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ABSTRACT

Although osteosarcoma (OS) is the most common malignant tumor among juvenile bone tumors,
its treatment plan and clinical outcome have not improved significantly in recent decades.
Tetrandrine (TET), a Chinese medicine that is usually used in the therapy of silicosis, hypertension
and arthritis, has been confirmed by many studies to possess potent antitumour growth proper-
ties, but there are different limitations when describing specific mechanisms. Here, we found that
TET can obviously prevent the proliferation, migration and invasion of both 143B and MG63 cells
and promote their apoptosis in vitro. Our results for luciferase reporter and Western blotting
assays show that TET may exert its antitumour activity by regulating multiplex signaling pathways,
including the MAPK/Erk, PTEN/Akt, Juk and Wnt signaling pathways. Furthermore, the regulatory
effect of TET on OS cells and related signaling pathways was verified again in vivo. Our findings
suggest that the anticancer function of TET on human OS may be mediated by its targeting of
multiple signaling pathways and that TET may be used as a single drug or in combination with
other drugs during the treatment of OS.
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Introduction as the PI3K/mTOR [7], Wnt/B-catenin [8],

Osteosarcoma (OS) is a primary malignant bone
tumor that is usually observed in adolescents, and
the outcomes of patients who only undergo ampu-
tation or disarticulation are unsatisfactory, espe-
cially for patients with distant organ metastasis
diagnosed before the 1970s [1,2]. The current
treatment strategy is based on diagnostic surgery
and resection combined with polychemotherapy,
and the long-term survival rate has considerably
improved from less than 20% to approximately
55%-75% [3-5]. Unfortunately, the current treat-
ment options have stagnated in terms of their
effectiveness; the survival rate of patients has not
improved significantly in recent years, and resis-
tance to cytotoxic drugs may be the main reasons
for chemotherapy failure [6]. The development of
malignant cancer is more likely a result of the
cooperation of multiple biological pathways, such

MAPK/Erk [9,10], and RANKL/NF-k-B [11] path-
ways. Thus, it is necessary now to identify a new
and efficacious treatment that can target multiple
pathogenic signaling pathways.

TET is a bisbenzylisoquinoline alkaloid that can
be extracted from a variety of Chinese herbal medi-
cines, such as Cyclea barbata, menispermaceous
plants, and Stephania cepharantha Hayata, and is
usually used in Chinese medicine as a calcium chan-
nel blocker to treat hypertension, silicosis, angina
pectoris and arrhythmias [12,13]. The available evi-
dence suggests that TET can inhibit the growth of
a variety of tumors, including human colorectal can-
cer, gliomas, bladder cancer, leukemia, hepatocellu-
lar carcinoma, and so on [14-18]. Previous results
have shown that TET exhibits a significant antic-
ancer effect at lower doses than other conventional
chemotherapy drugs and exhibits synergistic
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Figure 1. Cytotoxic effects of TET on OS cells. (a), (b) representative images of crystal violet staining and the quantitative crystal
violet staining results. three kinds of OS cells were treated with TET at different concentrations for the indicated times, analyzed by
crystal violet staining and subjected to viability assays. (c) MTT assays were used to detect the influence of TET on cell proliferation at
the indicated times. (d), (e) flow cytometry was used to detect the cell cycle after treatment with TET for 36 h. (f), (g) The expression
of the cell cycle-related proteins PCNA, c-Myc and Cyclin D1 was detected by western blotting of 143B cells after treatment with TET
for 3 days. each experiment was effectively repeated. the data were normally distributed; *p < 0.05, ** p < 0.01, *** p < 0.001 vs.
blank.
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Figure 2. TET suppresses the colony formation and migration abilities of OS cells. (a) the effect of TET on the colony formation
capacity was detected by colony formation assays after treatment for 8 days (1 x 10° cells/well). typical images are shown, and the
treatment concentration was one tenth of the selected concentrations. (b) wound healing tests detected the capability of cell
migration at the indicated times after treatment with TET. magnification, x100. (c) transwell migration assays detected the capability
of cell migration after treatment with TET for 24 h. cells were stained with 0.1% crystal violet. magnification, x100. each experiment
was effectively repeated. the data were normally distributed; *p < 0.05, ** p < 0.01, *** p < 0.001 vs. blank.
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Figure 3. TET suppresses cancer cell invasion and invasion-related protein expression. (a), (b) the invasion capacity was analyzed by
matrigel invasion assays after treatment with TET for 24 h. magnification, x100. (c) migration- and invasion-related protein
expression was detected by western blotting after treatment for 3 days in 143B cells. each experiment was effectively repeated.
the data were normally distributed; *p < 0.05, ** p < 0.01, *** p < 0.001 vs. blank.

