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Abstract: The global burden of malignant glioma is expected to increase and new therapy approaches are urgently
required. Solasonine is a natural glycoalkaloid compound that has been used in cancer treatment for many years;
however the precise mechanisms are poorly understood. Here we seek to explore the potential roles of solasonine in
glioma that could add to the development of newer therapeutic approaches for the treatment of malignant glioma.
Cell proliferation of glioma cells was determined by MTT assay, and the biological functions of solasonine were inves-
tigated by migration, colony formation, apoptosis assays and cell cycle analysis in glioma cells. Western blotting and
RT-qPCR were used to detect the protein and gene expression levels respectively. The nuclear localization of NF-kB
p50/p65 was analyzed after treatment with solasonine. The roles of MAPKs in the anticancer effect of solasonine
were then examined. The in vivo anti-tumor efficacy of dopamine was also analyzed in xenografts nude mice. We
report that solasonine could inhibit cell proliferation, migration and colony formation of glioma cells. Treatment of
solasonine induced apoptosis via modulating cytochrome ¢ and caspase signaling. Besides, solasonine decreased
the expression of proinflammatory mediators and nuclear translocalization of NF-kB p50/p65. Mechanistic inves-
tigation further revealed that solasonine may target anti-inflammatory signaling pathway, and more specifically
p-p38 and p-JNK MAPKs. All these indicated that solasonine could inhibit glioma growth via inhibiting inflammatory
signaling pathway.
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Introduction their toxicity may be due to these alkaloids [9,
10]. Solasonine (Figure 1) are the major glycoal-
kaloid found in at least 100 Solanum species
[11] from which a 3b-acetoxipregno-5,16-dien-

20-one is obtained [12]. Munari et al. [13] have

There are many difficulties in the treatment of
cancer, but the most frequent are drug resis-
tance, toxicity and low specificity [1]. Plant mol-

ecules and their semi-synthetic and synthetic
derivates are important sources of antitumor
drugs. According to Cragg and Newman [2],
over 50 % of the drugs in clinical trials for
anticancer activity were isolated from natural
sources or are related to them. Solanum lyco-
carpum A. St.-Hil (Solanaceae) is a plant found
in Southeast and West-Central Brazil, on native
Brazilian savanna [3]. The genus Solanum has
anti-inflammatory [4, 5], antihepatotoxic [6]
and hypotensive activities [7], besides inhibit-
ing allergic reactions and histamine release [8].
Plants of the Solanum genus are known for
their high alkaloid concentration and part of

investigated the antiproliferative activity of so-
lasonine against cancer cell lines and demon-
strated that solasonine may be good candi-
dates for anticancer drug development.

Glioma is by far the most common primary brain
tumor in adults [14]. The median survival of gli-
oma patients is only 12-15 months, and this
has not improved despite multimodal treatment
[15]. Despite the advances in the management
of malignant gliomas, they remain character-
ized by dismal prognoses [16]. Glioblastomas
are the most common brain malignancies and
the most challenging brain tumors to treat,
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Figure 1. Solasonine inhibits the growth of human glioma cells. (A) The chemical structure of solasonine. (B, C)
U87 MG, U251 and U118 MG cells were cultured with indicated concentrations of solasonine for indicated hours,
and then, morphological observation (B) and MTT assay (C) were performed. Results represent the mean + SD of
three experiments done in triplicate. The inhibition rate of solasonine on U887 MG cells, U251 and U118 MG cells
were detected by MTT after 24 h of solasonine treatments, IC, value was calculated. *P < 0.05 and **P < 0.01 vs.

DMSO-treated group.

accounting for 15.1% of the total central ner-
vous system tumors [17]. Therefore, the devel-
opment of new treatments is urgently needed.

Mounting evidence suggests an important role
for inflammation in tumor development [18,
19]. The development of gliomas, in particular,
is closely associated with inflammation sta-
tus and immune response [20, 21]. It is there-
fore proposed that more complete studies are
needed to fully assess the roles and status of
systemic inflammation in malignant gliomas
and inflammation-targeted methods could be
potential for drug development.

