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Abstract

Background—The risk of thrombotic complications such as deep vein thrombosis (DVT) during
tumor development is well known. Tumors release into circulation procoagulant microparticles
(MPs) that can participate in thrombus formation following vessel injury. The importance of this
MP tissue factor (TF) in the initiation of cancer-associated DVT remains uncertain.

Objective—To address how pancreatic cancer MPs promote DVT in vivo.

Methods—We combined a DVT mouse model where thrombosis is induced by flow restriction
of the inferior vena cava with one of subcutaneous pancreatic cancer in C57BL/6J mice. We
infused high and low TF tumor MPs to determine the importance of TF in experimental cancer-
associated DVT.

Results—Both tumor-bearing mice and mice infused with tumor MPs submitted to 3 hours of
partial flow restriction developed an occlusive thrombus; fewer than a third of the control mice
did. We observed that MPs adhered to neutrophil extracellular traps (NETS), functionally
important players during DVT, whereas neither P-selectin nor GPlb were required for the MP
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recruitment in DVT. The thrombotic phenotype induced by MP infusion was suppressed by
hirudin suggesting the importance of thrombin generation. TF carried by tumor MPs was essential
to promote DVT as mice infused with low TF tumor MPs had less thrombosis than mice infused
with high TF tumor MPs.

Conclusions—TF expressed on tumor MPs contributes to the increased incidence of cancer-
associated venous thrombosis in mice in vivo. These MPs may adhere to NETs formed at the site
of thrombosis.

Keywords
Cancer; Cell-derived Microparticles; Neutrophils; Tissue Factor; Venous Thrombosis

INTRODUCTION

The prevalence of deep vein thrombosis (DVT) in cancer patients is up to six-fold higher
than in the general population [1-3]. Cancer patients are also more susceptible to recurrent
venous thromboembolism (VTE) [4-8] and this risk is particularly high in patients with
pancreatic cancer [9-11]. VTE events contribute greatly to morbidity and mortality and also
challenge physicians by delaying, interrupting or interfering with cancer therapy [12].

Tumor cells induce and take advantage of the hypercoagulable state, which promotes tumor
growth [13], angiogenesis [14], and metastasis [15-17]. The ability of cancer cells to induce
platelet aggregation was first observed by Gasic and colleagues more than thirty years ago
[18], and has been the focus of several studies [19-21]. However, the factors that promote
cancer-associated DVT require further studies.

In a model of ferric chloride-induced injury, it was previously demonstrated that tumor-
bearing mice have shortened occlusion times in mesenteric venules and arterioles compared
to control mice [22]. This work indicated that the thrombotic phenotype was due to the
shedding of procoagulant microparticles (MPs) from cancer cells into blood. These MPs
express a higher density of active tissue factor (TF) than the parental cell (> 100-fold),
conferring an ability to promote vessel injury-induced thrombosis [22,23]. The presence of
tumor MPs has been observed in the circulation of both mice and humans and several
studies suggest a positive correlation between circulating TF-bearing MPs and the
occurrence of thrombotic events in cancer patients. However, available data are ambiguous
[11,24-26]. Thaler et al. have shown that MP-TF activity was not associated with future
VTE but rather to ongoing or past VTE and mortality. However, no serial measurements
were done, with only one blood sample taken on the day of study initiation. It is still
possible that MP-TF activity rose at a later stage of the disease or before patients developed
VTE. In the present study, we investigated whether tumors and/or tumor microparticles
could promote DVT initiation in mice. We used an established murine model of DVT by
producing stenosis, in the inferior vena cava (IVC). The model recapitulates blood flow
conditions existing in human deep vein valves: turbulence, whirling, lack of laminarity and
local hypoxia. With these conditions as a common denominator, we superposed cancer cells
or MPs as a variable. The mouse model approximates but cannot mimic DVT pathogenesis
in cancer patients but it addresses the effect of cancer on the venous thrombosis process. In
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contrast to most DVT models, our model maintains blood flow in the 1VC and does not
induce endothelial injury or denudation [27]. Also the I\VVC side branches are ligated as not
to influence thrombus development [28]. The pathological venous thrombi form by a
complex process involving endothelial release of von Willebrand factor (VWF) [27], and
recruitment and cooperation of platelets, neutrophils, monocytes and red blood cells [27,29-
31]. In the absence of cancer, studies have shown that neutrophils play an essential role in
this thrombotic process by forming neutrophil extracellular traps (NETS) [29,30,32].

