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EXPERIMENTAL STUDY

Platycodin D alleviates proliferation and extracellular matrix
accumulation in TGF-beta1 induced pulmonary fibroblasts
Hou HH*, Su CC*, Hong LL, Huang HF, Tang YF
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ABSTRACT
AIM: Platycodin D (PD), an oleanane kind of triterpenoid saponin, possesses various pharmacological
activities. We aimed to investigate the effects of PD in pulmonary fibrosis.
METHOD: MRC-5 cells were induced by transforming growth factor-beta1 (TGF-β1) to simulate the
pulmonary fibrosis in vitro. Cell viability was determined using a CCK-8 kit in the absence or presence of
PD. Then, the expression of proliferation-related proteins was detected using immunofluorescence assay or
western blot analysis. Moreover, the levels of inflammatory factors were examined. Subsequently, the ability
of cell migration was evaluated using wound healing assay. Additionally, western blot analysis was employed
to determine migration- and extracellular matrix accumulation (ECM)-related proteins expression.
RESULTS: Results indicated that PD exposure significantly dose-dependently inhibited TGF-β1 induced
proliferation in MRC-5 cells. Additionally, the contents of inflammatory factors were notably inhibited with PD
treatment. Furthermore, significant decrease in migration of TGF-β1-stimulated MRC-5 cells was observed
after PD intervention. Afterwards, PD remarkably suppressed the expression of alpha smooth muscle actin
(α-SMA), collagen I (Col I), collagen III (Col III) and E-cadherin (E-cad).
CONCLUSIONS: PD attenuated proliferation and ECM accumulation in TGF-β1 induced lung fibroblasts,
providing experimental support for the clinical application of PD in the treatment of pulmonary fibrosis (Fig. 6,
Ref. 33). Text in PDF www.elis.sk
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Introduction
Fibrosis is a common reaction of the body to various injuries,
and the ultimate result is rapid proliferation and accumulation of
connective tissue to replace normal tissue (1). Pulmonary fibrosis
(PF) is a diffuse pulmonary inflammatory disease, the pathogenesis of which mainly involves pulmonary interstitium and alveolar
epithelial cells (2). It is characterized by lung fibroblast excessive
proliferation, migration and activation, accumulation of a large
number of extracellular matrix (ECM) and the formation of excessive collagen deposition (3). Although great progress has been
observed in relation to medical therapies available for patients with
PF, there is still no effective treatment for this disease (4). Therefore, it is of great clinical and scientific significance that novel
therapeutic agents associated with PF are identified.
It is generally well known that fibroblasts are key effector
cells in fibrotic diseases.
Activation of fibroblasts is closely involved in the process of
fibrogenesis, including that of PF (5). Upon activation, resting fiPneumology Department, Nantong Hospital of TCM, Nantong, Jiangsu,
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broblasts acquire a myofibroblast phenotype, which is characterized by expression of contractile proteins and enhanced release
of ECM (6, 7). It is demonstrated that myofibroblasts produce
profibrotic cytokines and ECM as well as accelerate lung fibrosis, remodeling and thus lung dysfunction. Transforming growth
factor-β1 (TGF-β1) is a multifunctional cytokine that regulates
cell differentiation and growth, tissue homeostasis and inflammatory responses (8). A growing body of literature has shown
that TGF-β1 is one of the most powerful stimuli of fibroblast
activation in physiologic and pathologic conditions and plays a
crucial role for the persistent activation of fibroblasts in fibrotic
diseases (9, 10). Therefore, identification of central checkpoints
and mechanisms of TGF-β1-induced fibroblast activation might
offer potential therapies for fibrotic diseases.
Platycodin D (PD), an oleanane kind of triterpenoid saponin,
is counted among the key bioactive constituents of the roots of
Platycodon grandiflorum, which results in its extensive use for
treating multiple ailments (11). To date, PD has received extensive attention due to its reported anti-inflammatory, antiviral, antifibrosis and anti-cancer roles (12–15). It has been well reported
that PD reverses pathological myocardial hypertrophy and fibrosis
in spontaneous hypertension rats (16). A study mentioned that by
regulating JNK/c-JUN signal pathway, PD improves liver fibrosis
and activates hepatic stellate cells (17). However, there has been
no clarification made for the effects of PD on lung fibrosis. The
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present study utilized the cellular model of TGF-β1-induced human
pulmonary fibroblasts MRC-5 cells to investigate the anti-fibrotic
efficacy of PD and identify the potential mechanisms.
