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HMGB1 mediates microglia activation via the TLR4/NF-«kB
pathway in coriaria lactone induced epilepsy

YUNBO SHI]*, LINGLI ZHANG?", JUNFANG TENG' and WANG MIAO'

Departments of 1Neurology and 2Gastroenterology, The First Affiliated Hospital of Zhengzhou University,
Zhengzhou, Henan 450052, PR. China

Received February 22, 2017; Accepted October 10, 2017

DOI: 10.3892/mmr.2018.8485

Abstract. Epilepsy is a chronic and recurrent disease of the
central nervous system, with a complex pathology. Recent
studies have demonstrated that the activation of glial cells
serve an important role in the development of epilepsy.
The objective of the present study was to investigate the
role of high-mobility group box-1 (HMGBI1) in mediating
the activation of glial cells through the toll-like receptor 4
(TLR4)/nuclear factor (NF)-«xB signaling pathway in
seizure, and the underlying mechanism. The brain tissue of
post-surgery patients with intractable epilepsy after resection
and the normal control brain tissue of patients with cranio-
cerebral trauma induced intracranial hypertension were
collected. The expression level and distribution pattern of
HMGBI, 0X42 and NF-«kB p65 were detected by immunohis-
tochemistry. HMGBI1, TLR4, receptor for advanced glycation
end products (RAGE), NF-xB p65 and inducible nitric oxide
synthase (iNOS) expression levels were detected by western
blotting, and serum cytokine levels of interleukin (IL)-1, IL-6,
tumor necrosis factor (TNF)-a, transforming growth factor
(TGF)-p and IL-10 in patients with epilepsy and cranioce-
rebral trauma were detected by ELISA. And cell model of
epilepsy was established by coriaria lactone (CL)-stimulated
HM cell, and the same factors were measured. The poten-
tial toxic effect of HMGBI1 on HM cells was evaluated by
MTT and 5-ethynyl-2-deoxyuridine assays. The results
demonstrated that compared with the control group, levels of
HMGBI, TLR4, RAGE, NF-«B p65 and iNOS in the brain of
the epilepsy group were significantly increased, and increased
cytokine levels of IL-1, IL-6, TNF-a, TGF-f and IL-10 in
patients with epilepsy were also observed. At the same time,
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the above results were also observed in HM cells stimulated
with CL. Overexpression of HMGBI enhanced the results,
while HMGBI small interfering RNA blocked the function of
CL. There was no significant toxic effect of HMGB1 on HM
cells. In conclusion, overexpression of HMGBI potentially
promoted epileptogenesis. CL-induced activation of glial
cells may act via up-regulation of HMGBI1 and TLR4/RAGE
receptors, and the downstream transcription factor NF-«B.

Introduction

Epilepsy is a disease caused by the synchronous abnormal
discharge of intracranial neurons, it is predominantly charac-
terized by Convulsive status epilepticus (1). The pathology of
epilepsy is a complex process, including genetic factors, brain
diseases including intracranial tumor, intracranial infection,
craniocerebral injury, cerebrovascular disease, and systemic
diseases, such as anoxia, metabolic disease and endocrine
disease (2). Epilepsy is a life-threatening neurological disease
that affects many people (3,4). Surgery can sometimes
result in positive outcomes for patients with drug-resistant
seizures (5); however, sometimes completely removing lesions
is a problem (6).

A previous study observed that mutational hot spots in the
transmembrane domains of calcium voltage-gated channel
subunit alphal and ATPase/Na+/K+ transporting subunit
alpha 2 proteins were highly associated with epilepsy in
hemiplegic migraine (7). Brain inflammation is considered
serve an important role in epilepsy (8). The pro-inflammatory
C5a receptor, C5arl, represents a novel target for improved
anti-epileptic drug development, which may be beneficial for
pharmaco-resistant patients (9).

Inflammatory processes in the central nervous system
(CNS) have been reported to serve a vital role in human
epilepsy and in experimental models of seizures (10). CNS
inflammation is characterized by a disturbance of glial cell
functions: A previous study has demonstrated the direct effects
of several antiepileptic drugs (AEDs) on glial viability through
detecting the gap junctional network, microglial activation
and cytokine expression in an in vitro astroglia/microglia
co-culture model (11). Anti-inflammatory therapies both
in clinical and in experimental settings obtained a good
therapeutic result. All the above highlight the important role
of brain inflammation in the aetiopathogenesis of seizures.
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Certain components of the inflammatory gene network might
contribute to the process (12).

