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vein, mesenteric, lower extremity, pulmonary 
embolism), or in the microcirculation (headache, 
paresthesia, erythromelalgia).1,2 There are 2 ma‑
jor risk factors of thrombotic events: age above 
60 years and a history of thrombotic episodes. 
Recent studies have indicated that platelet func‑
tion abnormalities, leukocytosis, activation of 
platelet‑leukocyte aggregates, and the JAK2 V617F 
mutation may play an important role in the de‑
velopment of thrombotic complications in pa‑
tients with ET.3,4

Introduction  Essential thrombocythemia (ET) 
belongs to Ph-negative myeloproliferative neo‑
plasms and is characterized by an increased plate‑
let count (>450 G/l) induced by clonal prolifera‑
tion of megakaryocytes in the bone marrow. ET 
is mostly diagnosed between 50 and 60 years of 
age. The JAK2 V617F mutation is found in approx‑
imately 50% of patients with ET.1

Thrombotic complications are one of the most 
common causes of death in patients with ET and 
can occur in arterial vessels (cerebrovascular or 
cardiovascular events), venous vessels (splanchnic 
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Abstract

Introduction  The clinical course of essential thrombocythemia (ET) is varied, and some patients do not 
exhibit any clinical signs of the disease at the time of diagnosis. The most frequent complications that 
occur during the course of ET are hemostasis abnormalities manifesting as hemorrhagic or thrombotic 
events. The mechanism of thrombotic events in patients with ET is complex and not fully understood.
Objectives  The aim of the study was to evaluate the concentration and activity of tissue factor (TF) 
and tissue factor pathway inhibitor (TFPI), depending on the most important risk factors of thrombotic 
complications (age >60 years, history of thrombotic episodes, presence or absence of the JAK2 V617F 
mutation, and increased leukocyte count).
Patients and methods  The study group included 113 patients with diagnosed ET, and the control 
group, 30 healthy volunteers matched for age and sex. The concentration and activity of TF and TFPI 
were measured using enzyme-linked immunosorbent assays.
Results  Patients with ET had a significantly higher activity and concentration of TF and increased 
activity of TFPI, as compared with controls. The analysis of the studied parameters in relation to risk 
factors revealed that patients with ET with a history of thrombotic events had a significantly higher 
concentration of TF, and patients with the JAK2 V617F mutation had a lower TFPI activity, as compared 
with patients without the mutation.
Conclusions  Our study showed that in patients with ET who have a history of thrombosis or the 
JAK2 V617F mutation, the enhanced risk of thrombosis may result from an increased TF concentration 
or decreased TFPI activity.
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disease were defined as major arterial thrombot‑
ic complications. Major venous thrombotic com‑
plications were defined as deep vein thrombosis 
and mesenteric venous thrombosis.

The control group consisted of 30 healthy vol‑
unteers (13 women, 17 men; mean age, 49 years). 
The study was approved by the Bioethics Com‑
mittee of Collegium Medicum in Bydgoszcz, 
Nicolaus Copernicus University in Toruń (no. 
KB/396/2010). All patients were informed of the 
investigational nature of this study and gave writ‑
ten informed consent to participate.

Blood collection and measurement of tissue factor 
and tissue factor pathway inhibitor activity  Blood 
samples were taken from an anticubital vein, after 
an overnight fasting, to plastic tubes containing 
3.2% sodium citrate (anticoagulant:blood, 1:9). 
Samples were centrifuged at 3000 × g for 20 min‑
utes at 4°C. The obtained plasma was divided into 
aliquots and stored at –80°C until analysis, but 
no longer than 6 months. In plasma, the follow‑
ing tests were performed using an enzyme-linked 
immunosorbent assay (ELISA): concentration of 
TF (Imubind Tissue Factor ELISA kit, American 
Diagnostica Inc., Stamford, Connecticut, United 
States), TF activity (ACTICHROME®TF, American 
Diagnostica Inc.), concentration of TFPI (Imubind 
Total TFPI ELISA kit, American Diagnostica Inc.) 
and TFPI activity (ACTICHROME®TFPI Activity 
Assay, American Diagnostica Inc.).

JAK2 V617F mutation analysis  The JAK2 V617F 
mutation was detected using allele-specific poly‑
merase chain reaction (allele specific PCR ampli‑
fication [AS-PCR]). Genomic DNA was isolated 
from peripheral EDTA blood (QIAamp DNA Mini 
Kit, Qiagen, Hilden, Germany) from patients with 
ET. The PCR reaction was performed using 100 ng 
of DNA, according to the method of Baxter et al.8 
During the AS-PCR, the reaction products were 
203 bp and 364 bp in length. The 203-bp products 
indicated the V617F mutation, while the 364 bp 
products indicated the internal control.

