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Abstract. The present study aimed to examine the inhibitory 
effects of morusin on the human lung cancer cell line A549. 
Various doses of morusin were applied to A549 cells and the 
effects were assessed by wound‑healing and MTT assays, flow 
cytometry analysis of apoptosis, a mitochondrial membrane 
potential assay and RT‑PCR. The results indicated that the 
concentrations of 10  and 30  µg/ml morusin significantly 
inhibited A549 cells and signs of apoptosis were observed. 
In addition, the wound‑healing assay results revealed that 
morusin inhibited cell migration. Flow cytometry analysis 
demonstrated that the rates of apoptosis were 16.46, 55.80 and 
70.80% following treatment with 1, 10 and 30 µg/ml of morusin, 
respectively, and that the mitochondrial membrane potentials 
also decreased with the increase of morusin. Furthermore, 
morusin increased the antioxidant activities of the A549 cells. 
RT‑PCR analysis revealed that the expression levels of COX‑2 
and VEGF were downregulated following morusin treatment. 
In conclusion, morusin significantly inhibited the proliferation 
of the lung cancer cell line A549, and may have affected the 
invasion and migration of the cells by downregulating the 
expression of tumor angiogenesis‑related genes.

Introduction

Lung cancer is a highly prevalent primary pulmonary malig-
nancy that originates in the bronchial mucosa and has a very 
high mortality rate (1). Non‑small cell lung cancer accounts 
for ~80% of all lung cancer cases (2). To date the primary 
treatment of intermediate‑ and advanced‑stage lung cancer is 
chemotherapy or radiotherapy. However, the effects of these 
treatments are limited with a low survival rate and serious 

side‑effects often accompany such treatments (3). Thus, the 
identification of new agents that produce minimal side‑effects 
and have a good treatment efficacy is a potential mean to 
improve the effects of therapy and overall patient survival.

It is well known that different parts of mulberry (Morus) 
trees have pharmaceutical use. The root bark (cortex mori) 
is widely used in traditional Chinese medicine. Cortex mori 
contains a variety of chemical components, including flavo-
noids  (4), alkaloids  (5), coumarin  (6) and stilbenes  (7‑9). 
Morusin is a flavone that was first isolated from the root bark 
of Morus alba L. (10). Flavones exhibit many kinds of medical 
functions, such as antitumor and antioxidant activities. 
Research has revealed that morusin has anti‑leukemic (11,12), 
anti‑bacterial  (13), anti‑convulsive  (14), anti‑HIV  (15) and 
anti‑Alzheimer's (16,17) functions, though the main part of the 
effect of morusin lies in its antitumor activity. Early in 1989, 
Yoshizawa et al reported the inhibitory effect of morusin 
on tumor promotion by teleocidin. These results indicated 
that morusin inhibited the specific binding of ([3H]TPA 
(12‑O‑tetradecanoyl‑phorbol‑13‑acetate) to a particulate 
fraction of mouse skin and inhibited teleocidin‑induced acti-
vation of protein kinase C. Thus, morusin is a novel antitumor 
agent (18). Fujiki et al reported that morusin inhibited tumor 
promotion in two‑stage mouse skin carcinogenicity tests and 
may be used for the future chemoprevention of cancer (19). 
A recent study indicated that morusin inhibited cell prolif-
eration and tumor growth by downregulating c‑Myc in 
human gastric cancer (20). Furthermore, other studies have 
illustrated that morusin exerted a strong inhibitory effect on 
the growth of HT‑29 rectosigmoid adenocarcinoma cells via 
the activation of caspases and the mitochondrial pathway of 
cell apoptosis (21,22). Additionally, morusin suppressed the 
signal transducer and activator of transcription 3 (STAT3) and 
nuclear factor‑κB (NF‑κB) signaling pathways, which modu-
late the expression of proteins involved in the invasion process 
in human SK‑Hep1 hepatocellular carcinoma cells (23). In 
addition, blockage of the STAT3 signaling pathway by morusin 
induced apoptosis and inhibited invasion in human pancreatic 
tumor cells (AsPC‑1, BxPC‑3, MIA PaCa‑2, and PANC‑1) (24). 
Morusin can also exert inhibitory effects on stem cell growth 
and migration in human cervical cancer (25). Furthermore, 
our group has investigated the effects of morusin on the 
growth and pathological changes of H22 hepatocarcinoma 
cells transplanted into a mouse model. This result indicated 
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that morusin upregulated the expression of caspase‑3 and 
suppressed NF‑κB signaling (26). Our group also observed 
that morusin downregulated the expression of NF‑κB, upregu-
lated caspase‑3, caspase‑9, p‑ERK1/2 and p‑JNK as well as 
induced the apoptosis of human hepatoma Bel‑7402 cells 
via the mitochondrial and MAPK pathways (27). Although 
A549 cells have been researched extensively, the study of 
the tumor angiogenesis‑related genes COX‑2 and VEGF has 
been limited. In the present study, we examined the inhibi-
tory effects of morusin on the growth and migration of human 
A549 lung cancer cells. Our results indicated that morusin 
induced mitochondrial membrane permeability changes and 
downregulated angiogenesis‑related genes in the A549 cells. 
The present study indicated that morusin was a potential drug 
candidate for the chemotherapy of lung cancer.

