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Abstract

Background Epilepsy is a common neurological disease that has a negative impact on physical, social, and cognitive function.
Seizure-induced neuronal injury is one of the suggested mechanisms of epilepsy complications. We aimed to evaluate the
circulating level of glial fibrillary acidic protein (GFAP) and ubiquitin carboxy-terminal hydrolase-L.1 (UCH-L1) as markers
of neuronal damage in children with epilepsy and its relation to epilepsy characteristics.

Study design

Methods This case control study included 30 children with epilepsy and 30 healthy children as a control group. Seizure severity
was determined based on Chalfont score. Serum level of GFAP and UCH-L1were measured, and their associations with epilepsy
characteristics were investigated.

Results Circulating levels of GFAP and UCH-L1 were significantly higher in children with epilepsy than in controls (17.440 £
6.74 and 5.700£1.64 vs 7.06+3.30 and 1.81 +0.23, respectively) especially in those with generalized and active seizures.
GFAP and UCH-L1 were significantly correlated to the severity of seizures in the previous 6 months. Elevated GFAP level was a
predictor for active seizures (OR 1.841, 95%CI 1.043-3.250, P =0.035).

Conclusion Circulating GFAP and UCH-L1 expression is increased in children with epilepsy especially those with active
seizures.

Significance GFAP and UCH-L 1may serve as peripheral biomarkers for neuronal damage in children with epilepsy that can be
used to monitor disease progression and severity for early identification of those with drug-resistant epilepsy and those who are in
need for epilepsy surgery.
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Introduction

Epilepsy is a common neurological disease affecting about 1%
of the general population with long-term sequels that may
extend even after elimination of active seizures. It is charac-
terized by recurrent seizures caused by hypersynchronous dis-
charges [1]. Seizure activity leads to dynamic alteration of
neuronal structure and function resulting in axonal and den-
dritic remodeling, gliosis, and apoptosis [2]. Childhood is a
critical period for brain development. Despite their high neu-
ronal plasticity, early-onset sever frequent seizure activities are
associated with impairment of brain function that may extend
into adulthood. The long-term comorbidities of childhood sei-
zures adversely affect education and social and financial as-
pects of their life in addition to increase the prevalence of
psycho-behavioral disorders [3]. The relation between seizure
activity and neuronal injury is complex. Neuronal damage
may be a sequel or a cause of seizures. Identification and
monitoring of neuronal injury are required for risk stratifica-
tion, understanding the pathogenesis of epilepsy comorbidities
and improving management strategies [4].

Ubiquitin C-terminal hydrolase (UCH-L1) is a neuron-
specific cytoplasmic neuronal enzyme accounting for 1-5%
of'total neuronal proteins. UCH-L1 is not involved in neuronal
development, but it represents a key element for maintaining
axonal integrity [5]. It is mainly present in the brain and poorly
expressed by others cells including gonads and fibroblast. As
a strict intracellular protein, its circulating level is a strong
indicative of neuronal damage. Evidences demonstrated
higher UCH-L1 expression in diseases associated with
neuro-inflammation, neuronal degeneration, and after trau-
matic brain injury [6]. Impaired blood-brain barrier (BBB)
integrity has been associated with increased blood concentra-
tions of UCH-LI in several neurological disorders. UCH-L1
has been emerged as promising biomarker of neuronal injury
and BBB disruption due to its high brain specificity [7].

Glial fibrillary acidic protein (GFAP) is another high-
ly brain-specific protein that constitutes the main inter-
mediary filament of astroglial cells which represent the
commonest cell type in the human central nervous sys-
tem (CNS) [8]. It is involved in white matter architec-
ture, myelination, and blood-brain barrier integrity and
has an important role in keeping shape and motility of
astrocytes. No extracerebral sources for this protein have
been identified [9]. Up-regulation of GFAP as part of
reactive astrogliosis following different pathological
events in the CNS including inflammation, hypoxia, me-
chanical disruption, or disintegration of blood-brain bar-
rier may lead to its release from brain tissue into the
peripheral circulation [10].

GFAP and UCH-L1 levels’ assessment either in se-
rum or cerebrospinal fluid (CSF) level is widely ad-
dressed as a diagnostic and prognostic marker for
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traumatic brain injury [11]. However, no sufficient data
investigate the utility of these neuronal-specific bio-
markers in children with epilepsy and their correlation
to the clinical data in such children.

The aim of this study was to evaluate circulating level of
GFAP and UCH-L1 as markers of neuronal damage in chil-
dren with epilepsy and its relation to epilepsy characteristics.

