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Background: Elemene is extracted from a traditional herbal medicine and is commonly used in the treatment of cancer in
China. However, its effect on gastric cancer cells remains unknown. The goal of this study was to investigate
its effect on human gastric cancer cells.

Material/Methods: Human gastric cancer BGC-823 cells and a tumor-bearing mouse model were employed to be divided into 4
groups: control group, elemene group, PD98059 group (an ERK 1/2 signaling pathway inhibitor), and the com-
bined group (elemene plus PD98059). The tumor size, cell proliferation, expression of ERK 1/2 and phosphor-
ylated ERK 1/2 (p-ERK 1/2), Bcl-2 mRNA, and Bax mRNA were measured. Moreover, cell apoptosis was detect-
ed and the apoptosis index was calculated.

Results: Elemene and PD98059 each significantly inhibited the proliferation of gastric cancer cells BGC-823, and their
combination showed higher synergistic inhibitory effect (P<0.05). We also found increased expression levels
of p-ERK |/2 protein and Bax mRNA, but reduced level of Bcl-2 mRNA expression (P<0.05). Elemene presented
higher apoptosis rate in a dose-dependent manner (P<0.05). Furthermore, the injection of elemene decreased
the weight of transplanted tumors.

Conclusions: Elemene can inhibit the proliferation and induce the apoptosis of gastric cancer cells associated with the ERK
1/2 signaling pathway and expression levels of Bax mRNA and Bcl-2 mRNA.
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Background

Gastric cancer is one of the most common human malignan-
cies and the second leading cause of cancer-related death
worldwide [1]. Unfortunately, most gastric cancer patients
are diagnosed in the advanced stage, only 30% of which can
tolerate surgery; therefore, adjuvant chemotherapy is a ma-
jor treatment option for advanced gastric cancer [2] However,
the treatment outcome of chemotherapy regimens for gastric
cancer, such as cisplatin and fluorouracil, has not been satis-
factory over the past few decades. Due to the extensive ad-
verse effects and multi-drug resistance in some cases [3], the
development of effective and safe anti-cancer drugs is vital-
ly important.

Elemene, a sesquiterpenoid mixture with B-elemene as the main
active component, was extracted from Rhizoma Curcumae [4],
which is a commonly used traditional Chinese medicine con-
taining essential oils widely prescribed for the treatment of
cancer in China. Fu et al. [5] reported the anti-cancer activi-
ty of elemene in 1984. Its pharmacological study began pri-
marily in the latter part of the 2000s. Research over the last
few decades has shown that elemene can retard cell cycle ar-
rest, induce cell apoptosis, and inhibit metastasis or invasion
of tumor cells [6]. In addition, due to its low toxicity to nor-
mal cells, elemene has increasingly attracted the interest of
researchers [7]. Accumulating evidence shows that B-elemene
has potential anti-cancer activity against many types of cancer
cells, including ovarian carcinoma, breast cancer, lung cancer,
pancreatic carcinoma, hepatocarcinoma, and leukemia [8-14].

A previous study reported that elemene injection combined
with chemotherapy has better clinical efficacy and safety than
either treatment alone in the treatment of advanced gastric
cancer [15]. However, little is known about the exact anti-cancer
mechanism of elemene against gastric cancer cells. The pres-
ent study aimed to explore the therapeutic effect of elemene
against human gastric cancer cell line BGC-823 in vitro and in
vivo and to determine its molecular mechanism.

Material and Methods

Cell Lines and mice model

BGC-823 cell line was purchased from the Cell Resource Center
of the Shanghai Biological Sciences Institute (Chinese Academy
of Sciences, Shanghai, China). A total of 20 male BALB/c athy-
mic nude mice (5 weeks old) were purchased from Shanghai
Slac Laboratory Animal Co. LTD (Shanghai, China). All ani-
mals received humane care in keeping with the Guide for the
Care and Use of Laboratory Animals [Permit Number: SYXK
(zhe) 2010-0150] and the protocol was approved for animal
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experimentation by the Animal Ethics Committee of Wenzhou
Medical College.

