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Evaluation of ubiquitin C-terminal hydrolase—L1
enzyme levels in patients with epilepsy

Avaliacao dos niveis de enzima ubiquitina C-terminal hidrolase-L1 em pacientes com epilepsia

Ibrahim Halil YASAK', Mustafa YILMAZ?, Murat GONEN?, Metin ATESCELIK?, Mehtap GURGER?,
Nevin ILHAN* Mehmet Cagri GOKTEKIN?

ABSTRACT

Objective: Ubiquitin C-terminal Hydrolase-L1 (UCH-L1) enzyme levels were investigated in patients with epilepsy, epileptic seizure,
remission period, and healthy individuals. Methods: Three main groups were evaluated, including epileptic seizure, patients with epilepsy
in the non-seizure period, and healthy volunteers. The patients having a seizure in the Emergency department or brought by a postictal
confusion were included in the epileptic attack group. The patients having a seizure attack or presenting to the Neurology outpatient
department for follow up were included in the non-seizure (remission period) group. Results: The UCH-L1 enzyme levels of 160 patients
with epilepsy (80 patients with epileptic attack and 80 patients with epilepsy in the non-seizure period) and 100 healthy volunteers were
compared. Whereas the UCH-L1 enzyme levels were 8.30 (IQR=6.57-11.40) ng/mL in all patients with epilepsy, they were detected as 3.90
(IQR=3.31-7.22) ng/mL in healthy volunteers, and significantly increased in numbers for those with epilepsy (p<0.001). However, whereas the
UCH-L1 levels were 8.50 (IQR=6.93-11.16) ng/mL in the patients with epileptic seizures, they were 8.10 (IQR=6.22-11.93) ng/mL in the non-
seizure period, and no significant difference was detected (p=0.6123). When the UCH-L1 cut-off value was taken as 4.34 mg/mL in Receiver
Operating Characteristic (ROC) Curve analysis, the sensitivity and specificity detected were 93.75 and 66.00%, respectively (AUG=0.801;
p<0.0001; 95%Cl 0.747-0.848) for patients with epilepsy. Conclusion: Even though UCH-L1 levels significantly increased more in patients
with epilepsy than in healthy individuals, there was no difference between epileptic seizure and non-seizure periods.
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RESUMO

Objetivo: Niveis da enzima ubiquitina C-terminal hidrolase-L1 (UCH-L1) foram investigados em pacientes com epilepsia, crise epiléptica,
periodo de remissao e individuos saudaveis. Método: Foram avaliados trés grupos principais, incluindo crise epiléptica, epilepsia no periodo
nao convulsivo e voluntarios saudaveis. Pacientes com convulsdo no departamento de emergéncia ou trazidos por confusao poés-ictal foram
incluidos no grupo de crise epiléptica. Os pacientes que tiveram crise epiléptica ou foram ao ambulatério de Neurologia para acompanhamento
foram incluidos no grupo nao convulsivo (periodo de remissao). Resultados: Os niveis da enzima UCH-L1 de 160 pacientes com epilepsia
(80 pacientes com crise epiléptica e 80 pacientes com epilepsia no periodo nao convulsivo) e 100 voluntéarios saudaveis foram comparados.
Enquanto os niveis da enzima UCH-L1 foram 8,30 (IQR=6,57-11,40) ng/mL em todos os pacientes com epilepsia, os niveis detectados foram
de 3,90 (IQR=8,31-7,22) ng/mL em voluntarios saudaveis e aumentaram significativamente na epilepsia (p<0,001). No entanto, ao passo que 0s
niveis de UCH-L1 foram 8,50 (IQR=6,93-11,16) ng/mL nos pacientes com crise epiléptica, foram 8,10 (IQR=6,22-11,93) ng/mL no periodo n&o
convulsivo, e nenhuma diferenca significativa foi detectada (p=0,6123). Quando o valor de corte de UCH-L1 foi considerado 4,34 mg/mL com
base na analise da curva ROC, sensibilidade e especificidade foram detectadas como 93,75 e 66,00%, respectivamente (AUG=0,801; p<0,0001;
IC95% 0,747-0,848) para os pacientes com epilepsia. Conclusdo: Embora os niveis de UCH-L1 tenham aumentado significativamente nos
pacientes com epilepsia em relacéo aos individuos saudaveis, ndo foi observada diferenca entre crise epiléptica e periodos ndo convulsivos.

