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Abstract
Epilepsy is a chronic neurological disorder characterized by recurrent unprovoked seizures. Lately, long noncoding RNAs 
(lncRNAs) have been increasingly appreciated as regulators of epilepsy-related processes, however, their functional role in 
its pathogenesis is still to be explored. This study investigated the expression levels of lncRNAs; BDNF-AS and 17A in the 
sera of Egyptian patients with idiopathic generalized and symptomatic focal epilepsy and correlated their levels with brain-
derived neurotrophic factor (BDNF), phosphorylated cAMP reaction element -binding protein (p-CREB), gamma- amin-
obutyric acid (GABA) and glutamate, to underline their related molecular mechanism. A total of 70 epileptic patients were 
divided into two clinical types, besides 30 healthy controls of matched age and sex. The expression levels of both lncRNAs 
were markedly upregulated in epileptic groups versus the healthy control group with predominance in the symptomatic focal 
one. Epileptic patients showed significantly lower levels of BDNF, p-CREB, GABA along with significant increase of glu-
tamate levels and glutamate/ GABA ratio, especially in symptomatic focal versus idiopathic generalized epileptic ones. The 
obtained data raised the possibility that these lncRNAs might be involved in the pathogenesis of epilepsy via inhibition of 
GABA/p-CREB/BDNF pathway. The study shed light on the putative role of these lncRNAs in better diagnosis of epilepsy, 
particularly symptomatic focal epilepsy.
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Introduction

Epilepsy is the fourth most common neurological disorder 
affecting people of all ages with prevalence of about 
70 million globally (Sopic et  al. 2018). It is a chronic 

non-communicable disease of the brain, characterised 
by the presence of recurrent and unprovoked seizures as 
common features of the epileptic condition (Pákozdy et al. 
2008). These seizures are episodes that vary from brief and 
nearly undetectable periods to long periods of vigorous 
shaking, resulting in unusual behaviour and sometimes loss 
of awareness and physical injuries (Devinsky 2007). The 
etiology of epileptic seizures is multi-factorial, where the 
onset, susceptibility and progression are influenced by a 
range of genetics and acquired factors or their interaction 
in many cases (Sirven 2015). Etiological classification of 
epilepsy includes four categories: idiopathic, symptomatic, 
provoked, and cryptogenic (Berg et  al. 2010; Shorvon 
2011). Herein, we focused on idiopathic and symptomatic 
ones. Idiopathic epilepsy is predominately of genetic 
origin with no gross neuroanatomical or neuropathological 
abnormality, whereas, the symptomatic is associated with 
gross anatomical or pathological anomalies and/or clinical 
features that are reflective of an underlying disease or 
condition (Shorvon 2011). To date, biomarkers that might 
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provide objective criteria to confirm or rule out diagnosis of 
epilepsy are lacking, making epilepsy difficult to diagnose 
since a number of other conditions may share very similar 
signs and symptoms of seizures such as syncope, migraine, 
narcolepsy, pain attacks and others (Crompton and Berkovic 
2009). Hence, understanding the molecular mechanism of 
epilepsy pathogenesis would aid in the early detection and 
the optimal disease management.

In epileptic seizures, the principal mechanistic sce-
nario is viewed as a shift in balance between the inhibi-
tory gamma-aminobutyric acid (GABA) and the excita-
tory glutamate neurotransmission in favour of the latter 
(Treiman 2001). This shift occurs due to selective loss of 
inhibitory GABA-ergic neurons after precipitating epilep-
togenic insult as well as the reorganization of neuronal 
circuits, resulting in aberrant hypersynchronous electrical 
activity of neuronal network (Villa et al. 2019). Generated 
GABA in GABA-ergic axon terminal with its release in 
the synapse, mediates its action via one of two receptors; 
GABAA which regulates chloride entry and GABA B which 
increases potassium conductance, decreases calcium entry, 
and prevents the presynaptic release of other transmitters. 
GABA retains the inhibitory tone to balance neuronal exci-
tation which if disrupted, can lead to seizures (Treiman 
2001). Deficit in GABA mediated signalling and augmenta-
tion of glutamatergic transmission have been documented 
in many types of epilepsy (Czuczwar and Patsalos 2001; 
Landmark 2008; Lasoń et al. 2013). Moreover, this deficit 
has been linked to a decrease of cAMP response element-
binding protein (CREB) phosphorylation and activation 
(Jagasia et al. 2009). Studies have indicated that a variety 
of CREB target genes are closely related to epilepsy includ-
ing: α1 subunit of GABAA receptor, brain-derived neuro-
trophic factor (BDNF), cyclooxygenase 2 (COX-2) and 
N-methyl D-aspartate receptor subtype 2B (NR2B) (Wang 
et al. 2020). Previously, Hu et al. (2008) demonstrated that 
CREB over expression significantly suppresses the activity 
of α1 GABAA, indicating a critical role of CREB in the reg-
ulation of α1 subunit-expression. Likewise, BDNF, a potent 
pro-survival factor, is involved in synaptic plasticity, learn-
ing, and memory processes (Yamada et al. 2002; Gómez-
Palacio-Schjetnan and Escobar 2013). Mohammadi et al. 
(2018) reported that the neuroprotective impact of BDNF 
is linked to CREB signalling activity in neurodegenera-
tive diseases. Moreover, a positive feedback loop showing 
a mutual interaction between BDNF and CREB has been 
demonstrated in animal models of epilepsy (Wang et al. 
2020). Nevertheless, molecular mechanism responsible for 
epileptogenesis are still under investigation.

