NING Dimin, et al. / Digital Chinese Medicine 5 (2022) 83-92 83

Ke Al

ADVANCING RESEARCH
EVOLVING SCIENCE

journal homepage: http://www.keaipublishing.com/dcmed

Contents lists available at ScienceDirect

Digital Chinese Medicine

Niuhuang (Bovis Calculus)-Shexiang (Moschus) combination induces apoptosis
and inhibits proliferation in hepatocellular carcinoma via PI3K/AKT/mTOR

pathway

NING Dimin?®, DENG Zhe? WU Yongrong?, MEI Si°, TENG Yongjiet, ZHOU Qing®, TIAN Xuefei**

a. Hunan Key Laboratory of Translational Research in Formulas and Zheng of Traditional Chinese Medicine, College of Integrated Traditional Chinese
and Western Medicine, Hunan University of Chinese Medicine, Changsha, Hunan 410208, China
b. Department of Physiology, Hunan University of Chinese Medicine, Changsha, Hunan 410208, China

¢. Department of Andrology, The First Hospital of Hunan University of Chinese Medicine, Changsha, Hunan 410007, China

ARTICLE INFO

ABSTRACT

Article history

Received 02 November 2021
Accepted 20 December 2021
Available online 25 March 2022

Keywords

Niuhuang (Bovis Calculus)

Shexiang (Moschus)

Hepatocellular carcinoma
PI3K/AKT/mTOR singnaling pathway
Caspase-3

Caspase-9

Bcl-2

Bax

Cell apoptosis

Objective To investigate the effects of Niuhuang (Bovis Calculus, BC) and Shexiang
(Moschus) (BC-Moschus) on human hepatocellular carcinoma (HCC) cells SMMC-7721 and
a nude mouse model of subcutaneous xenografts, and to explore its anti-HCC mechanism.
Methods The BC-Moschus combination was applied to two liver cancer models in vivo and
in vitro. SMMC-7721 was divided into the BC-Moschus group and the control group, and dif-
ferent doses (rude drug dosage 0.625, 1.25, 2.5, and 5 mg/mL) of BC-Moschus extract were
used for the intervention. The proliferation ability of HCC cells was detected using the Cell
Counting Kit-8 (CCK-8) assay, and the migration ability was detected by a wound healing as-
say. A subcutaneous xenograft model was prepared using nude mice with human HCC. Spe-
cific pathogen-free-grade BALB/c nude mice (5-week-old) were randomly divided into the
following groups (7 = 6 per group): control (0.9% physiological saline 0.2 mL/d), BC-Moschus
[BC 45.5 mg/(kg-d) + Moschus 13 mg/(kg-d)], and cisplatin (DDP, intraperitoneal injection
5 mg/kg per week) groups. All groups were administered for 14 d. The volume and mass of the
subcutaneous xenografts in nude mice were observed. The expression levels of phos-
phatidylinositol-3 kinase/protein kinase B/mammalian target of rapamycin (PI3K/AKT/mT-
OR) pathway, apoptosis-associated factor p70 S6 Kinase (S6K), Bax, Bcl-2, caspase-3, and cas-
pase-9 in nude mice subcutaneous xenografts were measured by real-time quantitative PCR
(RT-qPCR) and Western blot. Terminal Deoxynucleotidy Transferase-Mediated dUTP Nick-
End Labeling (TUNEL) was used for quantitative analysis of apoptotic cells.

Results The CCK-8 assay demonstrated that the BC-Moschus combination inhibited HCC
cell proliferation in a superior manner to the use of BC and Moschus alone, and the inhibi-
tion effect was dose- and time-dependent (P < 0.01). The wound healing assay showed that
the BC-Moschus combination inhibited HCC cell migration (P < 0.01). In the subcutaneous
xenograft model of nude mice with human HCC, we found that the tumor volume and weight
of the BC-Moschus group were lower than those of the control group (P < 0.01). The levels
of the PI3K/AKT/mTOR signaling pathway and S6K protein in the BC-Moschus and DDP
groups were significantly decreased (P < 0.01). The expression level of the anti-apoptotic
gene Bcl-2 was downregulated (P < 0.05), and the expression of the pro-apoptotic gene Bax
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and apoptosis-related factors caspase-3 and caspase-9 were significantly upregulated (P <
0.01). The TUNEL assays further confirmed that the combination of the BC-Moschuas could
promote HCC (P <0.01).