Subjects and method
Study design

This case control study included 30 children with con-
firmed diagnosis of epilepsy and 30 healthy children of
matched age and sex as a control group. Children with
epilepsy were consecutively selected from pediatric neu-
rology clinic, while the control group was selected from
pediatric outpatient clinic of both Abo-Elrish Hospital,
Cairo University, and Alzahraa Hospital, Al-Azhar
University, Cairo, Egypt. They were recruited during
the period from April 15, 2019, to September 1, 2019.
Informed written consents were obtained from the care-
givers of all included children after explaining the aim
and hazards of the study according to the local ethics
committee of Egyptian National Research Centre.

Inclusion criteria were children aged 6—12 years old of both
sexes with established diagnosis of epilepsy of unknown eti-
ology either of generalized or focal onset receiving antiepilep-
tic drug of proper doses for at least 1 year.

Exclusion criteria were any acute or chronic medical illness
other than epilepsy (e.g., cardiac, hepatic, hematological, re-
spiratory, renal diseases), malignancy, genetic disorders, de-
velopmental or intellectual disabilities, or children with histo-
ry of metabolic, infectious, hypoxic, or traumatic brain injury.

Epilepsy was classified according to the International
League Against Epilepsy (ILAE); according to the eti-
ology, we include only children with epilepsy of un-
known etiology (previously known as idiopathic), and
based on the type, they were categorized into focal on-
set, generalized onset, focal to bilateral tonic clonic, or
unknown onset. Children were categorized according to
seizure frequency over the previous 6 months into those
with active seizures and those with no seizure activity
over the last 6 months [12]. Circulating levels of sodi-
um valproate and carbamazepine were done to confirm
therapeutic drug level in children with active seizures.
For control group they were healthy age and sex
matched to epilepsy group did not have any
neurologogical or psychological disorders or previous
febrile seizures and fullfill the same inclusion criteria
as case group.
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Methods
All the studied children were subjected to the following:

1) Detailed medical history including sociodemographic
data, neurological manifestation, age of onset of sei-
zures, duration of epilepsy, previous investigation,
current medication, response to medications, and sei-
zure frequency in the last 6 months.

2) Complete systematic and neurological clinical examination.

3) The type of epilepsy was identified based on the commis-
sion on classification and terminology of the international
league against epilepsy [12], while seizure severity was
assessed using Chalfont severity scale [13].

4) Neuroimaging for children with epilepsy to exclude any
underlying traumatic, asphyxia, infectious, or structural
brain lesion.

5) Digital interracial EEG was done using a Nihon
Kohden 1200 digital EEG instrument, and interpre-
tation was done by the same pediatric neurologist.

6) Biochemical investigations include assessment of se-
rum glial fibrillary acidic protein and ubiquitin
carboxy-terminal hydrolase-L1 using the enzyme-
linked immunosorbent assay (ELISA) kit (Glory
Science, Del Rio, TX, USA).

Statistical analysis

Statistical analysis was performed using statistical pack-
age for social sciences (SPSS) version 21 for windows
(IBM Corp., Armonk, NY, USA). Continuous data were
expressed as mean =+ standard deviation and were com-
pared by using the Student’s ¢ test. Data not normally
distributed were compared by using the Mann-Whitney
test. Categorical data were expressed as frequencies and
percentages. Pearson correlation test was used to assess
correlations between variables. P<0.05 was accepted as
statistically significant.

Results

This study was conducted on 30 epileptic patients (16 male,
14 female); their age ranged between 6 and 10 with a mean of
7.07 £1.639 years. Eighteen of them have focal onset epilepsy
(60%) and 12 (40%) had generalized onset epilepsy. None of
the included children had focal with secondary generalized
epilepsy. The age of onset of epilepsy ranged between 2 and
5 years old with a mean of 3.6 +0.932 years, and the duration
of epilepsy ranged between 1 and 5 years with a mean dura-
tion of 2.47 +0.973 years. Ten of them (33.3%) were free of
seizures over the previous 6 months. Another 30 healthy chil-
dren were included in the control group (14 male and 16
female) with a mean age of 7.87 +2.77 years. There was no
significant difference between cases and control regarding age
and sex (p =0.162, and p = 0.605, respectively).

The comparison between children with epilepsy and
healthy control showed significant higher GFAP and UCH-
L1 serum levels in children with epilepsy as shown in Table 1.

Regarding the type of epilepsy, children with generalized
onset epilepsy have showed significantly higher GFAP and
UCH-L1 serum levels than children with focal onset epilepsy
as shown in Table 2. Children with generalized onset and
focal onset epilepsy have significant higher levels of GFAP
and UCH-L1than the control group (p <0.0001 for each).

Children with active seizures have significantly higher se-
rum levels of GFAP and UCH-LI than children with no sei-
zures over the previous 6 months as shown in Table 3. In
comparison with the control group, children with active sei-
zures and those with no seizures have significant higher levels
of GFAP (p<0.0001 for each) and UCH-L1 (p=0. 031 and
p<0.0001, respectively).

