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Abstract. Lung adenocarcinoma is the most common meta-
static cancer, and is associated with high patient mortality. 
Therefore, investigation of anti‑metastatic treatments for 
lung adenocarcinoma is crucial. Ophiopogonin B (OP‑B) 
is a bioactive component of Radix Ophiopogon Japonicus, 
which is often used in Chinese traditional medicine to treat 
pulmonary disease. Screening of transcriptome and digital 
gene expression (DGE) profiling data in NSCLC cell lines 
showed that OP‑B regulated the epithelial‑mesenchymal tran-
sition (EMT) pathway in A549 cells. Further results showed 
that 10 µmol/l OP‑B downregulated EphA2 expression and 
phosphorylation (Ser897) in A549 cells but upregulated them 
in NCI‑H460 cells. Meanwhile, the Ras/ERK pathway was 
unaffected in A549 cells and stimulated in NCI‑H460 cells. 
More importantly, detection of the EMT pathway showed that 
OP‑B treatment increased the epithelial markers ZO‑1 and 
E‑cadherin and decreased the expression of the mesenchymal 
marker N‑cadherin and the transcriptional repressors Snail, 
Slug and ZEB1. Furthermore, through Transwell migration 
and scratch wound healing assays, we found that 10 µmol/l 
OP‑B significantly reduced the invasion and migration of 
A549 cells. In vivo, we found that 75 mg/kg OP‑B inhibited 
A549 cell metastasis in a pulmonary metastasis nude mouse 
model. In addition, we also found that 10  µmol/l OP‑B 
significantly inhibited tube formation in EA.hy926 cells. 

The expression of VEGFR2 and Tie‑2, the phosphorylation 
of Akt (S473) and PLC (S1248), and the levels of EphA2 and 
phosphorylated EphA2 (S897) were all inhibited by OP‑B in 
this cell line. In vivo, using a Matrigel plug assay, we found 
that OP‑B inhibited angiogenesis and the hemoglobin content 
of A549 transplanted tumors. Taken together, OP‑B inhibited 
the metastasis and angiogenesis of A549 cells by inhibiting 
EphA2/Akt and the corresponding pathway. The investigation 
gives new recognition to the anticancer mechanism of OP‑B in 
NSCLC and this compound is a promising inhibitor of metas-
tasis and angiogenesis of lung adenocarcinoma cells. 

Introduction

In the clinic, lung adenocarcinoma has the highest mortality 
rate of all cancers due to its tendency to metastasize at an early 
stage  (1,2). Preventing metastasis is crucial for improving 
the survival rate of these patients. During cancer metastasis, 
angiogenesis and epithelial‑mesenchymal transition (EMT) 
are crucial events (3,4). Eph receptors have been reported to 
be involved in many biological processes, including angio-
genesis and cell migration (5). In gastric cancer cells, EphA2 
was reported to promote EMT through the Wnt‑β‑catenin 
pathway  (6). Recent genome‑wide analyses revealed that 
EphA2 is commonly overexpressed in non‑small cell lung 
cancer (NSCLC), which is correlated with poor prog-
nosis (7‑10). Through binding to its ligand ephrinA1, EphA2 
phosphorylates multiple tyrosine residues, leading to activation 
of itself and its downstream molecules. In certain carcinoma 
cells, Src and focal adhesion kinase (FAK) were reported to be 
the downstream regulators of the ephrinA1/EphA2 pathway, 
instructing cells to move and facilitating tissue invasion of 
ephrin‑sensitive carcinomas (11). In addition, through inter-
acting with EGFR and HER2, Src also transduces survival 
signals to downstream effectors, such as phosphoinositide 
3‑kinases (PI3Ks), Akt and signal transducer and activator of 
transcription 3 (STAT3) (12).

Our previous study reported that Ophiopogonin B (OP‑B) 
inhibited the PI3K/Akt pathway in the NCI‑H157, NCI‑H460 
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and A549 cell lines. However, the sensitivity of these cell lines 
to OP‑B differed greatly (13,14). Whether EphA2 is the key 
molecular affecting the sensitivity of different cell lines to 
OP‑B is still unknown.

