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Introduction: Gastric cancer remains an important cancer worldwide, and conventional
chemotherapeutic drugs have the defects of drug resistance and cell toxicity. a-Hederin has
been found to have certain therapeutic effects on various types of human cancers. However,
studies on the a-hederin that exert biological activities on the cisplatin-resistant gastric
cancer cells are limited. In this study, we evaluated the effects of a-hederin in HGC27/
DDP and the potential mechanisms both in vivo and in vitro.

Methods: HGC27/DDP cells were cultured in DMEM/F12 medium. Cell proliferation and
viability were assessed quantitatively using Cell Counting Kit-8. Cell invasion and migration
were detected by Transwell invasion assay and wound healing assay. Cell apoptosis was examined
by employing Hoechst 33258 Staining Kit and an Annexin V-PE apoptosis kit. Intracellular GSH
levels were examined by using a GSH Assay Kit. DCFH-DA and JC-1 Kit were used to detect levels
of intracellular reactive oxygen species (ROS) and changes in mitochondrial membrane potential
(AWm). The protein levels of Apaf-1, AIF, Bax, Bcl-2, Cyt C, Survivin, cleaved caspase-3, cleaved
caspase-9, MMP-9 and MMP-2 were detected by Western blot analysis. The effect of o-hederin in
vivo was observed by xenograft tumor models in nude mice.

Results: The a-hederin treatment significantly inhibited the proliferation in a dose- and time-
dependent manner of HGC27/DDP and induced obvious apoptosis compared with the control
group (P<0.05). Meanwhile, the ability of cells to invade and migrate was suppressed (P<0.05).
The a-hederin induced the depletion of GSH (P<0.05) and the accumulation of intracellular ROS
(P<0.05), changed the mitochondrial membrane potential (P<0.05), increased the Bax, Apaf-1,
AIF, Cyt C, cleaved caspase-3 and cleaved caspase-9 expression and decreased the protein level
of Bcl-2, survivin, MMP-9 and MMP-2 (P<0.05). Pretreatment with NAC (12 mM) enhanced the
tendency and pretreatment with BSO (8 mM) attenuated the tendency above (P<0.05).
Meanwhile, a-hederin inhibited xenograft tumor growth in vivo (P<0.05).

Conclusion: Our study provides strong molecular evidence to support our hypothesis that a-
hederin inhibits the proliferation and induces the apoptosis of HGC27/DDP cells by increas-
ing the levels of intracellular ROS and triggering mitochondrial pathway activation.
Keywords: o-hederin, cisplatin—resistant gastric cancer cells, apoptosis, reactive oxygen

species, mitochondrial pathway

Introduction

Gastric cancer remains an important cancer worldwide, with the incidence rate
ranking fifth in the global incidence of malignant tumors; it is the third leading
cause of cancer death in the world. China accounts for more than 40% of the over
1,000,000 new cases of stomach cancer worldwide in 2018."* Nowadays, surgery is
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the only potentially curative treatment of localized gastric
cancer; however, many patients were usually diagnosed at
advanced or metastatic stages and surgical removal is not
feasible.”

Systemic chemotherapy is one of the main treatment
measures. But conventional chemotherapeutic drugs in
clinical gastric cancer treatment settings, such as cis-dia-
mminedichloroplatinum  (cisplatin, DDP),* have the
defects of drug resistance and cell toxicity.>> Many gastric
cancer patients display cisplatin resistance through multi-
ple mechanisms, including the intake reduction or increas-
ing efflux mediated by specific transporters such as MDRs
and ATP7B and additionally elevated expression of DNA
repair genes.® Therefore, it is of great significance to dis-
cover low toxicity and high-efficiency drugs from natural
compounds for the treatment of DDP-resistant HGC27
gastric cancer cells (HGC27/DDP).

