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 Background: Loss of the epithelial barrier is characterized by a reduction in E-cadherin expression and is a hallmark of asthma. 
Qi-xian decoction (QXT) is a Chinese medicinal formula that has been used to effectively treat asthma. This 
study aimed to investigate the effect of QXT on E-cadherin expression in human lung epithelial 16HBE cells 
and ovalbumin-challenged mice and to explore the underlying molecular mechanism.

 Material/Methods: Ovalbumin (OVA)-induced mice were used as a model of asthma. Real-time PCR and Western blotting were uti-
lized to examine mRNA and protein levels. Lung tissue reactive oxygen species (ROS) levels were evaluated us-
ing dichloro-dihydro-fluorescein diacetate (DCFH-DA). Serum superoxide dismutase (SOD) and the total antiox-
idant capacity (TAOC) were measured via enzyme-linked immunosorbent assay (ELISA)-based analyses. 16HBE 
cells were utilized to explore the effect of QXT or hydrogen peroxide (H2O2) on the expression of E-cadherin in 
vitro.

 Results: We found that QXT treatment increased E-cadherin expression and decreased extracellular-signal-regulated 
kinase (ERK) phosphorylation levels in the lung tissues of OVA-challenged mice. QXT also downregulated ROS 
levels and increased serum SOD and TAOC levels in OVA-challenged mice. In vitro studies demonstrated that 
increased ROS generation induced by H2O2 resulted in decreased E-cadherin expression levels in 16HBE cells, 
which was attenuated by inhibition of ERK signaling. Moreover, the H2O2-induced downregulation of E-cadherin 
expression, increased ROS generation, and ERK activation in 16HBE cells were restored by treatment with QXT 
water or ethanol extract.

 Conclusions: These data demonstrate that one mechanism by which QXT protects against asthma is to restore E-cadherin 
expression in vivo and in vitro by inhibiting ROS-mediated ERK activation.
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Background

Asthma is a common lung disease and is characterized by chron-
ic airway inflammation; moreover, there is strong evidence that 
ROS and reactive nitrogen species (RNS) play important roles 
in asthma [1,2]. Sources of oxidative stress arise from meta-
bolic reactions that use oxygen, and elevated amounts of ROS 
are released from inflammatory cells that encounter various 
environmental factors, including air pollutants and cigarette 
smoke. Excessive ROS and RNS, which are indicators of oxi-
dative stress in response to allergen or pollutant stimulation, 
have been found in asthma patients [3]. Increased ROS lev-
els play important roles in the pathogenesis of asthma, such 
as airway epithelial barrier dysfunction, airway inflammation, 
and airway remodeling [4,5].

E-cadherin is a calcium-dependent adhesion molecule that is 
expressed on epithelial cells and plays important roles in main-
taining epithelial cell junctions [6]. It has recently been dem-
onstrated that E-cadherin expression is reduced in bronchial 
epithelial cells that were biopsied from asthma patients, and 
the reduced epithelial E-cadherin, along with catenin or ZO-1, 
in asthma patients contributes to a defective airway epithe-
lial barrier and an increased influx of eosinophils in the ep-
ithelium [7,8]. Furthermore, the loss of E-cadherin-mediated 
cell–cell contacts is essential for epithelial-to-mesenchymal tran-
sition (EMT), and E-cadherin is a potential target for ameliorat-
ing asthma severity or progression in humans [9]. E-cadherin 
is regulated by various factors, such as transforming growth 
factor b1 (TGF-b1), and ROS is one of the triggers that down-
regulates E-cadherin [10,11]. Therefore, blocking ROS produc-
tion and recovering E-cadherin expression is a promising ap-
proach in asthma therapy. However, the signaling pathways 
that are involved in ROS-mediated E-cadherin expression have 
not been fully elucidated.

