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Abstract. β-elemene, a non-cellular antineoplastic agent, may 
be used to effectively inhibit the growth and proliferation of 
various types of tumor cells by inhibiting the nucleic acid 
synthesis or inducing their apoptosis and differentiation. The 
aim of this study was to investigate the expression, as well 
as the effects, of Mta-1, survivin and Bcl-xL in T24 bladder 
cancer cells following β-elemene treatment. The expression of 
the three proteins in T24 cells following β-elemene treatment 
was analyzed by immunocytochemistry staining and western 
blot analysis. The survival rate and apoptosis of T24 cells 
following β-elemene treatment was detected by MTT assay 
and TUNEL staining. We analyzed the internal corelations 
between apoptosis-associated genes, tumor metastasis-associ-
ated genes (cancer genes) and cell apoptosis, and investigated 
the mechanism of action by which β-elemene induces the 
apoptosis of T24 cells at a molecular level. These results 
provide scientific evidence for further study on the anticancer 
effect of β-elemene in carcinoma of the urinary bladder. In this 
study, it is shown that β-elemene downregulates the expression 
of survivin, Bcl-xL and Mta-1 in tumor cells. The apoptosis of 
T24 cells is dependent on the dosage and length of incubation 
time of β-elemene.

Introduction

β-elemene is a grease monomer extracted from volatile oils of 
Wenchow turmeric rhizome, a Chinese medicine that is capable 
of promoting blood circulation and removing blood stasis. 
β-elemene belongs to the sesquiterpene derivatives, which 

do not contain hydrogen. In comparison with the majority 
of chemotherapeutics, this medicine has fewer side-effects, 
with no damage to the liver and kidneys detected. With no 
myelosuppression, the preparations have been proven to have 
curative effects on a wide variety of tumor types according 
to experimental and clinical pharmacology (1). Research has 
shown that β-elemene has marked inhibitory effects on certain 
tumor types, possibly by inducing apoptosis and inhibiting cell 
proliferation (2,3).

The Bcl-2 gene family includes important apoptosis‑regu-
lating genes. B-cell lymphoma x (Bcl-x) is an important 
member of the Bcl-2 gene family. Bcl-x has two mRNA 
isomerides, Bcl-xL and Bcl-xs, which are of different sizes 
and have opposing functions. Bcl-xL is capable of forming 
ducts in the cell membrane for ions and protein to get into and 
out of mitochondria in order to promote apoptosis (4,5). Bcl-x 
may destroy the cell calcium balance, and inhibit apoptosis by 
reducing the activity of thrombocytes (6). In cisplatin-resistant 
ovarian cancer, β-elemene can induce and increase the activity 
of caspase-9, downregulate the expression of Bcl-2 and Bcl-xL, 
and increase the release of cytochrome c into the cytoplasm 
from the mitochondria. These data indicate that β-elemene 
sensitizes chemoresistant ovarian carcinoma cells to apoptosis 
induced by cisplatin (7). 

Survivin belongs to the family of inhibitors of apoptosis 
protein (IAP). Combined with active capase-3 and caspase‑7, 
it may inhibit apoptosis induced by various stimuli. Survivin 
is involved in the process of regulating and controlling tumor 
apoptosis and may be a new target for oncotherapy  (8). 
Research shows that in the cell strains of ovarian cancer, 
β-elemene induces and increases the activity of caspase-8, 
caspase-9, caspase-3, caspase-7 and caspase-10, which indi-
cates that the effect of elemene on cell death may be mediated 
through the death receptor signaling and/or mitochondrial 
release of cytochrome c-dependent pathways. These data 
suggest that elemene may have an effect on cisplatin sensi-
tivity in human ovarian carcinoma cells through the regulation 
of cell cycle control and the apoptotic signaling pathway (9). 
In our research, it was shown that β-elemene is capable of 
downregulating the expression of survivin and this may be 
related to the fact that β-elemene induces and increases the 
activity of caspase-3 and caspase-7.
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Metastasis-associated gene 1 (Mta-1) is a newly-discov-
ered gene associated with the metastasis of tumors (10), whose 
gene products are capable of playing a role in the regulation 
of the signaling pathways and expression of genes. It is an 
important protein molecule that positively controls the process 
of tumor metastasis. Research in oral squamous carcinoma 
has shown that MTA1 overexpression in oral squamous cell 
carcinoma (SCC) may be associated with increased invasive 
ability, which may cause lymph node metastasis (11). In this 
study, we found that β-elemene is capable of downregulating 
the expression of survivin, Bcl-xL and Mta-1 in tumor cells, 
and inducing the apoptosis of tumor cells. The apoptosis of 
T24 cells is dependent on the dosage and incubation time of 
β-elemene.

