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Purpose: Pulmonary fibrosis (PF) is a common clinical disease, which results in serious
respiratory impairment. Xin Jia Xuan Bai Cheng Qi Decoction (XJXBCQ) is a traditional
prescription commonly used in treating lung diseases. We investigate the effect of XJXBCQ
against PF and its mechanism via the regulation of TGF-f1/Smad in vitro and in vivo.
Materials and methods: XJXBCQ was first extracted and probed for chemical character-
ization. An PF model in vitro and in vivo was established in rats and in MRC-5 cells. In
bleomycin (BLM)-induced rats model, lung function such as peak expiratory flow
(PEF), minute ventilation (MV) and hydroxyproline (HYP) were measured; histopathological
changes of lung tissue and TGF-B1 in peripheral blood of rats were detected. TGF- receptor,
Smad?2 and its phosphorylation expression were tested by Western blot assay in rats model.
Then the effects of XJXBCQ on TGF-B1/Smad signal pathway were assessed by Western
blot analysis in vitro, and IL-17A and IL-25 levels were evaluated by ELISA in vivo.
Results: Our results showed that XJXBCQ significantly enhanced the lung functions, such
as PEF, MV and HYP, by reducing the expression level of lung inflammatory cytokine and
the content and fibrosis of lung collagen. Moreover, XJXBCQ effectively inhibited TGF-$1,
Smad?2 and its phosphorylation expression, and the activation of Smad7 in vitro and in vivo.
Furthermore, XJXBCQ had an inhibitory effect on the a-smooth muscle actin (a-SMA) and
fibronectin (Fn) in vitro and downregulated IL-17A and IL-25 by inhibiting the activation of
TGF-B1/Smad signaling pathway in vitro and in vivo. Further, XJXBCQ effectively inhibi-
tied ventilation volume and peak expiratory content remodeling and hydroxyproline content
through inhibition of TGF-BR II, Smad2 and its phosphorylation expression, and activation
of Smad7 in vivo.

Conclusion: XJXBCQ extract had an anti-PF effect in vitro and in vivo, which could be
attributed to the inhibition of the expression of p-Smad2 and increase in the expression of
Smad7 by regulating the TGF-1/Smad activity.

Keywords: pulmonary fibrosis, lung inflammatory cytokines, transforming growth factor
beta family, Smads family, Xin Jia Xuan Bai Cheng Qi decoction

Introduction

Pulmonary fibrosis (PF) is a chronic, progressive and life-threatening fibrotic
disease of the lungs, which results in serious respiratory impairment.' The pre-
valence of PF is 2-29 per 100,000 individuals, and its incidence is approximately
10 per 100,000 individuals per year with an upward trend.”> Unfortunately, no
therapies have been proven effective for treating PF aside from lung transplanta-
tion; however, pirfenidone has been approved as a novel antifibrotic agent in some
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countries.” Nevertheless, these drugs have unavoidable
side effects such as gastrointestinal disorders, skin-related
abnormalities, abnormal increases in alanine and aspartate
aminotransferase, and they can only delay pulmonary fail-
ure, but not reverse the process of PF. Traditional therapy
for PF includes warfarin, prednisone, azathioprine and N-
acetylcysteine.*” The pathogenesis and drug therapy of PF
remain poorly elucidated and controversial.

In recent years, Chinese herbal prescriptions have
attracted increasing attention due to their complementary
therapeutic effects to Western drugs but with minimum
side effects. Chinese herbal medicines have been used
for many years by Chinese investigators in treating PF
due to their benefits.” Herbal medicines have significant
effects against pulmonary injury and fibrosis by blocking
cell signal pathway, which is associated with their anti-
inflammatory and fibrogenic-inhibiting molecules.®

TGF-B1 is a member of the TGF-f superfamily, which is
considered as a hallmark in PF. As multifunctional cyto-
kine, TGF-B1 regulates the growth, differentiation and
function of various cell types.'® The principal effect of
TGF-B1 on mesenchymal cells is the stimulation of extra-
cellular matrix (ECM) deposition. Moreover, TGF-B1
increases the expression levels of collagen types I, III, VI,
VII and X, as well as the expression levels of fibronectin
and proteoglycans. =13

