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Abstract. Genistein is a soybean isoflavone; in its aglycone it 
has various biological activities. Animal experiments, clinical 
studies and epidemiological investigations suggest that genis-
tein has preventative and curative functions for a number of 
diseases, particularly in cancer. The present study explored 
the potential anti‑cancer effect of genistein by observing its 
role in inhibiting A549 human lung cancer cell proliferation 
and investigating the possible mechanism. A549 cells were 
exposed to various concentrations of genistein (0, 10, 25, 50, 
100 and 200 µM; dissolved in physiological saline) for 1, 2 
and 3 days. Subsequently, the viability of A549 cells was 
determined by 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltet-
razolium bromide assay, cell apoptosis was examined using 
a flow cytometer, caspase 3/9 activity was measured using 
commercial kits, reverse transcription quantitative polymerase 
chain reaction was used to analyze the miR‑27a expression 
and western blotting was used to investigate MET protein 
expression. The results suggested a significant inhibition 
of A549 cell growth following treatment with genistein in a 
time‑ and dose‑dependent manner. The current study also indi-
cated that treatment with genistein significantly induces cell 
apoptosis and promotes caspase‑3/9 activation of A549 cells 
in a dose‑dependent manner. Further functional assays 
revealed that the anti‑cancer effect of genistein activated 
microRNA‑27a (miR‑27a) expression levels and reduced MET 
protein expression in A549 cells. In conclusion, the present 

study demonstrates that genistein inhibits A549 human lung 
cancer cell proliferation. Furthermore, this study reports, for 
the first time, a correlation between the anti‑cancer effect of 
genistein and miR‑27a‑mediated MET signaling.

Introduction

Non-small lung cancer (NSCLC) has high morbidity and 
mortality rates; according to the latest data, 222,520 new 
cases and 157,300 mortalities were reported in USA in 2010. 
NSCLC is the leading cause of cancer‑related mortality in men 
and women. According to 2010 Ministry of Health data, lung 
cancer rose from the third most common to the most common 
cause of cancer‑related mortality in 1992, and reached a 
rate of 30.83/100,000 individuals. Trends of rising incidence 
and younger age have become more obvious, raising greater 
concern (1,2). There is a close association between smoking 
and lung carcinoma; in addition, atmospheric pollution and 
automobile exhaust fumes are also lung cancer risk factors. 
Furthermore, chronic bronchitis, pulmonary heart disease, 
pulmonary fibrosis, pulmonary tuberculosis and pneumoco-
niosis are associated with the incidence of lung cancer (3,4).

MicroRNA (miRNA/miR) is a small single‑stranded 
RNA (~22 nucleotides) that occurs in eukaryotes. miRNA 
does not have the function of the encoded protein; instead, its 
biological function is to pair with the 3'‑untranslated region 
of complementary target mRNAs. If the miRNA is fully 
complementary it will cause target mRNA degradation; if 
the miRNA complementarity is incomplete, it may prevent 
the target mRNA translating into protein (5). Bioinformatic 
research has shown that miRNA constitutes 1‑5% of the total 
number of animal genes, and ~60% encoding genes in animals 
are regulated by miRNA. Thus, miRNA is a gene regulation 
factor that widely exists and has an important role in living 
organisms (6). Experimental research has also demonstrated 
that miRNAs are key in various biological activities, such as 
cell proliferation and differentiation, apoptosis, generation, 
migration, invasion and metastasis of tumor cells, resistance 
mechanisms and the antivirus effect. Numerous miRNAs can 
promote or inhibit metastasis (7). Thus, miRNAs may become 
novel targets for cancer treatment.
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MET proto‑oncogene, which encodes the MET protein, is a 
type of tyrosine kinase activity growth factor receptor that can 
specifically bind to hepatocyte growth factor (HGF) and acti-
vate its downstream signal transduction pathways, regulating 
cell proliferation, energy, migration, angiogenesis, invasion 
and morphogenesis (8). The tyrosine kinase encoded by MET 
can adjust the invasive growth of tumor cells, promoting the 
occurrence and development of lung tumors (9). Normal MET 
signaling pathways regulate embryonic development and tissue 
damage repair, whereas abnormal activation promotes tumor 
metastasis. MET exhibits abnormal expression in a variety of 
lung carcinoma tumor tissues and it is closely associated with 
tumor progression (10).

