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Background: Tubeimoside-1 (TBMS1), a triterpenoid saponin extracted from traditional Chinese 

medicine tubeimoside, exerts a cytotoxic effect on several human cancer cell lines. However, 

no study has focused on whether TBMS1 works on oral squamous cell carcinoma (OSCC).

Materials and methods: We treated OSCC cells with TBMS1 to detect the effect and rel-

evant molecular basis of TBMS1 for the first time. We chose two oral cancer cell lines, CAL27 

and SCC15, for this study. First, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-trazolium 

bromide assay and cell proliferation 5′-bromo-2′-deoxyuridine assay were carried out to detect 

cell growth. Second, colony formation assay was performed to assess clonogenesis capacity. 

Next apoptosis was analyzed by flow cytometry. Subsequently, wound healing and transwell 

assays were applied to explore cell migration. Finally, Western blot was further performed to 

examine corresponding proteins’ expression change.

Results: Our data showed that TBMS1 significantly suppressed proliferation of OSCC cells 

in a dose- and time-dependent manner and it inhibited migration of OSCC cells as well. After 

treatment with TBMS1, OSCC cells underwent cell apoptosis. Furthermore, Western blot dem-

onstrated that TBMS1 downregulated apoptosis-associated proteins such as PARP, p-ERK1/2, 

Bcl-2, caspase-3, caspase-7 and caspase-8 and upregulated cleaved PARP, cleaved caspase-3 

and cleaved caspase-9. It could also reduce expression of c-Myc and MMP-7. Meanwhile, 

TBMS1 did not change the total ERK1/2 expression.

Conclusion: These results revealed that TBMS1 might be a potential chemotherapeutic drug 

for the management of OSCC.

Keywords: tubeimoside-1, chemotherapeutic drug, oral squamous cell carcinoma, OSCC, 

apoptosis, underlying mechanism

Introduction
Oral cancer is one of the most common malignant tumor types, which ranks sixth 

among the cancers occurring worldwide, with 90% of oral cancer being classified as oral 

squamous cell carcinoma (OSCC).1 It is also one of the main causes of cancer-related 

death. When detected in advanced stage, OSCC with the highest incidence among the 

oral cancers may be incurable and has low 5-year survival rate. Surgery, radiotherapy and 

chemotherapy are the main therapeutic methods of OSCC at present. Although consider-

able improvements have been achieved in diagnostic and treatment strategies in recent 

years, the 5-year survival rate of OSCC patients, especially in the advanced stage, is still 

low, which mainly is due to poor therapeutic response, recurrence and metastasis. So, 

currently, there is no ideal treatment method and medicine for oral cancer. It is very urgent 

to seek a more effective anti-cancer drug to conquer OSCC and improve prognosis.
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“Tu-Bei-Mu,” namely a medical plant Bolbostemma 

paniculatum (Maxim) Franquet (Cucurbitaceae), has been 

widely used for many years in Chinese folk medicine. Its stem 

block is applied to treat numerous diseases such as breast 

carcinoma and cyclomastopathy.2 Tubeimoside-1 (TBMS1), 

one of the main active ingredients of “Tu-Bei-Mu”, was first 

isolated in the early 1980s and since then many scholars 

have begun to study its chemical structure (Figure 1A) and 

biological activities. Previous studies indicate that it has the 

following biological actions including anti-inflammatory, 

Figure 1 (Continued)
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Figure 1 TBMs1 induced proliferation inhibition and morphological change in Oscc cells.
Notes: (A) chemical structure of TBMs1. (B) cell viability was explored by MTT assay at 0, 1, 3, 5 and 7 days. (C and D) cell numbers were counted, and cell morphological 
change was observed after cells being treated with TBMs1 for 24 and 48 h. scale bar 100 μm. (E and F) after cells being treated with TBMs1 for 24 and 48 h, images of BrdU-
positive cells were captured. scale bar 50 μm. (G) The percentages of BrdU-positive cells were calculated and statistically analyzed. all data were presented as mean ± sD. 
*P , 0.05, **P , 0.01, ***P , 0.001, ****P , 0.0001 compared with the control group (0 μM).
Abbreviations: μM, μmol/l; d, days; h, hours; TBMs1, tubeimoside-1; Oscc, oral squamous cell carcinoma; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-trazolium bromide; 
BrdU, 5-bromo-2-deoxyuridine; DaPi, 4′,6-diamidino-2-phenylindole.
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anti-tumor and immunosuppressive effects. Among them, 

