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Aim: To investigate the anticancer effects of Jinlong capsule (JLC) against human glioblas-
toma cells and the possible underlying mechanism.

Methods: Cell Counting Kit-8 and colony formation assay were adopted for the analysis of cell
viability. Cell invasion and migration were evaluated by transwell and wound healing assays. Then,
the expression level of mammalian target of rapamycin (mTOR), phosphorylated mTOR (p-
mTOR), S6 and phosphorylated S6 (p-S6) were determined by western blotting.

Results: The results showed that JLC significantly inhibited human glioblastoma cell
proliferation, invasion and migration in a dose-dependent manner. The expressions of
p-mTOR and p-S6 were dramatically suppressed by JLC. Furtherly, inhibition of mTOR
reduced the cell migration and invasion, while the mTOR agonist (MHY 1485) could partially
reverse the anti-migration and anti-invasion activity of JLC.

Conclusion: The above results suggested that JLC would be a potential candidate for the
treatment of glioblastoma.
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Introduction

Glioblastoma is the most lethal type of brain tumor, accounting for 46.6% of
primary malignant brain tumors." The standard therapeutic regimen remained
maximal neurosurgical resection, radiotherapy and/or chemotherapy with
temozolomide.? In recent years, even though a variety of novel approaches to the
treatment of glioblastoma have emerged, such as immunotherapy,” gene therapy,*
transdifferentiation induced neural stem cells,’ stereotactic laser interstitial thermal
therapy,® and so on, the mean survival of glioblastoma patients is still 14.6 months,’
while the 5-year survival rate remains only 5.5%."

The aggressive properties of glioblastoma, including uncontrolled proliferation, inva-
sive growth and rapid migration, result in the obstacle to the treatment of glioblastoma.®
Therefore, it is essential to explore effective medicines and treatment strategies to prevent
the proliferation, invasion and migration of glioblastoma. Recently, traditional Chinese
medicine (TCM) has gained wide attention due to their therapeutic effects on glioblas-
toma and less side effects. More and more kinds of TCMs have been confirmed to have
antitumor effects against glioblastoma.” 2

Jinlong capsule (JLC), consist of Gekko, Bungarus and Agkistrodon, is a TCM
preparation which has been used for years."? Its effective components were extracted
by cryogenic freezing, biochemical separation, reverse osmosis concentration and
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other technologies from the raw animal materials.'* One
study has identified 17 kinds of amino acids by UPLC and
established the fingerprint of amino acid composition of
JLC."® Gekko sulfated polysaccharide-protein complex
(GSPP), extracted from Gekko, have been proven to be
a good antitumor preparation.'®'” Clinical researches find
that JLC has anticancer effects in a way on a range of
malignant tumors, and can improve the patient’s immune
function and survival quality.'® 2 Preclinical study indicates
that JLC can inhibit proliferation and induces apoptosis in
a variety of cancer cells."*'* But up to now, there are very
few studies on the antitumor effect of JLC against glioblas-
toma. To the best of our knowledge, so far, there has only
been one in vivo study on the anti-glioma effect of JLC, but
the anticancer mechanism is not clear.' In this study, we
aimed to determine whether JLC inhibits the invasion and
migration of human glioblastoma cells in vitro and explore
the underlying mechanisms.

Materials and methods

Drugs and reagents

JLC was supplied by Beijing Jiansheng Pharmaceutical
Co., Ltd. (No.170517, Beijing, China). JLC was stored at
—20°C and dissolved in DMEM at a concentration of
100 mg/mL as a stock solution, then diluted with DMEM
before each experiment.

Antibodies to mammalian target of rapamycin (mTOR)
(#2983), S6 (#2217) and p-S6 (#4858) were purchased
from Cell Signaling Technology (Boston, MA, USA).
Antibody to p-mTOR (ab109268) was purchased from
Abcam (Cambridge, MA, USA). Cell Counting Kit-8
(CCK-8)
Technologies (Japan). Rapamycin and MHY 1485 were

was obtained from Dojindo Molecular

purchased from MedChemExpress (New Jersey, USA).

Cell culture

Human glioblastoma cell lines A172 and U251 were pur-
chased from the Cell Resource Center of Peking Union
Medical College (Beijing, China). A172 and U251 cells
were cultured in DMEM (Grand Island, NE, USA) sup-
plemented with 10% FBS (Grand Island, NE, USA) at 37°
C with 5% CO, atmosphere.

