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Wang et al.: Effect of Kaempferol on A549 Cells via MicroRNA-199/Mammalian Target of Rapamycin Axis

To explore the function of kaempferol on the lung cancer cell A549 and the microRNA-199 variation is the
objective of the study. The cell proliferation was detected by cell counting kit-8. The expression of mammalian
target of rapamycin, phosphorylated mammalian target of rapamycin, light chain 3-I/II, beclin-1, B-cell
lymphoma 2 and B-cell lymphoma 2-associated X protein was showed by Western blot. The microRNA-199
expression was determined by quantitative polymerase chain reaction. The adenocarcinomic human alveolar
basal epithelial cells, A549 proliferation was gradually low with the concentration of kaempferol rising.
Kaempferol could inhibit the microRNA-199, phosphorylated mammalian target of rapamycin, light chain
3-I/11, beclin-1 and B-cell lymphoma 2-associated X protein expression and promoted B-cell lymphoma
2 expressions. When microRNA-199 inhibited the expression of phosphorylated mammalian target of
rapamycin, light chain 3-I/IT and beclin-1 in the kaempferol+microRNA-199 inhibitor group was lower than
blank group and kaempferol added only group. In the kaempferol+microRNA-199 inhibitor group, the B-cell
lymphoma 2 was lower than the blank group and kaempferol added only group. When the mammalian target
of rapamycin was inhibited the expression of light chain 3-I/II and beclin-1 was low. The B-cell lymphoma 2
was low and the B-cell lymphoma 2-associated X protein was high in the two groups. The kaempferol promoted
the apoptosis and inhibited autophagy in A549 cells via microRNA/mammalian target of rapamycin axis.
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In worldwide, lung cancer is the most normal cancer
which caused death. Non-Small Cell Lung Cancer
(NSCLC), as one of the subtype of lung cancer
constitutes 4 %-17 %, which has 5 y survival rate!!!.
The common method used was chemotherapy for the
treatment of NSCLC. However, the chemotherapy
has side effects*l. Hence, to find an effective and
cheap drug is the goal for clinicians. Kaempferol
(3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-
chromen-4-one) is a polyphenol which is mainly
contained in fruits and vegetables!’. It has many
functions such as anti-inflammation, antioxidant,
antimicrobial, anti-cancer properties etc.[!%!!],
Kaempferol can inhibit the proliferation and increases
apoptosis in cancer cells by triggering apoptosis, cell
and

pathways!!%!>14 Micro Ribonucleic Acid (RNA), as
a small non-coding RNA, can regulate the RNA
expression!'>!'"). Previous study shows that microRNA
(miR)-199 was low expressed in many cancers such
as liver cancer, lung cancer etc.['%"], In present study,
the function of kaempferol on the lung cancer cell
(adenocarcinomic human alveolar basal epithelial
cells-A549) was explored and the miR-199 variation
was also determined. Cell culture used in this study
was explained here. The A549 cells (purchased from
Science Cell No. CP3000) were cultured in
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Dulbecco’s Modified Eagle Medium (DMEM)
(Sigma-Aldrich) containing 10 % Fetal Bovine
Serum (FBS, Gibco), 100 Units/ml penicillin and 0.1
mg/ml streptomycin, respectively. The cells were
cultured in the 37° in 5 % Carbon dioxide (CO,). Cell
Counting Kit-8 (CCK-8) assays was used here. Cell
proliferation after kaempferol treatment was assessed
using the CCK-8 kit. Cells (1x10* cells per well)
were plated in the 96-well plates (100 pl/well) and
10 pl of CCK-8 solution was added at each time
point (24 h, 48 h and 72 h) for 2 h at 37°. The
absorbance values at 450 nm were then measured
using an enzyme marker. Real-time quantitative
Polymerase Chain Reaction (qPCR) analysis was
used in the study. The total RNA was extracted from
cells by using the commercial TRIzol reagent
(Invitrogen, United States of America (USA))
following the manufacturer’s instruction. The quality
of the total RNA was determined by agarose
electrophoresis and the RNA was reversely
transcribed into complementary Deoxyribonucleic
Acid (cDNA) by using the TIANScript Reverse
Transcription (RT) kit (Tiangen Biotech, China).
