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Abstract
T cells are polarized toward regulatory T cells (Tregs) in tumor microenvironment 
by the shuttling of microRNAs that target T cell–activating signaling pathways. We 
evaluated the expression of the miR-182 cluster (miR-96, 182, and 183) in periph-
eral blood mononuclear cells (PBMCs) of patients with breast cancer (BC), and T cell 
polarization by the expression of FOXO1, NFATs, ITK, TCR/CD3 complex, and IL-2/
IL-2RA. Twenty-six microRNAs overexpressed in tumor tissues and sera of these pa-
tients were extracted by a meta-analysis. Then, the expression of the miR-182 cluster 
was investigated in PBMCs and sera of these patients and correlated with their tar-
gets in PBMCs. Finally, miR-182 was cloned into Jurkat cells to evaluate its effects on 
T cell polarization. FOXO1, CD3d, ITK, NFATc3, NFATc4, and IL-2RA were targeted 
by miR-182, due to which their expression decreased in PBMCs of patients. Although 
IL-6, IL-17, and TGF-β increased after miR-182 transduction, IL-2 dramatically de-
creased. We revealed CD4+FOXP3+ T cell differentiation in the miR-182–transduced 
group. Although miR-182 has inhibitory effects on T cells by the inhibition of FOXO1, 
TCR/CD3 complex, NFATs, and IL-2/IL-2RA signaling pathways, it increases FOXP3, 
TGF-β, and IL-17 expression to possibly drive T cell deviation toward the transitional 
state of IL-17–producing Tregs and Treg formation in the end.
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1  | INTRODUC TION

Cells interact with other cells to affect their target genes via secre-
tory components.1 Numerous compartments, such as microRNAs, 
are found in exosomes and microvesicles as secretory components, 
which circulate throughout the body. The content of the cargoes 
secreted from various cells may switch the physiologic state to 
carcinogenic state.2 These cargoes are secreted from both can-
cerous cells or tumor microenvironment, which impair the immune 
system and accelerate the development of different cancers.3,4 
MicroRNAs (miRNAs) are short (18-23 nucleotide) noncoding RNAs 
that post-transcriptionally regulate various complementary mRNAs. 
Dysregulated microRNA patterns of serum are useful in detecting 
pathologic conditions, such as cancers.5

Increased expression of the miR-182 cluster in breast cancer (BC) 
has been previously shown.5-8 Establishing the miR-182 cluster (miR-
96, 182, and 183) has effective roles in proliferation, migration, and 
invasion of BC cells (MCF-7 and MDA-MB-231 cell lines) via target-
ing the forkhead box O1 (FOXO1).9 Although the role of FOXO1 has 
been previously established in the induction of FOXP3 to produce 
regulatory T cells (Tregs), and thereby to dampen antitumor immune 
responses, there were some pieces of evidence that increment of 
some microRNAs, such as miR-182, which can target FOXO1, facil-
itates T cell differentiation toward Tregs.10-16 However, there was a 
controversial explanation about targeting FOXO1 by miR-182, and 
its effects on differentiation of T cells toward Tregs and Th17 cells, 
which play prominent roles in BC development.

It should be noted that the main transcription factor which im-
pacts Treg formation is FOXP3, and its binding to RORγt inhibits 
Th17 polarization, whereas its reduction helps RORγt activation and 
Th17 polarization. The expression of FOXP3 is regulated by more 
than 10 transcription factors that bind to the promotor of FOXP3. 
Some of them are suppressors, such as NFATs (all of NFATs isoforms) 
and STAT3, and some of them are inducers, eg, FOXO1 and STAT5. 
Therefore, the presence or absence of these transcription factors 
determines the fate of FOXP3 transcription and, consequently, Treg 
or Th17 polarization.17

Previous studies have considered only the miR-182-5p isoform, 
whereas they did not evaluate miR-182-3p and its targets.15,16 
Moreover, there is some missing information about the other targets 
of miR-183 and miR-96 associated with T cell differentiation toward 
Tregs.

Therefore, further investigation is needed to provide insight 
into possible regulatory roles of the miR-182-183-96 cluster in 
tumor progression as well as immune cell suppression. Several mi-
croRNA-related databases, such as http://www.targe tscan.org and 
http://www.mirdb.org, can be used to explore the other targets of 
the miR-182-183-96 cluster associated with signaling pathways in 
T cell activation, including CD3d, ITK, NFATc3, NFATc4, IL-2, and 
IL-2RA. Hence, their impairment may weaken activated T cell func-
tions.18 Previous studies revealed that any attenuation, in signal 
transduction induced by antigen-presenting cells (APC), may weaken 
the signaling of the T cell surface receptor/CD3 complex, thereby 

preventing the activation of MAPK, IP3, and DAG, and deviating 
T cells’ fates toward Treg cells.19,20 CD3d, as one of the TCR/CD3 
complex chain, contributes to triggering T cell signal transduction.18 
The TCR/CD3 complex induces some adaptors, eg, PLCγ1, to recruit 
some kinases, such as ITK, and, eventually, engage some of the re-
quired transcription factors, such as NFATs, AP-1, and NF-κB, for T 
cell activation and proliferation.18

Nuclear factor of activated T cells plays a key role in lymphocyte 
proliferation, cytokine and chemokine production, and differentia-
tion of naive T cells into various effector or memory T cells.21 Also, 
NFATs reduce the expression of FOXP3 as a required transcription 
factor for Treg differentiation and function.22,23 The activation and 
translocation of NFATs are directly controlled by calcineurin-depen-
dent dephosphorylation through the TCR/CD3 complex.21 NFAT 
family comprises four transcription factors, including NFATc1-c4.21,24 
Detailed bioinformatic studies have shown that NFATc2, NFATc3, 
and NFATc4 are specifically targeted by the miR-182-183 cluster 
(http://www.targe tscan.org). NFATc1 is required for Th2 differen-
tiation, while NFATc2 and NFATc3 promote Th1 differentiation and 
inhibit Th2 differentiation.21,25,26 Inhibition of each protein may re-
sult in disruption of T cell activation or differentiation pathways.27,28 
Moreover, NFATc4 affects thymic development and survival of T 
cells.21 NFATc1 and NFATc2 enhance NFATc4 recruitment to bind 
their target cytokine promoters to induce different cytokines, such 
as IL-2, IL-4, and IFN-γ.21

IL-2 is a cytokine that facilitates the proliferation and promotion 
of helper CD4+ and cytotoxic CD8+ T cells,29 and it is also necessary 
for the stability of Treg cells. Interestingly, the increment of Treg 
cells has been observed in patients with BC receiving IL-229,30 be-
cause it can induce the overexpression of the miR-182-183 cluster, 
which impairs FOXO1 expression.12,31-33 Although miR-182-183 ex-
pression is induced by IL-2, bioinformatics studies have shown that 
miR-182-183 potentially targets the IL-2/IL-2RA pathway and NFATs 
as IL-2 inducers (http://www.targe tscan.org).

