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Abstract. Osteosarcoma is one of the most malignant bone
tumors, and its major threats are aggressive invasion and early
tumor metastasis, which result in a poor prognosis and high
mortality. Accumulating evidence indicates that ginsenoside
compound K (CK) has a significant antitumor effect, particu-
larly on the inhibition of proliferation and invasion of numerous
human tumors. In the present study, it was revealed that CK
inhibited the viability and proliferation of osteosarcoma cells.
Moreover, it was demonstrated that CK induced apoptosis and
inhibited the migration and invasion of osteosarcoma cells
via apoptotic staining, Annexin V/PI staining, and Transwell
invasion assays. Furthermore, at the molecular level, the
present results confirmed that apoptosis and invasion-related
proteins were regulated by CK, which was possibly related to
the blockade of the PI3K/mTOR/p70S6K1 signaling pathway.
In summary, the present findings indicated that CK inhibited
viability and proliferation, induced apoptosis, and inhibited
the migration and invasion of osteosarcoma cells through the
PIBK/mTOR/p70S6K1 signaling pathway.

Introduction

Osteosarcoma mainly occurs in teenagers and healthy young
patients, and is one of the most common fatal primary malig-
nant bone tumors (1,2), accounting for 5% of all pediatric
tumors (3). The major threats of osteosarcoma are aggres-
sive invasion and early multi-organ metastasis, especially
pulmonary metastasis (4). Although survival has been greatly
increased by surgical treatment combined with chemotherapy,
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the 5 year survival rate of patients with metastasis is still less
than 35% (5). Therefore, the main strategy for the treatment
of osteosarcoma is to block its invasiveness and metastasis
to improve its prognosis. However, there are currently no
effective drugs for osteosarcoma and the molecular mecha-
nism remains obscure. Therefore, exploring targeted, highly
effective treatments for osteosarcoma is urgently required.

The PI3K/mTOR/p70S6K1 pathway is an essential
signaling pathway in cells, and has an extremely important
biological function in cell growth, proliferation, apoptosis,
angiogenesis and autophagy, as well as in other processes.
Disorders of the pathway can cause a range of diseases,
including cancer, neuropathy, and autoimmune diseases (6).
The ribosomal 40S small subunit S6 protein kinase 1 (p70S6K1)
is a direct substrate downstream of p-mTOR. P70S6K1 is
phosphorylated by p-mTOR to promote the production of
ribosomes, initiation factors, and elongation factors in cells,
and to promote proliferation and invasion of tumor cells (7,8).

Ginsenoside compound K (20-O-D-glucopyranosyl-
20(S)-protopanaxadiol; CK; as shown in Fig. 1), is a major
member of the original ginseng diol, saponins, and its study has
been a popular research topic in the fields of anti-inflammatory
and antitumor effects. Studies have revealed that ginsenoside
CKis acompound with a variety of targets and pharmacological
activities, which include anti-inflammatory (9), antitumor (10),
anti-diabetic (11) and liver protection (12). However, to date,
the antitumor mechanism of ginsenoside CK on osteosarcoma
cells remains unclear. Therefore, in the present study, it was
investigated whether CK exerted cellular antiproliferative
effects and induced apoptosis in osteosarcoma cells. It was
further explored whether the PI3K/mTOR/p70S6K1 signaling
pathway played a decisive role in this process.

Materials and methods

Antibodies and reagents. Dulbecco's Modified Eagle's
Medium (DMEM), high glucose medium, and fetal bovine
serum (FBS) were obtained from Gibco; Thermo Fisher scien-
tific, Inc. Human osteosarcoma cell lines, MG63 and U2-0OS,
were purchased from the Cell Bank of Shanghai Institutes
for Biological Sciences. Ginsenoside CK (purity: >98%) was
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purchased from Beijing Solarbio Science & Technology Co.,
Ltd. MTT, dimethylsulfoxide (DMSO), and trypsin were
purchased from Sigma-Aldrich; Merck KGaA. The acridine
orange/ethidium bromide (AO/ET) staining kit was purchased
from Beijing Solarbio Science & Technology Co., Ltd. The
BrdU cell proliferation kit was purchased from EMD Millipore.
The TUNEL apoptosis kit was purchased from R&D Systems.
Matrigel was purchased from Collaborative Research, Inc.
Transwell invasion chambers were purchased from Corning
Costar. Rabbit antibodies to Bax (cat. no. ab32503), Bcl-2
(cat. no. ab182858), and caspase-3 (cat. no. ab2302) were
purchased from Abcam. Rabbit antibodies to MMP-2
(cat. no. 10373-2-AP) and MMP-9 (cat. no. 10375-2-AP)
were purchased from ProteinTech Group, Inc. Rabbit anti-
bodies to PTEN (cat. no. 9188), serine/threonine kinase (Akt)
(cat. no. 4691), phosphor-Akt (p-Akt) (cat. no. 4060), mTOR
(cat. no. 2983), phosphor-mTOR (p-mTOR) (cat. no. 5536), and
p70S6K1 (cat. no. 2708) were purchased from Cell Signaling
Technology, Inc. RADO0O1 was purchased from Selleck
Chemicals.