Palavras-chave: Epilepsia; Ubiquitinas; Convulsoes.

INTRODUCTION clinical picture occurring as a result of sudden, abnormal,
and hypersynchronous discharge of neuronal groups, which

Epilepsy, which is one of the most frequent reasons to be  take part in cortical or subcortical regions of the central ner-
admitted at the Emergency department due to a seizure,isa  vous system (CNS) and have a recurrent characteristic in
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general. Brain damage, which results in occurring as a spon-
taneous seizure and causes the activation of a change in the
molecular and cellular levels, plays a role in the etiopatho-
genesis of epilepsy'. The complaints associated to a seizure
constitute approximately 1 to 2% of all Emergency depart-
ment admissions™®,

Ubiquitin is required for cellular cleaning of the ubiquitin
C-terminal hydrolase-L1 (UCH-L1) abnormal proteins, which
are important regulators and specially expressed in a high inci-
dence of neurons. The UCH-L1 neuron-specific 9.5 gene prod-
uct is a protein, which was used as a histological marker for
neurons and is a promising agent as a biomarker in traumatic
brain damage. The proteins, which go to deterioration over the
proteasomal pathway, play an important role in removing oxi-
dized or increased proteins in the normal or pathologic situ-
ations by joining the ubiquitination process®. There are three
relevant enzymes in this class, including UCH-L1, L2, and L3.
However, only the UCH-L1 reaches high levels in the central
nervous system. The UCH-L1 mainly constitutes 1 to 5% of
total soluble brain proteins. These enzymes are responsible for
increasing or removing ubiquitin in the ATP relevant protea-
some pathway needed for metabolism®.

The UCH-L1’s best-known aspect is to function as a deu-
biquitinating enzyme and hydrolyze ubiquitin C terminal esters
and amides. Moreover, it has a ubiquitin ligase activity, which
uses alpha-synuclein as a substrate®. It was shown that this mol-
ecule is a gene polymorphisms dysfunction in neurodegenera-
tive diseases, such as Parkinson or Alzheimer diseases, and its
expression is regulated down by subjecting it to an oxidative
modification™*'. It was reported that the UCH-L1 started to
increase in the first 3 to 6 hours and reached its peak level in the
24™ hour for the situations, in which there were neuron dam-
ages, such as traumatic brain damage and strokes'.

In our study, we investigated the UCH-L1 enzyme lev-
els within the epileptic seizure and non-seizure periods in
patients with epilepsy.

METHODS

The study was started after obtaining the approval by the
local university’s ethics committee and all patients signed
the written informed. The study patients were gathered in
three main groups, including epileptic seizure period, non-
seizure period, and healthy volunteers. The patients having a
seizure in the Emergency department or brought by a post-
ictal confusion were included in the epileptic seizure group
(n=80). The patients having an epileptic seizure or coming
to the Neurology outpatient department for follow up were
included in the non-seizure period (remission) group (n=_80).

The patients included in the present study were aged
18 years and older, had a seizure in the Emergency depart-
ment, had entered the Emergency department after a seizure,
had been diagnosed with an epileptic seizure, had given their

approval to participate in the study, had received the admin-
istration of a single drug (valproic acid), two drugs (valproic
acid and phenytoin), and three drugs (valproic acid, phenyt-
oin and lamotrigine) as an antiepileptic treatment, and regu-
larly used these drugs.

The patients excluded from the study were those who
had seizure due to a metabolic disorder or trauma, who did
not regularly use their antiepileptic drugs, did not receive
the antiepileptic drugs defined in the inclusion criteria of
the study, or those who refused to participate.