Serum levels of both GFAP and UCH-L1 have a signifi-
cant positive correlation with the Chalfont seizure severity
scale scores. But no significant correlation was detected be-
tween age, age of onset of seizures, duration of epilepsy, and
any of the biomarker level as demonstrated in Table 4.

Binary logistic regression analysis showed that elevated
GFAP level is the predictor for active seizures in children with
epilepsy as demonstrated in Table 5.

Table 1 Comparison of glial
fibrillary acidic protein and
ubiquitin carboxy-terminal
hydrolase-L1 between children

Children with epilepsy (N =30)

Control group (N =30) Independent ¢ test

with epilepsy and healthy controls

Mean + SD Mean + SD t p Value
GFAP (ng/ml) 17.440 +£6.736 7.060+3.301 7.579 <0.0001*
UCH-L1 (ng/ml) 5.700 +1.641 1.813+£0.233 12.847 <0.0001*

*Significant; GFAP glial fibrillary acidic protein, UCH-LI ubiquitin carboxy-terminal hydrolase-L1
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Table2  Comparison of glial fibrillary acidic protein and ubiquitin carboxy-terminal hydrolase-L1 between children with focal onset and generalized

onset epilepsy

Children with generalized
onset epilepsy (N=12)

Children with focal
onset epilepsy (N=18)

Independent ¢ test/
Chi-square test

Mean + SD Mean + SD %2 p Value
Age (years) 8.166 +1.267 8.000+1.188 0.362 0.721
Age of onset (year) 3.291+0.940 3.305+1.002 —0.038 0.970
Duration of illness (year) 3.042+1.117 2.555+0.921 1.250 0.225
Chalfont severity score 46.083 +18.123 22.111+£10.693 4.128 0.001*
Seizure frequency over the previous 6 months (N, %) 0.235 0.117
Seizure-free 2 (16.7%) 8 (44.4%)
Active seizures 10 (83.3%) 10 (55.6%)
GFAP (ng/ml) 21.433+£6.366 14.744 £6.026 2.880 0.009*
UCH-L1 (ng/ml) 6.750 £1.979 5.028 £1.295 2.659 0.016*

*Significant; GFAP glial fibrillary acidic protein, UCH-LI ubiquitin carboxy-terminal hydrolase-L1

Discussion

Identifying neuronal injury and death using biochemical
markers have been emerged as a simple quantitative
subjective tool for assessment of neurological disease
severity and progression. Distortion of the integrity of
BBB occurred as a sequence of neuro-inflammation dur-
ing the process of epileptogenesis. BBB dysfunction al-
lows passage of neuron specific proteins into the periph-
eral circulation [14].

Our study showed that the circulating level of GFAP and
UCH-L1 were elevated in children with epilepsy especially
those with active seizures and those with generalized onset
epilepsy. Both biomarkers levels have a significant correlation
with seizure severity. In agreement with our findings,
Mondello et al. [15] reported a significant higher serum level
of UCH-L1 in patients with epilepsy in comparison with
healthy controls (p =0.025). Li et al. [16] demonstrated the

elevated UCH-L1 level in CSF after seizures with a signifi-
cantly higher level of UCH-L1 in subjects with generalized
than focal seizures. Simani et al. [17] concluded that the ele-
vated serum GFAP level after seizures may provide a useful
diagnostic method distinguishing epileptic seizures from con-
dition mimic epilepsy.

On the other hand, Chmielewska et al. [18] demon-
strated a significant elevation of brain-derived proteins
UCH-L1 but not GFAP in an animal model for epilepsy
suggesting that seizure-induced neuronal damage can be
evaluated through the measurement of the serum level
of UCH-L1 after seizure activity. This controversy
could reflect that GFAP is released during reactive as-
trocytes gliosis as a sequel of neuronal injury induced
by seizure activity. Supporting our findings, Gurnett
et al. [19] concluded that the increased spinal fluid
GFAP level following seizures occurs mainly in chil-
dren with prolonged seizures or those who have

Table 3 Comparison of glial
fibrillary acidic protein and
ubiquitin carboxy-terminal

Children with no seizures in the last
6 months (N=10)

Children with active
seizures (N = 20)

Independent ¢ test

hydrolase-L1 in relation to Mean + SD Mean + SD t p Value
seizures frequency over the
previous 6 months Age (years) 8.400+£0.8432 7.900+1.333 1.250 0.222
Age of onset 3.350+1.203 3.275+0.850 0.176 0.863
(year)
Duration of 2.400£0.8096 2.925+1.079 -1.492 0.149
illness (year)
Chalfont 21.80+£9.566 36.650 +19.735 -2.776 0.010*
severity score
GFAP (ng/ml) 10.970 £4.463 20.645+5.535 —5.154  <0.0001*
UCH-L1 4.440+1.206 6.355+1.707 —3.548 0.002*
(ng/ml)