the anti-tumor effect has sparked wide attention and cur-

rently a growing body of studies focusing on its anti-tumor 

effect have been conducted in vivo or vitro. It showed that 

TBMS1 could induce cell cycle arrest and apoptosis in 

HeLa cells.3,4 TBMS1-treated lung cancer cells underwent 

cell apoptosis through activating the MAPK-JNK signaling 

pathway, upregulating Bax to Bcl-2 ratio and downregulating 

COX-2 expression.5,6 However, the role that TBMS1 plays 

in OSCC cells and the underlying mechanism are ill-defined. 

Hence, in the study, we explored the effect and the correlative 

molecular mechanisms of TBMS1 in OSCC cells.

Materials and methods
reagents
TBMS1, bought from National Institute for the control of 

Pharmaceutical and Biological Products (Beijing, China) 

with purity .98% by high-performance liquid chromatogra-

phy (HPLC), was dissolved in DMSO to get a stock solution 

of 20 mmol/L and stored at -20°C. The stock solution was 

subsequently diluted to the desired concentration by a 1:1 

mixture of DMEM/F12 medium when used (concentration 

of DMSO ,1%). Dulbecco’s Modified Eagle’s Medium 

(DMEM), Ham’s nutrient mixture F12, fetal bovine serum 

(FBS), paraformaldehyde and agarose were obtained 

from Thermo Fisher Scientific (Waltham, MA, USA). 

Propidium iodide (PI) was bought from BD Biosciences 

(San Jose, CA, USA). Phosphatase inhibitor, the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT), 5′-bromo-2′-deoxyuridine (BrdU), 4′,6-diamidino-

2-phen-ylindole (DAPI) and polyvinylidene difluoride 

(PVDF) membrane were purchased from EMD Millipore 

(Billerica, MA, USA). Mouse monoclonal anti-c-Myc and 

anti-GAPDH were obtained from Abcam (Cambridge, 

UK). Rabbit monoclonal anti-PARP, anti-cleaved PARP 

(c-PARP), anti-caspase-3, anti-caspase-7, anti-caspase-8, 

anti-cleaved caspase-3 (c-caspase-3), anti-cleaved caspase-9 

(c-caspase-9), anti-Bcl-2, anti-ERK1/2, anti-p-ERK1/2 and 

anti-MMP-7 were purchased from Cell Signaling Technology 

(Danvers, MA, USA). All antibodies were diluted according 

to the manufacturer’s instructions.

cell lines and cell culture
OSCC cell lines (CAL27 and SCC15) were obtained from 

American Type Culture Collection (ATCC) (Manassas, VA, 

USA). All cancer cells were cultured in DMEM/F12 medium 

(a 1:1 mixture), supplemented with 10% fetal bovine serum 

(FBS) and 1% penicillin–streptomycin (P/S). Cancer cells 

were treated with different concentrations of drug for different 

time points in a humidified incubator with 5% CO
2
 at 37°C.

MTT assay
TBMS1-related tumor cell proliferation inhibition was 

detected by MTT assay. Cells were seeded in 96-well plates 

at 1,000 cells/well and treated with different concentrations 

of TBMS1 for different days. Then, each well was incu-

bated at 37°C for 4 h with 20 μL MTT in 200 μL medium. 

Subsequently, the medium was removed and replaced by 

150 μL DMSO; 10 min later, the blue crystals dissolved. 

The OD values were detected at a wavelength of 560 nm by 

a microplate reader.

BrdU staining assay
Cells (2×104) were seeded in 24-well culture plates and 

treated with different concentrations of TBMS1 for 24 and 

48 h, respectively. Then, BrdU was added into the medium 

at a ratio of 1:100 (BrdU:medium) for 2 h. Cells were then 

washed twice with PBS and fixed by 4% paraformaldehyde 

at room temperature for 15 min. Subsequently, cells were 

treated with 1N HCL for 20 min at 37°C, blocked with 10% 

goat serum at room temperature for 2 h, incubated with a rat 

primary antibody for another 2 h and later incubated with 

an Alexa Fluor® 488 goat anti-rat IgG secondary antibody 

for 1 h. Finally, the cells were stained by DAPI for 15 min. 