NF-kB is a central regulator of the inflammatory
process and plays a critical role in inflamma-
tion. This molecule regulates the expression of
a group of proinflammatory mediators, such
as cyclooxygenase-2 (COX-2), inducible nitric
oxide synthase (iNOS), tumor necrosis factor o
(TNF-cx), and interleukin 6 (IL-6) [22]. NF-kB sig-
naling is an optimal therapeutic target for the
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pathogenesis of inflammation. Besides, mito-
gen-activated protein kinases (MAPKs) signal-
ing pathways such as those mediated by p38
MAPK (p38), c-Jun NH2-terminal kinase (JNK),
and extracellular signal-regulated kinase (ERK)
are important for NF-kB transactivation or
translocation [23]. Therefore, NF-kB nuclear
translocation is an active inflammatory res-
ponse, suggesting the possibility for its manip-
ulation in anti-inflammatory drug development
[24]. Therefore, the aim of the current study
was to confirm the anti-inflammatory effects of
solasonine and determine the role of NF-kB and
its upper regulators to evaluate the potential of
dopamine as an alternative drug in the treat-
ment of glioma.

In the present study, we seek to explore wheth-
er solasonine was able to inhibit glioma growth
in vivo and in vitro. These findings could provide
strong evidence to support the anti-tumor activ-
ity of solasonine in glioma and indicated that
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solasonine could be potential to be novel thera-
peutic strategy for human malignant glioma.
This study could present a strong and mecha-
nistic basis for pharmacokinetic studies and
clinical trials to evaluate the efficacy of solaso-
nine as a glioma therapy.

Materials and methods
Antibodies and other materials

The primary antibodies for p-p38, p-JNK, Bax,
Bcl-2, cleaved caspase-3, cleaved caspase-9,
NF-kB p65 and p-p65, B-actin and all the sec-
ondary antibodies were obtained from Cell
Signaling Technology (Cell Signaling Technology,
Inc, USA). The primary antibodies for NF-kB p50
and cytochrome C were obtained from Santa
Cruz Biotechnology (Santa Cruz, CA, USA).
Trypsin, Dulbecco’s Modified Eagle’s Medium
(DMEM) and fetal bovine serum (FBS) were
obtained from HyClone Laboratories (HyClone
Laboratories Inc.). Solasonine was purchased
from Yuanye Biotech. (Jinan, China), and was
dissolved in DMSO and kept at -20°C, as the
stock solution. MBG was diluted in culture
medium to obtain the desired concentration,
which was stable in DMSO. The Phosphate
Buffered Saline (PBS), protease inhibitor cock-
tail and 5-diphenyltetrazolium bromide (MTT)
were purchased from Sigma Chemical Co (St.
Louis, MO). All other chemicals were purchased
from Sigma Chemical Co. (St. Louis, MO) unless
otherwise specified.

Cell culture

Human U87 MG, U251 and U118 MG cell lines
were obtained from ATCC (Manassas, VA). Cells
were maintained in either DMEM medium sup-
plemented with 10% fetal bovine serum. All cell
cultures were maintained at 37°C in a humidi-
fied atmosphere containing 5% CO,,.

Cell viability assay

Cell viability was determined by a MTT assay
(Roche Diagnosis, Indianapolis, IN). Briefly, lung
cancer cell lines were seeded at 6 x 10° cells/
well in 96-well plates. Cells were allowed to
adhere for overnight, and then the cells were
changed to fresh medium containing various
concentrations of solasonine dissolved in DM-
SO (final concentration, 0.1%). After 48 h incu-
bation, the growth of cells was measured. The
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effect on cell viability was assessed as the
percent cell viability compared with untreated
control group, which were arbitrarily assigned
100% viability. The solasonine concentration
required to cause 50% cell growth inhibition
(IC,,) was determined by interpolation from
dose-response curves. The OD values were
determined. All experiments were performed in
triplicate.

In vitro migration assay

Scratch assay (wound healing assay) was per-
formed to detect cell migration. The cells were
grown to full confluence in six-well plates and
wounded with a sterile 100 ul pipette tip after 6
h of serum starvation and then washed with
starvation medium to remove detached cells
from the plates. Cells were treated with indi-
cated doses of solasonine in full medium and
kept in a CO, incubator. After 48 h, medium
was replaced with phosphate buffered saline
(PBS) buffer, the wound gap was observed, and
cells were photographed using a Leica DM
14000B microscope fitted with digital camera.