Nigella sativa seed is a common Chinese traditional
medicine, which has anti-infection, antioxidant, antineo-
plastic, hypoglycemic and lipid-lowering as well as
immune protection effects.”® And o-hederin is one of
the main components because of of its antitumor effect.
Previous studies have found that o-hederin has certain
therapeutic effects on colon cancer, liver cancer, lung

10-13 " -hederin is

cancer, melanoma, leukemia and so on.
thought to inhibit tumor cell proliferation and promote
tumor cell apoptosis, which may be related to oxidant/
antioxidant imbalance. However, excessive ROS can result
in downstream signal transduction which will in turn acti-
vate oxidative damage of mitochondrial membrane and
trigger apoptosis.'*

Reports on the anti-HGC27/DDP cell activity of
a-hederin are limited. In this study, we evaluated the effects
of a-hederin on cisplatin-resistant gastric cancer cells both

in vitro and in vivo and explore the potential mechanisms.

Materials And Methods
Reagents And Cell Culture

Cisplatin and o-hederin were obtained from Sigma
(Sigma-Aldrich, St. Louis, MO, USA); cisplatin was dis-
solved in normal saline at a concentration of 4 mg/mL,
while a-hederin was dissolved in 100% dimethyl sulfoxide
(DMSO) of 100 mM for storage at 4°C. Bax, Bel-2, Cyt C,
Apaf-1, AIF, cleaved caspase-3, cleaved caspase-9 and
GAPDH rabbit monoclonal antibodies were purchased
from Cell Signaling Technology. The human gastric cancer
cell line (HGC27) was donated by China Center for Type

Culture Collection (CCTCC) and cultured in DMEM/F-12
medium (HyClone) supplemented with 10% FBS (Gibco),
1% antibiotic solution (penicillin 100U/mL and streptomy-
cin 100g/mL) at 37°C, and 5% CO, in a humidified
incubator.

Cisplatin-Resistant Cell Construction
Gastric cancer cell line (HGC27) was seeded into a 6-well
plate and cultured in fresh medium containing cisplatin at
an initial concentration of 0.2 pg/mL. Then, observed the
cells growth condition and cultured in cisplatin at the
previous concentration until the HGC27 can grow steadily.
Subsequently, increase the dose of cisplatin and repeat the
procedure until cells could grow well in the presence of 1
pg/mL, then we obtained the cisplatin-resistant gastric
cancer cell line (HGC27/DDP) that were tolerant to 1
pg/mL cisplatin.

Cell Proliferation Assay

Cell proliferation and viability were assessed quantitatively
using Cell Counting Kit-8 (CCK-8, Beyotime, China).
Generally, HGC27 and HGC27/DDP cells (5x10%cells/
well) were separately seeded into a 96-well culture plate
with 0.1 mL growth medium, and the next day the super-
natant was removed and cells were incubated with a med-
ium containing cisplatin of different concentrations (0, 1.6,
3.3, 6.6, 13.3, 26.6, 53.3 uM) for 24 hrs. Meanwhile,
HGC27/DDP cells were treated with different doses of a-
hederin (0, 2.5, 5, 10, 15, 20, 25 uM) for 24 hrs or 48 hrs.
Afterward, 10 uL of CCK-8 dye was added to each well,
and the cells were incubated for an additional 2 hrs.
Ultimately, the absorbance of each sample at 450 nm was
measured by a microplate reader (Victor3 1420 Multilabel
Counter, Perkin Elmer, USA). DMEM containing 10%
CCK-8 was used as a control.

Transwell Invasion Assay

The HGC27/DDP cells were digested and a total of
100 pL of the cell suspension (1x10%ells) was seeded
on the upper chamber of a Transwell insert (Corning
Costar Corp) with 8 pm pores that precoated with
Matrigel (BD Biosciences). The lower chamber was
added with 600 pL medium supplemented with 25%
FBS. The next day, the lower chamber’s medium contain-
ing a-hederin of 0, 5 uM, 10 pM, 15 uM was exchanged
24 hrs later, the insert was fixed by 4% paraformaldehyde
solution for 15 mins and stained with 0.1% crystal violet.
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Invasion cells were observed and calculated in eight ran-
dom fields under the microscope.

