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Anticancer effect of Saussurea lappa extract via
dual control of apoptosis and autophagy in
prostate cancer cells
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Abstract
To demonstrate the mechanisms of the curative effect of Saussurea lappa ethanol extract (SLE) against prostate cancer, we
evaluated the effect of SLE on the induction of apoptosis and autophagy and investigated whether SLE-induced autophagy exerts a
pro-survival or pro-apoptotic effect in lymph node carcinoma of the prostate (LNCaP) prostate cancer cells. SLE was prepared using
100% ethanol and added to LNCaP cells for 24hours. Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay, and cell apoptosis was evaluated by Tali assay. The expression of apoptosis-related mRNA and
proteins was analyzed by quantitative real-time RT-PCR and western blotting. SLE treatment decreased the viability of LNCaP cells
and increased Bax expression while suppressing the expression of pro-caspases-8/9/3, PARP, Bid, and Bcl-2, thereby inducing
apoptosis in LNCaP cells. Cell proliferation related proteins, including p-Akt, androgen receptor, and prostate-specific antigen, were
suppressed by SLE treatment. SLE also induced autophagy in LNCaP cells, and inhibition of autophagy enhanced the apoptosis
induced by SLE treatment. These results suggest that SLE exerts anticancer effects through the induction of both cellular apoptosis
and autophagy, and apoptotic cell death can be facilitated by blocking autophagy in SLE-treated LNCaP cells. Therefore, SLE might
be a potential anticancer agent for the treatment of prostate cancer.

Abbreviations: AR = androgen receptor, Bax = Bcl-2-associated X protein, Bcl-2 = B-cell lymphoma 2, Bid = BH3 interacting-
domain death agonist, FADD = Fas-associated protein with death domain, LC3 =microtubule-associated protein 1A/1B-light chain
3, mTOR = mechanistic target of rapamycin, PARP = poly (ADP-ribose) polymerase, PSA = prostate-specific antigen, PTEN =
phosphatase and tensin homolog, SLE = Saussurea lappa ethanol extract.
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1. Introduction potential anticancer drug candidates with low toxicity and fewer
side effects for the prevention and treatment of prostate cancer.
Prostate cancer is the most common cancer among males
worldwide. In recent years, the incidence and mortality rate of
prostate cancer have increased rapidly in Asian countries.[1]

Because prostate cancer is an androgen-sensitive tumor, andro-
gen deprivation therapy (ADT) is usually used for the treatment
of early-stage prostate cancer.[2] However, chemotherapy
including ADT shows high toxicity and causes serious side
effects in cancer patients, and drug resistance and low anticancer
efficacy are important clinical problems.[3,4] For these reasons,
many studies have investigated various natural products as
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Apoptosis and autophagy are 2 major routes of programmed
cell death that are closely associated with the fate of a tumor.[5]

Apoptosis is a regulated cellular suicide mechanism characterized
by nuclear condensation, cell shrinkage, membrane blebbing, and
DNA laddering and can be initiated through 2 pathways: the
mitochondria-controlled intrinsic pathway and the membrane
death receptor mediated extrinsic pathway.[6] Autophagy, the
major intracellular degradation mechanism, plays an important
role in preventing diseases such as cancer, diabetes, liver disease,
and infections. Moreover, recent studies have reported that
autophagy can inhibit apoptosis by promoting cell survival or
may cooperate with apoptosis to induce cell death.[7] Autophagy
and apoptosis are commonly activated by a variety of stress
stimuli and share multiple molecular switches. The balance
between autophagy and apoptosis is key for the prevention and
cure of various diseases, including cancers.[8]