Colony formation assay

To analyze the cell sensitivity to solasonine, we
used a colony formation assay in vitro. Briefly,
U87 cells (0.8 x 103 per well) were seeded in
six-well plate containing 2 ml growth medium
with 10% FBS and cultured for 24 h. Then,
removed the medium, and cells were exposed
to various concentrations of solasonine. After
24 h, cells were washed with PBS and supple-
mented fresh medium containing 10% FBS.
The cultures were maintained in a 37°C, 5%
CO, incubator for 14 days, allowing viable cells
to grow into macroscopic colonies. Removed
the medium, and the colonies were counted
after staining with 0.1% crystal violet.

Apoptosis assay

Apoptosis was measured by fluorescence-acti-
vated cell sorter (FACS) using the Annexin V-
FITC Apoptosis Detection Kit (Nanjing KeyGEN
Biotech. CO., LTD.). In brief, cells plated in 6-well
plates were treated with solasonine. After treat-
ment of 12 h, cells were collected and washed
once with cold PBS, and subsequently stained
simultaneously with FITC-labeled annexin V and
Pl. Stained cells were analyzed using FACS
Accuri C6 (Genetimes Technology Inc.).
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Cell cycle analysis by flow cytometry

U87 MG cells were incubated with different
concentrations of solasonine for 24 h. Then,
the cells were trypsinized into single cells and
collected, washed with phosphate-buffered sa-
line (PBS), and then suspended in a stain-
ing buffer (10 ug/mL propidium iodide, 0.5%
Tween 20, 0.1% RNase in PBS). The stained
cells were analyzed by flow cytometer with
CellQuest acquisition and analysis software
program (Becton Dickinson and Co., San Jose,
CA).

Mitochondrial membrane potentials assay

JC-1 probe was employed to measure mito-
chondrial depolarization in glioma cells. Briefly,
Cells cultured in six-well plates after indicated
treatments were incubated with an equal vol-
ume of JC-1 staining solution (5 pg/ml) at
37°C for 20 min and rinsed twice with PBS.
Mitochondrial membrane potentials were moni-
tored by determining the relative amounts of
dual emissions from mitochondrial JC-1 mono-
mers or aggregates using an Olympus fluores-
cent microscope under Argon-ion 488 nm laser
excitation. Mitochondrial depolarization is indi-
cated by a decrease in the red/green fluores-
cence intensity ratio.

Western blotting analysis

Cell lysate proteins were separated by electro-
phoresis on a 7.5-12% sodium dodecyl sulfate-
polyacrylamide minigels (SDS-PAGE) and then
electrophoretically transferred to a PVDF mem-
brane. Western blots were probed with the spe-
cific antibodies. The protein bands were detect-
ed by enhanced chemiluminescence. Similar
experiments were performed at least three
times. The total protein concentration was de-
termined using a BCA protein assay kit.

Quantitative real-time reverse transcription
polymerase chain reaction (RT-qPCR)

Total RNA was extracted from U87 MG cells
after treatment with solasonine for 48 h, using
TRIzol reagent according to the kit protocol
(TaKaRa Bio, Dalian, China). cDNA was reverse-
transcribed using the PrimeScript RT Reagent
Kit (TaKaRa Bio, Dalian, China) according to the
manufacturer’s instructions. The Q-PCR reac-
tion was performed following the kit protocol
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(TaKaRa Bio, Dalian, China), and amplification
was performed using the Mx3005P Real-Time
PCR System (Agilent, CA, USA). The relative
MRNA expression of each gene was normalized
to GAPDH RNA levels and analyzed using the
284¢T method. The primers were synthesized by
Invitrogen (Shanghai, China).

Confocal immunofluorescence

Immunofluorescence staining was done in cells
cultured in chamber slides. After solasonine
treatment, the cells were washed in phosphate-
buffered saline (PBS) and fixed for 10 min at
room temperature (RT) with 4% paraformalde-
hyde. The samples were permeabilized with
0.2% TritonX-100 for 5 min. And then blocked
with 10% bovine serum albumin (BSA) in PBS
for 30 min. Antibodies against cytochrome c,
p65 and p50 in the 1% blocking solution were
added to the sample and incubated for over-
night at 4°C. Following three 10-min washes
with PBS, fluorescein isothiocyanate- and rho-
damine conjugated secondary antibodies were
added in 1% blocking solutions and incubated
for 1 hr. Subsequently, the stained samples
were mounted with 4’,6-diamidino-2-phenyl-
indole (DAPI)-containing Vectashield solution
(Vector Laboratories Inc.) to counterstain cell
nuclei. After five additional 5-min washes, sam-
ples were examined with a Leica DM 14000B
confocal microscope.

