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Abstract

Background: Evidence is accumulating that venous
thromboembolism is not limited to coagulation system
and immune system seems to be involved in formation
and resolution of thrombus. Some studies have
demonstrated the role of inflammatory factors in deep
venous thrombosis (DVT) of limbs; however, there has
not been such study in the patients with cerebral
venous sinus thrombosis (CVST). The purpose of this
study was to evaluate inflammatory cytokines including
interleukin-6 (IL-6), IL-8, IL-10, and tumor necrosis factor-
alpha (TNF-a) in the patients with the history of CVST.
Methods: In a cross-sectional study, 20 patients with
the first episode of CVST and 20 age- and sex-matched
healthy controls were included. The patients were seen
only after anticoagulant treatment had been
discontinued for at least 3 months. IL-6, IL-8, IL-10, TNF-
a levels, and erythrocyte sedimentation rate (ESR) were
measured in two groups.

Results: The median age of patients was 37.0
[interquartile range (IQR) = 31.75-42.75] and in control
group was 42.0 (IQR = 38.0-40.6) (P = 0.18). In patients
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group, 14 (70%) were females and in control group, also,
14 (70%) subjects were female (P = 0.01). It is significant
that the level of IL-6 was significantly higher in the
control group [patients: median: 9.75, IQR: 8.98-10.65;
controls: median: 11.45, IQR: 10.28-13.10; P = 0.01];
however, the ESR level was higher in the patients. On
the subject of IL-8, IL-10, and TNF-a, no significant
difference was detected.

Conclusion: We did not find higher concentrations of
inflammatory ILs in the patients with the history of CVST
that is contradictory with some findings in venous
thrombosis of the extremities; however, the studies with
larger sample size may be required.

Introduction

Classic risk factors for venous thrombosis are
divided into two main groups of acquired factors
such as immobilization, surgery and cancers, and
genetic risk factors, like activated protein C
resistance, and deficiencies of protein C or S and
antithrombin.! Evidence is accumulating that venous
thromboembolism is not limited to coagulation
system and immune system seems to be involved in
formation and resolution of thrombus.23

Cytokines are different groups of soluble short
acting proteins, glycoproteins, and peptides
produced by numerous immune cells and vascular
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cells, and act in picomolar to nanomolar
concentrations to trigger specific receptors and
modulate the functions of many cells and tissues.*
Interleukins (ILs) are cytokines synthetized by one
leukocyte and acting on other leukocytes. Anti-
inflammatory cytokines are involved in the down-
regulation of inflammatory reactions such as IL-10
and some others such as tumor necrosis factor-alpha
(TNF-a), IL-6 provoke stimulation of acute-phase
reactants or chemoattractant such as IL-8.4

There is evidence that elevated levels of ILs could
be associated with venous thrombosis.>” Elevated
plasma levels of IL-8 were previously shown to be
associated with recurrent venous thrombosis.? In
addition, in particular, IL-6, IL-8, and TNF-a play an
important role in the process of inflammation and
thrombosis ~ formation.  IL-6  provokes a
prothrombotic effect by increasing expression of
tissue factor, fibrinogen, factor VIII and Von
Willebrand factor (VWEF), activation of endothelial
cells and accumulating platelet creation; in addition,
it decreases the levels of inhibitors of hemostasis
such as anti-thrombin and protein S.?

Cerebral venous sinus thrombosis (CVST) is an
uncommon cerebrovascular disease representing
approximately 1% of all strokes, marked by clotting
of blood in cerebral venous or dural sinuses, and in
rare cases, cortical veins.l® A great many of risk
factors have been previously described for the CVST
patients.’® Previously, local and generalized
infections had an important role in the pathogenesis
of CVST; but the studies in recent years have shown
that in addition to acquired risk factors such as oral
contraceptive pills, inherited blood coagulation
disorders play an important role in the development
of CVST.10

Some studies have demonstrated the role of
inflammatory factors in deep venous thrombosis
(DVT) of limbs; however, there has not been such
study in CVST patients. We tested the hypothesis
that a chronic inflammatory state following a
proinflammatory stimulus, regardless of origin,
could precede future thrombotic events. The
purpose of this study was to evaluate
proinflammatory markers including IL-6, IL-8, IL-10,
and TNF-a in the patients with the history of CVST
in comparison with healthy individuals.

