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Introduction 

Multiple Sclerosis (MS) is a common 

progressive chronic and demyelinating 

disease of the central nervous system (CNS) 

(1, 2), which leads to extensive destruction of 

the myelinated axons and formation of 

multiple plaques in the brain and spinal cord 

(3). The overall hypothesis about the 

development of this disease is that the 
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Abstract 

Background and objectives: One of the latest studies in the genetics field is the 

evaluation of role of micro-RNAs as a biomarker for diagnosis of multiple sclerosis 

(MS), which is a demyelinating disease of the central nervous system (CNS) and 

emerges in the form of numerous small and large plaques in white matter in the brain and 

spinal cord. This disease could be associated with several complications, including 

reduced vision, spasticity and imbalance, and impaired sphincter control. MiR-202-3p is 

an intronic miRNA located in the ADA (Adenosine Deaminase) gene, which is the main 

enzyme involved in the pathway for the conversion of adenosine into inosine. Moreover, 

ADA regulates the inflammatory response and protection of tissue from damage as a 

strong complementary mechanism. This study aimed to evaluate the expression level of 

miR-202-3p in individuals diagnosed with relapsing-remitting multiple sclerosis (RRMS) 

and healthy individuals in Isfahan, Iran. 

 

Methods: This analytical-observatory study was performed on 49 RRMS patients and 52 

healthy individuals with no history of autoimmune and inflammatory diseases. Total 

RNA was extracted from blood lymphocytes by Ficoll and Trizol. Afterwards, cDNA 

was formed using a special miRNA cDNA kit, followed by the application of Real-time 

RT PCR to measure the expression of miR-202-3p in healthy individuals and patients. 

 

Results: According to the results, the miR-202-3p expression was higher in patients, 

compared to healthy individuals (P=0.006). In addition, the sensitivity and diagnostic 

value of this miRNA in receiver operating characteristic (ROC) curve analysis were 

equal to AUC=0.80 (area under the curve).  

 

Conclusion: In line with other studies, our findings demonstrated that miR-2023p can be 

used as a biomarker in the diagnosis of MS. In addition, it seems that miR-202-3p acts as 

an immunosuppressant by inhibiting ADA gene, which regulates various processes 

related to inflammatory response and maintenance of tissue from damage. 
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immune system is genetically damaged and 

cannot differentiate between the viral and 

myelin proteins in an individual’s body, 

thereby producing antibodies that attack the 

body (4, 5). According to the global Atlas of 

MS, the incidence of this disease is 30 per 

100,000 (6). According to the reports, the 

prevalence of MS has been 5 per 35,100000 

and 3 per 73/100000 during 2006-2011 (7). 

The most common time for the emergence of 

the disease is during the second and third 

decade of a person's life between the ages of 

25-30 years. In addition, the incidence of MS 

is higher in women than men with a ratio of 

10:3 (8). While the cause of MS disease is 

unknown, some factors may lead to the 

development of MS, including DNA defects 

in nuclear and mitochondrial genomes, viral 

infections, hypoxia, oxidative stress, lack of 

light or vitamin D deficiency, and increased 

macrophages (microglia) and lymphocytes in 

the brain (9). MiR-202-3p, formerly known as 

hsa-miR-202-3p, is located within a 

chromosomal fragile site in 10q26 (10) and is 

a member of let-7 family (11). Moreover, 

MiR-202-3p is an intronic miRNA located in 

the ADA (Adenosine Deaminase) gene (Table 

1). 

While the expression of miR-202-3p 

decreases in breast cancer (12, 13), cervical 

squamous cell (14), colon cancer (15), 

follicular lymphoma (16), and gastric cancer 

(17, 18), it increases in multiple myeloma 

(19). ADA is the main enzyme involved in the 

pathway of adenosine breakdown into inosine 

(20-23). Generally, ADA is an important 

factor for the production of superoxide 

(through the control of the inosine 

concentration). In addition, it was observed 

that nucleoside phosphorylase turns inosine 

into hypoxanthine (a substrate for xanthine 

oxidase), which is involved in the production 

of superoxide during the conversion and 

transformation of purine substrates in 

macrophages (24). As a powerful and 

selective evolutionary mechanism, the 

adenosine system regulates different 

processes related to inflammatory response 

and protection of tissue from damage (25-28). 

In humans, ADA activity is mainly detected 

in lymphoid tissues, including thymus, spleen, 

lymph nodes, and peripheral blood 

lymphocytes (29). This enzyme plays a role in 

the regulation and modification of 

performance of various types of immune cells 

(e.g., macrophages, lymphocytes, neutrophils, 

and dendritic cells) (30, 31). It is also 

observed that inflammatory cytokines (TNF-

a) are reduced and IL-10 anti-inflammatory 

cytokines are released by the activation of 

adenosine receptors (32-34). On the other 

hand, ADA deficiency is accompanied by a 

severe decrease in three main groups of 

lymphocytes, T cells, B cells, and NK cells. 

