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ABSTRACT

Background: Stroke is a leading cause of death all around the world, and ischemic stroke is considered to be the
most common stroke type. Toll-like receptors (TLRs) are important molecules for detection of both pathogen
invasion and tissue damage. In this regard, the purpose of this study was to assess the expression level of TLR2 on
monocytes in patients with ischemic stroke and to evaluate the expression change profile following high-mobility
group box 1 (HMGB1) stimulation. Methods: A total of 30 patients with ischemic stroke were enrolled from
November 2013 to September 2014. The real-time PCR and ELISA assays were applied to detect the
concentrations of TLR2 mRNAs. Results: TLR2 expression was found to be increased in patients with ischemic
stroke, as compared to the healthy control group (P<0.001). Also, anti-TLR2 antibodies were able to decrease the
expression levels of IL-17, IL-6 and IL-33. This result implies that the enhanced TLR2 pathway and Th17 cell
polarization may be due to HMGB1 stimulation in ischemic stroke. Conclusion: Further clinical studies are needed
for development of a new treatment strategy to inhibit the HMGB1 pathway, thus preventing the inflammation in
ischemic stroke patients. DOI: 10.7508/ibj.2016.04.006
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INTRODUCTION TLR2, a member of the TLR family, is a conserved
pattern recognition receptor expressed on monocytes.
TLR2 has the ability to detect motifs of Pathogens and
induce innate and adaptive immunity®. Therefore,
TLRs may be essential receptors to detect a high-

mobility group box 1 (HMGB1) during

worldwide™. In point of fact, ischemic stroke

results from loss of blood suppl}/ to a part of the
brain, initiating the ischemic cascade!. Several studies

Stroke is a major cause of morbidity and mortality

inflammation’™!

have demonstrated the relationship between stroke and
innate immune responses, which can be mediated b
receptors such alike Toll-like receptors (TLRs)®®.
TLRs, which is a family of pattern recognition
receptors, play key roles both in the activation of
immune responses and in the pathogenesis of
inflammatory diseases®. Currently, 15 TLRs have
been identified in human beings, 10 of which are
functionall”.
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. TLR2 deficiency leads to increased
Th17 infiltrations in experimental brain abscessest”.
HMGBL is a damage-associated nuclear protein that
can be secreted or released from immune, dead and
dying cells. A variety of studies have shown that
HMGBL creates a positive feedback in the secretion of
some pro-inflammatory cytokines from monocytest"
Bl HMGBA1 is released actively from macrophages and
monocytes stimulated by lipopolysaccharide or tumor
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necrosis factor-alpha and passively from damaged cells
and necrotic cells. Extracellular HMGB1 signals
through a specialized receptor for advanced glycation
end products, TLR2 and TLR4™. It has been reported
that HMGB1 exerts multiple functions depending on
its cellular localization™. In middle cerebral artery
occlusion models in rodents, Chopp and coworkers*
have been demonstrated that HMGB1 levels are
immediately decreased in the ischemic core and in
turn, serum HMGBL levels are rapidly increased.

The aim of this study was to assess the effects of
HMGB1 on the TLR2 pathway and Th17 cell
infiltration in patients with ischemic stroke. For this
purpose, we sought to evaluate the expression level of
TLR2 on monocytes in patients with ischemic stroke.
We also measured the expression change profile of
TLR2 in response to in vitro HMGBL1 stimulation to
show the role of TLR2 in monocyte activation in stroke
patients. In addition, we examined IL-17, IL-33 and
IL-6 plasma levels, which were produced by HMGB1-
stimulated monocytes and obtained from the patients.

MATERIALS AND METHODS

Reagents

TLR2 primer was obtained from Biogen Company,
Shanghai, China. Recombinant human IL17, IL-6 and
IL-33 ELISA kits were purchased from Bender Med
System, Vienna, Austria. HMGB1 was obtained from
Invitrogen Company (USA).

