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The Challenge of microRNA as a Biomarker of Epilepsy
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Abstract: Background: Epilepsy is one of chronic severe neurological disorders possess to recur-
ring seizures. And now anti-epileptic drugs are only effective in less than one third of epilepsy pa-
tients, and biomarkers predicting are not available when the specific antiepileptic drugs treated.
Advanced studies have showed that miRNA may be a key in the pathogenesis of epilepsy beginning
in the early 2000 years. Several target genes and pathways of miRNA which related to the therapeu-
tic methods to epilepsy.

Method: We searched PubMed from Jan 1,2000 to Jan 1,2017, using the terms “epilepsy AND
microRNA AND biomarker” and “seizure AND microRNA AND biomarker”. We selected articles
that featured novel miRNAs in vivo epilepsy models and patients. We then selected the most rele-
vant articles based on a subjective appraisal of their quality and mechanistic insight that could be
relevant to epilepsy.

Results: Decrease the expression of has-miR134 could be a potential non-invasive biomarker to use
in diagnosis for the epilepsy patients for using hsa-miR-134 also be identified to distinguish patients
with and without epilepsy. miR-181a show significant downregulation in the acute stage, but up
regulation in the chronic stage and in the latent stage there is no changing and how about this phe-
nomenon appearance in different stage still should be discussed in the future. Besides that, miR-
146a can down-regulated in the patients using genome-wide for serum in circulating miRNAs.miR-
124, miR-199a, and miR-128 etc. could be a candidate for the biomarker in future. miR-15a-5p and
-194-5p down-regulated in epilepsy patients, in the future, it may be used as a novel biomarker for
improve diagnosis.

Conclusion: These observations give a chance that new development for diagnosis and treatment of
epilepsy patients. Advanced technique and miRNA combination may product more effective roles
in epilepsy and other disease. These reports will be available to solve the application of miRNAs as
biomarkers and novel therapy approaches for epilepsy. In summary, researcher who focus on miR-
NAs should be understanding of the causes, treatment, and diagnosis of epilepsy. exploration of any
of these effects on the efficacy of these drugs is worthwhile.
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1. INTRODUCTION
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MicroRNAs (miRNAs) belong to a small non-coding
RNA family that decreases mRNA stability and translation
to inhibit the expression of multiple proteins and could there-
fore provide a key regulatory mechanism and therapeutic
target for epilepsy [1]. These miRNAs represent an impor-
tant layer of gene expression control in epilepsy, with thera-
peutic and biomarker potential [2]. Alterations have been
observed in the levels of several miRNAs, such as serum
miRNA-4521, in the hippocampus of patients with temporal
lobe epilepsy and in neural tissues from animal models of
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status epilepsy [3-5]. The levels of certain miRNAs, includ-
ing transcription factors and neurotransmitter signal compo-
nents, were also altered in the blood of rodents after seizures.
Differences have been observed in the quantity of miRNAs
in blood, suggesting an opportunity for diagnostic biomark-
ers [6].

Epilepsy is a common, recurrent, intractable seizure dis-
order. The pathogenesis is thought to involve the expression
of genes for controlling neural signaling, synaptic structure,
cell death, and inflammation. Anti-epileptic drugs are effec-
tive in less than half of patients, and specific antiepileptic
drugs are not available [7]. In addition, there is no evidence
to show that drugs modulate the pathophysiology of seizure
suppression or have other effects in research or clinical prac-
tice [8, 9]. The latest focus on miRNA targets provides new
challenges in the pathogenesis, diagnosis, and treatment of

©2018 Bentham Science Publishers



38 Current Neuropharmacology, 2018, Vol. 16, No. 1

epilepsy and the translation to clinical practice. However, the
potential for miRNA-based therapeutics in epilepsy has been
indicated [10, 11]. As a key target, miRNA has been shown
to alter brain excitability and suppress seizures in epilepsy
and other conditions [12]. The pathway is altered in brain
tissue of epilepsy patients, and experimental epileptogenic
insults were found in animal models [12].

miRNAs regulate gene expression both in vitro and in
vivo by binding to mRNAs in complementary sites and re-
ducing mRNA stability and translation [13-15]. In addition,
there is a risk for evaluating the development of epilepsy
when patients have an older injury. Epilepsy biomarkers
might be used as an identification for the development of
epilepsy and disease-related treatment [16].

