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Research Article:
miR-320 and Inflammation Regulation in Experi-
mental Autoimmune Encephalomyelitis Through In-
terference With Tumor Growth Factor-β Signaling 
Pathway

Background: MicroRNAs are small non-coding RNAs that regulate gene expression and 
involve in many cellular and physiological mechanisms. Recent studies have revealed that 
dysregulation of microRNAs might contribute to autoimmune disorders such as Multiple 
Sclerosis (MS). Based on these findings, we examined the potential role of miR-320 
isoforms; miR-320-3p and miR-320-5p, in the context of autoimmune neuroinflammation 
and pathogenesis of EAE, which is an animal model of MS.

Materials and Methods: The expression levels of miR-320-3p and miR-320-5p, and their predicted 
target genes, TGFBR2 and Smad2, were quantified in the CNS tissue in mice with Experimental 
Autoimmune Encephalomyelitis (EAE) using RT-PCR method. The expression was also examined in 
splenocytes macrophages and astrocytes. To examine the interaction of miR-320-3p and miR-320-5p 
with the 3′-UTR of potential target transcripts, the mimic sequences of both isoforms were transfected 
into splenocytes and then examined by RT-PCR. 

Results: The expression of both isoforms of miR-320 significantly increased in different phases 
of EAE and activated lymphocytes, whereas the levels of their predicted target genes, Smad2 and 
TGFBR2 decreased in these cells. Obtained data revealed that miR-320-5p level significantly 
increased in activated macrophages and astrocytes; however, the miR 320-3p level did not  show 
significant changes in these cells after Lipopolysaccharide (LPS) stimulation. The levels of TGFBR2 
and Smad2 decreased in transfected splenocytes.

Conclusion: Our findings suggest that upregulation of miR-320 isoforms might be involved in the 
neuroinflammation and pathogenesis of MS through targeting and suppression of TGFBR2 and 
Smad2, i.e. protective genes in MS.
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Introduction

icroRNAs (miRNAs) are small non-cod-
ing RNAs (ncRNAs) with approximately 
22 nucleotides in length. miRNAs are 
transcribed by RNA polymerase II or III 
into Primary miRNA (pri-miRNA) and 

undergo multistep biogenesis, which processes them 
into precursor and mature miRNAs [1, 2]. In most cas-
es, miRNAs interact with the 3′-UTR of target mRNAs 
and suppress them, so they act as negative regulators of 
gene expression [3]. However, studies have reported that 
miRNAs interact with other regions, including the 5′-
UTR, coding sequence, and gene promoters.

Furthermore, miRNAs can activate gene expression in 
certain conditions [4].  Various studies have shown that 
miRNAs are critical for normal animal growth as well as 
numerous biological processes, including cell prolifera-
tion, differentiation, and apoptosis by targeting and dys-
regulating the expression of various protein-coding genes 
[5]. Also, the aberrant expression of specific miRNAs is 
the cause of many human diseases, including cancers, in-
fectious diseases, and immune-related disorders [5, 6]. In 
addition, miRNAs are secreted into extracellular fluids. 
Recent studies have indicated that the extracellular miR-
NAs can be used as potential biomarkers for a variety of 
diseases. They also play a crucial role as signaling mol-
ecules to mediate cell-cell communication [7, 8].

Previous studies have shown that various miRNAs play 
possible roles in major autoimmune disorders, including 
diabetes, rheumatoid arthritis,  systemic lupus erythema-
tosus, and multiple sclerosis [9]. Studies on PBMC and 
CNS tissue of multiple sclerosis patients have shown 
altered expression of various miRNAs [10, 11]. In the 
present study, we assessed the role of miR-320 in au-
toimmune neuroinflammation and pathogenesis of Ex-
perimental Autoimmune Encephalomyelitis (EAE), an 
animal model of Mmultiple Sclerosis (MS). Immature 
miR-320 generates two mature isoforms; miR-320-3p 
and miR-320-5p. Also, gene ontology analysis of miR-
320-3p and -5p predicted targets has revealed that both 
isoforms have been implicated in the regulation of leu-
kocyte activity and Transforming Growth Factor (TGF) β 
signaling. In the context of MS, upregulation of miR 320 
mature isoforms has been reported in miRNA-profiling 
studies of patients’ brain tissue [12, 13].

Nonetheless, the protective or pathogenic role of this 
miRNA in the disease process is not exactly known. In 
this study, we first examined the expression levels of 
miR-320-3p and miR-325p isoforms in the central ner-

vous system tissue of EAE animals at different phases of 
the disease. Next, the expression levels of miRNA iso-
forms were assessed in cultures of cells with potential 
roles in MS/EAE pathogenesis. Overexpression assay in 
splenocytes was done to observe the interaction of miR-
320 isoforms with predicted target genes. 

Materials and Methods

Experimental autoimmune encephalomyelitis in-
duction

C57BL/6 wild type mice (6 weeks old) were obtained 
from the Pasteur Institute of Iran and maintained in the 
animal facility of Tehran University of Medical Scienc-
es. EAE was induced in 12 weeks old mice (n=30) by 
subcutaneous injection of Myelin Oligodendrocyte Gly-
coprotein (MOG)-35-55 peptide. MOG 35-55 peptide 
emulsified in Complete Freund’s Adjuvant (CFA) was 
injected subcutaneously on the back (0.1mL of emul-
sion/site) (EK-2110, Hooke Kit ™ MOG35-55/CFA 
Emulsion PTX). Pertussis toxin in PBS was injected two 
intraperitoneal cavity at 200ng/mouse/dose (0.1mL) on 
the day of immunization and the following day. In the 
control group, CFA and pertussis toxin were injected 
subcutaneously and intraperitoneally, respectively.

