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Allergic asthma is associated with T helper (Th) 2 cell-biased immune responses and characterized by the airway
hyperresponsiveness (AHR). Studies have shown that the acupoint catgut-embedding therapy (ACE) has a therapeutic effect on
allergic asthma. However, the relevant mechanism is poorly understood. In present study, female BALB/c mice were sensitized
and challenged with ovalbumin (OVA) to establish a model of allergic asthma. AHR was evaluated by using airway resistance
(RL) and lung dynamic compliance (Cdyn). Airway inflammation and mucus hypersecretion were observed by HE and PAS
staining. Inflammatory cells were counted, and related cytokines in bronchoalveolar lavage fluid (BALF) were detected by
enzyme-linked immunosorbent assay (ELISA). Pulmonary group 2 innate lymphoid cell (ILC2s) proportions were analyzed by
flow cytometry. The expression of nuclear factor κB (NF-κB) and cyclooxygenase-2 (COX-2) was detected by immunostaining.
Our results showed that OVA induction resulted in a significant increase in RL, accompanied by a significant decrease in
Cdyn. The levels of interleukin- (IL-) 4, IL-13, OVA-specific IgE in BALF, and the percentage of ILC2 in the lungs were
markedly increased accompanied by a significant decreased in interferon-γ (IFN-γ). Furthermore, the expressions of p-NF-κB
p65 and COX-2 in airways were significantly upregulated. After ACE treatment, the indicators above were significantly
reversed. In conclusion, ACE treatment inhibited the secretion of Th2 cytokines and the proliferation of ILC2s in the lungs,
thereby dampening the inflammatory activity in allergic asthma. The underlying mechanism might be related to the inhibition
of NF-κB/COX-2 pathway.

1. Introduction

Allergic asthma is a complex immunologic and chronic
inflammatory disease with a series of symptoms such as
wheezing, shortness of breath, chest tightness, and coughing
[1], which is closely associated with airway inflammation
and airway remodeling, and characterized by the airway
hyperresponsiveness (AHR). According to the 2015 Global

Burden of Disease Report, asthma is the most common
chronic respiratory disease, with an estimated prevalence
of 358 million cases, and based on current data, the World
Health Organization predicts that the number of patients
suffer from asthma will increase by 100 million in 2025 [2].

It is generally accepted that allergic asthma is related to T
helper (Th) 2 cell-biased immune responses. The Th2-
related cytokines such as IL-4 and IL-13 are of vital
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importance in the pathological process of asthma by induc-
ing IgE production [3, 4] and airway mucus hypersecretion
[5]. Group 2 innate lymphoid cells (ILC2s) are new players
in allergic asthma with a powerful ability to produce type 2
cytokines [6]. Studies have verified that, similar to Th2 cells,
ILC2s can preferentially produce cytokines such as IL-4 and
IL-13 after being stimulated [7], which enables ILC2s to trig-
ger an allergic immune response without the help of Th2
cells [8]. On the other hand, cytokines secreted by Th2 cells
such as IL-4 and IL-13 also promote the proliferation and
expansion of the ILC2s population in the lungs [9]. There-
fore, both Th2 cytokines and ILC2s are responsible for the
asthmatic airway inflammation and may interact with each
other to enhance the proinflammatory effects. In addition,
studies have shown that IL-4 can modify the activation of
nuclear factor κB (NF-κB) induced by other agents [10],
and NF-κB also plays an important role in the pathogenesis
of IL-13-induced tissue damage in asthma [11, 12]. The acti-
vation of NF-κB is crucial in the inflammatory response by
inducing the transcription of proinflammatory genes and is
correlated with airway inflammatory diseases such as asthma
[13]. As a downstream of NF-κB, COX-2 has been con-
firmed to be related to asthma airway inflammation, it can
be highly induced by a variety of stimulus such as cytokines
[14] and oxidative stress [15], and its expression has also
been shown to be significantly elevated in both asthmatic
patients and mice compared with normals [16, 17]. The
increased COX-2 expression could induce the elevation of
prostaglandin E2 (PGE2, the main product of COX-2 induc-
tion), leading to the contraction of airway smooth muscle
[14]. Studies have shown that COX-2 induced by NF-κB is
an important mediator in the lung inflammation, and the
expression of COX-2 can also be enhanced by the activation
of NF-κB. On the other hand, COX-2 itself also participates
in the activation process of NF-κB, leading to an induction
of other inflammatory mediators and cells [18].

Acupoint catgut embedding (ACE) is an important com-
ponent of acupuncture. Based on the theory of meridians
and acupoints, ACE implants catgut or other absorbable
thread into corresponding acupoints with special needles
to produce continuous stimulation. Compared with tradi-
tional acupuncture, ACE not only make the daily acupunc-
ture treatment more convenient for patients but also is
more adaptable to the modern fast-paced life. Previous study
have shown that ACE can effectively improve lung function
and ameliorate the symptoms of allergic asthma [19]. How-
ever, the mechanism underlining the therapeutic effect of
ACE on asthma is still not clear. In present study, the effects
of ACE on Th2 inflammatory responses and NF-κB/COX-2
signaling pathway were evaluated to explore its potential
mechanism in asthma treatment.

