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ABSTRACT

Objective: Juvenile myoclonic epilepsy (JME) is one of the most common childhood types of epilepsy and comprises 5-10% of all 
epilepsies. Altered expression levels of microRNAs (miRNAs) have been reported in epilepsy as in many diseases. As is known, miRNAs 
regulate gene expression post-transcriptionally and have potential as diagnostic biomarkers due to their stability in clinical samples. 
Herein, this study aimed to evaluate miR-1179 levels of JME patients and assess the potential of miR-1179 as a diagnostic biomarker.

Materials and Methods: Twenty patients and 20 healthy controls were recruited in this study and total RNA was extracted from peripheral 
blood samples of participants. Quantitative real-time polymerase chain reaction (qRT-PCR) was performed to calculate the relative 
expression level of miR-1179. Additionally, receiver operating characteristic (ROC) curve was conducted to evaluate the diagnostic value 
of miR-1179 in JME.

Results: Expression levels of miR-1179 were statistically significantly increased in patients with JME compared to healthy controls 
(p<0.0001). ROC analysis revealed that miR-1179 is a well diagnostic biomarker with an area under the curve (AUC) of 0.89.

Conclusion: miR-1179 may be considered a remarkable biomarker in the diagnosis of JME. The interaction between miR-1179 and its 
target Calmodulin 1 (CALM1) should be reinforced through functional studies. Further research in larger cohorts will help to enlighten the 
etiopathogenesis of JME.
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INTRODUCTION

Epilepsy, which is estimated to affect over 50 million peo-
ple worldwide, is a serious and chronic neurological dis-
ease that impacts public health. Epilepsy is a term that 
refers to an enduring predisposition to epileptic seizures 
which are a transient occurrence of symptoms caused by 
synchronous or abnormal excessive electrical function-
ing in the brain (1, 2). Juvenile myoclonic epilepsy (JME) is 
an idiopathic generalized epilepsy syndrome that affects 
5-10% of individuals with epilepsy. Onset of JME is related 

to age, generally manifests between 12-18 years, with gen-
der bias towards female (3). The genetic inheritance of JME 
is not entirely clarified, a multifactorial mechanism is as-
sumed, however, several genes have been associated with 
JME (4). The heterogeneous and multifactorial nature of 
epilepsy leads to challenges in determining biomarkers for 
diagnosis and prognosis. However, determining biomark-
ers is crucial and would help to develop targeted therapies. 
In this context, there are several notable studies evaluating 
the biomarker potential of microRNAs (miRNAs) in epilep-
togenesis (2).
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miRNAs are small non-coding regulatory RNAs with their role in 
regulating post-transcriptional target gene expression through 
mRNA degradation or translational repression (5). miRNAs have 
a main role in various biological processes and are notable due 
to their potential in disease diagnostics and use as therapeu-
tics. In particular, the stability of miRNAs in clinical samples has 
drawn attention to be used as disease biomarkers (6, 7). Altered 
expression levels of miRNAs have been associated with various 
conditions such as cardiovascular diseases, cancer, sepsis, and 
neurological diseases (8).

Herein, the expression levels of miR-1179 have been investigat-
ed in patients with JME. According to the miRTarBase database, 
Calmodulin 1 (CALM1) is one of the target genes of miR-1179. 
It is estimated that hsa-miR-1179 may bind to the 3’UTR se-
quence of the CALM1 gene at positions 1469–1491, 2032–2051, 
or 2378–2398 for miRNA-target interaction predicted by mi-
Randa (9). According to the STRING database, the CALM1 pro-
tein and the CACNA1A protein interact which is validated by 
experimental determination, text mining, and co-expression 
data (Figure 1) (10). Previously, genetic changes in CACNA1A 
have been associated with the pathogenesis of JME (11). 

In the context of this study, peripheral blood samples were 
collected from individuals diagnosed with JME and healthy 

controls, and the relative expression levels of miR-1179 were 
compared using the quantitative real-time polymerase chain 
reaction (qRT-PCR) method. To the best of this researcher’s 
knowledge, miR-1179 has not been analyzed in any neuro-
logical disease yet. The study findings suggest that miR-1179 
should be further analyzed with large-scale research to enlight-
en its role in the etiopathogenesis of JME.