Researchers have investigated a number of onco-microRNAs 
using high-throughput techniques in tumor tissues and sera of pa-
tients with BC, which may influence CD3 chains, ITK, NFAT isoforms, 
and IL-2/IL-2RA and are involved in the differentiation of Th1 and 
Th2 cells.5,7 In this study, we aimed to evaluate the expression levels 
of miR-182-5p, miR-182-3p, miR-183, and miR-96 in PBMCs of pa-
tients with BC and determine the correlation between the miR-182-
183-96 cluster and transcripts of CD3d, ITK, NFATc3, NFATc4, and 
IL-2/IL-2RA in PBMCs of patients with BC compared with healthy 
controls. In addition, we cloned both miR-182-5p and -3p into Jurkat 
cells to clarify how T cells are polarized toward Treg or Th17 cells.

2  | MATERIAL S AND METHODS

This meta-analysis and experimental study were performed in three 
phases, including meta-analysis, clinical studies, and cellular studies 
from November 2018 to April 2020. First, we selected the microR-
NAs using the data derived from Gene Expression Omnibus (GEO), 

http://www.targetscan.org
http://www.mirdb.org
http://www.targetscan.org
http://www.targetscan.org
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which increased in the tumor tissues and serum of patients with 
BC. Then, the expression of the miR-182 cluster was investigated in 
PBMCs and sera of these patients and correlated with their targets 
in PBMCs. Finally, considering the dominant population of T cells in 
PBMCs, we aimed to evaluate the expression levels of miR-182-5p, 
miR-182-3p, miR-183, and miR-96 in PBMCs of patients with BC 
and determine the correlation between the miR-182-183-96 cluster 
and transcripts of CD3d, ITK, NFATc3, NFATc4, and IL-2/IL-2RA in 
PBMCs of patients with BC compared with healthy controls. Finally, 
miR-182 was cloned into Jurkat cells to evaluate its effects on T cell 
polarization.

2.1 | Bioinformatics analysis

Several microRNAs that had onco-microRNA properties and immu-
nosuppressive effects on T cells were selected based on microar-
ray results associated with variation of microRNAs. They showed a 
significant elevation in both BC tissues and serum of these patients 
in previous studies deposited in https://www.ncbi.nlm.nih.gov/geo 
by accession numbers of GSE73002, GSE83270, GSE41526, and 
GSE24509. Then the targets of these microRNAs, which might have 
a role in inducing the signal transduction in T cells, were predicted 
using databases such as “http://www.targe tscan.org” and “http://
www.mirdb.org” and Also, target scan database (http://www.targe 
tscan.org) to predict microRNA-binding sites on 3′UTR of each gene. 
Complete predicted position of the target beside complete direct 
links associated with each microRNA are shown in Table S1. In this 
regard, we selected miR-182 cluster, including miR-182-5p, miR-
182-3p, miR-183, and miR-96 to evaluate the effect of these microR-
NAs on the fate of T cells.

2.2 | Patients with BC

The first group consisted of 42 patients with BC, aged 22-75 years 
who were patients in stages I, II, III without administration of im-
munosuppressive chemotherapy regimens/radiotherapy. The sec-
ond group comprised 40 healthy (control) patients aged 27-70 years 
who were referred to Shohada Hospital. Written informed consent 
was obtained from the participants before the study. Pathologic data 
were gathered using a questionnaire from the pathology department. 
This study was approved by the Ethics Committee of the Cancer 
Research Center, Shahid Beheshti University of Medical Sciences, 
Tehran, Iran (Ethics code: IR.SBMU.RETECH.REC.1397.562). We 
confirm that all methods were performed in accordance with the 
relevant guidelines and regulations. We included patients who were 
new cases and were in stages I, II, III without administration of im-
munosuppressive chemotherapy regimens/radiotherapy, glucocor-
ticoid, corticosteroid, or narcotic to avoid any changes in immune 
cells. Also, we excluded patients who received neoadjuvant chemo-
therapy before the study. Clinical characteristics and pathologic data 
associated with the patients are shown in Table S2.

2.3 | Cell culture and reagents

The Hek-293-T and Jurkat cells were provided by the Pasteur 
Institute of Iran. They were suspended in a growth medium contain-
ing Dulbecco's Modified Eagle Medium (DMEM) and Roswell Park 
Memorial Institute (RPMI) 1640 medium, supplemented with 10% 
fetal bovine serum (FBS), 100 mg/mL streptomycin, and 100 U/
mL penicillin (all from Gibco). Then the cells were cultured in T12.5 
plates and incubated at 37°C in a humidified 5% CO2 incubator for 
24 hours. Moreover, a combination of PMA (25 ng/mL) + calcium 
ionophore ionomycin (1 ug/mL) was used to activate T cells.

2.4 | Mir-182 cloning and transduction

Mir-182 precursor sequences were derived from human chromo-
somal DNA by conducting PCR technique. Then, PCR products were 
cloned in PEZ-LV105a vector (GeneCopoeia) using XmnI (Sinaclon) 
and NotI (Sinaclon) restriction enzymes. Lentivirus-producing vec-
tors, including PEZ-LV105a, packaging (psPAX2) vectors, and enve-
lope (Pmd2G) vectors were gifted by Dr Bahram Goliaei's lab from 
the Institute of Biochemistry and Biophysics (IBB). Subsequently, 
lentivirus was transferred to the plasmids in Hek-293-T cells. Finally, 
the cells were seeded in duplicate in 12-well plates (1.5 × 105 cells/
well) and treated with different volumes of the viruses based on the 
manufacturer's protocols and incubated at 37°C in a humidified 5% 
CO2 incubator for 24, 48, and 72 hours. To evaluate mir-182’s ef-
fects on Jurkat cells, we used two control groups, including mock 
(lentivirus backbone) and nontreated groups.

2.5 | Plasmid constructs for luciferase assay

To show the direct repression of the mentioned targets by miR-
182-3p, we constructed luciferase-UTR reporter plasmids for 
3′UTR of CD3d, ITK, NFATc3, and IL-2RA by amplification of 
fragments, and a fragment from 3′UTR of FOXP3 amplified as a 
negative control for miR-182. Moreover, we constructed lucif-
erase-UTR reporter plasmids for mutated 3′UTR of CD3d, ITK, 
NFATc3, IL-2RA, and FOXO1 amplified for miR-182 to show fur-
ther specificity of miR-182. Then, the amplified fragments were 
cloned into psiCHECK-2 vector using Xho I and Not I restriction 
enzymes. Finally, miR-182 and 3′UTR of all CD3d, ITK, NFATc3, IL-
2RA, and FOXO1 were cotransfected using 1 μg DNA containing 
miR-182 and 3′UTR of each target gene engulfed in lipofectamine 
2000 reagent in 96-well plates. We used approximately 104 cells 
per well, and dual luciferase assay was performed after 48 hours 
of transfection. Also, we used mock and mutated 3′UTR of each 
target gene, specially FOXP3, as the negative control. A mutation 
was generated in the binding site of mikR-182 to provide mutated 
3'UTR of each gene using primers mentioned in supplementary file 
(Tables S3-S8); subsequently, the amplified fragments were cloned 
into psiCHECK-2. It is noteworthy that the accuracy of all of the 

https://www.ncbi.nlm.nih.gov/geo
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amplified fragments was confirmed by sequencing, and all the in-
formation for plasmid constructs, cloning, sequence alignment, 
and primers are presented in Figures S1-S7, Tables S3-S8.