Statistical analysis  A statistical analysis was 
performed with the use of Statistica 10 software 
(StatStoft®, Kraków, Poland). The Shapiro–Wilk 

According to the cellular theory of blood co‑
agulation, tissue factor (TF)-dependent extrinsic 
pathway is essential for the activation of blood 
clotting. TF is released from damaged endothe‑
lial cells and activated monocytes, macrophages, 
leukocytes, and platelets. Microparticles derived 
from endothelial cells, vascular smooth muscle 
cells, leukocytes, and platelets may also be the 
source of TF.5,6

The activity of TF is regulated by tissue factor 
pathway inhibitor (TFPI). TFPI is a Kunitz-type 
protein that is released from endothelial cells, 
platelets, monocytes, fibroblasts, and mesangial 
cells. TFPI inactivates the TF/VIIa complex in 2 
steps. In the first phase, TFPI binds to activated 
factor X (Xa) and forms the TFPI/Xa complex. In 
the second step, the TFPI/Xa complex inactivates 
the TF/VIIa complex. TFPI may also directly in‑
hibit the complex of TF/VIIa/Xa in the presence 
of calcium ions.7

The aim of the study was to evaluate the pro‑
coagulant potential reflected by TF and TFPI ac‑
tivity in patients with ET, with respect to the 
following risk factors of thrombosis: age above 
60 years, history of thrombosis, presence of the 
JAK2 V617F mutation, and leukocyte count ex‑
ceeding 10 × 109/l.

Patients and methods S tudy population  The 
study involved 113 patients (41 women, 25 men; 
mean age, 61 years), diagnosed at the Hematol‑
ogy Clinic of the Biziel University Hospital No. 2 
in Bydgoszcz, Poland. Patients were recruited be‑
tween the years 2012 and 2016. The diagnosis of 
ET was based on the diagnostic criteria of ET de‑
veloped by the World Health Organization (2008) 
and the exclusion of other malignant and nonma‑
lignant diseases manifesting with thrombocythe‑
mia. Additional exclusion criteria were as follows: 
newly diagnosed thrombosis, type 1 or type 2 di‑
abetes, and pregnancy. Blood samples were col‑
lected from newly diagnosed patients (patients 
not previously treated with cytostatic drugs). Of 
113 patients with ET, 21 (25.68%) had a history 
of thrombosis (at least 1 year before the diagno‑
sis of ET). Acute coronary syndromes, myocardial 
infarction, transient ischemic attacks, cerebrovas‑
cular accidents, and peripheral arterial occlusive 

Table 1  Clinical and laboratory characteristics of patients with essential thrombocythemia and control subjects

Parameter Essential thrombocythemia

(n = 113)

Controls

(n = 30)

P value

mean age 61 (20–88) 49 (30–61) NS

sex, female/male, n 41/25 17/13 –

leukocyte count, ×109/l 9.9 (4.1–17.8) 5.9 (4.0–9.0) <0.000001

erythrocyte count, ×1012/l 5.0 (2.7–9.0) 4.9 (4.0–5.6) NS

hemoglobin, g/dl 14.5 (8.4–19.4) 13.2 (12.1–16.8) NS

platelet count, ×109/l 820.0 (461.0–2165.0) 250.0 (156.0–345.0) <0.000001

Data are presented as median (min–max) unless stated otherwise.

Abbreviations: NS, nonsignificant
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A detailed analysis of the studied parameters 
revealed that in 75 patients with ET with the 
JAK2 V617F mutation, TFPI activity was signifi‑
cantly lower than in patients without the muta‑
tion (FIGURE 1). However, there were no significant 
differences in the concentration of TF and TFPI 
as well as TF activity in patients with ET who had 
the JAK2 V617F mutation compared with the val‑
ues obtained in patients without the mutation.

As shown in FIGURE 2, the TF concentration was 
significantly higher (P <0.05) in patients with ET 
with a history of thrombotic episodes, compared 
with patients without such episodes (FIGURE 2).

There were no significant differences in the ac‑
tivity of TF in patients with a history of throm‑
bosis compared with patients without such histo‑
ry. The concentration and activity of TFPI in pa‑
tients with a history of thrombotic episodes did 
not differ significantly from the values obtained 
in patients with no history of thrombotic events.

There were no significant differences in the con‑
centration and activity of TF and TFPI between 
patients aged 60 years or older (71 patients) and 
those younger than 60 years of age (42 patients). 
Moreover, the concentration and activity of TF 
and TFPI in patients with ET were not related to 
leukocyte count. Data are presented in TABLE 4.

