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Introduction

Liver cancer is the third leading death of cancer worldwide, and it seriously
threatens human health. There are approximately 850,000 new cases and 600,000
deaths every year in the world.! Although the diagnosis and treatment technologies
of liver cancer have made great progress, the five-year survival rate is still extre-
mely low.” In China, HCC is the most common type of primary liver cancer and has
a high recurrence rate and a poor prognosis.® Therefore, it is urgent to find a more
effective treatment strategy for liver cancer.

The effect of autophagy in hepatocytes is worthy of concern. Autophagy con-
tributes to maintaining hepatocyte homeostasis, and it plays an important role in
preventing malignant transformation.* It has been confirmed that autophagy plays
a suppressive role in hepatocellular carcinoma (HCC) tumourigenesis. Takamura
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et al found the accumulation of nonfunctional proteins and
organelles in hepatocytes after knocking out autophagy-
related gene 5 (ATGS5) and autophagy-related gene 7
(ATG7).” The conditional knockout of ATG7 in mouse
liver results in hepatomegaly and metabolic disorders.®’
BECLIN1, the mammalian orthologue of yeast autop-
hagy-related gene 6 (ATGO), is also a mammalian-specific
gene involved in autophagy. Qu et al found that
a heterozygous mutation disrupted the BECLIN1 autop-
hagy gene, promoting hepatocyte tumourigenesis.®
Previous studies have suggested that BECLINI contains
a leucine-rich nuclear export signal that is required for its
autophagy and tumour suppressor function.”'® Huang et al
found that aspirin induced BECLINI1-dependent autop-
hagy in human HCC cells."! The expression of
BECLINI1 in HCC is associated with clinicopathological
parameters and prognostic significance.'? Therefore, these
studies have demonstrated that BECLINI is an HCC

biomarker.

5,6,7,8,4’-Pentamethoxyflavone (Tangeretin; for its
structure, see Figure 1A) is one of the plant-derived flavo-
noids found in tangerine, sweet orange, and other citrus
peels and has been shown to possess a variety of pharma-
cological activities, including antioxidative, a
inflammatory, and antitumour properties.'? Tangereti

exerts antiasthmatic effects by reducing the le

molecular mech® s responsible for its anticancer

activity.

Materials and methods

Reagents

Tangeretin (S2363) was obtained from Selleck (Shanghai,
China); anti-BECLIN-1 antibody (ab62557) was purchased
from Abcam (Cambridge, UK). Anti-LC3 (#12741S), anti-
p62 (#5114S), anti-caspase-3 (#9662S) and anti-cleaved

caspase-3 (#9661S) antibodies were obtained from Cell
Signaling Technology (Danvers, MA). Anti-Bcl-2
(PRS3335), anti-phospho-Bcl-2 (SAB4504350), anti-phos-
pho-JNK (SAB4504449), and anti-JNK (SAB4200176)
antibodies were obtained from Sigma-Aldrich (Shanghai,
China). Lipofectamine RNAIMAX reagent (13778150)
was obtained from Thermo Fisher Scientific (Waltham,
MA). A Cell-Light™ EdU Apollo® In Vitro Imaging Kit
(C10310) was purchased from RiboBio (Guangzhou,
China). A Transwell Migration Assay was purchased from
Life Sciences (Tewksbury, MA, USA
ture inserts were obtained from IB

pnd healing cul-

dartinsried,
Germany).

Cell culture

Is were incubated in 96-well plates at a density
5x107 cells for 24 h. The cells were treated with the
dicated concentrations of Tangeretin for 24 h and then
cubated with Cell Counting Kit-8 (CCK-8) reagent for
2 h at 37°C. Absorbance was measured at 450 nm on
a microplate reader.

Cell cycle analysis

HepG?2 cells were treated with the indicated concentrations
of Tangeretin for 24 h and then fixed with 75% ethanol at
20°C. The ethanol-fixed cells were resuspended in PBS
containing ribonuclease A (100 mg/ml) and incubated for
1 h at 37°C. Next, the cells were stained with propidium
iodide (50 mg/ml) and incubated for 30 min at room
temperature in the dark. The data were acquired and ana-
lysed using a flow cytometer.