The use of traditional Chinese medicine (TCM), a type of alter-
native medicine, is constantly growing in asthma treatment be-
cause of effectiveness and less severe adverse effect [12,13]. 
For example, Xiao-qing-long-tang (XQLT), a traditional Chinese 
medicine, has been used to treat patients with bronchial asth-
ma in Asian countries for several centuries. In vivo and in vitro 
studies have demonstrated that XQLT can reduce airway in-
flammation and remodeling [14]. Other commonly used pre-
scribed formulas such as Ma-Xing-Gan-Shi-Tang [15], Ding-
Chuan-Tang [16], and Ma Huang Tang [17] were demonstrated 
to be effective in relief of airway high response (AHR) or air-
way inflammation. Despite encouraging results, the use of tra-
ditional Chinese medicine to mediate E-cadherin expression 
has seldom been reported in asthma treatment.

Qi-xian decoction (Chinese patent: ZL201310158130.3) is 
a Chinese formula composed of Astragalus membranaceus, 

Epimedium brevicornum, Polygonum cuspidatum, Morinda offi-
cinalis, Ligusticum chuanxiong, Rehmannia glutinosa, Eriobotrya 
japonica, and Inula japonica that has been used to treat hu-
man asthma effectively for more than 10 years in China. Our 
previous studies demonstrated that QXT exhibited therapeu-
tic effects by alleviating airway inflammation [18,19]. However, 
its role in regulating E-cadherin expression has not been elu-
cidated. Moreover, some components of QXT have been re-
ported to possess antioxidative properties and are associated 
with E-cadherin expression [20,21]. For example, icariin, a fla-
vonoid that is isolated from Epimedium brevicornum, atten-
uates the inflammatory response and oxidative stress [22]. 
Astragaloside IV (ASV) is a natural saponin from Astragalus 
membranaceus and reverses the progression of TGF-b1-induced 
EMT and increased E-cadherin expression in pulmonary epithe-
lial cells [23]. Polydatin (PD), a small natural molecule that is 
isolated from Polygonum cuspidatum, suppresses OVA-induced 
EMT and ROS production in the lung tissue of OVA-challenged 
mice [24]. It is reasonable to expect that QXT will be beneficial 
in inhibiting ROS production and, in turn, restoring E-cadherin 
expression. Therefore, this study aimed to explore the regu-
lation of E-cadherin expression in human lung epithelial cells 
and ovalbumin-challenged mice and to explore the underly-
ing molecular mechanism.

Material and Methods

Animals

The procedures for each experiment were approved by the 
Institutional Animal Care and Use Committee, Putuo Hospital, 
Shanghai University of Traditional Chinese Medicine. Animal 
studies were conducted in strict conformity to the established 
institutional guidelines and the NIH guidelines on the use of 
experimental animals.

Female BALB/c mice were purchased from Shanghai SLAC 
Laboratory Animal Co. (Shanghai, China). All mice were main-
tained in well-controlled animal housing conditions.

Preparation of QXT

Traditional Chinese herbs were purchased from Shanghai 
Hua Yu Machinery Co., Shanghai, China. One set of QXT com-
ponents is listed in Table 1. All components of QXT were eval-
uated by the Quality Control Department of Shanghai Hua Yu 
Chinese Herbs Co. according to Chinese medicine component 
processing standards. In brief, 2 sets of QXT components were 
boiled with 2 liters of cold water and concentrated to create 
a boiled water extract (272 mL) and stored at 4°C prior to ad-
ministration to the mice.
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OVA-challenged mouse model of asthma and QXT 
treatment

