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Kaempferol suppresses human gastric cancer SNU-
216 cell proliferation, promotes cell autophag
has no influence on cell apop

Abstract

SNU-216 cells after kaempferol treatment were evaluated using cell counti
assay, and annexin V-FITC/PI staining, respectively. Quantitative revers
mRNA expressions of cyclin D1 and microRNA-181a (miR-181a) in SNU-21
the expression of miR-181a. The protein expression levels of cyclln D1, bcl-
gene 7, microtubule-associated protein 1 light chain 3-1 (LC3-I),
extracellular regulated protein kinases (ERK), and phosphatig

MAPK/ERK and PI3K pathways inactivation i
proliferation and promoted autophagy of hu
MAPK/ERK and PI3K pathways.

Key words: Gastric cancer; Kaempfer

Introduction

en worldwide,
ses and 10,960
to the results of
ors contribute to the
uding improper dietary
bacter pylori infection, and
4). Although diagnosis and
er have improved in recent years,
f patients remains only 30% (5).
ctiye early diagnostic biomarkers and the

Gastric cancer is a majo
which accounts for roughl

refore, searching for novel and more
tive, diagnostic, and therapeutic strategies
ancer are still extremely needed.

t-derived medicines in cancer therapy have
more attention around the world, due to their
safety, efficiency, and minimal side effects (8). Kaempferol

Correspondence: Cuimei Ma: <cuimeimal@sina.com>

Received July 22, 2018 | Accepted November 19, 2018

Braz J Med Biol Res | doi: 10.1590/1414-431X20187843

18

t

Jining, China
, Jining, China

- Cell transfection was used to down-regulate
ax, caspase 3, caspase 9, autophagy-related
62, mitogen-activated protein kinase (MAPK),
R kinase (PI3K) in SNU-216 cells were detected using
ed SNU-216 cell viability and proliferation but had

is a natural flavonoid compound found in many vegetables
and fruits with a wide range of pharmacological activities
(9,10). Regarding its anti-cancer effects, several prelimi-
nary studies demonstrated that kaempferol suppressed
the growth of multiple cancers, including breast cancer
(11), lung cancer (12), colon cancer (13), bladder cancer
(14), hepatic cancer (15), pancreatic cancer (16), and
gastric cancer (17). For gastric cancer, Song et al. (17)
demonstrated that kaempferol suppressed the prolifera-
tion of human gastric cancer MKN28 and SGC7901 cells,
as well as the growth of tumor xenografts, by inactivating
phosphatidylinositol 3 kinase/protein kinase 3 (PI3K/AKT)
and mitogen-activated protein kinase/extracellular regu-
lated protein kinases (MAPK/ERK) signaling pathways.
More experimental research is still needed to further
explore the specific molecular mechanisms of kaempferol
on gastric cancer cells.
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MicroRNAs (miRNAs) are small non-coding regulatory
RNAs in eukaryotic cells, which can serve as gene
regulators capable of controlling expression of multiple
genes by targeting the 3’ untranslated regions (3'UTR) of
the mRNAs (18). Kaempferol can exert anti-cancer effects
by regulating miRNAs expressions in cancer cells (19).
Previous experimental study showed that miRNA-181a
(miR-181a) was down-regulated in gastric cancer tissues
and played critical roles in suppressing gastric cancer
HGC-27 cell proliferation, invasion, and metastasis (20).
However, there is no information available about the
effects of kaempferol on miR-181a expression in gastric
cancer cells.

Thus, in this research, we assessed the prolif-
eration, apoptosis, and autophagy of human gastric cancer
SNU-216 cells after kaempferol treatment. Moreover, we
analyzed the role of miR-181a in kaempferol-induced
inactivation of MAPK/ERK and PI3K pathways in SNU-
216 cells. These findings will provide new evidence for
further understanding the anti-cancer effects of kaemp-
ferol on gastric cancer.