2.6 | Luciferase assay

Direct interaction of miR-182 with CD3d, ITK, NFATc3, IL-2RA, 
FOXO1, and FOXP3 (negative control) was evaluated by trans-
fection of the mentioned plasmids into HEK-293t cells. Each time 
PEZ-LV105a–containing pre-miR-182 was cotransfected with one 
of the psiCHECK-2–containing Renilla luciferase genes located at 
the upstream of 3′UTR of CD3d, ITK, NFATc3, IL-2RA, FOXO1, 
and FOXP3 genes. Also, an independent firefly luciferase gene was 
used as an internal control for each experiment in addition to the 
negative control group. To strengthen the conclusions, we pro-
vided 3'UTR-mutated controls associated with the miR-182 binding 
site on the 3'UTR region of CD3d, ITK, NFATc3, and IL-2RA using 
specific primers, including one mismatch at the binding site of miR-
182. Also, we cloned them in psiCHECK-2–containing Renilla lucif-
erase gene, and cotransfected them with PEZ-LV105a–containing 
pre-miR-182. Luciferase assay was carried out using DualGlo lu-
ciferase assay (Promega) 48 hours after cotransfection, according 
to the manufacturer's instructions. Eventually, luminescence ratios 
of Renilla/firefly luciferase were assessed for each sample, which 
was normalized to the control transfection sample that contained 
each target cassette alone in the condition without transfection of 
miR-182.

2.7 | Serum isolation and preparation

Five milliliter peripheral blood was collected in tubes, containing 
EDTA and centrifuged at 1600 g at 4°C for 15 minutes. The sera were 
stored at −70°C to assess TNF-α, IL-1β, IL-10, and TGF-β. Moreover, 
an equal volume of phosphate-buffered saline (PBS) was added to 
each blood sample and diluted gently. Ficoll-Hypaque (Pharmacia) 
density centrifugation was used to isolate the PBMCs, and the buffy 
coat containing lymphocyte population was collected.

2.8 | RNA extraction and qRT-PCR

Total RNA was extracted from Jurkat cells and PBMCs using the 
RiboEx LS reagent (Geneall), and cDNA was synthesized using a 
first-strand cDNA synthesis kit (Thermo Fisher Scientific) followed 
by PCR according to the manufacture's protocol. We used specific 
hairpin loop primers to synthesize cDNA of microRNAs. The expres-
sion of microRNAs (miR-182-5p, miR-182-3p, miR-183, and miR-96) 
and their targets were evaluated using SYBR Green master mix kit 
(Genaxxon kit) with MIC qPCR (BioMolecular Systems) instrument. 
The primer sets are listed in Table 1. Eventually, qRT-PCR–derived 
data were analyzed by the 2−ΔΔCT and 2−ΔCT methods.

2.9 | Cytokine assay

After the transduction of miR-182, to evaluate the acquisition of reg-
ulatory functions by Jurkat cells, the secretion of some cytokines, in-
cluding TNF-α, TGF-β, IL-2, IL-1β, IL-17, IL-10, and IL-6 were assessed 
using ELISA kits (International Brands Limited [IBL]), according to the 
manufacturer's protocol. To this aim, optical density (OD) was meas-
ured at 450 nm by an ELISA reader (ELX800TM).

2.10 | Western blotting

Western blotting was conducted to evaluate the expression of FOXO1, 
NFATc3, CD3d, and GAPDH in transduced Jurkat cells. Proteins were 
extracted from the mock group, negative control, and miR-182–trans-
duced groups of Jurkat cells. Therefore, Bradford assay was used to 
normalize the concentration of the extracted samples. Then 20 μg of 
each protein sample was subjected to SDS-PAGE in 14% acrylamide 
gels and transferred to a PVDF membrane (Millipore). Additionally, 
5% of nonfat dry milk and 0.05% Tween-20 in Tris-buffered saline 
(TBS) and Tris-buffered saline with Tween 20 (TBST) were used for 
blocking and washing, respectively. The blots were probed with pri-
mary antibodies, including rabbit anti-human CD3d (Abcam), rabbit 
anti-human FOXO1 (Abcam), rabbit anti-human NFATc4 (Merck), and 
mouse anti-human GAPDH (Santa Cruz) diluted in TBST (1:1000) and 
incubated for 2 hours at room temperature (RT). After washing, the 
blots were incubated with HRP-conjugated secondary antibodies, in-
cluding goat anti-rabbit IgG (Abcam) and anti-mouse IgG κ light chain 
binding protein (Santa Cruz). Subsequently, it was developed by using 
an ECL Western blotting substrate (ECL, Amersham). In the follow-
ing, the intensity of each band was measured using ImageJ (version 2) 
software and normalized by the intensity of GAPDH as a housekeep-
ing protein. Effects of miR-182 overexpression on NFATc3, FOXO1, 
and CD3d expression and FOXP3+ Tregs are shown in Figure S8.

2.11 | Flow cytometry for human FOXP3 and IL17 
production by FOXP3+ cells

Two milliliter of freshly prepared human FOXP3 buffer A was added to 
each sample, pulse vortexed and incubated at RT for 10 minutes. Cells 
were washed twice with 2 mL of PBS. Cells were permeabilized during 
30 minutes of incubation at RT in 500 μL of freshly prepared human 
FOXP3 buffer C, protected from light. Finally, the cells were washed 
twice with 2 mL of PBS, and FOXP3 antibody was added. Flow cytom-
etry technique was used for determination of FOXP3+ population. We 
used three types of control to determine FOXP3+ population (Figure S9). 
The first one was the untransduced and unstained group for obtaining 
the population of cells and their size. The second one was the unstained 
mock group to discriminate transduced cells, and the third one was the 
mock group with the staining by isotype control antibody coupled with 
FITC. Each test was performed in duplicate. Moreover, we costained 
these cells for FOXP3 and IL-17 (antibody coupled to allophycocyanin 
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[APC]) to confirm IL-17 secretion within the FOXP3+ Treg population in 
miR-182–transduced T cells. Further, we added protein transport inhibi-
tor brefeldin A solution (Invitrogen™) to the harvested cells treated with 
PMA and ionomycin for 5 hours at 37°C to trap IL17 in the stimulated 
cells. We used APC-CY7 live/dead color to discriminate living cells, and 
fluorescence minus one (FMO) control group was used to determine 
the cutoff point between background fluorescence and positive popu-
lations as well as unstained control. Flowing software 2.5.0 and FlowJo 
7.6.1 software were used to analyze flow cytometry data.

2.12 | Statistical analysis

R-Studio 1.0.136 software was used to analyze the high-throughput 
data derived from GEO (adjusted P-value < .05) in both BC tissues 
and patient's sera. In the current study, P < .05 was considered sta-
tistically significant. Finally, multivariate analyses were performed 
to show the relationship between microRNAs and their targets’ ex-
pression levels in the PBMCs of BC patients and demographic data 

including age, marriage, stage, HER2, estrogen receptor (ER) and pro-
gesterone receptor (PR). Relative changes of microRNAs and their 
targets in PBMCs and the Jurkat cells were assessed using Student’s 
t-test. Also, Student’s t-test was performed to evaluate significant rel-
ative changes for luciferase assay in miR-182–cotransfected groups 
with other control groups. One-way ANOVA test was used to assess 
the rate of changes in each gene expression and cytokine release be-
tween the treated groups and followed by a post hoc Bonferroni test. 
A P-value < .05 was considered statistically significant.