Wound Healing Assay

Cells were seeded into a 6-well plate chamber (1x10°cells/
well) with fresh medium for 24 hrs. Then, using a 200-pL
pipette tip on the bottom of the chamber to scratch a
monolayer wound with cell fusion degree up to 80% or
90%, cleaning the floating debris by PBS and immediately
photographs were taken (time 0 hrs). Subsequently, the cells
were cultured in DMEM/F-12 medium supplemented by
3% FBS with different concentrations of a-hederin (0, 5,
10 and 15 pM) and took photos at 24 hrs and 48 hrs. The
area of the wound during this time period was measured.

Hoechst 33258 Staining For Apoptotic Cells
Cell apoptosis was examined by employing Hoechst
33258 Staining Kit (Beyotime). HGC27/DDP cells were
cultured into a 6-well plate (1x10°cells/well) with fresh
medium for 24 hrs and then treated with a-hederin for
0, 5 uM, 10 uM, 15 puM and 10 uM with or without
pretreatment 8 mM DL-buthionine-S, R-sulfoximine
(BSO, Sigma-Aldrich) or 12 mM N-acetylcysteine
(NAC, Sigma-Aldrich) for 2 hrs for another 24 hrs.
Subsequently, the cells were fixed by 4% paraformalde-
hyde solution for 20 mins, washed twice with PBS and
stained with Hoechst 33258 for 20 mins at room tempera-
ture in the dark. A fluorescence microscope (BX51,
Olympus, Japan) was applied to observe and capture the
apoptotic morphological features such as chromatin con-
densation and nuclear fragmentation.

Apoptosis Analysis By Flow Cytometry
The percentage of apoptotic cells was quantified by flow
cytometry (FACS-Calibur, Becton-Dickinson) using
Annexin V-PE/7-AAD Kit (BD, USA). Cells were seeded
into a 6-well plate for 24 hrs at 37°C and exposed to
different drugs as described above. Collecting the adherent
cells and washing twice with PBS, eventually, we resus-
pended the cells in binding buffer co-stained with 5 uL
Annexin V-PE and 10 pl 7-AAD in the dark for 15 mins
ahead of flow cytometric analysis.

Measurement Of Intracellular Glutathione
(GSH)

Intracellular GSH levels were examined by using a GSH
Assay Kit (Beyotime). HGC27/DDP cells were treated with

a-hederin for 24 hrs. Then, the subsequent procedures were
performed according to the manufacturer’s instruction. The
experimental data were obtained by a microplate reader.

Measurement Of ROS

Intracellular ROS levels were detected by a 2',7'-dichloro-
fluore scin diacetate (DCFH-DA) using from a ROS Assay
Kit (Beyotime). Cells were seeded into a 6-well plate
(1x10°cells/well) and then exposed to a-hederin of differ-
ent concentrations for 24 hrs and with or without pretreat-
ment with NAC (12 mM) or BSO (8 mM) for 2 hrs.
HGC27/DDP cells were cultured in 1 mL medium with
10 uM DCFH-DA each well for 30 mins at 37°C and
washed with PBS for three times. After that, intracellular
ROS levels of cells were captured by an upright fluores-
cence microscope (BX51, Olympus).

Measurement Of The Mitochondrial
Membrane Potential (Aym) With JC-1

The changes in mitochondrial membrane potential (A¥'m)
were observed by using JC-1 Kit (C2006, Beyotime).
HGC27/DDP cells were seeded into a 6-well plate and incu-
bated with different concentrations of a-hederin described
above. After 24 hrs, the supernatant was replaced and cells
were incubated with 1 mL JC-1 dye each well at 37°C for 1 h.
It was then washed with buffer solution (4°C) twice and then
evaluated by a laser confocal fluorescence microscope
(Olympus).

Western Blot Analysis

After treating with a-hederin as described above for 24 hrs,
total cell proteins were extracted in RIPA buffer supplemen-
ted with phenylmethylsulfonyl fluoride (PMSF) and pro-
tease inhibitors (Beyotime). BCA Protein Assay Kit
(Beyotime) was applied to measure protein concentrations
according to the instructional manual. Proteins were sepa-
rated by 12% SDS-PAGE using electrophoresis and trans-
ferred to polyvinylidene difluoride (PVDF) membranes
(Millipore) using a wet transfer system. Then, the mem-
branes were blocked with 5% nonfat milk in TBST for 1 hr
at room temperature and washed with TBST for three times.
Subsequently, the membranes were incubated with various
primary antibodies overnight at 4°C. After washing three
times by TBST, the PVDF membranes were incubated with
secondary antibodies for 1 hr at room temperature in the
dark before they were washed with TBST for another three
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times. Finally, the membranes were visualized with an
Odyssey Infrared Imaging System (LI-COR Bioscience).