Smads are intracellular signal-transduction molecules
of the TGF-P super family.'* According to differences in
structure and function, nine Smads have been reported and
classified into three groups. Smad2 and Smad3 are called
R-Smads in the pathway and Smad4 (Co-Smads) for all
the pathways. Smad6, Smad7 and Smad8 are inhibitory
factors of these Smads. When TGF-B1 binds to its recep-
tor, Smad2/3 phosphorylates and binds with Smad4;
together, they move into the nucleus for translation and
expression of the target gene.'>'°

The disease characterized of PF by progressive and
diffuse PF and restrictive ventilation dysfunction that leads
to declines in pulmonary function, and, eventually, tore-
spiratory failure.'”'® Many studies have demonstrated that
Smad?2 is one of the two major downstream regulators that
promotes TGF-B-mediated tissue fibrosis.'*** Furthermore,
blocking Smad7 with a specific antisense oligonucleotide
restores TGF-P signaling and allows TGF-f to inhibit proin-
flammatory cytokine production.”*** This result indicates
the importance of Smad7 in the pathogenesis of inflamma-
tory disorders and suggests that Smad7 can be a target for
the treatment of disorders with disturbed TGF-f signaling.

Xin Jia Xuan Bai Cheng Qi decoction (XJXBCQ) is
a Chinese herbal formula composed of six herbs, namely,
Gypsum fibrosum (Shi Gao), Rhei radix et rhizome (Da
Huang), Semen Armeniacae amarum (Ku Xing Ren),
Trichosanthis pericarpium (Gua Lou Pi), Persicac semen
(Tao Ren) and Eupolyphaga steleophaga (Tu Bie Chong),
in 10:3:2:5:3:3 ratio. The component of the herbal formula is
mostly derived from the classic formula Xia Yu Xue Tang
and Xuan Bai Cheng Qi Tang in traditional Chinese medicine
(TCM), which have a long history of use for the treatment of
lung diseases, such as phlegm and lung deflation.*

Previous clinical studies suggest that the decoction of
Gualou Xiebai herbal formula plays an effective role in
ameliorating myocardial fibrosis induced by cardiac infarc-
tion with ligated left anterior descending coronary artery by
inhibiting the TGF-P1 signaling pathway.?® In addition, some
herbal in  XJXBCQ Gua Lou Pi
(Trichosanthis pericarpium), Da Huang (Rhei radix et rhi-

contents include
zome) and Ku Xing Ren (Semen Armeniacac amarum),
which are commonly used drugs for lung-intestine-related
diseases, with differences for different types of syndrome.
Two additional drugs, that is, amygdalin and emodin, exhibit
anti-fibroblast activation effect and have a potential in treat-
ing PE.27*

Although the XJXBCQ herbal formula has been pre-
viously reported to possess anticancer effect, its underlying
mechanisms in improving pulmonary function and PF
remain unknown. Thus, the present study aims to elucidate
the effect and the molecular mechanism of Chinese herbal
formula XJXBCQ in PF and fibrotic diseases of the lung.

Materials and methods

Cell culture and reagents

Human embryonic lung fibroblast MRC-5 cells were
obtained from the cell bank of Chinese Academy of
Sciences and maintained in a MEM medium supplemented
with 10% (v/v) heat-inactivated fetal calf serum, 2 mM
glutamine, 100 units/mL of penicillin and 100 pg/mL of
streptomycin (Invitrogen, Carlsbad, CA) at 37°C in a 5%
CO, humidified atmosphere.

Animal model

A total of 60 6-week-old SPF male Wistar rats weighing
190-210 g and have never mated were used in the study. All
animals were obtained from Shanghai Super-B&K Animal
Laboratory Co., Ltd. (Shanghai, China). The Wistar rats
were housed in Shanghai University of Traditional Chinese
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Medicine’s animal facility under controlled temperature,
humidity and dark/light cycle conditions. The animal proto-
col used in this study was reviewed and approved by the
Ethics Committees of Shanghai University of Traditional
Chinese Medicine (2013001). Animals were treated accord-
ing to the guiding principles of the Guide for the Care and
Use of Laboratory Animals of Shanghai University of
Traditional Chinese Medicine (Shanghai, China). The pro-
tocol approval number is SCXK (Shanghai) 2013-0016.
The 6-week-old SPF male Wistar rats were randomly
divided into 6 treatment groups with 10 rats each as follows:
control group; PF model group [bleomycin (BLM)], positive
control group (BLM+prednisone, 0.167 mg/kg), low-dose
XJXBCQ (BLM+XJXBCQ, 3.60 g/kg), medium-dose
XJIXBCQ group (BLM+XJXBCQ 7.19 g/kg) and high-
dose XJXBCQ group (BLM+XJXBCQ, 1438 g/kg).
According to the improved method,” rats from the PF
model group underwent intranasal instillation of a single
dose of 7 pg/g BLM in saline (150 pL), and rats from the
control group underwent intranasal instillation of normal
saline (NS) of equal volume (150 pL). At 8 hrs after the
model establishment, rats from the XJXBCQ groups were
intragastrically administrated with different XJXBCQ doses,
and rats from the positive control group were treated with
prednisone acetate once a day. Meanwhile, rats from the
control and PF model groups were given NS of equal
volume. All groups were sacrificed at the 28th day.