Animal studies

All animals were maintained, and animal experi-
ments were done in SPF Laboratory Animal
Center at Dalian medical university. The ani-
mals used in this study were female nu/nu mice
(4-6 weeks old). To evaluate the therapeutic
efficacy of solasonine in a human U87 ortho-
topic glioma mouse model, U87 cells (2 x 10%in
100 uL PBS) were injected subcutaneously
near the axillary fossa of the nude mice using
a 27-gauge needle. The tumor cell-inoculated
mice were randomly divided into three treat-
ment groups that each contained five mice. Two
weeks later, when the tumor diameters reached
3 mm x 4 mm, group A was treated with PBS;
group B and group C with solasonine by intra-
peritoneal injection every day. Tumors were
measured with a caliper every 2 days, and the
tumor volume was calculated using the formula
V = 1/2 (width? x length). Body weights were
also recorded. On day 30 after tumor cell inocu-
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Figure 2. Solasonine suppressed cell colony formation and migration, promoted apoptosis and altered cell cycle. A:
The tumor cell U87 MG-induced colony formation was analyzed, and the colony formation rate was calculated. B:
Solasonine inhibits U87 MG migration in wound healing assay. U87 MG were plated, scratched and then incubated
with solasonine with indicated doses. Cell migration was measured by manual counting. C: The apoptosis analyzed
with FCAS. The experiments were repeated for three independent times. Results represent the mean + SD of three
experiments. DMSO treated group. D: U87 MG cell cycle analysis were performed after 24 h of solasonine treatment
by FACS vantage flow cytometer. The experiments were repeated three times. Results represent the mean + SD of
three experiments. *P < 0.05 and **P < 0.01 vs. DMSO-treated group.

lation, all experimental mice were terminated
with ether anesthesia and the total weight of
the tumors in each mouse was measured. To
determine p65 NF-kB expression, the tumor
tissues were harvested and freshly fixed with
10% neutral formalin and desiccated and em-
bedded in paraffin. 4 ym sections were stain-
ed with hematoxylin and eosin, p-p65 NF-kB
(1:150) antibody, and examined under a light
microscope. The images were examined under
a Leica DM 4000B fluorescence microscope
equipped with a digital camera.

All animal maintenance and procedures were
carried out in strict accordance with the re-
commendations established by the Animal
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Care and Ethics Committee of Dalian Medical
University as well as the guidelines by the U.S.
National Institutes of Health Guide for the Care
and Use of Laboratory Animals. The protocol
was approved by the Animal Care and Ethics
Committee of Dalian Medical University. In ani-
mal study, all efforts were made to minimize
suffering of mice. All mice were humanely sa-
crificed by ether anesthesia inhalation before
death.

Statistical analysis
All experiments were repeated three times.

Data are represented as mean * standard devi-
ation (SD). Analysis of variance and Student’s

Am J Transl Res 2017;9(9):3977-3989
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Figure 3. Solasonine promoted cytochrome c release and downstream caspase activation. (A) The release of cy-
tochrome ¢ in U87 MG cells was determined by immunofluorescence imaging analysis to monitor cytochrome ¢
release from the mitochondrial intermembrane space into the cytosol. Cytochrome ¢ (green) shows a continuously
enhanced pattern with the use of increasing doses of solasonine and co-localizes with the mitochondria (red) in
U87 MG cells. The levels of the Bax and Bcl-2 (B), cleaved caspase-3/9 and cleaved PARP proteins (C) in U887 MG
cells was analyzed by western blotting. Bar = 50 um. n = 3. (*P < 0.05, significant differences between solasonine

treatment groups and control groups).

t-test were used to compare the values of the
test and control samples in vitro and in vivo. P
< 0.05 was considered to be a statistically sig-
nificant difference. SPSS 17.0 software was
used for all statistical analysis.