A Nikon 80i fluorescence microscope was applied to collect 

fluorescent images. All the percentages of BrdU-positive 

cells were calculated according to 10 microscopic fields.

soft agar assay
Briefly, the solidified base agar (0.6% Noble agar in DMEM/

F12 medium) was placed at the bottom of the six-well plates. 

Then, the complete medium containing 0.3% Noble agar, 

10 μmol/L (μM) TBMS1 and 700 cells was placed on the 

top of the base agar. Subsequently the six-well plates were 

incubated with 5% CO
2
 at 37°C for 14 –21 days. Ultimately, 

the colonies were photographed and recorded after being 

stained by MTT.

cell apoptosis analysis
TBMS1-related apoptosis in OSCC cells was investigated 

by flow cytometry according to the manufacturer’s protocol. 

Cells (1×106) were treated with TBMS1 for 24 h, collected 

by centrifugation at 250× g for 90 s and washed with cold 

PBS three times. Then, cells were resuspended in the solu-

tion containing 100 μL of binding buffer, 5 μL of Annexin 

V-FITC and 10 μL of PI and incubated at room temperature 

for 15 min. After cells were double-stained with Annexin 
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V-FITC/PI, cell apoptosis was measured by a flow cytometer 

with fluorescence activated cell sorting (FACS) system.

Wound healing assay
Cells in logarithmic phase were centrifuged and seeded in 

six-well plates (1×106). When cells had grown more than 

90% confluence, scratches were made with a 300–400 μm 

pipette tip, ensuring that all the wounds we made had the 

same width at the beginning. After being washed twice with 

PBS to remove all debris, cells were incubated in serum-

free medium with varying concentrations of TBMS1. Cells 

migrating and covering the wounded area were observed 

during the experiment. Photographs were taken after cells 

were cultured with TBMS1 for different time points.

Transwell migration assay
Cell migration ability was investigated by using a transwell 

chamber with multi-porous polycarbonate membrane (8 μm 

pore size) which allowed cells to pass through. Cells (1×105), 

resuspended in medium containing 1% FBS and TBMS1 

(10 μM), were added to the upper chamber, while 500 μL 

complete medium containing 10% FBS and TBMS1 (10 μM) 

was added to the lower chamber. After being incubated for 

30 h, the transwell chambers were rinsed with PBS three 

times, fixed with 4% paraformaldehyde for 15 min and then 

stained by 0.5% crystal violet for 15 min. Subsequently, 

cells that did not migrate through the membrane were wiped 

with cotton strips. Finally, 10 pictures of cells that migrated 

across the membrane were randomly taken by an inverted 

phase contrast microscope for each chamber.

Western blot assay
Cells (2×105) were collected by centrifugation at 100× g for 

5 min after being treated with TBMS1 for 24 and 48 h. Then 

cells were lysed in a RIPA lysis buffer with phosphatase 

inhibitor and proteinase inhibitor for 30 min, centrifuged 

for 15 min and finally we obtained the total protein. 12% 

SDS-PAGE gel was applied to separate protein with 30 μg 

of total protein being assigned to each lane. Protein was 

transferred to the PVDF membrane. After being blocked 

by 5% bovine serum albumin, the membrane was incubated 

with primary antibody overnight at 4°C and then incubated 

with horseradish peroxidase-conjugated secondary antibody 

at room temperature for 2 h. Ultimately, changes in protein 

expression were examined by enhanced chemiluminescence 

reagent and Western blotting detection instrument. The pri-

mary antibodies were those we mentioned earlier, and the 

secondary antibodies were HRP-labeled goat anti-mouse IgG 

(H + L) and goat anti-rabbit IgG (H + L).

statistical analysis
All experiments were repeated independently at least three 

times to confirm the experimental results. Quantitative data 

were expressed as mean ± SD. Significant difference was 

calculated by Student’s t-test. Difference was considered 

statistically significant when P-value ,0.05.