Conclusion The BC-Moschus combination inhibited the proliferation and migration ability
of HCC cells SMMC-7721 and effectively inhibited the growth of subcutaneous xenografts in
nude mice. The mechanism may be closely related to the downregulation of the
PI3K/AKT/mTOR pathway, regulation of apoptosis-related protein caspase-3, caspase-9, Bcl-2,
and Bax expression, and promotion of apoptosis.

1 Introduction

Hepatocellular carcinoma (HCC) is the most common
type of primary liver cancer and is an aggressive tumor
with a poor prognosis "2, In recent years, dysregulation
of various molecular mechanisms has been shown to
contribute to the pathogenesis of HCC P’l. The phospha-
tidylinositol 3-kinase/protein kinase B/mammalian tar-
get of rapamycin (PI3K/AKT/mTOR) signaling system,
which controls multiple crucial cellular processes such as
cell proliferation, survival regulation, and metabolism, is
the most critical and over-activated pathway in approx-
imately 50% of HCC . The second messenger pro-
duced by activated PI3K binds to and phosphorylates the
serine-threonine kinase AKT . AKT then stimulates
mTOR via phosphorylation, which in turn regulates its
downstream protein p70 S6 kinase (S6K) via phos-
phorylation of S6K (p-S6K), inhibiting the production of
pro-apoptotic protein Bax while promoting the expres-
sion of anti-apoptotic protein Bcl-2 family members.
Moreover, the Bcl-2 family suppresses cytochrome C re-
lease and activation of cleaved caspase-9 and cleaved
caspase-3 [?. Resultingly, targeted suppression of the
PI3K/AKT/mTOR signaling pathway represents a viable
therapeutic option for HCC.

Niuhuang (Bovis Calculus, BC) and Shexiang
(Moschus) are precious animal durgs that are widely
used to treat various ailments 2. BC is derived from
dried gallstones removed from the gallbladder or bile
duct of domestic cattle and possesses anti-inflammatory,
antipyretic, detoxifying, sedative, and gallbladder func-
tion recovery properties '), BC has anti-tumor properties
and has been found to reduce the proliferation of mouse
malignant sarcoma cells S180, with the mechanism being
linked to the activity of the PI3K/AKT pathway . HCC
cells are subjected to natural moschus and synthetic
muskone, which can cause growth inhibition and apop-
11 and muskone can activate the PI3K/AKT signal-
ing pathway ['". However, the specific role and mechan-
ism of the BC-Moschus combination in HCC treatment
are currently unclarified. In this study, the BC-Moschus
combination was used to study the effects and mechan-
isms of the two in HCC.

tosis |

2 Materials and methods
2.1 Reagents

BC (Hunan Sanxiang Traditional Chinese Medicine Yin-
pian Co., Ltd., China), Moschus (Lhasa Changdu Chinese
Medicine Yinpian Factory, China), cisplatin (DDP,
Beijing Solebo Technology Co., Ltd., China), Fetal Bovine
Serum (FBS, Gibco, USA), penicillin-streptomycin
(Gibco, USA), Cell Counting Kit-8 (CCK-8, Gibco, USA),
Teminal Deoxynucleotidy Transferase Mediated dUTP
Nick-End Labeling (TUNEL) kit (Jiangsu KGI Biotechno-
logy Co., Ltd., China), Bicinchoninic Acid (BCA) kit
(Beyotime, China), TRIzol reagent (Invitrogen, USA),
PrimeScriptTM RT Master Mix (Takara, China), SYBR
Green (Takara, China). Antibodies against PI3K, Bax, Bcl-
2 and f-actin were obtained from Proteintech Group, Inc.
(USA). Phosphorylated (p)-PI3K, AKT, p-AKT, mTOR, p-
mTOR, cleaved caspase-3, cleaved caspase-9, and p-S6K
were obtained from Abcam (UK). For in vitro studies, BC
and Moschus were dissolved in dimethyl sulfoxide
(DMSO, Sigma-Aldrich, China), and were added to the
culture medium at the indicated concentrations of 0.625,
1.25, 2.5, and 5 mg/mlL, respectively. The DMSO concen-
tration was maintained at < 0.5%. For in vivo studies, BC
and Moschus were ground into powder and dissolved in
0.9% isotonic sodium chloride solution for intragastric
administration. According to the Chinese Pharmacopoeia
(2015 edition), the BC and Moschus doses for adults were
0.35and 0.10 g/d, respectively. According to the equival-
ent dose conversion between humans and mice, the BC
and Moschus doses were 45.5 and 13.0 mg/(kg-d), re-
spectively. The clinically equivalent dose of DDP was
5 mg/kg [14, 13].

