
Abstract. Tetrandrine is an alkaloid extracted from a
traditional China medicine plant, and is considered part of
food therapy as well. In addition, it has been widely reported
to induce apoptotic cell death in many human cancer cells.
However, the mechanism of Tetrandrine on human
nasopharyngeal carcinoma cells (NPC) is still questioned.
In our study, we examined whether Tetrandrine can induce
apoptosis of NPC-TW 039 cells. We found that cell
morphology was changed after treatment with different
concentrations of Tetrandrine. Further, we indicated that the
NPC-TW 039 cells viability decreased in a Tetrandrine dose-
dependent manner. We also found that tetrandrine induced
cell cycle arrest in G0/G1 phase. Tetrandrine induced DNA
condensation by DAPI staining as well. In addition, we

found that Tetrandrine induced Ca2+ release in the cytosol.
At the same time, endoplasmic reticulum (ER) stress
occurred. Then we used western blotting to examine the
protein expression which is associated with mitochondria-
mediated apoptotic pathways and caspase-dependent
pathways. To further examine whether Ca2+ was released or
not with Tetrandrine induced-apoptosis, we used the chelator
of Ca2+ and showed that cell viability increased. At the same
time, caspase-3 expression was decreased. Furthermore,
confocal microscopy examination revealed that Tetrandrine
induced expression of ER stress-related proteins GADD153
and GRP78. Our results indicate that Tetrandrine induces
apoptosis through calcium-mediated ER stress and caspase
pathway in NPC-TW 039 cells. In conclusion, Tetrandrine
may could be used for treatment of human nasopharyngeal
carcinoma in future.

Nasopharyngeal carcinoma is found with the highest
prevalence in China and South East Asia. There are many types
of nasopharyngeal carcinomas, such as non-keratinising
carcinoma differentiated, keratinising squamous cell carcinoma
and basaloid squamous cell carcinoma (1). In addition, it can
migrate into lymph or other organs, especially the brain. The
traditional treatment of nasopharyngeal carcinoma such as
radiation and chemical therapy could damage and generate
some irreversible side-effects in the brain. Therefore, the main
focus of this study was to find an alternative treatment, and
Tetrandrine was the main focus in this study.

Tetrandrine could be extracted by Stephania tetrandra,
and is one of bis-benzylisoquinoline alkaloids which have

6107

*These Authors contributed equally to this work. 

Correspondence to: Professor Jing-Gung Chung, Department of
Biological Science and Technology, China Medical University, No
91, Hsueh-Shih Road, Taichung 404, Taiwan. Tel: +886 4 22053366,
ext. 8000, Fax: +886 4 22053764, e-mail: jgchung@mail.cmu.edu.tw;
Assistant Professor Yung-Lin Chu, International Master’s Degree
Program in Food Science, International College, National Pingtung
University of Science and Technology, Pingtung 912, Taiwan. Tel:
+886 8 7703202, ext. 6411, Fax: +886 8 7740290, e-mail:
pig9104412003@hotmail.com

Key Words: Tetrandrine, apoptosis, endoplasmic reticulum stress,
Ca2+/Calpain pathways, human nasopharyngeal carcinoma NPC-
TW 039 cells.

ANTICANCER RESEARCH 37: 6107-6112 (2017)
doi:10.21873/anticanres.12059

Tetrandrine Induces Apoptosis in Human Nasopharyngeal
Carcinoma NPC-TW 039 Cells by Endoplasmic 
Reticulum Stress and Ca2+/Calpain Pathways

KUO-CHING LIU1, YA-JING LIN2, YUNG-TING HSIAO2, MENG-LIANG LIN1, 
JIUN-LONG YANG3, YI-PING HUANG4, YUNG-LIN CHU5* and JING-GUNG CHUNG2,6*

1Department of Medical Laboratory Science and Biotechnology, 
China Medical University, Taichung, Taiwan, R.O.C.;

2Department of Biological Science and Technology, China Medical University, Taichung, Taiwan, R.O.C.;
3Department of Chinese Pharmaceutical Sciences and Chinese Medicine Resources,

China Medical University, Taichung, Taiwan, R.O.C.;
4Department of Physiology, China Medical University, Taichung, Taiwan, R.O.C.;
5International Master’s Degree Program in Food Science, International College, 

National Pingtung University of Science and Technology, Pingtung, Taiwan, R.O.C.;
6Department of Biotechnology, Asia University, Taichung, Taiwan, R.O.C.



anti-inflammatory and immune inhibitory abilities (2). There
are lots of studies showing that Tetrandrine is an effective
drug for immune diseases, inflammation and cardiovascular
disease (3). In addition, Tetrandrine is useful in the treatment
of lung silicosis, liver cirrhosis, and rheumatoid arthritis and
has also been shown to inhibit entry of ebola virus into host
cells in vitro (4, 5).

