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Betulinic acid inhibits autophagic flux and induces 
apoptosis in human multiple myeloma cells in vitro 
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Aim: To investigate the effects of betulinic acid (BA) on apoptosis and autophagic flux in multiple myeloma cells and the relationship 
between the two processes. 
Methods: The proliferation of human multiple myeloma KM3 cells was measured with MTT assay.  FITC/PI double-labeled flow cytom-
etry (FCM) and Hoechst 33258 staining were used to analyze the cell apoptosis.  Caspase 3, PARP, Beclin1, LC3-II, and P62 were 
detected using Western blotting.
Results: Treatment of KM3 cells with BA (5−25 μg/mL) suppressed the cell proliferation in time- and dose-dependent manners.  The 
IC50 values at 12, 24, and 36 h were 22.29, 17.36, and 13.06 μg/mL, respectively.  BA treatment dose-dependently induced apoptosis 
of KM3 cells, which was associated with the activation of caspase 3.  However, Z-DEVD-FMK, a specific inhibitor of caspase 3, did not 
decrease, but rather sensitized the cells to BA-induced apoptosis, suggesting an alternative mechanism involved.  On other hand, BA 
treatment dose-dependently increased the accumulation of LC3-II and P62 in KM3 cells, representing the inhibition of autophagic flux.  
Furthermore, BA treatment dose-dependently downregulated the expression of Beclin 1, an important inducer of autophagy, in KM3 
cells.  In the presence of BA, Z-DEVD-FMK induced autophagy and increased the amount of LC3-II in KM3 cells, which may occur via 
attenuating BA-induced decrease in the level of Beclin 1.  Similarly, rapamycin, an autophagy inducer, increased the amount of LC3-II 
in KM3 cells.  In the presence of BA, rapamycin caused further increase in the amount of LC3-II.  Furthermore, rapamycin sensitized 
BA-treated KM3 cells to apoptosis.
Conclusion: The results demonstrate that BA induces apoptosis and blocks autophagic flux in KM3 cells.  Furthermore, in addition to 
activation of caspase 3, the inhibition of autophagic flux also contributes to the BA-mediated apoptosis of KM3 cells.
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Introduction
Multiple myeloma (MM), as a clonal plasma malignancy, is 
characterized by osteolytic bone lesions, the production of 
monoclonal proteins, renal disease, immunodeficiency, ane-
mia and hypercalcemia[1].  Historically, the prognosis of MM 
patients has been very poor owing to the lack of effective 
therapy, although the introduction of lenalidomide and bort-
ezomib (a proteasome inhibitor) has dramatically improved 
the outcome of MM patients in recent decades.  However, MM 
remains incurable, and almost all patients will experience a 
relapse at some point in their lifetime[2].  Therefore, it is urgent 
to identify new therapeutic targets and to exploit additional 

anti-MM agents that are more potent but less toxic.  
Excess immunoglobulin (Ig) is synthesized in MM, gener-

ating a significant amount of endoplasmic reticulum (ER)-
localized, unfolded or misfolded protein that is potentially 
toxic to MM cells[3].  For this reason, autophagy may play an 
important role in maintaining the stability of the intracel-
lular environment and in the resistance to cell death of MM 
cells.  Autophagy is a catabolic membrane-trafficking process 
that is mainly involved in the sequestration and degradation 
of long-lived intracellular proteins and organelles[4].  Dur-
ing autophagy, the cytoplasm and organelles are sequestered 
into double membrane-bound vesicles (autophagosomes), 
and the autophagosomes are then delivered to the lysosomes 
by a fusion process, leading to the generation of autolyso-
somes in which the cargo is hydrolyzed[5].  The completion of 
autophagic flux eliminates all of the damaged cellular con-
stituents and provides catabolic intermediates to the cell when 
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the exogenous energy supplies are insufficient[5].  In fact, the 
level of autophagy in MM cells is significantly higher than 
that in normal plasma cells.  It has been demonstrated that 
inhibiting autophagy by Beclin 1-siRNA or chloroquine results 
in MM cell death[3].  Furthermore, autophagy protects MM 
cells against apoptosis under nutrient depletion conditions[6] 
and during drug resistance[7].  These accumulating pieces of 
evidence indicate that autophagy could be a promising new 
target for anti-MM therapy.