Previous studies indicated that female mice were more sus-
ceptible to the development of allergic airway inflammation, 
AHR, and airway remodeling [25–27]. Therefore, female BALB/c 
mice were used to establish the murine asthma model, as 
previously described [28]. Twenty-four female BALB/c mice, 
6- to 8-weeks-old, were divided into the following 3 groups 
(8 mice/group): the saline group (mice were challenged and 
treated with saline), the OVA group (mice were challenged 
with OVA and treated with saline), and the OVA+QXT group 
(mice were challenged with OVA and treated with QXT). On 
days 0 and 14, the OVA and OVA+QXT groups were sensitized 
via intraperitoneal (i.p.) injection of 100 µg of OVA (Grade V; 
Sigma, St. Louis, MO, USA) complexed with alum. On days 14, 
25, 26, and 27, the OVA group OVA+QXT group were intrana-
sally administered 50 µL of OVA. Between days 28 and 34, the 
OVA+QXT group was intragastrically (i.g.) administered 0.5 mL 
QXT (37.5 g/kg/d) once daily, and the saline and OVA groups 
received 0.5 mL normal saline. On day 35, the mice were euth-
anized by cervical dislocation; then, the lungs were dissected, 
and the serum was collected for further analysis.

Lung ROS assay

ROS levels in the lung tissue were assayed with DCFH-DA 
(Nanjin Jiancheng Bioengineering Institute, Nanjing, China). 
Briefly, 0.2 g of fresh lung tissue was cut into 1-mm3 sections 
and enzymatically digested at 37°C for 25 min. Digested lung 
tissue was extruded through a metal strainer followed by a ny-
lon mesh screen to harvest single-cell suspensions. 5×105 cells 
were resuspended in 1 mL pre-warmed PBS containing 1 µL of 
DCFH-DA for 30  min at room temperature. We analyzed 300 µL 
of cell suspension using a microplate reader with excitation 
wavelength of 500 nm and emission wavelength of 525 nm.

SOD and TAOC assay

SOD and TAOC levels were assayed according to the in-
structions provided by the manufacturer (Nanjin Jiancheng 
Bioengineering Institute, Nanjing, China). The SOD level was 
measured at 450 nm, and the TAOC level was measured at 
520 nm by a microplate reader.

Preparation of water and ethanol extract of QXT

In brief, 2 set of mixed herbs with 2 L cold water were boiled 
and concentrated to 0.45 L to prepare a boiled water extract, 
of which 0.27 L concentrated decoction was then used for eth-
anol extraction (QXT-E) and the remaining 0.18 L was used for 
water extraction (QXT-W). For ethanol extraction, 0.27 L decoc-
tion was adjusted to 1.17L by adding 0.9L 90% ethanol. We 
let the decoction stand for 24 h, then the supernatant was 
collected and ethanol was evaporated by vacuum distillation. 
The remaining solution was freeze-dried and the final weigh 
of lyophilized powder was 49.1 g. The extraction rate by eth-
anol was 25.73%. The powders were dissolved in dimethyl 
sulfoxide (DMSO) for use as ethanol extract of QXT (QXT-E) in 
in vitro studies. For water extraction, 0.18 L concentrated de-
coction was freeze-dried directly and the lyophilized powder 
weighed 38.3 g. The extraction rate was 30.11%. The pow-
ders were dissolved in water for use as water extract of QXT 
(QXT-W) in in vitro studies.

Cell culture

16HBE cell line (Bogoo Biotech Co., Shanghai, China) cells were 
cultivated at 37°C and 5% CO2 in RPMI-1640 medium supple-
mented with 10% FBS and penicillin-streptomycin solution (all 
from Thermo Fisher Scientific, Inc., Waltham, MA, USA). Cells 
were treated with H2O2 (40 µM, Grade V, Sigma, St. Louis, MO, 
U.S.A.), QXT-E or QXT-W (80 µg/ml), or solvent control (DMSO 
plus water) at 37°C for indicated times.

Latin scientific name Amount

Astragalus membranaceus 30 g

Epimedium brevicornum 30 g

Polygonum cuspidatum 30 g

Morinda officinalis 30 g

Ligusticum chuanxiong 15 g

Rehmannia glutinosa 30 g

Eriobotrya japonica 30 g

Inula japonica 9 g

Table 1. Composition of QXT.

