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Abstract

Circulating microvesicles (MVs) are suggested to be important contributors to cancer-asso-

ciated thrombosis due to the presence of surface-bound procoagulant molecules like tissue

factor (TF) and phosphatidylserine (PS). Pancreatic cancer is considered to be one of the

most prothrombotic malignancies. The aim of this study was to describe the impact of ana-

lytical variables on MV-associated thrombin generation in patients with pancreatic cancer

and in healthy controls. MVs were isolated from citrated plasma and added to pooled normal

plasma (PNP). Thrombin generation was measured by the calibrated automated thrombo-

gram. The impact of corn trypsin inhibitor (CTI), anti-tissue factor pathway inhibitor (TFPI)

antibodies and phospholipids was described. Antibodies against TF were used to assess

TF-dependency, and MV-bound PS activity was measured with the Zymuphen MP-activity

kit. MVs from the pancreatic cancer patients displayed higher thrombin generation and

higher PS-activity than MVs from the healthy control group, while TF-dependency was

observed in only 1 out of 13 patient samples. Adequate thrombin generation-curves were

only achieved when CTI was omitted and anti-TFPI antibodies were added to PNP prepared

in low contact-activating tubes. Addition of phospholipids reduced the significant differences

between the two groups, and should be omitted. This modified thrombin generation assay

could be useful for measurement of procoagulant circulating MVs, allowing the contribution

from MVs affecting both the intrinsic and the extrinsic pathway to be measured.

Introduction

Cancer patients are at increased risk of developing venous thromboembolism (VTE), and

growing evidence suggests that circulating microvesicles (MVs) are important contributors to

the prothrombotic state [1, 2]. MVs are small membrane vesicles (< 1 μm) that are shed from
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a variety of cells as a response to either activation or apoptosis [3], and they may carry the pro-

coagulant negatively charged phospholipid phosphatidylserine (PS) on their surfaces. MV-

associated PS provides a catalytic surface for assembly of coagulation factors in general, and it

also acts in synergy with tissue factor (TF) that may be present on the MVs [4, 5]. TF is the

main initiator of coagulation [6], and also a promotor of tumor cell growth, angiogenesis and

metastasis [7]. Tumor cells of a variety of cancers are reported to express TF [8–10], and circu-

lating, tumor-derived MVs carrying TF have been linked to cancer-associated thrombosis

(reviewed in [11]). Pancreatic cancer is considered to be a highly prothrombotic malignancy

[12], and elevated levels of MV-associated TF-activity in these patients have been associated

with an increased risk of mortality [13, 14], a more aggressive, invasive phenotype [15] and

VTE [14, 16–18].

At present, the reports of PS/TF-positive MVs as biomarkers for VTE in cancer are incon-

sistent, to which methodological limitations and lack of standardization probably contribute

considerably [2, 11, 19–21]. The methods used to measure TF-activity of circulating MVs in

plasma are chromogenic factor Xa (FXa)-generating assays, or plasma-based thrombin- or

fibrin generation assays in combination with inhibiting anti-TF antibodies (abs) (reviewed in

[22]). The calibrated automated thrombogram assay (CAT) was originally developed by Hem-

ker et al. for measuring thrombin generation in platelet-rich or platelet-poor plasma in a vari-

ety of clinical settings [23]. In a recent prospective study on patients with different cancer

types, the thrombin generation peak in plasma was used to identify patients with an increased

risk of VTE [24]. A modified thrombin generation assay, where MVs in plasma are pelleted,

plasma removed and MVs resuspended in pooled normal plasma (PNP), has also been used in

several studies [25–27]. In such a modified assay, the measurement of thrombin generation

will not be affected by the presence of anticoagulants or a consumptive coagulopathy. Both

endogenous phospholipids, by means of MV-associated PS, and externally added phospholip-

ids (i.e. PS-containing MP-reagent) may contribute to the total thrombin generation in CAT.

Addition of a phospholipid-containing MP reagent is recommended by the suppliers to make

MV-associated thrombin generation more sensitive to low amounts of TF in the sample. Addi-

tionally, at low levels of TF, the use of corn trypsin inhibitor (CTI) is recommended to elimi-

nate the contribution from unspecific contact activation of factor XII (FXII) [28].