Cell culture. Human osteosarcoma cell lines, MG63 and
U2-08S, were both cultured in DMEM high glucose medium
containing 10% FBS in a humidified incubator with 5% CO,
at 37°C. When the cells were ~80% confluent, the cells were
harvested with 0.25% trypsin plus 0.02% EDTA and subcul-
tured. Both MG63 and U2-OS cells were divided into two
groups: The negative control groups (NC groups) and the
ginsenoside CK treatment groups (CK groups).

Cell proliferation analysis-MTT and BrdU. The viability of
cells was evaluated by the MTT method. The two groups of
osteosarcoma cells (3x10%) were incubated in a 96-well plate
for 24 h, then the cells were treated with various concentrations
of drugs (CK 0-30 uM or PBS), each concentration in parallel
6-wells. After both groups were incubated for 1-5 days, 20 ul
MTT solution was added to each well. After 4 h, the medium
was discarded and 150 1 DMSO was added to dissolve the
formazan crystals. The absorbance was measured using a
wavelength of 490 nm. The proliferation of cells was analyzed
with a BrdU cell proliferation kit following the protocol of the
manufacturer, similar to the aforementioned method, and the
absorbance was measured at a wavelength of 450 nm.

AO/EB apoptosis assay. Apoptosis-related morphological
changes were detected using an AO/EB staining method.
After treatment, both groups of cells were seeded on cover
slides in a 24-well plate according to the manual, then 500 yul
of freshly-prepared dual stain containing 10 mg/ml AO and
10 mg/ml EB was added to each well to stain for 10 min in
the dark at room temperature. The morphological changes of
the cell nuclei were observed using a fluorescence microscope,
and the apoptotic rate was calculated.

TUNEL apoptosis assay. A TUNEL apoptosis kit was used
to further detect the morphological changes of the apoptotic
nuclei. After induction of apoptosis, the cells were fixed in
4% paraformaldehyde for 30 min, then PBS containing 0.3%
Triton X-100 was added and incubated for 5 min at room
temperature. After washing twice with PBS, 50 ul of TUNEL
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assay solution and 20 ul DAPI were added to each well of a
24-well plate and incubated at 37°C for 60 min in the dark.
Then, the apoptotic nuclei were immediately observed using a
fluorescence microscope, and the apoptotic rate was calculated.

Annexin V/PI apoptosis detection. Cell apoptosis was detected
using an Annexin V/PI apoptosis detection kit according to
the manufacturer's protocols. Briefly, after induction of apop-
tosis, the two cell types were harvested by trypsinization and
washed twice in ice-cold PBS. The cells were centrifuged at
500 x g for 5 min and resuspended in 500 ul binding buffer,
then incubated with 5 ¢l Annexin V-FITC and 10 gl propidium
iodide (PI) in the dark at room temperature for 15 min. The
samples were immediately analyzed using a FACSCalibur
(BD Biosciences) flow cytometer and the data were analyzed
using CellQuest software, version 5.1 (BD Biosciences).

Cell cycle analysis. After treatment with CK (0-30 M) for
24 h, both groups of osteosarcoma cells were fixed in 70%
ethanol for 24 h after washing twice with cold PBS at 4°C
before analysis. After centrifugation (1,000 g), the cells were
stained with 50 pg/ml PI and 100 pg/ml RNase A for 30 min in
the dark at room temperature. The samples were analyzed by a
BD FACSCalibur flow cytometer and the CellQuest software
was used to analyze the data.

