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Objective(s): Yu-Ping-Feng-San (YPFS) is a classical traditional Chinese medicine that is widely used for 
treatment of the diseases in respiratory systems, including chronic obstructive pulmonary disease 
(COPD) recognized as chronic inflammatory disease. However, the molecular mechanism remains 
unclear. Here we detected the factors involved in transforming growth factor beta 1 (TGF-β1)/Smad2 
signaling pathway and inflammatory cytokines, to clarify whether YPFS could attenuate inflammatory 
response dependent on TGF-β1/Smad2 signaling in COPD rats or cigarette smoke extract (CSE)-
treated human bronchial epithelial (Beas-2B) cells.   
Materials and Methods: The COPD rat model was established by exposure to cigarette smoke and 
intratracheal instillation of lipopolysaccharide, YPFS was administered to the animals. The efficacy of 
YPFS was evaluated by comparing the severity of pulmonary pathological damage, pro-inflammation 
cytokines, collagen related genes and the activation of TGF-β1/Smad2 signaling pathway. 
Furthermore, CSE-treated cells were employed to confirm whether the effect of YPFS was dependent 
on the TGF-β1/Smad2 signaling via knockdown Smad2 (Si-RNA), or pretreatment with the inhibitor of 
TGF-β1. 
Results: Administration of YPFS effectively alleviated injury of lung, suppressed releasing of pro-
inflammatory cytokines and collagen deposition in COPD animals (P<0.05), whereas exogenous TGF-
β1 promoted releasing of IL-1β, IL-6, TNFα (P<0.05). Administration YPFS reduced inflammatory 
response significantly, also down-regulated TGF-β1/Smad2 signaling in vivo and in vitro. Unexpectedly, 
knockdown Smad2 or inhibition of TGF-β1 abolished anti-inflammatory effect of YPFS in CSE-treated 
cells.  
Conclusion: YPFS accomplished anti-inflammatory effects mainly by suppressing phosphorylation of 
Smad2, TGF-β1/Smad2 signaling pathway was required for YPFS-mediated anti-inflammation in COPD 
rats or CSE-treated Beas-2B cells. 
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Introduction 
Chronic obstructive pulmonary disease (COPD) is 

defined as a chronic inflammatory disease (1), which is 
one of the leading global cause of morbidity and 
mortality, resulting approximately 5% of total deaths 
worldwide (2, 3). COPD is characterized by progressive 
airflow limitation irreversibly, causing by various 
noxious particles or gases (4). The major risk factor is 
cigarette smoke exposure, about 90% of deaths of 
COPD being attributable to smoking (5). Cigarette 
smoke is seen as a pro-inflammatiory stimulus leading 
to airway inflammation, (6). Excessive inflammation 
was deemed to be a typically quality for COPD (7), 
which is associated with an abnormal inflammatory 
response of the lung to mainly cigarette smoke (8). A 
previous study has demonstrated damage of lung 
pathology that in COPD animals inducing by cigarette 
smoke exposure, including tracheal responsiveness,

oxidative stress and intemperate lung inflammation (9, 
10). 

Transforming growth factor-β (TGF-β) plays a key 
role in tissue repair and remodeling (11), which has 
been widely implicated in pathogenesis of COPD (12). 
TGF-β can promote collagen expression and fibrosis               
for airway remodeling (13). Genetic studies have 
confirmed an association of gene polymorphisms of the 
TGF-β with COPD (14). Ichimaru reported in 2012 that 
TGF-β induces perlecan deposition to aggravates the 
situation of airway amooth muscle cells (ASMC) from 
COPD (15). Activation of the TGF-β down-stream 
signaling pathway may cause airway remodeling                  
and airway inflammation that is considered as                
the characteristic of COPD (16, 17). Previously, TGF-β                   
has been recognized to play an essential role                             
in the repression of inflammation; however,                       
recent studies have confirmed the positive roles of 
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TGF-β in inflammatory responses (18). TGF-β plays a 
central role in driving inflammation by in-ducing 
inflammatory mediator release to accelerate the 
inflammatory progress, including IL-6, IL-17 and GM-
CSF (15, 17, 19, 20). In addition, TGF-β overexpression 
may develop significant inflammation in transgenic 
mice (21). Thus, intervention of TGF-β signaling 
alleviated inflammation, which is a potentially thera-
peutic strategy for COPD. 