Glia serve a pivotal role in the initiation and maintenance
of the CNS immune response, and it involves in defining
central nervous system architecture, brain metabolism, and the
survival of neurons, development and modulation of synaptic
transmission, propagation of nerve impulses, and many other
physiological functions (13). In the recently years, the contri-
bution of glial cells, mainly astrocytes and microglia, to the
pathophysiology of epilepsy is increasingly appreciated (11,14).

Microglia are the major immune cells in the brain, and
serve an immune monitoring function. They have been
traditionally studied in various contexts of disease, and their
activation has been assumed to induce mostly detrimental
effects (15). Microglia-driven epilepsy may be a primary
pathogenic process; experimental and clinical studies support
a pathogenic role of microglial activation and proliferation in
epileptogenesis (16). Previous studies have demonstrated that
microglia activated by recurrent seizures continuously secrete
a variety of immune effector molecules, such as interleukin
(IL)-1, IL-6, IL-8, tumor necrosis factor (TNF)-a, trans-
forming growth factor (TGF)-f3, and oxygen free radicals, such
as reactive oxygen species, which can damage other neurons,
glial cells and the blood brain barrier, causing local or exten-
sive injury of central nervous system, aggravate epilepsy and
cause seizures (16,17).

High-mobility group box 1 (HMGBI) is a nuclear protein
with cytokine-type functions upon its extracellular release.
HMGBI activates inflammatory pathways by stimulating
multiple receptors, chiefly toll-like receptor 4 (TLR4) and
receptor for advanced glycation end products (RAGE) (18). A
study on a model of renal ischemic reperfusion injury (IRI)
demonstrated that the HMGBI1-TLR4 inflammatory signaling
pathway was inhibited by dexamethasone treatment via the
attenuated translocation of HMGBI from the nucleus to the
cytoplasm, and the down-regulation of TLR4 expression (19).
Quercetin has hepatoprotective and anti-fibrotic effects to
liver fibrosis through modulating the HMGB1-TLR2/4-nuclear
factor (NF)-«kB signaling pathways (20). Experimental
models of seizures and temporal lobe epilepsy verified that
hyperexcitability of HMGBI1 and TLR4 signaling leads to
the development and perpetuation of seizures (21). IL-1 type
1 receptor/TLR, which can be activated by proinflammatory
cytokines such as HMGBI, serves a key role in seizures (22).
HMGBI contributes to the overexpression of P-glycoprotein
in mouse epileptic brain tissues via activation of TLR4/RAGE
receptors and the downstream transcription factor NF-kB in
brain microvascular endothelial cells (23).

The present study aimed to explore a novel way for the
treatment of intractable epilepsy by targeting microglia and
blocking the associated inflammatory signaling pathways,
receiving the effect of reducing nerve injury and cytotoxic
substance release.

Materials and methods

Specimen collection. The present study was ethically approved
by The First Affiliated Hospital of Zhengzhou University
(Zhengzhou, China) and written informed consent was
obtained from every participant. Brain tissue was collected
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post-surgery from both patients with intractable epilepsy
(EP group) after resection, and the control brain tissue of
patients with craniocerebral trauma induced intracranial
hypertension. All brain tissue was frozen in liquid nitrogen.

Immunohistochemical staining (IHC). THC was performed
as previous described (5). Brain tissue sections (5 ym) for
immunohistochemical analysis were fixed in 4% para-
formaldehyde (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) and paraffin-embedded. Sections of the brain
regions were selected for the THC study following fixing of
the sections with acetone. Briefly, slides were incubated
with 0.03% H,0, in PBS for 10 min at room temperature, then
incubated in 5% normal goat serum in PBS for 15 min. Sections
were then incubated with primary antibodies: Anti-HMGBI1
(cat. no. ab18256, 1:100; Abcam, Cambridge, UK), anti-NF-xB
p65 (cat. no. ab16502, 1:5,000; Abcam) and anti-OX42 (cat.
no. ab1211, 1:500; Abcam) in 3% bovine albumin serum in
PBS at 4°C overnight. Immunoreactivity was detected using
avidin-biotin-peroxidase technique; sections were incubated
with 3, 3'-diaminobenzidine as the chromogen for 20 min at
37°C. Images were acquired using an upright optical micro-
scope (DM4000; Leica Microsystems, Mannheim, Germany).
Prior to mounting, the cell nuclei were counterstained by
Hoechst 33342 fluorescent dye (1:1,000; Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA USA) for 10 min at 37°C.
Samples without the addition of a primary antibody were used
as the negative control. For each field, the number of positively
stained capillaries were counted under a light microscope
and the percentage of positive cells was calculated from the
average value of five fields.