Betulinic acid (BA), a natural pentacyclic triterpene isolated 
from birch, exhibits a variety of biological activities, including 
anti-HIV, anti-HBV, anti-malarial[8–10] and potent anti-tumor 
properties in melanoma[11], leukemia[12], colon[13], lung[14], 
gliomas[15], prostate carcinoma[16], gastric adenocarcinoma[17] 
and multiple myeloma[18, 19].  Various mechanisms have been 
reported for the extensive anticancer activity of BA, including 
directly triggering mitochondrial membrane permeabiliza-
tion[20], regulating Bcl-2 family proteins[21], downregulating 
Hiwi expression[17] and suppressing the activation of the 
STAT3 pathway through the induction of the protein tyrosine 
phosphatase SHP-1[19].  However, there are no reports as to 
whether BA has any effects on cancer cell autophagy.  

In this study, we investigated the efficiency of BA with 
regard to apoptosis and autophagy in multiple myeloma KM3 
cells and explored the relationship between these processes.  
We demonstrated that BA exhibited a potent inhibition of 
KM3 cell proliferation, induction of apoptosis and inhibition 
of autophagic flux.  Moreover, the autophagic flux inhibition 
contributed to the BA-induced apoptosis of the KM3 cells.

Materials and methods
Reagents and cell culture 
BA (C30H48O3, molecular weight=456.7), rapamycin, dimethyl 
sulfoxide (DMSO), Hoechst 33258 and 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium (MTT) were purchased 
from Sigma-Aldrich, USA.  Z-DEVD-FMK was purchased 
from Medical and Biological Laboratories Co, Ltd, Japan.  The 
Annexin V-fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) reagent kit was purchased from Nanjing Key-Gen 
Biotech Co, Ltd, China.  The BCA Protein Assay kit, chemilu-
minescence reagent kit and PVDF membranes were purchased 
from Pierce Biotechnology, Inc, USA.  The anti-caspase 3, 
anti-PARP, anti-Beclin 1 and anti-γ-tubulin antibodies were 
provided by Cell Signaling Technology, Inc, USA.  The anti-
LC3 and anti-P62 antibodies were purchased from Abcam, 
USA, and Santa Cruz Biotechnology, Inc, USA, respectively.  
The anti-rabbit and anti-mouse secondary antibodies were 
purchased from Jackson Immuno Research Laboratories, Inc, 
USA.  To describe the methodology briefly, BA was dissolved 
in DMSO, aliquoted, stored at -20 °C and thawed prior to use.  
The RPMI-1640 medium and fetal bovine serum (FBS) were 
obtained from Gibco Co, USA, and Hangzhou Sijiqing Biologi-
cal Engineering Materials Co, Ltd, China, respectively.  The 
human multiple myeloma KM3 cells were obtained from the 
Department of Immunology, Tongji Medical College, Hua-
zhong University of Science and Technology, China, and were 

maintained in RPMI-1640 medium supplemented with 10% 
FBS in a 5% CO2 humidified atmosphere at 37 °C.

MTT assay
The effects of BA on the proliferation of KM3 cells were 
detected using the MTT assay.  Briefly, KM3 cells were main-
tained in RPMI-8226 medium until the mid-log phase.  The 
cells were then seeded in 96-well plates with or without BA at 
various concentrations (5, 10, 15, 20, and 25 μg/mL) at a den-
sity of 2×104 cells per well.  After incubation for a set period 
of time, 20 μL MTT (5 mg/mL) was added, and the cells were 
incubated for another 3 h at 37 °C.  The supernatant was dis-
carded, and 150 μL DMSO was added.  The plate was gently 
agitated until the blue formazan crystals were fully dissolved.  
The absorbance (A) was measured at 490 nm using a plate 
microreader (Tecan Spectra, Switzerland), and the cell prolif-
eration inhibition ratio (%) was calculated using the follow-
ing formula: [1–(A of experimental sample/A of the control 
sample)]×100.