Reagents

Elemene was purchased from Dalian Holley Golden Port Industry
Co. LTD (Dalian, China). RMPI 1640 was purchased from Gibco
(Carlsbad, CA, USA). ERK 1/2 signaling pathway inhibitor
PD98059 and dimethylsulfoxide (DMSO) were obtained from
Sigma (St. Louis, MO, USA) and 0.9% saline was obtained from
the Manufacturing Laboratory, the Second Affiliated Hospital
of Wenzhou Medical University. The PrimeScript RT reagent
kit was purchased from Takara (Japan). SYBR Green was pur-
chased from Roche (USA). Rabbit anti-human REK 1/2, p-REK
1/2, and HRP-labeled goat anti-Rabbit antibody were purchased
from Cell Signaling Technology (CST, USA).

Cell culture

BGC-823 cell line cells were cultured in RMPI-1640 medium
(Beyotime), into which 10% fetal bovine serum (Invitrogen,
Carlsbad, CA, USA), 100 pg/ml streptomycin (Beyotime), and
100 U/ml penicillin (Beyotime) were supplemented. A humid-
ified atmosphere containing 5% CO, at 37°C was applied for
the incubation of the cultures.

MTT cell viability assay

Cells were plated in 96-well plates (Falcon; Becton Dickinson,
Franklin Lakes, NJ, USA) with 4000 cells per well. After being
cultured in a humidified incubator for 24 h, cells were ran-
domized into 4 groups: 0.9% saline (group A, control), elemene
(group B, 200mg/kg), ERK 1/2 inhibitor PD98059 (group C,
1 mg/kg), and elemene plus PD98059 (group D), respectively,
administered peritoneally.

Moreover, cells were separately exposed to different con-
centrations of elemene (0.02, 0.04, 0.08, and 0.16 mg/ml) in
group B, PD98059 (25, 50, 75, and 100 pmol/L) in group C,
and 0.08 mg/ml elemene combined with 50 umol/L PD98059
in group D, at 6, 12, 24, and 48 h. Each well was incubated for
4 h with addition of 20 pl of MTT solution (5 mg/ml). After in-
cubation, the supernatant was discarded and 150 pyl DMSO
was added and mixed. The absorbance was determined at
a wavelength of 492 nm and expressed as A value, and the
proliferation rate of cell was calculated. All assays were per-
formed with 5 replicates.

Cell apoptosis assay
The apoptosis was detected using the TUNEL method. The cells

(1x10*/ml) in control and experimental groups were plated in
6-well plates, cover-slipped, and incubated for 24 h. They were
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subsequently exposed to various testing agents as described
above. The whole procedure was based on the instructions of
the TUNEL detection kit. The main steps were: firstly, coverslips
with cells were taken out, fixed with 4% paraformaldehyde for
1 h at room temperature, and washed with PBS 3 times x2
min. Then, 0.3% H,0, was added for 30 min and washed with
PBS 3 times x5 min. We then added 1% Triton and the mix
was incubated for 2 min at 4 °C. PBS was used for washing 3
times x5 min, followed by addition of 50 pl TUNEL. After in-
cubating in a wet box at 37°C for 1 h, cells were washed with
PBS, then we added peroxide enzyme conversion agent and
incubated the mix at 37°C for 30 min. Thereafter, cells were
colored using DAB developer, and passed a series of orderly
process including counterstaining, dehydration, transparency,
and mounting. Electron microscopy was used to observe the
morphological changes of the apoptotic cells. Cells that stained
brown were consonant with changes of apoptotic cells in mor-
phology. The apoptosis index was calculated by the ratio of
positive cells divided by the total cells x100%.