Cancer cells have sustained proliferative signalling
resulting in the stimulation of cells’ own growth, resistance
of cell death or apoptosis, escape from growth suppressors
and also have the ability to metastasize (6). However,
apoptosis leads to cell morphology changes and death-
including blebbing, cell shrinkage, chromatin condensation,
DNA fragmentation, and global mRNA decay (7). Moreover,
the cell signaling pathway of apoptotic cell death contains
extrinsic and intrinsic signaling pathways, however, based
on involved protein and organelles, it also can be classified
into caspase-dependent, mitochondria-dependent and ER
stress-related pathway (8-10). Therefore, the goal of this
study was to identify the mechanism of apoptosis induction
in nasopharyngeal carcinoma cells.

The relationship between calcium and cell death plays a
key role in this study. Calcium associated signaling have
been recognized to be a mediator of cell energy demand and
a trigger to cell death (11). Calcium is not only related with
mitochondria function and it is also involved endoplasmic
reticulum maintain function. For example, mitochondria
control energy and health in higher eukaryotes, and also
calcium signals drive mitochondrial bioenergetic efficiency
(12). Therefore, lots of human diseases are related with
dysfunctional mitochondrial calcium uptake (13). In
addition, endoplasmic reticulum bears some cellular stress
like ROS attacking, and it also releases high concentrations
of cytosolic calcium and unfolded protein response (UPR).
Then highly [Ca2+]ER and UPR would regulate apoptosis
through the mitochondria and endoplasmic reticulum (14).
In conclusion, the calcium concentration balance plays a key
role in cell death.

However, there are no studies using Tetrandrine
treatment of human nasopharyngeal carcinoma NPC-TW
039 cells. Although there is only one study which focuses
on Tetrandrine with NPC-TW 076 cells (15). Both these
cells are nasopharyngeal carcinoma cells, but have
metabolic differences. For example, NPC-TW 076 cells are
from a 36-year-old female Chinese patient living in Taiwan
and NPC-TW 039 cells are contributed by a 64-year-old
male patient in Taiwan. In addition, both of them have good
metastatic ability but with different numbers of
chromosomes (NPC-TW039 is 76 to 109; NPC-TW076 is
80 to 105), while morphology and doubling time are
significantly different (16). Our study is the first to
examine Tetrandrine treatment of nasopharyngeal cancer
cells from elderly patients.

Materials and Methods

Chemicals and reagents. Tetrandrine was provided by China
Medical University hospital, and Propidium iodide (PI), Annexin V-
FITC and Trypsin-EDTA were obtained from Sigma Chemical Co.
(St. Louis, MO, USA). RPMI-1640 medium, fetal bovine serum
(FBS), L-glutamine and penicillin-streptomycin were purchased
from GIBCO®/Invitrogen Life Technologies (Carlsbad, California,
USA). Fluo-3/AM, DiOC6, H2DCF-DA were obtained by
BD/Becton, Dickinson (BD Biosciences, San Jose, CA, USA).
Primary antibodies against XIAP, Bcl-2, Bcl-x, Bad, Bax, Bid,
cytochrome c, caspase-3, -8, -9, -12, Calpain-1, Calpain-2, Fas, Fas-
L, AIF, Endo-G, GADD153, GRP-78 and chemical luciferase/
peroxidase conjugated secondary antibodies were purchased from
Cell Signaling Technology, Inc. (Beverly, MA, USA). 

Cell culture. Human nasopharyngeal carcinoma NPC-TW 039 cells
were purchased from the Food Industry Research and Development
Institute (Hsinchu, Taiwan). These cells were maintained in
Dulbecco’s Modified Eagle Medium (DMEM) medium with 2 mM
L-glutamine and supplemented with 10% FBS and 1% penicillin-
streptomycin (100 Units/ml penicillin and 100 μg/ml streptomycin)
and were incubated at 37˚C in a humidified atmosphere of 5% CO2
and 95% air (17).