Annexin V-FITC/PI double-labeled flow cytometry
The apoptosis ratio was measured in KM3 cells treated with 
BA alone or in combination with Z-DEVD-FMK or rapamycin.  
Two-color flow cytometry (FCM) was applied to detect the 
expression of Annexin V-FITC and the exclusion of PI.  The 
cells positive for Annexin V-FITC and negative for PI repre-
sented the early apoptotic cells, whereas the cells positive for 
both markers represented the late apoptotic cells.  The total 
apoptosis ratio was the sum of the early and late apoptotic 
cells.  Briefly, KM3 cells were collected after the treatment 
using EP tubes, washed twice with PBS and resuspended in 
500 μL binding buffer.  A total of 5 μL of Annexin V-FITC was 
added, and the samples were maintained at room temperature 
for 10 min.  Next, 5 μL of PI was added, and the cells were 
incubated for another 10 min in the dark.  The fluorescence 
intensity was detected using a flow cytometer (Becton-Dickin-
son, Franklin Lakes, NJ, USA).

Hoechst 33258 staining
KM3 cells were treated with 20 μg/mL BA for 24 h, and the 
nuclear fragmentation was visualized using Hoechst 33258 
staining.  Briefly, 1×105 cells were seeded in 12-well plates 
and incubated with BA.  After 24 h, the cells were collected, 
washed twice with PBS and fixed in 4% paraformaldehyde 
for 10 min at room temperature before being deposited on 
polylysine-coated slides.  After 30 min, the adhered cells were 
permeabilized by incubation with 0.1% Triton X-100 for 5 min 
at 4 °C.  The cells were then incubated with Hoechst 33258 for 
30 min at room temperature, rinsed with PBS and mounted 
on coverslips using glycerol.  Lastly, the images of the nuclear 
changes were visualized using an Olympus BH-2 fluorescence 
microscope (Tokyo, Japan).

Western blot analysis
All of the KM3 cells treated with BA alone or in combination 
with Z-DEVD-FMK or rapamycin for 24 h were collected.  The 
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cells were washed twice with PBS and completely lysed in a 
lysis buffer containing protease inhibitors.  The extracts were 
centrifuged at 12 000×g for 15 min at 4 °C, and the clear super-
natants containing the total protein were isolated.  The protein 
concentration was quantified using the BCA assay.  SDS-poly-
acrylamide gel electrophoresis (40 μg of protein per lane) was 
performed, and the proteins were then transferred to PVDF 
membranes.  The membranes were blocked in 5% non-fat milk 
for 2 h at room temperature and then probed with the specific 
primary antibody and corresponding secondary antibody.  
The specific protein bands were visualized using an ECL kit.

Statistical analysis
Each experiment was repeated three times.  The data are pre-
sented as the mean±SD and analyzed using SPSS 13.0 statisti-
cal software for Windows (USA).  The comparisons between 
each group were analyzed using a one-way ANOVA and 
Student-Newman-Keuls (SNK) test; P<0.05 was considered 
statistically significant.

Results
BA treatment inhibited the proliferation of KM3 cells
The MTT assay was employed to detect the cytotoxicity of dif-
ferent concentrations of BA (0, 5, 10, 15, 20, and 25 μg/mL) on 
KM3 cells for 12, 24, and 36 h.  The results demonstrated that 
BA treatment significantly decreased KM3 cell proliferation in 
a time- and dose-dependent manner.  The IC50 values for BA 
in KM3 cells at 12, 24, and 36 h were 22.29, 17.36, and 13.06 
μg/mL, respectively (Figure 1).