Cell migration and invasion detection. The migration and
invasive abilities of both groups of osteosarcoma cells were
evaluated by Transwell migration and invasion systems. For the
invasion assay, 20 pl Matrigel was applied to cover the bottom
of the chamber after being washed with serum-free medium to
create a Matrigel membrane by incubating at 37°C for 30 min.
Cells (5x10%) with 200 ul of serum-free DMEM medium were
seeded in the upper chamber of the Transwell system, and
500 ul of DMEM high glucose medium containing 10% FBS
was added to the lower chamber as a chemoattractant. The
Transwell system was incubated in a cell culture incubator for
24 h, and then the upper chamber was removed and the cells
from the upper surface of the membrane were removed. Then,
the cells invading to the lower surface of the membrane were
stained with 0.1% crystal violet for 5 min at room temperature
and observed using an inverted phase-contrast microscope.
The procedure for the migration assay was the same as above,
but a Matrigel membrane was not required.

Western blot analysis. Cells were lysed in a radioimmuno-
precipitation assay (RIPA) lysis buffer (Solarbio Science &
Technology) and the BCA method was used for protein deter-
mination. The protein samples from each group were resolved
by SDS-PAGE and transferred to PVDF membranes (proteins
were loaded by 50 ug/lane and the percentage of the gel
was 10%). After transfer, the PVDF membranes were blocked
with 5% (w/v) nonfat milk in TBST at room temperature for
2 h, and then incubated with the primary antibodies (1:2,000)
in TBST buffer containing 1% (w/v) BSA at 4°C for 16 h.
Following three washes in TBST, the membranes were incu-
bated with the appropriate HRP-linked secondary antibody
(goat anti-rabbit 1:1,000; cat. no. SAO0001-2; ProteinTech
Group) in TBST for 2 h at room temperature. Proteins were
detected by an ECL system (GE Healthcare).
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Figure 1. The chemical structure of CK. CK, ginsenoside compound K.

Statistical analysis. All statistical analyses were performed
with one-way analysis of variance (ANOVA) and
Newman-Keuls post hoc test using SPSS statistical software
for Windows, version 13.0 (SPSS, Inc.), and GraphPad Prism 6
software (GraphPad Software, Inc.) was used to draw statis-
tical charts. Data are presented as the mean + SEM from a
minimum of three independent experiments performed in
triplicate. Differences with P<0.05 were considered to indicate
a statistically significant difference.

Results

CK inhibits the viability and proliferation and induces G2/M
arrest of osteosarcoma cells. The MTT assay revealed that there
was no significant difference in cell viability between the CK
and normal control (NC) groups of MG-63 and U2-OS cells on
days 0-2 after drug treatment (P>0.05). However, after 3 days,
CK exhibited significant inhibition of viability and proliferation
against MG-63 and U2-OS cells (P<0.05) in a time-dependent
manner (Fig. 2A). Cells were treated with different concentra-
tions of CK (0, 5, 10, 15, 20, 25 and 30 uM). The ICs, value
for 72 h was ~20 uM, which was used as the effective drug
concentration in subsequent experiments (Fig. 2A). The results
of the BrdU assay further confirmed this conclusion; cells in
the CK group exhibited significant inhibition of viability, and at
the same drug concentration (20 M), the inhibition of MG-63
viability was more pronounced than that of U2-OS cells
(Fig. 2B). Furthermore, it was also revealed that compared to
the control group, cells in the CK group exhibited G2/M-phase
cell cycle arrest, which was possibly related to cell proliferation
and apoptosis (Fig. 2C and D).

Apoptotic changes of cell nuclei dual-stained with AO/EB.
The abovementioned results confirmed that CK inhibited the
viability and proliferation of osteosarcoma cells. To further
analyze the apoptosis induction effect of CK in MG-63 and
U2-0S cells, AO/EB nuclear staining was performed to
observe the morphological changes of apoptotic nuclei. As
revealed in Fig. 3A and B, when cells were treated with CK
(20 uM), MG-63 and U2-OS cells exhibited different degrees
of apoptosis. Based on analyses of the histograms in Fig. 3,
the apoptosis rates in the CK groups (MG-63, 24.16+2.25%;
U2-08, 17.66£1.37%) were significantly higher than those in
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the NC groups (MG-63, 3.34+1.16%; U2-0S, 1.65+0.84%)
(P<0.05).

CK induces apoptosis of osteosarcoma cells detected by
TUNEL assays. A TUNEL apoptosis kit was used to further
detect the morphological changes of apoptotic nuclei. As
revealed in Fig. 4, in the MG-63 group, the apoptosis rate of
the NC group was only 1.52+0.63%, and the value increased
to 25.33+2.68% after treatment with CK (20 gM). Similar
results were also obtained in the U2-OS group [0.45+0.22%
vs. 24.83+1.92% (NC group)]. These results indicated that CK
induced apoptosis in both MG-63 and U2-OS cells.

