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Mechanisms of venous thrombosis in pancreatic cancer
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Pancreatic cancer (PC) is a highly metastatic malignant tumor, and its risk of developing venous thromboembolism
(VTE) is significantly higher than that in other tumors. Currently, the mechanism of VTE in PC patients remain
unclear, which may involve the activation of blood coagulation system and increased production of tumor cell-
associated inflammatory cytokines and so on. Therefore, further studies to investigate the pathogenesis of VTE in
PC patients are still warranted.

pancreatic cancer; venous thromboembolism; inflammatory cytokines; coagulant dysfunction

JAEIE HR T DK A8 44 ZE (venous thromboembolism, 1 ﬂéﬁ ZE Hﬁ.[ -+
VTE) W & A= 3 N AR T J A 1 4~6.54% , Forb R
58 SR R IR ML AR: 2 A G RURR: LR (B s s 8 i) s PRETE IR AL B G S T, AAE 40 it A0
T B B0 155 38 4096 110 R B9 1 8 TR A7 Il A e 26 - ﬁ‘%%ﬁﬂéﬂﬂﬂ@.?%ﬂtﬂcl?iﬂiﬁTgﬁﬁlﬁfEI’J
JEIE B SEI  JRR A B R A R R Dk I A RAE IR BT R S A0 A4 I8 22 b R AE 41 A T
PR KRR T30 Hit, BB VTR AT F, BHEEA A ZE (interleukin, IL)-6, IL-8HIfH
AR R T i B R 2 — @%%.%a(tumor necrosis factor-a, TNF-a), fff
Jier 96 RH O I A B B A B ST B R, R R FETONESL e LD R R RN, SR AR A I
Jige Ji g v DK AL R LR S R SR KK L FIL-6. IL-8MITNF-a/K- VU Jh&, IL-6, IL-8

FRAE I o A SCHR J AR A i Y H A 56 IR 55 T A g X e vk A0 A A AE RS E ], TNE-aXt
I A ZE A AR e A — 2538 N FZ 40 it (endothelial cells, ECs)A Mli/EM, H

7= HE (Date of reception): 2020-08-12
iB{E1EE (Correspondingauthor): 15/, Email: shil$7655@163.com



[ KA TR LR 20T, 4

2429

TNF-a [ i #5ECs, P HERLAI M . ECsH#ififa
AP A — RGN B I PIE SO, i RE AR  E AA
VAL VR PR o B BB AR

S RE A0 L PR AT S 0L B PN B ) R R A
IR ECs LA 3 1 3 (CHE IE R D) B8 R 4 il 5
ity 14 A B0 ) B 3k, A 2 i i DT A ) )
(plasminogen activator inhibitor, PAL)fJ& AL, [
P ECs 5 57 40 M 2 B 20 7 i ik, A2 1 i s
BER A, A0 A A B A L A i i) 2 B A
(intercellular adhesion molecule-1, ICAM-1)B{ L%
éﬂﬂﬂﬂ?ﬁﬁﬁﬁ}?(vascular cell adhesion molecule-1,
VCAM-1), 1t H 4 L5 7EECs L 015 4 20 i 7%
1) 2 28 8 AR A 1 028 I 7 e LA Y.
[ 9 7T 2 A1 O = 3y U
PEAAE UE A MO S B T ECs, by A AE 240 Jifa 38 1 1 45 4
ML, UEHE 2 B IL K 1 3 3k A8 k5 0 0 JE e 98
HIAS RIS A7 o

2 R EEHLHI

2.1 HARF SR

H A %(tissue factor, TF) it Rk WA M TE
J IR AH DGV TE 4 & A R0 e i e vhofe SCBEVE . BF
FEUESE A MR TEK VT 5 R VTE R & A
AR, TEREWET MR E R Z R, w5 S 8
Bt A B, R AR R af S B R Y S S B [N
1, WA S RIS R HE R R . TF-VIIa&
EYREE N X, AR AR P T B L . B
G B . TR R R A B IR I i 4 B
SV R G E ] .

TEANML, Rl 2 e AR R A0 o i SRR TE, O
DARORL I OB ok, DA JE 3 il 0k 58 T S )i
TUCAL 2 s 200 PR T30 380 LB B T A /N9, i 3R L
LT RIG PE R R T35 P S A e g B
JHEVTE Y JBR i g8 £8 3 08 ORE-T B I P 8 T I At i
BEENR R AEVTER HALT AL TERE M, R
T 5 B 98 S8 35 v DABORE ORI TR R AR T i 1Y
PREEIGVE, $ER TIORL-TF By R0 AT AE 2 5 BUB i
BEVTEREREINZ —.

