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Abstract 

Objective: MicroRNAs (miRNAs) which are single-stranded, 18-22 nucleotides and long non-

coding RNA molecules that play an important role in post-transcriptional gene regulations, play 

critical roles in addiction. Recent studies have shown that microRNAs (miRNAs) are play critical 

roles in addiction. In this study, we aimed to demonstrate miR-124 in vivo studies with postmortem 

human brain tissues consisting of nucleus accumbens (NAc) from 15 positive MDMA and 15 

control samples and identify the target genes of miR-124 by in silico methods.  

Methods: Total RNA was extracted from NAc brain tissues of MDMA (+) and control samples. 

The effect of miR-124 on addiction was determined using bioinformatic analyzes in significantly 

different miRNAs. To validate the differential expression of miR124 were studied in15 MDMA 

user and 15 control NAc samples in Roche LightCycler 480-II real-time thermal cycler. 

Results: The qRT-PCR results confirmed that the expression level of miR-124 was significantly 

down in NAc region of MDMA (+) than that of control samples. Also, it has shown that miR-124 

play a role as a regulator in addiction by in silico analysis. 

Conclusion: Downregulation of miR-124 may cause of overexpression in addiction related genes. 

Thus, miR-124 can be used as therapeutic marker in MDMA addiction. 
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Introduction 

 

Drugs of abuse involve extremely various 

chemical substances, all addiction drugs bind 

to their different primary protein targets in 

the brain also reveal a different combination 

of behavioral and physiological effects (1). 

Many of drugs are highly addictive and 

harmful, which promotes recurrent drug 

intake in individuals (2). Currently, there are 

only a few treatment options available for 

addiction to develop novel therapies, a 

comprehensive understanding of molecular 

pathways underlying addiction is needed (3). 

Drug addiction in mesocorticolimbic brain 

reward circuit increase persistent adaptations 

due to alterations in gene expression (4). 

miRNAs are non-coding single-stranded 

RNAs comprised of around 20 nucleotides 

and considered a novel class of regulators of 

gene expression (5). It has been recently 

suggested that miRNA expressions are 

associated with neuronal dysfunctions such 

as addiction and depression diseases (6). 

About half of the annotated human miRNAs 

are located in fragile sites of the genome and 

these small molecules might have a vital 

function in addiction progression. Latest 

studies demonstrated that some 

psychostimulants regulate miRNA 

expression in the NAc and manipulations of 

several specific miRNAs could modify the 

drug-related genes and drug-induced 

neuroplasticity (7). 

However, the role of miRNAs in MDMA 

abuse, and the specific targets of potential 

regulatory miRNAs need to be explored. 

There are now several reports show that 

MDMA is the one of the Europe's most 

widely used illegal drugs with nearly 14 

million users. European Monitoring Centre 

for Drugs and Drug Addiction (EMCDDA) 

demonstrated that 2.3 million young adults 

(15–34 years) used MDMA in last year. The 

2016 European Drug Report emphasized that 

availability and use of high-dose MDMA 

tablets increase. Latest studies have focused 

on the threats posed by MDMA and new 

psychoactive substances (EMCDDA,2017). 

In this study; we utilized bioinformatics 

analyses to identify potential miRNAs as a 

key regulator in addiction. Bioinformatics 

analyses of miRNA transcripts in the 

knowledge of addiction-related genes 

(ARGs) database; are identify miR-124. That 

miRNA’s target genes play a role in 

regulatory networks of many ARGs which is  
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previously implicated in substance use 

disorders. 

 

Materials and Methods 

 
Brain samples 

This study has been approved by institutional 

review board of Marmara University, School 

of Medicine (IRB No: 09.2016.376). 

Postmortem human brain tissues were 

obtained from Morgue Department, Council 

of Forensic Medicine, Istanbul, Turkey. 

Brain tissues are consisting of NAc from 15 

MDMA users and 15 control samples. 

Control subjects were determined to be free 

of any abuse of drugs based on toxicological 

analysis and medical histories. Samples from 

NAc were removed at the time of autopsy and 

immediately stored at −80 °C until use. The 

postmortem interval (PMI) of the samples 

ranged from 9 to 24 hours. 

