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Direct oral anticoagulant treatment of deep vein thrombosis
reduces IL-6 expression in peripheral mono-nuclear blood cells
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Abstract. Multiple factors play a pathophysiologic role for the
venous thromboembolism (VTE) as a multi-factorial disease.
Inflammation might play a peculiar role in shifting towards
a pro-thrombotic state. Anticoagulant drugs are the first cure
line for VTE. The low-molecular-weight heparins (LMWH)
show anti-coagulant capability as well as reducing levels of
inflammatory factors, including interleukin (IL)-6. The direct
oral anticoagulants (DOACs) have shown efficacy in threating
VTE, additionally to the anti-activated factor X these drugs
seem able to reduce the abnormal release of pro-inflammatory
agents. The present study evaluated the capability of DOACs
in reducing plasma level of IL-6 in patients suffered from deep
vein thrombosis (DVT) of the lower limbs. Our results showed
reduced IL-6 expression levels in the peripheral lymphocytes
of DVT compared to controls (fold-change, 2.8; P<0.05). We
postulate that lowered IL-6 expression in the lymphocytes of
DVT patients may mediate the anti-inflammatory action of
DOAC:S. The present study is the first evidence concerning the
anti-inflammatory properties of DOACS in specific setting of
VTE patients such as DVT.

Introduction

Venous thromboembolism (VTE) is a multi-factorial disease,
and several findings have suggested that inflammation might
play a role in shifting the hemostatic balance towards a
pro-thrombotic state (1-4). Moreover, studies have demon-
strated the frequency of VTE events in infected patients (5,6).
The most recent studies on patients infected by SARS-CoV-2
have shown high levels of D-dimer and fibrinogen-derived
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peptide (FDP) (7). Patients infected by SARS-CoV-2 were
affected by very serious VTE events. Thus, VTE is closely
linked to most inflammatory conditions. The role played by
inflammation in promoting hyper-coagulation and coun-
teracting systemic fibrinolysis seems crucial. The so-called
‘cytokine storm’ triggers excessive inflammation due to the
bloodstream release of several pro-inflammatory cytokines (8).
The role of leukocytes both in thrombus generation and vein
remodeling has not yet been clarified (9), whereas pleiotropic
interleukin (IL)-6 and the development of thrombotic plugs in
the venous circulation of the lower limbs (10) seem to play a
crucial role. The hemodynamic disorders in venous circulation
especially near venous valves, provoke hypoxia and oxida-
tive stress, whereas several endogenous anticoagulants are
expressed by intact endothelium (i.e., thrombomodulin, tissue
factor pathway inhibitor, endothelial protein C receptor) (1).
Leukocyte recruitment, adhesion receptor expression and
tissue factor release initiate coagulation pathways (11-14).
Therefore, activating the coagulation system is the main step in
venous thrombosis, while the role of endothelium activation, as
well as that of platelets, still require clarification. Concerning
the role played by inflammation several studies demonstrated
a key role of IL-6 in the development of deep vein thrombosis
(DVT) in lower limbs (15,16). Hypercoagulation is the main
mechanism to be counteracted in treating patients with VTE,
both DVT and PE. Here it is noted that PE has a high mortality
risk, often the consequence of progressive, under-treated
or undiagnosed and untreated DVT (17). Anticoagulant
drugs are the first response in combating VTE and DVT. A
number of factors (obesity, recent trauma, recent surgery,
reduced mobilization, solid and non-solid cancer and genetic
factors) have been listed as risk factors for DVT although the
mechanisms involved in VTE are still under debate (11,18,19).
Low-molecular-weight heparins (LMWH) show concomitant
anti-coagulant and anti-inflammatory activities reducing levels
of inflammatory factors, including IL-6 (20). Recently, direct
oral anticoagulants (DOACs) have demonstrated favorable
results in combating VTE. DOACs showed anti-inflammatory
capabilities in reducing the abnormal release of pro-inflamma-
tory factors in addition to inhibiting the activation of factor X
of the coagulation cascade (21-25). Our study focuses on the
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capability of DOACs in reducing plasma level of IL-6 in
patients having DVT of the lower limbs.

