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Betulinic acid (BetA) is an effective and potential anti-
cancer chemical derived from plants. BetA can kill a broad 
range of tumor cell lines, but has no effect on untrans-
formed cells. The chemical also kills melanoma, leukemia, 
lung, colon, breast, prostate and ovarian cancer cells via 
induction of apoptosis, which depends on caspase activa-
tion. However, no reports are yet available about the ef-
fects of BetA on nasopharyngeal carcinoma (NPC), a 
widely spread malignancy in the world, especially in East 
Asia. In this study, we first showed that BetA can effec-
tively kill CNE2 cells, a cell line derived from NPC. BetA-
induced CNE2 apoptosis was characterized by typical 
apoptosis hallmarks: caspase activation, DNA fragmenta-
tion, and cytochrome c release. Overexpression of Bcl-2 
and Bcl-xL could partially prevent apoptosis caused by 
BetA. Moreover, Bax was not activated during the induc-
tion of apoptosis. Bax/Bak knockdown and wild-type CNE2 
cells showed the same kinetics of cytochrome c release. 
We then showed that BetA may impair mitochondrial per-
meability transition pores (mPTPs), which may partially 
contribute to cytochrome c release. These observations 
suggest that BetA may serve as a potent and effective anti-
cancer agent in NPC treatment. Further exploration of the 
mechanism of action of BetA could yield novel break-
throughs in anti-cancer drug discovery. 
 
 
INTRODUCTION 
 
Cancer, including nasopharyngeal carcinoma (NPC), has be-
come increasingly threatening to the human population (Ellis 
and Reardon, 2009). NPC, a common malignancy in the world, 
is especially popular in East Asia (Li et al., 2010). It is derived 
from epithelial cells and has no specific treatment. At present, 
the most commonly used treatment strategies for NPC are 
radiotherapy and chemotherapy (Ali and al-Sarraf, 2000). 
Betulinic acid (BetA) is a plant-derived pentacyclic triterpenoid 
that is toxic to cancer cells but has no effect on untransformed 
cells (Pisha et al., 1995; Zuco et al., 2002). BetA was first found 
to kill melanoma cells, after which it was reported to kill many 
other cancer cell lines, such as leukemia, lung, colon, breast, 

prostate, and ovarian cancer (Chintharlapalli et al., 2007; 
Ehrhardt et al., 2004; Fulda et al., 1999a; 1999b; Jung et al., 
2007; Kessler et al., 2007; Wu et al., 2010). However, no report 
about the effect of BetA on NPC is available. Our interest in this 
work is the use of BetA as a treatment strategy for NPC, given 
that BetA seems to be a powerful drug that could potentially 
offer a cure for NPC (Eiznhamer and Xu, 2004). 

BetA kills cancer cells via induction of apoptosis (Pisha et al., 
1995). Apoptosis is a significant event in body development 
and cell-mediated tumor clearance (Meier et al., 2000). Two 
pathways have been found to execute apoptosis: extrinsic and 
intrinsic pathways (Fulda and Debatin, 2006). In the intrinsic 
pathway, mitochondria are suspected to play an important role 
in BetA-caused apoptosis, a process in which the extrinsic 
pathway is not involved (Fulda et al., 1997). The mitochondrial 
pathway is normally dependent on caspase cascade and can 
be inhibited by Bcl-2/Bcl-xL overexpression (Kroemer et al., 
2007; Roberts et al., 2003). An important event that occurs via 
the intrinsic pathway is cytochrome c (cyt c) release from mito-
chondria to the cytosol (Liu et al., 1996), hence the term “mito-
chondrial pathway.” Once apoptosis is initiated, cyt c is re-
leased from the mitochondria into the cytosol, binds to cas-
pase-9, forms an apoptosome, causes caspase cascade, and 
finally induces cell apoptosis. During this process, anti-apoptotic 
members of the Bcl-2 family of proteins, such as Bcl-2, Bcl-xL, 
and Mcl-1, can inhibit cyt c release or apoptosis, whereas pro-
apoptotic members such as Bax, Bak, and Bid, are often acti-
vated (Brooks et al., 2007; Strasser, 2005). These proteins are 
often highly expressed in tumors and are associated with tumor 
resistance to death-inducing stimuli.  

