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Introduction: Asthma–chronic obstructive pulmonary (COPD) overlap (ACO) coexists 
with asthma and COPD syndrome characteristics, with more frequent exacerbations, heavier 
disease burden, higher medical utilization, and even lower quality of life. However, the ACO 
standard medications supported by evidence-based medicine have not yet appeared.
Methods: By using an ACO mouse model established previously and LPS-stimulated 
RAW264.7 macrophages in vitro, a potential therapeutic candidate, EAPP-2, was screened 
from derivatives of 3-arylbenzofuran, and its effect and mechanism on ACO inflammation 
were evaluated.
Results: EAPP-2 significantly alleviated airway inflammation in ACO mice and also 
inhibited the inflammatory reactions in LPS-induced RAW264.7 macrophages in vitro. 
Furthermore, EAPP-2 significantly inhibited the expression and phosphorylation of spleen 
tyrosine kinase (Syk), a common target regulating both eosinophils and neutrophils inflam
mation. In addition to this, EAPP-2 significantly down-regulates the expression of NF-κB, 
p-NF-κB, and NLRP3 in vivo and in vitro. Moreover, by using specific inhibitors in vitro, it 
was validated that EAPP-2 targeted on Syk and then regulated its downstream NF-κB and 
NLRP3.
Conclusion: EAPP-2 is shown to be a potentially useful therapeutic candidate for ACO, and 
its mechanism is at least partially achieved by targeting on Syk and then inhibiting NF-κB or 
NLRP3. Moreover, this study suggests that Syk may be a potentially effective target for ACO 
therapy.
Keywords: EAPP-2, asthma–COPD overlap, ACO, Syk, NF-κB, NLRP3

Introduction
Asthma and chronic obstructive pulmonary disease (COPD), two clinical fre
quently – occurring chronic airway inflammatory diseases, are caused by different 
inflammatory pathological mechanisms. However, with many similarities in clinical 
symptoms, sometimes it is hard to diagnose asthma or COPD clearly. Furthermore, 
a considerable number of patients coexist with the problems of asthma and COPD. 
So that asthma–COPD overlap (ACO), referring to patients “characterized by 
persistent airflow limitation with several features usually associated with asthma 
and several features usually associated with COPD,” was used as a “description for 
clinical use” by the Global Initiative of Asthma (GINA) and the Global Initiative 
for Chronic Obstructive Pulmonary Disease (GOLD) in 2017.1,2 In clinical trials, 
ACO patients have more frequent exacerbations, heavier disease burden, higher 
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medical utilization, and lower quality of life compared to 
those with asthma and COPD alone.3–6 However, besides 
the difficulty to diagnose, there is still a lack of exact 
specific and effective treatment of ACO. At present, the 
treatment of suspected ACO is mainly based on the treat
ment of severe asthma and COPD phenotype guidance, 
treated with inhaled glucocorticoids (ICS), long-acting 
β2-agonist (LABA) and long-acting muscarinic antago
nists (LAMA). Therefore, looking for specific drugs or 
methods for ACO treating has become particularly impor
tant and urgent.

A potential common target of asthma and COPD 
inflammation may also be an effective target for ACO 
therapeutic intervention. Syk, a 72kD non-receptor pro
tein tyrosine kinase, widely present in various hemato
poietic cells and some non-hematopoietic cells.7–9 Syk 
has been proved to be a potential therapeutic target for 
both asthma and COPD inflammation.10,11 In asthma, Syk 
is rapidly recruited and activated by FcεRI-mediated sig
naling pathways in human basophils, leading to cell 
degranulation and histamine release.12 And in patients 
with COPD, Syk is one of the kinases required for neu
trophils to form neutrophil extracellular traps (NET).13,14 

Furthermore, previously, by using comparative RNA-Seq 
transcriptome analysis on pulmonary inflammation in an 
ACO mouse model, we also found that Syk was 
a potential mainly affected signaling pathways of inflam
mation in ACO mouse.15 Phosphorylated Syk activated 
via its SH2 domains binds to the dual phosphorylated 
immunoreceptor tyrosine-based activation motif 
(ITAM),16 and its phosphorylated tyrosine residues can 
be used as anchor points for ligands binding, then to 
trigger its downstream signal cascades, including NF-κB 
and NLRP3,17,18 which ultimately trigger an inflammatory 
response. Therefore, targeting on Syk seems to be an 
effective solution for ACO airway inflammation 
treatment.