Patients and methods

The potential anti-inflammatory activity of DOACs in
20 patients hospitalized with lower limb DVT was investi-
gated. The patients were hospitalized at the Internal Medicine
Unit of the Catania University Hospital ‘Policlinico-Vittorio
Emanuele’ (Catania, Italy). In diagnosing DVT, we checked for
compression of one or more lower limb veins (CUS test) and
any echogenic material (thrombus) inside the veins. These
DVT patients were initially assigned to the conventional
therapy of LMWHs (5 days) and then treated with DOACs
(Dabigatran 150 mg daily, Edoxaban 60 mg daily) from the
sixth day. As controls, 22 healthy blood samples were obtained
from previous case-control studies. Clinic, pathologic and
demographic features and routine clinical biochemistry data
were retrieved for each sample (Table I). The blood samples
were drawn in the morning 5 days after patients started the
DOAC therapy and after 12 h of fasting. All the patients
supplied a blood sample 10 days after the starting of the
DOACSs drugs. Buffy coats were obtained by centrifuging
(2000 x g for 10 min) according to standard procedure. All the
sampled patients were informed on the study and they gave
their verbal consensus. Total RNA was extracted from the
Buffy Coat samples using TRIzol™ LS reagent (cat.
no. 10296028; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. After treatment with DNase I
RNase-free (cat. no. EN0525; Thermo Fisher Scientific, Inc.),
400 ng of treated RNA (final concentration 20 ng/ul) was
converted into cDNA using the SuperScript™ IV Reverse
Transcriptase kit (cat. no. 18090050; Thermo Fisher Scientific,
Inc.) following the manufacturer's protocol. Then, 2.5 ul of
each cDNA underwent Real-Time amplification using
Luminaris Color HiGreen qPCR Master Mix, high ROX (cat.
no. K0362; Thermo Fisher Scientific, Inc.). The amplification
of IL-6 and the GAPDH gene for reference, was performed
with the 7300 Real-Time PCR System (Applied Biosystems;
Thermo Fisher Scientific, Inc.) using the primer pairs reported
as follows: forward (F): 5'-CACTGGCAGAAAACAACC
TGA-3" and reverse (R): 5'-AGCTCTGGCTTGTTCCTC
ACT-3' for IL-6 and F: 5~AGAAGGCTGGGGCTCATTTG-3'
and R: 5-"AGGGGCCATCCACAGTCTTC-3' for GAPDH.
Thermal conditions: 50°C for 2 min, followed by 95°C for
10 min, and 40 cycles of 95°C for 15 sec, 60°C for 30 sec and
72°C for 30 sec. The relative expression levels of IL-6 were
obtained by the 2244 method (26).

The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by
the Ethics Committee of the Garibaldi Hospital (Catania,
Italy; resolution n.23/2016/CECT?2). Patients were informed
about the objective of the study and were asked to give verbal
informed consent to participate in it and to withdraw blood
samples. All subjects gave their informed consent for inclusion
before participating in the study.

Statistical analysis. Differential analyses were performed
using the non-parametric Mann-Whitney test. Fisher's exact
test was used to analyze the contingency table of the demo-

Table I. Demographic and clinicopathological characteristics
of the samples.

Characteristics CTRL DVT P-value
Age (years), 48 (41.7-62) 56 (46-71) 0.2392°
median (range)
Sex, no. (%)
Male 12 (54.5) 12 (63.15) 0.76*
Female 10 (45.5) 7 (36.85)
CRP, median (range) 2.062 (0.79-6.96) 6 (3-11) 0.04°

“Fisher's exact test, bMann-Whitney test. CTRL, control; DVT, deep
vein thrombosis; CRP, C-reactive protein.

100- P<0.05

F )
[7) a
Eg 70- o
o 60
29 50l |
N+« 15—
o
g2 10
38

[}]
3 51 °

o-i ———
DVT CTRL

Figure 1. Expression levels of IL-6 in DVT samples and CTRL. IL, inter-
leukin; DVT, deep vein thrombosis; CTRL, control

graphic and clinical-pathological characteristics. The analyses
were performed using GraphPad Prism (GraphPad Software,
Inc.). All experiments were performed in triplicate.

Results

Results of the study showed that IL-6 expression levels were
statistically reduced in the peripheral lymphocytes of DVT
patients compared to controls (fold-change, 2.8; P<0.05)
(Fig. 1). Despite C-reactive protein (CRP) levels being in
the normal range (<15 mg/ml) for almost all samples, DVT
patients showed higher CRP levels compared to normal
samples (P<0.05; Table I).