In this study, we found that BetA could effectively kill CNE2 
cells, a commonly used NPC cell line. We also found that BetA-
induced CNE2 cell death is caspase-dependent and exhibits 
caspase activation, DNA ladder formation, and Bcl-2/xL inhibi-
tion. We detected cyt c release during BetA induction to further 
investigate the mechanism of BetA-induced CNE2 apoptosis 
and found that cyt c is released in a Bax/Bak-independent 
manner. Moreover, the mPTP inhibitors cyclosporine A (CsA) 
and bongkrekic acid (BKA) could partially prevent BetA-induced 
CNE2 apoptosis and cyt c release. mPTPs may contribute to 
BetA-induced CNE2 apoptosis, causing cyt c release.
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MATERIALS AND METHODS 

 
Reagents, antibody, and cells 
Human NPC CNE2 cells were cultured in RPMI 1640 (Gibco, 
USA) supplemented with 10% FBS, 100 U/ml penicillin, and 
100 μg/mL streptomycin. Caspase fluorogenic substrates Ac-
DEVD-AFC and Ac-LEHD-AFC were purchased from Calbio-
chem. Alexa Fluor 488 conjugated donkey anti-mouse IgG 
(Molecular Probes) and HRP-conjugated secondary antibodies 
(Santa Cruz) were also used. Other antibodies used were 
mouse mAb against β-actin (Sigma-Aldrich), cyt c (BD Pharm-
ingen), activated Bax (MAb 6A7, BD Pharmingen), rabbit anti-
COX IV (Abcam), anti-caspase 3 (Cell Signaling Technology, 
Inc.).  
 
Western blot 
CNE2 cells or isolated cell fractions were resuspended in PBS 
with loading buffer. A volume of 18 μl total protein was loaded 
per lane for SDS-PAGE and blot analysis. Blocking was per-
formed with 5% low fat milk powder at 37°C for 1 h. The pri-
mary antibody was incubated with blots overnight at 4°C, and 
the secondary antibody was incubated at 37°C for 1 h. 
 
DNA fragmentation 
CNE2 cells (5 × 105) were treated with different doses of BetA 
as indicated. Genomic DNA was extracted by DNA extraction 
buffer (100 mM Tris-Cl, pH 8.0, 5 mM EDTA, 0.2 M NaCl, 0.5% 
SDS, and 0.2 μg/μl proteinase K) for 2 h at 52°C. DNA was 
precipitated according to standard ethanol precipitation proce-
dures, resuspended in Tris buffer, and visualized by 2% aga-
rose gel electrophoresis. 
 
Cell death analysis 
CNE2 cells were treated, harvested, and stained with Annexin 
V (PV) and propidium iodide (PI), after which they were ana-
lyzed using a FACS Calibur flow cytometer (BD Biosciences). 
 
Cytochrome c release 
Cyt c release from the mitochondria into the cytosol was de-
tected by Western blot. CNE2 cells (2 × 105) were treated with 
BetA at indicated concentrations. Cells were harvested and 
resuspended in 15 μl digitonin lysis buffer for 5 min (Shi et al., 
2009). Supernatants and pellets were collected, loaded onto a 

12% SDS-PAGE system, and then probed with cyt c or COX IV 
antibodies. Quantitative measurement of cyt c release was 
detected using an InnoCyte Flow Cytometric Cytochrome c 
Release Kit (Calbiochem, Merk Biosciences). 
 
RNA interference knockdown 
Specific shRNA sequences that efficiently knocked down the 
Bax or Bak expression were applied in this study. The target 
sequence for Bax was 5′-GGUGCCGGAACUGAUCAGA-3′; 
that for Bak was 5′-GGAUUCAGCUAUUCUGGAA-3′ (Kim et 
al., 2008; Zhang and Armstrong, 2007). These sequences were 
synthesized by Invitrogen and were cloned into pSUPER vector. 
Recombinant vectors were transfected into CNE2 cells using 
Lipofectamine 2000 (Invitrogen), and stable cell lines were 
screened with G418. 
 
Over-expression of Bcl-2 and Bcl-xL 
Bcl-2 and Bcl-xL coding sequences were cloned into pcDNA3.1 
vector and transfected into CNE2 cells. Stable cell lines were 
selected with G418. 
 
Laser scanning microscopy 
CNE2 cells were treated with BetA, harvested, and fixed with 
4% paraformaldehyde for 30 min at room temperature, after 
which they were permeabilized with 0.2% Triton X-100 for 10 
min and incubated at room temperature for 1 h with anti-Bax 
antibody. Images were visualized by laser scanning confocal 
microscopy. 
 
Caspase activity assay 
CNE2 cells (2 × 105) were treated as indicated, washed, and 
lysed with 50 μl of lysis buffer. Cell lysates were harvested and 
incubated with 30 μM of caspase substrates at 37°C. Fluores-
cence was measured using a fluorescence spectrophotometer. 
 
