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innate lymphoid cells in allergic rhinitis (AR) via miR-155/GATA3
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Abstract

Allergic rhinitis (AR) is a familiar respiratory allergic inflammatory disease with higher incidence. The pathogenesis of
AR is particularly complex. Therefore, a lot of work is acquired to excavate deep mechanisms, thereby providing effective
strategies for AR diagnose and treatment. AR mice model was induced by recombinant murine IL.-33 (0.05 pg/ul) on days
1, 3, and 5. The lentiviral vectors carrying si-circ_0067835, miR-155 mimic, si-NC or miR-NC were injected into AR mice.
Thus, mice were divided into control, AR, AR +si-NC, AR +si-circ_0067835, AR + si-circ_0067835 + miR-NC, and AR + si-
circ_0067835 4+ miR-155 mimic groups. qRT-PCR experiment was used to measure the expression of circ_0067835 and
miR-155. Behavioral test result was quantified to assess AR mice model. Hematoxylin and eosin (HE) staining was performed
to analyze histopathological changes. Helper T cell 2 (Th2) cytokines (IL-4, IL-5, IL-9 and IL-13) and percentage of type-2
innate lymphoid cells (ILC2s) in nasal mucosa tissues in AR mice model were evaluated needing western blot, ELISA, and
flow cytometry. Besides, the targeting relationship between circ_0067835 and miR-155, or between miR-155 and GATA3,
was investigated via luciferase report assay. Circ_0067835 expression levels were raised in the nasal mucosa tissues of AR
mice. Inhibiting circ_0067835 could reduce Type?2 cytokines and ILC2s levels in AR mice model. Furthermore, circ_0067835
targeted and positively regulated miR-155 expression, and GATA3 was a downstream target of miR-155 and adjusted by
circ_0067835/miR-155 axis. In addition, silencing circ_0067835 inhibited cytokines and ILC2s levels by down-regulating
miR-155. Circ_0067835 effectively inhibited AR response in ILC2s through participation of miR-155/GATA3 axis.
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Introduction

Allergic rhinitis (AR) is a common respiratory allergic
inflammatory disease with higher incidence in adults and
children [1, 2]. It affects approximately 40% of the world’s
population and is increasing annually [3]. The main clini-
cal symptoms of AR include nasal itching, sneezing, runny
watery nose, and nasal congestion [4]. Although AR can-
not directly harm the health of patients, the complications
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caused by AR, including asthma, rhinosinusitis, secretory
otitis media, and other upper and lower airway diseases,
bring great inconvenience to patients and lower their quality
of life [5]. AR is an allergen-activated inflammatory disease
of the nose mediated by immunoglobulin (Ig) E [6]. Cur-
rently, the treatment methods for AR include drug therapy
with slow research progress, the most effective immunother-
apy in clinical practice, and active and voluntary avoidance
of allergens [7]. Therefore, it is significantly important to
find out fast and effective treatment strategies of AR.

The activation of Helper T cell 2 (Th2) cells are con-
sidered as the most important mechanism involved in both
innate and adaptive AR [8]. Innate immune cells are a kind
of important body homeostasis regulation factors. As “mir-
ror” cells of innate immune, Group 2 innate lymphoid cells
(ILC2s) secreted a variety of Type2 factors involved in mul-
tiple of allergic inflammatory pathologic processes.
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Non-coding RNAs (ncRNAs) are a category of rich RNAs,
including circular RNA (circRNA), long ncRNA (IncRNA),
and microRNA (miRNA) [9]. NcRNAs are important regu-
latory factors of gene expression, which participate in noso-
genesis of human diseases [10]. For the last few years, it has
been found that different types of ncRNAs have different
function, but are correlated with each other. NcRNAs may
play a key role in the occurrence and development of allergic
diseases. Although researches regarding ncRNAs in AR have
been reported, these studies principally focused on IncRNA
and miRNA [11-13]. However, a body of recent evidence
has indicated that circRNAs are involved in AR [14]. In this
study, circ_0067835 was found to be abnormally expressed in
AR. CircRNAs function as a sponge of miRNA and bind with
miRNAs to inhibit effects of miRNAs. MiR-155 was observed
to be a downstream target of circ_0067835. Furthermore, our
preliminary work has verified that miR-155 expression and its
function in AR [15].

