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Abstract

Background: The most frequent cause for focal seizures is temporal lobe epilepsy (TLE). The
temporal lobe is primarily responsible for speech, memory, learning, and affective behavior.
The previously mentioned functions would be disrupted if the lobe's internal structures were
damaged.

Aim: To determine cognitive impairment in TLE in adults and to investigate if there was an
association between serum levels of HMGB1 and S100B expressions with cognitive
impairment in TLE for the possibility of detecting predictive biomarkers for cognitive
impairment in TLE.

Subjects and methods: This study was a case control study of 200 subjects at the Neurology
Department at Mansoura University and Kafrelsheikh University Hospitals. They were divided
into two groups: Group A: 100 patients with TLE and Group B: 100 healthy controls.

Results: A statistically significant higher mean MoCA score was discovered among the control
than the cases group (28.66+0.794 versus 17.27+7.21, respectively). A statistically significant
higher median serum concentration of HMGBland S100B was discovered among cases
compared to the control group (p-value<0.001*). A statistically significant higher median
serum concentration of HMGB1 and S100B was discovered among cases with impaired
cognitive than normal cognitive functions.

Conclusion: People with TLE reported lower MoCA scores in several cognitive domains,
mainly language and naming, comparing with the control group. Elevated serum concentrations
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of S100B and HMGB1 are associated with low MoCA scores in patients with TLE, so they can
be considered as promising predictive biomarkers for the identification of cognitive impairment
in TLE. For a more accurate evaluation, future investigations of large numbers of cases with
long-term monitoring are required.
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Introduction

The most frequent cause for focal seizures is temporal lobe epilepsy (TLE). The temporal
lobe is primarily responsible for speech, memory, learning, and affective behavior. The previously
mentioned functions would be disrupted if the lobe's internal structures were damaged. Individuals
with TLE frequently suffer from depression, anxiety, and memory impairment. Mesial temporal
sclerosis is the most prevalent epileptogenic lesion in this form of epilepsy, and the hippocampus
is frequently severely impacted [1].

The hippocampus is considered to be essential for episodic memory, whereas other
regions of the temporal lobe are more significant for semantic memory. A substantial cognitive
impairment, especially in the memory domain, is frequently correlated with severe
hippocampal atrophy, which is caused by more frequent and longer seizures [2].

Patients with mesial TLE have a pattern of distributed cognitive deficits that affect not
only memory but also a wide range of cognitive domains, such as executive functions,
intelligence quotient, language, and sensorimotor skills. A cumulative literature has emerged,
which establishes a correlation between structural alterations and cognitive performance [3].

Therefore, there is an unmet clinical need for the development of biomarkers that have the
ability to predict and evaluate the disease condition in addition to comorbidities, such as cognitive
impairment. This could help in developing novel treatments for epilepsy that reduce related
comorbidities, such as cognitive impairment, while also delaying the onset of seizures. [4, 5].

Although there hasn't been much progress in this area, reliable biomarkers are required
for the prediction of early cognitive impairment. Therefore, research was done on the
relationship between proinflammatory pathways and epileptogenesis and cognitive impairment
as well as how they may be used as biomarkers for early cognitive impairment diagnosis [6].

HMGB1 acts as an inflammatory cytokine in response to epileptogenic insults [7]. It
acts as a pathogenic inflammatory response to mediate wide ranges of circumstances such as
epilepsy [8], septic shock, ischemia, traumatic brain injury [9], Parkinson's disease [10],
Alzheimer's disease [11], and multiple sclerosis [12].

Memory impairment was associated with HMGB1 through the mediation of RAGE and
TLR4. HMGB1 demonstrates pro-excitatory impacts in the hippocampus through raising the
phosphorylation of NR2B-NMDA receptors, consequently elevating the conductance of the
receptor calcium channel [13].

A calcium-binding protein called S100B is mostly produced by astrocytes. Cell cycle
progression and signal regulation are two of the many biological functions that S100B proteins
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control. These proteins act as stimulators of cell migration and proliferation and inhibitors of
differentiation and apoptosis [14, 15].

Micromolar concentrations of S100B cause RAGE to become persistently activated,
which increases the generation of oxygen radicals and may cause apoptosis and mitochondrial
malfunction. Additionally, its signaling pathways trigger the transcription of genes that
promote apoptosis, which in turn affects memory [16]. In other words, it has neurotoxic or
neurotropic effects that vary with dose. These effects happen through the brain's RAGE
receptor [17].

This study aimed to detect cognitive impairment in TLE in adults and to investigate if
there was an association between serum levels of HMGB1 and S100B expressions with
cognitive impairment in TLE for the possibility of detecting predictive biomarkers for
cognitive impairment in TLE.

Subjects and methods

This research was case-control research of 200 subjects at the Neurology Department
at Mansoura University and Kafrelsheikh University Hospitals. They have been classified into
two groups: Group A: 100 cases with TLE, and Group B: 100 healthy controls whose age, sex,
and education matched with group A. This study has been accepted by the Institutional Ethics
Committee of Mansoura Faculty of Medicine. Written informed consents have been taken from
all recruited cases or their relatives and from healthy controls. Studied patients were selected
in the period between April 2022 and April 2024.

Inclusion criteria: Patients with TLE who were above the age of 18 years and had
documented electroencephalogram results.

Exclusion criteria: Patients less than 18 years, symptomatic epilepsy, patients with
other serious developmental disorder or intellectual disability, patients with demyelinating
conditions, dementia, and Parkinson's illness, patients with metabolic disorders, patients with
severe psychiatric conditions and substance abuse disorders, and patients receiving
glucocorticoid or immunosuppressive agents.

Methods:

All patients and controls have been subjected to a complete history taking as regard
age, sex, and educational level. Patients were evaluated about their history of TLE with regard
to age at onset, frequency of seizures, duration of epilepsy and quantity of AEDs. AEDs used
by the patients during the study were sodium valproate, carbamazepine, lamotrigine,
topiramate, levetiracetam, and lacosamide. Complete general and neurological examination
and measurement of serum levels of HMGB1 and S100B by ELISA kit for both patients and
controls.