In the present study, we found that OP‑B regulated EMT 
in only A549 cells. Further detection of EphA2 in A549 and 
NCI‑H460 cells showed that OP‑B inhibited the phosphorylation 
of EphA2 in A549 cells but not in NCI‑H460 cells.

Further experiments were carried out to verify the effect of 
OP‑B on A549 cell metastasis in vitro and in vivo; meanwhile, 
the effects of OP‑B on EphA2‑ and EMT‑related molecules 
such as E‑cadherin, ZO‑1, N‑cadherin, vimentin, Snail, Slug 
and Zeb1 were also detected to uncover their role in the process 
of OP‑B‑regulated metastasis in A549 cells.

The present study may provide useful information for 
the clinical application of Radix Ophiopogon Japonicus in 
NSCLC treatment. 

Materials and methods

Reagents. Ophiopogonin B (OP‑B) (MW: 722.9, HPLC ≥98%) 
was purchased from Nanjing Zelang Medical Technology Co. 
(Nanjing, China). The compound was initially dissolved in 
dimethyl sulfoxide (DMSO) (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) as a stock solution. For treatment of 
cells, OP‑B was diluted in culture medium to the appropriate 
concentrations, and the final concentration of DMSO was 
<0.01%.

The primary antibodies against E‑cadherin (cat.
no. sc‑3195), ZO‑1 (cat. no. sc‑8193), vimentin (cat. no. sc‑5741), 
N‑cadherin (cat. no. sc‑13116), Snail (cat. no. sc‑3879), Slug (cat. 
no. sc‑9585), TCF8/ZEB1 (cat. no. sc‑3396), p‑SRC (Tyr416) 
(cat. no. sc‑6943), p‑FAK (Tyr397) (cat. no. sc‑8556), p‑Stat3 
(Tyr705) (cat. no. sc‑9145), Stat3 (cat. no. sc‑12640), p‑Stat5 
(Tyr694) (cat. no. sc‑9351), Stat5 (cat. no. sc‑9363), VEGFR2 
(cat. no.  sc‑9698), Tie‑2 (cat. no.  sc‑4224), p‑Akt (Ser473) 
(cat. no. sc‑4060), p‑PLCγ1 (Ser1248) (cat. no. sc‑8713), EphA2 
(cat. no. sc‑6997) and p‑EphA2 (Ser897) (cat. no. sc‑6347) 
were purchased from Cell Signaling Technology (Danvers, 
USA). The secondary antibody was also from Cell Signaling 
Technology. 

Cell culture. The NSCLC cell lines A549, NCI‑H460 and 
NCI‑H596 were obtained from the Institute of Biochemistry 
and Cell Biology (Shanghai, China). Cells were grown in 
Gibco® RPMI‑1640 medium (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS) and 100 U/ml penicillin‑streptomycin mixed 
antibiotics and were cultured under 5% CO2 at 37˚C. Total 
RNA was immediately extracted from the cell lines treated 
with or without OP‑B for 2 h. 

Digital gene expression (DGE) library preparation and 
sequencing. Total RNA was extracted using the Illumina 
Gene Expression Sample Prep Kit (Illumina, Inc., San Diego, 
CA, USA) according to the manufacturer's protocol. Quality 
and quantity analyses of total RNA, DGE library prepara-
tion, and sequencing were carried out at Huada Genomics 
Co., Ltd. (Shenzhen, China). We used a false discovery 
rate (FDR) ≤0.05 and the absolute value of log2 ratio ≥1 as 

the thresholds to judge the significance of gene expression 
differences (15).