Long non-coding RNAs (lncRNAs), a class of long 
transcripts without protein-coding capacity, have emerged 

as regulatory molecules that are implicated in wide variety 
of biological processes. Lately, they are increasingly 
appreciated for their involvement in regulation of epilepsy-
related molecular processes, particularly those which are 
already associated with brain excitability and seizures 
(Henshall and Kobow 2015). However, the exact role and 
the impact of lncRNAs in epileptogenesis is beginning to be 
explored and further research need to be done.

Brain-derived neurotrophic factor antisense RNA (BDNF-
AS) was the first lncRNA addressed in the current study. It 
is a lncRNA produced from the opposite strand of BDNF. A 
potential role for BDNF-AS in post transcription regulation 
of BDNF has been suggested, since BDNF and BDNF-AS 
form double-stranded duplexes (Marler et al. 2014). In vitro 
cell line studies showed that BDNF-AS can negatively regu-
late BDNF expression in PC12 and BV-2 cells (Jang et al. 
2018; Zhang et al. 2018; Zhi and Lian 2019). Whereas, in 
an epilepsy study, the expression of BDNF was upregulated 
in human cortex removed as surgical treatment together 
with concomitant decrease in BDNF-AS expression (Lipo-
vich et al. 2012). These data suggest a sort of interaction of 
mRNA-lncRNA that might represent a regulatory network of 
human brain plasticity in which inhibition of BDNF signalling 
could be used as a potential strategy for epilepsy management.

LncRNA 17 A is another interesting ncRNA involved in 
neurodegenerative disorder such as Alzheimer disease (AD) 
(Massone et al. 2011). 17 A was identified as polymerase 
III-dependent ncRNA that is embedded in the intron 3 of 
human G-protein-coupled receptor 51 gene (GPR51 that 
codes for GABAB2 receptor; GABAB R2). In SH-SY5Y cell 
lines as an In vitro model for AD, Massone et al. (2011) 
demonstrated an alternative splicing of GPR51 gene under 
influence of 17A, generating a different transcript isoform 
that abolishes GABAB2 intracellular signalling and impairs 
its transductional activity. Accordingly, we anticipate that 
such observation is likely to occur in other neurologic dis-
order such as epilepsy.

There is a possibility that epileptogenesis might be linked 
to a variety of changes in gene expression and function of 
neuro-mediators such as BDNF, CREB, GABA and gluta-
mate, all of which contribute to deregulated neuronal circuits 
with a proclivity for synchronous electrical activity (Hewson 
et al. 2016). Since, up till now, there are no data available 
concerning the involvement and significance of lncRNAs; 
BDNF-AS and 17A as biomarkers in epilepsy, the present 
study was directed to investigate their serum expression 
levels in Egyptian patients with idiopathic generalized and 
symptomatic focal epilepsy. It also aimed to identify the 
molecular mechanism implicated in epilepsy by correlating 
the levels of these neuro-mediators with each other as well 
as the studied lncRNAs, respectively.
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Subjects & methods

Study participants

The study included a total of 100 Egyptian participants; 
divided into 30 healthy controls and 70 epileptic patients of 
matched age and sex, recruited from the Neurology Clinics, 
Neurology Departments; Al Kasr Al-Ainy Hospital, Cairo 
University and Al Demrdash hospital, Ain Shams Univer-
sity, from June 2019 to February 2020 and from Septem-
ber 2020 to November 2020, respectively. Full general and 
neurological examinations were conducted by a supervis-
ing neurologist following Scottish Intercollegiate Guidelines 
Network 2018 (SIGN 143; Diagnosis and management of 
epilepsy in adults). Epileptic patients were further classi-
fied into two groups: 35 suffering from idiopathic general-
ized epilepsy and 35 with focal symptomatic epilepsy. Eli-
gible patients were those above 18 years old and diagnosed 
with epilepsy according to the EEG provided by treating 
physician. The exclusion criteria included any current or 
recent inflammatory or infectious disease detected during the 
previous month, pregnancy, diabetes, those suffering from 
malignancy and other neurodegenerative diseases.