Sample collection:

Three ml of fasting venous blood were withdrawn in plain tubes from all participants
(epilepsy patients and healthy subjects); blood samples have been allowed to clot for fifteen
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minutes at room temperature and then centrifuged at 3000 round per minutes for twenty
minutes to obtain serum. Subsequently, the collected serum was stored at -80 Celsius until
ELISA assay.

Detection of serum concentrations of HMGB1

Serum concentrations of HMGB1 have been evaluated by a commercial enzyme-linked
immunosorbent assay kit after the instructions of the manufacturer (SinoGeneClon Biotech
Co.,Ltd, China). Catalog No : SG-10384 for the quantitative determination of Human HMGB1
concentrations. (Detection method: sandwich, Double antibody), with Kit's ideal detection
range (5 pg/L-100 pg/L). Serum levels of HMGB1 were obtained via TECAN infinite F50 -
ELISA Reader SN. 1303004564 (TECAN, Austria).

Detection of serum levels of S100B

Serum concertation of S100B have been measured by a commercial enzyme-linked
immunosorbent assay Kit after the instructions of the manufacturer (SinoGeneClon Biotech
Co.,Ltd, China). Catalog No : SG-11708 for the quantitative determination of Human S100B
concentrations. (Detection method: sandwich, Double antibody), with Kit's ideal detection
range (35 pg/ml -2000 pg/m). Serum levels of S100B were obtained via TECAN infinite F50
- ELISA Reader SN. 1303004564 (TECAN, Austria)

MRI brain

The Radiology Department at Kafrelsheikh University Hospitals used a 3 Tesla scanner
(Acheiva; Philips Medical Systems, Best, Netherlands) to perform the brain MRI examination.
A head coil was utilized for examining all cases and controls in the supine position. Routine
images (T2, T1, FLAIR) have been have been obtained for all cases. The following parameters
were used: repetition time (TR) = 9583 seconds, inversion time (T1) = 3400 seconds, echo time
(TE) = twenty-five seconds, echo train length (ETL) = 17, 50 contiguous axial slices, IR delay
= 325 seconds, thickness = three millimetres, matrix size = 240x 142 millimetres square, field
of view (FOV) = 230x 184 millimetres square.

Evaluation of cognitive functions using:
Montreal Cognitive Assessment (MoCA) (Arabic version) [18].

MoCA was an efficient and precise method to screen for cognitive impairment.
Attention, short-term memory, executive function, verbal expression, calculation, orientation,
abstract thinking, and visual-spatial ability were all evaluated in the cognitive domain. The
total score was 30 points. A normal cognitive function was indicated by a score of 26 points or
higher.

Electroencephalogram (EEG)

EEG recordings were performed in the Neurology department using Nihon Kohden (model
EEG 1200K), 21 EEG channels, using hyperventilation and photic stimulation as provocative
procedures. EEGs were recorded while the subjects were awake with their eyes closed. The electrode
placement was done in accordance with the international standard 10-20.
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Statistical analysis and data interpretation:

e The data analysis has been carried out utilizing SPSS software, version 25 (SPSS Inc.,
PASW Statistics for Windows version 25). SPSS Inc., Chicago. Percentages and
numbers have been utilized for presenting qualitative data. The median (minimum and
maximum) has been utilized to express quantitative data for non-normally distributed
data, while the meanz has been utilized. The standard deviation of normally distributed
data is determined following the Kolmogorov-Smirnov test has been conducted to
determine its normality. The outcomes have been assessed for significance at the 0.05
level.

e Mann Whitney U test have been used for comparing among two examined groups for
not normally distributed data.

e Monte Carlo, Chi-Square tests have been utilized for comparing qualitative data among
groups as suitable

e Student t test has been utilized for comparing 2 independent groups for normally
distributed data.

e The Spearman's rank-order association assesses the direction and strength of the linear
correlation among 2 non-normally distributed continuous parameters and/or ordinal
parameters. The test value indicated as r; values are represented as the following:

e Negative correlation indicated inverse association.

e Positive value indicated direct association.

e rfrom (0.3: 0.6) or (-0.3: -0.6) ...... moderate association.
e rfrom (0:0.3) or (0:-0.3) ...... weak correlation.
e rfrom (0.6: 1) or (-0.6: -1) ...... strong association

e The receiver operating characteristic curve (ROC curve) has been utilized to assess the
validity (specificity and sensitivity) of continuous parameters, determining the optimal
cut-off point. Accuracy and predictive values are evaluated through cross tabulation.

Results

The age, sex, as well as educational level of the research subjects, are presented in Table
1. Insignificant statistical differences have been discovered among the examined groups
regarding mean age, sex and educational level (p = 0.775, 0.478, & 0.334, respectively).

Table (1): Comparison of general characteristics among examined groups

Cases group Control group Yoot
(N=100) (N=100) Test of significance P value
Age / years _
Mean +SD 31.334£9.77 30.94+9.52 t=0.286 0.775
Sex
Male 49(49.0) 43(43.0) .
Female 51(51.0) 57(57.0) x=0725 0.478
Educational level
Primary 13(13.0) 18(18.0)
Technical 53(53.0) 43(43.0) ¥=2.19 0.334
High education 34(34.0) 39(39.0)

t: Student t test, ¥>=Chi-Square test
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Table 2 shows that the median age at onset of disease was 10; the median disease
duration was 15.5 years. The frequency of epileptic attacks per month was as follows: 32% had
one attack, 32% had two attacks, 23% had three attacks, and 13% had four attacks. Among
studied cases, 57% were drug-resistant epilepsy. As regard the number of antiepileptic drugs,
49% were on three AEDs, 30% were on monotherapy, and 21% were on two AEDs. As regard
the EEG findings among studied cases, they were as follows: 25% were normal 75% had
abnormal EEG findings.