Preparation of Chinese X]JXBCQ herb

formula

The formula for creating one dose of XJXBCQ is presented in
Table 1. Chinese medicines were purchased from Shanghai
Hua Yu Chinese Herbs Co., Ltd. (Shanghai, China). The
Chinese medicines included Shi Gao (lot# 130125), Da
Huang (lot# 130129), Ku Xing Ren (lot# 130220), Gua Lou
Pi (lot# 130115), Tao Ren (lot# 130326) and Tu Bie Chong
(lot# 130419). All herbs were authenticated by Associate

Table | Formula of XJXBCQ (one dose)

Researcher Tao Yang according to the Pharmacopoeia of the
People’s Republic of China (2015). The vouchers of all com-
ponents were deposited at the herbarium located in the College
of Pharmacy, Shanghai University of TCM (Shanghai, China).

XIXBCQ
a validated method.*® All herbs were added with appropriate

extracts were prepared according to
amounts of water (except Shi Gao and Da Huang), soaked
for 60 mins, and decocted twice for 3 hrs for the first time
and 2 hrs for the second time. Afterward, we combined the
decoctions. Shi Gao was first decocted for 0.5 hrs, and Da
Huang was decocted in the last 5 mins, according to the
approaches of decocted earlier and decocted late. The decoc-
tion was dried by decompressing at 60+2°C (1 g extract
contained 15 g of herbal mixtures) as the dry extract. This
decoction was stored at —20°C, dissolved in distilled water,
and diluted with physiologic saline for animal tests.

For quality control, the fingerprint spectrum for
XIXBCQ was performed by Waters 2695 system (Waters,
Milford, Massachusetts, USA) equipped with a quaternary
gradient pump, an autosampler and a photodiode array
detector. The components were eluted with a gradient sys-
tem consisting of graded water (mobile phase A) and LC-
MS grade acetonitrile (mobile phase B; time, min/B%: 0/
95, 5/75, 10/70, 15/60, 20/40, 30/40, 32/5, 36/5 and 40/95).
The chromatographic column used was the CNW Athena
C18-WP (4.6 mmx150 mm, 3 um). The mobile phase flow
rate was | mL/min, and the column temperature was main-
tained at 30°C. The contents of amygdalin, aloe emodin,
rhein, chrysophanol and emodin detected using the HPLC
method were 18.1, 0.77, 5.10, 0.52 and 1.16 mg/g in the

extracts, respectively (Figure 1A).

Network construction

The potential targets for the components of XJXBCQ
were retrieved from Therapeutic Targets Database
including TCMSP (http://Isp.nwu.edu.cn/tcmsp.php),
TCM database @Taiwan (http://tcm.cmu.edu.tw) and

Chinese Sources Medicinal Origin Voucher Weight
medicine parts (Province) number (€3]
Shi Gao Gypsum fibrosum Hubei 211803 30
Da Huang Rheum palmatum L. Root and rhizome | Qinghai 221304
Ku Xing Ren Prunus armeniaca L. Seed Hebei 201508
Gua Lou Pi Trichosanthes kirikrwii Maxim. Fruit Xinjiang 226115 15
Tao Ren Prunus persica L. Batsch (Rosaceae) | Seed Neimenggu 217036
Tu Bie Chong Eupolyphaga sinensis Walker Female Jiangxi 223810
Drug Design, Development and Therapy 2019:13 submit your manuscript 2875
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Figure | HPLC fingerprint of mix standards and XJXBCQ. (A)The chromatographic profile of X]XBCQ extracts (stationary phase: CNWV Athena C18-WP [(4.6 mmx |50 mm, 3

pm]; mobile phase: 0.1% formic acid in LC-MS grade water [mobile phase A] and LC-MS

