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Lobetyolin suppressed lung cancer in a mouse model by inhibiting 
epithelial-mesenchymal transition
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Traditional Chinese medicines are gaining more attention as promising adjuvant agents for conventional
chemotherapy. Recent studies have shown that lobetyolin (LBT) is one of the main bioactive compounds of tra-
ditional Chinese medicines and it exhibits anticancer activity in several types of cancer. Therefore, this study
aimed to investigate the mechanism by which LBT inhibits lung cancer. A549 human lung cancer cells were
treated with LBT. In addition, A549 cells were injected into Balc/b nude mice to establish model of lung cancer.
The mice were treated with cisplatin (DDP) or LBT alone or in combination, and tumor growth was monitored.
Protein levels of E-cadherin, vimentin and matrix metalloproteinase 9 (MMP9) were detected. We found that
the combination of LBT and DDP showed stronger effect to inhibit the proliferation of A549 cells compared to
LBT or DDP treatment alone. Wound healing assay showed that the ratio of wound healing was significantly
lower in LBT group and DDP group and was the lowest in LBT+DDP group. Transwell invasion assay showed
that the invasion ability of A549 cells was the weakest in LBT+DDP group. Protein levels of E-cadherin were
the highest while those of vimentin and MMP9 were the lowest in A549 cells treated with LBT+DDP. Nude
mouse xenograft tumor model showed that the combination of LBT with DDP had the highest efficacy to inhib-
it the growth of lung cancer, and tumor tissues of mice treated with LBT+DDP had the lowest expression of
vimentin and MMP9 and the highest expression of E-cadherin. In conclusion, LBT significantly enhances the
efficacy of chemotherapy on lung cancer, and the mechanism may be related to the inhibition of epithelial-mes-
enchymal transition.
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Introduction
Lung cancer is a leading cause of cancer related death and

remains a big challenge for physicians.1 Despite extensive investi-
gations to develop novel anti-tumor drugs, cisplatin (DDP) is still
a commonly used chemotherapy agent for non-small cell lung can-
cer (NSCLC). However, DDP has some adverse effects which
impair the quality of life and even the survival of lung cancer
patients.2,3 Therefore, traditional Chinese medicines are gaining
more attention as promising adjuvant agents for conventional
chemotherapy because they have shown noteworthy benefits in
improving cancer patient survival and condition after cancer treat-
ments.4,5

Shenqi Fuzheng injection is a traditional Chinese medicine
mainly consisted of two Chinese herbs Radix codonopsis and
Radix astragali, and has demonstrated synergistic anti-tumor
effect and reduced adverse effects during chemotherapy.6,7 Yangyin
Fuzheng decoction (YYFZ) is a similar traditional Chinese com-
pound medicine composed of 12 Chinese herbs, including Radix
codonopsis and Radix astragali. Previous study reported that
YYFZ enhanced the efficacy of DDP on lung cancer.8 However,
the mechanism of anti-tumor action of YYFZ remains not fully
understood. Recent studies have shown that lobetyolin (LBT) is
one of the main bioactive compounds of traditional Chinese medi-
cines such as Shenqi Fuzheng injection and YYFZ, and it exhibits
anticancer activity in several types of cancer.9,10 In particular, LBT
induced the apoptosis of colon cancer cells and lung cancer cells
including A549 human lung cancer cells.11-13

Epithelial-mesenchymal transition (EMT) indicates the
process by which epithelial cells lose polarity and transform into
mesenchymal cells. Under physiological conditions, EMT plays an
important role in embryonic development and tissue repair.
However, EMT is a driving force for the metastasis of malignant
cancer.14,15 During EMT, the expression of epithelial markers such
as E-cadherin is downregulated while the expression of mesenchy-
mal markers such as vimentin is upregulated, leading to increased
cancer cell migration and invasion. Matrix metalloproteinases
(MMPs) are zinc-dependent endopeptidases that can degrade com-
ponents of extracellular matrix (ECM) and induce EMT.16 In par-
ticular, MMP9 is a key protease for the degradation of ECM and
promotes cancer development and metastasis.17 However, whether
LBT could exert antitumor effects on lung cancer by inhibiting
EMT remains unclear.

Therefore, in this study we aimed to investigate whether LBT
enhances the efficacy of DDP on lung cancer via inhibiting EMT.
We used A549 lung cancer cell line and nude mice implanted with
A549 human lung cancer cell line as in vitro and in vivo models,
and evaluated the effects of LBT alone or in combination with
DDP on lung cancer cell growth, migration and invasion.