Materials and Methods

This was a cross-sectional study conducted between
January 2013 and June 2015. A total of 20 patients
with a first episode of objectively demonstrated
CVST and 20 age- and sex-matched healthy controls
were included. The patients had been previously
hospitalized in Shariati Hospital, affiliated to Tehran
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University of Medical Sciences, Tehran, Iran.

The patients were seen only after anticoagulant
treatment had been discontinued for at least 3
months. This was always at least 6 months after the
event because oral anticoagulant treatment was
routinely given for 3-9 months in unprovoked CVST
patients. The healthy control subjects were
acquaintances of patients or partners of other
patients and were selected according to the
following criteria: same sex, same age (+ 5 years), no
biological relationship, no history of venous
thromboembolism, no use of warfarin-derivatives
for at least 3 months, and no known malignancies.

Inclusion criteria for the patients were definite
diagnosis of CVST according to history, clinical
exam, and brain magnetic resonance imaging (MRI)
and magnetic resonance volumetry. The clinical
records and objective documentation of CVST were
reviewed by a neurologist to confirm the diagnosis.
The age was between 18 and 65 years.

The exclusion criteria were the CVST patients
with the history of surgical intervention, stupor or
coma during hospitalization, history of ischemic
heart disease, intermittent claudication and arterial
stroke or transient ischemic attacks, history of acute
or chronic renal failures, the previous diagnosis of
autoimmune disorders previous to CVST or
diagnosed after CVST, secondary thromboses as a
result of malignancy, pregnancy, infectious
disorders, and thrombophilia, recent immobility,
history of diabetes mellitus (DM), smoking and
hypertension. Of utmost importance, the patients
who required life-long anticoagulation (due to
hereditary thrombophilia, recurrent thrombosis, and
unresolvable thrombophilic risk factor) were not
enrolled in the study.

We drew 10 ml blood and transferred to the
laboratory  during 1 hour. Enzyme-linked
immunosorbent assay (ELISA) kits for IL-6, IL-8, IL-
10 and TNF-a were used from Diaclone Company,
France. Whole-blood samples were collected in the
early morning after overnight fasting. The samples
were stored for 15 hours at room temperature and
then centrifuged at 1000 x g for 20 minutes. The
supernatant was then separated and stored at —70 °C
until testing. Repeated freezing and thawing were
avoided for all samples. The procedures for the
measurement of IL-6, IL-8 IL-10, TNF-a level
followed the instructions provided by the kit
manufacturers. Erythrocyte sedimentation rate (ESR)
was measured with Westergren method.

All  patients or their caregivers/relatives
provided signed consent to participate in this study.
This study was approved by Ethical committee of
Tehran University of Medical Sciences.
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Data analysis was performed using RStudio
(version 3.2.2). Since the data did not follow normal
distribution, we used the non-parametric
Mann-Whitney test for analysis (comparison of the
factors between patients and controls). The
significance level below 0.05 was regarded
significant. The data are presented as median
[interquartile range (IQR: 25-75t percentiles) range].

Results

The median age of patients was 37.0 years
(IQR = 31.8-42.8) and in the control group was 42.0
years (IQR = 38.0-40.6) (P = 0.18). In patients group,
14 (70%) were females and in the control group, 14
(70%) subjects were female (P = 0.01). In CVST

Table 1. The measured factors between patients and controls

group, 5 women consumed oral contraceptive pills
before the episode. Patients were included in the
study at different time intervals after the thrombotic
episode [median 10.5 months (IQR = 9.0-12.0)]. All
patients had received during acute-phase and the
median duration of warfarin consumption was
6 months (IQR = 5.0-6.3).

The comparison of blood levels of measured
factors (IL-6, IL-8, IL-10, TNF-a, and ESR) are
shown in table 1 and figure 1. It is significant that
the level of IL-6 was significantly higher in the
control group (Table 1, Figure 1); however, the ESR
level was higher in the patients. On the subject of
IL-8, IL-10, and TNF-a, no significant difference
was detected.

