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Identification of small molecules that safely inhibit cancer pro-
gression is critical for cancer therapeutics. Saponins exhibit cyto-
static and cytotoxic activity against various cancer cells, but the
mechanism is not well understood. Here, we investigated
whether saponin D (designated SB365), an active component
isolated from Pulsatilla koreana, could inhibit the progression of
hepatocellular carcinoma (HCC) and considered its mechanism.
SB365 strongly suppressed the growth of HCC cells in a dose-
dependent manner and induced apoptosis by increasing the
proportion of sub G1 apoptotic cells from 8% to 21% through
induction of expression of Bax and cleaved caspase-3. In addition,
SB365 exhibited potent anti-angiogenic activity and decreased
the expression of hypoxia-inducible factor-1a (HIF-1a) and vascu-
lar endothelial growth factor, a key molecule for angiogenesis.
Furthermore, SB365 suppressed the tube formation and migration
of HUVEC, as well as in vivo neovascularization in a mouse Matri-
gel plug assay. In vivo study showed that SB365 significantly
inhibited tumor growth in an HCC xenograft model, inducing
apoptosis by increasing the expression of the cleaved caspase-3
and DNA fragmentation. The expressions of vascular endothelial
growth factor and CD34 in the tumor tissue were decreased by
SB365 treatment. In examining its mechanism, SB365 was found
to effectively suppress the phosphorylation of PI3K downstream
factors, such as Akt, mTOR and p70S6K both in vitro and in vivo.
Our study demonstrates that SB365 not only induces apoptosis
but also inhibits cell growth and angiogenesis through modula-
tion of the PI3K/Akt/mTOR pathway in human HCC. We suggest
that SB365 may be a new chemotherapeutic candidate against
HCC. (Cancer Sci 2012; 103: 1929–1937)

H epatocellular carcinoma (HCC) is the most frequently
occurring primary liver cancer, with an incidence rate of

half a million cases per year in the world.(1) Although surgery
remains the treatment of choice for HCC, tumor size and hepa-
tic functional reservation might restrict surgical ablation.(2)

Conventional therapies such as transcatheter arterial emboliza-
tion, microwave coagulation therapy, radiotherapy and percuta-
neous ethanol injection therapy are generally not prescribed
for advanced HCC due to their low efficacy.(3) In clinical tri-
als, first-line drugs used for HCC contain sorafenib, doxorubi-
cin, fluorouracil and cisplatin, for example. However, the
response of HCC to current chemotherapy remains inconsistent
because of significant side effects and low drug response.
Hence, the discovery of new anti-cancer agents with high effi-
cacy and low toxicity is critical.
Recent study indicates that HCC cell activation increases

phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian target of
rapamycin (mTOR) signalling.(4) In the process of carcinogen-
esis, the PI3K family is involved in various cellular functions,
including cell growth, proliferation and survival.(5) Akt is one

of the most commonly activated protein kinases in human can-
cers and is associated with malignant transformation and apop-
totic resistance.(6) mTOR, located downstream of Akt, is
phosphorylated in response to stimuli that activates the PI3K/
Akt pathway.(7) Finally, mTOR positively regulates the phos-
phorylation of ribosomal p70S6 kinase (p70S6K) and eukary-
otic initiation factor 4E (Eif4E) binding protein 1 (4EBP1).(7)

Indeed, PI3K/Akt/mTOR signalling is activated in 30–50% of
HCC patients and p70S6K is aberrantly activated in 50% of
HCC.(9) For this reason, the PI3K/Akt/mTOR pathway has
emerged as an attractive target for therapeutic intervention in
HCC.
Ingredients from many herbs have been used as chemopre-

ventive and pharmacological medicine for HCC and other can-
cers.(10) Among them, saponins have been demonstrated to
possess a wide range of properties beneficial to health and are
used as precursors for drugs in the pharmaceutical indus-
try.(11,12) It has been reported that several saponins have anti-
cancer properties, inhibiting cell growth through cell cycle
arrest and apoptosis in various cancer cell types.(13–15) Most
importantly, the efficacy of saponins differs according to their
structure and source. Therefore, we first isolated various sapo-
nins from root of Pulsatilla koreana to discover new saponin
varieties with high efficacy. The roots of P. koreana have been
widely used in traditional herbal medicine in the treatment of
disease including malaria and amoebic dysentery in Korea.(16)

