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Abstract. The aim of the present study was to evaluate the 
antitumor effects of 2,2',4'‑trihydroxychalcone (7a) on the 
A549 human lung cancer cell line. A549 cells were treated 
with different concentrations of 7a for different time periods. 
Cells without 7a were used as the negative control group. Cell 
proliferation, invasion, vasculogenic mimicry (VM) forma‑
tion, heterogeneous adhesion and apoptosis were measured 
using Cell Counting Kit‑8, Transwell invasion, VM, adhesion 
and flow cytometric assays, respectively. In addition, the 
expression of related proteins was determined using western 
blot analysis or ELISA. The present study found that 7a had 
a significant inhibitory effect on the survival rate of the A549 
lung cancer cells but almost no effect on BEAS‑2B human lung 
epithelial cells or human venous endothelial cells. The migra‑
tion rate, VM length, invasion rate and heterogeneous adhesion 
number of cells treated with 7a significantly decreased as the 
concentration increased, while the apoptosis rate increased. 
Western blot analysis showed that 7a treatment significantly 
increased the expression levels of E‑cadherin, cleaved poly 
(ADP‑ribose) polymerase, Bax and caspase‑3 and simultane‑
ously decreased the expression levels of metalloproteinase‑2/9, 
Bcl‑2, phosphorylated (p)‑PI3K, p‑AKT, p‑mTOR, vascular 
endothelial growth factor (VEGF), E‑selectin and N‑cadherin. 
At the same time, the ELISA results showed that the level of 
the pro‑angiogenic factor VEGF in the culture media was 
reduced in the presence of 7a. In addition, 7a could also reduce 
the nuclear NF‑κB protein expression, which could inhibit the 
gene transcription of tumor apoptosis and metastasis‑related 

proteins. Therefore, 7a may exert inhibitory effects on A549 
cells by inhibiting cell proliferation, migration, VM formation 
and heterogeneous adhesion, as well as by inducing apoptosis 
through the suppression of the PI3K/AKT/NF‑κB signaling 
pathway; these findings suggested that 7a may be a promising 
agent for the treatment of lung cancer.

Introduction 

Lung cancer can be classified into small cell lung cancer 
(SCLC) and non‑SCLC (NSCLC). NSCLC accounts for 85% of 
all LC cases and can be further divided into three major patho‑
logical subtypes: Adenocarcinoma, squamous cell carcinoma 
and large cell carcinoma (1). Lung cancer is one of the most 
common types of malignant tumors in the world and a serious 
threat to human health and life. Lung cancer is associated with 
high morbidity and mortality and a poor prognosis and has a 
5‑year survival rate of <15%. A total of 1.8 million individuals 
are diagnosed with lung cancer annually, 1.6 million of which 
succumb to the disease (2). Early lung cancer is mainly treated 
by surgery, chemotherapy and radiotherapy and advanced 
lung cancer can be treated using molecular targeted therapy 
and immunotherapy. However, the 5‑year survival rate is still 
very low and the malignant metastasis rate of lung cancer is as 
high as 93% (3). Therefore, adopting multitarget combination 
therapy, combining chemotherapy with chemobiologic therapy 
or exploring new target drugs could be used as an alternative 
lung cancer treatment.

In nature, flavonoids are widely distributed in plants and 
have extensive pharmacological activities, such as liver‑protec‑
tive, antioxidant and antitumor activities. For example, 
isoliquiritigenin (ISL), a flavonoid extracted from liquorice, 
has been confirmed to exhibit antitumor, anti‑inflammatory 
and antioxidant effects in vitro and in vivo (4‑6). In addition, 
ISL has been shown to have a quinone reductase activity, that 
can promote cancer chemoprevention (7). ISL inhibits several 
tumor activities, such as tumor proliferation, metastasis and 
apoptosis (6). In recent years, various antitumor mechanisms 
of ISL have been elucidated. For example, in endometrial 
cancer cells, ISL could induce cell cycle arrest in the G1 or 
G2/M phase via the p53/p21 pathway and promote apoptosis 
and autophagy through the activation of the extracellular 
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signal‑regulated kinase pathway. In addition, ISL has been 
reported to induce cell apoptosis and inhibit proliferation via 
the PI3K/AKT signaling pathway (8).

2,2',4'‑Trihydroxychalcone (7a) is a flavonoid and an 
isomer of ISL (Fig. 1). The only difference between them is 
that a hydroxyl group is substituted in a different place on the 
benzene ring. Therefore, 7a may also exhibit antitumor effects 
similar to those of ISL. In the present study, the effects of 7a on 
the proliferation, migration, invasion, vasculogenic mimicry 
(VM) formation, heterogeneous adhesion and apoptosis of 
the A549 human lung cancer cell line were first examined. 
At the same time, 7a had almost no effect on the proliferation 
of BEAS‑2B human lung epithelial cells and human venous 
endothelial cells (HUVECs), suggesting that 7a had exhibited 
low cytotoxicity in normal cells. Furthermore, 7a down‑
regulated the expression of N‑cadherin, vascular endothelial 
growth factor (VEGF) and metalloproteinase (MMP)‑2/9, 
while increasing the expression of E‑cadherin, Bax, caspase‑3 
and Bcl‑2 in A549 cells. Simultaneously, 7a significantly 
inhibited the PI3K/AKT/NF‑κB signaling pathway in A549 
cells. Therefore, 7a may be a potential compound for the 
treatment of lung cancer.