2.2 Cell culture

The HCC cell line SMMC-7721 was identified by short
tandem repeat (Beijing Nortel Biotechnology Institute,
China), which was cultivated in Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 10% heat-in-
activated FBS and 1% penicillin-streptomycin. The cells
were incubated in a 5% CO, incubator at 37 °C.
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2.3 Cell viability assay

The cell inhibition rate was assessed using the CCK-8.
SMMC-7721 cells at the logarithmic growth stage were di-
gested and counted using a hemocytometer. Cells (5 x10°
cells per well) were seeded and cultured in 96-well
microplates. The groups were divided into BC-Moschus,
BC, Moschus, and control groups. Six multiple wells were
set up for each group and treated with different doses for
48 h. When the cells had achieved 90% confluence, 10 pL
of the CCK-8 reagent was added to each well. The cells
were cultured for 2 h at 37 °C with 5% CO,, after which the
absorbance optical density (OD) value at 450 nm was
measured with a microplate analyzer, and the half-limit-
ing dose (ICg,) was calculated to determine the SMMC-
7721 cell proliferation activity in each group.

2.4 Wound-healing assay

A total of 3 x 10° cells were seeded in each well of a 6-well
plate. After the cells reached 100% confluence, scratches
were made using a 100 pL tip, and cell debris was washed
away with phosphate-buffered saline. Next, serum-free
medium containing 5 mg/mL BC-Moschus was added
and the plates were cultured in an incubator. Represent-
ative images were taken at 12, 24, and 48 h using an optic-
al microscope at 40 x magnification. Image J software was
used to calculate the cell scratch area, and cell mobility =
(12 h scratch area - scratch area after culture)/12 h
scratch area x 100%.

2.5 Animal and tumor xenotransplantation studies

In this study, specific pathogen-free (SPF)-grade pure
BALB/c nude mice were used. The mice (5-week-old and
20 g, n =18) were purchased from Hunan Silaike Jingda
Laboratory Animal Co., Ltd. (Changsha, China; laborat-
ory animal quality certificate No. 11072719110019711;
laboratory facilities certificate No. SCXK [Xiang] 2015-
0017). All animals were maintained under SPF condi-
tions. A subcutaneous xenograft model was performed in
nude mice using the method proposed by HOU et al. ',
SMMC-7721 cells (1 x 107) were subcutaneously injec-
ted into the nude mice to form subcutaneous xenogr-
aft tumors. When the tumor volume reached approxim-
ately 100 mm?®, mice were randomly divided into three
treatment groups of six mice each: control (0.9% nor-
mal saline 0.2 mL/d by gavage), BC-Moschus [BC
45.5 mg/(kg-d) + Moschus 13 mg/(kg-d) by gavage], and
DDP (weekly intraperitoneal injection of DDP 5 mg/kg).
The volume and body weight of the nude mice were
measured every two days during the 14 d treatment peri-
od. The tumor volume was calculated as the maximum
tumor length x width? x 0.5. After 14 d of treatment, the
mice were euthanized for cervical dislocation according
to the Animal Research: Reporting of In Vivo Experi-
ments (ARRIVE) Guidelines, and the subcutaneous graft
tumors were aseptically excised, weighed, and
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photographed for documentation. The tumor tissue
samples were stored at — 80 °C in a 4% paraformaldehyde
solution for pathological examination. All animals were
carefully cared for, and the experiments were approved
by the Experimental Animal Welfare Ethics Review Com-
mittee of Central South University (Approval No. 20198
YDW3579).

2.6 TUNEL assay

The tumor tissue samples were cut into 5 mm x5 mm
blocks, dehydrated, waxed, embedded, sectioned, and
stained according to the standard protocol. Tumor tissue
samples apoptosis were detected by fluorescence micro-
scopy in strict accordance with the TUNEL kit. Nuclei and
apoptotic cells were fluoresced in blue and red, respect-
ively. Three areas of each tissue sample section were ran-
domly selected, and the number of apoptotic cells was
counted.

