MicroRNA-150-5P regulates Th1/Th2 cytokines expression
levels by targeting EGR2 in allergic rhinitis*
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Background: MiR-150-5p is one of the miRNAs in the expression profile of miRNAs, and in many previous studies, it has been

shown that miR-150-5p may play an important role in peripheral blood dendritic cells (DCs) of allergic rhinitis (AR) patients. We

sought to investigate the role and mechanism of miR-150-5p in regulating DC function by modulating EGR2 and influencing T cell

derivation to promote AR development.

Methods: The expression of miR-150-5p and EGR2 in AR patients was examined by real-time quantitative polymerase chain reac-

tion (qRT-PCR), the expression of IL-4 cytokines in the supernatant of AR patients was tested by enzyme-linked immunosorbent

assay (ELISA), and the expression of eosinophils in the supernatant of AR patients was measured by HE staining. The expression of

EGR2 was detected by immunohistochemistry and fluorescent m-immunohistochemistry.

Results: MiR-150-5p expression was up-regulated and EGR2 expression was down-regulated in peripheral blood DCs from AR pa-

tients. miR-150-5p upregulated DCs, which promoted T-cell differentiation. miR-150-5p further regulated EGR2, which suppressed

DCs and caused alteration of T-cell differentiation, in turn triggering the occurrence of AR.

Conclusion: MiR-150-5p and its target gene EGR2 are involved in the development of AR, and DCs foster T-cell differentiation in

peripheral blood of AR patients.
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Introduction

Allergic rhinitis (AR) is one of the diseases of the immune system
and is a common allergic disease characterised by paroxysmal
sneezing, runny nose, nasal congestion and nasal itching in
susceptible individuals when exposed to inhalant allergens such
as pollen, moulds and dust mites. It is mainly mediated by IgE
antibodies, predominantly Th2, involving mast cells and dendri-
tic cells and other related cells ™. AR currently affects 10-30% of
the world's population @, with a prevalence of 10-40% in China
©®), and the incidence is increasing year on year as the population
lives under stress and environmental pollution. It is not only a
health hazard, but also a major weighted risk factor for several
diseases such as asthma. The conventional pharmacological

or surgical treatment of AR is difficult to treat ®. Consequently,
there is an impending need to find new therapeutic targets for

the prevention and therapy of AR.

MicroRNAs (miRNAs) can influence inflammation by regulating
the proliferation, differentiation and activation of dendritic cells
(DCs) ©. miRNAs are a group of endogenous non-coding RNAs
that regulate gene expression and are small, highly conserved
18-24 nucleotide non-coding RNAs that repress target genes at
the post-transcriptional level by degrading mRNA ©. It has been
shown that miR-150-5p is a key regulator of T-cell activation

in severe aplastic anaemia . We previously investigated the
miRNA expression profile of mature mDCs in CRS, including miR-
150-5p, which was confirmed by quantitative real-time polyme-
rase chain reaction (qRT-PCR), and as well as demonstrated that
miR-150 expression is increased in AR patients @. It is, however,
unclear how miR-150-5p regulates DCs in allergic diseases,
particularly in AR. Consequently, we predicted the target genes



of miR-150-5p.

Early growth response proteins (EGR) are among the members
of the immediate early response factor (IEX) family of transcrip-
tion factors, which are predominantly involved in the regulation
of cell growth, proliferation, differentiation and apoptosis ©. The
major family members are EGR1, EGR2, EGR3 and EGR4, all of
which share a common Cys2His2 zinc finger structural domain
that binds to DNA. This construct binds to GCG G/T GGG CG
sequences in the promoter regions of other genes and hence
exerts its regulatory role at the transcriptional level. There are no
directly relevant literature reports on the role of EGR2 in allergic
rhinitis. It has been found that early growth response 2 (EGR2) is
upregulated during positive selection of T cells "%; in addition,

it is also expressed during the developmental stages of other
lymphocytes and plays a mobile but equally important role in
the development of B cells and natural killer T cells (NKT) ",
Furthermore, EGR2 governs IL-17 expression and Th17 differen-
tiation over negative regulation of Batf "?. However, the role of
EGR2 in AR is unclear.