Materials and methods

Materials. RPMI‑1640 medium, DMEM, fetal bovine 
serum (FBS) and L‑glutamine were purchased from Gibco 
(Thermo Fisher Scientific, Inc.). 7a and ISL were provided 
by the Natural Medicinal Chemistry Laboratory of Qingdao 
University (Shandong, China). Enhanced chemiluminescence 
(ECL) reagent was purchased from Beyotime Institute of 
Biotechnology. The subcellular structure of the cytoplasm 
and cell nucleoprotein extraction kit were obtained from 
Boster Biological Technology. Cell Counting Kit‑8 (CCK‑8), 
bovine serum albumin, Vybrant DiO cell labelling solutions, 
RIPA lysis buffer and PMSF were purchased from Beijing 
Solarbio Science & Technology Co., Ltd. Culture dishes, 
6‑well plates, 24‑well plates and 24‑well Transwell cham‑
bers with 8.0‑ml polycarbonate filters were obtained from 
Corning, Inc. Matrigel® was purchased from BD Biosciences. 
An Annexin V‑fluorescein isothiocyanate (FITC) apoptosis 
detection kit was purchased from Beyotime Institute of 
Biotechnology.

Cell lines. A549 human lung cancer cells, BEAS‑2B human 
lung epithelial cells and HUVECs were obtained from 
the Shanghai Culture Collection of the Chinese Academy 
of Sciences. A549 and BEAS‑2B cells were cultured in 
RPMI‑1640 medium containing 10% FBS. HUVECs were 
cultured in DMEM containing 10% FBS. All media were 
supplemented with 100 U/ml streptomycin/penicillin. All cells 
were cultured in an incubator at 37˚C with 5% CO2.

Cell proliferation assay. A cell suspension (100  µl; 
1x103 cells/well) was inoculated in a 96‑well plate. The plates 
were precultured in an incubator for 24 h at 37˚C with 5% CO2. 
A total of 10 µl of different concentrations (0.0, 2.5, 5.0, 10.0, 
20.0 and 40.0 µM) of 7a was added to the culture plate and 
incubated in the incubator for 24, 48 and 72 h. CCK‑8 solution 
(10 µl) was added to each well and the plates were incubated for 

1‑4 h. Absorbance was measured at 450 nm using a microplate 
reader (Thermo Fisher Scientific, Inc). Based on the optical 
density values, a curve was drawn to analyze cell proliferation 
inhibition. The results of three independent experiments were 
analyzed.

Wound‑healing assay. A wound‑healing assay was performed 
in 6‑well plates, as previously described by Liang et al (9). 
A549 cells were harvested and seeded on 6‑well plates at a 
density of 4x105 cells in 2 ml complete RPMI‑1640 medium 
and incubated at 37˚C for 24 h. A straight line was scrapped on 
the monolayer cells using a 200‑µl pipette tip. Different concen‑
trations of 7a solution were added to the cells and incubated in 
RPMI‑1640 medium without FBS. Scratch images were then 
captured using a Leica DFC420 camera (Leica Microsystems, 
Inc.) under an inverted microscope at 0, 18 and 36 h. The gap 
width was analyzed along the scratch with a scale plate under 
an inverted microscope (Olympus Corporation; magnifica‑
tion, x100). At least six points were measured for each scratch. 
The results of three independent experiments were analyzed.

Cell invasion assay. An invasion assay was performed using 
24‑well Matrigel‑coated Transwell chambers. Martigel 
was diluted 1:15 in serum‑free RPMI‑1640 and added 
into the upper chamber of Transwell chamber, and then 
incubated at 37˚C for 1 h. A549 cells were harvested and 
suspended in serum‑free RPMI‑1640 medium at a density of 
1x106 cells/well. Next, 50 µl suspended cells were seeded in 
the upper chamber of each well and the bottom chamber was 
filled with 600 µl RPMI‑1640 medium supplemented with 
10% FBS. Following incubation at 37˚C for 24 h, cells that did 
not traverse the Matrigel were removed using cotton swabs. 
Following washing with PBS, cells that traversed the Matrigel 
were fixed by paraformaldehyde (4%) at room temperature for 
20 min and stained with crystal violet at room temperature for 
30 min. Following washing with PBS, cells that penetrated the 
Matrigel were counted in 10 randomly selected fields using an 
inverted microscope with a 20 objective (magnification, x200).

VM assay. First, Matrigel matrix glue stored at ‑20˚C was left 
to thaw at 4˚C overnight. Next, 50 µl matrix was added to a 
96‑well plate and placed in a cell incubator for 1 h incubation 
at 37˚C prior to solidification. Then, 50 µl A549 cell suspen‑
sion (5xl04/well) and 50 µl different concentrations (0.0, 2.5, 
5.0 and 10.0 µM) of 7a‑containing medium were added. At 
the same time, the solvent control group was set up. The cells 
were then incubated in the cell incubator for 8 h at 37˚C, and 
the formation of tubules was observed under a microscope and 
images captured. The tubule branch length was counted using 
ImageJ software v1.8.0 (National Institutes of Health).