2. Methods

2.1. Animals. BALB/c mice (female, 6 weeks) were purchased
from Shanghai JieSiJie Laboratory Animals Co., LTD. Mice
were kept in a specific pathogen free (SPF) environment
(temperature 20–24°C,humidity 45%–55%) with a 12 h
dark-light cycle and were fed with food/water freely. This

study was approved by the Animal Experiment Ethics Com-
mittee of Fudan University (ref: 2019-07-HSYY-WY-02). All
animal experiments conducted in present study are in com-
pliance with the “Guidelines for the Care and Use of Labora-
tory Animals.”

2.2. Asthma Model Establishment. Forty mice were randomly
divided into the control group (NC), the control + acupoint
catgut-embedding group (NA), the asthma group (AST), the
asthma + acupoint catgut-embedding group (ASA), and the
asthma + sham-acupoint catgut-embedding group (ASS), n
= 8 in each group. To establish a model of allergic asthma,
mice were sensitized and challenged with ovalbumin
(OVA) by intraperitoneal injection and atomization inhala-
tion as mentioned previously [20]. In brief, on day 0 and
day 7 of model building (sensitization stage), mice in groups
AST, ASS, and ASA were given a mixture of OVA (20μg,
Grade V; Sigma-Aldrich) and aluminum hydroxide (2mg,
Thermo Scientific) by intraperitoneally injection. From day
14 to 16 (challenge stage), mice were given an inhalation of
3% OVA solution (w/v) for 30min through an ultrasonic
nebulizer (402AI, Yuyue Medical Equipment Co., Ltd.,
Jiangsu, China). Then, from day 21 to 48, mice were chal-
lenged daily. Additionally, mice in the NC and NA groups
were sensitized and challenged with saline.

2.3. Acupoint Catgut-Embedding Treatment. On day 21,
mice in NA and ASA groups received a one-time ACE treat-
ment after nebulization. A disposable catgut embedding nee-
dle (diameter 0.7mm; Gaoguan Medical, Zhenjiang, China)
and absorbable catgut (cut into 0.5 cm length, collagen wire,
2-0, 2 cm × 10, BD150101, Boda Co., Ltd., Shandong, China)
were used. After mice were anesthetized, ACE needle was
performed at a 45° angle towards the spine, with a penetra-
tion depth of 0.3 cm, and then the catgut was implanted into
Dazhui (DU14), Fengmen (BL12, bilateral), and Feishu
(BL13, bilateral) of each mouse. In addition, the mice in
the ASS group received sham-acupoint catgut-embedding
treatment with the same operation method as the NA and
ASA groups, but no catgut was left [21].

2.4. Measurement of Airway Hyperresponsiveness. After the
last OVA challenge, the AHR of mice in each group was
measured and recorded using lung function device
(Buxco150 Electronics, Troy, NY, USA) within 24 h. Mice
were anesthetized by intraperitoneal injection with sodium
pentobarbital (50mg/kg). After anesthetizing, a tracheotomy
was performed, and a tracheal tube was inserted. Mice were
placed in a plethysmograph chamber connected with a ven-
tilator by an inserted tracheal tube, exposed to an increasing
dose of 0, 3.125, 6.25, and 12.5mg/mL methacholine (Mch,
Sigma-Aldrich) in sequence. Lung dynamic compliance
(Cdyn) and airway resistance (RL) were recorded.

2.5. Inflammatory Cell Count and Cytokine Detection. After
AHR measurement, bronchoalveolarlavage fluid (BALF) of
mice in each group was collected. After centrifuged at
500 g for 10min, the supernatant of BALF was stored at –
80°C for cytokine detection. A portion of the remaining cell
pellets was resuspended in PBS, and then the cells were
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classified and counted by a special counter (BC-5000 vet,
Mindray, China). ELISA (Cayman Chemical, Michigan,
USA) was used to detect the levels of IL-4, IL-13, and
OVA-specific IgE in BALF, and the procedures were oper-
ated according to the manufacturers’ instructions [22].

2.6. Histological Studies. The hematoxylin-eosin (HE) stain-
ing and periodic acid Schiff (PAS) staining were used to eval-
uate airway inflammation and mucus secretion, respectively.
For HE staining, according to the infiltration of inflamma-
tory cells around the airway, a scoring system was used to
assess the degree of inflammation [22]:0, no inflammatory
cell was observed; 1, only a few inflammatory cells; 2, airway
or vessels were surrounded by inflammatory cells (1-2 cell
layers); 3, airway or vessels were surrounded by inflamma-
tory cells (3-5 cell layers); and 4, airway or vessels were sur-
rounded by inflammatory cells (>5 cell layers). For PAS
staining, the percentage of positive staining in the area of
interest (AOI) was calculated by ImageJ software.