Other ways to modulate the thrombin generation is to target plasma inhibitors [29, 30]. Tis-

sue factor pathway inhibitor (TFPI) is the primary, physiologic inhibitor of the initiation of

blood coagulation. The TFPIα isoform binds to FXa, and this TFPI/FXa complex binds to and

inhibits the TF-factor VIIa (TF-FVIIa) complex [31]. The presence of TFPI in plasma might

inhibit the measurement of low levels of TF [22], and the addition of anti-TFPI antibodies

(abs) to plasma has been used to increase the sensitivity of TF in MV-associated thrombin gen-

eration [29, 32]. Due to their diverse composition, MVs may impact the coagulation differ-

ently, and optimal analytical conditions for measuring MV-associated thrombin generation

may vary between disorders.

The aim of this study was to describe the effect of CTI, anti-TFPI abs and phospholipids

(MP-reagent) on the MV-associated thrombin generation in samples from patients with pan-

creatic cancer and healthy controls, and find the best conditions to compare these two groups.

Material and methods

Ethics approval

The project was approved by the Regional Committee for Medical and Health Research Ethics,

South-Eastern Norway (2015/1124/REK sør-øst C) and by the Data Protection Supervisor at

Oslo University Hospital (2015/9517). The patients were originally included in the Thematic
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Pancreatic Tumour Project (TPTP), which was approved by the Regional Committee for Med-

ical and Health Research Ethics, South-Eastern Norway (265–08412 C), the Norwegian Direc-

torate of Health (08/7927) and The Norwegian Data Protection Authority (08/01409-2).

Patients and blood collection

Pancreatic cancer patients and healthy controls. The patients were originally included

prospectively in the Thematic Pancreatic Tumour Project (TPTP) between January 1st 2012

and September 30th 2013. Citrated plasma samples were available for 14 of these patients. The

inclusion criteria for patients in the present study was newly diagnosed and pathologically con-

firmed (cytology and/or histology) pancreatic cancer and absence of another previous (the last

five years) cancer diagnosis. Among the 14 patients one was excluded due to concomitant

diagnosis of another cancer. The group included eight men and five women and the mean age

at diagnosis was 64.1 years (SD 7.3). Among the 13 patients, four used acetylsalicylic acid (as

prophylaxis of cardiovascular disease) and one used warfarin due to several previous venous

thromboembolisms. None of the patients had started with chemotherapy or used hormone

therapy. The controls (n = 13) were recruited, in retrospect, among healthy candidates that

matched the patients by age (+/- five years) and gender. None of the controls used anticoagu-

lants. All study subjects (patients and controls) gave their written informed consent, and blood

was drawn without requirements of fasting. Patient plasmas were collected in 2012–2013 and

plasmas from healthy controls were collected in 2015. Citrate-anticoagulated blood (0.109 M,

Vacuette, GreinerBioOne Gmbh, Kremsmünster, Austria) was collected by venipuncture (21G

needle) and the first tube was discarded. Plasma was prepared at 2,500 g, 15 min, room tem-

perature (RT) within one hour after blood collection, and then aliquoted and stored frozen at

-80˚.

Reagents

Tris buffered saline (TBS) and bovine serum albumin (BSA) were purchased from Sigma

Aldrich (St. Louis, MO, USA). Thrombin Calibrator, MP-reagent (4 μM phospholipids) and

FluCa-kit were from Thrombinoscope BV (Maastricht, the Netherlands). The anti-human

TFPI abs (CLB/TFPI C-terminus) was from Sanquin Reagents (Amsterdam, the Netherlands).

CTI was purchased from Enzyme Research Laboratories (IN, USA). The hybridoma cells TF8-

5G9 were a kind gift from professor James H.Morrissey (University of Illinois, College of Med-

icine, Urbana, USA), and The Core Facility for monoclonal antibody production and assay

design (Department of Medical Biochemistry, Oslo University Hospital, Oslo, Norway) pro-

duced the TF8-5G9 anti-TF abs.

Isolation of MVs

Citrated plasma (>500 μL) from pancreatic cancer patients and healthy controls was thawed

(once) for 15 min at 37˚C, and then 500 μL plasma was transferred to a new tube and spun to pel-

let the MVs (17,000 g, 30 min, RT). Subsequently, 450 μL plasma was removed, and the remain-

ing MV-enriched pellet was washed with 450 μL tris-buffered saline with 0.5% v/v bovine serum

albumin (TBSA), briefly vortexed and centrifuged again (17,000 g, 30 min, RT). The supernatant

was removed, and the MV pellet was dissolved in 50 μL TBSA and vortexed for 5 sec.