Materials and methods

Materials. Morusin (2‑[2,4‑dihydroxyphenyl]‑5‑hyd
roxy‑8, 8‑dimethyl‑3‑[3‑methyl‑1‑2‑butenyl]‑4H,8H‑
benzo[l,2‑b; 3,4‑b']dipyran‑4‑one; C25H24O6; purity ≥98%) 
was purchased from Chengdu Ruifensi Biotechnology Co., 
Ltd. (Chengdu, China). Morusin was dissolved in DMSO and 
diluted in water. A final concentration of <0.1% DMSO was 
used in the experiments.

Cell line. The human lung cancer cell line A549 was purchased 
from Nanjing KeyGen BioTech Co., Ltd. (Nanjing, China). 
The A549 cells were cultured in RPMI‑1640 medium 
supplemented with 10% fetal bovine serum (FBS; Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA), 100 IU/ml 
penicillin and 100 IU/ml streptomycin (Beyotime Institute 
of Biotechnology, Haimen, China). The cells were maintained 
at 37˚C in a humidified atmosphere of 5% CO2.

MTT assay. MTT colorimetric assays were performed 
to evaluate the cytotoxic effect of morusin on the A549 
cells  (28). Firstly, the cells were seeded in 96‑well plates 
at a 1x105  cells/well; the control group was treated with 
DMSO + PBS, and the other groups were treated with 
morusin at 1, 10 and 30 µg/ml concentrations for 48 h at 37˚C. 
Following the exposure period, the cells were incubated with 
20 µl MTT (0.5 mg/ml) for an additional 4 h. The formazan 
crystals were dissolved in 150 µl DMSO. The absorbance 
was assessed with a spectrophotometer (SpectraMax M5; 
Molecular Devices, San Jose, CA, USA) at 495 nm. Secondly, 
the cells were seeded in 96‑well plates at a specific density 
and treated with morusin at 1, 10 and 30 µg/ml concentrations 
at 37˚C for 24, 48 and 72 h, and the remaining steps were 
performed as above‑described. The inhibition ratio was calcu-
lated as follows: (Acon ‑ Aexp)/Acon x 100%, where Aexp and Acon 
are the absorbance values of the treated and untreated cells, 
respectively.

Wound‑healing assay. A wound‑healing assay was used 
to assess cell migration. The A549 cells were seeded into 
6‑well plates and incubated for 24 h. A ‘wound’ was made by 
manually scraping the monolayer in the middle of the each 
well with a 10‑µl pipette tip. Cells were added with fresh 
morusin‑containing medium or medium along (control), and 

the cells were incubated for another 24 h. After incubation, the 
cells were imaged via inverted microscopy (AMG, Mill Creek, 
WA, USA) to determine the wound‑healing rate.

