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Advance of research on immune cells and cytokines in deep vein thrombosis
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Abstract: Deep vein thrombosis ( DVT) is an abnormal formation of a blood clot within a deep vein, which causes blood
flow back in the lumen to be blocked. DVT not only has high morbidity and mortality, but also has a high economic bur-
den to patients. The pathogenesis is still unclear due to the absence of suitable DVT model. DVT has long been consid-
ered as a blood coagulation disorder. DVT prophylaxis focuses predominantly on the coagulation system, including throm-
bin ( Dabigatran) , active FXa (Rivaroxaban) or vitamin K-dependent clotting factors ( Warfarin). Nevertheless, due to
the mechanisms of normal hemostasis and pathological thrombosis are greatly overlapped, the therapeutic window of anti-
coagulants may be narrow because of increased risks for bleeding complications. Recently studies demonstrate that im-
mune cells and cytokines are involved in DVT initiation, and may play a vital role in DVT. These studies consider DVT
as an immunity- and inflammation-related process rather than merely coagulation-dependent thrombosis. Immune cells re-
lated to the formation of DVT include mast cells, neutrophils, monocytes, platelets, etc. The cytokines mainly include P-
selectin, complement activator, cell adhesion molecule, interleukin, etc. Additionally, ROS and MRP-14 are all play an
important role in DVT. Blood flow stagnation in the vein results in hypoxia, following with endothelial activation and re-
cruitment of various immune cells, which leading to intravenous thrombosis. Inflammatory cytokines are involved in the
processes, and they play a crucial role in DVT with immune cells. Now, we review the advance of research on various
immune cells and cytokines in DVT, respectively.
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VR ER K ML 44 ( deep venous thrombosis, DVT) J&:48 Ifil
TRTETRTHIK A AN T B A BB 25 S5O T A ) IR 1] 9 52
BH, AR BRIk AR 55 8 3 I o DVT S5 B AR
WILR R TE ARG I Kk . DVT R F B %
il i 7€ ( pulmonary embolism , PE ) #¢ ZEAK i ik i 4
#: %€ (venous thromboembolism, VTE) , VTE 2 — Fi &
DLF) AR P L o VG 7 I K WL ™ B o TE R
JEFEZAT 90 3 A R A: VTE, IF47 30 T3] i
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DVT By &R 28 LI ry s, BrLh, T# DVT JE L
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FURETEE N R ST, 38 2 H [ E 0L (R BUEE) L3
T FXa (WA VDB ) Bl A 2 K AR 4 58 1l Y 5>k
T DVT, SR, BT 1E 5 1k 0 A 2R 1R I8 B i
BURIAH B H B G o R I AT AL 2 AH R 3G o, e
RHUEEGRI IG YT @ T REAEAE . TR, FRBIRE IS A A5
T DVT H XA Z & A I I A e 7 R AR w2
UTAER , Bl 8 SN RN A 7E Sl Bk ks RERE AL | il A4
Y A AR P B ke B 57 38 F A, g S 4 i PR
5 DVT Z et g2 AT A o R, A3
LR G A AN A L R - 7E DVT JE st 72 o iy £
F, 28 DVT 5 FG ST S AEAR G AT BEPE AR T Ao

1 B E DVT Fs R RI1ER

L1 feX#mie  JERAMEAE N SERAGIEN—E ), E
EIE T B REIE IR ST, IR LI ZRAH 40 i 2k AT
W, G LR A S 3Rk — R e b, T 51 &
Pk 4 s bk S & DVT il PE 2B i 15
oz R 28 22—, T A K 40 B A 3k — £ o TR 3R A T o e
FHEEVERN . BER A0 MR &G A A0 S AE A o 4
20 e A0 B 983 R 3E I T-a ( tumor necrosis factor-ar,
TNF-o0) \HTILAR P40 T2 R 4 2L 2 4 2 19 9 il D
1577 (tissue plasminogen activator, tPA) L Kz Jif 41 2 JiE
E AW A AEEGSE S G, R R 40 i X i e T R AT
RE A FFAE B A FH < JIES DK &4 308 o 88 S35 i 411 ) 59
B I Ry F A A S 0 Ok DD AR T . B Sk
IO W, 5 IE /N BURA L AE DK 4 Mk 2K 1 i [R] 2
AR A INBRAS P AR UL I A (49 9 8, 1T A 240 i o At s ke
Fa/NRE T IR F IR TR 00 T A ARTE . BF5Eie s
tB B DR A i 368 3 0% TN K2 4 ML 0 L J& Weibel-Palade
AMARIREIOI R DVT B8 1o 3 S 57 3% W 33 B E
KA M i R0k RE % A b B 1 DVT,