Results
TBMs1 suppressed the proliferation and 
colony formation of human Oscc cells
To detect the effect of TBMS1 on human oral cancer cells, 

in the study, we treated OSCC cells with TBMS1. After 

cancer cells were treated with it (0, 2.5, 5, 10, 15 and 20 μM) 

for 0, 1, 3, 5 and 7 days, growth curves were drawn. The 

proliferation of TBMS1-treated cells was inhibited signifi-

cantly compared with the control group (without TBMS1). 

Especially when exposed to high concentrations of TBMS1 

(15 and 20 μM), cancer cell numbers decreased sharply 

(Figure 1B). By studying concentration–response curves, we 

calculated the IC
50

 of each cell line at different time points, 

for instance IC
50

 for SCC15 at 24 h was 11.6 μM and IC
50

 

for CAL27 at 24 h was 14.6 μM. Therefore, we determined 

the concentrations of TBMS1 (0, 5, 10 and 15 μM) for 

the subsequent experiments by the MTT experiment. Cell 

morphology was observed, and cell numbers were counted 

through a microscope. Figure 1C and D indicates that cell 

morphology changed conspicuously and cell numbers 

declined dramatically in a dose- and time-dependent man-

ner. Additionally, BrdU staining assay was conducted to 

investigate cell growth and proliferation as well. Percent-

ages of BrdU-positive cells treated with TBMS1 (2.5, 5 and 

10 μM) decreased significantly when compared with the 

control group, except for the CAL27 cells which reduced 

slightly after being treated with 2.5 μM TBMS1 for 24 h 

(Figure 1E–G). In this study, the colony formation ability 

of cells in vitro was assessed by soft agar assay. Compared 

with the control group, the TBMS1-treated group (10 μM) 

formed less and smaller spherical colonies in soft agar 

(Figure 2A–B), and the difference was statistically signifi-

cant (Figure 2C).

TBMs1 inhibited the migration of human 
Oscc cells
A wound healing assay and transwell migration assay were 

carried out to explore the migration ability of oral cancer 

cells. Figure 3A shows that as time went by, the wound area 

of all groups got smaller. However, the wound area of groups 

treated with TBMS1 (5 and 10 μM) distinctly surpassed that 
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of the control group at 12, 24, 36 and 48 h. Likewise, in the 

transwell assay (Figure 3B) the number of cells that migrated 

through the multiporous polycarbonate membrane in groups 

treated with TBMS1 decreased strikingly when compared 

with the control group and the quantitative analysis further 

showed that the difference was statistically significant 

(Figure 3C). Subsequently, Western blot assay was applied 

to further detect c-Myc and MMP-7 expression. c-Myc, a key 

member of the myc gene family, is highly expressed in .30% 

of human cancers and regulates different physiological pro-

cesses7 such as metastasis in bladder cancer cells.8 Matrix 

metalloproteinases (MMPs) are zinc-dependent proteolytic 

Figure 2 TBMs1 inhibited colony formation ability of Oscc cells in vitro.
Notes: (A) colonies of cal27 and scc15 cells are shown by pictures taken by a scanner after cells being treated with 10 μM TBMs1. (B) Micromorphology of colonies in 
soft agar was exhibited by photographs through an inverted microscope after cells were treated under the same conditions. scale bar 100 μm. (C) colony numbers of cells 
treated with 0 and 10 μM of TBMs1 were computed. all data were presented as mean ± sD. ***P , 0.001, ****P , 0.0001 compared with the control group (0 μM).
Abbreviations: μM, μmol/l; TBMs1, tubeimoside-1; Oscc, oral squamous cell carcinoma.
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Figure 3 TBMs1 suppressed migration of Oscc cells in vitro.
Notes: (A) Wound healing assay was carried out to detect the effect of TBMs1 on the migration of cal27 and scc15 cells. scale bar 100 μm. (B and C) Transwell assay 
was also performed after Oscc cells were treated with TBMs1 and the cells that migrated across the membrane were photographed and counted through repeated tests. 
scale bar 50 μm. (D) c-Myc and MMP-7 expression was reduced by TBMs1 in Oscc cells at 24 and 48 h, respectively. all data were presented as the mean ± sD. *P , 0.05, 
**P , 0.01, ****P , 0.0001 compared with the control group (0 μM).
Abbreviations: μM, μmol/l; h, hours; TBMs1, tubeimoside-1; Oscc, oral squamous cell carcinoma.
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enzymes, which have many physiological functions, for 

instance, degradation of protein components in extracellu-

lar matrix. Previous studies suggest that MMP-7 is closely 

related to cancer progression and metastasis. It could enhance 

the metastatic potential of colon cancer cells.9–11 Our data 

demonstrated that TBMS1 significantly inhibited intracel-

lular expression of MMP-7 after cancer cells being treated 

with 10 and 15 μM TBMS1. TBMS1 also decreased c-Myc 

expression obviously (Figure 3D).