Xenograft Tumor Model And TUNEL
Assay

Cisplatin—resistant gastric cancer cells were subcuta-
neously inoculated into the dorsal area of the male
BALB/c nude mice (5—6 weeks old, Beijing Vital River
Laboratory Animal Technology, China) which were
allowed to get acclimatized for 1 week. When the tumors
reached approximately 150 mm® in size, the nude mice
were divided into four groups (six in each group):
a-hederin (2 mg/kg, 4 mg/kg, 6 mg/kg) and saline control
group. Treatment was administered via intraperitoneal
injection and mouse weight as well as tumor volume was
measured every 2 days. Tumor volume in mm® was deter-
mined by measuring the longest diameter (a) and shortest
diameter (b) and calculated by using the following for-
mula: volume (mm®) =0.5xaxb®. At the end of the 3-week
treatment, tumors were harvested, weighted, and analyzed
by TUNEL assay to detect apoptotic cells in tumor tissue
sections. Blood was collected to detect the activation of
alanine aminotransferase, aspartate aminotransferase
(AST), blood urea nitrogen (BUN) and serum creatinine
(Cr) for measuring liver and renal function.

All procedures, which complied with the NIH guide-
lines for the care and use of laboratory animals, were
approved by the Animal Care and Use Committees of

Renmin Hospital of Wuhan University.

Statistical Analysis

Data are analyzed by the SPSS 17.0 for Microsoft
Windows and expressed as the mean + SD. The difference
among groups was determined by ANOVA. A value of
P<0.05 was considered to indicate statistical significance.

Results
o-Hederin Inhibits HGC27/DDP Cell

Proliferation

HGC27 cells and HGC27/DDP cells were incubated with
cisplatin at different concentrations for 24 hrs, respec-
tively, and the results of CCK-8 assay showed that
HGC27 was the most sensitive to cisplatin (Figure 1A),
and ICs, of cisplatin on HGC27 cells and HGC27/DDP
cells was exhibited (Figure 1B). Subsequently, we exposed
HGC27/DDP cells to different concentrations of a-hederin
as mentioned above for 24 hrs and 48 hrs, and the results

showed that a-hederin could reduce the cell growth in a
dose- and time-dependent manner (Figure 1C and D).

o-Hederin Inhibits HGC27/DDP Cell

Invasion And Migration

To assay the effects of a-hederin on invasion and migra-
tion of HGC27/DDP, the Transwell invasion assay and the
wound healing assay were performed. Meanwhile, the
expression levels of MMP-2 and MMP-9 proteins were
detected by Western blot Analysis. The results showed that
a-hederin inhibits HGC27/DDP cell invasion with increas-
group (P<0.05)
(Figure 2A). Then, the average migration speed for the

ing dose compared to the control

a-hederin groups was substantially lower than the control
group in a dose- and time-dependent manner (P<0.05)
(Figure 2B). At the same time, the MMP-2 and MMP-9
proteins that related to tumorous invasiveness were
decreased by a-hederin (P<0.05) (Figure 2C).

a-Hederin Induces The Apoptosis Of
HGC27/DDP Cells

The Hoechst 33258 staining was designed to detect the
morphological alteration in HGC27/DDP cell line, and it
exhibited the characteristics of apoptosis. In the control
groups, the nuclei were stained as a weak homogeneous
blue, while in the groups treated with a-hederin, bright
chromatin condensation and nuclear fragmentation could
be observed (Figure 3A). Furthermore, the rates of apopto-
tic cells in the groups were 0.6 + 0.85, 18.9 + 1.6, 38.1 £4.9
and 60.9 + 7.5%, respectively (P<0.05). After pretreatment
with BSO (8 mM) and NAC (12mM), the percentages of
apoptotic cells were 5.9 + 0.68% in control group, 27.6 +
2.1% in a-hederin (10 uM) group, 13.1 £+ 1.3% in o-hederin
(10 uM) and NAC (12 mM) group and 72.8 + 4.12% in
o-hederin (10 pM) and BSO (8mM) (P<0.05) (Figure 3B).