Yu-Ping-Feng-San (YPFS) is a classical Chinese 
medicinal formula in China. According to the Chinese 
Pharmacopoeia, the formula includes the following 3 
herbs: Radix Astragall, the dried roots of 
Astragalus  membranaceus, Rhizoma Atractylodis 
macrocephalae, the dried roots of 
Atractylodes macrocephala Koidz, Radix 
saposhnikoviae, and the dried roots of Saposhnikovia 
divaricata, in the ratio of 1:2:1 on a dry weight basis, 
respectively, is orally administered as a decoction or in 
the form of granule formulations. Clinically, YPFS has 
been widely used in medication for treatment of 
respiratory systems and immune systems diseases, 
including anaphylactic rhinitis, asthma and COPD (22-
24). However, the action mechanism of YPFS remains 
unclear. In this report, we demonstrated the role of 
YPFS on effectively alleviating injury of inflammation 
and deposition of collagen in COPD rats, suppression 
releasing of pro-inflammatory cytokines       in vivo and 
in vitro. Furthermore, we discovered that the TGF-
β1/Smad2 signaling was required for YPFS-mediated 
anti-inflammation in cigarette smoke extract (CSE)-
treated Beas-2B cells.  

 

Materials and Methods 
Animals and treatment 

Male Sprague Dawley rats were obtained from the 
Animal Center, Kunming Medical University, China, and 
used between the ages of 3-4 months. Animals were 
feed under a constant 12 hr light-dark cycle and were 
allowed to eat and drink ad libitum. All procedures 
were performed in accordance with the protocol 
outlined in the Guide for the Care and Use of Laboratory 
Animals published by the US National Institute of 
Health and approved by the Animal Care and Use 
Committee of Yunnan University of Traditional Chinese 
Medicine.  

The COPD rat model was established by exposure to 
cigarette smoke daily and intratracheal instillation of 
lipopolysaccharide (LPS) (25, 26). To be brief, rats were 
placed in the perspex chamber 30 cm (length) × 20 cm 
(width) × 25 cm (height), which separateed into small 
cigarette burn box and animals inhalation chamber. The 
commercial cigarettes (HongHe filter cigarette; Hong 
Yun Hong He Group) containing 12 mg tar and 1.2 mg 
nicotine per cigarette were used in this study. A lighted 
cigarette was placed in cigarette burn box near the 
small holes on the wall of the inhalation chamber, the 
cigarette smoke delivered into the animal inhalation 

chamber by a circulation fan to control gas flow at a 
rate of 5 min per cigarette approximately. Continuous 
fresh cigarette smoke was administered for 1 h/day for 
6 weeks. In addition, 200 µg LPS (dissolved in saline) 
was administered to the airways of the rats via 
endotracheal intubation on days 1 and 14, after the 
animals were anesthetized with 10% chloral hydrate. 
Rats were randomly divided into 4 groups, with 8 rats 
in each group. Rats in normal control were bred 
normally for 6 weeks and administered with same dose 
of physiological saline. The model group (COPD group) 
was established with the description above. The drug 
intervention group was corresponded to model group, 
0.5g/kg/day YPFS was administered via intragastric 
administration every day from day 15 until 6 weeks, 
the calculation of the dose equivalent was based on the 
application of the conversion factor recommended by 
the Food and Drug Administration when the animal 
under study is the rat (available at:  
http://www.fda.gov/cder/cancer/animalframe.htm). 
Roxithromycin 20 mg/kg was administered as the 
positive control. 

 
Extract preparation of YPFS  

YPFS is a traditional Chinese herbal medicine 
formula, which is composed of Radix Astragall, 
Rhizoma Atractylodes macrocephala, Radix 
saposhnikoviae, in the ratio of 1:2:1 on a dry weight 
basis, respective. All medicinal herbs were purchased 
from Yi Xin Tang Drugstore (Kunming, China) and 
identified by department of Chinese materia medica of 
Yunnan University of Traditional Chinese Medicine. The 
major identified effective phytochemical compound of 
YPFS is illustrated in previously published paper (27). 

Extract preparation of YPFS was described 
previously, all medicinal herbs were decocted within a 
water bath for twice, the water extract was filtered and 
evaporated below 55 C under reduced pressure, and 
then the residue was freeze-dried. The residue            
was dissolved at the desired concentration with 
distilled water, sterilized by 0.22 μm filter 
before intragastric  administration or adding into the 
medium of cells (28, 29).  