Saussurea lappa (SL) has been used as a traditional herbal
medicine for asthma,[9] inflammatory disease,[10,11] ulcers,[12]

and stomach problems in Korea, China, and Japan. Several
previous studies have suggested that SL has anticancer effects in
neuroblastoma,[13] lung cancer,[14] hepatocellular carcinoma,[15]

gastric cancer,[16,17] and prostate cancer.[18] The hexane extract
of SL induced apoptosis in androgen-insensitive human prostate
cells[18]; however, the effect of SL extract (SLE) on apoptosis and
autophagy in prostate cancer cells has yet to be demonstrated.
In this study, we investigated the anticancer effect of SLE

against prostate cancer, focusing on the relationship between
apoptosis and autophagy in SLE-mediated cell death in lymph
node carcinoma of the prostate (LNCaP) cells.
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2. Methods

2.1. Materials

Minimum essential medium (MEM) and fetal bovine serum (FBS)
were purchased from Invitrogen (CA). Antibodies specific to Bcl-
2, pro-caspase-3, pro-caspase-8, pro-caspase-9, cleaved-caspase-
3, Bax, poly ADP-ribose polymerase (PARP), Bid, truncated Bid
(t-Bid), androgen receptor (AR), prostate-specific antigen (PSA),
phosphatase and tensin homolog (PTEN), anti-microtubule-
associated protein light chain-3 (LC3), and beclin1 were
purchased from Cell Signaling Technology Inc. (MA). 3-
Methyladenine (3-MA) was obtained from Sigma Aldrich
(MO). SLE was extracted with 100% ethanol at room
temperature for 24hours in a shaker, and the filtered extracts
were concentrated and powdered under reduced pressure. The
powder was lyophilized and stored at 4°C.
2.2. Cell culture and cell viability assay

Human prostate carcinoma LNCaP cells were purchased from
the American Type Culture Collection (VA) and incubated with
MEM containing 10% FBS and 1% penicillin-streptomycin at
37°C with a 5% CO2 atmosphere in a humidified incubator. The
effect of SLE on cell viability was determined by the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
colorimetric method. Cells (1�104cells/well) were plated in a 96-
well plate and treated with SLE for 24hours. At the end of
treatment, 100mL MTT solution (5mg/mL) was added and
incubated for a further 4hours. The medium was removed, and
100mL dimethyl sulfoxide (DMSO) was added to dissolve the
insoluble formazan. Absorbance was measured at 550nm using
an Infinite-M200 spectrophotometer (Tecan, Männedorf,
Switzerland).
2.3. Tali image-based cytometric assay

Apoptosis was assessed using a Tali image-based cytometer
(Thermo Fisher Scientific, MA). LNCaP cells were seeded in 6-
well plates (5�105cells/well). After SLE treatment for 24hours,
cells were stained using the Tali Apoptosis Kit. Apoptotic cells
were stained with green Annexin V-Alexa Fluor 488, whereas
dead cells were stained with red propidium iodide and green
Annexin V-Alexa Fluor 488. The percentages of apoptotic and
dead cells were calculated.
2.4. Western blot analysis

LNCaP cells were seeded in 6-well plates (2�106cells/well) and
treated with SLE (0, 10, 20, or 40mg/mL) for 24hours. The cells
werewashedwithPBSand lysedwithRIPA lysis buffer (Invitrogen,
CA). Cell lysate (30mg) was separated by 10%SDS-PAGE gel and
transferred to nitrocellulose membranes. The membranes were
blocked in skimmilk dissolved in TBST buffer for 1hour and then
incubated with primary antibodies overnight at 4°C. The
membranes were washed 5 times with TBST buffer and incubated
in 5% skim milk/TBST with secondary antibody for 2hours at
room temperature. Target proteins were visualized using an
enhanced chemiluminescence method and ImageSaver6 software.
2.5. Real-time quantitative (qRT)-PCR