Results

Solasonine inhibited glioma cell proliferation
and changed cell morphology

The anti-tumor effects of solasonine were de-
tected in U887 MG, U251 and U118 MG cells.
Firstly, we quantitatively examined the effect of
solasonine (Figure 1A) on cell morphology and
morphological observation indicated that sola-
sonine could obviously impact the growth and
the morphology of U87 MG cells at indicated
doses (Figure 1B). By MTT assay, solasonine
inhibited the proliferation of the three cell lines
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in a concentration-dependent manner (Figure
1C). Data showed that the IC, values of solaso-
nine for U87 MG cells, U251 and U118 MG cells
were 3.97, 6.68 and 13.72 uM, respectively.

Solasonine suppressed cell colony formation
and migration, together promoted apoptosis
and altered cell cycle

Consistent with cell proliferation inhibition,
solasonine also significantly inhibited colony
formation and resulted in a remarkable dec-
rease at colony formation ratio (Figure 2A).
Wound-healing assay further revealed the inhi-
bition effect of solasonine on tumor cell mobil-
ity in U87 MG cells (Figure 2B). Subsequently,
the apoptosis of U87 MG induced by solaso-
nine was detected. By Annexin V-FITC apoptosis
detection, it was observed that the solasonine-
induced apoptosis in U887 MG cells was incre-

Am J Transl Res 2017;9(9):3977-3989
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Figure 4. Effect of solasonine on the expression of proinflammatory mediators in U87 MG cells. Human U87 MG
cells were treated with solasonine at the indicated doses. At 48 h after treatment, expression levels of IL-6 and
TNF-a gene were analyzed by RT-qPCR (A, B), expression levels of iNOS and COX-2 protein were analyzed by western
blotting (C, D) in U7 MG cells, respectively. The data are presented as mean + SD of three tests. (**P < 0.01, sig-
nificant differences between solasonine treatment groups and control groups).

ased in a dosage-dependent manner (Figure
2C). To understand the inhibitory mechanism of
solasonine on cell growth, cell cycle analysis
was performed. The US7 MG cells were exposed
to the indicated concentrations of solasonine
for 24 h, and as shown in Figure 2D, cells were
arrested in G1 phase, the percentage of cells in
S phase and G2/M phase decreased.

Solasonine induced apoptosis via modulating
cytochrome ¢ and caspase signaling

Induction of apoptosis in target cells is a key
mechanism for anti-cancer therapy. We next
seek to determine the dose-dependent effect
of solasonine on apoptosis. The results indicat-
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ed that solasonine treatment resulted in a
significant dose-dependent induction of apop-
tosis in U87 MG cells. Through immunofluores-
cence imaging analysis (Figure 3A), cytochrome
c (green) shows a continuously enhanced pat-
tern with the use of increasing doses of solaso-
nine and co-localizes with the mitochondria
(red) in U87 MG cells. And cytochrome c that
release from the mitochondrial intermembrane
space into the cytosol increased obviously with
increase doses of solasonine. Next, the levels
of the Bax and Bcl-2, together the cleaved cas-
pase-3/9 and cleaved PARP proteins in U87
MG cells was further analyzed by Western blott-
ing (Figure 3B, 3C). Intriguingly, high Bax/Bcl-2

Am J Transl Res 2017;9(9):3977-3989
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ratio is the most important index of apoptosis
mediated through the intrinsic mitochondrial
mechanism [25], and solasonine could induce
high Bax/Bcl-2 ratio. Besides, solasonine could
markedly increase the expression levels of
the cleaved caspase-3, caspase-9 and PARP
proteins as compared with the control group
(Figure 3C). These results demonstrated that
solasonine could induce glioma cell apoptosis
through triggering cytochrome ¢ release from
mitochondria and facilitating the downstream
apoptosome assembly and caspase activation
in the cytosol.

Solasonine decreased the expression of proin-
flammatory mediators

To assess the anti-inflammatory activity of sola-
sonine, the expression of proinfammatory me-
diators in U87 MG cells were further examined.
At 48 h after treatment, expression levels of
IL-6 and TNF-a gene were analyzed by RT-qgPCR
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(Figure 4A, 4B), expression levels of iINOS and
COX-2 protein were analyzed by Western blot-
ting (Figure 4C, 4D) in U87 MG cells, respec-
tively. It was observed that solasonine reduced
the protein expression of iINOS and COX-2, and
decreased the gene expression of IL-6 and
TNF-a in a dose-dependent manner. All these
confirmed that in the treatment groups with
either 4 or 8 yM solasonine, proinflammatory
mediators expressions were significantly re-
duced compared with the vehicle group. These
initial results indicated that solasonine could
be of strong anti-inflammatory activity in vitro in
glioma.