 
Cell culture and CSE preparation 

The human lung bronchial epithelial line Beas-
2B cells (a kind gift of Prof. CG Zou, Yunnan 
University, China) were grown in RPMI-1640 
medium (Invitrogen) containing L-glutamine, 
glucose, NaHCO3, 10% FBS and 1% penicillin-
streptomycin (Invitrogen) and maintained at 37 C, 
5% CO2. For experiments examining the function of 
exogenous TGF-β1, human recombinant TGF-β1 
(R&D Systems, USA) was added at 5 ng/ml or 10 
ng/ml into medium, after incubation for 24 hr, the 
cells were harvest for further study. 

Cigarette smoke extract (CSE) was freshly 
prepared,  in a manner similar to that described by 
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Tony and Kothari (30, 31). A lighted cigarette was 
connected to a peristaltic pump apparatus, and the 
smoke from one cigarette was slowly bubbled into 
25 ml of sterile RPMI-1640 with 10% serum at a rate 
of one cigarette per min, each puff of 2 sec duration 
approximately, following the pH of RPMI 1640 
dissolved-CSE was adjusted to 7.0 and sterile-filtered 
through a 0.22 m filter. Beas-2B cells were exposed 
into RPMI-1640 medium with CSE for 24 hr, 
exogenous YPFS was administrated respectively. In 
some experiments, CSE-treated cells were 
preincubated for 12 hr with 30 M TGF- inhibitors 
LY2109761 (Selleck Chemicals), before 
administration YPFS. 

 
RNA interference  

To knockdown expression of Smad2 by RNA 
interference, Beas-2B cells were transfected at 60-
70% confluence with 50 nM of Smad2-specific small 
interfering RNAs (siRNAs; GenePharma Co, Shanghai, 
China) in Opti-MEM medium (Invitrogen) using 
Lipofectamine 2000 transfection agent (Invitrogen) 
according to the manufacturer’s specifications. In 
control group, the negative control was replaced. 
Gene silencing efficiency was determined by 
Quantitative real-time PCR 72 hr post-transfection. 
The following siRNAs were used: Smad2, 5’-GUC CCA 
UGA AAA GAC UUA A-3’ (F), UUA AGU UUU CAU GGG 
A-3’ (R), with a control siRNA (4390846 Invitrogen)  
 
Western blotting  

The samples of lung tissues of rats were 
homogenized in liquid nitrogen and the homogenate 
was lysed into lysis buffer on ice for 30 min 
(Beyotime, Jiangsu, China). For detection of protein 
expression in Beas-2B cells, the cells were was lysed 
into lysis buffer on ice for 30 min. Total protein 
lysates were estimated using the BCA protein assay 
(Beyotime, Jiangsu, China). The lysates (40 g) of 
total protein per well were separated using 10% SDS 
polyacrylamide gel, and then transferred onto 
immobilon-PSQ transfer PVDF membrane (Millipore, 
Bedford, MA). Membranes were detected of 
phosphorylated forms and expression of protein. 
Primary antibodies were anti-phospho-Smad2, anti-
TGF-β1, anti-α-SMA (1: 1000 dilution; Santa Cruz 
Biotechnology, Santa Cruz, CA), anti-Collagen I 

(1:3000 dilution; Abcam) and anti-Actin antibodies 
(1:3000 dilution; Sigma). The secondary antibody 
was a peroxidase-coupled anti-mouse or rabbit IgG 
(1:4000 dilution; Abmart). The membrane was 
exposed to Kodak X-OMAT film (Kodak, China), and 
the film was developed. Signals were quantified 
using Image J and normalized to controls. 