2. EPILEPSY-RELEVANT miRNA ALTERATIONS

The traditional diagnosis of epilepsy is based on EEG,
clinical neurological history and neuro- imaging findings,
but it also requires an outstanding clinical experience in the
context of patients. These findings and the diagnosis of epi-
lepsy will provide an opportunity for treatment, for long-
term medication, and for the prevention of adverse psycho-
logical and social issues that come with diagnosis [17]. This
also may prevent the misdiagnosis of epilepsy and enhance
the preventability of the event. Therefore, miRNA as a bio-
marker may help provide a better definition for clinical trials.
MicroRNAs are candidates for use as biomarkers in disor-
ders such as cancer [18] and cardiovascular disease [19].
Correlations were found between the methylation status and
expression of miRNAs in hippocampal samples in human
and mouse models [20]. Functional studies have identified
novel miRNAs that appear to influence seizures or hippo-
campal pathology [21]. Some candidate gene association
studies have been performed, but genetic variation of
miRNA provoking genetic mutations in epilepsy have not
been detected [4]. The variation of miRNA in epilepsy pa-
tients has also not been reported. In this review, correspond-
ing miRNAs will be summarized as the predicted target. The
findings of functional studies suggest that miRNAs could be
a direction and guide for targets of the treatment of seizures.

Early biomarker-based diagnosis of epilepsy remains a
major clinical challenge [1]. Expression of blood plasma and
other circulating miRNAs in rats was also investigated to
determine whether plasma miRNAs could serve as potential
biomarkers of the epileptogenic process [22].

2.1. miR-134

miR-134 is enriched in the dendrites of hippocampal neu-
rons, where it negatively regulates spine volume. Recent
work identified the upregulation of miR-134 in experimental
and human epilepsy [23]. Status epilepticus induced by pilo-
carpine was associated with the upregulation of miR-134
within the hippocampus of mice. In some studies, miR-134
antagomirs reduced the proportion of animals that developed
status epilepticus and ameliorated mouse survival. Addition-
ally, seizure onset was delayed, and total seizure power was
reduced [24]. Evidence in vivo showed that miR-134 regu-
lates spine volume in the hippocampus, validating the sei-
zure-suppressive effect and suggesting a different triggering
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mechanism, including decreasing miR-134 reduced SE-like
electrographic activity in the hippocampal neurons [24].
Plasma levels of these miRNAs were determined by RT-
PCR, and hsa-miR-134 was found to be significantly down-
regulated in the plasma of patients with MTLE. Furthermore,
hsa-miR-134 could be used to distinguish patients with and
without epilepsy [25]. The authors suggested that the de-
crease in the expression of has-miR-134 could be a potential
non-invasive biomarker for use in the diagnosis of epilepsy.

2.2. miR-181a

Experiments with the miR-181a antagomir showed that
this particular miRNA led to the inhibition of caspase-3 ex-
pression and was up-regulated in the course of seizure-
induced neuronal apoptosis [26]. This evidence suggests that
targeting miR-181a leads to a neuroprotective response and
is linked to an increase in the activation of the caspase-3
protein [27]. Other research suggests that miR-181a may
play a role in the impairment of cognitive function in epilep-
tic rats by decreasing Bcl-2 protein levels and inducing
apoptosis in the hippocampus. In addition, MAPK also might
be involved in the molecular mechanism underlying the
memory disorders of TLE [15, 26]. M Ashhab observed a
significant downregulation of miR-181a in the acute stage,
an upregulation in the chronic stage and no change in the
latent stage compared with the control group in a rat model.
This phenomenon is also found in children [28]. Inflamma-
tion related to miR-181a may cause this condition. Another
study showed the same dramatic changes in miR-181a dur-
ing T-cell differentiation. There is still a need for future de-
velopment and discussion regarding the role of miR-188a in
different stages of epilepsy.

