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ABSTRACT 
Status epilepticus (SE) is a neurological emergency that require prompt diagnostic and treatment measures 

due to its associated mortality and morbidity. The role of neuro-inflammation in status epilepticus has been 

studied extensively and many potential molecules have been proposed as a promising biomarkers and 

therapeutic targets for the condition. Inside the nucleus, HMGB1 is a DNA-binding protein with many 

housekeeping functions. Under certain conditions, HMGB1 will be translocated to the extracellular space 

promoting a strong pro-inflammatory reaction with activation of many downstream inflammatory pathways 

related to seizure onset and progression. In this review the potential role of HMGB1 in the pathogenesis of 

SE was highlighted stressing on the promising implications of this molecule as a therapeutic target for SE. 
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 وامكانية الصرعية الحالة وتطور نشوء في HMGB1 دور

 والعلاج للتشخيص كمؤشر استخذامه
 

 **نؤٌل خبلذح* ، الذمذانً سىٍز منى* ، رنب ممزبس رؤًف

 ، الطت كلٍخ ، زشزٌخال فزع* المٌصل ، ، المٌصل جبمعخ ، الطت كلٍخ ، زشزٌخال فزع*

 العزاق ، سزنصزٌخ ، ثغذادالم جبمعخ

 

 الخلاصة

الذبلخ الصزعٍخ ىً دبلخ عصجٍخ طبرئخ رزطلت إجزاءاد رشخٍصٍخ ًعلاجٍخ سزٌعخ ثسجت  نست المضبعفبد ً الٌفٍبد 

المزرجطخ ثيب. رمذ دراسخ دًر الالزيبة العصجً فً دبلخ الصزع على نطبق ًاسع ًرم اقززاح العذٌذ من الجشٌئبد المذزملخ 

ىٌ ثزًرٍن مزرجظ ثبلذمض النًٌي لو العذٌذ من  HMGB1خ. داخل النٌاح ، كعلامبد دٌٌٍخ ًاعذح ًأىذاف علاجٍخ ليذه الذبل

إلى خبرج الخلٍخ ممب ٌسجت رفبعل منبعً قٌي مؤٌذ للالزيبثبد مصبدت   HMGB1الٌظبئف. فً ظل ظزًف معٍنخ ، ٌنزقل 

م رسلٍظ الضٌء على الذًر المذزمل ثزنشٍظ العذٌذ من مسبراد الالزيبة المزعلقخ ثجذء نٌثخ الصزع ًرطٌرىب. فً ىذه المزاجعخ ، ر

 .SEمع الززكٍش على اَثبر الٌاعذح ليذا الجشيء كيذف علاجً لـ  SEفً الزسجت فً  HMGB1لـ 

 

 ..HMGB1 ثزًرٍن ،الالتهابالعصبي،الذبلخ الصزعٍخ  الكلمات المفتاحية :

 

INTRODUCTION 
tatus Epilepticus (SE) is a serious, life-
threatening emergency in which an intense 

disruption to normal brain activity is manifested 
clinically as abnormally prolonged or repetitive 
seizures without complete recovery in between 

1
. 

Any brain pathology can be manifested as SE, 
however, stroke, infection, trauma and epilepsy 
were among the commonest causes of SE in adult 
age group 

2
,
3
. 

Clinically, SE can be either convulsive or non-
convulsive depending on the presence or absence 
of seizure manifestations. SE can also be 

S 
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classified into responsive, refractory or super-
refractory based on the treatment response 

4
. The 

main factors determining the outcome in terms of 
both morbidity and mortality are the duration of SE 
and its response to treatment 

5
,
6
.  