 
Quantitative real-time PCR 

Total RNA was extracted from lung tissues of 
rats or cells with Trizol reagent (Invitrogen, 

Carlsbad, CA). cDNAs were synthesized using a 
reverse transcription kit (Invitrogen). A real time-
PCR analysis was performed on the ABI 7500 Real-
Time PCR System (Applied Biosystems, Darmstadt, 
Germany) using SYBRPremix-Ex Tag TM (Takara, 
Dalian, China). The primers used for PCR were as 
follows in rats: IL-1β：5′- CTG TGA CTC GTG GGA 
TGA TG-3′ (F), 5′-GGG ATT TTG TCG TTG CTT GT-3 
′(R); TNFα: 5′- AGA TGT GGA ACT GGC AGA GG-3′ (F), 
5′-CCC ATT TGG GAA CTT CTC CT-3′ (R); IL-6, 5′- 
CCG GAG AGG AGA CTT CAC AG-3′ (F), 5′-ACA GTG 
CAT CAT CGC TGT TC-3′ (R);  TGF-β1, 5′- AGA AGT 
CAC CCG CGT GCT AA-3′ (F), 5′-TCC CGA ATG TCT 
GAC GTA TTG A- 3′ (R); β-actin: 5′-TCA TGA AGT GTG 
ACG TTG ACA TCC GT- 3′ (F), 5′-CCT AGA AGC ATT 
TGC GGT GCA CGA TG-3′ (R). The primers used for 
PCR were as follows in Beas-2B cells: IL-1β: 5′-GGA 
ACC CCA GAG CGA AAT ACA-3′ (F), 5′-CCT GAA GAA 
TGC CTC CTC ACA-3′ (R); IL-6: 5′-AAA TTC GGT ACA 
TCC TCG AC-3′ (F), 5′- CCT CTT TGC TGC TTT CAC 
AC-3′ (R); TNFα: 5′-GAG CAC TGA AAG CAT GAT CC-
3′ (F), 5′-CGA GAA GAT GAT CTG ACT GCC-3′ (R); 
TGF-β1: 5′-ATT GAG GGC TTT CGC CTT AG-3′ (F), 5′-
CCG GTA GTG AAC CCG TTG A-3′ (R); β-actin: 5′-ATG 
TTT GAG ACC TTC AAC AC-3′ (F), 5′-CAC GTC ACA 
CTT CAT GAT GG-3′ (R). 

 
MTT assay  

The MTT assay was performed in a 96-well plate, 
1 × 104 cells/100 μl/well were cultured with YPFS at 
the concentrations of 0.01 mg-0.5 mg/ml. After the 
12 hr and 24 hr incubation period, 20 μl of MTT 
reagent was added to each well, and incubated for 1 
hr in a 5% CO2 incubator at 37 °C. Afterwards the 
supernatant was discarded and 150 μl of DMSO per 
well was added to solubilize formazan crystals for     
10 min on a shaker. The absorbance was measured 
using a microplate reader at a wavelength of 490 nm. 
(Thermo Scientific, Finland) 

 
Pathohistology analysis  

All the groups of animals (including model group, 
YPFS administration group and the control) were 
killed, the lung tissue of right lower lobes were 
collected. The tissues were dipped in 4% formalin, 
dehydrated in graded ethylic alcohol, embedded                 
in paraffin, stained with hematoxilin/eosin (HE)                  
or Masson’s trichrome staining. Inflammation was 
determined using a semiquantitative pathohisto-
logical score as described previously. The level of 
airway inflammation was classified into the 
categories: almost not visible (0-5); slight (6-20); 
moderate (21-40); severe/profound inflammation 
(41-60) (32).  

 
Statistical analysis 

Data from all the experiments are expressed as 
mean  SEM. A significant difference was determined  
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Figure 1. The effects of YPFS on suppression airway inflammation in COPD rats. After YPFS was administrated via intragastric 
administration at 0.5 g/kg/day from 15 day until 6 weeks in COPD rats, roxithromycin (ROX) 20 mg/kg was administrated as 
positive control. (A) Alveolar tissues were collected and stained by hematoxylin and eosin，magnification x100. (B) The airway 
inflammation classified by the histology score was measured. (C), (D) and (E) Quantitative PCR analysis was used to study the mRNA levels 
of IL-1β, IL-6 and TNFα in the lung tissue. Data are expressed as mean ± SEM of three independent experiments.*P< 0.05 **P< 0.01 NS, not 
significantly versus control 
 
 

by a one-way ANOVA test followed by a Student-
Newman-Keuls test. P-values < 0.05 were considered 
significant. 