Pooled normal plasma (PNP)

Blood was collected in Monovette tubes (0.106 M citrate, 5 mL, Sarstedt, Nümbrecht, Ger-

many) with and without manually prefilled CTI (18.3 μg/mL final concentration). The

The effect of different analytical conditions in MV-associated thrombin generation

PLOS ONE | https://doi.org/10.1371/journal.pone.0184579 September 14, 2017 3 / 15

https://doi.org/10.1371/journal.pone.0184579


venipuncture was performed with a Safety-Multifly1-Needle 21G (Sarstedt, Nümbrecht, Ger-

many), and the first tube was discarded. After written informed consent, eight healthy volunteers

donated blood to four tubes with CTI and four tubes without CTI. The tubes were centrifuged

(2,000 g, 15 min, RT) and pooled into two separate plasmas (+/- CTI) which were subjected to

another centrifugation at 2,000 g, 15 min, RT. The PNP (+/- CTI) was aliquoted and stored at

-80˚C. At the day of use, the PNP (+/- CTI) was thawed at RT, and incubated (15 min at 37˚)

with anti-human TFPI abs (100 μg/mL final conc.) or an equal volume of TBSA before addition

to the wells. The concentration of anti-TFPI abs was chosen based on initial in vitro thrombin

generation experiments, where 100 μg/mL of anti-TFPI abs gave the highest sensitivity for detec-

tion of MVs obtained from whole blood stimulated with Neisseria meningitidis bacteria.

MV-associated thrombin generation (calibrated automated

thrombogram, CAT)

The ability of plasma-derived MVs to generate thrombin was measured with a modified ver-

sion of the CAT originally described by Hemker et al [23]. Seventy μL PNP (+/- CTI) with or

without anti-TFPI abs was added to wells (Thermo Immulon 2HB plate, Thermo Scientific)

containing either: (20 μL MP-reagent + 10 μL MVs), (20 μL TBSA + 10 μL MVs) or (20 μL

thrombin calibrator + 10 μL TBSA). To test for TF-dependency, in parallel wells, MVs were

incubated with 2 μL of a mouse monoclonal anti-TF antibody TF8-5G9 (0.40 mg/mL) for 15

min (RT) before addition of the PNP. All samples were run in duplicate. Since we use the same

PNP, all samples were related to the same calibrator (+/- anti-TFPI abs). The plate was incu-

bated for 10 min at 37˚C before the reaction was initiated by automated addition of Fluobuffer

containing calcium and a fluorogenic substrate. During 90 min, fluorescence was read by a

Fluoroscan Ascent machine (Thermo Scientific, MA, USA). The thrombin generation parame-

ters lag time (LT), peak, endogenous thrombin potential (ETP) and time to peak (ttPeak) were

calculated by the Thrombinoscope software (Thrombinoscope BV, Maastricht, the Nether-

lands). Velocity index was calculated as peak (nM thrombin)/(ttpeak (min)-lag time (min)),

and represented the rate of thrombin generation during the propagation phase [33]. Of note, if

the curve did not reach the baseline within 90 min, the ETP was not calculated, and the peak

will be overestimated due to the lack of α-2-macroglobulin correction. If a curve did not

appear during this period, we appointed the LT to 90 min for calculation purposes.

Zymuphen MP-activity assay

Citrated plasma from pancreatic cancer patients and healthy controls was thawed (for a second

time) at 37˚C for 15 min. The activity of phosphatidylserine (PS) in the plasma (1:50 dilution)

was measured with the Zymuphen MP-activity assay (Hyphen BioMed, Neuville-sur-Oise,

France). Briefly, PS-positive MVs are captured on an ELISA plate coated with annexinV-strep-

tavidin. In the presence of FVa/FXa and calcium, captured MVs with negatively charged phos-

pholipids cleave prothrombin to thrombin, and the phospholipid concentration is the rate-

limiting step. Finally, a chromogenic substrate for thrombin is added to assess the levels of

thrombin. The results are expressed as PS-equivalents (nM).

Statistics

All results are presented as mean (SD), and comparison of means were performed with re-

peated measures (RM) two-way ANOVA with Sidak’s multiple comparison test, or an un-

paired t-test with Welch correction (PS-equivalents). Associations between thrombin

generation parameters and PS equivalents were evaluated with Pearson’s test. All tests were

performed with GraphPad Prism version 6.01. Repeatability is reported as coefficient of
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variation (CV) from duplicate measurements, made across a number of different experiments

and subjects (S1 Table).