DCs are bone marrow-derived cells that are spawned by lymp-
ho-myelopoiesis and are among the most powerful pathogen-
presenting cells in the respiratory airways . In our preliminary
study, we have analysed and studied multilayered cells in detail.
Mature DCs move to sub-lymphatic organs and innitiate the di-
vision of T cells. Activation by the pathogen on DCs induces the
production of pro-inflammatory cytokines, which activate and
induce the differentiation of naieve T cells into cells such as Th1,
Th2 and Th17 types. Recent work has demonstrated that DCs

in the nasal mucosa of AR patients are through their ability to
influence T cell differentiation and polarisation, suggesting that
DCs play a crucial role in the development and persistence of
inflammation in AR patients 9. Therefore, we hypothesize that
miR-150-5p may regulate the allergenic properties of DCs by tar-
geting EGR2, affecting DCs to induce T cell polarisation, which in
turn leads to the development of AR. This research investigated
the role of miR-150-5p in enhancing the development of AR and
its possible mechanisms. EGR2 as the target gene of miR-150-5p
was used as the main line of research, and the regulation of miR-
150-5p in DCs was used as the entry point. The aim of this study
was to evaluate the clinical question of the potential of miR-150-
5p as a predictor of AR. In addition, through the regulation of
DCs by EGR2, we aimed to investigate the regulatory role of miR-
150-5p mediating the functional effects of EGR2 on DCs and T
cells in the pathogenesis of AR and to clarify the role of miR-150-
5p in the pathogenesis of AR. This study has important clinical
value by establishing a control strategy for AR and provides a
new target for the treatment of AR.

Materials and methods
Patients and specimens
A total of 30 individual patients were recruited for this research
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between August 2021 and December 2022. All patients were
declared on the grounds of medical history, nasal endoscopy,
and allergen intradermal test. According to the diagnostic crite-
ria of the 2022 Chinese Guidelines for the Treatment of Allergic
Rhinitis, the named attendees were divided into an AR group (20
patients: 10 males and 10 females) and a healthy control group
(10 patients: 6 males and 4 females). The exclusion of the AR and
healthy control groups were as listed below: 1) systemic use of
glucocorticoids, anti-tissue inflammatory drugs, leukotrienes,
and non-steroidal anti-inflammatory drugs during the 1 month
period prior to the operation; 2) smoking or history of smoking
>10 packs/year in the last year; 3) combined diseases such as
chronic sinusitis, posterior nasal polyps, fungal sinusitis, inflam-
matory or cystic fibrosis diagnosis; 4) exposure to immunothe-
rapy against any allergen, such as current desensitisation or after
treatment; 5) allergic reaction to any medication performed
within the last 2 weeks; 6) being pregnant. An intraoperative
specimen of nasal mucosa was taken from a section of the inferi-
or middle turbinate. Based on the examination results, the study
subjects were separated into two groups: Normal Control and
Allergic Rhinitis. Written informed consent was obtained from all
subjects and the study was approved by the Ethics Committee
of the Third Affiliated Hospital of Zunyi Medical University.

Quantificational real-time polymerase chain reaction (qRT-
PCR)

Before extraction of RNA, nasal mucosa specimens from patients
were obtained and stored frozen in a minus 80° refrigerator.
Total RNA was recovered from each patient's sample after the
Trizol reagent was withdrawn from the freezer and equilibrated
to room temperature according to the reagent manufacturer's
instructions. OD260/0D280 data for RNA density were read to
determine the mass and concentration of total RNA, which read
between 1.8 and 2.2 to fulfill experimental requirements. Using
the extracted total RNA as a template, complementary DNA
(cDNA) was synthesised using the reverse Scription kit accor-
ding to the manufacturer's instructions. EGR2 was used as the
homologous reference gene for miR-150-5P, and glyceraldehyde
dehydrogenase 3 phosphate (GAPDH) was used as the exoge-
nous reference gene for the other genes. The relative expression
of each gene was calculated using the 2722Tmethod.

Enzyme-linked immunosorbent assay (ELASA)

Because IL-4 is the predominant cytokine in Th2 cells, it also
drives the production of other pro-allergic cytokines (e.g., IL-13
and IL-2) by Th5 cells in allergic diseases. IL-4 also promotes the
development of mDCs and participates in the migration of Th2
cells and eosinophils to sites of inflammation. In addition, IL-4
activates B cells to synthesise IgE and induces proliferation of
cup cells, triggering airway hyperresponsiveness and mucus
hypersecretion. The supernatant was taken at room temperature
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Figure 1.L-4 expression in the normal control and AR patient groups.
Control: normal group; AR: allergic rhinitis group. ***P < 0.001.N = 20 in
AR group, N = 10 in control group.

and then centrifuged at 4°C x 15009 for 10min. The ELISA kit was
used to the quantification of cytokines, such as IL-4, in the serum
according to the manufacturer's structure. Results are expressed
as repeat sequences in pg/ml.