Inclusion and exclusion criteria for stroke patients

Inclusion criteria included diagnosis of ischemic
stroke causing measurable neurologic deficit, onset of
symptoms <3 hours before the beginning of treatment.
The exclusion criteria were head trauma or prior stroke
in previous three months, symptoms suggesting
subarachnoid hemorrhage, arterial puncture at non-
compressible site in previous seven days, history of
previous intracranial hemorrhage, elevated blood
pressure (systolic >185 mm Hg or diastolic >110 mm
Hg), evidence of active bleeding on examination, acute
bleeding diathesis, including but not limited to platelet
count <100,000/mm’, heparin received within 48 hours,
resulting in a partial thromboplastin time upper limit of
normal, current use of anticoagulant with protrombin
time >15 seconds and blood glucose concentration <50
mg/dL (2.7 mmol/L). A control group composed of
non-ischemic stroke like hemorrhagic ones or other
brain injuries irrelevant to strock was considered.

Patients and real-time PCR
A total of 30 patients with ischemic stroke were
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enrolled from November 2013 to September 2014. The
age of the patients (18 women and 12 men) ranged
from 50 to 80 years old. Healthy volunteers (n=10)
were chosen as a control group. Whole blood was
collected from healthy volunteers and patients with
ischemic stroke and drawn directly into EDTA-
containing tubes. Afterwards, the blood samples were
centrifuged at 4°C for 5 minutes, the supernatant was
collected for cytokine measurement, and peripheral
blood mononuclear cells were recovered from the
pellet by standard Ficoll-Hypaque (Pharmacia,
Uppsala,  Sweden)  density  centrifugation™.
Monocytes were isolated from peripheral blood
mononuclear cells, cultured at a density of 1x10°
cells/ml in RPMI-1640 medium (Gibco, Carlsbad, CA,
USA) and stimulated with 0.5 pg/ml HMGBL1 for 1, 2,
4, 8 and 12 hours. To block TLR2 or HMGB1, the
cells were pre-incubated with 10 pg/ml rabbit anti-
human TLR2 (Abcam, Cambridge, UK) for 1 hour
before HMGB1 treatment. The cell suspensions
without the addition of HMGB1 were used as a control
group. Also, “relative quantification of gene
expression” was carried out using RT-PCR.
Quantitative real-time PCR was applied to measure the
expression levels of TLR2. It should be noted that all
samples were calibrated by B-actin. Total RNA was
extracted from monocytes using the TRIzol
(Invitrogen, USA) isolation solution according to the
manufacturer’s instructions. The TLR2 mRNA levels
were quantified by gRT-PCR amplification using a
7500 fast real-time PCR system (Applied Biosystem,
Foster, CA, USA). The following sequences of primers
were used, and RT-PCRs were carried out in
triplicates.

TLR2 forward primer: 5’ caaacttgccttcccgtgagga-3’
TLR2 reverse primer: 5’-ccggttaagtccccttgagga-3’

B-actin forward primer: 5’-tgtggcaaagaatcctgac-3’
B-actin reverse primer: 5°-tgctcagtaaaacgcaccg-3’

ELISA assay

IL-17 levels in monocyte cell culture supernatants
and in the control groups were determined by a IL-17
ELISA Kit (R&D system, USA). IL-6 and IL-33 levels
were measured by ELISA kits (R&D system, USA).
The detection threshold of the assay was found to be 1
ng/ml.

Statistical analysis

Data were summarized as meantSD. The statistical
analyses of the results were performed by the
independent-sample t-test. Values for P<0.05 were
considered to be statistically significant.
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RESULTS

Increased TLR2 expression in monocytes

Quantitative real-time PCR results showed that the
expression level of TLR2 mRNA in monocytes from
patients with ischemic stroke was significantly higher
than healthy volunteers (Fig. 1A). In addition, the
TLR2 mRNA levels were increased in monocytes from
patients when co-cultured with HMGBJ1, particularly
after 12 hours (Fig. 1B).