Results

The effect of MP-reagent and anti-TFPI abs on MV-associated thrombin

generation in PNP with CTI

The PNP (with 18.3 μg/mL CTI) itself did not generate any thrombin during 90 min of record-

ing. MVs isolated from plasma from patients with pancreatic cancer and healthy controls gen-

erated small amounts of thrombin when added to this PNP (Fig 1A). Most of the thrombin

generation curves did not reach the baseline, which excluded the correct estimation of other

parameters except for the LT. Repeatability, reported as coefficient of variation (CV) from

duplicate measurements, during native thrombin generation (i.e. measurements without the

addition of an MP-reagent and anti-TFPI abs) was 8% for LT < 20 min (n = 33), and 17% for

LT> 20 min (n = 19) (S1 Table).

Addition of anti-TFPI abs shortened the LTs significantly in both the pancreatic cancer and

the healthy control group, and it also reduced the variability between individuals in both

groups, most evidently within the healthy group (Fig 1B). The CV of duplicate measurements

in the presence of anti-TFPI abs was 6% at LT < 20 min (n = 40), and 12% at LT> 20 min

(n = 12) (S1 Table). Both in the absence and presence of anti-TFPI abs in the PNP, addition of

an MP-reagent (4 μM phospholipids) did not affect the mean LT in either group, except for

the statistically prolonged LT in the healthy control group in the absence of anti-TFPI abs (Fig

1B). Generally, adding external phospholipids reduced the differences of the overall thrombin

generation curves between the pancreatic cancer and the healthy control group (Fig 1A, com-

pare the two charts on the right with the two charts on the left).

To test for TF-dependency, MVs were incubated with anti-TF abs prior to measurements

of thrombin generation. As a group, MVs from pancreatic cancer patients did not show an evi-

dent TF-dependent thrombin generation (Fig 2A). Notably, the sample with the shortest LT

showed a prolonged LT across all assay conditions when preincubated with anti TF-abs, indi-

cating TF-dependency (Fig 2A, marked in red). MVs isolated from plasma obtained from

citrated whole blood that had been incubated with Neisseria meningitidis (108/mL) for 4 hours

served as positive controls (n = 6), and these samples were analyzed in the same run as the

patient samples. Consistent across the four assay conditions, the positive controls showed an

evident prolongation of the LT after preincubation with anti-TF abs (Fig 2B).

The effect of MP-reagent and anti-TFPI abs on MV-associated thrombin

generation in PNP without CTI

The PNP (without CTI) itself did not generate any thrombin during 90 min of recording. In

this PNP, native thrombin generation of MVs from the control group was comparable to what

we observed in PNP with CTI, with most of the curves not reaching the baseline (compare the

green curves, upper left in Figs 3A and 1A, note the different scales on the Y-axes). On the

other hand, the absence of CTI increased the thrombin generation in several of the samples

from the pancreatic cancer group (compare the black curves, upper left in Figs 3A and 1A).

Visually, the overall shape of the native thrombin generation curves discriminated well

between MV-associated thrombin generation of pancreatic cancer patients and healthy con-

trols (Fig 3A, upper left, green and black lines). In PNP without CTI, the CV of duplicate

measurements was 15% for samples with LTs< 20 min (n = 14), and 39% for samples with

LTs> 20 min (n = 11) (S1 Table).
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Fig 1. Microvesicle (MV)-associated thrombin generation in pooled normal plasma (PNP) with corn trypsin inhibitor (CTI). MVs were

isolated from plasma, washed (17,000 g, 30 min, RT) and added to CTI-containing PNP. Thrombin generation was measured -/+ MP-reagent

(phospholipids) and -/+ anti-TFPI antibodies (abs). A) Thrombin generation curves of MVs from pancreatic cancer patients (black) and healthy

controls (green). B) Lag time (LT) of MVs from pancreatic cancer patients (filled circles) and healthy controls (open circles). Lines indicate mean

LT, and * indicates significant differences (RM two-way ANOVA with Sidak’s multiple comparison test, adjusted p-values are shown).

https://doi.org/10.1371/journal.pone.0184579.g001
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Addition of anti-TFPI abs in the PNP resulted in increased thrombin generation and curves

that reached baselines for all samples (Fig 3A, lower left). This allowed us to evaluate the entire

thrombograms, and we found significant differences between the pancreatic cancer group and

the healthy control group for all parameters; LT: 10 (2) vs 14 (2) min (p<0.0001), ETP: 1336