2.2 BifEEt £ R

Wi gt 22 % R (phosphatidylserine, PS)/Z&—7Ff
5 B AL DY 45 A B B A A (R BERE I, 5 I AR
TE A O o SR ARV B0 P S 2 8 7 g M 8 41 At 1Y 1
BRI, SRR A R FERMA
VT B8O6F M M 458405 10 Y BORE IR, P s 2 7 4 i R Ak

T FBTHES VT B R I YR BR B A AE I R Y
SRR AT ECs, S ECsHIRERERS, fEfHECs I
(IPSHNEH . BRI . A P A L 4
285 B PR - 4 AR 8 DR, sk i VA 5 A R
A [, ECs3ZH BT BB AE T 25 55 by
A B R VIR B B B B AR . WFE T kB
TEPSHMRIIECs AT PSARM 47 e & 1 09 AE R, £F
A ) 2% B T8 BRfEE TR I DR L I I AR S A )
FITCRL, e i e A% 7 I T A .

2.3 Haitk i 48 B i

PR A AR S BT R N T, B RAE RN .
HE AN, R AR 2 5 e B R, T X —
i P AR T b P KL 40 B A1 175 4 B (neutrophil
extracellular traps, NETs) I B0 Sk b
T I 558 R 9 AE N T ST B R R 20 R T
HDNA., HHEH . TF. HIEBFHEE MBI (high
mobility group box-1, HMGB1) A Y43 114 21 fifg
WA E A B 2 B3R TPy, NETsHUE A T o

T2 PO HIE SENETs 55 [ B 0 K AT 104 G
E 1 IR R A e b, NETs il R BE L, N5
Hh R i 458 40 ot B 46 T R T R YT R . E K
DIRE SRR, NETs HA P4l 190 10/ A i g
J1, A A AT . SR, i AR
TR 7E R AE (19 NETs Bl o 2 2 1 a0
BeAh, WEEEPPHIESE . NETsH 2R F 5 4 fig
fe i /R BE R . SRR S8 E , ENETs B
() DN A FI W S 05 He A 2K 7 W) 52 {& (receptor for
advanced glycation end products, RAGE)X}i% T Ifil
JINH R A S L B NETs 9 /N F) T AT
AL, HNETSBERA Y S /MR B,
AT, 8 0 LR BEAR A,k — 20 T 5 L 78
AR, S 2 AR

2.4 HMGB1

HMGB L& —f Sl A E R 1, fF 2Rk
R E , Rl 2 R E Rk T, H 5 M
HERA G A ot 3R IR M HM G B 18 i 21 41 fifg
MBI T, AT BE A A A 40 B R AR AR I A
A A R R . AN, HMGB 1A W R i 3
Ui SRR B S TE AR B R RE Y R
B, XSRREAE R AR MR R A RAEMOREE S
HMGBLW M EAER, 155 5 10 26 5% 5
s, AN, HMGBI17EDNA & i k& 4% A AE
H, 5ZFEiE &R XK WA, FH4l
WO, HMGBIW 2 —FfAfE 51, &



2430

I R 55 B8, 2021, 41(10) https://IcbLesu.edu.cn

5 305 R R E Y R, AN B kA
HAHA, POk N e LN T 0 TR R IE
G AR A S B0 R 1) 3 7 i D7)

HMGB 1 & 9 UF 55 5 1 B 98 1l #8 E iliA ¢ .
HMGB 1/ 5 5 FI 8B40, I H 7 JBE M 98 4%
ﬁ%ﬁ%ﬁmiﬁﬁ¢ﬁﬂ%%,ﬁ¢ﬁﬁ%w

SRZEOE ) SN, NETsAE UG, i — 2805
ECs, I 40 B 1] 85 B 20 1 1) 22 28 AR 48 A o 1 B
WP, AR R Y A R T ECsiE Ak kL 4
JHL TG 22 o) A B D, Al e — 25 Bl s L
P IF a9 RE A G, A SFEEEERES TR T
HIIE B

3 PLEEHLHI

HEHCAEMIES S51hM . RAEME ST,
HO A B B AT DRIP4 T 18 ALY 3 1 CAR R
T 40 ] Va RV ITTa B & 45 1k i 2 e g
UESE . B AL WK TR, UBEY) BRE 2
I, (R SO BETE AR, X AT AE R T BB I R
HRNE A COKFRER AR . 98T, Xt Bk
 BEIR SR A — 2 8T

4 FiRHH

ST 2 TR PV A O I R R B ) e O R
S RE (1 1 £ 4 25 B H I i, 0 £ 4 B
fift o BEFEUOIF M AT U M RO R G TR R AR
YR E AR, A U R O (AR
PAL- 17 JBE B8 S0 5 v o A i 9 0 4 ik 21
LB IESEFRIAPAL- 1, ML HK 1 PAT- 14T )5 S HAH SCT
PETF AT S 3R R LEVTERYJE A P

5 451F

PEER ) SR T . TEXF LA LA B2 I N 35
B G BONEER R, (E R H AT AR AT
IR —, KTNETs, HMGB155:4) 5 75 i i e
TSRO &2, (0 TR AR % A R S v )
A B ELARAIL I i A B 4 WE—2E 5T .