Discussion  TF is a glycoprotein with a molecu‑
lar weight of 47 kDa, produced by the brain, lung, 
placenta, and heart muscle cells. IT occurs in the 
blood of healthy subjects only in small amounts. 
Increased concentrations of TF can result from 
vascular endothelial damage or blood cell acti‑
vation (platelets, granulocytes). According to re‑
cent studies, TF is a major activator of the blood 
coagulation process.9,10

Our study demonstrated a 2-fold higher con‑
centration of TF in patients with ET than in 
healthy subjects. We determined the procoagu‑
lant activity of TF, which is the best indicator of 
the activation of the blood coagulation process 
(TF activity). TF activity was nearly 18-fold high‑
er in patients with ET than in healthy subjects.

test was used to assess the normality of the dis‑
tribution. All studied parameters had abnormal 
distribution and were presented as a median and 
lower and upper quartiles. The Mann–Whitney 
test was used to compare the difference between 
the groups. Spearman correlation coefficients 
were calculated to determine any correlations be‑
tween the parameters. A P value of less than 0.05 
was considered statistically significant.

Results  TABLE 1 shows a comparison of blood 
cell counts between patients with ET and healthy 
participants. Patients with ET had a 3-fold higher 
median platelet count (820 × 109/l vs 250 × 109/l; 
P <0.05) and significantly higher leukocyte count 
than controls (9.9 × 109/l vs 5.9 × 109/l; P <0.05). 
Among 113 patients with ET, 21 (18.6%) report‑
ed the incidence of arterial and venous thrombot‑
ic history. The presence of the JAK2 V617F muta‑
tion was observed in 75 patients (66.4%). Data 
are shown in TABLE 2. As shown in TABLE 3, patients 
with ET had more than 2-fold higher TF concen‑
trations and 18-fold higher TF activity, as com‑
pared with controls (P <0.000001 for both com‑
parisons). In addition, patients with ET had a sig‑
nificantly higher activity of TFPI, as compared 
with controls (P <0.05). There were no signifi‑
cant differences in the concentration of TFPI be‑
tween the groups.

Table 2  Clinical characteristics of patients with 
essential thrombocythemia

Parameter Value

history of thrombosis 21 (18.6)

arterial 16 (14.2)

venous 5 (4.4)

hepatomegaly 7 (6.2)

splenomegaly 12 (10.6)

splenectomy 1 (0.9)

JAK2 V617F 
mutation

yes 75 (66.4)

no 38 (33.6)

Data are presented as number (percentage) of patients.

Table 3  Concentration and activity of tissue factor and tissue factor pathway inhibitor in patients with essential 
thrombocythemia and in the control group

Parameter Study group

(n = 113)

Control group

(n = 30)

P value

TF Ag, pg/ml 363.0
(173.3; 756.5)

153.4
(110.6; 177.6)

<0.000001

TF activity, pM 49.34
(32.5; 63.8)

2.8
(0.9; 5.8)

<0.000001

TFPI Ag, ng/ml 78.7
(60.4; 101.3)

82.0
(68.8; 91.4)

NS

TFPI activity, U/ml 1.9
(1.6; 2.6)

1.7
(1.0; 2.0)

0.017

Data are presented as median and lower and upper quartiles (Q1; Q3).

Abbreviations: Ag, antigen; TF, tissue factor; TFPI, tissue factor pathway inhibitor; others, see TABLE 1
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a history of thrombosis, patients’ age, leukocyte 
count, and the presence of the JAK2 V617F mu‑
tation. We showed significantly higher TF con‑
centrations in patients with ET with past throm‑
botic episodes. Different results were obtained 
by Arellano-Rodrigo et al,9 who found no signif‑
icant differences in the concentration of TF be‑
tween patients with ET with and without a his‑
tory of thrombotic episodes.

Procoagulant activity of TF is inhibited by TFPI, 
an inhibitor of the TF pathway whose primary 
source is the vascular endothelium. In the pres‑
ent study, we observed an increased activity of 
TFPI in patients with ET, as compared with the 
control group (P = 0.017). The TFPI concentration 
and activity in patients with ET were also mea‑
sured by Cacciola et al,13 who found significantly 
higher levels of TFPI in these patients (n = 17). 
Elevated concentrations of TFPI have also been 
observed in patients with advanced pancreatic, 
colorectal, stomach, breast, and prostate cancers.14 
It is believed that the increased level of TFPI can 

A review of the available literature has 
shown that there are only a few studies assess‑
ing the concentration of TF in patients with ET. 
Panova-Noeva et al11 observed a significantly high‑
er expression of TF on platelets in patients with 
ET compared with controls. The authors observed 
the generation of thrombin in the calibrated au‑
tomated thrombogram assay in platelet-rich plas‑
ma and isolated platelets, but it was absent in ​​
platelet-free plasma. According to the authors, 
platelets (which are the main source of TF) are 
responsible for the occurrence of a hypercoagula‑
ble state in patients with ET.11 Falanga et al12 also 
observed a significantly increased expression of 
TF on platelets in patients with ET in compari‑
son with the control group. Different results were 
obtained by Arellano-Rodrigo et al,9 who did not 
observe significant differences in the expression 
of TF on platelets and its concentrations between 
patients with ET and healthy subjects.