ELISA. A549 cells were collected and inoculated into 24‑well 
plates (5x104/well). After the cells were attached to the wall, 
the original medium was discarded and drug‑containing media 
of different concentrations (0.0, 2.5, 5.0 and 10.0 µM) of 7a 
were added. Meanwhile, the negative control (NC) group was 
set up and incubation was continued in a cell incubator with 
5% CO2 for 24 h at 37˚C. The supernatant was then transferred 
to a centrifugal tube for centrifugation at 150 x g for 5 min at 
room temperature. The supernatant was then transferred to a 
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new centrifugal tube. The VEGF levels in each group were 
tested using a VEGF ELISA kit (cat. no. KE00216; Proteintech 
Group, Inc.), according to the manufacturer's instructions.

Cancer cell‑endothelial adhesion assay. Cancer cell‑
endothelial adhesion was performed as previously 
described (10). A549 cells were cultured in 6‑well plates with 
different concentrations (0.0, 2.5, 5.0 and 10.0 µM) of 7a and 
HUVECs were cultured in 24‑well plates. Following incuba‑
tion at 37˚C for 48 h, A549 cells were washed with PBS and 
labelled using 5 µM DiO fluorescent cell labelling solution 
in serum‑free RPMI‑1640 medium for 30 min at 37˚C. Next, 
tumor cells were washed with PBS and removed from the 
culture plates. A549 cells were collected using centrifugation 
at 150 x g for 3 min at room temperature. Following washing, 
5x104 cells were applied to the HUVEC monolayer cultured 
in 24‑well plates for 1 h at 37˚C. Next, the 24‑well plates were 
gently washed with PBS and the fluorescently labelled cells 
were counted in 10 randomly selected fields using an Olympus 
B51 fluorescence microscope (Olympus Corporation) with a 
10 objective (magnification, x100).

Cell apoptosis analysis. A549 cells were either treated with 
different concentrations (0, 5, 10 and 20 µM) of 7a or 0.1% 
DMSO for 48  h at  37˚C. The cell suspension (~10x104) 
was collected and centrifuged at 150 x g for 5 min at room 
temperature. The supernatant was discarded and the cells 
were gently resuspended in 195 µl Annexin V‑FITC binding 
solution. Annexin V‑FITC (5 µl) was added to the cells and 
mixed gently. Propidium iodide (PI) staining solution (5 µl) 
was added and mixed gently. The cells were incubated in the 
dark for 10‑20 min at room temperature and then placed in 
an ice bath. Early + late apoptotic cells were then detected 
via flow cytometer (FACSVantage; BD Biosciences) using 
the apoptosis detection kit, following the manufacturer's 
instructions. Annexin V‑FITC fluorescence was green and 
PI fluorescence was red. The flow cytometry results were 
analyzed using FlowJo software v7.6.5 (FlowJo LLC). The 
results were analyzed from three independent experiments.

Western blot analysis. A549 cells were seeded in 6‑well 
plates (2x105 cells per well). A total of 24 h later, the cells 
were treated with different concentrations (0.0, 2.5, 5.0 and 
10.0 µM) of 7a. Following incubation at 37˚C for 48 h, cell 
lysates were collected in RIPA lysis buffer PMSF (99:1, v/v) 
and centrifuged at 15,000 x g for 15 min at 4˚C. The total 
protein concentrations were then determined using a Pierce 
BCA Protein Assay kit (Thermo Fisher Scientific, Inc.). 

Adequate buffer (6X) was added to the total protein and 
mixed completely. The mixture was then heated at 100˚C for 
5 min. Next, 15‑30 µg total protein was fractionated using 
10% sodium dodecyl sulphate‑polyacrylamide gel electropho‑
resis and transferred to polyvinylidene fluoride membranes 
(MilliporeSigma). The membranes were blocked with 5% 
non‑fat milk at room temperature for 4 h, and then cultured 
overnight at  4˚C with the following primary antibodies: 
E‑cadherin (1:1,000; cat.  no.  14472s; mouse monoclonal), 
N‑cadherin (1:1,000; cat.  no.  4061s; rabbit monoclonal), 
MMP‑9 (dilution, 1:1,000; cat. no. 13667Ts; rabbit monoclonal), 
MMP‑2 (dilution, 1:1,000; cat. no. 4022s; rabbit polyclonal), 
VEGF (dilution, 1:1,000; cat. no. 65373s; rabbit polyclonal), 
E‑Selectin (1:1,000; cat. no. 20894‑1‑AP; rabbit polyclonal), 
Bcl‑2 (1:1,000; cat.  no.  15071s; mouse monoclonal), Bax 
(1:1,000; cat. no. 5023s; mouse monoclonal), Cleaved‑PARP 
(dilution, 1:1,000; cat. no. 5625s; rabbit monoclonal), Caspase‑3 
(dilution, 1:1,000; cat. no. 9662s; rabbit polyclonal), PI3K 
(dilution, 1:1,000; cat. no. 4249s; rabbit monoclonal), p‑PI3K 
(dilution, 1:1,000; cat. no. 17366s; rabbit monoclonal), AKT 
(dilution, 1:1,000; cat. no. 9272s; rabbit polyclonal), p‑AKT 
(dilution, 1:1,000; cat. no. 4060s; rabbit monoclonal), mTOR 
(dilution, 1:1,000; cat. no. 2972s; rabbit polyclonal), p‑mTOR 
(dilution, 1:1,000; cat. no. 5536s; rabbit monoclonal), PCNA 
(dilution, 1:1,000; cat. no. 13110T; rabbit monoclonal) and 
β‑actin (dilution, 1:1,000; cat. no. 4970s; rabbit monoclonal). 
Primary E‑Selectin antibody was from ProteinTech Group, 
Inc. Other primary antibodies were from Cell Signaling 
Technology, Inc. According to the sources of the different 
primary antibodies, the membranes were incubated with 
horseradish peroxidase conjugated goat anti‑rabbit or goat 
anti‑mouse IgG secondary antibodies (cat. nos. SA00001‑2 
and SA00001‑1, respectively; dilution, 1:10,000; ProteinTech 
Group, Inc.) at room temperature for 1 h and then laid on 
the developer board of the gel image processing instrument. 
ECL (Beyotime Institute of Biotechnology) was added to 
allow visualization of the signals. Image Lab software v3.0 
(Bio‑Rad Laboratories, Inc.) was used for band processing 
and analysis and β‑actin was used as an internal reference for 
semi‑quantitative analysis of protein expression in each group.