LNCaP cells were seeded into 6-well plates (5�105cells/well)
and treated with 0, 10, or 20mg/mL SLE for 24hours. Cells were
2

harvested using TriZol reagent. The quantitative real-time PCR
assay was performed by previously described procedurewithminor
modification.[19] Briefly, RNase-Free DNase (QIAGEN, Venlo,
Netherlands) were treated to RNA samples for elimination of DNA
contamination. The verification of RNA purity and integrity was
performed by measuring absorbance ratios at 260/280nm employ-
ing NanoDrop (ND-1000; NanoDrop Technologies, DE). The
cDNA was synthesized using only RNA samples within an
absorbance ratio between 1.8 and 2.1. The quantitative real-time
(qRT)-PCR was conducted with light cycler system (STRATA-
GENE, CA) using the cDNA mixed with SYBR Green (TAKARA
Co., LTD., Shiga, and TECAN, Männedorf, Switzerland, Japan).
Specific primers were as follows: AR forward, 50-ATGTCCTG-
GAAGCCATTGAGCCA-30, reverse, 50-CAGAAAGGATCTTGG
GCACTTGC-30; PSA forward, 50- TACCCACTGCATCAGGA
ACA-30, reverse, 50-CCTTGAAGCACACCATTACA-30; PTEN
forward, 50-ACCTGTTAAGTTTGTATGCAAC-30, reverse, 50-
TCCAGGAAGAGGAAAGGAAA-30; GAPDH forward, 50- CGG
AGTGAACGGATTTGGTCGTAT-30, reverse, 50-AGCCTTCTC-
CATGGTGGTGAAGAC-30. The PCR cycling parameters were set
as follows: 94°Cfor3minutes, followedby45amplificationcyclesof
94°C for 30seconds, 50°C for 30seconds, and 72°C for 30seconds.
Relative gene expression was calculated with the comparative Ct
method using GAPDH as an internal standard.

2.6. Monodansylcadaverine staining

Autophagic vacuoles were measured on the basis of mono-
dansylcadaberine (MDC) staining. LNCaP cells were seeded a
density of 2�104cells/well in 96-well plate. The cells were
treated with various concentrations of SLE for 24hours. After
then, 50mM MDC was treated for 30minutes at 37°C and fixed
using 4% paraformaldehyde for 15minutes. Cells were washed
twice with PBS and dissolved using DMSO. The fluorescence was
determined at a 380nm for excitation and 525nm for emission
withMulti-reader. The data were analyzed byMDC/EtBR values
compared with control.

2.7. Statistical analyses

Representative data from 3 independent experiments are shown
and quantitated, and represented asmeans± standard error of the
mean (SEM). Statistical significance between control and
experimental values was calculated by 2-way analysis of variance
(ANOVA), which is performed by Graphpad prism 5 (GraphPad
Software, San Diego, CA). Significant values are represented by
an asterisk:

∗
P< .05.

3. Results

3.1. Cytotoxic effect of SLE on LNCaP cells

To assess the potential anticancer activity of SLE on prostate
cancer, LNCaP prostate cancer cells were incubated with 6.3,
12.5, 25, 50, and 100mg/mL SLE for 24hours, and the
cytotoxicity was evaluated using the MTT assay. As shown in
Fig. 1, SLE significantly decreased the viability of LNCaP cells in
a dose-dependent manner.

3.2. Effect of SLE on apoptotic cell death in LNCaP cells

We next determined whether the cytotoxic effects of SLE in
LNCaP cells were mediated by apoptosis and found that SLE
increased apoptotic cell death in a dose-dependent manner
(Fig. 2A). To investigate the cellular mechanism of SLE-induced



Figure 1. Effect of SLE treatment on viability of LNCaP cells. Cells were treated
with SLE for 24h. The cell viability was measured using the MTT assay. Values
are mean±S.E.M of 3 independent experiments.