Histological analysis

The middle turbinates of human samples were excised and
immediately frozen in 4% paraformaldehyde for 24-48 hours.
Tissue samples were dehydrated in a graded series of ethanol
and embedded in paraffin. A 4-um thick section of nasal mucosa
tissue was cut and stained with haematoxylin and eosin (H&E)
for histopathological examination.

Nasal mucosal tissue immunohistochemistry (IHC) and im-
munofluorescence (IF)

Nasal mucosal tissue samples were paraffin embedded, fixed
and sectioned as previously described. After antigen repair

by microwave using sodium citrate (pH 6.0) followed by the
addition of an appropriate amount of endogenous peroxidase
blocker, the sections were then closed with goat serum for 1 hr
at 37°C and the samples were incubated with primary antibody
(EGR2) for 1 hr at 37°C or overnight at 2-8°C. The enzyme-label-
led monoclonal antibody mouse/rabbit IgG polymer was then
added dropwise and incubated for 20 minutes at room tempera-
ture. Sections were re-stained with hematoxylin using diamino-
benzidine (DAB) as a chromogenic agent. For immunofluores-
cence, fluorescent secondary antibodies diluted in 1% BSA were
used and incubated for 1 hour at 37°C in a wet box protected
from light. Sections were then sealed with an anti-fluorescence
quencher containing DAPI (4,6-diamidino-2-phenylindole) and
photographed for microscopic observation. For female controls,
incubation was performed using PBS instead of the specific
primary antibody.

Control - AR

Figure 2. The extent of eosinophil infiltration in the normal control and
AR patient groups. Control: the normal group; AR: the allergic rhinitis
group. Representative images are shown for all groups. x40 magnifica-

tion.N =20 in AR group, N = 10 in control group.

Statistical analysis

All statistical analyses were performed by one-way ANOVA using
GraphPad Prism 8.0 software. values of P<0.05 indicate statisti-
cally significant differences (¥*P<0.05, **P<0.01, ***P<0.001). For
all charts, the mean = SEM is shown.

Results

IL-4 expression in normal control and AR patient groups

A previous study found that miR-150-5p, which is up-regulated
in expression, regulates DCs, which promote T cell proliferation
and differentiation. To elucidate the effect of EGR2 on T cells, we
measured the expression level of IL-4 in the peripheral blood of
control and AR patients by ELISA. The results showed that the
expression level of IL-4 in the AR group was higher than that in
the control group (Figure 1).

To observe the effect of pathological changes in the nasal
mucosa in the control and AR patient groups

Next, we explored the effect of miR-150-5p-mediated EGR2 on
pathological alterations in the nasal mucosa. The pathological
changes of the nasal mucosa from the control and AR groups
were analysed by using hematoxylin and eosin (H&E) staining
for histopathological examination. As shown in Figure 2, the
mucous membrane of the turbinate was swollen and eosinop-
hilic infiltration was evident in the AR group, while no mucous
membrane swelling or eosinophil infiltration was evident in the
control group. These results suggest that miR-150-5p-mediated
EGR2 may be involved in the process of immune cell infiltration
in the nasal mucosa of AR patients and provide a certain basis
for the subsequent immunohistochemical experiments.

miR-150-5p and EGR2 expression in the nasal mucosa of AR
patients

To examine whether miR-150-5P and EGR2 are implicated in AR,
we employed QRT-PCR to assay the manifestation of miR-150-5p
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Figure 3. Expression of miR-150-5p and EGR2 mRNA in the nasal mucosa
of AR patients and healthy controls. Expression of (A) miR-150-5P and (B)
EGR2 by RT-QPCR. Each symbol represents a separate individual. Data
are expressed as mean + SEM. **P<0.01. N = 20 in AR group, N=10in

control group.

and EGR2 in the nasal mucosa of clinical specimens. As shown in
Figure 3, The expression of miR-150-5p was significantly higher
in AR patients than in normal controls, while the expression of
EGR2 was significantly lower than in normal controls (P<0.01),
implying their possible engagement in the pathogenesis and
development of AR.

To elucidate the correlation between EGR2 expression levels
and the progression of AR disease

To further investigate the effect of miR-150-5p-mediated EGR2
on the pathogenesis of AR and the relationship between EGR2
and AR disease development, firstly, the expression level of
EGR2 in the AR group was found to be lower than that in the
control group by immunohistochemical staining (Figure 4);
secondly, it was further found by fluorescence immunohistoche-
mistry that EGR2 was localized in the cytoplasm, and the expres-
sion level of EGR2 in the AR group was also lower than that in
the control group (Figure 5). Finally, it is clear from the above
experiments that miR-150-5p mediates the negative regulation
of EGR2 and DCs in AR, which in turn affects T cell differentiation
and EGR2 expression levels negatively correlate with the deve-
lopment of AR disease.