In the present study, Pulsatilla saponin D (here after desig-
nated SB365) was selected among the many kinds of saponins
isolated from P. koreana. Because of the critical role of the
PI3K/Akt/mTOR pathway in cancer cell survival, apoptosis
and angiogenesis, and its expression in various cancer cells,
we investigate whether SB365 exhibits anti-cancer activity and
mediate its effects through the modulation of the PI3K/Akt/
mTOR pathway. The present study reveals that SB365 induces
apoptosis as well as inhibits proliferation and angiogenesis by
modulating the PI3K/Akt/mTOR pathway in HCC cells.

Material and Methods

Cells and materials. Human HCC cell lines Huh-7 and
HepG2 were purchased from the Japanese Collection of
Research Bioresources (Osaka, Japan) and ATCC (Manassas,
VA, USA), and normal liver cell line HL-7702 was purchased
from the Shanghai Institute of Cell Biology (Shanghai, China).
FBS, media, penicillin–streptomycin and all other agents used
in the cell culture studies were purchased from Invitrogen
(Carlsbad, CA, USA). Cultures were maintained at 37°C in a
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CO2 incubator with a controlled humidified atmosphere com-
posed of 95% air and 5% CO2. HUVEC were grown in a gela-
tin coated 75-cm2 flask in M199 medium containing 3 ng/mL
basic fibroblast growth factor (bFGF), 5 U/mL heparin and
20% FBS at 37°C in a humidified atmosphere of 5% CO2/95%
air.

Preparation of SB365. SB365 was isolated from roots of
P. koreana collected from Kyeryong Mountain near Daejeon,
Korea. Powdered roots of P. koreana (50 g) were extracted
three times with 50% aqueous ethanol (500 mL), and the
resulting extracts were combined and concentrated in vacuo to
yield a light brown residue. The fraction was chromatographed
using a Sephadex LH-20 column (200 g, 60 9 4 cm) with an
80:20 mixture of methanol and H2O, to give four fractions:
SPX1 (139 mg, 24.8%), SPX2 (344 mg, 61.4%), SPX3
(61 mg, 10.9%) and SPX4 (15.7 mg, 2.8%). After heating, the
chromatogram was sprayed with 10% H2SO4. The third frac-
tion, which exhibited the most potent activity, was again chro-
matographed by solid phase HPLC (solid phase, RP-C18,
250 9 10 mm; mobile phase, MeOH-H2O [82:20] as the
mobile phase; UV wavelength, 210 nm; flow rate, 1 mL/min)
to yield three major fractions. Among them, the third fraction
(SPX3), which exhibited the most potent activity, was purified
by HPLC to yield saponin D, SB365. For more precise analy-
sis of purified SB365, we also used mass spectrometry and
NMR spectroscopy.

Measurement of cell proliferation. Cell viability was mea-
sured by MTT assay. Briefly, Huh-7 and HepG2 cells were
plated at a density of 3–5 9 103 cells/well in 96-well plates.
The following day, the medium was removed and cells were
treated with either DMSO as a control or various concentra-
tions of SB365. The final concentration of DMSO in the med-
ium was � 0.1% (v/v). After the cells were incubated for
72 h, 20 lL MTT solution (2 mg/mL) was added to each well
for another 4 h at 37°C. The formazan crystals that formed
were dissolved in DMSO (200 lL/well) by constant shaking
for 5 min. The plate was then read on a microplate reader at
540 nm. Three replicate wells were used for each analysis. The

median inhibitory concentration (IC50, the drug concentration at
which cell growth was inhibited by 50%) was assessed from
the dose–response curves.