 

Results  
YPFS represses inflammatory response in the 
model of COPD rat 

To investigate the role of YPFS in the inflamma-
tory response, the COPD animals were administrated 
with 0.5 g/kg/day YPFS, through intragastric admi-
nistration from 15 day until 6 weeks. Then lung 
tissues were examined using hematoxylin and eosin 
(HE) staining. At the endpoint of 6 weeks, airway 
inflammatory infiltrates were measured by a 
semiquantitative histology score. Administration 
with YPFS inhibited lymphocyte influx and led to an 
approximately 2-fold decrease in histology score 
comparing to the COPD group (P<0.05) (Figure 1A 
and 1B). As inflammation is a characteristic for 
COPD, IL-1β, IL-6 and TNFα are the key pro-
inflammatory cytokines playing critical roles in the 
process of inflammation, so we assessed the 
expression of aforesaid pro-inflammatory cytokines 
in alveolar tissues. The mRNA expressions of IL-1β, 

IL-6 and TNFα were significantly elevated in COPD 
group (P<0.05) (Figure. 1C-1E), however, all of them 
were crippled after administration YPFS (P<0.05) 
(Figure. 1C-1E). These results revealed that 
administration YPFS alleviated injury of airway 
inflammation and repressed pro-inflammatory 
cytokines in alveolar tissues of COPD animals. 

 
Effect of YPFS on inhibition of inflammatory 
cytokines releases in CSE-treated human lung 
bronchial epithelial line Beas-2B cells 

Smoking is contribute to serious inflammation of 
bronchial epithelial cells, which is a risk factor of 
development of COPD (33). To investigate the effect 
of YPFS in vitro, human lung bronchial epithelial line 
Beas-2B cells were employed by cigarette smoke 
extract (CSE) then to test the activity of YPFS. Firstly, 
we determined the cytotoxicity of YPFS from 0.01 
mg/ml to 0.5 mg/ml in Beas-2B cells using the MTT 
assay, the result showed that 0.5 g/ml of YPFS 
significantly inhibited cell proliferation (P<0.05) 
(Figure 2A). Next, we tested the mRNA levels of                 
IL-1β, IL-6 and TNFα. The results indicated that 
administration YPFS reduced significantly levels
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Figure 2. YPFS inhibited inflammatory cytokine releasing in CSE-treated Beas-2B cells. (A) The effect of YPFS on cell viability at the 
concentration of 0.01 mg/ml-0.5 mg/ml in human bronchial epithelial cells Beas-2B for 12 hr and 24 hr. Cell viability was performed with 
MTT assay. *P<0.05 NS, not significantly, versus control (normal saline). (B) After Beas-2B cells were exposed into RPMI-1640 medium 
with CSE for 24 hr, then 0.1 mg/ml YPFS was administrated for 24 hr, Quantitative PCR analysis was used to study the mRNA levels of IL-
1β, IL-6 and TNFα. Data are expressed as mean±SEM of three independent experiments. *P<0.05 **P<0.01 NS, not significantly versus 
control. (C) Phase-contrast images of the CSE-treated Beas-2B cells were administrated with 0.1 mg/ml YPFS or normal saline for 24 hr, 
magnification x100. The right panel shows cell viability was determined using MTT assay. Data are expressed as mean±SEM of three 
independent experiments. *P< 0.05 NS, not significantly versus control 
 
 

of inflammatory cytokines in CSE-treated cells (P<0.05) 
(Figure 2B), also attenuated CSE-triggered Beas-2B 
cells death. The proportion of living cells is more than 
93% in CSE-triggered Beas-2B cells, compared to the 
model group without administration YPFS (P<0.05) 
(Figure 2C). These results suggest that the YPFS repress 
pro-inflammatory cytokine release to against CSE-
triggered apoptosis. 
 
YPFS decreases TGF-β1/Smad-2 signaling in the 
lung tissue of the COPD rats  

TGF-β1 is known as a risk element of idiopathic 
pulmonary fibrosis and airway remodeling (34). 
There is a close link between smoking and 
expression of TGF-β1 in small airway epithelium of 
tobacco smokers (35). The results above prompted 
us to determine activity of TGF-β1 signal in COPD 
rats, so TGF-β1 was measured. Both the mRNA level 
and the protein level of TGF-β1 were significantly 
increased in COPD animals as compared with the 
normal rat, whereas the expression of TGF-β1 were 
reversed dramatically in COPD animals after 
administration YPFS (P<0.05) (Figure 3A and 3B). To 
further determine whether YPFS decreased TGF-