Material and Methods

Cell culture and treatment
Human gastric cancer cell line SNU-216 was pr
by Korean Cell Line Bank (Korea). Human gastric
GES-1 cells were purchased from Beijing Ingi
Cancer Research (China). SNU-216 and
were both cultured in Dulbecco’s modified

fetal bovine serum (FBS, Gibco, Life
1% penicillin-streptomycin (Gibco,

tific, USA) at 37°C with 5% C
Kaempferol powder was o

sulfoxide (DMSO,
storage concentrati

as measured using cell counting kit-8
me Biotechnology, China) assay. Briefly,
U-216 cells were seeded in a 96-well plate
. Corning Incorporated, USA) with 1 x 10* cells
per and exposure to 10-100 pM kaempferol for 24 or
48 h. Then, 10 pL CCK-8 solution was added into each
well of the plate followed by incubation for 1 h at 37°C.
After that, the absorbance of each well at 450 nm was
recorded using a micro-plate reader (Bio-Tek Instru-
ments, USA). Cell viability (%) was quantified by average
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were seeded in 6-well plates (Costar,
orated) with 1 x 10° cells per well. BrdU
g/mL) wds added into each well of the plate before
aempferol treatment for 4 h. Incubation time with
orol was 24 h. After that, cell proliferation (%) of
Jroup was quantified by number of BrdU positive
(+9cells/number of total cells x 100%.

Quantitative reverse transcription PCR (qRT-PCR)

gRT-PCR was conducted to detect the expressions of
cyclin D1 and miR-181a in SNU-216 cells after 50 puM
kaempferol treatment or miR-181a inhibitor transfection.
Briefly, after relevant treatment or transfection, total RNAs
in SNU-216 cells were isolated using TRIzol™ Plus RNA
Purification kit (Invitrogen, USA). SuperScript™ IIl Plati-
num™ One-Step qRT-PCR kit (Invitrogen) was used to
detect the expressions of cyclin D1 and B-actin. MirVa-
na™ gRT-PCR miRNA Detection kit (Invitrogen) was used
to detect the expression of miR-181a and UG6; B-actin
and U6 acted as endogenous control, respectively. The
primers were cyclin D1: 5-CCCTCGGTGTCCTACTT
CAAA-3' (forward) and 5-CACCTCCTCCTCCTCCTCT
TC-3' (reverse); p-actin: 5-CCAGGCACCAGGGCGT
GATG-3' (forward) and 5-CGGCCAGCCAGGTCCAGA
CG-3' (reverse); miR-181a: 5-GAACATTCAACGCTGTC
GGTG-3'; U6: 5-TGCGGGTGCTCGCRRCGGCAGC-3'.
Data was quantified using 272 2! method (21).

Cell apoptosis assay

Cell apoptosis was determined using annexin V-FITC/
Pl apoptosis detection kit (Becton-Dickinson, USA) follow-
ing the manufacturer’s instructions. SNU-216 cells were
seeded in a 6-well plate (Costar, Corning Incorporated) with
1 x 10° cells per well and exposure to 50 pM kaempferol
for 24 h. Then, cells in each well were harvested, washed
twice with phosphate buffered saline (PBS, Beyotime
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Biotechnology), and stained with annexin V-FITC/PI solu-
tion for 25 min at 37°C in the dark. FACScan flow cytometry
(BD Biosciences, USA) was performed to analyze cell
apoptosis. Data were quantified using FlowJo software
(FlowJo LLC, USA) (22).

Cell transfection

miR-181a inhibitor and negative control (NC) were
both designed and synthesized by GenePharma Corpora-
tion (China). The sequence for miR-181a inhibitor was:
5’-ACUCACCGACAGCGUUGAAUGUU-3'. Cell transfec-
tion was conducted using Lipofectamine 3000 reagent
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Transfection efficiency was evaluated using qRT,

Western blotting
After 50 uM kaempferol treatment and/or
inhibitor transfection, total proteins in S

assay kit (Beyotime Biotechnolo
system (Bio-Rad Laboratories,
lish the western blotting s

B 120-

©
o
L

Cell viability (%)

Kaempferol (uM)