36/5 and 40/95; flow rate: | mL/min]). Peak nos.: I) amygdalin, 2) barbaloin, 3) emodin-8-

grade acetonitrile [mobile phase B; time, min/B%: 0/95, 5/75, 10/70, 15/60, 20/40, 30/40, 32/5,
O-B-D-glucopyranoside, 4) chrysopha, 5) Aloe emodin, 6) rhein, 7) emodin, 8) chrysophanol

and 9) physcion. (B) Interaction network diagram between the active ingredients of X]XBCQ and their targets using prediction software of Cytoscape 3.6.1. Active compound-active
compound target network of XJXBCQ consists of 53 active compounds and 290 active compound targets (circle, diamond, hexagon, triangle stand for active compounds of

Shengdahuang, Taoren, Kuxingren, Gualoupi; vee of “beta-sitosterol” stands for common

active compound of Shengdahuang and Taoren, vee of “Spinasterol” stands for common active

compound of Kuxingren and Gualoupsi; ellipse stands for compound targets). All active compounds and target proteins change from red to green according to the number of edges. In
this figure, 12 compounds were associated with TGF-B1, and 8 compounds were associated with Smads, indicating that XJXBCQ is closely related to TGF-§1 and Smads.

Drugbank (http://www.drugbank.ca). In these networks
(Figure 1B), XJXBCQ and its targets are represented as

Lung function tests

Rats were anesthetized with 3% pentobarbital sodium by intra-
peritoneal injection and transferred into a plethysmographic
chamber (4665 mL) to determine the pulmonary function by

nodes, while the edges indicate interaction or
relatedness.>!
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using the PowerLab and respiratory amplifier. The recorded
variables included minute ventilation (MV) and peak expira-
tory flow (PEF).*

Assessment of hydroxyproline (HYP)

content in lung tissue

Approximately 100 mg of lung tissue samples (stored at
—70°C) were hydrolyzed with 1 mL of hydrolysate and
boiled for 15 mins. The HYP contents in lung tissue were
determined using an HYP kit (Nanjing Jiancheng
Bioengineering Institute) according to the manufacturer’s
instructions.*> HYP content was expressed as pg/mg.

Lung of histopathological changes

H&E stain and Sirius red staining were used to assess the
histopathological changes and the severity of alveolitis and
fibrosis. Histopathological changes in lung tissues were
observed under a light microscope. The degree of fibrosis
was shown through the areas of brownish yellow-stained
collagen on the sections stained with immunohistochem-
istry. The red collagen fibers were positively stained with
Sirius red, and the images of Sirius red were collected with
Image-Pro Plus 6.0 professional image analysis software
system. A total of 9-10 sections were taken from each
group. Six high-power fields (x200) were randomly
selected in the positive staining area, and each field of
view (umz) was measured.

Immunohistochemical analysis

Hydrated paraffin sections were incubated in a blocking
solution (10% goat serum+5% nonfat dry milk+4% BSA
+0.1% Triton X-100) for 10 mins and then incubated at 4°
C overnight with anti-Smad2 and Smad7. The analysis
was conducted as previously described.”® Cell labeling
was scored as follows: 0 (negative), 1 (positive
cells<10%), 2 (positive cells between 11% and 50%), 3
(positive cells between 51% and 75%) and 4 (positive
cells>75%). Discrepancies (<5%) were resolved by simul-
taneous re-evaluation. The significance of the correlation
was determined using Pearson’s y2 test.

Western blot analysis

Whole cell lysates for SDS-PAGE and Western blot analy-
sis for the expression levels of a-SMA, fibronectin (Fn),
Smad2, Smad7 and TGF-BR II were prepared as previously
reported.’® To prepare lysate from dissected in vivo lung
tissues, samples were snap-frozen in liquid nitrogen

immediately after sacrificing the animals and were stored
at —80°C. The lysate was incubated on ice in an immuno-
precipitation assay buffer for 2 hrs before being homoge-
nized using a mortar and pestle. The homogenized sample
was centrifuged, and the supernatant was collected and
stored at —80°C. Equal loading was confirmed with f-
actin/GAPDH. Densitometric analysis was conducted
using Scion Imaging Software (Scion Co.).