Increased cytokine concentrations in culture
supernatant of monocytes stimulated by HMGB1
As illustrated in Figure 2A, IL-33 plasma levels were
obviously increased in the ischemic stroke patients
(84+4.23 pg/ml) when compared to the healthy
volunteers (36.25+11.8 pg/ml). Additionally, the
plasma concentrations of IL-17 in patients with
ischemic stroke (165.8+17.8) were significantly higher
than those in healthy volunteers (89+5.4 pg/ml) (Fig.
2B). Figure 2C shows the results of IL-6 assey in
plasma from patients and healthy volunteers,
representing that the IL-6 level in ischemic stroke
patients is higher than healthy control subjects. In co-
culture with HMGBL1, the cytokine assay showed that
the IL-17, IL-6 and IL-33 levels were significantly
elevated in both groups, when stimulated by HMGB1
after a 12-hour incubation (Fig. 2D). To demonstrate
the effect of HMGB1, monocytes were pre-treated with
an anti-TLR2 antibody (10 ng/ml) for 1 hour before
treatment with HMGB1, and the cell supernatant was
then collected for ELISA. The data showed that the
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anti-TLR2 antibody is able to decrease the expression
of IL-17, IL-6 and IL-33, and IL-17 and IL-33 are
highly increased in stroke patients.

DISCUSSION

An injured tissue has the ability to induce
inflammatory responses due to the release of
endogenous mediators, which leads to the activation of
signaling cascades and, in turn, promotes T-cell
expansion™. Some studies have demonstrated™ ")
that injured tissues are able to mediate their effects by
signaling through TLR4. However, TLR2 and TLR4
are independently associated with poor outcome and
correlated with higher serum levels of IL-1p, IL-6 and
tumor necrosis factor a. TLR4 is also independently
related to lesion volume™*®l,

TLR2 signaling is stimulated in response to host-
derived molecules, including gp96 HMGB1, and
possibly to larger hydrophobic molecular complexes
(Hyppo’s)™. Investigations have shown that a variety
of endogenous ligands, such as HMGB1, are expressed
by damaged brain cells™®*". In a study, it has been
revealed that dying glioma cells release HMGB, thus
stimulating TLR2-dependent NFkB signaling and
denderetic cells activation™. Another study has
demonstrated that high mobility group box1-specific
antibody had little effect on suppressing inflammatory
cytokine expression on the first day after stroke onset
compared with the Prx- specific antibodies, which can
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Fig. 1. TLR2 expression results using real-time PCR. A) The real-time PCR of TLR2 expression in stroke patients and healthy
controls. The Figure shows the high expression level of TLR2 in stroke patients, as compared to the controls. B) The TLR2 expression
level in the HMGB-stimulated monocytes from stroke patients in a time-course manner. The TLR2 expression at 12 hours after
HMGBL stimulation is higher than that at other time courses. # shows P<0.001.
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Fig. 2. Pro-inflammatory cytokines levels. 1L-33 (A), IL-17 (B) and IL-6 (C) levels in the plasma of the patients are higher than that
in the healthy control. B) The IL-17 level is higher in the patient’s plasma, when compared to the healthy control. C) The IL-6 level is
higher in the patient’s plasma, as compared with the healthy control. D) Cytokines levels from stroke patients and healthy controls on
monocyte cells compared with HMGB1 stimulation. Part A represents the monocytes from stroke patients and healthy controls. Part B
indicates the HMGB-stimulated monocytes from stroke patients and healthy controls, cultured with HMGBL1 at 12 hours. Part C shows
the application of anti-TLR2 antibody in the co-culture system. # shows P<0.001.

Supernatant IL-33 level
Supernatant IL-7 level
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be explained by the fact that the extracellular release of
HMGBL is mostly diminished in the ischemic brain
within 6 h after stroke onset!.