Annexin V‑FITC/PI double staining. A549 cells were treated 
with morusin for 24 h, and then examined via flow cytometry 
using a commercial Annexin V‑FITC/PI Apoptosis Detection 
kit (Nanjing KeyGen BioTech). Following treatment, the cells 
were collected and washed twice in PBS, then resuspended 
in Annexin‑binding buffer. The samples were subsequently 
stained with Annexin V‑fluorescein isothiocyanate (FITC) 
and propidium iodide (PI), and then incubated for 15 min 
in the dark. The cells were analyzed by flow cytometry 
(Becton‑Dickinson, San Jose, CA, USA).

Mitochondrial membrane potential (∆ψ) assay. ∆ψ was evalu-
ated using the probe JC‑1, which reversibly changes color from 
green, at 535 nm, to orange, at 590 nm, as ∆ψ increases. JC‑1 
has both a monomer and polymer state. It exists in monomer 
and green fluorescent can be detected in the form of FL‑1 
channel with FITC when the cells are in high concentration. 
It exists in polymer and red fluorescent can be detected in 
the form of FL‑2 channel with PE. In brief, the cells were 
harvested, washed, resuspended in PBS, and stained with JC‑1 
for 15‑20 min at 37˚C in the dark. The resuspended solutions 
were then analyzed by flow cytometry.

Determination of antioxidant activities. The cells were treated 
with or without different concentrations of morusin for 24 h. 
The SOD, GSH and T‑AOC concentrations were detected with 
the appropriate T‑SOD, GSH‑PX and T‑AOC commercial 
kits (Jiancheng Institute of Biotechnology, Co., Ltd, Nanjing, 
China), according to the manufacturer's instructions.

Real‑time PCR analysis. Total RNA was extracted from 
the cells using TRIzol® reagent (Life Technologies; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's instruc-
tions. The concentration of total RNA was quantified by the 
absorbance at 260 nm using a NanoDrop spectrophotometer 
(Thermo Fisher Scientific, Inc.). Reverse transcription was 
performed with Prime Script™ RT reagent kit (Takara Bio, 
Inc., Otsu, Japan) and the cDNA was prepared for real‑time 
PCR. Real‑time PCR was performed in triplicate with SYBR 
Premix Ex TaqTM II RT‑PCR kit (Takara  Bio) using ABI 
7900HT Fast Real‑Time PCR system (Applied Biosystems 
Inc., Foster City, CA, USA). The RT‑PCR amplification condi-
tions were as follows: 95˚C for 5 min; 40 cycles at 95˚C for 

Table I. The primer sequences of the genes used in RT‑PCR.

Gene	 Primer sequences (5' to 3')

COX‑2	 Forward: AGCATCTACGGTTTGCTGTG
	 Reverse: CCTGTTTAAGCACATCGCAT
VEGF	 Forward: GCAGCTTGAGTTAAACGAACG
	 Reverse: GGTTCCCGAAACCCTGAG

F, forward; R, reverse.
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15 sec, 60˚C for 20 sec and 72˚C for 40 sec. The sequences of 
the primers are listed in Table I.

Statistical analysis. Data are presented as the mean ± standard 
deviation (SD). Statistical significance was tested using 
one‑way ANOVA with Origin  7.5 software (OriginLab, 
Northampton, MA, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Morusin inhibits the growth of human lung cancer cells. The 
ability of morusin to inhibit the growth of the human A549 
lung cancer cell line was evaluated. Following treatment with 
the various concentrations of morusin (1, 10 and 30 µg/ml) 
for 24 h, the A549 cells were observed by inverted micros-
copy (Fig. 1A). The cells of the control group (Fig. 1A‑a) were 
adherent, shiny and exhibited clear polygon forms. However, 
after treatment with 10 or 30 µg/ml morusin (Fig. 1A‑b, c and d), 
morphological changes were observed, including cell 
shrinkage and cavitation, and the numbers of cells were 
significantly decreased. Furthermore, the majority of the cells 
were floating, and the number of adherent cells had decreased.