Tube formation assay. For the tube formation assay, 10 mg/
mL (200 lL) of Matrigel (BD Biosciences, San Diego, CA,
USA) was polymerized for 30 min at 37°C. HUVEC were sus-
pended in M199 (2% FBS) medium at a density of
2.5 9 105 cells/mL, and 0.2 mL of cell suspension was added
to each well coated with Matrigel, together with or without the
indicated concentrations of SB365 and vascular endothelial
growth factor (VEGF) (50 ng/mL) for 14 h. The morphologi-
cal changes of the cells and tubes formed were observed under
a phase-contrast microscope and photographed at 2009 and
4009 magnification.

Wound migration assay. HUVEC plated on 60 mm-diameter
culture dishes at 90% confluence were wounded with a razor
blade score 2 mm in width and marked at the injury line. After
wounding, the peeled-off cells were removed with a serum-free
medium and further incubated in M199 with 2% FBS, 1 mM
thymidine (Sigma-Aldrich, St. Louis, MO, USA), SB365 (0.1–
10 lM) and/or VEGF (50 ng/mL). HUVEC were allowed to
migrate for 24 h and were rinsed with a serum-free medium,
followed by fixing with absolute alcohol. Migration was quan-
titated by counting the number of cells that moved beyond the
reference line.

Matrigel plug assay. Animal care and experimental proce-
dures were conducted in accordance with the Guide for Ani-
mal Experiments of the Korean Academy of Medical Sciences.
Male 6-week-old BALB/c mice were obtained from ORIENT-
BIO Laboratory Animal Research Center (Gyeonggi-do, Kap-
yung, Korea). The mice were subcutaneously injected with
500 lL of Matrigel containing concentrated VEGF (50 ng/
mL), and either SB365 (10 lM) or PBS (10 lL). After 7 days,
mice were killed and the Matrigel plugs were removed. H&E
staining was performed to identify the formation and infiltra-
tion of new, functional microvessels. Functional vessels with
intact red blood cells were quantified manually using a micro-
scope (high-power field 9200).
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Fig. 1. Chemical structure of SB365 (Pulsatilla saponin D) and its effect on the proliferation of human hepatocellular carcinoma cells and nor-
mal liver cells. (A) Chemical structure of SB365, (B and C) cytotoxic effects of SB365, sorafenib and doxorubicin (DOX) on HCC cells (Huh-7 and
HepG2) and (D) normal liver cell line (HL-7702) were measured by MTT assay. Results are expressed as percent cell proliferation relative to the
proliferation of control. Data represents mean ± SD from the triplicate wells.
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Tumor xenograft study. Male nude mice were obtained from
Central Laboratory Animal (Seoul, Korea). Animal care and
all experimental procedures were conducted in accordance
with the approval and guidelines of the INHA Institutional
Animal Care and Use Committee (INHA IACUC) of the Medi-
cal School of Inha University (approval ID: 101228-74). Male
6-week-old nude mice were randomly divided into three
groups (control, SB365 10 mg/kg and SB365 30 mg/kg). The
Huh-7 human HCC cells were inoculated into one flank of
each nude mouse (5 9 106 Huh-7 cells). When the tumors had
reached a volume of approximately 50–70 mm3, mice were
given a daily oral dose of 10 and 30 mg/kg of SB365 or the
vehicle (200 lL PBS, control group), for 15 days. The tumor
volume was calculated using the formula: V = length 9
width2 9 0.5.

Statistical analysis. Data are expressed as mean ± SD. Statis-
tical analysis was performed using ANOVA and an unpaired Stu-
dent’s t-test. A P-value of 0.05 or less was considered
statistically significant. Statistical calculations were performed
using SPSS software for Windows Version 10.0 (SPSS, Chicago,
IL, USA).