CK induces apoptosis in osteosarcoma cells. The
Annexin V/propidium iodide (PI) staining assay was employed
to further confirm the apoptotic effect of CK. As revealed in
Fig. 5A and B, after treatment with CK, the percentage of
apoptosis in MG-63 and U2-OS cells in the experimental
group was significantly higher than that in the control
group (P<0.05). In the MG-63 group, both early apoptosis
(5.42+1.90%) and late apoptosis (16.71+£1.65%) were higher
than that in the control groups (3.32+0.85 and 5.83+1.08%,
respectively), and the total apoptosis was more pronounced
(22.17£2.45 vs. 9.15£1.85%). U2-0OS cells revealed a similar
result (9.74+2.20 vs. 3.59+2.17% for total apoptosis). To vali-
date the aforementioned conclusions at the cellular pathway
level, the expression levels of apoptosis-related proteins were
detected by western blot analyses. As revealed in Fig. 5,
compared with the control group, the expression levels of the
proapoptotic proteins cleaved caspase-3 and BAX were signif-
icantly upregulated in the CK group in MG-63 and U2-OS
cells, while the expression of the inhibitory protein, Bcl-2, was
downregulated (P<0.05). From the aforementioned results,
it was concluded that CK significantly induced apoptosis in
osteosarcoma cells.

CK inhibits the migration and invasion of osteosarcoma cells.
In the previous results, it was demonstrated that CK inhibited
proliferation and induced apoptosis of osteosarcoma cells. To
further confirm the effect of CK on the migration and invasion
of osteosarcoma cells, a Transwell assay was used. As revealed
in Fig. 6A, the number of cells in the CK group passing through
the Transwell chamber membrane were significantly lower in
the MG-63 and U2-OS CK-treated groups than in the control
group [invasion: MG63,75.72+19.13 vs. 318.16+26.37 (control),
P<0.05; U2-0S, 45.83+£14.22 vs. 362.37+21.71 (control),
P<0.05; migration: MG63, 123.15+£12.39 vs. 398.63+31.40
(control), P<0.05; U2-0S, 132.94+29.91 vs. 453.33+34.17
(control), P<0.05], indicating that CK inhibited both the
migration and invasion of MG-63 and U2-OS cells. To further
characterize the relationship between CK and the mTOR
signaling pathway, RADOOI, a specific inhibitor of mTOR,
was added. As revealed in Fig. 6B, the number of cells in the
CK or RADO0O1 group passing through the Transwell chamber
membrane was significantly lower than in the NC group,
and this trend was more pronounced when cells were treated
with both CK and RADOOI. Therefore, it was hypothesized
that CK played a similar role as an mTOR inhibitor, and
that this effect was related to the mTOR signaling pathway.
Furthermore, the expression of the invasion-related proteins,



CHEN et al: ANTITUMOR EFFECT OF GINSENOSIDE CK ON OSTEOSARCOMA CELLS

889

MGBE3 uz-0s5
A _, ~NC 120
E = CK g4 = ~MG-63
=1 =] <100 = U2-05
g3 1 ¢3 % 80
® . :/ = % o
g2 1 g2 B
o ~F @ 5 40
21 £1 @
2 2 5 20
o o &)
<0+ - < O+ . . 04
o 1 2 3 4 5 0o 1t 2 3 4 5 0 5 10 15 20 25 30 35 40
Time (days) Time (days) CK (uM)
MG63 U2-0s
Bio 1.0
=
£ 0.8 c
P=] [=]
& [=1] *
= 0.6 : m——
LI : §
@ —T— Q
2 04 g
g £
5 [=]
§ 0.2 2
= T
0.0 o2
CK CK
MG-63
MGE3 D 604 E3 NC
C 3 = CK
: 5

[=] 1 - ] *

%- % 1 E 40 *

=3 1 £

| = 2
5 §7 5N k=1
a9 ] 3 @
ES Eol S 204
Z o] é 31 =

8] 3

= R

T R ] 0-

o4 SNANNAN - o " GO/G1 s G2/M

0 20 40 60 80 100 120 O 20 40 60 80 100 120
Channels (FL2-A) Channels (FL2-A)
NC CK EA NG
_ uz-0s
U2-08 b EdCK
— *
= -