Apoptosis induced by a-hederin of different concentra-
tions was further confirmed by Annexin V-PE/7-AAD
staining, and the proportion of apoptotic cells was remark-
ably increased in a dose-dependent manner compared to
the control group (P<0.05, respectively) (Figure 3C).

a-Hederin changes the mitochondrial membrane poten-
tial via promoting the depletion of intracellular GSH and
the accumulation of intracellular ROS.

To further determine whether a-hederin induces the
apoptosis of HGC27/DDP cells via GSH depletion and
ROS accumulation, cells were treated with a-hederin of
different concentrations or treated with a-hederin (10 uM)
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Figure | a-Hederin inhibits HGC27/DDP cell viability. (A and B) Cell Counting Kit-8 assays showed that HGC27 was the most sensitive to cisplatin; (C and D) a-Hederin
inhibits the viability of HGC27/DDP in a dose- and time-dependent manner. All the above data are mean * SD from the average of three experiments.

with BSO (8 mM) or NAC (12 mM) pretreatment for
2 hrs; then DCFH-DA was used to detect the levels of
intracellular ROS. The results showed that o-hederin sig-
nificantly reduced GSH (P<0.05) (Figure 4C). Meantime,
it was shown that the fluorescence intensity significantly
increased when the dose of a-hederin increased (P<0.05)
(Figure 4A); meanwhile, this increase enhanced in the
o-hederin and BSO group but reduced in the a-hederin
and NAC group (P<0.05) (Figure 4B).

Subsequently, for researching the underlying mechan-
ism of apoptosis induced by a-hederin, JC-1 cationic dye
was used to examine the changes in mitochondrial mem-
brane potential (A¥m). The results showed that with the
increase in the dose of a-hederin, the ratio of aggregate-to-
monomer fluorescence was decreased (P<0.05), as A¥Ym
was decreased accordingly (Figure SA). Meanwhile, com-
pared to that in the a-hederin group, the pretreatment with
BSO lowered the AYm value further and pretreatment with
NAC raised the A¥m value (Figure 5B).

a-Hederin induces apoptosis through activation of the
mitochondria-mediated pathway via ROS triggering.

To further investigate the detailed mechanism of apop-
tosis induced by a-hederin exposures, we examined the
effect of a-hederin on the mitochondrial pathway using
Western  blot.
increases the levels of Bax and decreased Bcl-2 expression

The results presented that o-hederin

levels (P<0.05). Meanwhile, a-hederin led to an increase
in the levels of Apaf-1, AIF, Cyt C, cleaved caspase-3 and
cleaved caspase-9 (P<0.05), which are known as playing
the important role in activating mitochondria-mediated
apoptosis (Figure 6A).

In addition, the pretreatment with BSO could augment
the o-hederin-induced decrease in protein impression
levels and the pretreatment with NAC could attenuate
these protein levels as mentioned above (Figure 6B).

a-Hederin Suppress Tumor Development
In Nude Mice

On the basis of the data above in vitro, we further examined
the anticancer effects of a-Hederin on xenograft tumor
growth in nude mice. None of the mice died during the course
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Figure 2 a-Hederin inhibits HGC27/DDP cell invasion and migration. (A) Transwell invasion assay showed a-hederin weakened the invasiveness of HGC27/DDP; (B) a-
Hederin inhibits the migration of HGC27/DDP in a dose- and time-dependent manner; (C) Western blotting analysis results showed the expression levels of MMP-2 and
MMP-9 proteins in HGC27/DDP cells. *P<0.05 versus control. All the above data are mean * SD from the average of three experiments.
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Figure 3 a-Hederin induces the apoptosis of HGC27/DDP cells. (A) HGC27/DDP cells were incubated with a-hederin (0, 5 pM, 10 pM, 15 pM) and stained with Hoechst
33258; (B) HGC27/DDP cells were incubated with a-hederin, NAC (12 mM) pretreated + a-hederin, BSO (8mM) pretreated + a-hederin; and apoptotic cells were
identified by fragmented and condensed nuclei under a fluorescence microscope; (C) Quantitative flow cytometric measurements of apoptotic in HGC27/DDP cells treated
with a-hederin (0, 5 pM, 10 uM, |15 puM). *P<0.05 versus control, #P<0.05 versus a-hederin (10 pM). All the above data are mean + SD from the average of three

experiments.