Control Kaempferol
F Cyclin D1 SN S—
B-actin  AE—_——
1.57
2 Control Kaempferol
2
2
£ 1.0+
£
Qo
o 0.57
2
®
®
o

0.0-

Control Kaempferol

Figure 2. Kaempferol suppressed SNU-216 cell viability and proliferation. A, Viability of GES-1 cells after 10-100 pyM kaempferol
treatment was detected using cell counting kit-8 assay. B and C, Viability of SNU-216 cells after 10-50 uM kaempferol treatment for
24 and 48 h were measured using CCK-8 assay. D, Proliferation of SNU-216 cells after 50 uM kaempferol treatment was evaluated
using 5-bromo-2'-deoxyuridine incorporation assay (BrdU). E and F, mRNA and protein expression levels of cyclin D1 in SNU-216 cells
after 50 uM kaempferol treatment were determined using quantitative reverse transcription PCR and western blotting, respectively. Data

are reported as means = SD. *P<0.05, **P<0.01 (ANOVA or t-test).
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gels and transferred onto nitrocellulose membranes
(Millipore, USA), which were incubated with primary
antibodies. All primary antibodies were prepared in 1%
bovine serum albumin (BSA, Beyotime Biotechnology)
solution at a dilution of 1:1000. Anti-cyclin D1 antibody
(#2922), anti-Bcl-2 antibody (#2872), anti-Bax antibody
(#2774), anti-pro-caspase 3 antibody (#9662), anti-cleaved-
caspase 3 antibody (#9664), anti-pro-caspase 9 antibody
(#9502), anti-cleaved-caspase 9 antibody (#9505), anti-
autophagy-related gene 7 (ATG7) antibody (#2631), anti-
microtubule-associated protein 1 light chain 3-I/11 (LC3-I/
I1) antibody (#4108), anti-beclin 1 antibody (#3738), anti-
p62 antibody (#8025), anti-MAPK antibody (#9212), anti-
p-MAPK antibody (#9216), anti-ERK antibody (#9102),
anti-p-ERK antibody (#5726), anti-PI3K antibody (#4292),
anti-p-PI3K antibody (#4228), and anti-B-actin antibody
(#4970) were all purchased from Cell Signaling Technology
(USA). Subsequently, the nitrocellulose membranes were
incubated with anti-mouse (rabbit) IgG (H+L) DYLight™
680 conjugate (#5470, #5366, Cell Signaling Technology)
for 1 h at room temperature. Odyssey System (Licor
Biosciences, Germany) was used to record signals of
proteins. Data were quantified using Quantity One
software (Bio-Rad Laboratories) (23).

Statistical analysis
All experiments were repeated at least thre
GraphPad 6.0 software (GraphPad, USA) wa
statistical analysis. Data are reported as
Statistical comparisons were made using
or one-way analysis of variance (ANOV.,
considered statistically significant.

Results

Kaempferol suppressed S
proliferation

Firstly, we detecte
10-100 pM kaempf,
Results in Figure 10-50 uM kaempferol

effect on GES-1 cell viability,

ent for 24 and 48 h were then measured.
show that kaempferol inhibited the viability
cells in a dose- and time-dependent manner
5 or P<0.01). Kaempferol treatment at 50 uM for
duced the viability of SNU-216 cells to 26.87
+3.18% and 50 pM kaempferol treatment for 48 h
reduced the viability of SNU-216 cells to 9.63 £ 4.28%.
Considering that 50 M kaempferol treatment for 24 h was
able to significantly inhibit the viability of SNU-216 cells,
this protocol was chosen for subsequent experiments.

Braz J Med Biol Res | doi: 10.1590/1414-431X20187843

4/8

A . B
Bcl-2
g 44 Bax
Tg o == Pro-Caspase 3
© Cleaved-Caspase 3
E" 21 Pro-Caspase 9 s
M Cleaved-Cas|

Control Kaempferol Kaempferol

SNU-216 cell

aempferol treatment.

