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Abstract: Tubeimoside-1 (TBMS1) is a natural compound isolated from tubeimoside, which has anti-tumor proper-
ties in some cancer cells, but its mechanisms are unclear. In the present study, we determined if TBMS1 would 
inhibit cell growth of human lung cancer cell lines. We found that TBMS1 inhibited growth in A549 and PC9 human 
lung cancer cell. Flow cytometry revealed TBMS1 arrested the cells in the G2/M phase and induced cell apoptosis. 
Furthermore, results from Western blotting and real-time PCR indicated that decreased the cell proliferation and cell 
growth-associated protein levels, such as p21, p15 and cyclin B1, TBMS1 up-regulated proapoptotic bax and cleav-
age of procaspase-3, down-regulated antiapoptotic Mcl-1 and cIAP-1, but did not change expression of PARP and 
procaspase-8. And TBMS1 also found to increase the phosphorylation, of JNK and p38, suggesting TBMS1 could 
activate the MAPK-JNK signaling pathway. Luciferase reporter assay revealed that TBMS1 reduced the promoter 
activity of AP-1, NF-κB and TNFα. In addition, TBMS1 caused the production of reactive oxygen species (ROS). These 
results provide evidence that TBMS1 may have potential as a novel anti-cancer agent for the treatment of lung can-
cer. TBMS1 inhibited cell proliferation may through MAPK-JNK signaling pathway.
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Introduction

lung cancer is one of the most common cancer 
in men, and the 11th most commonly diag-
nosed type of cancer worldwide, remaining 
cases have invasive potential [1, 2]. Approxi- 
mately 70% of lung tumors are classified as 
nonmuscle invasive tumors, whereas the. 
Despite the improvements made in surgical 
and chemotherapeutic modalities to combat- 
ing lung cancer, the 5-year survival rate still 
remains relative low. However, there is still no 
effective drugs for the treatment of patients 
with advanced lung cancer [3]. The incidence of 
lung cancer is increasing these years. Diagnosis 
of lung cancer, especially early diagnosis, is 
essential for improving patient’s survival. Thus, 
identifying a new anticancer drug targeting to 
prolong survival and improve quality of life for 
lung cancer patients.

More and more attention has been focused on 
the natural products because of their antican-
cer activities [4, 5], Tubeimoside-1 (TBMS1) is a 
natural compound isolated from the Chinese 
medicinal herb Bolbostemma paniculatum 
(Maxim.) Franquet (Cucurbitaceae) [6, 7]. It was 
report that Tubeimoside-1 (TBMS1) exhibits 
potent anticancer effects in several cancer cell 
lines, including gliomas, lung cancer and liver 
cancer [8-10]. These studies appear to suggest 
that TBMS 1 may be a potential candidate as a 
novel antitumor drug. Howerer, the effects of 
TBMS1 on human lung cancer cells remain 
unclear.

In this study, we using human lung cancer cell 
lines to evaluate the anticancer activity of 
Tubeimoside-1 (TBMS1) and elucidate the 
mechanism underlying TBMS1 inhibition of lung 
cancer cells.
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Materials and methods

Cell line and cell culture

A549 and PC9 cell lines were cultured in 
RPMI1640 medium (Gibco) containing 10% 
heat-inactivated fetal bovine serum (Gibco), 50 
U/ml penicillin and 50 μg/ml streptomycin 
under a humidified air atmosphere of 5% CO2 at 
37°C. The cells were digested with 0.25% tryp-
sin-EDTA for passaging. Cells in logarithmic 
growth phase were used in all experiments.

MTS assay

1×103 cells/mlsuspended in 100 µl of medium 
were added to each well of 96-well microplates, 
and cultured overnight to allow cell adherence. 
Then, different concentrations (0, 4, 8, 12, 16, 
20, 24, 28, and 32 μM) of TBMS1 were added 
to continue the culture for 72 h. Then, the medi-
um was removed and MTS was added in accor-
dance with the reagent instructions to continue 
the culture for 4 h. Finally, the OD value was 
measured at 490 nm wavelength with a micro-
plate reader to represent the cell counts. The 
inhibition rate of this drug on cells was calcu-
lated as follows: inhibition rate = (1 - experi-
mental group OD/control group OD) ×100%.