BA treatment induced apoptosis in KM3 cells
Annexin V-FITC/PI double-labeled flow cytometry was uti-
lized to assess the apoptosis ratio of KM3 cells treated with 
BA.  Whereas the early apoptotic cells were Annexin V-FITC 
positive and PI negative, the late apoptotic cells were both 

Annexin V-FITC and PI positive.  The total apoptosis ratio 
was the sum of the early apoptosis and late apoptosis ratios.  
The apoptosis rates for KM3 cells treated with 10, 15, and 20 
μg/mL BA for 24 h were 15.60%±1.58%, 23.86%±2.06%, and 
44.12%±3.22%, respectively, which was significantly higher 
than that of the control group, at 4.74%±0.82% (Figure 2).  

KM3 cells treated with BA for 24 h were stained with 
Hoechst 33258 to visualize the nuclear changes.  KM3 cell 
nuclei were regular in shape in the control group, whereas 
apparent apoptotic bodies were observed in KM3 cells after 
treatment with 20 μg/mL BA.  The nuclei in these apoptotic 
cells were condensed, and the nuclear envelopes appeared 
lytic (Figure 3).

BA-induced apoptosis in KM3 cells was mediated through 
caspase 3 activation
Western blotting was used to explore the role of caspase 3 in 
the BA-induced apoptosis of KM3 cells.  The level of caspase 3 
activation and the cleavage of PARP (the substrate of acti-
vated caspase 3) were evaluated.  The results showed that BA 
treatment had a dose-dependent effect on the activation of 
caspase 3; consistent with the increase in activated caspase 3, 
and the level of cleaved PARP also increased (Figure 4).  These 
results demonstrated that caspase 3 activation was involved in 
the progression of BA-induced apoptosis in KM3 cells; how-
ever, other mechanisms might be contributing as well.  

Z-DEVD-FMK blocked the BA-induced caspase 3 activation but 
sensitized the BA-treated KM3 cells for apoptosis
To further identify whether caspase 3 is the only crucial fac-
tor for the apoptosis of KM3 cells, a specific caspase 3 inhibi-
tor (Z-DEVD-FMK) was used in this experiment.  Unlike BA, 
Z-DEVD-FMK significantly blocked the cleavage of PARP 
(Figure 5B), indicating that Z-DEVD-FMK relieved the BA-
induced activation of caspase 3.  Surprisingly, Z-DEVD-FMK 
did not decrease the apoptosis ratio of BA-treated KM3 cells 
but, rather, sensitized them for apoptosis (Figure 2).

BA treatment of KM3 cells inhibited autophagic flux
To detect the autophagic flux, LC3 conversion and P62 
expression were assessed using Western blotting.  Based on 
autophagy detection guidelines, an increase in LC3 conver-
sion but not in P62 expression represents the upregulation of 
autophagic flux, whereas an increase in LC3 conversion and 
P62 expression represents the inhibition of autophagic flux[22].  
In our experiment, BA treatment increased the expression of 
LC3-II and P62 in a dose-dependent manner (Figure 6).  These 
results demonstrated that the increase in the LC3-II protein, 
which represented the number of autophagosomes, was not 
due to the induction of autophagy but instead to the inhibition 
of the autophagic flux.

BA treatment downregulated Beclin 1 via caspase 3 activation, 
whereas Z-DEVD-FMK alleviated the Beclin 1 downregulation by 
blocking caspase 3 activation and inducing autophagy
It has previously been reported that activated caspase 3 is 

Figure 1.  Assessment of the BA-induced proliferation inhibition ratio in 
KM3 cells. The cells were treated with various concentrations of BA for 12, 
24, and 24 h.  MTT assay was applied to detect the proliferation inhibition 
ratio.  Data were reported as the mean±SD of three independent 
experiments.
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able to cleave Beclin 1, which is an important inducer of 
autophagy[23].  Accordingly, we confirmed that BA downregu-
lated the expression of Beclin 1 in a dose-dependent manner 

Figure 2.  Assessment of apoptosis rate in KM3 cells treated with BA for 24 h in the absence or presence of Z-DEVD-FMK or rapamycin.  Annexin V-FITC/
PI double staining was applied to measure apoptosis ratio in KM3 cells using FCM.  Q2 quadrant and Q4 quadrant represented late and early apoptotic 
cells, respectively.  The total apoptosis rate was the sum of these two.  Data were reported as the mean±SD of three independent experiments.  
bP<0.05.  BA, betulinic acid; Z, Z-DEVD-FMK; R, rapamycin.

