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The search for novel and more efficient chemo-agents against malignant osteoblastoma is important. In
this study, we examined the potential anti-osteoblastoma function of bufotalin, and studied the
underlying mechanisms. Our results showed that bufotalin induced osteoblastoma cell death and apop-
tosis in dose- and time-dependent manners. Further, bufotalin induced endoplasmic reticulum (ER) stress
activation in osteoblastoma cells, the latter was detected by the induction of C/EBP homologous protein
(CHOP), phosphorylation of inositol-requiring enzyme 1 (IRE1) and PKR-like endoplasmic reticulum
kinase (PERK), as well as caspase-12 activation. Conversely, the ER stress inhibitor salubrinal, the
caspase-12 inhibitor z-ATAD-fmk as well as CHOP depletion by shRNA significantly inhibited bufota-
lin-induced osteoblastoma cell death and apoptosis. Finally, by using a mice xenograft model, we dem-
onstrated that bufotalin inhibited U2OS osteoblastoma cell growth in vivo. In summary, our results
suggest that ER stress contributes to bufotalin-induced apoptosis in osteoblastoma cells. Bufotalin might
be investigated as a novel anti-osteoblastoma agent.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction cancer cell growth and induces cancer cell apoptosis in vivo and
Malignant osteoblastoma has one of the worst prognosis among
teenagers, and is typically diagnosed at advanced stages [1]. The
use of chemotherapy has dramatically improved the overall sur-
vival of osteoblastoma patients from 11% in the 1960s, to 70% by
the mid-1980s [2]. Since then, survival has not been much
improved [3,4]. The malignant osteoblastoma is among the most
intrinsically resistant malignancies to almost all chemotherapeutic
drugs [5,6]. As such, recent research effects have been focusing on
searching for the novel chemo-agents against this disease [5].

Bufotalin is a traditional Chinese medicine prepared from the
dried secretion of the auricular and skin glands of Bufo bufo gar-
garizans Cantor. Recently, bufotalin has drawn attentions from
both cancer biologists and oncologists due to its dramatic anti-
tumor activities [7–10]. It has been shown that bufotalin inhibits
in vitro [7–12]. The underlying mechanisms behind the anti-tumor
activities of bufotalin are, however, not fully understood. Also, the
potential role of bufotalin against osteoblastoma was not studied.

Endoplasmic reticulum (ER) is responsible for the synthesis,
modification and delivery of proteins to their proper target sites
[13]. ER is also important for intracellular calcium homeostasis
[13]. ER could be disrupted when facing various stress conditions
causing ER stress [14,15], which activates a signaling network of
the unfolded protein response (UPR). Cells respond to ER stress
by following mechanisms: (1) to enhance the expression of ER
chaperones and folding enzymes; (b) to suppress further misfolded
proteins accumulation; and (c) to eliminate misfolded proteins
accumulation inside the ER [16]. Although mild ER stress is gener-
ally known as a pro-survival and adaptive reaction, prolonged or
severe ER stress could promote cell apoptosis [16]. In the current
study, we found that ER stress mediates bufotalin-induced apopto-
sis in osteoblastoma cells.

2. Material and methods

2.1. Chemical and reagents

Salubrinal was purchased from Sigma (St. Louis, MO). The
pan-caspase inhibitor z-VAD-fmk and the caspase-12 inhibitor
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(z-ATAD-fmk) were purchased from Calbiochem (Darmstadt,
Germany). Anti-PKR-like ER kinase (PERK), C/EBP homologous
protein (CHOP), inositol-requiring enzyme 1 (IRE-1), tubulin and
secondary antibodies were obtained from Santa Cruz Biotechnol-
ogy (Santa Cruz, CA). Anti-p-IRE1 was obtained from Abcam
(Shanghai, China). All other antibodies used in this study were
obtained from Cell Signaling Tech (Danvers, MA).