2.7. Flow Cytometry Analysis. Lung dissociation kit (130-
095-927, Miltenyi Biotec Technology & Trading Co., Ltd.)
was used to prepare lung tissues single cell suspension. For
ILC2 identification, cells were stained with Fixable Viability
Dye eFluor780 (65-0865-18, thermo) and other antibodies
for 20min on ice. Antibodies were used as follows: anti-
mouse CD45 eF506 (69-0451-82, thermo), anti-mouse
CD90.2 FITC (140304, BioLegend), anti-mouse CD127 PE-
Cy7 (135013, Biolegend), anti-mouse conjugated anti-killer
cell lectin-like receptor G1 APC (KLRG1; 17-5893-81,
thermo), and anti-mouse Lin eF450 (88-7772-72, Thermo).
ILC2s were identified as lineage-CD45+CD127+CD90.2
+KLRG1+. LSRFortessa flow cytometers (BD Biosciences,
San Jose, CA, USA) were used to detected samples, and Flow
Jo software version 10.0 was used to analyze the data.

2.8. Immunofluorescence and Immunohistochemistry. As
mentioned in our previous study [22], briefly, sodium citrate
buffer (0.01M) was used for antigen repair. 3% hydrogen
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Figure 1: Effect of acupoint catgut embedding on AHR in OVA-induced asthmatic mice. Data are presented asmean ± SD, n = 5. #P < 0:05,
##P < 0:01 vs. NC and NA group; ∗∗P < 0:01 vs. AST and ASS group. NC: control group; NA: control + acupoint catgut-embedding group;
AST: asthma group; ASS: asthma + sham-acupoint catgut-embedding group; ASA: asthma + acupoint catgut-embedding group; RL: airway
resistance; Cdyn: lung dynamic compliance; Mch: methacholine.
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peroxide was used to inactivate endogenous enzymes
(immunohistochemistry only). 5% BSA was used for antigen
blocking. A fluorescence microscope (Nikon, Eclipse C1)
was used to observe immunofluorescence slides, and a con-
ventional microscope (CIC, XSP-C204) was used to observe
immunohistochemistry slides. For each slice, three fields of
view were randomly selected to take pictures. Antibodies:
p-p65 (AF2006, Dilution: 1 : 200, Affinity), COX-2
(ab15191, Dilution: 1 : 100, Abcam), FITC-conjugated goat
anti-rabbit IgG (#GB22303, Dilution:1 : 400,Servicebio), and
HRP-conjugated goat anti-rabbit IgG (#GB23303, Dilu-
tion:1 : 200, Servicebio). Additionally, for immunohisto-
chemistry pictures, area of interest (AOI) was selected, and
IPP 6.0 software was used to calculate the integrated option
density (IOD); then, the mean fluorescent intensity (MFI,
integrated density/area) and average optical density (AOD,
IOD/AOI) were used for semiquantitative analysis.

2.9. Statistical Analysis. SPSS20.0 and Graphpad 8.0 were
used for statistical analysis and graphing. For data that met
the normal distribution, one-way ANOVA was used for pair-
wise comparison. Kruskal-Wallis H test was used for pairwise
comparison of data that did not conform to the normal distri-
bution. P < 0:05 was considered as statistically significant.

3. Results

3.1. Acupoint Catgut-Embedding Alleviated AHR in OVA-
Induced Asthmatic Mice. Allergic asthma is characterized by

AHR, which is evidenced by airway resistanceincrease (RL)
and lung dynamic compliancedecrease (Cdyn) [23]. In present
study, we observed these two indicators in each group, and
the results (Figure 1) showed that with the increase of metha-
choline (Mch) concentrations, the RL (Mch = 12:5mg/mL,
PAST,ASS < 0:01, PASA < 0:05) of mice in the AST, ASS, and
ASA groups was significantly increased, accompanied by a sig-
nificant decrease in Cdyn (Mch = 12:5mg/mL, PAST,ASS,ASA
< 0:01) compared with the NC and NA groups, indicating
the success establishment of the asthma model. In addition,
there was no statistical difference in RL and Cdyn between
the AST and ASS groups at 12.5mg/mL of Mch, as well as
between the NC and NA groups. After ACE treatment, both
the RL (Mch = 12:5mg/mL, PASA < 0:01) and Cdyn
(Mch = 12:5mg/mL, PASA < 0:01) in the ASA group were sig-
nificantly reversed compared with the AST and ASS groups.

3.2. Acupoint Catgut-Embedding Downregulated the Number
of Inflammatory Cells in the BALF of Asthmatic Mice. Next,
we classified and counted the inflammatory cells in the
BALF of each group of mice. As shown in Figure 2, there
was no statistical difference in cell counts between the NC
and NA groups, as well as between the AST and ASS groups.
Compared with the NC and NA groups, the count of leuko-
cytes (Leu, PAST,ASS < 0:01), eosinophils (Eos, PAST,ASS < 0:01
), lymphocytes (Lym, PAST < 0:01, PASS < 0:05), monocytes
(Mon, PAST,ASS < 0:01), and neutrophils (Neu, PAST,ASS <
0:01) was significantly increased in the AST and ASS groups.
Compared with the AST and ASS groups, the count of Leu,
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Figure 2: The inflammatory cell count in BALF of each group. Data are presented asmean ± SD, n = 5. #P < 0:05, ##P < 0:01 vs. NC group; Δ

P < 0:05, ΔΔ P < 0:01 vs. NA group; ∗∗P < 0:01 vs. AST group; &P < 0:05, &&P < 0:01 vs. ASS group. NC: control group; NA: control +
acupoint catgut-embedding group; AST: asthma group; ASS: asthma + sham-acupoint catgut-embedding group; ASA: asthma + acupoint
catgut-embedding group.
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Figure 3: Continued.
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Eos, Lym, and Neu in the ASA group was significantly
decreased, while the count of Mon was not significantly dif-
ferent, but there was a trend of downregulation.