Materials and methods
Cell culture
The human pulmonary fibroblasts MRC-5 cells were obtained
from American Type Culture Collection (ATCC). Cells were cultured in RPMI-1640 with 10 % fetal bovine serum (Sigma, NY) in
humidified air at 37 °C in fully humidified air of 5 % CO2. MRC-5
cells were pretreated with a series of concentrations of PD (5, 10
and 20 μM) for 30 min before stimulation with TGF-β1 (5 ng/ml)
for 48 h. Untreated cells were used as the control group.
Cell viability assay
Cells viability was detected using a cell counting kit-8 (CCK8) kit according to the manufacturer’s protocol. MRC-5 cells were
grown in 96-well plates when 80 % confluency was reached. Cells
were incubated with 10 μl ccK-8 reagent for another 2 h. The optical density at 450 nm of cells was determined using the BioTek
elx800 (BioTek instruments, inc.). Experiments were performed
in triplicate.
Scratch wound healing assay
For the wound healing assay, cells were
seeded in a six-well plate and incubated
at 37 °C until 80 % confluence. A straight
scratch on cell monolayers was gently created by a sterile 200-μl pipette tip. Cells
were washed twice with PBS to remove
cell debris. Then, media was replaced with
serum-free medium. The average distance
of cells migrating into wound surface was
tested after 24 h of wounding under an inverted microscope (Olympus, Japan).
Detection of inflammatory cytokines levels
The concentrations of inflammatory
factors including tumor necrosis factor
(TNF)-α, interleukin (IL)-6 and IL-1β were
examined using enzyme linked immunosorbent assay kits on the basis of the manufacturer’s protocols. Above-mentioned kits
were the products of Shanghai Xitang Biotechnology Co., Ltd. (Shanghai, China).
Immunofluorescence assay
MRC-5 cells were grown on sterile
glass slides for 24 h in 6-well plates to reach
80–90 % confluency. Subsequently, cells
were serum starved for 12 h. After treatment
with PD and TGF-β1, MRC-5 cells were
washed with PBS, immobilized with 4 %
paraformaldehyde for 15 min at room tem146

perature, permeabilized with 0.1 % Triton X-100 and blocked with
3 % bovine serum albumin (BSA; Sigma-Aldrich; Merck KGaA)
for 30 min at 37 °C. Following probed with primary antibodies
recognizing PCNA at 4 °C overnight, cells were incubated with
the secondary antibody (Beyotime Institute of Biotechnology) for
2 h at room temperature. Nuclei were stained with DAPI (Roche
Diagnostics) in the dark at room temperature for 5 min, and images were taken under an Olympus microscope (magnification,
x200; Tokyo, Japan).
Western blot analysis
Protein samples were extracted from MRC-5 cells for western
blot analysis. The protein concentration of each extract in the
supernatant was determined using a BCA Protein Assay Kit (Beyotime Institute of Biotechnology, Shanghai, China). Fifty microgram of the total protein was exposed to 10 % sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and subsequently transferred onto PVDF membranes. The membranes
were sealed with 5 % non-fat milk for 1 h at room temperature,
then incubated with probed with specific primary antibodies (Cell
Signaling Technology; Boston, MA, USA) overnight at 4 °C. Following washing with TBST for three times, the membranes were
incubated with secondary antibody (Cell Signaling Technology,
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Fig. 1. PD alleviated the increase of cell viability induced by TGF-β1. (A) The chemical structural formula of PD. Cell viability was detected using a CCK-8 kit after treatment with (B)
a series of concentrations of PD or (C) TGF-β1. * p < 0.05 and ** p < 0.01 vs control. (D) PD
alleviates the increase of MRC-5 cell viability induced by TGF-β1. *** p < 0.001 vs control; # p
< 0.05, ## p < 0.01 vs TGF-β1. PD – Platycodin D; TGF-β1 – transforming growth factor-β1;
CCK-8 – cell counting kit-8.
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ment with a series of different concentrations of PD. As observable in Figure 1B,
there were no significant effects of cell viability in response to PD challenge relative to the control group. However, significantly elevated viability of MRC-5 cells
was found in the TGF-β1-treated groups,
especially in the 5 ng/mL TGF-β1 group,
which was selected for the following experiments (Fig. 1C). Afterwards, PD markedly reduced the increase of cell viability
induced by TGF-β1 in a dose-dependent
manner (Fig. 1D). Then, the level of Ki67
was determined using immunofluorescence
assay. As presented in Figure 2, Ki67 expression was remarkably dose-dependently downregulated in TGF-β1-stimulated
MRC-5 cells after PD exposure. Consistently, Ki67 and proliferating cell nuclear
antigen (PCNA) expression levels evaluated by western blot analysis shown the
same results with the immunofluorescence
assay (Fig. 3). These findings provided a
clue that PD attenuates proliferation of
MRC-5 cells induced by TGF-β1.

