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Abstract

Long non-coding RNAs (IncRNAs) have been demonstrated to be involved in the pathogenesis of neuropsychiatric disorders
such as epilepsy. In the current study, we evaluated expression of eight IncRNAs in 80 epileptic patients (40 refractory and 40
non-refractory ones) and 40 normal individual using quantitative real-time PCR. Bayesian regression model showed significant
higher expression of UCA! in both refractory and non-refractory groups compared with controls (posterior beta of relative
expression (RE) =2.03, P value =0.003, and posterior beta of RE =4.05, P value < 0.0001, respectively). Besides, expression
of UCAI was higher in non-refractory patients compared with refractory ones (posterior beta of RE =2.008, P value =0.019).
When repeating statistical analyses in a gender-based manner, differences in expression of UCA I were significant in all subgroup
analyses except for male non-refractory vs. refractory subgroups analysis. Expression levels of NKILA and ANRIL were higher in
both refractory and non-refractory groups compared with controls (posterior beta of RE = 1.565, P value = 0.018, and posterior
beta of RE = 1.902, P value = 0.006 for NKILA; posterior beta of RE = 1.304, P value < 0.0001, and posterior beta of RE = 1.603,
P value =0.019 for ANRIL, respectively). However, expression levels of these two IncRNAs were not different between refrac-
tory and non-refractory groups. Gender-based analysis for these two IncRNAs revealed similar results except for lack of
difference in ANRIL expression between male refractory group and controls. Expression of THRIL was significantly lower in
both refractory and non-refractory groups compared with controls (posterior beta of RE =— 0.842, P value = 0.044 and posterior
beta of RE=-1.969, P value <0.0001, respectively). Furthermore, expression of this IncRNA was lower in non-refractory
patients compared with refractory ones (posterior beta of RE=—1.129, P value =0.002). However, no significant difference
was detected between non-refractory and refractory patients either in males or females. The interactions between gender and
relative expressions of PACER, DILC, and MALATI were significant, so the results were assessed in gender-based manner. In
females, expression of DILC was higher in non-refractory patients compared with refractory ones (posterior beta of RE = 0.959, P
value = 0.044). Expression of MALAT was lower in female non-refractory patients compared with controls and in female non-
refractory patients compared with refractory ones (posterior beta of RE =—1.35, P value = 0.002, and posterior beta of RE=—

0.942, P value =0.045, respectively). Finally, expression of PACER was higher in refractory patients vs. controls and non-
refractory patients vs. controls in both male and female subgroups. However, comparison between non-refractory and refractory
patients revealed significant results only among females. Expression of none of the assessed IncRNAs was correlated with age of
study participants. There were robust correlations between expression levels of IncRNAs. The most robust correlations were
detected between UCAI and PACER (r=0.84, P<0.0001) and between UCAI and ANRIL (r=0.75, P<0.0001). Taken
together, our study demonstrated dysregulation of IncRNAs in peripheral blood of epileptic patients and potentiated them as
biomarkers for this neurologic condition.
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Introduction

Several studies have shown that long non-coding RNAs
(IncRNAs) are expressed in the brain, and are involved in the
functional processes of this tissue such as neurodevelopment
and differentiation as well as brain disorders such as degenera-
tive conditions, ischemia, brain tumors, and epilepsy (Chen and
Zhou, 2017). A previous microarray assessment of IncRNAs
signature in pilocarpine and kainate epilepsy models has shown
dysregulation of hundreds of IncRNAs (Lee et al., 2015).
Human studies also revealed aberrant expression of IncRNAs
in epileptic patients (Mazdeh et al., 2019, Hashemian et al.,
2019, Mazdeh et al., 2018b, Mirzajani et al., 2019). For in-
stance, a single study in hippocampus tissues excised from
patients with temporal lobe epilepsy (TLE) has shown abnor-
mal methylation of the IncRNA wrothelial cancer associated 1
(UCAI) (Miller-Delaney et al., 2015). Another functional study
in animal models showed higher levels of UCA ! in brain tissues
and peripheral blood of epileptic rats compared with control
group. The observed dynamic alterations in the expression of
this IncRNA throughout the process of epilepsy development
have implied the role of UCA! in the pathogenesis of this neu-
rologic condition (Wang et al., 2017). Clues for participations
of other IncRNAs in the pathogenesis of epilepsy are not so
directive as UCAI. However, evidences have emerged that
these transcripts are associated with epilepsy. For instance,
metastasis-associated lung adenocarcinoma transcript 1
(MALATY) is highly expressed in neurons. Its silencing has
resulted in lower synaptic density, while its overexpression
has led to an uncontrolled upsurge in synaptogenesis (Bernard
et al., 2010). Moreover, some IncRNAs are involved in the
regulation of the nuclear factor-kappa B (NF-«B) (Liu et al.,
2015) which controls seizure threshold and gene expression
after convulsant incentives thus participating in the susceptibil-
ity to seizure (Lubin et al., 2007). Among NF-«kB-associated
IncRNAs are NF-kB interacting IncRNA (NKILA) (Liu et al.,
2015), antisense noncoding RNA in the INK4 locus (ANRIL)
(Zhou et al., 2016), downregulated in liver cancer stem cells
(DILC) (Wang et al., 2016), and p50-associated COX-2
extragenic RNA (PACER) (Krawczyk and Emerson, 2014).
Finally, TNF and HNRNPL related immunoregulatory
IncRNA (THRIL) regulates TNF o expression through its inter-
action with hnRNPL (Li et al., 2014). Based on the functional
relation between TNF and NF-«B (Hayden and Ghosh, 2014),
THRIL is expected to modulate NF-«B signaling. Based on the
importance of NF-«kB signaling in epilepsy, we assessed expres-
sion of NF-kB-related IncRNAs in peripheral blood of epileptic
patients and healthy subjects to clarify their role in this neuro-
logic condition.
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Materials and Methods
Enrolled Individuals