B, Western blotting was ct the expressions of

Bcl-2, Bax, pro-caspa:
and cleaved-caspas
treatment. Data ar

p was significantly reduced (P<0.01).
T-PCR and western blotting illustrated
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xNU-216 cells were both decreased after 50 uM
=rol treatment (Figure 2E and F, P<0.01). The

pferol could suppress gastric cancer SNU-216 cell
bility and proliferation, but had no significant effect on
normal gastric cells.

Kaempferol had no influence on SNU-216 cell
apoptosis

Annexin V-FITC/PI staining and western blotting were
performed to assess SNU-216 cell apoptosis after 50 uM
kaempferol treatment for 24 h. As displayed in Figure 3A,
the rate of apoptotic cells was not changed after 50 uM
kaempferol treatment, compared to the control group. The
expression levels of bcl-2, bax, pro-capsase 3, cleaved-
caspase 3, pro-caspase 9, and cleaved-caspase 9 were
also not changed in SNU-216 cells after 50 uM kaempferol
treatment, compared to the control group (Figure 3B).
These findings suggested that kaempferol had no influ-
ence on SNU-216 cell apoptosis.

Kaempferol induced SNU-216 cell autophagy

To analyze the effects of kaempferol on SNU-216 cell
autophagy, the protein expression levels of ATG7, LC3-I,
LC3-ll, beclin 1, and p62 in SNU-216 cells after 50 uM
kaempferol treatment were measured using western blotting.
Figure 4A and B show that 50 uM kaempferol treatment
significantly down-regulated the protein expression level of
p62 (P<0.01) and remarkably up-regulated the protein
expression levels of ATG7, LC3-Il/l, and beclin 1 in SNU-216
cells (P<0.05 or P<0.01). These findings revealed that
kaempferol obviously induced gastric cancer SNU-216 cell
autophagy.
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Figure 4. Kaempferol induced SNU-216 cell autophagy. After 50
uM kaempferol treatment, the protein expression levels of ATG7,
LC3-, LC3-Il, beclin 1, and p62 in SNU-216 cells were evaluated PK, p-ERK/ERK, and p-PI3K/PI3K
using western blotting. ATG7: autophagy-related gene 7; LC3: i 0.01). These findings indicated
microtubule-associated protein 1 light chain 3. Data are reported ' d inactivate MAPK/ERK and PI3K
as means £ SD. *P <0.05, **P<0.01 (t-test).
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_- transfection significantly down-regulated the expres-
T sion level of miR-181a in SNU-216 cells (P<0.01).

Figure 7B shows that miR-181a inhibitor transfection
notably reversed the kaempferol-induced MAPK/ERK
and PI3K pathways inactivation in SNU-216 cells by
of miR-181a enhancing the expression rates of p-MAPK/MAPK,

atment. Data are  p-ERK/ERK and p-PI3K/PI3K (P<0.01). These find-
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Figure 6. Kaempferol inactivated MAPK/ERK and PI3K pathways in SNU-216 cells. After 50 uM kaempferol treatment, the expressions
of MAPK, p-MAPK, ERK, p-ERK, PI3K, and p-PI3K in SNU-216 cells were determined using western blotting. MAPK: mitogen-activated
protein kinase; ERK: extracellular regulated protein kinases; PI3K: phosphatidylinositol 3 kinase. Data are reported as means = SD.
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kaempferol-induced MAPK/ERK and PI3K pathways
inactivation in gastric cancer SNU-216 cells.
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Discussion

agy. Moreover, kaempferol en
of miR-181a in SNU-216 cells.
participated in the kaempfero
MAPK/ERK and PI3K path
ade their own niche
dise , including cancers
demonstrated that there
tween occurrences of
cancers and
ferol (27). 1

pferol could reduce gastric cancer
and proliferation, but had no

Is of cyclin D1, which plays pivotal roles
proliferation (28), were both decreased
rol treatment. Considering that kaempferol
2n found to exert anti-proliferative effects on gastric
KN28 and SGC7901 cells (17), the results of our

muwiple gastric cancer cell proliferation.