Colony formation assay

HepG2 cells were seeded into 60 mm dishes (200 cells/
dish) and then incubated with 0, 30, 60 and 90 pg/ml
Tangeretin for 2 weeks to form colonies. Cells were
fixed with methanol for 15 min, and then the cells were
stained with 0.1% crystal violet for 20 min at room tem-
perature. Colonies containing >50 cells were manually
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Figure | Tangeretin inhibited the proliferation of HepG2 cells.

Notes: (A) Molecular structure of Tangeretin. (B—=G) HepG2 cells were treated with the indicated concentrations of Tangeretin (0, 30, 60 and 90 pg/mL) for 24 h. Then, (B) CCK-8
assays were used to measure cell viability. (C) EdU labelled the HepG2 cells for 2 h. Inmunofluorescence of EdU (green) and nuclei (DAPI, blue; % 10). Scale bar=25 pm. (D) The graph
summarizes the data of the percentage of EdU cells. (E) HepG2 cells subjected to a colony formation assay. (F) The graph summarizes the colony formation assay data. Error bars
represent the SD. of the mean (n= 6; *vs control group, P<0.05; #vs 30 pg/mL Tangeretin group, P<0.05; %vs 60 pg/mL Tangeretin group, P<0.05). (G) Cells were harvested and stained

with propidium iodide as outlined in the Materials and Methods. The flow cytometric analysis histograms are shown, and (H) the percentage of cells in G2/M phase is shown as a bar
graph.
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counted under a microscope. Each assay was performed in
triplicate.

Transwell migration assay

Cell migration was measured using a Transwell Migration
Assay according to the manufacturer’s instructions. The
transwells for the HepG2 cells required overnight precoat-
ing of 10 pg/ml collagen before seeding. Cells (1x10%ml)
were seeded into transwell inserts and incubated overnight,
followed by Tangeretin treatment at different concentra-
tions for 24 h. ImageJ (1.48v) software (National Institutes
of Health, Bethesda, Md, USA) was used to obtain an
average cell count of the four stained membrane images.
Each assay was repeated in triplicate.

Wound healing assay
Wound healing culture inserts were used to analyse wound
healing. According to the manufacturer's instructions,
HepG2 cells were plated at a concentration of 1x10°
cells/ml and incubated for 24 h, after which the culture
inserts were removed. Images of the movement of cells
into the scratch area were taken every 6—12 h until the
scratch area had closed using a microscope. Wound heal-
ing was analysed using TScratch software. Each assay
repeated in triplicate.

Western blot analysis
HepG2 cells were grown in 6-well plates
60-70%
Tangeretin at the indicated co

confluence for 24 h an

were harvested and subjected

and trans-

ferred onto  pol membranes.
Subsequently, thg
milk in TB
incubated
0.2% bovine

were visualized 8

albumin” overnight at 4 °C. Proteins
ae the Omega lumc system (Aplegen,
San Francisco, CA)¥and densitometric analysis was per-

formed using the ImageJ software.

Small interfering RNA (siRNA)

HepG2 cells were transfected with a nontarget control
siRNA or a BECLIN1 siRNA by using Lipofectamine
3000. After 48 h of transfection, the cells were treated
with Tangeretin (90 pg/mL) for 24 h. Western blot analysis
was used to detect the interference efficiency, and the

immunoblotting steps were conducted as previously
described.

Immunoprecipitation (IP)

Total protein were extracted by radioimmunoprecipitation
assay (RIPA) lysis buffer. Immunoprecipitation was per-
formed using PureProteome Protein G Magnetic Beads
(LSKMAGG10; Millipore, Billerica, MA) based on the
manufacturer’s guidelines. Two microliters of primary
antibody or immunoglobulin (IgG) was used for immuno-

precipitation or the control, respectiyg gts were incu-

Itiple comparison tests and one-way
e. Data analysis was performed with
raphPad Software, Inc., La Jolla, cA,

he effect of Tangeretin on the

proliferation of HepG2 cells

To determine whether Tangeretin influences the prolifera-
tion of HCC cells, we first examined the effect of
Tangeretin on the proliferation of HepG2 cells with the
CCK-8 assay. HepG2 cells were treated with different
concentrations of Tangeretin (0, 30, 60 and 90 pg/ml) for
24 h. As shown in Figure 1B, Tangeretin decreased cell
viability in a dose-dependent manner. Second, EdU stain-
ing and colony formation assays were performed. The
results confirmed that Tangeretin decreased cell prolifera-
tion (Figure 1C and D) and colony formation (Figure 1E
and F) in a dose-dependent manner.