Table (2): Disease characteristics among studied patients

Cases group (N=100)

Age at onset of disease (years)

Median (min-max) 10(3-36)
Duration of disease (years)

Median (min-max) 15.5(1-40)
Frequency of epileptic fits/ month N %
One attack 32 32.0
Two attacks 32 32.0
Three attacks 23 23.0
Four attacks 13 13.0
Drug responsiveness N %
Responsive 43 43.0
Resistant 57 57.0
Number of AED N %
One drug (monotherapy) 30 30.0
Two drugs 21 21.0
Three drugs 49 49.0
EEG N %
Normal 25 25.0
Right temporal epileptiform activity 6 6.0
Right temporal with 2ry generalization 36 36.0
Left temporal epileptiform activity 10 10.0
Left temporal with 2ry generalization 23 23.0

Table 3 demonstrates that a statistically significant higher mean MoCA score was
discovered among the control than the cases group (28.66+0.794 versus 17.27+7.21,
respectively). For cases, 78% had impaired cognitive function (severe cognitive impairment
20%, moderate cognitive impairment 50%, and mild cognitive impairment 8%) and 22% had
normal cognition versus 100% normal cognition among the control group.

Table (3): Comparison of MoCA total score among examined groups

Cases grou Control grou Test of
(N=ig()0) ‘ (N=1§0) ‘ significance LT
MoCA 17.27+£7.21 28.66+0.794 t=15.71 0.001*
Impaired 78(78.0) 0 v*=127.87 0.001*
Normal 22(22.0) 100(100.0)

Data expressed as mean+ SD / number (%),*statistically significant
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Table 4 demonstrates that a statistically significant difference was discovered among
cases and the control group in all MoCA domains. Median MoCA domains were higher among
control than cases group. Among the cases group, the most common domains that affect the
MoCA score were language and naming.

Table (4): Comparison of MoCA main domains between studied groups

(OF 1Y Control Test of

MoCA domains 1%1;011(1)1()) | sisnificance P value
Visuospatial and 20-5 545 | 7=9320  0.001*
executive function
Naming 2(1-3) 3(3-3) 7=8.32 0.001%*
Attention 3(0-6) 6(6-6) 7=10.58 0.001*
Language 2(0-3) 3(3-3) 7=10.97 0.001*
Abstraction 0(0-2) 2(2-2) 7=10.67 0.001*
Delayed Recall 0(0-4) 4(3-5) 7=10.41 0.001*
Orientation 6(0-6) 6(5-6) 7=2.12 0.018%*

Data expressed as median (min-max), Z: Mann Whitney U test, *statistically significant

Table 5 demonstrates that a statistically significant positive correlation was detected
between MoCA score and age at onset of disease (r = 0.762) and with educational level (r = 0.267),
and a statistically significant negative association was detected between MoCA score and disease
duration (r = -0.900), frequency of attacks (r = -0.798), and number of AEDs (r = -0.868).

Table (5): Correlation between MoCA and disease characteristics among studied patients

R P
Age at onset of disease (years) 0.762 <0.001*
Duration of disease (years) -0.900 0.001*
Frequency of epileptic fits / month -0.798 0.001*
Number of AED -0.868 0.001*
Educational level 0.267 0.001*

*statistically significant, r: Spearman correlation coefficient

Table 6 shows that a statistically significant lower median MoCA score was discovered
among medication-resistant compared to medication-responsive epilepsy (p-value <0.001).
Similarly, a statistically significant association has been detected between EEG results and
MoCA score, with a higher median MoCA score among normal EEG.
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Table (6): Relation between MoCA score and drug responsiveness, EEG findings among
studied patients

MoCA Test of significance

Drug responsiveness

Responsive 27(17-29) 7=8.33
Resistant 14(2-17) P<0.001*
EEG

Normal 23(16-29) 7=5.09
Abnormal 14(2-29) P<0.001*

Data expressed as median (min-max), Z: Mann Whitney U test, *statistically significant

Table 7 shows that a statistically significant higher median serum level of HMGB1 and
S100B was discovered among cases than the control group (p-valueless than 0.001%).

Table (7): Comparison of serum level of HMGB1 and S100B among examined groups

Cases
group

Control
group

Test of

significance

P value

(N=100)

(N=100)

Serum level of B i
HMGB1(ng /L) 43(6.1-89.0) 11.8(6.1-60) 7=12.01 <0.001
Serum level of 787(46- _ .
S100B (pg/ml) 2355) 207(46-820) 7=12.24 <0.001

Data expressed as median (min-max), Z: Mann Whitney U test, *statistically significant

Table 8 demonstrates that a statistically significant negative correlation has been
detected between MoCA score and serum level of HMGB1 (r = -0.938) and between MoCA
score and serum level of S100B (r = -0.916) among studied patients (Fig. 1, 2).

Table (8): Correlation between MoCA and serum level of HMGB1, S100B among studied

patients
MoCA
R P
HMGB1
-0.938 0.001*
(ng/L)
S100B (pg/ml) -0.916 0.001%*

r: Spearman correlation coefficient, *statistically significant
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Serum level of HMGB1(ug IL)

Fig. 1 Correlation between MoCA score and serum level of HMGB1 among studied cases

MoCA

Serum level of S100B (pg/ml)

Fig. 2 Correlation between MoCA scores and serum level of S100B among examined cases

Table 9 demonstrates that the area under the curve for serum levels of HMGBL in
differentiating cases from control groups was excellent (area under the curve = 0.960), 26 ug
/L was the most accurately determined cut-off point from the curve, yielding a specificity of
80% and a sensitivity of 90% (Fig. 3).

Table (9): Validity of serum level of HMGB1(ug /L) in differentiating cases from control
groups

Area Std. P value 95% Confidence Cut- off Sensitivity  Specificity
Error? Interval point ) %

960 018 .001* 925 994 26 90.0 80.0
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Fig. 3 ROC Curve of serum level of HMGBL1 (ug /L) in differentiating cases from control groups

Table 10 demonstrates that the area under the curve for serum level of S100B in
differentiating cases from control groups was excellent (area under the curve = 0.975), resulting

in a specificity of 86% and a sensitivity of 98%, with the best determined cut-off point from
the curve being 243 pg/ml (Fig. 4).