Cell autophagy has been considered as a non-
apoptotic form of programmed cell death (29). Guo et al.
(30) suggested that kaempferol induced hepatic cancer
cell death through endoplasmic reticulum stress-CCAAT/
enhancer-binding protein homologous protein (CHOP)-
autophagy signaling pathway. Huang et al. (15) proved
that kaempferol induced human hepatic cancer cell
autophagy via adenosine 5-monophosphate-associated
protein kinase (AMPK) and AKT signaling pathways.
Thus, in the present research, we also investigated the
effects of kaempferol on gastric cancer SNU-216 cell
autophagy. We found that the protein expression levels of
ATG7, LC3-ll/l, and beclin 1 were all enhanced and the
protein expression level of p62 was decreased in SNU-
216 cells after kaempferol treatment. ATG7 is a core
autophagy regulator and required for autophagy-depen-
dent lipid metabolism (31). During autophagy, a cytosolic
form of LC3 (LC3-l) is lapidated and converted to form
LC3-Il, which is a key process of autophagy pathway (32).
Beclin 1 is a positive regulator of cell autophagy and p62 is
a negative regulator of cell autophagy (33,34). Therefore,
we could conclude that kaempferol also played anti-
cancer effects on gastric cancers by inducing gastric
cancer cell autophagy.

Numerous studies demonstrated that miRNAs had
critical roles in the regulation of multiple cellular processes
and participated in the progression of many cancers (35).
Many plant-derived medicines, including kaempferol, can
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exert anti-cancer effects by modulating the expressions
of miRNAs (19,36). In this research, we revealed that
kaempferol enhanced the expression level of miR-181a in
SNU-216 cells, suggesting that miR-181a might partici-
pate in the effects of kaempferol on gastric cancer cells.
Moreover, this result was consistent with a previous study,
which showed that miR-181a was down-regulated in gastric
cancer tissues and played central roles in suppressing
gastric cancer HGC-27 cell proliferation, invasion, and
metastasis (20).

Song et al. (17) reported that kaempferol suppressed
the proliferation of gastric cancer cells by inactivating
PI3K/AKT and MAPK/ERK signaling pathways. Consistent
with this previous study, we also found that kaempferol
could inactivate MAPK/ERK and PI3K pathways in gastric
cancer SNU-216 cells. Moreover, suppression of miR-181a
reversed the kaempferol-induced MAPK/ERK and PI3K

References

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA
Cancer J Clin 2017; 67: 7-30, doi: 10.3322/caac.21387.

2. Wadhwa R, Taketa T, Sudo K, Blum MA, Ajani JA. Modern
oncological approaches to gastric adenocarcinoma. Gastr
enterol Clin North Am 2013; 42: 359-369, doi: 10.1
j.gtc.2013.01.011.

3. Peille AL, Wong SS, Kiefer F, Zeitouni B, Maier A, F

314, doi: 10.1158/1538-7445.AM2014-LB-
4. Fu DG. Epigenetic alterations in gastz:

2015.3816.

5. Liu H, Gao Y, Song D, Liu T, Feng
microRNA-421 expression lgue
cancer. Int J Clin Exp Patl
10.1007/s00104-013-2598-5.

6. Orditura M, Galizia G 43® bardella V, Fabozzi A,

gastric cancer. World J

. itations of surgery for cancer of
tinal tract. Chirurg 2014; 85: 186-191,

induced by gypenosides in human colon
and esophageal cancer Eca-109 cells.

in F, Luo X, Tsun A, Li Z, Li D, Li B. Kaempferol enhances

uppressive function of Treg cells by inhibiting FOXP3

phosphorylation. Int Immunopharmacol 2015; 28: 859-865,
doi: 10.1016/j.intimp.2015.03.044.

10. Dhiman A, Nanda A, Ahmad S. A quest for staunch effects
of flavonoids: Utopian protection against hepatic ailments.
Arabian J Chem 2012; 12: 1702-1711, doi: 10.1016/j.arabjc.
2012.05.001.