To further evaluate the inhibitory effect of Tangeretin
on HepG2 cell proliferation, we measured cell cycle pro-
gression by using flow cytometry. HepG2 cells were trea-
ted with 0, 30, 60 and 90 pg/ml Tangeretin for 24 h
respectively, and then the cell cycle was measured. As
shown in Figure 1G and H, Tangeretin-treated HepG2
cells accumulated in G2/M phase, and when the concen-
tration of Tangeretin reached 90 pg/ml, the number of cells
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in G2/M phase increased from 21% to 50%, which was
accompanied by a decrease of cells in G1 phase (compared
to the control). These findings suggest that Tangeretin
suppresses the proliferation of HCC cells.

The effect of Tangeretin on the migration
of HepG2 cells

Subsequently, we detected the effect of Tangeretin on cell
migration. HepG2 cells were treated with different con-
centrations of Tangeretin for 24 h in serum-free medium,
and transwell assays were performed. As shown in Figure
2A and B, Tangeretin significantly inhibited cell migration
in a dose-dependent manner, and 75% inhibition was
observed at a concentration of 90 pg/ml Tangeretin.
CCK-8 assays showed that antiproliferation had no effect
on antimigration activity (Figure 2C). Furthermore, our
that
decreased wound healing and migration (Figure 2D
and E).

results demonstrated Tangeretin  significantly

Tangeretin triggers autophagy in HepG2
cells

tigated whether Tangeretin decreased g
migration by enhancing the rate o

Effect of the knockdown of BECLINI| on

HepG2 cell autophagy
BECLINI is a
A disruption in BECLIN1 reduced autophagy and

key regulator of autophagy.'
tended to initiate the spontaneous formation of HCC in
mice.® To further clarify whether Tangeretin inhibits the
proliferation, migration and autophagy of HepG2 cells
through BECLINI

signalling, we knocked down

BECLIN1 with a specific siRNA (Figure 4A). First,
we performed EdU assays and transwell migration
assays to investigate whether the down-regulation of
BECLINI affects HepG2 cell proliferation and migra-
tion, respectively. The results clearly indicated that the
knockdown of BECLIN1 markedly enhanced cell prolif-
eration and migration, but this phenomenon was mark-
edly attenuated by Tangeretin (Figure 4B-E).
Subsequently, we verified that BECLIN1 is involved in
Tangeretin-induced autophagy. HepG2 cells transfected
with BECLIN1-siRNA were treg

vith Tangeretin at

analysed by
CLINI was

activates JNK and disrupts the
/BECLIN| association

B-cell lymphoma-2 (Bcl-2) interacts with BECLIN1 to
inhibit BECLIN I-dependent autophagy.?® Wei et al found
that the
N-terminal protein kinase 1 (JNK1) mediated the phos-

stress-activated signalling molecule C-Jun
phorylation of Bcl-2 and then phosphorylated Bcl-2 to
dissociate from the BECLIN1/Bcl-2 complex, resulting in
BECLINI release and the initiation of autophagy.?’
Therefore, we investigated whether Tangeretin affected
Bcl-2 phosphorylation. As shown in Figure 5A and B,
Tangeretin treatment increased the phosphorylation level
of Bcl-2. We next examined the effect of Tangeretin on the
BECLIN1/Bcl-2 complex and found that Tangeretin dra-
matically disrupted the association between BECLIN1 and
Bcl-2 (Figure 5C and D).