Genistein is an antimicrobial toxin precursor that predomi-
nantly exists in the biosynthesis of leguminous plants; it is the 
active component and has various physiological functions (11). 
It is an effective antioxidant and protein tyrosine activation 
enzyme inhibitor, as well as a plant estrogen. Genistein also has 
extensive pharmacological effects in animal cells. A previous 
study found that genistein has anticancer effects, including 
in vitro antitumor effects in human breast cancer cell lines (12) 
and prostate cancer cells (13). Thus, genistein is a potential 
cancer chemoprevention agent with a broad development pros-
pect (14). In the present study, we hypothesized that the potential 
anti‑cancer effect of genistein would inhibit A549 human lung 
cancer cell proliferation via miR‑27a and MET signaling.

Materials and methods

Chemicals. RPMI‑1640 medium and fetal bovine serum 
were obtained from Thermo Fisher Scientific, Inc. (Waltham, 
MA, USA). 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetra-
zolium bromide (MTT) was obtained from Sigma‑Aldrich 
(St. Louis, MO, USA). Annexin V‑fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) apoptosis assay kit was obtained 
from Nanjing KeyGen Biotech Co., Ltd. (Nanjing, China).

Cell lines and cell growth. The A549 human lung cancer cell 
line was provided by Hebei University (Baoding, China), and 
maintained in RPMI‑1640 medium with 10% fetal bovine 
serum, 100  U/ml penicillin and 100  mg/ml streptomycin 
(Sangon Biotech Co., Ltd., Shanghai, China) in a 37˚C incu-
bator with 5% CO2.

Cell viability. The in vitro effect of genistein on the viability 
of A549 cells was determined by MTT assay. Briefly, 
A549 cells were plated onto a 96‑well plate at a density of 
1x104 cells/well. Subsequently, A549 cells were exposed to 
different concentrations of genistein (0, 10, 25, 50, 100 and 
200 µM; Sigma‑Aldrich; dissolved in physiological saline) 
for 1, 2 and 3 days. Subsequently, 20 µl of 0.5% MTT solu-
tion with phosphate‑buffered saline (Beyotime Institute of 
Biotechnology, Haimen, China) was added to each well and 
incubated for 4 h at 37˚C with 5% CO2. After the incubation 
period, the culture medium was replaced, 200 µl of dimethyl 
sulfoxide (Sinopharm Chemical Reagent Co., Ltd., Shanghai, 
China) was added to each well and shaken for 20 min at room 
temperature. The optical density of each well was determined 
with a spectrophotometer at 492 nm (Varioskan Flash micro-
plate reader; Thermo Fisher Scientific, Inc.).

Annexin V‑FITC/PI apoptosis assay. The in vitro effect of 
genistein on A549 cell viability was determined by performing 
an Annexin V‑FITC/PI assay. Briefly, A549 cells were plated 
onto a 6‑well plate at a density of 1x106 cells/well. Subse-
quently, A549 cells were exposed to different concentrations 
of genistein (0, 25, 50 and 100 µM) for 2 days. A total of 5 µl 
Annexin V‑FITC (5 µg/ml) and 5 µl PI (1 µg/ml) was added 
and incubated for 10 min at room temperature in the dark. 
Then, cell apoptosis was examined using a flow cytometer 
(FC 500; Beckman Coulter, Inc., Brea, CA, USA).