2.2. Cell culture

U2OS, SaOs-2 and MG-63 osteoblastoma cell lines were gifts
from Dr. Zhang-ping Gu at Nanjing Medical University [17,18].
Osteoblastoma cells were maintained in DMEM (Sigma, St. Louis,
MO), supplemented with a 10% fetal bovine serum (FBS, Sigma)
plus penicillin/streptomycin (1:100; Sigma), in a CO2 incubator at
37 �C. The murine calvaria-derived osteoblastic MC3T3-E1 cells
were gift from Dr. Xiaodong Wang at Soochow University [19].
MC3T3-E1 cells were seeded at 1 � 105 cells/ml into 75-cm2 flasks
and maintained in a-MEM supplemented with 10% FBS and 1%
penicillin/streptomycin. This basic medium was replenished every
3 days. The cultures were then induced to differentiate by transfer-
ring cells into the medium supplemented with L-ascorbic acid
(50 lg/ml, Sigma) and b-glycerol phosphate (5 mM, Sigma) [19].

2.3. Cell survival assay (MTT assay)

Cells (1 � 104/well) were seeded in 96-well plates. After
treatment, 30 ll of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) solution (5 mg/ml) were added into each
well, and incubated for an additional 4 h. The formazan crystal
formed was dissolved with 100 ll of DMSO. Absorbance was mea-
sured at 490 nm by a microplate reader (Bio-Rad, Nanjing, China).
Absorbance of cells with no treatment (control group) was
regarded as 100% cell survival.

2.4. Trypan blue staining of ‘‘dead’’ cells

After treatment, dead cells were stained by trypan blue, and the
percentage (%) was calculated by the number of the trypan blue
stained cells dividing by the total cell number, which was automat-
ically recorded by a handheld automated cell counter (Merck
Millipore, Shanghai, China).

2.5. Clonogenicity assay

Cells (5 � 104) were suspended in 1 ml of DMEM containing 1%
agar (Sigma, St. Louis, MO), 10% FBS and with indicated treatment.
The cell suspension was then added on top of a pre-solidified 1%
agar in a 100 mm culture dish. The medium was replaced every
2 days. After 10-day of incubation, colonies were photographed.
Colonies with diameter larger than 50 lm were recorded and
counted manually.

2.6. Western blotting and data quantification

After treatments, the cells were washed with ice-cold phos-
phate buffered saline (PBS) and then lysed using lysis buffer (pH,
7.4) containing 50 mM Tris [pH 8.0], 250 mM NaCl, 1% NP-40,
0.1% sodium dodecyl sulfate, 5 mM EDTA, 2 mM Na3VO4, 10 mM
Na2P2O7, 10 mM NaF and 1 mM phenylmethylsulfonyl fluoride
[17]. The lysates were collected and centrifuged. The protein con-
centration was determined by using a Bio-Rad Bradford protein
assay kit (Bio-Rad, Shanghai, China). The extracted protein sample
was boiled for 5 min in 5-time loading buffer. Samples were sepa-
rated by 10% SDS–polyacrylamide gel, and electro-transferred onto
a polyvinylidene fluoride (PVDF) membrane (Millipore, USA).
Afterwards, the membrane was blocked with blocking buffer
(10% (w/v) milk in PBS Tween-20 (PBST), incubated overnight at
4 �C with the indicated primary antibody, and then incubated with
HRP-conjugated second antibody at room temperature for 1–2 h.
The detection was performed by ECL Supersignal West Pico Chemi-
luminescent Substrate according to the manufacturer’s instruction.
The intensity of indicated band was quantified by densitometry
using ImageJ software, and was normalized to the loading control.
Quantification value was expressed as the fold change vs. the band
labeled with ‘‘1.00’’. ImageJ was downloaded from NIH website
[20].

2.7. Annexin V-FITC/propidium iodine (PI) double staining assay

Annexin V-FITC/PI double staining assay was performed accord-
ing to the manufacturer’s instructions. Briefly, cells (about 6 � 105/
well) were harvested immediately after treatment, and then incu-
bated in 100 ll of labeling solution, which contained 5 ll of
Annexin V-FITC, 5 ll of PI, 10 ll of 10-time binding buffer and
75 ll of H2O (R&D Systems, Minneapolis, MN), in darkness at room
temperature for 15 min. After that, 400 ll of 1-time binding buffer
was added to stop the staining reaction. The stained cells were
detected in FL1 and FL3 fluorescence channels using FACSort flow
cytometry system (Becton Dickinson, Shanghai, China). The per-
centage of Annexin V was detected as an indicator of apoptosis
rate.