1.2 amietgEg  FIKIN RS 755 H 40 A
SEAE N IRk (inferior vena cava,IVC) KZEBEZE 1 h
J& , EA BTG R SR B T8 ik N B2 5 ~6 h J5 L
BT TR S N B R T, ARG B Y 1 40 80%
PRI, oA B AN . B A0S T Rk A
AUAF B R 2 RO BE 0L 73— An ks it 48 i 1A
TR AH 57+ 5 X RRALAE L, DVT &35 1 36
NETs F1H bz 40 M TE A iR 25 K7 T A% 41 i
AR TR 33 BEHERIIE W 56 K A% 40 e 1)
SEEEJE DVT KR B AT D H &R,

12,1 R JAEoR , MOk B i sE W v
PERLAIAZE DVT & S ALl % BB A 2
SR B IKRE I, o MR 40 IO IR R E AN TR R
BB B 1 R 40 A B A B B B I AR 40 L A1 25 1
(NETs) , HrPEn 20 i of i ke 12 sy s 4 3 220
Wit NETs ZHEVER o Hh M 2 i 22 S 1 2 1 1l X
4h NET(NETosis ) B B & HEAE] . 7Rt fe
AP 28 i 5 2 B ( neatrophil elastase, NE) 5 v

SN AAZ Y I8 bR 4 3R 1, DT AT AP Bl e o 5%
% NE §ese v DLd /> NET (9B, S2ie 32, T
FRIKEEFL 48 h )5, NE ™7 /N R I A2 A % 5 B A=
B, X —45 B ) NETs %477 DVT BA 1R
PN U=

1.2.2 AN BB AIE VIE JE P &
RAEMERIME R . T R W GRS 3 25 LS 1 LA B B,
AN B SR 4R | FRAZ AN AR S I AL R K F T, B
Ja kA VIE D00 WRge W], Y R M (LysM) [
MR A LU T B2 BN RAR KRR Bt ARS8
B DVT, BFFEHG 5% SR F Thet * (2% BE A% 1 /> 5
A A 2212 (I8 B, AT REZ I DVT i
ERIOR S A

1.3 g BRT BB E 400, /R 25 5
VTE B . S B AT 5% 26 B, /)N b 76 i K i
P B OB Y, IR 28 T 400 I /N 2RI 97 R
P EE M, /MRIER 28 %S VIE Mk 4ER
S HLAT RN NAERY XS T A, A ST 2 I
AINBRBE TR v AT B FRAAE 1 (HMGBY ) A Ifi 4% #6447 )i
REAZIE NGO 45 I & RE (9 & 42 . HMGBI J&—Fh7E
TN G E WG S T I R P 8 P R 7 2 I S IR
AR IR, 76 20 W Sk 18 v sh i A R S 5 o
RN, M/INH S DA R I /MR B B HMGBI 7 DVT
AP EE EE AR . oh, B A s
AR F CX3CL1 DL J HL[R) U A2 14 CX3CR1 41 A% 1Y
CX3CR1/CX3CLI HlifEf% AT 1/ - 1 240 RS B3 3
ik A5 P B2 AL, TR ZE LR DV'T A 56 19 Y Je 5345 4
FEEMEM,