Analysis of caspase‑3/9 activity. Following plating and genis-
tein treatment, as described for the Annexin V‑FITC/PI assay, 
A549 cells were incubated with cell lysis buffer (Beyotime Insti-
tute of Biotechnology) for 30 min on ice and then centrifuged 
at 12,000 x g for 10 min at 4˚C. The protein concentrations of 
the cell solutions were determined using a Pierce BCA protein 
assay kit (Thermo Fisher Scientific, Inc.). Equal quantities of 
protein were mixed with 2 mM Ac‑LEHD‑pNA for caspase‑9 
and 2 mM Ac‑DEVD‑pNA for caspase‑3 (Beyotime Institute 
of Biotechnology). The mixtures were incubated at 37˚C for 
2 h in the dark and detected at a wavelength of 405 nm (Vari-
oskan Flash microplate reader).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Following plating and genistein treatment, as 
described for the Annexin V‑FITC/PI assay, total RNA was 
extracted from the A549 cells using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). RNA (1‑2 µg) was reverse tran-
scribed to synthesize complementary DNA using the SuperScript 
III First‑Strand Synthesis System (Thermo Fisher Scientific, 
Inc.) miR‑27a was specifically amplified and its expression was 
quantified by performing TaqMan miRNA RT‑qPCR assays 
(Applied Biosystems; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. The PCR cycling conditions 
were as follows: 5 min at 94˚C, 30 sec at 94˚C, 30 sec at 60˚C 
and 30 sec at 72˚C (for a total of 40 cycles), followed by a cycle 
of 5 min at 72˚C. miR‑27a levels were assessed by SYBR Green 
qPCR (Takara Biotechnology Co., Ltd., Dalian, China). The 
forward (F) and reverse (R) primers were used were as follows: 
F, 5'‑TCC​GTG​AGA​GCT​GGA​AAA​CC‑3' and R, 5'‑TGG​TTC​
TAA​CTA ACT​CCA​GCC​G‑3' for miR‑27a; F,  5'‑CGC​TTC​
GGC​ACA​TAT​AC​TA‑3' and R, 5'‑CGC​TTC​ACG​AAT​TTG​
CGT​GTC​A‑3' for U6. Analysis of mRNA expression of miR 
27a was calculated according to the 2-ΔΔCq method (15). 

Western blotting. After plating and genistein treatment, as 
described for the Annexin V‑FITC/PI assay, A549 cells were 
incubated with 500 µl RIPA lysis buffer for 30 min on ice 
and centrifuged at 12,000 x g for 10 min at 4˚C. The protein 

Figure 1. Chemical structure of genistein.
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concentrations of the cell solutions were determined using 
a Pierce BCA protein assay kit (Thermo Fisher Scientific, 
Inc.). Equal quantities (80 µg) of protein was resolved on 12% 
SDS‑PAGE gel and transferred to nitrocellulose membrane 
(Santa Cruz Biotechnology, Inc., CA, USA). Subsequently, the 
membranes were blocked with non-fat milk in Tris-buffered 
saline with Tween 20 and incubated with polyclonal rabbit MET 
(1:1,000; catalog no., sc‑8307; Santa Cruz Biotechnology, Inc.) 
and β‑actin (1:500; catalog no., D110007; Sangon Biotech 
Co., Ltd.) primary antibodies overnight at 4˚C. The membranes 
were incubated with horseradish peroxidase‑conjugated mouse 
anti‑rabbit IgG secondary antibodies (1:5,000; catalog no., 
M1003‑7; Hangzhou Hua'an Biological Technology Co., Ltd., 
Hangzhou, China) for 1 h at 37˚C. Membranes were visualized 
using an Enhanced Chemiluminescence detection kit (Beyo-
time Institute of Biotechnoloy). The bands were quantified by 
densitometric analysis using ImageJ software (version 1.44p; 
National Institutes of Health, Bethseda, MD, USA).

Statistical analysis. Statistical analysis was performed using 
SPSS statistical software (version 19.0; IBM SPSS, Chicago, 
IL, USA) and results are presented as the mean ± standard 
deviation of three replicate experiments. Statistical differences 
between the control and treatment samples were determined 
by Student's t-test. Differences among experimental groups 
were evaluated by one‑way analysis of variance. P<0.05 was 
considered to indicate a statistically significant.