Due to its diverse biological properties, benzofuran is 
the leading structure of many clinically approved drugs 
that are synthetic or naturally occurring substituted benzo
furan derivatives. Some of the synthesized 2,2-bisamino
methylated aurone analogues exerted excellent anti- 
inflammatory activity against TNF-α and IL-6.19 

Benzofuran derivatives also showed good anti- 
inflammatory activity in rat carrageenan-induced paw 
edema and strong inhibitory activity of cyclooxygenase-2 
(COX-2) enzyme.20–22 Based on these, we synthesized 
a 3-arylbenzofuran derivative EAPP-2 (Figure 1A), 

which exhibited better anti-inflammatory activity and inhi
bitory activity of Syk.

Therefore, in this study, the effects of EAPP-2 on ACO 
airway inflammation were evaluated in vivo and in vitro, 
and then its underlying mechanisms targeted on Syk/NF- 
κB/NLRP3 pathway were investigated.

Materials and Methods
Animals
Male Balb/c mice weighting 20–22g were purchased from 
the Vital River Laboratory Animal Technology Co., Ltd 
(Beijing, China), housed in a specific pathogen-free room 
with a controlled environment (23 ± 2°C, 40 ± 10% 
humidity, a 12-h light/dark cycle) and fed with standard 
chow and filtered tap water ad libitum. A All animals’ 
experiments were approved by the Animal Care and Ethics 
Committee of the Institute of Materia Medica (IMM), 
Chinese Academy of Medical Sciences and Peking 
Union Medical College (CAMS and PUMC), approved 
by The Animal Care and Welfare Committee of IMM, 
CAMS and PUMC, and conformed to internationally 
accepted ethical standards.

LPS + OVA + CS-Induced ACO in Mice
Mice were randomly divided into six groups: Control, 
Model, EAPP-2 (7.5, 15, and 30 mg/kg, prepared by Prof 
Chunsuo Yao, the Institute of Materia Medica, Chinese 
Academy of Medical Sciences, Beijing, China), dexa
methasone sodium phosphate injection group (0.5 mg/kg, 
DEX, Sinopharm Group Rongsheng Pharmaceutical Co., 
Ltd., Jiaozuo, China). On days 1, 7, and 14, mice were 
sensitized with an intraperitoneal injection of 30 μg oval
bumin (OVA, Sigma-Aldrich, St. Louis, MO, USA) in 100 
µl aluminum hydroxide gel (Meihua Chemical Co. Ltd., 
Shanghai, China). Then, the mice were intratracheally 
instilled with 30 μg lipopolysaccharide (LPS, Sigma- 
Aldrich, St. Louis, MO, USA) in 50 μL saline under 
light anesthesia on day 15, and challenged by intratracheal 
instillation of 60 μg OVA in 50 μL saline on days 26 and 
27, 30 μg OVA plus 15 μg LPS in 50 μL saline on day 28. 
Mice in the control group received the same volume of 
normal saline. On days 16–25 and days 29–42, mice were 
exposed to cigarette smoke for 60 min once a day in 
a small animal smoke inhalation microenvironment pre
paration system (MBL-1, the Institute of Materia Medica, 
Chinese Academy of Medical Sciences, Beijing, China) 
with the condition of smoke density at 300 ± 50 ppm, and 
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Figure 1 Effects of EAPP-2 on lung inflammatory cells infiltration in ACO mice. (A) Molecular structure of EAPP-2. (B) Timeline of the experimental protocol. (C) a: 
Representative images of H&E staining of lung tissue (magnified ×100); b: peribronchial and perivascular inflammatory infiltration scoring by a four-point scale (five 
independent slices from each mouse, n=3). (D) The inflammatory cell in BALF counts (n=8). Data were shown as mean ± SEM; ##P < 0.01 compared with the control group; 
*P < 0.05 and **P < 0.01 compared with the model group.
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oxygen concentration higher than 18.5%. From day 29, 
mice were administered by gavaging test compounds 1h 
before CS exposure, once a day for 14 consecutive days 
(Figure 1B).