Braz J Med Biol Res | doi: 10.1590/1414-431X20187843

7/8

pathways inactivation in SNU-216 cells. These findings

induced inactivation of MAPK/ERK and PI3K
gastric cancer SNU-216 cells. Considering tha

of our research implied that kaempferol
cancer cell growth by up-regulatin
ing MAPK/ERK and PI3K pathw:

In conclusion, our research onstr: that kaemp-
ferol suppressed proliferati autophagy of
human gastric cancer - e y up-regulating
miR-181a and inactiy, MA K and PI3K path-

ways. This study wil | for further understanding

py kaempferol.

11. Kim S wang KA, Choi KC. Treatment with kaempferol

breast cancer cell growth caused by estrogen

d triclosan in cellular and xenograft breast cancer models.

utr Biochem 2016; 28: 70-82, doi: 10.1016/j.jnutbio.
5.09.027.

E, Park SJ, Choi YS, Jeon WK, Kim BC. Kaempferol

uppresses transforming growth Factor-beta1-Induced

Epithelial-to-Mesenchymal transition and migration of A549

lung cancer cells by inhibiting Akt1-Mediated Phosphoryla-

tion of Smad3 at Threonine-179. Neoplasia 2015; 17: 525—

537, doi: 10.1016/j.ne0.2015.06.004.

13. Lee HS, Cho HJ, Kwon GT, Park JH. Kaempferol down-
regulates Insulin-like Growth Factor-I Receptor and ErbB3
Signaling in HT-29 human colon cancer cells. J Can Prev
2014; 9: 161-169, doi: 10.15430/JCP.2014.19.3.161.

14. Dang Q, Song W, Xu D, MaY, Li F, Zeng J, et al. Kaempferol
suppresses bladder cancer tumor growth by inhibiting cell
proliferation and inducing apoptosis. Mol Carcinog 2015; 54:
831-840, doi: 10.1002/mc.22154.

15. Huang WW, Tsai SC, Peng SF, Lin MW, Chiang JH, Chiu YJ,
et al. Kaempferol induces autophagy through AMPK and
AKT signaling molecules and causes G2/M arrest via
downregulation of CDK1/cyclin B in SK-HEP-1 human hepatic
cancer cells. Int J Oncol 2013; 42: 2069-2077, doi: 10.3892/
ij0.2013.1909.

16. Lee J, Kim JH. Kaempferol inhibits pancreatic cancer cell
growth and migration through the blockade of EGFR-related
pathway in vitro. PloS One 2016; 11: e0155264, doi: 10.1371/
journal.pone.0155264.

17. Song H, Bao J, Wei Y, Chen Y, Mao X, Li J, et al.
Kaempferol inhibits gastric cancer tumor growth: An in
vitro and in vivo study. Oncol Rep 2015; 33: 868-874, doi:
10.3892/0r.2014.3662.

18. Costa FF. Non-coding RNAs: new players in eukaryotic biology.
Gene 2015; 357: 83-94, doi: 10.1016/j.gene.2005.06.019.

19. Kim K, Kim S, Moh SH, Kang H. Kaempferol inhibits
vascular smooth muscle cell migration by modulating BMP-
mediated miR-21 expression. Mol Cell Biochem 2015; 407:
143-149, doi: 10.1007/s11010-015-2464-5.