PD attenuates inflammation in TGF-β1induced MRC-5 cells
Subsequently, the effects of PD on inTGF-β1
flammatory response in MRC-5 cells stimu+ 20 μM PD
lated by TGF-β1 was examined using the
ELISA kits, respectively. As exhibited in
Figures 4A–C, TGF-β1 induction signifiFig. 2. PD downregulated the level of Ki67 in TGF-β1-induced MRC-5 cells. The expression
cantly enhanced the contents of TNF-α, ILof Ki67 was detected using immunofluorescence assay. PD – Platycodin D; TGF-β1 – trans1β and IL-6 relative to the control group.
forming growth factor-β1.
As comparison to the TGF-β1-stimulated
group, PD intervention dose-dependently
decreased the levels of above-mentioned inflammatory factors.
Boston, MA, USA). The immunoreactive protein bands on the
These observations reveal that PD suppresses inflammation in
membrane were visualized using the Odyssey Infrared Imaging
TGF-β1-induced MRC-5 cells.
System (LI-COR Biosciences). GAPDH was applied to detect the
relative protein expression.
PD inhibits TGF-β1-induced migration of MRC-5 cells
To investigate the function of PD on migration of MRC-5
Statistical analysis
cells, scratch wound healing assay was employed to perform the
Data are expressed as mean ± standard deviation and were
experiment. As shown in Figures 5A and B, TGF-β1 stimulation
analyzed using GraphPad Prism version 6.0 (GraphPad Software,
notably promoted migration of MRC-5 cells compared with the
Inc.). T-test was utilized to pairwise comparison and the comparicontrol. However, remarkably decreased cell migration ability
sons among multiple groups were conducted using analysis of variwas noticed when PD exposure. Simultaneously, the expression
ance (ANOVA) followed by Turkey’s post hoc test. The difference
of migration-related proteins including matrix metalloproteinase-2
of experimental data was statistically significant when p < 0.05.
(MMP2) and MMP9 was determined using western blot analysis.
Results shown in Figure 5C revealed that PD treatment dramatiResults
cally downregulated the expression of both MMP2 and MMP9
in a dose-dependent manner relative to the TGF-β1 stimulation
PD alleviates proliferation of MRC-5 cells stimulated by TGF-β1
alone. Overall, these data suggest that PD suppresses migration
The chemical structural formula of PD was displayed in Fiin TGF-β1-induced MRC-5 cells.
gure 1A. Cell viability was detected using a CCK-8 kit after treat147
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Fig. 3. PD decreased the expression of Ki67 and PCNA in TGF-β1-induced MRC-5 cells. Both Ki67 and PCNA expression were determined
using western blot analysis. *** p < 0.001 vs control; # p < 0.05, ## p < 0.01, ### p < 0.001 vs TGF-β1. PD – Platycodin D; TGF-β1 – transforming
growth factor-β1; PCNA – proliferating cell nuclear antigen.
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Fig. 4. PD inhibited inflammation in TGF-β1-stimulated MRC-5 cells. The contents of inflammatory factors including (A) TNF-α, (B) IL-1β and
(C) IL-6 were examined using ELISA kits, respectively. *** p < 0.001 vs control; ## p < 0.01, ### p < 0.001 vs TGF-β1. PD – Platycodin D; TGF-β1
– transforming growth factor-β1; TNF-α – tumor necrosis factor-α; IL-1β – interleukin-1β.

PD blocked the expression of ECM-related proteins in TGF-β1induced MRC-5 cells
To explore the effects of PD on ECM deposition, the expression
of ECM-associated key proteins was determined using western blot
analysis. As it is observable from Figure 6, TGF-β1 induction led
to significantly elevated expression of alpha smooth muscle actin
(α-SMA), collagen I (Col I), collagen III (Col III) and E-cadherin
(E-cad) compared with the control group. By contrast, PD exposure markedly reversed the influence of TGF-β1 on expression of
fore-mentioned proteins. Through the above findings we proved
that PD inhibits ECM deposition in TGF-β1-induced MRC-5 cells.
