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Abstract
Regulatory T cells (Tregs) play a crucial role in allergic rhinitis (AR). However, the mechanism of how Tregs are regulated in 
AR is poorly understood. Here, we aimed to explore the role of Tregs in AR and how Tregs were regulated by miR-202-5P, 
which was demonstrated to be important in AR. Peripheral blood mononuclear cells (PBMC) were isolated from collected 
blood samples. Tregs were purified using Regulatory T Cell Isolation Kit, and differentiated from isolated CD4 T cells using 
recombinant human interleukin-2 (rhIL-2) and transforming growth factor beta (TGF-β). mRNA expression levels of miR-
202-5p, matrilin-2 (MATN2), TGF-β1 and interleukin-10 (IL-10) were detected by real-time PCR. The concentrations of 
IL-4, interleukin-17 (IL-17), IL-10, interferon gamma (IFN-γ) and TGF-β1 were detected by enzyme-linked immunosorb-
ent assay (ELISA). MATN2 protein level was detected by Western blot. MiR-202-5p expression dramatically elevated in 
PBMCs, CD4+ T cells and Tregs of AR patients. In vitro, miR-202-5p promoted Tregs differentiation via targeting MATN2. 
MiR-202-5p/MATN2 axis mediated Tregs proliferation and functions. MiR-202-5p/MATN2 are associated with regulatory 
T-cells differentiation and function in allergic rhinitis.
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Introduction

Allergic rhinitis (AR) is one of the most common inflam-
matory reactions, which is characterized by hypersecretion 
of mucus, enhanced serum immunoglobulin E (IgE) level 
and increased infiltration of eosinophil [1, 2]. Helper T-cell 
1/2 (Th1/Th2) imbalance and abnormal Th2 response con-
tribute to AR development [3]. Clinically, AR is diagnosed 
by the symptoms of rhinorrhea, sneezing, itching and nasal 

obstruction [1]. Recently, AR incidence has increased [4]. 
More importantly, it serves as the risk factor for bronchial 
asthma development, which seriously influences the life 
quality of patients [5]. Therefore, an improved understanding 
of how AR develops is needed for effective AR treatment.

Regulatory T cells (Tregs) are involved in immune system 
balance and play a crucial role in proliferation and activa-
tion of CD4/CD8 T cells, immune tolerance, and immune 
response. Tumor growth factor β (TGF-β) and interleukin 
10 (IL-10) secreted by Tregs regulate Th1/Th2-mediated 
inflammation [6, 7], Th2 differentiation and therefore sup-
presses airway allergic inflammation [8, 9]. Accumulating 
evidence demonstrated the effect of Tregs in AR [10]. In 
children with AR, the frequency of Tregs is much lower than 
healthy control. Moreover, Tregs frequency is negatively 
associated with total IgE concentration [11], indicating the 
role of Tregs in AR development. However, how Tregs are 
regulated in AR remains unclear.

Our previous study showed that in AR development, miR-
202-5p promoted type 2 macrophages (M2) polarization by 
targeting matrilin-2 (MATN2) [12], indicating the regulat-
ing effect of miR-202-5p in AR development. Therefore, 
in the present study, we aimed to investigate the effect of 
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miR-202-5p/MATN2 in Tregs differentiation and function 
during AR development, trying to provide the basis for 
potential clinical applications of miR-202-5p/MATN2 in 
AR treatment.

Methods

Patients

In this study, we recruited a total of 30 AR patients with 
70.0% of male (the mean age is 33.6  years with range 
21–52), and 10 healthy volunteers with 70.0% of male (the 
mean age is 32.3 years with range 22–56) in Yuhuangding 
Hospital from January 2017 to June 2018. The patients 
with chronic rhinosinusitis, nasal polyps, and infec-
tious rhinitis were excluded. Total IgE (IU/ml) of AR 
patients was 521.9 ± 158.4 and specific IgE (IU/ml) was 
95.7 ± 10.9. This study was approved by Yuhuangding Hos-
pital (#YHDH1305LC148). Informed consent was obtained 
from all the patients and healthy volunteers. The diagnosis 
and management of AR were carried out by our physicians 
following the routine procedures. Patients that had any of 
the following conditions were excluded: cancer, severe 
organ diseases, autoimmune diseases, under treatment with 
immune suppressors or immunotherapy for any reason.