MATERIALS AND METHODS

Patients Recruitment
This study protocol was approved by the ethics committee of 
Bezmialem Vakif University Faculty of Medicine (06.04.2021-
E.11759), and written informed consent was obtained from all 
subjects. In the present study, 20 patients with JME (female:13, 
male:7) who were examined in Bezmialem Vakif University, 
Faculty of Medicine, Department of Neurology, and 20 healthy 
controls (female:12, male:8) without any neurological findings 
were recruited.

RNA Extraction and qRT-PCR
Five ml of peripheral blood samples was obtained in EDTA tubes 
from all participants (20 sample and 20 controls). Total RNAs 
were extracted using the QIAamp RNA Blood Mini Kit (Qiagen 
GmbH, Hilden, Germany) according to recommendations of 
the manufacturer. The quality and quantity of RNA were as-
sessed via the Multiskan GO (Thermo Fisher Scientific, Boston, 
MA, USA). Two hundred fifty ng of the total RNA was converted 
to cDNA through a miRNA All-in-One cDNA Synthesis Kit (Ab-
mGood, Vancouver, BC, Canada). The cDNAs were diluted 1:10 
and used as templates for qRT-PCR. A qRT-PCR was performed 
on the Bio-Rad CFX96 Connect Real-Time PCR instrument (Bio-
Rad Laboratories, Inc., California, USA) using BlasTaq 2X qPCR 
MasterMix (AbmGood), and data was obtained by Bio-Rad CFX 
Maestro software. The reaction conditions were as follows: 95°C 
for 3 min, and 40 cycles of 95°C for 15 s, 60°C for 10 s, 72°C for 50 
s. The miR-1179 forward primer (#MPH01026) and universal 3’ 
miRNA reverse primer (#MPH00000) were purchased from Ab-
mGood. A RNU6 was used as a reference gene. Relative miRNA 
expression levels were calculated by the 2-ΔCt method (12).

Statistical Analyses
The GraphPad Prism 8.0 (GraphPad Software, Inc., CA, USA) 
was used to perform statistical analyses with a 95% confidence 
level and 0.05 significance level. Whether the data were dis-
tributed normally was tested with the Shapiro-Wilk test. When 
comparing the data with non-normal distribution between 
two independent groups the Mann-Whitney test was used. 
Additionally, to assess the diagnostic value of miRNAs, receiver 
operating characteristic (ROC) curves were generated, and area 
under the curve (AUC) values were calculated.

RESULTS

In the present study, the patients with JME comprise seven 
males and 13 females, and age-matched controls comprise 
eight males and 12 females. The averages of the cycle 
threshold (Ct) values obtained by the qRT-PCR study are 

Figure 1. Interaction between CACNA1A and CALM1 
proteins was visualized by the STRING database. Each color 
line indicates different interaction evidence.
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presented in Table 1. Accordingly, expression levels of miR-
1179 in the samples obtained from peripheral blood were 
statistically significantly increased in patients compared to 
healthy controls (p<0.0001, Figure 2). The AUC value was 
determined as 0.89 at the 95% confidence level by a ROC 
curve analysis (p<0.0001, Figure 3).

DISCUSSION

Epileptogenesis which includes many molecular and cellular 
processes is a complex process that has not been enlightened. 
Different epilepsy syndromes may have different etiology. 
Therefore, the determination of biomarkers associated with 
epilepsy is quite important to be used for diagnosis, prognosis, 
and treatment (13). 

Applications of miRNA-based biomarkers have recently 
been an extensive and remarkable field of investigation. 
miRNAs are the most investigated subtypes of regulatory 
small non-coding RNAs. miRNAs are promising biomarkers 
thanks to their stability in extracellular areas, high stability 
in pre-clinical samples, and tissue specificity (14). Lots of re-
search suggests that miRNAs have shown altered expression 
levels and/or dysfunction in various conditions with different 
types of cancer, cardiovascular disease, Parkinson’s disease, 
epilepsy, multiple sclerosis, Alzheimer’s disease, glioblasto-
ma, and myasthenia gravis (8).