In this study, IL-33 treatment was utilized to establish
an AR mice model. We explored the functional effects and
mechanisms of circ_0067835 in ILC2s cells in AR. The
results illustrated that circ_0067835 expression was up-reg-
ulated, and circ_0067835 sharpened inflammatory response
through positively regulating miR-155.

Materials and methods
Mice and groups

Specific Pathogen-Free (SPF) female BALB/c mice pur-
chased from Hunan SJA Laboratory Animal Co. Ltd
(Hunan, China) were maintained in horizontal laminar
flow cabinets of the Second Affiliated Hospital of Nan-
chang University (Nanchang, China) and supplemented
with abundant and sterile food and water. After mice were
balanced, they were randomly assigned into six groups and
there was 6 mice in each group, including control (nor-
mal mice treated with saline), AR (AR mice treated with
saline), AR +si-NC (AR mice transfected with si-NC),
AR + si-circ_0067835 (AR mice transfected with si-
circ_0067835), AR + si-circ_0067835 + miR-NC (AR mice
transfected with si-circ_0067835 and miR-NC), and AR + si-
circ_0067835 + miR-155 mimic (AR mice transfected with
si-circ_0067835 and miR-155 mimic) groups. The animal
usage protocols were approved in advance by the Animal
Care and Use Committees of the Second Affiliated Hospital
of Nanchang University.

AR mice model
The mice were simulated by intranasal injection of saline (20

pL) containing IL-33 (1 pug) on days 1, 3, and 5 to establish
AR model [15].
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Cell culture and treatment

The control group of mice was subjected to ether anes-
thesia. The mice nasal epithelial cell (NEpC) was isolated
from the mice, digested by collagenase I at 37 °C for
10 h, and cultured in Dulbecco’s modified Eagle medium
(DMEM, Gibco, Grand Island, NY) containing 10% fetal
bovine serum (FBS, Gibco). NEpC cell was cultured in a
humidified incubator at 37 °C with a 5% CO, atmosphere.

Cell fractionation assay

Cytoplasmic and Nuclear RNA Purification Kit (Invitro-
gen, Carlsbad, CA, USA) was used for the collection of
cytoplasmic and nuclear RNA. Briefly, NEpC cells were
harvested and incubated with lysis solution for 10 min.
The supernatant was collected for cytoplasmic RNA and
the nuclear pellet was used for nuclear RNA extraction.
GAPDH was used as the cytoplasmic endogenous con-
trol. The U6 small nuclear RNA was used as the nuclear
endogenous control.

Preparation and administration of lentiviral vectors

Small interfering RNA (SiRNA) targeted circ_0067835
(si-circ_0067835) and miR-155 mimic were constructed
by GenePharma (Shanghai, China). The si-circ_0067835,
miR-155 mimic or their respective control (si-NC or miR-
NC) was intranasally injected into mice on days 6—12. The
samples carrying with lentiviral vectors were collected
after 24 h. The sequences of siRNAs and miRNAs were
listed as follows. si-circ_0067835-1: 5'-GTG ATA AAA
CTG GGA ATT AGT-3', si-circ_0067835-2: 5'-TGT GAT
AAA ACT GGG AAT TAG-3’, miR-155 mimic: sense:
5'-UUA AUG CUA AUU GUG AUA GGG GU-3', anti-
sense: 5'-CCC UAU CAC AAU UAG CAU UAA UU-3',
miR-NC: 5’-UCU ACU CUU UCU AGG UUG UGG-3".

Symptom score

30 min after the final challenge on day 5, a number of
behavioral experiments were performed on AR mice
according to previous research [16]. According to num-
ber of frequency of rubbing and sneezing, scores were
calculated as follows: 1—slightly wipes for several times
or sneezes less than three times; 2—repeatedly wipes or
sneezes more than three times and less than ten times; 3—
constantly wipes from nose to face or sneezes more than
ten times. AR model was recognized to be successful when
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scores were more than 5, and the rest were excluded from
further study. The behavioral experiments were performed
within 30 min on day 12.