Results

SB365 inhibited cell growth in hepatocellular carcinoma cells.
To identify the anticancer effect of SB365, we first compared
cell growth in two HCC cell lines (Huh-7 cell and HepG2) after
treatment with SB365, sorafenib and doxorubicin (DOX). HCC
cells were treated with four concentrations of each compound
(1–10 lM) for 72 h. As shown in Figure 1, SB365 had the most
inhibitory effect on Huh-7 cell growth in a dose-dependent
manner. SB365 induced reduction of cell growth rate at a start-
ing dose of 1 lΜ in Huh-7 cells, and it strongly inhibited up to
90% of cell growth at 5 and 10 lM. In HepG-2 cells, the inhibi-
tory effect of SB365 was lower than that of DOX at 1–2 lM
but cell growth at 5–10 lM was more inhibited by SB365 com-
pared to DOX. To predict their side effects, we also treated each
compound to HL-7702 normal liver cell line. DOX showed high
cytotoxicity in normal liver cells from a starting dose of 1
–10 lM, although it strongly inhibited the growth of HCC cells,
whereas SB365 and sorafenib exhibited low cytotoxicity in
HL-7702 normal liver cells. However, inhibition of cell growth
by sorafenib was lower than that of SB365. Accordingly, these
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Fig. 2. Effect of SB365 on apoptosis of Huh-7 cells. (A) Huh-7 cells were treated with SB365 (0, 0.1, 1, 5 and 10 lM) for 24 h, stained with propi-
dium iodide (PI) and analyzed on a FACSCalibur flow cytometer. (B) The induction of apoptosis by SB365 was conducted by DAPI and TUNEL
staining, which were photographed at 9100 and 9400 magnification. (C) The expression of Bcl-2, Bax and cleaved caspase-3 were determined by
western blotting in cells treated with SB365 at the indicated doses for 24 h.
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results reveal that, compared to sorafenib or doxorubicin,
SB365 is more effective in HCC cells with less cytotoxicity.

SB365 induced apoptosis in Huh-7 HCC cells. We performed
flow cytometric analysis to determine changes in the cell cycle
profile induced by SB365. Flow cytometry data revealed that
the SB365 treatment increased the sub G1 phase by 8–21%,
indicating apoptosis (Fig. 2A). In addition, induction of apop-
tosis by SB365 was evaluated by DAPI and TUNEL staining
to characterize the nuclear morphology. As shown in Fig-

ure 2(B), the cells treated with 10 lM SB365 present the mor-
phological features of apoptotic cells, such as bright nuclear
condensation and perinuclear apoptotic bodies (by DAPI stain-
ing). Apoptosis by SB365 was confirmed by TUNEL staining,
which detected DNA fragmentation. In addition, the expression
of Bcl-2, Bax and cleaved caspase-3 was investigated by wes-
tern blotting after SB365 treatment. As expected, SB365
increased the expression of the cleaved caspase-3 and Bax,
and decreased the expression of Bcl-2 in Huh-7 HCC cells
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Fig. 3. Effect of SB365 on angiogenesis of Huh-7 hepatocellular carcinoma cells and HUVEC. (A) Inhibition of HUVEC proliferation by SB365.
**P < 0.01, compared to control. (B) Production of vascular endothelial growth factor (VEGF) by SB365 in hypoxia-induced Huh-7 cells. Data rep-
resent mean ± SD from the triplicate wells. (C) Expression of hypoxia-inducible factor-1a (HIF-1a) and VEGF by SB365 in hypoxia-induced Huh-7
cells (CoCl2, 100 lM). (D) Effects of SB365 on tube formation in vitro. (E) Effects of SB365 on migration in vitro. Data represent mean ± SD from
three independent experiments. ##P < 0.01 compared to control. *P < 0.05 and **P < 0.01 compared to CoCl2.
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(Fig. 2C). These results show that SB365 can induce cell
apoptosis in Huh-7 HCC cells.