3  | RESULTS

3.1 | Alterations in the expression and circulation of 
microRNAs in tumor tissues and sera of patients with 
BC

Among 125 studies conducted on microRNA variation in patients 
with BC, four qualified studies were selected, which were not 

TA B L E  1   The primer sequences used in the current study

Stem loops for cDNA synthesis of microRNAs

182-5p 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGAC AGTGTGAG -3′

182-3p 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGAC TAGTTGGC -3′

miR-183-5p 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGTGAATTC-3′

miR-96-5p 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGCAAAAATG-3′

RNU6 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAAATAT-3′

Forward Reverse

Primers for qRT-PCR

miR -182-5p 5′-GTGCAGGGTCCGAGGT-3′ 5′-GATTTGGCAATGGTAGAACTCAC-3′

miR -182-3p 5′-GTGCAGGGTCCGAGGT-3′ 5′-CAATGGTTCTAGACTTGCCAACT-3′

miR-183-5p 5′-GTGCAGGGTCCGAGGT-3′ 5′-ATACTATGGCACTGGTAGAATTCACT-3′

miR-96-5p 5′-GTGCAGGGTCCGAGGT-3′ 5′-TAATTTGGCACTAGCACATTTTTGC-3′

RNU6 5′-CGCTTCACGAATTTGCGTGTC-3′ 5′-CGCTTCGGCAGCACATATACT-3′

Gapdh 5′-CCGAGCCACATCGCACAG-3′ 5′-GGCAACAATATCCACTTTACCAG-3′

Β-actin 5′-AGACGCAGGATGGCATGGG-3′ 5′-GAGACCTTCAACACCCCAGCC-3′

CD3D 5′-AAGTGAGCCCCTTCAAGATACC-3′ 5′-TCTGAGAGCAGTGTTCCCAC-3′

ITK F5′-ACTCCTGAAGACAACAGGCGA-3′ 5′ATCCTTCATGCCCATTCCTGTC-3′

NFATC3 5′-GTGAAGCTCCTGGGCTATAACG-3′ 5′-TATCTCTTGGCTTGCAGTAGCG-3′

NFATC4 5′-GAAGGGTGAGACGGACATCG-3′ 5′-TTGGAGCCAGTCAGTACCAGT-3′

IL-2 5′-AAGGCCACAGAACTGAAACATC-3′ 5′-ATTGCTGATTAAGTCCCTGGGT-3′

TNF-α 5′-ATGTTGTAGCAAACCCTCAAGC-3′ 5′-AGGACCTGGGAGTAGATGAGG-3′

TGF-β F5′- AGTGGACATCAACGGGTTCAC-3′ 5′-TGGAGCTGAAGCAATAGTTGGTG-3′

IL-6 5′- GCACTGGCAGAAAACAACCT-3′ 5′- CAGGGGTGGTTATTGCATCT-3′

IL-2RA 5′- GATGCCAAAAAGAGGCTGACG-3′ 5′-CCACATCAGCAGGTATGAATCCA-3′

FOXO1 5′- GAGGGTTAGTGAGCAGGTTACAC-3′ 5′- TGCTGCCAAGTCTGACGAAAG-3′

FOXP3 5′-TTCATCTGTGGCATCATCCGAC-3′ 5′- GTCGCATGTTGTGGAACTTGAAG-3′

Primers for cloning

MIR-182 5′-TTGGAAGGAGTTCGACCCTGCAGGAAGGACCTTG-3′ 5′-GTTGCGGCCGCGGATGCAGGGAAACACAGAGTG-3′
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associated with any interventions and just showed alterations and 
circulation of microRNAs in tumor tissues and sera. A profile of 
microRNAs (64 microRNAs) that showed a significant elevation 
(33 in microRNAs with adjusted P-value < .05 and 31 microR-
NAs just with P-value < .05) for their expression in BC-associated 
tumors were determined based on data derived from data sets 
(GSE41526). Then, their serum level alterations were evaluated 
by the data derived from the studies with the accession numbers 
GSE73002, GSE83270, and GSE24509 (Figure 1A).

The results derived from these meta-analyses revealed 26 of 
these microRNAs significantly increased in both BC tissues and 
serum circulation had a dozen targets in T cells that played crucial 
roles in T cell suppression. It seems that they may target the tran-
scripts of proteins involved in the NFAT pathway and cause the 
development of Treg cells by affecting CD3d, CD3g, ITK, NFATc1, 
NFATc2, NFATc3, NFATc4, IL-2, IL-2RA, FOXO1, etc (Figure 1B 
and Table 2). Also, at least 26 out of these 32 microRNAs high-
lighted in Figure 1B have the potential to affect both the NFAT 
pathway and Treg cell development, of which miR-182, miR-183, 
miR-103, miR-195, miR-365, and miR-511 can be mentioned. It 
was implied to each accurate target of these microRNAs in each 
mentioned pathway in Table 2. Of note, the miR-182 cluster in-
cludes miR-182, miR-183, and miR-96. However, despite the 

elevation in the expression and serum levels of both miR-182 and 
miR-183 in all considered studies, no alteration was observed in 
miR-96 rate either in tumor tissues or in the serum of patients 
with BC.

3.2 | Circulating levels of miR-182-5p and miR-182-
3p were increased in sera

Owing to the lack of studies on the expression of miR-182-3p in the 
sera of patients with BC, miR-182-5p and miR-182-3p were evalu-
ated separately. The expression of miR-182-5p and miR-182-3p was 
significantly increased (350.4 folds and 8.66 folds, respectively) 
(Figure 1C).

3.3 | MiR-182 and 183 were increased in PBMCs

The results revealed that 213.34 folds, 28.4 folds, and 4.7 folds 
of increase were observed in the expression level of miR-182-5p, 
miR-182-3p, and miR-183 in the PBMCs of the patients, respec-
tively. However, no alteration was seen in the expression of miR-96 
(Figure 1D).

F I G U R E  1   microRNAs’ variation, circulation, and feasible effects in breast cancer (BC) microenvironment as well as variation of the 
miR-182-182-96 cluster in peripheral blood mononuclear cells (PBMCs) of BC patients. A, A profile of microRNAs, which have a significant 
alteration in BC patients’ tumor and serum levels (derived from Gene Expression Omnibus [GEO] database). B, microRNAs that predicted 
targets in the nuclear factor of activated T cells (NFAT) pathway and might be involved in regulatory T cell (Treg) development are shown as 
Venn diagram (derived from targetscan database). C, Variations of miR-182-5p and -3p in serum of BC patients (derived from serum data). D, 
Variations of miR-182-5p, -3p, miR-183, and miR-96 in PBMCs of patients with BC (derived from PBMC data)

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE41526
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE73002
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE83270
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE24509
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3.4 | Target genes for the miR-182 cluster decreased 
in PBMCs

The expression levels of FOXO1, CD3d, NFATc3, NFATc4, IL-2, and 
IL-2RA were downregulated by 2.5 folds, 3.9 folds, 13.6 folds, 3.25 
folds, 3.38 folds, and 4.35 folds, respectively (Figure 2A). These 
genes are the targets for miR-182-5p/3p and miR-183, and their ex-
pression significantly decreased in the PBMCs of the patients.