Patients (n = 20)

Controls (n = 20)

Factors Median 10R (25-75" percentiles) __ Median IQR (25-75" percentiles) o Whitney U P

IL-6 (pg/ml) 9.75 (8.98-10.65) 11.45 (10.28-13.10) 105.00 0.01
IL-8 (pg/ml) 53.00 (46.25-72.50) 158.50 (45.0-301.8) 148.50 0.17
IL-10 (pg/ml) 9.10 (8.36-9.83) 9.05 (8.38-9.83) 196.50 0.93
TNF-a (pg/ml) 8.65 (8.20-10.15) 8.80 (7.98-10.68) 191.00 0.82
ESR (mm/hour) 13.50 (9.75-24.25) 9.50 (8.00-11.25) 114.00 0.02

ESR: Erythrocyte sedimentation rate; TNF-a: Tumor necrosis factor-alpha; IL: Interleukin; IQR: Interquartile range
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Figure 1. The comparison of measured factors between two groups of patients and controls (the levels are in pg/ml)

CVST and cytokines
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Discussion

According to our results, we could not confirm the
hypothesis that pro-inflammatory cytokines are
higher in the patients with the history of CVST;
however, there have been some studies in favor of
this hypothesis in DVT of extremities.

In van Aken et al. study,® the patients with the
first event of objectively demonstrated DVT were
involved in whom anticoagulant treatment had been
discontinued for at least 3 months (at least more
than 6 months after the event). The study
demonstrated that higher concentrations of IL-8
were related to venous thrombosis. Plasma
concentrations of IL-8 (above the 90t percentile) lead
to around two-fold increased risk of venous
thrombosis, and this association was most noticeable
between 40 and 51 years. However, in our study, we
did not find such difference between CVST patients
and controls.

It is significant that in a population of cancer
patients with abdominal malignancies, the
C-reactive protein, 1L-6, nuclear factor-«B, and E-Sel
levels in patients with DVT were meaningfully
higher than the control group. The IL-10 level was
higher in patients with DVT than in controls.!
Another study demonstrated that IL-10 -1082A/G
polymorphism is associated with increased risk of
DVT.12

In a case-control study, the association of venous
thromboembolism and levels of IL, IL-6, IL-8, and
monocyte chemotactic protein-1 (MCP-1) was
examined.’® Blood was collected > 7 months after the
thrombotic episode. Odds ratios (OR) adjusted for
age and sex were 1.520 for IL-6, 1.1 for IL-8, and 1.0
for MCP-1. Polymorphisms did not affect the
thrombotic risk and the cytokine levels in study
participants.

In another study, it was demonstrated that
patients with idiopathic venous thrombosis had
significantly lower levels of IL-10. Patients also had
increased levels of proinflammatory cytokines such
as IL-6 and IL-8.14 In patients with trauma, an
elevated serum P-selectin to IL-10 ratio was
associated with the development of venous
thromboembolism.1>

It is noticeable that in our study the level of IL-6

References

1. Rosendaal FR. Venous thrombosis: a
multicausal disease. Lancet 1999;

was lower in the CVST patients in comparison with
the control group that may stem from the chronic
consumption of warfarin by the patients. According
to some previous studies, warfarin may directly
influence inflammatory signal transduction, in lower
concentrations lessening such signaling but in higher
concentrations provoking proinflammatory
reactions; in other words, low-dose warfarin may
have anti-inflammatory effect through suppression
of IL-6 secretion and obstructing the immune-
associated signals.1617

The most important limitation of our study was
the small sample size that is, as a result of scarcity
CVST in comparison with other forms of venous
thrombosis such as DVT in the extremities.
Conducting study as multi-center study may solve
this problem.

For future, we propose the measurements of ILs
in a larger population; what is more, we suggest the
measurements in acute phase as well as measuring
more widespread vascular factors such as vascular
cell adhesion molecule 1, intercellular adhesion
molecule 1, and E-selectin and other related factors.

Conclusion

According to our results, we did not find higher
concentrations of pro-inflammatory cytokines in the
patients with the history of CVST that is
contradictory with some findings in venous
thrombosis of the extremities; however, the studies
with larger sample size may be required.

Conflict of Interests

The authors declare no conflict of interest in this study.

Acknowledgments

This research was supported by a grant from vice
chancellor of Tehran University of Medical Sciences
(project number: 92-03-30-23787). We acknowledge
all patients that have participated in this study.