Then, the SYBR Premix Ex Taq™ II Kit (Takara,
Japan) was used to determine relative gene expression
levels and enrichment. Western blot technique was
used in this study. Total cellular proteins were
extracted using  high  performance radio
immunoprecipitation analysis lysis buffer (C0481,
Sigma-Aldrich) containing 1 % protease inhibitor
and 1 % phosphatase inhibitor (Beyotime). The
protein concentration of each sample was determined
by a bicinchoninic acid kit (23227, Thermo Fisher
Scientific). The proteins were separated by
polyacrylamide gel electrophoresis and transferred
to polyvinylidene fluoride membranes (Millipore,
Billerica, Massachusetts (MA), USA) which were
blocked with 5 % Bovine Serum Albumin (BSA) at
room temperature for 1 h. Primary antibodies were
incubated with membranes overnight at 4°. The
membranes were incubated with Horseradish
Peroxide (HRP)-labeled goat anti-rabbit
immunoglobulin G (ab205718, Abcam) dilutions at
room temperature for 1.5 h. After incubation, the
membranes were developed by using developing
liquid (NCI4106, Pierce, Rockford, Illinois, USA).
Protein quantification was performed using Clinx
Chemi Analysis software (ChemiScope 6000,
Shanghai, China). The miR-199 inhibitor was
purchased from GenePharma (Shanghai, China).
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Cell  transfection  was conducted  using
Lipofectamine™ 2000 (Thermo Fisher Scientific,
Waltham, MA, USA). After 48 h, cells were harvested
for following experiments. Statistical analyses of
data were performed using Graphpad Prism 9.0
(GraphPad Software, San Diego, California, USA).
The measurement data were expressed as
mean+Standard Deviation (SD). Independent sample
t-test was used in comparisons between groups, and
one-way Analysis of Variance (ANOVA) was used
for comparison among multiple groups, followed by
Tukey’s post hoc tests. Comparison of data between
groups at different time points was performed using
two-way ANOVA. A p<0.05 indicated statistically
significant. Kaempferol inhibited the A549
proliferation which was shown in fig. 1. To detect the
effect of kaempferol on the A549 proliferation, the
CCK-8 was used. The A549 proliferation was
gradually low with the concentration of kaempferol
raising (fig. 1) and the optimum concentration of
kaempferol on the A549 proliferation was 40 pg/ml.
Kaempferol promotes the miR-199 expression and
autophagy and also inhibit apoptosis in A549 cells
was shown in fig. 2A-fig. 2C. To detect the miR-199
expression, the qPCR was used and the miR-199
expression was higher in the kaempferol (40 pg/ml
for 48 h) group than blank group. Kaempferol
inhibited the autophagy in A549 cells. Hence, the
expression of phosphorylated mammalian Target of
Rapamycin (p-mTOR), Light Chain 3-I/II (LC3I/II)
and beclin-1 was lower in the kaempferol group than
blank group. However, kaempferol promoted the
AS549 apoptosis and the B-cell lymphoma 2 (Bcl-2)
expressions was low and Bcl-2-associated X protein
(Bax) was high in the kaempferol group. The
influence on the autophagy and apoptosis pathway
after the miR-199 silencing in A549 cells treated by
kaempferol was shown in fig. 3A-fig. 3C. To explore
the function of miR-199 in the kaempferol promoting
autophagy and inhibiting apoptosis in A549 cells, the
miR-199 was inhibited. The expression of p-mTOR,
LC3I/Il and beclin-1 in the kaempferol+miR-199
inhibitor group was lower than blank group and
kaempferol added only group. In the
kaempferol+miR-199 inhibitor group, the Bcl-2 was
lower than the blank group and kaempferol added
only group. However, the Bax was higher. The cell
proliferation in the kaempferol+miR-199 inhibitor
group was higher than the blank group and kaempferol
added only group. The influence on miR-199, the
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autophagy and apoptosis pathway after the mTOR
inhibition in A549 cells treated by kaempferol was
shown in fig. 4A-fig. 4C. When the mTOR was
inhibited, the expression of LC3I/II and beclin-1 was
low and there was no difference between the
kaempferol group and blank group. The Bcl-2 was
low, the Bax was high in the two groups and the cell
proliferation has no difference. NSCLC is an alarming
incidence, accounting for 85 % of lung cancers.