Table (10): Validity of serum level of S100B (pg/ml) in differentiating cases from control
groups

95% Confidence
Interval Cut- off Sensitivity Specificity

point % %

975 013 | .001* 950 1.000 243 98 86 \

ROC Curve

Sensitivity

T T T
0.0 0.z 0.4 0.8 [a =] 1.0

1 - Specificity

Diagonal segments are produced by ties.

Fig. 4 ROC Curve of serum level of S100B (pg/ml) in differentiating cases from control groups
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Table 11 demonstrates that a statistically significant greater median serum level of HMGB1
and S100B is found among cases with impaired cognitive than normal cognitive functions.

Table (11): Relation between serum level of HMGB1, S100B and cognitive dysfunction
among studied cases

Cognitive dysfunction ~ Testof
Impaired Normal significance

HMGBI1(ng /L) 7=6.53
Mean +SD 49.35+15.65 26.05+8.25 P<0.001*
HMGBI1(ug /L) «
Median (min-max) 46.9(8.7-89) | 30.1(6.1-33.8)  P<0.001
S100B (pg/ml) 7=6.78
Mean +SD 1077.944514.38 = 320.18+7.67 P<0.001*
S100B (pg/ml) 320.5 «
Median (min-max) HIEEG2EE), (306-330) LSS

Z: Mann Whitney U test, *statistically significant

Table 12 demonstrates that the area under curve for serum concentration of HMGB1 in
differentiating cases with cognitive dysfunctions from normal cognition was excellent (the area
under curve = 0.957); 33.05 pug/L was the most accurately determined cut-off point from the
curve, yielding a specificity of 95.5% and a sensitivity of 91% (Fig. 5).

Table (12): Validity of serum level of HMGB1 in differentiating cases with cognitive
dysfunctions from normal cognition

95% Confidence
Interval Cut- off Sensitivity Specificity

Lower Upper
Bound Bound
957 .020 .001* 918 995 33.05 91.0 95.5

ROC Curve

P—

Sensitivity

0.0 T T T
oo oz 0.4 (== os 1.0

1 - Specificity

Diagonal segments are produced by ties.

Fig. 5 ROC Curve of serum level of HMGBL1 in differentiating cases with cognitive dysfunctions
from normal cognition
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Table 13 demonstrates that the area under the curve for the serum level of S100B in
differentiating cases with cognitive dysfunctions from normal cognition was excellent (area
under the curve = 0.974), The cut-off point that was most accurately determined from the curve
was 326.5 pg/ml, yielding a specificity of 72.7% and a sensitivity of 97.4% (Fig. 6).

Table (13): Validity of serum level of S100B in differentiating cases with cognitive
dysfunctions from normal cognition

95% Confidence
Interval Cut- off Sensitivity Specificity

Lower Upper
Bound Bound
974 018 .001* 939 1.009 326.5 97.4 72.7

ROC Curve

o
[}
|

Sensitivity

o
s
1

0.2

oo o= oa 0% ) 1.0
1 - Specificity

Fig. 6 ROC Curve of serum level of S100B (pg/ml) in differentiating cases with cognitive
dysfunctions from normal cognition

Discussion

TLE, which is thought to affect 40% of epileptic patients, is the most common and
likely to be the most resistant type of focal epilepsy [19].

While the temporal lobe, specifically the hippocampus, is the site of epileptic focus in
the majority of TLE cases, nearly all cases experience focal unawareness seizures with or
without generalized seizures [20].

TLE has the potential to cause structural damage and a decrease in cognitive abilities
as a progressive condition. Patients with TLE have been shown to have impairments in
cognitive function outside of the memory domain, and a connection between structural
alterations and cognitive impairments has been suggested [20].

When the CNS is damaged by vascular injury, neurodegenerative lesions, and
inflammation, it results in rapid release of HMGBJ1 that controls the inflammatory response,
which prevents synaptic plasticity. This makes learning, memory loss, and cognitive
dysfunction worse by aggravating the pathological destruction to injured tissues [21].
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Furthermore, in this context, another marker should be taken into account. S100B is
a small protein that is located in the neurvous system. According to previous studies, nanomolar
concentrations of S100B promote neurite outgrowth, protect neurons from apoptotic triggers,
and increase astrocyte proliferation. However, at micromolar concentrations, it triggers pro-
inflammatory cytokines, stress-induced inflammatory enzymes, and neuronal death, all of
which have an impact on cognitive processes [22, 23].

This study aimed to determine cognitive impairment in TLE in adults and to investigate
if there was an association between serum levels of HMGB1 and S100B expressions with
cognitive impairment in TLE trying to detect predictive biomarkers for cognitive impairment
in TLE.

The present study reported statistically insignificant difference among examined groups
regarding mean age, sex and educational level, which was in line with Bjgrke and his
colleagues [20] who reported that age and education level within the case and the control
groups have been comparable, verifying an effective matching technique.

This study demonstrated that patients with TLE exhibited significantly lower scores
than healthy control subjects in all MoCA domains, including visuospatial and executive
function, attentive function, language, naming, orientation, delayed recall, in addition to
abstract thinking. For people with TLE, these cognitive disorders can have a major impact on
their normal functioning and quality of life.

Our findings were consistent with Tani and Adali [24]; Gangemi and his colleagues
[25] who found that individuals with temporal lobe epilepsy had a considerably lower average
MoCA score than those in the control group.

In our results, the most common domains that affect the MoCA score among the cases
group were language and naming, which were in line with Tani and Adali [24] who revealed
that individuals with temporal lobe epilepsy performed worse on particular subtests that
focused on language, executive function, memory, and attention than the control group.

TLE is known to cause neuronal hyperactivity through abnormal voltage-gated ion channel
and transmitter function [26]. Changes in brain morphology and function may result from this
abnormal neural activity, which could exacerbate cognitive and neuropsychological diseases [27].