2.3. miR-146a

Evidence supports the involvement of inflammatory and
immune processes in temporal lobe epilepsy (TLE) from
examining miRNA-146a (miR-146a) in human and rat mod-
els of TLE. miR-146a analysis in the rat hippocampus
showed upregulation of miR-146a. miR-146a expression was
also confirmed in reactive astrocytes [29]. In cases of human
TLE with hippocampal sclerosis, increased expression of
miR-146a was observed mainly in regions where neuronal
cell loss and reactive gliosis occurred [30]. Cui [31] found
that the rs57095329 polymorphism in the promoter region of
miR-146a is involved in the genetic susceptibility to DRE
and seizure frequency, suggesting that miR-146a might be a
potential biomarker for epilepsy evaluation [32]. Recently,
Jun Wang et al. used a genome-wide circulating miRNA
expression analysis and found that the target of miR-146a
was down-regulated in patients compared with controls [33].

2.4. miR-124

miR-124 was originally considered a key regulator in
neuronal differentiation and the development of the nervous
system. Its expression was suppressed in human patients
with epilepsy and rats after drug induced-seizures. miR-124
alleviated seizure severity and prolonged onset latency, and
an miR-124 inhibitor led to shortened onset latency in rat
seizure models [34]. Moreover, recordings of local field po-
tentials further demonstrated that miR-124 may have anti-
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epilepsy effects. miR-124 was also associated with the sup-
pression of NMDAR. In addition, miR-124 injection resulted
in decreased activity and expression of cAMP-response ele-
ment-binding proteinl (CREBI1), a key regulator in epilepto-
genesis [34]. These results revealed a previously unknown
function of miR-124 in neuronal excitability and provided
new insight into the molecular mechanisms underlying epi-
lepsy. miR-124 depletion augments NRSF levels, which are
implicated in short-term epileptogenesis not only by main-
taining quiescent microglia and preventing inflammation but
also by preventing the upregulation of Neuron Restrictive
Silencer Factor [35]. Gary P. showed miR-124 reduction in
the hippocampus with KA-SE, suggesting that the miR-124-
1 gene could be a candidate for the mechanism of miR-124
repression [35].

2.5. miR-199a

miR-199a-5p regulates seizures and seizure damage by
targeting the antiapoptotic protein silent information regula-
tor 1 (SIRT1). Hippocampal expression levels of miR-199a-
5p, SIRTI, and p53 were quantified in a rat lithium-
pilocarpine epilepsy model. Silencing of miR-199a-5p ex-
pression in vivo was achieved by intracerebroventricular
injection of antagomirs. The effects of targeting miR-199a-
5p and SIRT1 protein on seizure and epileptic damage post-
status epilepticus were assessed by electroencephalography
(EEG) and immunohistochemistry, respectively [36]. miR-
199a-5p expression was up-regulated and SIRT1 levels were
decreased. In addition, neuron loss and apoptosis were in-
duced in rat epilepsy models, as determined by up-regulation
of acetylated p53 and cleaved caspase-3 expression. Simi-
larly, knockdown of miR-199a-5p by an antagomir alleviated
the seizure-like EEG findings and protected against neuron
damage, which was in accordance with the up-regulation of
SIRT1 and subsequent deacetylation of p53 [36]. Further-
more, the seizure-suppressing effect of the antagomir was
partly SIRT1 dependent. Silencing of miR-199a-5p exerts a
seizure-suppressing effect in rats, and SIRT1 is a direct tar-
get of miR-199a-5p in the hippocampus. The effect of miR-
199a-5p on seizures and seizure damage is mediated by the
down-regulation of SIRTI1. Therefore, the miR-199a-
Sp/SIRT1 pathway may represent a potential target for the
prevention and treatment of epilepsy and epileptic damage
[37].