Western blot analysis. After being treated with different 
concentrations of OP‑B, the cells were lysed in RIPA buffer. The 
protein concentrations of the supernatants were determined by 
the BCA protein assay. Equal amounts of protein (50 µg) were 
loaded onto gels, separated by 12% SDS‑PAGE and then trans-
ferred onto nitrocellulose membranes (Millipore, Billerica, 
MA, USA). The membranes were incubated with appropriate 
primary antibodies (1:1,000) at 4˚C overnight, followed by a 
1‑h incubation with HRP‑conjugated secondary antibodies 
(anti‑rabbit or anti‑mouse immunoglobulin G, 1:2,000) at 
room temperature. Then, the protein level was quantified by 
enhanced chemiluminescence (ECL; Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA) and image acquisition was performed 
by Image Lab™ Software (Bio‑Rad Laboratories).

Cell migration assays. For the invasion assays, after treat-
ment with different concentrations (0, 2.5, 5 and 10 µmol/l) 
of OP‑B, 5x104 A549 cells in serum‑free media were placed 
into the upper chamber of an insert (8‑µm pore size; BD 
Matrigel Invasion Chamber; BD Biosciences, Franklin Lakes, 
NJ, USA), and medium containing 10% FBS was added to the 
lower chamber. After incubation for 24 h, the cells that had 
migrated through the membrane were fixed with methanol, 
stained with Giemsa, imaged and counted using a DMI 8 
inverted microscope (Leica Microsystems, Wetzlar, Germany).

For the scratch wound healing assay, 3x105 A549 cells in 
500 µl of medium were seeded in a culture dish. After 24 h, 
the confluent cell monolayer was scraped with a pipette tip 
(10 µl) to generate 4 scratch wounds on each slide and rinsed 
twice with PBS to remove the floating cells. Then, fresh 
medium containing 0 (vehicle), 5 or 10 µmol/l OP‑B was 
added; after culture for 6 or 24 h, the images were captured 
immediately under a phase contrast microscope (DMI 8; Leica 
Microsystems). 

Microtubule formation assay. This experiment was performed 
in 96‑well plates coated with 50 µl of Matrigel (BD Biosciences, 
Bedford, MA, USA). Then, 1.0x104 EA.hy926 cells were 
seeded per well. Tubule formation was observed under a phase 
contrast microscope (DMI 8; Leica Microsystems).

Migration assay in nude mice. The 5‑week‑old athymic 
BALB/c mice were maintained under specific pathogen‑free 
(SPF) conditions and manipulated according to protocols 
approved by the Shanghai Medical Experimental Animal Care 
Commission. A total of 2x107 A549 cells were injected into the 
tail vein of nude mice. After 7 days, when the lung metastasis 
model was successfully generated, the mice were randomly 
divided into three groups (6 in each group), including the OP‑B 
groups (37.5 or 75 mg/kg p.o. daily; n=6) and the control group 
(corn oil, 100 µl, p.o. daily; n=6). After 21 days of treatment, 
the mice were sacrificed by cervical dislocation, and the 
tissues were isolated for subsequent experiments. 

Matrigel plug assay for angiogenesis in nude mice. Athymic 
male mice were purchased from the Model Animal Research 
Center of Nanjing University (Nanjing, China) and maintained 
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under SPF conditions. A549 cells were harvested, washed with 
phosphate‑buffered saline, and resuspended in serum‑free 
medium. Cell aliquots (0.2 ml) were mixed with 0.4 ml of 
high‑concentration Matrigel (BD Biosciences) and immedi-
ately injected subcutaneously into the right flank of nude mice. 
After 7 days, tumor‑bearing mice were randomly divided 
into three groups, including those treated with OP‑B (37.5 or 
75 mg/kg p.o. daily; n=6) or CMC‑Na (control, 100 µl, p.o. 
daily; n=6) for 14 days. Then, the tumors were isolated for 
subsequent experiments. The hemoglobin content of the tumor 
was determined using Drabkin's reagent kit (Sigma‑Aldrich; 
Merck KGaA). All the above experiments in mice were carried 
out in strict accordance with the Guide for the Care and Use 
of Laboratory Animals of the National Institutes of Health. 
Our protocol was approved by the Committee on the Ethics 
of Animal Experiments of Nanjing University of Chinese 
Medicine.