CCK-8 assay

The cell viability was measured with CCK-8 assays
which is based on WST-8 (2-(2-methoxy-4-nitrophe-
nyl)-3-(4-nitrophenyl)-5-(2,4-disulfonyl ~ benzene)-2H-

tetrazole monosodium salt). WST-8 is a compound simi-
lar to MTT, which can be reduced by some dehydro-
genases in mitochondria to form orange formazan in the
presence of electron-coupled reagents. The more and
faster the cell proliferation, the darker the color. For
the same cells, there is a linear relationship between
color and number of cells. In brief, cells were seeded
into 96-well culture plates at a density of 5x10° cells
per well with specified concentrations of JLC (0, 0.5, 1,
2,4, 8 and 10 mg/mL) and incubated for 24 hr. Then,
10 pl of CCK-8 was added to each well and cells were
incubated at 37°C for 1 hr. The absorbance at 450 nm
was determined using the microplate reader (BioRad,
Hercules, CA, USA).

Crystal violet assay

A172 and U251 cells were seeded into 12-well culture
plates at a density of 2x10° and 3x10° cells per well,
respectively. After changed with specified concentrations
of JLC (0, 1, 4, 8 and 10 mg/mL), cells were incubated for
24 hr. The cells were fixed with 4% pre-cooling parafor-
maldehyde for 15 min, stained with 0.1% crystal violet
and photographed.

Colony formation assay

A172 and U251 cells were seeded into six-well culture
plates at a density of 500 cells per well. Cells were
changed with medium containing 0 mg/mL or 8§ mg/mL
JLC every 3 days and incubated for 12 days. After 4% pre-
cooling paraformaldehyde fixing for 15 min, the colonies
were stained with 0.1% crystal violet for photographing.

Scratch wound healing assay

A172 and U251 cells (5x10° cells in 2 ml cell culture
medium) were seeded into six-well plates until the cellular
confluence reached approximately 80%. Three separate
scratching wounds were created with a sterile 200 pl
pipette tip. After rinsed with PBS (Grand Island, NE,
USA) for three times, the medium was replaced with
serum-free DMEM with or without JLC at different con-
centrations for 24 hr. Then, the wounds at marked lines
were photographed and counted using Image J software
(National Institutes of Health, Bethesda, MD, USA).

Cell migration and invasion assay

The effects of JLC on the migration and invasion were
checked using transwell assay. Briefly, Cells at a density of
5x10* cells per well were seeded in the upper chamber of
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the transwell migration chambers (8-pum pore size; Costar,
Cambridge, MA, USA) and incubated with JLC (0, 1 and
4 mg/mL). The lower chamber was added with DMEM
containing 20% FBS. After 24 hr, cells were fixed by 4%
pre-cooling paraformaldehyde, stained with 0.1% crystal
violet in methanol, and photographed in three independent
fields for each well. Cell invasion assay was similarly
operated with the migration assay except that coated
Matrigel (BD Biosciences, San Jose, CA, USA) on the
filter membrane. Migrating/invading cells were photo-
graphed and counted using an optical microscope (Carl
Zeiss Meditec AG, Jena, Germany).

Western blotting

Cells were treated with JLC for 24 hr. The total protein
was extracted with RIPA lysis buffer and phosphatase
inhibitors (Applygen, Beijing, China). Equal quantity of
protein was separated by SDS-PAGE gel and transferred
onto polyvinylidene difluoride membranes (Millipore,
Billerica, MA, USA). The membranes were blocked with
5% BSA at room temperature for 1 hr, incubated with
primary antibodies (1:1,000) at 4°C overnight and incu-
bated with horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies (1:2,000) at room temperature for 1 hr.
Protein bands were detected by chemiluminescence HRP
substrate (Millipore) and analyzed by Image J software
(National Institutes of Health).

Statistical analysis

All data are described as the mean £+ SD. All experiments
were done in triplicate or more. ANOVA was performed to
determine differences between multiple groups. A P-value
<0.05 was considered statistically significant. Statistical
analyses were performed with SPSS 17.0 statistical soft-
ware (SPSS Inc., Chicago, IL, USA).