Figure 3.  The effect of BA on the apoptosis of KM3 cells.  After being 
incubated with 20 μg/mL of BA for 24 h, the cells were stained with 
Hoechst 33258 and visualized using a fluorescence microscope.  A 
number of apoptotic bodies exhibiting fragmented or condensed nuclei 
(indicated by the arrows) were detected in the BA-treated group but not in 
the control group.

Figure 4.  The effect of BA on caspase 3 and PARP.  KM3 cells were 
incubated with indicated concentrations of BA for 24 h.  Western blot 
analysis was applied to analyze the caspase 3 activation and PARP 
cleavage (a major substrate of activated caspase 3).  As shown in the 
figure, BA treatment activated caspase 3 accompanied with the PARP 
cleavage in a dose-dependent manner.  The figures are representative of 
three separate experiments.
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(Figure 5A), a result that was accompanied by the activation of 
Caspase 3 and PARP cleavage (Figure 4).  Although Z-DEVD-
FMK alone was unable to alter the level of Beclin 1, Z-DEVD-
FMK could significantly alleviate the decrease of Beclin 1 
induced by BA.  As a result, the LC3-II level was increased 
even higher in the KM3 cells treated with BA combined with 
Z-DEVD-FMK compared to BA alone (Figure 5B).  These 
results indicated that, when combined with BA, Z-DEVD-FMK 
had the potential to induce KM3 cell autophagy mediated by 
Beclin 1. 

Rapamycin induced autophagy in KM3 cells and sensitized them 
to apoptosis when exposed to BA
It has been reported that the inhibition of autophagic flux by 
chloroquine contributes to cell death[24].  However, there has 
been no report on whether BA could inhibit autophagic flux in 

multiple myeloma cells or on the relationship between apopto-
sis and autophagic flux inhibition in myeloma cells.  Therefore, 
we used the autophagy inducer rapamycin in this study.  As 
expected, rapamycin alone increased the expression of LC3-II 
(Figure 7), which indicated the induction of autophagy with-
out any effects on the apoptotic rate (Figure 2) or the activa-
tion of caspase 3 (Figure 7) in KM3 cells.  BA treatment in the 
presence of rapamycin for 24 h increased the amount of LC3-II 
when compared to the level of either of these reagents alone 
(Figure 7).  Furthermore, rapamycin sensitized BA-treated 
KM3 cells to apoptosis: the treatment with both BA and 
rapamycin contributed to apoptosis in 31.37%±2.88% of KM3 
cells, which was significantly higher than that of treatment 
with BA alone (Figure 2).  Moreover, the treatment with both 
BA and rapamycin resulted in more cleavage of caspase 3 and 
PARP compared to treatment with BA alone.  These results 
implied that the blockage of the autophagic flux might medi-
ate the apoptotic progress in BA-treated KM3 cells.  In this 
particular situation, inducing autophagy using rapamycin or 
even the caspase 3 inhibitor Z-DEVD-FMK would strengthen 
the potential of BA to induce KM3 cell apoptosis.

Discussion
BA, a naturally occurring pentacyclic triterpene, has potent 
anti-tumor properties toward tumors of various origins, both 
in vitro and in vivo.  Interestingly, BA has been reported to be 
less toxic to cells from healthy tissues than to cancer cells.  For 
example, normal melanocytes remained relatively resistant to 
BA, compared to melanoma cells, as measured by prolifera-

Figure 6.  The effect of BA on autophagic flux in KM3 cells.  KM3 cells 
were treated with BA and LC3-II and P62 were applied to analyze the 
autophagic flux using Western blot analysis.  The results showed that BA 
increased the amount of LC3-II and P62 in a dose-dependent manner, 
which indicated that BA inhibited the autophagic flux in KM3 cells.  The 
figures are representative of three separate experiments.