Solasonine inhibited NF-kB translocation from
cytoplasm to nuclei

NF-kB is present in the cytosol in an inactive
state. To further investigate the relationship
between solasonine-induced cell proliferation
and the activated signaling pathways in glioma,

Am J Transl Res 2017;9(9):3977-3989
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Figure 6. Solasonine suppressed the inflammatory response through partial regulation of MAPK signaling, by target-
ing p-p38 and p-JNK in glioma. A: Solasonine suppressed phosphorylation of P38 and JNK MAPKs in U87 MG cells.
(**P < 0.01 compared with the control cultures). B: The anti-inflammatory mechanism of solasonine regarding its

effect on NF-kB signaling pathway.

U87 MG cells were stimulated with different
concentrations of solasonine. Constitutive tra-
nslocation of NF-kB p50/p65 to the cell nucle-
us were detected in U87 MG cells were detect-
ed by Western blotting (Figure 5A). We next
performed immunofluorescence assay to con-
firm the nuclear localization of NF-kB and the
colocalization of p50 and p65 in US7 MG cells
by confocal microscopy analysis with a confo-
cal microscope (Figure 5B). The results con-
firmed that solasonine inhibited NF-kB signal-
ing pathway in U87 MG cell, leading to the
inhibition of nuclear translocation of the p50-
p65 subunits of NF-kB, which could be follow-
ed by p65 phosphorylation. Thus the effect of
solasonine on p65 phosphorylation was further
explored in the following section regarding the
in vivo study. The results indicate that the inhi-
bition of US7 MG cell proliferation by dopamine
might be mediated by inhibiting NF-kB translo-
cation from cytoplasm to cell nuclei.
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Solasonine suppressed phosphorylation of
p38 and JNK MAPKs

The phosphorylation status of these MAPKs
was investigated by Western blotting analysis
(Figure 6A). Solasonine suppressed phosphor-
ylation of p38 and JNK MAPKs in U87 MG cells.
All these indicate that solasonine suppresses
the inflammatory response through partial reg-
ulation of MAPK signaling, by targeting p-p38
and p-JNK in glioma. Besides, the anti-inflam-
matory mechanisms of solasonine regarding its
effect on inflammatory signaling pathway were
concluded in graphical representation (Figure
6B). The molecular activity of solasonine will be
our next area of investigation.

Solasonine inhibited the growth of glioma
xenografts in nude mice

In order to detect the inhibitory effect of solaso-
nine on U87 MG cells in vivo, we performed
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Figure 7. Solasonine inhibited tumor growth in glioma mouse models. An orthotopic mouse model of human U87
MG was used to evaluate the effect of solasonine. A: Photographic illustration of tumors from control and solaso-
nine-treated nude mice on the day of sacrifice (day 13), and the tumor weights of them were showed in the graph.
B: Tumor volumes were also measured. C: Immunohistochemical analysis of p-p65 protein expression in tumor
samples. Neutral formalin fixed tumor samples were prepared from animals and analyzed by immunohistochemical
staining with rabbit anti-rabbit second antibody using the Vectastain Elite ABC kit, and examined under a micro-
scope. (*P < 0.05 and **P < 0.01 compared with the control groups).

elementary tumor xenografts in nude mice. In
these 13 days, each group sacrificed one mo-
use. On the 13th day, the weights of the tumors
were weighed after dissection. As shown in
Figure 7A, 7B, solasonine treatments resulted
in significant tumor suppression compared with
the control group. Besides, since p65 phos-
phorylation could lead to the nuclear transloca-
tion of NF-kB, we further examined the effect of
solasonine on p65 phosphorylation. The immu-
nohistochemical staining assay was used to
determine the expression of p-p65 (the acti-
vated form of p65). The expression levels of
p-p65 were significantly decreased with solaso-
nine treatment in vivo, as compared with the
vehicle group (Figure 7C).

Discussion

Currently there is little known about the biologi-
cal effects of solasonine in vivo and in vitro.
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Solasonine could be of better drug ability, but
only few researches have studied on its anti-
cancer activities. In the present study, we found
that solasonine could effectively inhibit glioma
cells growth and enhance apoptosis induc-
tion dose-dependently with IC_ of only 6 uM.
Furthermore, we showed that the effects of
solasonine on glioma cells growth and apopto-
sis were mediated through inhibiting NF-kB sig-
naling pathway. Here, to the best of our knowl-
edge, it might be the first time to report the
treatment of solasonine on glioma growth and
to demonstrate the underlying mechanisms
both in vitro and in vivo.

