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ABSTRACT

Background: Roles of ILC2s in allergic rhinitis (AR) and local allergic rhinitis (LAR) are unclear. In
this study, we are determined to find the levels of autophagy and mitophagy of ILC2s in allergic
nasal inflammation.

Methods: ELISA was used to detect type 2 inflammatory cytokines. Hematoxylin and eosin (H&E)
staining were used to compare the eosinophil (EOS) infiltration of nasal tissue specimens. Flow
cytometry was used to detect the levels of ILC2s and Th2 cells. Immunohistochemistry (IHC) and
Western blot (WB) were used to detect the levels of Beclin1, LC3, p62, PINK1, Parkin, FUNDC1,
and BNIP3 in nasal mucosa. The levels of autophagy related proteins and mitophagy related
proteins of the ILC2s were detected by WB. The number of autophagosomes of ILC2s was
observed by transmission electron microscopy. The co-localization levels of GFP-LC3 and Mito
tracker in ILC2s were observed by confocal microscopy using immunofluorescence.

Results: We found that the level of type 2 inflammation in AR and LAR mice was significantly
increased. The levels of autophagy and mitophagy of AR and LAR mice in nasal mucosa and ILC2s
were both increased.

Conclusions: ILC2s may be associated with the occurrence and development of nasal allergic
inflammation. The abnormal increase of autophagy and mitophagy levels in the nose may be
associated with the incidence of AR and LAR. Abnormal autophagy and mitophagy levels of ILC2s
cells may be one of the causes of allergic nasal inflammation.
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INTRODUCTION itching, and sneezing.1 Its incidence worldwide is
Allergic rhinitis (AR) is a mainly IgE-mediated
allergic inflammation of the nasal mucosa, mani-
festing as nasal congestion, watery rhinorrhea,
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increasing, and it affects about 15% of the
population.2 Local allergic rhinitis (LAR) occurs in
patients previously diagnosed with non-allergic
rhinitis (NAR). LAR is characterized by a localized
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type 2 nasal mucosal allergic inflammation in
which antigen-specific IgE (sIgE) is produced
locally in the nasal mucosa and systemic atopy is
absent.3 LAR has similar clinical symptoms to AR
but negative results on the skin prick test (SPT)
and analyses of serum levels of sIgE and a
positive result on the nasal allergen provocation
test (NAPT).4 However, the pathogeneses of AR
and LAR are unclear. AR and LAR present as type
2 inflammation in the nasal mucosa, involving a
variety of inflammatory cells, such as eosinophils,
T cells, B cells, and group 2 innate lymphoid cells
(ILC2s).5

ILCs are innate immune cells that do not express
traditional antigen-specific receptors, instead
expressing activated receptors for cytokines and
other mediators.6 ILCs are divided into ILC1s,
ILC2s, and ILC3s, reflecting the cytokines
released by Th1, Th2, and Th17 cells.6 ILC2s play
an important role in asthma and other type 2
inflammation7 and promote airway remodeling.8

They can be regulated by a variety of factors and
are activated by the epithelial cytokines IL-25, IL-
33, thymic stromal lymphopoietin (TSLP), and
the leukotrienes (LT) C4 and D4, which are related
to viral, bacterial, and fungal infections and
allergen stimulation.9 ILC2s in blood or nasal
mucosa are associated with the severity of type 2
inflammation in AR.10–12 ILC2s play a role in
the initial stage of allergic inflammation and
interact with T and B cells. Therefore, ILC2s might
be involved in the pathogenesis of LAR.5,13

However, little research has focused on the roles
of ILC2s in LAR.

Autophagy is important for maintaining the
survival and function of ILC2s.14 Autophagy is a
lysosomal-dependent degradation process in
eukaryotic cells, which delivers cargo to the lyso-
some to facilitate the turnover of cellular compo-
nents and is critical in organismal adaptation
and homeostasis.15 Three main types of
autophagy have been characterized: chaperone-
mediated autophagy, microautophagy, and
macroautophagy.16 The process is regulated
by multiple genes and proteins, including
autophagy-related genes (ATGs), microtubule-
associated protein kinase light chain 3
(LC3), and Beclin1.17 Mitophagy refers to the
process by which damaged or dysfunctional
mitochondria are selectively wrapped into the
autophagosome, which combines with a
lysosome in the event of hypoxia, mitochondrial
depolarization, or bacterial or viral infection.18