In the current study, we analyzed the concen‑
tration and activity of TF and TFPI depending on 

Figure 1  Tissue 
factor pathway inhibitor 
(TFPI) activity in the 
subgroups of patients 
with essential 
thrombocythemia with or 
without the JAK2 V617F 
mutation

Figure 2  Concentra-
tions of tissue factor (TF) 
in patients with essential 
thrombocythemia with 
and without a history of 
thrombosis
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leukocyte count at diagnosis is a poor prognos‑
tic factor and is associated with worse survival.22 
High leukocytosis is also linked to more frequent 
progression of ET to acute leukemia or myelofi‑
brosis. Carobbio et al23 observed that the risk of 
thrombotic events in patients with ET with an 
increased leukocyte count (above median) was 
2-fold higher than that in patients with lower 
white blood cell count. Based on these results, 
the authors found that the number of leukocytes 
can be a useful parameter in evaluating the risk 
of thrombotic events in patients with ET.23 Sim‑
ilar conclusions were drawn by Wolanskyj et al,24 
who also reported a relationship between the el‑
evated levels of leukocytes and the incidence of 
thrombotic events in patients with ET.

In conclusion, the study showed that increased 
blood coagulation observed in patients with ET 
may be related to elevated TF concentrations and 
remarkably increased TF activity. Moreover, in 
patients with ET with a history of thrombosis or 
the JAK2 V617F mutation, an enhanced risk of 
thrombosis may be a result of increased TF con‑
centration or decreased activity of TFPI.

Contribution statement  KS and GG were responsi‑
ble for collecting the material for research, analy‑
sis, and interpretation of the results. KS and DR 
were responsible for interpretation of the results 
and preparation of the manuscript. JB, MM, and 
AB-K were responsible for the measurement of 
the parameters. JB was responsible for statisti‑
cal analysis and preparation of the manuscript.
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Słowa kluczowe

czynnik tkankowy, 
inhibitor drogi 
krzepnięcia zależnej 
od czynnika 
tkankowego, 
nadpłytkowość 
samoistna

Streszczenie

Wprowadzenie  Przebieg kliniczny nadpłytkowości samoistnej (essential thrombocythemia – ET) jest 
zróżnicowany, a część pacjentów w momencie diagnozy nie przejawia żadnych objawów klinicznych cho-
roby. Najczęstszymi powikłaniami występującymi w przebiegu ET są zaburzenia hemostazy ujawniające 
się pod postacią incydentów krwotocznych lub zakrzepowych. Mechanizm incydentów zakrzepowych 
u chorych na ET jest złożony i nie został do końca poznany.
Cele  Celem pracy było zbadanie stężenia i aktywności czynnika tkankowego (tissue factor – TF) i inhibitora 
drogi krzepnięcia zależnej od czynnika tkankowego (tissue factor pathway inhibitor – TFPI) w zależności 
od najważniejszych czynników ryzyka wystąpienia powikłań zakrzepowych (wiek >60.  rż., epizody 
zakrzepowe w wywiadzie, obecność lub brak mutacji JAK2 V617F oraz podwyższona liczba leukocytów).
Pacjenci i metody  Do grupy badanej włączono 113 pacjentów ze zdiagnozowaną ET, a do grupy kontro-
lnej – 30 zdrowych osób dobranych pod względem wieku i płci do grupy badanej. Stężenie i aktywność 
TF i TFPI oznaczono za pomocą testów immunoenzymatycznych.
Wynik  Chorzy na ET mieli istotnie wyższą aktywność i stężenie TF oraz podwyższoną aktywność TFPI 
w porównaniu z grupą kontrolną. Analiza badanych parametrów zależnie od czynników ryzyka wykazała, 
że u chorych na ET z dodatnim wywiadem w kierunku incydentów zakrzepowych występuje istotnie 
wyższe stężenie TF, a u chorych z mutacją JAK2 V617F niższa aktywność TFPI w stosunku do chorych 
bez mutacji.
Wnioski  Nasze badanie wykazało, że u pacjentów z ET z dodatnim wywiadem w kierunku zakrzepicy 
lub obecnością mutacji JAK2 V617F zwiększone ryzyko zakrzepowe może być wynikiem zwiększonego 
stężenia TF lub zmniejszonej aktywności TFPI.
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