TBMs1 induced apoptosis in human 
Oscc cells
OSCC cells, treated with TBMS1 (0 and 10 μM) for 24 h, were 

collected and examined via flow cytometry using Annexin 

V-FITC/PI double-staining. The results showed that TBMS1 

increased the percentages of apoptosis cells from 4.38% to 

12.99% in CAL27 cells and from 5.05% to 13.99% in SCC15 

cells (Figure 4A), and the difference was statistically signifi-

cant (Figure 4B). The result by flow cytometry suggested that 

Figure 4 (Continued)
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Figure 4 TBMs1 induced apoptosis in Oscc cells.
Notes: (A and B) Flow cytometry was utilized to explore the apoptosis after cells were stained by annexin V and Pi. (C and D) effect of TBMs1 on the expression of 
caspase-3, caspase-9 and other intrinsic pathway-related proteins in cal27 and scc15 cells was investigated by Western blot assay after cells being treated with TBMs1 for 
24 and 48 h. (E) The expression of extrinsic pathway-related proteins caspase-7 and caspase-8 was explored after Oscc cells were treated with TBMs1 for 48 h. all data 
were presented as mean ± sD. *P , 0.05, **P , 0.01, and ***P , 0.001 compared with the control group (0 μM).
Abbreviations: μM, μmol/L; TBMS1, tubeimoside-1; h, hours; FITC, fluorescein isothiocyanate; PI, propidium iodide; OSCC, oral squamous cell carcinoma.

TBMS1 absolutely induced apoptosis in SCC15 and CAL27 

cells, but we did not know the underlying mechanisms. 

Therefore, cells exposed to increasing concentrations of 

TBMS1 (0, 5, 10 and 15 μM) for 24 and 48 h were collected 

and used for Western blot assay to detect the apoptosis-

related proteins. Caspases are executioners of apoptosis 

which play a pivotal role in apoptosis-related death.12 In this 

study, we mainly explored the effect of TBMS1 on caspase-3, 

caspase-7, caspase-8 and caspase-9. Figure 4C illustrates that 

the expression level of caspase-3 decreased when compared 

with the control group at 24 and 48 h. In contrast, TBMS1 

upregulated the expression of c-caspase-3 and c-caspase-9 in 

a concentration-dependent manner. Additionally, Figure 4E 

shows that TBMS1 could obviously downregulate caspase-7 

and caspase-8 expression.

TBMs1 induced intrinsic cellular 
apoptosis via erK1/2/Bcl-2 pathway
In order to further study the mechanism of TBMS1, cells 

treated under the same conditions were harvested to evaluate 

the expression of ERK1/2, Bcl-2, p-ERK1/2, PARP and 

c-PARP. Bcl-2 family proteins are crucial in deciding the 

apoptotic procedure in vivo. They can be divided into anti-

apoptotic and pro-apoptotic proteins, and the Bcl-2 we 
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detected is one of the anti-apoptotic members.12 Figure 4D 

shows that the product level of Bcl-2 in cells treated with 

TBMS1 declined when compared with the control group 

and TBMS1 also downregulated p-ERK1/2 expression with 

increasing drug concentrations, while the total ERK1/2 

expression remained unchanged. After exposure to TBMS1, 

product level of c-PARP increased in a dose-dependent man-

ner, however, PARP expression decreased at high dose of 

TBMS1 (10 and 15 μM).