Evidence suggests that in this context, the 

metabolic basis of immune deficiency is 

probably related to the susceptibility of 

lymphocytes in adenosine accumulation (35). 

There is no doubt about the necessity of the 

prevention or timely treatment of this 

complex disease. In addition, many of them 

have adverse complications, tolerating of 

which is extremely hard for patients. With the 

introduction of micro-RNAs as regulators of 

gene expression at the post-transcriptional 

level, another level of complexity in the 

regulation of genes expression has been 

revealed in the past two decades. Nonetheless, 

micro-RNAs have created high hopes for 

researchers in the field of genetics with their 

potential for treating complicated diseases, 

including cancer and autoimmune diseases, 

including MS. Research shows that while 

these small RNA molecules can be a disease-
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formation agent, they can be a treatment for 

diseases and provide a biomarker for 

evaluation of therapeutic efforts and disease 

progression (36). 

One of the important steps in the development 

of the nervous system is the formation of 

synapses between the neural cells and the 

expression of specific proteins in the synapse 

region to increase neuronal communication. 

According to available data, some micro-

RNAs are expressed in dendrites in particular 

and play an important role in neuronal 

development and synaptic plasticity (37, 38). 

Schwann cells in the peripheral nervous 

system and oligodendrocytes in the central 

nervous system play a major role in the 

formation of the myelin sheath, thereby 

significantly affecting the normal nerve 

function. The presence of myelin in 

myelinated axons causes mutated guidance 

and, as a result, prompt transmission of nerve 

signals. Current research has suggested the 

significant role of micro-RNAs in 

proliferation, differentiation and myelination 

by Schwann and Oligodendrocyte cells (39, 

40). 

Lack of Dicer1 enzyme, which is a key 

enzyme in the production of micro-RNAs, in 

mice is associated with severe 

impairment of myelin formation, which 

shows the role of micro-RNAs in the 

differentiation of Schwann and 

oligodendrocyte cells. Despite the fact that the 

Schwann cells and oligodendrocytes are 

responsible for myelination in the peripheral 

nerves and the central nervous system, 

respectively, some aspects of micro-RNAs 

expression and regulation are similar in these 

two types of cells. 

This shows that similar micro-RNAs may 

play a role in differentiating myelinating cells 

(39, 41). Several micro-RNAs, including 

miR-138, miR-219, miR-228 and miR-17992 

micro-RNAs, are largely expressed in 

oligodendrocyte precursors and differentiate 

specific cells into oligodendrocytes by 

targeting them (41, 42). An abnormal 

formation or disturbance in maintaining 

myelin disturbs the direction of the 

neurological message and ultimately leads to 

nerve decay and impaired nerve functions 

(43). Therefore, since micro-RNAs play an 

important role in regulating the expression of 

genes at post-transcription levels in neurons 

and glial cells, changes in their expression in 

the nervous system lay the grounds for 

neurological diseases, such as 

neurodegenerative diseases (e.g., MS). With 

this background in mind, this study aimed to 

evaluate and compare the expression level of 

miR-202-3p in RRMS patients with healthy 

individuals collected from the MS clinic of 

Alzahra Hospital in Isfahan, Iran. 

Materials and Methods 

In this analytical and observational study, the 

confirmed and predicted target genes for has-

miR-202-3p were obtained using the 

(http://www.targetscan.org/vert_72/) 

database. After that, 49 patients with RRMS, 

which was identified by lumbar puncture and 

MRI methods, along with 52 healthy 

individuals without a history of the disease, 

were selected from the MS clinic of Alzahra 

Hospital in Isfahan, which was confirmed by 

a neurologist. The questionnaire was 

completed after receiving informed consent 

from the participants (Table 2). 

 RNA Extraction and cDNA Synthesis: 

A total of three ml of blood was collected 

from each subject in 

Ethylenediaminetetraacetic acid-containing 

tubes, followed by the extraction of PBMCs 

using French Biosera Ficol. Afterwards, RNA 

http://www.targetscan.org/vert_72/


 Increased Expression of miR-202-3p in MS                                                                             Amini Khorasgani M. et al. 

 

11| Jorjani Biomedicine Journal. 2018; 6(4): P 8-18. 

was extracted applying Sigma-Aldrich 

American Trizol, and the RNA quantity was 

assessed using the quantitative method of 

ultraviolet absorption spectrophotometric 

method by measuring the concentration and 

purity of the RNA sample extracted. The 

concentration of RNA extracted from samples 

was expressed in ng/μl, and the absorption 

ratio of 260/280 was measured using the 

Thermo 2000 CNano Drop Thermo American 

Thermo Device. In total, 2 μl of this RNA 

was converted to cDNA using the Exiqon® 

miRCURY LNA TM Universal RT 

microRNA PCR kit of Exiqon Co., Denmark. 