MiR‑202‑5p mimics, miR‑202‑5p inhibitors 
and MATN2 transfection

The sequence of miR-202-5p mimics is 3′-GUU​UCU​UCA​
UAU​ACG​UAU​CCUU-5′, and miR-202-5p inhibitor is 
3′-AAG​GAU​ACG​UAU​AUG​AAG​AAAC-5′. In different 
groups, the transfection was performed using 1 μM miRNA 
mimics, inhibitors, human recombinant MATN2 (HZbsci-
ence), vehicle control, miRNA mimics control in serum-free 
ACCELL medium (Thermo Scientific, Lafayette, Colorado, 
USA) for 1 h at 37 °C.

Tregs purification and culture

Peripheral blood mononuclear cells (PBMCs) were isolated 
from the whole blood of healthy volunteers and AR patients. 
Then, we used the Tregs cell Isolation Kit (Miltenyi Bio-
tec, Germany) to purify Tregs following the manufacturer’s 
protocol. Then, we used anti-CD3/CD28 beads (Invitrogen, 
Waltham, MA, USA) to stimulate Tregs at the ratio of 1:1 
cell-to-bead coculture for 36 h, followed by rhIL-2 and 
TGF-β administration for another 4 days of culture in RPMI 
1640 medium. The medium was supplied with 10% fetal calf 
serum, sodium pyruvate, l-glutamine, 100 IU/mL penicillin 
and 100 μg/mL streptomycin at 37 °C with 5% CO2.

Tregs differentiation

The whole blood CD4 microbeads (Miltenyi, Germany) 
were used to isolate CD4+ T cells following the manu-
facturer’s protocol. After isolation, CD4+ T purity was 
> 95%. For Tregs differentiation, the CD4+ T cells at 
the concentration of 7 × 105  cells/mL were cocultured 
with anti-CD3/CD28 beads (Invitrogen, USA) for 36 h. 
Then, rhIL-2 and TGF-β administration was performed 
for another 4 days in RPMI 1640 medium. The medium 
was supplied with 10% fetal calf serum, sodium pyruvate, 
l-glutamine, 100 IU/mL penicillin and 100 μg/mL strep-
tomycin at 37 °C with 5% CO2.

RNA isolation and qRT‑PCR

The RNAs were isolated from PBMCs, CD4+ T cell and 
Tregs using TRIzol reagent. Then, we performed reverse 
transcription for cDNA synthesis using ReverTra Ace-α kit 
following the manufacturer’s protocol. SYBR-Green mix 
was used to amplify gene expression. 2−ΔΔCt method was 
used to detect relative expression levels. U6 and GAPDH 
were the controls of microRNAs and MATN2, respectively. 
The sequences of the primers for MANT2 were sense 
5′-AGA​CAC​TGG​ATT​GCT​TGA​C-3′ and antisense 5′-ACA​
CCG​TGG​AAC​ACT​ACA​-3′. The sequences of the primers 
for GAPDH were sense 5′-CCC​CTT​CAT​TGA​CCT​CAA​
CT-3′ and antisense 5′-ATG​ACC​TTG​CCC​ACA​GCC​TT-3′. 
miRNAs relative expression was analyzed by quantifying 
the miRNAs stem-loop. The sequences of the primers for 
U6 were sense 5′-GCT​TCG​GCA​GCA​CAT​ATA​CTA​AAA​
T-3′, antisense 5′- CGC​TTC​ACG​AAT​TTG​CGT​GTCAT 
-3′ and reverse transcription primer was 5′-CGC​TTC​ACG​
AAT​TTG​CGT​GTCAT-3′. The sequences of the primers 
for miR202-5p were sense 5′-TCG​GCA​GGT​TCC​TAT​GCA​
TAT-3′, antisense 5′-CTC​AAC​TGG​TGT​CGT​GGA​-3′ and 
reverse transcription primer was 5′-CTC​AAC​TGG​TGT​CGT​
GGA​GTC​GGC​AAT​TCA​GTT​GAG​C CAA​AGA​AC-3′.