Cell Counting in Bronchoalveolar Lavage 
Fluid (BALF)
Twenty-four hours after the last treatment, mice were 
anesthetized with sodium pentobarbital (0.8%) and sacri
ficed. The BALF was collected by cannulating the trachea 
and washing the lung with 800 μL ice-cold phosphate- 
buffered saline (PBS) triply, centrifuged at 1000 ×g for 
10 min at 4°C, and then the supernatants were collected 
and stored at –80° C for the determination of inflammatory 
factors. The pelleted cells were resuspended in 100 μL 
PBS containing EDTA·2K (5 mg/mL) and determined 
using a hemocytometer (Mindray BC-5000 vet, 
Shenzhen, China).

Lung Histomorphometry
Lung tissues were collected and fixed in 10% formalin 
solution for 24 hours before embedding in paraffin. Four- 
μm thick sections were stained with hematoxylin and eosin 
(H&E) and observed under a light microscope (100×). 
Experienced blinded pathologists performed the histopatho
logical studies, according to a four-point scoring scale.11

Cell Culture and Treatment
Macrophage cell line RAW264.7 was obtained from 
American Type Culture Collection (ATCC, Rockville, 
MD, USA) and cultured in Dulbecco’s modified Eagle’s 
medium (DMEM, Gibco, Carlsbad, CA, USA) supplemen
ted with 10% heat-inactivated fetal bovine serum (FBS, 
SeraPro, Naila, Germany), 100 U/mL penicillin and 100 
μg/mL streptomycin in a 37 °C humidified incubator con
taining 5% CO2.

The cells were plated into 96-well plates or culture 
dishes (60 mm in diameter) at a density of 4×105 cells/mL, 
and pre-incubated with EAPP-2 (2.5, 5, and 10 μM, respec
tively), DEX (1 μM), BAY61-3606 (an inhibitor of Syk, 0.5 
μM, Sigma, St Louis, MO, USA), BAY11-7082 (an inhibitor 
of NF-κB, 5 μM, Sigma, St. Louis, MO, USA), MCC950 (an 
inhibitor of NLRP3, 0.5 μM, Topscience Biotech Co., Ltd., 
Shanghai, China) for 1 hour, followed by stimulated with 
LPS (1 μg/mL, Sigma, St. Louis, MO, USA) for 24 h. The 
supernatants in 96-well plates were collected for cytokine 

analysis. And cells in culture dishes were used for Western 
blotting analysis.

Nitrate Quantification by Griess Test
The cells of RAW264.7 macrophages were seeded into 96- 
well plates at a density of 2×105 cells/well and pre-treated with 
EAPP-2 (2.5, 5, and 10 μM, respectively) or DEX (1 μM) for 1 
h, then stimulated with LPS (1 μg/mL) for 24 h. Culture 
supernatants were collected and mixed with 100 μL Griess 
reagent (1% sulfanilamide, 0.1% N-1-naphthylenediamine 
dihydrochloride, and 2.5% phosphoric acid). The absorbance 
was measured at 570 nm with a microplate reader (Power 
Wave XS2, BioTek, Virginia, USA).

Enzyme-Linked Immunosorbent Assay 
(ELISA)
The cytokine levels in BALF and cell culture supernatants 
were measured by using mouse IL-4, IL-6, IL-1β, IL-17A, 
IFN-γ, and TNF-α ELISA kits (BioLegend, San Diego, 
CA, USA). The cytokine levels in the serum were deter
mined by total IgE ELISA kits (BioLegend) and IgG1 
ELISA kits (Bethyl Laboratories, Montgomery, TX, 
USA). All of these according to the manufacturer’s 
instructions, respectively.

