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Tetrandrine inhibits the proliferation of human osteosarcoma cells
by upregulating the PTEN pathway
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Abstract. Tetrandrine (TET) is a natural product isolated
from the Chinese herb Stephania tetrandra S. Moore and has
been reported to have antiproliferation and apoptosis-inducing
activity in various malignant tumor cells. However, the exact
molecular mechanisms underlying these effects remain
unclear. In the present study, we tested the antiproliferation
effect of TET on osteosarcoma (OS) 143B cells and explored
the possible potential molecular mechanism in this process.
Using CCK-8 assay and flow cytometry, we found that TET
inhibited proliferation, induced apoptosis and arrested the
cell cycle of the 143B cells. Using a xenograft tumor model
of human OS, tetrandrine was found to inhibit tumor growth
in vivo. TET increased the protein level of phosphatase and
tensin homolog (PTEN) and decreased its phosphorylation as
detected by western blot analysis and immunohistochemistry.
Overexpression of PTEN strengthened the anticancer effect
of TET, while knockdown of PTEN attenuated it. Meanwhile,
TET activated p38 MAPK and increased its phosphorylation.
Our findings suggest that TET may be a potential anticancer
drug for OS. In addition, its effects may be mediated by the
upregulation of PTEN. Moreover the expression alteration of
PTEN and p-PTEN was mediated by the TET-induced activa-
tion of p38 MAPK in a direct or indirect manner.

Introduction

As a malignant bone tumor, osteosarcoma (OS) is most
prevalent in children and young adults. It accounts for
~2.4 and 20% of all pediatric cancers and primary bone
malignancies, respectively (1-3). The current treatment of
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OS is mainly based on surgery and chemotherapy, and the
treatment outcomes are limited (4). Chemotherapy drugs, such
as methotrexate, doxorubicin, cisplatin, oxaliplatin (OXA),
5-fluorouracil (5-FU), bleomycin, Taxol and etoposide are
not effective and even possess numerous side-effects and
toxicities (5,6). Therefore, understanding the molecular
mechanisms of OS cells is highly beneficial, and more efficient
and novel pharmaceutical products for OS are pressingly
needed. Recently, traditional Chinese medicine (TCM) has
successfully gained people's attention. Moreover, a large
number of plant-derived bioactive compounds used in TCM
are now used to treat different types of malignant cancer.

As a natural product extracted from Chinese herbs,
tetrandrine (TET) [(1b)-6,6'7,12-tetramethoxy-2,2'-di-
methyl-berbaman] is abisbenzylisoquinoline alkaloid isolated
from the Chinese herb Stephania tetrandra S. Moore (7).
TET has been used for years as a clinical drug in China
to treat patients with silicosis, autoimmune disorders,
inflammatory pulmonary and cardiovascular diseases, and
hypertension (8). Recently, evidence has indicated that TET
possesses an antitumor effect through its antiproliferative and
apoptosis-inducing abilities in various malignant cancers,
such as gastric (9), bladder (10), prostate (11) and colon
cancer (12), gallbladder carcinoma (13) and OS (14). Tao et al
reported that TET induces the apoptosis of human OS cells
through the activation of the mitochondrial pathway (15).
However, there are still few studies exploring the possible
mechanisms underlying the TET-induced antiproliferation
and apoptosis in OS cells.

Identified as a tumor-suppressor gene, phospha-
tase and tensin homolog (PTEN) functions as a lipid
phosphatase. PTEN dephosphorylates phosphatidylinositol
(3,4,5)-triphosphate (PIP;), and counteracts the activity of
phosphatidylinositol-3-kinase (PI3K). PI3K phosphorylates
phosphatidylinositol (4,5)-bisphosphate (PIP,) to generate
PIP;. In addition, PIP; is the membrane anchor and ligand of
the pleckstrin homology (PH) domain of AKTs (16). Moreover,
PTEN negatively regulates not only PI3K signaling, but also
mitogen-activated protein kinases (MAPKSs), which are down-
stream of RAS (17). Deletions or the inactivation of mutations
of PTEN are observed in a large number of various cancers at
high frequency. MAPK consist of a family of protein kinases
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such as ERK, JNK and p38, which phosphorylate specific
serines and threonines of target protein substrates and regulate
cellular activities including gene expression, mitosis, motility,
metabolism and programmed death (18). Among the MAPKs
family, it has been recently found that p38 MAPK plays a
significant role in the induction of apoptosis in various cell
systems (19).