*Significant; GFAP glial fibrillary acidic protein, UCH-L ubiquitin carboxy-terminal hydrolase-L1
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Table 4 Correlation of epilepsy characteristics and serum level of glial
fibrillary acidic protein and ubiquitin carboxy-terminal hydrolase-L1 in
children with epilepsy

GFAP (ng/ml) UCH-L1 (ng/ml)

r p Value r p Value
Age (years) 0.016 0.931 0.190 0314
Age of onset (year) 0.048 0.802 0.157 0.406
Duration of illness (year)  0.108 0.571 —0.043 0.821
Chalfont severity score 0.769 <0.0001* 0.836 <0.0001*

*Significant; GFAP glial fibrillary acidic protein, UCH-LI ubiquitin
carboxy-terminal hydrolase-L1

symptomatic etiologies. Martinian et al. [20] found that
GFAP expression is increased in epilepsy-associated le-
sion pathologies. In an experimental animal model, a
minimum number of 9 seizures or 250 s of active sei-
zure are required to induce reactive astrocyte. So GFAP
may not be elevated immediately following seizure ex-
cept if the seizure was severe enough to induce a neu-
ronal damage or in those with underlying brain insult
causing seizures [21]. Furthermore, our results showed
that the serum levels of GFAP and UCH-L1 were
higher in those with controlled seizures than healthy
controls. This came in agreement with Zhu et al. [22]
who found that despite decreasing the serum levels of
several neuronal injury biomarkers including GFAP after
18-month of treatment but their levels remained higher
than healthy controls reflecting continuous cumulative
neuronal injury. Leakage of those neuronal-specific pro-
teins into the peripheral circulation provides a tool for
assessment of seizure-induced neuronal damage.
Evidence from neuroimaging and histological studies
revealed that frequent seizures of high number are re-
quired to induce morphological changes detectable by
neuroimaging. Subtle brief seizures activities produce
relatively limited neuronal injury that usually missed.
The cumulative effect of this neuronal injury needs a
long time to be evident clinically as a cognitive impair-
ment or radiologically by neuroimaging [23].
Monitoring of circulating level neuronal specific

biomarkers provide a sensitive noninvasive less hazard-
ous method for monitoring and follow up during the
course of disease allowing physicians for adjustment of
management plan and early identify complications. [24]

Excluding the effect of falling and head trauma is
challenging in pediatric population with epilepsy which
is more frequent in those with active seizures. This can
partially explain the higher level of UCH-L1 and GFAP
in those with generalized seizures as they are more lia-
ble for falling and head trauma than those with focal
seizures. However significant higher level of both
markers in those with no seizures over the last 6 months
and those with focal onset seizures suggesting that ele-
vated UCH-L1 and GFAP level could not explained
only by head trauma.

Several limitations have faced the present study. The
small number of included children, the cross-sectional
design, and data regarding seizure duration were not
available. Further studies are needed regarding the asso-
ciation of chemical biomarkers with long-term compli-
cations of epilepsy. One of the advantages of the cur-
rent study is measuring plasma UCH-L1 and GFAP as
an easier way than CSF measurement of these
biomarkers.

The higher rate of children with active seizures in
our study may be explained by the underlying genetic
causes of idiopathic epilepsy and poor compliance due
to the financial high cost of medication as limited anti-
epileptic medications (valproic acid, carbamazepine, and
levetiracetam) are provided by health insurance.
McCormack et al. [25] reported that genetic mutations
were detected in several subjects with severe epilepsy of
unknown etiology who have poor response to medica-
tions. Atalar et al. [26] concluded that focal epilepsy of
unknown cause had a good outcome when properly
treated.

In conclusion, generalized epilepsy and active seizures are
associated with elevated GFAP and UCH-L1 levels.
Circulating UCH-L1 and GFAP may have utility and may
serve as peripheral biomarkers for neuronal damage after ep-
ileptic seizure that can be used to monitor disease progression
and severity.

Table 5 Binary logistic

regression analysis for predictors Variable Coefficients Standard errors  p Value Odds ratios ~ 95% Confidence

of active seizures in children with I —

epilepsy Low High
GFAP (ng/ml) 0.622 0.288 0.031 1.862 1.060 3.273
UCH-L1 (ng/ml) —0.860 0.906 0.342 0.423 0.072 2.497
Chalfont severity score —0.035 0.069 0.608 0.965 0.844 1.104
Constant —3.380 1.977 0.087 0.034

*Significant; GFAP glial fibrillary acidic protein, UCH-LI ubiquitin carboxy-terminal hydrolase-L1
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