Blood sampling

Five millilitres of venous blood samples were collected from 
all participants using serum collection tubes. The separated 
sera were aliquoted and stored at − 80 °C for subsequent 
determination of the expression levels of lncRNAs; BDNF-
AS and 17A as well as the levels of BDNF, p-CREB, GABA 
and glutamate.

Methodology

I. Serum lncRNAs assay using quantitative real‑time 
polymerase chain reaction (qRT‑PCR)

Total RNA was extracted from 250 μL serum samples using 
the miRNeasy Mini Kit (Qiagen, Germany) according to the 

manufacturer's instructions (Qiagen, Germany). The result-
ant RNA was then dissolved in 50 μL of RNase-free water 
and stored at − 80 °C till analysis. RNA quality was deter-
mined using nanodrop (Thermo scientific, USA) where the 
purity range for samples was 1.8–2.0 at wavelength 260/280 
with RNA yield ranging from 700 to1400 ng. Reverse tran-
scription (RT) was done using RT2 first strand Kit (Qiagen, 
Hilden, Germany) where 11 μL total RNA template were 
reversely transcribed in a final reaction mix volume of 20 
μL. For the synthesis of cDNA, the RT reaction was incu-
bated for 60 min at 37 °C and for 5 min at 95 °C. The cDNA 
produced was stored at − 20 °C till analysis.

Relative expression levels of the lncRNAs; BDNF-AS 
and 17A were evaluated using the RT2 SYBR Green Master 
Mix kit (Qiagen, Hilden, Germany) according to the manu-
facturer's instructions. The housekeeping gene, glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH), was selected as 
the internal control. Briefly, 5 μL cDNA product was used as 
a template in a 25 μL total reaction volume containing 12.5 
μL RT2 SYBR Green PCR Master Mix, 6.5 μL nuclease-free 
water and 1 μL RT2 lncRNA PCR primer assay. Readily 
made primers by Qiagen were used for amplification. The 
primer sequences were provided in Table 1. qRT-PCR was 
performed with a Qiagen Rotor Gene Q6 Plex Real-Time 
PCR system (Qiagen, Hilden, Germany), with a PCR initial 
activation at 95 °C for 10 min, followed by 40 cycles of 
95 °C for 15 s and 60 °C for 60 s. Data were analysed with 
Rotor Gene Q software with the automatic threshold cycle 
(Ct) setting. The relative expression for each lncRNA after 
normalization to GAPDH was calculated using the 2−ΔΔct 
method.

II Serum levels of BDNF, p‑CREB, GABA 
and glutamate

Serum levels of BDNF, p- CREB, GABA and glutamate 
were assayed using ELISA kits (DuoSet® IC ELISA, Cata-
log Number: DYC2510-2), (Cloud-Clone Corp, Catalog 
Number: SCA011Hu), (My BioSource CA USA, Catalog 
Number. MBS9337182) and (Novus Biologicals USA, 
Catalog Number: KA1909), respectively according to the 

Table 1   Primer sequences used 
for real time PCR

BDNF-AS: Brain-derived neurotrophic factor antisense RNA, 17A: RNA polymerase (pol) III-dependent, 
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase

Gene Sequences

lncRNA BDNF-AS Forward 5`TAC​CAC​AAG​GTA​CCA​ACC​ATA​TAT​G 3`
Reverse 5`CAT​GTG​GTT​CTG​TTT​CAA​TGCCC 3`

lncRNA 17-A Forward 5` CCA​CCC​TGC​AAC​TGA​CAC​AT 3`
Reverse 5` GCA​AAG​GTG​CTA​ATC​TTG​ACT​CTT​G 3`

GAPDH Forward 5′GGA​GCG​AGA​TCC​CTC​CAA​AAT-3′
Reverse 5′-GCT​GTT​GTC​ATA​CTT​CTC​ATGGA-3′
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manufacturer's instructions and expressed as pg/mL for 
BDNF and p- CREB and as ng/ml for GABA and glutamate.