Western blot analysis

After treating with different testing agents for 24 h, cells were
placed in 100 ml of ice-cold RIPA lysis buffer for incubation
at 4°C for 1 h. Further clarification was performed at 12 000
rpm for 20 min at 4°C. Subsequently, according to the manu-
facturer’s instructions, a bicinchoninic acid (BCA) protein as-
say kit (Pierce, Rockford, IL, USA) was used to quantify the pro-
tein content. The separation of 30 pg protein was performed
on a 10% SDS-PAGE gel followed by transfer to polyvinylidene
difluoride (PVDF) membranes. Then, 0.05 g/ml nonfat dry milk
was used to block the blots, and ERK 1/2 (1: 1 000), p-ERK 1/2
(1: 1000) was incubated overnight at 4°C, and then incubat-
ed with HRP-conjugated secondary antibody IgG (1: 6000) for
2 h at room temperature. Expression of ERK 1/2 and p-ERK
|/2 proteins was assessed by enhanced chemiluminescence
(Amersham Biosciences, Piscataway, NJ, USA).

Real-time PCR

Cells in control and experimental groups were plated in 6-well
plates with 1x10* cells per well. After growing with adherence,
the cells were treated with the aforementioned testing agents
for 24 h. Thereafter, the Trizol method was performed to ex-
tract RNA. Then, reverse transcription was carried out strict-
ly following the instructions of Takara [16] and cDNA was ob-
tained. The real-time PCR conditions were: 95°C for 15 min
initial denaturation, followed by 45 cycles of amplification at
95°C, denaturation for 10 s, annealing at 60°C for 30 s, and
extension at 72°C for 30 s, followed by 95°C for 1 min, 55°C
for 1 min, and 95°C for 1 min. The expression levels of Bcl-2
and Bax mRNA were determined.

ANIMAL STUDY

Tumor-bearing mouse model

In this study, 20 male nude mice were randomly divided into 4
groups: control group (group A, n=5), elemene group (group B,
n=>5), PD98059 group (group C, n=5), and PD98059 combined
with elemene group (group D, n=5). All mice were inoculated
with human gastric cancer BGC-823 cells to establish the tu-
mor-bearing mouse model.

Therapeutic efficacy in established tumors in vivo

Two weeks later, agent treatment was carried out when the
injected cell mass reached a mean volume of 200 mm? and
the tumors could be palpated. The tumor-bearing mice was in-
jected peritoneally with 0.9% saline only in the untreated con-
trol group, elemene (200 mg/kg/day, every 3 days) in group B,
PD98059 (1 mg/kg/day, every 3 days) in group C, and elemene
and PD98059 (200 mg/kg/day and 1 mg/kg/day, every 3 days)
in group D. Subsequently, the weight of the mice and the size
of the transplanted tumors were measured every 3 days, and
the volume of tumors was calculated. After 15 days of treat-
ment, the were killed and tumors were removed. The final tu-
mor dimensions were measured and the tumor inhibitory rate
(IR) was calculated using the following formula: IR (%)=[1-tu-
mor weight in experimental group (g)/tumor weight in con-
trol group (g)]x100%.

Statistical analysis

All statistical analyses were performed using the SPSS 20.0
package and all quantitative assays were performed in trip-
licate. Data are expressed as means and standard deviations
(mean +SD). Comparisons among groups were tested using
analysis of variance (ANOVA), least significant differences (LSD)
post hoc tests, or Dunnett’s T3 test. P values less than 0.05
were considered statistically significant.