Results

JLC inhibited the cell viability

The inhibitory effects of JLC on the viability of glioblas-
toma cells were assessed by CCK-8 assays and colony
formation assay. A172 and U251 cells were treated with
JLC for 24 hr under a range of concentrations (0, 0.5, 1, 2,
4, 8 and 10 mg/mL). As shown in Figure 1A, cell viability
was inhibited in a concentration-dependent manner when
drug concentration was greater than or equal to 2 mg/mL.
After treated with 0, 1, 4, 8 and 10 mg/mL JLC, cells were
visualized by light microscopy and stained with crystal

violet to observe the changes in morphology. As the con-
centration of the drug increased, the cells exhibited cell
vacuoles, shrinkage and turned round, especially in A172
cells (Figure 1B and C). Colony formation assay showed
cell colonies were reduced after drug treatment (Figure 1D).
The above results indicated that JLC could suppress glioma
cells proliferation and cell viability. To avoid the inhibitory
effect of JLC on cell invasion and migration caused by the
decreased cell viability, the cell viability >80%, that is,
concentrations of 1 mg/mL and 4 mg/mL were selected in
all subsequent experiments unless otherwise indicated.

JLC inhibited the mobility of A172 and

U251 cells

The effects of JLC on the mobility of A172 and U251 cells
were checked by wound healing assays. A172 and U251
cells were treated with 0, 1 and 4 mg/mL JLC for 24 hr.
After creating scratching wounds with a 200 ul pipette tip,
the cell-free areas were detected. The results indicated that
JLC inhibited the cell mobility of A172 and U251 cells
substantially in a concentration-dependent manner com-
pared with control group (Figure 2).

JLC inhibited invasion and migration of
A172 and U251 cells

Next, the effects of JLC on the invasion and migration of A172
and U251 cells were assessed with transwell assays with or
without matrigel. As illustrated in Figure 3, the number of cells
with invasion and migration reduced remarkably with the
concentration of JLC increased, suggesting JLC can inhibit
the invasion and migration of A172 and U251 cells.

JLC suppresses mTOR/S6 signaling in
A172 and U251 cells

Our results showed that JLC inhibits migration and inva-
sion activity in A172 and U251 cells dramatically. It has
been revealed that mTOR plays an important role in reg-
ulation of tumor cell motility, invasion and cancer metas-

cells. 2>

tasis, including glioma Therefore, we
investigated whether the effects of JLC on cell migration
and invasion could be ascribed to the possible involvement
of mTOR signaling pathway. The results showed that JLC
of mTOR and S6 in

a concentration-dependent manner, while no significant

reduced phosphorylation

differences were detected in the expression of the total
protein levels of these molecules (Figure 4).
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Figure | Effect of JLC on the viability of glioblastoma cells. The cells were treated with different concentrations of JLC and examined using a CCK-8 assay (A), light microscope (B),
crystal violet staining (C), and colony formation assay (D). Data were represented as the mean + SEM of three independent experiments. *P<0.05, vs untreated group. Magnification,

100x.
Abbreviations: |LC, Jinlong capsule; CCK, Cell Counting Kit-8.

JLC inhibits invasion and migration
activity by blocking mTOR/S6 pathways in
Al172 and U251 cells

To further confirm whether the inhibition of invasion
and migration activity by JLC mainly depend on its
suppression of mTOR/S6 pathways, A172 and U251

cells were treated with JLC (4 mg/mL), mTOR inhibi-
tor rapamycin (Rapa, 10 uM) alone, or combination of
JLC (4 mg/mL) and MHY 1485 (a mTOR agonist, 10
uM). The results indicated that inhibitor of mTOR
could inhibit the expression of p-mTOR and p-S6,
simultaneously reduced the cell migration and invasion
dramatically, while MHY 1485 could improve the level

submit your manuscript

1026

Dove!

Drug Design, Development and Therapy 2019:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Shi et al

0 mg/mL

A172

B 0 mg/mL

Oh

U251
U . .