Cleavage assay 
CNE2 cells were treated with BetA, harvested, lysed with 0.5% 
NP-40 lysis buffer, and probed with anti-caspase-3 antibodies 
for Western blot analysis. Once activated, capase-3 can be 
cleaved into 17 kDa to 19 kDa bands. 
 

Fig. 1. BetA induces apoptosis in CNE2 cells.

CNE2 cells were treated with indicated BetA con-

centrations. After 48 h of treatment, CNE2 cells

were collected and subjected to AV/PI staining and

FACS analysis. BetA induced CNE2 cell death in a

dose-dependent manner. Etoposide was used as

a positive control to confirm the validity of our sys-

tem. 
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RESULTS 

 
BetA-induced CNE2 cell death 
A previous study showed that BetA can specifically kill mela-
noma cells. Later reports indicated that many other cancer cell 
lines can be killed by BetA, such as leukemia cell line K562 and 
Jurkat cells. However, whether or not BetA can kill NPC has yet 
to be reported. A typical NPC cell line, CNE2, was used in our 
system to determine the effect of BetA on NPC. CNE2 cells 
were incubated with 5, 10, or 20 µg/ml BetA for 48 h and ob-
served by microscopy and typhoon blue staining. CNE2 cells 
exhibited obvious cell death, and could be stained by typhoon 
blue (data not shown). 

Phosphatidylserine (PS) externalization is a significant hall-
mark of apoptosis (Kerr et al., 1972). CNE2 cells were treated, 
stained with AV and PI, and analyzed by FACS to confirm fur-
ther death induced by BetA. At varying concentrations of 5, 10, 
and 20 µg/ml, BetA was able to induce 29.7, 41.3, or 80.3% 
CNE2 cell death (AV/PI double-positive), respectively (Fig. 1). 
Etoposide-treated cells were used as a typical apoptosis control. 
These results point out that BetA can efficiently kill the NPC cell 
line CNE2. Interestingly, death was characterized by AV single-

positive cells (87.5, 84.7, and 80.9%, respectively). This obser-
vation suggests that the BetA-induced CNE2 cell death is apop-
totic in nature. 

 
BetA-induced CNE2 cell death is caspase-dependent 
Caspases are often activated during apoptosis (Miura et al., 
1993). We detected whether or not caspase was activated after 
BetA treatment to confirm the type of BetA-induced CNE2 cell 
death. Caspase-3 was cleaved into its 19 kDa activated form in 
a dose-dependent manner (Fig. 2A). Actin was used as a load-
ing control. We also measured the activities of caspases in 
BetA-treated CNE2 cells with Ac-DEVD-AFC (caspase-3) and 
Ac-LEHD-AFC (caspase-9) to verify caspase activation. BetA 
was able to activate caspase at very low concentrations in a 
dose-dependent manner (Fig. 2B). 

Genomic DNA is degraded into 200 bp fragments during 
typical apoptosis, which is called DNA fragmentation or DNA 
ladder (Enari et al., 1998). DNA fragmentation analysis was 
conducted to detect whether or not BetA causes the formation 
of a DNA ladder. Genomic DNA was extracted from treated 
CNE2 cells and run on agarose gel. Clearly, BetA caused the 
formation of a DNA ladder (Fig. 2C). 

Fig. 2. BetA-induced CNE2 cell apoptosis de-

pends on caspase pathway. (A) CNE2 cells

were treated at indicated BetA concentrations.

After 24 h of treatment, CNE2 cells were sub-

jected to Western blot analysis to determine

caspase-3 activation (upper panel). The cleaved

caspase-3 indicates caspase-3 activation. Actin

was probed as a loading control (lower panel).

(B) BetA induced caspase-3/9 activation in

CNE2 cells. CNE2 cells were treated as in (A)

and collected for caspase-3/9 activity analysis.

Ac-DEVD-AFC is a specific fluorescent sub-

strate for caspase-3 and Ac-LEHD-AFC is a

specific fluorescent substrate for caspase-9.

Data were calculated from three experiments

and are shown as mean ± SD. (C) BetA induced

DNA ladder formation in CNE2 cells. CNE2 cells

were treated with 20 µg/ml of BetA for 48 h.