Discussion

Traditional knowledge on the pathophysiology of VTE
consists of the three elements of Virchow's triad: endothe-
lial injury, venous stasis and hypercoagulability (27). More
data has been gathered on extending the pathophysiology
of VTE (11). Damaged endothelium expresses adhesion
receptors favoring the recruitment of leukocytes and plate-
lets. Both bloodstream cell types seem to play a role in
VTE (12,28). Derived leukocyte products are able to acti-
vate coagulative cascade factors (factor X, XII) promoting
intrinsic coagulative pathways. Inflammation correlates with
activated coagulation because it influences the initiation and
propagation of coagulation, it down-regulates physiological
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anticoagulant pathways and it inhibits fibrin removal (13).
Activated coagulative factors via protease-activated recep-
tors (PARs) may contribute to endothelial stress and exposure
to adhesion molecules on the disarranged endothelial barrier
leading to inflammation (29).

On VTE pathways, an interesting concept progressively
emerged related to white blood cells (leukocytes and neutro-
phils) being rapidly attracted, and retained at the thrombosis
site. Immuno-thrombosis is an interesting interaction between
the innate immune system with the procoagulative condi-
tion (30). In particular, neutrophils can promote thrombosis
by releasing neutrophil extracellular traps (NETs). NETs
show several coagulative properties such as platelet activa-
tion, and fibrin string generation (31), whereas NETs are
resistant to systemic fibrinolysis so they impair thrombus
resolution (32,33). In severe clinical conditions (i.e., acute
sepsis), there is abundant expression of the ILs (e.g., IL-6) with
high surface expression of the tissue factor. The relationship
between inflammation and anti-coagulant balance is well
known i.e. that combined tissue-factor activated factor VII
converts factor X to activated factor, in turn activated factor X
generates the activated factor I (thrombin) of coagulation.
Reported evidence on the relationship between inflammation
and the pro-coagulative activated pathway leads us to the
conviction that inflammation must be considered as one of the
most likely risk factors for VTE. Current approved guidelines
for VTE (including DVT) therapy cite LMWH usage as first
line (34). DOACs were initially approved for VTE prophylaxis
in patients with favorable clinical conditions, to prevent the
risk of deterioration in patients with VTE. Subsequently,
DOAC:Ss have been also suggested in treating VTE. To date,
DOAC therapy is currently assigned to VTE patients after
discharge in preventing clinical worsening during follow-up.
On the anti-inflammatory response caused by anti-thrombotic
drugs, the anti-inflammatory effects of LMWHs were recently
confirmed by reducing IL-6 and by the increased lympho-
cyte percentage found in patients infected by the COVID-19
virus (35). No specific anti-inflammatory effects have been
reported for DOACs however, it could be reasonably expected
that their potential anti-inflammatory effects could help
in counteracting thrombin generation. In post-thrombotic
syndrome, lower fibrinogen and inflammatory biomarkers
were found in patients assigned to an anti-Xa activated oral
drug (Rivaroxiban) compared to 5-7 days conventional treat-
ment with LMWH and VKA (36). In conclusion, our results
show lower levels of IL-6 in DVT patients assigned to DOACs
compared to controls. Reduced IL-6 expression in the lympho-
cytes of DVT patients may mediate the anti-inflammatory
action of DOACs. Anti-inflammatory activity has yet to be
demonstrated in the LMWHs of patients with high inflam-
matory levels affected by acute dramatic thrombotic venous
diseases as the consequence of SARS-CoV-2 infection. To
the best of our knowledge, our study shows the first evidence
concerning the anti-inflammatory properties of DOACs in
DVT patients.

In conclusion, anticoagulant drugs such as LMWHs have
demonstrated the direct potential of their anti-inflammatory
capabilities in addition to their anticoagulant properties (37).
Moreover, the involvement of inflammation in the patho-
physiology of the venous thrombotic process has been clearly

established (38). Inflammation is a very interesting tool for
evaluating the potential of the new anti-thrombotic drugs
(DOAC:S) targeted to inhibite or reduce inflammatory path-
ways. Overall, we are confident that these observations will
contribute to clarifying the potential role of DOACs against
the high inflammatory activity that is greatly responsible for
favoring hyper-coagulation and in determining the clinical
outcomes for DVT patients.
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