Western Blotting Analysis
The lung tissues or cells cultured in vitro were lysed and 
centrifugated at 12,000 ×g for 10min at 4 °C, and then the 
supernatants were removed and quantified via the BCA 
method (Solarbio, Beijing, China). Equal amounts of pro
tein were separated by 10% sodium dodecyl sulfate–poly
acrylamide gel electrophoresis (SDS-PAGE), then 
transferred onto polyvinylidene difluoride membranes 
(PVDF, Millipore, Bedford, MA, USA) and blocked with 
5% skim milk for 1 h at room temperature. The mem
branes were first probed with specific primary antibodies 
against Syk (#13198S), phospho-Syk (Y525/526) 
(#2710S), NF-κB p65 (#8242S), phospho-NF-κB p65 
(Ser536) (#3033S), NLRP3 (#15101S), iNOS (#13120S) 
and β-actin (#4970) (Cell Signaling Technology, Boston, 
MA, USA) separately overnight at 4 °C. After washing, 
they were incubated with horseradish peroxidase- 
conjugated anti-rabbit secondary antibodies for 1 h at 
room temperature and then visualized with an enhanced 
chemiluminescence kit (ECL, Thermo Scientific, 
Rockford, IL, USA) on a Chemical imaging system 
(Clinx Science Instruments Co., Ltd, Shanghai, China). 
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The relative intensities of bands were quantified using 
Image-J software (National Institutes of Health, 
Bethesda, Maryland, USA).

Statistical Analysis
Data were expressed as mean ± standard error of means 
(SEM), and statistically analyzed by using the Student’s 
t-test for two groups comparison or one-way ANOVA for 
multiple groups, being conducted with Prism software 
version 7 (GraphPad Software, San Diego, CA, USA). 
A P value <0.05 was considered to be statistically 
significant.

Results
EAPP-2 Attenuated Lung Inflammatory 
Cells Infiltration in ACO Mice
By using H&E staining, the inflammatory histological 
changes in the lungs were detected, and quantitatively 
scored. The results showed that a significant increase of 
inflammatory cells infiltrated into perivascular and peri
bronchial regions in ACO model mice compared with the 
mice in control group, while which were marked attenu
ated with EAPP-2 treatment (P < 0.01), as well as with the 
DEX treatment (Figure 1C).

Accordingly, in BALF, compared with the mice in the 
control group, cell counts of the total leukocytes, lympho
cytes, monocytes, neutrophils, and eosinophils were all sig
nificantly increased (p < 0.01, Figure 1D). Consistent with 
the results of histological analysis, EAPP-2 treatment mark
edly decreased the inflammatory cells infiltration in BALF, 
including the total leukocytes, lymphocytes, neutrophils, 
and eosinophils, in which the inhibition of total leukocytes 
shown a dose-dependence (p < 0.05 or 0.01). Significant 
reductions were shown in the total leukocytes, lymphocytes, 
and monocytes with DEX treatment (p < 0.01).

EAPP-2 Decreased the Levels of 
Inflammatory Cytokines in BALF and 
Serum Immunoglobulins of ACO Mice
The levels of inflammatory cytokines in BALF were deter
mined using ELISA, as well as serum total IgE and IgG1. 
In ACO mice, significantly increases of TNF-α (Figure 
2A), IL-6 (Figure 2B), IL-17A (Figure 2C), IL-1β 
(Figure 2D), IL-4 (Figure 2E), IFN-γ (Figure 2F) in 
BALF were detected (P < 0.01). While they were signifi
cantly decreased with EAPP-2 treatment (P < 0.05 or 
0.01), showing a dose-dependence in the inhibition of 

IL-6, IL-17A, TNF-α. Also, EAPP-2 (15 mg/kg) could 
significantly reduce the ratio of IL-4/IFN-γ (P < 0.01, 
Figure 2G), indicating that EAPP-2 has a certain regula
tory effect on Th2-type immune response. Among these, 
no significance was observed in the levels of IL-17A, 
TNF-α, IL-1β with DEX treatment (P > 0.05).