Figure 7.  The effect of rapamycin on KM3 cells in the presence or 
absence of BA.  Panel A: Rapamycin alone had no effect on caspase 3 
and PARP in KM3 cells but sensitized the KM3 cells for the BA-induced 
cleavage of caspase 3 and PARP.  Panel B: Rapamycin induced the 
autophagy in KM3 cells.  When rapamycin was combined with BA, it led 
to further accumulation of LC3-II in KM3 cells as compared to that of 
the group treated with BA alone.  The figures are representative of three 
separate experiments.

Figure 5.  The effect of Z-DEVD-FMK on KM3 cells in the presence or 
absence of BA.  Panel A: BA downregulated the levels of Beclin 1 in KM3 
cells in a dose-dependent manner.  Panel B: Z-DEVD-FMK alone did not 
significantly affect PARP, Beclin 1 and LC3-II but obviously decreased the 
cleavage of PARP, the decrease of Beclin 1 in KM3 cells caused by BA.  
Furthermore, Z-DEVD-FMK further increased the level of LC3-II in KM3 
cells in the presence of BA.  This confirmed that Z-DEVD-FMK induced 
autophagy when combined with BA.  The figures are representative of 
three separate experiments.
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tion and apoptosis analyses[25].  Peripheral blood lymphocytes 
and human skin fibroblasts were also identified as being 
highly resistant to BA treatment[26].  Moreover, a complete lack 
of toxicity was observed at a concentration up to 100 mg/kg 
body weight in animal studies[26].  These characteristics of BA 
highlight it as a potential anticancer agent.

Multiple mechanisms have been reported for the potent 
anticancer activity of BA[21].  In a previous study, we dem-
onstrated that BA induced cell cycle arrest and apoptosis in 
human gastric adenocarcinoma AGS cells through the down-
regulation of Hiwi and Cyclin B1[17].  In the present study, BA 
inhibited cell proliferation in multiple myeloma KM3 cells 
and induced apoptosis in a dose-dependent manner.  The 
IC50 values for BA in KM3 cells at 12, 24, and 36 h were 22.29, 
17.36, and 13.06 μg/mL, respectively (Figure 1).  It has been 
reported that the activation of caspases contributed to the BA-
induced apoptosis in neuroectodermal tumors[27].  Similarly, 
we found that caspase 3 cleavage had a role in the progres-
sion of the BA-induced apoptosis in multiple myeloma KM3 
cells.  The treatment of KM3 cells with various concentrations 
of BA (10, 15, and 20 μg/mL) resulted in apoptosis rates of 
15.60%±1.58%, 23.86%±2.06%, and 44.12%±3.22%, respectively, 
that were significantly higher than that of the control group 
(Figure 2).  BA also contributed to caspase 3 activation in a 
dose-dependent manner, followed by the cleavage of PARP 
(Figure 4), a factor that is considered one of the major cleavage 
targets of caspase 3 and is involved in DNA repair in response 
to extracellular stress[28].  These results demonstrated that the 
activation of caspase 3 mediated the process of the observed 
BA-induced apoptosis in KM3 cells.

To identify whether caspase 3 was the only key factor medi-
ating apoptosis in KM3 cells, a special caspase 3 inhibitor, 
Z-DEVD-FMK, was employed in this experiment.  Surpris-
ingly, Z-DEVD-FMK enhanced the BA-induced apoptosis in 
KM3 cells (Figure 2), even though the caspase 3 pathway was 
inhibited by Z-DEVD-FMK (Figure 5).  This result indicated 
that there might be another mechanism through which BA 
exerted toxicity in KM3 cells.