Results

Elemene inhibited proliferation of gastric cancer BGC-823
cells in vitro

The curves in Figure 1A demonstrate the inhibited effects of
elemene on the proliferation of BGC-823 cells, as time went
by and the dose increased, indicating that elemene has con-
centration- and time-dependent inhibitory activities against
gastric cancer. As shown in Figure 1B, the inhibition effects
did not change when the concentration of PD98059 was more
than 50 pmol/L, suggesting that PD98059 inhibited growth of
BGC-823 cells in a time-dependent manner, but not in a dose-
dependent manner. As we expected, Figure 1C showed that the
inhibition effects of elemene combined with PD98059 group
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Figure 1. MTT cell viability assay of gastric cancer BGC-823 cells treated with elemene, PD98059, or the combination of the 2 drugs.
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Figure 2. Western blot analysis of Tubulin, ERK 1/2, and p-ERK 1/2 protein levels in gastric cancer BGC-823 cells treated with elemene,

PD98059, or the combination of the 2 drugs.

were obviously superior to that of the single action, suggest-
ing elemene and PD98059 had the synergistic antitumor ef-
fect against gastric cancer in vitro.

Expression of ERK 1/2 and p-ERK 1/2 in different groups

Figure 2A shows that elemene upregulated the expression of
p-ERK 1/2 in a dose-dependent manner. In addition, p-ERK 1/2
protein was quickly activated when the concentration of el-
emene was more than 0.08 mg/ml. We compared the expres-
sion of ERK 1/2 and p-ERK 1/2 among different experimental
groups and the control group. The results demonstrate that
p-ERK 1/2 was significantly increased in the elemene group

with the concentration of 0.08 mg/ml, and was significantly
decreased in the PD98059 group with the concentration of
50 pmol/L, when compared with the control group, but no sig-
nificant difference was observed in the elemene plus PD98059
group (Figure 2B).

Assessment of apoptosis in BGC-823 cells

At the end of the 24-h incubation period, we observed the mor-
phological changes of the apoptotic cells by electron microscopy
and assessed the apoptotic rate. Figure 3 shows that all agent
groups were effective in significantly inducing the apoptosis of
BGC-823 cells. Compared with the control group, the apoptotic
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Figure 3. TUNEL staining of tumor tissues in different groups. (A) Negative controls; (B) Controls; (C) Elemene 0.02 mg/mL; (D) Elemene
0.04 mg/mL; (E) Elemene 0.08 mg/mL; (F) Elemene 0.16 mg/mL; (G) PD98059 50 umol/L; (H) Elemene 0.08 mg/mL plus

PD98059 50 pmol/L.
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Figure 4. Real-time PCR analysis of Bax and Bcl-2 mRNA levels in gastric cancer BGC-823 cells treated with elemene, PD98059, or the

combination of the 2 drugs. CEP — Elemene plus PD98059.

index significantly increased across the increasing concentra-
tions of elemene (Figure 3C-3F). We also observed a marked-
ly increased apoptosis rate of BGC-823 cells in the PD98059
group and in the combination of elemene and PD98059 group,
compared with the control group (Figure 3G, 3H).

Effect of elemene on mRNA expression of Bcl-2 and Bax in
BGC-823 cells

Real-time PCR analysis was used to assess the expression lev-
els of Bcl-2 and Bax mRNA in BGC-823 cells treated with differ-
ent drugs. As shown in Figure 4, with the increase of elemene,
the Bax mRNA expression significantly increased and the Bcl-
2 mRNA expression significantly decreased. Furthermore, el-
emene together with PD98059 caused the synergistic effect
with the highest expression of Bax mRNA and the lowest ex-
pression of Bcl-2 mRNA.

Inhibitory effects of elemene on gastric cancer BGC-823
cells in vivo

We further explored the inhibitory effects of elemene on tumor
formation in vivo. Body weight and tumor volume and weight
were measured. As shown in Figure 5A, the body weights of
the elemene-treated and control mice were significantly in-
creased 2 weeks after treatment, but no significant increase
was observed in mice treated with PD98059 and the combi-
nation of elemene and PD98059, indicating that elemene ef-
ficiently retards tumor growth in nude mice without apparent
adverse effects on the hosts, while PD98059 showed toxici-
ty to the growth of hosts. Table 1 lists the tumor weights of
each treatment in nude mice, showing the strongest inhibi-
tion effect with the combination. As shown in Figure 5B, com-
pared with the negative control group, tumor volume had a de-
creasing trend over time in the elemene group. Interestingly,

the combination of elemene and PD98059 exhibited more
potent growth inhibition of tumors compared to the other 3
groups. Although PD98059 slowed tumor growth, tumor vol-
ume in this group was not different from the result obtained
in the control group.