Cells were then collected and subjected to DNA

purification and electrophoresis in 2% agarose

gel. M, DNA Marker. (D) BetA induced cyt c

release in a dose-dependent manner. CNE2

cells were treated at indicated BetA concentra-

tions and analyzed for cyt c release. The same

pellet blot was stripped and probed with anti-

COX IV antibodies as a loading control. Pellet,

mitochondrial fraction; Cyt c, cytochrome c. 
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Cyt c release is a critical step of apoptosis. Once stimulated, 
cyt c is released from the mitochondria, binds with capsase-9, 
and forms an apoptosome, leading to caspase activation. 
Blocking cyt c release causes apoptosis failure (Kim et al., 
2005). We assessed whether or not BetA induces the cyt c 
release from CNE2 cells and found that, upon BetA stimulation, 
cyt c is released from the pellet (mitochondrial fraction) into the 
cytosol (Fig. 2D). Here, COX IV was used as a loading control. 
These data indicate that BetA-induced CNE2 cell death is cas-
pase-dependent and exhibits a typical apoptosis. 

 
Bcl-2 and Bcl-xL prevents BetA-induced CNE2 apoptosis 
The mitochondrial pathway of apoptosis is usually regulated by 
proteins of Bcl-2 family members, such as Bcl-2, Bcl-xL, or Mcl-
1. Bcl-2 and Bcl-xL are anti-apoptotic proteins and can effi-
ciently suppress apoptosis (Schwartz and Hockenbery, 2006; 
Strasser, 2005). We overexpressed Bcl-2 and Bcl-xL in CNE2 
cells and analyzed cell death induced by BetA to investigate the 
molecular mechanism of BetA-induced CNE2 apoptosis. Stable 
cell lines were selected with G418 and verified by Western blot 
(Fig. 3A). We then compared the three types of cell death and 
found that Bcl-2 or Bcl-xL overexpression can partially prevent 
BetA-induced CNE2 cell apoptosis (Fig. 3B). 

 
Bax is not activated during BetA-induced CNE2 apoptosis 
Cyt c release is involved in the Bax/Bak pathway. Upon apop-
tosis stimulation, Bax and Bak oligomerization occur, forming a 
pore on the mitochondrial membrane and leading to the release 
of cyt c (Goping et al., 1998). We used a special antibody that 
can specifically recognize activated Bax but not inactivated Bax 
to investigate whether or not BetA induces Bax and/or Bak 
activation. As shown in Fig. 4, BetA cannot activate Bax. In-
stead, etoposide, which was used as a positive control to con-

firm our system, can successfully activate Bax. 
 

BetA-induced cytochrome c release is independent of  
Bax/Bak 
We knocked down Bax and Bak expression in CNE2 cells to 
investigate the involvement of Bax/Bak in BetA-induced apop-
tosis. Bax was partially downregulated while Bak was almost 
completely knocked down in the cancer cells (Fig. 5A). We 
compared the cell apoptosis of wild-type (WT) CNE2 cells with 
that of Bax/Bak double-knockdown cells by AV/PI staining (Fig. 
5B). At different concentrations of BetA (5, 10, and 20 µg/ml), 
Bax/Bak double-knockdown cells showed reduced numbers of 
dead cells compared with WT cells, although the difference was 
not significant. These results suggest that Bax/ Bak may be 
partially involved in BetA-induced CNE2 apoptosis but does not 
significantly contribute to apoptosis. We detected cyt c release 
using the Western blot to assess the role of Bax/Bak in apop-
tosis. We found that cyt c is still released in Bax/Bak knock-
down CNE2 cells and that the release kinetics in such cells was 
nearly identical to that in WT cells (Fig. 5C). This finding indi-
cates that BetA-induced cyt c release of CNE2 cells is Bax/Bak-
independent. All the observations thus far suggest that Bax and 
Bak are partially involved in CNE2 apoptosis but do not contrib-
ute to cyt c release. 

 
BetA-induced cytochrome c release is partially prevented  
by mPTP inhibitor 
How cyt c is release during BetA-induced CNE2 apoptosis in a 
Bax/Bak independent manner remains unknown. We wanted to 
determine whether or not mPTPs are involved in BetA-induced 
Bax/Bak-independent cyt c release of CNE2 cells because PTP 
has been suggested to play a role in apoptotic cyt c release. 
We used CsA, an mPTP inhibitor, in our system. First, we as-

Fig. 3. Bcl-2 and Bcl-xL overexpression prevents BetA-

induced apoptosis and cytochrome c release. (A) CNE2

cells were transfected with pcDNA3.1-Bcl-2 or pcDNA3.1-

Bcl-xL plasmids, and stable cell lines were screened

with G418. Bcl-2 (left panel) and Bcl-xL (right panel).

Overexpression of the stable CNE2 cell line was con-

firmed with anti-myc antibodies. (B) Bcl-2 and Bcl-xL

overexpression prevented BetA induced-apoptosis.