Examinations of cell’s morphology and total viability. NPC-TW 039
cells (2×105 cells/well) were plated into 12-well plates, cultured
with DMEM medium for 24 h and were then incubated with 0, 4,
6, 8, 10, 12 μM of Tetrandrine for 48 h. Cells in each well were
examined and photographed under contrast phase microscopy at 
X 200. Viable cells were re-suspended in PBS and then counted
with PI (5 μg/ml) followed immediately by flow cytometry (BD
Biosciences, FACS Calibur, San Jose, CA, USA) as previously
described (7, 18). 

4,6-diamidino-2-phenylindole dihydrochloride staining for apoptotic
cells. NPC-TW 039 cells (2×105 cells/well) were cultured in 12-well
plates with DMEM medium for 24 h and then incubated with 0, 4,
6, 8 or 10 μM of Tetrandrine for 48 h. Cells were fixed with 3.7%
paraformaldehyde (v/v) in PBS for 15 min, permeabilized with
0.1% Triton X-100 in PBS for 5 min and nuclei were stained with
2 μg/ml of 4’,6-diamidino-2-phenylindole dihydrochloride (DAPI)
for 30 min. All samples were examined and photographed using a
fluorescence microscope at X200 as described previously (19).

Cell cycle analysis. NPC-TW 039 cells (2×105 cells/well) were
maintained in 12-well plates with DMEM medium for 24 h and
were then incubated with 0, 4, 6, 8 or 10 μM of Tetrandrine for 48
h. At the end of incubation, cells were isolated and stained with PI
and analyzed by flow cytometry as described previously (20) and
the distribution of cells in each cell cycle phase, sub-G1, G0/G1, S
and G2/M, was determined.

Annexin V/PI staining for apoptotic cell death. Apoptotic cell death
was measured using the Annexin V-FITC apoptosis detection kit as
described previously (21). Briefly, NPC-TW 039 cells (2×105
cells/ml) grown in 12-well culture plates were treated with 0, 4, 6,
8, 10 or 12 μM of Tetrandrine for 48 h. After incubation, cells were
collected and resuspended in Annexin V binding buffer, and
incubated with Annexin V-FITC/PI in the dark for 15 min according
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to the manufacturer’s instruction (22). In each experiment, 10,000
cells were analyzed using BD FACS (BD Biosciences, San Jose,
CA, USA). Experiments were performed in triplicate.

Measurement of reactive oxygen species (ROS), intracellular Ca2+
and mitochondrial membrane potential (ΔΨm). Measurement of
ROS, Ca2+ and ΔΨm in NPC-TW 039 cells was performed by flow
cytometry after exposure to Tetrandrine (7, 23). Briefly, NPC-TW
039 cells (2×105 cells/well) were maintained in 12-well plates and
were treated with 8 μM of Tetrandrine for 0, 6, 12, 24 or 48 h. After
incubation, cells were harvested and re-suspended with 500 μl of
DCFH-DA (10 μM) for ROS (H2O2) measurement, 500 μl of
DiOC6 (4 μmol/l) for the levels of ΔΨm measurement, or 500 μl of
Fluo-3/AM (2.5 μg/ml) for Calcium measurement and all samples
were kept in the dark for 30 min. After incubation, all samples were
analyzed by flow cytometry as described previously (18, 24, 25). 

Caspase-3, caspase-8 and caspase-9 activities assay. The activities
of caspase-8, -9 and -3 of NPC-TW 039 cells after treatment with
Tetrandrine were measured by flow cytometry (26). NPC-TW 039
cells (2×105 cells/well) were incubated with various concentrations
of Tetrandrine for 48 h and then samples were collected, washed
and re-suspended in 25 μl of 10 μM caspase-8, -9 and -3 substrates
(CaspaLux8-L1D2,- CaspaLux 9-M1D2 and PhiPhiLux-G1D2)
(OncoImmunin, Inc. Gaithersburg, MD, USA) before incubation at
37 ˚C for 60 min. After incubation, cells were washed with PBS and
were immediately analyzed by flow cytometry for activities of
caspase-8, -9 and -3 as described previously (27).