Analysis of cell cycle and apoptosis by flow 
cytometry

The cell cycle was determined with PI staining 
technique. After treatment with 8 μM or 16 μM 
TBMS1 for 24 h, the cells were collected using 
method described in the instructions to deter-
mine the cell cycle. Cell apoptosis was deter-

mined with Annexin V-FITC/PI double-staining 
technique. After treatment with 8 μM or 16 μM 
TBMS1 for 24 h, the cells were collected using 
method described in the instructions to deter-
mine the apoptosis.

Determination of intracellular reactive oxygen 
species

Intracellular reactive oxygen species (ROS) 
were measured by flow cytometry, which used 
2’,7’-dichlorofluorescein diacetate (DCFH-DA) 
as a reactive oxygen species fluorescent dye. 
Briefly, Cells were treated with an appropriate 
concentration of TBMS1 for 24 h, then the cells 
were incubated with 10 µM DCFH-DA at 37°C 
for 30 min. After washed with PBS, the cells 
were lysed and analyzed for fluorescence using 
a flow cytometer.

Western blot analysis

After treatment with TBMS1, the cells were 
lysed to extract the proteins from the lysate. 
The proteins were separated in 12% SDS-PAGE 
and then transferred to a PVDF membrane; the 
target proteins were detected with different 
antibodies (4°C overnight). After washing off 
the primary antibodies, the membrane was 
incubated with HRP-conjugated secondary anti-
body for 1 h; ECL kit was used to develop the 
immunoreactive bands. Then β-actin was used 
as an internal control to determine the changes 
in p15, p21, cyclin-B1, Mcl-1, c-IAP1, Bax, 
cleaved PARP, caspases-3, caspases-8, and 
ERK, JNK and p38MAPK phosphorylation lev-
els in these cells.

RT-PCR

Total RNA was extracted from each group using 
Trizol method. Real-Time PCR Kit was used to 
carry out reverse transcription to obtain the 
cDNA; then, p15, p21, cyclin-B1, Mcl-1 and 
c-IAP1 mRNA levels were detected; p15 
upstream primer sequence: 5’-AAGCTGAGCC- 
CAGGTCTCCT A-3’, downstream primer sequ- 
ence: 5’-CCACCGTTGGCCGTAAACT-3’; p21 up- 
stream primer sequence: 5’-CACTCCAAACGC- 
CGGCTGATCTTC-3’, downstream primer sequ- 
ence: 5’-TGTA GAGCGGGCCTTTGAGGCCCTC-3’; 
cyclin-B1 upstream primer sequence: 5’-p21 
upstream primer sequence: 5’-CACTCCAAACG- 
CCGGCTGATCTTC-3’, downstream primer sequ- 
ence: 5’-GAACCTGAGCCAGAACCTGA-3’; down-
stream primer sequence: 5’-TGTAGAGCGGG- 
CCTTTGAGGCCCTC-3’; Mcl-1 upstream primer 

Figure 1. Effect of TBMS1 on cell viability in human 
lung cancer cells. A549 and PC9 cells were treated 
with 8 μM and 16 μM TBMS1 for 24 h, and their vi-
ability was determined by MTS assay.
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sequence: 5’-GGGCAGGATTGTGACTCTCATT-3’, 
downstream primer sequence: 5’-GATGCAGC- 
TTTCTTGGTTTATGG-3’; c-IAP1 upstream prim- 
er sequence: 5’-AGCTAGTCTGGGATCCACCTC-3’, 
downstream primer sequence: 5’-GGGGTTA 
GTCCTCGATGAAG-3’; GAPDH upstream prim- 
er sequence: 5’-CTTAGATTTGGTCGTATTGG-3’, 
downstream primer sequence: 5’-GAAGATGGT- 
GATGGGATT-3’. The PCR conditions were 95°C 
for 5 min, and then 34 cycles of 95°C for 30 

sec, 60°C for 30 sec, and 72°C for 1 min, and 
a final extension at 72°C for 10 min.