Following immunization, clinical assessment of EAE 
was done daily for 30 days after immunization using a 
0-15 point scoring system [14]. All experiments were 
done in accordance with guidelines of the Animal Care 
Committee of Tehran University of Medical Sciences. 
The immunized mice were divided into three groups, 
and their CNS tissues were removed at three time points 
following disease induction [15]. The first time point 
was pre-onset (before the appearance of neurological 
signs, approximately on day 10 post-immunization). The 
second time point was at the peak of the disease (acute 
phase), and the third time point was at days 25-30 post-
induction (chronic phase). 

Cell cultures and treatment

Spleens were separated from the MOG-immunized 
mice in the pre-onset phase of the disease (7 days af-
ter EAE induction); tissues were homogenized, and 
their splenocytes were isolated using  Ficoll Hypaque 
density gradient centrifugation (Inno-Train). A total of 
2×106 cells were cultured in the presence of different 
concentrations of (MOG 35 -55) (MOG 35-55, Hooke 
labs) in RPMI 1640 medium Gibco supplement. The 
cells were harvested after 12, 24, and 48h of incuba-
tion at 37°C. In similar experiments, splenocytes were 
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obtained from 6  to 8 week old wild type C57BL/6 mice 
and were also cultured in RPMI 1640 media and treat-
ed with mouse anti-CD3 (0.5μg/mL) and anti-CD28 
(0.2μg/mL) (eBioscience) in different time points from 
1 to 24h at 37°C [15].

In addition to splenocyte cells, in this study, Bone 
Marrow-Derived Macrophages (BMDMs) and primary 
mouse astrocyte cultures were prepared, as previously 
described [15, 16]. BMDMs were obtained from fe-
mur and tibiae bones of C57BL/6 mice. Cells from 
bone marrow were cultured for 7 days in the presence 
of 50ng/mL M-CSF (eBioscience) [16]. The differ-
entiated macrophages were treated with LPS (10 and 
100ng/mL) for 16 h at 37°C. Astrocyte cells obtained 
from neonatal mouse brain and then were cultured in 
DMEM medium supplemented with (20%) FBS. The 
astrocytes were stimulated with 10 and 100ng/mL LPS 
(Sigma Aldrich) for 16h at 37°C [17].

RNA isolation, cDNA synthesis, and Real-time PCR

Total RNA was extracted from lumbar spinal cord tis-
sue of EAE mice and cultured cells (stimulated sple-
nocytes, activated macrophages, and astrocytes) using 
miRNeasy Mini Kit (Qiagen) and stored at −80°C. The 
RNA concentration was assessed with a Nanodrop. 
About 1μg of total RNA was used for First-strand cDNA 
synthesis using miScript II RT Kit (Qiagen) for microR-
NA assessment and TAKARA kit for mRNA expression 
analyses, according to the manufacturer’s instructions. 
MicroRNAs (miR-320-3p and miR-320-5p) and their 
predicted target levels were evaluated by real-time PCR 
using SYBR Green dye on a Bio-Rad CFX96 system in 
cells and CNS tissue. MicroRNA expression data were 
normalized against snord68 and snord72 expression lev-
els (Qiagen) whereas β-actin levels were used to normal-
ize mRNA expression.

miRNA transfection

To investigate the effect of microRNA overexpression 
on the levels of selected target genes (Smad2, TGF-
BR2) in cells, mouse splenocyte were transfected with 
miR-320-3p, and miR-320-5p mimic sequences (50 
nM/mL) (Qiagen) with HiPerFect transfection reagent 
(Qiagen). After 4h, the transfected cells were incubated 
at 37°C for 48h in the presence of anti-CD3 (0.5μg/
mL) and anti-CD28 (0.2μg/mL) (eBioscience). All-
Stars negative control siRNA sequence (Qiagen) was 
used as a control [15].

Statistical analysis

Statistical analyses were performed in SPSS V. 20. The 
Student’s t and Mann-Whitney U-tests were used for two 
groups comparisons. One-way ANOVA or Kruskal-Wal-
lis tests were performed for comparisons between multi-
ple groups. The obtained data are shown as Mean±SEM.

Results

miR-320 isoforms upregulation in the nervous tis-
sue of the animal model

Expression analyses of inflammation related genes 
showed all three inflammatory cytokines (tumor necro-
sis factor [TNF]-a, interleukin [IL]-1b and IL-6) as well 
as CD3e  (lymphocyte marker), F4/80  (monocytoid cell 
marker) and GFAP (astrocyte marker) had been upregu-
lated in CNS of EAE mice in the different phases of dis-
ease compared with non-EAE [18] . 

To investigate the dysregulation of miR 320-3p and 
miR3205p in the CNS during EAE disease in mice, we 
analyzed the expression of miRNAs in the MS animal 
model at different phases of disease. Expression assess-
ment for two miR-320 mature isoforms in the EAE spi-
nal cord tissue showed a significant increase in miR-320-
3p isoform at the acute phase and miR-320-5p isoform 
at all three phases of disease compared with the control 
mice (Figure 1). 

miR-320-3p and miR-320-5p expression increase 
following immune cell activation 

Different cell types, including autoreactive T cells, 
macrophages, astrocytes, and microglia, are involved 
in MS/EAE neuroinflammation and pathogenesis. As-
trocytes produce numerous inflammatory mediators 
and thus have a key role in the pathogenesis of MS. To 
determine the possible influence of these cells on miR-
320 upregulation during inflammation, we used different 
in vitro systems. First, both antigen specific stimulation 
and polyclonal activation of T cells were assessed. For 
antigen specific stimulation, the splenocytes were isolat-
ed from MOG immunized mice. The cells were restimu-
lated in culture with three concentrations of MOG 35-55 
peptide (10, 20, and 40µg/mL) for different time points. 