Materials and Methods

Cell culture 
A549 human lung cancer cell line was purchased from

American Type Culture Collection (Manassas, VA, USA) and cul-
tured in DMEM medium supplemented with 10% fetal bovine
serum (FBS) in a humid atmosphere at 37°C with 5% CO2. LBT
(purity >98%) was purchased from Absin Biotech (Shanghai,
China), and DDP was purchased from Qilu Pharm (Jinan, China).

Cell proliferation assay
A549 cells were seeded in 96-well plates at the density of

2,000 cells/well, and then treated with PBS, 10 μM LBT, 5 μg/mL
DDP, or the combination of 10 μM LBT and 5 μg/mL DDP. After
treatment for 24, 48, 72 and 96 h, cell proliferation was examined
by using Cell Counting kit-8 (KeyGen Biotech, Nanjing, China)
with the absorbance at 450 nm measured by microplate reader.

Wound healing assay
A549 cells were seeded in 6-well plates at the density of

200,000 cells/well, and were grown to around 80% confluence.
Next, a 20 μL pipette was used to gently scratch the cell monolay-
er. The plates were gently washed with PBS and culture medium
was changed from complete DMEM medium to basic medium
without FBS. The healing of the cell monolayer was examined
under microscope at 0 and 24 h after the scratch.

Transwell invasion assay
A549 cells were seeded in chamber (Corning, NY, USA) pre-

coated with matrigel at the density of 1×104 cells/chamber. The top
chamber was filled with DMEM medium, and the lower chamber
was filled with 10% FBS. After incubation for 24 h, the mem-
branes of the chamber were taken and the cells that have invaded
into the membranes were stained with crystal violet and counted
under microscope.

Western blot analysis
A549 cells were lysed in RIPA buffer. The lysates were cen-

trifuged at 4°C, and the supernatants were collected to determine
protein concentration by BSA method. The proteins were separated
by 10% SDS–PAGE and transferred onto PVDF membranes
(Millipore, Billerica, MA, USA). After blocking in 5% milk at
room temperature for 1 h, the membranes were incubated with pri-
mary antibody for E-cadherin, vimentin, MMP9 or β-actin (Cell
Signaling, Danvers, MA, USA) overnight at 4ºC. The membranes
were then washed and incubated with secondary antibody (Cell
Signaling, Danvers, MA, USA) at room temperature for 1 h. The
blots were developed with enhanced chemiluminescence kit
(Pierce, Rockford, IL, USA), and the bands were quantified by
using Image.plus5.1 software (Media Cybernetics, Rockville, MD,
USA).

Animals
All animal experiments were approved by Animal Care and

Use Committee of The First Hospital of Qiqihar (Qiqihar, China).
BALB/c-nu/nu nude mice were provided by Qingdao
Experimental Animal Center (Qingdao, China). A549 cells at log
growth phase were collected and suspended at a concentration of 1
× 107/mL PBS.  0.1 mL of suspension was injected into the right
flank of mice. After 5 days, the diameter of the implanted
xenografts reached 5 mm. The mice were divided randomly into 4
groups (n=6): control group intraperitoneally injected with equal
amount of saline as in other groups once per day; LBT group
intraperitoneally injected with LBT (10 mg/kg) once per day; DDP
group intraperitoneally injected with DDP (2 mg/kg) once per
three days; DPP+LBT group intraperitoneally injected with LBT
(10 mg/kg) once per day and DDP (2 mg/kg) once per three days.
The tumor growth was monitored by measuring tumor volume
with the formula: tumor volume (mm3) = length (mm) × width
(mm) 2×0.5. At the end of experiments mice were euthanized by
cervical dislocation to dissect tumor tissues.

Immunohistochemical staining
Tumor tissues were dissected from mice, fixed in 4%

paraformaldehyde at 4°C overnight, and then embedded in paraffin
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wax, and finally cut into 5 μm thick sections. The sections were
incubated with 3% hydrogen peroxide for 30 min at room temper-
ature to block endogenous peroxidase activity. After 30 min incu-
bation with blocking serum, sections were incubated with antibody
for E-cadherin, vimentin or MMP9 (all from Abcam, Cambridge,
UK; 1:500 dilution in phosphate-buffered saline pH 7.2 containing
0.1% bovine serum albumin) overnight at 4°C. The sections were
stained with DBA kit (ZSGB-Bio, Beijing, China) and counter-
stained with hematoxylin-eosin. The stained sections were
observed under microscope and the intensity of staining was ana-
lyzed by using Image-J software. Staining intensity was scored
according to a prespecified semiquantitative intensity scale: −,
negative with no staining; +, weak staining intensity in >10%
tumor cells; ++, moderate staining intensity in >10% tumor cells;
+++, strong staining intensity in >10% tumor cells

Statistical analysis
All data were presented as mean ± standard derivation (SD)

and analyzed by using SPSS 18.0 software (SPSS Inc., Chicago,
IL, USA). A p-value <0.05 was considered significant. 