2.7 Western blot analysis of proteins associated with
PI3K/AKT/mTOR signaling pathway and apoptosis

A total of 25 mg of mouse tumor tissue samples were used
to prepare the protein lysates. After pre-cooling and
washing, 300 pL RIPA lysate was added for lysis for 10
min, centrifuged at 12 000 RCF at 4 °C for 10 min, and
then the supernatant was retrieved. Protein concentra-
tion was quantified using a BCA kit. After boiling, the
samples were loaded onto SDS PAGE gels with 2 pL
marker in the first well and 50 pL of lysate in each well.
Electrophoresis was performed at a constant voltage of
75V for 130 min. The protein samples were separated by
electrophoresis and transferred onto polyvinylidene flu-
oride membranes, which were then blocked with 5% skim
milk at 37 °C for 60 min. The membranes were incubated
with the primary antibody at 4 °C overnight and washed
with 1 x PBST after incubation. Secondary antibodies
were added, and the membranes were incubated at room
temperature for 60 min and then washed with 1 x PBST.
Protein expression was visualized using an enhanced
chemiluminescence reagent, and the membrane images
were captured using a BOX Chemi XRQ imaging system
(SynGene, UK). The following primary antibodies were
used: antibodies against PI3K (1 : 5 000), Bax (1 : 6 000),
Bcl-2 (1 : 2 000), and S-actin (1 : 5 000), phosphorylated
(p)-PI3K (1 : 2 000), AKT (1 : 2 000), p-AKT (1 : 2 000),
mTOR (1 : 2 000), p-mTOR (1 : 2 000), cleaved caspase-3
(1 :4 000), cleaved caspase-9 (1 :2 000), and p-S6K
(1 :1000).

2.8 Real-time quantitative PCR (RT-qPCR)

Total RNA was extracted from tumor tissue samples in
each group using TRIzol reagent according to the manu-
facturer’s instructions. Total RNA was reverse
transcribed into cDNA using PrimeScriptTM RT Master
Mix, and the resulting cDNA was used as a template for
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RT-qPCR amplification. Positive/negative primer pairs
were used for the tested genes using. Three separate
amplifications were performed using the ABI StepOne
Plus system (Applied Biosystems, USA). The forward and

reverse primers used are listed in Table 1.

Table 1 Primer sequences of RT-qPCR

Gene Upstream primer Downstream primer
PI3K 5-CGAGAGTGTCGT 5’-GACACAAACAC
CACAGTGTC-3 CTTCGCTTGT-3’
AKT 5-CCCTGCTCCTA 5’-CTCGGGTGACTT
GTCCACCA-3’ TGTCTCTGT-3’
mTOR 5-CCGCTACTGTGT 5’-AGAAACTCTAG
CTTGGCAT-3' GCGCTCGAC-3’
Bcl-2 5-TTGAAAACCGAAC 5-TCTCGTTCACCG
CAGGAATTGC-3’ TGTCCTG-3’
Bax 5-TGAAGACAGGG 5’-GCTGACAGAGG
GCCTTTTTG-3’ CCGCTTAA-3’
p-S6K 5-TGCTAAGGACAC 5’-ACACCTGGACTA
GGCCCACA-3’ AATACGGAAA-3’
Caspase-3  5'-TCTGACTGGAAA 5’-ACCCTGACTA
GCCGAAACTCT-3’ CTCCTCTACCGA-3’
Caspase-9  5'-GGCTGTTAAAC 5’-ATCACTTCGA
CCCTAGACCA-3’ CCTGGGCAGT-3’
p-Actin 5-FACATCCGTAAAG  5'-CACCTAGTCGTT

ACCTCTATGCC-3’

CGTCCTCAT-3'

2.9 Statistical analysis

All statistical calculations were performed using the stat-
istical software GraphPad Prism 7 (GraphPad Software,
USA). Data are presented as the mean + standard devi-
ation (SD). One-way analysis of variance followed by the
least significant difference test or Student'’s ¢ test was used
to determine significance. Statistical significance was set
at P <0.05.