Western blot

Primary extracts from CD4+ T cells or Tregs were sep-
arated with 10% SDS–polyacrylamide gels. Then, the 
proteins were transferred to ECLTM membranes. The 
membranes were blocked using 5% milk, followed by incu-
bation with primary anti-MATN2 (Abcam, USA) or anti-
β-actin (Abcam, USA) antibodies at the concentration of 
1:1000 dilution. Horseradish peroxidase-conjugated sec-
ondary antibodies (Cell Signaling Technology, USA) were 
added to develop signals using the ECL system (GE, UK).
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ELISA

The concentrations of IL-4, IL-17, IFN-γ, IL-10, and TGF-β 
were detected by the commercial ELISA kits (R&D Sys-
tems, Minneapolis, MN) according to the manufacturer’s 
protocol.

Flow cytometry

Flow cytometry was used to detect the percentage of Tregs 
in CD4+ T cells. A total of 1 × 106 cells were first stained 
with surface markers. Then, intracellular staining was per-
formed on the cells using the Regulatory T Cell Staining Kit 
(eBioscience, San Diego, CA, USA) following the manufac-
turer’s instructions. Flow cytometry was performed using 
the BD Fortessa (BD Bioscience, Franklin Lakes, NJ).

T‑cell suppression assays

CD4+CD25− T cells were also purified from PBMCs and 
labeled with 10 mM carboxyfluorescein succinimidyl ester 
(CFSE) (Life Technologies, Pleasanton, CA). Tregs treated 
by different mimics or inhibitors were cultured with CFSE-
labeled CD4+CD25− T cells with a 1:1 ratio for 4 days. 
Flow cytometry was performed to confirm the proliferation 
of CD4+CD25− T cells.

Statistical analysis

All data presented in this study as a mean ± standard devia-
tion (SD). Data were analyzed using the Student’s t test 
or one-way ANOVA analysis. Experiments were repeated 
in triplicate. p < 0.05 was considered to be statistically 
significant.

Results

MiR‑202‑5p expression increased in AR patients

To explore the effect of miR-202-5p in AR, we first detected 
the mRNA expression level of miR-202-5p in isolated 
PBMCs, CD4+ T cells and Tregs from the peripheral blood 
of 30 AR patients (AR) and ten healthy volunteers (control), 
respectively. As shown in Fig. 1a, miR-202-5p expression 
level was much higher in AR patients than healthy control. 
Moreover, in isolated CD4 T cells from both groups, the 
miR-202-5p level significantly increased in AR group when 
compared with control group (Fig. 1b). Similarly, the miR-
202-5p level in Tregs from peripheral blood of the AR group 
dramatically increased (Fig. 1c). These results demonstrated 
the association of miR-202-5p and AR and the potential role 
of miR-202-5p in Tregs.

MiR‑202‑5p inhibited Tregs differentiation in vitro

We next further detected the role of miR-202-5p in Tregs 
differentiation. Tregs proportion significantly decreased 
after miR-202-5p treatment, while dramatically increased 
after adding miR-202-5p inhibitor (Fig. 2a) compared with 
the negative control (miR-NC), suggesting that miR-202-5p 
inhibited Tregs differentiation.

The effect of miR-202-5p on Tregs-associated cytokines 
was further investigated. The concentrations of IL-4 and IL-
17A were significantly increased after miR-202-5p treatment 
and decreased after miR-202-5p inhibitor administration 
compared with miR-NC (Fig. 2c, e). In contrast, some other 
related cytokines such as IFN-γ, IL-10, and TGF-β1 obvi-
ously decreased upon the miR-202-5p treatment, while it 
increased after miR-202-5p inhibitor administration (Fig. 2b, 
d, f). The results from cytokines suggested that miR-202-5p 
impacted the immune imbalance.

Fig. 1   Highly expressed miR-202-5p in peripheral blood mononu-
clear cells (PBMCs), CD4+ T cells and Tregs cells from AR patients. 
a MiR-202-5p expression in PBMCs from 30 AR patients and 10 
healthy controls were measured by qRT-PCR. Whisker plots (min. to 
the max.). b, c qRT-PCR analysis of the relative expression of miR-

202-5p in CD4+ T cells and Tregs cells from AR patients or healthy 
controls. The data represent the mean ± SD. Experiments were 
repeated in triplicate; **p < 0.01, compared to the PHA-stimulated 
PBMC vehicle group healthy controls (ctrl group)
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The target of miR-202-5p was further investigated. As 
shown in Fig. 2g, MATN2 protein level in miR-202-5p 
mimic transfected CD4+ T cells dramatically decreased, 
while it increased in miR-202-5p inhibitor transfected 
CD4+ T cells, suggesting that MATN2 is the functional 
target of miR-202-5p.