In our study, considering that U887 MG cell line
is more applicable for morphological obse-
rvation and has a higher ability to form xeno-
graft in nude mice, we performed almost in
vitro experiments in U87 MG cells to study the
molecular mechanism of the anticancer effect
of solasonine.
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Recent literature [26, 27] from the past decade
have pointed to a complex relationship between
inflammation and tumor growth. Data now sup-
port mechanisms through which an inflamma-
tory microenvironment may drive tumorigene-
sis [28, 29]. Models of inflammation-induced
cancers of the body begin with a normal cell
acquiring a mutation that confers survival ad-
vantages relative to its neighbors, and similar
mechanisms have been reported in the context
of gliomas. As immunotherapy gains traction
as a brain cancer therapeutic [30], it is espe-
cially important to consider the role of inflam-
mation in gliomagenesis. Very complex and
seemingly competing mechanisms of inflam-
mation may both suppress and stimulate a glio-
ma’s inflammatory microenvironment, the bal-
ance of which drives malignancy. Despite in-
flammation’s dichotomous effects on glioma-
genesis, the summation of evidence suggests
that the net effect of an inflammatory microen-
vironment is immunosuppressive, a character-
istic which has hampered the success of vari-
ous glioma immunotherapies [31, 32]. All the-
se indicate that anti-inflammatory mechanism
could be potential for discovering new drugs for
glioma treatment.

The intracellular pathways involved in inflam-
matory reactions are complicated, thus, the
precise mechanism of action by which solaso-
nine inhibits its cellular targets was investigat-
ed. Glioma tumor growth is advanced by an
inflammatory microenvironment involving vari-
ous inflammatory mediators like COX-2, iNOS,
TNF-a and IL-6, leading to enhanced vasodila-
tion, proliferation [33], migration [34], and the
rapid growth of gliomas [35]. Thus we explore
whether solasonine could inhibit the expres-
sion of inflammatory mediators. Besides, it is
known that NF-kB is a central regulator of the
inflammatory process and plays a critical role
in inflammation. Not only is NF-kB aberrantly
activated in glioma but it also serve as a no-
dal point where a group of upstream signaling
pathways converge. And such node subse-
quently regulate several downstream effectors
associated with tumor progression [36]. Since
NF-kB regulates the expression of a group of
proinflammatory mediators mentioned above,
we further seek to explore the effect of solaso-
nine on NF-kB activity. We found that solaso-
nine could inhibit translocation of the NF-«kB
p65/p50 proteins from cell cytoplasm to nucle-
us. All these could indicate the involvement of
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anti-inflammatory pathway in the anticancer
effect of solasonine.

MAPK pathways are pivotal in regulation of
inflammation and production of inflammatory
mediators. It has been reported that the activa-
tion of NF-kB is triggered by MAPKs ERK, JNK,
and p38 MAPK [37]. However, other reports
showed a negative regulation between NF-kB
and MAPKs [38]. Therefore, the relationship
between NF-kB and MAPKs is complex and
appears to depend on the cell type and stimu-
lus. In U87 MG cells, solasonine also amelio-
rates inflammatory states through inhibition of
JNK and p38 phosphorylation, but ERK MAPK
phosphorylation. This indicates that solasonine
works with different mechanisms in different
cell lines. The present results showed that sola-
sonine specifically targets p-p38 and p-JNK,
which is a very interesting finding. Studies as-
sessing the molecular mechanisms by which
the small structural identity of solasonine pro-
duces specific recognition and inhibition of tar-
get MAPKs are underway. In conclusion, as
illustrated above, we showed that solasonine
suppressed inflammation in glioma cells via
suppression of NF-kB, and p-p38 and p-JNK
MAPKs.

In conclusion, we have shown that solasonine
inhibits glioma growth through down-regulation
of the canonical NF-kB signaling pathway, as
well as via suppression of MAPK signaling
mediated through p38 and JNK. These findings
might prove useful in establishing new drugs
for anticancer therapy especially for malignant
glioma for which current treatment options are
still limited.
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