Expression analysis of MOG-stimulated splenocytes 
by RT-PCR showed a significant increase in miR-320-
3p levels at 20 and 40µg/mL MOG after 12h and in 
10µg/mL concentration of MOG after 24h. Our findings 
showed that miR-320-5p significantly increased at 40µg/
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Figure 1. Expression levels of miR-320-3p and miR-320-5p in spinal cord tissue of EAE at acute and chronic phases of the dis-
ease in comparison with the control group
Data presented as Mean±SEM; Number of mice in each group=10; *P<0.05; **P<0.01; ***P<0.001. The Kruskal-Wallis test
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Figure 2. miR-320-3p and miR-320-5p expression levels in stimulated splenocytes, macrophages, and astrocytes. Expression 
levels of miR-320-3p and miR-320-5p isoforms were determined by real-time PCR in MOG-treated splenocytes from immu-
nized animals (A, B) and splenocytes activated with anti-CD3 and anti-CD28 for different time points (C, D). miR-320 isoforms 
expression were analyzed in stimulated bone marrow-derived macrophages (E) and primary astrocytes (F)
Data are presented as Mean±SEM; n=3. The experiment repeated twice; *P<0.05; **P<0.01; The Kruskal-Wallis test
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mL concentration of MOG after 12h of treatment as well 
as in 10, 20 and 40µg/mL concentrations of MOG after 
24h (Figure 2. A, B). To determine the expression lev-
els of miR 320 isoforms in T cells following polyclonal 
activation, splenocytes were stimulated with anti CD3/
CD28 antibodies and then the levels of both isoforms 
were measured using quantitative RT-PCR at several 
time points after activation. The analyses revealed a sub-
stantial increase in miR-320-3p levels at 8, 12, and 24h 
and miR-320-5p levels in 4, 8, and 12h following stim-

ulation (Figure 2. C, D). Overall, these data suggested 
that activation of immune cells could be associated with 
upregulation of miR 320 isoforms and thus might play a 
role in the pathogenesis of the disease. miRNA expres-
sion was assessed in primary cultures of BMDMs and 
astrocytes. Mice BMDM cells were stimulated with two 
different concentrations of LPS (10 and 100ng/mL) for 
16h. miR320-5p isoform levels significantly increased 
after treatment with 100ng/mL LPS. Nonetheless, miR-
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Figure 3. miR-320 isoforms predicted target genes expression levels in miRNA mimic transfected splenocytes. The expression 
of potential target genes was quantified in stimulated splenocyte cells transfected with miR-320 isoforms mimic. TGFBR2 and 
Smad2 transcripts were significantly suppressed in miR-320-3p and miR-320-5p transfected cells compared with miRNA nega-
tive control overexpressing cells
Data presented as Mean±SEM; **P<0.01; *P<0.05; The Student’s t-test
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320-3p levels did not show any significant changes fol-
lowing LPS stimulation (Figure 2. E).

To examine the miRNA expression levels in astrocyte 
cells following activation, mouse primary astrocytes 
were simulated with 100 and 1000ng/mL LPS for over-
night. RT-PCR data identified that miR320-5p levels 
significantly increased in activated astrocytes. How-
ever, miR 320-3p levels did not show any significant 
changes after LPS stimulation (Figure 2. F). Overall, 
these data indicate that the miR-320 isoforms are up-
regulated in splenocytes, macrophages, and astrocytes 
after activation.

Regulation of predicted targets expression by 
miR-320 isoforms

MicroRNAs apply their regulatory effects through in-
teractions with protein coding transcripts. To examine the 
potential mRNA transcripts which might be targeted by 
each miR-320 isoform, we selected some mRNA targets 
from TargetScan and miRDB databases. Among miR-
320-3p and miR3205p predicted targets, we focused on 
molecules with critical roles in immunoregulation or 
cytokine signaling. We selected TGFBR-2 and Smad2 
as predicted targets for both isoforms of miR-320. TGF-
BR2 and Smad2 play a key role in the TGF-b signaling 
pathway and effects of this cytokine on different types of 
leukocytes, including their effects in promoting Treg dif-
ferentiation. We first transfected miR-320-3p, and miR-
320-5p mimic sequences separately into mouse spleno-
cytes and assessed the predicted target expression levels 
by real-time RT-PCR. TGFBR2 and Smad2 transcript 
levels were significantly decreased in miR-320-3p- and 
miR 320-5p-transfected cells compared with cells trans-
fected with a negative control sequence (Figure 3). 

Expression of miR-320 isoform target genes and 
its dysregulation in the central nervous system 
of experimental autoimmune encephalomyelitis 
mice and activated splenocytes

Given the increased levels of miR 320-3p and miR-
320-5p in CNS tissue of EAE mice and the regulation 
of Smad2 and TGFBR2 expressions by miR 320-3p and 
miR-320-5p, we investigated Smad2 and TGFBR2 lev-
els in lumbar spinal cord tissue of EAE mice. The ana-
lyzed data revealed that the expression levels of Smad2 
significantly decreased in acute and chronic phases of 
EAE compared with pre-onset phase and no EAE mice, 
whereas the expression of Smad2 did not show any 
changes (Figure 4 A).