E' a3 ,% 40 -
- o 2 * b
@ @ = =]

o - 2L
£ g 5
Zd S84 g 20 4

=2 (=0 =

w w 8

=3 = S S— NSRS I 04

30 120 0 30 60 80 120 150 GO/G1 s
Channels (FL2-A) Channels (FL2-A)
NC CK

Figure 2. CK inhibits viability and proliferation of MG63 and U2-OS cells. (A) Cells were treated with different concentrations of CK (0, 5, 10, 15, 20, 25 and
30 uM). CK exhibited significant inhibitory effects on MG63 and U2-OS cells, as revealed by MTT assay. (B) BrdU cell proliferation kits were used to evaluate
the anti-proliferation effect of CK on MG63 and U2-OS cells. (C) Propidium iodide staining cell cycle analyses were performed to detect the distribution of
cells at each state of the cell cycle following CK treatment. (D) Cell cycle distribution of CK-treated cells revealed G2/M-phase arrest. "P<0.05 vs. the NC
group. Experiments were repeated three times and the results are expressed as the mean + SEM. CK, ginsenoside compound K; NC, normal control.

MMP-2 and MMP-9 were detected, in each group by western
blot analyses. As indicated in Fig. 6C, the results revealed
that after treatment with CK, MMP-2 and MMP-9 expression
levels were significantly downregulated in MG-63 and U2-OS
cells (P<0.05), which was consistent with the aforementioned
conclusions, and confirmed that CK inhibited the migration
and invasion of osteosarcoma cells.

CK is involved in the PI3K/mTOR/p70S6K1 signaling pathway
in osteosarcoma cells. To further investigate the antitumor

mechanism of CK on MG-63 and U2-OS cells, the expression
levels of related proteins in the PI3K/mTOR/p70S6K1 signaling
pathway were investigated. The results of western blot analyses
revealed that after treatment with CK, PTEN the major blocking
protein of the PI3K/mTOR/p70S6K1 pathway was significantly
upregulated in MG-63 and U2-OS cells (P<0.05; Fig. 7A).
However, the core action proteins of the PI3K/mTOR/p70S6K1
pathway, including p-AKT and p-mTOR, were significantly
downregulated in the CK group (P<0.05; Fig. 7A and B), indi-
cating that the PI3K/mTOR/p70S6K1 pathway was blocked



890 ONCOLOGY REPORTS 43: 886-896, 2020

304

Apoptosis (%)
no
o

-
o
i

40+
—. 301
0
8 204
[= %
o
<
101
0 r :
NC CK

Figure 3. Apoptosis-related morphological changes of cell nuclei induced by CK in MG63 and U2-OS cells. (A and B) Cells were treated with or without CK
(20 M) and cell nuclei were stained with AO/EB and observed under a fluorescence microscope. Cells with condensed or fragmented nuclei were considered
apoptotic, and early apoptotic nuclei presented as green or light yellow; late apoptotic nuclei presented as orange or red (N, normal nuclei; A, apoptotic nuclei).
Experiments were repeated three times. “P<0.05 vs. the NC group. CK, ginsenoside compound K; AO/EB, acridine orange/ethidium bromide; NC, normal control.
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Figure 4. Apoptotic changes of cell nuclei induced by CK in MG63 and U2-OS cells detected by TUNEL assays. (A and B) Cells were treated with or without
CK (20 uM) and cell nuclei were stained with DAPI and TUNEL assay solution and observed under a fluorescence microscope. Normal nuclei exhibited
regular elliptical shapes and were stained blue by DAPI; apoptotic nuclei presented as condensed or fragmented and were stained green by TUNEL assay solu-
tion. Compared with the control group, the CK group exhibited significant apoptosis. Data are expressed as the means + SEM. All experiments were repeated
three times. "P<0.05 vs. the NC group. CK, ginsenoside compound K; NC, normal control.

after treatment with CK. The downregulation of p70S6K1  this conclusion. Furthermore, the expression levels of p-mTOR
expression in the CK group (P<0.05; Fig. 7B) further confirmed  and p70S6K1 were downregulated when treated with RADOO1
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in U2-OS cells, which was consistent with the effect of CK.
When cells were treated with both CK and RADOO1, they
played a synergistic role and the downregulation of the expres-
sion levels of p-mTOR and p70S6K1 were more pronounced
(Fig. 7C). Overall, these conclusions confirmed that CK blocked
the PI3K/mTOR/p70S6K1 signaling pathway of MG-63 and
U2-0S osteosarcoma cells.