http://dx.doi.org/10.3322/caac.21387
http://dx.doi.org/10.1016/j.gtc.2013.01.011
http://dx.doi.org/10.1016/j.gtc.2013.01.011
http://dx.doi.org/10.1158/1538-7445.AM2014-LB-314
http://dx.doi.org/10.3892/mmr.2015.3816
http://dx.doi.org/10.3892/mmr.2015.3816
http://dx.doi.org/10.1007/s00104-013-2598-5
http://dx.doi.org/10.3748/wjg.v20.i7.1635
http://dx.doi.org/10.3748/wjg.v20.i7.1635
http://dx.doi.org/10.1007/s00104-013-2598-5
http://dx.doi.org/10.1177/0960327113497771
http://dx.doi.org/10.1177/0960327113497771
http://dx.doi.org/10.1016/j.intimp.2015.03.044
http://dx.doi.org/10.1016/j.arabjc.2012.05.001
http://dx.doi.org/10.1016/j.arabjc.2012.05.001
http://dx.doi.org/10.1016/j.jnutbio.2015.09.027
http://dx.doi.org/10.1016/j.jnutbio.2015.09.027
http://dx.doi.org/10.1016/j.neo.2015.06.004
http://dx.doi.org/10.15430/JCP.2014.19.3.161
http://dx.doi.org/10.1002/mc.22154
http://dx.doi.org/10.3892/ijo.2013.1909
http://dx.doi.org/10.3892/ijo.2013.1909
http://dx.doi.org/10.1371/journal.pone.0155264
http://dx.doi.org/10.1371/journal.pone.0155264
http://dx.doi.org/10.3892/or.2014.3662
http://dx.doi.org/10.1016/j.gene.2005.06.019
http://dx.doi.org/10.1007/s11010-015-2464-5
http://dx.doi.org/10.1590/1414-431X20187843

Effects of kaempferol on gastric cancer

20. LinF LiY, Yan S, Liu S, Qian W, Shen D, et al. MicroRNA-
181a inhibits tumor proliferation, invasiveness, and metasta-
sis and is downregulated in gastric cancer. Oncol Res 2015;
22: 75-84, doi: 10.3727/096504014X14024160459203.

21. Ish-Shalom S, Lichter A. Analysis of fungal gene expression
by real time quantitative PCR. Methods Mol Biol 2010; 638:
103-114, doi: 10.1007/978-1-60761-611-5.

22. Xiao X, Zhou L, Cao P, Gong H, Zhang Y. MicroRNA-93
regulates cyclin G2 expression and plays an oncogenic role
in laryngeal squamous cell carcinoma. Int J Oncol 2015; 46:
161-174, doi: 10.3892/ij0.2014.2704.

23. Ansorena E, De Berdt P, Ucakar B, Simon-Yarza T, Jacobs
D, Schakman O, et al. Injectable alginate hydrogel loaded
with GDNF promotes functional recovery in a hemisection
model of spinal cord injury. Int J Pharm 2013; 455: 148-158,
doi: 10.1016/j.ijpharm.2013.07.045.

24. Khatoon J, Rai RP, Prasad KN. Role of Helicobacter pylori in
gastric cancer: Updates. World J Gastrointest Oncol 2016;
8: 147-158, doi: 10.4251/wjgo.v8.i2.147.

25. Pistollato F, Giampieri F, Battino M. The use of plant-derived
bioactive compounds to target cancer stem cells and
modulate tumor microenvironment. Food Chem Toxicol
2015; 75; 58-70, doi: 10.1016/j.fct.2014.11.004.

26. Saklani A, Kutty SK. Plant-derived compounds in clinical
trials. Drug Discov Today 2008; 13: 161-171, doi: 10.1016/
j.drudis.2007.10.010.

27. Ozcan C, Yaman M. Determination of Kaempferol in Ros
canina, Urtica dioica, Terebinthina chica and Port

9762, doi: 10.14233/ajchem.2013.15311.

28. Qie S, Diehl JA. Cyclin D1, cancer progr
opportunities in cancer treatment. J Mol
1313-1326, doi: 10.1007/s00109-016-147.

29. Levine B, Yuan J. Autophagy in cell

convict? J Clin Invest 2005; 115: 26 72/
JCI26390.

30. Guo H, Lin W, Zhang X, Zhang L, et al
Kaempferol induces hepatocellular ca Il death via

&

Braz J Med Biol Res | doi: 10.1590/1414-431X20187843

8/8

endoplasmic reticulum stress-CHOP-autophagy signaling

oncotarget.19200.
31. Juhasz G, Erdi B, Sass M, Neufeld TP. A

phila. Genes Dev 2007; 21: 3061-3
1600707.

32. Aparicio IM, Martin Mundz
Tapia JA. The autophagy-r
cessed in stallion spermato hort-and long-

ul conditions.