Discussion

Our former work has demonstrated that MiR-150-5p is uplifted
in peripheral blood DCs from patients with CRS and that EGR2
down regulates this expression through DC-Th axis expression
07, In this study, we hypothesized that the development of AR
is associated with changes in the expression of miR-150-5p
and EGR2. We provide several lines of evidence to support our
findings that miR-150-5p and its identified target EGR2 play an
important role in the development of AR. First, we observed and
validated the fact that miR-150-5p expression is upregulated in
DCs from peripheral blood of AR patients, based on qRT-PCR,
and that miR-150-5p does not affect DC maturation. Secondly,
by ELISA, we identified the regulatory role of miR-150-5p in
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Figure 4. Immunohistochemical staining to detect EGR2 expression in
the control and AR groups. A) brownish yellow indicates the expression
level of EGR2; B) quantitative analysis of EGR2 expression level in the two
groups. Control: normal group; AR: allergic rhinitis group. *P < 0.05.N =

20in AR group, N = 10 in control group. Rulers: 200um.

DCs from AR patients and determined that EGR2 negatively
regulates miR-150-5p to regulate DC function and affect T cell
differentiation. Thirdly, in previous studies we have identified
EGR2 as a target gene of miR-150-5p by bioinformatics analysis,
Western blot analysis and luciferase reporter gene analysis.

We have observed that miR-150-5p expression is upregulated in
the peripheral blood of AR patients (Figure 3A). Consequently,
we hypothesized that AR development is associated with
miR-150-5p. There are many mechanisms regarding the deve-
lopment of AR. Previous studies have endeavoured to further
clarify the pathogenesis of AR. It has been shown that miRNAs
can be involved in and shape the inflammatory pattern of AR
patients "9; it has also been shown that miRNAs can act as major
post-transcriptional regulators in the control of most cellular
processes, and since a single miRNA can target multiple mRNAs,
often dysregulation of miRNA expression in the same pathway
may alter specific cellular responses and lead to the develop-
ment of various diseases "?. miR-150-5p is a primary modulator
of the evolution and polarization of various immune cells and

is widely engaged in coordinating inflammatory responses .
Thus, miR-150 is also involved in regulating the differentiation
and immune response of B cells, T cells and NK/iNKT cells @". DCs
are antigen-presenting cells and key players in the initiation and
regulation of the immune response ?2. miRNAs regulate the de-
velopment and function of DCs; miR-150 regulates the immune
inflammatory response of DCs.

Our study also found that the expression level of EGR2 was
lower in the AR group than in the control group (Figure 3B). As
shown in the figure, we found a negative regulatory role for
EGR2 with miR-150-5p in AR, which plays an important role in T
cell differentiation through regulation of DCs and induces naive
T cell polarisation through DCs. As upregulation of miR-150-

5p expression promotes the production of pro-inflammatory
cytokines (IL-6, IL-17, IL-18 and TNF-a) . Decreased cytokine
secretion by Th1 cells and increased cytokine secretion by Th2
cells are the main mechanisms leading to AR, and an imbalance
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Figure 5. Fluorescent immunohistochemical staining to detect EGR2 expression in the control and AR groups. Blue: nucleus; red: EGR2. Control: nor-

mal group; AR: allergic rhinitis group. N = 20 in AR group, N = 10 in control group. Rulers: 200um.

between helper T cells (Th17) and regulatory T cells (Treg) is also
involved in the pathogenesis of AR (24). Naive helper T cells can
differentiate into at least four major subpopulations, including
Th 1,Th 2, Treg and Th17, and they are involved in enhancing
the clearance of certain intracellular pathogens ®. DCs play a
key role in the control of helper T cell 2 (Th2) cell-dependent
disease 29, Our previous databases also suggest that EGR2 is a
target gene of miR-150-5p and may be involved in the develop-
ment of AR.

Our previous experiments have demonstrated that EGR2 is a
physiological target of miR-150-5p and that it reduces EGR2
expression levels at post-transcriptional levels in CRS patients
17, We therefore hypothesized that EGR2 expression may be
associated with allergic disease; EGR2 may negatively regulate
DC function by regulating miR-150-5p, which in turn affects T
cell function. We chose EGR2 as the target gene of miR-150-5p
because protein blotting experiments revealed changes in the
expression of EGR2, whereas the expression of other candidates
(ATP6V1H, ELOVL3 and TADA 1) was not altered. The above stu-
dies suggest that up-regulated miR-150-5p can down-regulate
EGR2 and further affect DC. Recent studies have found that
EGR2 can act as a biomarker and link T cell activation to delete-
rious immune inflammatory signals @ It is a highly protected
zinc finger transcription factor and is part of the multigene EGR
family, which plays a critical role in the regulation of monocyte/
macrophage destiny polarisation and proliferation 9.
Furthermore, our preliminary study predicted EGR2 to be a
specific target gene of miR-150-5p by bioinformatic analysis.