The current study was conducted on blood samples obtained
from 80 epileptic patients (40 refractory and 40 non-refractory
ones) and 40 normal individual. Non-refractory individuals
had no seizure attack throughout 6 months before sampling.
Those with refractory seizures took appropriate doses of at
least three antiepileptic drugs, but had seizures during this
period. All patients were taking antiepileptic drugs prior to
sampling (Mazdeh et al., 2018a). None of them had history
of febrile seizures. Electroencephalogram (EEG) and brain
magnetic resonance imaging (MRI) (diffusion weighted
(DW), T1, T2, and gradient eco images) were assessed for
diagnosis of patients. The study was approved by the ethics
committee of Shahid Beheshti University of Medical
Sciences. Informed consent forms were signed by all partici-
pants. Individuals recruited for control group had no neuro-
logical, psychiatric, or systemic disorder.

Expression Studies

Three milliliter of peripheral blood was collected from all
study participants. Total RNA was isolated from all samples
using Hybrid-RTM blood RNA extraction Kit (GeneAll,
Seoul, South Korea). After assessment of the quality of
RNA by using NanoDrop equipment (Thermo Scientific,
MA, USA), first strand cDNA was synthetized using the
OneStep RT-PCR Series Kit (BioFact™, Seoul, South
Korea). Expression assays were performed in
StepOnePlus™ RealTime PCR System (Applied
Biosystems, Foster city, CA, USA). The RealQ Plus 2x PCR
Master Mix Green without ROX™ PCR Master Mix
(Ampliqon, Odense, Denmark) was used for preparation of
reactions. B2M gene was used as normalizer. Table 1 shows
the sequences of primers.

Statistical Analyses

The Bayesian regression model was used to examine the dif-
ferences in means of relative expression values between dif-
ferent study groups. The effects of age and gender were ad-
justed. The Laplace prior distribution was assumed for param-
eters with 5000 iteration and 1000 warm up. The Bayesian
model (Hamiltonian method) was used as an alternative to the
ordinary quantile linear regression to reach more wealthy in-
formation about the samples and the association between var-
iables. P values were estimated from frequentist method using
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Table 1 Detailed information of primers

IncRNA Primer Sequence Product length

ANRIL Forward tgctctatccgccaatcagg 108 bp
Reverse gegtgcageggtttagttt

NKILA Forward aaccactatcattttattttccatt 100 bp
Reverse caaagcaattctcctttecta

MALATI Forward gacggaggttgagatgaage 84 bp
Reverse attcggggctctgtagtect

UCAI Forward cttaggetggceaaccatcagatee 129 bp
Reverse gtgttgtcctggatgetggtetg

THRIL Forward aaggaggacacaacagat 100 bp
Reverse tagcagcaataagcaagc

DILC Forward ggaaaggagagaagaatgg 144 bp
Reverse gtaagatgtggttgtcgg

PACER Forward tggtcctaagcagttaccetgta 177 bp
Reverse accaaaataatccacgcatcagg

B2M Forward agatgagtatgcctgecgtg 105 bp
Reverse geggcatcttcaaacctcea

quantile regression model or bootstrapped method. The
quantile regression, Stan, LOO, and Shynistan packages were
used in the R 3.6.1 environment. The R-hat and Gelman-
Rubin were used to check the convergence of the models.
The statistical significance was assessed by 95% credible in-
terval (95% Crl).

