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Abstract: The pathogenesis of airway remodeling and airway inflammation is related to epithelial-mesenchymal
transition (EMT), which is correlated with TGF-B1 levels. Icariin is one of the major compounds in Epimedium brevi-
cornum Maxim, and plays emerging roles in relieving cough and asthma, enhancing immunity, and anti-allergy. In
the present study, we investigated the mechanism through which Icariin inhibits inflammatory and airway remod-
eling in vitro and in vivo. In vitro, 16HBE cells were stimulated with 10 ng/ml TGF-B1 for 24 hours to induce EMT
model. Whereas pretreatment with Icariin could alleviate EMT both in concentration- and time-dependent manner,
as was evidenced by the improved cell morphology, reduced migration, down-regulation of mesenchymal markers
(N-cadherin, a-SMA), and up-regulation of epithelial marker (E-cadherin). In vivo, female BALB/c mice were exposed
to 25 mg/ml house dust mites (HDM) extract for 5 days and followed by 2 days rest for 5 weeks to induce chronic
asthma model. Of note, administration of Icariin could attenuate airway responsiveness, inflammation, and fibrosis,
with improved scores based on the staining of H&E, PAS, and Sirius Red. In addition, Icariin reduced the levels of
TGF-B1 in bronchoalveolar lavage fluid (BLAF), serum, and lung tissue, and regulated the expression of EMT mark-
ers. At the molecular level, Icariin inhibits the phosphorylation of Smad-2, Smad-3, Erk, JNK, and p38 both in vitro
and in vivo. Taken together, Icariin inhibits airway remodeling by attenuating TGF-B1-induced EMT through targeting
Smad and MAPK signaling.
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Introduction gression of respiratory disorders and in which
epithelial cells gradually lose their epithelial
features and acquire mesenchymal character-
istics [6]. Furthermore, EMT decreases the sen-
sitivity of airway epithelial cells to drug treat-
ments and decrease the therapeutic efficacy of
glucocorticoids in patients with severe asthma
[7]. EMT involves a complex array of events, epi-
thelium cell-cell adhesion is disrupted and

Bronchial asthma, characterized by ongoing air-
way inflammation, hyperresponsiveness, and
airway remodeling, is a chronic inflammatory
disease of the airway that affecting roughly
10% of the global population [1, 2]. Airways
remodeling caused by persistent damage to
the airway epithelium characterized by subepi-

thelial fibrosis, smooth muscle cell prolifera-
tion, mucus cell metaplasia and excessive de-
position of extracellular matrix (ECM) [3]. And
the decline of lung function in asthmatic
patients has been confirmed to be partly due to
the progress in airway remodeling [4, 5].

The pathogenesis of airway remodeling and
inflammation in asthma is associated with epi-
thelial-mesenchymal transition (EMT), a dynam-
ic pathological process in the persistent pro-

accompanied by up-regulation of mesenchymal
membrane-associated proteins including N-ca-
dherin and a-smooth muscle actin (x-SMA), and
down-regulation of epithelial adhesion mole-
cules such as E-cadherin during EMT. Addi-
tionally, cell migration, alteration of ECM depo-
sition, and differentiation are important molec-
ular mechanisms involved in EMT [8].

Transforming growth factor-B1 (TGF-B1) is a
growth factor secreted by a variety of cells,
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including airway epithelial cells and infiltrating
immune cells [9-11]. Recent studies revealed
that chronic asthma inflammation is accompa-
nied by an increase levels of TGF-B1 in bron-
choalveolar lavage fluid and bronchial biopsy in
asthmatic patients when compared with nor-
mal controls [12-14]. The pathogenesis of air-
way remodeling and airway inflammation is
attributed to the activation of epithelial-mesen-
chymal nutrition units, while the increase in
TGF-B1 levels contributes to the induction of
fibroblast activation into myofibroblasts by epi-
thelial cells and the development of EMT
[15-18].

Icariin is one of the main ingredients of Epi-
medium brevicornum Maxim, which has dem-
onstrated numerous biological activities such
as relieving cough and asthma, enhancing
humoral immunity, cellular-immunity, and anti-
allergy activity [19]. Previous data showed that
Icariin reduced the inflammatory cell infiltration
by regulating the imbalance of Th1/Th2 cyto-
kines and related transcription factors T-bet/
Gata-3 in the lung tissue of asthmatic rats.
Additionally, Icariin inhibited the activation of
NF-kB p65 protein in the lung tissue of asth-
matic rats [20]. More recently, it was reported
that Icariin could ameliorate anxious behaviors,
reverse airway hyperresponsiveness, reduce
inflammatory cytokine infiltration to the lung
and whole body and in part recover glucocorti-
coid responsiveness [21]. Herein, we investi-
gated the potential protective role and underly-
ing mechanisms of Icariin by in vitro and in vivo.
The anti-inflammatory and anti-fibrosis impact
of icariin on EMT model of 16HBE cells in vitro
and chronic HDM-induced murine model in vivo
was further clarified by observing the expres-
sion of protein and mRNA related to Smad and
MAPK signal pathway.

