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A B S T R A C T

Introduction: Patients with immune thrombocytopenia (ITP) are at increased risk of thrombosis, which seems to
be further enhanced by treatment with thrombopoietin-receptor-agonists (TPO-RAs). The underlying mechan-
isms of thrombosis in ITP are not fully understood. Endothelial cell activation and neutrophil extracellular traps
(NETs) play important roles in thrombosis, however, their roles in ITP itself, or in TPO-RA-treatment, have not
yet been fully explored. We aimed to investigate whether endothelial cell activation and NETs are involved in the
hypercoagulable state of ITP, and whether TPO-RA-treatment enhances endothelial cell activation and NET
formation.
Material and methods: We measured markers of endothelial cell activation including intercellular adhesion
molecule-1 (ICAM-1), vascular adhesion molecule-1 (VCAM-1) and thrombomodulin in 21 ITP patients, and E-
selectin in 18 ITP patients. Markers of NET formation, citrullinated histone H3-DNA (H3Cit-DNA) and cell-free
DNA (cfDNA), were measured in 15 ITP patients. All markers were measured before, and 2 and 6weeks after
initiation of TPO-RA-treatment in ITP patients, and in matched controls.
Results: Higher levels of ICAM-1, thrombomodulin, and H3Cit-DNA were found in ITP patients, both before and
after TPO-RA-treatment, compared with controls. No differences were found for VCAM-1, E-selectin or cfDNA.
TPO-RA-treatment did not further increase markers of endothelial cell activation or NET formation.
Conclusions: This study showed that ITP patients have increased endothelial cell activation and NET formation,
both of which may contribute to the intrinsic hypercoagulable state of ITP. TPO-RA-treatment, however, did not
further increase endothelial cell activation or NET formation indicating that other drug-associated pro-
thrombotic mechanisms are involved.

1. Introduction

Studies have shown that patients with primary immune thrombo-
cytopenia (ITP), despite having low platelet counts, are at slightly

higher risk of venous and arterial thrombosis as compared to the gen-
eral population [1–3]. Older age, splenectomy, and the presence of
other thrombotic risk factors put ITP patients at higher risk of throm-
bosis [3,4]. Previous reports have shown that different ITP therapies,
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including corticosteroids, intravenous immunoglobulins, and especially
thrombopoietin receptor agonists (TPO-RAs), may contribute to an
additional increase in the risk of thrombosis [3–6]. In long-term studies
of the two TPO-RA agents, eltrombopag and romiplostim, 6% of the
patients encountered thromboembolic events during a five year follow
up [7,8]. The underlying mechanisms of increased thrombosis in ITP or
the potential prothrombotic effects of TPO-RAs are not fully under-
stood. Several mechanisms have been proposed to contribute to the
hypercoagulable state in ITP including increased number of young,
reticulated platelets; presence of antiphospholipid antibodies; and in-
creased number and procoagulant activity of microvesicles (MVs)
[9–13].

The vascular endothelium plays an important role in maintaining
local haemostasis as it produces factors that regulate cellular trafficking
and contribute to the local balance between procoagulant and antic-
oagulant activity, thus providing defense against thrombus formation
[14]. However, activated/injured endothelial cells have procoagulant
and pro-adhesive properties and contribute to hypercoagulability as
observed in critical illnesses such as severe sepsis [15]. The role of
endothelial cell activation/injury in the hypercoagulable state of ITP
has not been well explored. Our group has previously shown that
plasma levels of plasminogen activator inhibitor-1 (PAI-1) were in-
creased in patients with ITP compared with controls [16]. Alvarez et al.
have also shown that plasma levels of PAI-1 and E-selectin were higher
in ITP patients than in controls [17]. E-selectin and PAI-1 are synthe-
sized by the vascular endothelium; thus, increased levels of these
markers in ITP patients may suggest endothelial cell activation/injury.
PAI-1 is also secreted by other types of cells including activated plate-
lets and smooth muscle cells [18]. We have also demonstrated that both
PAI-1 and P-selectin increased further after the initiation of treatment
with TPO-RAs [16] suggesting that treatment with these agents may
lead to endothelial cell activation/injury and platelet activation.