Results

LBT synergized with DDP to inhibit lung cancer cell
proliferation and migration

Cell proliferation assay showed that LBT alone inhibited the
proliferation of A549 cells in a time-dependent manner. Compared
to LBT, DDP showed stronger effect to inhibit the proliferation of

A549 cells. However, the combination of LBT and DDP showed
stronger effect to inhibit the proliferation of A549 cells (Figure
1A).  Next, we performed wound healing assay and found that
LBT inhibited wound healing of A549 cells at 24 h after the
scratch. In comparison, DDP showed stronger ability to inhibit
wound healing and the combination of LBT and DDP showed the
strongest ability to inhibit wound healing (Figure 1B). Quantitative
analysis showed that the ratio of wound healing was significantly
lower in LBT group and DDP group than in PBS control group,
and was the lowest in LBT+DDP group (Figure 1C). Taken togeth-
er, these results showed that LBT synergized with DDP to inhibit
lung cancer cell proliferation and migration.

LBT synergized with DDP to inhibit lung cancer cell
invasion

Transwell invasion assay showed that LBT alone inhibited the
invasion of A549 cells. Compared to LBT, the invasion ability of
A549 cells was weaker in DDP group. Notably, the invasion ability
of A549 cells was the weakest in LBT+DDP group (Figure 2A). To
reveal the mechanism by which LBT synergized with DDP to
inhibit lung cancer cell invasion, we examined the expression lev-
els of EMT related proteins in A549 cells treated with PBS, LBT,
DDP, LBT+DDP by Western blot analysis (Figure 2B).
Densitometry analysis showed that protein levels of E-cadherin
were significantly higher in LBT group and DDP group than in
PBS group, and were the highest in LBT+DDP group. In contrast,
protein levels of vimentin and MMP9 were significantly lower in
LBT group and DDP group than in PBS group, and were the lowest
in LBT+DDP group (Figure 2C). Collectively, these results indi-
cated that LBT synergized with DDP to inhibit EMT and invasion
of lung cancer cell.

[page 534]                                           [European Journal of Histochemistry 2022; 66:3423]

Figure 1. LBT synergized with DDP to inhibit lung cancer cell proliferation and migration. A) CCK-8 assay of the viability of A549
cells after treatment with PBS, 10 μM LBT, 5 μg/mL DDP, or the combination of 10 μM LBT and 5 μg/mL DDP up to 4 days. B)
Wound healing assay of the migration ability of A549 cells after treatment with PBS, 10 μM LBT, 5 μg/mL DDP, or the combination
of 10 μM LBT and 5 μg/mL DDP at 0 h and 24 h after scratch; scale bar: 10 mm. C) Quantitative analysis of the results of wound
healing assay; *p<0.05, **p<0.01 vs PBS group (n=6).
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LBT synergized with DDP to inhibit tumor cancer
growth and EMT in nude mice

Next, we established nude mice xenografted with A549 lung
cancer cells as an in vivo model to confirm anti-tumor effect of
LBT. Tumor growth curve showed that the combination of LBT
with DDP had the highest efficacy to inhibit the growth of lung
cancer (Figure 3A). At the end of experiments, we dissected tumor
tissues from nude mice and found that tumor size was the smallest
in group treated with the combination of LBT and DDP (Figure

3B). By immunohistochemical analysis we found that the expres-
sion of vimentin and MMP9 was lower while the expression of E-
cadherin was higher in each treatment group compared to PBS
group (Figure 4A). Quantitative analysis of the staining of E-cad-
herin, vimentin and MMP9 showed that combination treatment
group had the lowest expression levels of vimentin and MMP9 and
the highest expression levels of E-cadherin (Figure 4B). These
results suggested that LBT synergized with DDP to inhibit EMT of
lung cancer in vivo.

Figure 2. LBT synergized with DDP to inhibit lung cancer cell invasion. A) Transwell invasion assay of the invasion ability of A549
cells after treatment with PBS, 10 μM LBT, 5 μg/mL DDP, or the combination of 10 μM LBT and 5 μg/mL DDP; scale bar: 5 µm. B)
Western blot analysis of E-cadherin, vimentin and MMP9 in A549 cells after treatment with PBS, 10 μM LBT, 5 μg/mL DDP, or the
combination of 10 μM LBT and 5 μg/mL DDP; β-actin was loading control. C) Densitometry analysis of relative protein levels of E-
cadherin, vimentin and MMP9 in A549 cells after treatment with PBS, 10 μM LBT, 5 μg/mL DDP, or the combination of 10 μM LBT
and 5 μg/mL DDP; *p<0.05, **p<0.01 vs PBS group (n=3).