24h

1 mg/mL

4 mg/mL

1 mg/mL 4 mg/mL

C A172 U251
120 = 120
< * *
S | S 100 -
S 100 . e .
3 Cw ]
53 80+ co 8
P o ® 0T
8E 60+ o5 607
=8 ==
TE 40 8E ]
o S
20 ° 20 4
2 s
04 0

Control 1 mg/mL 4 mg/mL

Control 1 mg/mL 4 mg/mL

Figure 2 JLC inhibited the wound closure of A172 and U251 cells. (A) Representative images of wound closures in A172 cells. (B) Representative images of wound closures
in U251 cells. (C) Statistical analysis of cell-free area for A172 cells. (D) Statistical analysis of cell-free area for U251 cells. All experiments were performed in triplicates.

*P<0.05 (compared with control group). Magnification, 40x.
Abbreviation: JLC, Jinlong capsule.

of p-mTOR and p-S6, and partially remedy the inhibi-
tory effect of JLC on cell migration and invasion
(Figure 5). On the basis of the above results, it can
be suggested that the cell migration and invasion of
A172 and U251 cells should be restrained by JLC, at
least in part, through the mTOR/S6 pathway.

Discussion
Glioblastoma is the primary malignant tumor in the central

! and surgical resection is still the main

nervous system,
treatment at present.” Due to the characteristics of invasive
growth and strong migration, the recurrence rate of glio-

blastoma is very high.?**> Cell migration and invasion
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Figure 3 JLC inhibited the invasion and migration of A172 and U251 cells. (A) Representative images of migration in A172 and U25I cells. (B) Representative images of

invasion in A172 and U251 cells. (C) Statistical analysis of relative migration rate.

(D) Statistical analysis of relative invasion rate. All experiments were performed in

triplicate. *P<0.05, **P<0.01 (compared with control groups), #P<0.05, #P<0.01 (compared with | mg/mL groups). Magnification, 40x.

Abbreviation: |LC, Jinlong capsule.

play critical roles in the metastasis of cancer cells, which
can be attributed to the activation of relevant target signal-
ing pathways and contribute to tumor recurrence.
Therefore, it is pivotal to inhibit cancer cell migration/
invasion and suppress the activation of the target signaling
pathway.?® Recently, accumulating researches have veri-

fied that a wide variety of TCMs reveal inhibitory effects

on cancer cells including glioblastoma cells. For example,
hedyotis diffusa willd extract inhibits the growth of human
glioblastoma cells in a dose- and time-dependent
manner.’” Shikonin can attenuate the proliferation, migra-
tion, and invasion capability of human glioblastoma
cells.'® Toosendanin inhibits GBM cell proliferation and

induces apoptosis in vitro and in vivo.'? Calycosin inhibits
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Figure 4 Effects of JLC on mTOR/S6 pathway in A172 and U251 cells. (A) Representative blot of A172 cell lysates. (B) Representative blot of U251 cell lysates. (C) The
band intensities of p-mTOR relative to total mTOR. (D) The band intensities of p-S6 relative to total S6. All experiments were performed in triplicates. Significant difference

from control group, *P<0.05 and **P<0.01.
Abbreviations: |LC, Jinlong capsule; mTOR, mammalian targetof rapamycin.

migration and invasion in U87 and U251 cells.”® These
studies indicate that TCMs have potential value in the
treatment of glioblastoma.

JLC and one of its active ingredients-GSPP have signifi-
cant effects of anti-tumor.'®2° Recently, one in vivo study
showed that JLC could inhibit the growth of orthotopic
glioblastoma in the nude mice without evident side effect.”’
It could be the indirect evidence that JLC could go through
the blood-brain barrier which is the major challenge of drugs
to cure glioblastoma, and illustrated that JLC has potential
clinical prospect in the treatment of glioblastoma. The
mechanism of antitumor activities of JLC has not been elu-
cidated thoroughly now, however. In this study, we investi-
gated the anticancer effects of JLC against human
glioblastoma cells in vitro and explored the possible mechan-
ism, in order to discover a new strategy for glioblastoma.

Firstly, we examined the anti-proliferative ability of JLC
against human glioblastoma A172 and U251 cell lines with
CCK-8 and colony formation assay. The results showed that
JLC could inhibit the proliferation and cell viability of
glioma cells, especially in A172 cells. This discrepancy
may be due to the different sensitivities to the drug in

specific glioblastoma cell type. To ensure the inhibitory
effects of JLC on cell migration and invasion were not
caused by the cytotoxicity of the compound, concentrations
of 1 mg/mL and 4 mg/mL were used in subsequent experi-
ments. Next, transwell assays and wound healing assays
were carried out to investigate the effects of JLC on cell
migration and invasion. Data showed that JLC inhibited the
migration and invasion of A172 and U251 cell lines in
a dose-dependent manner (Figures 2 and 3). Our results
are in coherence with nearest report.”!