Statistical analysis

The results were presented as mean ± standard error of mean 
(M ± SEM). Both parametric and nonparametric statistical 
methods were used to give full study of different types of 
epilepsy. Power analysis was conducted for one-way fixed-
effect analysis of variance (ANOVA) to compare between 
different groups followed by post Hoc Tukey multiple com-
parison test. Nonparametric receiver operating characteristic 
(ROC) curves were created between idiopathic generalized 
and symptomatic focal groups in which the value for sensi-
tivity is plotted against 1-specifcity. A prognostic test (posi-
tive versus negative) was conducted for idiopathic general-
ized and symptomatic focal groups using a cut-off threshold 
for lncRNA BDNF-AS, lncRNA 17 A, BDNF, p-CREB, 
GABA and glutamate. The positivity rates were compared 
by chi-square test. The overall accuracy of a molecular 
marker to predict different types of epilepsy is defined as the 
average of the sensitivity and the specificity. Simple linear 
regression analysis was applied between idiopathic general-
ized and symptomatic focal patients using Pearson χ2 test 
to study the correlation of serum levels of lncRNAs; BDNF-
AS and 17A with demographic and clinical data, BDNF, 
p-CREB, GABA and glutamate as well as their ratio. All 
statistical analyses were performed using Windows-based 
SPSS statistical software (SPSS version 20.0, SPSS Inc., 
Chicago, IL) and GraphPad Prism 7.0 (GraphPad Software, 
CA, USA) using IBM SPSS Statistics 20 program.

Results

Demographic and clinical characteristics 
of the study participants

Table 2 provides the demographic and clinical characteris-
tics of the study participants. As shown, there are 30 healthy 
individuals and 70 epileptic patients; of them, 35 were idi-
opathic generalized and 35 were symptomatic focal epileptic 
patients with disease onset equivalent to 16.25 ± 1.26 and 
18.5 ± 2.2 years and mean duration of disease of 17.74 ± 2.03 
and 19.78 ± 1.88 years, respectively. Moreover, gender and 
age were relatively matched among the study groups.

Regarding the etiology of the disease, the current data 
revealed that 91.4% of idiopathic generalized patients suf-
fered from structural abnormality due to unknown causes, 
whereas symptomatic focal patients suffered mostly from 
2ry structural abnormality due to tumors (91.4%). Regard-
ing seizure types, 94.2% of idiopathic generalized and 
71.4% of symptomatic focal suffered from focal evolved to 

generalized seizures. However, 94.2% of patients in both 
groups maintained their cognitive abilities.

Likewise, the neurological examination of patients 
revealed that 100% of idiopathic generalized patients and 
85.7% of symptomatic focal patients exhibited nocturnal 
attacks. Meanwhile, the EEG examinations showed that 
94.2% of idiopathic generalized patients and 82.2% of symp-
tomatic focal patients were normal. Remarkedly, all patients 
were using their prescribed anti-epileptic drugs (valproic 
acid, Carbamazepine, Phenytoin and Levetiracetam).

Serum expression levels of lncRNAs; BDNF‑AS 
and 17A in healthy control and epileptic groups

The expression levels of lncRNAs; BDNF-AS and 17A 
were markedly upregulated in epileptic groups as com-
pared to healthy control. Moreover, the expression levels 
of both lncRNAs were significantly higher in symptomatic 
focal patients compared to idiopathic generalized ones at p 
value < 0.05 (Fig. 1).

Serum levels of BDNF and p‑CREB in healthy control 
and epileptic groups

As depicted in Fig.  2, the serum levels of BDNF and 
p-CREB were low in all patients compared to healthy con-
trol group, meanwhile, their levels were significantly lower 
in symptomatic focal group than idiopathic generalized ones 
at p value < 0.05.

Serum levels of GABA, glutamate, and their ratio

Compared to healthy individuals, epileptic patients showed 
a significant decrement in GABA levels along with a sig-
nificant increment in glutamate levels. Meanwhile, the Glu-
tamate/GABA ratio was significantly increased with higher 
values in symptomatic focal patients compared to idiopathic 
generalized ones at p value < 0.05 (Fig. 2).

Correlation analysis of different serum molecular 
markers in epileptic groups

To evaluate the usefulness of lncRNAs; BDNF-AS and 17 A 
as epilepsy biomarkers, we tested whether their levels were 
associated with clinical and biochemical data. As shown in 
table (3), a negative correlation was observed between each 
of lncRNAs and the etiology.