 

RNA Extraction  

 

Total RNA was isolated from 50 mg of NAc 

brain tissues using TRIzol reagent 

(Invitrogen, USA) following the 

manufacturer’s instructions. The purities and 

concentrations of samples were determined 

spectrophotometrically using a NanoDrop 

ND-2000 system (Thermo Fisher Scientific, 

Inc., Wilmington, DE). RNA integrity 

number of RNA samples were quantified by 

the Bioanalyzer 2100 (Agilent Technologies, 

USA). 

 

 

Validation by Real Time (qRT-PCR) 

Analysis 

Validation of miR-124 was studied from 

NAc regions of the brain in 15 MDMA users 

and 15 controls. MiR-124 assay and RNU43 

assay were purchased from Applied 

Biosystems, Foster City, CA. RNU43 was 

used for normalization of miRNA expression 

analyses. First strand complementary DNA 

(cDNA) synthesis was carried out with total 

RNA from each sample using miRNA 

primers purchased from Applied Biosystems 

and “TaqMan MicroRNA Reverse 

Transcription Kit” according to the 

manufacturer’s protocol (Applied 

Biosystems, Foster City, CA). miRNA 

expression analysis by quantitative reverse-

transcription PCR was carried out in 

duplicate using a Roche LightCycler480-II 

real-time thermal cycler (Roche, 

Switzerland). TaqMan Universal Master Mix 

and TaqMan® MicroRNA Assays (Applied 

Biosystems, Foster City, CA) were used in 

analyses. 

  

Statistical analysis 

 

The relative quantification analysis was 

performed by delta delta-Ct method (2-

ΔΔCT) as described previously (8). 

Statistical analyzed data are plotted as means 

± standard error. Student’s t-test (unpaired, 

two-tailed) were used for statistical analysis 
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of the qRT-PCR. A two-tailed p-value of < 

0.05 was considered statistically significant. 

  

Bioinformatics analyses 

 

We used a network propagation-based model 

(NP-method) to predict addiction-related        

miRNAs (9). 

We used miRanda-mirSVR 

(http://www.microrna.org/microrna/getGene

Form.do), TargetScan 7.0 

(www.targetscan.org) and miRTarbase 

(http://mirtarbase.mbc.nctu.edu.tw/) to 

identify predicted miR-124 targeting mRNAs 

involved in addiction. Predicted genes were 

enriched in Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathways. In addition, 

by using STRING (http://string-db.org/) we 

found the Protein-Protein Interaction 

Networks (PPI) of common miR-124 targets 

(10). 

 

Results 
 

Firstly, we used bioinformatics tools to 

screen for miRNAs related in drug addiction-

related regulatory networks. Any of miRNAs 

can arrange gene expression by targeting 

drug addiction-related genes, which effect  

 

may increase through the whole regulatory 

network. Therefore, we use a network NP-

method to predict miRNAs, whose target 

genes may determine to important changes in 

addiction-related pathways. We elective 

miR-124, which are indicated by recent 

literature and using NP-method. To 

determine if miR-124played a significant role 

in MDMA addiction, the effect of miR-124 

expression was examined in qRT-PCR. We 

obtained the 15 MDMA users and 15 controls 

of NAc brain tissues from Council of 

Forensic Medicine for quantitative PCR 

analysis. Results showed that the expression 

levels of miR-124 in NAc subjects (p<0.01) 

were significantly upregulated in MDMA 

addicted individuals compared to non-

addicted individuals. To determine target 

genes of miR-124, we used three different 

miRNA-target bioinformatics tools (Table 1). 

As a result, we found twenty target genes of 

mir-124 have an important role in the 

mesocorticolimbic system. KEGG database 

result showed that target genes of mir-124 

involved in several biological processes 

which are drug-induced neuroplasticity and 

miRNA-gene regulatory (Table 2).  
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               Table 1. Representation of the potential targets of miR-124 by in-silico analysis. 