Mitophagy is regulated by ubiquitin-dependent
and non-ubiquitin-dependent pathways.19 The
phosphatase and tensin homolog-induced puta-
tive kinase 1 (PINK1)/Parkin pathway is the
major ubiquitin-dependent pathway. Non-
ubiquitin-dependent pathways are mediated
by mitophagy receptors (eg, FUN14 domain-
containing protein 1 [FUNDC1] and BCL2-
interacting protein 3 [BNIP3]).19 Under
physiological conditions, autophagy and
mitophagy protect cells and tissues, and
suppress inflammation, promoting clearance of
cellular irritants and pathogens.20 Abnormal
autophagy and mitophagy are associated
with diseases such as cancer, infections,
inflammation, and neurodegenerative and
autoimmune conditions.21,22 Autophagy and
mitophagy are implicated in the exacerbation of
AR,23–25 but this is controversial.26 The roles of
autophagy and mitophagy in LAR are unclear.

In this study, we assessed the role of autophagy
and mitophagy in the pathogenesis of AR and LAR.
Furthermore, we investigated the roles of ILC2s
autophagy and mitophagy in local allergic
inflammation.
MATERIALS AND METHODS

Ethics statement and animal model

This study was approved by the Research Ethics
Committee of the First Affiliated Hospital, School
of Medicine, Zhejiang University (Zhejiang, China).

Allergic Rhinitis (AR) mouse model

Six-week-old female BALB/c mice, weight 18–
20 g, were sensitized 0, 1, and 2 days after the start
of the experiment by dropping 5% ovalbumin
(OVA) (Sigma, St. Louis) solution into each side of
the nasal cavity (5 mg/mouse/day). On day 22, 5%
OVA solution (5 mg/mouse/day) was dropped into
each side of the nasal cavity for provocation once
daily for 1 week (Fig. 1A).

LAR mouse model 1

LAR mouse model 1 was established13 by
sensitizing 6-week-old female BALB/c mice by
continuous nasal drops of l% OVA for 5 days,
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Fig. 1 AR and LAR mouse model. A: AR mouse model was built through nasal application OVA three times for sensitization and seven times
for challenge. B: LAR1 mouse model was built through nasal application OVA five times for sensitization and four times for challenge. C:
LAR2 mouse model was built through nasal application ragweed pollen six times for sensitization and five times for challenge.
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followed by provocation by continuous nasal
drops for 4 days in the second week after an in-
terval of 2 days (5 mL per nostril) (Fig. 1B).

Local allergic rhinitis mouse model 2

Local allergic rhinitis (LAR) mouse model 2 was
established27 by sensitizing 6-week-old female
BALB/c mice, by continuous nasal drops of
ragweed pollen (20 mL phosphate buffer solution
[PBS] containing 1 mg ragweed pollen) for 6 days.
After a 1-day interval, ragweed pollen was nasally
dropped at 20 mL per nostril for provocation for 5
days (Fig. 1C).

Control mice

The same volume of PBS was used for sensiti-
zation and stimulation in control mice. Twenty-four
hours after the last provocation, mice were eutha-
nized by intraperitoneal injection of pentobarbital.
Blood samples were removed from the capillaries
of the posterior ocular venous plexus, and
turbinate mucosa tissues were obtained for
paraffin-embedding, cell separation, and protein
extraction.
Enzyme-linked immunosorbent assay

Serum levels of eosinophil cationic protein (ECP)
(Cusabio, Wuhan, China), allergen-sIgE (Jianglaibio,
Shanghai, China), nasal membrane IL-4, IL-5, IL-13
(NeoBioscience, Shenzhen, China), LTB4, LTC4,
LTD4, and LTE4 (Jianglaibio) were measured via
enzyme-linked immunosorbent assay (ELISA). Con-
centrationsof the factorsof interestweredetermined
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by comparing sample optical densities (ODs) to
standard curves.