Different CNE2 cells were treated with indicated BetA

concentrations, stained with AV/PI, and then subjected

to FACS analysis. Dead cells were calculated by plus PI

positive, AV positive and AV/PI double-positive. Data

were calculated from three experiments and are shown

as mean ± SD. 
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Fig. 4. Bax is not activated during BetA-induced CNE2 apoptosis.

BetA-induced CNE2 apoptosis did not involve Bax activation.

CNE2 cells were treated with 20 µg/ml of BetA for 48 h and then

subjected to immunofluorescent staining. Cells were fixed, perme-

abilized, and stained with a specific anti-Bax antibody that can

specifically recognize activated Bax. BetA cannot activate Bax

(middle panel). Etoposide-induced Bax activation served as a posi-

tive control. DIC, differential interference contrast. 

Fig. 5. BetA induces Bax/Bak-independent cyt c release. (A) CNE2

cells were transfected sequentially with pSuper-Bax and pSuper-

Bak plasmid, and stable cell lines were screened with G418. Cells

were subjected to Western blot analysis for knockdown efficiency.

Bax (left panel) and Bak (right panel) were probed with specific

antibodies, and actin served as the loading control. (B) Bax/Bak

knockdown did not affect BetA-induced apoptosis. Wild-type (WT)

and Bax/Bak knockdown CNE2 cells were treated with indicated

BetA concentrations, stained with AV/PI, and then subjected to

FACS analysis. Dead cells were calculated as previously de-

scribed. Data were calculated from three experiments and are

shown as mean ± SD. (C) Bax/Bak knockdown did not affect BetA-

induced cyt c release. WT and Bax/Bak knockdown CNE2 cells

were treated as (B) and subjected to Western blot analysis to de-

termine cyt c release. COX IV was used as the loading control.

Pellets indicate mitochondrial fractions. 
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sessed the induction of apoptosis and found that CsA partially 
inhibits BetA-caused CNE2 apoptosis (Fig. 6A, left panel). 
These results indicate that cyt c release is also partially pre-
vented by CsA treatment (Fig. 6A, right panel). We used an-
other mPTP inhibitor, BKA, in repeat experiments to confirm our 
findings. As shown in Fig. 6B, BKA also partially prevents BetA-
induced cyt c release. These observations indicate that 
CsA/BKA-sensitive mPTPs are involved in Bax/Bak-indepen-
dent cyt c release of CNE2 cells induced by BetA. 

 

DISCUSSION 

 
Human NPC is the most common cancer in East Asia. How-
ever, the cause of the increased risk for NPC in this region is 
not clear. Our laboratory is focused on the search for new che-
motherapy drugs for the treatment of NPC. BetA, a naturally 
occurring pentacyclic triterpenoid with the potential to kill mela-
noma cells (Pisha et al., 1995), has been shown to induce 
apoptosis in many cancer cell lines, including human melanoma 
cells, ovarian carcinomas, and leukemia HL-60 cells (Eiznhamer 
and Xu, 2004; Mukherjee et al., 2004). However, reports on 
whether or not BetA can kill NPC cell lines are not available. 

In this study, we found that BetA can efficiently kill CNE2 
cells, a typical NPC cell line. Our data demonstrate that BetA-
induced CNE2 cell death occurs through typical apoptosis and 
that the induction of apoptosis is caspase-dependent. Induction 
of apoptosis is characterized by caspase activation, formation 
of a DNA ladder, and cyt c release. Bcl-2 and Bcl-xL overex-
pression can partially prevent BetA-induced CNE2 apoptosis. 
Furthermore, we found that Bax is not activated during BetA-
induced apoptosis and that BetA-induced cyt c release is 
Bax/Bak-independent. Our data also indicate that mPTPs con-
tribute to cyt c release induced by BetA. 

BetA-induced cell death is characterized by AV single stain-
ing, a hallmark of apoptosis. The CNE2 cell membrane PS is 

externalized and releases an “eat-me” signal (Depraetere, 2000). 
This agrees with cell death caused by etoposide (Boesen-de 
Cock et al., 1998). Caspases are always activated during apop-
tosis. The results of our study demonstrate that BetA treatment 
causes CNE2 cell caspase-3 and caspase-9 activation in a 
dose-dependent manner. DNA damage is characterized by the 
formation of a DNA ladder (Enari et al., 1998). We treated 
CNE2 cell with BetA and detected DNA ladder formation. 
These observations indicate that CNE2 cell death induced by 
BetA is a typical example of apoptosis. 