3 Results

3.1 Inhibitory effects of the BC-Moschus combination on
HCC cell proliferation and migration

The results showed that the BC-Moschus combination
inhibited HCC cell proliferation in a superior manner to
the use of BC and Moschus alone (Figure 1A); the BC-
Moschus combination had an inhibitory effect on HCC
cells in a dose- and time-dependent manner (Figure 1B).
Furthermore, we tested the effects of the BC-Moschus
combination on HCC cell migration using a wound heal-
ing assay. The results showed that the mean cell
migration rates at 24 and 48 h were 55.8% and 94.7% in
the control group, 21.5% and 57% in the BC-Moschus
group, and 9% and 45.5% in the DDP group, respectively
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(P <0.01, Figure 1C). Therefore, the cell migration rate
was significantly reduced in the BC-Moschus and DDP
groups compared with that in the control group (P <
0.01), indicating that BC-Moschus and DDP inhibited
HCC cell migration.

3.2 Effects of BC-Moschus on subcutaneous xenograft tu-
mors of HCC in nude mice

Compared with that of the control group, the tumor size
was reduced in the BC-Moschus and DDP groups (P <
0.01, Figure 2A), and the tumor volume was decreased (P <
0.01, Figure 2B). Meanwhile, the tumor weight of the BC-
Moschus and DDP groups was significantly lower than
that of the control group (P < 0.01, Figure 2C). Further-
more, there was no significant change in the body weight
of mice in either group (P > 0.05, Figure 2D). Therefore,
the BC-Moschus group could inhibit the volume and
weight increase of subcutaneous xenograft tumors in
nude mice.

3.3 Effects of the BC-Moschus on the expression of the
PI3BK/AKT/mTOR pathway

The protein to phosphorylation ratio of the PI3K signal-
ing pathway demonstrated that, in the BC-Moschus and
DDP groups, the p-PI3K/PI3K ratio was significantly
lower than that in the control group (P < 0.01). The p-
AKT/AKT ratio showed that the BC-Moschus and DDP
groups decreased compared with the control group (P <
0.01). Meanwhile, the p-mTOR/mTOR ratio showed that,
compared with that of the control group, the ratio of the
BC-Moschus group to the DDP group was decreased (P <
0.01). Moreover, compared with that of the BC-Moschus
group, the ratio of the DDP group was decreased (P <
0.01, Figure 3A). The mRNA expression of the PI3K/AKT/
mTOR signaling pathway showed that PI3K expression in
the BC-Moschus and DPP groups was significantly de-
creased compared with that in the control group (P <
0.01), while that in the DDP group was increased com-
pared with that in the BC-Moschus group (P < 0.01).
Meanwhile, the mRNA AKT expression showed the same
trend as that of PI3K (P < 0.01). The mRNA mTOR expres-
sion in the BC-Moschus group was lower than that in the
control group, while the expression increased in the DDP
group compared to that in the BC-Moschus group (P <
0.01, Figure 3B). In addition, we detected the expression
of apoptosis-related genes downstream of the PI3K/AKT/
mTOR pathway. The results showed that, compared with
that of the control group, the protein expression of the
pro-apoptotic gene Bax increased in the BC-Moschus and
DDP groups (P < 0.01). The protein expression of the
anti-apoptotic gene Bcl-2 was decreased in the BC-
Moschus and DDP groups compared with that in the
control group (P < 0.05 and P < 0.01, respectively). Mean-
while, Bcl-2 expression in the DDP group was lower than
that in the BC-Moschus group (P < 0.01). In addition, the
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Figure 1 HCC cell proliferation and migration following BC-Moschus combination treatment

A, determination of IC5, in BC-Moschus, BC, and Moschus groups. B, cell viability was assessed using the CCK-8 assay. C, cell migra-
tion ability in different groups detected by the wound healing assay. Data are expressed as the mean + SD. *P < 0.05, *“P < 0.01, com-
pared with 6 h (0.625 mg/mL); *P < 0.01, compared with 12 h (1.25 mg/mL); **P < 0.01, compared with 24 h (2.5 mg/mL); **P < 0.01,
compared with the control group; P <0.01, compared with the BC-Moschus group.

phosphorylated S6K protein decreased in the BC-
Moschus and DDP groups (P < 0.01, Figure 3C). Further-
more, Bax, Bcl-2, and S6K mRNA expression showed a
consistent trend with protein expression (P < 0.01, Figure
3D). In conclusion, our results suggest that the BC-
Moschus can inhibit PI3K/AKT/mTOR and its down-
stream apoptosis-related signaling pathways.