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
A549 cells were seeded in 6‑well plates (2x105  cells per 
well) and incubated at 37˚C for 24 h. The cells were treated 
with different concentrations (0, 2.5, 5 and 10 µM) of 7a and 
incubated at 37˚C for 48 h. Total RNA was extracted from the 
6‑well plates using TRIzol® reagent (Thermo Fisher Scientific, 
Inc.). The RNA concentration was determined by measuring 
ultraviolet absorption at 260 and 280 nm. The A260/A280 
ratio was calculated to assess RNA quality and purity. Next, 
1 mg RNA was reverse‑transcribed using a PrimeScript RT 
reagent kit (Takara Bio, Inc.). cDNA was diluted (2 µl) and 
selectively amplified using a PCR with SYBR Green I (Takara 
Bio, Inc.) and specific primers. Primers were designed by 
Shanghai Bioengineering, as follows: NF‑κB, forward 5'‑GCT​
GCA​TCC​ACA​GTT​TCC​AG‑3', reverse 5'‑TCC​CCA​CGC​TGC​
TCT​TCT​AT‑3'; GAPDH, forward 5'‑AAT​GGG​CAG​CCG​TTA​
GGA​AA‑3', reverse 5'‑GCC​CAA​TAC​GAC​CAA​ATC​AGA​
G‑3'. The samples were amplified using a Roche LightCycler 
480II (Roche Diagnostics). All procedures were performed 

Figure 1. Chemical structure of ISL and 7a. ISL, isoliquiritigenin; 7a, 
2,2',4'‑trihydroxychalcone. 
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according to the manufacturer's protocols. The relative quantity 
of NF‑κB mRNA was calculated using a comparative method 
(2‑ΔΔCq) against a GAPDH endogenous control (n=3) (11).

Statistical analysis. All experiments were repeated three 
times. SPSS software 22.0 (IBM Corp.) was used for the statis‑
tical analysis of all data and the experimental results were 
expressed as the mean ± standard deviation. The difference 
between the groups was analysed using one‑way ANOVA. 
Tukey's post hoc test was performed after one‑way ANOVA. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

7a inhibits A549 cell proliferation. The inhibitory effect of 7a 
on the proliferation of A549 cells was measured using a CCK‑8 
assay. A549 cells were treated with different concentrations of 
7a for 24, 48 and 72 h. The viability of A549 cells was deter‑
mined and the growth curves of A549 cells were drawn. As 
shown in Fig. 2, 7a inhibited the proliferation and growth of 
A549 cells in a time‑ and dose‑dependent manner. The IC50 
value of 7a against A549 cells was calculated (Fig. 2A). The 
results showed that the IC50 of 7a on A549 cell growth was 
65.72±4.20, 33.46±4.11 and 19.86±2.33 µM at 24, 48 and 72 h, 
respectively. These results indicated that 7a could inhibit the 
proliferation of A549 cells at higher concentrations and for 
longer durations.

The toxic effects of 7a were examined on two types of 
normal human tissue cells. Normal BEAS‑2B human lung 
epithelial cells and HUVECs were selected. The CCK‑8 test 
results showed that 7a had no significant inhibitory effect 
on the proliferation of these two types of cells. Among 
them, although HUVECs were relatively sensitive to 7a, the 
maximum proliferation inhibition rate was <20% at 40 µM 
and 72 h. These results indicated that 7a had a selective tumor 
cell‑killing effect, but had no obvious toxicity or side effects 
on normal cells, suggesting its clinical application potential.

7a inhibits A549 cell migration and invasion. According to the 
results of the CCK‑8 experiment, 2.5 and 5 µM were selected 

as the low cytotoxic drug concentrations for the migration and 
invasion experiments. First, the effect of 7a on the migratory 
ability of A549 cells was tested using a cell scratch assay and 
the results showed that 7a could significantly inhibit the migra‑
tory ability of A549 cells. The migration rate of NC, 2.5 and 
5 µM group was respectively ~43.61, 21.30 and 17.52% at 18 h 
and 61.50, 31.22 and 22.10% at 36 h (Fig. 3A). The effect of 
7a on the invasive ability of A549 cells was also examined, 
using a Transwell invasion assay. As compared with the NC 
group, the number of A549 cells passing through the compart‑
ment was reduced in the 7a group at 48 h, especially in the 
high‑concentration (5 µM) group (Fig.  3B). These results 
demonstrated that 7a could markedly inhibit the migration and 
invasion of A549 cells at non‑cytotoxic concentrations.