Materials and methods

Cell culture. The bladder cancer cell line T24 was purchased 
from the cell centre of XiangYa Medical College, Central South 
University. The cells were cultured in RPMI-1640 medium 
(Gibco, Invitrogen, Carlsbad, CA, USA) complemented with 
10% fetal bovine serum (Gibco). All cell lines were cultured in 
a humidified incubator (5% CO2) at 37˚C. All experiments were 
conducted according to the ethical guidelines of University of 
South China.

MTT colorimetric assay. β-elemene (Dalian Jingang 
Pharmaceuticals Ltd., China) at different concentrations 
(0.004, 0.008, 0.01, 0.02, 0.04, 0.06 and 0.08 mg/ml, respec-
tively) was added to wells of T24 cells in a 96-well plate, and 
each group of cells was paralleled for four wells. Untreated 
T24 cells and blank controls were also included in the plate. 
The cells were cultured for 24 h, and after MTT was added to 
each group, the cells were cultured for another 48 h. The light 
absorption value (optical density) was then measured at the 
wavelength of 492 nm. The optical density of each group of 
cells was calculated by setting the blank control parameter as 
0 and taking the average.

In-situ hybridization. T24 bladder cancer cells were cultured to 
the exponential phase. Following digestion, fresh RPMI‑1640 
was added to the cells, and the cells were resuspended into 
6-well plates with cover glasses in each well pre-treated by 
Poly-L-Lysine solution at the concentration of 5x105 cells 
per well. The control group of T24 cells was cultivated with 
medium for 6, 12 and 18 h. To test the dose-effect, β-elemene 
was added to the cells with three different concentrations of 
0.008, 0.014 and 0.02 mg/ml, respectively, and the cells were 
cultivated for 12 h. To test the effect of aging, β-elemene 
was added, with a final concentration of 0.014 mg/ml into 
T24 cells that were cultured for 24 h in a 6-well plate, and 
the cells were then cultivated for 6, 12 and 18 h, respectively. 
Cover glasses with attached T24 cells were removed, rinsed 
with 0.02 M PBS and stored at -20˚C after fixation with pure 
acetone at room temperature for 15 min. The cover glasses 
were then used for further analysis. Apoptosis was determined 
by TUNEL assay, and performed using a kit purchased from 
Wuhan Boshide Company, China. Cells with a darkly tinted 
nucleus were apoptotic cells. Cell apoptosis rate = number of 
apoptotic cells/total number of cells x 100%.

Mta-1 mRNA was detected by in situ hybridization 
using the DIG Random Labeling and Detection kit I (POD) 
(Boshide Co.) according to the manufacturer's instructions. 
The Mta-1 mRNA in situ hybridization probe (5' end mark 
digoxin) was synthesized by Shanghai Sangon Bioengineering 
Technical Service Ltd., and the sequence was 5'-gtttccgaggat-
gagagcagcttgcggat-3'.

Immunocytochemistry analysis. A semi-quantitative method 
was used to divide the color intensity into three levels, one point 
for no color, two points for low intensity color and three points 
for yellow. The percentage of positive cells was also divided 
into three levels, one point for level 1 (≤25%), two points for 
level 2 (26-75%), and three points for level 3 (≥76%). The final 
score of each coverslip of cells was calculated by multiplying 
the scores of the two grading methods (1-9 points). If the score 
was ≥3 points, the slip was determined as positive, and if the 
score was <3 points, the slip was determined as negative. In 
total, 100 cells in each field of vision were counted, and 20 
coverslips of cells in each group were observed (n=20). The 
expression ratio of positive cells (%) was calculated by dividing 
the numbers of positive cells by the number of total cells. 
The results were displayed as a percentage ± standard devia-
tion (SD). Monoclonal mouse anti-Human Bcl-xL (ZM-0301) 
was purchased from Beijing Zhongshan Biotechnology Co.