Statistical analysis. All the data are expressed as the 
mean ± SD, and the results were analyzed by Student's t‑test. 
P<0.05 indicated statistical significance.

Results

Differentially expressed gene (DGE) library sequencing of 
3 NSCLC cell lines treated with OP‑B. Six DGE libraries of 
NSCLC cells were sequenced: A549 (vehicle), A549 (OP‑B 
treatment), NCI‑H460 (vehicle), NCI‑H460 (OP‑B treatment), 
NCI‑H596 (vehicle), and NCI‑H596 (OP‑B treatment).

After comparing the transcriptomes regulated by OP‑B 
in the 3 cell lines, we found that the sensitivity of different 
NSCLC cell lines to OP‑B differed greatly. In NCI‑H460 
cells, 530 genes had significantly different expression levels, 
with 102 and 428 upregulated and downregulated genes, 
respectively. In A549 or NCI‑H596 cells, only 62 or 85 signifi-
cant differentially expressed genes were detected, with 34 and 
32 upregulated and 28 and 53 downregulated genes, respec-
tively. The threshold for judging the statistical significance of 
gene expression was FDR ≤0.05 and absolute value of log2 
ratio ≥1.

Annotation of the molecular pathways altered by OP‑B in 
NSCLC cells. Over‑represented Gene Ontology (GO) terms for 
all DE genes identified in cells treated with OP‑B for 24 h were 
analyzed by Ingenuity pathway analysis, and the canonical 
pathways of the 3 cell lines regulated by OP‑B are shown in 
Fig. 1. Within these cell lines, we found that the pathways 
regulated by OP‑B were more meaningful in only the A549 

cell line, and the top canonical pathway regulated by OP‑B 
was the epithelial‑mesenchymal transition (EMT) pathway 
(Table I).

OP‑B regulated EphA2/Akt pathway in the A549 and H460 
cell lines. Tight junctions (TJs) between cells promote the 
binding of EphA2 and Ephrin‑A1; then, the endocytosis and 
degradation of EphA2 occur  (16). In contrast, lack of TJs 
between cells decreases the endocytosis and degradation of 
EphA2. Crucially, overexpression of EphA2 promoted EMT 
and cell migration and invasion. From the results, we found 
that 10 µmol/l OP‑B induced the expression of Ephrin‑A1 
in both A549 and NCI‑H460 cells, while the level of EphA2 
change differed between them. In A549 cells, OP‑B treat-
ment somewhat decreased the expression of EphA2, while in 
NCI‑H460 cells, it significantly increased the level of EphA2, 
which suggested that TJs might be promoted by OP‑B in A549 
cells but not in NCI‑H460 cells. 

Otherwise, activation of EphA2 effectively inhibits the 
Ras/Erk1/2 and PI3K/Akt pathways  (17). The absence of 
ligand abrogates the autophosphorylation of EphA2 and the 
subsequent activation of Ras and Akt. Then, EphA2 would be 
phosphorylated at the cytoplasmic S897 by Akt (18). In our 
previous study, we reported that OP‑B inhibited the PI3K/Akt 
pathway in several NSCLC cell lines. Here, we found that 
the phosphorylation of EphA2 (Ser897) was significantly 
inhibited by OP‑B in A549 cells but was stimulated by OP‑B 
in NCI‑H460 cells. Meanwhile, in A549 cells, the Raf/ERK 
pathway was unaffected, while in NCI‑H460 cells, the expres-
sion of A‑Raf and c‑Raf was significantly promoted, and the 
phosphorylation of c‑Raf and ERK1/2 was unaffected by 
OP‑B (Fig. 2).

OP‑B inhibits the motility and invasiveness of A549 cells 
in  vitro. Specifically, EMT starts by loss of cell junction 
proteins, including E‑cadherin, claudins, occludins and 
catenins, associated with epithelial organization, followed 
by expression of the mesenchymal markers N‑cadherin and 
vimentin  (19,20). Slug is known to repress the transcrip-
tion of E‑cadherin by binding to its promoter region during 
development (21). Additionally, binding of Slug to the integrin 
promoter represses its expression and results in reduced cell 
adhesion  (22). ZEB family proteins are also inhibitors of 
E‑cadherin. 