β1/smad-2 signaling, the phosphorylation levels of 
Smad-2 were detected. The result showed that the 
phosphorylation levels of Smad-2 were elevated in 
COPD rats and CSE-treated cells (P<0.05) (Figure 
3C). However, phosphorylation levels of Smad-2 
were overturned dramatically in YPFS group 
(P<0.05) (Figure 3C). Clinical trials showed COPD 
patients often couple with collagen deposition in the 
lung (36), hence we further analyzed deposition of 
collagen in alveolar tissues and  terminal bronchiole. 
Masson’s trichrome staining revealed more 
pronounced fibrosis in COPD animals as compared 
with YPFS group (Figure 3D). Moreover, the 
expression of collagen I and α-SMA in the lung tissue 
of rats was detected by Western blotting. As 
expected, we observed a dramatic decrease in the 
protein levels of collagen I and α-SMA in the lung 
tissue of COPD animals, after administration with 
YPFS (P<0.05) (Figure 3E). Taken together with the 
data, it was evident that TGF-β1/smad2 signaling 
was characteristically elevated in COPD animals, and 
YPFS played a key role in inhibition TGF-β1/smad2 
signaling and collagen deposition. 
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Figure 3 YPFS decreased TGF-β1/Smad-2 signaling. After YPFS 0.5 g/kg/day or normal saline was administrate from 15 day until 6 weeks 
in COPD rats. (A) The protein levels of TGF-β1 were determined by Western blotting. The blot is typical of three experiments. The lower 
panel shows quantification of the ratio of TGF-β1 to actin. Data are expressed as mean±SEM of three independent experiments. *P< 0.05 
NS, not significantly versus control. (B) Quantitative PCR analysis was used to study the mRNA levels of TGF-β1. *P<0.05 NS, not 
significantly versus control. (C) After administration YPFS or normal saline in COPD rats (The upper band) or 0.1mg/ml YPFS 
was administrated for 24 hr in CSE-treated Beas-2B cells (The middle band), the protein levels of phosphorylation Smad2 were determined 
by Western blotting. The blot is typical of three experiments. The right panel shows quantification of the ratio of phosphorylation of Smad2 
to actin. Data are expressed as mean ± SEM of three independent experiments. *P<0.05 **P<0.01 NS, not significantly versus control. (D) 
Effects of YPFS on pulmonary structural remodeling of COPD rats assessed by Masson Trichrome staining for collagen in blue, 
magnification x100 and x400 (lower panel). (E) The protein levels of collagen I and α-SMA were determined by Western blotting. The blot is 
typical of three experiments. The low panel shows quantification of the ratio of collagen I or α-SMA to actin. Data are expressed as mean ± 
SEM of three independent experiments. *P<0.05 **P<0.01 NS, not significantly versus control 
 
 

TGF-β1 induces phosphorylation of Smad2 and 
promotes the expression of pro-inflammatory 
cytokines in Beas-2B cells  

TGF-β1 overexpression may develop significant 
inflammation in transgenic mice (21), to investigate 
whether TGF-β1 is a major component of inducing 
inflammation in vitro, we further analyzed levels of pro-
inflammatory cytokines in vitro. After supplementation 
of exogenous TGF-β1 (5 or 10 ng/ml) in Beas-2B cells, 
the amount of phosphorylated Smad2 was induced in 
Beas-2B cells in 24 hr (P<0.05) (Figure 4A). We also 
found that the mRNA levels of IL-6, IL-1β and TNFα 
were significantly increased in different extent for 24 hr 
(P<0.05) (Figure 4B). 
 
Inhibition TGF-β1/Smad2 signaling abolishes anti- 
inflammatory effect of YPFS in CSE-treated cells 

As show in Figure 1-4, the results have 
demonstrated that YPFS repressed inflammatory 
response and attenuated releasing of TGF-β1 in vivo 
and in vitro. In order to further verify whether Smad2 
functions is upstream of anti-inflammatory response, 
endogenous Smad2 expression was significantly 
ablated by siRNA in Beas-2B cells (P<0.05) (Figure 5A). 
However, knockdown of Smad-2 by siRNA, the mRNA 
levels of these pro-inflammatory cytokines IL-1β,         
IL-6 and TNF-α had no significant change even so

 
 