∗
P< .05, significantly different

from untreated cells. LNCaP = lymph node carcinoma of the prostate, MTT =
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
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apoptosis, we examined the effect of SLE treatment on the levels
of anti-apoptotic and pro-apoptotic proteins. SLE downregulated
the expression levels of Bcl-2, pro-caspase 3, pro-caspase 8, pro-
caspase 9, and PARP, and upregulated expression of Bax, cleaved
caspase-3, cleaved caspase-8, and cleaved PARP compared with
Figure 2. Effect of SLE on the expression of apoptosis-related molecules in LNCa
treated LNCaP cells was analyzed using Tali image-based cytometric assay. (B–D)
proteins) (C), and tBid, Bid, and FADD (pro-apoptotic proteins) (D) was measured
cleaved caspase 3, 8, PARP, pro-caspase 9, BAX, Bcl-2, FADD, and Bid was qua
ratio of cleaved caspase 3, 8, PARP, Bax and tBid to pro-caspase 3, 8, PARP, Bcl
from 3 independent experiments are shown and quantitated. Values are mean±
control group. LNCaP = lymph node carcinoma of the prostate.
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the control group (Fig. 2B, C). We also observed a decrease in Bid
expression and an increase in the levels of truncated Bid (tBid) in
SLE-treated LNCaP cells. Moreover, expression of Fas-associat-
ed protein with death domain (FADD), the death receptor-related
protein involved in extrinsic apoptosis, was upregulated by SLE
treatment in LNCaP cells (Fig. 2D).

3.3. Effect of SLE on androgen signaling in LNCaP cells

To study whether the expression of PSA and AR, specific
biomarkers for prostate cancer, is affected by SLE, we measured
their protein and mRNA expression levels in SLE-treated LNCaP
cells. As shown in Fig. 3A, B, SLE treatment significantly reduced
both protein and mRNA expression of PSA and AR compared
with the control group. We also determined the expression of
PTEN, a tumor suppressor that is frequently mutated in prostate
cancer, in SLE-treated LNCaP cells using quantitative real-time
RT-PCR. Treatment with 20mg/mL SLE increased the level of
PTEN mRNA expression. Furthermore, we demonstrated
suppression of AKT phosphorylation by SLE treatment in
LNCaP cells (Fig. 3C), suggesting that PTEN inhibits the PI3K/
AKT pathway and its downstream functions including cell
survival and proliferation in SLE-treated LNCaP cells.

3.4. Effect of SLE on autophagic activity in LNCaP cells

Next, we evaluated the effect of SLE treatment on autophagic
activity and expression of autophagy-related proteins in LNCaP
P cells. Cells were treated with SLE for 24h. (A) Induction of apoptosis in SLE-
Expression of pro-caspases 3/8/9 and PARP (B), Bcl-2 and Bax (anti-apoptotic
by western blot analysis. b-actin was used as a loading control. Expression of
ntified by scanning densitometry. The relative intensities were expressed as the
-2, and Bid as well as pro-caspase 9 and FADD to b-actin. Representative data
S.E.M of 3 independent experiments.

∗
P< .05, significantly different from the
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Figure 3. Effect of SLE on androgen signaling in LNCaP cells. Cells were treated with SLE (0, 10, 20, and 40mg/mL) for 24h. (A) Expression of AR, PSA, and PTEN
was measured by western blot analysis. (B) The mRNA expression of AR, PSA, and PTEN was evaluated using quantitative real-time qRT-PCR. (C) The levels of
phosphorylated Akt (p-Akt) and total Akt were measured by western blot analysis. The ratio of p-Akt/Akt is shown in the graph. The data are fold normalized to
untreated control. Expression of AR, PSA, and PTEN was quantified by scanning densitometry. The relative intensities were expressed as the ratio of AR, PSA, and
PTEN to b-actin. b-actin was used as a loading control. Representative data from 3 independent experiments are shown and quantitated. Values are mean±S.E.M
of 3 independent experiments.

∗
P< .05, significantly different from the control group. LNCaP = lymph node carcinoma of the prostate.
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cells. The autophagy marker microtubule-associated protein 1
light chain 3 (LC3) exists in 2 forms (LC3I and LC3II). LC3I, the
precursor form, is converted to LC3-phosphatidylethanolamine
conjugate (LC3II), which is involved in the formation of
autophagosomal membranes. Therefore, the LC3II/LC3I ratio
is used as a marker of autophagy. Our results showed that SLE
treatment increased autophagic activity in a dose-dependent
manner (Fig. 4A) and upregulated LCI and LC3II levels as well as
the ratio of LC3II/LC3I in LNCaP cells (Fig. 4B). Moreover, we
showed upregulation of beclin1 and inhibition of mTOR
phosphorylation by SLE treatment in LNCaP cells, suggesting
that the mTOR pathway that is a key component of cell growth
and autophagy regulation might be involved in SLE-induced
autophagy in LNCaP cells (Fig. 4B).