Primers or probes Sequence

hE-cadherin-F 5-GAAGGTGACAGAGCCTCTGGAT-3

hE-cadherin-R 5-GATCGGTTACCGTGATCAAAATC-3

hERK2-F 5-TACACCAACCTCTCGTACATCG-3

hERK2-R 5-CATGTCTGAAGCGCAGTAAGATT-3

hERK1-F 5-CTACACGCAGTTGCAGTACAT-3

hERK1-R 5-CAGCAGGATCTGGATCTCCC-3

hb-actin-F 5-CCAACCGCGAGAAGATGA-3

hb-actin-R 5-CCAGAGGCGTACAGGGATAG-3

Table 2. Sequences of primers.
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Gene silencing

Small-interfering RNAs (siRNA) against the human ERK1 (Gene 
ID: 5595), ERK2 (Gene ID: 5594) were synthesized by RiboBio 
(Guangzhou, China). Cells were transfected with siRNAs by 
TransIT-TKO (Mirus, Madison, WI). The SiRNA sequences were:

ERK1 siRNA, 5-CAGCTGAGCAATGACCATA-3;
ERK2 siRNA, 5-CGAGCAAATGAAAGATGTA-3;
control siRNA, 5-TTCTCCGAACGTGTCATGT-3.
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Figure 1.  QXT increased E-cadherin expression in OVA-challenged mice. (A) The lung tissues of OVA-challenged mice were examined 
with hematoxylin and eosin (×100). Infiltration of eosinophils was shown by black arrows and smooth muscle thickening was 
shown by red arrows (n=8). (B) Serum IgE levels were estimated using ELISA (n=8). (C) E-cadherin levels were determined by 
Western blot analysis (n=8). (D) E-cadherin protein concentrations were quantified by using Image J software and normalized 
to b-actin. Data are shown as the mean±standard, * P<0.05, ** P<0.01.
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Real-time quantitative PCR (qPCR)

Total RNA was extracted from the lungs or cells using Trizol 
reagent (TaKaRa, Dalian, China) according to manufacturer’s 
instructions, and first-strand cDNAs was obtained from the 
extracted RNA by using the First-Strand Synthesis Kit (Roche, 
San Francisco, CA, USA). qPCR primers are listed in Table 2. 
qPCR was carried out using the Universal Master Mix (Roche). 
The thermocycling conditions were: 94°C for 10 min, 45 cycles 
of 94°C for 30 s, and 60°C for 1 min. The relative expression 
levels of target genes were normalized against b-actin and cal-
culated using the comparative 2–DDCt method.

Western blot

Western blot analysis was done according to published meth-
ods [28,29]. Briefly, the lung tissues or cells were extracted with 
cell lysis reagent (Sigma, St. Louis, MO, USA ). Then, protein 
samples were separated with 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE). Proteins were trans-
ferred to a polyvinylidene fluoride (PVDF) membrane (Millipore, 
Bedford, MA, USA). The PVDF membrane was incubated in 5% 
bovine serum albumin (BSA) for 2 h. After 3 washes with Tris-
buffered saline containing Tween-20 (TBST), the PVDF mem-
brane was incubated with E-cadherin, b-actin, P-ERK1/2 and 
ERK1/2 antibodies (Cell Signaling Technology, Danvers, USA) 

separately overnight at 4°C. The PVDF membrane was then 
washed with TBST 3 times followed by incubation with HRP-
conjugated secondary antibodies (Cell Signaling Technology, 
Danvers, USA) for 2 h at room temperature. After 3 washes 
with TBST, immunoreactive bands were visualized using che-
miluminescence detection reagents (Bio-Rad Laboratories, 
Redmond, USA). The signal intensities of bands were quanti-
fied by using ImageJ software.