Western blotting

The protein levels of Beclin-1, P62, and LC3II/
LC3I (Abcam, Cambridge, UK) in nasal tissues were
detected by Western blotting (WB). The levels of
PINK-1, Parkin, FUNDC1, and BNIP3 (Abcam)
(Proteintech, San Diego, CA) and mitochondrial
proteins of nasal tissues and ILC2s were also
determined by WB. Briefly, tissues or ILC2s were
washed in PBS, added to phenylmethylsulfonyl
fluoride (PMSF) containing cracking solution, and
cracked on ice for 30 min. Samples were centri-
fuged at 12,000 rpm for 15 min at 4 �C, and the
supernatant was retained. Next, 30 mg tissue lysate
was mixed with 5 � sample buffer (15 g SDS,
15.6 mL 2 M Tris [pH 6.8], 57.5 g glycerol, and
16.6 mL b-mercaptoethanol), and samples were
resolved by 10% SDS-PAGE and transferred to
PVDF membranes. After sealing with 5% skim milk
containing 0.1% Tween-20, the primary antibody
was added, and the samples were incubated
overnight at 4 �C. The samples were washed three
times with PBS, and an HRP-labeled secondary
antibody (Dianova, Hamburg, Germany) was
added, followed by incubation for 2 h at room
temperature and washing three times with PBS.
ECL developer (Bio-Rad, CA) was added to the
samples, which were imaged using the GelDoc
Imaging System (Bio-Rad).

Flow cytometry and isolation of ILC2s

The ratio of ILC2s and Th2 cells in nasal mem-
branes was analyzed by flow cytometry (Beckman
Coulter, cytoFLEX, CA) according to the manufac-
turer’s instructions. ILC2 markers were
Lin�CD127þCRTH2þckit�CD56- (Lin: CD3, CD4,
CD8, CD14, CD15, CD16, CD19, CD20, CD33,
CD34, CD203c, FcεR1), and Th2 cell markers were
CD4þIL4þ (eBioscience, CA) (BD Pharmingen,
Shanghai, China).

Hematoxylin and eosin staining

The number of eosinophils in nasal membranes
per � 400 high-power field (HPF) was measured
via hematoxylin and eosin (H&E) staining. After
dewaxing, samples were stained with Mayer’s he-
matoxylin solution for 5 min and washed with tap
water. The sections were transferred to 1% hydro-
chloric acid-alcohol for 4 s and washed with tap
water. The sections were then put in anhydrous
ethanol I for 5min, anhydrous ethanol II for 5min,
xylene I for 5min and xylene II for 5min. After air
drying, the samples were sealed with neutral gum
and visualized by microscopy.

Immunohistochemistry

Immunohistochemistry (IHC) was conducted to
evaluate Beclin1, LC3II, p62, Parkin, PINK1,
FUNDC1, and BNIP3 (Abcam, Cambridge, UK)
protein levels in nasal mucosa as described
previously.28

Transmission electron microscopy

Autophagosome formation in ILC2s was
observed by transmission electron microscopy
(TEM). ILC2s were fixed with 2.5% glutaraldehyde
for 3 h and centrifuged at 1000 rpm. Fresh 2.5%
glutaraldehyde was added, and the cells were
fixed at 4C for 3 h followed by rinsing 3 times with
0.1 M phosphate buffer. Cells were fixed with 1%
osmic acid 0.1 M phosphate buffer at room tem-
perature for 2 h and rinsed 3 times (15 min each)
with 0.1 M phosphate buffer. 50–70–80–90–95–
100–100% ethanol -100–100% acetone dehydra-
tion, 15min each time. Acetone: 812 embedment
agent ¼ 1:1 penetration 3 h, acetone: 812
embedment agent ¼ 2:1 overnight penetration,
pure 812 embedment agent overnight penetra-
tion. Samples were polymerized at 60 �C for 48 h,
sectioned to 80 nm thickness, double stained with
uranium lead, dried overnight at room tempera-
ture, and observed under an electron microscope
(HT7700-SS, Hitachi, Tokyo, Japan).

Immunofluorescence staining

For GFP-LC3 transfection, diluted Lipo6000�
reagent (Beyotime, Shanghai, China) and pCMV-
GFP-LC3B plasmid (Beyotime) were placed at
room temperature for 5 min, mixed, and allowed
to stand at room temperature for 15 min. Cells
were cultured for 4 h after transfection.

To label mitochondria in ILC2s, cells were
cultured to a predetermined density and cell cul-
ture medium was removed. Mito-Tracker Red
CMXRos working solution (Beyotime) was added,
and the cells were incubated at 37�C for 30 min.

https://doi.org/10.1016/j.waojou.2023.100852
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The co-localization of Mito-Tracker (red) and GFP-
LC3 (green) was observed under a confocal laser
microscope (Olympus FV3000, Takachiho, Japan).