The receiver operating characteristic (ROC) curve showed the 
behavior of sensitivity and specificity of miR-182-5p, miR-182-3p, 
miR-183, FOXO1, CD3d, NFATc3, NFATc4, IL-2, and IL-2RA ex-
pression levels by using their expression level in PBMCs of pa-
tients with BC. The area under the ROC curve for discrimination 
and prognosis of BC patients with healthy individuals were 0.788, 
0.894, and 0.861 for miR-182-5p, miR-182-3p, and miR-183, re-
spectively (Figure 2B). The area under the ROC curve for dis-
crimination and prognosis of BC patients with healthy individuals 
were 0.727, 0.801, 0.870, and 0.740 for CD3d (P = .037), NFATc3 
(P = .06), NFATc4 (P = .01), and IL-2RA (P = .028), respectively. 

No significant discrimination was observed for IL-2 (P = .059) and 
FOXO1 (P = .127; Figure 2B). Also, statistical analysis showed that 
there was no significant relationship between miR182-5p/-3p, 
miR-183, and their targets and any of the pathologic factors in the 
current study. Clinical data are presented in the supplementary 
file.

Further statistical analysis in the case of the miR-182-183-
96 cluster’s expression changes and their mentioned targets in 
PBMCs of BC patients showed that there was a negative correla-
tion between miR-182-3p and their targets, such as CD3d (r = −.456, 
P = .029), NFATc4 (r = −.683, P < .001), IL-2RA (r = −.627, P < .001), 
and IL-2 (r = −.444, P ≤ .001). Also, there was a significant association 
between the reduction of CD3d and NFATC4 (r = .493, P ≤ .0). A sig-
nificant relationship was observed between NFATc3 reduction and 
ITK (r = .582, P = .004), IL-2 (r = .427, P = .042), and IL-2RA (r = .43, 
P = .041). NFATc4 decrement correlated with CD3d (r = .493, P ≤ .01) 
and IL-2RA (r = .0.641, P ≤ .001). Finally, the change in IL-2 expres-
sion is also relevant to IL-2RA expression (r = .459, P = .027), beside 
its relevance to NFATc3 (Figure 2C).

TA B L E  2   Summary of the microRNAs with at least one predicted target, which play a critical role in T cell activation and differentiation 
signal IL-2/IL-2RA

Targets

Isoform-5p Isoform-3p

hsa-miR-183 FOXO1 CD3d, NFATc4, NFAT5

hsa-miR-425 NFATc3 NFATc2

hsa-miR-93 NFAT5 NFATc1, NFATc3, NFATc4, NFAT5, CD3d, IL2RA

hsa-miR-410 ITK NFAT5

hsa-miR-182 FOXO1 NFATc3, NFATc4, CD3d, ITK, IL-2RA

hsa-miR-486 FOXO1, NFAT5 NFATc2, NFATc4

hsa-miR-449b NFATc4, NFAT5

hsa-miR-200b NFATc3, NFAT5, ITK

hsa-miR-365a/b FOXO1, CD3d CD3d, FOXO1, IL-2RA

hsa-miR-204 NFATc3, NFAT5 CD3d, NFATc3, NFATc4, NFAT5, IL2-RA

hsa-miR-200c CD3d, ITK, NFATc2

hsa-miR-103a NFATc2, NFATc3, NFATc4, NFAT5, FOXO1, ITK, CD3d, IL-2RA NFATc2, NFAT5

hsa-miR-125b FOXO1, NFAT5

hsa-miR-100 NFATc2, NFAT5

hsa-miR-490 CD3d, NFAT5, IL-2RA FOXO1, NFAT5

hsa-let-7c FOXO1, ITK, NFATc1, NFATc2, NFATc3, NFAT5

hsa-miR-99b ITK, NFAT5

hsa-miR-383 NFAT5 NFATc3, NFAT5, CD3d

hsa-miR-21 NFAT5 CD3d, ITK, NFATc2, NFATc3, NFAT5

hsa-miR-127 NFATc2, ITK

hsa-miR-503 NFATc3, NFAT5

hsa-miR-195 FOXO1, NFATc2, NFATc3 FOXO1, CD3d, NFATc2

hsa-miR-511 FOXO1, NFATc3, NFATc4, NFAT5, IL-2RA NFATc2, NFAT5

hsa-miR-134 FOXO1, CD3d, NFATc2, NFATc3

hsa-miR-342 NFATc1, NFATc3

hsa-miR-181d NFATc2, NFAT5
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3.5 | MiR-182-5p and miR-182-3p decreased target 
genes in Jurkat cells

After the transduction of miR-182 in Jurkat cells (Figure 3A-D), there 
were 12.52 folds and 7.41 folds of elevation in the expression of miR-
182-5p and miR-182-3p, respectively (Figure 4A). Subsequently, a signif-
icant downregulation was observed in the expression of FOXO1, CD3d, 
ITK, IL-2RA, NFATc3, and NFATc4. Most of the reduction associated 
with FOXO1, CD3d, NFATc3, and IL-2RA that occurred within 48 hours 
after the transduction and after 72 hours was related to ITK and NFATc4 
(Figure 4B). Furthermore, the expression of some cytokines, such as 
TNF-α and IL-2, along with the targets of miR-182 showed a significant 
decrease. The highest reduction of TNF-α and IL-2 was observed at 72 
and 48 hours, respectively. In contrast, an impressive increase was ob-
served in FOXP3, IL-6, and TGF-β expressions in these cells. IL-6 and 
TGF-β showed the highest increase in 48 hours. Moreover, a significant 
increase was observed in the rate of FOXP3 as a fundamental transcrip-
tion factor in Jurkat cells upon overexpression of miR-182. The highest 
increase of FOXP3 (12.2 folds) was observed at 72 hours (Figure 4C).

3.6 | TGF-β, IL-17 and IL-6 increased in Jurkat cells 
after transduction of miR-182

Among inflammatory and anti-inflammatory cytokines, TGF-β, IL-
17, and IL-6 showed a significant increase in the supernatant of 
Jurkat cells in 48 hours after the transduction (Figure 4D). TGF-β, 
an anti-inflammatory cytokine, elevated by 1.46 and 1.34 folds in 
the miR-182–transfected group in comparison with mock and non-
treated control groups, respectively. IL-6 increased by 1.42 folds in 
the miR-182–transfected group in comparison with both mock and 
nontreated control groups. Furthermore, IL-17 increased by about 
1.8 folds and 3.48 folds compared with mock and nontreated 
control groups, respectively. Analysis of cytokine assay showed 
that IL-2 release was not detected in the miR-182–transfected 
group, while it was observed in both mock and nontreated con-
trol groups. However, in spite of a significant decrease in TNF-α 
expression, no variation was observed in TNF-α concentration in 
the supernatant of Jurkat cells. Also, IL-1β and IL-10 showed no 
changes (Figure 4D).