Western blotting. Total protein was extracted from brain
tissue or cultured cells in different groups as described
previously (24). Protein concentration was determined
using a bicinchoninic acid protein assay kit. Proteins
(30 ug/lane) were separated using 10% SDS-PAGE and
transferred onto polyvinylidene difluoride membranes. The
membranes were incubated overnight with the following
primary antibodies: Anti-HMGBI (cat. no. ab18256; 1:100;
Abcam), anti-TLR4 (cat. no. 293072; 1:1,000; Santa Cruz,
Biotechnology, Inc., Dallas, TX, USA), anti-RAGE (cat.
no. AB15323; 1:1,000; Santa Cruz Biotechnology, Inc.),
anti-NF-«kB p65 (cat. no. ab16502; 1:5,000; Abcam), anti-induc-
ible nitric oxide synthase (cat. no. 49055; iNOS; 1:200; Abcam)
and anti-f-actin (cat. no. A1978; 1:50,000; Sigma-Aldrich;
Merck KGaA) at 4°C. Subsequently, the membranes were
incubated with horseradish peroxidase (HRP)-conjugated
anti-rabbit IgG secondary antibody (cat. no. 6721; 1:5,000;
Abcam) at 37°C for 30 min and exposed to X-ray film using
an enhanced chemiluminescence system (Thermo Fisher
Scientific, Inc.). The intensity of the bands was measured
using Lab-works (version 4.0; Ultra-Violet Products Ltd.,
Cambridge, UK).

Reagents and cell lines. Human microglia (HM) cells were
obtained from Dr. Dai Antibody's laboratory (Case Western
Reserve University, Cleveland, OH, USA) and were cultured
as described previously (25). HM cells were cultured in
Dulbecco's modified Eagle's medium supplemented with 10%
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fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.),
100 U/ml penicillin-G, 100 pg/ml streptomycin and 0.01 M
Hepes buffer (Thermo Fisher Scientific, Inc.) in a humidified
5% CO, atmosphere at 37°C.

HM microglia were stimulated with epileptic agent cori-
aria lactone (CL), and the expression levels of HMGBI, TLR4,
RAGE and p-NF-xB p65 were detected by western blotting
after collecting cells.

Plasmid transfection. Full-length human HMGBI1 cDNA was
amplified by polymerase chain reaction from pCMV4-RelA
plasmid (Shanghai GenePharma Co., Ltd., Shanghai, China)
using the forward primer 5'-GGTCGGTACCATGGA
CGAACTGTTCCCCCT-3" and the reverse primer 5'-CCA
TCTCGAGTTAGGAGCTGATCTGACTCA-3', inserted
into a pcDNA3.1 vector (Shanghai GenePharma Co., Ltd.)
tagged with FLAG. HMGBI1 small interfering (si)RNA
(HMGBI1-KD) and its control siRNA were purchased from
Santa Cruz Biotechnology, Inc. Transient transfection of HM
cells with pcDNA3.1/HMGBI1 c¢DNA or control pcDNA3.1,
and its control siRNA was carried out using Lipofectamine
2000 reagent (Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol.

Enzyme-linked immunosorbent assay (ELISA). The expression
levels of cytokines IL-1 (cat. no. 68616), IL-6 (cat. no. 68834),
TNF-a (cat. no. 55845), TGF-f3 (cat. no. 31366) and IL-10 (cat.
no. 68540) in the cell culture supernatant were detected by
ELISA (MLBIO; Shanghai Enzyme-linked Biotechnology
Co., Ltd., Shanghai, China). A 96-well plate was coated with
the primary monoclonal antibody of IL-1,IL-6, TNF-a, TGF-3
or IL-10. Standards and supernatant samples were added to the
wells. Following washing with 5% non-fat dry milk in PBS
with 0.05% Tween-20 (Sigma-Aldrich; Merck KGaA), the
wells were incubated with HRP-conjugated anti-rabbit IgG
antibody (cat. no. 6721; 1:1,000; Abcam) for 10 min at 37°C.
The plate was washed again with the aforementioned solution,
followed by incubation with tetramethylbenzidene solution for
15 min at 37°C. This reaction was stopped by adding hydro-
chloride solution. Optical density was measured by using a
microplate reader (Bio-Rad 550; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) set to 450 nm.