ELISA

Cells were seeded in a 24-well plate at a density of 1x10°
cells per well. After attachment, the medium was replaced
with fresh medium supplemented with 1% FBS. After treat-
ment, cell supernatants were collected, and the amounts of
IL-17A, TGF-B and IL-25 were determined with a human
ELISA kit (Multi Sciences, Shanghai, China) according to
the manufacturer’s instructions.®* Cells were harvested by
trypsinization and were counted afterward.

Statistical analysis

All values were expressed as the mean+SD and ana-
lyzed by one-way analysis of variance, followed by
Duncan’s multiple range test by using SPSS version
21.0 software. A P-value of less than 0.05 was consid-
ered significant.

Results
Effect of XJXBCQ on PF in vivo

Previous studies have demonstrated that BLM can induce
PF.?° In the present study, we used a concentration of 7 mg/
kg bleomycin (volume of 200 pL each) to establish a PF
model by nasal instillation into each rat, and the PF model
can be successfully established by only one administration
(Supplementary Fig. 1 & 2). We used prednisone in the
positive control group. Histologically, in comparison with
the control group, an increase in collagen deposition in the
interstitium was observed in approximately 28 days after
nasal BLM instillation (Figure 2A). In addition, the collagen
deposition appeared diffusively in the lung parenchyma. The
bronchial epithelium was papillary hyperplasia protruding
into the cavity primarily within the alveolar walls in the
lung and was accompanied by severe damages of lung archi-
tectures and papillary hyperplasia protruding in the bronchial
epithelium and cellular infiltrates (Figure 2A). Moreover, in
the groups treated with XJXBCQ, namely, XJXBCQ-L,
XJXBCQ-M and XJXBCQ-H at concentrations of 3.60,
7.19 and 14.38 g/kg/day, all of the aforementioned alveolitis
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Figure 2 Effect of X]XBCQ on PF in BLM-induced rat. (A) Representative images of lung pathologic abnormalities with H&E staining: the inflammatory cells and collagen
deposition in rats with PE. Scale bar, 100 pm. The lungs of rats were performed from rats treated with saline; BLM (7 pg/g), positive control and BLM+XJXBCQ on the
28th day. (B and C) Effects of MV and PEF in rats with PF from different groups. The values are shown as mean+SEM of the three experiments. **P<0.01 versus the

model group.

and fibrosis changes were significantly ameliorated com-
pared with those of the PF model group. To determine the
amount of pulmonary function of rats, we analyzed the dose-
course changes in the content of MV and PEF in the rat
models. As shown in Figure 2B and C, treatment with
XJXBCQ significantly improved lung function in the BLM
treatment group (PF Model).

Effect of XJXBCQ on PF and its

mesenchymal marker

Lung fibrosis was further scored by histopathological
observations of lung sections on the 28th day stained
with Sirius red staining from normal control, PF model,
positive control and XJXBCQ-treated groups (e,
XJXBCQ-L, XJIXBCQ-M and XJXBCQ-H groups). As
shown in Figure 2A, the lung section of rats receiving
saline showed almost normal alveolar structure with
a small amount of red collagen fibers in the alveolar
septum (Figure 3A). The PF model produced characteristic
histological changes, including infiltration areas of inflam-
matory cells, different grades of bronchial walls and

alveolar spaces. Similar to the results of H&E, severe
collagen deposition and fibrotic lesions were also
improved by XJXBCQ in a dose-dependent manner.

a-SMA is mesenchymal marker involved in inflam-
mation and fibrosis. Thus, to determine whether it was
involved in the inhibitory effect on PF of XJXBCQ, we
assessed its expressions via immunohistochemical ana-
lysis. As shown in Figure 3B, the expression level of
o-SMA in the lungs decreased in a dose-dependent
manner after the XJXBCQ treatment. We used the
image pro plus (ipp) as the quantitative image analysis
to quantify the level of a-SMA expression in different
groups. The acquisition of «a-SMA dramatically
decreased via the XJXBCQ treatment (Figure 3B).
These results revealed an antifibrotic effect of
XJXBCQ against BLM-induced PF in vivo.