Brea and coworkers™™! have analyzed the TLR2 and
TLR4 expression at a protein level by flowcytometry
in blood samples from patients with ischemic stroke (at
24-h, 72-h and 7-day time points), as well as in healthy
controls subjects. Comparing with these studies, we
sought to describe the effect of HMGB1 on TLR2
expression in monocytes in a time-course manner.

The results of the present study indicated that TLR2
MRNA was expressed at high levels in monocytes,
when compared with B-actin. However, an increase in
both TLR2 and B-actin mMRNA expression showed that
the TLR2 expression was increased in patients with
ischemic stroke, as compared to the healthy control
group (P<0.001). HMGBL, a universal nuclear protein,
can mediate inflammation and plays an important role
in the pathogenesis of various inflammatory diseases.
However, it can be deduced that the immune system in
stroke patients is in part regulated by an increased
frequency of Thl7 cells, which leads to increases in
TLR2 and inflammatory cytokines. In addition, the
elevated levels of 1L-17, I1L-33 and IL-6 were found in
the plasma of patients with ischemic stroke, as well as
in the supernatants of the cell monocyte stimulated by
HMGBL. Interestingly, the enhanced expression of
TLR2 on monocytes was also detected in stroke
patients compared with healthy volunteers.

From the results of this study it can be concluded that
HMGB1 is able to mediate endogenous TLR2
activation, and enhanced TLR2 levels may be due to
HMGBL1 stimulation.

ACKNOWLEDGMENTS

This work was financially supported by Islamic Azad
University, Tabriz Branch, Tabriz, Iran and also
Neurosciences Research Center, Imam Reza Medical
Center, Tabriz University of Medical Sciences, Tabriz,
Iran.

CONFLICT OF INTEREST. None declared.

REFERENCES

1. Lo EH, Dalkara T, Moskowitz MA. Mechanisms,
challenges and opportunities in stroke. Nature reviews
neuroscience 2003; 4(5): 399-415.

2. Zhang ZG, Chopp M. Neurorestorative therapies for
stroke: underlying mechanisms and translation to the
clinic. The lancet neurology 2009; 8(5): 491-500.

3. ladecola C, Anrather J. The immunology of stroke: from
mechanisms to translation. Nature medicine 2011;

Iran. Biomed. J. 20 (4): 223-228

10.

11.

12.

13.

14.

15.

16.

17.

17(7): 796-808.

Lo EH. A new penumbra. transitioning from injury into
repair after stroke. Nature medicine 2008; 14(5): 497-
500.

de Souza DF, Leite MC, Quincozes-Santos A, Nardin P,
Tortorelli LS, Rigo MM, Gottfried C, Leal RB,
Gongalves CA. S100B secretion is stimulated by IL-
1beta in glial cultures and hippocampal slices of rats:
Likely involvement of MAPK pathway. Journal of
neuroimmunol 2009; 206(1-2): 52-57.

Hayakawa K, Arai K, Lo EH. Role of ERK map kinase
and CRML1 in IL-1beta-stimulated release of HMGB1
from cortical astrocytes. Glia 2010; 58(8): 1007-1015.
Shotorbani SS, Su ZL, Xu HX.Toll-like receptors are
potential therapeutic targets in rheumatoid arthritis.
World journal of biological chemistry 2011; 2(7): 167-
172.

Faraco G, Fossati S, Bianchi M, Patrone M, Pedrazzi M,
Sparatore B, Moroni F, Chiarugi A. High mobility
group box 1 protein is released by neural cells upon
different stresses and worsens ischemic
neurodegeneration in vitro and in vivo. Journal of
neurochemistry 2007; 103(2): 590-603.

Hori O, Brett J, Slattery T, Cao R, Zhang J, Chen JX,
Nagashima M, Lundh ER, Vijay S, Nitecki D, Morser J,
Stern D, Schmidt, AM. The receptor for advanced
glycation end products (RAGE) is a cellular binding site
for amphoterin Mediation of neurite outgrowth and
coexpression of rage and amphoterin in the developing
nervous system. Journal of biological chemistry 1995;
270(43): 25752-25761.