Materials and methods
Cell culture and treatment

Human bronchial epithelial cell line 16HBE,
was obtained from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China) and
cultured in RPMI 1640 medium (Gibco, Paisley,
Scotland) supplemented with 20 U/L penicillin,
20 pg/ml streptomycin and 10% FBS (Gibco,
Paisley, Scotland) with 5% CO, at 37°C. The 3rd
generations of the cells, when grew to approxi-
mately 80%, were digested with trypsin to
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enhance permeability. The cells were sub-cul-
tured in 6-well plates at a density of 1x10° cells
per well 24 h prior to experimentation. After
starvation in serum-free medium for 6-8 h,
16HBE cells were pretreated with or without
Icariin (low, medium and high dose) for 6 h and
then treated with or without 10 ng/ml TGF-B1
(R&D Systems, MN, USA) for 24 h. Grouping:
control group; model group: TGF-B1 (10 ng/ml)
group; Icariin (low dose group): TGF-B1 (10 ng/
ml) + Icariin (25 mg/ml); Icariin (medium dose
group): TGF-B1 (10 ng/ml) + Icariin (50 mg/ml);
Icariin (high dose group): TGF-B1 (10 ng/ml) +
Icariin (100 mg/ml).

Animal experiment design

Forty female BALB/c mice (6-8 weeks old) were
purchased from animal laboratory center of
Heilongjiang University of Chinese Medicine
and the research was conducted according
to protocols approved by Institutional Ethi-
cal Committee of Heilongjiang University of
Chinese Medicine. Mice were housed under
specific pathogen-free conditions. The animals
were maintained in a 12 h light-dark cycle.
Within the one-week acclimation period, rats
were randomly divided into four groups (10 per
group) including the control group, HDM group,
HDM + Icariin groups, and HDM + DEX group.
Except the control group, mice were exposed to
purified 25 mg/ml HDM whole-body extracts
(Greer Laboratories, NC, USA) intranasally for
five consecutive days, followed by two days rest
for five consecutive weeks. The control mice
were intranasally administered 10 pl of saline
daily on the same schedule. Half 1 h before
each challenge, Icariin at the dose of 100 mg/
kg, DEX (Sigma aldrich, MO, USA) at a dose of 1
mg/kg were intraperitoneally injected three
times a week, and an equal volume of PBS was
administered in the control group and HDM
group.

Wound healing assay

Cell migration ability of 16HBE was determined
by using wound healing assay. Cells were cul-
tured in 6-well plates with complete medium
and grown to a confluent monolayer. A linear
wound was created using a standard 200 ul
pipette tip. The ability of cells to migrate into
the wound area was estimated by comparing
the distance traveled by the cells at the acellu-
lar front at O h, 24 h and 48 h by using a light
microscopy (Olympus, Tokyo, Japan).
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Transwell assay

Cell migration ability of 16HBE was determined
by using Transwell chambers with an aperture
of 8 mm (BD Biosciences, CA, USA). 16HBE was
added to the upper chamber at a density of
1x10°% cells and then suspended in 100 pl
DMEM, while the lower chamber was added to
600 yl DMEM containing 10% FBS. 16 HBE
transferred to the lower chamber was fixed with
4% paraformaldehyde, stained with 0.5% crys-
tal violet, and counted by using a light
microscopy.

Immunofluorescence

Cells were cultured in 6-well plates at the den-
sity of 1x10° cells per well, then fixed with 4%
paraformaldehyde for 10 min at room tempera-
ture and washed with PBS three times. Cells
were stained with monoclonal antibodies ag-
ainst anti-N cadherin (1:2000, Abcam, Cam-
bridge, UK), anti-E cadherin (1:2000, Abcam)
and o-SMA (1:1000, Abcam) overnight at 4°C.
After washing with PBS, goat anti-mouse conju-
gated with Alexa 594 secondary antibody
(1:2000, Abcam) was added for 2 h at room
temperature. Nuclei were stained with DAPI
(Solebo, Beijing, China). Fluorescence images
were captured using a fluorescence micro-
scope (OLYMPUS, Tokyo, Japan).

Airway hyper-responsiveness (AHR) measure-
ment

24-h hour after the final administration, the
mice were placed in a plethysmograph for AHR
detection. The baseline reaction was first deter-
mined, and then the saline was nebulized to
mice. Nebulized acetylcholine (Sigma aldrich)
was given at increased concentrations (3.125,
6.25, 12.5, 25 and 50 mg/ml, respectively).
The reading interval was set to 5 minutes fol-
lowing nebulization. The Penh values were
recorded by BUXCO Noninvasive Pulmonary
Function Tester (Buxco, NY, USA).