of the experiment. We can clearly observe that the size of the
tumor decreased (Figure 7A). The data showed that the
transplanted tumors increased rapidly in the control group
(1846 + 82.6 mm®); however, tumor growth was suppressed
in the treatment group with increasing a-hederin concentra-
tion (969 + 189.1 mm? in low-dose group, 433 + 542 mm® in
mid-dose group, 286 + 48.4 mm’ in high-dose group)

(P<0.05) (Figure 7B). At the end of the experiment, the
tumors were harvested. The weight of the tumors in the
control and low-, mid-, and high-dose group was 1010 mg
+ 191 mg, 472 mg + 54 mg, 247 mg + 12 mg and 120 mg +
47 mg, respectively (Figure 7C).

HE staining and TUNEL assay of the tumors demon-
strated that o-hederin resulted in apparent cell apoptosis in

OncoTargets and Therapy 2019:12

submit your manuscript

8743

Dove


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

Liu et al

Dove

A control 5uM a-Hederin

10 uM a-Hederin 15uM a-Hederin

B control 10uM a-Hederin NAC+10uM a-HederinBSO+10 uM a-Hederin
5-
2 — > *#
2 4 * ‘2 * = € 2 mEm
Q — 8 -
£, 2° = s | EE *
g == 2.  E= 22 EE =& P
g2 [pEEm g | == *# 2 14
s E= 2l B S| B B *
S il 52 L 8 71 B BE= 3
| e o T | e
('o(\\‘o \(\eée‘\(‘ Y\eée(\‘\ Y\eée“(\ (‘00‘0 Y\eée\\“ Y\e&a‘\(\ e“’e‘\“ (_o““O\ \)\eée‘\(\ V\eée‘\(\ V\eée‘\(\
V‘\O' “\0' \\\0' “\0’ “\0’ “\0' \\0' N\O' (o3
SV oW AoV X SIPR AP 5V OV oV
WP

Figure 4 a-Hederin induces the depletion of GSH and the accumulation of intracellular ROS. (A) HGC27/DDP cells were treated with a-hederin (0, 5 pM, 10 pM, |5 pM)
followed by incubation with 10 pM DCFH-DA for 20 mins and then analyzed for the generation of intracellular ROS by microplate reader; (B) HGC27/DDP cells were
treated with a-hederin, NAC (I12mM) pretreated + a-hederin, BSO (8mM) pretreated + a-hederin followed by incubation with 10 pM DCFH-DA for 20 mins and then
analyzed for the generation of intracellular ROS by microplate reader. (C) The intracellular GSH levels of HGC27/DDP cells treated with a-hederin. *P<0.05 versus control,
#P<0.05 versus a-hederin (10 pM). All the above data are mean + SD from the average of three experiments.

the tumor mass (Figure 7D and E), whereas little apoptosis
was observed in the control group (P<0.05). Liver, lung
and brain tissues from each group were stained with HE,
and no tumor metastases were observed (not shown).
What’s more, we assayed the liver and renal injury by
the ALT, AST, BUN, Cr levels in the serum, and there
was no significant difference among groups (Table 1,
P>0.05).