Western blotting analysis. NPC-TW 039 cells (1×106 cells/dish)
were plated in 10 cm dish for 24 h and then treated with 8 μM of
Tetrandrine for 0, 6, 12, 24 or 48 h. Cells were collected and lysed
in lysis buffer (10 mM Tris-HCl (pH7.4), 150 mM NaCl, 1 mM
EGTA, 0.3 mM PMSF, 0.2 mM sodium orthovanadate, 0.1% SDS,
1 mM EDTA, 1% NP-40, 10 mg/mL leupeptin, and 10 mg/mL
aprotinin). All samples were incubated on ice for 15 min and the
supernatant was collected after centrifugation at 15,000 × g for 20
min. The total protein from each sample was determined by the
Bio-Rad protein assay kit (Hercules, California, USA) as
described previously (20). Approximately 30 μg of total protein
from each sample was loaded to each well and SDS-PAGE
analysis was performed according to previous studies and then
transferred onto polyvinylidene difluoride (PVDF) membranes.
Membranes were blocked with 5% non-fat dried milk in PBST.
The membranes were immunoblotted with specific primary
antibodies followed by the appropriate horseradish peroxidase-
linked secondary antibody. Detection of each band was performed
using Chemiluminescence (28, 29). 

BAPTA-Calcium Chelation. The 10 μl of 0.5 μM BAPTA (1,2-
Bis(2-Aminophenoxy)ethane-N,N,N’,N’-tetra acetic acid) was
placed in NPC-TW 039 cells (2×105 cells/well) at 12-well plate with
DMEM medium for 6 h and then were treated with 8 μM of
Tetrandrine for 48 h. After incubation, viability, intracellular Ca2+
and caspase-9, -3 activities were analyzed by flow cytometric assay
as described previously (18).

Protein fluorescence expression detection. Protein expression of
GADD153 and GRP78 were measured by an immunostaining
Method. NPC-TW 039 cells were placed on Polysine microscope

adhesion slides (Cell-line, Thermo), pretreated with 0.5 μM BAPTA
for 6 h and then were treated with 8 μM Tetrandrine. At 24 h, cells
were fixed in 4% paraformaldehyde/PBS and stained with anti-
GADD153 and GRP78 (Cell Signaling) according to the dilution of
the data sheet. The protein expression of GADD153 and GRP78 were
acquired on a Leica TCS SP5 II confocal laser scanning microscope.

Statistical analysis. All data were presented as mean±standard
deviation (SD) from triplicate experiments. Statistical significant
differences between the Tetrandrine treated and -untreated (control)
groups were analyzed by Student’s t-test. The levels of statistical
significance were considered when the p-value was less than 0.05.

Results
Tetrandrine induced cell morphological changes and
decreased the percentage of viable NPC-TW 039 cells.
NPC-TW 039 cells were treated with 0, 4, 6, 8, 10 and 12
μM of Tetrandrine for 48 h. Cells were examined for
morphological changes by contrast-phase microscopy and
measured for the total percentage of viable cells (Figures 1A
and B). Results indicated that Tetrandrine induced cell
morphological changes (Figure 1A) based on cell floating,
debris and decreased number of viable cells (Figure 1B)
accompanying the dead cells and these effects were dose-
dependent. Treatment with 8 μM of Tetrandrine led to a
50% decrease of viable cells compared to the control group,
thus, 8 μM of Tetrandrine was selected for most of the
further experiments. 

Tetrandrine induced DNA condensation in NPC-TW 039
cells. NPC-TW 039 cells were treated with various doses (4,
6, 8 and 10 μM) of Tetrandrine for 48 h. As shown in Figure
2, these assays demonstrated that Tetrandrine-induced DNA
condensation as examined by DAPI staining (Figure 2A)
when compared with the control sample. Also, quantitation
of DNA condensation was examined by Image J software
(Figure 2B) in NPC-TW 039 cells. Taken together, we
concluded that Tetrandrine decreased the percentage of
viable NPC-TW 039 cells through DNA condensation and
induction of apoptotic death.