F I G U R E  2   Comparison of the targets of miR-182 cluster expressions in peripheral blood mononuclear cells (PBMCs) between patients 
with breast cancer (BC) and healthy individuals. A, Variation of the miR-182 clusters’ targets in PBMCs of patients with BC. B, Receiver 
operating characteristic (ROC) curve for diagnosis and prognosis of BC tissues. The areas under the curves are the gene expression level of 
miR-182-5p, miR-182-3p, miR-183, CD3d, NFATC3, NFATc4, IL-2, IL-2RA, and FOXO1 in PBMCs of BC patients as compared with PBMCs of 
healthy individuals. C, Hierarchical clustering analysis showing the relationship between expression variation of miR-182-5p/-3p, miR-183, 
CD3D, ITK, NFATc3, NFATc4, IL-2, IL-2RA, FOXO1, and FOXP3 in PBMCs of patients with BC
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3.7 | CD3d, ITK, NFATc3, IL-2RA, FOXO1 were 
directly regulated by miR-182-5p and miR-182-3p

Cotransfection of PEZ-LV105a–containing miR-182 sequence along 
with psiCHECK-2 plasmid containing 3′UTR of each CD3d, ITK, 
NFATc3, and IL-2RA showed a considerable reduction in Firefly/
Renilla luciferase activity in comparison with mock (psiCHECK-2 
vector containing Firefly/Renilla luciferase gene) and control 
(psiCHECK-2 plasmid containing 3′UTR of each gene at the end of 
the luciferase sequence) groups. It was observed that miR-182 re-
duced the activity of luciferase by about 2.2, 1.42, 4.9, 1.7, 1.4, and 
3.2 folds in the groups which contained 3′UTR sequence of CD3d 
(P < .01), ITK (P < .01), NFATc3 (P < .001), IL-2RA (P < .001), and 
FOXO1 (P < .001) at the end of the luciferase gene. Moreover, it 
was observed that miR-182 reduced the activity of luciferase bu 
about 1.97, 1.3, 4.16, 1.5 and 2.8 folds in the groups which contained 
3′UTR-mutated sequence of CD3d (P < .01), ITK (P < .01), NFATc3 
(P < .001), IL-2RA (P < .001), and FOXO1 (P < .001) at the end of the 
luciferase gene. So, these results clarified that miR-182 directly tar-
geted CD3d, ITK, NFATc3, IL-2RA, and FOXO1 (Figure 5A). Moreover, 
the binding sites of the seed region of miR-182-3p and the way of its 
interaction on 3′UTR sequences of CD3d, ITK, NFATc3, FOXO1, and 
IL-2RA are mentioned in Figure 5B. Also, no changes were observed 
in luciferase activity associated with miR-182 function negative con-
trol group whenever the experiment was performed on psiCHECK-2 
vector that contained 3′UTR of FOXP3 (Figure 5A).

3.8 | CD3d, NFATc3, and FOXO1 decreased after 
miR-182 transduction

Western blot results confirmed that the transduction of miR-182 can 
target CD3d, NFATc3, and FOXO1 (Figure 6A). The findings showed 
that intensities of CD3d in the miR-182–transduced group decreased 
by almost 1.8 and 1.5 folds compared with the mock and nontreated 
control groups, respectively. Likewise, NFATc3 concentration re-
duced by 4.5 folds and 2.3 folds in the miR-182–transduced group 
in comparison with the mock and nontreated control groups, re-
spectively. Similar results were shown regarding FOXO1 inmiR-182–
transduced group versus mock (2.4 folds) and nontreated control (10 
folds) groups (Figure 6B).

3.9 | FOXP3+ and IL-17–producing Tregs are highly 
expressed in the Jurkat cells after miR-182 transduction

Jurkat cells are CD4+ T cells, and the transduction of miR-182 in these 
cells represented a distinctive population of CD4+ T cells that over-
expressed FOXP3 in comparison with another control group (mock). 
The results obtained from flow cytometry showed that about 60% 
of the gated population expressed FOXP3+ in the cells transduced 
by miR-182 (minus isotype control percentage as false positive) and 
indicated the polarization of T cells toward Treg cells (Figure 6C-G). 
However, costaining of these cells for FOXP3 and IL-17 showed that 

F I G U R E  3   Immune fluorescent 
microscopy confirmed the successful 
transduction of the produced lentiviruses 
into Jurkat cells. A, Jurkat cell population. 
B, Expression of enhanced yellow 
fluorescent protein (EYFP) in Jurkat 
cells. C, Nucleus staining by DAPI. D, 
Overlaying of the transduced cells with 
DAPI staining

(A) (B)

(C) (D)
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more than 55% of the population of FOXP3+ cells expressed IL-17. 
So, it seems that miR-182 may induce two different populations 
composed of FOXP3+ T cells and IL-17–producing FOXP3+ in CD4+ 
Jurkat cells (Figure 7A-H).

4  | DISCUSSION

We tried to show a new landscape of the variation of microRNAs, 
which have similar targets in the mentioned pathways, by which 
they affect immune cells, especially T cells to make the tumor suit-
able for development, while suppressing immune cells or produc-
ing suppressor cells. Microarray-derived results (meta-analysis) 
revealed that the levels of some onco-microRNAs increase in both 
tumor tissues and sera of patients with BC. Therefore, some of these 
microRNAs may target various transcripts of different proteins that 
are implicated in signaling pathways to activate, inhibit, proliferate, 
or differentiate T lymphocytes.18,21 The targets predicted for these 
microRNAs are involved in TCR-associated transduction pathways, 
including NFATs, IL-2/IL-2RA, TCR/CD3 complex, and FOXO1/
FOXP3.10,18,29

This meta-analysis showed that most of the mentioned microR-
NAs have the potential to target at least two isoforms of NFATs, of 
which 12 simultaneously target one of the CD3 chains and the ITK 
protein. Accordingly, miR-93, miR-410, miR-200b, miR-365, miR-204, 

miR-200c, miR-103, miR-125b, miR-490, Let-7c, miR-99b, miR-383, 
miR-21, miR-127, miR-195, and miR-134 along with the miR-182 
cluster have the potential to target different chains of CD3 and 
ITK (http://www.targe tscan.org and http://miRwa lk.umm.uni-heide 
lberg.de/search_miRnas). However, the direct effects of a number of 
microRNAs, eg, miR-125b, miR-99b-3p, miR-21-5p, miR-21-3p, miR-
181c, and Let-7c in suppressing and targeting NFATs, which have 
critical roles in Th1 and Th2 differentiation, have been revealed in 
previous studies.34

In addition, given the roles of the TCR/CD3 complex, ITK, and 
NFATs in T cell signaling,18,21 these microRNAs simultaneously at-
tenuate the signal transduction cascade triggered by the interac-
tion of APCs with the T cell surface receptor/CD3 complex and ITK. 
Subsequently, this attenuation can prevent the activation of MAPK, 
IP3, and DAG signal transduction, impair T cell functions, and de-
lineate T cells’ fates whether to be Treg cells.34,35 The overexpres-
sion of miR-182 in the current study showed a dramatic reduction 
in the gene expression of CD3d, ITK, NFATc3, and NFATc4 in Jurkat 
cells. Also, a decrease was observed in CD3d and NFATc3 protein 
levels. As mentioned before, NFATc3 (NFAT4) in addition to NFATc2 
promotes the differentiation of Th1 cells,21,26 thereby affecting Th1 
differentiation.