To validate the effect of XJXBCQ, we evaluated lung
fibrosis by measuring the HYP content in lungs and serum
as an index of collagen accumulation. As expected, the
XIXBCQ-treated groups (ie, XJIXBCQ-L, XJXBCQ-M and
XJXBCQ-H groups) significantly inhibited the increased
HYP levels compared with the PF model group (Figure 3C).
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lung tissues of BLM-induced rat. The values are shown as mean+SEM of the three experiments. **P<0.01 versus the model group.

Effect of X]JXBCQ on TGF-B1 and
p-Smad2 phosphorylation

rNumerous studies have recognized that the expression of
TGF-B1 is increased predominantly in pulmonary endothelial
cells and fibroblasts,>>° and its downstream mediators, that is,
Smads, are also involved in the fibrotic response. The Smad
complex translocates into the nucleus, where it binds to
a specific cis-acting element in the regulatory region of the

TGF-B1 target genes (eg, 0-SMA).*” In the present study, the
protein expression levels of Smad2, p-Smad2 and Smad7 in
the lungs were also assessed by Western blot analyses. Similar
to the immunohistochemical results of the expression levels of
Smad2 and Smad7 (Figure 4A), the protein levels of Smad2,
p-Smad2 and TGF-BRII decreased. Moreover, the levels of
Smad7 increased via the XJXBCQ treatment (Figure 4B-D).
As determined by ELISA, XJXBCQ induced a dramatic
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levels of Smad2, p-Smad2, Smad7 and TGF-BRII in different lung tissue groups. Scale bar, 100 pm. (B—D) Western blot with an antibody to GAPDH/B-actin was used to
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experiments. (E) The expression levels of TGF-BI in the serum of rats were detected by ELISA. Each value is presented as the meantSD of the three independent

experiments. ¥¥P<0.01 *P<0.01 versus the model group.

decrease in the expression of lung TGF-B1 protein compared

with the PF model group (Figure 4E).

Effect of XJXBCQ on TGF-B|-mediated
PF in MRC-5 cells

Fibroblasts (MRC-5 cells) were used to access the
effect of XJXBCQ in vitro as previous research.’®
Thus, we examined whether the activation of Smad2

via TGF-B1 contributed to the abrogated fibrotic
response. The results showed that after treatment with
different TGF-B1 concentrations for 48 hrs, the expres-
sion levels of a-SMA and Fn significantly increased
(Figure 5A). Then, we tested their effects on the
growth of the MRC-5 cells in vitro. As shown in
Figure 5B, after treatment for 48 hrs and 72 hrs,
XJXBCQ showed insignificant changes in the cell
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Figure 5 Effect of XJXBCQ on TGF-p I-mediated PF in MRC-5 cells. (A and C) Western blot assay was conducted to detect the levels of a-SMA and Fn in MRC-5 cells. The
MRC-5 cells were treated with TGF-BI for 48 hrs. Western blot with an antibody to GAPDH was used to ensure equal loading of proteins in each lane. Blots were
photographed and quantified for each sample. The data presented were obtained from three independent experiments. (B) Cells were treated with various concentrations
of XJXBCQ and analyzed by CCK-8 analyses. (D and E) The expression levels of IL-17A and IL-25 in the serum of rats were detected by ELISA. Each value is presented as
the mean+SD determined from three independent experiments. *P<0.05 versus the TGF-B| group; **P<0.01, #P<0.01 versus the TGF-BI group.

viability of MRC-5 cells, as analyzed via CCK-8 assay.
However, in comparison with the control of MRC-5
cells without XJXBCQ treatment, the expression levels
of a-SMA and Fn decreased significantly in TGF-
B1-treated MRC-5 cells (Figure 5C). Simultaneously,
we also used ELISA techniques to investigate the
expression levels of IL-17A and IL-25 in the cellular
supernatant of MRC-5 cells. The results were consis-
tent with the findings of Western blot. After the
XJXBCQ treatment in MRC-5 cells, the expression
levels of IL-17A and IL-25 decreased remarkably com-
pared with those of the TGF-B1-treated MRC-5 cells
(Figure 5D and E).