MU%VHMkiﬁxm, R 5 R
J7r, SEWEEAR. (B2, WREMEY RS EVTE
KA HLHIATIAS I o AR IR V TEIE R A AL i 32 22

A MR FR BT R RAE PR AR A L (e B B
DIRERVH . LRiR DNREZRELAF , JF Hax SeHL il a) A1

Him, F, MRS S W AEPCEEVIER A

T EEEAEN ., SNETs. HMGB1%: /Ny 1Y) i
55 19 A T AT e M PC R 3 VTR Wi BT )18
PO B, WEIERTZ CE IR TR AM AT .

S 3k

1. Woei-A-Jin FJ, Tesselaar ME, Garcia Rodriguez P, et al. Tissue factor-
bearing microparticles and CA19.9: Two players in pancreatic cancer-
associated thrombosis?[ J]. Br J Cancer, 2016, 115(3): 332-338.

2. Blom JW, Osanto S, Rosendaal FR. High risk of venous thrombosis in
patients with pancreatic cancer: A cohort study of 202 patients[ J]. Eur
J Cancer, 2006, 42(3): 410-414.

3. Howard EJ. Phlegmasia cerulea dolens secondary to carcinoma of the
pancreas[ J]. Angiology, 1960, 11(4): 319-322.

4. Smeglin A, Ansari M, Skali H, et al. Marantic endocarditis and
disseminated intravascular coagulation with systemic emboli in
presentation of pancreatic cancer[]J]. J Clin Oncol, 2008, 26(8):
1383-138S.

S. ZhangY, Wang C, Yu M, et al. Neutrophil extracellular traps induced by
activated platelets contribute to procoagulant activity in patients with
colorectal cancer[ J]. Thromb Res, 2019, 180: 87-97.

6.  Babic A, Schnure N, Neupane NP, et al. Plasma inflammatory cytokines
and survival of pancreatic cancer patients| J]. Clin Transl Gastroenterol,
2018,9(4): 145.

7.  Gasiorowska A, Talar-wojnarowska R, Kaczka A, et al. Subclinical
inflammation and endothelial dysfunction in patients with chronic
pancreatitis and newly diagnosed pancreatic cancer| J]. Dig Dis Sci,
2016,61(4): 1121-1129.

8. FengL, Qi Q Wang D, et al. Serum levels of IL-6, IL-8, and IL-10 are
indicators of prognosis in pancreatic cancer[J]. J Int Med Res, 2018,
46(12): 5228-5236.

9.  Gieseler F, Plattfaut C, Quecke T, et al. Heterogeneity of microvesicles
from cancer cell lines under inflammatory stimulation with TNF-a[J].
Cell Biol Int, 2018, 42(11): 1533-1544.

10. Campello E, Ilich A, Simioni P, et al. The relationship between
pancreatic cancer and hypercoagulability: A comprehensive review on
epidemiological and biological issues[J]. Br J Cancer, 2019, 121(5):
359-371.

11. Delluc A, Rousseau A, Delluc C, et al. Venous thromboembolism
in patients with pancreatic cancer: Implications of circulating tissue
factor( J]. Blood Coagul Fibrinolysis, 2011, 22(4): 295-300.

12.  ThalerJ, Koder S, Kornek G, et al. Microparticle-associated tissue factor
activity in patients with metastatic pancreatic cancer and its effect on
fibrin clot formation[ J]. Transl Res, 2014, 163(2): 145-150.

13. Ender F, Freund A, Quecke T, et al. Tissue factor activity on



[ KA TR LR 20T, 4

2431

14.

1S.

16.

17.

18.

19.

20.

21.

22.

23.

microvesicles from cancer patients[ J]. ] Cancer Res Clin Oncol, 2020,
146(2): 467-475.

Thaler J, Ay C, Mackman N, et al. Microparticle-associated tissue factor
activity, venous thromboembolism and mortality in pancreatic, gastric,
colorectal and brain cancer patients[]]. ] Thromb Haemost, 2012,
10(7): 1363-1370.

Sharma B, Kanwar SS. Phosphatidylserine: A cancer cell targeting
biomarker( J]. Semin Cancer Biol, 2018, 52(Pt 1): 17-2S.