2.8. Cell cycle analysis

Cell cycle distribution of MG-63 cells was detected by flow
cytometry. Briefly, after treatment, MG-63 cells (about 6 � 105/
well) were collected and fixed in 70% ethanol at 4 �C overnight.
Before analysis, cells were centrifuged at 2500 rpm for 3 min to
remove the ethanol. Then, cells were suspended in 500 ll PBS con-
taining 0.02 mg/ml PI and 0.1 mg/ml Ribonuclease A (RNase A) in
darkness at 37 �C for 30 min. Fluorescence emitted from PI-DNA
complexes was measured by Becton Dickinson (Shanghai, China).
Cell distribution in different phases of cell cycle was then analyzed
through Becton Dickinson software.

2.9. Caspase-12 activity assay

After treatment, cytosolic proteins from approximately 2–
3 � 106 cells were extracted in hypotonic cell lysis buffer (25 mm
HEPES, pH 7.5, 5 mM MgCl2, 5 mM EDTA, 5 mM dithiothreitol,
0.05% phenylmethylsulfonyl fluoride). 20 lg of cytosolic extracts
were added to caspase assay buffer (312.5 mM HEPES, pH 7.5,
31.25% sucrose, 0.3125% CHAPS) with ATAD-7-amido-4-(trifluoro-
methyl) coumarin (AFC) (15 lg/ml) (Calbiochem, Darmstadt,
Germany) as the substrate. After incubation at 37 �C for 1 h, the
amount of AFC liberated from ATAD-AFC was measured using a
spectrofluorometer (Thermo-Labsystems, Helsinki, Finland) with
excitation of 380 nm and emission wavelength of 460 nm.

2.10. CHOP shRNA-knockdown through lentiviral infection

Two different human CHOP shRNAs (targeting non-overlapping
human CHOP cDNA sequence) and one scramble shRNA containing
lentiviral particles were designed and synthesised by Kaiji Biotech
(Shanghai, China). Osteoblastoma cells were seeded in a six-well
plate in the growth medium. The lentiviral particles (15 ll/ml
medium) were added to the cells. After 12 h, the medium was
replaced by fresh growth medium, and cells were further cultured
for additional 48 h. The expression of target protein (CHOP) and
the equal loading (tubulin) in the infected cells was detected by
Western blotting.
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2.11. Mice U2OS xenograft

CB.17 severe combined immuno-deficient (SCID) male mice (4–
6 weeks old) were maintained at the animal facility of Southeast
University and handled according to institutional regulations,
under sterile conditions in cage micro isolators. Mice was injected
subcutaneously (s.c.) into the right flank with 2 � 106 U2OS cells in
0.1 ml DMEM/10% FBS. When the right flank xenografts were
established at about 500 mm3, the animals (10 mice per group)
were administrated i.p. twice daily (b.i.d) with 0.5–1 mg/kg (in sal-
ine) of bufotalin for 7 consecutive days. The xenografted tumor
diameter was measured every 7 days using calipers. Tumor vol-
umes (V) were calculated using the following formula: V = A � B2/
2 (A = largest diameter; B = smallest diameter). Mice body weight
was also recorded every week. We were unable to establish a
MG-63 xenograft model in this study. All animals were maintained
in accordance with the guidelines of the NIH (Guide for the Care
and Use of Laboratory Animals). The protocol is approved by Ani-
mal Care and Use Committee of all authors’ institutions.
2.12. Statistics

The data presented were mean ± standard deviation (SD).
Statistical differences were analyzed by one-way ANOVA followed
by multiple comparisons performed with post hoc Bonferroni test
(SPSS version 16). Values of p < 0.05 were considered statistically
significant.
3. Results