The blood sample was taken from the antecubital vein for
the plasma UCH-L1 level measurements. Their plasma was
taken by centrifuging at 5,000 RPM for 10 minutes at 4°C after
waiting for their coagulation for 15-30 minutes. The sam-
ples were kept at -20°C. The UCH-L1 levels were studied by
ELISA kits in accordance with the kit content by using ELISA
washer and reader.

The Statistical Package for the Social Sciences (SPSS 21,
Chicago, IL, USA) statistics program was used in the data
analysis. The continuous distribution of variables was
detected by Kolmogorov-Smirnov and Shapiro-Wilk normal-
ity tests in the data analysis. Whereas the parametric data
were expressed as a mean or standard deviation, non-para-
metric data were represented as a medium (minimum-max-
imum) or median (IQR: interquartile range, 25/75 percen-
tile), and categorical data were submitted as a percentage.
Kruskal-Wallis test was used in the comparison of more than
two independent groups that did not conform to the normal
distribution. Mann-Whitney U test was used in the detection
of a relation between dual groups. Spearmans correlation
test was used in the non-parametric variables correlation
analysis. Chi-square test (cross-tab) was used in the categori-
cal variables’ comparison. Receiver Operating Characteristic
(ROC) Curve analysis was made by using the UCH-L 1 levels
of patients with epilepsy and healthy individuals. The ROC
Curve analysis results given considered a % for specificity
and a % for sensitivity [area under ROC curve (AUC), p, and
95% confidence interval (95%CI)]. P<0.05 was significant in
all analysis results.

RESULTS

Whereas 160 out of 260 individuals included in our
study were the patients with epilepsy, 100 of them (male/
female=59/41) constituted the healthy control group.
The diagnosis of patients with epilepsy time was a mean of
12.77410.80/year. Epileptic patients’ mean age was 3715.67
years, while the healthy controls’ mean age was 38.07£16.49
years. There was no difference between the groups in terms
of sex (p=0.968) and age (p=0.768). The UCH-L1 median lev-
els was 8.30 ng/mL (IQR=6.57-11.40) in all patients with epi-
lepsy and 3.90 ng/mL (IQR=3.31-7.22) in the healthy controls,
being significantly higher in the former group (p<0.0001)
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(Figure 1). The basic demographic and clinical data of epilep-
tic and healthy individuals is shown in Table 1.

A total of 80 out of 160 patients with epilepsy (M/
F=55/25) included in our study presented to the emergency
department due to an epileptic seizure. The mean dura-
tion of the last seizure in these patients was 5.57+4.90/min,
and there was no correlation between seizure duration and
UCH-L1 levels (r=-0.091; p=0.254). The blood samples of the
patients having an epileptic seizure were approximately
taken within 45 minutes. The remaining 80 patients with
epilepsy (M/F=29/41) consisted of the epileptic patients
who were admitted to the Neurology outpatient depart-
ment for control, and they did not have an active seizure in
the remission period. Whereas the median UCH-L1 level in
the epileptic crisis group was 8.50 (IQR=6.93-11.16) ng/mL,

Figure 1. Distribution of UCH-L1 levels of epilepsy patients
and healthy control patients.

Table 1. Comparison of demographic data epilepsy patients
and healthy Control Group patients.

the median UCH-L1 value in patients in the remission
period was 8.105 (IQR=6.22-11.93) ng/mL, and these lev-
els were not different (p=0.507) (Figure 2). The basic demo-
graphic and clinical data of the patients from this group is
given in Table 2.

The mean age of patients admitted with an epileptic sei-
zure was 36.3+15.4 years, whereas the mean age of patients
in the remission period was 38.2+15.1 years, and there was
no statistical difference (p=0.418). Men were more common
than women in the group of patients admitted with an epi-
leptic seizure, while women were more common in the non-
seizure (remission) group (p=0.010).

The ROC Curve analysis comparing UCH-L1 levels
between patients with epilepsy and healthy volunteers
yielded sensitivity and specificity values of 93.75% and 66.00%,

Figure 2. Distribution of UCH-L1 levels in the groups with
epileptic crisis, remission, and healthy controls.

Table 2. Comparison of demographic data of patients in
epileptic attacks and remission periods.