MATN2 expression decreased in AR patients

Given the crucial role of miR-202-5p in AR and MATN2 
being the functional target of miR-202-5p, we next 
detected the expression levels of MATN2 in AR patients. 
As shown in Fig. 3a, MATN2 mRNA expression level 
significantly decreased in PBMC of AR patients when 
compared with control healthy volunteers. In CD4+ T 
cells from AR patients, the mRNA and protein levels of 

Fig. 2   MiR-202-5p impacted 
the immune imbalance and 
promoted the differentiation of 
Treg cells in vitro. a The addi-
tion of miR-202-5p upregulated 
the proportion of Treg cells 
in CD4+ subsets compared to 
the PHA-stimulated PBMC 
group (vehicle group), while 
the inhibitor of miR-202-5p 
was in contrast. b–f The addi-
tion of miR-202-5p led to the 
upregulation of IL-4 and IL-17 
levels and the downregulation 
of IFN-γ, IL-10, and TGF-β1 
levels, while the inhibitor of 
miR-202-5p was in contrast. g 
The expression of MATN2 in 
the sorted CD4+ T cells trans-
fected with miR-202-5p mimics 
or miR-202-5p inhibitors was 
detected by Western blot. The 
data represent the mean ± SD. 
Experiments were repeated in 
triplicate; **p < 0.01, compared 
to the PHA-stimulated PBMC 
vehicle group (vehicle group)

Fig. 3   Lowly expressed 
MATN2 in peripheral blood 
mononuclear cells (PBMCs), 
CD4+ T cells and Tregs cells 
from AR patients. a MATN2 
expression in PBMCs from 
30 AR patients and 10 healthy 
controls were measured by 
qRT-PCR. Whisker plots (min. 
to max.). b, c qRT-PCR and 
Western blot analysis of the 
relative expression of MATN2 
in CD4+ T cells and Tregs cells 
from AR patients or healthy 
controls. The data represent 
the mean ± SD. Experiments 
were repeated in triplicate; 
**p < 0.01, compared to the 
PHA-stimulated PBMC vehicle 
group (vehicle group)
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MATN2 were much lower than that in control groups 
(Fig. 3b). Moreover, MATN2 mRNA and protein levels 
in Tregs from AR patients were much lower than that in 
healthy control (Fig. 3c). All the results demonstrated 
that MATN2 expression levels decreased in AR patients.

MATN2 promoted Tregs differentiation in vitro

To further explore the effect of MATN2 in AR and Tregs 
differentiation, we first added MATN2 in CD4+ T cells 
in  vitro. As shown in Fig.  4a, MATN2 dramatically 
enhanced Tregs percentage in CD4+ T cells which is 
opposite to the effect of miR-202-5p. However, addi-
tional miR-202-5p administration (MATN2 + 202) based 
on MATN2 significantly suppressed Tregs differentia-
tion in vitro. MATN2 dramatically inhibited the con-
centrations of IL-4 and IL-17A, while it enhanced the 
concentrations of IFN-γ, IL-10, and TGF-β1, which is 
opposite to the role of miR-202-5p. In addition, additional 
miR-202-5p administration (MATN2 + 202) significantly 
attenuated the miR-202-5p effect in Tregs-associated 
cytokines production (Fig.  4b–f). These data demon-
strated that MATN2 impacted the immune imbalance and 
promoted the differentiation of Treg cells in vitro.

MiR‑202‑5p/MATN2 regulated Tregs proliferation 
and function

To further investigate the effect of miR-202-5p/MATN2 in 
Tregs, we isolated Tregs from human PBMCs and treated 
them with PHA (vehicle), miR-NC, miR-202-5p, miR-
202-5p inhibitor, MATN2, and MATN2+ miR-202-5p. 
As shown in Fig. 5a, miR-202-5p inhibitor, and MATN2 
significantly enhanced Tregs proliferation. However, addi-
tional miR-202-5p administration (MATN2 + 202) obviously 
inhibited proliferating Tregs. The mRNA expression levels 
of IL-10 and TGF-β1 were inhibited by miR-202-5p, while 
they were enhanced by miR-202-5p inhibitor and MATN2. 
Additional miR-202-5p treatment based on MATN2 
(MATN2 + 202) inhibited IL-10 and TGF-β1 mRNA levels 
(Fig. 5b, c). Similarly, MATN2 + 202 attenuated the promot-
ing role of miR-202-5p inhibitor or MATN2 on the suppres-
sion function of Tregs (Fig. 5d). These data demonstrated 
that MiR-202-5p/MATN2 seems to be involved in the regu-
lation of Tregs proliferation and function.