To understand the mechanism through which 7a inhibits 
the migration and invasion of A549 cells, the expression of cell 
metastasis‑related proteins was further investigated. As shown 
in Fig. 3C, 7a could significantly increase the expression of 
E‑cadherin while at the same time decreasing the expression 
of MMP‑9 and ‑2 suggesting that the 7a‑induced inhibition of 
migration and invasion may be due to the regulation of the 
expression of these proteins.

7a inhibits VM. Highly invasive tumor cells, such as NSCLC, 
can form mimicry vessels; that is, tumor cells exhibit certain 
characteristics that are similar to vascular endothelial cells 
and can degrade the basement membrane to connect and form 
a network structure (12,13). Therefore, in the in vitro mimicry 
angiogenesis experiments, Matrigel was used to simulate the 
basement membrane and the simulated angiogenesis of tumor 
cells in each group observed. In the NC group, A549 cells were 
connected to form multiple grid structures (Fig. 4A). However, 
in the 7a dosage group, the branch length of mimetic vessels 
was significantly reduced, particularly following treatment 
with 10 µM 7a for 8 h. The cells were dispersed, almost no 
tubules were formed and the inhibition rate of mimetic vessel 
formation was as high as 82.89%. These results indicated 
that 7a could significantly inhibit the formation of mimicry 
vessels in A549 cells in a concentration‑dependent manner.

As a proangiogenic factor, VEGF not only serves an 
important role in angiogenesis but is also associated with 

Figure 2. Inhibitory effects of 7a on the proliferation of (A) A549, (B) HUVECs and (C) BEAS‑2B cells were measured using a CCK‑8 assay following 
incubation with various concentrations of 7a for 24, 48 and 72 h. Data are presented as the mean ± standard deviation of three separate experiments. *P<0.05 
and **P<0.01 vs. NC. 7a, 2,2',4'‑trihydroxychalcone; NC, negative control; HUVEC, human venous endothelial cell.
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tumor cells (14). Western blot analysis and ELISA were used 
to determine the effect of 7a on the expression and secre‑
tion of VEGF in A549 cells and culture media. As shown in 
Fig. 4B, 7a inhibited the expression of VEGF in A549 cells 
compared with the NC group. ELISA results (Fig. 4C) showed 
that in A549 cells treated with different concentrations of 
7a for 24 h, VEGF secretion was significantly reduced in a 
concentration‑dependent manner. The results suggested that 
7a could significantly inhibit the expression and secretion of 
VEGF in 549 cells.

7a inhibits A549 cell adhesion to HUVECs. The hetero‑
geneous adhesion of tumor cells is a pivotal step in tumor 
metastasis. A549 cells treated with different concentrations of 
7a were stained with DiO dye and then added to 24‑well plates 
covered with a single layer of HUVECs, which could mimic 
the adhesion of tumor cells to the lining of blood vessels. The 

adhesion of A549 cells to HUVECs was examined following 
incubation with different concentrations of 7a for 48 h. The 
fluorescent cells above the HUVEC monolayer were A549 
cells. The results showed that 2.5, 5 and 10 µM 7a significantly 
reduced A549 cell adhesion to HUVECs by 3.12, 13.8 and 
34.4%, respectively (Fig. 5A). The results suggested that 7a 
could inhibit the adhesion of A549 cells to HUVECs in a 
concentration‑dependent manner.

Next, the molecular mechanism through which 7a regulates 
the adhesion of A549 cells to vascular endothelial cells was 
explored. The relevant adhesion protein levels were detected 
using western blot analysis. As shown in Fig. 5B, the expres‑
sion of N‑cadherin and E‑selectin was significantly reduced 
following treatment with different concentrations of 7a. These 
two adhesion molecules have been proven to be involved in 
adhesion between tumor cells and HUVECs (10,15). Adhesion 
could then promote tumor cell aggregation in the blood vessels, 

Figure 3. Noncytotoxic effects of 7a on the migration and invasion of A549 cells following treatment with different 7a concentrations. (A) A wound‑healing 
assay was performed to detect the migration of A549 cells following treatment with 7a for 0, 18 and 36 h. (B) A549 cells treated with different concentrations 
of 7a were placed on filters with Matrigel and incubated for 24 h (scale bar=50 µm). (C) The expression of MMP‑2/9 and E‑cadherin in A549 cells following 
treatment with different concentrations of 7a for 24 h was measured using western blot analysis. Data are presented as the mean ± SD from three independent 
experiments. *P<0.05 and **P<0.01 vs. NC. 7a, 2,2',4'‑trihydroxychalcone; NC, negative control; MMP, metalloproteinase.
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which could avoid anoikis and increase the tumor metastasis 
potential. Therefore, 7a may inhibit A549 cell metastasis by 
inhibiting the expression of N‑cadherin and E‑selectin.