Discussion

ROS which are produced by various biochemical and phy-
siological oxidative processes in the body play an important
role in the pathogenesis of various human diseases. At low
levels, ROS shows beneficial effects, while in excess accu-
mulation, ROS can cause damage to proteins, lipids and
DNA.'*'> The imbalances between ROS and antioxidant
defense systems may lead to oxidative stress, which initiates

carcinogenesis.'® There are numerous findings have indi-
cated that ROS plays a vital role in the growth of cancer
cells, such as pancreatic cancer,'” breast cancer,’ 8 non-small
cell lung cancer (NSCLC)'’ and prostate cancer.”” These
research indicated that the increased level of mitochondrial
ROS was shown to promote cell proliferation, cell survival,
cell migration through mitogen-activated protein kinase
(MAPK), NF-kB signaling pathway, Keap1-Nrf2-ARE sig-
naling pathway and mitochondrial apoptosis pathway
directly or indirectly.*'** GSH is a key molecule in the
redox process and GSH depletion plays an important role
in the process of tumor cell proliferation and apoptosis.**
The accumulation of ROS induced by GSH depletion can
cause oxidative damage of mitochondrial membrane, lead to
the opening of permeable transporter (PTP), release AIF,
Cyt C, procaspase-2 and procaspase-9 and activate caspase-
3 that finally induce apoptosis.”*** N-acetylcysteine (NAC)
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cells by JC-1. *P<0.05 versus control, #P<0.05 versus a-hederin (10 pM). All the above data are mean + SD from the average of three experiments.
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Figure 6 a-Hederin induces apoptosis through the mitochondrial pathway. Western blot analysis results showed the expression levels of Bcl-2, Bax, cleaved caspase-3,
cleaved caspase-9, AIF, Apaf-1, survivin and Cyt C proteins in HGC27/DDP cells. GAPDH expression was used as an internal control. *P<0.05 versus control, #P<0.05
versus a-hederin (10 pM). All the above data are mean * SD from the average of three experiments.

and DL-buthionine-S, R-sulfoximine (BSO). NAC works
not only by serving as a direct precursor of GSH synthesis,
thus helping to restore glutathione (GSH) but also serving
as a reducing agent for oxidizing proteins by scavenging
ROS.?® BSO is a selective inhibitor of y-glutamylcysteine
synthetase, produces GSH depletion and enhances reactive
oxygen metabolite.?’

Because of conventional chemotherapeutic drugs,
S5-fluorouracil and cisplatin have the defects of drug

resistance and cell toxicity, a-Hederin has been proposed
as a potential therapeutic method for anticancer treatments.
Although increasing evidence suggests that a-hederin
induces apoptosis in various cancer cell types,”® the under-
lining signal pathways remain unclarified in the gastric
cancer cells. Therefore, almost all the anticancer drugs
need to try to activate the inactivated apoptotic mechan-
ism, including o-hederin-induced chemotherapy, and then

to ultimately induce apoptosis to successfully achieve the
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Figure 7 Antitumor effect of a-hederin in cisplatin-resistant gastric tumor xenograft mouse model. (A) Morphology of the subcutaneous implanted tumor; (B) Mean tumor
volume at each time point; (C) Tumor weight was obtained at the end of the experiment; (D and E) HE staining and TUNEL assay of detecting the apoptotic cells in tumor
tissue. *P<0.05 versus control. All the above data are mean + SD from the average of three experiments.

goal of eradication of cancer cells by nonsurgical means.?
At present, apoptotic pathways have been sufficiently stu-
died in various tissues, and the intrinsic apoptotic path-
ways involve the response to severe cellular damage or
stress via the members of Bcl-2 protein family and the

30,31 In

mitochondria. some researches, a-hederin has been

proven to induce the apoptosis of multiple cancer cells via

Table | Effect Of a-Hederin On Hepatic And Renal Function

Group | ALT AST (U/L) | Urea Cr

(U/L) (nmol/L) (pmol/L)
Control | 32.0 +2.45 | 132.0 £3.56 | 8.1 +£0.93 12.0 + 0.82
2mglkg | 340+ 216 | 1427 £ 11.0 | 83 +0.63 14.7 + 0.94
4mglkg | 31.0£294 | 1443 +£82 | 80 +0.88 147 + 1.70
6 mg/kg | 30.7 £2.62 | 141.0 £ 9.1 8.6 + 0.48 143 + 1.25

Notes: Data are presented as the mean + SD, with n=6 mice/group. No differences
in the ALT, AST, urea and Cr levels among all groups (P>0.05).

the mitochondria pathway.'®'"** Hence, in the present
study, we provided evidence that a-hederin inhibited the
growth of HGC27/DDP cells activating by increasing
intracellular ROS and mitochondria-mediated apoptotic
signaling pathways.