Discussion
In this study, our data showed that TBMS1 suppressed the 

growth of CAL27 and SCC15 cells in a time- and dose- 

dependent manner and it weakened the colony formation 

ability of cells in vitro. TBMS1 was studied to modulate 

the colorectal cancer cell invasion and repress breast cancer 

cell metastasis in vitro.13,14 Downexpression of MMP-7 was 

involved in restraining gastric cancer cell migration.15 A pre-

vious study uncovered that histone methyltransferase SET8-

knockdown inhibited invasion by mediating the expression of 

the Wnt/β-catenin target genes c-Myc and MMP-7 in renal 

carcinoma cells.16 In this study, migration inhibition was 

detected by wound healing and transwell migration assays. 

However, the molecular mechanism was unclear. So onco-

proteins c-Myc and MMP-7 were investigated, and their 

expression was reduced by TBMS1. Therefore, TBMS1 

might induce metastasis inhibition in OSCC cells through 

decreasing c-Myc and MMP-7 protein expression.

We observed TBMS1-induced apoptosis through the flow 

cytometry assay as well. Currently, there are mainly two 

apoptotic signaling pathways,17 and the intrinsic apoptosis 

pathway is described briefly as follows: various apoptotic sig-

nals change mitochondrial membrane permeability to release 

corresponding pro-apoptotic factors into the cytoplasm, which 

subsequently promotes the formation of apoptosome. Then, 

the apoptosome recruits and activates pro-caspase-9. Mature 

caspase-9 further activates other proteins such as caspase-3. 

Finally, activated caspase-3 cleaves PARP and induces cell 

apoptosis.18–20 However, the above mentioned protein cascade 

reactions are regulated by the Bcl-2 family.19 Therefore, apop-

tosis is an extremely complicated reaction process. Recently, 

the cell apoptosis effect caused by a host of chemotherapeutic 

drugs including TBMS1 has been explored. TBSM1 could 

induce proliferation inhibition and advance apoptosis in 

HepG2 cells.12,21 Caspases and the Bcl-2 protein family played 

a crucial role in TBMS1-induced apoptosis in human chorio-

carcinoma cells, glioma cells and prostate carcinoma cells.22–24 

Consequently, we investigated caspase-3, c-caspase-3, -9 and 

Bcl-2 expression in TBMS1-treated cells, which were well 

documented as the key proteins in intrinsic apoptosis pathway. 

We also detected caspase-8, the critical initiator of the extrinsic 

signaling pathway, and its downstream effector caspase-7. Our 

results showed that TBMS1 increased the c-caspase-3 and -9 

expression and decreased the expression of caspase-3, Bcl-2, 

caspase-7 and caspase-8, which validated the conjecture about 

the intrinsic and extrinsic apoptosis pathways.

We also investigated PARP and ERK1/2 expression 

changes, which played crucial roles in TBMS1-induced 

apoptosis.22,25–27 ERK1/2, belonging to the MARP family, is 

indispensable in determining cell survival and convincing 

evidence indicates that MARP pathways are involved in 

chemotherapy-induced apoptosis.28 TBMS1 altered the phos-

phorylation of ERK1/2.22,25 It has been reported that ERK1/2 

regulates the expression of Bcl-2, which partly contributes 

to the presumption that ERK1/2 is the upstream effector of 

Bcl-2.29 Consistent with the available studies, our data pointed 

out that various concentrations of TBMS1 increased c-PARP 

expression, accompanied by the decrease in total PARP 

expression after cells were treated with high doses of TBMS1, 

and TBMS1 markedly inhibited p-ERK1/2 expression, which 

leads to the Bcl-2 product decline in this study. Therefore, our 

results revealed that TBMS1 might induce intrinsic apoptosis 

through the ERK1/2/Bcl-2/caspase-9/caspase-3/PARP path-

way, and the extrinsic apoptotic pathway was also involved in 

cellular apoptosis. Apart from the effects we described earlier, 

TBMS1 was reported to possess anti-microtubule activity in 

CNE-2Z cells30 and as well as inhibited angiogenesis of lung 

cancer through VEGFR and Tie2 signalings.31 Consequently, 

it is important to do more research to ascertain the complicated 

mechanism of TBMS1 in OSCC cells.

Taken together, the study results illuminated that TBMS1 

indeed inhibited cell proliferation and migration ability 

visibly. It also induced apoptosis in OSCC cells. Hence, our 

data may provide a powerful clue for TBMS1 to be a potential 

chemotherapeutic drug for OSCC.
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