7a promotes A549 cell apoptosis. The effects of different 
concentrations of 7a on the apoptosis of A549 cells were quan‑
titatively determined via Annexin V‑FITC/PI double staining. 
Normal live, early apoptotic, necrotic and late apoptotic cells 
could be distinguished by using flow cytometry. As shown 
in Fig. 6A, the apoptosis rate of A549 cells in the NC group 
was 5.4%. The total apoptotic rate of A549 cells increased to 
9.6, 16 and 28.2% following treatment with 5, 10 and 20 µM 
7a for 48 h, respectively. To further explore the mechanism 
through which 7a induces A549 cell apoptosis, the effect 
of 7a on the expression of mitochondrial apoptosis‑related 
proteins was detected via western blot analysis. As shown in 
Fig. 6B, the expression levels of the proapoptotic proteins Bax, 
cleaved poly (ADP‑ribose) polymerase (PARP) and caspase‑3 
were significantly increased, while the expression of the 

antiapoptotic protein Bcl‑2 was significantly decreased. This 
result indicated that the promotion of A549 cell apoptosis by 7a 
may be associated with the mitochondrial apoptosis pathway.

7a inhibits the activation of the PI3K/AKT signaling 
pathway. A wide range of biological processes in a variety 
of tumor cells is regulated by the PI3K/AKT signaling 
pathway, including cell proliferation, apoptosis, survival, 
growth and movement. The AKT and mTOR proteins have 
been reported to serve an important role in tumor cell 
viability and metastasis (16). In the present study, the afore‑
mentioned proteins were investigated in the PI3K/AKT 
signaling pathway using western blot analysis. As shown 
in Fig.  7, the phosphorylation levels of PI3K, AKT and 
mTOR in the 7a dosage group were significantly decreased 
in A549 cells. In addition, the NF‑κB level was examined 
in the cytoplasm and nucleus. As shown in Fig. 8A, NF‑κB 
levels in the cytoplasm of the 7a dosage group were slightly 
decreased, while NF‑κB levels in the nucleus were markedly 

Figure 4. Inhibitory effect of 7a on the VM formation of A549 cells. (A) 7a suppressed VM formation in A549 cells in vitro. Representative images of VM 
formation following treatment with different concentrations of 7a for 8 h (bar=200 µm). (B) 7a inhibited the expression of VEGF in A549 cells in vitro. The 
cellular expression of VEGF in A549 cells following treatment with different concentrations of 7a for 24 h was measured using western blot analysis. (C) The 
secretion of VEGF in A549 cell culture medium treated with 7a for 24 h was examined using ELISA. Data are presented as the mean ± SD from three inde‑
pendent experiments. *P<0.05 and **P<0.01 vs. NC group. NC, negative control. 7a, 2,2',4'‑trihydroxychalcone; VM, vasculogenic mimicry; VEGF, vascular 
endothelial growth factor.
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Figure 5. Inhibitory effect of 7a on A549 cell adhesion to HUVEC monolayers. (A) The fluorescently labelled cells were counted in 5 and 10 randomly selected 
low‑power fields under a fluorescence microscope (bar=100 µm). (B) The expression of N‑cadherin and E‑selectin in A549 cells following 7a treatment for 
48 h was determined using western blot analysis. Data are presented as the mean ± SD from three independent experiments. *P<0.05 and **P<0.01 vs. NC. 
7a, 2,2',4'‑trihydroxychalcone; HUVEC, human venous endothelial cell; NC, negative control.

Figure 6. 7a induces A549 cell apoptosis through the mitochondrial apoptosis pathway. (A) Detection of apoptotic A549 cells after Annexin V/PI using 
flow cytometry, following their treatment with different concentrations of 7a for 48 h. LL, LR, UR and UL represent normal, early apoptotic, late apoptotic 
and necrotic cells, respectively. The percentage of apoptotic cells (both early and late) was scored in three separate experiments. (B) The expression of four 
apoptosis‑related proteins in A549 cells following 7a treatment for 48 h was measured using western blot analysis. The semiquantitative expression levels of 
the proteins were measured using exposure grey value. Data are presented as the mean ± SD from three independent experiments. *P<0.05 and **P<0.01 vs. NC. 
7a, 2,2',4'‑trihydroxychalcone; NC, negative control; LL, Lower left; LR, Lower right; UR, Upper right; UL, Upper left; PARP, poly (ADP‑ribose) polymerase.
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decreased, as compared with those in the NC group. The 
gene expression levels of NF‑κB were also decreased 

(Fig. 8B). These results demonstrated that 7a may inhibit 
the PI3K/AKT/NF‑κB signaling pathway.

Figure 7. 7a inhibits the activation of the PI3K/AKT signaling pathway in A549 cells. The effects of 7a on the expression of PI3K, p‑PI3K, AKT, p‑AKT, mTOR 
and p‑mTOR in A549 cells were detected by western blot analysis. Data are presented as the mean ± SD from three independent experiments. *P<0.05 and 
**P<0.01 vs. NC. 7a, 2,2',4'‑trihydroxychalcone; NC, negative control; p‑, phosphorylated.

Figure 8. 7a inhibits the translocation of NF‑κB into the nucleus. (A) Cytoplasmic and nuclear NF‑κB was detected separately using western blot analysis. 
β‑actin and PCNA were used as the loading controls in the cytoplasm and nucleus, respectively. (B) Expression of NF‑κB mRNA transcripts normalized 
to GAPDH, as detected by reverse transcription‑quantitative PCR. Data are presented as the mean ± SD from three separate experiments. *P<0.05 and 
**P<0.01 vs. NC. 7a, 2,2',4'‑trihydroxychalcone; PCNA, proliferating cell nuclear antigen; NC, negative control.
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Discussion