Histological examination

Lungs were dissected from the chest cavity, the
left lungs were immediately fixed in 4% parafor-
maldehyde and mounted in paraffin embedded
5 pm sections. The lung pathology was ob-
served by hematoxylin eosin staining (H&E,
Jiancheng, Nanjing, China). Additionally, the
sections were stained with periodic acid Schiff
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(PAS, Jiancheng, Nanjing, China) for goblet cells
and Sirius red (Jiancheng, Nanjing, China) for
collagen.

Bronchoalveolar lavage fluid (BALF) cells count

Mice were sacrificed, one side of the bronchus
was ligated and the airway on other side was
lavaged three times with 750 pl ice-cold PBS.
80% of the input volume was recovered which
was defined as BALF. BALF was centrifuged at
500xg for 10 min at 4°C. The total number of
cells in the BALF was counted with a hemocy-
tometer (Hausser scientific, PA, USA), and the
percentages of the inflammatory cells were
determined by counting 400 cells in randomly
selected areas of the slide under a light micro-
scope via the Wright’s staining (Baso, Zhuhai,
China). The BALF supernatants were stored at
-80°C for ELISA assessment.

Enzyme-linked immunosorbent (ELISA) assay

The levels of TGF-B1 in BALF and serum of mi-
ce were measured by ELISA-kits (Beyotime,
Shanghai, China) following the manufacturer’s
instructions.

Western blot analysis

Proteins from lung tissues and 16HBE cells
were harvested and protein was extracted in
ice-cold lysis buffer (RIPA), containing protease
inhibitor cocktail and phosphatase inhibitor
(Beyotime, Shanghai, China). Protein concen-
tration was determined using the BCA protein
assay (Thermo, IL, USA). 80 pg of proteins was
subjected to SDS-PAGE and transferred to
PVDF membranes (Millipore, MA, USA) by a wet
transfer method. The membranes were blocked
with 5% skim milk for 2 h and then incubated
with primary antibodies overnight at 4°C. The
primary antibodies from Cell Signaling Tech-
nology or Abcam including TGF-B1 (1:1000),
E-cadherin (1:1000), N-cadherin (1:1000),
a-SMA (1:100), Smad-2/3 (1:1000), p-Smad-2
(1:1000), p-Smad-3 (1:1000), Smad-4 (1:1000),
JNK (1:1000), p-JNK (1:1000), p38 (1:1000),
p-p38 (1:1000), ERK (1:500), p-ERK (1:500),
Snail (1:500), and B-actin (1:500) antibodies.
After three times washed with TBST and then
exposed to HRP-labeled secondary antibodies
(1:5000, Beyotime, Shanghai, China) for 1 h at
room temperature. After then, the labeled band
were detected using an ECL kit (Beyotime,
Shanghai, China). The expression levels of pro-
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Table 1. Primers used in quantitative real-time PCR reactions

Gene Forward primer (5’ to 3’) Reverse primer (5’ to 37) Product length (bp)
TGF-B1 GAACCAAGGAGACGGAATACAGG ACCTCGACGTTTGGGACTGATC 113
E-cadherin AAAAGAAGGCTGTCCTTGGC GAGGTCTACACCTTCCCGGT 106
N-cadherin CCTCCAACGGGCATCTTCAT TGTCCACTGCATGTGCTCTC 101
o-SMA CCCAACTGGGACCACATGG TACATGCGGGGGACATTGAAG 170
Smad2 CACTGCTGACGGACTTTAGGACAT  ATACCGGAGGCAGACAGTAACAAG 144
Smad3 CCACGACTGCCCTTGTTGC GCTGGTGAGAACCGCTTCTTC 135
Smad4 CAGCACTACCACCTGGACTGGA CTGGAATGCAAGCTCATTGTGAA 145
Erk GGCCTGGCACCCCTCTCACTCT GCGGTCATAGCCCTTCCATTCCA 192
INK TCCCCTGTCCTAGCGCTGAGC CACCACTATGCCTGCTCTGCTCAC 376
p38 GCTCGGTGTGTGCTGCTTTTGATA TGCCGAGCCAGCCCAAAATC 415
Snail CTCCTCTACTTCAGCCTCTT CTTCATCAACGTCCTGTGGG 611
GAPDH ATGCAACGGATTTGGTCGTAT TCTCCTCCTGGAAGATGGTG 221

tein were visualized using ChemiDoc XRS Ima-
ging System (Bio-Rad, CA, USA) and quantified
by Quantity one software with normalization to
B-actin.