Figure 3. LBT enhanced anti-tumor efficacy of DDP on lung cancer in nude mice. A) The growth of tumor xenografted from A549
cells in nude mice was monitored by measurement of tumor volume up to 15 days after treatment with PBS once per day (PBS group),
LBT (10 mg/kg) once per day (LBT group), DDP (2 mg/kg) once per three days (DDP group), LBT (10 mg/kg) once per day and DDP
(2 mg/kg) once per three days (DPP+LBT group). B) The tumor tissues dissected from each mouse in different groups (PBS, LBT, DDP,
LBT+DDP) (n=5) at the end of experiments; scale bar: 5 mm.
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Discussion
In this study, we first examined the anti-tumor efficacy of LBT,

a main component of traditional Chinese medicine YYFZ, on lung
cancer cell proliferation, migration and invasion in vitro. Next, we
confirmed the anti-tumor efficacy of LBT in nude mouse model of
lung cancer xenograft. Both in vitro and in vivo data revealed that
LBT could synergize with DDP to inhibit EMT of lung cancer.

YYFZ is composed of 12 Chinese medicinal herbs including
Radix codonopsis, Radix astragali, Radix glehniae, Gigeriae galli,
Glycyrrhizae, Herba hedyotidis diffusae, Radix ophiopogonis,
Pericarpium citri reticulatae, Radix angelicae sinensis, Poria,
Rhizoma diosscoreae, and Radix asparagi, which have been shown
to enhance the efficacy of radiotherapy or chemotherapy on
advanced oesophageal cancer.18 Previously, traditional Chinese
medicine YYFZ was shown to enhance the efficacy of DDP on
lung cancer, but the underlying mechanism is elusive. Previous
study reported that another traditional Chinese medicine Bu-Fei
decoction inhibited lung cancer by attenuating EMT of lung cancer
cells, and LBT is one important component of Bu-Fei decoction.19

Therefore, in this study we focused on LBT as one main compo-
nent of YYFZ, and found that LBT inhibited the proliferation,
migration and invasion of lung cancer cells by inhibiting EMT.
Interestingly, a recent study reported that traditional Chinese med-
icine Jian-pi-yang-zheng (mJPYZ) decoction could inhibit the pro-
liferation, migration and invasion of gastric cancer cells by inhibit-
ing EMT, and LBT was identified as one of the main components
of mJPYZ.20 These results suggest that a variety of traditional
Chinese medicine may exert anti-tumor efficacy by inhibiting
EMT of cancer cells.

DDP is a first-line chemotherapy drug for lung cancer, but it
has side effects and the treatment efficacy varies depending on the
conditions of lung cancer patients.21,22 Therefore, there is an urgent
need to develop combination therapy to improve the efficacy and
reduce the toxicity of DDP. In this study, we investigated the syn-
ergistic effects of LBT and DDP on lung cancer therapy. In vitro
results demonstrated that the combination of LBT and DDP exert-
ed significantly higher efficacy in the inhibition of lung cancer cell
proliferation, migration and invasion, accompanied by higher
expression of E-cadherin and lower expression of vimentin and
MMP9, compared to LBT or DDP treatment alone. Furthermore, in
vivo results showed that the combination of LBT and DDP signif-
icantly inhibited the growth of xenografted lung cancer in nude

mouse model compared to LBT or DDP treatment alone. More
importantly, the combination of LBT and DDP upregulated E-cad-
herin expression and downregulated vimentin and MMP9 expres-
sion in xenografted cancer tissues, confirming that LBT enhances
chemotherapy efficacy of DDP on lung cancer by inhibiting EMT. 

Previous study showed that Bu-Fei decoction attenuated EMT
of lung cancer via the inhibition of transforming growth factor β1
signaling pathway.19 Recent study suggested that LBT may inhibit
EMT of gastric cancer via the regulation of glycolysis pathway.20

Indeed, glycolysis was associated with the apoptosis and DDP
resistance of lung cancer cells.23 Moreover, Akt/mTOR signaling
regulated proliferation, migration, and glycolysis of lung cancer
cells.24 Therefore, further studies are needed to investigate whether
LBT regulates Akt/mTOR signaling and glycolysis pathway to
inhibit EMT of lung cancer. 

In conclusion, our results suggest that LBT enhances
chemotherapy efficacy on lung cancer by inhibiting EMT. Further
studies are needed to verify whether LBT could be used as an
adjunct agent for lung cancer chemotherapy.
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