We also examined Smad2 and TGFBR2 levels in ac-
tivated lymphocytes, which showed high expression of 
miR-320-3p and miR-320-5p in stimulated splenocytes 
after 4, 8, and 12h. Hence, to investigate the effect of 
upregulation of miR-320-3p and miR-320-5p on the po-
tential targets expression changes, we analyzed the ex-
pression levels of miR-320 isoforms predicted targets, 
TGFBR2, and Smad2 in stimulated splenocytes. Our 
findings revealed that the expression levels of both target 
genes decreased in 4, 8, 12, 24h time points, and there 
was a negative correlation between Smad2, TGFBR2, 
and miR-320 isoforms (Figure 4. B).

Discussion

Inflammation is an important and complex biological 
phenomenon caused by the activation of the immune sys-
tem in response to pathogens and cell damage. It plays a 
key role in the clearing of damaged cells and pathogens. 
Dysregulation of inflammatory responses or excessive 
inflammation may result in autoimmune disorders such 
as rheumatoid arthritis and multiple sclerosis [19]. MS 
is an inflammatory and immune-mediated disease of 
the brain and spinal cord, which is characterized by an 
abnormal response of both innate and adaptive immune 
system [20]. Although the etiology and pathogenesis of 
MS have not fully identified, migration of autoreactive 
lymphocytes across the Blood-Brain Barrier (BBB) may 
be a result of axonal demyelination of neurons [21]. The 
presence of autoreactive and proinflammatory T cells, 
including Th1 and Th17 in CNS will result in axonal de-
myelination, degeneration, and tissue damage [22, 23].

Extensive studies have shown that various dysregula-
tions in the immune system contribute to multiple scle-
rosis disease, but the impairment of T cell function, es-
pecially Th1, Th17, and Treg cells, plays an important 
role in the pathogenesis of this disease [24]. Th1 and 
Th17 cells have distinct roles in the pathogenesis of the 
disease. Treg cells function that limits the immune re-
sponse to pathogens and prevents the occurrence of au-
toimmune response and damage to host in normal con-
ditions has been impaired in MS [25, 26]. Autoreactive 
myelin-specific T-cells are potentially present in healthy 
persons, but they are under the influence of regulatory 
factors such as Treg cells and inhibited by these cells. 

Thus, the differentiation and function of these cells are 
valuable in the diagnosis and treatment of this disease. 
Another regulatory factor is microRNAs that play an im-
portant role in the development of multiple autoimmune 
diseases, such as multiple sclerosis [24]. MicroRNAs 
are small (usually 19-24 nucleotides), non-coding RNAs 
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that regulate gene expression at the posttranscriptional 
level. The association of circulating miRNAs with phys-
iological and pathological processes has been detected in 
recent studies. miRNAs also have identified as potential 
biomarkers, therapeutic agents, or drug targets [21]. Sev-
eral studies showed that several miRNA species were 
differentially expressed in patients with MS compared 
with controls and used as potential biomarkers for diag-
nostic and drug- response.

EAE is a mouse model of multiple sclerosis disease, 
characterized by CNS autoimmune inflammation result-
ing from activation and infiltration of autoreactive T 
cells and leukocytes from the periphery into the CNS. 
Because the animal model of multiple sclerosis EAE 
provides extensive knowledge of the pathogenicity of 
the disease, our assessments were performed in this 
model. Our findings in this study showed that miR-320 
family might be involved in the neuroinflammation. 
In our study, gene expression assessments showed the 
levels of inflammatory markers such as proinflamma-
tory cytokines (TNF-a, IL-1, and IL6) and cell markers 
(CD3e as a lymphocytic marker, F4/80 as a macrophage 
marker, and GFAP, as an astrocyte marker) significantly 
increased. The analyzed data indicate that the severe in-
flammation and presence of immune cells in the spinal 
cord of the mice at the acute and chronic phases of the 
disease, create serious response against myelin antigens. 

In this study, we assessed the role of miR-320 isoforms 
(miR-320-3p and miR-30-5p) in autoimmune neuroin-
flammation. Our gene expression studies revealed that 
the levels of both miR-320-3p and miR-3205p isoforms 
significantly increased in acute and chronic phases of 
EAE.  Our findings are consistent with previous miRNA 
studies in MS CNS tissue. Certainly, two miRNA pro-
filing studies on the brain lesions of MS patients have 
shown upregulation of miR-320 isoforms [12, 13]. In-
flamed tissue has many types of cells that can affect the 
microRNA content of the tissue. Therefore, due to the 
difference in the rate of inflammation and cell infiltration 
between the pre-onset and acute or chronic phases of 
EAE, the increased expression of miR-320-3p and miR-
320-5p at the acute and chronic phases may reflect the 
content of the microRNAs in the immune cells.

Inflammation in the brain tissue leads to the activation 
of residual nerve cells, including astrocyte and microglia 
cells, which intensify inflammation. In addition to the 
activity of the nerve cells, various types of active im-
mune cells, including T cell and macrophage, enter the 
inflamed tissue of the brain [20]. Our experiments on 
activated lymphocytes showed the upregulation of miR-

320 isoforms in activated T cells, MOG, and polyclonal 
stimulated cells.  In vitro gene expression studies on 
monocytoid and astrocyte cells revealed that miR-320-
5p isoform significantly increased in activated macro-
phage and astrocyte cells, whereas the expression level 
of miR-320-5p isoform did not show any changes.  

Studies on blood cells have pointed to the role of 
miR-320 isoforms in MS pathogenesis. miR-320 was 
shown to be down-regulated in B cells of MS patients. 
Further studies showed that miR-320 isoforms could 
increase the severity of MS by targeting some target 
genes such as MAPK1, MMP-9, ITGB3, Rac1, NRP-1, 
and IGF-IR [27].