Statistical analysis

GraphPad Prism 8.0 software was used for data
analysis. One-way ANOVA was used for inter-
group comparisons of data with a normal distri-
bution, and nonparametric tests were used for
non-normally distributed data. P < 0.05 was
considered indicative of statistical significance.
RESULTS

AR and LAR mouse models

After the last provocation, the number of snee-
zes and grabbing around the nose of mice in
10 min were counted. Compared to the control
group, mice in the AR and LAR groups showed
significantly greater allergic symptoms, including
more frequent sneezing and grabbing around the
nose (Fig. 2A). Compared to the control group, AR
mice, but not LAR mice, showed significantly
upregulated serum levels of OVA-sIgE and
ragweed pollen-sIgE (Fig. 2B). Furthermore, AR
and LAR mice displayed markedly increased
nasal tissue levels of allergen-sIgE (Fig. 2C).
Notably, AR mice had higher nasal allergen-sIgE
levels.

Eosinophilic and type 2 inflammation are
exacerbated in AR and LAR mice

Compared to the control group, AR mice
showed a significantly increased serum level of
ECP (Fig. 3A). AR and LAR mice had significantly
upregulated levels of ECP, IL-4, IL-5, and IL-13 in
nasal tissues (Fig. 3B–E). The nasal ECP and IL-13
levels were significantly decreased in LAR
compared to AR mice. Therefore, systemic and
local eosinophilic and type 2 inflammation were
aggravated in AR mice, whereas only nasal eosin-
ophilic and type 2 inflammation were exacerbated
in LAR mice.

H&E staining showed that the eosinophil (EOS)
level was higher in AR and LAR mice than in con-
trols (Fig. 4A). Flow cytometry indicated that the
numbers of ILC2s in AR and LAR mice were
significantly and nonsignificantly increased
compared to controls, respectively (Fig. 4B, D).
The numbers of Th2 cells in AR and LAR mice
were significantly greater (Fig. 4C, E). Compared
to LAR mice, the numbers of ILC2s and Th2 cells
were elevated in AR mice (Fig. 4D and E).

ELISA showed that AR and LAR mice had
significantly increased levels of LTB4, LTC4, LTD4,
and LTE4 compared to the controls (Fig. 5). The
LTB4, LTC4, and LTD4 levels were elevated in AR
mice compared to LAR mice.

These results suggest aggravated type 2
inflammation affecting EOS, ILC2s, and Th2 cells in
AR mice and to a lesser degree, in LAR mice.
Autophagy and mitophagy in nasal tissues

IHC staining showed that Beclin1 and LC3II
levels were significantly upregulated in AR and
LAR mice (Fig. 6A–C), and the p62 level was
significantly decreased in AR and LAR1 mice
compared to the controls (Fig. 6D). WB also
indicated higher levels of Beclin1 and LC3II/LC3I,
and a lower level of p62 in AR and LAR mice
compared to the controls (Fig. 6E–H). Notably,
there were no differences in the levels of
autophagy-related protein in nasal tissues be-
tween AR and LAR mice, except LC3II/LC3I
(Fig. 6G).

IHC staining showed that AR and LAR mice had
significantly increased PINK1, Parkin, FUNDC1,
and BNIP3 levels in nasal tissues compared to
controls (Fig. 7A–E). There were no significant
differences in mitophagy-related protein levels in
nasal tissues of AR and LAR mice.

WB showed that the levels of PINK1, Parkin,
FUNDC1, and BNIP3 in nasal tissues were signifi-
cantly increased in AR and LAR mice than in con-
trol mice, excluding the PINK1 and Parkin
expressions in LAR2 mice (Fig. S1A-E). Compared
to LAR mice, AR mice showed higher levels of
PINK1, FUNDC1, and BNIP3 but not Parkin
(Fig. S1A-E). Similarly, in mitochondrial proteins
of the nasal tissue, the levels of PINK1, Parkin,
FUNDC1, and BNIP3 were significantly elevated
in AR and LAR mice compared to controls
(Fig. S1F-J). AR mice also had higher levels of
mitophagy-related proteins than LAR mice,
except Parkin and FUNDC1 in LAR2 mice
(Fig. S1H, I).