On the other hand, a significant positive correlation 
between lncRNAs; BDNF-AS and lncRNA 17A along with 
negative correlations between each of them and the serum 
levels of BDNF, p-CREB and GABA were detected. Posi-
tive correlation between each of the lncRNAs and Gluta-
mate/GABA ratio was also observed (Table 3). Additionally, 
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significant positive correlations were detected between 
BDNF, p-CREB and GABA levels with each other, whereas 
they are negatively correlated with glutamate and glutamate/
GABA ratio (Table 4).

ROC curve and positivity rates

Receiver operator characteristic curve (ROC) was performed 
to test the possibility of using lncRNAs; BDNF-AS and 
17A as biomarkers in the diagnosis and the differentiation 
between idiopathic and symptomatic epilepsy. For BDNF-
AS, the optimal cut-off value was 5.087-fold change giving 
82.9% sensitivity, 80% specificity and area under the curve 

(AUC) of 0.884. Whereas, for lncRNA 17A, the optimal 
cut-off was 5.804-fold change giving 71.4% sensitivity, 80% 
specificity and AUC equivalent to 0.775. Also, p-CREB 
showed an optimal cut-off of 321.1 pg\ml giving 94.3% 
sensitivity, 97% specificity and AUC of 0.885. For BDNF, 
the optimal cut-off value was 238 pg/ml giving 88.7% sen-
sitivity, 83.9% specificity and AUC of 0.879 and for GABA, 
the optimal cut-off was 13.5 ng\ml giving 82.9% sensitivity, 
72.4% specificity and AUC equivalent to 0.885. Finally, the 
optimal cut-off for glutamate was 4.005 µg/ml giving 54.3% 
sensitivity, 34.3% specificity and 0.605 AUC (Fig. 3).

Regarding the positivity rates, they were 20% for both 
lncRNAs in the serum of idiopathic generalized epilepsy, 

Table 2   Demographic and clinical characteristics of studied groups

N: number, Y: year, Significant at p < 0.05

Groups Control
N = 30

Idiopathic generalized
N = 35

Symptomatic focal
N = 35

P value
Parameters

Gender: 0.017
  Male 18 (60%) 26 (74.2%) 22 (62.8%)
  Female 12 (40%) 9 (25.8%) 13 (37.2%)
Age (Y) (Median) range 31.5 (19–65) 35 (19–53) 37 (19–72) 0.256
Disease onset (Y) 16.25 ± 1.26 18.5 ± 2.2 0.430
Duration (Y) 17.74 ± 2.03 19.78 ± 1.88 0.464
Etiology 0.000
  • 2ry structure 0 (0%) 32 (91.4%)
  • 2ry structure with systemic lupus erythematosus 0 (0%) 3 (8.6%)
  • Unknown 32 (91.4%) 0 (0%)
  • Genetics 3 (8.6%) 0 (0%)
Types of seizures
Generalized seizures: 0.034
  • Tonic- Clonic (Grand mal) 1 (2.8%) 3 (5.7%)
  • Absence seizures (Petit mal) 1 (2.8%) 0 (0%)
Focal seizures:
  • Focal evolving to generalized 33 (94.2%) 25 (71.4%)
  • Focal 0 (0%) 7 (20%)
Cognitive/affections 1.000
  • Yes 2 (5.7%) 2 (5.7%)
  • No 33 (94.2%) 33 (94.2%)
Neurological examination 0.146
  • Nocturnal /diurnal 0 (0%) 2 (5.7%)
  • Nocturnal 35 (100%) 30 (85.7%)
  • Ophthalmoplegia 0 (0%) 1 (2.8%)
  • Port-wine stain (Struge- Weber syndrome) 0 (0%) 2 (5.7%)
EEG 0.098
  • Normal 30 (100%) 33 (94.2%) 29 (82.2%)
  • A focal right temporal sharp wave in the anterior 

temporal region
0 (0%) 2 (5.7%)

  • Diffuse slowing 2 (5.7%) 2 (5.7%)
  • Right temporal interictal activity and left temporal 

epileptogenic dysfunction
0 (0%) 2 (5.7%)
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compared to 82.9% for lncRNA BDNF-AS and 71.4% 
for lncRNA 17A in case of symptomatic focal epilepsy. 
Moreover, the positivity rates were 11.4% for BDNF, 5.7% 
for p-CREB, 28.6% for GABA and 34.3% for glutamate in 
idiopathic generalized group versus 82.9%, 94.3%, 85.7% 
and 54.3%, respectively in symptomatic focal group. 
These data pointed to the usefulness of these lncRNAs 
and the studied neuro-mediators, with the superiority of 
p- CREB, in differentiating both types of epilepsy in the 
current study (Table 5).