Co-immunoprecipitation (Co-IP) assay

Co-IP assay was performed using the Co-IP kit
(Thermo Scientific, MA, USA) according to the
manufacturer’s protocol. Total cellular protein
extractions from 16HBE cells were immunopre-
cipitated with anti-SMAD2/3 antibody. Anti-
SMAD4 antibody was used as the detecting
antibody by immunoblotting. The samples were
analyzed using the western blotting proce-
dures.

Immunohistochemistry

Paraffin-embedded sections of lung tissue
were assessed with immunohistochemistry.
After quenching with 3% H,O,, the sections
were incubated with primary antibodies over-
night at 4°C. The primary antibodies from Cell
Signaling Technology including E-cadherin
(1:1000), N-cadherin (1:1000), and «o-SMA
(1:2000) antibodies, followed by incubation
with a secondary antibody (1:5000, Beyotime,
Shanghai, China) for 1 h at room temperature.
Sections were stained with DAB at room tem-
perature and the brown colors was considered
as positive areas. Image were captured using a
microscope (OLYMPUS) and quantified by
Image-Pro Plus software.

Quantitative real-time PCR

Total RNA from cells and lung tissues was
extracted by Trizol Regent (Beyotime, Shanghai,
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China) according to the manufactures’ instruc-
tions. Total RNA was reversely transcribed into
cDNA by using the BeyoRT™ first strand cDNA
synthesis kit (Beyotime, Shanghai, China). Real-
time PCR was performed with SYBR Green
(TaKaRa, Tokyo, Japan) on the ABI 7500 Fast
Real Time PCR system (Applied Biosystems,
CA, USA). Forward and reverse primers of relat-
ed genes were as shown in Table 1. The relative
expression of the target genes was calculated
by the 22T method with normalization to
GAPDH.

Luciferase activity assay

16HBE cells were transfected with 0.2 ug DNA/
cm? per pGL3-Snail plasmid and lipofectamine
3000 reagent (Shanghai, China) according to
the manufacturer’s instructions. Transfection
efficiency was normalized by cotransfection
with pRL-TK. Transcriptional activity was deter-
mined by a luminometer, using a dual-lucifer-
ase assay kit (Promega, WIS, USA). Results
were displayed as the ratios between the activi-
ties of the reporter plasmid and pRL-TK.

Statistical analysis

SPSS19.0 software was used to analyze the
data of each group, and the results were pre-
sented as mean = SD. All experiments were
repeated at least three times. The student’s t
test or ANOVA multiple comparisons obtain the
statistical significance of differences between
groups in GraphPad Prism 8.0 (GraphPad
Software, La Jolla, CA), with P<0.05 considered
as significant.
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Results

Icariin inhibits TGF-B1-induced cell migration
of 16HBE

Stimulation of 16HBE with TGF-1 induced a
change of morphology consistent with EMT.
(Figure 1A) Phase contrast microscopy showed
that cells stimulated with TGF-B1 developed
spindle fibroblast-like morphology with reduced
cell-cell contact, while Icariin could improve the
cell morphology in a concentration-dependent
manner. Cells in the control and Icariin high
dose group maintained the typical epithelial
cobblestone pattern.

We assessed the potential role of Icariin on
EMT by wound healing assay and Transwell
migration assay. 16HBE cells were pretreated
with or without Icariin (low, medium and high
dose) for 6 h and then treated with or without
10 ng/ml TGF-B1 for 24 h. The results showed
that TGF-B1 significantly promoted 16HBE cell
migration, which was significantly eliminated by
Icariin in both concentration and time depen-
dent manner (Figure 1C and 1D).

Icariin regulates TGF-B1-induced expression of
EMT markers

EMT is defined by changes in the expressions
of epithelial markers such as E-cadherin
decrease while mesenchymal markers such as
a-SMA and N-cadherin increase. We assessed
the expressions of E-cadherin, a-SMA and
N-cadherin by immunofluorescence (Figure 2),
western blot (Figure 3A), and qRT-PCR (Figure
3B). The results demonstrated that TGF-1
treatment resulted in a significant reduction of
E-cadherin and increase of o-SMA and N-
cadherin. Icariin could up-regulate the expres-
sion of E-cadherin and down-regulate the
expressions of a-SMA and N-cadherin in a con-
centration-dependent manner.

Icariin inhibits Smad and MAPK signaling path-
ways in 16HBE cells

To further explore the mechanism of Icariin in
TGF-B1-mediated EMT, Smad and MAPK signal-
ing pathways in 16HBE were assessed by
Western blot and gRT-PCR. The results showed
that TGF-B1 significantly activated the phos-
phorylation of Smad-2, Smad-3, Erk, JNK, and
p38, while with no differences in the activation
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of total Smad-2/3, Smad-4, Erk, JNK, and p-38.
(Figure 4A and 4B) The results of qRT-PCR
showed that icariin had no significant inhibitory
effect on the expressions of Smad-2/3, Smad-
4, Erk, JNK, and p-38 mRNA (Figure 4C and
4D).