Western blot analysis. Total cellular proteins were isolated and 
separated on SDS-PAGE gels. Western blotting was used to test 
the MTA-1 protein expression of T24 cells. The primary anti-
body (1:400) against Mta-1 and the primary antibody against 
β-actin (1:1000) were purchased from the Fox Chase Cancer 
Center (Philadelphia, PA, USA). The membrane was incubated 
with horseradish peroxidase-conjugated secondary antibodies 
(Cat. No. sc-2030; Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), visualized by an enhanced chemiluminescence detec-
tion kit (Thermo Scientific, Pierce, Rockford, IL, USA) and 
exposed to film. β-actin was used as a loading control.

Statistical analysis. Data were analyzed using SPSS 11.5 
and SPSS 13.0 software. A comparison among groups was 
performed by the non-parametric test of rank transformation 
(Kruskal-Wallis test method), while the correlation test was 
performed by non-parametric correlation analysis (Spearman 
coefficient of rank correlation). P<0.05 was considered to indi-
cate a statistically significant difference. One-way analysis of 
variance (ANOVA) was also used for analysis. 

Results

The survival rate of T24 cells is negatively correlated with 
the incubation time of β-elemene. To analyze the effect 
of β-elemene on T24 bladder cancer cells, β-elemene at 
increasing concentrations was incubated for 24 or 48 h with 
T24 cells. The survival rate of the cells was calculated by the 
OD value of the MTT assay. As shown in Fig. 1, the survival 
rate of T24 cells treated with β-elemene for 48 h was lower 
than those treated for 24 h, indicating that the prolonged 
incubation time more effectively decreases the survival of 
T24 cells. The survival rate of T24 cells in groups incubated 
with β-elemene for 24 and 48 h at a concentration of less than 
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0.02 mg/ml was more than 60 and 45%, respectively, while 
the survival rate of T24 cells in groups with a β-elemene dose 
of more than 0.02 mg/ml was decreased to less than 40 and 
30%, respectively. When 0.06 mg/ml β-elemene was added 
and incubated for 24 and 48 h, the average survival rate of T24 
cells only reached approximately 10% (Fig. 1).

The apoptosis of T24 cells is dependent on the dosage and incu-
bation time of β-elemene. To determine the effect of β-elemene 
on the apoptosis of T24 cells, TUNEL analysis was performed 
for T24 cells treated with 0.014 mg/ml β-elemene for different 
times (6, 12 or 18 h) (Fig. 2A), or treated with various concen-
trations of β-elemene (0.008, 0.014 and 0.02 mg/ml) for 12 h 
(Fig. 2B). Cells that appeared yellow or brown from the result 
of TUNEL were considered to be apoptotic cells. By counting 
the number of apoptotic cells, it was found that the apoptotic 
rate of T24 cells increased upon the elevation of β-elemene 
concentration. Moreover, the apoptotic rate of T24 cells also 
increased upon longer incubation times of β-elemene. These 
results suggest that the apoptosis of T24 cells is dependent on 
the dosage and incubation time of β-elemene.

β-elemene affects expression of survivin and Bcl-xL in 
T24 cells. To determine whether β-elemene affects protein 
expression, T24 cells were treated with β-elemene at various 
doses for different times. The expression of survivin was 
detected. As shown in Fig. 3A and B, compared with that in the 
control group, the average number of positive cells expressing 
survivin in the T24 cell intervention groups that were either 
treated with different doses of β-elemene (0.008, 0.014 and 
0.02 mg/ml), or incubated with β-elemene for different times 
(6, 12 and 18 h), were markedly decreased, while the cell 
apoptosis rate in β-elemene-treated cell groups was mark-
edly higher than that in the non-intervention group. Prior to 
intervention, survivin showed marked positive expression in 
T24 cells. When T24 cells were treated with 0.014 mg/ml 
β-elemene for 6 h, the decreased expression of survivin was 
not clear. However, after another 6 h, the expression levels of 
the two proteins began to decrease, and after 18 h, the decrease 
was statistically significant (p<0.01). Thus, the expression of 
the two proteins was dependent on the dosage and incubation 