3.3. Acupoint Catgut-Embedding Ameliorated Airway
Inflammation and Mucus Secretion in OVA-Induced
Asthmatic Mice. IL-4 and IL-13 are main signature cytokines
in type 2 immune response and are responsible for asthma
and many other allergic inflammatory diseases [24]. We
detected the expression levels of IL-4 and IL-13 in the BALF
of each group. As shown in Figure 3(a), there was no statis-
tical difference in the expressions of IL-4 and IL-13 between
the NC and NA groups, as well as between the AST and ASS
groups. Compared with the NC and NA groups, both IL-4
and IL-13 (PAST,ASS < 0:01) were significantly elevated in
the AST and ASS groups. After ACE treatment, the levels
of IL-4 and IL-13 (PAST,ASS < 0:01) in the ASA group were
significantly reduced compared with the AST and ASS
groups. Since IL-4 modulates the synthesis of IgE [25] and
OVA was used to induce asthma, we also detected the
OVA-specific IgE in BALF. The results showed that there
was no statistical difference in OVA-specific IgE level
between the NC and NA groups. Compared with the NC
and NA groups, the level of OVA-specific IgE was signifi-
cantly elevated in the AST, ASS, and ASA groups (P < 0:01
). There was no statistical difference in OVA-specific IgE
level between the AST and ASS groups, and ACE treatment
markedly reduced its expression (P < 0:01). In addition, we
also detected the expression level of interferon-γ (IFN-γ),
the principal Th1 cytokine. There was no obvious difference
between the NC and NA groups. Compared with the NC
and NA groups, the IFN-γ level significantly decreased in
the AST and ASS groups (P < 0:01). There was no statistical
difference between the AST and ASS groups, and the ACE

treatment significantly increased the expression level of
IFN-γ compared with the AST and ASS groups (P < 0:01).

Next, we used HE staining to observe the airway inflam-
mation in each group of mice. As shown in Figure 3(b), in
the NC and NA groups, smooth airway thickening and
inflammatory cells infiltration were not observed. After
OVA sensitization and stimulation, edema of airway epithe-
lial cells and thicken of airway were observed. A large num-
ber of inflammatory cells around the airways were observed
in both AST and ASS groups (PAST,ASS < 0:01). After ACE
treatment, although the inflammatory score was not statisti-
cally significant, visual observation suggested that these
pathological changes had been markedly improved.

Since IL-13 can induce epithelial cells to secrete mucus
in asthma [5], the airway mucus secretion in each group of
mice was also observed. The PAS staining results (Figure 3
(c)) showed that compared with the NC and NA groups,
the percentage of positive staining of area of interest (AOI
+ %) was significantly higher in the airway of the AST,
ASS, and ASA groups (PAST,ASS,ASA < 0:01). After ACE treat-
ment, the percentage of positive staining in the AOI of the
ASA group (PASA < 0:01) was significantly lower compared
with the AST and ASS groups.

3.4. Acupoint Catgut-Embedding Downregulated Pulmonary
ILC2s in OVA-Induced Asthmatic Mice. It has been shown
that ILC2s produce the type 2 cytokines and are responsible
for the initiation of the Th2 response [26], and the secretion
of IL-4/IL-13 from Th2 cells also promotes the proliferation
and expansion of the ILC2s population in the lungs [9].
Therefore, we detected the percentage of ILC2s in the lungs
of mice in each group using flow cytometry. ILC2s were neg-
ative for lineage markers and positive for CD45, CD90.2,
CD127, and killer cell lectin-like receptor G1 (KLRG1)
[27–29]. As shown in Figure 4, there was no statistical
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Figure 3: Acupoint catgut-embedding treatment inhibited lung inflammation and mucus hypersecretion in OVA-induced asthmatic mice.
(a) Inflammatory cytokines in BALF. (b) Hematoxylin and eosin staining in each group. (c) Periodic acid Schiff staining in each group. Data
are presented as mean ± SD/median (P25, P75), n = 5. ##P < 0:01 vs. NC and NA group; Δ P < 0:05 vs. NA group; ∗∗P < 0:01 vs. AST and
ASS group. NC: control group; NA: control + acupoint catgut-embedding group; AST: asthma group; ASS: asthma + sham-acupoint
catgut-embedding group; ASA: asthma + acupoint catgut-embedding group.
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Figure 4: Acupoint catgut-embedding treatment downregulated the percentage of ILC2s in the lungs of asthmatic mice. (a) Gating process
for ILC2s. (b) The percentage of ILC2s in each group. Data are presented as median (P25, P75), n = 5. ##P < 0:01 vs. NC group; Δ P < 0:05 vs.
NA group. NC: control group; NA: control + acupoint catgut-embedding group; AST: asthma group; ASS: asthma + sham-acupoint catgut-
embedding group; ASA: asthma + acupoint catgut-embedding group.
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Figure 5: Acupoint catgut-embedding treatment inhibited the NF-κB/COX-2 pathway in airways. (a) Immunofluorescence of p-p65 in each
group. (b) Immunohistochemistry of COX-2 in each group. (c) The mean fluorescent intensity (MFI) of p-p65 and average optical density
(AOD) of COX-2. Data are presented asmean ± SD, n = 5. ##P < 0:01 vs. NC and NA group; ∗∗P < 0:01 vs. AST and ASS group. NC: control
group; NA: control + acupoint catgut-embedding group; AST: asthma group; ASS: asthma + sham-acupoint catgut-embedding group; ASA:
asthma + acupoint catgut-embedding group.
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difference in the proportion of ILC2s between the NC and
NA groups, as well as between the AST and ASS groups.
Compared with the NC and NA groups, the proportion of
ILC2s in the lung tissues was significantly increased in the
AST and ASS groups (PAST,ASS < 0:01 vs. NC, PAST < 0:05
vs. NA). After ACE treatment, the proportion of ILC2s in
the ASA group showed a strong downward trend, which
was consistent with the trend of IL-4 and IL-13 in other
groups.