Immunofluorescence

After fixing in 4% paraformaldehyde, the cells were permeabi-
lized with 0.1% Triton X-100 in PBS 3 times (5 min each) and 
incubated in blocking solution for 30 min at room tempera-
ture. After blocking, the cells were washed with PBS 3 times 
(5 min each) and incubated in anti-human E-cadherin (Cell 
Signaling Technology, Danvers, USA) overnight at 4°C. Then, 
the cells were washed 3 times with PBS, incubated for 30 min 
with Alexa Fluor 488-labeled Goat Anti-Rabbit IgG (Abcam, 
Cambridge, UK), and washed another 3 times with PBS. Nuclei 
were stained with 4’, 6-diamidino-2-phenylindole (DAPI) and 
the sections were visualized using a fluorescence microscope.
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Figure 2.  QXT inhibited ROS generation in OVA-challenged mice. (A) ROS levels in the lung tissue were determined using DCFH-DA 
and measured on a microplate reader (n=8). (B, C) SOD and TAOC serum levels in each group were determined. The SOD 
level was measured at 450 nm and the TAOC level was measured at 520 nm (n=8). Data are shown as the mean±standard, 
* P<0.05, ** P<0.01.
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Statistical analysis

In all the experiments, data are expressed as the mean±standard 
deviation and were analyzed using SPSS version 21.0 software. 
Means were compared using the unpaired t test. When compar-
ing more than 2 variables, we performed one-way or two-way 
analysis of variance (ANOVA). Dunnett’s multiple comparisons 
were performed after one-way ANOVA, while Fisher’s least sig-
nificant difference (LSD) test was done after two-way ANOVA. 
The results are expressed in the form of mean ± standard de-
viation (SD). A value of P<0.05 was considered significant.

Results

QXT increased E-cadherin expression in OVA-challenged 
mice

To investigate the effects of QXT on E-cadherin expression in 
vivo, BALB/c mice were used to establish a model of asthma. 
Histopathological examination of the mouse lungs confirmed 
that airway inflammation and smooth muscle thickening were 
increased in OVA-challenged mice and attenuated in QXT-
treated mice (Figure 1A). Moreover, an increased level of serum 
IgE (Figure 1B) was observed in the asthmatic mice compared 
to that of the saline group and was reduced after treatment 
with QXT. These results confirmed the protective effects of 
QXT in preventing asthma features in OVA-challenged mice. 
Furthermore, our results showed that mice that were treated 
with QXT had significantly increased protein levels of E-cadherin 
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compared to the effects of OVA alone (Figure 1C, 1D), which 
demonstrated that QXT restored E-cadherin expression in 
OVA-challenged mice.

QXT inhibited ROS generation in OVA-challenged mice

ROS are one of the triggers of the downregulation of 
E-cadherin [30]. We thus investigated whether QXT inhibited 
ROS generation in OVA-challenged mice. Our results showed 
increased ROS production in the lung tissues of OVA-challenged 
mice compared to that of the saline group, and treatment with 
QXT decreased intracellular ROS levels (Figure 2A). Moreover, 
we found that both serum superoxide dismutase (SOD) and to-
tal antioxidant capacity (TAOC) were lower in OVA-challenged 
mice than in the saline group. However, treatment with QXT 
increased the levels of serum SOD and TAOC (Figure 2B, C). 
These results demonstrated that QXT modulated ROS produc-
tion by increasing SOD activity, which contributes to increased 
E-cadherin expression in OVA-challenged mice.