time of β-elemene; in other words, with the increase of drug 
concentration and the extension of the incubation time, the 
protein levels of survivin significantly reduced. Nonparametric 
correlation analysis revealed a negative correlation between 
the decrease of the protein expression levels of survivin and 
the treatment concentration and incubation time of β-elemene. 
Furthermore, the cell apoptosis rate was also negatively corre-
lated with the treatment concentration and incubation time 
of β-elemene. Bcl-xL expression was also detected using the 
same method as for detection of survivin, and similar results 
to those of survivin expression were achieved (data not shown).

Expression of Mta-1 mRNA following β-elemene treatment. 
The expression of Mta-1 mRNA was detected in T24 cells 
during β-elemene treatment by in situ hybridization. As 
shown in Fig. 3C and D, when Mta-1 mRNA was positively 
expressed, the T24 cell cytoplasm was tinted and the cell 
nucleus was slightly tinted yellow or brown. In human bladder 
cancer T24 cells, the expression of Mta-1 mRNA was mainly 
detected inside the cell nucleus, with only slight yellow or 
brown staining in the cell cytoplasm. Mta-1 mRNA in T24 
cells is mainly expressed in the cell cytoplasm.

Expression of Mta-1 protein following β-elemene treatment. To 
analyze changes in the expression of Mta-1 protein following 
treatment, T24  cells were incubated with 0.002  mg/ml  
β-elemene and the expression of Mta-1 was determined by 
western blot analysis. As is shown in Fig. 4, β-elemene down-
regulated the expression of Mta-1 protein in T24 cells from 
24 h after treatment, and the downregulation of expression 
was time-dependent; that is, the expression of Mta-1 protein 
was reduced after 48 and 72 h of β-elemene treatment. β-actin 
was used as a loading control. This result further indicated 

Figure 1. The survival rate of T24 cells was measured by the MTT colori-
metric assay. T24 cells were treated with various doses of β-elemene for 24 
or 48 h. The survival rates of T24 cells were determined by measuring the 
corresponding OD values. 

Figure 2. Apoptosis rate of T24 cells detected by TUNEL staining. (A) The 
cell apoptosis rate was counted in T24 cells treated with 0.014 mg/ml 
β-elemene from 0 to 18 h. Cells with darkly tinted nuclei were apoptotic cells. 
(B) The cell apoptosis rate was counted in T24 cells treated with β-elemene 
at various concentrations for 12 h.
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that β-elemene treatment can inhibit the expression of Mta-1 
mRNA protein in T24 cells.

Correlation analysis between expression of survivin and 
Bcl-xL as well as between Mta-1 protein or Mta-1 mRNA and 

the expression of survivin and Bcl-xL in T24 cells incubated 
with different doses of β-elemene for the same duration of time. 
By nonparametric correlation analysis it was found that when 
T24 cells were treated with various doses of β-elemene for 
the same incubation time of 12 h, the expression of survivin 
and Bcl-xL protein was positively corelated, with a correlation 
coefficient (RS) of 0.915 (P<0.01). The expression of Mta-1 
protein had a positive correlation with that of both survivin and 
Bcl-xL, with an RS of 0.954 and 0.943, respectively (P<0.01). 
Similarly, the expression of Mta-1 mRNA also had a positive 
correlation with that of survivin and Bcl-xL, with an RS of 
0.933 and 0.974, respectively (P<0.01). Moreover, there was 
a positive correlation between the expression of Mta-1 protein 
and Mta-1 mRNA (RS, 0.952; P=0.000) (Table I).