EGR2 promotes adaptive immune responses while controlling
inflammation and preventing the development of autoim-
mune diseases and is important for maintaining T-cell immune
function @, We investigated the biological effects and potential
mechanisms of miR-150-5p and EGR2 in AR by examining the
expression of miR-150-5p as well as EGR2 in AR patients. miR-
150-5p was upregulated in AR patients compared to levels in
controls (Figure 3A).

Our previous study by gene chip screening that EGR2 is ex-
pressed in AR, and the relationship that EGR2 is the target gene
of miR-150-5p has been verified by dual luciferase reporter gene
assay and protein blotting experiments. Meanwhile, IL-4 is the
predominant cytokine in Th2 cells and drives the production of
other pro-allergic cytokines (e.g., IL-13 and IL-2) by Th5 cells in
allergic diseases. IL-4 also promotes the development of mDCs
and is involved in the migration of Th2 cells and eosinophils to
sites of inflammation. In addition, IL-4 activates B cells to synthe-
sise IgE and induces proliferation of cup cells, triggering airway
hyperresponsiveness and mucus hypersecretion. Therefore, we
measured the expression levels of IL-4 in the peripheral blood
of patients in the control and AR groups by ELISA (Figure 1). The
results showed that the expression level of IL-4 in the AR group
was higher than that in the control group. From Figure 2, the
mucous membrane of the turbinate was swollen and eosinop-
hil infiltration was evident in the AR group, while no mucous
membrane swelling and eosinophil infiltration were evident in
the control group. These results may tentatively indicate that
miR-150-5p-mediated EGR2 promotes the infiltration of immune



cells in the nasal mucosa of AR patients. As shown in Figure 4A,
preliminary immunohistochemical staining revealed that EGR2
was expressed in both the AR and control groups, and further
quantitative analysis revealed that the expression level of EGR2
was lower than that of the control group (Figure 4B); in addition,
fluorescence immunohistochemistry revealed that EGR2 was lo-
calized in the cytoplasm, and the expression level of EGR2 in the
AR group was also lower than that of the control group (Figure
5). From the above experiments, it was initially clear that miR-
150-5p mediated the negative regulation of EGR2 with DCs in
AR, which in turn affected T cell differentiation and EGR2 expres-
sion levels negatively correlated with the development of AR
disease. This suggests that when the expression of miR-150-5p
is upregulated it will downregulate the expression level of EGR2,
which in turn affects the function of DCs, thus affecting the dif-
ferentiation of naive T cells to Th2 cells, leading to an imbalance
in the balance between Th1 and Th2, which in turn is involved in
the development of AR. EGR2 is essential for the preservation of
T cell homeostasis and its control of the development of autoim-
mune diseases .

At present, further clarification of the mechanisms regulating
the allergic response to AR is needed as the pathogenesis of

AR remains controversial; hence, extra studies are needed to
define the most appropriate targeted AR treatment strategies.
The following questions can be further addressed based on our
findings. Are there differentially expressed common and specific
miRNAs in the nasal sinus mucosa and peripheral blood of AR
patients, and can AR be prevented and treated by intervention
of differential miRNA expression in the DC-Th axis? Based on

the above discussion, our results suggest that miR-150-5p is
upregulated in DCs from AR patients and that this expression is
downregulated via the DC-Th axis via EGR2 expression, which
may provide a new treatment option for AR therapy.

MicroRNA-150-5P regulates dendritic cells in AR

Conclusion

The present study suggests that as miR-150-5p overexpression
significantly reduces the expression of EGR2, it may lead to the
influence of EGR2 on the differentiation of ThO cells to Th2 cells,
resulting in a Th1/Th2 imbalance, which may in turn lead to an
increase in the secretion of Th2 cytokines (e.g.IL-4, IL-5, IL-13,
etc.), which is involved in the development of AR. Our findings
provide potential new biomarkers and therapeutic targets for
the treatment of AR and point to potential directions for future
research. The main limitation of this study is that the function of
EGR2 in DCs is still unclear, and the role and impact of EGR2 in
the regulation of DCs needs to be further investigated.
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