It has been recently reported that p38 MAPK and PTEN
can affect each other mutually in numerous types of cancer.
For example, Li et al reported that the phosphorylated form of
PTEN enhances p38 signaling (20), while Wu et al reported
that p38 MAPK enhances PTEN signaling (21). However, to
date, there is no study addressing the relationship between
p38 MAPK and PTEN in OS. We hypothesized that p38 MAPK
may interact with PTEN in the TET-induced antiproliferation
process in OS. In addition, our data ascertained that TET can
inhibit the proliferation of OS cells, and this process may be
mediated by the upregulation of PTEN through at least in part
the activation of p38 MAPK.

Materials and methods

Agent preparations and cell culture. TET (purity=99.2%) was
obtained from Hao-Xuan Bio-Technology Co., Ltd. (Xi'an,
China), and was dissolved in dimethyl sulfoxide (DMSO) for
in vitro experiments as well as prepared with 0.4% carboxy-
methylcellulose sodium (CMC-Na) for in vivo experiments.
Antibodies were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). The p38 inhibitor SB203580 (#S1076)
was purchased from Selleckchem (Houston, TX, USA). The
human OS cell line 143B was purchased from the American
Type Culture Collection (ATCC; Manassas, VA, USA).
Cells were cultured in Dulbecco's modified Eagle's medium
(DMEM) with 10% fetal bovine serum (FBS), 100 U/ml of
penicillin and 100 pug/ml of streptomycin at 37°C in 5% CO,.

Cell Counting Kit-8 (CCK-8) assay. Sub-confluent 143B cells
were seeded into 96-well plates (150 ul, 1,500 cells/well) and
cultured for 24 h (37°C, 5% CO,). Then, cells were treated with
pre-designated concentrations (1, 2, 3, 4 and 5 yuM) of TET,
recombinant adenovirus or DMSO. After 24, 48 and 72 h,
CCK-8 (10 ul/well; 7Sea Biotech, Shanghai, China) was added
to the cells, and the 96-well plate was continuously incubated
for 2 h. Subsequently, the OD value for each well was read at
a wavelength of 450 nm to determine the cell viability on a
microplate reader. Each condition was carried out in triplicate.
The cell viability was calculated as follows:

OD (experiment) - OD (blank)
OD (control) - OD (blank)

Cell viability (%) =

Construction of recombinant adenovirus. Recombinant
adenoviruses expressing PTEN (AdPTEN) and small inter-
fering RNA fragments targeting PTEN (AdsiPTEN) were
constructed with the AdEasy system (22). AJPTEN and
AdsiPTEN were tagged with red fluorescence protein (RFP).
The recombinant adenovirus expression RFP alone was used
as a vector control. There were 4 fragments targeting PTEN in
AdsiPTEN, and each of the fragments top line sequence is as
follows: AGCTAAAGGTGAAGATATA; AGTAAGGACCA
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GAGACAAA; CAGATAATGACAAGGAATA; AGAAAGA
CTTGAAGGCGTA.

Flow cytometric analysis for apoptosis and cell cycle.
Sub-confluent 143B cells were seeded into 6-well plates, and
treated with pre-designated concentrations (1, 2 and 4 uM) of
TET, recombinant adenovirus or DMSO for 24 h. For the cell
cycle analysis, cells were harvested and washed with phosphate-
buffered saline (PBS) (4°C), collected with cold 70% ethanol
(4°C) and finally stained with 1 ml of propidium iodide (PI)
(20 mg/ml) containing RNase (I mg/ml) in PBS for 30 min.
Then the cells were detected with fluorescence activated cell
sorting (FACS). For the apoptosis assay, the cells were washed
with PBS (4°C), incubated with PI and Annexin V-FITC
following the instructions of the kits (KeyGen Biotech, Nanjing,
China). Subsequently, the cells were analyzed by FACS.