We first used Smad-2/3 antibody to adsorb all
Smad-2/3 proteins in the supernatant of cells
by immunoprecipitation, and then detected the
expression of Smad-4 protein in the immuno-
precipitated samples by Smad-4 antibody,
which represents Smad-4 binding to Smad
-2/3. The results showed that there was few
Smad-2/3/4 complex formation in 16HBE cells
without TGF-B1 stimulation, TGF-B1 could sig-
nificantly induce Smad-2/3/4 complex forma-
tion, while Icariin inhibited the Smad-2/3/4
complex formation induced by TGF-B1 in a con-
centration dependent manner (Figure 4E).

It is well known that as a molecular organizer,
Snail is activated by most pathways triggering
EMT via down-regulating the epithelial genes
and up-regulating the mesenchymal genes
[22]. The results showed that both protein and
mMRNA of Snail was elevated by TGF-B1 signifi-
cantly, but when pretreated with Icariin, the
expression of protein and mRNA of Snail
induced by TGF-B1 was downregulated signifi-
cantly in a concentration dependent manner,
as shown in Figure 4F. Moreover, Dual-Glo-
luciferase analysis demonstrated that Icariin
significantly suppressed pGL3-Basic-Snail-luc
activity which enhanced by TGF-B1 in 16HBE
cells (Figure 4G).

Icariin attenuates asthmatic AHR in mice

We evaluated the effect of Icariin on AHR in the
HDM model by assessing Penh. The results
showed that no significant differences in base-
line were observed among the four groups and
HDM significantly increased HAR when com-
pared with the control group. Treatment with
Icariin or DEX significantly inhibited the AHR to
the similar levels of inhaled methacholine
(Figure 5A).

Icariin alleviates airway inflammation in mice

Degree of airway inflammation was evaluated
by total cell counts of BALF. The number of total
cells counts and the percentages of eosino-
phils were elevated in the BALF of HDM-
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Figure 1. The impact of Icariin on TGF-B1-induced morphological changes migration in 16HBE cells. 16HBE cells were pretreated with or without Icariin (low, medium
and high dose) for 6 h and then treated with or without 10 ng/ml TGF-B1 for 24 h. (A) Changes in cell morphology were observed under a phase contrast microscopy
(x100). (B) The chemical structure of Icariin: C33H40015; molecular weight =676.67. (C, D) Cell migration were detected by wound healing assay (C) and Transwell
assay (D), cell migration at 24 h and 48 h were observed under a phase contrast microscopy or optical microscope (x100). #P<0.05, #P<0.01 versus control group,
“P<0.05, **P<0.01 versus TGF-B1 group.
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Figure 2. The impact of Icariin on TGF-f1-induced EMT markers expression by immunofluorescence. 16HBE cells
were pretreated with or without Icariin (low, medium and high dose) for 6 h and then treated with or without 10 ng/
ml TGF-B1 for 24 h. The expressions of E-cadherin, a-SMA and N-cadherin were determined by immunofluorescence.
Cells were stained with E-cadherin, a-SMA or N-cadherin (green) and nuclei-stained with DAPI (blue). Fluorescence
images were captured using a fluorescence microscope (x200). #P<0.05, #P<0.01 versus control group, "P<0.05,

“*P<0.01 versus TGF-B1 group.

exposed mice compared with the control group.
Our results showed that Icariin significantly
inhibited the elevation of the total cell num-
bers, as well as the percentages of eosinophils
when compared with those of the HDM-exposed
mice (Figure 5B).

As an important cytokine involved in EMT and
airway remodeling, concentrations of TGF-1 in
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BALF and serum were detected by ELISA.
Moreover, the expression of TGF-B1 was also
detected by qRT-PCR and Western blot. The
results showed that HDM-exposed markedly
elevated levels of TGF-B1 in BALF, serum and
lung tissue when compared with the control
group. After administrated with Icariin or DEX,
levels of TGF-B1 were significantly decreased
compared with those of the HDM-exposed mice
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Figure 3. The impact of Icariin on TGF-B1l-induced EMT markers expression by western blot and quantitative real-
time PCR. 16HBE cells were pretreated with or without Icariin (low, medium and high dose) for 6 h and then treated
with or without 10 ng/ml TGF-B1 for 24 h. A. Subjected to western blot analysis of E-cadherin, a-SMA and N-cadherin
expression. Data were expressed as fold change in protein expression normalized to B-actin expression. B. The
expressions of E-cadherin, a-SMA and N-cadherin mRNA were determined by quantitative real-time PCR, data were
expressed as fold change in mRNA expression normalized to GAPDH, with respect to the control group. #P<0.05,
#P<0.01 versus control group, "P<0.05, ""P<0.01 versus TGF-B1 group.