Quantitative reverse transcription polymerase chain
reaction (qQRT-PCR)

The RNAs from normal control group and various experi-
mental groups were gained through TRIzol reagent (Inv-
itrogen) after mice were euthanized. The collected RNAs
could be reserved in the —80 °C environment for following
detection. The concentration of RNA was confirmed under
an ABI RISM7500 system (Applied Biosystems, Carlsbad,
CA, USA). The qRT-PCR process was implemented through
SYBR ExScript RT-qPCR Kit (Applied Biosystems, Foster
City, CA, USA) to determine gene expression status. U6 and
GAPDH were, respectively, defined as internal reference of
circRNA and miRNA, Endly, and data were analyzed adopt-
ing 2742 method.

Enzyme-linked immunosorbent assay (ELISA)

The blood from the orbital venous plexus of anesthetized
mice was gathered and placed at room temperature for
30 min, as well as centrifuge d at 2000 rpm/min for 10 min
at 4 °C to obtain upper layer of the serum. Type2 cytokines-
associated IL-4, IL-5, IL-9, and IL-13 concentration was
quantified through their respective ELISA kits (from R&D
Systems, Minneapolis, MN, USA), according to instruction
of the product.

Western blot

Protein samples were collected from nasal mucosal tissues
through RIPA lysis buffer, and every 60 pg protein extrac-
tion was separated on 12% sodium dodecyl sulphate—poly-
acrylamide gel electrophoresis (SDS-PAGE). After separa-
tion of proteins, they were transferred onto nitrocellulose
membranes. The membranes were blocked with 5% non-fat
milk diluted in Tris-Buffered Saline and Tween-20 (TBST,
Beyotime Biotech, Shanghai, China) at room temperature for
2 h and incubated with primary antibodies at 4 °C overnight,
including IL-4 (MM450C, Invitrogen, Thermo Fisher Sci-
entific, Waltham, MA, USA), IL-5 (MMS550D), IL-9 (MAS-
23,789), IL-13 (MA5-23,735), GATA3 (PA5-20,892), and
B-actin (MA5-15,452). Subsequently, redundant unbound
primary antibody was eluted using TBST. After eluting three
times, the membranes were incubated with matched sec-
ondary antibody (goat anti-rabbit, A16099, Invitrogen), and
then, they were again washed three times with TBST. The
positive protein signals on membranes were captured utiliz-
ing an enhanced chemiluminescence detection kit (Thermo
Fisher Scientific Inc.) and data analysis was conducted
applying Image J software (NIH, Bethesda, MD, USA).

Histological analyses

Mice were stimulated one last time and killed under con-
ditions of ease. The heads of mice were taken down and
immediately fixed in 4% paraformaldehyde (Sigma-Aldrich,
St. Louis, MO, USA) at 4 °C for 24 h. Then, acquired tissue
samples were dehydrated in a series of increasing concen-
trations of ethanol and finally embedded in paraffin. Nasal
mucosa tissues were cut into 4 pm thick sections and stained
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Fig. 1 circ_0067835 expression was detected in AR mice nasal
mucosa tissues. AR mice model was induced by recombinant murine
IL-33 (0.05 pg/ul) on days 1, 3, and 5. The lentiviral vectors carry-
ing si-circ_0067835 or si-NC were injected into AR mice. Thus,
mice were divided into Control, AR, AR+si-NC and AR +si-

circ_0067835 groups. a Relative expression of circ_0067835 and (b)
symptom scores were monitored exploiting qRT-PCR and behavioral
tests. Data shown represent mean + SD from three independent exper-
iments, n=6. ANOVA followed by Tukey’s test. ***P <(.001
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«Fig. 2 Inhibiting circ_0067835 expression had an influence in Type 2
cytokine levels in AR mice. AR was induced by recombinant murine
1L-33 (0.05 pg/ul) on days 1, 3, and 5. The lentiviral vectors carry-
ing si-circ_0067835 or si-NC were injected into AR mice. Thus, mice
were divided into control, AR, AR+ si-NC and AR +si-circ_0067835
groups. a qRT-PCR assay showed the effect of the siRNA transfec-
tion on si-circ_0067835 expression. b—c IL-4, IL-5, IL-9 and IL-13
protein expression, (d) IL-4, IL-5, IL-9 and IL-13 supernatant con-
centration and (e) ILC2s level were detected exploiting western blot,
ELISA and flow cytometry experiments. Data shown in A-B repre-
sent mean+SD from three independent experiments, n=3. Data
shown in B-E represent mean+SD from three independent experi-
ments, n=6. ANOVA followed by Tukey’s test. **P<0.01 and
%P <0.001

with hematoxylin and eosin (HE) for histopathological
examination.