anticancer activity with other drugs [19]. In addition,
TET has a remarkably vital role in reversing tumor
drug resistance; therefore, it has great potential as
a new cancer drug [19]. Furthermore, some studies
have reported that TET can affect specific signaling
pathways involved in regulating cell cycle progres-
sion, apoptosis, migration and cytotoxicity capabil-
ities of tumors [14-16,19,20]. TET has the
characteristics of universality, low dose requirement,
multiple effects, and reversal of drug resistance in the
process of antitumour growth, but since the specific
mechanism is still unclear, further research is
necessary.

To clarify the effect of TET on OS growth and the
specific mechanism, in this study, we explore the
antitumour mechanism of TET in cell and animal
experiments. Our outcomes suggest that TET can
markedly inhibit proliferation, invasion and migra-
tion and significantly promote apoptosis in the
human OS lines MG63, 143B and SaOS2. Among
them, 143B cells had the most obvious response to
TET, followed by MG63 cells. Therefore, we used
143B cells as the experimental object in subsequent
experiments. Further studies found that the

expression of proliferation-, apoptosis- and migra-
tion-related proteins was significantly influenced by
TET. Animal experiments also confirmed that TET
obviously suppressed the growth of OS cells, and its
inhibitory effect was enhanced with increasing con-
centration. In addition, our results show that TET
influences various signaling pathways, including the
MAPK/Erk, PTEN/Akt and Wnt pathways, which
are also closely associated with the abnormal beha-
viors of tumors [7,10,19,21,22]. Our results indicated
that TET exerts its antitumour effect by acting on
multiple signaling pathways and that the response of
OS cells to TET is possibly determined by the activa-
tion of multiple signaling pathways. Nonetheless,
TET may be used as a single drug or in combination
with other drugs during the treatment of OS in the
future, but further investigation is required.

Materials and methods

Reagents. TET (purity, 98%) was purchased from
Herbpurify (Chendu Herbpurify CO., LTD,
Chendu, China). Dulbecco’s modified Eagle’s
medium (DMEM) and fetal bovine serum (FBS)
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Figure 4. TET promotes apoptosis of OS cells. (a), (b) hoechst staining detected the apoptosis of cells after treatment with TET for
24 h. magnification, x100. (c), (d) flow cytometry detected the apoptosis of cells after treatment with TET for 36 h. (e) western
blotting detected apoptosis-related protein expression after treatment of 143B cells with TET for 3 days. each experiment was
effectively repeated. the data were normally distributed; *p < 0.05, ** p < 0.01, *** p < 0.001 vs. blank.

were both obtained from Gibco (Grand Island,
NY, USA). All antibodies were purchased from
Cell Signaling Technology (CST; Danvers, MA,
USA), except for the B-actin antibody, which was
obtained from Abcam (MA, USA). Unless other-
wise indicated, all chemicals were purchased from
Sigma-Aldrich (Saint Louis, USA).

Cell culture and drug dilution. The human OS
lines MG63, 143B and SAOZ-2 cells, which were
provided by Dr Tongchuan He (University of
Chicago, USA), originated from the America
Type Culture Collection (ATCC, USA) and were
verified by STR analysis. Cells were cultured at

37°C in complete DMEM supplemented with
10% FBS, 1% penicillin, and 1% streptomycin in
a 5% CO2 incubator under a humidified atmo-
sphere. The original TET (purity>98%; 6.23 mg)
was dissolved in 2 ml DMSO, shaken and mixed
uniformly, and then filtered through a 0.22 um
needle filter. The filtered stock was stored at
—20°C and diluted to the specified concentration
with DMEM when needed.