Tetrandrine induced apoptosis in NPC-TW 039 cells. To
further confirm whether Tetrandrine decreased total cell
numbers through the induction of apoptosis of NPC-TW 039
cells, cell cycle and Annexin V/PI double staining assay
were used to measure the percentage of apoptotic cell death
and the results are shown in Figure 3. Figure 3A
demonstrates that Tetrandrine could increase cell
accumulation in sub-G1 and G0/G1 phases. Moreover, Figure
3B and C show that Tetrandrine induced early and late
apoptotic cells at 15-50% following 48 h treatment in NPC-
TW 039 cells. We concluded that Tetrandrine could cause
cell cycle arrest in G0/G1 phase and early and late apoptosis
in NPC-TW 039 cells.
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Tetrandrine induced reactive oxygen species and Ca2+

productions and the levels of mitochondrial membrane
potential (ΔΨm) in NPC-TW 039 cells. In order to further
clarify whether Tetrandrine-induced apoptotic cell death
involved the production of ROS and Ca2+ or mitochondrial
dysfunction of NPC-TW 039 cells, cells were treated with 8
μM of Tetrandrine for 0, 3, 6, 9, 12, 24 or 48 h and analyzed
for ROS, Ca2+ and levels of ΔΨm by flow cytometric assay.
Results are shown in Figure 4. Figures 4A and B show that

tetrandrine significantly increased ROS production at 3-24 h
treatment and Ca2+ from 6-48 h treatment. Figure 4C indicated
that tetrandrine increased the levels of mitochondrial
membrane potential (ΔΨm) from 12-48 h treatment. 

Tetrandrine increased the activities of caspase-3, -8 and -9
in NPC-TW 039 cells. To further investigate whether or not
Tetrandrine induced apoptotic cell death in NPC-TW 039
cells via the activation of caspases, NPC-TW 039 cells were
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Figure 1. Tetrandrine induced cell morphological changes and decreased the viability in human nasopharyngeal carcinoma NPC-TW 039 cells.
Cells (2×105 cells/well) were plated in a 12-well plate for 24 h and were incubated with 0, 4, 6, 8, 10 or 12 μM of Tetrandrine for 48 h. Cells were
examined and photographed under contrast phase microscope (A) or were assayed for percentages of viable cells (B) as described in Material and
Methods. Each point is mean±S.D. of three experiments. *p<0.05. Significantly different from tetrandrine-treated and control cells.

Figure 2. Tetrandrine induced DNA condensation in human nasopharyngeal carcinoma NPC-TW 039 cells. Cells (2×105 cells/well) were placed in
a 12-well plate for 24 h and were incubated with 0, 4, 6, 8 or 10 μM of Tetrandrine for 48 h. Cells were examined and photographed under
fluorescent light microscope (A) or were assayed for percentages of DNA damaged cells (B) as described in Material and Methods. Each photo is
mean±S.D. of three experiments. ***p<0.001. Significantly different from Tetrandrine-treated and control cells.
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Figure 3. Tetrandrine induced apoptotic cell death in human
nasopharyngeal cancer NPC-TW 039 cells. Cells (2×105 cells/well) in
12-well culture plates were treated with 0, 4, 6, 8, 10 or 12 μM of
Tetrandrine for 48 h. Cells were collected and were resuspended in cell-
cycle buffer and Annexin V binding buffer, followed by incubation with
PI cell-cycle buffer (A) and Annexin V-FITC/PI (B) and were assayed
for percentage of apoptotic cell death (C) as described in Materials and
Methods. *p<0.05. Significantly different from Tetrandrine-treated and
control cells.

Figure 4. Tetrandrine induced reactive oxygen species and Ca2+
production and decreased the levels of mitochondrial membrane
potential (ΔΨm) in NPC-TW 039 cells. Cells (2×105 cells/well) were
treated with 8 μM of Tetrandrine for 0, 6, 12, 24 or 48 h. Cells were
isolated and assayed for the production of ROS (A) and Ca2+ (B), and
the levels of ΔΨm measurement (C) as described in Materials and
Methods. Data are mean±S.D. of three experiments. *p<0.05, **p<0.01
and ***p<0.001. Significantly different from Tetrandrine-treated and
control cells.



treated with 0, 4, 6, 8, 10 or 12 μM of Tetrandrine for 48 h
and cells were measured for the activities of caspase-8, -9
and -3 by flow cytometry (Figure 5A-C). Results indicated
that Tetrandrine increased the activities of caspase-8, -9 and
-3 in NPC-TW 039 cells.