Flow cytometry analysis for ILC2s

The collected nasal mucosal cell suspension was incu-
bated using following labeled antibodies at 4 °C for 30 min
to test ILC2s expression. The lineage cocktail antibodies
were labeled by PerCP-Cy™ 5.5, including CD3e, CD11b,
CD45R, Ly-76, and Ly-6C. In addition, CD45, KLRGI,
and CD90.2 antibodies were, respectively, labeled by FITC,
PE, and APC. It has been confirmed that the markers of
ILC2s are "CD45" KLRG1" and CD90.2% in mice. Above
all adopted antibodies were purchased from BD Bioscience
(Franklin Lakes, NJ, USA). The number of cell and analy-
sis of data were accomplished by FACSJazz™ (BD Bio-
sciences, Franklin Lakes, NJ, USA) and FACSDiva software
(BD Biosciences, Franklin Lakes, NJ, USA). The ratio of
ILC2s in marker-positive cells and Lin- cells was exhibited
in mice.

Luciferase reporter assay

The targeted association between circ_0067835 and miR-
155, as well as the association between miR-155 and GATA3
were predicted by circular RNA Interactome and validated
using luciferase reporter assay. For the construction of lucif-
erase reports, the sequence of circ_0067835 binding with
miR-155 was inserted into pGL4 vector (Promega Corp.,
Madison, WI, USA) to form wide type of circ_0067835
(circ_0067835-WT), and this sequence of circ_0067835 was
mutated and inserted into pGL4 vector to obtain mutant type
of circ_0067835 (circ_0067835-MUT). Accordingly, the
sequences of GATA3 3'-untranslated region (3'-UTR) bind-
ing with miR-155 was inserted into pGL4 vector (Promega
Corp., Madison, WI, USA) to form wide type of GATA3
(GATA3-WT), and this sequence of GATA3 was similarly
mutated and inserted into pGL4 vector to obtain mutant
type of GATA3 (GATA3-MUT). MiR-155 mimic and its
control (miR-NC) were severally transfected into HEK-293

cells with luciferase reporter vectors utilizing Lipofectamine
3000. After transfection of 48 h, luciferase activity was eval-
uated using a Dual Luciferase Reporter Assay Kit (Vazyme).

RNA immunoprecipitation (RIP) assay

NEpC cells (1 x 107) were lysed in the RIP lysis buffer and
then subjected to RIP assay utilizing the EZ-Magna RIP Kit
(Merck Millipore, Darmstadt, Germany) and AGO2 anti-
body (Cell Signaling Technology, Beverly, MA, USA). The
negative control immunoglobulin G (IgG) (Cell Signaling
Technology) was used as a control group. Cell lysate was
incubated with bead-antibody complexes overnight at 4 °C.
After isolating the RNA from protein—RNA-immunoprecip-
itated complex using Proteinase K, the RNA samples were
subjected to qRT-PCR detection.

RNA pull down assay

The miR-155 sequences covering circ_0067835 or GATA3
target sites (wild type and mutant type) were biotin-tagged
into Bio-miR-155-WT/MUT probes. Cell lysates were mixed
with probes and beads overnight, and then, the retrieved
RNA mixture was detected utilizing qRT-PCR assay.

Statistical analysis

All data processing was carried out via exploiting GraphPad
Prism 6 (GraphPad Inc., La Jolla, CA, USA), and data were
expressed as a manner of mean + standard deviation (SD).
The significance of difference relied on results of student’s
t test or ANOVA test followed by Tukey’s test. P <0.05
denoted that the difference was statistical significant.