Our findings suggest that miR-320 isoforms could tar-
get transcripts involved in cytokine signaling and Treg 
cell function. In this study, we showed that TGFBR2 
and Smad2 are target genes for miR-320 isoforms us-
ing overexpression experiments. TGF-β is a cytokine 
with pleiotropic functions and has several important 
roles in development, immunoregulation, survival, 
growth, and cell differentiation [28]. TGF-β1 plays an 
important role in the development and function of Treg 
cells. TGF-β1 contributes to the protection of our body 
against the auto-reactive T cells by increasing the dif-
ferentiation of CD4+ T cells into Treg cells. TGF-β 
also prevents differentiation of CD4+ T cells towards 
Th1, which leads to a decrease in IFN- γ production 
and induction of EAE [29]. TGF-β1 has various ef-
fects, especially protective one in the context of MS/
EAE. These effects could be exerted through the effects 
of this cytokine on neuronal and lymphocytic cells. 
TGF-β1 enhances remyelination in MS lesions by in-
creasing the oligodendrocyte differentiation, so plays a 
protective role in the neuronal cells [30, 31]. 

In general, TGF-β signaling is initiated by the binding 
of this cytokine to heteromeric complexes of TGFbRI 
and TGFbRII receptors on the cell surface. TGF-β sig-
naling is transduced through Smad and non-Smad path-
ways [32]. Oligomerization of type I and II receptors lead 
to phosphorylation of cytoplasmic signaling molecules 
such as Smad2 and Smad3. The Smad2/3 heterodimer 
then binds to the common-mediator Smad4 and make 
a complex in the nucleus of cells which involve in the 
regulation of target gene expression [28, 33, 34].

The findings show that miR-320 isoforms can diminish 
the TGF-b signaling pathway by targeting TGFBR2 and 
Smad2 genes. Thus miR-320 isoforms can reduce both 
neuroprotective and immunomodulatory effects of TGF-
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b simultaneously, thereby playing a possible role in the 
pathogenesis of the MS disease.

The obtained results of this study suggest that miR-320 
isoforms increase in the CNS of EAE animals. Overex-
pression of these microRNAs might be involved in the 
autoimmune neuroinflammation and pathogenesis of 
MS/EAE through targeting and suppression of protec-
tive genes such as TGFBR2 and Smad2.

Ethical Considerations

Compliance with ethical guidelines

All experiments in this study conformed with guide-
lines from Research Ethics Committee of Tehran Uni-
versity of Medical Sciences (ethics approval for grant: 
90-03-15048)

Funding

This work was supported by Tehran University of 
Medical Sciences.

Authors' contributions

Designe, optimize, and performed experiments: Fari-
deh Talebi, Samira Ghorbani; Data analysis and writing 
the manuscript: Farideh Talebi; Supervising and over-
saw the research process: Mohammed Vojgani; Con-
ceived the hypotheses and designed and supervised the 
research: Farshid Noorbakhsh. 

Conflicts of interest

The authors declared no conflict of interest.

Acknowledgements

The authors would like to thank all of the faculty mem-
bers at Department of Immunology at School of Medi-
cine at TUMS.

References

[1] Gebert LFR, MacRae IJ. Regulation of microRNA function 
in animals. Nature Reviews Molecular Cell Biology. 2019; 
20(1):21-37. [DOI:10.1038/s41580-018-0045-7] [PMID] 
[PMCID]

[2] Cai Y, Yu X, Hu S, Yu J. A brief review on the mechanisms 
of miRNA regulation. Genomics, Proteomics & Bioinformat-

ics. 2009; 7(4):147-54. [DOI:10.1016/S1672-0229(08)60044-3] 
[PMID] [PMCID]

[3] O’Brien J, Hayder H, Zayed Y, Peng C. Overview of micro-
RNA biogenesis, mechanisms of actions, and circulation. 
Frontiers in Endocrinology. 2018; 9:402. [DOI:10.3389/fen-
do.2018.00402] [PMID] [PMCID]

[4] Vasudevan S. Posttranscriptional upregulation by microR-
NAs. Wiley Interdisciplinary Reviews RNA. 2012; 3(3):311-
30. [DOI:10.1002/wrna.121] [PMID]

[5] Fu G, Brkic J, Hayder H, Peng C. MicroRNAs in human 
placental development and pregnancy complications. Inter-
national Journal Of Molecular Sciences. 2013; 14(3):5519-44. 
[DOI:10.3390/ijms14035519] [PMID] [PMCID]

[6] Tufekci KU, Oner MG, Meuwissen RL, Genc S. The role of 
microRNAs in human diseases. Methods in Molecular Bi-
ology. 2014; 1107:33-50. [DOI:10.1007/978-1-62703-748-8_3] 
[PMID]

[7] Huang W. MicroRNAs: Biomarkers, diagnostics, and thera-
peutics. Methods in Molecular Biology. 2017; 1617:57-67. 
[DOI:10.1007/978-1-4939-7046-9_4] [PMID]

[8] Wang J, Chen J, Sen S. MicroRNA as biomarkers and diag-
nostics. Journal of Cellular Physiology. 2016; 231(1):25-30. 
[DOI:10.1002/jcp.25056] [PMID]

[9] Pauley KM, Cha S, Chan EK. MicroRNA in autoimmunity 
and autoimmune diseases. Journal of Autoimmunity. 2009; 
32(3-4):189-94. [DOI:10.1016/j.jaut.2009.02.012] [PMID] 
[PMCID]

[10] Otaegui D, Baranzini SE, Armananzas R, Calvo B, Munoz-
Culla M, Khankhanian P, et al. Differential micro RNA 
expression in PBMC from multiple sclerosis patients. PloS 
One. 2009; 4(7):e6309. [DOI:10.1371/journal.pone.0006309] 
[PMID] [PMCID]