2.6. miR-128

Recently, brain-enriched miR-128 was significantly
downregulated in all phases of TLE development. miR-128
is expressed in adult neurons and regulates motor behavior
by modulating neuronal signaling networks and excitability
[38]. Whereas premature miR-128 expression in progenitors
of upper layer neurons leads to impaired neuronal migration
and inappropriate branching, sponge-mediated inhibition
results in over-migration. miR-128 governs motor activity by
suppressing the expression of various ion channels and sig-
naling components of the extracellular signal-regulated
kinase ERK2 network that regulates neuronal excitability
[39]. In mice, a reduction in miR-128 expression in postnatal
neurons causes increased motor activity and fatal epilepsy.
These data suggest a therapeutic potential for miR-128 in the
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treatment of epilepsy and movement disorders. PHF6 ex-
pression has been suggested as an important regulatory target
for miR-128 [40], as it can counteract the deleterious effects
of miR-128 on neuronal migration, outgrowth and intrinsic
physiological properties. Furthermore, miR-128 is thought to
be upstream of PHF6 in a pathway vital for cortical lamina-
tion as well as for the development of neuronal morphology
and intrinsic excitability. However, the mechanism is still
unknown and deserves further attention [38].

2.7. miR-155

Studies have suggested that the modulation of mi-
croRNA-155 (miR-155) could serve as a promising treat-
ment of mesial temporal lobe epilepsy. In the current study,
the therapeutic potential of an miR-155 antagonist against
temporal lobe epilepsy (TLE) was evaluated, and the under-
lying mechanism involved in this regulation was explored
[41]. The TLE model was induced by the lithium-pilocarpine
method. The effect of an miR-155 antagonist on epilepticus
symptoms in TLE mice was assessed using Racine classifi-
cation and electroencephalogram (EEG) recordings. The
expression of brain-derived neurotrophic factor (BDNF) and
its association with miR-155 was also assessed with a series
of experiments. Once miR-155 was alleviated, BDNF levels
increased significantly [42]. miR-155 was identified by
screening a panel of predicted miRNAs that may regulate
glioma cells. The authors also determined that the level of
MXI1 mRNA is correlated with the expression of miR-155
in glioblastoma [43]. miR-155 decreased the expression of
BDNF in the Chinese Han population; the rare CNV may
clarify the genetic role of miR-155 in epilepsy. Additionally,
miR-155 and TNF-a had similar expression patterns in the
development of MTLE and controlled astrocyte levels.
Therefore, this could provide a novel therapeutic target for
epilepsy though miR-155 [42].

3. BIOMARKER CORRELATION CHALLENGE

miRNAs that are altered in plasma before spontaneous
seizure, such as miR-9a-3p, may be proposed as putative
biomarkers of epileptogenesis [3]. Wang reported that miR-
15a-5p and miR-194-5p were down-regulated in epilepsy
patients compared to controls, suggesting that miR-106b-5p
could be an effective diagnostic marker for epilepsy with
high sensitivity and specificity in Chinese Han patients. This
miRNA may be used as a novel biomarker to improve the
diagnosis of epilepsy in the future [44]. With or without
drug-resistant epilepsy patients, miR-194-5p, miR-301a-3p,
and miR-30b-5p could provide the best values for diagnosis
in drug-resistant epilepsy patients. Ultimately, miR-301a-3p
was identified as a biomarker for drug-resistant epilepsy
[45]. Another study found that in post-surgical epilepsy,
miR487a was expressed at highly different levels in epilepsy
patients. Bioinformatics ANTXR1 may be an existing target
of miR487a. With cell spread in granule cell dispersion,
ANTXRI1 may be implicated as an adhesion molecule and
the first identified signature that may be helpful for evalua-
tion leading to conclusive targets [46]. Serum hsa-miR-4521
is a promising novel biomarker in brain tissue and serum for
refractory epilepsy and focal cortical dysplasia [5]. In spite
of this detected biomarker in epilepsy patients, it is still of
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importance for the mechanism to ascertain how miRNAs
affect each other in the disease. It remains unknown how
miRNAs function as a biomarker in the circulation of blood
and in different stages of epilepsy. Future research should
focus on the mechanisms of the up and down-regulation of
miRNAs in order to understand various diseases. The study
of crosstalk within epigenetics may help develop new thera-
peutic options and biomarkers.