We next sought to identify the upstream kinase respon-
sible for the Tangeretin-induced phosphorylation of Bcl-2
and the disruption of BECLIN1 binding. JNK is the most
frequently implicated Bcl-2 kinase that phosphorylates
Bcl-2,2"*? and our results showed that Tangeretin attenu-
ated the knockdown of BECLINI-induced cell prolifera-
tion and migration. Therefore, we determined whether
Tangeretin was responsible for the regulation of the INK
pathway in HepG2 cells. We investigated the effects of

Cancer Management and Research 2019:11

submit your manuscript

5235

Dove


http://www.dovepress.com
http://www.dovepress.com

Zheng et al Dove
A B
100 1
3 801
@
g 60 -
g
2 404 &
& #
= 201 — H]_
’ ontrol 90
C
;\? 1.54
Y
©
5 1.04 [
©
Q
I
S 0.51
)
=
©
9]
X 0.0 : : L1
Control 30 60 90
Tangeretin (ug/ml)
D E
100 1
Control 30pg/ml :\3
' o
Pl E
oh c
xe]
®
2
€ &
: 3 7
24h (@] I
Control 30 60 90

Figure 2 Tangeretin inh
Notes: HepG2 cells were

g the migration of HepG2 cells.

Tangeretin (ug/ml)

ed with the indicated concentrations of Tangeretin (0, 30, 60 and 90 pg/mL) for 24 h in serum-free medium. (A) Representative images of
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Tangeretin on the phosphorylation of JNK in HepG2 cells.
In the present study, the immunoblot assay showed that
Tangeretin increased the phosphor-JNK level (Figure SE
and F). These results suggest that Tangeretin activates the
INK pathway.

Discussion

HCC is the most common type of primary liver cancer that
accounts for 85-90% of all cases.”® Tangeretin, an extract
from citrus peels with multifaceted anticancer activity, is
commonly used to treat cancer in China. However, the
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(Figure 6).

Tangeretin is a traditional Chinese flavonoid medicinal
herb,”? and it has a wide range of pharmacological
effects.'*'® In recent years, studies have found that
Tangeretin has an antitumour effect.'’**2° Notably, it
inhibited cancer cell proliferation in human cancer cell
lines derived from squamous cell carcinoma, gliosarcoma,
melanoma,  colorectal gastric

leukaemia, cancer,

#
I
o
o]
Control 30 90

Tangeretin (ug/ml)

s of Tangeretin (0, 30, 60 and 90 pg/mL) for 24 h. Then, (A) the levels of LC3, p62, BECLINI, and Actin
3-I; relative levels of p62 compared with those of actin. (C) Immunofluorescence of LC-3 (green) and

carcinoma, lung carcinoma, breast carcinoma and oral
cancer cells.”’*® Consistent with the aforementioned
reports, we found that Tangeretin decreased HepG2 cell
proliferation and migration.

Autophagy is a multistep process that is related to
autophagy-related genes (ATGS).”> Some studies have
focused on the paradoxical roles of autophagy in tumour
progression and promotion and suggested that autophagy
acts as a double-edged sword in cancer cells.***° Basic
autophagy maintains genomic stability to suppress tumour-
igenesis, but activated autophagy promotes cancer cell
survival and development.*'*? Yi Rong et al found that
the Tangeretin derivative suppressed CL1-5 lung cancer
cell growth via the mechanisms of G2/M cell cycle arrest,
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Ore than 120 pg/mL, successfully
is in HepG2 cells (Figure SIA and B).
that the
Tangeretin is coordinated through two aspects: by main-

induced apoy

Therefore, weWPhypothesize regulation of
taining basic autophagy at a low-dose concentration and
by promoting apoptosis at a high-dose concentration.
Some studies have indicated that cellular and viral Bel-2
family members inhibit autophagy and that the cellular Bcl-
2/BECLIN1 complex dissociates.>*~* Our data also showed
that the JNK1 signalling pathway is responsible for Bcl-2

phosphorylation after Tangeretin treatment, which leads to

60
Tangeretin (ug/mL)

90

a disruption in the Bcl-2/BECLIN1 complex and the release
of the inhibitory activity of Bcl-2 on Beclin 1-dependent
autophagy in HepG2 cells. Bcl-2 is one of the most impor-
tant oncogenes in apoptosis research, and in most studies,
the phosphorylation of Bcl-2 is associated with its antiapop-
totic function.®® Therefore, we conclude that Bel-2 is related
to a high dose of Tangeretin-induced apoptosis.