Results

The circ_0067835 expression was high in AR mice
model

We collected AR mice and normal control mice nasal
mucosa tissues, and circ_0067835 levels were examined
by qRT-PCR assay. The results of qRT-PCR illustrated
an increase of circ_0067835 in AR model (P <0.001,
Fig. 1a). When si-circ_0067835 was effectively trans-
fected, circ_0067835 expression was significantly declined
(P <0.001). The behavioral symptom was quantified in dif-
ferent groups of mice, based on above established criteria.
Symptom scores were directly proportional to anaphylaxis.
The results in Fig. 1b suggested that AR mice had higher
scores contrasted with normal mice (P <0.001) and si-
circ_0067835-transfected AR mice have a decreased scores
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«Fig.3 Circ_0067835 targeted miR-155 and regulated miR-155
expression. a Subcellular localization of circ_0067835 in NEpC
cells. b Combined sequences between circ_0067835 and miR-
155 were assumed. ¢ pGL4 vectors carrying circ_0067835-WT or
circ_0067835-MUT and miR-155 mimic or miR-NC were co-trans-
fected into NEpC cells, relative luciferase activity was inspected
exploiting luciferase reporter assay. d RNA pull-down assay was
applied to verify the enrichment of circ_0067835 in NEpC cells using
bio-NC, bio-miR-155-WT or bio-miR-155-MUT probe. e Enrichment
of circ_0067835 and miR-155 was confirmed using the AGO2-IP
assay. f AR was induced by recombinant murine IL-33 (0.05 pg/ul)
on days 1, 3, and 5. The lentiviral vectors carrying si-circ_0067835
or si-NC were injected into AR mice. Thus, mice were divided into
control, AR, AR +5i-NC and AR +si-circ_0067835 groups. Relative
expression of miR-155 was tested exploiting qRT-PCR. Data shown
represent mean+SD from three independent experiments, n=3.
ANOVA followed by Tukey’s test. ***P <0.001

compared with si-NC-transfected AR mice (P <0.001).
These results implied that inhibiting circ_0067835 expres-
sion could alleviate allergic symptom. This meant that
circ_0067835 expression was involved in the process of AR.

Inhibiting circ_0067835 expression could remit Th2
cytokine levels in AR mice model

To explore role of circ_0067835 in Type2 immunity,
two specific siRNA targeting circ_0067835 was used to
reduce its expression in mice. As shown in Fig. 2a, si-
circ_0067835-1 had a higher silencing efficiency than si-
circ_0067835-2 in mice (P <0.01 or P <0.001). Next, we
monitored the expression of Type2 cytokines (IL-4, IL-5,
IL-9, and IL-13) in the next experiments. In Fig. 2b, c, pro-
tein expression levels of four cytokines were assessed by
western blot experiment. It was found that AR induced four
cytokines protein expression, while circ_0067835 silence
inhibited their protein expression (P <0.01 or P <0.001).
We also detected concentration of above four inflamma-
tory factors in serum samples. The trends of concentration
of cytokines were in keeping with protein expression in
Fig. 2d (all P <0.001). As shown in Fig. 2e, we observed
that the proportion of ILC2s in AR mice nasal mucosa tis-
sues was elevated, compared with normal mice (P <0.001),
but the silence of circ_0067835 could partly ease the ratio
of ILC2s in AR mice (P <0.001). In all, the inhibition of
circ_0067835 expression could relieve Th2 cytokine and
ILC2s levels in AR mice nasal mucosa tissues.

Circ_0067835 targeted miR-155 and positively
regulated miR-155 expression

To investigate the ceRNA mechanism of circ_0067835 in
allergic rhinitis, cell fractionation assay was performed to
confirm the subcellular localization of circ_0067835. It was
found that circ_0067835 was expressed in both cytoplasm
and nucleus of NEPC cells, and the expression level of