Another focus of attention for us was the mechanisms
involved in this process. It has been reported that the mTOR
not only can impact cell growth, survival and differentiation,*’
but also plays a vital role in regulating tumor cell motility,
3932 MTOR contains two dis-
tinct complexes, named mTOR complex 1 (mTORC1) and 2
(mTORC?2), in which the activation of mTORCI] leads to the
phosphorylation of p70S6 kinase (S6K) and eukaryotic initia-
tion factor 4E (eIF4E) binding protein 1 (4E-BP1).*>* S6 is
a downstream target of S6K 1, which is activated by phosphor-

invasion and cancer metastasis.

ylation. A growing body of evidence pointed that mTOR
signal was often activated in glioma, making it a therapeutic
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Figure 5 Effects of rapamycin and MHY 1485 on the invasion and migration of A172 and U25I cells. (A) Representative images of wound closures in Al172 cells. (B)
Representative images of wound closures in U251 cells. (C) Representative images of migration in A172 and U251 cells. (D) Representative images of invasion in A172 and
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Statistical analysis of relative invasion rate. (I) Representative blot of A172 and U251 cell lysates. All experiments were performed in triplicates. Significant difference from
control group, *P<0.05 and *#P<0.01. Significant difference from JLC group, *P<0.05 and #%P<0.01. Magnification, 40x.

Abbreviation: |LC, Jinlong capsule.

target.***> The inhibitors of mMTOR can suppress the prolifera-
tion, invasion and migration of glioma cells.”**® Besides,
clinical studies found that there was an inverse relationship
between the expression of phospho-S6 and survival of glioma
The above research results indicate that mTOR and
S6 play a critical role in the occurrence and metastasis of
glioma. To verify whether JLC exerts the effect of anti-
invasion and anti-migration by regulating the mTOR/S6 path-

patients.>*

way, the expression levels of mTOR and S6 proteins were

detected by Western blotting assays. The results revealed that
JLC only inhibited the expression of phosphorylated mTOR
and phosphorylated S6 in a concentration-dependent manner,
while did not influence the expression level of total protein in
the cells (Figure 4). To further support these findings, cell
invasion and migration were examined upon the treatment of
mTOR inhibitor or JLC in combination with mTOR agonist.
Our results demonstrated that inhibition of mTOR reduced the
cell migration and invasion, while mTOR agonist could
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partially remedy the inhibitory effect of JLC on cell migration
and invasion (Figure 5).

The data taken together in this study indicated that JLC
regulates, at least in part, the mTOR/S6 pathway to exert the
inhibitive effects of JLC on migration and invasion in glio-
blastoma. But, there are a number of limitations in the
current study. First, we only studied in cellular level without
the support of clinical samples and animal experiments, the
anti-glioma effect of JLC needs further verification. Second,
this study lacks the research on the effect of JLC on normal
human astrocytes. Furthermore, mTOR is involved in the
transmission of multiple signal pathways, including PI3K/
AKT/mTOR  pathway, AKT/TSCI1-TSC2/Rheb/mTOR
pathway and LKB1-AMPK-TSC-mTOR pathway, etc., all
of which can affect its downstream target S6K 1 and 4E-BP1,
so as to achieve the regulation of cellular functions.’’
However, the exact upstream pathway through which JLC
regulates mTOR remains unclear. Besides, JLC as a Chinese
traditional compound medicine, it is necessary to further
elucidate its active components in anti-glioma. Therefore,
further researches with the help of high-throughput and
bioinformatics are needed to explore its exact active ingre-
dient and mechanism(s).

Conclusion

The data taken together in this study indicate that JLC
regulates, at least in part, the mTOR/S6 pathway to exert
the inhibitive effects of JLC on migration and invasion in
glioblastoma in vitro. Although some limitations lay in the
research, and further work is still needed to be investi-
gated. Anyway, one thing it means is that JLC has poten-
tial as a candidate for the treatment of glioblastoma in the
future. This study also provides further evidence for the
treatment of glioma with TCM.

Data availability
The data of this study are available from the corresponding
author on reasonable request.
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