Discussion

Gastric cancer is the second leading cause of cancer death
worldwide, and the incidence and mortality of gastric can-
cer is second only to that of lung cancer in China [1,17]. Most
patients are managed with chemotherapy because they are
initially diagnosed in the advanced stage and cannot toler-
ate surgery [18]. Despite the efficacy of chemotherapy, these
treatments cause significant adverse effects and enormous
economic and social costs, as well as reducing patient qual-
ity of life and decreasing the overall efficacy of chemothera-
py for gastric cancer.

Elemene, as an anti-cancer adjuvant drug, was shown in recent
studies to exhibit broad-spectrum anti-cancer activity against
cancer cell lines of different tumor types [8-14,19-21]. In addi-
tion, increasing evidence shows that the addition of elemene
injection in chemotherapy not only improved the efficacy but
also reduced the adverse effects of these drugs in the treat-
ment of gastric carcinoma. These previous studies demonstrat-
ed that elemene had potential clinical benefits both alone and
in combination with other drugs. Our current data further dem-
onstrate that elemene not only alone, but also together with
PD98059, can be effective in inhibiting the proliferation and
inducing apoptosis of BGC-823 gastric cancer cells.

In the current study, the inhibitory effects of elemene on hu-
man gastric cancer BGC-823 cells were assessed both in vitro
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Figure 5. Effects of elemene on gastric tumors in mice. (A) Body weight of mice treated with different treatments are measured;
(B) Tumor volume of mice treated with different treatments are measured; (C) Representative images from each treatment

group are shown.

and in vivo. The in vitro findings demonstrated that elemene
suppresses the proliferation of human gastric cancer cells by
promoting cell apoptosis with concentration- and time-de-
pendent inhibitory activities, but only time-dependent inhib-
itory activity was observed in the PD98059 group. In an in
vivo study, the antitumor activity of elemene was similar to
that of an in vitro study; the elemene group showed marked
growth-inhibitory action against the growth of gastric cancer

BGC-823 cells compared with the control group. Moreover, el-
emene in combination with PD98059 caused a more potent
growth inhibition of BGC-823 cells than each agent alone in vi-
tro. Importantly, the body weight of elemene-treated mice in
all groups was significantly increased after treatment, with-
out any significant difference; however, mouse growth was
inhibited in the PD98059 and PD98059 plus elemene groups,
suggesting that elemene effectively inhibits tumor growth in
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Table 1. Effects of different treatments on tumor weights in

mice.
Tumor weight Tumor inhibitory
(g) rate (%)
Control 0.7890+0.3150
PD9SOSY  04880:01314 815%
CElemene  03414:02187 5672%
Elemene+PD9g059  0.1898:00885 7550%

nude mice, without apparent adverse effects of PD98059 in-
hibiting mouse growth. Therefore, elemene has the potential to
be a novel and safe therapeutic method against gastric cancer.

MAPK-Activated Protein Kinases (MAPK) pathways play an im-
portant role in regulating diverse cellular activities, including
motility, survival, apoptosis, and differentiation [22]. To date,
the ERK 1/2 signaling pathway, as an MAPK pathway, has been
proved to be a key regulator of cell proliferation, and inhibi-
tors of the ERK pathway have been used in clinical trials as po-
tential anti-cancer agents [23]. The ERK 1/2 signaling pathway
was reported to be involved in the growth, proliferation, apop-
tosis, invasion, metastasis, and differentiation of gastric cancer
cells [24-26]. Lin et al. [24] found that Euphol from Euphorbia ti-
rucalli could selectively inhibit the growth of human gastric can-
cer cells through the induction of ERK1/2-mediated apoptosis.
Another study found that TGF-beta promotes the invasion and
metastasis of gastric cancer cells via ERK and JNK signal path-
ways [25]. Previous studies have reported that the inhibition
effect of B-elemene on cancer cell proliferation is mainly due to
apoptotic cell death and cell cycle arrest [7,27,28]. Another study
reported that -elemene rapidly induces the phosphorylation of
Akt and ERK involved in B-elemene-induced cell apoptosis [29].
Bcl-2 families play a vital role in the process of apoptosis. Of
the Bcl-2 families, Bcl-2 and Bax are the 2 most representative