Parameter Pa:isirl\;;;/;ith giiﬁ;{ p-value Parameter EEti't(:\Ziy Ri‘r)ri\lizz?gn p-value
N (M/F) 160 (94/66) 100 (59/41)  0.968 N (M/F) 80(55/25)  80(39/41)  0.010
Age (years) 37.29+15.67 38.07+£16.49 0.768 Age (years) 36.3+15.4 38.2+15.1 0.418
Mean Arterial Pressure  88.54+0.34  108.23+1372  0.000 Mean Arterial Pressure  90.41+11.90  86.66+519  0.057
Pulse 8765+14.20 86.02+1451 0.333 Pulse 84.24+14.60 91.06£12.99  0.001
(Ff)erZ‘;'tf%ynii‘:; 18574193  1870+1.69  0.552 (Ff)erzg'tr;tfr’m?’niié)e 1876+1.55 18.375042.25 0.197
Fewer (:C) 36724042  36.64£043 0138 Fewer(°C) 36.59+0.42  36.85:0.38  0.135
sPO2 96.34+1.88  96.4042.03  0.645 sPO2 96.45+215  96.24+156  0.161
GCS 14.02+1.20 15.00 0.000 GCS 13.04+0.99 15 <0.001
Eggizsy Diagnosis 12.77+10.80 Eg;igsy Diagnosis 13.46£1071  12.09+10.92  0.488
Attack Frequency 23.51£27.56 === Attack Frequency 26.2+26.6 20.8+28.4 0.087
Last Seizure 64.90+£87.30 - Spasm Period 5.94+515 5.21£4.63 0.397
Spasm Period 5.57£4.90 === AEM Use Number 1.7+0.7 1.6£0.7
UCHL-1 Median 8.30 3.90 0,001 UCHL-1 Median 8.50 8.10 0507
(IQR) (ng/mL) (6.57-11.40)  (3.31-7.22) (IQR) (ng/mL) (6.93-1116)  (6.22-11.93)
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respectively, for the cut-off value of 4.34 ng/mL (AUC=0.80,
95%CI 0.747-0.848; p<0.0001) (Figure 3).

No significant differences were found between UCH-L 1
levels according to the antiepileptic drug regimen (valproic
acid in single-drug users, valproic acid and phenytoin, in
double-drug users, and valproic acid, phenytoin and leveti-
racetam in triple-drug users; Table 3).

DISCUSSION

Epilepsy is one of the most common neurological dis-
eases. The disease incidence rate is approximately 1% in
the world. It is usually a chronic condition and sometimes
requires a lifelong treatment'. Although many conditions
may be the cause of epilepsy, no specific etiology is found in
most cases'>™.

Although there were studies conducted to define the bio-
chemical indicators in cerebrospinal fluid (CSF) or plasma for
monitoring the diagnosis of patients with an epileptic seizure
and the diseases progression, the use of these indicators is
not indicated in the clinic'*'*'”!%, The Ubiquitin-proteasome

Figure 3. Epilepsy patients and healthy individuals in ROC
curve analysis.

Table 3. Comparison of used antiepileptic druge regimen and
UCH-L1 level.

n (M/F) UCH-L1 chi-square  p-value
Single 82 8.416
Medicine (43/39) (6.570011.859)
Double 55 8.540
Medicine (36/19)  (7.266011.055) 3.391 0-184
Triple 23 7182
Medicine (16/8)  (5.396010.640)

system plays a key role in the cell cycle, signal transduction,
transcriptional regulation, DNA repair, stress response, pro-
grammed cell death, and antigen representation”. The UCH-
L1 task is to function as a deubiquitination enzyme and
hydrolyze the ubiquitin C terminal esters and amides®,
because it takes part in this system.