Studies published in PubMed from 2000 to 2017 to deter-
mine miRNA biomarkers in epilepsy patients were compiled 
by Yihong Ma et al., and according to this review, decreasing 
expression levels of miR-134 could be a diagnostic biomarker 
for epilepsy. miR-181 level downregulates in the acute stage 
of epilepsy, and this data supports that miRNA could be used 
to specify the disease phase. In addition, miR-15a-5p, miR-128, 
miR-199a, miR-124, and miR-194-5p could be candidate diag-
nostic biomarkers in patients with epilepsy (15). In a recent 
study by Ferreira et al., serum levels of miR-155 and miR-146a 
were found up-regulated in patients with genetic generalized 
epilepsy compared to controls, therefore, these miRNAs were 
suggested as diagnostic biomarkers (13). Another study indi-
cated that serum levels of miR-106b and miR-146a were statis-
tically significantly increased in patients with focal and gener-
alized epilepsy (16).

Taken together, miRNAs should be considered as remarkable 
biomarkers in the diagnosis and prognosis of epilepsy. There-
fore, this study aimed to assess the diagnostic biomarker per-
formance of miR-1179 in JME. To the best of this researcher’s 
knowledge, the expression level of miR-1179 has not been 
evaluated in any neurological disorders to date. According to 
study results, miR-1179 was significantly upregulated in JME 
patients compared to healthy controls. 

As known, ROC curve analysis is used as an efficient graphi-
cal tool to evaluate the diagnostic significance of biomarkers 
by calculating the sensitivity and the specificity of interested 
miRNA (17). In the present study, the AUC value was calculated 
through ROC curve analysis to evaluate miR-1179 as a diagnos-
tic biomarker. Accordingly, this study suggests miR-1179 as a 
useful diagnostic biomarker in JME.

According to miRTarBase, hsa-miR-1179 targets CALM1 mRNA 
from the 3’UTR (9). CALM1 (ENSG00000198668) encodes 
Calmodulin-1 protein (Uniprot ID: P0DP23). Calcium (Ca2+) flux 

Table 1. The average expression levels of miR-1179.

miR-1179 
Ctmean

RNU6
 Ctmean ΔCt 2-ΔCt

Patients 34.34 28.34 6.00 0.02

Controls 33.56 26.31 7.25 0.01

Figure 3. ROC curve analysis results reveal the diagnostic 
performance of miR-1179.

Figure 2. Relative expression levels of miR-1179 in patients 
and controls. **** indicates p<0.0001.
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across cell membranes play a key role in the cellular responses 
while calmodulin (CaM) perceives Ca2+ concentration changes. 
CaM detects such alteration, and it relays this information to 
interaction partners. The accurate Ca2+ signaling is driven by 
three independent calmodulin-encoding genes (CALM1-3) in 
the genome and these three genes encode entirely the same 
functional CaM protein (18). CaM regulation of Ca2+ channels 
is the main point to Ca2+ signaling (19). The CACNA1A encodes 
a subunit of the voltage gated Ca2+ channel. Further, voltage 
dependent Ca2+ channels are involved in various biological 
processes such as releasing a neurotransmitter or hormone, 
muscle contraction, gene expression, and pathogenic changes 
in CACNA1A that have been associated with numerous diseases 
(MIM: 601011). 

In 2001, Chioza et al. showed that CACNA1A was directly 
related to the etiopathogenesis of the idiopathic generalized 
epilepsy group which comprises JME (20). According to the 
STRING, which is a database that reliably presents protein-
protein interactions based on both experimental and 
literature research data, the CACNA1A and CALM1 proteins 
are directly related (10). Consequently, it may be speculated 
that CALM1 contributes to the etiology of JME. Based on this 
information, this study suggests that miR-1179 is involved in 
the pathogenesis of JME by targeting CALM1 mRNA.

CONCLUSION 

Considering calcium channelopathies in epilepsy, the low 
expression of CALM1 due to increased expression of miR-1179 
could be a role in the etiopathogenesis of JME. Additionally, this 
study emphasizes that miR-1179 could be a useful diagnostic 
biomarker in JME. To this researcher’s knowledge, the present 
study may be the first in terms of evaluating miR-1179 in any 
neurological disease. Further analysis and functional studies 
in larger cohorts may enlighten the effect of miR-1179 on the 
pathogenesis of JME and could reveal its diagnostic value 
accurately.
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