Crystal violet viability assay. A crystal violet
assay was conducted in accordance with
a previous study [19]. OS cells were seeded in 24-
well plates and treated with TET when they



reached 30-40% confluence. At 24 h, 48 h and
72 h after treatment, the cells were repeatedly
washed three times with cold PBS and fixed for
10 minutes with 4% paraformaldehyde at 37°C.
The paraformaldehyde was discarded, and the
cells were washed three times with phosphate-
buffered saline (PBS) and stained with Giemsa
dye for 10 minutes. The stained cells were gently
rinsed with running water and air dried to obtain
macrographic images. For quantitative measure-
ment, the stained cells were dissolved in 10%
acetic acid (1 ml per well for 24-well plates) at
room temperature for 20 minutes with shaking.
A 500 pl portion was taken and added to 2 ml of
double-distilled H20. Absorbance was measured
at 570 to 590 nm [23].

Hoechst staining test. Cells were seeded in 24-
well plates and treated with TET at the indicated
concentration when they were 60-70% confluent.
After 24 h of treatment, the cells were repeatedly
washed three times with cold PBS and fixed for
10 minutes with 4% paraformaldehyde at 37°C.
The paraformaldehyde was discarded, and the
cells were washed three times with cold PBS and
stained with Hoechst 33,258 dye for 5 minutes in
the dark. The dye was discarded, and the cells were
repeatedly washed with PBS as before. Nuclear
morphology was observed under a fluorescence
microscope and photo preservation.

MTT assay. Cell viability was tested by the MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetr
azolium bromide] colorimetric assay. A total of
3000 cells per well were seeded in 96-well plates
and cultured for 0, 24, 48, and 72 h after treatment
with various concentrations of TET or DMSO.
Additionally, 20 pL MTT reagent (5 mg/mL;
Sigma-Aldrich, St. Louis, MO, USA) was added
to each well, and the plate was incubated for 4 h.
Thereafter, 150 uL dimethyl sulfoxide was added
to each well for 15 minutes after the cell culture
medium was discarded. Finally, the absorbance
was measured at 492 nm with the use of a micro-
plate reader.

Flow cytometry. Both 143B and MG63 cells in
logarithmic growth phase were seeded in 6-well
plates, treated with TET for 24 h, digested, repeat-
edly washed with PBS and fixed overnight with
70% ethanol at 4°C. Next, the cells were incubated
with PI/Triton X-100 and stained for 15 minutes,
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and the cell cycle and cell apoptotic distribution
were examined by flow cytometry as described
previously [24].

Cell apoptosis assay. MG63 and 143B cells were
inoculated into 6-well plates and treated with dif-
ferent concentrations of TET for 24 h. The cells
were then collected, washed and resuspended in
PBS three times, and 500 pl of PBS was added to
resuspend the cells. The apoptosis rate was deter-
mined by flow cytometry according to the process
provided by the Annexin V-FITC/PI double label-
ing staining kit (Beyotime Biotechnology,
Shanghai, China), and both early and late cell
apoptosis were counted.

Transwell  migration assay. Approximately
20,000 cells per well were seeded into the upper
Transwell chamber with 200 uL of 0% FBS culture
medium. In addition, 600 puL of 10% FBS culture
medium that had been treated with TET was
transferred into the Transwell lower chamber.
The cells were cultured for 24 h, fixed with 4%
paraformaldehyde and stained with 0.1% crystal
violet.

Matrigel invasion assays. Matrigel (5 mg/ml to
1 mg/ml) was diluted in serum-free cold cell cul-
ture medium (DMEM), 100 ul of diluted Matrigel
was placed into the upper chamber of a 24-well
Transwell, and then, the Transwell was incubated
at 37°C for at least 2 to 3 h for gelling. The follow-
up operation was the same as that described above
for the Transwell migration assay.

Colony formation test. In addition, 1000 cells
per well were seeded into 6-well plates with 1%
FBS medium after treatment with TET (when
the treatment conditions had a toxic effect on
the cells, because the number of cells was small
and the early post-adherence state was poor, the
cells could not survive due to the toxicity of
drugs). The same situation was encountered in
this experiment. After high concentrations of
TET were used to directly treat OS cells, the
cells could not survive. Therefore, it was essen-
tial to choose a lower concentration for drug
treatment in the colony formation experiment,
and the final treatment concentrations were
0 uM, 0.2 pM, 0.4 pM, 0.6 pM, 0.8 uM, and
1 puM, respectively. The treatment was performed
for 8 days. At the indicated time, the cells were
washed three times with PBS and fixed for
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10 minutes with 4% paraformaldehyde at 37°C.
The paraformaldehyde was discarded, and the
cells were washed three times with PBS and
stained with Giemsa dye for 10 minutes; the
cells were gently rinsed with running water and
air dried. The cells were examined under
a microscope, and a cluster of more than 50
cells was considered a colony.