circ_0067835 was higher in cytoplasm (Fig. 3a). MiR-155
was searched for the downstream target of circ_0067835
through exploiting circular RNA Interactome. The predicted
binding sequences were seen in Fig. 3b. To confirm the cor-
rection between circ_0067835 and miR-155, relative lucif-
erase activity was analyzed via luciferase reporter assay. As
shown in Fig. 3c, the co-transfection of circ_0067835-WT
and miR-155 mimic dramatically weakened luciferase activ-
ity, compared with co-transfection of circ_0067835-WT and
miR-NC (P <0.001). However, luciferase activity remained
unchanged regardless of co-transfection with circ_0067835-
MUT and miR-155 mimic or miR-NC (P > 0.05). The result
of RNA pull-down experiment also revealed that there was
a binding complex between circ_0067835 and miR-155,
as indicated by the circ_0067835 expression in the bio-
miR-155-WT group, instead of bio-miR-155-MUT group
(P <0.001, Fig. 3d). In addition, RIP assay was carried
out to study the molecular interplay among circ_0067835
and miR-155 in NEcP cells. AGO2, a key protein in RNA-
induced silencing complex (RISC) formed by circ_0067835
and miR-155, was captured by anti-AGO2 antibody. Both
circ_0067835 and miR-155 was enriched in NEcP cells
(P<0.001, Fig. 3e). These results indicated that miR-155
served as a downstream target of circ_0067835. MiR-155
expression levels were assessed in AR and si-circ_0067835-
transfected mice nasal mucosa tissues. The results in Fig. 3f
hinted that, AR promoted miR-155 expression, as well as
transfection si-circ_0067835 decreased miR-155 expression
(both P <0.001). This explained that there existed a positive
regulatory relationship between circ_0067835 and miR-155.
In a word, circ_0067835 targeted miR-155 and positively
regulated miR-155 expression.

Circ_0067835 silence could relieve the level of Type2
cytokines through mediating the down-regulation
of miR-155

For the functional mechanism of miR-155 in AR mice,
we applied miR-155 mimic to transfect into AR mice. The
results of symptom score in Fig. 4a declared that transfection
of miR-155 mimic elevated symptom score decreased by
circ_0067835 silence (P <0.05 or P<0.001), which impli-
cated that circ_0067835 inhibition could mitigate allergic
symptom through down-regulating miR-155 in AR mice.
Afterwards, HE staining was performed on nasal mucosal
tissues. The results of Fig. 4b showed that AR mice showed
pathological changes in nasal mucosa, including hyperemia,
edema and necrosis. There were normal histological struc-
tures in the control group with regular goblet cells in the
epithelium (blue arrows indicate). Few eosinophilic and
inflammatory cells were observed in the lamina propria.
In contrast, the ciliated epithelium was damaged and dis-
continuous in the AR group. Numerous inflammatory cells,
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including eosinophils, were observed in the submucosa
(green arrows indicate). However, all of allergic inflamma-
tion was improved after circ_0067835 knockdown. Subse-
quently, after transfection of miR-155 mimic, Th2-secreted
cytokines were again assessed in following experiments.
Transfection of miR-155 mimic facilitated IL-4, IL-5, IL-9
and IL-13 protein expression inhibited by transfecting si-
circ_0067835 in AR mice (P <0.01 or P<0.001, Fig. 4c,
d). Moreover, transfection of miR-155 mimic also boosted
IL-4, IL-5, IL-9, and IL-13 concentration of reduced by
transfecting si-circ_0067835 in serum (all P <0.01, Fig. 4e).
In addition, overexpression of miR-155 obviously up-reg-
ulated ILC2s expression that was down-regulated by si-
circ_0067835 transfection in AR mice (P <0.01, Fig. 4f).
These results demonstrated that circ_0067835 silence could
relieve the level of inflammatory factors through mediating
the down-regulation of miR-155.