Discussion
PF is a progressive and fatal lung disease in which median
survival time following diagnosis is 2–5 years (18). It has been
well reported that the incidence of PF is increasing in recent years
(19). Therefore, PF has been a serious threat to human health. The
present study used MRC-5 cells stimulated by TGF-β1 to simulate
the PF model in vitro. Our findings demonstrated that PD effec148

tively attenuates the excessive proliferation, migration, collagen
deposition and ECM expression in TGF-β1 induced MRC-5 cells.
Accumulating evidence shows that the abnormal behavior of
alveolar epithelial cells provokes fibroblast proliferation, migration and differentiation (10). TGF-β1 is considered to be one of the
most crucial factors responsible for PF, with the abilities to promote
fibroblast proliferation, migration and the synthesis of connective
tissue components (20). It’s widely accepted that widely distributed fibroblasts in the structures of the lungs play a key role in the
process of fibrosis (21). Existing study has shown that fibroblasts
isolated from lung tissues of patients with PF exhibited marked
variability in proliferative property under some stimulation (22).
Inhibition of fibroblast proliferation protects against bleomycininduced pulmonary fibrosis (23). Current evidence suggests that
chronic inflammation and wound healing are the dominant cause of
PF accompanied by fibroblasts activity (24). Compelling evidence
indicates that PF occurs as the result of aberrant wound healing
responses, and fibroblasts are key players during the pathogenesis
(25). And TGF-β1 stimulation induced lung fibroblasts to secrete
a large amount of inflammatory cytokines (26). A growing body
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Fig. 5. PD suppressed migration in TGF-β1-induced MRC-5 cells. (A and B) scratch wound healing assay was employed to measure the migration of MRC-5 cells. (C) The expression of MMP2 and MMP9 was detected using western blot analysis. *** p < 0.001 vs control; # p < 0.05, ### p
< 0.001 vs TGF-β1. PD – Platycodin D; TGF-β1 – transforming growth factor-β1; MMP2 – matrix metalloproteinase-2.

Fig. 6. PD blocked the expression of ECM-related proteins in TGF-β1-induced MRC-5 cells. Western blot analysis was applied for evaluating
the expression of α-SMA, Col I, Col III and E-cad. ***p < 0.001 vs control; # p < 0.05, ## p < 0.01, ### p < 0.001 vs TGF-β1. PD – Platycodin D;
TGF-β1 – transforming growth factor-β1; α-SMA – alpha smooth muscle actin; Col I – collagen I; Col III – collagen III; E-cad – E-cadherin.
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of evidence suggests that PD can suppress proliferation and migration in a variety of human cancers, such as myeloma, breast
cancer and non-small cell lung cancer (13, 27, 28). Moreover,
PD alleviates acute lung injury through inhibition of inflammation (29, 30). This study indicated that PD treatment significantly
suppressed proliferation, inflammation and migration of TGF-β1induced MRC-5 cells, suggesting a potential therapeutic effects of
PD on pulmonary fibroblasts.
Pulmonary fibrosis is characterized by progressive ECM
deposition, destruction of the lung tissue structure and ultimate
loss of lung function. Mounting evidence supports the notion that
the high levels of collagen and α-SMA in lung fibrotic lesions
generated by activated fibroblasts are closely related to fibrotic
lung disease (31). These activated fibroblasts have the characteristics of mobility and contraction as well as synthesize and
secrete a plenty of ECM, resulting in the formation of collagenfiber networks, which together affect respiratory mechanics (32).
MRC-5 cells, which retain the features of activated lung fibroblasts including α-SMA expression and the excessive secretion
of ECM, are therefore an attractive cell line for use in pulmonary
fibrosis research (33). Investigation of methods of interfering
with fibroblast activation may thus provide novel therapeutic
strategies for the treatment of pulmonary fibrosis. Reports have
demonstrated previously that PD reverses pathological myocardial hypertrophy and fibrosis in spontaneous hypertension
rats (16). Additionally, PD improves liver fibrosis and activates
hepatic stellate cells by regulating JNK/c-JUN signal pathway
(17). In the present study, the expression of α-SMA, Col I, Col
III and E-cad was markedly downregulated after PD exposure,
suggesting that PD treatment suppresses ECM accumulation in
TGF-β1-induced MCR-5 cells.
Conclusion
Taken together, on the basis of the intrinsic regulator effects
of PD on the proliferation, migration, inflammation and ECM accumulation in TGF-β1-induced MRC-5 cells, PD is a qualified
candidate as a therapeutic agent for the treatment of pulmonary
fibrosis. Our study provides experimental supports for the clinical application of PD in the treatment of this disease. However,
the lack of animal experiments is a limitation of the present study,
which will be investigated in future research.
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