(26) vs 1147 (83) nM thrombin x min (p<0.0001), peak: 191 (48) vs 89 (23) nM thrombin

(p<0.0001) and velocity index: 53 (27) vs 15 (6) nM thrombin min (p = 0.0001) (Fig 3A (lower

Fig 2. The effect of inhibiting antibodies against tissue factor (TF) on microvesicle (MV)-associated

thrombin generation in pooled normal plasma (PNP) with corn trypsin inhibitor (CTI). The thrombin

generation (lag time) of MVs isolated from pancreatic cancer patients plasma (A) or of MVs isolated from

plasma obtained from citrated whole blood that had been incubated with Neisseria meningitidis (108/mL) (B).

MVs were analyzed with (circles) or without (squares) preincubation with anti-TF abs, in the presence or

absence of phospholipids (MP-reagent) and antibodies against TFPI (anti-TFPI abs). The patient sample with

the shortest lag time and the most evident TF-dependent thrombin generation across the four conditions is

marked in red.

https://doi.org/10.1371/journal.pone.0184579.g002
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left) and 3B (without (-) MP reagent)). For all thrombin generation parameters, adding an

MP-reagent in the presence of anti-TFPI abs reduced or eliminated the significant differences

between the two groups (Fig 3A (lower right) and 3B (with (+) MP reagent)).

Thus, the addition of anti-TFPI abs to PNP without CTI, and without an MP-reagent,

seemed to be the best condition to describe MV-associated thrombin generation in patients

with pancreatic cancer and healthy individuals. During these conditions the assays duplicate

CVs were 10% (LT), 1.5% (ETP), 6% (peak) and 15% (velocity index) (n = 26 for all parame-

ters, S1 Table).

We wanted to verify that PNP without CTI (-PS, +anti-TFPI abs) would permit detection

of TF-dependent thrombin generation. However, in initial experiments, using PNP with CTI,

we only detected a clear TF-dependency in 1/13 samples from the pancreatic cancer patients

(Fig 2A). Also, we had limited amounts of plasma from these 13 patients. We therefore used

MVs isolated from patients with meningococcal sepsis, which we previously have shown to

have a highly TF-dependent thrombin generation [34]. Within the sepsis group, the LT was

significantly prolonged from 11 (3) min to 17 (3) min when the MVs were incubated with

anti-TF abs before the measurements of thrombin generation (n = 7, p = 0.0032, paired t-test,

S1 Fig), indicating that TF-dependency could be detected.

Zymuphen MP-activity assay

The activity of PS-exposing MVs was significantly higher in plasma from patients with pancre-

atic cancer than in healthy controls, with a mean (SD) of 57 (44) and 7 (2) nM PS equivalents,

respectively (Fig 4, p = 0.001, n = 13). For the pancreatic cancer patients (n = 13), the association

between the PS equivalents and the TG-parameters were: Peak (r = 0.71, p = 0.007), lag time (r =

-0.60, p = 0.03), Velocity Index (r = 0.61, p = 0.03) and ETP (r = 0.41, p = 0.17) (S2 Fig).

Discussion

In this study, we present the impact of the analytical variables CTI, anti-TFPI-abs and phos-

pholipids (MP-reagent) on MV-associated thrombin generation in patients with pancreatic

cancer and in healthy controls. PNP prepared without CTI in blood collection tubes with low

contact activation, and inhibiting abs against TFPI added, offered the best assay conditions to

measure MV-associated thrombin generation in the two groups. In our study, most of the

MV-samples generated too low amounts of thrombin during native conditions (i.e. measure-

ments without the addition of an MP-reagent or anti-TFPI abs). The thrombin generation

curves did not reach the baseline, which made the LT the only objective parameter to evaluate.