3.5. Acupoint Catgut-Embedding Inhibited the NF-κB/COX-2
Pathway in Airways of OVA-Induced Asthmatic Mice. Studies
have shown that the NF-κB/COX-2 pathway is necessary for
controlling inflammation in the lungs and airways in allergic
asthma [18]. In present study, we detected p-p65 and COX-2
using immunostaining methods. As shown in Figures 5(a)
and 5(c), in the lung tissues of mice in the NC and NA groups,
there was almost no positive expression of p-p65, while in the
AST, ASS, and ASA groups, p-p65 was mainly expressed in
the airway mucosa layer, and the MFI of p-p65 was signifi-
cantly increased in the AST and ASS groups (PAST,ASS < 0:01
). There was no statistical difference between the AST and
ASS groups. Compared with the AST and ASS groups, the
MFI of p-p65 in the ASA group was significantly decreased
(PASA < 0:01). Similarly, as shown in Figures 5(b) and 5(c),
compared with the NC and NA groups, the AOD of COX-2
in the airways of AST, ASS, and ASA groups was significantly
increased (PAST,ASS,ASA < 0:01), and there was no statistical dif-
ference between the AST and ASS groups. Compared with the
AST and ASS groups, the AOD of COX-2 in the ASA group
was markedly decreased (PASA < 0:01), suggesting that ACE
treatment might inhibit the expression of COX-2 via NF-κB
pathway in asthmatic mice.

4. Discussion

It is generally accepted that the Th2 cytokines such as IL-4
and IL-13 lead to allergic asthma phenotype, and studies
have shown that OVA-induced asthma in mice is often
accompanied by a significant increase in Th2 cytokine levels
[30]. In present study, we observed the effects of ACE on
allergic asthma and its underlying mechanism. Our results
showed that after OVA induction, the mice had a significant
increase in RL, while Cdyn was significantly decreased, sug-
gesting the mice developed AHR. Resutls demonstrated by
the classification and counting of inflammatory cells in
BALF showed that eosinophils, neutrophils, lymphocytes,
monocytes, and total leukocytes were significantly increased,
and the levels of IL-4/13 in BALF were significantly
increased. Furthermore, the deformation of airway epithelial
cells, thickening of airway wall and alveolar septum, and
inflammatory cell infiltration was observed in the lung tis-
sues of OVA-induced mice, suggesting that the mouse
model of allergic asthma was successfully established [31].
After ACE treatment, the lung function of asthmatic mice
was effectively improved, and the levels of IL-4 and IL-13
in BALF were significantly reversed. Since IL-4 modulates
the production of IgE, and IL-13 promotes airway mucus
production [5, 25], we also observed the effects of ACE on

the level of OVA-specific IgE in BALF and airway mucus
production. As expected, both OVA-specific IgE in BALF
and airway mucus production were markedly increased in
asthmatic mice and significantly reduced after ACE treat-
ment. Considering Th1 cells play an important role to
downmodulate Th2 response in asthma, its main effector
IFN-γ inhibits the production of IL-4 and reduces the num-
ber of eosinophils in BALF in asthma [32, 33]. Therefore, the
expression level of IFN-γ was also detected, and the results
showed that its expressions was decreased after OVA stimu-
lation, which was consistent with other studies [34, 35], and
increased significantly after ACE treatment. These results
indicated that the ACE treatment was effective in regulation
of the imbalance of Th1/Th2 and alleviated Th2-dominated
inflammatory responses of asthmatic mice.

ILC2s have been newly identified to produce Th2 cyto-
kines, and studies have shown that pulmonary ILC2s par-
ticipate in the pathological process of allergic asthma [36,
37]. On one hand, ILC2s can release large amounts of
IL-4, IL-5 and IL-13, thereby initiating and amplifying
the type 2 immune response [7]. While on the other hand,
Th2 cytokines such as IL-4/IL-13 can also promote the
proliferation and expansion of pulmonary ILC2s in allergic
asthma [9]. Therefore, we used flow cytometry to detect
the proportion of pulmonary ILC2s of mice in each group.
Consistent with studies above, our results showed that
compared with the normal mice, the proportion of pulmo-
nary ILC2s in asthmatic mice was significantly increased,
and ACE treatment effectively reduced the proportion of
pulmonary ILC2s, suggesting that ACE treatment inhibited
the proliferation and expansion of Th2 cytokines and
ILC2s in the lungs, and might inhibit their interactions,
which eventually inhibited the Th2 inflammatory
responses in allergic asthma.