Conclusion

In conclusion, we identified a signalling mechanism that
regulates Tangeretin-induced autophagy in HepG2 cells
involving the JNKI1-mediated phosphorylation of Bcl-2
and a disruption in the Bcl-2/BECLINT complex. This is
the first work to report that Tangeretin, via the BECLIN1-

Cancer Management and Research 2019:11

submit your manuscript

5239

Dove


http://www.dovepress.com
http://www.dovepress.com

Zheng et al Dove

— Cytoplasm

(2

INK = JNK
”B!eclm-1‘g. cl-2 —j/ Beclin-1.

cl-2 ’ O

— — —_— o ;. | — &0

\ Phaéophore 200
]

Figure 6 Schematic illustrating the working principle of Tangeretin-related signalling in HepG2 cells.
Notes: We propose that Tangeretin maintained the phosphorylation state of JNK in HepG2 cells, thereby acti agy associated with HepG2
cell death.

Nncleus

dependent autophagy pathway, deceases hepatocellular 5. Ta ra T, et al. Autophagy-deficient mice
carcinoma proliferation and migration.

cer: current knowledge on action and therapy.

Acknowledgments Longev. 2018;2018:8023821. doi:10.1155/2018/

The work was supported by the Changsha Science a
Technology Project (Grant No.: K1508039-31); th

Hunan Provincial People’s Hospital Renshud
. Qu X, Yu J, Bhagat G, et al. Promotion of tumorigenesis by hetero-

Technology Project (Grant No.: 2015-86, zygous disruption of the BECLIN 1 autophagy gene. J Clin Invest.

Science and Technology Project (Gra : 2003;112(12):1809-1820. doi:10.1172/JC120039

the China Postdoctoral Science E i - . Liang XH, Yu J, Brown K, Levine B. 1 contains a leucine-rich

nuclear export signal that is required for its autophagy and tumor

2017M620347); and  the suppressor function. Cancer Res. 2001;61(8):3443-3449.

Foundation (Grant No.: 201 10. Liang XH, Jackson S, Seaman M, et al. Induction of autophagy and
inhibition of tumorigenesis by BECLIN 1. Nature. 1999;402
(6762):672—676. doi:10.1038/45257

11. Huang Z, Fang W, Liu W, et al. Aspirin induces BECLIN-1-dependent
autophagy of human hepatocellular carcinoma cell. Eur J Pharmacol.
2018;823:58-64. doi:10.1016/j.ejphar.2018.01.031

12. Qiu DM, Wang GL, Chen L, et al. The expression of BECLIN-1, an
autophagic gene, in hepatocellular carcinoma associated with clinical
pathological and prognostic significance. BMC Cancer. 2014;14:327.
doi:10.1186/1471-2407-14-327

13. Benavente-Garcia O, Castillo J. Update on uses and properties of
citrus flavonoids: new findings in anticancer, cardiovascular, and
anti-inflammatory  activity. J Agric Food Chem. 2008;56
(15):6185-6205. doi:10.1021/j£8006568

14.Liu LL, Li FH, Zhang Y, Zhang XF, Yang J. Tangeretin has
anti-asthmatic effects via regulating PI3K and Notch signaling and
modulating Th1/Th2/Th17 cytokine balance in neonatal asthmatic

, Waguri S, Ueno T, et al. Impairment of starvation-induced
and constitutive autophagy in Atg7-deficient mice. J Cell Biol. 2005;169
(3):425-434. doi:10.1083/jcb.200412022

Disclosure
The authors repo

1. Xiao S, Liu eng R, et al. Aptamer-mediated gene therapy
enhanced antitumo ivity against human hepatocellular carcinoma
in vitro and in viN J Control Release. 2017;258:130-145.
doi:10.1016/j.jconrel.2017.05.017

2. Ding XX, Zhu QG, Zhang SM, et al. Precision medicine for hepatocel-
lular carcinoma: driver mutations and targeted therapy. Oncotarget.