Activated/injured endothelium expresses adhesive molecules that
contribute to the recruitment of platelets and neutrophils, both of
which are recognized to be crucial for thrombus initiation and pro-
gression [19]. Neutrophil extracellular traps (NETs) are extracellular
DNA fibers comprising histones and neutrophil granular proteins re-
leased via a cell death program called NETosis [20], and can entrap and
kill bacteria [21]. NETs are also shown to contribute to venous
thrombosis in mice [22,23], and found to be present in human thrombi
[24]. They can promote thrombosis through platelet activation/ag-
gregation [25,26], or by enhancing thrombin generation via factor XII
(FXII) activation [27]. In addition, NETs have several immune-mod-
ulatory functions and have been implicated in disease to induce in-
flammation and potentiate autoimmunity [28]. To our knowledge, the
effect of TPO-RAs on endothelial cell activation/injury and NET for-
mation in ITP patients has not yet been studied.

Here we studied markers of endothelial cell activation/injury and
NET formation in patients with ITP and investigated the effect of
treatment with TPO-RAs on these markers.

2. Material and methods

2.1. Patients and study design

Patients from Norway and USA with chronic ITP who were planned
to start with a TPO-RA, either eltrombopag (Revolade®, Promacta®,
Novartis, Basel, Switzerland) or romiplostim (Nplate®, Amgen,
Thousand Oaks, CA, USA) were recruited into the study, as well as
healthy controls. The indication for treatment with TPO-RAs was ac-
cording to current guidelines, but at the discretion of the treating he-
matologist. Blood samples were obtained before the initiation of
treatment with TPO-RAs, then at two and six weeks after initiation of
treatment. Two cohorts of ITP patients were included.

Cohort 1 comprised 29 ITP patients and 22 matched controls for the
measurement of markers of endothelial cell activation/injury. However,

because of the lack of full sets of samples at the three time-points, or the
lack of appropriate type of samples needed for the different assays
(plasma or serum), ICAM-1, VCAM-1 and thrombomodulin were mea-
sured in plasma from 21 patients, and E-selectin in serum from 18
patients. Cohort 2 comprised 15 ITP patients and 15 matched controls
for measurement of markers of NET formation.

Informed consent was obtained from all patients and controls before
obtaining the blood samples. The study was approved by the
Institutional Review Board at Weill Medical College of Cornell
University and the South-Eastern Norway Regional Committee for
Medical and Health Research Ethics (2011/1747a).

2.2. Blood sampling

In patients, blood samples were collected prior to the initiation of
TPO-RAs (day −15 to day 0) (T1), and at two (T2) and six weeks (T3)
(± 2 days) after the initiation of treatment. One single blood sample
was drawn from the controls. Venous blood samples were collected in
serum tubes and in tubes containing ethylene-diamine-tetra-acetic acid
(EDTA). After resting for 30min (min.), serum tubes were centrifuged
at 2000g for 10min. EDTA whole blood tubes were immediately cen-
trifuged at 2000g for 15min, and plasma was obtained from the top
supernatant. Aliquots of EDTA plasma and serum were stored at−80 °C
until analysed.

2.3. Markers of endothelial cell activation

Intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1), and thrombomodulin were measured in plasma
samples, and E-selectin in serum using commercial kits (Quantikine
ELISA assay kits from R&D Systems, Minneapolis, MI, USA) according
to the manufacturer's instructions.

2.4. Markers of neutrophil extracellular trap formation

Citrullinated histone H3-DNA (H3Cit-DNA) was quantified in EDTA-
plasma using a sandwich ELISA according to the method proposed by
other authors [29]. Using 96 microwell plates (Nunc Maxi Sorp,
Thermo Scientific, Waltham, MA, USA), 50 μL of the anti-H3Cit anti-
body (ab-5103, Abcam, Cambridge, MA, USA) (diluted 1:250 in car-
bonate-bicarbonate buffer (pH 9.6)) was added to each well (overnight
at 4 °C). After washing the wells with phosphate-buffered saline (PBS)
and blocking them with 5% bovine albumin, 50 μL of EDTA plasma or
PBS, was added to the wells and incubated for 2 h at room temperature
(RT) on an orbital shaker. Then, the wells were washed again with PBS
and 50 μL of anti-DNA-peroxidase (POD) antibody (diluted 1:100 in
incubation buffer (Cell Death Detection ELISA Kit, Roche Applied Sci-
ence, Indianapolis, IN, USA)) was added and the plate incubated for 2 h
at RT. After washing, 100 μL of ABTS (2,2′-azinobis 3-ethylbenzthia-
zoline-6-sulfonic acid) peroxidase substrate (ThermoFisher Scientific,
Madrid, Spain) was added to each well, and the plate was incubated for
2 h at RT in the dark. Finally, the optical density (OD) of the sample was
measured at 405 nm wavelength using a microplate reader (BiotekSi-
nergyHt, Izasa, Barcelona, Spain). The absorbance in the wells where
only PBS was added was subtracted.