Next, the effects of OP‑B on the migration and invasion 
of A549 cells were investigated, and EMT‑related molecules 
were detected. Using Transwell migration and scratch 
wound healing assays, we found that OP‑B significantly 

Table I. Top canonical pathways in A549 cells.

Name of pathway	 P‑value	 Overlap

Regulation of the epithelial‑mesenchymal transition pathway	 1.25E‑03	   9.8% 18/84
Transcriptional regulatory network in embryonic stem cells	 1.59E‑03	 17.5% 7/40
Human embryonic stem cell pluripotency	 2.27E‑03	 10.4% 14/134
Neuropathic pain signaling in dorsal horn neurons	 4.36E‑03	 11.0% 11/100
Estrogen biosynthesis	 4.36E‑03	 15.8% 6/38

https://www.spandidos-publications.com/10.3892/or.2018.6531


CHEN et al:  OPHIOPOGONIN B SUPPRESSES THE METASTASIS AND ANGIOGENESIS OF A549 CELLS1342

reduced the invasion ability (Fig. 3A and B) and inhibited 
the wound closure of A549 cells at a concentration of 10 µmol/l 
(Fig. 3C). 

Detection of EMT‑associated proteins showed that besides 
vimentin, which was unaffected by OP‑B, N‑cadherin, Snail, 
Slug and TCF8/ZEB1 were all inhibited by 10 µmol/l OP‑B, 
and E‑cadherin and ZO‑1 were upregulated by OP‑B (Fig. 3D). 

In addition, Src is known to integrate and regulate RTK 
signaling and to transduce survival signals to PI3K/Akt and 
STAT3  (23). Src activation dissociates cell junctions and 

facilities cell mobility. Src activation also stabilizes focal 
adhesion complexes through FAK phosphorylation (11).

Detection of this Src‑associated pathway showed that 
10 µmol/l OP‑B inhibited the phosphorylation of Src, FAK, 
Stat3 and Stat5 at the same time (Fig. 3E).

More importantly, 75 mg/kg OP‑B significantly reduced 
the number of metastatic nodules compared with the control 
treatment group and this difference was further confirmed by 
examination of hematoxylin and eosin (H&E)‑stained lung 
sections (Fig. 3F).

Figure 1. The canonical pathways in the 3 cell lines regulated by OP‑B. OP‑B, Ophiopogonin B.
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OP‑B inhibits angiogenesis in vitro and in vivo. To determine 
the anti‑angiogenesis effect of OP‑B on endothelial cells, we 
performed a tubule formation assay in EA.hy926 cells. As 
shown in Fig. 4A, 5 µmol/l OP‑B obviously promoted tube 
formation from 2 to 4 h, while 10 µmol/l OP‑B obviously 
inhibited tube formation in EA.hy926 cells. Detection of 
angiogenesis‑regulating proteins showed that OP‑B signifi-
cantly inhibited the expression of VEGFR2 and Tie‑2 at a 
concentration of 10 µmol/l (Fig. 4B). Meanwhile, phosphoryla-
tion of the downstream proteins Akt (S473) and PLC (S1248) 
was also inhibited by OP‑B. In addition, the levels of EphA2 
and phosphorylated EphA2 (S897) were also inhibited by 
OP‑B (Fig. 4C).

In  vivo, we used a Matrigel plug assay to determine the 
anti‑angiogenesis effects of OP‑B in nude mice. After intragas-
tric administration of 37.5 or 75 mg/kg OP‑B on 14 consecutive 
days, the tumors were isolated and photographed, and the 
hemoglobin content of the Matrigel plug was determined 
using Drabkin's reagent kit according to the manufacturer's 
instructions. As shown in Fig. 5A and B, tumor angiogenesis 
was obviously inhibited by OP‑B, and hemoglobin content was 
significantly inhibited by OP‑B (Fig. 5C).