Hellum M, Franco-Lie I, @vstebo R, et al. The effect of corn trypsin
inhibitor, anti-tissue factor pathway inhibitor antibodies and
phospholipids on microvesicle-associated thrombin generation in
patients with pancreatic cancer and healthy controls[J]. PLoS One,
2017, 12(9): e0184579.

Tong D, Yu M, Guo L, et al. Phosphatidylserine-exposing blood and
endothelial cells contribute to the hypercoagulable state in essential
thrombocythemia patients[J]. Ann Hematol, 2018, 97(4): 605-616.
Hisada Y, Geddings JE, Ay C, et al. Venous thrombosis and cancer:
From mouse models to clinical trials[J]. ] Thromb Haemost, 2015,
13(8): 1372-1382.

Oto J, Navarro S, Larsen AC, et al. MicroRNAs and neutrophil
activation markers predict venous thrombosis in pancreatic ductal
adenocarcinoma and distal extrahepatic cholangiocarcinoma(J]. Int J
Mol Sci, 2020, 21(3): 840.

Boone BA, Murthy P, Miller-Ocuin J, et al. Chloroquine reduces
hypercoagulability in pancreatic cancer through inhibition of neutrophil
extracellular traps[ J]. BMC Cancer, 2018, 18(1): 678.

Dyer MR, Chen Q, Haldeman §, et al. Deep vein thrombosis in
mice is regulated by platelet HMGB1 through release of neutrophil-
extracellular traps and DNA[J]. Sci Rep, 2018, 8(1): 2068.

Yu M, Li T, Li B, et al. Phosphatidylserine-exposing blood cells,
microparticles and neutrophil extracellular traps increase procoagulant
activity in patients with pancreatic cancer| J]. Thromb Res, 2020, 188:
5-16.

Abdol Razak N, Elaskalani O, Metharom P. Pancreatic cancer-induced

ARSI A A, AR R T DK TR AL
W] KSR EE 4, 2021, 41(10): 2428-2431. doi: 10.3978/
jissn.2095-6959.2021.10.030

Cite this article as: L1 Yueyue, SHI Jialan. Mechanisms of venous
thrombosis in pancreatic cancer[]J]. Journal of Clinical and
Pathological Research, 2021, 41(10): 2428-2431. doi: 10.3978/
jissn.2095-6959.2021.10.030

24.

28S.

26.

27.

28.

29.

30.

31.

32.

33.

neutrophil extracellular traps: A potential contributor to cancer-
associated thrombosis[ J]. Int J Mol Sci, 2017, 18(3): 487.

Boone BA, Orlichenko L, Schapiro NE, et al. The receptor for advanced
glycation end products (RAGE) enhances autophagy and neutrophil
extracellular traps in pancreatic cancer[J]. Cancer Gene Ther, 2015,
22(6): 326-334.

Chung HW, Lim JB, Jang S, et al. Serum high mobility group box-1 is
a powerful diagnostic and prognostic biomarker for pancreatic ductal
adenocarcinomal J]. Cancer Sci, 2012, 103(9): 1714-1721.

Gong H, Zuliani P, Komuravelli A, et al. Analysis and verification of the
HMGBI signaling pathway[ J]. BMC Bioinformatics, 2010, 11 Suppl
7(Suppl 7): S10.

Kang R, Xie Y, Zhang Q, et al. Intracellular HMGBI as a novel tumor
suppressor of pancreatic cancer| J]. Cell Res, 2017, 27(7): 916-932.
Cebrian MJ, Bauden M, Andersson R, et al. Paradoxical role of HMGB1
in pancreatic cancer: Tumor suppressor or tumor promoter?[ J].
Anticancer Res, 2016, 36(9): 4381-4389.

Wang C, Chang DY, Chen M, et al. HMGB1 contributes to glomerular
endothelial cell injury in ANCA-associated vasculitis through
enhancing endothelium-neutrophil interactions[ J]. J Cell Mol Med,
2017,21(7): 1351-1360.

Sun W, Ren H, Gao CT, et al. Clinical and prognostic significance of
coagulation assays in pancreatic cancer patients with absence of venous
thromboembolism[J]. Am J Clin Oncol, 20185, 38(6): 550-556.

Wilts I'T, Hutten BA, Meijers JCM, et al. Association between protein
C levels and mortality in patients with advanced prostate, lung and
pancreatic cancer| J]. Thromb Res, 2017, 154: 1-6.

Lindahl AK, Odegaard OR, Sandset PM, et al. Coagulation inhibition
and activation in pancreatic cancer: changes during progress of
disease[J]. Cancer, 1992, 70(8): 2067-2072.

Sawai H, Liu J, Reber HA, et al. Activation of peroxisome proliferator-
activated receptor-gamma decreases pancreatic cancer cell invasion
through modulation of the plasminogen activator system[]]. Mol

Cancer Res, 2006, 4(3): 159-167.