QXT extraction alleviated H2O2-mediated E-cadherin 
downregulation in 16HBE cells

To further evaluate whether QXT restores E-cadherin expres-
sion by regulating ROS, the water or ethanol extraction of QXT 
was prepared for an in vitro study. 16HBE cells were treated 
with H2O2 (40 μmol/l) to induce ROS generation. We found 
that H2O2 stimulation decreased E-cadherin expression in a 
time-dependent manner in 16HBE cells (Figure 3A–3C). We 
then investigated the effect of QXT extract on H2O2-mediated 
E-cadherin expression. As shown in Figure 3D–3H, the H2O2-
induced downregulation of E-cadherin at both the mRNA and 
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Figure 3.  QXT extraction attenuated ROS-mediated E-cadherin downregulation in human lung epithelial cells. (A–C) Cultured 16HBE 
cells were incubated with H2O2 (40 μM) for different times. The expression level of E-cadherin was determined via qPCR 
(n=3, A) and Western blotting (n=3, B, C). (D–L) Cultured 16HBE cells were incubated with H2O2 or treated with H2O2 (40 μM) 
plus the water or ethanol extract from QXT (80 μg/mL) for 48 h or 72 h. The expression level of E-cadherin was determined 
via qPCR (n=3, D), Western blotting (n=3, E, F), and immunofluorescence (n=3, G, H). ROS level was determined via DCFH-
DA and observed with a fluorescence microscope (n=3, I, J). The levels of SOD and TAOC were detected by colorimetry 
(n=3, K, L). The protein levels of E-cadherin were quantified by using Image J software and normalized to b-actin. Data are 
shown as the mean±standard, * P<0.05, ** P<0.01.

protein levels was attenuated by QXT extract. Moreover, H2O2 
treatment decreased SOD and TAOC levels in 16HBE cells, 
whereas ROS, SOD, and TAOC levels were increased after treat-
ment with ethanol or water extract of QXT (Figure 3I–3L). Our 
results demonstrated that H2O2 treatment increased cellular 
ROS levels and decreased E-cadherin expression, whereas QXT 
extract alleviated H2O2-mediated E-cadherin downregulation 
and ROS production in 16HBE cells.

H2O2 inhibited E-cadherin expression in 16HBE cells in an 
ERK-dependent manner

We investigated the mechanism by which ROS regulates 
E-cadherin expression. We observed that the phosphory-
lation levels of ERK were upregulated by H2O2 treatment 
(Figure 4A, 4B). To further investigate the roles of ERK activa-
tion on H2O2-mediated E-cadherin expression, we inhibited ERK 
activation by using RNA interference. As shown in Figure 4C–4E, 
the phosphorylation levels of ERK were reduced by ERK siRNA, 
and the expression of E-cadherin mRNA and protein was re-
stored in ERK siRNA-treated cells compared with those of con-
trol cells after H2O2 treatment (Figure 4F–4H). Furthermore, 
using an ERK inhibitor, the downregulation of E-cadherin was 
also attenuated (Figure 4I–4L). Our results indicated that H2O2 
treatment inhibited E-cadherin expression in 16HBE cells in an 
ERK-dependent manner.

ERK activation in OVA-challenged mice and 16HBE cells 
was inhibited by QXT or QXT extract

We further examined the phosphorylation levels of ERK1/2 in 
the lung tissue of OVA-challenged mice. Our results showed 
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Figure 4.  ROS reduced E-cadherin expression in ERK-dependent manner in 16HBE cells. (A, B) 16HBE cells were incubated with H2O2 
(40 μM) for indicated times (0, 1, 3, 6, 24, and 48h), the protein levels of phospho-ERK and ERK were measured by using 
Western blotting (n=3). (C–H) 16HBE cells were transfected by ERK siRNA for 24h and then treated with H2O2 (40μM) for 
48 h. The expression level of ERK1/2 (n=3, C–E) and E-cadherin (n=3, F–H) was determined via qPCR and Western blotting. 
(I–L) 16HBE cells were treated with U0126 (10 μM) plus H2O2 (40 μM) for 48 h. The expression level of ERK1/2 (n=3, I, K) and 
E-cadherin (n=3, I, J, L) was determined via qPCR and Western blotting. The protein levels of E-cadherin, phospho-ERK, and 
ERK were quantified by using Image J software and normalized to b-actin. Data are shown as the mean±standard, * P<0.05, 
** P<0.01.