Our results demonstrated that a statistically significant positive correlation has been
found between MoCA score and age at onset of seizures (r = 0.762) and with educational level
(r=0.267), and a statistically significant negative correlation was discovered between MoCA
score and disease duration (r = -0.900), frequency of attacks (r = -0.798), and number of AEDs
(r =-0.868).

Our findings were supported by Wang and his colleagues [28] who reported that a
statistically significant positive correlation has been discovered between MoCA score and
educational level (r = 0.499) and a statistically significant negative correlation was discovered
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between MoCA score and frequency of attacks (r = -0.299) and number of AEDs (r = -0.299),
while they reported that there was no significance between MoCA and illness duration and age
of onset.

Also, in line with Tani and Adali [24] who reported that a statistically significant positive
correlation has been discovered among MoCA score and educational level (r = 0.62) and a
statistically significant negative association among MoCA score and disease duration (r = -
0.343) and frequency of attacks (r = -0.364), while they reported that there was no
significance between MoCA and age of onset.

From that, we demonstrated that the frequency and duration of seizures can lead to
cognitive loss in cases with TLE, as exposure to seizure activity can result in cumulative brain
damage that affects cognitive processes gradually [29].

The current study found that more frequent seizures had greater negative impacts on
cognitive functioning. This is explained by the fact that epileptic seizures result from excessive
synchronized firing of brain neurons. Hence, hypoxia within the neuronal membrane and
electrical failure lead to permanent neuronal damage, and recurrent seizures lengthen the
duration of abnormal electrical discharge in the cortex, thus impacting function of brain and
leading to a loss in cognitive function. The loss of cognitive function was demonstrated to be
correlated with abnormal gray matter and white matter [30].

The prolonged duration of the condition may cause neuronal death or injury, which
could have a compounding impact and cause abnormal cerebral metabolism and morphological
structure, ultimately exacerbating the cognitive impairment [28].

Cognitive impairment decreased with increasing educational attainment, and a high level
of education emerged as a protective factor for epileptic patients' cognitive performance. People
with higher levels of education have greater intellectual reserves and are better able to comprehend
and complete various cognitive function tests. Additionally, individuals with higher levels of
education tend to be better self-disciplined and more knowledgeable about the illness, which leads
them to adhere to the treatment plan more closely. This improves the treatment's effectiveness and
therefore lowers cognitive impairment [28].

The cognitive function of cases was significantly impaired as the number of AEDs
increased, while those who received monotherapy experienced the least cognitive impairment.
Pharmaceutical facts may reasonably interpret such a connection: the majority of AEDs have
cognitive negative consequences, including inattention, sleepiness, dizziness, and insomnia which
accumulate with the increasing number of AEDs. The combined neurotoxicity might elevate the
probability of cognitive decline if the medications are metabolized by the liver, despite the fact that
their blood levels are in the normal range. [28].

Cognitive impairment was higher when seizures began at an earlier age. It was caused by
the underlying abnormality of the brain and genetics. Additionally, an extended course of illness
has been correlated to an earlier age at onset; the susceptibility to cognitive impairment is
exacerbated by the presence of more medications, elevated comorbidity, more medication
interactions, and an altered metabolic rate [28].
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In our study, we observed that there was a statistically significant lower median MoCA
score among drug-resistant than drug-responsive epilepsy (p<0.001). Similarly, a statistically
significant association was detected between MoCA score and EEG findings, with a higher
median MoCA score among normal EEG (p<0.001).

Our study is similar to Gavrilovic and his colleagues [31] who reported that there was
a significantly lower MoCA score among drug-resistant epilepsy than drug-sensitive epilepsy
(p<0.001) and also that there was a statistically significant association between cognitive
impairment and abnormal EEG findings. Also, drug responsiveness had a significant impact on
the presence of cognitive impairment.

The cognitive impairment in cases with TLE may be caused by a variety of factors, as
indicated by the previous results. Age at onset of seizures, frequency of seizures, duration of
epilepsy, resistance to treatment, and quantity of AEDs in epileptic cases are the critical factors
that could potentially impact cognitive status, either individually or in combination.

HMGBL is one of the well-characterized and is a ubiquitous nuclear protein that is
released by glia and in response to neuron inflammation. It induces the activation of TLR4 and
RAGE in the target cells. The HMGB1/TLR4 axis that results is a significant cause of
neuroinflammation, which consequently leads to increased seizure recurrence and cognitive
impairment [32].

S100B produces its neurotoxic impact by causing apoptosis. Micromolar levels of
S100B interface with RAGE, resulting in an elevation of reactive oxygen species.
Consequently, cytochrome-C is released, causing the caspase cascade and leading to apoptotic
neuronal cell death, which results in memory loss and cognitive impairment [17].

The current research demonstrated a statistically significant higher median serum level
of HMGB1and S100B among cases than the control group (p-value less than 0.001).

Our findings were in accordance with Kan and his colleagues [33]; Kamasak and his
colleagues [34]; Huang and his colleagues [35] who found that in comparison to healthy
controls, epilepsy cases showed elevated HMGB1 expressions.

Our findings are in agreement with Chang and his colleagues [36]; Lu and his
colleagues [37] who reported that compared with the controls, the cases with TLE had higher
S100B concentration (p-value < 0.01).

In our investigation, we stated a statistically significant negative correlation between
MoCA score and serum concentration of HMGBL1 (r = -0.938) and between MoCA score and
serum concentration of S100B (r = -0.916).

This came in accordance with Wang and his colleagues [38] who determined a
statistically significant negative association among MoCA score and serum level of HMGB1.