Results

In vitro effect of genistein on A549 cell viability. The chemical 
structure of genistein (Sigma‑Aldrich; with a purity of 98%) is 
indicated in Fig. 1. In the present study, genistein was dissolved 
in physiological saline. The present study investigated the 
possible anti‑cancer effect of genistein on the viability of 
A549 cells by performing an MTT assay. Fig.  2A  and  B 
demonstrates that the treatment with genistein inhibited the 
viability of A549 cells in a time‑ and dose‑dependent manner. 
The results suggest that A549 cell viability was significantly 
inhibited by different concentrations of genistein (25, 50, 100 
and 200 µM) for 3 days (P<0.01). When the treatment was 
reduced to 2 days, the viability of A549 cells was significantly 
inhibited by 50, 100 and 200 µM genistein (P<0.01; Fig. 2B). 
Furthermore, A549 cell viability was significantly suppressed 
following treatment with 100 and 200 µM genistein for a 
period of 1 day (P<0.01). These data suggest that genistein 
may significantly inhibit human lung cancer cell viability. 

In vitro effect of genistein on A549 cell apoptosis. To deter-
mine the possible anti‑cancer effect of genistein on A549 
cell apoptosis, the present study measured the apoptosis of 
A549 cells by performing an Annexin V‑FITC/PI apoptosis 
assay. Fig 3. indicates that administration of genistein (50 and 
100 µM) significantly induces the apoptosis of A549 cells 
in dose‑dependent manner (P<0.01). These data suggest that 
genistein may induce human lung cancer cell apoptosis.

In  vitro effect of genistein on caspase‑3/9 activation in 
A549 cells. The present study aimed to investigate the possible 
anti‑cancer effect of genistein on caspase‑3/9 activation in 
A549 cells using commercially available kits. As indicated in 
Fig. 4A and B, pretreatment with genistein (50 and 100 µM) 
for 2 days significantly promoted caspase‑3 and ‑9 activation 
in A549 cells, respectively (P<0.01). These data suggest that 
genistein may promote human lung cancer cell apoptosis by 
activation of the caspase‑3/9 signaling pathways.

In vitro effect of genistein on miR‑27a expression in A549 cells. 
To explain the possible anti‑cancer effect of genistein on 
miR‑27a expression in human lung cancer, miR‑27a expres-
sion of A549 cell was analyzed by RT‑qPCR. As presented 
in Fig. 5, after 2 days of treatment with genistein (50 and 
100 µM), miR‑27a expression in A549 cells was significantly 
increased (P<0.01). These data indicate that genistein may 
activate miR‑27a expression levels in human lung cancer.

In vitro effect of genistein on MET protein expression in 
A549 cells. To investigate the possible anti‑cancer effect of 
genistein on MET protein expression in human lung cancer, 
the present study determined MET protein expression levels 
in A549 cells by performing western blotting. As shown in 
Fig. 6A and B, the effect of incubation with genistein (50 and 

Figure 2. In vitro effect of genistein on A549 cell viability following treatment for (A) 1‑3 and (B) 2 days. Results are presented as mean ± standard deviation. 
**P<0.01 vs. 0 µM genistein.

Figure 3. In vitro effect of genistein on cell apoptosis in A549 cells. Results 
are presented as mean ± standard deviation. **P<0.01 vs. 0 µM genistein.
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100  µM) for 2  days significantly reduced MET protein 
expression in A549 cells (P<0.01). These data suggest that 
genistein may decrease MET protein expression levels in 
human lung cancer.