Wound healing test. The cells were seeded into
a 6-well plate and treated with TET when they
reached 90 confluence. A wound was made with
a 10 uL pipette tip, and the cells were cultured for
24 h with serum-free medium. The specific wound
area was photographed at 0, 12, and 24 h. The
wound healing rate was calculated as follows: (0 h
width - 12 h or 24 h width)/0 h width x 100%.

Transfection and luciferase reporter assay.
A firefly luciferase reporter assay was carried out
as described previously [25,26]. In brief, 143B cells
were seeded in 25-cm® culture flasks and trans-
fected with 3.0 g per flask of the BMP/Smad-Luc,
NFk-B-Luc, Erk-Luc, CREB-Luc, RBPjk-Luc, and
HIF-Luc luciferase reporters using
LipofectamineTM 2000 (Invitrogen, Gaithersburg,
MD). At 24 h after transfection, the cells were
replated in 24-well plates and treated with various
concentrations of TET or DMSO control. After
24 h, the culture supernatant was collected and
subjected to luciferase activity assays using
a Gaussia Luciferase Assay Kit (New England
Biolabs). Each assay condition was tested in tripli-
cate. Luciferase activity was normalized to total
cellular protein concentrations among the samples.

Western blotting. Cells were washed three times
with cold PBS and lysed in RIPA lysis buffer
(Beyotime, Haimen, China) in the presence of pro-
tease and phosphatase inhibitors. The protein con-
centration was measured with a bicinchoninic acid
(BCA) protein assay kit (Beyotime, Haimen,
China). Equivalent amounts of protein were sepa-
rated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and then transferred
to polyvinylidene difluoride (PVDF) membranes.
The PVDF membranes were blocked with 5%
bovine serum albumin (BSA; Solarbio, Beijing,
China) in Tris-buffered saline/Tween 20 (TBST)
for 2 h at 37°C and then incubated at 4°C overnight
with primary antibodies against PCNA (1:1000;
rabbit, no. 13,110), Cyclin D1 (1:1000; rabbit,

no. 2978), c-Myc (1:1000; rabbit, no. 13,987),
E-Cadherin ~ (1:1000; mouse, no. 14,472),
N-Cadherin (1:1000; mouse, no. 13,116), MMP7
(1:1000; rabbit, no. 3801), MMP9 (1:1000; rabbit,
no. 13,667), Snail (1:1000; mouse, no. 3895),
Vimentin (1:1000; rabbit, no. 5741), Bad (1:1000;
rabbit, no. 9239), Bcl-2 (1:1000; mouse, no. 15,071),
Capase-3 (1:1000; rabbit, no. 9665), Cleaved
Capase-3 (1:1000; rabbit, no. 9664), PARP (1:1000;
rabbit, no. 9542), Cleaved PARP (1:1000; rabbit,
no.5 625), p38MAPK (1:1000; rabbit, no. 9212),
p-p38MAPK (1:1000; rabbit, no. 4511), Erkl/2
(1:1000; rabbit, no. 4695), SAPK/JNK (1:1000; rab-
bit, no. 9252), Pten (1:1000; rabbit, no. 9552s),
p-Pten (1:1000; rabbit, no. 9551s), Akt (1:1000;
rabbit, no. 9272s), p-Akt (1:1000; rabbit,
no. 9275s), GSK-3p (1:1000; rabbit, no. 12,456),
p-GSK-3B (1:1000; rabbit, no. 5558), B-Catenin
(1:1000; rabbit, no. 8480), and [-Actin (1:1000;
rabbit, no. 3700); all the antibodies were purchased
from CST. The membranes were washed 3 times
with TBST and incubated with either an anti-mouse
or anti-rabbit secondary antibody (1:5000;
ZhongShanGolden Bridge, Beijing, China) for 1 h
at 37°C. Specific bands were visualized using
BeyoECL Plus (Beyotime, Haimen, China) as
described previously [24]. All experiments were
repeated three times.