Previous studies reported that the miR-182 cluster and some of 
the other mentioned microRNAs, ie, miR-99a, could induce Treg dif-
ferentiation through targeting the FOXO1 and induce the production 

F I G U R E  4   Overexpression of miR-182 in Jurkat cells and its effects on the expression of different targets and various cytokine secretion. 
A, Overexpression of miR-182-5p and -3p in Jurkat cells. B, Effects of miR-182 on CD3d, FOXO1, ITK, NFATc3, NFATc4, IL-2RA, and FOXP3 
in Jurkat cells. C, Effects of miR-182 on TNF-α, IL-6, TGF-β, and IL-2 expression. D, Effects of miR-182 on TNF-α, IL-1β, IL-6, IL-10, IL-17, 
TGF-β, and IL-2. Data represent mean ± SD (error bars) of three independent experiments in triplicate assays (***P < .001, **P < .01 and 
*P < .05)

http://www.targetscan.org
http://miRwalk.umm.uni-heidelberg.de/search_miRnas
http://miRwalk.umm.uni-heidelberg.de/search_miRnas
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of some cytokines, such as IL-10, IL-17A, and IL-6, involved in BC 
development.16,36 The current study revealed that overexpression 
of miR-182 reduces both transcript and protein levels of FOXO1, 
similar to previous studies, and it supports a population of T cells to 
secrete IL-6, IL-17, and TGF-β by overexpression of FOXP3. In addi-
tion, FOXO1 can be simultaneously targeted by at least 11 microR-
NAs, such as miR-183 and miR-486, confirmed by other studies.34,37 
However, there was no report or prediction about targeting FOXP3 
by any of the abovementioned microRNAs.

Furthermore, downregulation of FOXO1 and stability of FOXP3 
were shown in PBMCs of patients with BC. MiR-182 downregulates 
FOXO1, whereas it increases FOXP3 levels required for Treg differ-
entiation in Jurkat cells.22 Overall, miR-182 negatively affects Th1 
cell differentiation via targeting CD3d, ITK, and NFATc3. MiR-182 
drives Treg differentiation by downregulation of the promoter re-
pressor proteins of FOXP3, such as NFATc3 and NFATc4, as well as 
targeting the upstream inducer proteins of MAPK, IP3, and DAG sig-
nal transduction pathways in the TCR/CD3 complex such as CD3d 
and ITK.35,36

However, in addition to the overexpression of FOXP3 and pro-
duction of CD4+ Foxp3+ T cells after overexpression of miR-182, the 
current study also showed an elevation of some inflammatory cyto-
kines, such as IL-6 and IL-17, along with TGF-β in these cells. The ele-
vation of IL-6 and TGF-β promotes the production of IL-17A by Th17 
cells and a type of Tregs (IL-17–producing Tregs).16,38-40 IL-17 has 

been described as another inflammatory cytokine involved in sur-
vival, angiogenesis, invasiveness, and inhibition of immune response 
in BC development.39,41 Also, proinflammatory cytokines, such as 
IL-6 and IL-1β, are effective in IL-17A secretion from IL-17–producing 
Tregs.42 The activation of STAT3 by IL-6 accompanied by RORγt and 
RORα can stimulate T cells for IL-17A production.16,43 In addition, 
there was a relationship between the upregulation of IL-6 and TGF-β 
that their increment can be provoked in Tregs by IL-1β signaling.42 
IL-1β is involved in the regulation of the inflammatory tumor micro-
environment, proliferation, angiogenesis, and cancer cell invasion in 
BC.44 Furthermore, IL-1β signaling is required for the early phase of 
Th17 differentiation. In this regard, it can induce differentiation of 
CD4+ T cells into IL-17–producing Tregs along with IL-6 and TGF-β, 
which are upregulated in patient's sera with BC.42,45 Like other stud-
ies related to Treg function, we did not observe any enhancement in 
IL-1β concentration in Jurkat cells transfected by miR-182,13,21 while 
there was a significant upregulation in IL-6 and TGF-β in both tran-
scription and translation levels. Thus, it seems that increment of IL-6 
and TGF-β in such Tregs can be associated with other regulatory fac-
tors and signal transduction pathways such as miR-182.44,46

Also, alteration of various cytokines, such as TNF-α, IL-10, IL-1β, 
IL-2, IL-6, IL-17, and TGF-β, which plays a critical role in BC devel-
opment, has been broadly observed.41,44,46,47 Although a significant 
reduction was observed in the transcripts of TNF-α and IL-2, such 
a reduction was just established about IL-2 after overexpression of 

F I G U R E  5   Direct targeting of CD3d, ITK, NFATc3, IL-2RA, and FOXO1 by overexpression of miR-182, and polarization of these cells 
toward FOXP3+ cells (Tregs). A, Comparison between cotransfection of constructs that contain Renilla luciferase reporter gene and 3′UTR 
of each CD3d, ITK, NFATc3, IL-2RA, and FOXO1 sequence accompanied by miR-182–overexpressing vector in HEK-293t cells. Moreover, 
miR-182–overexpressing vector with mutated controls of each gene were used to strengthen the specificity of miR-182 in targeting of 
the mentioned targets. The other control group was a mock control which PEZ-LV105a cotransfected with constructs that contain Renilla 
luciferase reporter gene and 3′UTR of the mentioned gene. The last control group was psiCHECK-2 vector that contained Renilla luciferase 
transfected in HEK293t cells. Luciferase assay represents that miR-182 is capable of interacting with 3′UTR of CD3d, ITK, NFATc3, IL-2RA, 
and FOXO1 sequences cloned downstream of the luciferase ORF and declines luciferase ratios, in contrast to 3′UTR of mutated controls, 
mock, and FOXP3 (negative control). B, The binding site of CID region of miR-182-3p on 3'UTR sequences of CD3d, ITK, NFATc3, and IL-2RA
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miR-182. It has been shown that IL-2 induced miR-182 cluster expres-
sion and subsequently promoted the clonal expansion of Tregs via 
activation of STAT5 and FOXO1 targeting, which are in line with the 
results of the current study.31 Despite the emphasis on the critical 
role of the IL-2/IL-2RA (CD25) pathway in induction of miR-182, the 
results of the current study showed that miR-182 has the potential to 
prevent IL-2/IL-2RA signaling, which has a pivotal role in controlling 
differentiation and homeostasis of both Th1 and Th2 cells. Also, 
considering the role of different NFAT proteins, especially NFATc4 
recruited by NFATc1 and NFATc2 to induce IL-2 production and T 
cell proliferation and differentiation toward CD4+Th1,26 CD4+Th2,25 
CD4+Th17,12 and CD8+cytotoxic T cells,21 it can be concluded that 
increasing each microRNA may target NFAT proteins, thereby sup-
pressing different immune responses in effector T cells in BC.16,34