Internal Control and Desired miRNA 

The housekeeping U6 gene, which is 

commonly used in miRNA expression 

studies, was selected as an internal control. 

After that, the stability of its expression and 

normalization of miR-202-3p expression was 

evaluated. It is notable that all sequence of 

primers was obtained from the miRanda site 

and was designed by Exiqon, Denmark. 

Real Time RT PCR 

RT PCR reaction was performed using the 

SYBR Green kit of the unique Asma assay in 

10 μl reactions. The final concentration of 

each of forward and reverse miR-202-3p 

primers and U6 gene was 0.3 μM. 

Fluorescence measurements were performed 

by ABI step one of ABI American company 

and data analysis was performed using SPSS 

software. 

Data Analysis 

Raw data from Real Time RT PCR was 

analyzed and reproductive efficiency and CT 

numbers were obtained for each reaction. CT 

(cycle threshold) refers to the number of 

cycles that a fluorescent signal must pass 

from the signal level of the field or threshold. 

The level of CT has a reverse association with 

the target nucleic acid concentration in the 

sample, meaning that the lower the CT level 

indicates the higher the target nucleic acid in 

the sample, and vice versa. In the next stage, 

the genetic variation of the study was 

analyzed using SPSS and T-test. In addition, 

P-value of less than 0.05 was considered 

significant, and the expression of the genes 

was recorded applying 2-ΔΔCT of the data as 

a multiple of the expression of miRNA, 

followed by its balancing by U6 internal 

control gene and interpretation in comparison 

with the normal sample.  

Results 

In this research, the mean of miR-202-3p 

expression was higher in the healthy group, 

compared to the patient group, which showed 

a significant difference in this regard 

(P=0.006) (Diagram 1). Moreover, the 

sensitivity and diagnostic value of this 

miRNA in the (receiver operating 

characteristic) ROC curve analysis was equal 

to AUC=0.80 (area under the curve) (Figure 

2). 
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Table1: The reaction between miR-202-3p and ADA gene in (http://www.targetscan.org/vert_72/) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Clinical Information of Patients and Healthy Individuals 

Characteristics MS disease Healthy individuals 

Number of samples 49 52 

Gender (N) 28 women and 21 men 28 women and 24 men 

Mean age (year) 37.02±0.10 33.86±10.57 

Mean age in days  30.64±8.40 

 

 

 
 

Diagram 1: Relative Expression Rate of miR-202-3p in healthy and patient groups 
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Diagram 2: ROC diagram, miR-202-3P in healthy and patient groups 

 

 

 

Discussion 

Multiple Sclerosis (MS) is a common 

progressive chronic and demyelinating 

disease of the CNS, and the majority of the 

young people, who constitute the workforce 

of the community, are affected by this 

disease. Unfortunately, in recent years, the 

rate of MS disease has been on the rise in Iran 

and, in particular, in Isfahan Province. The 

necessity of diagnosis, prevention, or timely 

treatments of this problem is not a secret. 

Common treatments for MS have not been 

able to function properly, and most of them 

have adverse effects that can be hardly 

tolerated by patients. 

Over the past two decades, another level of 

complexity in the regulation of gene 

expression has been revealed with the arrival 

of micro-RNAs as regulators of gene 

expression at the post-transcription level. 

However, researchers have primarily focused 

on micro-RNAs owing to their potential 

abilities in the treatment of complicated 

diseases, including cancer and autoimmune 

diseases (e.g., MS). One of these miRNAs is 

MiR-202-3p located within a chromosomal 

fragile site in 10q26 (10) and miRNA is an 

intronic miRNA located in the ADA. ADA is 

a direct target for miR-202-3p, expression of 

which is reduced in breast cancer (12, 13), 

cervical squamous cell (14), colon cancer 

(15), follicular lymphoma (16), and gastric 

cancer (17, 18) and increased in multiple 

myeloma disease (19). According to the 

previous studies, ADA contributes to the 

regulation and modification of performance of 

numerous types of immune cells (e.g., 

macrophages, lymphocytes, neutrophils, and 

dendritic cells) (30, 31). As observed, the 

activation of adenosine receptors reduces the 

inflammatory cytokines (TNF-a) and 

promotes the release of IL-10 anti-

inflammatory cytokines (32-34). Therefore, 

this enzyme is an interesting drug target for 

managing multiple pathological conditions 

(e.g., inflammation, myocardial ischemic 

injury, and neurodegenerative disorders) (44-

46). 

According to the results of the present study, 

there was a higher expression of miR-202-3p 

in patients, compared to the healthy subjects. 