The MTT assay was used to determine the cytotoxicity of 
morusin against the A549 human lung cancer cells. The results 
are displayed in Fig. 1B‑e. Morusin inhibited the growth of 
A549 cells in a dose‑dependent manner. All the treatment 
groups exhibited significant differences (P<0.01) compared 
with the control group. After treatment with 30  µg/ml 
morusin, the viability of the A549 cells was only 3.21%, and 
the inhibition rate had reached 96.79%. The results revealed 
that, when the morusin concentrations reached 30 µg/ml, the 
inhibition rate did not decrease with time. This finding indi-
cated that morusin played an important role in the inhibition 
of A549 cells. As demonstrated in Fig. 1B‑f, the viability of 
the A549 cells was evaluated after treatment with different 
concentrations of morusin for 24, 48 and 72 h, and when the 
concentration of morusin was 30 µg/ml, cell viability did 
not reduce with time, indicating that the morusin treatment 
had reached its maximum effect. At concentrations below 
30 µg/ml, and with increasing duration, morusin markedly 
decreased the cell survival rates and increased the inhibition 
rates of the A549 cells.

Morusin inhibits the migration of A549 cells. As displayed 
in Fig. 2, A549 cells exhibited wound closure activity, but 

Figure 1. Morphological characteristics of the A549 cells. (A‑a) The control group. (A‑b) Morusin (1 µg/ml)‑treated group. (A‑c) Morusin (10 µg/ml)‑treated 
group. (A‑d) Morusin (30 µg/ml)‑treated group. The images were obtained at a magnification of x200. (B‑e) A 48‑h morusin treatment concentration‑dependently 
inhibited the growth of A549 cells. (B‑f) Morusin time‑dependently inhibited the growth of A549 cells. *P<0.05 and **P<0.01 vs. the control group.

https://www.spandidos-publications.com/10.3892/or.2018.6431


YIN et al:  MORUSIN SUPPRESSES A549 CELL MIGRATION 507

this activity was significantly reduced in the morusin‑treated 
groups in a dose‑dependent manner. The degree of wound 
healing in the untreated group was greater than that in each 
of the morusin‑treated groups. These results indicated that 
morusin treatment significantly inhibited the migration rates 
of A549 cells.

Effects of morusin on the apoptosis and ∆ψ of A549 
cells. Annexin  V/PI staining was performed to assess 
morusin‑induced apoptosis. As displayed in Fig. 3, significant 
increases in the ratio of apoptotic cells were observed in the 
cells treated with different concentrations of morusin (P<0.01), 
compared with that of the morusin‑untreated cells. The apop-
totic rate of the control group was 7.08%, whereas cells treated 
with 30 µg/ml morusin exhibited an apoptotic rate of 70.80%. 
The changes in the apoptotic rates in morusin‑treated cells 
were dose‑dependent.

The mitochondrion is a key organelle in the process of 
apoptosis. The loss of ∆ψ is putatively the initial event that 
leads to apoptosis (29). To elucidate the association between 
∆ψ and morusin‑induced apoptosis, we examined the loss of 
∆ψ by flow cytometry. As illustrated in Fig. 4, ∆ψ was high and 
JC‑1 was mostly in the form of polymers in the control group. 
Cells were treated with different concentrations of morusin for 
24 h, and significant decreases in ∆ψ and increases of green 
fluorescence were observed in the A549 cells, in comparison 
with the untreated cells. Collectively, these results revealed 
that morusin induced the loss of ∆ψ, which caused changes in 
the permeability of the mitochondria and eventually induced 
cell apoptosis.

Morusin increases the antioxidant activities of A549 cells. The 
levels of antioxidant activity in morusin‑treated A549 cells 
were examined in the present study. As shown in Fig. 5, the 
antioxidant enzyme levels were increased following treatment 
with different concentrations of morusin. The results showed 
that morusin clearly and significantly increased the activity 
levels of SOD, GSH‑PX and T‑AOC, in comparison with those 
of the control group (P<0.01), in a dose‑dependent manner, 
and thus increased the antioxidant abilities of the A549 cells.

