]. Int Heart J, 2023,
64(4) . 759-767.

LI W D, LI X Q. Endothelial progenitor cells accelerate the
resolution of deep vein thrombosis [ J]. Vascul Pharmacol,
2016, 83: 10-16.

SUN L L, XIAO L, DU X L, et al. MiR-205 promotes
endothelial progenitor cell angiogenesis and deep vein thrombosis

recanalization and resolution by targeting PTEN to regulate Akt/
autophagy pathway and MMP2 expression [ J]. J Cell Mol Med,

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

2019, 23(12) : 8493-8504.
ZHOU D M, SUN L L, ZHU ],

angiogenesis of endothelial progenitor cell to facilitate thrombi

et al. MiR-9 promotes
recanalization via targeting TRPM7 through PI3K/Akt/autophagy
pathway [J]. T Cell Mol Med, 2020, 24(8) . 4624-4632.

DU X, HONG L, SUN L, et al. MiR-21 induces endothelial
progenitor cells proliferation and angiogenesis via targeting
FASLG and is a potential prognostic marker in deep venous
thrombosis [ J]. J Transl Med, 2019, 17(1): 270.

WANG W, ZHU X, DU X, et al. MiR-150 promotes angiogensis
and proliferation of endothelial progenitor cells in deep venous
thrombosis by targeting SRCIN1 [ J]. Microvasc Res, 2019,
123, 35-41.

MENG Q, WANG W, YU X, et al. Upregulation of microRNA-
126 contributes to endothelial progenitor cell function in deep
vein thrombosis via its target PIK3R2 [ J]. J Cell Biochem,
2015, 116(8) . 1613-1623.

DING M, CHI G, LI F, et al. Up-regulated miR-204-5p
promoted the migration, invasion, and angiogenesis of endothelial
progenitor cells to enhance the thrombolysis of rats with deep
venous thrombosis by targeting SPRED1 [J]. Exp Cell Res,
2022, 411(1) . 112985.

LI'Y, GE J, YIN Y, et al. Upregulated miR-206 aggravates
deep vein thrombosis by regulating GJA1-mediated autophagy of
endothelial progenitor cells [ J]. Cardiovasc Ther, 2022,
2022 9966306.

FENG Y, LEI B, ZHANG H, et al. MicroRNA-136-5p from
endothelial ~ progenitor cells-released  extracellular  vesicles
mediates TXNIP to promote the dissolution of deep venous
thrombosis [ J]. Shock, 2022, 57(5) . 714-721.

JIN J, WANG C, OUYANG Y, et al. Elevated miR-195-5p
expression in deep vein thrombosis and mechanism of action in
the regulation of vascular endothelial cell physiology [ J]. Exp
Ther Med, 2019, 18(6) : 4617-4624.

SUN J, ZHANG Z, MA T, et al. Endothelial progenitor cell-
derived exosomes, loaded with miR-126, promoted deep vein
thrombosis resolution and recanalization [ J]. Stem Cell Res
Ther, 2018, 9(1) . 223.

DU X, HU N, YU H, et al. MiR-150 regulates endothelial

progenitor cell differentiation via Akt and promotes Thrombus

resolution [ J]. Stem Cell Res Ther, 2020, 11(1) : 354.

(Y%= HH#A)2024-06-13