E-cadherin

Phsopho-ERK1/2

ERK1/2

β-actin

H2O2 (40 µM)
U0126 (10 µM)

–
–

+
–

+
+ H2O2 (40 µM)

U0126 (10 µM)
–
–

+
–

+
+

1.5

1.0

0.5

0.0Re
lat

ive
 qu

an
tit

y o
f E

-c
ad

he
rin

 pr
ot

ein

** *

H2O2 (40 µM)
U0126 (10 µM)

–
–

+
–

+
+

2.0

1.5

1.0

0.5

0.0Re
lat

ive
 qu

an
tit

y o
f E

-c
ad

he
rin

 m
RN

A

**

**

H2O2 (40 µM)
U0126 (10 µM)

–
–

+
–

+
+

4

3

2

1

0Re
lat

ive
 qu

an
tit

y o
f P

ho
sp

ho
-E

RK
1/

2
pr

ot
ein

** **

I

K

J

L

that ERK1/2 phosphorylation levels were increased in the 
OVA-challenged mice compared to those in the control mice. 
Moreover, treatment with QXT decreased ERK1/2 phosphor-
ylation in vivo (Figure 5A, 5B). Furthermore, the QXT extracts 
significantly inhibited H2O2-induced ERK phosphorylation in 
16HBE cells (Figure 5C, 5D). These results showed that QXT 
or its extracts inhibit ERK activation in vivo and H2O2-induced 
ERK activation in vitro.

Discussion

The airway epithelium forms the first line of defense against 
inhaled environmental insults, which play a critical role in 
asthma [9]. E-cadherin is an adhesion molecule that is im-
portant for maintaining epithelial integrity. Loss of epithelial 
E-cadherin expression contributes to a defective airway epithe-
lial barrier in asthma, leading to inflammation. Consequently, 
it may be possible to slow the disease progression of asthma 

through enhancement of E-cadherin expression. The regula-
tion of E-cadherin expression has been studied in association 
with EMT in asthma. E-cadherin expression is downregulat-
ed by TGF-b and members of the Snail family, such as Sna-1 
and Sna-2 [31]. In addition to TGF-b, Wang et al. reported that 
brahma-related gene-1 (Brg1) inhibited E-cadherin expres-
sion in lung epithelial cells by inactivating a critical region 
within the E-cadherin promoter [32]. In the present study, we 
demonstrated that increased ROS induced by H2O2 inhibited 
E-cadherin expression in 16HBE cells. Moreover, downregula-
tion of E-cadherin by H2O2 was involved in ERK pathway ac-
tivation. Furthermore, the downregulation of E-cadherin and 
activation of ERK in 16HBE cells and in OVA-challenged mice 
were counterbalanced by QXT treatment, which was associ-
ated with the antioxidative activity of QXT. Our results sug-
gest one potential mechanism whereby oxidative stress sig-
nals are transduced to regulate E-cadherin expression, and 
QXT is a potential effective alternative therapy for restoring 
E-cadherin expression.
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Figure 5.  QXT attenuated ERK activation in OVA-challenged mice and human lung epithelial cells. (A, B) ERK1/2 phosphorylation levels 
were examined by Western blot (n=8). (C, D) 16HBE cells were treated with H2O2 (40 μM) plus the water or ethanol extract 
from QXT (80 μg/mL) for 48 h. The protein levels of phospho-ERK and ERK were detected by Western blotting (n=3). 
(B, D) Phospho-ERK protein concentrations were quantified by using Image J software and normalized to b-actin. Data are 
shown as the mean±standard, * P<0.05, ** P<0.01.