Univariate logistic regression analysis for predicting 
symptomatic focal epilepsy

To predict the risk of symptomatic focal epilepsy, univariate 
logistic regression analysis was conducted. Data indicated 
that lncRNA BDNF-AS, lncRNA 17 A, BDNF, p-CREB 
and GABA were significant predictors for symptomatic focal 
epilepsy with odds ratios: 19.33, 10.00, 0.027, 272.25, and 
15.00, respectively. Remarkably, p-CREB showed the high-
est odds ratio (272.25) (Table 6).

Discussion

Epilepsy is a neurological illness defined by aberrant electrical 
activity in the CNS, with recurrent seizures as one of the most 
important symptoms (Villa et al. 2019; Akyuz et al. 2020; 
Wang 2021). Although, inflammation (Vezzani et al. 2011), 
alternation in synaptic strength (Leite et al. 2005), apoptosis 
(Henshall 2007), and ion channel malfunction (Lerche et al. 

2013) have been reported as underlying pathogenic processes, 
the pathophysiology of epilepsy is still not fully understood 
(Blauwblomme et al. 2014).

LncRNAs have emerged as regulatory molecules involved 
in a wide variety of biological processes. A rising number 
of studies revealed that they were dysregulated during 
epileptogenesis (Shao and Chen 2017; Hashemian et al. 
2019; Villa et al. 2019). Interestingly, this current study was 
the first to investigate the usefulness of serum lncRNAs; 
BDNF-AS and 17A expression as diagnostic biomarker of 
epilepsy. It also aimed to emphasize their relation to BDNF, 
p-CREB, GABA and glutamate as means for further insight 
into the underlying molecular mechanism.

The present data revealed significant upregulations in the 
serum expression levels of lncRNAs; BDNF-AS and 17A 
in the diseased groups as compared to the healthy control, 
together with significant differences between idiopathic 
and symptomatic epileptic patients. Similarly, Zhong et al. 
(2017) found that lncRNA BDNF-AS was considerably 
upregulated in individuals with cerebral infarction, while 
its knockdown can suppress hypoxia/reoxygenation 
(H/R)-induced neuronal cell apoptosis. Such a finding 
makes BDNF-AS siRNA a useful strategy for treatment 
of neurodegenerative diseases (Spencer 2008). Also, 
lncRNA 17A is upregulated in Alzheimer's disease (AD), 
suggesting that it could directly or indirectly be involved 
in the mechanism of AD, possibly by impairing the GABA 
signalling (Massone et al. 2011; Riva et al. 2016). These 
findings might in part explain the encountered neuronal 
damage caused by the elevated expression of the studied 
lncRNAs in epileptic patients.

Fig. 1   Scatter plot of the 
distribution of lncRNA BDNF-
AS (A) and lncRNA 17A (B) 
in the sera of control (n = 20), 
idiopathic generalized (n = 35) 
and symptomatic focal (n = 35) 
epileptic patients. Bars indicate 
median with interquartile range. 
All fold changes are relative to 
the healthy control group. Sig-
nificant P-values are indicated 
on graph
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Remarkably, herein, the upregulation of lncRNAs 
expression was accompanied by decrements in BDNF, 
p-CREB, and GABA concentrations along with increments 
in glutamate and Glutamate/GABA ratio. In vivo, and In 
vitro studies have demonstrated that lncRNA BDNF-AS 
might adversely influence BDNF, where the over-expres-
sion of lncRNA BDNF-AS inhibits the expression of 
BDNF and decreases its protein levels, leading to reduced 
neuronal growth and synaptic plasticity (Riva et al. 2016). 
Indeed, the negative correlation between lncRNA BDNF-
AS and BDNF, found in the present study, verified the 
role played by this lncRNA in BDNF post-transcriptional 
regulation, which may be related to the double-stranded 
duplexes formed in-between. Interestingly, endothe-
lial dysfunction and blood–brain barrier (BBB) leak-
age induced by epileptic seizures may be the reason of 

decreased BDNF levels (Cudna et al. 2017). Low levels 
of BDNF might in turn aid in the exacerbation of epilep-
togenesis, especially in focal symptomatic group, as most 
of the cases suffered from gross anatomical abnormality 
(Zhong et al. 2017).