In our study, we examined the cytotoxic activity and
possible molecular mechanism of a-hederin against
HGC27/DDP cells by CCK-8, Hoechst assay, flow cyto-
metry, ROS assay, JC-1, Western blot and xenograft
assays. CCK-8 assay is a rapid and sensitive method for
detecting cell proliferation and cytotoxicity of a-hederin
against HGC27/DDP cells.*>? In the meantime, Hoechst
assay and flow cytometry are commonly used to explore
whether the cytotoxicity of a-hederin against HGC27/DDP
cells is related to apoptosis.”> Hence, we found that
a-hederin inhibited the growth of HGC27/DDP cells in a
dose- and time-dependent fashion and we also found that
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a-hederin induced significantly greater apoptosis with
increasing concentrations compared to the control. NAC
and BSO pretreatment altered the percentages of apoptotic
cells in the HGC27/DDP cells which indicated that the
increasing level of intracellular ROS may be concerned
with the apoptosis of HGC27/DDP cells induced by
a-hederin. In order to determine our speculation whether
a-hederin could induce the accumulation of intracellular
ROS, we examined the different treatment of a-hederin in
HGC27/DDP cells at intracellular ROS level. We found
that the levels of intracellular ROS in treatment groups are
higher than that in the control group which confirmed our
conjecture.

Subsequently, we used fluorescent dye (JC-1) to mea-
sure the changes in AYm and the results which could
evaluate whether ROS induced the mitochondria-mediated
apoptotic mechanism in HGC27/DDP cells treated with
a-hederin. To further explore whether the increasing
ROS and the decreasing AYm induced by a-hederin led
to the apoptosis of HGC27/DDP cells, we used Western
blot to detect the protein levels of Bax, Bcl-2, cleaved
caspase-9, cleaved caspase-3, Apaf-1, AIF and Cyt C. It
has been demonstrated that Bcl-2 family proteins play an
important role in regulating the permeability of the outer
mitochondrial membrane,34 the reduction of Bcl-2/Bax
protein ratio will lead to permeation of the outer mem-
brane and the loss of Cyt C, altering the A¥m.>**
Apoptosis-inducing factor (AIF) is released from mito-
chondria to the cytoplasm and transferred to the nucleus,
mediating chromatin condensation in the nucleus, leading
to cell death.’®*” According to our studies, it was found
that a-hederin caused an increase of the Bax, Apaf-1, AIF
and Cyt C protein levels and a decrease of Bcl-2.
Additionally, the pretreatment of BSO or NAC could aug-
ment or attenuate mitochondrial pathway protein levels
above similarly in cleaved caspase-3 and cleaved cas-
pase-9. Therefore, it is suggested that a-hederin could
upregulate the level of intracellular ROS, and continually
increasing ROS causes serious damage to mitochondrial
structure and function and promotes cell aging and even
death by decreasing the expression of Bel-2 and increasing
the expression of Bax.>® Then, Cyt C in cytochrome and
Apaf-1 form apoptosomes, which result in the cleavage of
procaspase-9. Cleaved caspase-9 can activate the cleavage
of procaspase-3 (cleaved caspase-3), which induces apop-
tosis of HGC27/DDP cells.***!

Finally, a-hederin enhanced the antiproliferation effect
on HGC27/DDP xenografts. The TUNEL assay showed

more apoptotic cells than the control group with the
increasing dose of a-hederin. Meanwhile, hepatic dysfunc-
tion and renal dysfunction were observed that there is no
obvious adverse effect.

In conclusion, our results provide strong molecular evi-
dence to support our hypothesis that a-hederin inhibits the
proliferation and induces the apoptosis of cisplatin-resistant
gastric cancer cells by consuming GSH, increasing levels of
intracellular ROS and damaging the mitochondrial mem-
brane which release Cyt C and other apoptosis promoter
factors and stimulate the cascade reaction of caspase. In this
study, a-hederin was found to be a nontoxic and safe anti-
tumor drug, which has potential application value in the
treatment of cisplatin-resistant gastric cancer.
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