Establishment of an ectopic OS tumor animal
model. Fifty microliters (2 x 107 cells/ml) of 143B
cells suspended in medium was injected into the
proximal tibial periosteum of 4- to 6-week-old
female nude mice. Then, the animals were treated
with different doses of TET (2, 6 or 10 mg/kg) or
sodium carboxymethyl cellulose (CMC-Na), as
a control, once every 2 days. The tumor length
and width were measured every 2 days after the
first week, and the animals were killed by cervical
dislocation at 21 days after injection. Death was
confirmed when there was no respiration or
heartbeat. The tumor volume was calculated
according to  the  following  formula:
0.5 x Lx W? (where L is the tumor length, and
W is the tumor width; all the recovered tumors
were smaller than 2 cm). Tumor tissue specimens
were collected for follow-up tests. All animal
experiments were approved by the Institutional
Animal Care and Use Committee (IACUC) of
Chongqing Medical University.
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Figure 5. Multiple signaling pathways participate in the anticancer effect of TET. (a) the activities of the BMP/Smad-Luc, NF-kB-Luc,
Erk-Luc, CREB-Luc, RBPjk-Luc, and HIF-Luc reporters were detected in 143B cells after treatment with TET for 24 h. (b), (c), (d) the
expression of some key proteins of the PTEN/Akt signaling, MAPK/Erk signaling, and Wnt signaling pathways was detected after
treatment with TET for 3 days. each experiment was effectively repeated. the data were normally distributed; *p < 0.05, ** p < 0.01,

*** p < 0.001 vs. blank.

Immunohistochemistry (IHC).
Immunofluorescence was employed to show PCNA,
Bcl-2, Erk1/2, and Akt expression in tumor tissue.
Tumor tissue sections were blocked and immunos-
tained with antibodies targeting PCNA (1:100), Bcl-2
(1:100), Erk1/2 (1:50), and Akt (1:100). Images were
captured using a light microscope. The mean

integrated optical density was detected by Image-Pro
Plus 6.0 software in three random fields.

Statistical analysis. All data were analyzed using
SPSS 18.0 statistical software (SPSS Inc., Chicago,
IL, USA). The results are expressed as the mean +
SD or mean + SEM. One-way ANOVA followed
by Tukey’s post hoc test was used to compare data
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immunohistochemistry in tumor tissues. magnification, X200 and x400. the data were normally distributed; *p < 0.05, ** p

< 0.01, *** p < 0.001 vs. blank.

from different groups. P < 0.05 was considered to
indicate a statistically significant difference.

Results

Cytotoxic effects of TET on cultured OS cells.
Studies have shown that TET can affect the growth
of tumors [20]. For this reason, we tested the effect
of TET on the proliferation of OS cells through
a series of experiments. In this study, TET mark-
edly impeded the proliferation of 143B, MG63 or
SAOS-2 OS cells, as determined through crystal
violet staining (Figure 1(a-b)), and similar results

were obtained from the MTT assay (Figure 1(c)).
The optimal concentration of TET was approxi-
mately 6 uM, which was lower than that of other
chemotherapeutic drugs [19], so 2 uM, 6 uM,
8 uM and 10 uM were chosen as treatment con-
centrations in the subsequent experiments.
Moreover, flow cytometry results revealed
a significant increase in the proportion of G1/
S-phase cells after treatment with TET (Figure 1
(d-e)). We also found that the expression of the
proliferation-associated proteins PCNA, cyclin D1
and c-Myc was significantly suppressed after treat-
ment with TET (Figure 1(f-g)). The above



experimental results indicate that TET can mark-
edly suppress the proliferation of OS cells and that
the effect of TET on relative cell viability was both
concentration and time dependent.

TET suppresses the colony formation and migra-
tion of OS cells. The capacities to maintain infinite
proliferation potential and undergo distant migra-
tion are indispensable for malignant cancer cells
and to examine the changes in the abovemen-
tioned ability after TET treatment of OS cells
through various methods. The colony formation
assay results showed that TET-treated cells formed
significantly fewer and smaller colonies than con-
trol cells (Figure 2(a)), and this phenomenon also
showed that TET inhibits the proliferation of OS
cells. The migration capacity was considerably
inhibited in TET-treated OS cells, as shown by
Transwell migration assays and wound healing
tests (Figure 2(b-c)). These results suggest that
TET suppresses the migration and proliferation
of OS cells and may be a potential chemothera-
peutic drug.