luciferase reporter assay

5×104 viable cells were seeded in each well of 
a 24-well plate, co-transfect the cells with 
TNFα, AP-1 and NF-κB luciferase reporter plas-
mids using Lipofectamine 2000 for 6 h before 
at 37°C, then incubateted with 8 μM and 16 

Figure 2. Effect of TBMS1 on cell cycle progression in human lung cancer cells. Flow cytometry analysis of prop-
idium iodide stained nuclei, isolated from A549 and PC9 cells that were treated with TBMS1 for 48 hours. *P<0.05 
indicted significant difference between TBMS1-treated groups and control groups.
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μM TBMS1 for 48 h, follow the Promega dual 
luciferase reporter gene kit instructions to 
determine the three promoter transcriptional 
activity using simultaneous negative control.

Statistical analysis

Experimental data were expressed as mean ± 
standard deviation; SPSS13.0 software was 
used for analysis. One-way ANOVA was carried 
out for comparison; P<0.05 indicated statisti-
cally significant differences.

Results

TBMS1 inhibits in vitro proliferation of lung 
cancer cells

To investigate the growth inhibiting effects of 
TBMS1, A549 and PC9 cancer cells were treat-

Figure 3. Effect of TBMS1 on cell apoptosis 
in human lung cancer cells. Flow cytometry 
analysis of Annexin V-FITC/PI after treated 
with TBMS1 for 48 hours in A549 and PC9 
cells. **P<0.01 and *P<0.05 indicted sig-
nificant difference between TBMS1-treated 
groups and control groups.

Figure 4. TBMS1 induces oxidative stresses to ac-
tivate intracellular events human lung cancer cells. 
A549 and PC9 cells, after treated with TBMS1 for 24 
h. Then intracellular reactive oxygen species (ROS) 
production were detected by flow cytometry analysis. 
**P<0.01 and *P<0.05 indicted significant differ-
ence between TBMS1-treated groups and control 
groups as analyzed.
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group, p15, p21 and cyclin-B1 expression lev-
els were significantly up-regulated in TBMS1-
treated tumor cells, as shown in Figure 5A. The 
RT-PCR results showed that this regulation may 
occur at transcriptional level, as shown in 
Figure 5B.

TBMS1 enhances Bax and the cleavage of 
caspases-3, and down-regulates Mcl-1 and 
c-IAP1 expression

In addition to apoptosis assay, we used Western 
blot to determine the intracellular expression of 
apoptosis-related proteins. The results showed 
that, when compared with the control group, 
Bax, and caspases-3 cleavage product levels 
increased in A549 and PC9 cells after treat-
ment with TBMS1, but TBMS1 had no signifi-
cant effort on PARP and cleave caspases-3, 
suggesting activation of the caspase apoptosis 
pathway. Meanwhile, the expression of Mcl-1 
and c-IAP1 proteins inhibiting apoptosis was 
down-regulated (Figure 6A). RT-PCR results 
showed that the regulation of TBMS1 on Mcl-1 
and c-IAP1 may occur at transcriptional level, 
as shown in Figure 6B.

Figure 5. TBMS1 regulate the expression of cell cycle related genes. A549 and 
PC9 cells were treated with TBMS1 for 48 h, then expression of p15, p21 and 
cyclin B1 were detected by western blot (A) and Real-time PCR (B). **P<0.01 
and *P<0.05 indicted significant difference between TBMS1-treated groups 
and control groups.

ed with different concentrations of TBMS1 for 
24 h, MTS cell proliferation assay showed that 
TBMS1 inhibited the in vitro proliferation of 
A549 and PC9 cells, with an IC50 of 12.3 μM 
and 10.2 μM, respectively (Figure 1). And 
TBMS1 concentrations of 8 μM and 16 μM 
were selected for the subsequent assays.