Fig. 2 The rhinitis symptoms and results of ELISA of allergen-sIgE. A: The rhinitis symptoms in different mice groups. B: Levels of serum
allergen-sIgE in different mice groups. C: Levels of nasal allergen-sIgE in different mice groups. Compared with control, *p < 0.05,
**p < 0.01, ***p < 0.001, ****p < 0.0001. Compared with AR, #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001. ns：No significance.
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Fig. 3 The results of ELISA of type 2 cytokines. A: Levels of serum ECP in different mice groups. B: Levels of nasal ECP in different mice
groups. C: Levels of nasal IL-4 in different mice groups. D: Levels of nasal IL-5 in different mice groups. E: Levels of nasal IL-13 in different
mice groups. Compared with control, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. Compared with AR, #p < 0.05, ##p < 0.01,
###p < 0.001, ####p < 0.0001. ns：No significance.
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Taken together, these results suggest that
autophagy and mitophagy have an important role
in the pathogenesis of AR and LAR. The mitophagy
pathways including PINK1/Parkin, FUNDC1, and
BNIP3 are involved in the onset of AR and LAR.
Meanwhile, AR mice had a higher level of
mitophagy.

Autophagy and mitophagy of nasal ILC2s

First, we isolated ILC2s from nasal tissues by
flow cytometry. Then, WB assays indicated that AR
and LAR mice had significantly increased Beclin1
and LC3II/LC3I levels and a decreased p62 level in
ILC2s compared to controls (Fig. S2A-D). In
addition, there were significant differences in
autophagy-related proteins levels between AR
and LAR mice (Fig. S2B-D).

In addition, AR and LAR mice had significantly
higher overall levels of PINK-1, Parkin, FUNDC1,
and BNIP3 in total protein (Fig. S3A-E). AR mice
also had elevated levels of mitophagy-related
proteins compared with LAR mice in total pro-
tein, except PINK-1 and BNIP3 (Fig. S3B-E). In
mitochondrial proteins, the levels of PINK1,
Parkin, FUNDC1, and BNIP3 were significantly
increased in AR and LAR mice compared to
controls (Fig. S3F-J). The mitophagy-related pro-
tein levels in mitochondrial protein differed
significantly between AR and LAR mice (Fig. S3G-
J).

TEM showed that AR and LAR mice had more
autophagosomes than control mice (Fig. 8).
Immunofluorescence staining and laser confocal
microscopy indicated that AR and LAR mice had
elevated colocalization of GFP-LC3 and Mito-
Tracker than control mice (Fig. S4).

These results implicate ILC2 autophagy and
mitophagy in the pathogenesis of AR and LAR. The
PINK1/Parkin, FUNDC1, and BNIP3 pathways in
ILC2s participate in the pathogenesis of AR and



Fig. 4 The count of infiltrating inflammatory cells. A: The infiltration of EOS in nasal tissues detected by H&E staining in different mice
groups. B, D: The count of ILC2s in nasal tissues detected by flow cytometry in different mice groups. C, E: The count of Th2 cells in nasal
tissues detected by flow cytometry in different mice groups. Compared with control, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
Compared with AR, #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001. ns：No significance.
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LAR. We speculate that the upregulation of auto-
phagy and mitophagy levels in ILC2s promoted
ILC2s to produce more type 2 inflammatory cyto-
kines and exacerbate local type 2 inflammation of
the nasal cavity. The differences in the autophagy
and mitophagy levels of ILC2s might be part of the
reason that AR and LAR are unique diseases.
DISCUSSION

Traditionally, chronic rhinitis is classified as AR
or LAR based on allergy. However, a special form
of chronic rhinitis, LAR, manifests as allergic and
type 2 inflammation localized to the nasal mu-
cosa.29 The term LAR was first suggested by
Rondón et al 15 years ago30 but its pathogenesis
is unclear. Several studies have focused on LAR
patients31–33 but few have focused on LAR
animal models. Kato et al established an LAR
mouse model using nasal ragweed pollen
sensitization and challenge.27 Chen et al
developed an LAR mouse model by nasal OVA
sensitization and challenge.13 In this study, we
created two LAR mouse models based on these
previous works. Our LAR mice showed
aggravated rhinitis-like symptoms and elevated
nasal allergen-sIgE levels but normal serum levels
of allergen-sIgE. These results indicate the suc-
cessful establishment of an LAR mouse model, in
agreement with a prior report.34