Discussion

Ginsenoside CK is one of the main metabolites of ginsenoside,
which is a glycoside compound composed of sugars and
aglycones, and belongs to a triterpenoid compound family.
According to the structure of sapogenin, it can be divided into
three categories: One is an oleanane-type pentacyclic triter-
penoid saponin, the sapogenin is oleanolic acid, and the other
two are dammarane-type tetracyclic triterpenoid saponins,
which are the majority of ginsenosides and are the primary
active ingredients of ginseng. According to different aglycons,

the dammarane type tetracyclic triterpenoid saponin can be
divided into the original ginseng diol saponin and the original
ginseng triol saponin. Ginsenoside CK, a major member of
the originally reported ginseng diol saponin, has been a topic
of research in the fields of anti-inflammatory and antitumor
effects. Recent studies have revealed that ginsenoside CK
has anti-inflammatory, antioxidative, and neuroprotective
effects (13-16), and of particular interest are its antitumor
effects.

Studies have confirmed that CK has an inhibitory effect
on various tumor cells, including liver, lung, breast and colon
cancer as well as leukemia (12,17-19). The antitumor effect of
CK is mainly reflected in its ability to significantly attenuate
the proliferation, invasion, and migration of tumor cells.
Lee et al (20) revealed that CK significantly inhibited the prolif-
eration and invasion of malignant glioma cells by blocking the
PIBK/AKT/mTOR signaling pathway. Kang et al (21) reported
that CK inhibited colon cancer cell proliferation and induced
apoptosis by inhibiting histone deacetylase activity.
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Figure 6. Migration and invasion of MG63 and U2-OS cells after treatment with CK. (A) Cell invasion and migration abilities were detected by Transwell
migration assays and observed under an inverted phase-contrast microscope. Histogram analyses revealed that CK effectively inhibited both the migration and
invasion of MG63 and U2-OS cells. "P<0.05 vs. the NC group. (B) RADOOI, a specific inhibitor of mTOR, was added. The number of U2-OS cells in the CK
or RADOO! group passing through the Transwell chamber membrane was significantly lower than in the NC group, and this trend was more pronounced when
cells were treated with both CK and RADOOI. "P<0.05 vs. the NC group. (C) Western blots revealed that CK downregulated the expression of invasion-related
proteins (MMP-2 and MMP-9) in both MG63 and U2-OS cells. "P<0.05 vs. the NC group. CK, ginsenoside compound K; NC, normal control.

Osteosarcoma is one of the most malignant bone tumors,
and its lethality is mainly reflected in the malignant, diffuse
proliferative capacity, and early tumor metastasis. Therefore,
it was speculated whether CK also had an inhibitory effect
on the proliferation and invasion of osteosarcoma cells. To
demonstrate the effect of CK on the in vitro viability and
proliferation of osteosarcoma cells in this study, MG-63 and
U2-0S cells were treated with CK. Both MTT and BrdU
assay results confirmed that CK significantly reduced the

viability and proliferation of MG-63 and U2-OS cells in vitro.
Furthermore, it was revealed that the effect of CK on cell
proliferation may be related to cell cycle distribution. Using PI
staining cell cycle analyses in both MG-63 and U2-OS cells,
it was determined that CK altered the distribution of cell cycle
stages. After treatment with CK, the S-phase ratio of MG-63
cells decreased from 51.06+3.31 to 36.96+3.07%, compared
to the control group, while the G2/M-phase ratio increased
from 16.39+2.59 to 35.23+2.33%. Similarly, the proportion
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Figure 7. Western blot analyses of proteins in the PI3K/mTOR/p70S6K1 signaling pathway of MG63 and U2-OS cells. (A) PTEN expression was upregulated,
while p-Akt expression and the ratio of p-Akt/Akt were downregulated in both MG63 and U2-OS cells after treatment with CK ("P<0.05 vs. the NC group).
(B) p-mTOR, the ratio of p-mTOR/mTOR and p-70S6k1 expression levels were downregulated in both MG63 and U2-OS cells after treatment with CK
("P<0.05 vs. the NC group). (C) The expression levels of p-mTOR, the ratio of p-mTOR/mTOR and p70S6K1 were downregulated when treated with RAD001
in U2-08 cells, and the downregulation was more pronounced when treated with both CK and RADO0I1. “P<0.05 vs. the NC group. All data represent the
mean + SEM of three independent experiments. CK, ginsenoside compound K; NC, normal control.

of the S phase decreased from 38.00+3.57 to 28.73+4.08%,
while the proportion of the G2/M phase increased from
36.25+2.77 to 45.96+3.41% in U2-0OS cells. Therefore, it was
demonstrated that CK induced G2/M-phase cell cycle arrest,
and inhibited the viability and proliferation of MG-63 and
U2-0S cells.