Discussion

NSCLC has the highest morbidity and mortality rates of all 
malignant tumors in the majority of the world's countries (16). 
Approximately two‑thirds of patients are diagnosed with locally 
advanced disease or distant metastasis at the time of diagnosis, 
thus, the opportunity for surgery is not possible. Instead, the 
primary treatment of advanced NSCLC is systemic chemo-
therapy treatment, however, the associated analysis indicates 
that the curative effect of chemotherapy on advanced NSCLC 
has entered a plateau period. The use of radiation therapy and 
biological treatment are also poor at improving its curative 
effect (17). Therefore, the identification of effective treatments 
is currently the top priority in lung cancer research. To the best 
of our knowledge, the present study is the first to demonstrate 
that genistein inhibits viability, induces apoptosis and promotes 
caspase‑3/9 activation of A549  cells in a dose‑dependent 

manner. Similarly, Xiao et al (18) demonstrated that genistein 
inhibits human colorectal cancer metastasis. Suzuki et al (19) 
also reported that genistein induces the apoptosis of human 
pancreatic cancer cells. These data suggest that genistein may 
be a potential targeting drug for human lung cancer.

The occurrence and development of lung cancer is a 
complex, multiple links process, including the oncogene acti-
vation and mutations or deficiency of tumor suppressor genes, 
in the process of the occurrence and metastasis of lung carci-
noma, genetic variation is the extensive research focus for many 
years (20). miRNA widely exists in human chromosomes, and 
it have very strong organization specificity. Based regulation 
on proliferation, differentiation, and apoptosis process of cells, 
miRNA can regulate tumor biological behavior, affect the 
occurrence and development of lung carcinoma. Therefore, 
targeted therapy to the miRNA has the vital significance in 
the gene therapy of lung carcinoma. Acunzo et al (21) reported 
that miR‑27a can regulate MET and EGFR in NSCLC. In 
the current study, genistein activated miR‑27a expression of 
NSCLC. Xia et al (22) demonstrated that genistein inhibits 
cell growth of pancreatic cancer cells through regulation of 
miR‑27a and human uveal melanoma cells (23).

Figure 4. In vitro effect of genistein on (A) caspase‑3 and (B) casepase‑9 activation in A549 cells. Results are presented as mean ± standard deviation. **P<0.01 
vs. 0 µM genistein.

Figure 5. In vitro effect of genistein on miR‑27a expression in A549 cells. Results are presented as mean ± standard deviation. **P<0.01 vs. 0 µM genistein.

Figure 6. In vitro effect of genistein on MET protein expression in A549 cells. The effect of genistein on MET protein expression using (A) western blot analysis 
and (B) statistical analysis of MET protein expression level of A549 cell. Results are presented as mean ± standard deviation. **P<0.01 vs. 0 µM genistein.
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MET protein is the receptor of hepatocyte growth 
factor/scatter factor (HGF/SF). MET as the proto‑oncogene, 
the product has tyrosine kinase activity after it is activated, 
HGF/SF specificity combine with it, activate a series of 
trans‑membrane signal transduction pathways, thus stimulate 
epithelial cell morphogenesis, proliferation and migration (24). 
Research has demonstrated that the MET gene has exces-
sive expression in various types of malignant tumor, such 
as lung and breast carcinoma. Under normal circumstances, 
MET signaling pathways involve in embryogenesis, while 
abnormal MET signaling pathways are closely associated 
with tumor occurrence and development; in particular, MET 
has an important role in promoting tumor cell invasion and 
metastasis (25). Increased MET expression appears to be a 
prognostic factor in patients with NSCLC following curative 
surgery (26). In the present study, genistein was observed to 
decrease MET protein expression levels in human lung cancer. 
Similarly, Singletary and Ellington (27) reported that genistein 
suppresses the proliferation of human breast epithelial cells 
through downregulation of the proto‑oncogene MET.

In conclusion, the present study demonstrates for the first 
time that genistein inhibits A549 human lung cancer cell 
proliferation via miR‑27a and MET signaling. Additional 
studies are required to clarify the mechanism underlying the 
interaction between the miRNAs and the potential anti‑cancer 
effect of genistein; in particular, it is important to determine 
the molecular mechanisms of genistein in cancer.
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