SB365 inhibited angiogenesis in Huh-7 hepatocellular carci-
noma cells and HUVEC. To investigate the effect of SB365 on
vascular endothelial cells, we first analyzed the viability of
HUVEC exposed to SB365. As shown in Figure 3(A), treat-
ment with 1–10 lM of SB365 for 48 h reduced cell viability
by 50–80% compared to untreated control cells (P < 0.01).
Hypoxia-inducible factor-1a (HIF-1a) is the main transcrip-
tional modulator of angiogenic factors such as VEGF. Thus, it
was appropriate to investigate the effect of SB365 on the
expression of hypoxia-induced HIF-1a and VEGF. Huh-7 cells
were treated with various concentrations of SB365 (0.1–10 lM)

under hypoxia mimic condition induced by 100 lM CoCl2 for
6 h. As shown in Figure 3(B) and C, SB365 inhibited
hypoxia-induced HIF-1a expression and VEGF production in a
dose-dependent manner (P < 0.05). In addition, the anti-angio-
genic potential of SB365 was examined using HUVEC. From
an in vitro tube formation assay, we observed that SB365
significantly inhibited VEGF-induced tube formation of vessel-
like structures, consisting of the elongation and alignment of
the cells in a dose-dependent manner (P < 0.05, Fig. 3D).
In addition, we carried out a wounding migration assay to
examine the effect of SB365 on VEGF-induced endothelial
cell migration. The migration was definitely reduced in the
SB365-treated group compared to the control group (P < 0.05,
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Fig. 4. Effect of SB365 on Matrigel plug assay in vivo. (A) Effect of SB365 on Matrigel plug assay in vivo. Matrigel plugs were implanted into
mice with vascular endothelial growth factor (VEGF) (50 ng/mL) and/or SB365 (10 lM). The plugs were sectioned and stained with H&E. Infiltrat-
ing microvessels with intact red blood cells were qualified by manual counting. **P < 0.01 compared to VEGF. (B) Endothelial cells in the plug
were immunostained with the CD34. A stained plug was observed by microscopy at 9200 and 9400 magnifications.
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Fig. 3E). These results indicate that SB365 could prevent
VEGF-induced tube formation and migration of endothelial
cells.

SB365 inhibited angiogenesis in vivo. To confirm whether
SB365 possesses anti-angiogenic activity, we performed a
Matrigel plug assay in vivo. As shown in Figure 4(A), blood
vessels were rarely observed in Matrigel plugs without VEGF.
VEGF strongly induced neovessels containing intact red blood
cells inside the Matrigel, which were clearly inhibited by
10 lM SB365 treatment. We performed H&E staining to
quantify the amount of functional vasculature in matrigel plugs
and found that SB365 dramatically inhibited VEGF-induced
vessel formation in vivo (P < 0.01) For histological analysis,
each section of the Matrigel plug was stained with H&E and
CD34. The stained Matrigel sections showed that the plug with
SB365 treatment had fewer vessels within the gels than the
VEGF-induced Matrigel plug. Expression of CD34 was also
decreased by SB365 treatment in the VEGF-induced Matrigel
plug. These results confirmed that SB365 produced a potent
anti-angiogenic activity in vivo (Fig. 4B).

SB365 inhibited PI3K/Akt/mTOR signaling pathway in Huh-7
hepatocellular carcinoma cells. PI3K/Akt/mTOR plays an
important role in regulating critical cellular functions, includ-
ing cell growth and metabolism.(18) Therefore, we investigated
the effects of SB365 on the PI3K/Akt/mTOR pathway in Huh-
7 HCC cells. When HCC cells were treated with various con-
centrations of SB365 for 24 or 48 h, phosphorylation levels of
Akt and its downstream factor mTOR were effectively sup-
pressed (Fig. 5A). mTOR activation results in phosphorylation
of effectors such as p70S6K, which subsequently leads to
mTOR-dependent gene transcription that regulates cell
proliferation and protein synthesis.(19) Therefore, we further
identified the effect of SB365 on the expression of p70S6K.
As expected, SB365 inhibited phosphorylation of p70S6K in a
dose-dependent manner. These results were confirmed using a
fluorescence imaging system (Fig. 5).