Cell free DNA (cfDNA) was quantified by using cell-impermeant
SYTOX dye (ThermoFisher), that after binding to the free DNA emits
fluorescence. EDTA-plasma from controls or patients was diluted 1:3 in
Tris buffered buffer (TBS) and mixed 1:1 with 1 μM of SYTOX dye in a
96-well plate, and the plate was incubated for15 min. in the dark. The
fluorescence was measured (excitation 488 nm, emission 528 nm) in a
plate reader (Biotek Sinergy Ht), and the autofluorescence was sub-
tracted. The DNA concentration in the samples was calculated by ex-
trapolating to a standard line (0–2.5 μg/mL) of known concentrations of
salmon sperm DNA (Sigma-Aldrich, Madrid, Spain).
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2.5. Statistics

Values were expressed either as medians and interquartile ranges
(IQRs), or mean and standard deviations for non-normally and normally
distributed parameters, respectively. Comparisons of data between ITP
patients (with and without treatment with TPO-RAs) and healthy con-
trols were carried out using the Kruskal-Wallis test with Dunn's multiple
comparisons test. To compare data from ITP patients before and after
initiation of treatment with TPO-RAs, the Friedman test with Dunn's
multiple comparisons test was performed for the non-parametric data
(ICAM-1, VCAM-1, H3Cit-DNA and cfDNA), and one-way ANOVA with
Dunn's multiple comparisons for the parametric data (thrombomodulin
and E-selectin). Statistical analyses were performed using GraphPad,
Prism 7.0, and p < 0.05 was considered as statistically significant.

3. Results

3.1. Patients' demographics

In cohort 1 (n=29), the median age for ITP patients was 59 years
(IQR 42–67) and for controls (n=22) 55 years (IQR 41–63); 52% of
ITP patients and 55% of controls were females. In cohort 2 (n=15), the
median age for ITP patients was 61 years (IQR 44–66) and for controls
(n=15) 59 years (IQR 47–67); 53% of ITP patients and controls were
females (Table 1). The number of patients treated with each of the two
TPO-RAs (Romiplostim, Eltrombopag), concomitant ITP therapy at in-
clusion of the study, and the number of splenectomized patients are also
presented in Table 1. Platelet count in ITP patients before initiation of
treatment with TPO-RAs, and in healthy controls, are also shown

(Table 1).

3.2. ICAM-1, VCAM-1, E-selectin and thrombomodulin

Compared with healthy controls, ITP patients had significantly
higher baseline levels of ICAM-1 (351 ng/mL vs. 260 ng/mL; p=0.02)
and thrombomodulin (5631 pg/mL vs. 4147 pg/mL; p=0.002). The
levels of ICAM-1 and thrombomodulin were higher at two weeks after
the initiation of TPO-RA treatment (321 ng/mL vs. 260 ng/mL;
p=0.04, and 5815 pg/mL vs. 4147 pg/mL; p=0.0005, respectively),
and at six weeks after the initiation of TPO-RA treatment (350 ng/mL
vs. 260 ng/mL; p=0.01, and 5804 pg/mL vs. 4147 pg/mL; p=0.0005,
respectively) compared with controls (Fig. 1). No significant differences
in the levels of VCAM-1 or E-selectin were found in ITP patients, neither
before initiation of TPO-RA-treatment nor after two or six weeks of
TPO-RA treatment, compared with controls. Furthermore, we did not
find any significant changes in the levels of ICAM-1, VCAM-1, throm-
bomodulin or E-selectin at two weeks or six weeks after initiation of
TPO-RAs, compared with pre-treatment levels.