As also shown in immunoglobulins in the serum, 
EAPP-2 treatment significantly decreased the levels of 
total IgE (Figure 2H) and IgG1 (Figure 2I) in mice 
ACO, as well as DEX treatment (P < 0.05 or 0.01).

EAPP-2 Inhibited the Production of 
Inflammatory Cytokines in vitro
The anti-inflammatory activity of EAPP-2 in vitro was inves
tigated by using LPS-stimulated RAW264.7 macrophages. 
No significant cytotoxicity of EAPP-2 on RAW264.7 macro
phages was observed from 2.5 up to 120 μM concentrations 
(Data not shown). As shown in Figure 3, RAW264.7 macro
phages stimulated with LPS markedly increased the produc
tion of NO (Figure 3A), IL-6 (Figure 3B), TNF-α (Figure 
3C), and IL-1β (Figure 3D), while that EAPP-2 pre-treated 
were significantly inhibited (P < 0.01), and shown a dose- 
dependent manner. These results suggested a significant anti- 
inflammatory activity of EAPP-2 in vitro.

EAPP-2 Inhibited the Expression and 
Activation of Syk and Its Downstream 
Signals in Lung Tissues of ACO Mice
In lung tissues of ACO mice, the protein expression of Syk 
(Figure 4A), p-Syk (Figure 4B), NF-κB (Figure 4C), 
p-NF-κB (Figure 4D), NLRP3 (Figure 4E), and iNOS 
(Figure 4F) were significantly increased (p < 0.01), sug
gesting the activation of Syk and its downstream signals in 
ACO mice. And with EAPP-2 treatment, the expression 
Syk, p-Syk, NF-κB, p-NF-κB, NLRP3, and iNOS were all 
significantly inhibited, as well as DEX treatment (p < 0.05 
or 0.01). Collectively, the results suggested that a potential 
mechanism of EAPP-2 on ACO inflammations was via 
down-regulating the Syk pathway.

EAPP-2 Inhibited the Expression and 
Activation of Syk and Its Downstream 
Signals in LPS- Stimulated RAW264.7 
Macrophages
Consistent with the in vivo results, EAPP-2 significantly 
inhibited the expression of Syk (Figure 5A), p-Syk (Figure 
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5B), NF-κB (Figure 5C), p-NF-κB (Figure 5D), NLRP3 
(Figure 5E) and iNOS (Figure 5F) in LPS-stimulated 
RAW264.7 macrophages with dose-dependent manners (p < 
0.05 or 0.01). While with DEX treatment, only a significant 
decrease was shown in NF-κB, NLRP3, and iNOS expression.

Validation of That EAPP-2 Attenuating 
ACO Inflammation via Potential 
Syk-Targeted in vitro
Inhibitors of Syk (BAY61-3606), NF-κB (BAY11-7082), 
and NLRP3 (MCC950) were used to validated the 

potential Syk-targeted mechanism in vitro. As shown in 
Figure 6A and B, significant synergistic inhibited effects 
of EAPP-2 co-treatment with inhibitors of BAY61-3606, 
BAY11-7082, MCC950 have indicated on the production 
of IL-6 and TNF-α in LPS-induced RAW264.7 macro
phages. Furthermore, Syk inhibitor BAY61-3606 signifi
cantly enhanced the inhibitory effects of EAPP-2 on Syk 
(Figure 6C) and p-Syk (Figure 6D) expression, while no 
enhanced inhibitory effects being shown in NF-κB inhibi
tor AY11-7082 and NLRP3 inhibitor MCC950 co- 
treatment. Syk inhibitor BAY61-3606 significantly inhib
ited the expression of NF-κB (Figure 6E), p-NF-κB 

Figure 2 Effects of EAPP-2 on the levels of inflammatory cytokines TNF-α (A), IL-6 (B), IL-17A (C), IL-1β (D), IL-4 (E), IFN-γ (F) and IL-4/IFN-γ (G) in BALF, and serum 
immunoglobulins IgE (H) and IgG1 (I) of ACO mice (n=8). Data were shown as mean ± SEM; ##P < 0.01 compared with the control group; *P < 0.05 and **P < 0.01 
compared with the model group.