SB365 inhibited tumor growth in hepatocellular carcinoma
xenograft model. Strong anticancer efficacy of SB365 led us to
investigate the in vivo efficacy of SB365 against the Huh-7 cell
xenograft in nude mice. As shown in Figure 6(A), SB365 sup-
pressed tumor growth at doses of 10 and 30 mg/kg for 15 days
compared with the control group. SB365 administration resulted
in significant reduction of tumor volume in the nude mice (77%
and 88% at 10 and 30 mg/kg, respectively). There was no dif-
ference in body weight in SB365 treatment groups compared
with the control group. In addition, low toxicity of SB365 was
confirmed by the values of alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and bilirubin (Table 1). These
results show that SB365 is not particularly toxic to mice at the
curative dose (Fig. 6B). Consistent with this observation, the
weight of tumors isolated from the SB365-treated groups was
significantly decreased, by 80% and 89% at SB365 doses of 10
and 30 mg/kg, respectively, compared with the control

(Fig. 6C, P < 0.05). Our results demonstrate that SB365 had
anti-tumor efficacy against HCC xenograft models.

SB365 inhibited angiogenesis and proliferation with induction
of apoptosis in a hepatocellular carcinoma xenograft model. In a
histopathological analysis, we observed that there was a
greater degree of tumor apoptosis and necrosis in the SB365-
treated group compared with the control group by H&E stain-
ing (Fig. 7). Furthermore, SB365 decreased the expression of
Ki-67, a cell proliferation marker, as well as both VEGF and
CD34 in the SB365-treated group compared with the control

Table 1. Effects of SB365 on serum parameters with respect to liver

functions of hepatocellular carcinoma xenograft mouse model

Parameter

Groups

Con
SB365

10 mg/kg

SB365

30 mg/kg

ALT (IU/L) 58.2 ± 2.8 60.5 ± 8.5 62.5 ± 4.7

AST (IU/L) 108.5 ± 15.5 110.5 ± 26 124.1 ± 17.1

Total bilirubin (mg/dL) 0.04 ± 0.01 0.03 ± 0.01 0.05 ± 0.01

Values are expressed as mean ± SD (n = 6). ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase.
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group. In addition, the apoptotic effect of SB365 on HCC
tumor tissues was identified by expression of the cleaved cas-
pase-3 and DNA fragment by TUNEL assay. Furthermore,
SB365 decreased the phosphorylation of Akt and mTOR, regu-
lating many different events involved in cell survival and
proliferation.

Discussion

Despite the recent advances in the understanding of the nature
of HCC carcinogenesis, the increasing incidence and relative
alleviation rate of chemotherapy have spurred efforts to use
innovative approaches to establish more effective treatment
regimens. For several reasons, including safety and minimiz-
ing toxicity and side effects, the use of medicinal compounds
from herbal/natural sources is becoming increasingly popular
over synthetic drugs, and provides alternative treatment
options for patients.(20) In the present study, we obtained
SB365, saponin D, from P. koreana, and explored its anti-
cancer effects against HCC cells. SB365 effectively sup-
pressed the PI3K/Akt/mTOR pathway, which might lead to
the inhibition of cell growth and angiogenesis together with
the induction of apoptosis in HCC cells. This is the first
report that clearly characterizes the anti-tumor properties of
SB365 and its mechanism in both HCC cells and a tumor
xenograft model.
Inhibiting cell growth is a critical action of anti-cancer drug-