Correlation analysis between expression of survivin and 
Bcl-xL as well as between Mta-1 protein or Mta-1 mRNA and 
the expression of survivin and Bcl-xL in T24 cells incubated 

Figure 3. Detection of survivin and Mta-1 mRNA in human bladder cancer T24 cells. (A) Expression of survivin protein detected using an immunohistochem-
ical method (SP method, x400). T24 cells were treated with β-elemene at a dose of 0.014 mg/ml for various incubation times. The positive expression of survivin 
was detected by immunohistochemistry. (a) untreated T24 cells; (b-d) T24 cells treated with β-elemene for 6, 12 and 18 h; (e) immunocytochemically negative 
control T24 cells. (B) T24 cells were treated with β-elemene at various concentrations for 12 h. The expression of survivin was detected by the SP method 
(x400). (f) Untreated T24 cells; (g-i) T24 cells treated with β-elemene at concentrations of 0.008, 0.014 and 0.02 mg/ml; (j) immunocytochemically negative 
control T24 cells. (C) Expression of Mta-1 mRNA detected by in situ hybridization (x400). T24 cells were treated with β-elemene at a dose of 0.014 mg/ml 
for various incubation times. The expression of Mta-1 mRNA was detected by immunohistochemistry. (k) Untreated T24 cells; (l-n) T24 cells treated with 
β-elemene for 6, 12 and 18 h; (o) immunocytochemical negative control T24 cells. (D) Expression of Mta-1 mRNA detected by in situ hybridization (x400). T24 
cells were treated with β-elemene at various concentrations for 12 h. The expression of Mta-1 mRNA was detected by immunohistochemistry. (p) Untreated 
T24 cells; (q-s) T24 cells treated with β-elemene at concentrations of 0.008, 0.014 and 0.02 mg/ml; (t) immunocytochemically negative control T24 cells. 

Figure 4. Western blot analysis of Mta-1 protein expression in T24 cells 
treated with 0.002 mg/ml β-elemene. β-actin was used as a loading control.
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with the same doses of β-elemene for different durations. 
Nonparametric correlation analysis showed that when T24 cells 
were incubated with 0.014 mg/ml β-elemene for different time 
durations (6, 12 and 18 h), expression of survivin and Bcl-xL 
protein was positively correlated (RS, 0.936; P<0.01). The 
expression of Mta-1 protein had a positive correlation with 
the expression of survivin and Bcl-xL protein, with an RS of 
0.951 and 0.960, respectively (P<0.01). Similarly, the expres-
sion of Mta-1 mRNA also had a positive correlation with the 
expression of survivin and Bcl-xL protein, with an RS of 0.955 
and 0.973, respectively (P<0.01). Finally, there was a positive 
correlation between the expression of Mta-1 protein and Mta-1 
mRNA, with an RS of 0.971 (P<0.01; Table II). 

Discussion

In recent years, progress has been achieved through studies 
on the role of β-elemene in cancer treatment, including its 

role in inhibiting tumor cell proliferation, promoting tumor 
cell apoptosis, inducing tumor cell differentiation (tumor 
reversion), inhibiting the telomerase activity of tumor cells, 
inhibiting the expression of cancer genes such as Bcl-2 and 
C-myc and inducing dissociated Ca2+ in tumor cells, as well 
as its antioxidant function, immunoregulation properties, drug 
resistance and its resistance to neoplasm metastasis. In this 
experiment, β-elemene was selected to induce the apoptosis of 
human bladder T24 cells cultured in vitro, and changes in the 
expression of survivin, Bcl-xL and Mta-1 proteins, as well as 
Mta-1 mRNA, were detected so as to investigate the antitumor 
mechanism induced by β-elemene.

In 1997, the survivin gene was reported for the first time (12). 
Survivin belongs to the family of inhibitor of apoptosis proteins 
(IAP). It is the strongest apoptosis inhibiting factor discovered 
to date. The main function of survivin is to inhibit tumor 
cell apoptosis and promote tumor cell proliferation. It is also 
associated with the susceptibility to tumor chemotherapeutics 
and the prognosis of cancer. The human survivin gene is 15 kb 
long and is located on 17q25, with 4 exons and 3 introns. The 
survivin protein contains 142 amino acids, and is the smallest 
of the IAP proteins. 

Overexpression of survivin may inhibit cell apoptosis 
by inhibiting caspase expression in a direct or indirect way 
(via P21), and thus cause abnormal cell proliferation and 
extensive transformation. The mechanism by which survivin 
indirectly inhibits caspase is by forming a complex with 
cyclin-dependent kinase CDK4, resulting in the release of P21 
from the CDK4 complex and then the combination of P21 with 
mitochondrion caspase-3 to restrain its activation and prevent 
cell apoptosis (13). Survivin is expressed at the G2/M-phase in 
the cell cycle. Intervention of the interaction between survivin, 
microtubules and microtubule inhibitors leads to the loss of 
the anti-apoptotic activity of survivin, as well as the activation 
of caspase-3, and eventually the apoptosis of cells (14).