GATA3 acted as a downstream target of miR-155
and adjusted by circ_0067835/miR-155 axis

The results of luciferase activity in Fig. 5a proved that
GATA3 was a potential downstream target of miR-155, as
co-transfection of GATA3-WT and miR-155 mimic light-
ened luciferase activity, contrasted with co-transfection of
GATA3-WT and miR-NC (P <0.001), and nothing has any
change between co-transfection of GATA3-MUT and miR-
155 mimic group and GATA3-MUT and miR-NC (P >0.05).
Subsequent data of RNA pull down assay demonstrated that
GATA3 could be pulled down by biotinylated miR-155-WT
but not by biotinylated miR-155-Mut (P <0.001, Fig. 5b).
Moreover, the results of RIP assays displayed that miR-155
and GATA3 was enriched by AGO2 antibody in NEpC cells
(P<0.001, Fig. 5¢). Therefore, we guessed that GATA3 was
regulated by circ_0067835/miR-155 axis. It was attested that
the above assumption was correct. The results in Fig. 5d
displayed that AR promoted GATA3 protein expression, and
silence of circ_0067835 repressed GATA3 protein expres-
sion, as well as miR-155 mimic transfection increased
GATA3 protein expression (P <0.05, P<0.01 or P<0.001).
In short, as a downstream target of miR-155, GATA3 was
regulated by circ_0067835/miR-155 axis.

Discussion

AR is characterized by accumulated Type2 cytokines pro-
duction. It was convinced that ILC2s was accumulated in
the peripheral blood of AR patients [17]. On the other hand,
ILC2s have been discovered to involve in Type2 immune
response in AR individuals, secreting Type2 cytokines (IL-
4, IL-5, IL-9 and IL-13) [18]. Our understanding of func-
tion of ILC2s provided potential therapeutic targets for
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AR. In this work, our goal was finding one or more targets
of decreasing ILC2s level or Type2 cytokines, to achieve
the improvement or treatment of AR. First of all, we used
IL-33 simulation to establish AR model, referring to a previ-
ous article [15]. From our experimental results, we further
demonstrated that AR promoted the percentage of ILCs
and Type?2 cytokines (IL-4, IL-5, IL-9, and IL-13). It was a
surprise that circ_0067835 expression was up-regulated in
AR model. Furthermore, circ_0067835 silence could lower
the level of ILCs and Type2 cytokines by means of down-
regulation of miR-155.

Recent studies have uncovered that abnormal expression
of miRNA is thought to participate in the pathogenesis of
AR, including the differentiation of immune cells and Type2
cytokines levels [19, 20]. For instance, the expression of
miR-202-5p was significantly increased in peripheral blood
mononuclear cells and mucosal tissues during AR when
compared with healthy control. MiR-202-5p obviously
improved IL-4 and IL-17 expression, but reduced regula-
tory T cells (Tregs)-related cytokines (IFN-y, IL-10, and
TGF-p1) expression [21, 22]. However, there has a research
reported that miR-146a expression level is clearly declined
in AR nasal mucosa tissues, and the overexpression of miR-
146a exerts its anti-inflammatory role to improve clinical
symptoms [23]. In the previous researches, there were a
few of studies regarding the expression and function action
of miR-155 in AR development. Up-regulated miR-155
occurred in some stimulated immune cells [24]. Moreover,
there existed the enrichment of miR-155 and ILC2s in the
nasal mucosa tissues of AR patients [25]. Our previous and
current studies also further showed that miR-155 expression
was up-regulated in nasal mucosa tissues of IL-33-stimu-
lated AR mice.

Abnormal circRNA expression also took part in the
occurrence and development of AR. In recent years, the
studies about circRNAs in AR were fewer. In ovalbumin-
induced AR mice model, circDdx17 expression level was
lower, and overexpressing circDdx17 reduced miR-17-5p
expression, and IL-4 and IL-5 levels through directly
interacting with miR-17-5p [26]. On the side, highly
expressed CircHIPK3 could attribute to aggravate nasal
symptoms of AR mice [14]. Although circ_0067835 has
been known as a promoting-factor in colorectal cancer,
and circ_0067835 silence limits cancer cell growth [27],
the expression and position of circ_0067835 in AR were
not clear yet. Our study unclosed that circ_0067835
expression was up-regulated in AR mice nasal mucosa
tissues. This result will provide potential targets for the
remission or treatment of AR. CircRNA plays its role
by acting on miRNA in most cases [28]. Circ_0067835
silence inhibited colorectal cancer cell proliferation
through the down-regulation of miR-1236-3p [27].
Although lasted researches have elucidated that circRNA
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Fig.4 Circ_0067835 had an influence in Type 2 cytokine lev-
els through mediating the regulation of miR-155. AR was induced
by recombinant murine IL-33 (0.05 ug/ul) on days 1, 3, and 5. The
lentiviral vectors carrying si-circ_0067835, miR-155 mimic, si-NC
or miR-NC were injected into AR mice. Thus, mice were divided
into control, AR, AR+si-NC, AR +si-circ_0067835, AR +si-
circ_0067835+ miR-NC and AR + si-circ_0067835 + miR-155 mimic
groups. a symptom scores, (b) pathological changes, (c-d) IL-4,