NSCLC in the majority of patients already at an
advanced stage during diagnosis, in which usually
less than 5 % of patients survive only 5 yl20-23,
Kaempferol, as a main portion of fruits and
vegetables, can act as antitumor®. In this study, we
found kaempferol can inhibit the A549 cell
proliferation. MiR-199 was expressed low in many
cancers!!®2*2¢) and miR-199 can regulate Mitogen-
Activated Protein Kinase (MAPK) pathway®”. In
this study, kaempferol can promote the miR-199

expression and kaempferol also promoted the
apoptosis and inhibited autophagy in A549 cells.
When the miR-199 silenced, the function of
kaempferol on A549 cells disappeared. This means
miR-199 may join in the processes of kaempferol
promoting the apoptosis and inhibiting autophagy in
A549 cells. Kaempferol promoted the apoptosis in
vitro. This may give us a new way for the treatment
of NSCLC. mTOR is the key protein in the
Phosphoinositide-3-Kinase (PI3K)/Protein Kinase B
(AKT)/mTOR pathway!**3%.  This pathway can
influence the cell autophagy pathway and apoptosis
pathway®%. In this study, we found mTOR could
inhibit the cell autophagy via inhibiting the
expression of LC3I/Il and beclin-1. mTOR could
promote cell apoptosis via inhibiting the Bcl-2
expression and promoting Bax expression. Hence, in
this study, we found that the kaempferol promoted
the apoptosis and inhibited autophagy in A549 cells
via miR-199/mTOR axis.
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Fig. 1: A549 cell proliferation percentage, (—#=) 0; (
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Fig. 2: Kaempferol promotes the miR-199 expression and autophagy, and also inhibit cell apoptosis, (A) miR-199 expression
detected by qPCR, *p>0.05; (B) mTOR, p-mTOR, LC3I/11, beclin-1, Bax and Bcl-2 expression and (C) Quantification mTOR,
p-mTOR, LC3I/11, beclin-1, Bax and Bcl-2, (mm) Kaempferol and (=) Control, *p<0.05 compared to control
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Fig. 3: The influence on the autophagy and apoptosis pathway after the miR-199 over expressed in A549 cells treated by
kaempferol, (A) mTOR, p-mTOR, LC3I/IL, beclin-1, Bax and Bcl-2 expression; (B) Quantification of ( m® ) mTOR, p-mTOR;
(B3 ) LC3V/1I; ( == ) beclin-1/Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH); ( &5 ) Bax/GAPDH and ( ‘=3 ) Bcl-2/
GAPDH, *p<0.05 compared to blank and (C) A549 cell proliferation percentage, (=) Blank; (-#-) miR-199 inhibitor; (=#)
kaempferol and (- ) kaempferol+miR-199 inhibitor
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Fig. 4: The influence on miR-199, the autophagy and apoptosis pathway after the mTOR inhibited in A549 cells treated by kaemp-
ferol, (A) miR-199 expression, LC31I/IL, beclin-1, Bax and Bcl-2 expression. (B) Quantification of LC3I/I1, beclin-1, Bax and Bcl-2,
(mm) Control and (=) Kaempferol and (C) A549 cell proliferation percentage, (==) Blank and (=) Kaempferol
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