Furthermore, native MV-associated thrombin generation also gave numerous LTs> 20 min,

where the duplicate CVs were relatively high. Others have reported anti-TFPI antibodies to

increase TF-dependent thrombin generation of MVs generated in vitro [29, 32]. However, in

our patient samples, the thrombin generation was still too low after the addition of anti-TFPI

abs to PNP with CTI. Although recommended when measuring low levels of TF [28], the use

of CTI in the PNP could mask the contribution from MV-associated molecules that activate

FXII [35]. Previously, van Der Meijden et al have reported that in vivo-generated MVs from

Fig 3. MV-associated thrombin generation in pooled normal plasma (PNP) without corn trypsin inhibitor (CTI). MVs were

isolated from plasma, washed (17,000 g, 30 min, RT) and added to PNP without CTI. Thrombin generation was measured -/+ MP-

reagent (phospholipids) and -/+ anti-TFPI antibodies (abs). A) Thrombin generation curves of MVs from pancreatic cancer patients

(black) and healthy controls (green). B) LT, ETP, peak and velocity index of MVs from pancreatic cancer patients (filled circles) and

healthy controls (open circles) in PNP with anti-TFPI abs added. Lines indicate mean values, and * indicates significant differences

between the pancreatic cancer group and the healthy control group (RM two-way ANOVA with Sidak’s multiple comparison test,

adjusted p-values are shown).

https://doi.org/10.1371/journal.pone.0184579.g003
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platelets and erythrocytes can initiate and propagate thrombin independently of TF in a FXII-

dependent manner [36]. Recently, Nickel et al showed that extracellular vesicle (EV)-associ-

ated poly-phosphates (poly-P) in plasma from prostate cancer patients initiate coagulation in a

FXII-dependent manner [37]. They also show that prostate-, pancreatic- and promyelocytic

cell lines shed vesicles that are able to initiate coagulation in a similar manner [37].

The Monovette blood collection tubes we used for preparation of PNP have previously

been reported to induce minimal contact activation compared to other commercially available

tubes [38]. In accordance with this, we found that the native MV-associated thrombin genera-

tion in the healthy control group was low and quite similar in PNP with and without CTI. In

contrast to MVs from healthy controls, MVs from pancreatic cancer patients seemed to gener-

ate more thrombin in the absence of CTI than in the presence of CTI, which could indicate a

contribution from MVs that affect the intrinsic side of the coagulation cascade. Despite too

low thrombin generation during these conditions, the overall shape of the thrombin genera-

tion curves seemed to discriminate the MV-associated thrombin generation between the two

groups. However, adequate thrombin generation, i.e. all curves reached the baseline, was only

achieved when CTI was omitted and anti-TFPI abs were added in the PNP. The presence of

anti-TFPI abs increased the MV-associated thrombin generation in both groups, and we

found significant differences between the pancreatic cancer patients and the healthy controls

for all thrombin generation parameters. Notably, the difference in thrombin generation

between the two groups were reduced or eliminated when synthetic phospholipids (MP-

reagent) were added. With the Zymuphen MP-activity assay, we found that endogenous MV-

bound PS levels were highly elevated in pancreatic cancer patients compared with healthy con-

trols. Based on these two observations, we believe that the addition of an MP-reagent mask the

dissimilar contribution of endogenous procoagulant MV-bound PS from the two groups. In

addition, in the absence of CTI, the MP-reagent is able to amplify potential unspecific contact

activation even when low contact-activating tubes are used [39].

The boosting effect of anti-TFPI abs was much more pronounced in the absence of CTI,

which may indicate that the anti-TFPI abs allows amplification of MV-associated molecules

Fig 4. The activity of phosphatidylserine (PS)-exposing MVs (Zymuphen MP-activity assay). Plasmas

from patients with pancreatic cancer have significantly more PS-exposing MVs than plasmas from healthy

controls (n = 13, * indicates a significant difference between the two groups, unpaired t-test with Welch

correction). Lines indicate mean PS equivalents (nM).

https://doi.org/10.1371/journal.pone.0184579.g004
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that affects the intrinsic pathway. It is well known that TFPIα affects the extrinsic pathway by

inhibiting the TF-FVIIa complex in a FXa-dependent manner [31], but TFPIα has also been

reported to downregulate the initial phase of coagulation in a TF-independent manner

through a protein S-dependent direct inhibition of FXa [40]. Also, TFPIα may inhibit pro-

thrombinase through an interaction between the TFPIα C-terminus and the FV acidic region

that is retained in early, FXa-activated FV [41].