Cytotoxicity/cell viability assay. The potential toxic effect of
HMGBI on HM cells was analyzed using the 3-(4, 5-dimeth-
ylthylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
method. Cells were seeded into 96-well plates at a concen-
tration of 8x10° cells per well. After being grown for 24 h,
cells were incubated at 37°C with either HMGBI (10, 100 and
500 ng/ml) or untreated control medium (PBS), respectively,
for different periods of time (4, 8, 16 and 24 h). Subsequently,
50 ul MTT tetrazolium salt (Sigma-Aldrich; Merck KGaA)
was diluted with PBS to a concentration of 5 mg/ml, then the
mixture was added to each well and incubated for another 2 h
at 37°C. The medium was then aspirated from each well and
200 pl dimethyl sulfoxide was added to dissolve the formazan
crystals. The resulting solution (150 ul) was transferred to a
96-well plate and the absorbance of each well was determined
using a Tecan infinite M200 Pro plate reader at a wavelength
of 570 nm. Each experiment was replicated three times. The
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potential toxic effect of CL on HM cells was also analyzed
with an MTT assay.

5-ethynyl-2-deoxyuridine (EdU) staining. The EdU assay is a
method of detecting proliferating cells with the advantage of
being simple and convenient, avoiding DNA denaturation and
maintaining the shape of the sample. It has replaced the tradi-
tional method of bromodeoxyuridine staining. It is a method
of detection of DNA synthesis in proliferating cells and relies
on the incorporation of labeled DNA precursors into cellular
DNA during the S phase of the cell cycle (1). EAU staining was
conducted using Cell-Light™ EdU kit (Guangzhou RiboBio
Co., Ltd., Guangzhou, China), according to the manufacturer's
protocol. Paraffin sections were de-paraffinized in xylene for
10 min twice, rinsed in an alcohol gradient (100, 95, 85%) for
10 min, and rinsed in deionized water for 5 min. After washing
with 2 mg/ml glycine solution diluted in double distilled water
for 10 min, the sections were permeabilized with 0.5% Triton
X-100 in PBS for 20 min, and then washed twice with PBS for
10 min. The Apollo reaction buffer liquid, catalyst, fluorescent
dyes and buffer additives (Guangzhou RiboBio Co., Ltd.) were
dissolved in deionized water, and shaken to make the Apollo
567 staining reaction solution (Guangzhou RiboBio Co., Ltd.).
The sections were then incubated for 30 min without light. The
sections were washed twice with PBS for 10 min at 37°C. For
subsequent DNA staining, sections were counterstained with
Hoechst 33342 for 30 min away from light at 37°C. The slides
were then washed twice with PBS for 3 min, and observed
immediately under a fluorescent microscope (magnification,
x400). All the procedures were conducted at room tempera-
ture. EdU-positive cells were detected by an Olympus BX51
microscope (Olympus Corporation, Tokyo, Japan). Images
of the ApolloW 567 were captured with a ‘red’ filter set:
Excitation, 550 nm; emission, 565 nm; filter, 555+15 nm.
Images of the Hoechst 33342 were captured with a ‘blue’ filter
set: Excitation, 350 nm; emission, 461 nm; filter, 405+15 nm.

Statistical analysis. All data are expressed as the mean =+ stan-
dard deviation. The statistical analyses were performed
using GraphPad Prism 6.0 software (GraphPad Prism Inc.,
USA). Comparison between two groups was performed by
unpaired Student's t-test. Comparison among multiple groups
was performed by one-way analysis of variance with a least
significant difference post-hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression and distribution of HMGBI, NF-xB p65 and
OX42 in the epileptic brain tissues of patients with refrac-
tory epilepsy brain tissue. To explore the expression level
and changes in the distribution pattern of HMGBI in
epileptic brain tissues, resection of brain tissue after surgery
was collected. The distribution of HMGBI, NF-xB p65
and OX42 in the control and EP group was observed using
THC. In the control group, HMGB1 immunoreactivity was
detected mostly in the nuclei of the glial cells and pyramidal
neurons. In the EP group, cytoplasmic staining of HMGBI1
was significantly increased in the pyramidal neurons (Fig. 1).
Next to glial cells with nuclear staining, glial cells with both
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HMGB1

Control

Figure 1. Expression and distribution of HMGBI, NF-kB p65 and OX42
in the epileptic brain tissues of patients with refractory epilepsy. HMGBI,
high-mobility group box-1; p-, phosphorylated; NF-xB, nuclear factor-«xB;
EP, refractory epilepsy group. Red and purple arrows indicate the protein
distribution of HMGBI1 and NF-kB p65, respectively. Magnification, x200.