TBMS1 induces cell cycle arrest in G2/M 
phase and promotes apoptosis

The effect of TBMS1 on cell cycle distribution 
was determined by using flow cytometry. The 
results showed that the proportion of cells in 
G2/M phase increased at a concentration of 8 
μM and 16 μM in A549 and PC9 cells after 
treatment for 24 h, as shown in Figure 2. The 
effect of TBMS1 on cell apoptosis was also 
determined by using flow cytometry. As shown 
in Figure 2B, the apoptosis ratio significantly 
increased after treatment for with 8 μM and 16 
μM (Figure 3) TBMS1. The results revealed that 
induction of cell G2/M growth arrest and cell 
apoptosis might be associated with its antican-
cer activity in lung cancer.

TBMS1 induces production 
of reactive oxygen species 
(ROS)

To investigate whether the 
production of ROS is in- 
volved in TBMS1-induced 
apoptosis of A549 and PC9 
cells, after treated with 
TBMS1 for 24 h, Intracellular 
ROS was examined by using 
DCHF-DA assay. As shown 
in Figure 4, ROS content 
was increased after TBMS1 
treated.

TBMS1 up-regulates in-
tracellular p15, p21 and 
cyclin-B1 expression

In the meantime with cell 
cycle analysis, we used 
Western blot to determine 
the intracellular expression 
levels of p15 and p21 pro-
teins that negatively regu-
late the cell cycle. The 
results showed that, when 
compared with the control 
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TBMS1 up-regulates JNK phosphorylation and 
down-regulates p38MAPK phosphorylation

Furthermore, we used Western blot to deter-
mine the effect of TBMS1 on MAPK-JNK signal-
ing pathways. The results showed that TBMS1 
significantly dampened the phosphorylation,  
of JNK and p38, suggesting TBMS1 could  
suppress the MAPK-JNK signaling pathway. 
Meanwhile, the phosphorylation level of ERK 
was also detected after TBMS1 treated, how-
erer, TBMS1 had not significant effect on the 
phosphorylation of ERK (Figure 7).

TBMS1 inhibited the activity of AP-1, NF-κB 
and TNFα

AP-1, NF-κB and TNFα play an important role in 
cell apoptosis and growth. So we tested AP-1, 
NF-κB and TNFα Activation in A549 and PC9 
cells after treated with TBMS1 by Luciferase 
Reporter Assay. The result showed that the 

and p21 are famous INK-family inhibitors and 
known to inhibit cyclin D1 activity, negative cell 
cycle regulatory proteins [11]. p21 is a univer-
sal inhibitor of cyclin-dependent kinases and 
causes cell cycle arrest at G1/S or at G2/M 
[12]. Cyclin B is a mitotic cyclin and the activity 
of the cyclin B-Cdk complex rise through the 
cell cycle. Cyclin B is necessary for the progres-
sion of the cells into and out of M phase of the 
cell cycle. The Cyclin B1 is a regulatory protein 
involved in mitosis and regulate transcript that 
is expressed predominantly during G2/M phase 
of the cell cycle [13]. The cell cycle arrested 
G2/M phase was associated with reduction in 
Cyclin B1. These results suggest that TBMS1 
inhibits tumor cell cycle possibly by up-regulat-
ing p15 and p21 expression levels ,and down-
regulating cyclin B1 expression level.

We also observed that TBMS1 significantly 
induced cell apoptosis in A549 and PC9 cells, 
we further analyzed its molecular mechanism. 

Figure 6. TBMS1 regulate the expression of cell apoptosis related genes. A549 
and PC9 cells were treated with TBMS1 for 48 h, then expression of Bax, Mcl-
1 and c-IAP1, cleave PARP, caspases-3 and 8 were detected by western blot. 
*P<0.05 indicted significant difference between TBMS1-treated groups and 
control groups.

activity of AP-1, NF-κB and 
TNFα were inhibited after 
TBMS1 treated (Figure 8).

Discussion

In this study, we observed 
that TBMS1 strongly inhib-
ited cancer cell growth in 
lung cancer, cell A549 and 
PC9 while cell cycle and 
apoptosis assays showed 
that TBMS1 arrested the 
cell cycle and inhibited the 
induction. These indicated 
that TBMS1 inhibited cell 
growth of lung cancer cell 
through induction of apop-
tosis, but had no a signifi-
cant inhibitory effects on 
cell invasion.