Mitochondria play a central role in caspase-dependent apop-
tosis (Green and Reed, 1998). They contain a number of pro-
apoptotic proteins, such as cyt c, which is released from the 
mitochondria into the cytosol during apoptosis (Kim et al., 2005). 
BetA caused mitochondrial damage and results in the release 
of cyt c in a dose-dependent manner. Cyt c release is often 
triggered by pro-apoptotic members of the Bcl-2 family, includ-
ing Bax and Bak (Strasser, 2005). Once stimulated, Bax and 
Bak are translocated from the cytosol to the mitochondria and 
integrated into the outer mitochondrial membrane (Goping et al., 
1998; Wei et al., 2001). Activation of Bax and Bak triggers the 
release of many pro-apoptotic factors, including cyt c. However, 
our results indicated that Bax is not activated during BetA-
induced apoptosis, as shown in Fig. 4. We knocked down 
Bax/Bak expression in CNE2 cells using an RNA interference 
and found that cyt c is still released. These results suggest that 
Bax and Bak may not be involved in BetA-induced cyt c release. 

How then is cyt c released without the involvement of Bax/ 
Bak? Several studies have indicated that some stimuli, such as 
chelerythrine, gossypol, and A23187/ArA, could cause Bax/ 
Bak-independent cyt c release (Lei et al., 2006; Mizuta et al., 
2007; Wan et al., 2008) and suggested that mPTPs may serve 
as possible targets during cyt c release. The results in our study 
indicate that when mPTPs are inhibited by CsA or BKA, BetA-
induced cyt c release is partially prevented. Although insignifi-

Fig. 6. mPTPs are involved in BetA-induced

apoptosis and cytochrome c release. (A) CNE2

cells were pre-treated with or without 5 µg/ml of

CsA for 1 h and then treated with 20 µg/ml

BetA. After 24 h of treatment, cells were col-

lected and subjected to FACS analysis (left

panel) to determine the dead cell count. Cyt c

release (right panel) was measured using the

InnoCyte Flow Cytometric Cytochrome c Re-

lease Kit. The same treatment and analysis

were applied in (B), except that CsA was re-

placed with BKA. Data were calculated from

three experiments and are shown as mean ±

SD. 
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cant, the inhibition clearly confirms that mPTPs partially con-
tribute to BetA-induced Bax/Bak-independent cyt c release. 
Mullauer et al. recently published findings that show that BetA 
induces caspase-dependent, Bax/Bak-independent apoptosis 
and cyt c release (Mullauer et al., 2009); the results of our study 
partially agreed with their findings and confirmed the BetA 
pathway in the CNE2 cell line. However, Mullauer et al. found a 
significant reduction of cyt c release after CsA treatment, in 
contrast with our system where a difference was found but it 
was not significant. This disagreement may be caused by the 
different cell lines used (leukemia cell line Jurkat versus naso-
pharyngeal carcinoma cell line CNE2). We used another mPTP 
inhibitor, BKA to confirm our findings and obtained the same 
results. 

BetA has been suggested to have a broad effect on tumor 
cells but no effect on untransformed cells. Our study identified 
NPC cells as a new target for BetA and provides further insights 
into its mechanism of action. We believe that BetA can serve as 
a potent and effective anti-cancer agent in NPC treatment. 
Furthermore exploration of the mechanism of action of BetA 
may yield novel breakthroughs in anti-cancer drug discovery. 
 
ACKNOWLEDGMENTS 

This work was supported from the Chongqing medical science 
and technology plan (2011-2-162).  

 
REFERENCES 

 
Ali, H., and al-Sarraf, M. (2000). Chemotherapy in advanced naso-

pharyngeal cancer. Oncology (Williston Park, NY 14, 1223-1230; 
discussion 1232-1237, 1239-1242. 

Boesen-de Cock, J.G., de Vries, E., Williams, G.T., and Borst, J. 
(1998). The anti-cancer drug etoposide can induce caspase-8 
processing and apoptosis in the absence of CD95 receptor-
ligand interaction. Apoptosis 3, 17-25. 

Brooks, C., Wei, Q., Feng, L., Dong, G., Tao, Y., Mei, L., Xie, Z.J., 
and Dong, Z. (2007). Bak regulates mitochondrial morphology 
and pathology during apoptosis by interacting with mitofusins. 
Proc. Natl. Acad. Sci. USA 104, 11649-11654. 

Chintharlapalli, S., Papineni, S., Ramaiah, S.K., and Safe, S. (2007). 
Betulinic acid inhibits prostate cancer growth through inhibition 
of specificity protein transcription factors. Cancer Res. 67, 2816-
2823. 