3.5. The relationship between apoptotic cell death and
autophagic activity in SLE-treated LNCaP cells

To elucidate whether inhibition of autophagic activity affects
apoptotic cell death in SLE-treated LNCaP cells, we cotreated
cells with the autophagy inhibitor 3-MA and SLE and evaluated
the induction of apoptotic cell death. As shown in Fig. 5A,
cotreatment with 3-MA and SLE decreased the protein levels of
4

procaspase-3 and Bcl-2 compared with only SLE treatment,
whereas Bax expression was increased in cotreated LNCaP cells.
In addition, SLE rapidly decreased the viability of LNCaP cells in
the presence of 3-MA, suggesting that inhibition of autophagic
activity enhanced apoptotic cell death in SLE-treated LNCaP
cells (Fig. 5B).

4. Discussion

Several previous studies have demonstrated that isolated
components from SL roots induce apoptosis by activation of
caspase-3 in leukemia cells,[20] and that extract of SL roots
inhibited cell proliferation of gastric cancer cells through cell
cycle arrest and apoptosis.[16] In our study, the ethanol
extract of SL showed cytotoxic effects via induction of
apoptosis and autophagy and suppressed AR and PSA
expression in LNCaP cells. As LNCaP cells are androgen-
dependent human prostate cancer cells, our results suggested
that the anticancer effects of SLE against prostate cancer cell are
mediated by suppression of AR and PSA at the transcriptional
and translational level.
Two major pathways for the induction of apoptosis have

been identified: the mitochondria-mediated intrinsic pathway



[6]

Figure 4. Effect of SLE on autophagic activity in LNCaP cells. LNCaP cells
were treated with different concentrations of SLE for 24h. (A) Autophagic
activity were measured using monodansylcadaberine (MDC) staining. (B) The
protein levels of LC3, beclin-1, andmTOR in LNCaP cells were measured using
western blot analysis. b-actin was used as a loading control. The relative
intensities were expressed as the ratio of LC3 II, Beclin-1, and p-mTOR to LC3
I, b-actin, and mTOR. Representative data from 3 independent experiments
are shown and quantitated. Values are mean±S.E.M of 3 independent
experiments.

∗
P< .05, significantly different from the control group. LNCaP =

lymph node carcinoma of the prostate.
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and the death receptor mediated extrinsic pathway. Our
results showed an increase in the levels of cleaved caspase-3,
caspase-8, and PARP (intrinsic apoptotic factors), as well as
increases in truncated Bid and FADD (extrinsic apoptotic
factors); therefore, we suggest that SLE-induced apoptosis
might be mediated by either intrinsic or extrinsic apoptotic
pathways in LNCaP cells.
Autophagy is an exquisitely regulated process involving the

degradation of long-lived proteins or organelles by autophagic
vesicles, called autophagosome, to retain cellular vitality.[21,22] In
our study, autophagic activity was increased by SLE treatment in
a dose-dependent manner and the LC3II/LC3I ratio was
significantly increased following SLE treatment of LNCaP cells.
Moreover, we found that SLE affected the expression and
activation of autophagy-related proteins including beclin-1 and
5

mTOR in LNCaP cells. These results indicate that autophagic
activity is involved in SLE-induced cytotoxicity against prostate
cancer cells, and that SLE-induced autophagy is regulated
through signaling involving Beclin-1 and mTOR.
On the basis of these results, we conclude that the anticancer