However, the mechanisms behind the increased risk of DVT during cancer development and
whether circulating tumor microparticles can trigger DVT in stenotic vessels is not known.
Wang and colleagues previously reported in nude mice that TF of tumor origin can affect
venous thrombosis in a ferric chloride model of saphenous vein injury [33]. Using a
C57BI/6J syngeneic cancer model, DVT was tested in wild-type C57BI/6J mice with or
without murine pancreatic cancer [22], giving us the advantage of using immunocompetent
mice. In addition, we were able to show that infusion of tumor MPs promotes DVT even in
healthy mice.

MATERIALS AND METHODS

Mice

Cell lines

Experiments were performed using wild-type (WT) C57BL/6J mice purchased from the
Jackson Laboratory or P-selectin —/— mice [34] of the same genetic background. All mice
were 3- to 8-week-old males housed in the animal facility at Boston Children’s Hospital.
Tumor cells (or control PBS) were injected subcutaneously in 3-week-old mice and DVT
was then induced at 8 weeks of age in the same mice. Experimental procedures were
approved by the Animal Care and Use Committee of Boston Children’s Hospital.

The Panc02 cell line was derived from a pancreatic ductal adenocarcinoma induced in a
C57BL/6 mouse [35]. Panc02 cells were grown in RPMI 1640 medium supplemented with
10% FCS, 2mM L-glutamine, 100U/ml penicillin, 100ug/ml streptomycin and 0.1%
fungizone. Blasticidin was used as the selection antibiotic for the Panc02 low-TF cell line
described below. Cells were grown at 37°C in a humidified atmosphere with 5% CO».

The Panc02-LowTF clone was described previously [23]. The Panc02 cells were stably
transfected with the TF-silencing vector using Lipofectamine 2000 and PLUS reagent (Life
Technologies). Cells were sorted for GFP expression (which was a function of the TF
knock-down level) using a FACS Aria Il (BD Biosciences). TF expression was further
assessed by RT-PCR, immunofluorescence and by TF activity measurement described in a
previously published study [23].

Microparticle preparation

The isolation of MPs was done as described [22] and their concentration determined by
protein quantification using the bicinchoninic acid assay method (Thermo Fisher Scientific).
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The concentration of MPs used in vivo (0.2 ug/g mouse) has been determined by flow
cytometry analysis and shown to correspond to 18,000 MPs/g mouse [22].

Induction of ectopic tumors

Induction of ectopic tumors using Panc02 cells was as described [22] by subcutaneous
injection in the right flank of 2x10° cells in 3-week-old mice and the tumors were grown for
5 weeks.

IVC stenosis model

The flow restriction model was as described [27,29]. Briefly, mice were anesthetized by
isoflurane-oxygen mixture and, after laparotomy, the I'\VC was separated from the aorta and
ligated below the left renal vein over a spacer (0.26 mm in diameter) that was removed
immediately after ligation. All visible side branches were ligated. This procedure decreases
vascular lumen by about 90% (in 8 week-old mice) and produces no detectable endothelial
denudation. Mice were euthanized 1, 3 or 48 hours after stenosis, and thrombi developed
below the suture (in the caudal direction). In this DVT model, IVC ligation followed by
quick removal of the suture does not induce thrombus development in 48 hours nor
endothelial activation in 6 hours [27], indicating that thrombosis is induced by flow
restriction and not by the ligation procedure. Some mice were given intravenous Panc02-
derived MPs (0.2 ug of MP-associated proteins per gram of body weight) or PBS right after
stenosis induction.

GPG290 treatment was done as described [27]. Values for weight and length of each
thrombus were deemed as 0 when no thrombus was detected in the IVC.

Intravital microscopy and quantification of accumulated microparticles

Mice were anesthetized by isoflurane-oxygen mixture and kept under anesthesia for the
whole experiment. To visualize microparticle accumulation during thrombus formation in
the IVC, calcein-AM-labeled cancer cell-derived MPs (0.2 pg/g of body weight) were
injected intravenously, just after induction of IVC stenosis, via a catheter implanted into the
left jugular vein. Accumulation of fluorescent MPs in the IVC was assessed by intravital
fluorescence microscopy 10, 30, and 60 minutes after induction of stenosis and MP
injection. The fluorescent background was recorded before MP injection and was digitally
removed from each acquisition following injection. Fluorescent images were acquired using
a Zeiss Axioplan upright fluorescence microscope with a LED 4-Color Light Engine
(Lumencor), in conjunction with a VGA CCD Camera (Hamamatsu) and an image
intensifier (Videoscope). Slidebook 5.0 software (Intelligent Imaging Innovations, Inc.) was
used for control of all hardware components, digital acquisition and data analysis.