induced cell death. Apoptosis, another important strategy for
overcoming cancer, can contribute to cell growth inhibition
in cancer cells.(21,22) In the present study, SB365 inhibited
40–80% of the growth of HCC cells at concentrations from 2 to
10 lM. Even though SB365 strongly inhibited the growth of
HCC cells, it did not affect the viability of normal liver cells,
which was confirmed by the result that SB365 also did not
change the levels of ALT, AST and bilirubin (Table 1) as well
as body weight (Fig. 6B) in vivo. However, sorafenib showed
low effect (Average IC50 of sorafenib, SB365, and doxorubicin;
6, 1.8, and 0.9 lM) in HCC cells and doxorubicin showed 80%
cell cytotoxicity in cell viability starting at 1 lM in normal liver
cells. Although IC50 of doxorubicin is higher than SB365, effect
of doxorubicin is likely to be cell toxicity because of showing
high cell cytotoxicity in normal liver cells. The inhibitory effect
of saponins on HCC cell growth showed the distinction in the
different species and sources of saponins.(23–25) Interestingly,
SB365 had a lower IC50 level than other saponins (IC50, 3 lΜ)
in HCC cells. This capacity of SB365 led to not only inhibition
of cell growth but also apoptosis. These events were supported
by in vivo results, showing that SB365 treatments of both 10 and
30 mg/kg increased the expression of cleaved caspase-3 and led
to inhibited tumor growth in HCC xenograft models. These
results indicate that induction of apoptosis and inhibition of cell
growth by SB365 might contribute to the suppression of tumor
growth.
Given the importance of tumor angiogenesis in the growth of

HCC, inhibition of angiogenic pathways is an alternative to tar-

geting cancer cell proliferation. Recent clinical research has
reported that HIF-1a and VEGF might be useful in a molecular
prediction model for lymph node metastasis of HCC.(26) In the
present study, SB365 obviously inhibited the expression of
HIF-1a and VEGF under hypoxia and also decreased the secre-
tion of VEGF in Huh-7 cells, indicating that SB365 inhibited
hypoxia-induced angiogenesis. In addition, SB365 inhibited not
only the tube formation and migration of HUVEC but also the
formation of neovessels in Matrigel plugs. Its anti-angiogenic
effect was supported by decreased expression of CD34 in
VEGF-mediated Matrigel plugs and decreased VEGF in the
tumor tissue of xenograft animal models. From our in vitro and
in vivo results, we suggest that SB365 exhibits potent anti-
angiogenic activity by decreasing VEGF. Indeed, these results
are similar to previous reports that various saponins inhibit
angiogenesis by inhibiting the growth and new vessel develop-
ment of endothelial cells and decreasing the expression of
VEGF in cancer cells.(27–30)

The PI3K/Akt/mTOR pathway is frequently over-activated
in HCC and is believed to contribute to their aggressive phe-
notype and resistance to chemotherapy.(31) Recent clinical
study reports that activation of the PI3K/Akt/mTOR pathway
is correlated with tumor progression and reduced survival of
patients.(32) Thus, the inhibitors of PI3K, Akt and mTOR
would have strong anticancer effects against human cancers.
Although many individual saponins have been isolated from
natural/herbal plants, studies on the anticancer mechanisms of
these compounds are inadequate. Thus, we attempted to
investigate the effect of SB365 on the PI3K/Akt/mTOR path-
way in HCC cells. As expected, SB365 inhibited the phosphor-
ylation of Akt and mTOR in a dose-dependent manner. In
addition, SB365 effectively inhibited phosphorylation of
p70S6K, which is an effector of mTOR in HCC cells. Overall,
our results indicate that not only inhibition of cell growth but
also apoptosis by SB365 may be regulated through the PI3K/
Akt/mTOR pathway.
In conclusion, the present study demonstrates that SB365

inhibits the PI3K/Akt/mTOR pathway and invokes strong anti-
cancer activity against HCC by inducing apoptosis as well as
inhibiting cell growth/proliferation and angiogenesis. We sug-
gest that the anti-cancer effect of SB365 could be regulated
through PI3K/Akt/mTOR signaling, thereby implying that
SB365 is as a potential therapeutic agent against HCC.
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