Control EP

HMGB1
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NF-kB p65
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B-actin

Figure 2. Expression level of HMGBI1, TLR4, RAGE, NF-kB p65 and iNOS
in the brain tissues of the control and the EP group, as detected by western
blotting. HMGBI, high-mobility group box-1; NF-kB, nuclear factor-«B; EP,
refractory epilepsy group; TLR4, toll-like receptor 4; RAGE, receptor for
advanced glycation end products; iNOS, inducible nitric oxide synthase.

nuclear and cytoplasmic staining were also present. These
results indicated the nuclear to cytoplasmic translocation of
HMGBI in neurons and glial cells, and predicted its subse-
quent release into the extracellular space. Higher expression
levels of NF-kB p65 were detected in the EP group in
comparison with the control group. Positive NF-kB p65
staining was detected mainly in the cell nucleus in the EP
group, suggesting the cytoplasmic to nuclear translocation of
NF-«B p65 in neurons and glial cells. Next, IHC staining of
the brain tissues of patients was conducted, using a marker
for reactive microglia (OX42). The results reflected that the
cell density of the two was similar.

Comparing the level of HMGBI, TLR4, RAGE, NF-kB
p65 and iNOS in the brain tissues of the control and the
EP groups. To investigate the expression level of HMGBI,
TLR4, RAGE, NF-kB p65 and iNOS in the control and the
EP brain tissues, western blotting was performed. From the
result, HMGBI1 was notably increased, and the TLR4 and
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Figure 3. Levels of cytokines, as detected by ELISA. HM cells were induced
by CL, then transfected with HMGB1 mimic and HMGBI1-KD. Data are
presented as the mean + standard deviation. "P<0.05, “P<0.01. HMGBI,
high-mobility group box-1; NC, negative control; IL, interleukin; TNF,
tumor necrosis factor; TGF, transforming growth factor; CL-Model, cari-
aria lactone induced epilepsy cell model; CL-HM, cariaria lactone induced
epilepsy cell model plus HMGBI; CL-HM-KD, cariaria lactone induced
epilepsy cell model plus HMGBI siRNA; siRNA, small interfering RNA;
HMGBI-KD, HMGBI siRNA.

RAGE signaling pathway was markedly activated; their
expression levels were both significantly increased. Both
genetic and biochemical data support that TLR4 and RAGE
signaling pathway could eventually lead to the activation
of NF-«xB (23). Thus, in the present study, upregulation of
NF-xB was observed (Fig. 2).

Comparing the level of cytokines of IL-1, IL-6, TNF-a,
TGF-B and IL-10 in the cell supernatant of the control and
the CL-induced epileptic cell model. To determine the levels
of cytokines of IL-1, IL-6, TNF-a, TGF-f3 and IL-10 in the
cell supernatant of the control and the CL-induced epileptic
cell model, ELISA was used to determine the concentration
of each cytokine. From the result (Fig. 3), CL effectively
enhanced the level of the all the above cytokines, and induced
overexpression of HMGBI.

Expression of HMGBI, TLR4, RAGE and NF-xB p65 in
HM cells. Western blotting was used to detect expression of
HMGBI, TLR4, RAGE and NF-«B p65 in HM cells. From the
result (Fig. 4A), CL appeared to increase the levels of HMGBI,
TLR4,RAGE, NF-kB p65 and iNOS in HM cells; overexpres-
sion of HMGBI enhanced this result (Fig. 4B), and inhibition
of HMGBI1 with HMGBI1-KD blocked the function of CL to
HM cells.

HMGBI had no significant effect on the viability of HM cells.
As presented in Fig. 5, the overexpression of HMGBI did not
significantly decrease the viability of HM cells at any tested
concentrations or time points, compared with the control cells.
Additionally, incubation with CL followed by overexpression
also had no effect on the viability of HM cells.