Additionally, this study was the first to find a negative 
correlation between lncRNA 17A and BDNF. Alterna-
tively, a significant positive correlation between BDNF and 
p-CREB was detected. To our knowledge, BDNF usually 
increases in the early postnatal period during development 
and continues to be expressed at high levels in adulthood, 
being regulated by a variety of molecules including CREB 
(Dong et al. 2018). It was shown that the promoter region 
of BDNF contains CRE where p-CREB could bind and pro-
mote BDNF transcription as one of CREB target genes (Tao 
et al. 1998). Mutual interactions between BDNF and CREB 
presented a positive feedback loop in which BDNF activates 
CREB transcription, whereas BDNF transcription is acti-
vated by its CRE binding to CREB. Interestingly, it has been 

Fig. 2   Scatter plot of the distribution of BDNF (A), p-CREB (B), 
GABA B (C), Glutamate (D) and Glutamate/GABA Ratio (E) in the 
sera of control (n = 30), idiopathic generalized (n = 35) and symp-
tomatic focal (n = 35) epileptic patients. Bars indicate median with 
interquartile range. Significant P-values are indicated on graph

Table 3   Correlation analysis of serum lncRNA BDNF-AS and 
lncRNA 17A with clinical and biochemical markers in epileptic 
patients

Pearson’s correlation analysis was used to measure the statistical rela-
tionship between two variables
Significant correlation at p < 0.05* and < 0.001**, respectively. N.S: 
Non- significant

lnc BDNF-AS lnc 17A

Age N.S N.S
Onset N.S N.S
Etiology -0.675** -0.316**
lnc BDNF AS ––––– 0.558**
lnc 17A 0.558** –––––
BDNF -0.671** -0.494**
p-CREB -0.778** -0.573**
GABA -0.679** -0.523**
Glutamate N.S 0.297*
Glutamate/ GABA 0.778** 0.637**

Table 4   Correlation analysis between serum BDNF, p-CREB, GABA 
and Glutamate as well as their ratio

Pearson’s correlation analysis was used to measure the statistical rela-
tionship between two variables
Significant correlation at p < 0.05* and < 0.001**, respectively. N.S: 
Non- significant

BDNF p-CREB GABA Glutamate

BDNF ––––––– 0.818** 0.869** -.685**
p-CREB 0.818** ––––––– 0.891** -0.638**
GABA 0.869** 0.891** ––––––– -0.677**
Glutamate -0.685** -0.638** -0.677** –––––––
Glutamate/GABA -0.781** -0.907** -0.828** 0.771**
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demonstrated that the activation of CREB/BDNF signals 
might promote neuronal survival and growth and vice versa 
in pentylenetetrazole-kindled rats (Yu et al. 2019), which 
could in part explain the observed decrease in both of them.

An imbalance between excitatory and inhibitory 
neurotransmission posited a long-standing theorised 
mechanism during epileptogenesis (Engelborghs et al. 2000). 
This imbalance was caused by an increase in extracellular 
glutamate and/or a decrease in GABA concentrations in 
the brain, resulting in excitotoxicity, seizures and cell death 

(Bromfield et al. 2006; Guerriero et al. 2015; Bozzi et al. 
2018, Sarlo and Holton 2021). Several potential reasons for 
changes in glutamate concentration have been documented 
in epilepsy, including glutamate receptor malfunction, 
glutamate transporter dysfunction and inflammation, all of 
which supported the study of glutamate concentration beyond 
focal structural epilepsies (Treiman 2001; López-Pérez et al. 
2010; Coulter and Eid 2012; Devinsky et al. 2013; Barker-
Haliski and White 2015; Albrecht and Zielińska 2017; Bozzi 
et al. 2018; Eid et al. 2019; Hanada 2020). On the other side, 

Fig. 3   Receiver operator charac-
teristic curve (ROC) of lncRNA 
BDNF-AS (A), lncRNA 17A 
(B), BDNF (C), p-CREB (D), 
GABA (E) and Glutamate (F) 
in idiopathic generalized and 
symptomatic focal epileptic 
patients. The arrows denote the 
best cutoff point