Xenograft tumor model of human OS. The use and care of
animals was approved by the Institutional Animal Care and
Use Committee (IACUC) of Chongqing Medical University.
Athymic nude mice (female, 4-6 weeks old, 4 mice/group) were
purchased from the Animal Center of Chongqing Medical
University (Chongqing, China). Sub-confluent cells (143B)
were washed and re-suspended in PBS (4°C) to a density of
4x107 cells/ml and then were subcutaneously injected into the
right flanks of athymic nude mice using a 27-G needle (50 ul,
~2x10° cells). One week after the injections, the mice were
treated with pre-designated doses (40 and 80 mg/kg) of TET
or solvent by intragastric administration daily for 4 weeks.
Then, the mice were sacrificed and samples were harvested for
histological evaluation.

Protein harvest and western blot analysis (WB) assay. 143B
cells were seeded into a 6-well plate and treated with pre-
designated concentrations (1, 2 and 4 uM) of TET, SB203580
or DMSO. At pre-designated time points, cells were washed
with PBS (4°C) and lysed with ice-cold lysis buffer (300 ul).
The lysates were boiled for 10 min. After electrophoresis,
proteins were transferred to polyvinylidene fluoride (PVDF)
membranes, then blotted with corresponding primary anti-
bodies and incubated with HRP-labeled secondary antibodies
successively. The target proteins were developed with the
SuperSignal West Pico Substrate (Pierce, Rockford, IL, USA).
Each condition was carried out in triplicate.

Histological evaluation and immunohistochemical (IHC)
staining. Retrieved tumor masses were fixed with paraformal-
dehyde (4%) and embedded with paraffin, respectively. Serial
sections were stained with hematoxylin and eosin (H&E). For
IHC staining, the processed slides were deparaffinized and
rehydrated in a graduated manner. The deparaffinized sections
were incubated with proliferating cell and nuclear antigen
(PCNA) antibody (1:100 dilution) or PTEN antibody (1:100
dilution) or isotype IgG as a control. Finally, the sections were
incubated with streptavidin-labeled secondary antibodies and
then visualized with diaminobenzidine (DAB) staining.

Statistical analysis. The results of all experiments are presented
as the mean + standard deviation (SD) of at least 3 independent
tests. Statistical analysis of the results was conducted using a
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Figure 1. Effects of TET on the proliferation in 143B cells. (A) CCK-8 assay results revealed the antiproliferative effect of TET in 143B cells ("P<0.05,
compared with the control; “P<0.01, compared with the control). (B) Flow cytometric analysis demonstrated that TET induces cell cycle arrest in 143B cells.
(C) WB assay results revealed that TET affects the protein expression level of PCNA in 143B cells. TET, tetrandrine; WB, western blot analysis; PCNA,

proliferating cell nuclear antigen.

t-test by GraphPad Prism 5 (GraphPad Software, Inc., La Jolla,
CA, USA), and a P-value <0.05 was considered to indicate a
statistically significant result.

Results

TET exhibits an antiproliferative effect and arrests the cell
cycle at theGl phase in 143B cells. To validate whether TET
could be used as a chemotherapeutic agent for OS patients,
CCK-8 assay was applied to explore the antiproliferative effect
of TET on 143B cells. The results revealed that TET inhibited
the proliferation of 143B cells effectively in a concentra-
tion- and time-dependent manner (Fig. 1A). According to the
CCK-8 assay result, we chose 1,2 and 4 uM of TET to perform
the following experiments. Cell cycle analysis results revealed
that TET induced cell cycle arrest at the G1 phase in 143B
cells, and that the cell cycle arrest effect was positively related
with the concentration of TET (Fig. 1B). The WB assay showed
that TET significantly inhibited the expression of proliferating
cell nuclear antigen (PCNA) (Fig. 1C). These data suggest that
TET may be used as a chemotherapeutic agent or adjuvant for
human OS treatment.