Discussion

The present study indicated that the highly expressed 
miR-202-5p in PBMCs, CD4+ T cells and Tregs from AR 
patients regulates the differentiation and function of Tregs 

Fig. 4   MATN2 impacted the immune imbalance and promoted 
the differentiation of Treg cells in  vitro. a The addition of MATN2 
upregulated the proportion of Treg cells in CD4+ subsets, while the 
addition of miR-202-5p weakened the effect of MATN2. b–f The 
addition of MATN2 led to the downregulation of IL-4 and IL-17 lev-
els and the upregulation of IFN-γ, IL-10, and TGF-β1 levels, while 

the addition of miR-202-5p weakened the effect of MATN2. The 
data represent the mean ± SD. Experiments were repeated in tripli-
cate; **p < 0.01, compared to the PHA-stimulated PBMC vehicle 
group (vehicle group), a, p < 0.01 compared to the MATN2 group; b, 
p < 0.05 compared to the miR-202-5p group
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via targeting MATN2, which is consistent with our previ-
ous study. Moreover, the concentrations of Tregs-related 
cytokines altered after miR-202-5p or miR-202-5p inhibi-
tor treatment.

MicroRNAs are small non-coding RNAs with a length of 
about 23 nt [13]. The main role of microRNAs is to regulate 
mRNA expression levels of target genes through directing 
the degradation or modulating transcriptional repression 
of target mRNA [14]. Therefore, microRNAs play crucial 
roles in various biological processes [15]. In the occurrence 
and formation of osteosarcoma, miR-202-5p was indicated 
to be suppressed in osteosarcoma tissue and osteosarcoma 
cell lines. MiR-202-5p overexpression inhibited cell migra-
tion and cell invasion of osteosarcoma. Mechanically, 
miR-202-5p directly targeted rho-associated coiled-coil-
containing protein kinase 1 expression and suppressed its 
expression levels [16], indicating the potential role of miR-
202-5p in osteosarcoma treatment. In colorectal carcinoma 
(CRC) tissues, miR-202-5p expression levels dramatically 
decreased. The overexpression of miR-202-5p suppressed 
the growth and metastasis of CRC cells. SWI/SNF-related, 
matrix-associated, actin-dependent regulator of chromatin 

subfamily c member 1 (SMARCC1) serves as the functional 
target of miR-202-5p in CRC, which is evidenced by lucif-
erase reporter assay. Moreover, SMARCC1 overexpression 
could rescue the inhibiting effect of miR-202-5p in colo-
rectal carcinoma progression [17]. There are more studies 
about the effect of miR-202-5p in cancer development [18]. 
However, the role of miR-202-5p in AR is poorly explored. 
Our previous study demonstrated that miR-202-5p expres-
sion level in AR mucosal tissues is much higher than in 
healthy controls. MiR-202-5p promoted M2 polarization in 
AR through targeting MATN [12]. In this present study, we 
further detected the role of miR-202-5p on Tregs in AR. 
Consistently, miR-202-5p expression in AR significantly 
increased when compared with healthy control. MiR-202-5p 
suppressed Tregs percentage in CD4+ T cells and inhib-
ited the concentrations of Tregs-associated cytokines such 
as IFN-γ, IL-10, and TGF-β1, while it enhanced IL-4 and 
IL-17 levels. As expected, miR-202-5p inhibitor showed the 
opposite effect of the cytokine levels.