2017;8(33):55715-55730. doi: 10.18632/oncotarget.18382

3. Wei QZ, He LL, Wang XY, Wu L, Gong LH, Song XR. [Study on mice. Braz J Med Biol Res. 2017;50(8):¢5991. doi:10.1590/1414-
autophagy and apoptosis induced by amiodarone combined with gly- 431X20176071
cyrrhetinic acid in HepG2 cells]. Sichuan Da Xue Xue Bao Yi Xue Ban. 15. Wu J, Zhao YM, Deng ZK. Tangeretin ameliorates renal failure via
2018:49(5):689-693. regulating oxidative stress, NF-kappaB-TNF-alpha/iNOS signalling

4. Liu L, Liao JZ, He XX, Li PY. The role of autophagy in hepatocellular and improves memory and cognitive deficits in 5/6 nephrectomized
carcinoma: friend or foe. Oncotarget. 2017;8(34):57707-57722. rats. Inflammopharmacology. 2018;26(1):119-132. doi:10.1007/
doi:10.18632/oncotarget.17202 s10787-017-0394-4

524(Q  submit your manuscript Cancer Management and Research 2019:1 |

Dove


https://doi.org/10.1016/j.jconrel.2017.05.017
https://doi.org/10.18632/oncotarget.18382
https://doi.org/10.18632/oncotarget.17202
https://doi.org/10.1101/gad.2016211
https://doi.org/10.1155/2018/8023821
https://doi.org/10.1155/2018/8023821
https://doi.org/10.1083/jcb.200412022
https://doi.org/10.1172/JCI20039
https://doi.org/10.1038/45257
https://doi.org/10.1016/j.ejphar.2018.01.031
https://doi.org/10.1186/1471-2407-14-327
https://doi.org/10.1021/jf8006568
https://doi.org/10.1590/1414-431X20176071
https://doi.org/10.1590/1414-431X20176071
https://doi.org/10.1007/s10787-017-0394-4
https://doi.org/10.1007/s10787-017-0394-4
http://www.dovepress.com
http://www.dovepress.com

Dove

Zheng et al

16. Eun SH, Woo JT, Kim DH. Tangeretin inhibits IL-12 expression and
NF-kappaB activation in dendritic cells and attenuates colitis in mice.
Planta Med. 2017;83(6):527-533. doi:10.1055/5-0042-119074

17. Periyasamy K, Baskaran K, Ilakkia A, Vanitha K, Selvaraj S,
Sakthisekaran D. Antitumor efficacy of tangeretin by targeting the
oxidative stress mediated on 7,12-dimethylbenz(a)
anthracene-induced proliferative breast cancer in Sprague-Dawley
rats.  Cancer  Chemother  Pharmacol.  2015;75(2):263-272.
doi:10.1007/s00280-014-2629-z

18.Li YR, Li S, Ho CT, et al. Tangeretin derivative, 5-acetyloxy-
6,7,8,4 -tetramethoxyflavone induces G2/M arrest, apoptosis and
autophagy in human non-small cell lung cancer cells in vitro and
in vivo. Cancer Biol Ther. 2016;17(1):48-64. doi:10.1080/
15384047.2015.1108491

19. Debatin KM. Activation of apoptosis pathways by anticancer drugs.
Adv Exp Med Biol. 1999;457:237-244.

20. Wei Y, Pattingre S, Sinha S, Bassik M, Levine B. JNK1-mediated
phosphorylation of Bcl-2 regulates starvation-induced autophagy.
Mol Cell. 2008;30(6):678—688. doi:10.1016/j.molcel.2008.06.001

21. Maundrell K, Antonsson B, Magnenat E, et al. Bcl-2 undergoes
phosphorylation by c-Jun N-terminal kinase/stress-activated protein
kinases in the presence of the constitutively active GTP-binding
protein Racl. J Biol Chem. 1997;272(40):25238-25242.

22. Yamamoto K, Ichijo H, Korsmeyer SJ. BCL-2 is phosphorylated and
inactivated by an ASK1/Jun N-terminal protein kinase pathway nor-
mally activated at G(2)/M. Mol Cell Biol. 1999;19(12):8469-8478.

23. Huang F, Wang BR, Wang YG. Role of autophagy in tumorigenesis,
metastasis, targeted therapy and drug resistance of hepatocellular
carcinoma. World J Gastroenterol. 2018;24(41):4643—4651.
doi:10.3748/wjg.v24.i141.4643

24. Morley KL, Ferguson PJ, Koropatnick J. Tangeretin and nobiletin
induce G1 cell cycle arrest but not apoptosis in human breast and
colon cancer cells. Cancer Lett. 2007;251(1):168—178. doi: 1§ i
canlet.2006.11.016

25. Dong Y, Cao A, Shi J, et al. Tangeretin, a citrus polymethox;
noid, induces apoptosis of human gastric cancer Adg
extrinsic and intrinsic signaling pathways.
(4):1788-1794. doi:10.3892/0r.2014.3034

26.