TET induces apoptosis in 143B cells. We next conducted
further analyses to demonstrate whether TET induced apop-
tosis of 143B cells. The results showed that TET increased the
apoptotic cell rate concentration-dependently (Fig. 2A). WB

revealed that TET substantially upregulated the protein level
of Bad, but downregulated the protein level of Bcl-2 in the
143B cells (Fig. 2B). These results strongly indicate that TET
is a potent apoptosis inducer in 143B cells.

TET inhibits human OS growth in a xenograft tumor model.
To investigate the in vivo anticancer activity of TET, we applied
a well-established xenograft OS model. Compared with the
solvent control group, TET suppressed the tumor growth
dose-dependently (Fig. 3A and B). Upon H&E staining, more
necrotic cells were found in the TET-treated tumors than this
number in the control group, and more necrotic cells were found
with the higher dose of TET (Fig. 3C). To investigate any poten-
tial cytotoxic effects of TET, we measured the weight of the
kidney, spleen, liver and the mouse body weight for each group,
and no statistical difference was found among the groups. In
addition, liver and kidney sections were dealt with H&E staining,
and no obvious morphological change was discovered, indi-
cating that the present dose of TET is nontoxic (Fig. 3B and C).
THC staining results showed that PCNA was dose-dependently
downregulated by TET in OS (Fig. 3D). These results showed
that TET can inhibit the proliferation of 143B cells in vivo and is
relatively safe. These results further demonstrated that TET may
be a potential anticancer agent for OS.

PTEN is involved in the antiproliferative effect of TET in
143B cells. We investigated whether PTEN is involved in



2798 TIAN et al: TETRANDRINE AND PTEN IN OSTEOSARCOMA

A B

pif oee Control 23 | J050 TAMTET ™ | pprgany 0 1 2 4

w5 ' T
E |
&1-2_-

L - = j

-
GAPDH ““ “ “

Yz

(Ei

Annexin V

Figure 2. Effects of TET on the apoptosis of 143B cells. (A) Flow cytometric analysis showed that TET induced apoptosis in the 143B cells. (B) WB assay
results revealed that TET affected the protein levels of Bad and Bcl-2 in the 143B cells. TET, tetrandrine; WB, western blot analysis.
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Figure 3. Effects of TET on the tumor growth of OS. (A) Tumor masses collected from nude mice revealed the anticancer effect of TET on OS. (B) Quantitative
results of the weight of the kidney, spleen and liver, mouse body weight and tumor weight of each group showed that TET had an antiproliferative effect on OS
without having toxic side-effects ("P<0.05, compared with the control; “P<0.01, compared with the control). (C) H&E staining results show the effect of TET
on OS, liver and kidney samples; representative results are shown. (D) IHC staining show that TET affects the expression level of PCNA in OS; representative
results are shown. TET, tetrandrine; OS, osteosarcoma; H&E, hematoxylin and eosin; IHC, immunohistochemical; PCNA, proliferating cell nuclear antigen.
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Figure 4. TET increases the level of PTEN in 143B cells. (A) WB assay results show that TET affected the expression level of PTEN and p-PTEN in 143B
cells. (B) IHC staining results show that TET affected the expression level of PTEN in OS; representative results are shown. (C) Fluorescence images and WB
assay results show the proper functioning of the recombinant adenoviruses in 143B cells. (D) CCK-8 assay results show that the TET-induced antiproliferative
effect may be affected by exogenous expression of PTEN or knockdown of PTEN in 143B cells; the concentration of TET herein is 3 yuM ("P<0.05, compared
with the control; “P<0.01, compared with the control; #P<0.05, compared with TET; #P<0.01, compared with TET). (E) Flow cytometric analysis results of
each group show how the TET-induced cell cycle arrest in 143B cells is affected by the expression level of PTEN. TET, tetrandrine; WB, western blot analysis;
PTEN, phosphatase and tensin homologue; IHC, immunohistochemical; OS, osteosarcoma.