Also, shuttling and overexpression of the onco-microRNAs such 
as miR-182 may be a reason for the fluctuation of IL-2 rates in BC 
pathogenesis, especially in patients with advanced BC.46,48 Thus, it 

seems that the increase of miR-182-5p, miR-182-3p, and miR-183 
in PBMCs of patients with BC can be associated with both tumor 
microenvironment secretome and activation of STAT3 and STAT5 
induced by other cytokines such as IL-6, increased in these pa-
tients.16,49 However, the current study revealed that IL-2 /IL-2RA 
expression may be affected by the miR-182-183 cluster, and overex-
pression of this cluster of microRNAs dramatically suppresses IL-2/
IL-2RA signaling through targeting IL-2RA and different isoforms of 
NFAT as IL-2 inducer transcription factor. Therefore, it seems that it 
is an important controlling way to prevent IL-2/IL-2RA signaling and 
activation of T helper cells. Finally, the results derived from recent 
studies represented that increase of onco-microRNAs, especially 
the miR-182 cluster through targeting of several proteins involved 
in the TCR/CD3 complex, IL2/IL-2RA, ITK, and NFAT isoforms along 
with FOXO1 may deviate the polarization of T cells toward a tran-
sitional T cell bridging Treg and Th17 cells, which simultaneously 
overexpressed FOXP3 and secreted IL-6, IL-17, and TGF-β.

F I G U R E  6   Effects of miR-182 overexpression on NFATc3, FOXO1, and CD3d expression and FOXP3+ Tregs population differentiation. 
(A) Western blotting assay shows reduction of NFATc3, FOXO1, and CD3d by miR-182 in Jurkat cells. B, Quantification: The intensity of each 
band using ImageJ confirms reduction of NFATc3, FOXO1, and CD3d by miR-182 in Jurkat cells. In addition, comparison of NFATc3, FOXO1, 
and CD3d expression levels in the miR-182–transduced group with mock and nontreated control groups. C, Graph of the cell population by 
using FSC-A versus SSC-A plot on unstained control group (mock). D, Isotype control group. E, Fluorescent intensity in the stained control 
group (mock). F, Fluorescent intensity in the stained group transduced by miR-182. G, Comparison of overlaid and comparison of FOXP3 
expression between the miR-182 transduced group and both mock and isotype control groups. Anti-FOXP3-FITC; FSC-A: forward scatter-A; 
SSC-A: side scatter-A. Data represent mean ± SD (error bars) of three independent experiments in duplicate (***P < .001, **P < .01 and 
*P < .05)
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The current results and meta-analysis indicate that the microR-
NAs mentioned in Figure 1 are increased in BC tissues and sera. On 
the other hand, downregulation of CD3d, ITK, NFATc3, NFATc4, and 
IL-2RA targeted by the miR-182-183 cluster was accompanied by a 

significant increase in miR-182-5p, miR-182-3p, and miR-183-5p in 
the PBMCs of patients with BC, and these data represented a re-
verse relationship between higher levels of these microRNAs and re-
duction of their targets. Therefore, considering the ability of tumor 

F I G U R E  7   Effects of miR-182 overexpression on intracellular expression of FoxP3 and IL-17. A, Graph of the cell population by using 
FSC-A versus SSC-A plot in unstained control group stimulated with PMA/ionomycin and brefeldin A. B, FOXP3+ population in unstained 
control group stimulated with PMA/ionomycin and brefeldin A that was stained for intracellular FOXP3. C, FOXP3+ population in mock 
control group stimulated with PMA/ionomycin and brefeldin A that was stained for intracellular FOXP3. D, Quadrant showing the 
population of FOXP3-IL17+ T cells (Q1), FOXP3+IL17+ T cells (Q2), FOXP3+IL17- T cells (Q3), and FOXP3-IL17- T cells (Q4) in the control 
group (mock) stimulated with PMA/ionomycin and brefeldin A that was stained for intracellular FOXP3 and IL-17. E, Population of cells 
transduced by miR-182 that expressed intracellular FOXP3. F, Population of cells transduced by miR-182 and stimulated with PMA/
ionomycin and brefeldin A that was stained for intracellular FOXP3 and IL-17. G, Percentage of FOXP3+ T cells after transduction by miR-182 
and stimulation with PMA/ionomycin and brefeldin A that was stained for intracellular FOXP3 and IL-17. H, Percentage of FOXP3+ IL17-
producing T cells after transduction by miR-182 and stimulation with PMA/ionomycin and brefeldin A that were stained for intracellular 
FOXP3 and IL-17 (***P < .001). FSC-A, forward scatter-A; SSC-A, side scattering; FITC-A::FOXP3, Anti-FOXP3-FITC-A; APC-A::IL-17, Anti-IL-
17-APC-A
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microenvironment cells in shuttling some regulatory molecules and 
the capability of these microRNAs, such as miR-182, in stimulation 
and suppression of some cytokines such as IL-6, IL-17, and TGF-β, it 
seems that increased levels of miR-182 and other microRNAs with 
such properties may originate from an exogenous source or may be 
induced by other signaling pathways found in the PBMCs of these 
patients.5-8 Also, it strengthens the hypothesis that tumor microen-
vironment secretome disrupts and deviates immune responses by 
the production of secretory materials and cargoes, including cyto-
kines, microvesicles, and exosomes, which shuttles some immuno-
suppressive agents, especially the mentioned microRNAs.3,50

In conclusion, it seems that simultaneous increase of onco-mi-
croRNAs (especially miR-182 and miR-183) in tumor tissues, sera, 
and PBMCs of patients with BC have a relationship with each other, 
and these microRNAs expressed by tumor tissues may exert immu-
nosuppressive functions and deviate effector T cell polarization by 
induction of FOXP3 expression along with suppression of various 
targets in several signaling pathways, such as the TCR/CD3 com-
plex chains, IL-2/IL-2RA, ITK, FOXO1, and NFAT isoforms. However, 
simultaneous increased rate of both isoforms of miR-182 (-5p and 
-3p) totally has inhibitory effects on T cells by affecting the TCR/
CD3 complex and suppressing FOXO1, NFATs, and IL-2/IL-2RA sig-
naling pathways. Their overexpression increases FOXP3, TGF-β, 
and IL-17 expression to deviate T cells toward a transitional state, 
IL-17–producing Tregs, and eventually may facilitate Treg formation. 
Finally, further studies associated with the increase of both iso-
forms of miR-182 and other microRNAs mentioned in Table 2 along 
with the targets associated with the TCR/CD3 complex, NFATs, 
FOXO1, FOXP3, and IL-2/IL-2RA signaling pathways in CD4+ T 
cells are needed to further confirm these findings. Also, conducting 
further studies on other microRNAs and variation of microRNAs re-
lated to the possibility of drug resistance in cancerous patients and 
evaluation of potential microRNAs, especially miR-182, miR-183, 
and their targets are suggested to determine which patients may be 
candidates to undergo prophylactic mastectomy, manage appropri-
ate prognosis, and develop personalized medicine.
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