This was an explanation for the knowledge that HMGB1 was implicated in memory
impairment through the mediation of TLR4 and RAGE. In the hippocampus, HMGB1
demonstrates pro-excitatory impacts through elevating the phosphorylation of NR2B-NMDA
receptors, thus elevating the conductance of the receptor calcium channel [13].
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The GIuR1 subunit of AMPA receptor, which is essential for both synaptic plasticity
and memory, is prevented from being expressed on the cell surface by NR2B-containing
NMDA receptors. NR2B could additionally contribute to memory by decreasing the span of
retrovirus-correlated DNA sequences/extracellular signal-regulated kinases activation pathway
in the adult brain. It is remarkable that the same mechanism that modulates the seizure-
facilitating impact of HMGB1 may also be responsible for the facilitation of learning deficits
[32].

Also, our results, confirmed by Zhang and his colleagues [39] who showed that
hydrolysis rates of S100B levels were negatively correlated with the total MoCA score in
epileptic patients (P<0.05).

Our results were in accordance with Liang and his colleagues [40] who concluded that
the most valuable biomarker of epilepsy that aids in both clinical diagnosis and prognosis is
serum S100B.

The 'Hyde side' of S100B is expected to contribute to the clarification of the role(s)
played by the S100B protein, which activates a RAGE-dependent autocrine loop in astrocytes,
resulting in a pro-inflammatory/neurodegenerative phenotype [41]. Therefore, S100B can be
correlated with danger/damage-associated molecular pattern (DAMP) molecules, or alarmins.
These molecules are released in the endogenous microenvironment to initiate tissue reactions
to damage, leading to pro-excitatory impacts in the hippocampus that in turn lead to a loss of
memory and impaired synaptic plasticity [42].

In the present study, concerning the validity of serum levels of HMGB1 (pg /L) in
differentiating cases from control groups, our results showed that the area under the curve was
excellent (area under the curve = 0.960), with the best determined cut-off point from the curve
being 26 ug /L, yielding a specificity of 80% and a sensitivity of 90%.

Our findings were consistent with Kan and his colleagues [33] who found HMGB1
prediction values for epilepsy risk. HMGB1 had a good predictive value of epilepsy risk with
an area under the curve of 0.905 (95% confidence interval, 0.864-0.946).

In the present study, concerning the validity of serum levels of S100B (pg/ml) in
differentiating cases from control groups, our results showed that the area under the curve was
excellent (area under the curve = 0.975), with the best determined cut-off point from the curve
was 243 pg/ml, yielding a specificity of 86% and a sensitivity of 98%.

Our findings were consistent with Khamis and his colleagues [43] who found predictive
value of S100B in the diagnosis and prognosis of epileptic conditions. S100B had a good
predictive value of epilepsy risk with an area under the curve of 0.981 yielding a specificity of
93.33 % and sensitivity of 95.56 %.

With respect to the relation between serum levels of HMGB1, S100B, and cognitive
dysfunction among studied cases, we demonstrated a statistically significant higher median
serum level of HMGB1, S100B among cases with impaired cognitive functions than normal
cognitive functions (p<0.001).
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This came in accordance with Wang and his colleagues [38] who found among the
studied patients, HMGB1 was significantly more likely to occur in the group with cognitive
impairment than in the group without (P < 0.05).

These findings are in concordance with those of Zhang and his colleagues [39] who
reported that patients with cognitive impairment had considerably greater serum S100B levels
than those without epilepsy (P < 0.05). Additionally, those epileptic patients with and without
cognitive impairment had significantly greater serum S100B levels than the control group (P <
0.05).

Our study is similar to Chang and his colleagues [36] who stated that pediatric cases
who had greater frequency of seizures and poorer cognitive performance showed elevated
concentration of S100B.

In our results, regarding validity of serum level of HMGBL in differentiating cases with
cognitive dysfunctions from normal cognition, we reported that area under the curve was
excellent (area under the curve =0.957) with the best determined cut-off point from the curve
was 33.05 ug /L yielding a specificity of 95.5% and a sensitivity of 91%.

This came in accordance with Wang and his colleagues [38] who found predictive value
of HMGBL1 for the progress of cognitive impairment in their cases, with the area under the
ROC curve was 0.807 (95% confidence interval:0.683- 0.931, P < 0.001),with a specificity of
69.6% and a sensitivity of 86.8%.

In our findings, according to the validity of serum level of S100B in differentiating
cases with cognitive dysfunctions from normal cognition, the area under the curve for the serum
level of S100B in differentiating cases with cognitive dysfunctions from normal cognition was
excellent (area under the curve = 0.974), with the best determined cut-off point from the curve
was 326.5 pg/ml, yielding a specificity of 72.7% and sensitivity of 97.4%.

We suggest that S100B and HMGBL1 proteins could act as promising non-invasive,
universal biomarkers for epilepsy, neuroinflammation, and cognitive dysfunction, as they
fulfill numerous criteria to qualify as ideal biomarkers. They show relative stability in blood
and may be measured quickly and cost-effectively in blood samples.

Conclusion

In comparison to the control group, people with TLE had lower MoCA scores in a
number of cognitive domains, primarily language and naming. HMGB1 and S100B serum
levels are thought to be promising predictive indicators for identifying cognitive impairment
in TLE. Future research including a large number of patients with long-term follow-up is
required for a more precise assessment.

List of abbreviations

e TLE: Temporal Lobe Epilepsy
e HMGB1: High-mobility group box-1
e MoCA: Montreal Cognitive Assessment
e AEDs: Anti-epileptic drugs
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e TLRA4: Toll-like receptor 4

e DAMP: Damage-associated molecular patterns

e CNS: Central nervous system

Declarations
Ethics approval and consent to participate

Institutional review board (IRB) approval was obtained prior to the study
(MD.22.02.606); and written informed consent was taken from all participants enrolled in the
study before taking blood samples and answering any questions.

Consent for publication
Not applicable
Availability of data and materials

The datasets used and/or analyzed during this study are available from the
corresponding author on reasonable request.

Competing interests

The authors declare that they have no competing interests.
Funding

None
Authors' contributions

All authors read and approved the final manuscript.

Acknowledgements

We wish to thank all participants who agreed to be enrolled in this study.