PTEN (Fig. 4A). The IHC staining results revealed that PTEN
was upregulated dose-dependently in vivo after treatment
with TET (Fig. 4B). Before being used in the present study,

the antiproliferative effect of TET in 143B cells as in other
cancer cells (23). The WB assay results showed that TET
concentration- and time-dependently induced the expression of
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Figure 5. p38 MAPKs mediate the effect of TET on PTEN in 143B cells. (A) WB assay results show that TET affected the expression level of p38 and p-p38
in 143B cells. (B) CCK-8 results show that the TET-induced antiproliferative effect may be affected by p38 inhibitor SB203580 (SB, 0.6 M) in 143B cells
("P<0.05, compared with the control; “P<0.01, compared with the control; “P<0.05, compared with SB; P<0.01, compared with SB). (C) WB assay results
show that TET combined with SB affects the expression level of p-PTEN and PTEN. TET, tetrandrine; PTEN, phosphatase and tensin homologue.

the recombinant adenoviruses were ascertained for proper
functioning in 143B cells by fluorescence images and WB
assay (Fig. 4C). The CCK-8 assay demonstrated that exogenous
expression of PTEN substantially enhanced the antiproliferative
effect of TET, while knockdown of PTEN decreased this effect
of TET in the 143B cells (Fig. 4D). Moreover, flow cytometric
analysis revealed that the TET-induced cell cycle arrest in
143B cells could be strengthened by the exogenous expression
of PTEN, and weakened by the knockdown of PTEN (Fig. 4E).
These results consequently indicated that PTEN is involved in
the antiproliferative effect of TET in 143B cells.

TET upregulates PTEN by activating p38 MAPK in 143B cells.
Although, PTEN partly mediates the antiproliferative effect of
TET in 143B cells, the mechanism involved in the upregulation
of PTEN by TET remains unknown. With further analysis,
we found that TET concentration-dependently increased the
phosphorylation of p38 MAPK (Fig. 5A). CCK-8 assay results
demonstrated that the antiproliferative effect of TET was
partly reversed by SB203580 (SB) in the 143B cells (Fig. 5B).
When TET was combined with SB to treat 143B cells, the

expression level of PTEN was decreased, and the expression
level of p-PTEN was markedly increased (Fig. 5C). These
results suggested that the upregulation of PTEN may have
resulted from the activation of p38 MAPK, which may block
the phosphorylation of PTEN in the 143B cells.

Discussion

In the present study, we demonstrated that TET may be
a potential and effective antiproliferation drug for OS.
Mechanistically, we discovered that the anticancer ability of
TET may be partly mediated by upregulating PTEN signaling.
Moreover, the upregulation of PTEN signaling is mediated by
the activation of p38 MAPK.

As one of the most frequent primary malignant bone
tumors that occurs in childhood, OS is conventionally treated
with chemotherapy agents. However, the chemotherapy
drugs used currently do not only exhibit low efficiency, but
also produce numerous side-effects (6,24). Thus, it is of high
significance to take notice of new drug research and develop-
ments, so as to improve the quality of life of patients. TET is
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a bisbenzylisoquinoline alkaloid which is extracted from the
dried root of Chinese herb medicinal plant Hang Fang Ji. In
addition, recent studies have shown no side-effects of TET in
the treatment of silicosis and lung cancer (25), which makes it
an ideal anticancer drug. Moreover, with definite knowledge
on the synthesis, distribution, extraction, structural elucida-
tion and pharmacological properties of TET, this very herb
has been confirmed as a potential agent capable of inhibiting
proliferation and inducing apoptosis in many malignant
cancer cells (12,25). In the present study, we found that TET
has antiproliferative and apoptosis-inducing effects in 143B
cells. Moreover, TET has been reported to have the ability
to arrest the cell cycle at different phases in various cancer
cells (9,13,26). In our research, TET arrested the cell cycle at
the G1 phase in 143B cells. Moreover, TET inhibited human
OS growth in a xenograft tumor model. Thus, it is highly
suggested that TET could be used as a potential anticancer
drug for human OS.