(Figure 5C). These trends were also observed in
TGF-B1 mRNA (Figure 5D).

Icariin alleviates airway remodeling in mice

Histopathologic analysis was performed on HE,
PAS, and Sirius red stained lung sections. As
shown in Figure 6A, HDM challenge significant-
ly induced peribronchial infiltration of inflam-
matory cells when compared with the control
group. Conversely, treatment with Icariin and
DEX abolished the inflammatory changes
around the bronchus, and Icariin showed the
most prominent inhibitory effect among these
groups.

As the critical pathophysiology changes of air-
way remodeling, PAS staining was used to eval-
uated the epithelial changes, including goblet
cell hyperplasia, mucus production and epithe-
lium damage (Figure 6B). Additionally, Sirius
red staining was used to evaluated collagen
deposition (Figure 6C). Marked morphological
changes were observed in the HDM-exposed
mice compared with the control group, which
were characterized by the increase of height of
epithelial cell, PAS score, and depth of collagen
deposition. However, Icariin or DEX-treated mi-
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ce demonstrated a significant reduction in
height of epithelial cell, PAS score, and depth of
collagen deposition when compared with the
HDM group (Figure 6D-F).

Icariin represses EMT in mice

Immunohistochemical analysis of the expres-
sion levels of E-cadherin, a-SMA and N-cadherin
in lung tissue was performed. Mice exposed to
HDM had increased expression of a-SMA and
N-cadherin and decreased expression of the
E-cadherin. After administration of Icariin or
DEX, the transition from epithelial to mesen-
chymal was prevented which characterized the
up-regulation of E-cadherin and down-regula-
tion of a-SMA and N-cadherin (Figure 7A).
Western blot and qRT-PCR data showed the
same results as Immunohistochemical analy-
sis, and the effect of Icariin was most obvious
(Figure 7B, 7C).

Icariin inhibits Smad and MAPK signaling path-
ways in mice

To further explore the mechanism of Icariin in
TGF-B1-mediated EMT, Smad and MAPK signal-
ing pathways in lung tissues were assessed by
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Figure 4. The impact of Icariin on Smad and MAPK signaling pathways in 16HBE cells. 16HBE cells were pretreated with or without Icariin (low, medium and high
dose) for 6 h and then treated with or without 10 ng/ml TGF-B1 for 24 h. A. Western blot was used to detect the phosphorylation of Smad-2 and Smad-3 and total
level of Smad-2/3 and Smad-4 proteins of Smad signaling pathway. B. The phosphorylation of Erk, Jnk and p38 and total level of Erk, Jnk and p38 proteins of MAPK
signaling pathway were detected by western blot. C. The expressions of Smad-2, Smad-3 and Smad-4 mRNA were determined by quantitative real-time PCR. D.
The expressions of Erk, Jnk and p38 mRNA were determined by quantitative real-time PCR. E. The inhibitory impact of Icariin on Smad2/3/4 complex formation in
TGF-B1-induced 16HBE was detected by co-immunoprecipitation. F. The protein and mRNA of Snail were detected by western blot and quantitative real-time PCR.
G. 16HBE were transfected with Pgl3-Basic-Snail-luc reporter plasmid, luminescence was measured by a luminometer. pRL-TK plasmids served as the correct-
ing transfection efficiency. Results were expressed as the ratios between the activity of the reporter plasmid and Prl-TK. #P<0.05, #*P<0.01 versus control group,
“P<0.05, ""P<0.01 versus TGF-B1 group.
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Figure 5. The impact of Icariin on airway responsiveness and TGF-B1 expression in HDM-exposed mice. A. Twenty-
four hours after the final intranasal HDM and Icariinor DEX administration, the mice were stimulated with increas-
ing doses of aerosolized methacholine (3.125, 6.25, 12.5, 25 and 50 mg/ml). Airway hyper-responsiveness was
measured using whole body plethysmography. Data were expressed as fold change over baseline. B. Number of
total cells and the percentage of neutrophils, eosinophils, lymphocytes and macrophage cells in the BALF revealed
abundant inflammation were detected by Wright's-Giemsa staining 24 h after airway responsiveness measurement.
C. TGF-B1 protein level in BALF, sera and lung tissue of HDM-induced asthmatic mice was detected by Enzyme-linked
immunosorbent assay and western blot. D. TGF-B1 mRNA expression in lung tissue was detected by quantitative
real-time PCR and data were expressed as fold change in protein expression normalized to GAPDH expression, with
respect to the control group. #P<0.05, #P<0.01 versus control group, “P<0.05, **P<0.01 versus HDM group.