3.3. H3Cit-DNA and cfDNA

The levels of H3Cit-DNA were significantly higher in ITP patients
before initiating treatment with TPO-RAs, compared with controls
(0.145 vs. 0.124; p=0.003). The levels of H3Cit-DNA were sig-
nificantly higher in ITP patients also after two (0.182 vs. 0.124;
p=0.004) and six weeks (0.164 vs. 0.124; p=0.003) of TPO-RA-
treatment, compared with controls (Fig. 2). There was no statistically
significant difference in cfDNA between healthy controls and ITP pa-
tients before and after initiation of treatment with TPO-RAs. Further-
more, there were no significant changes in the levels of H3Cit-DNA or
cfDNA after two and six weeks of treatment with TPO-RAs as compared
with pre-treatment levels. No statistically significant correlations were
found between H3Cit-DNA and ICAM-1/thrombomodulin.

4. Discussion

This study continued our group's exploration of the hypercoagulable
state in ITP patients and the potential additive prothrombotic effect of
TPO-RA-treatment. The ultimate goal was to find biomarkers that could
identify ITP patients at increased risk of treatment-related thrombosis.
This study showed that ITP patients, both before and after the initiation
of TPO-RA-treatment, had elevated levels of markers of endothelial cell
activation/injury (ICAM-1 and soluble thrombomodulin) and increased
marker of NET formation (H3Cit-DNA), compared with controls. Our
study also showed that treatment with TPO-RAs did not cause further
increase in these markers. The lack of significant differences in the le-
vels of the other measured markers VCAM-1, E-selectin and cfDNA
between ITP patients and controls could be explained by the small
sample size in this study. This is supported by another unpublished
study by our group with larger sample size from another cohort of
patients where both H3Cit-DNA and cfDNA were increased in ITP pa-
tients compared with controls [30].

Elevated plasma levels of ICAM-1 and thrombomodulin in ITP pa-
tients, both before and after treatment with TPO-RAs, suggest that there
is ongoing endothelial cell activation/injury [31]. ICAM-1 is con-
stitutively expressed at low levels on endothelial cells and its expression
is upregulated upon stimulation. ICAM-1 plays a key role in leukocyte
migration and activation [32]. Thrombomodulin is expressed by the
endothelial cells and is an important component of the anticoagulation
system, but it also regulates cellular adhesion to the endothelium [33].
Soluble thrombomodulin is shown to retain anticoagulant effect [34].
Activated/injured endothelium loses its thrombo-protective phenotype,
promotes the recruitment and activation of platelets and neutrophils,
and provides binding sites for coagulation factors [35]. The increased
soluble thrombomodulin may therefore provide an anticoagulant effect

Table 1
Characteristics of the study populations.

Cohort 1 Patients
(n=29)

Controls (n=22)

Markers of endothelial cell activation/injury
Age in years, median (IQR) 59 (42–67) 55 (41–63)
Females, n 15 12
Splenectomy, n (%) 7 (24) 0
Platelet count (·109/L), mean (SD)a 38 (46) 230 (52)
Romiplostim, n (%) 14 (48)
Eltrombopag, n (%) 15 (52)
Concomitant ITP therapy at inclusion, (n)
-Steroids 13
-Intravenous immunoglobulins 4
-Immunosuppressants 3

Other medications
-Antihypertensives 11
-Statins 4
-Antidiabetics 4

Cohort 2 Patients
(n=15)

Controls (n=15)

Markers of NET formation
Age in years, mean (IQR) 61 (44–66) 59 (47–67)
Females, n 8 8
Splenectomy, n (%) 5 (33) 0
Platelet count (109/L), mean (SD)a 18 (11) 245 (50)
Romiplostim, n (%) 8 (53)
Eltrombopag, n (%) 7 (47)
Concomitant ITP Therapy at inclusion (n)
-Steroids 8
-Intravenous immunoglobulins 1
-Immunosuppressants 1

Other medications
-Antihypertensives 8
-Statins 3
-Antidiabetics 4

a Platelet count in ITP patients before initiation of TPO-RA-treatment (T1)
and in healthy controls.
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to counterbalance the procoagulant property of activated endothelium.
A possible mechanism for the endothelial cell activation/injury in