2 REEFE DVT R T aIER

2.1 P-#t#FEX P-EEFERE /TN 140 kD 195
PR A 1, Lk IR AR TR B DG B 43, RRAE A S AL/ )
MRS, 7 A B I FHORE I 38 s 2T 4E B LT DR 43 A
FWI, DVT (B 00 AT bk Pk KT
20 L SRR T P-e 55 25, L BR il J5 19 TVC 7]
B P-3EREZ A AE P 1 A& 9% R (von willebrand fac-
tor, vWF ) {45, 3X 2 Ffofli i 2 1 78 1 40 B 3% 46 )5 3h B
BN, DIAZ T A 22 ) ] P-gk4% 2 ol fig
SEIRYT TS G e A ) FE B A, SEEG R IR, P-
TEAR FR A7) Sk 3 A S 0 2 4y e K ol 7 P (21 d
ik 73% ) , HACR T vWEF S50 . 35 APy Bz 40
Fik P-E R JT S AR (40 M 2 T 3R 0K Y AR A
1K P REFER MR I BCAR-1 (PSGL-1) AHEAE T, AT A
SEAM RS . PSGL-1 fE7E T A% 40 I bk 2
2 P B AT, 0 A7 A T IR R L g
YR P-E PR 2N PSGL-1 22 8] A4 FH B4 FH 76 i ik I,
oI RS EEEMT . Y R,
VTE i35 PSGL-1 [HM:/AKF- B . 1eAh, PSGL-1*
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P ILE (MVs) 78 VTE /) & L3 ol %5 220
VEFH 3R] RE 2 108 3o 75 196 A1 S DAL R 40 6 0 it IS A 2 T
PR BRI MVs #E ) R SR K

2.2 NLRP3 %tk GUPTA N 2% 75 gy sc
FRUESE, SD K B2 5 TAREEA S H 6 h, P EIL4 DL K
AR G R E & @ REE P&
pyrin 28 #4318 25 (4 ( nucleotide binding domain , leucine-
rich-containing family, pyrin domain containing 3,
NLRP3) &35 il (EARTER RIS, WF5E ik & Bk A
AT la(HIFLa) 7E7H 95 NLRP3 )ik i % #
BEPEH o AR ST 1 I IR S 9 R 4y R B TE VTE
BRI F] NLRP3 (363K FiH,

2.3 FHA G4 (reactive oxygen species, ROS)
b w0 REER 2 RN TR NP DS B g R e S o
EFEOLT , B TP BT A7 TR A DA DR 47 41
B PR S o H 2, TEHESE R IR 25 1 1 T AL
PR AR R ) ROS, DL T A A ) ot /b 3 BU4A A
R JERA , WS 7 AR E AR . BIFTE R, e K I TR
B2 BHG , FKLAE A A S A0 A R Y ROS,
ROS A L B4 0% 8 P9 B2 ™o 1 0 v 3 R
Bt o> B2-HE5 AR AEWE 5 PN B A 1T Tg 8 5 I Al 5
ICAM-1 FHES G, DTS- 2 200 B 1) G B A 225 AT 7% e
HNB . IR FEUESE , 5 X BRALAH L, DVT (835 71
IR OERIANE

2.4 AMREERTF  ROS A0 DL IE] 32 00 i MA R
GEVITE A B 2 o8 240 i 4 A SR AR T IR, O HLAE il A%
BE ERTTAR SR EORAE . IRZ AR B 40 Ak 1 1
R IE R A PR R AR, X A AR AR
AT T C3a Fl CSa Fi4 S H9. Shi e &
Wi, 8= C3 50 CS 1 /)N B 52 30 P v ik ot A T Al i b,
/D C5 I/ INERAN R AT /N I A B Lk I A A AT
BB TEARSN LRI T 1) CSa 77 A I AL 3R
K 1 Bk i B e Xa PR B2 S A
FMA CS FeALBEARL . 2TV Bl G AL 1 CS 7 A DhRe b
Rt &2 4 %) (membrane attack complex, MAC) , 7£ 3
UK AR T JAR 2 v, 2T 95 i D 0T 0 3 - CSa K P
XN T i B B CSa JF5 5 MAC 413k
A (IR RN FINE S I ES o S SO SR 1 e
B, RS URE RS 314 ( antiphospholipid antibodies , aPLs )
RERS S S PRI 5 5 PS T AN MR T X5 B4 40 L 14 b A
YERT, PR A ROJE BOANRAS T CS o BRI, T4 3 1n)
CS ATREXS P HUBENR 255 Ik BE A —E AR HEASCR
T4 1) 2L 2R A B B B S A il (05 1
PRI ) A6 T B HO W i 255 R R A R A8 T B
HIBTEIRIT 2