Depraetere, V. (2000). “Eat me” signals of apoptotic bodies. Nat. 
Cell Biol. 2, E104. 

Ehrhardt, H., Fulda, S., Fuhrer, M., Debatin, K.M., and Jeremias, I. 
(2004). Betulinic acid-induced apoptosis in leukemia cells. Leu-
kemia 18, 1406-1412. 

Eiznhamer, D.A., and Xu, Z.Q. (2004). Betulinic acid: a promising 
anticancer candidate. IDrugs 7, 359-373. 

Ellis, L.M., and Reardon, D.A. (2009). Cancer: the nuances of ther-
apy. Nature 458, 290-292. 

Enari, M., Sakahira, H., Yokoyama, H., Okawa, K., Iwamatsu, A., 
and Nagata, S. (1998). A caspase-activated DNase that de-
grades DNA during apoptosis, and its inhibitor ICAD. Nature 391, 
43-50. 

Fulda, S., and Debatin, K.M. (2006). Extrinsic versus intrinsic apop-
tosis pathways in anticancer chemotherapy. Oncogene 25, 4798- 
4811. 

Fulda, S., Friesen, C., Los, M., Scaffidi, C., Mier, W., Benedict, M., 
Nunez, G., Krammer, P.H., Peter, M.E., and Debatin, K.M. (1997). 
Betulinic acid triggers CD95 (APO-1/Fas)- and p53-independent 
apoptosis via activation of caspases in neuroectodermal tumors. 
Cancer Res. 57, 4956-4964. 

Fulda, S., Jeremias, I., Pietsch, T., and Debatin, K.M. (1999a). Betu- 
linic acid: a new chemotherapeutic agent in the treatment of 
neuroectodermal tumors. Klin. Padiatr. 211, 319-322. 

Fulda, S., Jeremias, I., Steiner, H.H., Pietsch, T., and Debatin, K.M. 
(1999b). Betulinic acid: a new cytotoxic agent against malignant 
brain-tumor cells. Int. J. Cancer 82, 435-441. 

Goping, I.S., Gross, A., Lavoie, J.N., Nguyen, M., Jemmerson, R., 
Roth, K., Korsmeyer, S.J., and Shore, G.C. (1998). Regulated 

targeting of BAX to mitochondria. J. Cell Biol. 143, 207-215. 
Green, D.R., and Reed, J.C. (1998). Mitochondria and apoptosis. 

Science, 281, 1309-1312. 
Jung, G.R., Kim, K.J., Choi, C.H., Lee, T.B., Han, S.I., Han, H.K., 

and Lim, S.C. (2007). Effect of betulinic acid on anticancer drug-
resistant colon cancer cells. Basic Clin. Pharmacol. Toxicol. 101, 
277-285. 

Kerr, J.F., Wyllie, A.H., and Currie, A.R. (1972). Apoptosis: a basic 
biological phenomenon with wide-ranging implications in tissue 
kinetics. Br. J. Cancer 26, 239-257. 

Kessler, J.H., Mullauer, F.B., de Roo, G.M., and Medema, J.P. 
(2007). Broad in vitro efficacy of plant-derived betulinic acid 
against cell lines derived from the most prevalent human cancer 
types. Cancer Lett. 251, 132-145. 

Kim, H.E., Du, F., Fang, M., and Wang, X. (2005). Formation of 
apoptosome is initiated by cytochrome c-induced dATP hydroly-
sis and subsequent nucleotide exchange on Apaf-1. Proc. Natl. 
Acad. Sci. USA 102, 17545-17550. 

Kim, M.J., Park, M.T., Yoon, C.H., Byun, J.Y., and Lee, S.J. (2008). 
Activation of Lck is critically required for sphingosine-induced 
conformational activation of Bak and mitochondrial cell death. 
Biochem. Biophys. Res. Commun. 370, 353-358. 

Kroemer, G., Galluzzi, L., and Brenner, C. (2007). Mitochondrial mem- 
brane permeabilization in cell death. Physiol. Rev. 87, 99-163. 

Lei, X., Chen, Y., Du, G., Yu, W., Wang, X., Qu, H., Xia, B., He, H., 
Mao, J., Zong, W., et al. (2006). Gossypol induces Bax/Bak-
independent activation of apoptosis and cytochrome c release 
via a conformational change in Bcl-2. FASEB J. 20, 2147-2149. 