3.4 Effects of the BC-Moschus combination on HCC cell
apoptosis

The results showed that, compared with that of the con-
trol group, cleaved caspase-3 protein expression in the
BC-Moschus and DDP groups was not statistically
significant (P > 0.05). The cleaved caspase-9 protein ex-
pression was increased in the BC-Moschus and DDP
groups compared to that in the control group (P < 0.05

and P < 0.01, respectively), and the expression was in-
creased in the DDP group compared to that in the BC-
Moschus group (P < 0.01, Figure 4A). The mRNA expres-
sion results showed that caspase-3 and caspase-9 expres-
sion was significantly increased in the BC-Moschus group
compared with that in the control group (P < 0.01), while
caspase-3 and caspase-9 expression was lower in the
DDP group than that in the BC-Moschus group (P < 0.01,
Figure 4B). In addition, the TUNEL assay was used to de-
tect the number of apoptotic cells in subcutaneous xeno-
graft tumors of nude mice in each group. The results
showed that the number of apoptotic cells in the BC-
Moschus and DDP groups were higher than that in the
control group (P < 0.01, Figure 4C). In conclusion, the
results showed that the BC-Moschus combination upreg-
ulated the expression of apoptosis executors and pro-
moted HCC cell apoptosis.
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Figure 2 Inhibitory effects of the BC-Moschus combination on subcutaneous xenograft tumors of HCC in nude mice

A, representative tumor image at the end of the treatment. B, mean subcutaneous xenograft tumor volume. C, subcutaneous xenograft
tumor weight in each group. D, average body weight of the mice during treatment. Data are expressed as the mean + SD. *P < 0.01,
compared with the control group.

A B
BC- = —
Control Moschus DDP % LOF Control % L5F = g(én;\l;;ﬂ .
-PI3K = == BC-Moschus - == BC-Moschus
«u 17}
PI3K | S SN S 5 kD g glo- T »
P-AKT | e wmm — 56kD & 5
£ <
AKT 4 S s 56 kD ié’ os| .
o =) ok
p-mTOR W 250kD @ 2 .y
mMTOR | W . W )5) D § §
. p-PI3K/PI3K  p-AKT/AKT p-mTOR/mTOR PI3K AKT mTOR
B-Actin | NN 2 kD
= Control D = Control N
C 0.8 wm BC-Moschus 0.8 : gCD‘Fl‘V[OSC us

BC- == DDP
Control Moschus DDP

Bax | e . @ o 56KkD
Bcl-2 | emmw em® o= 250 kD
pP-S6K D e oo 250 kD

B-Actin | CEVEDEEP 4 D

=
=

0.6

<
~

0.4

e
)

0.2

(=}

Relative protein expression level
Relative mRNA expression level

Bax Bcl-2 p-S6K Bax Bcl-2 S6K

Figure 3 The expression levels of PI3K/AKT/mTOR pathway and downstream apoptosis-related genes after treatment in
each group

A and B, protein and mRNA expression of the PI3K/AKT/mTOR pathway in each group. C and D, the protein and mRNA expression of
Bax, Bcl-2, and p-S6K in each group. Data are expressed as the mean + SD. *P < 0.05, **P < 0.01, compared with the control group;
*P <0.05, P <0.01, compared with the BC-Moschus group.



NING Dimin, et al. / Digital Chinese Medicine 5 (2022) 83-92

Anti-liver cancer research on BC-Moschus 89

A B
TO04r @
5 041 = Control i S 4r +% = Control
BC- g == BC-Moschus . == BC-Moschus
o dConlrol Moschus DDP 2 03| == DDP -2 N == DDP
cave’ e W 7 g *x
caspase-3 & 2,
Cleaved g 02 T Sat i
e e 46KD S =
caspase-9 ‘é‘ * é HH#
0.1 S1k
p-Actin S P W 2D 2 5 !
Cleaved caspase-3 Cleaved caspase-9 R~ Caspase-3 Caspase-9
DAPI TUNEL Merge
C
Control ) )
] 20T = Control ok
o == BC-Moschus
= sk
£ |5| == DDP
8
a
) |
BC-Moschus Z. 10+
=
S 5|
5}
Na}
£
Z 0
DDP Control BC-Moschus DDP
Groups

Figure 4 Effects of the BC-Moschus combination on HCC cell apoptosis

A, protein expression of cleaved caspase-3 and cleaved caspase-9 in each group. B, mRNA expression of caspase-3 and caspase-9 in
each group. C, the number of apoptotic cells in subcutaneous xenograft tumors in each group (40 x). Data are presented as mean + SD.
*P <0.05, *P <0.01, compared with the control group; *P < 0.01, compared with the BC-Moschus group.