Distant metastasis and high recurrence are the leading causes 
of lung cancer‑related mortality (3). Traditional chemotherapy 
drugs become tolerated and have numerous serious adverse 
reactions, which have become a challenge in the treatment of 
lung cancer. In recent years, despite the application of various 
targeted drugs, the global 5‑year survival rate remains very 
low (3,17). Therefore, more new compounds with antitumor 
effects and low toxicity need to be explored. Antitumor 
effects of certain hydroxychalcone compounds have captured 
the attention of several researchers. For example, studies 
have shown that ISL can inhibit the proliferation and induce 
the apoptosis of the lung adenocarcinoma cell lines A549 
and NCI‑H1975 (8,18). However, according to the results of 
previous studies, the antitumor activity of ISL is relatively 
weak. Therefore, more effective hydroxychalcone compounds 
need to be explored and understanding the antitumor mecha‑
nisms of these compounds may help identify new lung cancer 
treatments. The present study first aimed to investigate the 
antitumor effect of 7a on the biological behaviors of NSCLC 
cells. 7a was found to significantly inhibit the proliferation, 
migration, invasion and heterogeneous adhesion of A549 cells 
and induce cell apoptosis, indicating that 7a may have an anti‑
cancer effect on the proliferation and metastasis of A549 cells.

First, the effect of 7a on the proliferation of A549 cells was 
studied and it was found that 7a strongly inhibited A549 cell 
growth. 7a significantly inhibited migration and invasion by 
upregulating the expression of E‑cadherin and downregulating 
the expression of N‑cadherin in A549 cells. E‑cadherin and 
N‑cadherin are markers of epithelial‑mesenchymal transition 
(EMT), which is a pivotal mechanism involved in the modula‑
tion of cell migration and invasion. However, in the process 
of EMT, the regulation of their expression occurs oppositely; 
E‑cadherin expression is downregulated, while N‑cadherin 
expression is often upregulated (19). The decreased expression 
of E‑cadherin leads to the loss of E‑cadherin‑mediated isotype 
adhesion between epithelial cells, driving the high metastatic 
potential of tumor cells (12).

In addition, MMP‑2 and MMP‑9 expression was also 
decreased slightly in the presence of 7a. MMPs have proteolytic 
properties and can degrade the extracellular matrix (ECM) and 
participate in various biological processes, particularly tumor 
invasion and metastasis. During invasion and metastasis, tumor 
cells first bind to the basement membrane and then release 
MMPs, which degrade the basement membrane and ECM and 
finally enable tumor cells to move to the periphery along the 
damaged site, thus causing invasion and metastasis (20,21). 
Among the MMPs, MMP‑2 and MMP‑9 serve a crucial role in 
tumor invasion and metastasis. MMP‑2 and MMP‑9 not only 
degrades the matrix of cells and promotes the invasion and 
metastasis of tumor cells, but also participates in the occurrence 
and development of tumors by promoting the formation of capil‑
laries (20,22). Thus, the present results suggested that 7a may 
suppress the migration and invasion of A549 cells by inhibiting 
the process of EMT and decreasing MMP‑2/9 expression.

Heterogeneous tumor adhesion is also a pivotal step in 
hematogenous cancer metastasis. Cellular adhesion molecules 
are transmembrane proteins located on the cell membrane 
and the major regulators of this process, regulating cell‑cell 

or ECM interactions. It has been reported that cell surface 
adhesion molecules, such as N‑cadherin, CD44 and E‑selectin, 
can promote adhesion between tumor cells and vascular 
endothelial cells, which eventually prevented anoikis in the 
blood circulation  (16,23‑25). In the present study, 7a was 
found to inhibit adhesion between A549 cells and HUVECs 
in a concentration‑dependent manner. At the same time, 
N‑cadherin and E‑selectin expression was decreased. In addi‑
tion, tumor cell angiogenesis was found to be closely associated 
with tumor cell invasion and metastasis. Tumor cell growth 
and proliferation is dysregulated and disorderly, which disrupts 
the previous cell balance and requires the supply of sufficient 
oxygen and nutrients (26). Therefore, blood vessel formation 
serves an essential role in tumor metastasis. In an early study, a 
novel tumor angiogenesis modality, VM, was first proposed to 
describe the ability of highly aggressive melanomas to dedif‑
ferentiate in order to acquire multiple cellular phenotypes and 
endothelial‑like characteristics (27). This process leads to the 
formation of vascular‑like structures of blood vessels and red 
blood cells, which in turn leads to angiogenesis and the inser‑
tion of a vascular‑like matrix into a network of blood vessels 
that promotes circulation. Subsequently, several studies have 
reported that some malignant tumors, such as breast, ovarian 
and prostate cancer and NSCLC, could also form mimetic 
blood vessels (28‑30). The present study found that 7a could 
inhibit the formation of VM by reducing the expression of 
VEGF. Specifically, in the 10 µM group, the tubular structure 
almost disappeared (Fig.  4). Various studies have shown 
that VEGF is an important pro‑VM factor  (14,31). VEGF 
is considered to promote VM by activating the PI3K/AKT 
signaling pathway (14).