Li, J.J., Guo, Y.K., Tang, Q.L., Li, S.S., Zhang, X.L., Wu, P.A., and 
Yang, X.M. (2010). Prospective study of sensorineural hearing 
loss following radiotherapy for nasopharyngeal carcinoma. J. 
Laryngol. Otol. 124, 32-36. 

Liu, X., Kim, C.N., Yang, J., Jemmerson, R., and Wang, X. (1996). 
Induction of apoptotic program in cell-free extracts: requirement 
for dATP and cytochrome c. Cell 86, 147-157. 

Meier, P., Finch, A., and Evan, G. (2000). Apoptosis in development. 
Nature 407, 796-801. 

Miura, M., Zhu, H., Rotello, R., Hartwieg, E.A., and Yuan, J. (1993). 
Induction of apoptosis in fibroblasts by IL-1 beta-converting en-
zyme, a mammalian homolog of the C. elegans cell death gene 
ced-3. Cell 75, 653-660. 

Mizuta, T., Shimizu, S., Matsuoka, Y., Nakagawa, T., and Tsujimoto, 
Y. (2007). A Bax/Bak-independent mechanism of cytochrome c 
release. J. Biol. Chem. 282, 16623-16630. 

Mukherjee, R., Jaggi, M., Rajendran, P., Siddiqui, M.J., Srivastava, 
S.K., Vardhan, A., and Burman, A.C. (2004). Betulinic acid and 
its derivatives as anti-angiogenic agents. Bioorg. Med. Chem. 
Lett. 14, 2181-2184. 

Mullauer, F.B., Kessler, J.H., and Medema, J.P. (2009). Betulinic 
acid induces cytochrome c release and apoptosis in a Bax/Bak-
independent, permeability transition pore dependent fashion. 
Apoptosis 14, 191-202. 

Pisha, E., Chai, H., Lee, I.S., Chagwedera, T.E., Farnsworth, N.R., 
Cordell, G.A., Beecher, C.W., Fong, H.H., Kinghorn, A.D., Brown, 
D.M., et al. (1995). Discovery of betulinic acid as a selective in-
hibitor of human melanoma that functions by induction of apop-
tosis. Nat. Med. 1, 1046-1051. 

Roberts, D.L., Goping, I.S., and Bleackley, R.C. (2003). Mitochon-
dria at the heart of the cytotoxic attack. Biochem. Biophys. Res. 
Commun. 304, 513-518. 

Schwartz, P.S., and Hockenbery, D.M. (2006). Bcl-2-related sur-
vival proteins. Cell Death Differ. 13, 1250-1255. 

Shi, L., Wu, L., Wang, S., and Fan, Z. (2009). Granzyme F induces 
a novel death pathway characterized by Bid-independent cyto-
chrome c release without caspase activation. Cell Death Differ. 
16, 1694-1706. 

Strasser, A. (2005). The role of BH3-only proteins in the immune 
system. Nat. Rev. 5, 189-200. 

Wan, K.F., Chan, S.L., Sukumaran, S.K., Lee, M.C., and Yu, V.C. 
(2008). Chelerythrine induces apoptosis through a Bax/Bak-
independent mitochondrial mechanism. J. Biol. Chem. 283, 
8423-8433. 

Wei, M.C., Zong, W.X., Cheng, E.H., Lindsten, T., Panoutsakopou-
lou, V., Ross, A.J., Roth, K.A., MacGregor, G.R., Thompson, 
C.B., and Korsmeyer, S.J. (2001). Proapoptotic BAX and BAK: a 
requisite gateway to mitochondrial dysfunction and death. Sci-
ence 292, 727-730. 



524 Betulinic Acid Induces CNE2 Cells Cytochrome c Release 

 

 

 

 

Wu, Q., He, J., Fang, J., and Hong, M. (2010). Antitumor effect of 
betulinic acid on human acute leukemia K562 cells in vitro. J. 
Huazhong Univ. Sci. Technolog. Med. Sci. = Hua zhong ke ji da 
xue xue bao Yi xue Ying De wen ban = Huazhong keji daxue 
xuebao 30, 453-457. 

Zhang, D., and Armstrong, J.S. (2007). Bax and the mitochondrial 
permeability transition cooperate in the release of cytochrome c 

during endoplasmic reticulum-stress-induced apoptosis. Cell 
Death Differ. 14, 703-715. 

Zuco, V., Supino, R., Righetti, S.C., Cleris, L., Marchesi, E., Gam-
bacorti-Passerini, C., and Formelli, F. (2002). Selective cytoto-
xicity of betulinic acid on tumor cell lines, but not on normal cells. 
Cancer Lett. 175, 17-25. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