3.1. The cytotoxic effect of bufotalin in osteoblastoma cells

We first tested the potential effect of bufotalin in cultured
osteoblastoma cells. The MTT cell viability assay results in Fig. 1A
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Fig. 1. The cytotoxic effect of bufotalin in osteoblastoma cells. The cell viability of M
treatment was analyzed by MTT assay (A and B). MG-63 cells were treated with indicate
performed to test cell death. The cell viability of U2OS and SaOs-2 cells with indicated bu
assay. The data in this figure were representatives of three different experiments. The v
demonstrated that bufotalin dose-dependently inhibited MG-63
osteoblastoma cell survival. Same doses of bufotalin only induced
a minor inhibition on osteoblastic MC3T3-E1 cell viability
(Fig. 1A), suggesting its unique cytotoxic effect in cancer cells.
Results also showed that it took at least 48 h for bufotalin (1 lM)
to inhibit MG-63 cell viability (Fig. 1B). Further, bufotalin
treatment increased the number of trypan blue positive (‘‘dead’’)
MG-63 cells (Fig. 1C). The cytotoxicity of bufotalin against osteo-
blastoma cells was further shown by the ‘‘clonogenicity’’ assay,
as the number of survival colonies was significantly decreased
after bufotalin treatment (Fig. 1D). Results in Fig. 1E showed that
bufotalin inhibited viability of two other osteoblastoma cell lines:
U2OS and SaOs-2. Together, these results show the cytotoxic effect
of bufotalin in cultured osteoblastoma cells.

3.2. Bufotalin-induced osteoblastoma cell apoptosis is associated with
caspase-12 activation

Next, we tested whether cell apoptosis contributed to bufotalin
cytotoxicity in osteoblastoma cells. Results in Fig. 2A and B demon-
strated that bufotalin dose-dependently increased the percentage
of Annexin V positive cells (apoptotic cells) and caspase-12 activity
in MG-63 cells, which were inhibited by pre-treatment with
pan-caspase inhibitor (z-VAD-fmk, zVAD) and caspase-12 inhibitor
(z-ATAD-fmk, ATAD). Western blot results further confirmed cas-
pase-12 activation by bufotalin in MG-63 cells (Fig. 2C). Above cas-
pase inhibitors zVAD and ATAD dramatically inhibited bufotalin
(1 lM)-induced MG-63 cell viability decrease (Fig. 2D) and cell
death (Fig. 2E). Together, these results demonstrate that bufotalin
induces caspase-12-dependent cell apoptosis in osteoblastoma
cells. Annexin V FACS results in Fig. 2F showed apoptosis activation
by bufotalin in U2OS and SaOs-2 osteoblastoma cell lines. Previous
studies have shown that the inhibitory role of bufotalin on certain
cancer cells was associated with cell cycle arrest [8]. Next we
tested its effect on MG-63 cell cycle progression. As shown in
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Fig. 2G and H, bufotalin (1 lM) showed no significant effect on
MG-63 cell cycle progression. The cell cycle distribution in bufota-
lin-treated MG-63 cells was almost the same as that of untreated
control cells. We also tested dose–response (up to 2.5 lM) and
time-course response (up to 72 h) of bufotalin on cell cycle
progression, and observed similar results (Data not shown). Mean-
while, the cell cycle distribution of U2OS and SaOs-2 cells was also
not affected by bufotalin (Data not shown).

3.3. ER stress inhibitor salubrinal suppresses bufotalin-induced
cytotoxicity in osteoblastoma cells

Caspase-12 is an important mediator of ER stress-mediated
apoptosis [21], our results have shown that bufotalin-induced
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Fig. 2. Bufotalin-induced osteoblastoma cell apoptosis is associated with caspase-12 activ
VAD-fmk (zVAD, 25 lM) or z-ATAD-fmk (ATAD, 25 lM) for 48 h, Annexin V FACS assay (
and tubulin (equal loading) was tested by Western blotting (C). MG-63 cells were pretrea
by bufotalin (1 lM) stimulation, cells were further cultured for 72 h, MTT assay (D) and tr
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osteoblastoma cell apoptosis was associated with caspase-12
activation (Fig. 2). We thus tested the effect of bufotalin on ER
stress activation, which was detected by the induction of CHOP
as well as phosphorylation of PERK and IRE1 [13]. As demon-
strated, bufotalin dose-dependently induced CHOP expression
as well as PERK and IRE1 phosphorylation in MG-63 cells
(Fig. 3A). Significantly, ER stress inhibitor salubrinal (Sal) [22]
dramatically inhibited bufotalin-induced MG-63 cell viability
decrease and cell death (Fig. 3B and C). Cell apoptosis by bufota-
lin was also inhibited by Sal in MG-63 cells (Fig. 3D). Further,
bufotalin-induced cytotoxicity in U2OS and SaOs-2 cells were
also inhibited by Sal pre-treatment (Fig. 3E and F). Together,
these results show that bufotalin-induced osteoblastoma cell
apoptosis is associated with ER stress activation.
zVADATAD