[11] Raddatz BB, Hansmann F, Spitzbarth I, Kalkuhl A, Deschl 
U, Baumgartner W, et al. Transcriptomic meta-analysis of 
multiple sclerosis and its experimental models. PloS One. 
2014; 9(1):e86643. [DOI:10.1371/journal.pone.0086643] 
[PMID] [PMCID]

[12] Noorbakhsh F, Ellestad KK, Maingat F, Warren KG, 
Han MH, Steinman L, et al. Impaired neurosteroid syn-
thesis in multiple sclerosis. Brain. 2011; 134(Pt 9):2703-21. 
[DOI:10.1093/brain/awr200] [PMID] [PMCID]

[13] Junker A, Krumbholz M, Eisele S, Mohan H, Augstein 
F, Bittner R, et al. MicroRNA profiling of multiple sclero-
sis lesions identifies modulators of the regulatory protein 
CD47. Brain. 2009; 132(Pt 12):3342-52. [DOI:10.1093/brain/
awp300] [PMID]

[14] Schellenberg AE, Buist R, Yong VW, Del Bigio MR, Peeling 
J. Magnetic resonance imaging of blood-spinal cord barrier 
disruption in mice with experimental autoimmune encepha-
lomyelitis. Magnetic Resonance in Medicine. 2007; 58(2):298-
305. [DOI:10.1002/mrm.21289] [PMID]

[15] Talebi F, Ghorbani S, Chan WF, Boghozian R, Masoumi 
F, Ghasemi S, et al. MicroRNA-142 regulates inflammation 
and T cell differentiation in an animal model of multiple 
sclerosis. Journal of Neuroinflammation. 2017; 14(1):55. 
[DOI:10.1186/s12974-017-0832-7] [PMID] [PMCID]

Talebi F, et al. miR320 Inflammation in EAE With TGF-β Signaling Pathway. Immunoregulation. 2020; 2(2):111-120.

http://immunoreg.shahed.ac.ir/
https://doi.org/10.1038/s41580-018-0045-7
https://www.ncbi.nlm.nih.gov/pubmed/30108335
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6546304
https://doi.org/10.1016/S1672-0229(08)60044-3
https://www.ncbi.nlm.nih.gov/pubmed?term=brief%5BTitle%5D%20AND%20review%5BTitle%5D%20AND%20mechanisms%5BTitle%5D%20AND%20miRNA%5BTitle%5D%20AND%20regulation%5BTitle%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5054406/
https://doi.org/10.3389/fendo.2018.00402
https://doi.org/10.3389/fendo.2018.00402
https://www.ncbi.nlm.nih.gov/pubmed/30123182
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6085463
https://doi.org/10.1002/wrna.121
https://www.ncbi.nlm.nih.gov/pubmed/22072587
https://doi.org/10.3390/ijms14035519
https://www.ncbi.nlm.nih.gov/pubmed/23528856
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3634453
https://doi.org/10.1007/978-1-62703-748-8_3
https://www.ncbi.nlm.nih.gov/pubmed/24272430
https://doi.org/10.1007/978-1-4939-7046-9_4
https://www.ncbi.nlm.nih.gov/pubmed/28540676
https://doi.org/10.1002/jcp.25056
https://www.ncbi.nlm.nih.gov/pubmed/26031493
https://doi.org/10.1016/j.jaut.2009.02.012
https://www.ncbi.nlm.nih.gov/pubmed/19303254
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2717629
https://doi.org/10.1371/journal.pone.0006309
https://www.ncbi.nlm.nih.gov/pubmed/19617918
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2708922
https://doi.org/10.1371/journal.pone.0086643
https://www.ncbi.nlm.nih.gov/pubmed/24475162
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3903571
https://doi.org/10.1093/brain/awr200
https://www.ncbi.nlm.nih.gov/pubmed/21908875
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141444
https://doi.org/10.1093/brain/awp300
https://doi.org/10.1093/brain/awp300
https://www.ncbi.nlm.nih.gov/pubmed/19952055
https://doi.org/10.1002/mrm.21289
https://www.ncbi.nlm.nih.gov/pubmed/17654586
https://doi.org/10.1186/s12974-017-0832-7
https://www.ncbi.nlm.nih.gov/pubmed/28302134
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5356264


119

 Winter & Spring 2020. Volume 2. Number 2

[16] Tsutsui S, Schnermann J, Noorbakhsh F, Henry S, Yong 
VW, Winston BW, et al. A1 adenosine receptor upregula-
tion and activation attenuates neuroinflammation and de-
myelination in a model of multiple sclerosis. The Journal of 
Neuroscience. 2004; 24(6):1521-9. [DOI:10.1523/JNEURO-
SCI.4271-03.2004] [PMID]

[17] Schildge S, Bohrer C, Beck K, Schachtrup C. Isolation and 
culture of mouse cortical astrocytes. Journal of Visualized 
Experiments. 2013; 19(71):pii:50079. [DOI:10.3791/50079] 
[PMID] [PMCID]

[18] Ghorbani S, Talebi F, Chan WF, Masoumi F, Vojgani M, 
Power C, et al. MicroRNA-181 variants regulate t cell phe-
notype in the context of autoimmune neuroinflammation. 
Frontiers in Immunology. 2017; 8:758. [DOI:10.3389/fim-
mu.2017.00758] [PMID] [PMCID]

[19] Harvard Health Publishing. Inflammation: A unifying the-
ory of disease? Research is showing that chronic inflamma-
tion may be the common factor in many diseases. Harvard 
health letter. 2006; 31(6):4-5. [PMID]

[20] Dendrou CA, Fugger L, Friese MA. Immunopathology 
of multiple sclerosis. Nature Reviews Immunology. 2015; 
15(9):545-58. [DOI:10.1038/nri3871] [PMID]