Discussion

Local invasion and tumor metastasis occur with high incidence 
in the clinic. Alterations in cell‑cell and cell‑matrix adhe-
sion molecules are associated with the progression of tumor 
malignancy.

Whole transcriptome analyses are widely used to char-
acterize the underlying mechanisms based on global gene 
expression changes in different cancers (24). Genomic infor-
mation on Ophiopogonin B (OP‑B) in different NSCLC cell 
lines is currently unavailable, and transcriptome and expres-
sion profiling data for OP‑B‑regulated genes in different 

NSCLC cell lines are needed as an important resource to 
better understand the regulatory mechanisms of OP‑B in 
NSCLC cell lines.

Histologically, lung adenocarcinoma is the most common 
metastatic cancer, which is responsible for its high patient 
mortality. Thus, the investigation of anti‑metastatic agents for 
lung adenocarcinoma is crucial for lung cancer treatment. In 
this investigation, the obtained NSCLC cell line transcriptome 
and DGE profiling data provide comprehensive information 
on gene expression regulated by OP‑B in different NSCLC 
cell lines, which facilitates our understanding of the molecular 
mechanisms mediated by OP‑B in these cell lines and provides 
new insight into the regulation of EMT and metastasis in A549 
cells by OP‑B. 

To verify the results of the former transcriptome 
analysis and to verify the role of the EphA2/Akt pathway in 
OP‑B‑regulated EMT, we chose the A549 and NCI‑H460 
cell lines for further experiments. From the results, we found 
that 10 µmol/l OP‑B promoted the expression of Ephrin‑A1 
in both A549 and NCI‑H460 cells, while the level of EphA2 
was altered differentially in these two cell lines. In A549 cells, 
OP‑B treatment decreased the expression of EphA2, while in 
NCI‑H460 cells, it significantly increased the level of EphA2, 
which suggested that OP‑B promoted tight junctions (TJs) in 
A549 cells but not in NCI‑H460 cells. In addition, with the 
lack of ligand binding, the auto‑tyrosine phosphorylation of 
EphA2 and subsequent suppression of Ras and Akt are abro-
gated; then, activated Akt can phosphorylate EphA2 at the 
cytoplasmic S897 (17). Thus, elevated levels of phosphorylated 
EphA2 (S897) predict the increased ability for cell mobility. 
Here, we found that the phosphorylation of EphA2 (Ser897) 
was significantly inhibited by OP‑B in A549 cells but stimu-
lated by OP‑B in NCI‑H460 cells. The Ras/ERK pathway was 
unaffected in A549 cells and enhanced in NCI‑H460 cells by 
OP‑B (Fig. 2). Therefore, the results indicated that OP‑B may 
inhibit invasion and mobility in A549 cells. In fact, through 

Figure 2. Effects of OP‑B on EphA2/Akt signaling pathway in A549 and NCI‑H460 cells. A549 or NCI‑H460 cells were treated with or without 10 µmol/l 
OP‑B for 24 h, and then, the expression levels of EphrinA1, EphA2, A‑Raf, and c‑Raf and the phosphorylation levels of Akt (Ser473), EphA2 (Ser897), c‑Raf 
(Ser259), c‑Raf (Ser338), and ERK1/2 were detected by western blotting. β‑actin was used as a loading control. The experiment was repeated three times and 
yielded similar results. Densitometric analysis of the western blots (right); n=3. *P<0.05 and **P<0.01 represent significant differences compared with control 
cells. OP‑B, Ophiopogonin B.
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the Transwell migration and scratch wound healing assays, we 
found that 10 µmol/l OP‑B significantly reduced the invasion 
and migration ability of A549 cells in vitro (Fig. 3A‑C). In vivo, 
we also found that 75 mg/kg OP‑B i.g. inhibited A549 cell 
metastasis in the lung metastasis nude mouse model. Detection 
of the protein showed that the mechanism correlated with 
the inhibition of EphA2. Further detection of EMT‑related 
molecules showed that OP‑B treatment increased expression 

of the epithelial markers ZO‑1 and E‑cadherin but decreased 
the expression of the mesenchymal marker N‑cadherin and the 
transcriptional repressors Snail, Slug and ZEB1. In addition, 
the impact of OP‑B on EMT also correlated with inhibition of 
the activation of the non‑receptor tyrosine kinase Src and its 
downstream pathway.