*

2.5

lin (µM), 48 h
1 1

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

An
ne

xi
n 

V 
pe

rc
en

ta
ge

C Bufotalin C Bufotalin

*

*
U2OS SaOs-2

(F)

(C)

Bufotalin (µM), 48 h
MG-63

Caspase-12

Cleaved-
Caspase-12

C 0.5 1

Tubulin

zVAD ATAD
* *

1 1

fotalin (µM), 72 h

0%

10%

20%

30%

40%

50%

60%

70%

80%

G1 S G2

C
Bufotalin (1 µM)

MG-63
p > 0.05

p > 0.05

p > 0.05

60 90 120

M), 48 h

NA content

(H)

ation. MG-63 cells were treated with indicated concentration of bufotalin, or with z-
A) and caspase-12 activity assay (B) were performed. The expression of caspase-12
ted with z-VAD-fmk (zVAD, 25 lM) or z-ATAD-fmk (ATAD, 25 lM) for 1 h, followed
ypan blue staining (E) were utilized to test cell viability and cell death, respectively.
xin V FACS assay (F). Cell cycle distribution in MG-63 cells treated with or without
control. n = 5 for each assay. The data in this figure were representatives of three
‘‘C’’. #p < 0.05 vs. bufotalin (1 lM) only group.



CHOP

Tubulin

PERK

IRE1

pIRE1

pPERK

Bufotalin (µM), 12 h
MG-63

C 0.5 1 2.5

0%

20%

40%

60%

80%

100%

120%

Sal

C
el

l s
ur

vi
va

l (
vs

. C
)

C 0.5

Bufotalin (µM), 72 h
1.0

MG-63

Sal

Sal

(C)(B)(A)

(D)

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

Sal

0 1

Bufotalin (µM), 48 h

1

An
ne

xi
n 

V 
pe

rc
en

ta
ge

MG-63

(E) (F)

0%

5%

10%

15%

20%

25%

1 1 1

Bufotalin (µM), 48 h
1

Sal

Sal

U2OS SaOs-2

Tr
yp

an
 b

lu
e 

pe
rc

en
ta

ge

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

1 1 1

Bufotalin (µM), 48 h
1

Sal Sal

U2OS SaOs-2

An
ne

xi
n 

V 
pe

rc
en

ta
ge

0%

5%

10%

15%

20%

25%

30%

35%

C 0.5

Bufotalin (µM), 72 h
1.0

MG-63

Sal
Sal

SalAn
ne

xi
n 

V 
pe

rc
en

ta
ge

1.00 1.67 2.00 2.37

Fig. 3. ER stress inhibitor salubrinal suppresses bufotalin-induced cytotoxicity in osteoblastoma cells. MG-63 cells were treated with indicated concentration of bufotalin for
12 h, expression of indicated proteins was examined by Western blotting using specific antibodies (A). MG-63/U2OS/SaOs-2 cells were pretreated with ER stress inhibitor
salubrinal (Sal, 25 lM) for 1 h, followed by indicated bufotalin exposure, cell viability, cell death and apoptosis were tested by MTT assay (B), trypan blue staining (C and E)
and Annexin V FACS assay (D and F), respectively. ‘‘C’’ stands for untreated control. The data in this figure were representatives of three different experiments. The values were
expressed as the means ± SD. #p < 0.05 vs. bufotalin only group.