EdU assay. To determine the proliferation of HM cells, an
EdU assay was used. Similar to the MTT results, there were
no significant differences among each group (Fig. 6), which
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Figure 4. Western blotting of protein expression levels in HM cells. (A) CL significantly increases the levels of HMGBI1, TLR4, RAGE, NF-kB p65 and iNOS
in HM cells. (B) Overexpression of HMGBI this increased further, and inhibition of HMGBI1 by siRNA blocked the function of CL to HM cells. HMGBI,
high-mobility group box-1; NF-kB, nuclear factor-kB; EP, refractory epilepsy group; TLR4, toll-like receptor 4; RAGE, receptor for advanced glycation end
products; iNOS, inducible nitric oxide synthase; p-phosphorylated; siRNA, small interfering RNA; NC, negative control; CL, cariaria lactone.
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Figure 5. HMGBI has no significant effect on viability of HM cells. (A) Cells were transfected with different concentrations of HMGBI for the indicated
time periods. Cell viability was determined using MTT assay. (B) Comparison of cell viability in each group of Blank, NC, HM, CL-Model, CL-HM and
CL-HM-KD. Data from three independent experiments are presented as the mean + standard deviation (n=3). HMGBI, high-mobility group box-1; Blank,
blank group; NC, negative control group; HM, HMGBI1; CL-Model, cariaria lactone induced epilepsy cell model; CL-HM, cariaria lactone induced epilepsy
cell model plus HMGBI; and CL-HM-KD, cariaria lactone induced epilepsy cell model plus HMGBI1 siRNA; OD, optical density.

Hoechst EdU Merged

Blank

CL-NC

CL-HMGB1
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Figure 6. HM cell proliferation was detected by EdU assay. Magnification,
x100. CL, cariaria lactone; NC, negative control; HMGBI, high-mobility
group box-1; siRNA, small interfering RNA; EdU, 5-ethynyl-2-deoxyuridine.

reflects that HMGBI and CL had no significant effect on the
proliferation of HM cells.

Discussion

Epilepsy is a common disease of the central nervous system,
with common symptoms including frequent repetitive muscle
jerks, usually arrhythmic, which severely threatens the health
of many people (18,26,27). The treatment methods include
chemotherapy conservative treatment and surgery (28).
However, neither of them can definitely receive encouraging
results (29). The pathology for this disease is very complex,
including genetic factors, CNS inflammation, and brain
diseases and disorders (30). Among them, CNS inflammation
has attracted increasing attention (10).

The role of complement system-mediated inflammation
is of key interest in seizure and epilepsy pathophysiology (9).
Administration of selective serotonin reuptake inhibi-
tors could lessen their antidepressant effect over time. as
well as elevated seizure outcomes observed in people with
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epilepsy (4). A previous study demonstrated that microglial
cells in epileptic rats feature widespread, activation-associ-
ated morphological changes such as increase in cell number
density, massive up-regulation of CD11b and de-ramifica-
tion (14). In gliomas, microglia and macrophages represent
a significant component of the inflammatory response, and
the balance of pro- and anti-inflammatory functions of them
dictates their antitumor activity (31). Recent evidence impli-
cates glial cells and neuroinflammation in the pathogenesis
of epilepsy, with the promise of targeting these cells to
complement existing strategies (32).

HMGBI is a central late pro-inflammatory cytokine that
triggers the inflammatory response. Our study verified the role
of HMGBI in regulating brain injury in the epileptic brain
tissues of patients. A previous study demonstrated that expres-
sion of HMGBI, TLR2, TLR4 and RAGE were up-regulated in
rasmussen encephalitis (33). Another study also revealed cell
loss and neurogenesis, which involve inflammatory signaling
pathways, were upregulated in human epilepsy (34).

The HMGBI-TLR2/4-NF-kB signaling pathways is a
classic inflammatory signaling pathway (19-22), usually
involved in mediating multiple inflammatory pathways, and
during this process, microglia activation releases cytokines.
HMGBI may signal through TLR4, and results in the activation
of NF-kB, which participates in regulation of inflammation
and activation of immune cells (35). In addition, knockdown
of HMGBI expression significantly inhibits the expression
levels of NF-kB/p65 and suppresses the nuclear translocation
and DNA-binding activity of NF-kB/p65 (36).

In conclusion, the present study demonstrated that the
epileptogenous agent CL effectively increased HMGBI and
cytokines levels in HM cells, which had the similar result of
brain tissue of post-surgery patients with intractable epilepsy,
while overexpression of HMGBI could aggravate this result,
and inhibition of HMGBI could block that result. These results
suggested that HMGBI serves a vital role in epileptogenesis
through microglial activation, via TLR4-NF-«B signaling
pathway activation. The present study provided evidence for
a clinical treatment method for the patients with epilepsy. The
development of a novel, non-invasive biomarker for HMGBI1
may allow early identification of patients at high risk of
developing epilepsy.
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