AR is a primarily IgE-mediated type 2 inflam-
matory disease of the nasal mucosa and activated
Th2 cells produce type 2 inflammatory cytokines.35

In this study, the levels of ECP, IL-4, IL-5, and IL-13
were all elevated in both serum and nasal tissues
of AR mice. The numbers of nasal Th2 cells and
EOSs were also increased. These results confirm
that systemic and local type 2 inflammation were

https://doi.org/10.1016/j.waojou.2023.100852


Fig. 5 The results of ELISA of LT. A: Levels of nasal LTB4 in different mice groups. B: Levels of nasal LTC4 in different mice groups. C: Levels
of nasal LTD4 in different mice groups. D: Levels of nasal LTE4 in different mice groups. Compared with control, *p < 0.05, **p < 0.01,
***p < 0.001, ****p < 0.0001. Compared with AR, #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001. ns：No significance.
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aggravated in AR. Meanwhile, in the present study,
LAR mice had higher ECP, IL-4, IL-5, and IL-13
levels, and Th2 cell and EOS counts, in nasal tis-
sues. These findings suggest nasal type 2 inflam-
mation in LAR, in line with a previous study.36

Because our AR mice showed upregulation of
nasal ECP, IL-13 levels, and Th2 cell counts,
compared to LAR mice, we can assume that type 2
inflammation be more severe in AR than in LAR.

ILC2s play an important role in nasal type 2
inflammation.37 They produce type 2 inflammatory
cytokines, such as IL-4, IL-5, and IL-13, to promote
eosinophilic inflammation in nasal polyps.38 In
addition, they regulate the differentiation,
proliferation, and function of Th2 cells and
promote type 2 inflammation in nasal polyps.39
Furthermore, they may participate in tissue
remodeling of nasal polyps by producing
amphiregulin and promoting fibroblast
activation.40 Lin et al reported that ILC2s have a
proinflammatory effect in AR mice.41 Tojima et al
reported that AR patients have elevated levels of
ILC2s in the nasal mucosa, and that
prostaglandin D2 and cysteinyl LT promote the
secretion of type 2 inflammatory cytokines by
ILC2s.42 Chen et al suggested the involvement of
ILC2s in the initial or acute inflammatory
response to allergen stimulation in AR and LAR
patients.13 ILC2s have been detected in the nasal
mucosa of LAR mice and may produce IL-5 and
IL-13,27 but this is controversial.43 In our study, AR
mice had more ILC2s in the nasal mucosa than
control and LAR mice. The levels in LAR mice



Fig. 6 The expression of autophagy related protein in nasal tissues. A: Levels and distribution of autophagy related protein in nasal tissues
detected by IHC in different mice groups. B: The results of IHC of nasal Beclin1 in different mice groups. C: The results of IHC of nasal LC3II
in different mice groups. D: The results of IHC of nasal p62 in different mice groups. E: The expression of autophagy related protein in nasal
tissues detected by WB assay. F: The results of WB of nasal Beclin1 in different mice groups. G: The results of WB of nasal LC3II/LC3I in
different mice groups. H: The results of WB of nasal p62 in different mice groups. Compared with control, *p < 0.05, **p < 0.01,
***p < 0.001, ****p < 0.0001. Compared with AR, #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001. ns：No significance.

Fig. 7 The IHC results of mitophagy related protein in nasal tissues. A: The expression and distribution of nasal mitophagy related protein
detected by IHC. B: Levels of IHC of PINK1 in different mice groups. C: Levels of IHC of Parkin in different mice groups. D: Levels of IHC of
FUNDC1 in different mice groups. E: Levels of IHC of BNIP3 in different mice groups. Compared with control, *p < 0.05, **p < 0.01,
***p < 0.001, ****p < 0.0001. Compared with AR, #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001. ns：No significance.