Figure 4. Exogenous TGF-β1 promoted the expression of pro-
inflammatory cytokines in Beas-2B cells. After exogenous TGF-β1 
was added into Beas-2B cells at the concentration of 5 ng/ml or 10 
ng/ml for 24 hr. (A) The protein level of phosphorylation Smad2 
was determined by Western blotting. The blot is typical of three 
experiments. The right panel shows quantification of the ratio of 
phosphorylation Smad2 to actin. Data are expressed as mean ± 
SEM of three independent experiments. *P<0.05. (B) Quantitative 
PCR analysis was used to study the mRNA levels of IL-1β,IL-6 and 
TNFα Data are expressed as mean±SEM of three independent 
experiments.*P<0.05 **P<0.01 
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Figure 5. Smad-2 is required for anti-inflammatory effects of YPFS in CSE-treated cells. (A) After Smad2 was knockdown by siRNA in Beas-
2B cells, the protein levels of phosphorylation Smad2 were determined by Western blotting. The blot is typical of three experiments. The 
right panel shows quantification of the ratio of phosphorylation Smad2 to actin. Data are expressed as mean±SEM of three independent 
experiments. *P<0.05 versus negative control (NC). (B), (C) and (D) Knockdown of endogenous Smad2 expression by siRNA in CSE-treated 
Beas-2B cells, 0.1mg/ml YPFS was administrated for 24 h, Quantitative PCR analysis was used to study the mRNA levels of IL-1β,IL-6 and 
TNFα. *P<0.05 **P<0.01 NS, not significantly versus control. (E) After pre-incubated with 30 M TGF-β inhibitors (LY2109761) for 12 hr in 
CSE-treated Beas-2B cells, 0.1 mg/ml YPFS was administrated for 24 hr, Quantitative PCR analysis was used to study the mRNA levels of  
IL-1β,IL-6 and TNFα. *P<0.05 **P<0.01 

 
administration with YPFS in CSE-treated Beas-2B 
cells   (Figure 5B-5D). We also tested a specific TGF-β 
inhibitors LY2109761 (30 M), and found the 
inhibitors failed to suppress expression of IL-1β, IL-6 
and TNFα after administration with YPFS in CSE-
treated Beas-2B cells (Figure 5E). These results 
suggest that the anti-inflammation activation of YPFS 
is dependent on TGF-β1/Smad2 signaling, devitali-
zation of Smad2 impaired the anti-inflammatory 
effect of YPFS. 

 

Discussion 
YPFS is a widely used immunomodulatory 

herbal medication used in traditional Chinese 
medicine to cure the diseases of respiratory systems 
and immune systems (22). YPFS markedly decreases 
IL-4, IL-17 levels, also inhibits Th2 cell that mediate 
allergic contact dermatitis and ovalbumin (OVA)-
induced allergic asthma (37, 38). Recently, Du et al 
report in 2015 that YPFS induces gene expression of 
anti-viral proteins by interferon signaling and 
inhibiting neuraminidase activity (39). Natural 
products were seen as the sources of new drug to 
treat COPD, the group of Mohammad et al reported a 
series of effects of Nigella sativa, Zataria multiflora 
and the constituent on immune response and animal 
model of COPD (40-42). Here, we provide the first 

evidence that YPFS decreased inflammatory injury of 
pulmonary and relieved collagen deposition causing 
by cigarette smoke-induced COPD rats, also 
suppressed the releasing of pro-inflammatory 
cytokines, including IL-1β，IL-6 and TNFα in CSE-
treated human bronchial epithelial Beas-2B cells. 
Moreover, our results demonstrated that in both the 
COPD rats and the CSE-treated Beas-2B cells, YPFS 
showed good effects of anti-inflammation via the 
TGF-β1/Smad2 signaling pathway. The molecular 
mechanism by which the TGF-β1/Smad2 signaling 
pathway promotes anti-inflammation involved the 
dephosphorylation of Smad2. However, knockdown 
of Smad2 by RNAi seriously obstructs anti-
inflammation of YPFS CSE-treated cell. Our data 
clearly demonstrated that the anti-inflammatory 
effect of YPFS is associated with the suppression of 
the TGF-β1/Smad2 signaling pathway. For all this, 
the mechanism by how YPFS suppress phosphory-
lation of smad-2 remains unclear, and need to be 
investigated further.  