In addition to the metastasis process, 7a could also promote 
A549 cell apoptosis in a concentration‑dependent manner. 
Apoptosis, a tightly regulated process of cell death, is asso‑
ciated with organized stability, tumors and autoimmune and 
neurodegenerative diseases (32). 7a was found to reduce Bcl‑2 
expression while increasing Bax, cleaved PARP and caspase‑3 
expression. Although Bcl‑2 and Bax belong to the Bcl‑2 gene 
family, they have the opposite effect on tumor apoptosis (33). 
Bcl‑2 inhibits the release of cytochrome c from mitochondria 
to the cytoplasm, thereby inhibiting apoptosis, while the 
overexpression of Bax can antagonize the protective effect 
of Bcl‑2 and lead to cell death (34). Increased cytochrome c 
release in tumor cells can trigger the caspase cascade and PARP 
is then cleaved; cleaved PARP is a substrate of caspase‑3 in the 
semicarpal protease family, eventually resulting in tumor cell 
apoptosis (35).

Several studies have shown that the PI3K/AKT/mTOR 
signaling pathway serves a crucial role in the regulation of 
tumor growth, apoptosis, metabolism, invasion and metastasis, 
as well as angiogenesis (36‑38). Therefore, the regulation of 
this pathway has become of interest in the treatment of lung 
cancer. The activation of the PI3K/AKT signaling pathway can 
lead to the activation of several antiapoptotic proteins, such 
as Bcl‑2, and inhibit a series of proapoptotic proteins, such 
as Bax, caspase and p53, thereby preventing apoptotic factors 
from being released from mitochondria, which inhibits tumor 
cell apoptosis  (39). The present study found that 7a could 
significantly reduce the phosphorylation of key proteins of 
the PI3K/AKT signaling pathway, such as p‑AKT, p‑PI3K and 
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p‑mTOR. As reported by Chien et al (40), the inhibition of 
the PI3K/AKT signaling pathway in cells following treatment 
with specific inhibitors of PI3K (such as wortmannin) could 
reduce the protein expression of MMP‑2 and MMP‑9. Another 
study reported that the inhibition of the PI3K/AKT/p70S6K1 
signaling pathway can significantly reduce the expression of 
VEGF (41). NF‑κB is a downstream signaling molecule in 
the PI3K/AKT signaling pathway and its activation is closely 
associated with a variety of pathologies, such as inflammation, 
adhesion, invasion, metastasis and angiogenesis (42). NF‑κB is 
considered to promote the formation of EMT by upregulating 
E‑cadherin and downregulating N‑cadherin (43) and simultane‑
ously upregulating MMP‑2/9 (44). Furthermore, the inhibition 
of NF‑κB activity by the adenovirus‑mediated expression of 
a dominant‑negative NF‑κB or by the proteasome inhibitor 
MG132 decreases VEGF mRNA in MDA‑MB‑231 cells (45). 
NF‑κB, as a multifunctional transcription factor, promotes 
gene transcription mainly by entering the nucleus. The present 
study therefore examined the NF‑κB protein expression in 
the cytoplasm and nucleus separately. 7a treatment resulted 
in a marked decrease of NF‑κB protein expression in the 
nucleus and a slight decrease in the cytoplasm. In addition, 
the RT‑qPCR results showed that 7a also reduced the mRNA 
expression of NF‑κB. Therefore, 7a may inhibit A549 cell 
activity via the PI3K/AKT/NF‑κB signaling pathway.

In the present study, there was a noteworthy phenomenon; 
while inhibiting A549 cell migration and invasion, vasculogenic 
mimicry and adhesion to HUVECs, 7a might lead to apoptosis at 
the same concentration. How to exclude the possibility that these 
inhibitions of metastasis were independent of cell death? First, 
during the HUVEC adhesion test, most apoptotic cells were 
discarded after centrifugation and apoptotic cells could not be 
stained with DiO. The same number of viable cells was selected 
by cell counting and the cells were then added to a 24‑well plate 
filled with HUVEC monolayers. So the experimental results 
were almost unaffected by apoptosis. During the migration, 
invasion and angiogenic mimicry experiments, apoptosis might 
have some effect, but the effect was not significant. The cell 
apoptosis rate was not high when the concentration of 7a was 
≤5 µM for 48 h. The apoptotic rate of the 2.5 µm group was 
~7.1% (the apoptosis result of this concentration was obtained 
but not included in Fig. 6), which was only 1.7% higher than 
that of the control group. The apoptosis rate of the 5 µM group 
was 9.6%, which was 4.2% higher than that of control group. 
This was much lower than the inhibition rate of 7a on migra‑
tion, invasion and angiogenic mimicry. Second, the expression 
of related proteins also showed a trend of change, which was 
consistent with the experimental findings. These data indicated 
that 7a could indeed inhibit the A549 cell metastasis.

However, there were still some shortcomings in the present 
study. For example, it did not explore the molecular mechanism 
differences between 7a and its isomer ISL. To the best of the 
authors' knowledge, this was the first study to examine whether 
7a had antitumor activity. So, it is not clear whether the molecular 
mechanisms of 7a are different from those of ISL. Thus, subse‑
quent studies will comprise an in‑depth exploration of antitumor 
molecular mechanisms of 7a. In addition, there were no in vivo 
experiments conducted and no use of a common antitumor 
drug as a control to support our observations. Therefore, further 
studies are required to verify the present findings.

In conclusion, the present results showed that 7a may inhibit 
A549 lung cancer cell proliferation and metastasis and induce 
apoptosis through the PI3K/AKT/NF‑κB signaling pathway. 
Thus, 7a may be a promising flavonoid with antitumor activi‑
ties that can inhibit the progression of lung cancer. Further 
research is required to investigate the detailed mechanism 
through which 7a inhibits lung cancer.
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