 

Gene Gene Description References 

GRM1 Glutamate Receptor, Metabotropic 1 (14) 

CDK6 Cyclin-Dependent Kinase 6 (15) 

PTBP1 Polypyrimidine Tract Binding Protein 1 (14) 

SLC16A1 Solute Carrier Family 16, Member 1 (16) 

CDK4 Cyclin-Dependent Kinase 4 (17) 

IQGAP1 IQ Motif Containing Gtpase Activating Protein 1 (18) 

CAV1 Caveolin 1 (19) 

ITGB1 Integrin, Beta 1 (20) 

NFATC1 Nuclear Factor Of Activated T-Cells (21) 

MAPK14 Mitogen-Activated Protein Kinase 14 (22) 

SNAI2 Snail Homolog 2  (14) 

LAMC1 Laminin, Gamma 1 (16) 

CDK2 Cyclin-Dependent Kinase 2  (23) 

GNA12 Guanine Nucleotide Binding Protein (14) 

NR3C1 Nuclear Receptor Subfamily 3 (24) 

MAPK1 Mitogen Activated Protein Kinase (25) 

E2F6 E2F Transcription Factor 6 (18) 

SPHK1 Sphingosine Kinase 1 (26) 

CEBPA CCAAT/Enhancer Binding Protein Alpha (15) 

PPP1R13L 
Protein Phosphatase 1, Regulatory Subunit 13-

Like 
(15) 
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                     Table 2. Overrepresented pathways, which could be affected by the  

                                   differential expression of miR-124. 
 KEGG pathway p value # genes 

1 Fatty acid elongation <0,001 7 

2 ECM-receptor interaction <0,001 14 

3 Fatty acid degradation <0,001 11 

4 Proteoglycans in cancer <0,001 43 

5 Long-term depression <0,001 16 

6 Fatty acid metabolism <0,001 12 

7 Glioma 0,007 20 

8 TNF signaling pathway 0,01 23 

 

Results have also shown miR-124 are 

extremely relevant to neuronal functions, 

such as long-term depression recommending 

its potential role in the regulation of neuronal 

plasticity. Besides, PPI network of 

commonly deregulated miR-124 targets and 

pathway analysis of these genes are 

represented in Figure 1. 

 

Fig. 1. PPI network of deregulated mir-124 targets. Pink: experimentally determined (known interactions), Blue line: from curated 

databases (known interactions). Yellow line: text mining, Green: gene neighborhood (Predicted interactions), Black line: co-

expression. The interaction score was set to high confidence (0.900). 
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Discussion 

In this study, we showed miR-124 as a novel 

post-transcriptional regulator of ARG 

expression in NAc of MDMA users. Firstly, 

bioinformatics analysis describes miR-124 as 

candidate miRNA which has an important 

role in the brain reward pathway. We 

evaluated that miR-124 expression level in 

MDMA users using qRT- PCR. According to 

the results, miR-124 expression levels were 

decreased in the abuse of MDMA by 

targeting several genes and regulatory 

pathways in the NAc involved in addiction. 

miR-124’s target genes were predicted by 

using three different databases. TargetScan 

and miRanda in silico tools were used to 

estimate the predicted and validated miRNA 

targets. They are a freely accessible archive 

of predicted and experimentally verified 

miRNA target interactions, whereas 

miRTarBase is a collected miRNA-target 

interaction are validated experimentally by 

reporter assay, western blot, microarray, 

qRT-PCR and next-generation sequencing 

experiments. We also determine that some of 

the down-regulated target genes formed 

networks related to receptor signaling and, 

gene regulation using KEGG pathway. There 

are several miRNAs (miR-218, miR-495, 

miR-181a, let-7d) whose expression levels 

were demonstrated to deregulate in many 

drug addictions such as cocaine and heroin 

(11-13). However, this is the first study to 

show potential common target genes of miR-

124 and to help understand the underlying 

molecular pathways of MDMA addiction in 

association with those common target genes. 

To the best of our knowledge, there is no 

MDMA addiction study investigating miR-

124 targets and which correlates miR-124 

and MDMA in the literature. 
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