Cuest.fisioter.2025.54(3):151-172 169



Ibrahim M. Abdelazeem, Azza Sepsis Unmasked: Decoding the Power of
Elmongui,Mervat Mashaly, Nehal Tharwat, ~ Adrenomedullin and Neutrophil to Lymphocyte and &‘;
Shimaa Elgamal, Wessam Mustafa, Platelet Ratio in sepsis associated Acute Kidney Injury

References

1. Vrinda M, Arun S, Srikumar BN, Kutty BM, Shankaranarayana Rao BS. Temporal lobe epilepsy-
induced neurodegeneration and cognitive deficits: Implications for aging. Journal of Chemical
Neuroanatomy. 2019;95:146-53.

2. Knierim JJ. The hippocampus. Current Biology. 2015;25(23):R1116-R21.

3. Riley ID, Franklin DL, Choi V, Kim RC, Binder DK, Cramer SC, et al. Altered white matter integrity
in temporal lobe epilepsy: association with cognitive and clinical profiles. Epilepsia. 2010;51(4):536-
45,

4, Walker LE, Frigerio F, Ravizza T, Ricci E, Tse K, Jenkins RE, et al. Molecular isoforms of high-
mobility group box 1 are mechanistic biomarkers for epilepsy. J Clin Invest. 2017;127(6):2118-32.

5. Ravizza T, Terrone G, Salamone A, Frigerio F, Balosso S, Antoine DJ, et al. High Mobility Group

Box 1 is a novel pathogenic factor and a mechanistic biomarker for epilepsy. Brain, Behavior, and
Immunity. 2018;72:14-21.

6. Engel J, Jr., Pitkdnen A, Loeb JA, Dudek FE, Bertram EH, 3rd, Cole AJ, et al. Epilepsy biomarkers.
Epilepsia. 2013;54 Suppl 4(0 4):61-9.
7. Kaneko Y, Pappas C, Malapira T, Vale Fernando L, Tajiri N, Borlongan Cesar V. Extracellular

HMGB1 Modulates Glutamate Metabolism Associated with Kainic Acid-Induced Epilepsy-Like
Hyperactivity in Primary Rat Neural Cells. Cellular Physiology and Biochemistry. 2017;41(3):947-59.
8. Maroso M, Balosso S, Ravizza T, Liu J, Aronica E, lyer AM, et al. Toll-like receptor 4 and high-
mobility group box-1 are involved in ictogenesis and can be targeted to reduce seizures. Nature
Medicine. 2010;16(4):413-9.

9. Okuma Y, Liu K, Wake H, Zhang J, Maruo T, Date |, et al. Anti—high mobility group box-1
antibody therapy for traumatic brain injury. Annals of Neurology. 2012;72(3):373-84.

10. Sasaki T, Liu K, Agari T, Yasuhara T, Morimoto J, Okazaki M, et al. Anti-high mobility group box
1 antibody exerts neuroprotection in a rat model of Parkinson's disease. Experimental Neurology.
2016;275:220-31.

11. Fujita K, Motoki K, Tagawa K, Chen X, Hama H, Nakajima K, et al. HMGB1, a pathogenic
molecule that induces neurite degeneration via TLR4-MARCKS, is a potential therapeutic target for
Alzheimer's disease. Sci Rep. 2016;6:31895-.

12. Andersson A, Covacu R, Sunnemark D, Danilov Al, Dal Bianco A, Khademi M, et al. Pivotal
Advance: HMGB1 expression in active lesions of human and experimental multiple sclerosis. Journal
of Leukocyte Biology. 2008;84(5):1248-55.

13. Novak A, Vizjak K, Rakusa M. Cognitive Impairment in People with Epilepsy. J Clin Med.
2022;11(1):267.

14. Riuzzi F, Sorci G, Arcuri C, Giambanco |, Bellezza I, Minelli A, et al. Cellular and molecular
mechanisms of sarcopenia: the S100B perspective. J Cachexia Sarcopenia Muscle. 2018;9(7):1255-68.
15. Michetti F, D'Ambrosi N, Toesca A, Puglisi MA, Serrano A, Marchese E, et al. The S1008B story:
from biomarker to active factor in neural injury. Journal of neurochemistry. 2019;148(2):168-87.

16. Donato R, Sorci G, Riuzzi F, Arcuri C, Bianchi R, Brozzi F, et al. S100B's double life: Intracellular
regulator and extracellular signal. Biochimica et Biophysica Acta (BBA) - Molecular Cell Research.
2009;1793(6):1008-22.

17. Huttunen HJ, Kuja-Panula J, Sorci G, Agneletti AL, Donato R, Rauvala H. Coregulation of Neurite
Outgrowth and Cell Survival by Amphoterin and S100 Proteins through Receptor for Advanced
Glycation End Products (RAGE) Activation. Journal of Biological Chemistry. 2000;275(51):40096-105.
18. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, et al. The
Montreal Cognitive Assessment, MoCA: A Brief Screening Tool For Mild Cognitive Impairment. Journal
of the American Geriatrics Society. 2005;53(4):695-9.

19. Vinti V, Dell'lsola GB, Tascini G, Mencaroni E, Cara GD, Striano P, et al. Temporal Lobe Epilepsy
and Psychiatric Comorbidity. Front Neurol. 2021;12:775781-.

Cuest.fisioter.2025.54(3):151-172 170



Ibrahim M. Abdelazeem, Azza Sepsis Unmasked: Decoding the Power of
Elmongui,Mervat Mashaly, Nehal Tharwat, ~ Adrenomedullin and Neutrophil to Lymphocyte and &‘;
Shimaa Elgamal, Wessam Mustafa, Platelet Ratio in sepsis associated Acute Kidney Injury

20. Bjerke AB, @stby Y, Grahl SG, Larsson PG, Olsen KB, Johansen Naevra MC, et al. Cognition in
adult patients with newly diagnosed non-lesional temporal lobe epilepsy. Epilepsy &amp; Behavior.
2021;116:107771.

21. Mao D, Zheng Y, Xu F, Han X, Zhao H. HMGB1 in nervous system diseases: A common
biomarker and potential therapeutic target. Front Neurol. 2022;13:1029891-.