Although IL-4/IL-13 were considered to play a role in
allergic asthma mainly through the janus tyrosine kinases
JAK1 and JAK3/signal transducer and activator of
transcription-6 (STAT6) signaling, studies have shown that
in addition to the JAK/STAT signaling, IL-4/IL-13 may also
participate in the pathological process of asthma through
other pathways such as NF-κB signaling [12]. It is reported
that IL-4 alone has no activating effect on NF-κB; however,
it can enhance the activation of NF-κB induced by other fac-
tors such as IL-1 [10, 38]. As for IL-13, studies have shown
that it induces the translocation of NF-κB in human bron-
chial smooth muscle cells, and airway epithelium NF-κB
activation leads to a significant increase in IL-13 [11, 39].
The NF-κB signaling pathway also plays a key role in regu-
lating inflammation through COX transcription [40], as
studies have shown that the COX-2 induced by NF-κB is
an important factor leading to the lung inflammation in
allergic asthma [16, 18]. Therefore, we observed the effect
of ACE treatment on the NF-κB/COX-2 pathway by immu-
nostaining. As expected, after OVA induction, the expres-
sion of p-p65 and COX-2 was significantly upregulated in
lung tissues of asthmatic mice, and the ACE treatment
remarkably inhibited their expression. However, the specific
mechanism of the inhibitory effect of ACE treatment on NF-
κB/COX-2 pathway in lung tissues of allergic asthmatic mice
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is not clear, and it is difficult to determine whether this effect
is direct or indirect. Further research is still required.

5. Conclusion

In conclusion, our study demonstrated that the ACE treat-
ment alleviated AHR and inhibited Th2 responses and
ILC2s in the lungs of OVA-induced allergic asthmatic mice,
and the mechanism might be related to the inhibition of NF-
κB/COX-2 pathway.

Data Availability

All underlying data is available on request through email
address of corresponding authors.

Conflicts of Interest

The authors declared that they had no conflicts of interest.

Authors’ Contributions

Fangzhou Teng and Xuedong Ma contributed equally to this
work, analyzed the data, and drafted the manuscript.
Shiyuan Wang and Chengyong Liu designed and supervised
the study. Jie Cui, Xueyi Zhu, Weifeng Tang, Wenqian
Wang, Tulake Wuniqiemu, Jingjing Qin, Yuting Zong, and
La Yi conducted the animal experiments and collected the
data. Shiyuan Wang and Chengyong Liu revised the manu-
script. All authors approved the final version accepted for
publication. Fangzhou Teng and Xuedong Ma contributed
equally to this work as co-first authors.

Acknowledgments

This work was supported by grants from the National Natu-
ral Science Foundation of China (Grant No. 81904282).

References

[1] E. H. C. Wong, H. A. Farne, and D. J. Jackson, “Asthma: diag-
nosis and management in adults,” Medicine, vol. 44, pp. 287–
296, 2016.

[2] M. E. Kuruvilla, K. Vanijcharoenkarn, J. A. Shih, and F. E.-H.
Lee, “Epidemiology and risk factors for asthma,” Respiratory
Medicine, vol. 149, pp. 16–22, 2019.

[3] G.-Y. Seo, J.-M. Lee, Y.-S. Jang et al., “Mechanism underlying
the suppressor activity of retinoic acid on IL4-induced IgE
synthesis and its physiological implication,” Cellular Immu-
nology, vol. 322, pp. 49–55, 2017.

[4] Y. Yanagihara, K. Ikizawa, K. Kajiwara, T. Koshio, Y. Basaki,
and K. Akiyama, “Functional significance of IL-4 receptor on
B cells in IL-4-induced human IgE production,” Journal of
Allergy and Clinical Immunology, vol. 96, pp. 1145–1151, 1995.

[5] B. Fritzsching, M. Hagner, L. Dai et al., “Impaired mucus clear-
ance exacerbates allergen-induced type 2 airway inflammation
in juvenile mice,” Journal of Allergy and Clinical Immunology,
vol. 140, pp. 190–203.e5, 2017.

[6] L. van Rijt, H. von Richthofen, and R. van Ree, “Type 2 innate
lymphoid cells: at the cross-roads in allergic asthma,” Seminars
in Immunopathology, vol. 38, pp. 483–496, 2016.

[7] V. Konya and J. Mjösberg, “Lipid mediators as regulators of
human ILC2 function in allergic diseases,” Immunology Let-
ters, vol. 179, pp. 36–42, 2016.

[8] K. R. Bartemes, K. Iijima, T. Kobayashi, G. M. Kephart, A. N.
McKenzie, and H. Kita, “IL-33-responsive lineage- CD25+
CD44(hi) lymphoid cells mediate innate type 2 immunity
and allergic inflammation in the lungs,” Journal of Immunol-
ogy, vol. 188, no. 3, pp. 1503–1513, 2012.