10 Wang et al. World Allergy Organization Journal (2024) 17:100852
http://doi.org/10.1016/j.waojou.2023.100852
increased, albeit nonsignificantly. These results
implicate ILC2s in AR and LAR. In addition, LTB4,
LTC4, LTD4, and LTE4 levels were elevated in AR
and LAR mice. Therefore, LTs might activate Th2
cells and ILC2s to promote type 2 inflammation
in AR and LAR. Further studies are needed to
confirm the effects of LT and ILC2s in LAR.
Autophagy plays an important role in nasal
inflammation.44–47 Simsek et al found that LC3
expression was decreased in nasal polyps.44 Qi
et al showed that Beclin1, Beclin1 mRNA, and
LC3II mRNA levels were decreased and p62 and
p62 mRNA levels were increased in nasal
polyps.45 By contrast, LC3II and Beclin1 are

https://doi.org/10.1016/j.waojou.2023.100852


Fig. 8 The formation of autophagosome in ILC2s of different mice groups under transmission electron microscopy. Black arrow:
autophagosome
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reportedly upregulated in nasal polyps and
epithelial cells.46,47 Li et al reported that
autophagy is enhanced in AR patients and is
related to tissue remodeling.23 Zhang et al found
elevated autophagy in AR mice.48 In our study,
Beclin1 and LC3II/LC3I protein levels and Beclin1
and LC3II distributions were increased, and the
level and distribution of p62 were decreased, in
AR and LAR mice. These results implicate an
elevated autophagy level in AR and LAR. Our
study first investigated the role of autophagy in
LAR.

Mitophagy is the selective degradation of
mitochondria by autophagy, which may play a
critical role in environmental pollutant/allergen-
induced mitochondrial dysfunction in allergic
airway inflammation.49 However, few studies have
focused on the role of mitophagy in nasal
inflammation. Li et al. showed that excessive
mitophagy leads to adenosine triphosphate
insufficiency, mitochondrial dysfunction, and
nasal epithelial cell (NEC) apoptosis.50 Dong et al
found that the number of mitochondria in NECs
increased, the body crest disappeared, and there
was swelling, vacuolation, and autophagosomes
in an AR rat model.25 Allergens could aggravate
these changes. In this study, we found elevated
mitophagy-related protein levels in AR and LAR
mice, suggesting that the mitophagy pathways
involving PINK1/Parkin, FUNDC1, and BNIP3 are
involved in the pathogenesis of AR and LAR. In
addition, AR mice also showed higher mitophagy
related protein levels than LAR mice in WB
detection. These results suggest that different
levels of mitophagy might in part explain the dif-
ferences between AR and LAR.
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Autophagy and mitophagy are essential for the
functioning and survival of innate immune cells.51

O’Sullivan et al reported that ATG5 knockout
leads to mitochondrial damage in natural killer
cells and other ILCs, the accumulation of reactive
oxygen species (ROS), cell death, and
disturbance of ILC maturation.52 Galle-Treger
et al reported that ATG5 knockout in allergic
asthma mice suppressed autophagy and mitoph-
agy, leading to metabolic disorders of ILC2s and
accumulation of dysfunctional mitochondria and
ROS, thus reducing the survival of ILC2s and the
production of type 2 inflammatory cytokines.14 In
our study, the autophagy and mitophagy of ILC2s
were increased in AR and LAR mice. We first
investigated the role of autophagy and
mitophagy of ILC2s in the pathogenesis of AR
and LAR. Meanwhile, we speculated that the
differences in the autophagy and mitophagy
levels of ILC2s might be part of the reason that
AR and LAR are unique diseases. In addition, we
found that the levels of Beclin1, LC3II/LC3I,
PINK1, Parkin, FUNDC1, and BNIP3 had positive
correlations with type 2 cytokines. Whereas, the
level of p62 had negative correlations with type 2
cytokines. (Data were not shown). Those implied
that the autophagy and mitophagy levels of ILC2s
were important for their functions.

This study had several limitations. First, the
sample size was small (6 mice per group). Second,
we did not evaluate autophagic flux using auto-
phagy inhibitors or agonists; therefore, further
research is needed.
CONCLUSIONS

Autophagy and mitophagy levels in nasal tissues
were increased in AR and LAR mouse models.
Furthermore, autophagy and mitophagy of nasal
ILC2s were elevated in AR and LAR mice. Thera-
peutic targeting of autophagy has been applied in
many fields, such as cancer,53 asthma,54 and
neurodegenerative disorders.55 Our findings
suggest that autophagy and mitophagy have
potential as therapeutic targets in AR and LAR.
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