Accumulating evidence has demonstrated that autophagy 
favors the survival of MM cells[3, 6].  Therefore, we hypothesize 
that changes in autophagy may be involved in the mechanism 
of BA-induced apoptosis in KM3 cells.  The results of this 
study demonstrated that BA treatment significantly increased 
the concentration of the LC3-II protein in KM3 cells in a dose-
dependent manner.  However, the accumulation of LC3-II, 
which reflects the induction of autophagy and/or inhibition 
of autophagosome clearance, is insufficient to measure the 
autophagic flux.  The autophagic flux refers to the complete 
process of autophagy, including the delivery of the cargo to 
the lysosomes via the fusion of the latter with the autophago-
somes and its subsequent breakdown and recycling.  Further-
more, we detected changes in the concentration of P62[22] in 
KM3 cells treated with various concentrations of BA.  A 24-h 
BA treatment of KM3 cells upregulated the level of P62 in a 
dose-dependent manner, similar to the changes in the LC3-II 
concentration.  According to the guidelines[22, 29], we can con-

clude that BA can block the autophagic flux in KM3 cells in a 
dose-dependent manner.  

It has been reported that caspase 3 inhibited autophagy in 
its early stages by cleaving the autophagy inducer Beclin 1 
at its 149D site[23].  We also found that the gradual activa-
tion of caspase 3 was accompanied by the downregulation of 
Beclin 1 in KM3 cells, whereas the BA concentration gradually 
increased (Figure 5).  Moreover, Z-DEVD-FMK reversed the 
BA-induced Beclin 1 downregulation by blocking caspase 3 
(Figure 5).  Although Z-DEVD-FMK alone did not induce 
autophagy, when it was combined with BA, the upregula-
tion of LC3-II became more pronounced in comparison to 
that of the BA-treated group (Figure 5).  This finding was an 
indication that more autophagosomes had accumulated and 
were not digested by the lysosomes for recycling, demonstrat-
ing that Z-DEVD-FMK induced autophagy in KM3 cells by 
inhibiting the down-regulation of Beclin 1 in the presence of 
BA.  This might explain the increased apoptosis rate in the 
KM3 cells in spite of the reduction in the caspase 3 activity by 
Z-DEVD-FMK.  In this situation, more proteins and organelles 
are sequestered by the autophagosomes, however the cargo 
cannot be recycled to provide catabolic intermediates to sus-
tain the cells under stress.

To further verify that autophagic flux inhibition medi-
ates the BA-induced apoptosis in KM3 cells, we applied a 
recognized inducer of autophagy, rapamycin, to these cells.  
The results showed that rapamycin alone was able to induce 
autophagy in KM3 cells and did not have toxic effects.  How-
ever, when rapamycin was added in combination with BA, 
the apoptosis rate and the concentration of LC3-II were sig-
nificantly increased in the KM3 cells (Figure 2 and Figure 7, 
respectively).  These results further confirmed that autopha-
gic flux inhibition contributed to the observed BA-induced 
apoptosis in KM3 cells in spite of alleviating the activity of 
caspase 3.  

Furthermore, the combination of rapamycin and BA contrib-
uted to a higher degree of cleavage for caspase 3 and PARP 
compared to that of BA alone.  We concluded that the further 
inhibition of autophagic flux led to the further activation of 
caspase 3 and cleavage of PARP.  Although Z-DEVD-FMK 
inhibited caspase 3, the rate of BA-induced apoptosis was 
not reduced in KM3 cells, showing that the inhibition of the 
autophagic flux must have triggered other pathways that con-
tributed to apoptosis.  

In summary, these results demonstrated that BA acts as a 
potent growth inhibitor and apoptosis inducer in KM3 cells.  
Furthermore, we demonstrated that BA inhibited autophagic 
flux, which contributed to apoptosis to a certain extent.  As 
autophagy plays an important role in cell survival during 
stress and drug resistance[30, 31], our results indicated that BA 
can both kill cancer cells and can also reduce the incidence of 
chemotherapy resistance if used for cancer therapy.
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