Adhesion assay of microparticles to NETs

Neutrophils were isolated on a Percoll gradient from WT mouse bone marrow. Neutrophils
were then stimulated with 50 uM Platelet Activating-Factor-16 (PAF, Merck Chemicals), a
potent inducer of NETosis released by many cells involved in host defense [36]. The cells
were washed with PBS, incubated with DiD-labeled Panc02-derived MPs (2ug/ml final) for
10 minutes at 37°C and washed again. The preparation was then fixed and stained with
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Hoescht-33342 before visualization on a motorized Leica DMI6000 B fluorescence
microscope in conjunction with a CCD Hamamatsu Orca Er2 camera. For each independent
experiment, 3 wells were analyzed per condition and at least 3 random photographs were
taken per well. Representative pictures were then chosen for each condition. Flow
experiments were performed in flow chambers (u-Slide 1V, IBIDI) at a flow rate of 100s™1.
If indicated, DNase-1 (50U/ml, Pulmozyme, Roche) was added before MP perfusion. MP
binding was visualized using a motorized Leica DMi8 fluorescence microscope in
conjunction with a Leica DFC3000G camera. MetaMorph software (Molecular Devices)
was used for digital acquisition.

Statistical analysis

RESULTS

We assessed statistical significance for non-parametric distributions with the two-tailed
Mann-Whitney test. The proportions of mice that developed a thrombus were compared
between the different experimental groups using the Fisher test. Difference was considered
significant at P < 0.05.

Tumor or tumor-derived MPs promote DVT

To analyze whether cancer cell-derived microparticles promote DVT initiation in vivo, we
used an established murine model of Trousseau’s syndrome. In this model, a subcutaneous
injection of pancreatic cancer cells leads to the development of an ectopic tumor and the
presence of circulating tumor-derived MPs in the blood [22]. To determine if the model was
suitable to study cancer-associated DVT, we combined it with a model of DVT induced by
inferior vena cava (I\VC) stenosis. Using the two models together, we observed that all the
tumor-bearing mice (8 of 8) developed a thrombus within 3 hours after flow restriction of
the IVC whereas less than a third of mice without tumor (2 of 7) developed a thrombus (Fig.
1). We previously showed that these tumors shed TF-bearing MPs which alone can
accelerate thrombus formation following vessel injury [22]. Interestingly, when Panc02 cell-
derived MPs (0.2 ug/g mouse) where infused into the bloodstream of healthy mice 5 minutes
after IVC stenosis, the occurrence of thrombus formation (10 of 10) was identical to tumor-
bearing mice (8 of 8) (Fig. 1A), and the medians of thrombi weights and sizes were similar
to the tumor-bearing mouse group (Fig. 1B-C). To determine whether cancer cell-derived
MPs accumulate at the 1'\VC stenosis site, MPs were isolated, labeled with the calcein-AM
fluorochrome, and infused into a recipient mouse after stenosis induction. Using intravital
microscopy, within minutes we detected the presence of fluorescently labeled MPs
accumulating at the site of the growing thrombus (Fig. 1D). These results suggest that blood
flow restriction induces tumor MP accumulation at the site of thrombosis and that these
could promote the formation of cancer-associated DVT in vivo.

P-selectin and GPIb are not required for MP promotion of DVT while MPs bind to NETs

Tissue-factor-bearing tumor MPs used in this study have been shown to target sites of vessel
injury through interaction of P-selectin glycoprotein ligand-1 (PSGL-1) expressed at their
surface to P-selectin (Psel) expressed at a site of vessel injury [22]. Blood flow restriction
induces endothelial activation below the stenosis site leading to local degranulation of
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Weibel-Palade bodies (WPB) from endothelial cells [27]. Because P-selectin and VWF are
stored in WPB, in a blinded experiment, we first tested whether cancer cell-derived MPs
were still able to promote DVT when the Psel/PSGL-1 axis was disrupted. We infused
cancer cell-derived MPs in the circulation of Psel-/-— mice and induced stenosis of the IVC.
After 3 hours of blood flow restriction, all the Psel-/— mice infused with MPs (n = 7)
developed DVT while only a third of the Psel-/— mouse group infused with PBS did (2 out
of 6) (Fig. 2A). Thrombi from MPs-infused Psel-/— mice had medians in thrombus weight
(Fig. 2B) and length (Fig. 2C) comparable to thrombi observed in MP-infused WT mice.
These data suggest that cancer cell-derived MPs do not require P-selectin for their
recruitment to promote DVT in this model.