may have a great influence in the pathogenesis of various
diseases through affecting miRNA, the circRNA-miRNA
network in the process of AR is rarely studied. In this
study, miR-155 was recognized as the downstream target
of circ_0067835 through circular RNA Interactome and
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IL-5, IL-9 and IL-13 protein expression, (e) IL-4, IL-5, IL-9 and
IL-13 supernatant concentration and (f) ILC2s level were monitored
by behavioral tests, hematoxylin and eosin (HE) staining, western
blot, ELISA and flow cytometry experiments. Data shown represent
mean+ SD from three independent experiments, n=6. ANOVA fol-
lowed by Tukey’s test. Blue arrows indicate goblet cells, and green
arrows indicate eosinophilis. *P <0.05, **P <0.01 and ***P <0.001

actively regulated by circ_0067835. Fortunately, it was
confirmed that silencing circ_0067835 suppressed the
ratio of ILC2s and Type?2 cytokines through the down-
regulation of miR-155.
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Fig.5 GATA3 acted as a downstream target of miR-155 and adjusted
by circ_0067835/miR-155 axis. a pGL4 vectors carrying GATA3-WT
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into NEpC cells, relative luciferase activity was inspected exploiting
luciferase reporter assay. b RNA pull-down assay was applied to ver-
ify the enrichment of GATA3 in NEpC cells using bio-NC, bio-miR-
155-WT or bio-miR-155-MUT probe. ¢ Enrichment of GATA3 and
miR-155 was confirmed using the Ago2-IP assay. d AR was induced

GATA protein family is a transcriptional regulator
that can recognize and bind to the GATA motif and
it generally has zinc finger structure [29, 30]. So far,
six members of this family have been found, namely
GATA1 ~6. As a member of family, GATA3 promotes
differentiation and activation of ILC2, Th2 and Tc2 cells
[31]. GATA3 was firstly found in T lymphocytes and
embryonic brain in 1991. GATA3 gene is located on
chromosome 10. GATAS3 not only plays a key role in the
differentiation and orientation of Th2 cells, but also is
necessary for the transcription of all Type2 cytokines.
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by recombinant murine IL-33 (0.05 ug/ul) on days 1, 3, and 5. The
lentiviral vectors carrying si-circ_0067835, miR-155 mimic, si-NC
or miR-NC were injected into AR mice. Thus, mice were divided
into control, AR, AR+s5si-NC, AR +si-circ_0067835, AR+si-
circ_0067835 + miR-NC and AR + si-circ_0067835 + miR-155 mimic
groups. Relative GATA3 protein expression was tested exploiting
western blot. Data shown represent mean+ SD from three independ-
ent experiments, n=3. *P <0.05, **P <0.01 and ***P <0.001

Furthermore, the circRNA-miRNA-mRNA network has
been studied maturely. A study has put forward that
circHIPK3 increases the expression of GATA3 via miR-
495 expression, and the knockdown of circHIPK3 can
relieve nasal symptoms and Th2 differentiation via miR-
495/GATA3 pathway [14]. In addition to this, miR-155
knockout impaired GATA3 expression, which probably
was a factor that contributed to the reduction of Type2
cytokines expression [32]. Our study found that in IL-
33-simulated AR mice model, GATA3 was a downstream
target of miR-155 and regulated by circ_0067835/
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miR-155 axis. In future experiments, we focused on
whether circ_0067835 influenced AR process through
miR-155/GATA3.

In conclusion, our research proposed novel and poten-
tial targets during the development of AR treatment,
which provided solid theoretical foundation for clinical
application.
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