A B
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D
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GABA receptors activate the PI3K/AKT pathway, which in 
turn protects neurons against stress-induced apoptosis (Tu 
et al. 2010). Therefore, the decreased GABA as well as the 
significant elevation in glutamate to GABA ratio, observed 
in epileptic groups versus healthy control and in symptomatic 
patients versus idiopathic ones, pointed to the faced damage 
in those patients and coincided with the afore-mentioned 
hypothesis that underlines the role of disturbances in the 
balance between excitatory and inhibitory transmissions, 
as a major factor leading to epileptogenesis (Morimoto 
et al. 2004). Another remarkable finding was the negative 
correlation between lncRNA BDNF-AS and GABA. Since 
both lncRNA BDNF-AS and GABA affected neuronal 
apoptosis via PI3K/AKT pathway, we could sepculate that 
an indirect relationship may coexist, which requires further 
investigation. Nevertheless, the negative correlation between 
lncRNA 17A and GABA was previously clarified by Massone 
et al. (2011) who found that lncRNA17A inhibited the GABA 
signalling pathway by decreasing GABAB R2 transcription in 
cerebral cortex of AD. Additionally, the authors reported that 
the over-expression of lncRNA17A in differentiated human 
cell lines (SH-SY5Y) produces non-functional GABAB R2 
receptors, thereby impairing GABAB mediated signalling. 
On the other hand, the positive correlations between BDNF, 
p-CREB and GABA levels with each other could be explained 

on the basis that GABA influences BDNF by facilitating its 
expression and increasing its synthesis (Berninger et al. 1995). 
In the meantime, BDNF promotes synaptic release of GABA 
via the mitogen-activated protein kinase (MAPK) cascade by 
increasing Ca2+ -induced cAMP accumulation that triggers 
protein kinase A- dependent CREB phosphorylation and 
promoting further BDNF expression (Obrietan et al. 2002). 
Therefore, low GABA levels in this study were expected to 
lower p-CREB and consequently BDNF expression.

Importantly, data of ROC analysis of the selected lncR-
NAs and neuromodulators posited that most of them may 
serve as potential biomarkers for discriminating the sympto-
matic focal group from idiopathic generalized one, with the 
highest efficiency obtained by P-CREB, GABA, BDNF-AS, 
BDNF as well as A17 whereas glutamate was the least effi-
cient. On conducting univariate logistic regression analysis 
for predicting symptomatic focal epilepsy, most of them are 
significant predictors with superiority of p-CREB as robust 
biomarkers for symptomatic focal one.

The main study limitations are small sample size and eth-
nic issue since this study was conducted at two centres in 
Cairo which might limit the applications of our findings to 
wider population. Therefore, further large multi-centred stud-
ies are recommended to obtain more data and comparable 
outcomes.

Table 5   Positivity rates of 
lncRNA BDNF-AS and 
lncRNA 17A among idiopathic 
generalized, symptomatic focal, 
and control groups

Groups Idiopathic general-
ized (n = 35)
%

Symptomatic 
focal (n = 35)
%

Control 
(n = 30)
%

Chi Square P value
Serum marker

lncRNA BDNF-AS
  No of cases ≥ 5.0867 7 (20%) 29 (82.9%) 0 (0%) 27.680 0.00

lncRNA 17A
  No of cases ≥ 5.804 7 (20%) 25 (71.4%) 0 (0%) 18.651 0.00

BDNF
  No of cases ≤ 238 4 (11.4%) 29 (82.9%) 0 (0%) 35.831 0.00

p-CREB
  No of cases ≤ 321.1 2 (5.7%) 33 (94.3%) 0 (0%) 54.914 0.00

GABA
  No of cases ≤ 13.55 10 (28.6%) 30 (85.7%) 0 (0%) 23.33 0.00

Glutamate
  No of cases ≥ 4.005 12 (34.3%) 19 (54.3%) 0 (0%) 2.837 0.00

Table 6   Univariate logistic 
regression between idiopathic 
generalized and focal 
symptomatic epileptic groups

B: Coefficient, S.E: Standard error, C.I: Confidence Interval

Parameter B S.E p-value Odd ratio Odd ratio 95% (CI)

lncRNA BDNF-AS 2.961 0.616 0.000 19.333 5.778-64.689
lncRNA 17A 2.302 0.564 0.000 10.000 3.308-30.230
BDNF -3.623 0.695 0.000 0.027 0.007-0.104
p-CREB 5.606 1.030 0.000 272.25 36.170-2049.198
GABA 2.708 0.611 0.000 15.000 4.529-49.680
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Conclusion

During epileptogenesis, increased expression of lncRNAs; 
BDNF-AS and 17 A was associated with decreased con-
centrations of p-CREB, BDNF and GABA, together with 
increased Glutamate/ GABA ratio. The current data suggest 
a positive feedback loop between GABA/p-CREB/ BDNF 
and support the role of the studied lncRNAs in proper diag-
nosis of epileptic patients particularly those with idiopathic 
generalized from symptomatic focal ones.
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