Tetrandrine altered apoptosis associated protein expression
in NPC-TW 039 cells. In order to further examine whether
Tetrandrine-induced apoptosis of NPC-TW 039 cells
involves the effects of apoptosis-associated proteins, NPC-
TW 039 cells were treated with Tetrandrine (8 μM) for 0, 6,
12, 24 and 48 h and then apoptosis associated proteins were
measured and quantitated with Western blotting. Results are
shown in Figure 6. Results demonstrated that Tetrandrine
significantly decreased the expression of Bid (24-48 h)
(Figure 6A) and cytochrome c at 24-48 h treatment (Figure
6B), pro-caspase-8 at 6-24 h treatment (Figure 6C), pro-
caspase-9 at 12-48 h treatment (Figure 6D). Tetrandrine
increased Bcl-x, Bcl-2 and Bax at 6-48 h (Figure 6A) but
only increased AIF and Endo G at 24 h treatment (Figure
6B), increased Fas, Fas-L, caspase-8 and caspase-3 at 6-48
h treatment (Figure 6C), and increased Calpain-1, Calpain-
2, caspase-12 and caspase-9 at 12-48 h treatment (Figure 6D)
in NPC-TW 039 cells. These results indicated that
Tetrandrine induced apoptosis of NPC-TW 039 cells through
the cell surface receptor (Fas-L and Fas), and induced ER
stress and caspase-dependent pathways. 

Tetrandrine induced calcium-mediated cell death in NPC-TW
039 cells. In order to further investigate whether Tetrandrine
induced calcium-mediated apoptotic cell death of NPC-TW
039 cells, we use BAPTA pre-treatment as calcium chelation
to block calcium ion concentration released by endoplasmic
reticulum stress. From Figure 7A, NPC-TW 039 cells was
pre-treated 0.5 μM BAPTA for 6 h and then co-treated with
Tetrandrine at 48 h. It clearly showed that BAPTA treatment
alone did not damage cell viability but co-treatment of
BAPTA with Tetrandrine significantly recovered cell
viability compared with cells treated with Tetrandrine alone.
Furthermore, Figure 7B shows that Tetrandrine treatment
increased calcium release in the cytosol but co-treatment
with BAPTA inhibited the calcium release from the
endoplasmic reticulum. From Figure 8A and B, Tetrandrine
treatment induced activation of caspase-9 and -3, and
BAPTA co-treatment significantly inhibited the activation of
caspase-9 and -3. These results indicate that Tetrandrine
induced calcium-mediated apoptosis in NPC-TW 039 cells.

Tetrandrine induced endoplasmic reticulum (ER) stress in
NPC-TW 039 cells. GRP78 and GADD153 proteins are the
hallmarks of ER stress. As shown in Figures 9A and 9B, we
used confocal microscopy to demonstrate protein expression
of GRP78 and GADD153 by staining of NPC-TW 039 cells.
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Figure 5. Tetrandrine induced caspase-3, -8 and -9 activities in NPC-
TW 039 cells. Cells were treated with or without Tetrandrine (4, 6, 8,
10 and 12 μM) before cells being harvested and activities of caspase-8
(A), -9 (B) and -3 (C) were measured by flow cytometric assay as
described in Materials and Methods. Data are mean±S.D. of three
experiments. *p<0.05. Significantly different from Tetrandrine-treated
and control cells.



Figure 9A shows NPC-TW 039 cells after Tetrandrine
treatment for 24 h which increased the protein expression of
GRP78. In addition, BAPTA co-treatment blocked the
protein activation induced by Tetrandrine. Using the same
treatment, the protein expression of GADD153 was induced
by Tetrandrine, but inhibited by BAPTA co-treatment (Figure
9B). All data demonstrated that Tetrandrine induced calcium-
mediated ER stress in NPC-TW 039 cells.