Morusin reduces the expression of the VEGF gene and COX‑2 
gene in A549 cells. VEGF is a key regulator of vascular 
permeability and promotes endothelial cell proliferation 
and migration (30,31). The RT‑PCR results revealed that the 
expression of VEGF was reduced by 18, 38 and 56% following 
treatment of A549 cells with 1, 10 and 30 µg/ml morusin, 
respectively (Fig. 6A). This indicated that morusin suppressed 
expression of the VEGF gene, which is related to angiogen-
esis, in a dose‑dependent manner. As displayed in Fig. 6B, the 
expression of the COX‑2 gene was high in the control group. 
After the cells were treated with different concentrations of 
morusin, the expression of the COX‑2 gene was decreased in 
a dose‑dependent manner. In summary, these results indicated 
that morusin inhibited the expression of VEGF and COX‑2 
genes, and thus affected tumor angiogenesis in A549 cells.

Figure 2. The line chart displays the migration area of the A549 cells treated 
with morusin compared with the control. *P<0.05 and **P<0.01 vs. the control 
group.

Figure 3. (A) Apoptosis of A549 cells was determined by Annexin V‑FITC/PI staining via flow cytometry. The y‑axis indicates the PI‑labeled population, and 
the x‑axis indicates the FITC‑labeled Annexin V‑positive cells. (B) Effect of morusin on apoptosis in A549 cells. *P<0.05 and **P<0.01 vs. the control group.
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Discussion

The A549 human lung carcinoma cell line possesses a vigor-
ously proliferative ability. The dysregulation and indefinite 
proliferation of cells is the foundation of the occurrence and 
development of tumors. Thus, analysis of the cell cycle in 

tumors is often used for anticancer drug screening and the 
evaluation of anticancer effects. Certain natural products play 
important roles in the development of drugs. For example, 
flavonoids exhibit a variety of biological activities that include 
anti‑proliferative and anti‑angiogenic activities. Many studies 
have demonstrated that morusin, an isoprenylated flavone 

Figure 4. (A) Morusin‑induced changes in the mitochondrial membrane potential (Δψ) in A549 cells, as assessed by JC‑1 staining. (B) Quantification of cells 
with low mitochondrial transmembrane potentials. **P<0.01 vs. the control group.

Figure 5. Morusin‑induced increases in antioxidant activities. Morusin significantly increased the activity levels of (A) GSH‑PX, (B) SOD and (C) T‑AOC, in 
comparison with those of the control group (P<0.01), in a dose‑dependent manner. **P<0.01 vs. the control group.

Figure 6. Relative expression of the (A) VEGF gene and the (B) COX‑2 gene in A549 cells. **P<0.01 vs. the control group.

https://www.spandidos-publications.com/10.3892/or.2018.6431
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from the mulberry tree, exerts inhibitory effects on cell prolif-
eration. Therefore, morusin is regarded as a chemopreventive 
agent. The present study observed the cytotoxic effect of 
morusin on the A549 cell line in vitro.

The MTT assay is one of the most commonly used methods 
for assessing cell survival rates. The results of the present study 
indicated that morusin significantly inhibited the proliferation 
of A549 cells in a concentration‑dependent manner. Within the 
1‑30 µg/ml concentration range, the cell survival rates gradu-
ally decreased with increasing concentrations and durations 
of morusin treatment. Since those concentrations affected cell 
viability, the effects observed in subsequent experiments may 
be due to the effects of cell viability. Chen et al found that 
the survival rate of SK‑Hep1 cells was significantly reduced 
following treatment with 25‑70 µM morusin for 24 h (22). 
These experimental results were consistent with those of our 
study. Additionally, the morphological changes of the A549 
cells were observed by inverted microscopy following the MTT 
assays. The results revealed that the numbers of adherent cells 
were significantly decreased in the morusin‑treated groups in 
comparison with that of the control group. In addition, cell 
shrinkage and cracking were also observed in morusin‑treated 
groups. Furthermore, Annexin V‑FITC/PI double staining 
was used to detect cell apoptosis. The analyses indicated that 
the cells were primarily in apoptotic stage following morusin 
treatment. With increasing concentrations of morusin, the 
numbers of apoptotic cells significantly increased, a result that 
was consistent with the results of the MTT assay.