In addition to EMT, tumor neoangiogenesis is also involved 
in the development of metastasis from a primary tumor site and 

Figure 3. OP‑B inhibits the invasion and migration of A549 cells in vitro and in vivo. (A) Transwell migration and invasion assays were performed to examine 
cell migration and invasion in A549 cells. Representative images of migrated or invaded cells are displayed (magnification, x200). (B) Columns indicate the 
mean ± SD of triplicate experiments (***P<0.001, independent Student's t‑test). (C) Wound healing assays were used to investigate the motility of A549 cells 
treated with OP‑B, and representative images are shown (magnification, x40). (D and E) A549 cells were treated with or without 10 µmol/l OP‑B for 24 h, and 
then, the expression levels of vimentin, N‑cadherin, E‑cadherin, ZO‑1, Snail, Slug, TCF8/ZEB1, p‑SRC (Tyr416), p‑FAK (Tyr397), p‑Stat3 (Tyr705), Stat3, 
p‑Stat5 (Tyr694) and Stat5 were detected by western blotting. β‑actin was used as a loading control. The experiment was repeated three times and yielded 
similar results. OP‑B, Ophiopogonin B.
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Figure 3. Continued. OP‑B inhibits the invasion and migration of A549 cells in vitro and in vivo. (F) OP‑B inhibits the lung metastasis of A549 cells in vivo. 
Representative images of H&E‑stained metastatic lung nodules. OP‑B, Ophiopogonin B.

Figure 4. OP‑B inhibits tubule formation by endothelial cells. (A) Matrigel assay analysis was used to detect microtubule formation by EA.hy926 cells after 
treatment with 0, 5, or 10 µmol/l OP‑B for 0, 2, or 4 h. Representative images are displayed (magnification, x200). (B and C) A549 cells were treated with 0, 5 or 
10 µmol/l OP‑B for 24 h, and the phosphorylation levels of VEGFR2, Tie‑2, p‑Akt (Ser473), p‑PLCγ1 (Ser1248), EphA2, and p‑EphA2 (Ser897) were detected 
by western blotting. β‑actin was used as a loading control. The experiment was repeated three times and yielded similar results. OP‑B, Ophiopogonin B.
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spread of malignancy. In vitro, we found that 10 µmol/l OP‑B 
obviously inhibited tube formation in EA.hy926 cells (Fig. 4A). 
Detection of angiogenesis‑regulating proteins showed that 
OP‑B obviously inhibited the expression of VEGFR2 and 
Tie‑2 at a concentration of 10 µmol/l and downregulated the 
phosphorylation of Akt (S473) and PLC (S1248). More impor-
tantly, the levels of EphA2 and phosphorylated EphA2 (S897) 
were also inhibited by OP‑B (Fig. 4B and C). In vivo, through 
the Matrigel plug assay, we found that tumor angiogenesis was 
inhibited by OP‑B (Fig. 5A and B); meanwhile, hemoglobin 
content was significantly inhibited by OP‑B (Fig. 5C).

Taken together, through improving TJs junctions between 
A549 cells, OP‑B inhibited EMT and then regulated the 
EphA2/Akt/Raf/ERK and Src/FAK/Stat pathways in the cells. 
By these mechanisms, OP‑B inhibited the metastasis of A549 
cells in vitro and in vivo. Meanwhile, through inhibiting the 
VEGFR2/Tie2/Akt/PLC and EphA2 pathways, OP‑B also 
inhibited angiogenesis of A549 tumors in vivo (Fig. 6). 
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Figure 6. The proposed mechanism of OP‑B in A549 cells. Ingenuity 
pathway analysis of the digital gene expression indicates that OP‑B specifi-
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