Next we examined whether the MPs could be recruited by platelet GP1b which binds to
Mac-1, P-selectin, and other ligands such as VWF [37-39]. Concomitantly with the MPs, we
infused GPG290, a mutant glycoprotein Ib-immunoglobulin chimera that inhibits interaction
of the VWF Al domain and likely competes with other GPIb-mediated interactions. This
chimera has been shown to prevent thrombosis in WT healthy mice after 48 hours of
stenosis using this DVT model [27]. However, we observed that when mice were infused
with tumor MPs and GPG290, thrombosis was still observed in mice as early as 1 hour after
stenosis (Fig. 2D-F), suggesting that MPs do not require GPIb or the VWF Al domain to
promote DVT and can induce DVT even if VWF-mediated platelet adhesion is prevented.
As an internal control, we verified that in this study GPG290 also inhibited thrombus
formation in healthy WT mice after 48 hours of 1\VC stenosis (Supplemental Fig. 1).

It was recently shown that NETs are an important part of deep vein thrombi [29,30] and that
NETs form early in the DVT process [32]. Interestingly, we now observed that cancer cell-
derived MPs can adhere to NETS in vitro both under static (Fig. 2G) or flow conditions (Fig.
2H). Treatment with DNase-1 prevented MP adhesion, further indicating that the MPs
bound to NETS (Fig. 2H). These results suggest that NETs could recruit MPs to the site of
the pathological thrombosis.

TF carried by cancer cell-derived MPs is essential for their DVT-promoting activity

In the mouse model of DVT used in this study, thrombus formation is associated with
endothelium activation without any exposure of the subendothelial matrix. TF-dependent
thrombin generation has been shown to be of importance in DVT [32,40,41]. Because
cancer cell-derived MPs are very rich in active TF, we examined whether they were able to
trigger DVT independently of TF expressed by long term activated endothelial cells. We
therefore performed a short (1 hour) stenosis, a time likely too brief for induction of
synthesis and expression of TF [42]. We observed that nearly 2/3 of the mice infused with
cancer cell-derived MPs (8 out of 13) still developed a thrombus after 1 hour of stenosis
whereas only 1 out of 9 of the control mice did (Fig. 3). Not surprisingly, we observed that
cancer cell-derived MP-induced DVT was completely abolished when thrombin generation
was inhibited by hirudin infusion (Fig. 3A). In order to further establish the importance of
TF expressed on cancer cell-derived MPs, we isolated MPs from low TF Panc02 cells [23].
Interestingly, the perfusion of low TF MPs significantly reduced the incidence of thrombus
formation in this model and also significantly reduced thrombus weight and size when
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compared to mice perfused with unmodified Panc02-derived MPs. Altogether these
observations show that, in our model, cancer cell-derived MPs express enough TF at their
surface to significantly increase the incidence of DVT in vivo.

DISCUSSION

In order to better understand how cancer promotes DVT, we used a mouse model of DVT
induced by IVC stenosis in combination with a mouse model of pancreatic cancer. In
contrast to most DVT models [43-45], our model maintains blood flow and does not induce
injury [27]. Here, we show that all tumor-bearing mice already formed an occlusive
thrombus after 3 hours of stenosis, whereas the incidence of thrombus formation was low in
mice without cancer. Previous studies have shown that these pancreatic tumors release into
the circulation MPs that accelerate thrombus formation following injury [29,30]. The MPs
express PSGL-1, allowing them to bind P-selectin presented by activated endothelium or
platelets, and active tissue factor that can trigger blood coagulation [22]. We now observed
that, when infused into healthy mice, MPs also trigger DVT. However, in the model of
blood flow restriction, the MPs did not require P-selectin for their recruitment and activity,
because P-selectin deficient mice were as susceptible to MP-induced DVT as WT. MP
recruitment could possibly be supported by integrins as Panc02-derived MPs have recently
been shown to express CD29 (alphaV), CD51 (betal) and CD61 (beta3) whose inhibition by
RGDV peptide prevented their binding to fibrinogen under flow [23]. We previously
observed that free circulating Panc02 MPs have a half-life of approximately 10 minutes in
mice [22]. However, these MPs expressing PSGL-1 [22] and integrins [23] at their surface,
could stick to activated endothelium, platelets, leukocytes or fibrin. This might explain the
increased accumulation of fluorescent tumor MPs in the thrombus over time. In addition, we
observed that the cancer MPs bound avidly to NETs known to be formed early in this DVT
model and to play a crucial role in the thrombosis process [29,30,32]. The observation of
tumor MPs interacting with NETS is consistent with a study that showed that histones, that
are part of NETSs, bind phospholipids such as phosphatidylserine and
phosphatidylethanolamine present on MPs [46]. Our results may explain a recent finding in
a cancer patient by Thaler and colleagues of TF-positive cerebral and myocardial thrombi
containg both epithelial markers (likely from tumor MPs) and citrullinated histone H3,
indicative of the presence of NETSs [47].