effect of SLE function against prostate cancer is mediated through
the regulation of apoptosis and autophagy. It has been reported
that the PI3K/AKT/mTOR pathway is involved in diverse cellular
functions, including survival, growth, proliferation, differentia-
tion, metabolism, and angiogenesis,[23] and several studies have
suggested that PI3K/AKT/mTOR pathways play a critical role in
the regulation of apoptosis and autophagy.[24,25] We showed that
SLE suppressed the phosphorylation of AKT and mTOR,
suggesting that induction of apoptosis and autophagy by SLE
treatment in LNCaP cells might be regulated via the PI3K/AKT/
mTOR signaling pathway.
Autophagy and apoptosis pathways perform overlapping

functions and share regulatory components; blockage of
autophagic signaling increases apoptosis, whereas inhibition of
apoptosis results in autophagic cell death.[25–27] In addition, there
is an inverse correlation between malignancy and autophagic
activity, and autophagy may lead to either cell survival or
autophagic cell death depending on the stage or duration and
severity of the tumorigenesis.[8,9] Although the role of autophagy
in control of cancer cell survival or death in response to
anticancer drugs remain to be defined, it has been reported that
sulforaphane induced both autophagy and apoptosis during
cancer cell death, and the apoptosis was accelerated by blocking
autophagy in prostate cancer cells cotreated with 3-MA and
sulforaphane.[28]

In the present study, cotreatment with the 3-MA and SLE
highly suppressed expression of apoptotic proteins (Bcl-2) and
increased expression of pro-apoptotic protein (Bax), compared
with only SLE. The viability of LNCaP cells was also rapidly
decreased until 3hours after SLE treatment, and the decrease in
cell viability was greater in the cotreated group than in cells
treated with only SLE, indicating that inhibition of autophagy
facilitates apoptosis at an early stage in SLE-treated prostate
cancer cells. In other words, although the cytotoxic effect of SLE
in LNCaP cells was exerted through both apoptosis and
autophagy, blockage of autophagic activity greatly increased
apoptotic cell death, suggesting that autophagy might not lead to
cell death, but acts to inhibit apoptosis for cancer cell survival.
Thus, it is possible that SLE could affect to tumor cell fate via
similar mechanisms to those of natural molecules, such as
sulforaphane, in prostate cancer. Indeed, the further research is
required for identification of precise switch factor between
autophagy and apoptosis.
In conclusion, our results showed that SLE treatment

significantly affects cell viability of prostate cancer cell lines in
a dose-dependent manner through the induction of apoptosis and
autophagy, and that the expression of AR and PSA was
suppressed in SLE-treated LNCaP cells. We also presented
evidence that SLE induces autophagy through PI3K/AKT/mTOR
signaling. In particular, apoptosis and autophagy induced by SLE
appear to play a competitive role in the cytotoxic activity against
prostate cancer cells, and further studies are necessary to analyze
anticancer efficacy of compounds present in the SLE related to the
induction of autophagy or apoptosis, respectively. Our data,
together with previous findings, indicate that SLE is a potential
anticancer agent against prostate cancer, and that simultaneous
autophagy inhibition and SLE treatment could be a novel
therapeutic approach for prostate cancer.

http://www.md-journal.com


[15] HsuY-L,WuL-Y,KuoP-L.Dehydrocostuslactone, amedicinalplant-derived

Figure 5. Effect of autophagy inhibition on apoptosis in SLE-treated LNCaP cells. LNCaP cells were cotreated with 1mM 3-MA and 20mg/mL SLE, and (A) the
expression of caspase 3, Bcl-2, and Bax was measured using western blot analysis, and (B) the cell viability was determined by MTT assay at 3, 6, 12, and 24h of
treatment. b-actin was used as a loading control. Expression of Pro-caspase 3, Bax, and Bcl-2 was quantified by scanning densitometry. The relative intensities
were expressed as the ratio of Pro-caspase 3, Bax, and Bcl-2 to b-actin. Representative data from 3 independent experiments are shown and quantitated. Values
are mean±S.E.M of 3 independent experiments. 3-MA= 3-methyladenine.

∗
P< .05, significantly different from the control group. LNCaP = lymph node carcinoma

of the prostate, MTT = 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
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