https://doi.org/10.2147/JIR.S310875                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2021:14 2178

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(Figure 6F), and NLRP3 (Figure 6G), and EAPP-2 co- 
treatment significantly enhanced the inhibitory effects. 
However, NLRP3 inhibitor MCC950 had no significant 
inhibitory effect on the expression and phosphorylation 
of syk and NF-κB. Collectively, these results indicated 
that EAPP-2 might potentially be targeted on Syk, and 
then regulating its downstream NF-κB/NLRP3 to attenuate 
ACO inflammation.

Discussion
ACO accounts for a certain proportion of asthma and 
COPD patients, with more frequent exacerbations, heavier 
disease burden, higher medical utilization, and even lower 
quality of life. However, for its clinical symptoms coexist 
with the problems of asthma and COPD, the ACO stan
dard medications supported by evidence-based medicine 

have not yet appeared. At present, clinicians are forced to 
use trial and error to find the best treatment for ACO 
patients, inhaled glucocorticoids (ICS), long-acting 
β2-agonist (LABA) and long-acting muscarinic antago
nists (LAMA) were used mainly based on the treatment 
of severe asthma and COPD phenotype guidance. 
Therefore, specific drugs or methods for ACO treating 
become particularly urgent. In this study, by using the 
ACO mouse model we established previously, a potential 
therapeutic candidate, EAPP-2, was screened from deriva
tives of 3-arylbenzofuran. The results showed that EAPP-2 
significantly alleviated airway inflammation in ACO mice 
and also inhibited the inflammatory reactions in LPS- 
induced RAW264.7 macrophages in vitro.

In ACO patients, coincided in the established ACO 
mice, there is a large increase in both sputum eosinophils 

Figure 3 Anti-inflammatory activity of EAPP-2 on LPS-stimulated RAW264.7 macrophages in vitro. The levels of NO detected by Griess test (A), and the levels of IL-6 (B), 
TNF-α (C), and IL-1β (D) in supernatants detected by ELISA (n=3 independent experiments). Data were shown as mean ± SEM; ##P < 0.01 compared with the control 
group; **P < 0.01 compared with the model group.
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Figure 4 Effects of EAPP-2 on the expression of Syk (A), phosphorylated Syk (B), NF-κB p65 (C), phosphorylated NF-κB p65 (D), NLRP3 (E), and iNOS (F) in lung tissues 
of ACO mice (n=5). Data were shown as mean ± SEM; ##P < 0.01 compared with the control group; *P < 0.05 and **P < 0.01 compared with the model group.
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Figure 5 Effects of EAPP-2 on the expression of Syk (A), phosphorylated Syk (B), NF-κB p65 (C), phosphorylated NF-κB p65 (D), NLRP3 (E), and iNOS (F) in LPS- 
stimulated RAW264.7 macrophages (n=5). Data were shown as mean ± SEM; #P < 0.05 and ##P < 0.01 compared with the control group; *P < 0.05 and **P < 0.01 compared 
with the model group.

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S310875                                                                                                                                                                                                                       

DovePress                                                                                                                       
2181

Dovepress                                                                                                                                                                 Li et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 6 Validation of that EAPP-2 attenuating ACO inflammation via potential Syk-targeted in vitro. The production of IL-6 (A) and TNF-α (B) in supernatants of LPS- 
stimulated RAW264.7 macrophages detected by ELISA (n=3 independent experiments), and expressions of Syk (C), phosphorylated Syk (D), NF-κB p65 (E), phosphorylated 
NF-κB p65 (F), and NLRP3 (G) (n=5) in LPS- stimulated RAW264.7 macrophages detected by Western blotting. (H) Schematic diagram of the potential mechanism of EAPP- 
2 inhibiting Syk in ACO inflammation. Data were shown as mean ± SEM; ##P < 0.01 compared with the control group; *P < 0.05 and **P < 0.01 compared with the model 
group.
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and neutrophils infiltration in airways, important distin
guishing markers of asthma and COPD, respectively.23 