The present study complements well that of Wang and colleagues who observed that human
tumors expressing TF implanted in nude mice activated coagulation in these mice and
increased thrombosis in a ferric chloride model of saphenous vein injury [33]. However in
their limited study of DVT without ligation of side branches [28], they did not detect
difference in thrombus weight. Our larger study using syngeneic murine tumors or tumor
MPs shows the direct involvement of TF expressed on cancer cell-derived MPs on DVT
incidence. We chose not to evaluate thrombosis in mice bearing low-TF Panc02 tumors
because tumor growth is much reduced in these mice [23], which would complicate data
interpretation. These mouse studies may help to explain the observed correlation between
circulating MP-TF activity and the heightened occurrence of VTE events in certain types of
cancer patients [11]. It is possible that patients develop VTE following a rise in plasmatic
MP-TF activity which could trigger thrombosis. Interestingly, the surface expression of TF
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on cancer cells may increase with the malignancy grade of the tumor [48], making it a
marker of poor prognosis.

The importance of MP-linked TF in the triggering of venous thrombosis is further supported
by the fact that phospholipids present on MPs, such as phosphatidylethanolamine and
phosphatidylserine, strongly increase their procoagulant activity [49] and we show that their
procoagulant activity may replace that of platelets when platelet recruitment is decreased by
GPG290 (Fig. 2D-F and Supplemental Fig. 1). However, the observation that thrombus
formation still occurs in MP-injected mice despite GPIba blockade, does not necessarily
indicate that MPs are driving thrombus formation without contribution of platelets. TF+
circulating MPs may rapidly activate the coagulation system after injection, leading to
thrombin generation and platelet activation. A recent work from Davila and collaborators
has confirmed this hypothesis. The authors observed that injecting pancreatic cancer-derived
MPs into mice, rapidly induced thrombin generation as shown by elevated TAT levels, and
platelet activation leading to thrombocytopenia and signs of shock [50].

Other cancers, such as glioblastoma for example, can induce a procoagulant state even if
they express lower levels of TF. Here, other pathways must be employed to heighten the
thrombotic risk. The secretion by the tumor of cytokines or growth factors can affect
thrombosis through thrombocytosis [51], leukocytosis [52,53], and NETosis [36], a process
crucial for DVT [54].

Clinical studies suggest an advantage of long-term low molecular weight heparin (LMWH)
over vitamin K antagonists such as warfarin for patients with VTE in the setting of cancer
[55]. This could be explained by the fact that, among its other effects, heparin can dismantle
NETs’ scaffold [31] and prevent histone-mediated platelet aggregation [56].

Cancer and its treatment affect the three components of the Virchow’s triad in which
misbalance can lead to venous thrombosis: release of procoagulant factors into circulation,
alteration in blood flow and damage/activation to endothelial cells. In our DVT model,
cancer cell-derived MPs do not seem to require selectin interaction to trigger thrombus
formation. However, we believe that like NETSs, P-selectin might be important later in the
pathologic recruitment of cancer cell-derived MPs in the thrombus and in thrombus
stabilization. For instance, P-selectin has been shown to be implicated in a mouse I\VVC stasis
model at later time points and in the absence of cancer [57]. It would not be surprising that
tumor MPs could have a worse impact on thrombosis in patients with cancer who are treated
by chemotherapy as such drugs can damage the vascular endothelium [58,59] and induce
NETosis [60]. NETs induced by chemotherapy [60] may contribute to MP recruitment and
thus to thrombosis. Chemotherapy could also affect the risk of venous thrombosis [61,62] by
inducing the production of TF-positive MPs following cancer cells’ apoptosis in response to
treatment [63,64] just as leukocyte-derived MPs have been found to be involved in venous
thrombogenesis in vivo [57]. In addition, several studies have shown that platelet activation
and thrombin generation as well as extracellular DNA can further promote tumor
progression and spread [65,66].
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Altogether our results support the hypothesis that tumor microparticles and their TF help
trigger cancer-associated venous thrombosis. Thus, targeting their recruitment or activity
could provide strategies to prevent morbidity associated with cancer-related thrombotic
complications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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30 min after infusion
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L