With our optimized assay conditions (-CTI, -PS, +anti-TFPI abs), we showed a significantly

different procoagulant potential of MVs from patients with pancreatic cancer compared with

MVs from healthy individuals. In comparison, van Doormaal et al did not report significant

differences in fibrin generation time between cancer patients and healthy individuals [17], and

Thaler et al reported that MVs from patients with metastatic pancreatic cancer had a limited

effect on time to fibrin clot formation despite a significantly higher MV-associated TF-activity

as measured with a chromogenic, factor Xa-based assay [42]. However, these discrepancies

may be explained by different experimental conditions like input volume and fibrin vs throm-

bin generation. Also, during our conditions it is possible to evaluate the whole thrombin gen-

eration curve, rather than just the initiation of coagulation. Endogenous PS, as well as other

MV-associated molecules such as polyphosphates, may amplify the overall thrombin genera-

tion response. Therefore, it is important to also estimate other parameters than the LT/time to

the initiation of fibrin clot. Compared with healthy controls, the level of MV-associated PS was

highly elevated in our pancreatic cancer group. This is in contrast to the study by Thaler et al
[42], but in accordance with other studies that have reported elevated levels of MV-bound PS

in cancer patients, compared with healthy controls [16, 17, 43].

The contribution of TF to the MV-associated thrombin generation was analyzed in CTI-

containing PNP, which should be the optimal condition for the detection of low TF. Except for

in one patient with pancreatic cancer, we did not find MV-associated thrombin generation

that was clearly dependent on TF across the four assay conditions. Of note, none of the

patients with pancreatic cancer had clinical symptoms of disseminated intravascular coagula-

tion (DIC) or ongoing thrombotic complications at the time point of blood collection. Other

studies have reported increased MV-bound TF activity in cancer patients with thrombotic

complications [16, 17, 44], rather than in the cancer group as such.

There are limitations to our study that should be mentioned. The plasma from the pancre-

atic cancer patients was stored 2–3 years longer than the plasma from healthy controls. Yuana

et al recently reported that the concentration of PS-positive vesicles in plasma was not affected

after one year of storage, whereas a 7-fold increase in the number of PS-exposing EVs was

found after a single freeze-thaw cycle [45]. Our samples were immediately frozen after blood

collection and thawed just before MV-preparation, and possible increase in PS-exposing MVs

would therefore apply for both the pancreatic cancer group and the healthy control group. The

use of isolated MVs in our study eliminates possible plasma interferences such as deficiency of

coagulation factors and treatment with anticoagulant drugs. However, it will also eliminate

regulatory activators/inhibitors present in each individual patient’s plasma, and therefore mea-

sure the isolated procoagulant potential of the MVs. In this study, our aim has been to use a

small number of samples from pancreatic cancer patients and healthy controls to present the

impact of analytical variables on MV-associated thrombin generation in clinical samples.

Obviously, larger studies are needed in order to evaluate this modified assay in the measure-

ments of the procoagulant potential of circulating MVs in different diseases and individual

patients.

The most favorable analytical condition to measure MV-associated thrombin generation in

patients with pancreatic cancer and healthy controls was to add the isolated MVs into low con-

tact-activated PNP without CTI and without external phospholipids, but in the presence of
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anti-TFPI antibodies. These assay conditions gave good repeatability, and the contribution

from MVs affecting both the extrinsic and intrinsic pathway can be measured. Although dem-

onstrated in samples from patients with meningococcal sepsis, the ability to detect MV- associ-

ated TF-activity (by adding anti-TF abs) in diseases with low TF, remains to be elucidated.

This modified thrombin generation assay could be a valuable contribution to the existing

methods for measuring circulating MVs in conditions with increased risk of thrombotic

complications.

Supporting information

S1 Fig. The effect of inhibiting antibodies (abs) against tissue factor (TF) on microvesicle

(MV)-associated thrombin generation (lag time) in samples from patients with meningo-

coccal sepsis. MVs were preincubated with or without anti-TF abs, and analyzed in pooled

normal plasma (PNP) without corn trypsin inhibitor (CTI), but with anti-TFPI abs added.

(TIF)

S2 Fig. The associations between thrombin generation (TG) parameters and PS equiva-

lents. The associations between the TG parameters Peak, lag time, velocity index and ETP for

the pancreatic cancer patients samples are presented (Pearson’s test, n = 13).

(TIF)

S1 Table. CV of duplicate measurements–raw data and formulas. CV calculations are based

on duplicate measurements (x1 and x2) in samples from both the pancreatic cancer patients

(P1-P13) and the healthy controls (HC1-HC13). In the experiments performed in PNP with

CTI, the results from the samples incubated with anti-TF abs were also included (n = 52). The

formulas used are:
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