Oxidative stress is a result of an imbalance between ROS gen-
eration and ROS removal by various antioxidant molecules [32]. 
We examined the effect of QXT in regulating antioxidant mole-
cules in OVA-challenged mice. Our results showed increased ROS 
production in OVA-challenged mice compared to those in the 
saline group. Treatment with QXT decreased intracellular ROS 
levels, which indicated the antioxidative activity of QXT in vivo. 
SOD levels are an important indicator of oxidative conditions. 
SOD protects cells and the extracellular matrix from the harm-
ful effects of the superoxide anion and its derivatives [33]. SOD 
is reduced in asthmatic patients and asthmatic mice [34,35]. 
Overexpression of SOD attenuates ROS generation and IL-8 pro-
duction induced by hyperoxia in human lung A549 cells [36]. In 
our study, SOD activity was reduced in OVA-challenged mice, 
whereas QXT treatment increased SOD levels compared to those 
in OVA-challenged mice. Together with the increase in SOD, we 
also found that the TAOC was also influenced by QXT. Moreover, 
in vitro results demonstrated that ethanol or water extracts of 
QXT prevented H2O2-induced intracellular ROS generation, which 
was paralleled by an increase in SOD activity. These results re-
vealed that QXT modulates ROS production by enhancing the 
activity of antioxidant enzymes in vivo and in vitro.

Recently, it has become evident that ROS and cellular oxida-
tive stress are important transducers of intracellular signals 
that are involved in the development and/or exacerbation of 
asthma [37,38]. For example, the ERK signaling pathway is ac-
tivated by ROS, thus inducing airway inflammation and oth-
er phenotypes [37,39]. We found that the QXT mice displayed 
decreased phosphorylation levels of ERK1/2 in lung tissue 
compared to those of the OVA mice. Moreover, the E-cadherin 
expression level was also restored by QXT treatment. These 
findings suggest that QXT inhibits ROS and subsequently regu-
lates ERK1/2 activation and E-cadherin expression. Consistent 
with our findings, some studies have reported that hydrogen 
peroxide (H2O2) exposure activates the ERK1/2 signaling path-
way in lung adenocarcinoma cells or cardiac fibroblasts [40,41].

By using 2 different extraction methods, we found that both 
ethanol and water extracts of QXT showed antioxidative ef-
fects in vitro. The ethanol extraction method mainly removed 
ethanol-insoluble substances such as polysaccharides. It was 
reported that the polysaccharide had reduced solubility in a 
higher concentration of alcohol [42,43]. Using this principle, 
the polysaccharide precipitates when the alcohol solvent is 
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added to the boiled water extracts of QXT. Polysaccharide is 
one of the effective components of many traditional Chinese 
medicines and has many functions, such as antioxidation [43]. 
Therefore, it is likely that the antioxidant active ingredients in 
QXT are not ethanol-insoluble substances, such as polysaccha-
rides. The main active substance in Astragalus (one component 
of QXT), astragaloside IV, has potent anti-inflammatory and 
antioxidative stress effects on pulmonary disease via numer-
ous signaling pathways [44]. Chen et al. demonstrated that ca-
talpol, one of the main active ingredients in Radix Rehmanniae 
(one component of QXT), suppresses OVA-induced elevation 
of the eosinophil chemokine eotaxin, IgE secretion, and type 
2 inflammation [45,46]. Based on these reports, further stud-
ies should aim to identify which components in QXT protect 
against oxidative damage in asthmatic mice, which will be help-
ful to fully elucidate the anti-asthmatic mechanisms of QXT. In 
addition, there are certain limitations to our study, including 
that the in vivo experiments should add a group that is treat-
ed with QXT alone, without OVA, which will help to determine 

the regulatory effect of QXT on E-cadherin expression and ox-
idative stress in non-asthmatic conditions.

Conclusions

Our findings demonstrated that QXT treatment increased 
E-cadherin expression in OVA-challenged mice by inhibiting 
ROS production and ERK activation. Consistently, an in vi-
tro cell experiment demonstrated that QXT extract alleviated 
H2O2-mediated E-cadherin downregulation and ROS produc-
tion in 16HBE cells. Our results provide further insight into the 
molecular mechanism underlying QXT-mediated inhibition of 
asthmatic features.
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