4 Discussion

HCC is the main type of primary liver cancer with high
morbidity and mortality worldwide !'". According to the
World Health Organization (WHO) statistics, by 2030,
more than one million patients will have died of liver can-
cer ' 9, Oxidative stress, apoptosis, cholestasis, and bile
acid disorders play important roles in the HCC develop-
ment “*!, BC and Moschus have been used as tradition-
al Chinese animal-derived therapeutic drugs for more
than 2 000 years in China. BC can improve intrahepatic
cholestasis, restore bile acid homeostasis, and protect the
liver through the signal transduction pathway mediated
by the farnesoid X receptor * %!, Moreover, BC promotes
HepG?2 cell apoptosis ), Meanwhile, through data min-
ing of network pharmacology, we showed that the effects
of BC on primary liver cancer were predominantly fo-
cused on apoptosis and the PI3K-AKT signaling pathway,
and the molecular targets with multiple intersections
were apoptosis executor factors such as cleaved caspase-3
and cleaved caspase-9 ", Recently, the antitumor activ-
ity of Moschus has gradually been revealed. Both natural
and synthetic Moschus induce growth inhibition and
apoptosis in numerous neoplastic diseases, and their
therapeutic effects are dose-dependent . QI et al. ¥
reported that muskone played an anticancer role by in-
ducing HCC cell apoptosis and autophagy. Xihuang Pill
(%H+#% H, XHP), a traditional Chinese medicine com-
pound with BC and Moschus as the main components,

has also been used in liver cancer treatment [9%2
however, the mechanism of action on liver cancer re-
mains unclear.

The PI3K pathway can provide basic metabolites
through glycolysis and adipogenesis, and promote canc-
er cell growth [l AKT is associated with resistance to ma-
lignant transformation and apoptosis [. The survival
of continuously active tumor cells may depend on
AKT B%3], mTOR is a kinase downstream of AKT, which is
phosphorylated by the PISK/AKT pathway U “. The
PI3K/AKT/mTOR signaling pathway is the most com-
mon hyperactivated signaling pathway in HCC ¥, and it
has become an attractive target for HCC treatment by reg-
ulating multiple processes, such as the cell cycle, apop-
tosis, and metabolism ?. Our findings showed that the
BC-Moschus combination inhibited HCC cell prolifera-
tion and migration in vitro, and also confirmed that the
BC-Moschus combination could inhibit the growth of
subcutaneous xenograft tumors in nude mice in vivo.
We further explored the mechanism of HCC inhibition by
the BC-Moschus combination, and determined that the
BC-Moschus combination could effectively inhibit the ex-
pression of members of the PI3K/AKT/mTOR signaling
pathway. Thus, based on these findings, it can be in-
ferred that the BC-Moschus combination inhibits HCC by
inhibiting the PI3K/AKT/mTOR signaling pathway.

It has been reported that simultaneous inhibition of
the PI3K/AKT/mTOR pathway and Bcl-2/Bcl-xL can
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increase apoptosis [ */, mTOR induces phosphorylation
of its downstream protein, S6K, which in turn regulates
the Bcl-2/Bcl-xL. apoptosis pathway. The Bcl-2 protein
family plays a key role in apoptosis through the mito-
chondrial pathway “* and inhibits the Bcl-2 protein by
activating a member of the BH3-only family (promoter),
thereby activating the pro-apoptotic effector Bax "%, Ac-
tivated Bax then penetrates the outer membrane of mito-
chondria, causing cytochrome C to be released into the
cytoplasm. Released cytochrome C promotes caspase-9
activation, which in turn activates the apoptotic effector
protein caspase-3. Caspase-3 is the primary executor of
apoptosis, which can specifically cleave substrates such
as PARP, eventually leading to DNA breakage and cell ap-
optosis “**, Our results indicated that the BC-Moschus
combination inhibited the PI3K/AKT/mTOR signaling
pathway, downregulated p-S6K expression, and inhib-
ited the expression of the anti-apoptotic gene Bcl-2.
Moreover, the pro-apoptotic gene Bax cleaved caspase-9,
and cleaved caspase-3 expression was promoted. Simul-
taneously, we detected the apoptosis of subcutaneous
xenograft tumors in nude mice, and the results con-
firmed that the BC-Moschus combination can promote
HCC cell apoptosis.