0240.
33. Toton E, Lisiak N,
its role as a targg

2014; 65: 45
34. Jiang P, | 3- and p62-based biochemical
methods s of autophagy progression in

Methods 2015; 75: 13—18, doi: 10.1016/

35.
. Curr Pharm Biotechnol 2014; 15: 429, doi:
920101505140828161335.

arrison JS, Studzinski GP, Wang X. Involvement

microRNA181a in differentiation and cell cycle arrest
ced by a plant-derived antioxidant carnosic acid and
min D analog doxercalciferol in human leukemia cells.
icroRNA 2012; 1: 26-33, doi: 10.2174/22115366112010

10026.

Wei L, Li Y, Suo Z. TSPANS8 promotes gastric cancer growth

and metastasis via ERK MAPK pathway. Int J Clin Exp Med

2015; 8: 8599-8607.

38. Xing X, Zhang L, Wen X, Wang X, Cheng X, Du H, et al.
PP242 suppresses cell proliferation, metastasis, and angio-
genesis of gastric cancer through inhibition of the PI3SK/AKT/
mTOR pathway. Anticancer Drugs 2014; 25: 1129-1140,
doi: 10.1097/CAD.0000000000000148.


http://dx.doi.org/10.3727/096504014X14024160459203
http://dx.doi.org/10.1007/978-1-60761-611-5
http://dx.doi.org/10.3892/ijo.2014.2704
http://dx.doi.org/10.1016/j.ijpharm.2013.07.045
http://dx.doi.org/10.4251/wjgo.v8.i2.147
http://dx.doi.org/10.1016/j.fct.2014.11.004
http://dx.doi.org/10.1016/j.drudis.2007.10.010
http://dx.doi.org/10.1016/j.drudis.2007.10.010
http://dx.doi.org/10.14233/ajchem.2013.15311
http://dx.doi.org/10.1007/s00109-016-1475-3
http://dx.doi.org/10.1172/JCI26390
http://dx.doi.org/10.1172/JCI26390
http://dx.doi.org/10.18632/oncotarget.19200
http://dx.doi.org/10.18632/oncotarget.19200
http://dx.doi.org/10.1101/gad.1600707
http://dx.doi.org/10.1101/gad.1600707
http://dx.doi.org/10.1017/S1751731116000240
http://dx.doi.org/10.1017/S1751731116000240
http://dx.doi.org/10.1016/j.ymeth.2014.11.021
http://dx.doi.org/10.1016/j.ymeth.2014.11.021
http://dx.doi.org/10.2174/138920101505140828161335
http://dx.doi.org/10.2174/2211536611201010026
http://dx.doi.org/10.2174/2211536611201010026
http://dx.doi.org/10.1097/CAD.0000000000000148
http://dx.doi.org/10.1590/1414-431X20187843

	title_link
	A1

	1414-431X-bjmbr-52-2-7843.pdf
	title_link
	Introduction
	Material and Methods
	Cell culture and treatment
	Cell viability assay
	Cell proliferation assay
	Quantitative reverse transcription PCR lparqRThyphenPCRrpar
	Cell apoptosis assay

	Figure 1.
	Cell transfection
	Western blotting

	Figure 2.
	Statistical analysis

	Results
	Kaempferol suppressed SNUhyphen216 cell viability and proliferation
	Kaempferol had no influence on SNUhyphen216 cell apoptosis
	Kaempferol induced SNUhyphen216 cell autophagy

	Figure 3.
	Kaempferol uphyphenregulated the expression of miRhyphen181a in SNUhyphen216 cells
	Kaempferol inactivated MAPKsolERK and PI3K pathways in SNUhyphen216 cells
	miRhyphen181a participated in the kaempferolhypheninduced MAPKsolERK and PI3K pathways inactivation in SNUhyphen216 cells

	Figure 5.
	Figure 4.
	Figure 6.
	Discussion
	Figure 7.

	REFERENCES
	References


	BJMBR7843retraction.pdf
	title_link
	A1