(A—C) Three-hour IVC stenosis in control WT mice (WT control, n=7), tumor-bearing mice

(Cancer, n=8) and mice infused with cancer cell-derived MPs (MPs, n=10). (A) Percentage

of mice with a thrombus. (B and C) Values for weight and length of each thrombus.

Horizontal bars in dot plots represent median. (D) Representative images of fluorescence
depicting accumulation of calcein-AM-labeled Panc02-derived MPs within the thrombosis

area (n=3 mice). The pictures show the I\VVC part immediately below stenosis.

J Thromb Haemost. Author manuscript; available in PMC 2016 July 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas et al.

Page 15

A *P<0.05 B C
100 s P < 0,005 6
g g 7 E s P <0.005
E 75 s 6 ° 1 o
‘ z £ 4
o =3
£ g5 g o,
g 2. . 3 g
£ 2 3 a2 2 o
S 25 E 2 —efo— 5 o
H s E 1 o
= £ 1 o oo S o
0 LS o,
PselKO+PBS  PselKO+MPs PselKO+PBS  PselKO+MPs PselKO+PBS  PsclKO+MPs
D E F
<100 g 6 5
& E 5 E
£ 80 *P <0.05 = < 4
§ <0 5 4 “P <0.05 5, *P <0.05
~ 2, ]
g 0 ] g 2 °
2 3 2 [ 2 °
§ 2 § ° 5 1
= £ 1 =
£ e —=— £, o
GPG290 GPG290+MPs GPG290 GPG290+MPs GPG290 GPG290+MPs
G No Stimulation PAF 50uM

50pm

H No Stimulation PAF 50uM
- DNase-1 + DNase-1

Fig. 2.

(A?—C) Three-hour 1\VC stenosis in control P-selectin deficient mice (PselKO + PBS, n=6)
and P-selectin deficient mice infused with cancer cell-derived MPs (PselKO + MPs, n=7).
(A) Percentage of mice with a thrombus. (B and C) Values for weight and length of each
thrombus. Horizontal bars in dot plots represent median. (D—-F) One-hour I\VVC stenasis in
GPG290 pretreated mice (GPG290, n=9) and in GPG290-pretreated mice infused with
cancer cell-derived MPs (GPG290 + MPs, n=7). (D) Percentage of mice with a thrombus. (E
and F) Values for weight and length of each thrombus. (G and H) Representative images
depicting Panc02-derived MPs interacting with NETs but not with unstimulated neutrophils.
MPs were labeled with DiD (red) and NET DNA was stained with Hoechst 33342 (blue)
after incubation of MPs with washed mouse neutrophils pre-incubated in absence (no
stimulation) or in presence of 50 pM PAF to induce NET formation. (G) Experiment
performed under static conditions. The photo on the right is at a higher magnification as
indicated by bar. (H) Experiment performed in a flow chamber, at a shear rate of 100s~1.
The flow direction was from left to right. The photo on the right shows the absence of MP
binding after treatment with DNase-1.
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(A—C) One-hour IVC stenosis in control WT mice (WT control, n=9), mice infused
intravenously with cancer cell-derived MPs (MPs, n=13) and in mice infused with cancer
cell-derived MPs and pretreated with hirudin (MPs + Hir, hirudin 8U/g, n=6). (A)
Percentage of mice with a thrombus. (B and C) Values for weight and length of each
thrombus. Horizontal bars in dot plots represent median. (D—F) One-hour I\VVC stenosis in
WT mice infused with unmodified Panc02-derived MPs (Native MPs, n=19) and in mice
infused with LowTF MPs (LowTF MPs, n=19), (D) Percentage of mice with a thrombus. (E
and F) Values for weight and length of each thrombus. Horizontal bars in dot plots
represent median.
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