Furthermore, cytokines associated with Th1 and Th2 reac
tions were both increased, IFN-γ associated with Th1,24 

while IL-4 associated with Th2, which activated 
B lymphocytes to produce and secrete IgE and IgG1.25 

In this study, EAPP-2 significantly alleviated eosinophils, 
neutrophils and other inflammatory cells infiltration in 
lung tissues, as well as in BALF of ACO mice. EAPP-2 
markedly reduced both Th1 (IFN-γ) and Th2 (IL-4) cyto
kine production in BALF, as well as inflammatory cyto
kines IL-6, IL-17A, TNF-α and IL-1β, which being 
considered general markers of inflammation.26 

Additionally, as a result of Th2 inhibition, EAPP-2 sig
nificantly inhibited the production of total IgE and IgG1 in 
serum. These results indicated that the enormous potential 
of EAPP-2 in ACO inflammation treatment.

The typical target of asthma and COPD inflammation, 
such as a target regulating both eosinophils and neutro
phils, may be an effective target for ACO therapeutic 
intervention. Syk, a 72kD non-receptor protein tyrosine 
kinase, is widely present in various hematopoietic cells 
and some non-hematopoietic cells, including eosinophils, 
neutrophils, macrophages, epithelial cells, and so on.7–9 

Syk is an essential regulator of immune signals, regulating 
multiple downstream signal transduction pathways, among 
which activated NF-κB induces the expression of inflam
matory genes iNOS, IL-1β, IL-6, and TNF-α.27 In asthma, 
Syk is rapidly recruited and activated by FcεRI-mediated 
signaling pathways in human basophils, leading to cell 
degranulation and histamine release.12 Furthermore, in 
patients with COPD, Syk is one of the kinases required 
for neutrophils to form neutrophil extracellular traps 
(NET).13,14 Syk has been proved to be a potential thera
peutic target for both asthma and COPD inflammation.10,11 

So that, Syk seems to meet the potential target of ACO. 
This study showed that EAPP-2 treatment significantly 
inhibited the expression and phosphorylation of Syk 
in vivo and in vitro, and a synergistic effect with Syk 
inhibitor on IL-6 and TNF-α production was shown 
in vitro. These results indicate that Syk is a potential target 
that EAPP-2 regulated in ACO.

Furthermore, whether EAPP-2 is Syk targeted or 
targets its downstream was explored. Syk is involved in 
the activation of NLRP3 inflammasome, through control
ling the interaction with caspase-1 or ASC.17,28–30 

Activation of NLRP3 inflammasome usually requires 
both a priming signal and an activation signal, of 

which NF-κB acts as a central mediator of the priming 
signal by inducing the transcriptional expression of 
NLRP3 and pro-IL-1β.31,32 In addition to activated NF- 
κB, mature IL-1β secretion depends on the NLRP3 
inflammasomes.33 In this study, our results showed that 
EAPP-2 treatment also down-regulating the expression 
of NF-κB, p-NF-κB, and NLRP3 in vivo and in vitro. 
Moreover, the in vitro inhibition of inflammatory cyto
kines was synergistic with their inhibitors. Moreover, 
EAPP-2 treatment enhanced the inhibited effects on pro
tein expression and phosphorylation with Syk, NF-κB 
and NLRP3 inhibitors. Other than that, Syk inhibitor 
enhanced the inhibition of EAPP-2 on NF-κB and 
NLRP3 expression and phosphorylation, while there 
were no enhanced effects of NF-κB and NLRP3 inhibitor 
on Syk expression and phosphorylation. This result indi
cates that EAPP-2 seems to target on Syk, thereby reg
ulating NF-κB/NLRP3 signal transduction to inhibit the 
inflammatory response in ACO (Figure 6H).

In conclusion, EAPP-2 is shown to be a potentially 
useful therapeutic candidate for ACO, and its mechanism 
is at least partially achieved by targeting on Syk, and then 
inhibiting the NF-κB or NLRP3. Moreover, this study 
suggests that Syk may be a potentially effective target 
for ACO therapy.
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