TET inhibits the invasion and related protein
expression of cancer cells. Next, we studied the
influence of TET on OS cell invasion and related
protein expression by applying Matrigel invasion
assays and Western blotting. The outcomes indi-
cated that the invasion capacity was markedly
reduced by TET in both 143B and MG63 cells
(Figure 3(a-b)). Moreover, the expression of inva-
sion-related proteins was significantly inhibited by
TET, which is consistent with the above results
(Figure 3(c)). The results of these experiments
strongly suggest that TET can exhibit an antic-
ancer effect by preventing cancer cell invasion.

TET induces the apoptosis of cancer cells. The
influence of TET on OS cell apoptosis was also
detected. Hoechst staining results showed that
apoptosis was markedly induced by TET in both
143B and MG63 cells (Figure 4(a-b)), and similar
results were detected by flow cytometry (Figure 4
(c-d)). It is clear that the apoptosis-inducing effect
of TET is highly concentration dependent.
Furthermore, the expression of apoptosis-related
proteins, such as Bad, caspase-3 and PARP, was
markedly increased, but the expression of Bcl-2,
a negative regulator of apoptosis, was correspond-
ingly decreased, as indicated by Western blotting
(Figure 4(e)). These results show that TET could
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effectively induce cancer cell apoptosis, which is
consistent with previous studies.

Multiple signaling pathways participate in the
anticancer effect of TET. To further study the
mechanism behind the TET-mediated anticancer
effect, we assessed the activity of several luciferase
reporters, including BMP/Smad-Luc, NF-«kB-Luc,
Erk-Luc, CREB-Luc, RBPjk-Luc, and HIF-Lug, in
143B cells after treatment with TET. The activities
of the NF-kB-Luc and Erk-Luc reporters were
considerably inhibited by TET; the CREB-Luc
and HIF-Luc reporters were activated by TET,
but the BMP/Smad-Luc and RBPjk-Luc reporters
showed no obvious change in activity (Figure 5
(a)). In addition, the expression of some key pro-
teins of PTEN/AKkt signaling, MAPK/Erk signaling,
and Wnt signaling was markedly inhibited by
TET, which is consistent with the luciferase repor-
ter results (Figure 5(b-d)). These results indicate
that multiple signaling pathways are involved in
the anticancer effect of TET.

TET suppresses the growth of OS cells in vivo. To
investigate whether TET has similar anticancer
effects in animals, we established an animal
model of OS with 143B cells. The outcomes
showed that tumor growth was inhibited with
increasing TET dosage (Figure 6(a-b)). The immu-
nohistochemical outcomes also showed that the
expression of PCNA, Bcl-2, Erkl/2, and Akt
decreased after TET treatment (Figure 6(c-d)).
The above results suggest that TET can inhibit
the growth of OS cells in vivo by regulating multi-
ple signaling pathways.

Discussion

It is imperative to find new therapeutic approaches
to improve the survival prognosis of OS patients,
and previous studies have indicated that TET exhi-
bits anticancer activity in a variety of tumors.
Some studies have also proven that TET can reg-
ulate specific signaling pathways and target genes
or suppress antiangiogenic activity to achieve
tumor inhibition [14-16,19,20]. However, the spe-
cific mechanism of its antitumour activity is still
unclear. In this study, we used additional OS cell
types and experimental methods to further analyze
the influence of TET on the growth of OS cells and
the specific mechanism.
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In this study, we studied the specific mechanism
underlying the anticancer activity of TET in OS
cells. A previous study demonstrated that the half-
maximal inhibitory concentration (ICsy) for TET
was approximately 5 pM among many tumor cell
lines [19]. Our crystal violet viability assay results
showed that TET could notably inhibit cell viabi-
lity at low concentrations in three OS cell lines.
The MTT assay yielded an analogous result, show-
ing that TET has a potential anticancer effect,
which is consistent with previous studies [14-
20,27]. OS cells can invade adjacent tissues and
induce some complications, such as bone destruc-
tion or outward expansion, which usually cause
local fractures and pain. Therefore, some experi-
ments were used to detect the invasion ability of
OS cells, and our results showed that OS cell
invasion was notably inhibited by TET, and there
was a corresponding decrease in the expression of
migration- and invasion-related proteins, such as
MMP7, MMP9, N-cadherin, vimentin, and Snail.