CONCLUSIONS AND OPPORTUNITIES FOR miRNA
THERAPEUTICS

Researchers have found a significant number of miRNAs
with the potential for becoming targets in order to under-
stand more about epilepsy [47]. Basic treatment to examine
the effectiveness of miRNA in reverse epilepsy should be
validated though a clinical translation test in epileptogenic
patients [48]. Understanding the mechanisms of miRNA
levels in epilepsy patients will also be important. miRNAs
were previously considered as multi-targeting in in vitro and
in vivo experiments, and single or multiple targets had been
the focus, even though evidence of miRNAs was not yet
clear in patients with epilepsy [23]. Focusing on multi-
targeting functions of miRNAs could predict target and off-
target effects [49]. Researchers have focused on temporal
lobe epilepsy and the hippocampus. Prevalent antiepileptic
drugs might affect brain tissues through the adjustment of
miRNA levels [50]. Other reports recommended gene ther-
apy for epilepsy but faced challenges in design study due to
the difficultly in controlling the independent variable in ran-
domized trials. These studies lacked sufficient detail regard-
ing biomedical experimental design, methodology, data
analyses, clinical phenomena and the results of EEG [51,
52], specifically the manipulation of miRNA with the anti-
seizure treatments in in vivo models. At the same time, pre-
epilepticus management is frequently performed, which lim-
its the clinical relevance. Moreover, researchers and medical
companies have focused on miRNA therapies in epilepsy,
which remain uncertain in pharmaceutical fields [53]. More
possible small molecules should be explored in order to in-
fluence the miRNA surroundings, instead of relying on large
molecules such as some cell signaling molecules. miRNA-
based treatments will have to rely on large antisense-like
molecules [50]. Creative approaches should be developed for
the delivery of miRNA-based treatments in the brain. If the
large molecules can cross the BBB (blood-brain barrier),
large additional challenges may be created in the future [34,
54, 55]. Injection of an miRNA inhibitor has been used in
animal studies, according to the clinical therapy principle,
but less effective results have been achieved. In vitro injec-
tion of the miRNA inhibitor in the hippocampus appears
impossible in patients, except though the surgical clinical
experiment for epilepsy patients in order to control relevant
seizure events [56]. With the development of pharmacologi-
cal techniques and administration, some studies have used
nanoparticles, such as cell peptides or exosome cargo, for
miRNA inhibitors in order to treat the central neuron sys-
tems, which could absorb more after injection in the brain
[57]. The effect in brain tissues will be much better if im-
proving the injection time of miRNA inhibitors can reduce
the levels of their targets in insult epilepsy and in chronic
epilepsy [58]. Conversely, upregulation of miRNAs might be
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challenging in the future. An accelerator may be more effec-
tive and maneuverable than an inhibitor. Excess miRNA can
also cause more neurotoxicity in the cell internal environ-
ment. Gene editing techniques such as RNA editing might
become useful for miRNA application. Recently, researchers
have used this technique for changing miRNA levels in rat
models of stroke, which increases the cerebral microvascular
of immune cells rather than neurons [59, 60]. These observa-
tions provide a new development for the diagnosis and
treatment of epilepsy patients. However, further identifica-
tion is still needed. Advanced techniques and miRNA com-
binations may produce play effective roles in epilepsy and
other diseases. These reports may promote the application of
miRNAs as biomarkers and novel therapy approaches for
epilepsy. Effective treatments in mouse brain tissues could
become a standard for epilepsy therapy. In summary, re-
searchers who focus on miRNAs should understand the
causes, treatment, and diagnosis of epilepsy. The exploration
of these effects on the efficacy of these drugs is worthwhile.
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