Mitochondria occupy a core position in cell survival and 
play a vital role in the cell apoptosis pathway. Mitochondrial 
morphology and functions are substantially altered when cells 
undergo apoptosis. The loss of ∆ψ can result in an increase in 
mitochondrial permeability and the release of cytochrome c. 
Cytochrome c and apoptotic proteases are activating factors, 
and can combine with caspase‑9 to form a polymer complex 
that subsequently activates caspase‑3. Activated caspase‑3 
induces the caspase‑mediated apoptotic pathway, subsequently 
causing apoptosis (32,33). In summary, morusin induces the 
loss of ∆ψ and causes cell apoptosis in human A549 lung 
carcinoma cells via the mitochondrial pathway.

Reactive oxygen species (ROS) are a series of substances 
produced in the process of cell aerobic metabolism and have 
a toxic effect on cells. The overproduction of ROS, or reduc-
tions in ROS scavenging abilities, can cause oxidative stress 
in cells. Oxidative stress can lead to increases in tissue lipid 
peroxidation, which then causes oxidative damage to the DNA 
and, eventually, abnormal protein expression. The results of 
the present study revealed that morusin increased the levels of 
SOD, GSH‑PX and T‑AOC. Furthermore, these activities were 
enhanced with increasing concentrations of morusin and were 
significantly increased in comparison with that of the control 
group (P<0.01). The results indicated that morusin increased 
the ROS scavenging abilities of the cells and reduced oxidative 
stress by increasing the activities of SOD and GSH‑PX, as well 
as the level of T‑AOC to achieve its antitumor effects.

The migration of tumor cells is a key part of tumor infil-
tration and migration. Inhibition of the migratory abilities of 
tumor cells can reduce the recurrence rate and prolong the 
survival of postoperative tumor patients. The results of the 
present study demonstrated that the wound‑healing rates of 

the morusin‑treated cells were much slower than those of the 
untreated cells, indicating a reduced migratory capacity.

Modern medical research has revealed that tumor angio-
genesis is essential for tumor growth and migration (34). Tumor 
vasculature can provide sufficient nutrition for tumor cells. A 
series of angiogenic factors exist in the human body, among 
which COX‑2 and VEGF are the most closely related to tumor 
angiogenesis (35). COX‑2 is a type of induction enzyme that is 
only generated by stimulation from associated cytokines, tumor 
inducers and tumor genes. Cao et al have reported that COX‑2 is a 
common feature of neoplasms, particularly those with an epithe-
lial origin (36), and that COX‑2 inhibitors exhibit good antitumor 
effects (37). VEGF is an important angiogenesis‑promoting 
factor that can promote the growth and migration of tumor cells 
and is highly expressed during tumor angiogenesis (38) and in 
tumor cells (39). A number of Chinese herbal components have 
demonstrated that anti‑angiogenic effects can be achieved by 
targeting VEGF‑induced angiogenesis (40). In the present study, 
RT‑PCR results indicated that COX‑2 and VEGF genes in the 
morusin‑treated A549 cells were significantly decreased in a 
concentration‑dependent manner. Overall, these results indi-
cated that morusin could inhibit tumor angiogenesis and affect 
the migration and invasion of tumor cells.

In conclusion, morusin significantly inhibited the prolif-
eration of human A549 lung carcinoma cells and promoted cell 
apoptosis, as demonstrated by MTT assays and flow cytometry. 
In addition, morusin induced cell apoptosis via the loss of mito-
chondrial membrane potential. Furthermore, some antioxidant 
abilities were detected, indicating that morusin can enhance 
antioxidant capacity. Furthermore, the research further exam-
ined the effects of morusin on the genes that were associated 
with tumor angiogenesis. The results indicated that, following 
treatment with various concentrations of morusin, the expres-
sion levels of the COX‑2 and VEGF genes in the A549 cells were 
significantly reduced in a dose‑dependent manner. In general, 
morusin affected the invasion and migration of tumor cells 
via the inhibition of tumor angiogenesis. However, the specific 
mechanisms remain unclear and require further research.
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