Results
General Demographic Data of Enrolled Individuals

Table 2 shows the general demographic data of enrolled indi-
viduals. Mean (+ standard deviation) values of age were 33.92
(£9.03), 36.76 (+=7.73), and 32.8 (+11.91) in control, refrac-
tory, and non-refractory groups, respectively.

Expression Studies

Significant differences in expression of all assessed IncRNAs
except for DILC and MALATI were detected between study
groups (Fig. 1).

Bayesian regression model showed significant higher ex-
pression of UCA! in both refractory and non-refractory
groups compared with controls (posterior beta of RE =2.03,
P value=0.003, and posterior beta of RE=4.05, P value <

Table 2 Characteristics of study participants

0.0001, respectively). Besides, expression of UCAI was
higher in non-refractory patients compared with refractory
ones (posterior beta of RE=2.008, P value=0.019). When
repeating statistical analyses in a gender-based manner, differ-
ences in expression of UCA [ were significant in all subgroups
analyses except for male non-refractory vs. refractory sub-
groups analysis.

Expression levels of NKILA and ANRIL were higher in
both refractory and non-refractory groups compared with con-
trols (posterior beta of RE =1.565, P value =0.018, and pos-
terior beta of RE =1.902, P value =0.006 for NKILA; poste-
rior beta of RE=1.304, P value <0.0001, and posterior beta
of RE=1.603, P value=0.019 for ANRIL, respectively).
However, expression levels of these two IncRNAs were not
different between refractory and non-refractory groups.
Gender-based analysis for these two IncRNAs revealed simi-
lar results except for lack of difference in ANRIL expression
between male refractory group and controls.

Expression of THRIL was significantly lower in both re-
fractory and non-refractory groups compared with controls
(posterior beta of RE =—0.842, P value = 0.044, and posterior
beta of RE=-1.969, P value<0.0001, respectively).
Furthermore, expression of this IncRNA was lower in non-
refractory patients compared with refractory ones (posterior
beta of RE=—1.129, P value = 0.002). However, no signifi-
cant difference was detected between non-refractory and re-
fractory patients either in males or females. Table 3 shows
results of Bayesian regression model for comparison of ex-
pression of these IncRNAs between study groups.

The interactions between gender and relative expressions
of PACER, DILC, and MALATI were significant, so the results
were assessed in gender-based manner. In females, expression
of DILC was higher in non-refractory patients compared with
refractory ones (posterior beta of RE=0.959, P value =
0.044). Expression of MALATI was lower in female non-
refractory patients compared with controls and in female
non-refractory patients compared with refractory ones (poste-
rior beta of RE =—1.35, P value = 0.002, and posterior beta of
RE =-0.942, P value = 0.045, respectively). Finally, expres-
sion of PACER was higher in refractory patients vs. controls
and non-refractory patients vs. controls in both male and fe-
male subgroups. However, comparison between non-
refractory and refractory patients revealed significant results
only among females. Table 4 shows results of Bayesian

Groups Control group Refractory epilepsy Non-refractory epilepsy
Total, n (%) 40 (33.33) 40 (33.33) 40 (33.33)

Male, n (%) 17 (29.31) 17(29.31) 24 (41.38)

Female, n (%) 23 (37.1) 23 (37.1) 16 (25.8)

@ Springer
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Fig. 1 Relative expression of IncRNAs in refractory epilepsy, non-refractory epilepsy, and control groups

regression model for comparison of PACER, DILC, and
MALAT] relative expressions.

Correlation Analysis

Expression of none of the assessed IncRNAs was correlated
with age of study participants. There were robust correlations
between expression levels of IncRNAs. The most robust cor-
relations were detected between UCA I and PACER (r=0.84,
P <0.0001) and between UCAI and ANRIL (r=0.75,
P <0.0001). Figure 2 shows the correlations between expres-
sions of IncRNAs and between their expressions and age.

ROC Curves

Based on the area under curve (AUC) values, THRIL, PACER,
and UCA! had outstanding power to differentiate non-
refractory group from controls (AUC values of 0.949, 0.933,
and 0.929, respectively). PACER could also differentiate re-
fractory group from controls with excellent power (AUC =
0.826). Finally, THRIL could differentiate non-refractory from
refractory patients with diagnostic power of 0.825. Table 5
shows detailed data of ROC curve analysis.