This study revealed that T24 cells expressed survivin, 
which is associated with the high proliferation property of 
T24 cells. This is similar to the findings in bladder cancer 
tissues by Chen et al (15), which indicate a possibility that 
the survivin gene may be regarded as a new target of genetic 
therapy in bladder cancer.

The mRNA of Bcl-xL encodes a protein composed of 
233  amino acids with a molecular weight of 29-31  kDa, 
which contains the complete BH1, BH2, BH3 and TM zone 
and has 74% homology to Bcl-2. Bcl-xL forms pores in the 
cell membrane for ions and protein to get into and out of 
mitochondria, and thus promotes apoptosis (4,5). However, 
Bcl-xL may also destroy the calcium balance of cells and 
inhibit apoptosis by reducing the activity of thrombocytes (6). 
Moreover, Bcl-xL not only inhibits cell apoptosis and boosts 
survival of cells, but also resists apoptosis mediated by cancer 
suppressor genes such as P53 and C-myc (16). Research has 
shown that the Bcl-xL gene was highly expressed in many 
types of tumor cells (17,18), and that Bcl-xL, which plays a 
role in the occurrence and development of bladder cancer, 
may be used for the prognosis and treatment of the relapse of 
bladder cancer (19,20). 

The results of this study proved that the bladder carcinoma 
cells had a high expression of Bcl-xL protein, and the expression 
rate of Bcl-xL protein in T24 cells treated with 0.008 mg/ml  

Table I. The correlation between the expression of Bcl-xL, 
survivin proteins and Mta-1 mRNA in T24 cells treated with 
different doses of β-elemene for 12 h.

	 Mta-1 	 Mta-1 mRNA	 Survivin	 Bcl-xL

Mta-1 RS	 1.000	 0.952	 0.954	 0.943
  P-value	 -	 0.000	 0.000	 0.000
Mta-1 mRNA RS	 0.952	 1.000	 0.933	 0.974
  P-value	 0.000	 -	 0.000	 0.000
Survivin RS	 0.954	 0.933	 1.000	 0.915
  P-value	 0.000	 0.000	 -	 0.000
Bcl-xL RS	 0.943	 0.974	 0.915	 1.000
  P-value	 0.000	 0.000	 0.000	 -

T24 cells were treated with different doses of β-elemene (0.008, 
0.014 and 0.02 mg/ml) for 12 h. P<0.05 was considered as statisti-
cally different. RS, correlation coefficient.

Table II. The correlation between Mta-1 protein and Mta-1 
mRNA and the expression of survivin and Bcl-xL proteins in 
T24 cells incubated with β-elemene for different durations.

	 Mta-1 	 Mta-1 mRNA	 Survivin	 Bcl-xL

Mta-1 RS	 1.000	 0.971	 0.951	 0.960
  P-value	 -	 0.000	 0.000	 0.000
Mta-1 mRNA RS	 0.971	 1.000	 0.955	 0.973
  P-value	 0.000	 -	 0.000	 0.000
Survivin RS	 0.951	 0.955	 1.000	 0.936
  P-value	 0.000	 0.000	 -	 0.000
Bcl-xL RS	 0.960	 0.973	 0.936	 1.000
  P-value	 0.000	 0.000	 0.000	 -