In addition, the expression of E-cadherin,
a negative regulator of cell invasion, increased
after treatment with TET, suggesting a potential
mechanism by which TET may activate certain
anticancer factors. Moreover, infinite proliferation
and abnormal apoptosis are important for the
malignancy status of tumors, and it has been
reported that these features are closely related to
the abnormal activation of some signaling path-
ways or cancer suppressor genes, such as the Wnt
signaling pathway or caspase-3, Bcl-2 and GSK-3
[16,19,28,29]. Previous studies by Tao et al ana-
lyzed only the effect of TET on OS through simple
cell experiments and did not verify it in animal
experiments or conduct in-depth mechanistic stu-
dies. Our outcomes indicated that TET can signif-
icantly promote cancer cell apoptosis and
considerably decrease the expression of apoptosis-
related proteins, including caspase-3, PPAR, Bcl-2
and GSK-3f. Our outcomes also suggest that sup-
pressing Wnt/B-catenin signaling might be
involved in the anticancer effects of TET, which
is consistent with previous studies. Moreover, we
observed an interesting phenomenon: the expres-
sion of MMP2, which is a transfer-related protein,
increased significantly after treatment with TET
(data not shown), but the expression of MMP7
and MMP9 decreased, which may indicate that

TET exerts its anticancer effect by initiating the
escape mechanism of cancer cells.

To further investigate the influence of TET on
cell proliferation, the cell cycle was analyzed by
flow cytometry, and the results indicated that
most cells were blocked at the GI/S phase and
that proliferation-associated protein expression
was markedly decreased after treatment with
TET, especially cyclin D1 [27]. Previous studies
have demonstrated that specific blockade of P38/
MAPK signaling markedly inhibits the prolifera-
tion of cancer in cell and animal experiments and
can also influence drug resistance and intratu-
moural blood and lymphatic vessel formation
[21,22,30]. However, Tian et al found that TET
may activate the MAPK/Erk pathway to upregulate
PENT activity, thereby inhibiting OS proliferation
and promoting apoptosis. The results of our
experiment suggest that the activities of MAPK/
Erk were strongly suppressed by TET, and the
proliferation and colony formation ability of
tumor cells were correspondingly decreased,
which is consistent with previous research results.
Some reports have found that activating PI3K/Akt
signaling could promote tumorigenesis, tumor
growth and metastasis by suppressing the expres-
sion of PTEN [7,31]. PTEN can inhibit the activity
of the PI3K-Akt pathway, and our results also
demonstrated that the migration and invasion
ability of cancer cells were notably inhibited by
TET; PTEN expression was markedly increased,
but the activity of PI3K/Akt signaling was signifi-
cantly decreased. Finally, the animal experiment
results showed that TET suppressed the growth
of OS cells in vivo, and the immunohistochemical
results indicated that proliferation-related protein
expression and the activities of the PTEN/Akt
signaling and MAPK/Erk signaling pathways
were measurably inhibited after treatment with
TET, which is consistent with previous cell
experiments.

In conclusion, our results indicate that TET
could dramatically suppress the proliferation,
migration and invasion but promote the apoptosis
of OS cells in both cell and animal experiments. It
is likely that multiple signaling pathways, includ-
ing the MAPK/Erk, PTEN/Akt and Wnt signaling
pathways, participate in the negative regulation of
TET in OS cells, and some of these results are



consistent with previous studies [32]. These out-
comes confirm that TET suppresses the growth of
OS cells, and it can be a potential drug for use in
the biomedical industry or in combination with
other drugs during the treatment of OS.

Conclusion

In summary, our study demonstrates that TET can
dramatically suppress the growth of OS cells and
that multiple signaling pathways, including the
p38/MAPK, PTEN/Akt and Wnt signaling path-
ways, may participate in the anticancer effect of
TET. These results suggest that TET may be used
as a potential single drug or in combination with
other drugs during the treatment of OS in the
future, but whether there is a difference in the
effect and mechanism of TET on different OS
cells was not discussed in our study. Future studies
will focus on finding the target proteins of TET
and verifying the role of TET in different cells,
which would help us to clarify the specific
mechanism underlying the anticancer activity
of TET.
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