22. Langeh U. Targeting S100B Protein as a Surrogate Biomarker and its Role in Various
Neurological Disorders. Current Neuropharmacology. 2021;19(2):265-77.

23. Michetti F, Clementi ME, Di Liddo R, Valeriani F, Ria F, Rende M, et al. The S100B Protein: A
Multifaceted Pathogenic Factor More Than a Biomarker. Int J Mol Sci. 2023;24(11):9605.

24, Tani A, Adali N. Effective Factors in Cognitive Functions of Patients with Temporal Lobe
Epilepsy. Archives of Neuroscience. 2024;11(2).

25. Gangemi A, Picciotto G, Mento C, Cardile S, Fabio RA. Neurophysiological and
neuropsychological parameters in patients with temporal lobe epilepsy. Applied Neuropsychology:
Adult. 2023:1-7.

26. Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E, Jansen FE, et al. Operational classification
of seizure types by the International League Against Epilepsy: Position Paper of the ILAE Commission
for Classification and Terminology. Epilepsia. 2017;58(4):522-30.

27. Kuks JBM, Snoek JW. Textbook of Clinical Neurology. Bohn Stafleu van Loghum; 2018.

28. Wang L, Chen S, Liu C, Lin W, Huang H. Factors for cognitive impairment in adult epileptic
patients. Brain Behav. 2020;10(1):e01475-¢.

29. Thijs RD, Surges R, O'Brien TJ, Sander JW. Epilepsy in adults. The Lancet. 2019;393(10172):689-
701.

30. Vaessen MJ, Jansen JF, Vlooswijk MC, Hofman PA, Majoie HM, Aldenkamp AP, et al. White
matter network abnormalities are associated with cognitive decline in chronic epilepsy. Cerebral
cortex. 2012;22(9):2139-47.

31. Gavrilovic A, Toncev G, Boskovic Matic T, Vesic K, llic Zivojinovic J, Gavrilovic J. Impact of
epilepsy duration, seizure control and EEG abnormalities on cognitive impairment in drug-resistant
epilepsy patients. Acta Neurologica Belgica. 2019;119(3):403-10.

32. Paudel YN, Shaikh MF, Chakraborti A, Kumari Y, Aledo-Serrano A, Aleksovska K, et al. HMGB1:
A Common Biomarker and Potential Target for TBI, Neuroinflammation, Epilepsy, and Cognitive
Dysfunction. Front Neurosci. 2018;12:628-.

33. Kan M, Song L, Zhang X, Zhang J, Fang P. Circulating high mobility group box-1 and toll-like
receptor 4 expressions increase the risk and severity of epilepsy. Braz J Med Biol Res.
2019;52(7):e7374-e.

34, Kamasak T, Dilber B, Yaman SO, Durgut BD, Kurt T, Coban E, et al. HMGB-1, TLR4, IL-1R1, TNF-
a, and IL-1B: novel epilepsy markers? Epileptic Disorders. 2020;22(2):183-93.

35. Huang Q, Liu J, Shi Z, Zhu X. Correlation of MMP-9 and HMGB1 expression with the cognitive
function in patients with epilepsy and factors affecting the prognosis. Cellular and Molecular Biology.
2020;66(3):39-47.

36. Chang C-C, Lui C-C, Lee C-C, Chen S-D, Chang W-N, Lu C-H, et al. Clinical significance of
serological biomarkers and neuropsychological performances in patients with temporal lobe epilepsy.
BMC Neurol. 2012;12:15-.

37. LuC, LiJ, Sun W, Feng L, Li L, Liu A, et al. Elevated plasma S100B concentration is associated
with mesial temporal lobe epilepsy in Han Chinese: A case—control study. Neuroscience Letters.
2010;484(2):139-42.

38. Wang M, LiuJ, WangF, LiQ, ZhangJ, Ji S, et al. The correlation between the severity of cerebral
microbleeds and serum HMGB1 levels and cognitive impairment in patients with cerebral small vessel
disease. Front Aging Neurosci. 2023;15:1221548-.

39. ZhangY, Zhangs, Ji Y, Yang X, Liu P, Yu G. Relationship of serum ATPase activity and the levels
of neuron- specific enolase, S100B and B-cell lymphoma/leukemia-2 with cognitive function after
epileptic seizure. Annals of Palliative Medicine. 2020;9(5):3366-72.

Cuest.fisioter.2025.54(3):151-172 171



Ibrahim M. Abdelazeem, Azza Sepsis Unmasked: Decoding the Power of
Elmongui,Mervat Mashaly, Nehal Tharwat, ~ Adrenomedullin and Neutrophil to Lymphocyte and \i
Shimaa Elgamal, Wessam Mustafa, Platelet Ratio in sepsis associated Acute Kidney Injury

40. Liang K-G, Mu R-Z, Liu Y, Jiang D, Jia T-T, Huang Y-J. Increased Serum S100B Levels in Patients
With Epilepsy: A Systematic Review and Meta-Analysis Study. Front Neurosci. 2019;13:456-.

41. Villarreal A, Seoane R, Gonzalez Torres A, Rosciszewski G, Angelo MF, Rossi A, et al. S100B
protein activates a RAGE-dependent autocrine loop in astrocytes: implications for its role in the
propagation of reactive gliosis. Journal of Neurochemistry. 2014;131(2):190-205.

42. Braun M, Vaibhav K, Saad NM, Fatima S, Vender JR, Baban B, et al. White matter damage after
traumatic brain injury: A role for damage associated molecular patterns. Biochim Biophys Acta Mol
Basis Dis. 2017;1863(10 Pt B):2614-26.

43, Khamis M, Din NSE, Nada MA, Afifi HEDM. Serum protein S-100B as a novel biomarker of
diagnosis and prognosis of childhood epilepsy. The Egyptian Journal of Neurology, Psychiatry and
Neurosurgery. 2023;59(1).

Cuest.fisioter.2025.54(3):151-172 172