Nonparametric correlation analysis was performed on T24 cells treated 
with 0.014 mg/ml β-elemene for different times (6, 12 and 18 h). P<0.05 
was considered as statistically different. RS, correlation coefficient.
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β-elemene was markedly low compared with that in the 
untreated cells (P<0.01). Correlation analysis between the 
positive expression rate of Bcl-xL protein and the apoptosis 
rate in untreated T24 cells, T24 cells treated with β-elemene 
at different concentrations (0.008, 0.014 and 0.02 mg/ml) and 
T24 cells treated with the same concentration of β-elemene 
for different durations (6, 12 and 18 h), showed that when 
the positive expression rate of Bcl-xL protein was low, the 
apoptosis rate was inversely high. This finding indicated that 
β-elemene could inhibit the expression of Bcl-xL protein and 
induce the apoptosis of T24 cells, resulting in a decrease of the 
occurrence of bladder cancer. The expression of survivin and 
Bcl-xL proteins were positively correlated in T24 cells that 
were incubated with β-elemene, which indicated that when the 
expression level of survivin protein was low, the expression 
of Bcl-xL was also low. It is likely that survivin and Bcl-xL 
function at different stages of apoptosis. Bcl-xL functions 
upstream of caspase-3 to inhibit the release of cytochrome 
from the mitochondrion, whereas survivin mainly functions 
downstream of Bcl-xL to directly inhibit the function of 
caspase-3, and the two proteins cooperate to inhibit apop-
tosis, which indicates that survivin and Bcl-xL act in synergy 
promoting the occurrence and development of bladder cancer. 
As a result, β-elemene inhibits the occurrence and develop-
ment of bladder cancer by downregulating the expression of 
survivin and Bcl-xL.

Metastasis-associated gene 1 (Mta-1) is a recently discov-
ered gene that is associated with tumor metastasis (10). Cui 
et al (21) and others have discovered that the gene location of 
Mta-1 lies in chromosome 14q32.3, by using fluorescent in situ 
hybridization. The Mta-1 protein contains 703 amino acid 
residues with a molecular weight of 79.4 kDa, which includes 
the phosphorylation sites of tyrosine kinase protein kinase C 
and casein kinase 2, as well as the phosphorylation site and 
binding site of the src homology 3 domains (SH3), indicating 
that Mta-1 protein is capable of binding to other proteins 
to maintain normal cell function and plays a role in signal 
transduction pathways. Moreover, the existence of a leucine 
zipper motif indicates that the Mta-1 protein is likely to act 
as a transcription factor and thereby play a role in regulating 
gene expression.

Geng et al  (22) have demonstrated that Mta-1 may be 
considered not only as a biomarker of aggressive diseases but 
also as a potential therapeutic target. In addition, results of 
research in the human osteosarcoma MG63 cell line showed 
that MG63 cells with high metastasis potential expressed 
significantly higher MTA1 levels than MG63 cells with low 
metastasis potential.

In this experiment, after adding β-elemene at a range of 
concentrations (0.008-0.02 mg/ml) and over various lengths of 
time (6-18 h), the bladder cancer T24 cells showed apoptosis by 
TUNEL analysis. Expression levels of both Mta-1 mRNA and 
protein analyzed by in situ hybridization, immunocytochem-
istry and western blotting revealed that the levels of Mta-1 
mRNA and protein decreased upon β-elemene treatment, and 
the degree of the decrease was closely related to the dosage 
and incubation time of β-elemene. We found that with the 
reduced expression of Mta-1, the number of apoptotic tumor 
cells increased correspondingly. Statistical analysis revealed 
that there was a negative correlation between them (p<0.01), 

which indicated that Mta-1 may play a role in regulating 
bladder cancer cell apoptosis, and that the apoptosis of T24 
cells induced by β-elemene may be the result of downregula-
tion of the expression of Mta-1.

Moreover, the decreased expression level of Mta-1 in 
T24 cells induced by β-elemene resulted in the decreased 
expression of survivin and Bcl-xL, which indicated a close 
correlation between them. The decreased level of the expres-
sion of Mta-1 and the expression level of survivin and Bcl-xL 
were in proportion. The expression of Mta-1 began to decrease 
as early as 6 h after β-elemene treatment, while the expression 
of survivin and Bcl-xL began to decrease notably after 12 h. 
The Mta-1 decrease was positively related to the decrease of 
the expression level of Mta-1, but negatively related to the 
increase in the number of apoptotic cells. 

In conclusion, we found that the antiapoptosis mechanism 
of β-elemene, a non-cell toxic antitumor drug that is capable 
of effectively inhibiting the proliferation of tumor cells and 
inducing their apoptosis, may be associated with the down-
regulation of Mta-1, survivin and Bcl-xL expression. As 
β-elemene is efficient and safe, with few side-effects and little 
drug-resistance, it may be widely used for tumor treatment.
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