ITP is the cross reactivity of the autoantibodies against platelet mem-
brane glycoprotein (GP)IIIa that are present in ITP patients to an im-
munologically related protein present on endothelial cell surfaces [36].
Moreover, platelet-derived microvesicles (MVs), that are shown to be
increased in ITP [10,12], may also induce endothelial cell activation/
injury through potentiating the adhesion of monocytes to the en-
dothelial cells [37]. In addition, patients with ITP have increased pla-
telet activation [38]. Activated platelets secrete proinflammatory
mediators that activate neutrophils and mediate platelet-neutrophil
adhesion via P-selectin/P-selectin glycoprotein ligand-1 which in turn
facilitates the adhesion of neutrophils to the endothelium and induces
the expression of adhesion molecules by the endothelium [39]. Fur-
thermore, NETs can also induce endothelial cell damage [40,41].

Increased proinflammatory cytokines including IL-8 [42], IL-1β
[43], and IL-17 [44], as well as platelet activation in ITP can provoke
the release of NETs [42,45]. The citrullinated histone H3 (H3Cit) is
neutrophil specific and is considered as marker for NET formation [46].
Finding elevated levels of H3Cit-DNA in our ITP patients indicates in-
creased NET formation. Studies have shown that NETs play a role in the
initiation and propagation of venous thrombosis [22,23]. Extracellular
histones, a component of NETs, can activate platelets promoting more
thrombin generation mediated by platelet toll-like receptors-2 and 4
[47]. In addition, NETs can bind plasma protein von Willebrand factor
and fibrinogen [26], and provide surface for the activation of FXII
leading to thrombin generation [27].

Treatment with TPO-RAs was not associated with further increase in
markers of endothelial cell activation or NET formation. This may imply
that the increased thrombotic risk in ITP patients treated with TPO-RAs
is not mediated through increased endothelial cell activation or in-
creased NET formation and that other mechanisms could be involved.
In addition to increased soluble P-selectin, our group has previously
shown that treatment with TPO-RAs was associated with increased
phospholipid-dependent procoagulant activity of MVs leading to more
thrombin generation [48]. Justo Sanz et al. has shown that TPO-RA-
treatment increased platelet apoptosis, and increased plasma and pla-
telet PAI-1 levels leading to a more fibrinolysis-resistant clot [49].

The main limitation of the study is the small sample size. However,
repetitive measurements, before and after treatment with TPO-RAs,
showed that these markers were consistently higher in ITP patients than
in controls, thus strengthening our findings. We chose to follow up our
patients and measure the markers reported at two and six weeks after
initiating treatment with TPO-RAs. This timing could have led to
missing changes in these markers occurring before the first sampling at
two weeks and after the last sampling at six weeks. Another limitation is
that a considerable proportion of our patients were on steroids. It has
been shown that steroids reduce the levels of soluble ICAM-1, VCAM-1,
and E-selectin [50]. Despite that, ICAM-1 was significantly higher in
ITP patients. However, we cannot exclude that treatment with steroids
may have reduced E-selectin and VCAM-1 levels in our patients. In
addition, the presence of comorbidities, such as diabetes and hy-
pertension and the use of medications such as statins, could also have
an effect on the results.
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Fig. 1. Markers of endothelial cell ac-
tivation/injury.
Measurements of ICAM-1, VCAM-1,
thrombomodulin and E-selectin before
(T1), two weeks (T2) and six weeks
(T3) after initiation of TPO-RA treat-
ment in ITP patients, and in controls.
Kruskal-Wallis test with Dunn's mul-
tiple comparisons test was performed
for comparisons between ITP patients
(with and without treatment with TPO-
RAs) and controls. NS (not significant;
p≥ 0.05).
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In conclusion, our study showed that ITP patients have increased
ongoing endothelial cell activation and NET formation suggesting that
these two mechanisms may contribute to the increased thrombotic
propensity in ITP patients. However, treatment with TPO-RAs was not
associated with further increase in endothelial cell activation or NET
formation. This may imply that the prothrombotic characteristics of
TPO-RAs treatment seen in ITP patients are through other mechanisms.
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