[9] C. Symowski and D. Voehringer, “Th2 cell-derived IL-4/IL-13
promote ILC2 accumulation in the lung by ILC2-intrinsic
STAT6 signaling in mice,” European Journal of Immunology,
vol. 49, pp. 1421–1432, 2019.

[10] J. Zamorano, A. L. Mora, M. Boothby, and A. D. Keegan, “NF-
κB activation plays an important role in the IL-4-induced pro-
tection from apoptosis,” International Immunology, vol. 13,
pp. 1479–1487, 2001.

[11] K. Goto, Y. Chiba, and M. Misawa, “IL-13 induces transloca-
tion of NF-κB in cultured human bronchial smooth muscle
cells,” Cytokine, vol. 46, pp. 96–99, 2009.

[12] S. P. Chapoval, A. Al-Garawi, J. M. Lora et al., “Inhibition of
NF-kappaB activation reduces the tissue effects of transgenic
IL-13,” Journal of Immunology, vol. 179, pp. 7030–7041, 2007.

[13] P. P. Tak and G. S. Firestein, “NF-κB: a key role in inflamma-
tory diseases,” The Journal of clinical investigation., vol. 107,
pp. 7–11, 2001.

[14] L. Pang, “COX-2 expression in asthmatic airways: the story so
far,” Thorax, vol. 56, no. 5, pp. 335-336, 2001.

[15] J. K. Lee, B. C. Sayers, K.-S. Chun et al., “Multi-walled carbon
nanotubes induce COX-2 and iNOS expression via MAP
kinase-dependent and -independent mechanisms in mouse
RAW264.7 macrophages,” Particle and Fibre Toxicology,
vol. 9, no. 1, p. 14, 2012.

[16] M. Tiwari, U. N. Dwivedi, and P. Kakkar, “Tinospora cordifo-
lia extract modulates COX-2, iNOS, ICAM-1, pro-
inflammatory cytokines and redox status in murine model of
asthma,” Journal of Ethnopharmacology, vol. 153, pp. 326–
337, 2014.

[17] L. J. Crofford, “COX-2: where are we in 2003? - specific
cyclooxygenase-2 inhibitors and aspirin-exacerbated respira-
tory disease,” Arthritis Research & Therapy, vol. 5, p. 25, 2002.

[18] S. S. Athari, “Targeting cell signaling in allergic asthma,” Signal
Transduction and Targeted Therapy, vol. 4, p. 45, 2019.

[19] W. Cui, W. Sun, Q.-L. Mao-Ying, W. Mi, Y. Chu, and
Y. Wang, “Evaluation of catgut implantation at acupoints for
asthma: a systematic review and meta-analysis,” Traditional
Medicine and Modern Medicine., vol. 1, pp. 123–132, 2018.

[20] J. Cui, M. Dong, L. Yi et al., “Acupuncture inhibited airway
inflammation and group 2 innate lymphoid cells in the lung
in an ovalbumin-induced murine asthma model,” Acupunc-
ture in medicine : journal of the British Medical Acupuncture
Society., vol. 39, no. 3, pp. 217–225, 2021.

[21] D. Li, T. Sun, L. Chi, D. Zhao, and W. Li, “Acupoint catgut
embedding improves the lipopolysaccharide-induced acute
respiratory distress syndrome in rats,” BioMed Research Inter-
national, vol. 2020, Article ID 2394734, 9 pages, 2020.

[22] S. Wang, T. Wuniqiemu, W. Tang et al., “Luteolin inhibits
autophagy in allergic asthma by activating PI3K/Akt/mTOR
signaling and inhibiting Beclin-1-PI3KC3 complex,” Interna-
tional Immunopharmacology, vol. 94, article 107460, 2021.

[23] J. Cui, F. Xu, Z. Tang et al., “Bu-Shen-Yi-qi formula amelio-
rates airway remodeling in murine chronic asthma by

10 BioMed Research International



modulating airway inflammation and oxidative stress in the
lung,” Biomedicine & Pharmacotherapy, vol. 112, article
108694, 2019.

[24] J. Zhu, “T helper 2 (Th2) cell differentiation, type 2 innate lym-
phoid cell (ILC2) development and regulation of interleukin-4
(IL-4) and IL-13 production,” Cytokine, vol. 75, pp. 14–24,
2015.

[25] M. Profita, A. M. Vignola, A. Mirabella et al., “IL-4 and IgE–
anti-IgE modulation of 15(S)-hydroxyeicosatetraenoic acid
release by mononuclear phagocytes,” Journal of Allergy and
Clinical Immunology, vol. 103, pp. 159–164, 1999.

[26] I. Martinez-Gonzalez, C. A. Steer, and F. Takei, “Lung ILC2s
link innate and adaptive responses in allergic inflammation,”
Trends in Immunology, vol. 36, pp. 189–195, 2015.

[27] B. W. S. Li, M. J. W. de Bruijn, M. Lukkes et al., “T cells and
ILC2s are major effector cells in influenza-induced exacerba-
tion of allergic airway inflammation in mice,” European Jour-
nal of Immunology, vol. 49, pp. 144–156, 2019.