The effect of the pharmacological property of TET on
malignant cancer cells has been confirmed to be achieved
through different pathways such as the calcium channel (27),
reactive oxygen species (28), caspase-dependent pathway (29),
reversal of multidrug resistance (30), decrease of phosphory-
lated Akt (31) and activation of Jnk1/2 (32). For many malignant
cancers, such as prostate cancer, the mutation of PTEN plays
an essential role (33) and overexpression of PTEN results in a
higher chemosensitivity (34) which indicates that PTEN is a
tumor-suppressor gene. Thus, PTEN may be a potential target
for OS treatment. However, this concept warrants further
study. Therefore, we investigated whether PTEN is involved
in the antiproliferative effect of TET in 143B cells. As a lipid
phosphatase catalyzing PIP; dephosphorylation resulting
in the production of PIP,, PTEN inhibits the activation of
the PI3K/Akt/mTOR pathway, which is implicated in many
cellular functions including cell proliferation, survival and
inhibition of apoptosis (35). Moreover, the phosphorylation
of PTEN inactivates PTEN from its anticancer ability, which
means the ratio of p-PTEN/PTEN is positively related with
the inactivation level of PTEN (36). In the present study, TET
increased the protein level of PTEN and decreased the level
of p-PTEN. Exogenous expression of PTEN substantially
enhanced the antiproliferation and cell cycle arrest produced
by TET, while knockdown of PTEN partly reduced this effect
of TET in 143B cells. Hence, we speculated that TET may
increase the protein level of PTEN as well as decrease its
phosphorylation. Although, the precise mechanism underlying
this process remains unclear, we have reason to speculate that
the antiproliferative and apoptosis-inducing effect of TET is
related with the PTEN pathway.

As a subgroup of the MAPKSs, p38 was first described as
a transducer of the response to environmental stress condi-
tions and as a critical mediator of inflammatory cytokines.
Subsequently, p38 was demonstrated to have the ability to
regulate different processes including cell cycle, differentia-
tion, inflammation, senescence, autophagy and apoptosis (37).
p38 MAPKSs are phosphorylated and activated by MAPK
kinases. Once activated, p38 MAPKs phosphorylate the
serine/threonine residues of their substrates, which include
several transcription factors as well as protein kinases (38).
It has been reported that the activation and phosphorylation
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of p38 MAPK mediates the anticancer activity in numerous
malignant cancers such as pancreatic (39) and gastric
cancer (40), and head and neck carcinoma (41).

We hypothesized that in OS, p38 MAPK may be associated
with PTEN in a direct or indirect way. In the present study,
TET activated and phosphorylated p38 MAPK in 143B cells,
while upregulating PTEN and decreasing the level of p-PTEN.
In addition the p38 MAPK inhibitor was partly capable of
reversing the TET-induced antiproliferation in 143B cells, the
upregulation of PTEN and the downregulation of p-PTEN.
Consequently, it is strongly suggested that the upregulation of
PTEN by TET may be the result of the decrease in p-PTEN,
which may be mediated by the TET-induced activation and
phosphorylation of p38 MAPK.

In summary, we demonstrated that TET can be used as
an effective chemotherapeutic agent for human OS. The anti-
cancer activity of TET in 143B cells may be mediated by an
increase in PTEN, which may result from the TET-induced
activation of p38 MAPK. Future studies should be carried out
to investigate the possible molecular mechanism of TET on the
activation of p38 MAPK, and elucidate the possible interac-
tion between p38 MAPK and PTEN phosphorylation in 143B
cells. Furthermore, as the present study did not involve the
migration and metastasis of OS cells, a number of subsequent
experiments and pre-clinical assessments should be carried
out for further evaluation of this drug.
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