In order to analyze the apoptosis-inducing effect of CK,
apoptotic cell nuclear morphology assays, Annexin V/PI
staining assays, and western blot analyses were performed. It
was determined that the cell nuclei of the CK-treated group
exhibited typical apoptotic morphological changes. Similar
results were detected by TUNEL assays, whether using
MG-63 or U2-0S cells. The apoptotic nuclei were stained
green, while the normal nuclei without apoptosis were
stained blue by DAPI staining. The aforementioned results
demonstrated that CK had an apoptosis-inducing effect
on both MG-63 and U2-OS cells using nuclear apoptotic
morphological assays.

Therefore, using nuclear apoptotic morphological assays,
it was confirmed that CK had a significant apoptosis-inducing
effect on osteosarcoma cells, and the conclusions were further

confirmed by Annexin V/PI staining and western blot analyses.
Inboth MG-63 and U2-OS cells, early apoptosis (5.42+1.90 and
5.66+0.88%) and late apoptosis (16.71+1.65 and 4.17+0.60%)
were significantly higher in the CK-treated group than in the
control group. The expression levels of cleaved caspase-3 and
BAX, key proteins in the apoptotic pathway, were significantly
upregulated in the CK group, and the downregulation of the
anti-apoptotic protein, Bcl-2, further confirmed the activa-
tion of apoptosis. These results confirmed that CK-induced
apoptosis in MG-63 and U2-OS cells at the level of cellular
signaling pathways.

The aforementioned results revealed that CK inhibited
proliferation and induced apoptosis of MG-63 and U2-0OS
cells, and the results are consistent with previous studies
which revealed that CK has antitumor effects on various
tumor cells, including liver, lung, breast and colon cancer
as well as leukemia (17-21); however, another characteristic
feature of osteosarcoma cells is their aggressive invasiveness
and early metastasis. Since osteosarcoma is prone to early
metastasis (most common in lung), most patients lose the
opportunity for surgical treatment, and there is no effective
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radiotherapy and chemotherapy for osteosarcoma in the
clinic. Thus, patients usually have a poor prognosis and a
high mortality rate (22,23).

To investigate the effects of CK on the migration and inva-
sion of MG-63 and U2-OS cells, a Transwell assay was used
and the expression levels of the invasion-related proteins,
MMP-2 and MMP-9, were detected. The migration and inva-
sion of MG-63 and U2-OS cells significantly decreased after
treatment with CK, and downregulation of the expression of
MMP-2 and MMP-9 also demonstrated that CK inhibited the
migration and invasion of MG-63 and U2-OS cells. CK played
a similar role to RADOOLI, a specific inhibitor of mTOR, and
together they played a synergistic role in the effects of the
migration and invasion. Chawla et al (24) reported that the
mTOR inhibitor, Ridaforolimus, inhibited the phosphorylation
of the mTOR effector protein, S6K, to block the PI3K/AKT
pathway. Such inhibition also effectively inhibited the tumor
characteristics of osteosarcoma, and achieved significant
clinical effects. Moriceau et al (25) reported that the mTOR
inhibitor, RADOO1 (Everolimus), inhibited osteosarcoma
cell proliferation in a dose- and time-dependent manner.
Manara et al (26) reported that NVP-BEZ235, another mTOR
inhibitor, significantly inhibited the proliferation and invasion
of osteosarcoma cells, and was a possible novel potential
targeted drug for the treatment of osteosarcoma. A number
of previous studies have demonstrated that blocking the
PI3K/mTOR/p70S6K1 signaling pathway by mTOR inhibi-
tors inhibited osteosarcoma cell activity. Therefore, it was
speculated that osteosarcoma cells may play a pathogenic role
through the PI3K/mTOR/p70S6K1 pathway.