[21] Wu T, Chen G. MiRNAs participate in ms pathological 
processes and its therapeutic response. Mediators of Inflam-
mation. 2016; 2016:4578230. [DOI:10.1155/2016/4578230] 
[PMID] [PMCID]

[22] Compston A, Coles A. Multiple sclerosis. The Lancet. 2008; 
372(9648):1502-17. [DOI:10.1016/S0140-6736(08)61620-7]

[23] Ireland S, Monson N. Potential impact of B cells on T cell 
function in multiple sclerosis. Multiple Sclerosis Internation-
al. 2011; 2011:423971. [DOI:10.1155/2011/423971] [PMID] 
[PMCID]

[24] Dardalhon V, Korn T, Kuchroo VK, Anderson AC. Role of 
Th1 and Th17 cells in organ-specific autoimmunity. Jour-
nal of Autoimmunity. 2008; 31(3):252-6. [DOI:10.1016/j.
jaut.2008.04.017] [PMID] [PMCID]

[25] Miyara M, Gorochov G, Ehrenstein M, Musset L, Sakagu-
chi S, Amoura Z. Human FoxP3+ regulatory T cells in sys-
temic autoimmune diseases. Autoimmunity Reviews. 2011; 
10(12):744-55. [DOI:10.1016/j.autrev.2011.05.004] [PMID]

[26] Miyara M, Sakaguchi S. Human FoxP3(+)CD4(+) regula-
tory T cells: Their knowns and unknowns. Immunology and 
Cell Biology. 2011; 89(3):346-51. [DOI:10.1038/icb.2010.137] 
[PMID]

[27] Dolati S, Marofi F, Babaloo Z, Aghebati-Maleki L, Roshang-
ar L, Ahmadi M, et al. Dysregulated network of miRNAs 
involved in the pathogenesis of multiple sclerosis. Biomedi-
cine & Pharmacotherapy = Biomedecine & Pharmacothera-
pie. 2018; 104:280-90. [DOI:10.1016/j.biopha.2018.05.050] 
[PMID]

[28] Meoli EM, Oh U, Grant CW, Jacobson S. TGF-beta signaling 
is altered in the peripheral blood of subjects with multiple 
sclerosis. Journal of Neuroimmunology. 2011; 230(1-2):164-
8. [DOI:10.1016/j.jneuroim.2010.10.028] [PMID] [PMCID]

[29] Lee PW, Severin ME, Lovett-Racke AE. TGF-beta regula-
tion of encephalitogenic and regulatory T cells in multiple 
sclerosis. European Journal Of Immunology. 2017; 47(3):446-
53. [DOI:10.1002/eji.201646716] [PMID] [PMCID]

[30] Rollnik JD, Sindern E, Schweppe C, Malin JP. Biologi-
cally active TGF-beta 1 is increased in cerebrospinal fluid 
while it is reduced in serum in multiple sclerosis pa-
tients. Acta Neurologica Scandinavica. 1997; 96(2):101-5. 
[DOI:10.1111/j.1600-0404.1997.tb00248.x]

[31] Heupel K, Sargsyan V, Plomp JJ, Rickmann M, Varoqueaux 
F, Zhang W, et al. Loss of transforming growth factor-beta 
2 leads to impairment of central synapse function. Neural 
Development. 2008; 3:25. [DOI:10.1186/1749-8104-3-25] 
[PMID] [PMCID]

[32] Konig HG, Kogel D, Rami A, Prehn JH. TGF-{beta}1 acti-
vates two distinct type I receptors in neurons: Implications 
for neuronal NF-{kappa}B signaling. The Journal of cell bi-
ology. 2005; 168(7):1077-86. [DOI:10.1083/jcb.200407027] 
[PMID] [PMCID]

[33] Kashima R, Hata A. The role of TGF-beta superfamily sign-
aling in neurological disorders. Acta biochimica et biophys-
ica Sinica. 2018; 50(1):106-20. [DOI:10.1093/abbs/gmx124] 
[PMID] [PMCID]

[34] Kim SY, Senatorov VV Jr., Morrissey CS, Lippmann K, 
Vazquez O, Milikovsky DZ, et al. TGFbeta signaling is as-
sociated with changes in inflammatory gene expression and 
perineuronal net degradation around inhibitory neurons 
following various neurological insults. Scientific Reports. 
2017; 7(1):7711. [DOI:10.1038/s41598-017-07394-3] [PMID] 
[PMCID]

Talebi F, et al. miR320 Inflammation in EAE With TGF-β Signaling Pathway. Immunoregulation. 2020; 2(2):111-120.