Discussion
Nasopharyngeal cancer is uncommon in the United States and
other nations, but it is extremely common in southern regions
of China, particularly in Guangdong, accounting for 18% of
all cancers in China (30). In addition, it is also quite common
in Taiwan. This could be due to the South East Asian diet
which typically includes the consumption of salted vegetables,
fish, and meat but also smoking. However, not only the
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Figure 6. Tetrandrine affected the levels of associated proteins in apoptosis of NPC-TW 039 cells. Cells (1×106 cells/dish) were treated with Tetrandrine
(8 μM) for 0, 6, 12, 24 or 48 h and then the total protein were measured and used for SDS page gel electrophoresis as described in Materials and
Methods. The levels of Bax, Bid, Bcl-2, Bcl-x (A); cytochrome c, AIF, Endo G (B); Fas, Fas-L, caspase-3 and caspase-8 (C); Calpain-1, Calpain-2,
caspase-9 and caspase-12 (D).



lifestyle but also genes could regulate nasopharyngeal cancer.
For example, expression of human cytochrome P450 2E1 gene
has been reported to be tightly connected with the progression
of nasopharyngeal cancer (31). Therefore, although numerous
studies have shown that Tetrandrine has biological activities
including anti-cancer in vitro and in vivo, and was reported
that regulates the gene and protein expression of mitochondria
and inhibit the growth of gastric cancer BGC-823 cells (32).
It has also been reported that it enhances radio-sensitivity
through apoptosis in nasopharyngeal cancer CNE cells (33).

On the other hand, Tetrandrine exhibits an anticancer
metastatic and antiangiogenic activities better than those of
doxorubicin (34). These references show that Tetrandrine may
play a potential role in cancer therapy. Furthermore, it was
reported that Tetrandrine suppresses inflammation as well
(35). However, there is still no available information to show
the effect of Tetrandrine on cell death regulation in human
Nasopharynx cancer cells, thus, in the present study, we
investigated the cytotoxic effects of Tetrandrine on human
nasopharyngeal cancer NPC-TW 039 cells in vitro. 
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Figure 8. Co-treatment of BAPTA and Tetrandrine stimulated the activities of caspase-9 and -3 in human nasopharyngeal cancer NPC-TW 039
cells. Cells (2×105 cells/well) were treated with 0.5 μM BAPTA within 6 h before 8 μM of Tetrandrine for 48 h for caspase-9 determination (A)
and by caspase-3 determination (B) as described in Materials and Methods. Data represents mean±S.D. of three experiments. *p<0.05. Significant
recovery from Tetrandrine co-treated with BAPTA and only Tetrandrine treating cells.

Figure 7. Co-treatment of BAPTA and Tetrandrine affected the cell viability and releasing of calcium in human nasopharyngeal cancer NPC-TW
039 cells. Cells (2×105 cells/well) were treated with 0.5 μM BAPTA within 6 h before 8 μM of Tetrandrine for 48 h for viable cells determination
(A) and by Fluo-3/AM for Ca2+ levels determination (B) as described in Materials and Methods. Data represents mean±S.D. of three experiments.
*p<0.05. Significant recovery from Tetrandrine co-treated with BAPTA and only Tetrandrine treating cells.
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Figure 10. The possible mechanism of Tetrandrine treated on human nasopharyngeal cancer NPC-TW 039 cells.

Figure 9. Co-treatment of BAPTA and Tetrandrine affected the protein fluorescence expressions of GRP78 and GADD153 in human nasopharyngeal
cancer NPC-TW 039 cells. Cells (2×105 cells/well) were treated with 0.5 μM BAPTA within 6 h before 8 μM of Tetrandrine for 24 h for the protein
expression of GRAP78 (A) and GADD153 (B) were acquired on a Leica TCS SP5 II confocal laser scanning microscope.



We found that Tetrandrine induced cell morphological
changes (Figure 1A) and decreased the percentage of viable
cells (Figure 1B); Tetrandrine induced DNA condensation
(Figure 2) and apoptotic cell death (Figure 3); increased
ROS levels, calcium ion release and increased the levels of
ΔΨm (Figure 4 A-C); increased the activities of caspase-8,
-9 and -3 (Figure 5 A-C); increased expression of the
mitochondria-related pathway proteins, Bcl-2 and Bcl-x
(Figure 6A); increased the expression of the pro-apoptotic
proteins such as Bax, AIF, Endo G (Figures 6A and B) and
decreased cytochrome c release (Figure 6B) that was
associated with dysfunction of mitochondria and death
through the cell surface receptor Fas and Fas-L (Figure 6C).
Tetrandrine increased caspases-3, -8, -9 and -12 (Figures 6C
and D) that were the markers of apoptosis. Tetrandrine
increased Calpain-1 and -2 (Figure 6D) that were the marker
of calcium-activated proteases which is related with
ubiquitous enzymes.