PI3K/mTOR/p70S6K1 studies have been a popular
research topic in recent years. As an essential signaling
pathway in cells, it plays an important biological function
in cell growth, proliferation, apoptosis, angiogenesis, and
autophagy. Disorders of the pathway can cause a range of
diseases, including cancer, neuropathy, and autoimmune
diseases (27). The phosphatidylinositol 3-kinase (PI3K)
protein family is involved in the regulation of various cellular
functions such as cell proliferation, differentiation, apoptosis,
and glucose transport. Increases in PI3K activity are often
associated with a variety of cancers (28). Cytokines such as
fibroblast growth factor (FGF), vascular endothelial growth
factor (VEGF), human growth factor (HGF), vascular protein
I (Angl), and insulin activate PI3Ks, and the SH2 and SH3
domains of the p85 subunit of PI3Ks bind to the adaptor protein
at a phosphorylation site. PI3K initiates phosphorylation of
various PI intermediates after recruitment of activated recep-
tors. Following this, PI3K converts PIP2 into PIP3, a process
that is particularly relevant to tumors (29). The result of PI3K
activation is the generation of a second messenger, PIP3, on the
plasma membrane. PIP3 binds to the PH domain-containing
signaling proteins, AKT and phosphoinositide dependent
kinase-1 (PDK1), which promotes PDK1 phosphorylation of
AKT Ser308 to activate AKT (30,31). Phosphorylated AKT
activates the mTOR complex (mTORCI), which activates the
translation of proteins and enhances cell growth. AKT exerts
anti-apoptotic effects by phosphorylating target proteins
through various downstream pathways. ATK activates IkB
kinase (IKKa), which leads to the degradation of the NF-kB
inhibitor, IkB, following which, NF-«kB is released from the
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cytoplasm for nuclear translocation, and its target gene is acti-
vated to promote cell survival. AKT phosphorylates the Bcl-2
family member, BAD, which binds to 14-3-3 and prevents it
from binding to Bcl-XL to initiate apoptosis (32,33).

PTEN is a PIP3-phosphatase that, in contrast to PI3K,
converts PIP3 to PI-4,5-P2 by dephosphorylation. PTEN
reduces AKT activation and blocks all downstream signaling
events regulated by AKT (34). Previous studies have
confirmed that PTEN expression in osteosarcoma cells is
significantly decreased compared to normal tissues (7,35),
indicating that the pathogenicity of osteosarcoma is related
to PTEN expression. In the present study, the expression of
PTEN in MG-63 and U2-OS cells was significantly upregu-
lated in CK-treated cells (P<0.05). In contrast, the expression
levels of p-Akt and p-mTOR were downregulated compared
with the control group (P<0.05). However, the expression
of Akt and mTOR was not significantly altered in the two
groups (P>0.05), indicating blockage of the PI3K/AKT
pathway, as described previously. The phosphorylation of
Akt was inhibited and the downstream mTOR complex could
not be activated normally; thus, inhibiting cell viability and
proliferation. Concurrently, the apoptotic proteins, caspase-3
and BAX were activated, which blocked apoptosis inhibition
and triggered apoptosis.

p70S6K1 is a direct substrate downstream of p-mTOR.
Phosphorylation of p70s6k1 by p-mTOR promotes the forma-
tion of ribosomes, initiation factors, and elongation factors
in cells, and promotes the invasion and metastasis of tumor
cells (8). The expression of p70s6kl in MG-63 and U2-OS
cells was significantly downregulated after CK treatment
(P<0.05), indicating that the PI3K/mTOR/p70S6K1 signaling
pathway was blocked, and the invasion and metastasis of
tumor cells was inhibited. When RADO0O1 was added, the
PI3K/mTOR/p70S6K1 signaling pathway was blocked, the
expression levels of p-mTOR and p70S6K1 were down-
regulated, and this result was consistent with the effect of CK.
Furthermore,CK and RADOO1 played a synergistic role inregu-
lating the expression of proteins in the PI3K/mTOR/p70S6K1
signaling pathway.

In summary, the present study revealed that CK inhibited
the viability and proliferation of osteosarcoma cells, which
was related to G2/M-phase cell cycle arrest. CK induced
apoptosis and inhibited the migration and invasion of
osteosarcoma cells, and blocked the PI3K/mTOR/p70S6K1
signaling pathway of MG-63 and U2-OS osteosarcoma cells,
which exhibited anti-tumor properties in osteosarcoma
cells. However, this study also has some limitations. Cell
viability assays on normal osteocyte cells as a healthy
control group should be performed. Research on PARP
activation status and the EGFR/RAS/MAPK pathways
needs to be performed, to demonstrate the pro-oxidant
or antioxidant effects of Ginsenoside CK in MG63 and
U2-0S cells to further confirm our conclusion. In addition,
apoptosis-related proteins, such as cleaved caspase-9 and
cleavage of PARP-1 should also be investigated to research
the specific mechanism of mitochondrial apoptosis induced
by CK. The MAPK pathway is an important signaling
pathway regulating osteosarcoma cells, and its relationship
with CK and the PI3K/mTOR/p70S6K1 signaling pathway
still requires further study.
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