How to cite this article: Akbari F, Ghorbani A, Fatehi F.
The assessment of proinflammatory cytokines in the
patients with the history of cerebral venous sinus
thrombosis. Iran J Neurol 2016; 15(2): 75-9.

inflammation and venous thrombosis. A
systematic review of clinical studies. Thromb

pathophysiology ~ of  cancer-associated
thrombosis. Br J Cancer 2010; 102(Suppl

353(9159): 1167-73.

Saghazadeh A, Hafizi S, Rezaei N.
Inflammation in venous thromboembolism:
Cause or consequence? International
Immunopharmacology 2015; 28(1): 655-65.
Fox EA, Kahn SR. The relationship between

Haemost 2005; 94(2): 362-5.

Sprague AH, Khalil RA. Inflammatory
cytokines in vascular dysfunction and
vascular disease. Biochem Pharmacol 2009;
78(6): 539-52.

Noble S, Pasi J. Epidemiology and

78

Iran J Neurol 2016; 15(2)

http:/fijnl.tums.ac.ir 3 April

1): S2-S9.

Miller GJ, Bauer KA, Howarth DJ, Cooper
JA, Humphries SE, Rosenberg RD.
Increased incidence of neoplasia of the
digestive tract in men with persistent
activation of the coagulant pathway. J

Akbari et al.



8.

10.

11.

Thromb Haemost 2004; 2(12): 2107-14.
Vormittag R, Hsieh K, Kaider A, Minar E,
Bialonczyk C, Hirschl M, et al. Interleukin-
6 and interleukin-6 promoter polymorphism
(-174) G > C in patients with spontaneous
venous thromboembolism. Thromb
Haemost 2006; 95(5): 802-6.

van Aken BE, Reitsma PH, Rosendaal FR.
Interleukin 8 and venous thrombosis: evidence
for a role of inflammation in thrombosis. Br J
Haematol 2002; 116(1): 173-7.

Kerr R, Stirling D, Ludlam CA. Interleukin
6 and haemostasis. Br J Haematol 2001;
115(1): 3-12.

Saadatnia M, Fatehi F, Basiri K, Mousavi
SA, Mehr GK. Cerebral venous sinus
thrombosis risk factors. Int J Stroke 2009;
4(2): 111-23.

Du T, Tan Z. Relationship between deep

CVST and cytokines

12.

13.

14.

venous thrombosis and inflammatory
cytokines in postoperative patients with
malignant abdominal tumors. Braz J Med
Biol Res 2014; 47(11): 1003-7.

Tang B, Chen YK, Luo WJ, Fu J, Sun JM.

Association  between interleukin-10 -
1082A/G, -819C/T  and -592C/A
polymorphisms  with ~ deep  venous

thrombosis. Hum Immunol 2014; 75(3):
203-7.

Matos MF, Lourenco DM, Orikaza CM,
Bajerl JA, Noguti MA, Morelli VM. The
role of IL-6, IL-8 and MCP-1 and their
promoter polymorphisms IL-6 -174GC, IL-
8 -251AT and MCP-1 -2518AG in the risk
of venous thromboembolism: a case-control
study. Thromb Res 2011; 128(3): 216-20.
Poredos P, Jezovnik MK. In patients with
idiopathic venous thrombosis, interleukin-

15.

16.

17.

10 is decreased and related to endothelial
dysfunction. Heart Vessels 2011; 26(6):
596-602.

Proctor MC, Sullivan V, Zajkowski P, Wolk
SW, Pomerantz RA, Wakefield TW, etal. A
role for interleukin-10 in the assessment of
venous thromboembolism risk in injured
patients. J Trauma 2006; 60(1): 147-51.
Kater AP, Peppelenbosch MP, Brandjes DP,
Lumbantobing M. Dichotomal effect of the
coumadin  derivative  warfarin  on
inflammatory  signal transduction. Clin
Diagn Lab Immunol 2002; 9(6): 1396-7.
Kurohara M, Yasuda H, Moriyama H,
Nakayama M, Sakata M, Yamada K, et al.
Low-dose  warfarin  functions as an
immunomodulator to prevent
cyclophosphamide-induced NOD diabetes.
Kobe J Med Sci 2008; 54(1): E1-13.

Iran J Neurol 2016; 15(2)

http:/fijnl.tums.ac.ir 3 April

79