Once established, SE requires an urgent and 
prompt medical intervention to control seizure, 
improve outcome and to prevent long term adverse 
effects 

7
. Current clinical guidelines indicate the 

use of benzodiazepines (BDZ) as a first line 
treatment in SE. In a study conducted recently, 
BDZ controlled the seizure activity in only 30% of 
cases and more than 50% of patients required a 
second line anti-seizure drug (phenytoin, sodium 
valproate or levetiracetam) to control the SE 

8
. If no 

improvement is noted, the last resource is by 
giving intravenous anesthesia to suppress seizure 
activity 

8
,
9
. This variable response to medications 

in patients with SE is mainly due to dosing errors 
and delay in initiation of treatment. However, one 
of the most important factors that hinder the 
efficacy of these drugs is that these drugs are only 
seizure suppressant and they don’t have any effect 
on the underlying pathology of the condition. 
Recent years have witnessed an improvement in 

the understandings of both the molecular and 
cellular bases of seizure initiation and progression 
in SE especially those related to receptor 
trafficking, deregulation of expression of ion 
channels and the role of neuro-inflammation. 
However, research gaps still need to be filled in 
regard to the exact pathogenesis of SE, diagnostic 
biomarkers for non-convulsive SE, prognostic 
biomarkers and treatment option for refractory and 
super-refractory cases.  
In this paper we will review several evidences 

related to the role of HMGB1 in the pathogenesis 
of SE and its biomarker and therapeutic potential 
 

High Mobility Group Box-1 (HMGB1): 
HMGB1 is a highly conserved intra-nuclear 

protein that was first identified in 1973 
10

. Within 
the nucleus, HMGB1 is loosely bound to the DNA 
to allow the protein to regulate many nuclear 
events such as DNA repair, recombination, 
replication and transcription 

11
,
12

. In 1979, the 
translocation of HMGB1 into the cytoplasm and 
extracellular space in response to different stimuli 
(such as tissue injury, infection and trauma) was 
first identified suggesting an important extra-
nuclear function of this protein 

13
. HMGB1 

localization within the nucleus or cytosol has been 
found to be linked to its posttranscriptional 
modification status where acetylated or 
phosphorylated forms of HMGB1 are destined for 
extranuclear or extracellular secretion 

14
–

16
. 

The extracellular release of HMGB1 can be rapid 
and passive from necrotic and dying cells or slow, 

active and more controlled in severely stressed 
cells 

15
,
17

. Upon its release, HMGB1 will mediate a 
potent inflammatory response through binding with 
specific cellular receptors known as pattern 
recognition receptors like interlukin-1-beta (IL1β) 
and Toll-like receptors (TLR) and receptor for 
advanced glycation end-products (RAGE), thus, it 
is now considered as a prototype of a group of 
molecules known as Damage associated 
molecular patterns (DAMPs) 

18
.  

In the central nervous system, the post-stress, 
active secretion of HMGB1 was detected in many 
cell types (immune cells, neurons and glial cells), 
after different stimuli (trauma, ischemia, 
hemorrhage and epileptogenesis) and in both 
human and animal studies 

19
–

21
. Moreover, 

HMGB1 induced inflammatory response has been 
identified in many neurological conditions where 
inflammation is a paramount feature such as 
epilepsy 

21
, Parkinson’s disease 

22
, Multiple 

Sclerosis 
23

 and others . Targeting HMGB1 has 
been reported to be successful in controlling 
neuro-inflammation in these conditions 

24
,
25

. 
 

Experimental Evidences of HMGB1 

Role in the Pathogenesis of SE:  
An increased expression of extranuclear HMGB1 

have been reported in animal models of SE and 
epilepsy. Electrical or chemical induction of SE in 
immature and adult rodents remains the main 
method to evaluate how the brain will respond to 
different convulsive stimuli. HMGB1 translocation 
to perinuclear region of astrocytes and 
hippocampal pyramidal neurons and then to the 
extracellular space was observed within one and 4 
hours after establishment of SE respectively 

20
. A 

parallel increase in the level of downstream 
receptors (TLR4) of hippocampal neurons and 
astrocytes 

21
,
24

 was also observed. Cytoplasmic 
localization of HMGB1 was found to be time-
dependent with the maximum level of cytoplasmic 
HMGB1 noted 3 hours after SE onset 

24
. 

Furthermore, in an animal model of refractory SE, 
a rapid translocation of HMGB1 into the 
extracellular space was noted during the refractory 
SE period. This is detected in the peripheral 
circulation as an increased plasma level of HMGB1 
20

. 
To confirm its effect, an intracerebroventricular 

administration of exogenous HMGB1 was 
investigated. A reduced time to SE after K.A 
injection was reported and caused a significantly 
more severe, refractory seizures were detected in 
a dose-dependent pattern with more disruption and 
increased leakage of the blood brain barrier 

20
,
24

. 
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Mechanistic Role of HMGB1 in Seizure 

Generation and Propagation: 
Many researchers have investigated the 

mechanisms by which the extracellular HMGB1 

aids the generation and propagation of seizures. 