The biological function of MATN2 was found to be 
crucial for promoting Schwann cell migration, neurite out-
growth, skin wound healing and skeletal muscle regeneration 

Fig. 5   miR-202-5p/MATN2 regulated Tregs proliferation and func-
tion in Tregs. a The proliferation of Tregs after treated by PHA 
(vehicle), miR-NC, miR-202-5p, miR-202-5p inhibitor, MATN2, 
and MATN2+ miR-202-5p. b–c The mRNA expression of IL-10 
and TGF-β1 by Tregs after treated by PHA (vehicle), miR-NC, 
miR-202-5p, miR-202-5p inhibitor, MATN2, and MATN2+ miR-
202-5p. d The suppression function of Tregs after treated by PHA 
(vehicle), miR-NC, miR-202-5p, miR-202-5p inhibitor, MATN2, 

and MATN2+ miR-202-5p. The suppression percentages of 
CD4+CD25− T cells proliferation by Tregs in each culture system 
were determined as 100 − (the percent divide in coculture/the per-
cent divide in CD4+CD25− T cells alone) × 100%. The data represent 
the mean ± SD. Experiments were repeated in triplicate; *p < 0.05 
and **p < 0.01, compared to the PHA-stimulated PBMC vehicle 
group (vehicle group), a, p < 0.01 compared to the MATN2 group; b, 
p < 0.05 compared to the miR-202-5p group
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[19]. In an autoimmune encephalomyelitis mouse model, 
MATN2 deficiency led to reduced axon damage and disease 
severity. Moreover, the MATN2-induced pro-inflammatory 
response was eliminated in Myd88 knock-out mice, indi-
cating the important role of MATN2 in neuroaxonal injury 
response [20]. However, no study reported the effect of 
MATN2 in AR before our group. The previous study from 
our group [12] and this study demonstrated that MATN2 
expression levels decreased in PBMCs, CD4+ T cells and 
Tregs of AR patients. MATN2 was the functional target 
of miR-202-5p, which inhibited MATN2 expression in 
sorted CD4+ T cells. MATN2 administration dramatically 
enhanced Tregs percentage in CD4+ T cells and the concen-
trations of Tregs-associated cytokines. Moreover, MATN2 
attenuated the inhibiting role of miR-202-5p in Tregs pro-
liferation and function.

It is important to note the limitations of this study. First, 
all data were from an in vitro study. The mouse model of AR 
should be used to further mimic the AR progress and detect 
the biological role of miR-202-5p/MATN2 in AR develop-
ment. Second, PBMCs, CD4+ T cells and Tregs all were 
isolated from the whole blood of AR patients and healthy 
controls, while non-mucosal tissues were collected to verify 
the conclusions of this study.

In summary, we explored the biological role of miR-
202-5p/MATN2 in Tregs differentiation and function in AR. 
We provided evidence that miR-202-5p expression dramati-
cally elevated in PBMCs, CD4+ T cells and Tregs of AR 
patients. In vitro, miR-202-5p promoted Tregs differentia-
tion via targeting MATN2. MiR-202-5p/MATN2 axis medi-
ated Tregs proliferation and function.

Thus, MiR-202-5p/MATN2 are associated with regula-
tory T-cells differentiation and function in allergic rhinitis.

Acknowledgements  None.

Funding  The study was supported by the National Natural Science 
Foundation of China (81670907).

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Research involving human participants and/or animals  The procedures 
were approved by the human ethics committee of Yuhuangding Hospi-
tal (#YHDH1305LC148).

Informed consent  Informed consent has been derived from each par-
ticipant.

References

	 1.	 Kakli HA, Riley TD. Allergic rhinitis. Prim Care. 2016;43:465–75.

	 2.	 Galli SJ, Tsai M, Piliponsky AM. The development of allergic 
inflammation. Nature. 2008;454:445–54.

	 3.	 Shao YY, Zhou YM, Hu M, Li JZ, Chen CJ, Wang YJ, Shi XY, 
Wang WJ, Zhang TT. The anti-allergic rhinitis effect of traditional 
Chinese medicine of Shenqi by regulating mast cell degranulation 
and Th1/Th2 cytokine balance. Molecules. 2017;22:504.

	 4.	 Kim MB, Kim JH, Lee KH, Hong SC, Lee HS, Kang JW. The 
association between the parenting stress of the mother and the 
incidence of allergic rhinitis in their children. Int J Pediatr Otorhi-
nolaryngol. 2017;101:37–40.

	 5.	 Meltzer EO, Blaiss MS, Derebery MJ, Mahr TA, Gordon BR, 
Sheth KK, Simmons AL, Wingertzahn MA, Boyle JM. Burden 
of allergic rhinitis: results from the pediatric allergies in America 
survey. J Allergy Clin Immunol. 2009;124:S43–70.