@ Springer

Discussion

In the present study, we compared expression of seven
IncRNAs between epileptic patients and normal controls.
We detected significant higher expression of UCAI in
both refractory and non-refractory groups compared with
controls. Besides, expression of UCAI was higher in non-
refractory patients compared with refractory ones.
Consistent with our study, a previous study in lithium
chloride-pilocarpine-induced model of epilepsy has
shown constant upregulation of UCAI and NF-xB in
brain tissues in epileptic animals compared with control
group. Based on their results, authors concluded that
UCAI provoked epilepsy through interaction with
NF-kB (Wang et al., 2017). However, a more recent study
in pilocarpine-induced epileptic rats demonstrated down-
regulation of UCA! in epileptiform hippocampal tissues
and neurons of epileptic rats. Notably, overexpression of
this IncRNA inhibited pilocarpine-induced epilepsy in ex-
perimental models (Geng et al., 2018). The discrepancy
between these studies might be explained by the differ-
ence in study design. The former study has evaluated ex-
pression of UCAI at different time points after status
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Fig. 2 Correlations between expressions of IncRNAs and between their expressions and age

epilepticus (Wang et al., 2017), but the latter studied
UCAI expression just once (1 h after status epilepticus
onset) (Geng et al., 2018). As stated by the authors, the
results of the latter study might be limited by the relative
small sample size (Geng et al., 2018). In line with the
former study, the hypoxia-inducible factor-1oc (HIF1A),
which is over-expressed in epileptic brain tissues (Jiang
et al., 2016), can enhance expression of UCAI through
direct interaction with its promoter (Xue et al., 2014).
We also reported higher expression of ANRIL in both re-
fractory and non-refractory groups compared with con-
trols. Notably, both UCAI and ANRIL have been reported
to upregulate the multidrug resistance protein ATP bind-
ing cassette subfamily B member 1 (ABCB1) (Wang
et al., 2018, Lan et al., 2016). Based on the role of
ABCB proteins in induction of refractoriness in epileptic
patients (Lazarowski et al., 2007), higher level of UCAI
and ANRIL in epileptic patients is expected to confer re-
fractoriness. However, we could not find significant dif-
ference in expression of ANRIL between refractory and
non-refractory groups. Moreover, we reported lower
levels of UCA! in refractory patients compared with
non-refractory ones. This observation might imply the
presence of a negative feedback loop between ABCBI1
and UCA! in which high ABCBI levels in refractory

patients try to downregulate UCA/ expression. In line
with this hypothesis, UCAI has been shown to be
hypermethylated in temporal lobe epilepsy, one of the
most frequent intractable epilepsies (Huang et al., 2017).
Such speculation should be verified through functional
studies.

We also demonstrated higher expression of NKILA in both
refractory and non-refractory groups compared with controls.
However, expression level of this IncRNAs was not different
between refractory and non-refractory groups. Expression of
NKILA is induced by NF-«B. However, the interaction be-
tween this IncRNA and NF-kB/ inhibitor kB (IkB) leads to
suppression of IkB phosphorylation and NF-«kB activation
(Liu et al., 2015). Higher expression of NKILA in epileptic
patients might be due to over-activation of NF-kB signaling
in epileptic patients.

Besides, we reported lower expression of THRIL in both
refractory and non-refractory groups compared with controls.
Furthermore, expression of this IncRNA was lower in non-
refractory patients compared with refractory ones. THRIL
has a crucial role in induction of TNF-« gene expression (Li
et al., 2014). Previous studies have shown contribution of
TNF-« in epileptogenesis in an animal model of epilepsy
(Patel et al., 2017). Moreover, this cytokine has been among
over-expressed cytokines in the brain cortex, amygdala, and
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Table 5 Characteristics of ROC curves for differentiation of disease status by transcript levels of IncRNAs

Groups IncRNAs Estimate criterion AUC J Sensitivity (%) Specificity (%) P value area=0.5

Refractory vs. control UCAI > exp (—6.154) 0.787 0.45 70 75 <0.0001
NKILA >exp (—6.017) 0.729 0.45 90 55 0.0001
ANRIL > exp (—6.55) 0.790 0.45 71.5 67.5 <0.0001
DILC <exp (—3.95) 0.628 0.25 52.5 72.5 0.041
PACER > exp (—6.735) 0.826 0.6 80 80 <0.0001
THRIL <exp (—5.77) 0.633 0.35 40 95 0.0039
MALATI <exp (1.475) 0.559 0.175 65 525 0.371