Our findings are a report on the relationship 
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between the expression of miR-202-3p and 

the risk of increased MS disease in Iran. It is 

notable that no similar study has been 

performed in other countries and other 

provinces of Iran that have similar nationality 

and ethnicity. The results of similar studies in 

the world have also yielded conflicting 

results. For instance, most micro-RNAs, such 

as miR-379-410 (encompassing more than 50 

micro-RNA genes), are expressed in sets. 

Studies have shown that the miR-379-410 

class is induced by neuronal depolarization 

and plays an important role in dendritic 

evolution in the cultured hippocampal 

neurons. According to some reports, miR-

134, which is one of the members of this 

group, is expressed in dendrites of cultured 

hippocampal neurons and in response to the 

brain-derived neurotrophic factor (BDNF), 

stimulating the growth of dendritic thorns by 

reversible inhibition of LiMK1 kinase mRNA 

(47). 

In this condition, the miR-134 prevents the 

translation of mRNA encoding LiMK1 

kinase, thereby playing a role in the synaptic 

evolution, maturation, and plasticity (37, 47). 

Moreover, NMDA-mediated neuronal 

stimulation increases the expression of miR-

219, which is associated with alphaCaMKII-

mediated regulation of CA1 neuron 

excitability. It is hypothesized that miR-219 

ultimately regulates the expression of NMDA 

receptors in the synapse, thereby regulating 

neural excitability (42, 43, 48). Furthermore, 

Fischer et al. (1979) assessed the role of ADA 

in converting human monocytes into 

macrophages in the laboratory environment 

and reported a significant increase in ADA 

activity during the primary stages of the 

conversion of monocyte to macrophage. In 

addition, the highest increase in this enzyme 

was recorded after the first day in culture. 

This rapid increase in ADA activity denoted 

the role of this enzyme in the conversion 

process, indicating the existence of an 

effective mechanism in these cells for 

minimizing the effect of adenosine on the 

maturation phase. 

In contrast, no change was observed in the 

Purine rescue path (such as adenine 

phosphoribosyltransferase or adenosine 

kinase) (49). In 1981, Tritsch and Niswander 

marked that there was a direct relationship 

between superoxide production intracellular 

ADA activity during phagocytosis in mouse 

macrophages. According to these results, it 

was suggested that ADA is an important 

factor in superoxide production (by 

controlling the concentration of inosine). In 

particular, it was observed that the nucleoside 

phosphorylase enzyme converts inosine into 

hypoxanthine (a substrate for xanthine 

oxidase), which contributes to the production 

of superoxide during the conversion and 

transformation of purinergic substrates in 

macrophages (24). 

In line with this hypothesis, Yagawa and 

Okamura (1981) affirmed that ADA plays an 

active role in activating macrophage in guinea 

pigs. Especially, it was found that 

pharmacological blocking of ADA by 

coformycin led to decreased activation of 

macrophage. The possible relationship 

between ADA activity and 

chemotic/phagocytic stimulation of 

macrophages was evaluated in other studies 

(50). After exposing cells to an immunologic 

stimulus (opsonized zymosan), Tritsch and 

Iswaner (1985) reported a significant increase 

in ADA activity in Morin macrophage 

membranes and a higher enzymatic activity in 

the vicinity of phagocytic vacuoles, 

demonstrating the participation of ADA in 

macrophage response (51). 
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In another study, Shaoqing JU et al. (2013) 

showed that the expression of miR-202-3p 

was significantly higher in the serum of 

multiple myeloma patients, compared to 

healthy subjects. It was concluded that miR-

202-3p acts as an immunosuppressant (19). In 

addition, Sun et al. (2014) demonstrated miR-

202-3p was used in patients with 

osteosarcoma by inhibiting the expression of 

Gli2 as a tumor suppressor to regulate cell 

proliferation and apoptosis (52). According to 

the results of the current research, the 

expression of miR-202-3p was higher in 

patients, compared to healthy individuals. It 

seems that this RNA inhibits ADA gene, 

which regulates various processes related to 

the inflammatory response and protection of 

tissue from damage, as a strong and selective 

complementary mechanism. In patients, the 

expression of this gene decreases and the 

inflammatory cytokines (TNF-a) increases, 

which results in inhibition of release of IL-10 

anti-inflammatory cytokines and conversion 

of adenosine to inosine. However, this gene is 

unable to reduce inflammation and tissue 

damages and disrupts the performance of T 

and B cells. As such, miR-202-3p and ADA 

gene can be used to recognize and understand 

the pathology of MS disease.  

It is suggested that more studies be conducted 

to more precisely assess the role of this 

miRNA in the occurrence of MS and its 

impact on other types of MS disease, such as 

PPMS, SPMS, and PRMS and determine the 

concomitant association between the 

expression and interaction between miR-202-

3p and ADA. It is noteworthy that the present 

paper was published in the Neurogenetics 

Congress of Iran. 
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