References:

—

. Jemal A, Murray T, Ward E et al: Cancer statistics, 2005. Cancer J Clin, 2005;
55:10-30

2. Brenner H, Rothenbacher D, Arndt V: Epidemiology of stomach cancer.

Methods Mol Biol, 2009; 472: 467-77

. Kim HK, Choi IJ, Kim CG et al: A gene expression signature of acquired che-
moresistance to cisplatin and fluorouracil combination chemotherapy in
gastric cancer patients. PLoS One, 2011; 6: 16694

. Guo YT: [Isolation and identification of elemene from the essential oil of
Curcuma wenyujin]. Zhong Yao Tong Bao, 1983; 8: 31 [in Chinese]

w

»

S,

. Fu NW: [Antitumor effect and pharmacological actions of beta-elemene iso-
lated from the rhizome of Curcuma aromatica]. Zhong Yao Tong Bao, 1984;
9: 83-87 [in Chinese]

. LuJJ, Dang YY, Huang M et al: Anti-cancer properties of terpenoids isolated
from Rhizoma curcumae — a review. ) Ethnopharmacol, 2012; 143: 406-11

[=2)

~

. Li X, Wang G, Zhao J et al: Antiproliferative effect of beta-elemene in che-
moresistant ovarian carcinoma cells is mediated through arrest of the cell
cycle at the G2-M phase. Cell Mol Life Sci, 2005; 62: 894-904

Li P. et al.:
Elemene induces apoptosis of human gastric cancer cell line BGC-823...
© Med Sci Monit, 2017; 23: 809-817

antiapoptotic and proapoptotic proteins, and the ratio of Bcl-2
and Bax is used to determine the apoptosis or survival of the
cell after receiving stimulus signals [30]. The mitochondria-me-
diated apoptotic pathway is reported to be regulated by mem-
bers of the Bcl-2 family [31], and the overall consequence is dic-
tated by the balance of the antiapoptotic protein Bcl-2 and the
proapoptotic protein Bax. Remarkably, Zhang et al. showed that
[-elemene combined with etoposide could enhance anti-can-
cer activity, which may be mediated by the upregulation of Bax
protein [11]. In addition, another study found that p-Elemene
exposure decreased the levels of Bcl-2 protein [27]. In the pres-
ent study, we observed an obvious activation of the p-ERK 1/2
signaling pathway, upregulation of Bax mRNA expression, and
downregulation of Bcl-2 mRNA. Collectively, our results dem-
onstrate the possible molecular mechanism of elemene in in-
ducing the apoptosis of gastric cancer cells, which is associat-
ed with activation of the p-ERK 1/2 signaling pathway through
influencing the expression of Bcl-2 and Bax.

Conclusions

The present study suggests that elemene may be an effective
and safe therapeutic strategy to inhibit the growth of gastric
cancer BGC-823 cells by inducing apoptosis. The mechanism
may be associated with the activation of the p-ERK 1/2 sig-
naling pathway through upregulation of Bax mRNA expres-
sion and downregulation of Bcl-2 mRNA expression. In addi-
tion, elemene may function synergistically with the ERK 1/2
signaling pathway inhibitor PD98059 in the induction of gas-
tric cancer cells apoptosis in vitro and in vivo. Further studies
are warranted to elucidate the detailed mechanisms by which
elemene contributes to BGC-823 cell apoptosis.
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