Western blot and gRT-PCR. The results showed Treatment with Icariin or DEX notably prevented
that TGF-B1 significantly activated the phos- phosphorylation of Smad-2, Smad-3, JNK, p-38,
phorylation of Smad-2, Smad-3, Erk, JNK, and and ERK induced by TGF-B1, but there was no
p-38, while with no differences in the activation significant difference in Smad-2/3, Smad4,
of Smad-2/3, Smad4, Erk, JNK, and p-38. Erk, JNK, and p-38 activation (Figure 8A, 8B).
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Figure 6. The impact of Icariin on HDM-induced airway remodeling. A-C. Representative images of Hematoxylin
and eosin, Periodic acid-Schiff, and Sirius red stained sections of lung tissue were performed 24 h after airway
hyper-responsiveness measurement, and were observed under a microscope (upper panel x200 and lower panel
x400). D. Degree of mucus accumulation was calculated by PAS scoring. E. Quantitative measurements of epithelial
cell height. F. Quantitative measurements of collagen deposition depth. #P<0.05, #P<0.01 versus control group,

“P<0.05, ""P<0.01 versus HDM group.

gRT-PCR analysis showed that icariin or DEX
treatment had no significant inhibitory effect on
the expressions of Smad-2/3, Smad-4, Erk,
JNK, and p-38 mRNA (Figure 8C, 8D).

In summary, lcariin could alleviate TGF-f1
induced EMT in vitro and in vivo. These results
confirm that Icariin could inhibit airway inflam-
mation and prevent airway remodeling via the
Smad and MAPK signaling pathways.

Discussion

Asthma is one of the most common chronic
inflammatory diseases with an increasing mor-
bidity and mortality, which makes it one of the
main severe global public health problems [23,
24]. The strategy for asthma including bron-
choalveolar and nonspecific anti-inflammatory
agents [25]. However, these methods need to
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be improved in terms of side effects and/or
cost. Hence, there is an urgent need to explore
more effective therapeutic strategies to treat
chronic asthma. Icariin, as a flavonoid extract-
ed from the traditional Chinese herb, has been
used as a tonic, aphrodisiac and an anti-rheu-
matic in traditional Chinese medicine for centu-
ries [26]. Moreover, it is confirmed that Icariin
could significantly improve asthmatic symp-
toms, shorten the sustaining duration, and
reduce the frequency of asthma by boosting
immunity of the respiratory tract and improving
the endogenous anti-inflammatory ability of the
body [19]. In the present study, TGF-B1 stimu-
lated 16HBE cells model in vitro and HDM-
exposed mice model in vivo were used to inves-
tigate the effect of Icariin on EMT. We demon-
strated that Icariin alleviated TGF-B1-induced
EMT by inhibiting activation of Smad and MAPK
signaling pathways, which further preventing
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Figure 7. The impact of Icariin on E-cadherin, a-SMA, and N-cadherin expression in HDM-exposed mice. A. Expres-
sion of E-cadherin, a-SMA, and N-cadherin in lung tissue were determined by Immunohistochemical staining, and
images were obtained with a microscope (upper panel x200 and lower panel x400). B. Expression of E-cadherin,
a-SMA, and N-cadherin in lung tissue were detected by western blot and data were expressed as fold change in
protein expression normalized to B-actin expression. C. Expression of E-cadherin, a-SMA, and N-cadherin mRNA in
lung tissue were detected by quantitative real-time PCR and data were expressed as fold change in mRNA expres-
sion normalized to GAPDH expression, with respect to the control group. *P<0.05, #P<0.01 versus control group,
“P<0.05, ""P<0.01 versus TGF-B1 group.
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Figure 8. The impact of Icariin on Smad and MAPK signaling pathways in HDM-exposed mice. A. Western blot was used to detect the phosphorylation of Smad-2
and Smad-3 and total level of Smad-2/3 and Smad-4 proteins of Smad signaling pathway. B. The phosphorylation of Erk, Jnk and p38 and total level of Erk, Jnk and
p38 proteins of MAPK signaling pathway were detected by western blot. C. The expressions of Smad-2, Smad-3 and Smad-4 mRNA were determined by quantita-
tive real-time PCR. D. The expressions of Erk, Jnk and p38 mRNA were determined by quantitative real-time PCR. #P<0.05, #P<0.01 versus control group, "P<0.05,
“*P<0.01 versus HDM group.
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airway inflammation and airway remodeling in
chronic allergic asthmaic mice.