[28] H. Kim Myung, J. Taparowsky Elizabeth, and C. H. Kim,
“Retinoic acid differentially regulates the migration of innate
lymphoid cell subsets to the gut,” Immunity, vol. 43, no. 1,
pp. 107–119, 2015.

[29] T. A. Doherty, “At the bench: understanding group 2 innate
lymphoid cells in disease,” Journal of Leukocyte Biology,
vol. 97, pp. 455–467, 2015.

[30] M. Casaro, V. R. Souza, F. A. Oliveira, and C. M. Ferreira,
“OVA-induced allergic airway inflammation mouse model,”
in Pre-Clinical Models: Techniques and Protocols, P. C. Guest,
Ed., pp. 297–301, Springer New York, New York, NY, 2019.

[31] J. Qian, X. Ma, Y. Xun, and L. Pan, “Protective effect of for-
sythiaside a on OVA-induced asthma in mice,” European Jour-
nal of Pharmacology, vol. 812, pp. 250–255, 2017.

[32] S. H. Mahajan and A. A. Mehta, “Role of cytokines in patho-
physiology of asthma,” Nihon Naika Gakkai Zasshi the Journal
of the Japanese Society of Internal Medicine., vol. 85, pp. 184–
188, 2006.

[33] M. Larché, D. S. Robinson, and A. B. Kay, “The role of T lym-
phocytes in the pathogenesis of asthma,” The Journal of allergy
and clinical immunology., vol. 111, no. 3, pp. 450–463, 2003,
quiz 64.

[34] W. Wang, X. Luo, Q. Zhang, X. He, Z. Zhang, and X. Wang,
“Bifidobacterium infantis relieves allergic asthma in mice by
regulating Th1/Th2,” Medical Science Monitor, vol. 26,
p. e920583-e, 2020.

[35] P. Liang, S. Peng, M. Zhang, Y. Ma, X. Zhen, and H. Li, “Huai
Qi Huang corrects the balance of Th1/Th2 and Treg/Th17 in
an ovalbumin-induced asthma mouse model,” Bioscience
Reports, vol. 37, 2017.

[36] C. Winkler, T. Hochdörfer, E. Israelsson et al., “Activation of
group 2 innate lymphoid cells after allergen challenge in asth-
matic patients,” Journal of Allergy and Clinical Immunology,
vol. 144, pp. 61–9.e7, 2019.

[37] J. L. Aron and O. Akbari, “Regulatory T cells and type 2 innate
lymphoid cell-dependent asthma,” Allergy, vol. 72, pp. 1148–
1155, 2017.

[38] K. R. Pindolia, C. J. Noth, Y. X. Xu, N. Janakiraman, R. A.
Chapman, and S. C. Gautam, “IL-4 upregulates IL-1-induced
chemokine gene expression in bone marrow stromal cells by
enhancing NF-kB activation,” Hematopathology and Molecu-
lar Hematology, vol. 10, pp. 171–185, 1996.

[39] J. L. Ather, S. R. Hodgkins, Y. M. Janssen-Heininger, and M. E.
Poynter, “Airway epithelial NF-κB activation promotes aller-
gic sensitization to an innocuous inhaled antigen,” American
Journal of Respiratory Cell and Molecular Biology, vol. 44,
no. 5, pp. 631–638, 2011.

[40] D. A. Israf, T. A. Khaizurin, A. Syahida, N. H. Lajis, and
S. Khozirah, “Cardamonin inhibits COX and iNOS expression
via inhibition of p65NF-κB nuclear translocation and Iκ-B
phosphorylation in RAW 264.7 macrophage cells,” Molecular
Immunology, vol. 44, no. 5, pp. 673–679, 2007.

11BioMed Research International


	Acupoint Catgut-Embedding Therapy Inhibits NF-κB/COX-2 Pathway in an Ovalbumin-Induced Mouse Model of Allergic Asthma
	1. Introduction
	2. Methods
	2.1. Animals
	2.2. Asthma Model Establishment
	2.3. Acupoint Catgut-Embedding Treatment
	2.4. Measurement of Airway Hyperresponsiveness
	2.5. Inflammatory Cell Count and Cytokine Detection
	2.6. Histological Studies
	2.7. Flow Cytometry Analysis
	2.8. Immunofluorescence and Immunohistochemistry
	2.9. Statistical Analysis

	3. Results
	3.1. Acupoint Catgut-Embedding Alleviated AHR in OVA-Induced Asthmatic Mice
	3.2. Acupoint Catgut-Embedding Downregulated the Number of Inflammatory Cells in the BALF of Asthmatic Mice
	3.3. Acupoint Catgut-Embedding Ameliorated Airway Inflammation and Mucus Secretion in OVA-Induced Asthmatic Mice
	3.4. Acupoint Catgut-Embedding Downregulated Pulmonary ILC2s in OVA-Induced Asthmatic Mice
	3.5. Acupoint Catgut-Embedding Inhibited the NF-κB/COX-2 Pathway in Airways of OVA-Induced Asthmatic Mice

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