Effect of X]XBCQ on PF via TGF-f1/Smad2
pathway in MRC-5 cells

A previous study demonstrated that the TGF-B1 inhibitor
(LY2109761) could inhibit the phosphorylation of TGF-
Bl-induced Smad2/3 in PF cells.” In the present study,
we initially examined the inhibitory activity of XJXBCQ
(64 pg/mL) against TGF-B1-induced Smad phosphorylation
after 48 hrs of TGF-B1 stimulation. The data showed that
XJIXBCQ could downregulate the levels of p-Smad2 in
TGF-B1-stimulated MRC-5 cells in a dose-dependent man-
ner, whereas the expression of Smad2 showed minimal
change (Figure 6A). XJXBCQ can regulate Smad signaling
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pathway (Figure 6A and Supplementary Figure 3), decreas-

ing Smad2 expression and increasing Smad7 expression in
mRNA and protein level (Supplementary Fig. 4). Thus,
investigating whether XJXBCQ could inhibit the PF
through the TGF-B1-mediated Smad signaling pathway is
necessary. To verify this hypothesis, we used TGF-B1 inhi-
bitor LY2109761 to block the TGF-B1/Smad signaling
pathway; afterward, XJXBCQ was added. The results
showed that under the condition, XJXBCQ had a more
significant inhibiting effect on the expression levels of a-
SMA and Fn (Figure 6B). In addition, to enhance the
integrity of the aforementioned results, we used the pre-
viously constructed the overexpressing vector Smad2 and
test the effect of cell proliferation with vector and up-Smad
2 vector (Supplementary Fig. 5). We found that the re-
expression of Smad2 could partially recover the expression

of a-SMA and Fn that had been inhibited by XJXBCQ
(Figure 6C). All these data suggested that XJXBCQ may
regulate PF through TGF-f1/Smad signaling pathway,
thereby inhibiting TGF-B1-induced PF, which may be one
of the mechanisms by which XJXBCQ inhibited PF.

Discussion

In this study, we used a simple and accurate HPLC method
for the simultaneous separation and identification of six
components to evaluate the quality of XJXBCQ. The inter-
action network diagram among all the active ingredients of
XJXBCQ is shown in Figure 1A, and their targets were
determined by using the prediction software of TCMSP,
TCM database @Taiwan and Drugbank (Supplementary
Table 1 & 2 and Figure 1B). Our results indicated that
XJXBCQ had protective effects against BLM-associated
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lung inflammation in rat by reducing the expression levels of
lung inflammatory cytokines; decreasing the lung collagen
content and fibrosis; lowering the HYP content and impeding
the pulmonary function, including MV, PEF and HYP con-
tents. Furthermore, we demonstrated that XJXBCQ signifi-
cantly downregulated the mesenchymal marker, which could
be mediated by decreasing the expression of p-Smad?2 via the
TGF-B1/Smad signaling pathway. The results of the MRC-5
cell showed that TGF-B1/Smad2 activation was partially
altered by treatment with XJXBCQ through the inhibition
of Smad2 phosphorylation. To our knowledge, it is the first
work to demonstrate that Chinese Herbal medicine XJXBCQ
could inhibit lung inflammation in vivo and in vitro, at least
in part, via the inhibition of Smad2 phosphorylation in the
TGF-B1 signaling pathway (Figure 7).

It is well known that TGF-f exerts its biological effects
by activating downstream mediators including Smad2,
Smad3 and Smad4, while is negatively regulated by Smad7
expression.**** XJXBCQ can effectively act on regulating
the expression of Smad2, p-Smad2 and Smad7 in vivo;
meanwhile, it promoted Smad7 expression and downregu-
lated p-Smad2 expression, which could attribute to TGF-f1/
p-Smad2 signaling pathway. Our data demonstrated that
XJIXBCQ significantly lowered the HYP contents and
impeded pulmonary function in BLM-induced PF rat
model. According to the histological findings of the rat

| TGF-B Ligands [

{ TGF-B s,Activins,Nodals |
TGF-BRII
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Intracellular
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TGF-B regulated genes

T
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TN
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lung, XJXBCQ markedly ameliorated the scores of alveolitis
and fibrosis of the lung and suppressed lung inflammation.
The aforementioned results clearly revealed that XJXBCQ
could not only inhibit PF, which was confirmed by the
decrease in acute inflammatory injury, collagen deposition
and fibroblast, but also ameliorate the pulmonary function in
the XJXBCQ treatment group. Moreover, the levels of HYP
in medium doses of XJXBCQ treatment group were signifi-
cantly lower than those in high and low doses of XJXBCQ
treatment groups. This result may suggest that the medium
dose of XJXBCQ is the best treatment dose.