Nichols JR, Aldrich AL, Mariani MM, Vidlak D, Esen
N, Kielian T. Toll-like receptor 2 (TLR2) deficiency
leads to increased Th17 infiltrates in experimental brain
abscesses. Journal of immunology 2009; 182(11): 7119-
7130.

Yang H, Wang H, Czura CJ, Tracey KJ. The cytokine
activity of HMGB1. Journal of leukocyte biology 2005;
78(1): 1-8.

Krupinski J, Kumar P, Kumar S, Kaluza J. Increased
expression of TGF-B1 in brain tissue after ischemic
stroke in humans. Stroke 1996; 27(5): 852-857.

Ohab JJ, Fleming S, Blesch A, Carmichael ST. A
neurovascular niche for neurogenesis after stroke. The
Journal of neuroscience 2006; 26(50): 13007-13016.
Chopp M, Zhang ZG, Jiang Q. Neurogenesis,
angiogenesis, and MRI indices of functional recovery
from stroke. Stroke 2007; 38(2): 827-831.

He Z, Shotorbani SS, Jiao Z, Su Z, Tong J, Liu Y, Shen
P, MaJ, Gao J, Wang T, Xia S, Shao Q, Wang S, Xu H.
HMGB1 promotes the differentiation of Thl7 via up-
regulating TLR2 and IL-23 of CD14+ monocytes from
patients with rheumatoid arthritis. Scandinavian journal
of immunology 2012; 76(5): 483-490.

Maeda S, Chang L, Li ZW, Luo JL, Leffert H, Karin M.
IKKp is required for prevention of apoptosis mediated
by cell-bound but not by circulating TNFa. Immunity
2003; 19(5): 725-737.

Karin M, Cao Y, Greten FR, Li ZW. NF-kappaB in
cancer: from innocent bystander to major culprit. Nature

227


http://dx.doi.org/10.7508/ibj.2016.04.006
https://dor.isc.ac/dor/20.1001.1.1028852.2016.20.4.4.9
http://ibj.pasteur.ac.ir/article-1-1678-en.html

[ Downloaded from ibj.pasteur.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.1028852.2016.20.4.4.9 ]

[ DOI: 10.7508/ibj.2016.04.006 ]

HMGB1 Activated TLR2 in Stroke

Sadat-Hatamnezhad et al.

18.

19.

228

reviews cancer 2002; 2(4): 301-310.

Borrello MG, Degl’Innocenti D, Pierotti MA.
Inflammation and cancer: the oncogene-driven
connection. Cancer letters 2008; 267(2): 262-270.
Shichita T, Hasegawa E, Kimura A, Morita R,
Sakaguchi R, Takada I, Sekiya T, Ooboshi H, Kitazono
T, Yanagawa T, Ishii T, Takahashi H, Mori S, Nishibori
M, Kuroda K, Akira S, Miyake K, Yoshimura A.

20.

Peroxiredoxin family proteins are key initiators of
postischemic inflammation in the brain. Nature
medicine 2012; 18(6): 911-917

Brea D, Blanco M, Ramos-Cabrer P, Moldes O, Arias S,
Pérez-Mato M, Leira R, Sobrino T, Castillo J. Toll-like
receptors 2 and 4 in ischemic stroke: outcome and
therapeutic values. Journal of cerebral blood flow
metabolism 2011; 31(6): 1424-1431.

Iran. Biomed. J. 20 (4): 223-228


http://dx.doi.org/10.7508/ibj.2016.04.006
https://dor.isc.ac/dor/20.1001.1.1028852.2016.20.4.4.9
http://ibj.pasteur.ac.ir/article-1-1678-en.html
http://www.tcpdf.org