To investigate the mecha-
nism that TBMS1 blocks 
the cell cycle, we used 
Western blot and real-time 
PCR to determine cell cycle 
regulated gene p15, p21 
and cyclin-B1 expression 
levels. The results showed 
that TBMS1 up-regulated 
p15 and p21 of expression 
but decreased the expres-
sion of cyclin-B1 Both p15 
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A recent study showed that TBMS1 was able to 
activate caspase pathway to induce tumor 
apoptosis [8]. We detected several major pro-
teins regulating cell apoptosis, including PARP, 
also caspase-3 and 8, which often produce 
cleaved active products through the action of 
upstream proteases [14, 15]. Western blot 
assay showed that the proportion of cleaved 
caspase-3 and 8 in HepG2 cells increased after 
TBMS1 treatment, which confirmed our specu-
lation. But the expression of PARP had no a sig-
nificant change. We also determined two other 
anti-apoptosis proteins, Bax, Mcl-1 and c-IAP1 
[16-18], in lung cancer cells. Bax, Mcl-1 and 
c-IAP1 are also closely related to caspase sig-
naling pathway. Bax is one of the bcl-2 family 
proteins plays the key roles in regulation of 
apoptosis. Mcl-1 is a substrate for caspase-3 

while c-IAP1 can inhibit caspase-8 activity to 
exert its actions [19]. Western blot assay 

tory effects of TBMS1 on AP-1, NF-kB and TNFα 
activation noted in this study suggest a poten-
tial beneficial role in preventing carcinogene- 
sis. 

Finally, we explored how TBMS1 regulated lung 
cancer-related key signaling pathways. Studies 
showed that MAPK-JNK signaling pathway play 
important role in regulating cell proliferation 
and apoptosis [22]. In this study ,we showed 
that TBMS1 increased the phosphorylation JNK 
and MAPK in lung cancer cells, indicating an 
elevated activity of the MAPK-JNK signaling 
pathway, this suggests that tumor suppression 
is the main effect after TBMS1 has effort on 
activation of MAPK-JNK signaling pathway, but 
we found that TBMS1 had no a significant effort 
on activation of ERK. Our study showed that 
TBMS1 was also able to inhibit the activity of 
this signaling pathway.

Figure 7. TBMS1 regulate the activity of MAPK-JNK signaling pathways. A549 
and PC9 cells were treated with TBMS1 for 48 h, then the phosphorylation, of 
JNK, p38 and ERK were detected by western blotting assay.

Figure 8. TBMS1inhibited the activity of AP-1, NF-κB and TNFα. A549 and PC9 
cells were treated with TBMS1 for 48 h, then the activities of AP-1, NF-κB and 
TNFα were detected by luciferase reporter assay.

showed that TBMS1 down-
regulated Mcl-1 and c-IAP1 
expression but up-regulat-
ing expression of Bax, sug-
gest that TBMS1 induced 
cell apoptosis by regulating 
many apoptosis related 
genes. ROS is involved in 
the initiation, promotion, 
and progression of cancer 
.Some studies reported 
that production of ROS may 
induced cell apoptosis. In 
this study, we found that 
TBMS1 could induce the 
production of ROS. Take 
together, it suggest that 
TBMS1 induced cell apop-
tosis may through disturb-
ing ROS.

AP-1 and NF-κB are tran-
scription factors that have 
been implicated in a lot  
of cell biological events, 
including cell growth and 
cell apoptosis [20]. TNFα 
play an important role in 
malignant cancer cell tu- 
mor growth and develop-
ment. TNFα inhibitors dis-
play a significant effect in 
retarding inflammatory dis-
ease and carcinogenesis 
[21]. Therefore, the inhibi-
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In summary, this study shows that TBMS1 can 
inhibit the in vitro growth, arrest the cell cycle 
and induce the apoptosis of lung cancer cells. 
Its mechanisms of action may be related to the 
regulation of associated protein expression, 
activation of MAPK-JNK signaling pathway. 
Therefore these results present suggest that 
TBMS1 can be useful as an anti-cancer agent 
to human lung cancer.
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