	 6.	 Vignali DA, Collison LW, Workman CJ. How regulatory T cells 
work. Nat Rev Immunol. 2008;8:523–32.

	 7.	 Ohkura N, Kitagawa Y, Sakaguchi S. Development and mainte-
nance of regulatory T cells. Immunity. 2013;38:414–23.

	 8.	 Lewkowich IP, Herman NS, Schleifer KW, Dance MP, Chen BL, 
Dienger KM, Sproles AA, Shah JS, Kohl J, Belkaid Y, Wills-Karp 
M. CD4+ CD25+ T cells protect against experimentally induced 
asthma and alter pulmonary dendritic cell phenotype and function. 
J Exp Med. 2005;202:1549–61.

	 9.	 Kearley J, Barker JE, Robinson DS, Lloyd CM. Resolution of 
airway inflammation and hyperreactivity after in vivo transfer of 
CD4+ CD25+ regulatory T cells is interleukin 10 dependent. J 
Exp Med. 2005;202:1539–47.

	10.	 Martin-Orozco E, Norte-Munoz M, Martinez-Garcia J. Regulatory 
T cells in allergy and asthma. Front Pediatr. 2017;5:117.

	11.	 Saad K, Zahran AM, Elsayh KI, Abdelmoghny A, Aboul-Khair 
MD. Variation of regulatory T lymphocytes in the peripheral 
blood of children with allergic rhinitis. Arch Immunol Ther Exp 
(Warsz). 2018;66:307–13.

	12.	 Wang L, Liu X, Song X, Dong L, Liu D. MiR-202-5p promotes 
M2 polarization in allergic rhinitis by targeting MATN2. Int Arch 
Allergy Immunol. 2019;178:119–27.

	13.	 Macfarlane LA, Murphy PR. MicroRNA: biogenesis, function and 
role in cancer. Curr Genomics. 2010;11:537–61.

	14.	 Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and 
function. Cell. 2004;116:281–97.

	15.	 Wahid F, Shehzad A, Khan T, Kim YY. MicroRNAs: synthesis, 
mechanism, function, and recent clinical trials. Biochim Biophys 
Acta. 2010;1803:1231–43.

	16.	 Li C, Ma D, Yang J, Lin X, Chen B. MiR-202-5p inhibits the 
migration and invasion of osteosarcoma cells by targeting 
ROCK1. Oncol Lett. 2018;16:829–34.

	17.	 Ke SB, Qiu H, Chen JM, Shi W, Chen YS. MicroRNA-202-5p 
functions as a tumor suppressor in colorectal carcinoma by 
directly targeting SMARCC1. Gene. 2018;676:329–35.

	18.	 He H, Yang H, Liu D, Pei R. LncRNA NORAD promotes thy-
roid carcinoma progression through targeting miR-202-5p. Am J 
Transl Res. 2019;11:290–9.

	19.	 Korpos E, Deak F, Kiss I. Matrilin-2, an extracellular adaptor 
protein, is needed for the regeneration of muscle, nerve and other 
tissues. Neural Regen Res. 2015;10:866–9.

	20.	 Jonas A, Thiem S, Kuhlmann T, Wagener R, Aszodi A, Nowell C, 
Hagemeier K, Laverick L, Perreau V, Jokubaitis V, Emery B, Kil-
patrick T, Butzkueven H, Gresle M. Axonally derived matrilin-2 
induces proinflammatory responses that exacerbate autoimmune 
neuroinflammation. J Clin Invest. 2014;124:5042–56.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	MiR-202-5pMATN2 are associated with regulatory T-cells differentiation and function in allergic rhinitis
	Abstract
	Introduction
	Methods
	Patients
	MiR-202-5p mimics, miR-202-5p inhibitors and MATN2 transfection
	Tregs purification and culture
	Tregs differentiation
	RNA isolation and qRT-PCR
	Western blot
	ELISA
	Flow cytometry
	T-cell suppression assays
	Statistical analysis

	Results
	MiR-202-5p expression increased in AR patients
	MiR-202-5p inhibited Tregs differentiation in vitro
	MATN2 expression decreased in AR patients
	MATN2 promoted Tregs differentiation in vitro
	MiR-202-5pMATN2 regulated Tregs proliferation and function

	Discussion
	Acknowledgements 
	References