Meanwhile, in the XJXBCQ-treated rat, a decreased
expression of a-SMA-positive was observed, despite the
comparable expression of a-SMA cell in BLM rat among
groups by immunohistochemistry. This result indicated
that XJXBCQ may inhibit the formation of fibrosis by
inhibiting the expression of a-SMA and relieving PF. In
addition, we determined the collagen content in the lung
tissue by detecting HYP. Our results demonstrated that
XJIXBCQ treatment groups could markedly decrease the
levels of HYP and suppress collagen deposition. XJXBCQ
treatment not only distinctly inhibited the overexpression
of collagen deposition and a-SMA but also attenuated the
pulmonary function in rat after the BLM challenge. This
result indicated that XJXBCQ may be an effective thera-
peutic drug against fibrogenesis in response to BLM. Next,

Fibrosis

EMC
Fn 1 a -SMA 1 Collagen 1

Figure 7 Proposed working model of XJXBCQ on the TGF-p1/Smad2 signaling pathway-mediated PF.
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we further studied and explored the mechanism and ther-
apeutic targets of XJXBCQ.

TGF-B1 is a pleiotropic cytokine that has a crucial role
in many aspects of lung fibrotic response and has long
been believed to be a central mediator of this response.*>**
Smad proteins are thought to play an important role in
regulating intracellular responses to TGF-f1. Smad pro-
teins, such as Smad2 and Smad3, are activated by TGF-p1
receptors and are then translocated to the nucleus, where
they regulate transcription, thereby further modifying multi-
ple CF functions, including proliferation, differentiation and
secretion.”> Our study demonstrated that TGF-B1-induced
Smad2 and Smad phosphorylation in vivo and in vitro.
Notably, the protein levels of a-SMA and Fn were signifi-
cantly suppressed when Smad2 was knocked down or when
TGF-B1 was inhibited. However, they were increased when
Smad2 was overexpressed following TGF-B1 stimulation.
However, for Smad7, an induction of inhibitory Smad pro-
tein, which represented a negative feedback loop, inhibited
the TGF-B1/Smad signaling pathway in the activation pro-
gress of TGF-B1/Smad signaling pathway.

In the long-term course of treatment, traditional
Chinese prescriptions and formulae, which are based on
TCM principles, have been identified to be effective anti-
pulmonary fibrotic drugs in patients with PF. Our previous
clinical studies demonstrated that XJXBCQ improves the
symptom of patients with PF.** Adding herb extracts to
cancer cells may improve the therapeutic outcomes among
patients with cancer. To examine the potential mechanisms
responsible for the therapeutic effects of XJXBCQ, we
performed a series of experiments.

The discovery that XJXBCQ restores lung injury under
pathological conditions suggests that XJXBCQ exerts its
anti-pulmonary fibrotic effects, at least in part, through its
regulation of a key pathway. Pulmonary protection induced
by XJXBCQ is indicated by a number of studies related to
its compounds extracted from natural plants. For example,
emodin significantly relieves lung edema and fibrotic
changes, decreases collagen deposition and suppresses
myofibroblast differentiation via the suppression of TGF-
B1 signaling pathway and inhibition of inflammation and
oxidative activities in rats with BLM-induced PF.*
Resveratrol also interrupts TGF-f signaling and attenuates
the expression of fibrogenic protein in rat with renal inter-
stitial fibrosis.*” Moreover, rhein displays broad pharmaco-
logical activities against various cellular pathological
processes, including oxidative stress, inflammation, apop-
tosis and carcinogenesis.***’ However, the intracellular

targets of XJXBCQ are not firmly established, and its inhi-
bition mode of action remains poorly understood. The find-
ings in the present study indicated that XJXBCQ treatment
significantly suppressed BML-induced PF by inhibiting
TGF-Bl-induced Smad2, p-Smad2 activity, promoting
Smad7 expression and decreasing a-SMA and Fn activity.
In conclusion, the present study confirmed the anti-
PF effect of XJXBCQ in vitro and in vivo. The ther-
apeutic effect of XJXBCQ may be mainly derived from
the TGF-B1/Smad-mediated PF.
Clarification regarding the underlying mechanism of
XJIXBCQ will provide new therapeutic targets for PF.

its inhibition on
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