EMT is an orchestrated series of events, in
which differentiated epithelial cells undergo a
phenotypic transition to mesenchymal cells,
such as fibroblasts and myofibroblasts [27, 28].
a-SMA is characteristically expressed in myofi-
broblasts, enabling contractibility and an over-
all more invasive motile cell type like smooth
muscle cells. Down-regulation of E-cadherin
and up-regulation of N-cadherin play a critical
role in the process of EMT, which involved in
tissue inflammation, repair, and remodeling.
During EMT, the epithelial cells lose intracellu-
lar junctions, leading to dissociation from the
surrounding cells, acquire mesenchymal-like
characteristics and become able to migrate
away from the original location [29]. Our current
results showed that TGF-B1 induced a morpho-
logical changes and reduced cell-cell contact in
16HBE, which presented as spindle fibroblast-
like morphology and significant migration
capacity. Moreover, TGF-B1 induced an
increased expression of a-SMA and N-cadherin
with a concomitant reduction in E-cadherin
expression. Icariin significantly decreased cell
mobility and a-SMA and N-cadherin expression,
and reversed the expression of E-cadherin
induced by TGF-B1 in a dose-dependent
manner.

As the core pathophysiology of asthma, the
development of airway inflammation involved a
large number of inflammatory cells especially
eosinophils and inflammatory mediators such
as TGF-B1, IL-4, and IL-13, which gather around
the bronchus and flux into BALF [30]. In the
present study, we established a murine model
of airway remodeling by HDM intranasally,
which caused increase of AHR to methacholine,
PAS score, height of epithelial cell, and depth of
collagen deposition, accompanied by infiltra-
tion of eosinophils in the airway. The results
also showed that chronic exposure to HDM sig-
nificantly increased the levels of TGF-B1 in
BALF, sera, and lung tissue, accompanied by
the up-regulated expression of mesenchymal
markers «-SMA and N-cadherin expression,
and reduction of epithelial marker E-cadherin
expression. These results further confirmed the
role of TGF-B1 induced EMT on airway remodel-
ing and suggests that it promotes airway inflam-
mation and airway remodeling in asthma.
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Administration with Icariin led to marked inhibi-
tion of TGF-B1 levels, collagen deposition,
a-SMA and N-cadherin expression, with a con-
comitant reduction in E-cadherin expression as
compared with model groups. Elevated levels
of AHR to methacholine, total inflammatory cell
and eosinophils percentage also decreased
after Icariin administration. These findings con-
firm the effect of Icariin on EMT.

As an important cytokine and EMT induced,
TGF-B1 is associated with multiple biological
processes, such as proliferation, inflammation,
airway remodeling, and regulation of immune
[31-33]. In recent years, many studies demon-
strated that TGF-B1/Smad signaling pathway
plays an important role in the development of
airway remodeling in asthma [34, 35]. Smads
are an important intracellular TGF-B signal
transduction and regulatory molecule, and can
transfer TGF-B signals directly from the cell
membrane into the nucleus to promote tran-
scription of target genes [36-38]. In our study,
we detected the expressions of Smad-2 and
Smad-3 to study the effect of Icariin on TGF-
B1/Smad signaling pathway. Treatment with
Icariin reduced the phosphorylation of Smad-2
and Smad-3 and inhibited the Smad-2/3/4
complex formation induced by TGF-B1 in a con-
centration dependent manner. Snail, a zinc-fin-
ger transcription factor, is an important factor
in regulating EMT and has a crucial function in
cell migration and organ fibrosis [39, 40]. It is
reported that there are many homologous
sequences between Smads binding gene pro-
moter and snail promoter [41]. In the present
article, it demonstrated that Icariin inhibited
Snail expression which induced by TGF-B1 via
inhibiting Smad-2/3 phosphorylation and for-
mation of Smad-2/3/4 complex, then sup-
pressing Smad2 combined with the promoter
of Snail which inhibited Snail transcription.

In addition to Smad-dependent pathway, TGF-
B1 mediated E-cadherin down-regulation and
N-cadherin up-regulation also require Smad-
independent pathways and more specifically
p38 MAPK [42, 43]. The MAPK family is funda-
mental in mediating numerous changes in cell
function such as cytokine expression, prolifera-
tion, and apoptosis, and consists of Erk, JNK,
and p38 [44, 45]. In the present study, we
detected the expression of Erk, JNK, and p38,
to study the impact of Icariin on TGF-1/MAPK
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signaling pathway. We demonstrated that
Icariin inhibited the activation of TGF-B1/MAPK
signaling pathway in the airways by inhibiting
phosphorylation of Erk, JNK, and p38.

Conclusion

In summary, we demonstrated that Icariin alle-
viates TGF-Bl-induced EMT process. lIcariin
reduces migration, inhibits the up-regulation of
N-cadherin and a-SMA, and down-regulates the
expression of E-cadherin in 16HBE, which were
also confirmed in HDM-induced murine model.
Moreover, Icariin reduces airway inflammation
and inhibits the activation of Smad and MAPK
signaling pathways. Our findings highlight the
potential role of Icariin in improving airway
remodeling.
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