5 Conclusion

In this study, we demonstrates that the BC-Moschus
combination can promote apoptosis by inhibiting the
PI3K/AKT/mTOR pathway, and it plays a role in redu-
cing the proliferation, migration, and growth of HCC.
This study revealed the anti-HCC effect and mechanism
of the BC-Moschus combination to a certain extent,
providing evidence for future clinical applications and
basic research.
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35— A B A5 A i it PISK/AKT/mTOR 4% 5 i 55 47 )
BT 4 B8 T B8 =

T AR, AR, RARE B, BRAS A B E R

a. B P IE 25k G [E LS P 2h IR ML g B L e E, i KY 410208, F E
b. P EZGAKFAEFZHIFE, Hd K 410208 F E
c. Hg P E G K FE— W E R BB & K7 410007, F E

[H2Z] B8 KT % - AT A A AN 28 i SMMC-7721 BAR ST 9% & T B AHLIE 09 %, 3T L3
FEREAUH]  F B B - B A BA 2 A TR A ARSI P AR AT R AL AL AR 9138 SR AT J& SMMC-7721 408 % , 52 36
oA - A3 R, R R B R (£ 25% 0.625.1.25.2.5.5 mg/mL) 2 % - & X RUR AT T
TR, 0 R 3 54 % AP (CCK-8) 55 Bt ) AT S 2 JEL3E FH 56 7 , A5 0 A 5 B Ao AT S 2 L3 45 48 A o ) B A
B e IR R T AAA B AR R, 24 18 R 5 A # SPF &A1+ BALB/c 2 R AL A KA 20 (0.9% 24 22 3 K
0.2 mL/d) ,2F 3% —Ji & 48 [ 4 35 45.5 mg/(kg-d) + A% & 13 mg/(kg-d)] 5 IR 44 48 (DDP, & A MBI 24 — Kk
5mg/kg), H4 6 R, ZARAHLH U R ANERAK THHEBBERAREREEN, KA EFELTE
PCR (RT-PCR) #2%& & %74 ¥F it 7% (Western blot) A& AT & 4% % T A AL G AL AL o B i BEILES -3- 18 Bl /3% & %L
B B/R 3Lah 4 E v F & ¥e & & (PISK/AKT/mTOR) i@ %, 24 =48 5% B -F p70 S6 Kinase (S6K). Bax, Bcl-2. cas-
pase-3 #= caspase-9 %) & ik, JRAL R 3% # A5 B 4710 R (TUNEL) A T8 22069 £ 2 547, R CCK-8 %3
R, 3k A TR A A AR BT IR 4n BL3E FA AL AR TR R ek 2, BLAE A AR 2R R MR (P <0.01),
AR R A, k- e A B A E R ST S 4m BT AS AR R 69 AR AR (P <0.01), AT AR RUL T A4
R EZREIN, FE-RETABARABRE R ZTHIKTHEAA (P<0.01), F5-4H45 DDP A
PI3SK/AKT/mTOR 1z 5 i@ % & S6K % & % ik K-TF ¥ 2 T & (P<0.01), & Js A 20478 X A Bcl-2 #9 & ik
T (P <0.05), /2 74 = A& B Bax & A =48 % B T caspase-3 #= caspase-9 #J & A % % L (P <0.01), TUN-
EL S Iadnik — FIE 5, —H B AL B AR AT R a0 08 — (P < 0.01). 38 2F & — 5 A 55 A1 A 48 3 5 AT % 2w
e, SMMC-7721 #4934 35 B it 4%, 3t 8 37 5 I R 4% SR T A5 48 69 £ K, LA 7T 4 5 F 8 PI3K/AKT/mT-
OR i@l ¥ if 4= 4 =48 % & & caspase-3.caspase-9.Bcl-2 F» Bax #9 & ik B AL 3t 20 feL ) = % 048 % .

[ £4#33 ] 4%, Jis & BT 5% 29 86 ; PISK/AKT/mTOR 43 5 i@ % ; Caspase-3; Caspase-9; Bcl-2; Bax; 28 it 8 =
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