2.5 ARG F-1 0 AN A B E a0
HMB I FRAL Y I A% S i 3 1 200 - A R A0 i 22 1) ) R

PR S XA R S 1 200 L R0 N B A b A7 A
1) — ZR GV A RORE R 53 o Bl A W5 A B0 A 25 ILAE IR
T 40 9 (e kG B 43 F-1 (intercellular cell adhesion mol-
ecule 1, ICAM-1) () _I- 7 fE 4% 3% fin U= ik 1M A4 () JE
B T 2 AT R 530 50 B A /N BRI A (T AR,
TMAE ICAM-1 ™"~ /N BRI oA & B R/ T, LPS Ab 2
Jei ICAM-1 7"~ /N R K /INBER 221k
2.6 a4 HWCHMNZSSDVT HBHANERE
g IL-1 1.2 1IL-6 . IL-8 \IL-10, [ 40 /) £-17A
(IL-17A) & —Fh Z 204 R R -, AT I8 5 4% ol 240 g 25 7Y
(ELFE b K 20, PN Bz A R R ST A A ) v 25 b 4t
PRI M o7 1 W B, 3h ) 58 5 B0 K BRI v
IL-17/KFTH 5 DVT BB E AT o tedh, el
) — TS50 & B DVT B8 I 3¢ v TL-17A 5 3Rk,
TL-17 Aja A 2 1 /N SR 4R | rp PR 40 e 1 DA Je
B AR A Stk DVT B
2.7 #MAHAXEG-14  BHHEHOCHE T-14 (myeloid-
related protein-14 , MRP-14) J& S100 55 85 H K J5E %
B2 —  FE L/ NVICRT R P 40 i PP o i ek . W
RS P PR 0 R /AR 5 MIRP-14 R R 5 1 A4
A R, 1 MRP-14 77 /NEL DVT JE AR 0 .
2.8 Ak G HALEAE AT H K G B/ kexind B Hij R
1 5 A B A ST TR 35 1 8/ kexin9 % ( proprotein conve-
rtase subtilisin/kexin type 9, PCSK9 ) J&—Ff n] DL ]
LDL 21K R 2 . W55 F 0 PCSK9 75 5l Jik ok A A
ARAEO I B BRI W kA b R AR, 3
PCSKOJE REME (2 {87 LDL 24K 3%35 LR, LDL VBRI N,
MR Sk sk R A AL . il , BP9 R BN BT I
fik Bl 48 h J5 , 56 gL F] PCSK9 ™~ /L IVC
MR B R/ TR AE RN (25% vs. 60% ) ,PCSK9 ™/~
/NER TVC Hp i e 1) 5 5 R0 0 B T B AR R
/N
3R E
G5 1B S AR 45 DVY T ol
BHEZMEN. DVT &0 iy i —mIg X, 5
PR A AL IR T A 00 1 B Be ke 45 SR AE . B
HI, BB ARG ST DVT 1907 s B2 5 X8I R 4¢ , SR8
X FRTT IR AR AR 0T ARE 09 KUK , i DARE [ 48
SERAR NN & — AR FIIG ST DVT B2 4105 k.
SR, BT ARG e ML 9 52 ek, A 200 L v 1 s
YA | i/ MRS S BE A M B AAAE S BAE . R, 22
BTV R S 75 S — 2 TR SE .
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