Non-refractory vs. control UCAI > exp (—5.501) 0.929 0.775 97.5 80 <0.0001
NKILA > exp (—5.885) 0.755 0.55 95 60 <0.001
ANRIL > exp (—6.557) 0.774 0.55 87.5 67.5 <0.0001
DILC <exp (—4.103) 0.502 0.1 325 77.5 0.977
PACER > exp (—5.706) 0.933 0.8 90 90 <0.0001
THRIL <exp (—5.855) 0.949 0.825 87.5 95 <0.0001
MALATI <exp (0.467) 0.647 50% 90 0.0223

Non-refractory vs. refractory UCAI <exp (—5.028) 0.714 0.45 50 95 0.0003
NKILA <exp (—2.332) 0.535 0.2 80 0 0.597
ANRIL > exp (—3.86) 0.573 0.35 40 95 0.282
DILC >exp (3.396) 0.613 0.225 67.5 55 0.0753
PACER <exp (—5.32) 0.636 0.35 50 85 0.034
THRIL > exp (—5.855) 0.825 0.55 67.5 87.5 <0.0001
MALAT1 > exp (0.536) 0.608 0.425 90 52.5 0.117

hippocampus after seizures (Plata-Salaman et al., 2000). The
lower expression of THRIL in epileptic patients compared
with controls might be explained by the inhibitory effects of
TNF-« on its expression as demonstrated previously (Li et al.,
2014). Alternatively, the effects of THRIL in epilepsy might
be independent from its role in regulation of TNF-oc expres-
sion as this IncRNA has been shown to modulate expression
of further immune-associated genes which are involved in
innate immune responses (Li et al., 2014). Based on the role
of dysregulation of innate immunity in epilepsy (Cordero-
Arreola et al., 2017), THRIL might affect several aspects of
this neurological condition.

We detected significant interactions between gender and
relative expressions of PACER, DILC, and MALATI. In fe-
males, expression of DILC was higher in non-refractory pa-
tients compared with refractory ones. DILC is involved in the
regulation of interaction between TNF-o/NF-kB signaling
and IL-6/STAT3 cascade (Wang et al., 2016). Several lines
of evidence have suggested involvement of these signaling
pathways and cascades in the pathogenesis of epilepsy
(Rana and Musto, 2018). The observed gender-based differ-
ence in DILC expression pattern might be explained by the
role of gender in regulation of immune responses (Klein and
Flanagan, 2016).

Expression of MALATI was lower in female non-refractory
patients compared with controls and in female non-refractory
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patients compared with refractory ones. This IncRNA can
enhance the density of dendritic spines, thus altering synaptic
plasticity and neuronal regeneration (Wu et al., 2013). A pre-
vious study has reported dendrite spine loss in a model of
early-onset epilepsy (Jiang et al., 1998). Further studies also
demonstrated alterations in dendrite channels at molecular
level in epilepsy (Swann et al., 2000). Downregulation of
MALATI in epileptic patients might be regarded as a protec-
tive mechanism to preserve neurons since a previous study in
epileptic rats has shown that downregulation of this IncRNA
guards hippocampal neurons against autophagy and apoptosis
(Wu and Yi, 2018).

Finally, expression of PACER was higher in refractory pa-
tients vs. controls and non-refractory patients vs. controls in
both male and female subgroups. However, comparison be-
tween non-refractory and refractory patients revealed signifi-
cant results only among females. This IncRNA induces COX-
2 gene expression through blocking repressive NF-kB com-
plexes (Krawczyk and Emerson, 2014). Previous studies have
shown overproduction of COX-2 during seizure (Rojas et al.,
2014). Although the overproduction of COX-2 in certain re-
gions of the epileptic brain is indicative of seizure-associated
brain inflammation, therapeutic effects of COX-2 inhibition in
epilepsy have not been acceptable (Rojas et al., 2014). Such
failure might be related with overexpression of other COX-2-
related genes such as PACER in epileptic patients.
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Expression of none of the assessed IncRNAs was correlat-
ed with age of study participants. However, there were robust
correlations between expression levels of IncRNAs. Among
the most robust correlations was the correlation between
UCAI and ANRIL which is in line with the presence of a
network among these IncRNAs and ABCBI.

We also demonstrated outstanding diagnostic power for a
number of IncRNAs especially in differentiation of non-
refractory patients from controls. Taken together, our study
demonstrated dysregulation of IncRNAs in peripheral blood
of epileptic patients and potentiated them as biomarkers for
this neurologic condition.
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