116 Y.-R. Zhu et al. / Biochemical and Biophysical Research Communications 451 (2014) 112–118
3.4. CHOP silencing inhibits bufotalin-induced osteoblastoma cell
apoptosis

CHOP is an important regulator of ER stress-induced apoptosis
[23,24]. Above results have shown that bufotalin increased CHOP
expression in osteoblastoma cells. Next, we explored the role of
CHOP in bufotalin-induced apoptosis. By using the shRNA strategy,
we efficiently knockdown CHOP expression in MG-63 cells. Note
that we utilized two targeted shRNAs against two non-overlapping
sequence of human CHOP cDNA. Both shRNAs dramatically down-
regulated CHOP expression in MG-63 cells (Fig. 4A). bufotalin-
induced MG-63 cell death (tested by trypan blue staining) and
apoptosis (tested by Annexin V FACS) were dramatically inhibited
by CHOP shRNA-knockdown (Fig. 4B). Further, in two other osteo-
blastoma cell lines (U2OS and SaOs-2), CHOP depletion similarly
inhibited cell apoptosis induction by bufotalin (Fig. 4C and D).
These results suggest that CHOP is important for bufotalin-induced
apoptosis in osteoblastoma cells.

3.5. Bufotalin inhibits U2OS cell growth in vivo

Finally, by using a mice U2OS OS xenograft model, we tested the
anti-osteoblastoma activity of bufotalin in vivo. As shown in Fig. 4E,
the mice that received bufotalin (0.5–1 mg/kg, i.p. twice per day,
for 7 days) showed a significantly reduced tumor growth as com-
pared to mice that received vehicle control (PBS). The mice body
weight was not significantly affected by bufotalin administration,
indicating the relative safety of this bufotalin treatment regimen
(Fig. 4F). Note that the concentration and treatment duration of
bufotalin were chosen based on previous publications and
pre-experimental results. These results confirm that bufotalin
inhibits U2OS osteoblastoma cell growth in vivo.
4. Discussions

When cells facing ER stresses, the corresponding UPR is primar-
ily an adaptive and pro-survival response, aiming to restore ER
homeostasis as well as protecting the cells [16]. ER stress activates
three ER stress sensors including PERK, IRE1 and activating tran-
scription factor 6 (ATF6) [13]. IRE1 could recruit TNF receptor-
associated factor 2 (TRAF2) and apoptosis signal-regulating kinase
1 (ASK1) to activate p38 and JNK signaling pathways [13]. Acti-
vated PERK mediates phosphorylation of the translation initiation
factor eukaryotic translation initiation factor 2 (eIF2a) [13]. ATF6
will translocate to Golgi where it is subsequently cleaved to
become an active transcription factor [13]. However, if the stress
is severe, prolonged or unsolved, and the adaptive response fails,
UPR receptors could then initiate a pro-apoptotic response to pro-
mote cell apoptosis [16]. In the current study, we found that the ER
stress inhibitor Sal significantly alleviated bufotalin-mediated
apoptosis and cytotoxicity in osteoblastoma cells, suggesting an
important role of ER stress in bufotalin-mediated cell apoptosis.
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Although ER stress-induced apoptotic pathway is still not fully
characterized, two specific hallmarks of the process have been
identified, including upregulation of the pro-apoptotic transcrip-
tion factor CHOP [24,25] and activation of the ER-localized
caspase: caspase-12 [21]. The pro-apoptotic transcription factor
CHOP can be up-regulated by IRE1, ATF6 and PERK, and can medi-
ate transcription of the pro-apoptotic BH3-only protein Bim [26].
We found that bufotalin induced CHOP expression in osteoblas-
toma cells. While CHOP depletion by shRNAs largely inhibited
bufotalin-induced osteoblastoma cell death and apoptosis. Thus,
CHOP is an important mediator of ER stress-induced apoptosis by
bufotalin in osteoblastoma cells.

Activated IRE1 provides a platform for the recruitment of
caspase-12 at the ER membrane and results in its proteolytic pro-
cessing activation, which eventually promotes cell apoptosis
[21,27]. However, studies have also shown that caspase-12 defi-
cient mouse embryonic fibroblasts (MEFs) display no resistance
against ER stress inducing agents [28,29]. Here in this study, we
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observed caspase-12 activation by bufotalin in osteoblastoma cells.
Our data suggested that caspase-12 might be required for ER
stress-induced apoptosis by bufotalin, based on the fact that
caspase-12 inhibitor significantly alleviated bufotalin-induced
apoptosis and cytotoxicity in osteoblastoma cells.

In summary, we conclude that ER stress contributes to bufota-
lin-induced apoptosis in osteoblastoma cells. Our in vitro and
in vivo results suggest that bufotalin might be investigated as a
novel anti-osteoblastoma agent.
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