217.

28.

29.

30.

31

32.

33.

Hirano T, Abe K, Gotoh M, Oka K. Citrus flavone tangeretin inhibits
leukaemic HL-60 cell growth partially through induction of apoptosis
with less cytotoxicity on normal lymphocytes. Br J Cancer. 1995;72
(6):1380-1388.

Pan MH, Chen WJ, Lin-Shiau SY, Ho CT, Lin JK. Tangeretin induces
cell-cycle G1 arrest through inhibiting cyclin-dependent kinases 2
and 4 activities as well as elevating Cdk inhibitors p21 and p27 in
human colorectal carcinoma cells. Carcinogenesis. 2002;23
(10):1677-1684.

Walle T, Walle UK. Novel methoxylated flavone inhibitors of cyto-
chrome P450 1B1 in SCC-9 human oral cancer cells. J Pharm
Pharmacol. 2007;59(6):857-862. doi:10.1211/jpp.59.6.0012

Onorati AV, Dyczynski M, Ojha R, Amaravadi RK. Targeting autop-
hagy in cancer. Cancer. 2018;124(16):3307-3318. doi:10.1002/
cncr.31335

Liu B, Wen X, Cheng Y. Surviyg

cer. Cell Death

Yang ZJ, Chee CE, Hua of autophagy in
cancer: therapeutic 4 P Ther. 2011;10
i . Pr-0047

Cao Z, Zhang promotes cell apoptosis by
inducing ay, carcinoma. Cell Physiol
Biochem. 0.1159/000484066

Maiur 10llo A, et al. Functional and

cl-X(L) and a BH3-like domain in
J. 2007;26(10):2527-2539. doi:10.1038/s;j.

ation of BCL-2 regulates ER Ca?" homeostasis and
apoptosis. Embo J. 2004;23(5):1207-1216. doi:10.1038/sj.emboj.
0104

Cancer Management and Research 2019:11

submit your manuscript 524 I

Dove


https://doi.org/10.1055/s-0042-119074
https://doi.org/10.1007/s00280-014-2629-z
https://doi.org/10.1080/15384047.2015.1108491
https://doi.org/10.1080/15384047.2015.1108491
https://doi.org/10.1016/j.molcel.2008.06.001
https://doi.org/10.3748/wjg.v24.i41.4643
https://doi.org/10.1016/j.canlet.2006.11.016
https://doi.org/10.1016/j.canlet.2006.11.016
https://doi.org/10.3892/or.2014.3034
https://doi.org/10.1211/jpp.59.6.0012
https://doi.org/10.1002/cncr.31335
https://doi.org/10.1002/cncr.31335
https://doi.org/10.1038/cddis.2013.422
https://doi.org/10.1158/1535-7163.MCT-11-0047
https://doi.org/10.1159/000484066
https://doi.org/10.1038/sj.emboj.7601689
https://doi.org/10.1038/sj.emboj.7601689
https://doi.org/10.1016/j.cell.2005.07.002
https://doi.org/10.1038/sj.emboj.7600104
https://doi.org/10.1038/sj.emboj.7600104
http://www.dovepress.com
http://www.dovepress.com

Zheng et al Dove

Supplementary material

A B

E3 Control E3 60 B3 120 [ 180

5 1.5 1 Tangeretin (ug/mL) 4
Tangeretin (ug/mL) o 60 120 180 2

o
Bcl-2 ‘— —— ‘ £1.0 1

£

9]
Bax ’V —— -‘ "é

2 0.5 1

o *
Actin — ‘ =

©

©

@

Figure S| Effect of tangeretin on the expression of Bcl-2 and Bax in HepG2 cells.
Notes: HepG2 cells were treated with the indicated concentrations of Tangeretin (0, 60, 120 and 180 ug/mL) for 24 h. Then, (A) the leV8
examined. (B) Relative levels of Bcl-2 and Bax compared with GAPDH, respectively (*P<0.05).
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