Being a strong pro-inflammatory molecule, binding 

of extracellular HMGB1 to RAGE/TLR leads to 

activation of tissue inflammatory pathways that 

involve many other downstream mediators such as 

nuclear factor kappa-light-chain-enhancer of 

activated B cells (NF-κB), and tumor necrosis 

factor-α (TNF-α). This will induce a strong 

inflammatory response causing marked neuronal 

hyperexcitability 
26

. A study on primary neuronal 

cell culture indicated that the neurotoxicity of 

exogenous HMGB1 is comparable to K.A 

administration leading to decreased neuronal 

viability and mitochondrial activity in addition to 

decreasing the activity of glutamate metabolism 

enzymes 
27

. Moreover, HMGB1 release into the 

extracellular space and its interaction with TLR-4 

increased Ca 
+2 

influx to neuronal cell body by 

NMDA receptors in a dose-dependent manner thus 

enhancing neuroexcitability and seizure 

susceptibility 
28

. Additionally, the early release of 

HMGB1 into the extracellular space following SE 

and the resultant activation of TLR4/RAGE system 

have shown to be associated with glial cell 

dependent neurodegeneration and dendrite loss 
29

,
30

.  

 

HMGB1 and SE in Clinical Research: 
Despite many researches explored HMGB1 role 

in the animal models of SE, none to our 

knowledge, have inspected how it behave in 

patients during or after SE. Further research is 

needed to study plasma and cerebrospinal fluid 

(CSF) level of HMGB1 during SE. This is important 

as it can act as a diagnostic biomarker to confirm 

the diagnosis of non-convulsive status epilepticus 

and a prognostic biomarker to indicate mortality 

and morbidity rates, seizure severity and drug 

responsiveness. Nevertheless, most reports 

studied tissue and plasma level of HMGB1 and its 

downstream receptors in patients suffering from 

chronic drug resistant epilepsy and found an 

increased expression of HMGB1 and TLR-4 in 

plasma of these patients compared to controls and 

to drug responsive patients 
31

,
32

.  

 

Therapeutic Potential of Anti-HMGB1 

Monoclonal Antibodies: 
The first study to use neutralizing monoclonal 

antibodies (mAb) to block the pro-inflammatory 

effect of HMGB1 was performed in 1999. An 

increased survival rates of mice exposed to 

endotoxins was reported after administering the 

anti-HMGB1 mAb 
33

. Several studies have been 

conducted thereafter to determine the beneficial 

effect of these mAb in reducing the neuro-

inflammatory state associated with SE. the first 

report about the protective effect of antagonizing 

HMGB1 in a rat model of SE was in 2013. An anti-

HMGB1 injected intra-cerebroventricularly after 

K.A induced SE exerted a neuroprotective effect 

with reduced neuronal loss and gliosis in these rats 

in addition to down regulation of IL-1β and TNF-α 
30

.  

In 2017, Zhao et al investigated the effect of anti-

HMGB1 mAb on different seizure parameters in a 

model of acute seizure. A dose dependent 

attenuation of seizures and reduced seizure 

frequency was noted in addition to less impairment 

in the cognitive function of the treated rats was 

reported with minimal side effects. This effect was 

mainly due to inhibition of translocation of HMGB1 

out of the nucleus thus reducing the activation of 

TLR/RAGE pathway 
34

. Studying the effect of anti 

HMGB1 mAb on the permeability of the blood-brain 

barrier after SE showed a dose-dependent 

protective effect.  

The role of anti-HMGB1 mAb in refractory SE 

have gained focus only recently. The co- 

administration of anti-HMGB1 with diazepam had a 

significant effect on increasing the seizure free 

period after intrahippocampal K.A injection with a 

subsequent significant reduction in the EEG power 

and duration of SE 
24

.  

Taken together, the increased circulatory level of 

HMGB1 and the effect of anti-HMGB1 mAb 

indicate the potential role of this molecule as a 

diagnostic and prognostic biomarker in SE patients 

and it promising role as a novel therapeutic target 

in drug refractory cases. 
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