http://immunoreg.shahed.ac.ir/
https://doi.org/10.1523/JNEUROSCI.4271-03.2004
https://doi.org/10.1523/JNEUROSCI.4271-03.2004
https://www.ncbi.nlm.nih.gov/pubmed/14960625
https://doi.org/10.3791/50079
https://www.ncbi.nlm.nih.gov/pubmed/23380713
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582677
https://doi.org/10.3389/fimmu.2017.00758
https://doi.org/10.3389/fimmu.2017.00758
https://www.ncbi.nlm.nih.gov/pubmed/28769921
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5515858
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inflammation%3A+a+unifying+theory+of+disease%3F+Research+is+showing+that+chronic+inflammation+may+be+the+common+factor+in+many+diseases
https://doi.org/10.1038/nri3871
https://www.ncbi.nlm.nih.gov/pubmed/26250739
https://doi.org/10.1155/2016/4578230
https://www.ncbi.nlm.nih.gov/pubmed/27073296
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4814683
https://doi.org/10.1016/S0140-6736(08)61620-7
https://doi.org/10.1155/2011/423971
https://www.ncbi.nlm.nih.gov/pubmed/22096636
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3197079
https://doi.org/10.1016/j.jaut.2008.04.017
https://doi.org/10.1016/j.jaut.2008.04.017
https://www.ncbi.nlm.nih.gov/pubmed/18502610
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3178062
https://doi.org/10.1016/j.autrev.2011.05.004
https://www.ncbi.nlm.nih.gov/pubmed/21621000
https://doi.org/10.1038/icb.2010.137
https://www.ncbi.nlm.nih.gov/pubmed/21301480
https://doi.org/10.1016/j.biopha.2018.05.050
https://www.ncbi.nlm.nih.gov/pubmed/29775896
https://doi.org/10.1016/j.jneuroim.2010.10.028
https://www.ncbi.nlm.nih.gov/pubmed/21093933
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4988390
https://doi.org/10.1002/eji.201646716
https://www.ncbi.nlm.nih.gov/pubmed/28102541
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5499671
https://doi.org/10.1111/j.1600-0404.1997.tb00248.x
https://doi.org/10.1186/1749-8104-3-25
https://www.ncbi.nlm.nih.gov/pubmed/18854036
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2576228
https://doi.org/10.1083/jcb.200407027
https://www.ncbi.nlm.nih.gov/pubmed/15781474
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2171851
https://doi.org/10.1093/abbs/gmx124
https://www.ncbi.nlm.nih.gov/pubmed/29190314
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5846707
https://doi.org/10.1038/s41598-017-07394-3
https://www.ncbi.nlm.nih.gov/pubmed/28794441
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5550510


This Page Intentionally Left Blank


	Choosing a Strategy for Maintaining Health Against the Possibility of Changing the Internal Environment and Social Stress
	The Effects of Dental Pulp Stem Cell Conditioned Media on the Proliferation of Peripheral Blood Mononuclear Cells	
	Microencapsulated Saccharomyces Cerevisiae Var. Boulardii and IgA Secretion From Intestinal Epithelia in Wistar Rats
	Association of Nitric Oxide With Delayed Skin Problems After Sulfur Mustard Exposure: Part of Sardasht-Iran Cohort Study
	Immunoregulatory Properties of Arteether in Folic Acid-Chitosan-Fe3O4 Composite Nanoparticle in 4T1 Cell Line and Mice Bearing Breast Cancer
	Serum Levels of Interleukin-10 and Tumor Growth Factor-β1 in Children With Eosinophilic Gastrointestinal Disorders Compared to Control Groups
	miR-320 and Inflammation Regulation in Experimental Autoimmune Encephalomyelitis Through Interference With Tumor Growth Factor-β Signaling Pathway
	Celecoxib, Angiogenesis, and Wound Healing
	Editorial:
	Choosing a Strategy for Maintaining Health Against the Possibility of Changing the Internal Environment and Social Stress
	Mohammad Reza Vaez-Mahdavi1*  ￼

	Research Article:
	The Effects of Dental Pulp Stem Cell Conditioned Media on the Proliferation of Peripheral Blood Mononuclear Cells
	Nikoo Hossein-Khannazer1 ￼, Seyed Mahmoud Hashemi2, Saeed Namaki1, Mandana Sattari1 * ￼, Arash Khojasteh3 * ￼ 

	Research Article:
	Microencapsulated Saccharomyces Cerevisiae Var. Boulardii and IgA Secretion From Intestinal Epithelia in Wistar Rats
	Zohreh Farahnejad1 ￼, Donya Nikaein2, 3, Alireza Khosravi2, 3, Reza Rahmani4, Hassan Ghorbani-Choboghlo2* ￼

	Research Article:
	Association of Nitric Oxide With Delayed Skin Problems After Sulfur Mustard Exposure: Part of Sardasht-Iran Cohort Study
	Nayere Askari1 ￼, Shohreh Jalaie2, Athar Moin3, Seyed Naser Emadi4, Ali Khamesipour5, Seyed Emad Emadi6, Elham Faghihzadeh3, Tooba Ghazanfari3* ￼ 

	Research Article:
	Immunoregulatory Properties of Arteether in Folic Acid-Chitosan-Fe3O4 Composite Nanoparticle in 4T1 Cell Line and Mice Bearing Breast Cancer
	Hajar Rajaei1 ￼, Mirza Ali Mofazzal Jahromi2, Nima Khoramabadi3, Zuhair Mohammad Hassan1* ￼ 

	Research Paper:
	Serum Levels of Interleukin-10 and Tumor Growth Factor-β1 in Children With Eosinophilic Gastrointestinal Disorders Compared to Control Groups
	Delara Babaie1,2 ￼, Zahra Daneshmandi2, Sara Jafarian2, Zahra Chavoshzadeh2, Mahboubeh Mansouri2, Aliakbar Sayyari3, Farid Imanzadeh3, Naghi Dara3, Pejman Rouhani3, Katayoun Khatami3, Maryam Kazemi-Aghdam1, Yalda Nilipour1, Maliheh Khoddami1, Reza Gholami

	Research Article:
	miR-320 and Inflammation Regulation in Experimental Autoimmune Encephalomyelitis Through Interference With Tumor Growth Factor-β Signaling Pathway
	Farideh Talebi1, 2, 3 ￼, Samira Ghorbani1, 2 ￼, Mohammed Vojgani1 ￼, Farshid Noorbakhsh1* ￼

	Short Communication:
	Celecoxib, Angiogenesis, and Wound Healing
	Amir Hossein Norooznezhad1, 2* ￼, Fatemeh Norooznezhad1, 2 ￼, Ali Mostafaie1 ￼