Inflammation is seen as a double-edged sword, 
the most important role is a fundamental protective 
response to infection, irritation, or other injury (43). 
However ， excessive inflammatory response  has 
been suggested as a risk factor for the development 
of many diseases, including atherosclerosis, 
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rheumatoid arthritis, inflammatory bowel disease, 
asthma and COPD (3, 44). Inflammation intensity is a 
key inducement in COPD, which is an enhanced or 
abnormal inflammatory immune response (45). 
Frequently exposure to noxious particles and 
smoking, can active a series of inflammatory res-
ponse in the small airways and lung parenchyma 
(46). Progress of inflammation involves several 
different cell types such as macrophages, lympho-
cytes, neutrophils and inflammatory mediators 
including proteinases cytokines, growth factors, and 
chemokines (3). Clinical studies have demonstrated 
that patients with COPD release greater amounts of 
IL-6, IL-8, IL-32, TNFα, GM-CSF and CXCL8 compared 
to those healthy subjects (47-49). So suppression of 
the inflammatory response is a logical approach to 
the treatment of COPD (50). For instance, to decrease 
production of inflammatory cytokines in inflamma-tory 
bowel disease patients is known as a strategy for 
attenuation clinical activity in Crohn’s disease patients 
(51, 52). Furthermore, adipose-derived stromal cell 
therapy decrease tracheal hyperresponsiveness and 
lung inflammation to relieve symptom in COPD animals 
(53). In this paper, YPFS inhibited pro-inflammatory 
cytokines (including, IL-1β, IL-6 and TNFα) and 
attenuated the destruction of inducing by smoking in 
COPD rats or CSE-treated cells. 

TGF-β/ Smad2 signaling link inflammation to 
fibrogenesis (54). The relationship between TGF-
β/Smad-2 signaling and airway inflammation has 
been extensively studied in pulmonary fibrosis 
model animals (55). The expression of TGF-β was 
detected in multiple cells, such as bronchial epithelial 
cells, infiltrating eosinophils, mast cells, alveolar 
macrophages and myofibroblasts (55). Activation of 
TGF-β induces the phosphorylation of Smad2 and 
Smad3, forms a complex with the Smad4 to 
translocate into nucleus to bind and regulate               
down-stream targets, while the whole process is 
essential role in the pathogenesis of fibrosis (56). 
Smad7 is an inhibitor of Smad2 and Smad3, and it 
had confirmed the role of Smad7 and NF-κB 
crosstalk pathway in renal inflammation; In contrast, 
overexpression of Smad7 can inhibit the activation of 
NF-κB (57). Indeed transgenic mice of Smad7 
develop more severe inflammation (58). Except 
Smad7, in the current study, Smad2 also is the key 
mediator fibrosis and inflammation, for instance, 
activation of TGF-β/Smad2 signaling is induced 
deposition of extracellular matrix (ECM) components 
and airway remodeling in asthma, whereas 
overexpression of Smad-2 can specifically alter 
airway hyperreactivity and remodeling (54, 59). In 
the murine model of airway inflammation inducing 
by ovalbumin, phosphorylated Smad-2 is 
dramatically increased in multiple cells (eg. 
infiltrating inflammatory cells and bronchial 
epithelial cells) (55). Our results demonstrated that 

YPFS reduced the levels of phosphorylated Smad-2 in 
vivo and in vitro, while dephosphorylation of Smad2 
was inhibited collagen deposition in the lung tissue 
of the COPD rats. Nevertheless, knockdown of Smad-
2 by RNAi seriously obstructed anti-inflammation of 
YPFS CSE-treated cell, thus Smad-2 actually played a 
mediatory role in anti-inflammation of YPFS. Thus, 
our study indicated potential mechanism of YPFS on 
therapy COPD.  
 

Conclusion  
In the present study we provided evidence of the 

protective role of YPFS in suppression inflammation 
of COPD animals and CSE-treated human bronchial 
epithelial line Beas-2B cells. YPFS accomplished    
anti-inflammatory effects mainly by suppressing the 
TGF-β1/Smad2 signaling pathway which might 
contribute to inhibit inflammatory mediators, also 
attenuation collagen deposition. The possible 
mechanisms may involve dephosphorylation of 
Smad2, which may be responsible for the observed 
effects of YPFS on alleviating inflammation in vivo 
and in vitro.  
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