The UCH-L1 is also a biomarker, which has gained pop-
ularity in recent years, especially for the diseases associ-
ated to the central nervous system, considering it is only
localized in neurons. Gong et al.* detected in their study
that neurodegenerative disorders, such as Parkinson,
Huntington and Alzheimer diseases, are associated to a
change in the UCH-L1 protein activity. Setsuie and Wada®'
reported that the UCH-L1 had a role in the pathogenesis
of Parkinson and Alzheimer disease in a similar. Mondello
et al.”? detected that the UCH-L1 level decreased in a study
performed with 52 Parkinson disease patients. Papa et al.®
found that the UCH-L1 levels were high in a study with 41
patients with a traumatic brain injury. Ren et al.!! stated
that the UCH-L1 level was significantly more than in the
control group in a study with 79 patients who suffered isch-
emic strokes. These studies present qualitative information
in the measurement of markers that are sensitive to brain
damage after a stroke or head trauma.

The UCH-L1 is reported to increase in the plasma in the
first three to six hours and to reach peak levels after 24 hours
in patients with stroke and traumatic brain damage, due to
neuronal damage'’. Although there are not enough studies
investigating UCH-L1 levels in epilepsy, a few studies inves-
tigated UCH-L1 levels in the plasma and CSF**. Li et al.®
determined UCH-L1 levels in CSF samples from 33 epi-
leptic patients presenting with seizure to the Emergency
department and found that the levels were significantly
higher among patients in the first 24 hours in comparison
to healthy controls. Mondello et al.** investigated UCH-L1
levels in plasma and CSF of 52 epileptic patients who were
admitted to the Emergency department with a seizure com-
plaint. They also detected that the UCH-L1 levels were sig-
nificantly higher than in the control group, because the UCH-
L1 levels were measured in the CSF in the first 48 hours and
in the plasma in the first 12 hours. In our study, the blood
samples of patients admitted with a seizure complaint were
taken within 45 minutes after the attack. Since this duration
is shorter than the duration specified in previous studies,
it may explain that no difference emerged when comparing
UCH-L1 levels between patients in the seizure and non-sei-
zure periods.

Ubiquitin C-terminal hydrolase-L1 level of age and gen-
der was generally not associated with sex. In addition, it was
observed that different results were obtained in relation to
age. Mondello et al.** showed a strong correlation between
the CSF and plasma UCH-L1 levels with age, and they also
detected that the UCH-L1 levels did not have a relation with
sex. However, Li et al.”® detected that the UCH-L1 level was
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not related to age and sex. . In our study, we detected that the
UCH-L1 level did not have a relation with age and

Lietal®reported that the mean seizure period of patients
with an epileptic seizure was 13.6 minutes in the study, in
which a relation between the UCH-L1 level and seizure dura-
tions of patients was investigated, and this seizure duration
and UCH-L1 level showed a positive correlation. In our study,
no correlation was found between the seizure duration and
the UCH-LI level. In the study by Li et al.”, even though a
treatment was administered to 19 patients as a monother-
apy and to six patients as a polytherapy, they did not find a
significant difference between the UCH-L1 levels of epileptic
patients who received treatment or not, although only eight
patients did not receive any treatment. Likewise, in our study,
no relation was determined between the antiepileptic drug
regimen and UCH-L1 levels.

The differential diagnosis of epileptic and non-epilep-
tic seizures varies based on age and clinical presentation
of seizures. Non-epileptic seizures are divided into two
groups: physiological and psychogenic. Psychogenic non-
epileptic seizures (PNES) are more common and are con-
sidered within the category of psychoneurological disor-
ders in which the symptoms are originally psychological,
but with a neurological manifestation. They are also consid-
ered a physical reflection of psychological stress, which is
an episode of paroxysmal behavioural changes that resem-
bles epileptic seizures but is not accompanied by EEG
changes and central nervous system dysfunction. PNES
can mimic many types of epilepsy and may also accom-
pany it*". Moreover, the fact that epileptic seizures can also
be observed in 10.7% of PNES patients further complicates
the differential diagnosis®. EEG, imaging techniques (e.g.
CT, MR, SPECT) and other diagnostic methods (video-EEG
monitoring) are used to differentiate between PNES and
epilepsy. However, research to find a parameter that can
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In conclusion, although the UCH-L1 levels increase sig-
nificantly more in patients with epilepsy than in healthy indi-
viduals, it does not constitute a difference between the epi-
leptic crisis and the remission period.
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