Tetrandrine decreased cell number through the induction
of apoptotic cell death in NPC-TW 039 cells that were
measured by PI and Annexin V/PI double staining and
analyzed by flow cytometry. It is well demonstrated that
Annexin V/PI staining is very efficient for measuring and
quantitating the percentage of apoptotic cell death (26, 36).
We also found that Tetrandrine induces apoptotic cell death
through ER stress in NPC-TW 039 cells based on ROS
production (Figure 4A) and GADD153 and GRP78 that
were the hallmarks of ER stress (Figure 9A and B). Our
earlier studies also showed that Tetrandrine induced
apoptosis through ROS production and mitochondria-
dependent cell death in human nasopharynx cancer NPC-
TW 076 cells (15). ROS production in cancer cells after
exposure to anticancer agents, decreased mitochondria
membrane potential (ΔΨm) and induction of ER stress could
lead to apoptosis (7, 37). Tetrandrine increased the levels of
ΔΨm in NPC-TW 039 cells significantly (Figure 4C). It is
shown that Tetrandrine-induced apoptosis may not be
through dysfunction of mitochondria or decreased levels of
ΔΨm, so it could be via another cell death pathway.
Tetrandrine increased caspase-8, -9 and -3 activities in NPC-
TW 039 cells time-dependently (Figure 5). Based on the
observations, we suggest that Tetrandrine induced apoptotic
cell death maybe involved with ROS production, ER stress
and caspase activation in NPC-TW 039 cells. 

In order to further examine whether Tetrandrine-induced
cell apoptosis in NPC-TW 039 cells involved apoptotic
protein expression, Western blotting experiments showed that
Tetrandrine increased the mitochondria-related pathway
proteins expression of Bcl-2 and Bcl-x (Figure 6A) but
increased pro-apoptotic proteins such as Bax, AIF, Endo G
(Figures 6A and B). These results show that Tetrandrine
induced cell apoptosis in NPC-TW 039 cells, but not through
the mitochondria-dependent pathway. This is the major

different finding from our previous study in NPC-TW 076
cells. The reason may be that those two cell lines are from
different aged patients, and the energy utilization and
metabolic abilities are different. Therefore, the mitochondria
functions of NPC-TW 076 and NPC-TW 039 cells are quite
different. 

Furthermore, we found that Tetrandrine increased the
activities of caspase-8, -9 and -3 (Figure 5), and we also
used western blotting which show that Tetrandrine increased
active-caspase-3, -8, -9 and -12 (Figures 6C and D).
Anticancer drugs induced caspase-independent apoptotic
cell death through AIF and/or Endo G release from
mitochondria (39). Results from Figure 6B indicated that
Tetrandrine induced the release of AIF and Endo-G release
after treatment with NPC-TW 039 cells. Furthermore,
Figure 9A and B also showed that Tetrandrine increased ER
stress associated protein expression such as GRP78,
GADD153 and active forms with Calpain-1 and Calpain-2
in NPC-TW 039 cells (Figure 6D). Some studies have
shown that ROS and Ca2+ influx could modulate Calpain
protein which is related with apoptosis (40, 41). In order to
investigate that calcium plays a major role in this study, we
chose BAPTA as a calcium chelating agent which blocks the
calcium signaling pathway. Figure 7A shows that after
BAPTA treatment recovery, cell viability was decreased by
Tetrandrine. Calcium concentration was reduced following
chelation with BAPTA (Figure 7B). In addition, we found
that calcium release blocked by BAPTA could weaken the
induction activity of caspase-3 and -9 after Tetrandrine
treatment (Figure 8). Confocal fluorescence microscope is
a powerful tool to analyze immunostaining and protein
expression, and it clearly demonstrated that BAPTA
treatment could weaken the protein expression of GRP78
and GADD153 induced by Tetrandrine treatment (Figure 9
A and B). Our results indicated that Tetrandrine induced
unfolding protein response (UPR) and ER stress-mediated
apoptosis in NPC-TW 039 cells via calcium/calpain
modulation (Figure 10).

Our findings provided important possible molecular
mechanisms of the anti-nasopharyngeal cancer properties of
Tetrandrine and support the execution of further investigations
to examine its use as a nasopharyngeal cancer drug.
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