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Solamargine inhibits gastric cancer progression by regulating the
expression of IncNEAT1_2 via the MAPK signaling pathway
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Abstract. Solamargine, a derivative from the steroidal
solasodine in Solanum species, has exhibited anticancer
activities in numerous types of cancer; however, its role in
gastric cancer (GC) remains unknown. In the present study, it
was demonstrated that Solamargine suppressed the viability of
five gastric cancer cell lines in a dose-dependent manner and
induced notable alterations in morphology. Treatment with
Solamargine promoted cell apoptosis (P<0.01). Solamargine
increased the expression of long noncoding RNA (Inc) p53
induced transcript and Inc nuclear paraspeckle assembly
transcript 1 (NEAT1)_2 (P<0.01) in GC by reducing the
phosphorylation of extracellular signal-regulated kinase
(Erk)1/2 mitogen-activated protein kinase (MAPK). To gain
insight into the potential mechanism, an Erk1/2 inhibitor
(U0126) was applied. The results revealed that IncNEAT1_2
expression levels increased, which was consistent with the
effects of Solamargine. Downregulation of IncNEAT1_2 in GC
cells revealed no effect on the expression levels of total Erk1/2
and, and counteracted the effect of Solamargine. Solamargine
was observed to increase the expression of IncNEAT1_2 via
the Erk1/2 MAPK signaling pathway. Of note, the knockdown
of IncNEAT1_2 reduced the inhibitory effect of Solamargine
(P<0.05). Additionally, experiments in vivo and in primary GC
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cells from patients demonstrated that Solamargine significantly
suppressed tumor growth (P<0.05). In vivo analysis of a
xenograft mouse model further supported that Solamargine
could induce the apoptosis of cancer cells in tumor tissue as
observed by a terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling and H&E staining (P<0.05).
Experiments in primary GC cells from patients verified the
anti-tumor effect of Solamargine. In summary, the findings
of the present study indicated that Solamargine inhibited the
progression of GC by regulating IncNeatl_2 via the MAPK
pathway.

Introduction

Gastric cancer (GC) is the most common type of gastrointestinal
tumor worldwide (1). Recent research has demonstrated that its
mortality rate is the third leading cause of mortality in China,
and the incidence of GC remains high (2). Therefore, it is
urgent to identify chemotherapeutic agents for the treatment of
GC and to improve treatment strategies worldwide.

Numerous components derived from natural substances
can inhibit tumor proliferation (3-5). Investigation into natural
substances provides a prospective method to understand
the mechanism of tumorigenesis. Solamargine, a natural
glycoalkaloid compound present in a traditional herbal
medicine called Solanum nigrum L. (6), is reported to possess
a variety of bioactivities, including antiviral, antitumor and
anti-inflammatory properties (7). Previously, numerous
studies have investigated the inhibitory effects of Solamargine
on tumorigenesis (8-10). Preliminary studies of its role and
its potential mechanisms in lung cancer (8), hepatocellular
carcinoma (11), breast (12), prostate (13) and ovarian cancers (14),
and various tumor cell lines (15) have been reported; however, the
effects of Solamargine on GC remain unknown. It was suggested
that the inhibitory effects of Solamargine are dependent on the
feedback regulation of extracellular signal-regulated kinase
(Erk)1/2 mitogen-activated protein kinase (MAPK) (16,17).
Whether the potential mechanism of Solamargine involves
MAPK regulation requires further investigation.

Long non-coding RNA (IncRNA) refers to transcripts
>200 nucleotides and do not possess protein coding functions (6).
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Accumulating research has demonstrated that the accurate
regulation of signaling pathways by IncRNA serves a pivotal
role in the malignant transformation of cells (18). The study of
IncRNA p53 induced transcript (IncPINT) in pancreatic cancer
demonstrated that its low expression may be an indicator of poor
prognosis (19). Marin-Béjar et al (7) revealed that the expression
of IncPINT was low in colorectal cancer and its overexpression
served a crucial role in tumor progression. Additionally, Inc
nuclear paraspeckle assembly transcript 1 (IncNEAT1) was
differentially expressed in a variety of solid tumors (20-22);
several studies have reported that IncNEATI is associated with
the prognosis of tumors (23,24). To gain insight into the potential
mechanism of the effects of Solamargine on the regulation of
IncRNA, further investigation should be conducted.

The present study aimed to determine whether
Solamargine is effective against GC. Additionally, analysis of
the underlying mechanisms may provide potential therapeutic
targets to improve treatment strategies in GC. Furthermore,
the anti-tumor effects of Solamargine demonstrated in primary
GC cells from patients may contribute to developments into
the treatment of gastric cancer.

Materials and methods

Drug and chemicals. Solamargine was obtained from
MedChem Express USA (Monmouth Junction, NJ, US).
The drug was dissolved in dimethyl sulfoxide (DMSO;
Sigma-Aldrich; Merck KGaA) and prepared as a 10 mM stock
solution, which was stored at -80°C and freshly diluted by cell
culture medium to the final concentrations (0.15625, 0.3125,
0.625, 1.25,2.5,5,7.5, 10 and 20 M) immediately prior to
use. U0126 (10 puM) was purchased from Selleck Chemicals
(Houston, TX, USA) and freshly diluted by cell culture
medium to the final concentrations (10 xM). GC cell lines
(SGC7901 and BGCB823) were treated with Erk1/2 MAPK
inhibitor U0126 (10 xM) for 0, 12 and 24 h, or 7.5 uM for 36 h
at 37°C and 5% CO,.

Cell viability assay and drug sensitivity assay. The GC cell
lines AGS, BGC823, SGC7901, HGC27 and MGC803 were
obtained from Chinese Academy of Medical Science (Beijing,
China). BGC823, SGC7901 and HGC27 commonly used
in our research center were chosen in the further analysis.
Primary GC cells were obtained from four patients (3 males
and 1 female) with GC who underwent radical gastrectomy at
Peking University Beijing Cancer Hospital in 2017 (Beijing,
China); the age ranged from 34 to 67 years old. Informed
consent was provided by all patients. Cell culture medium was
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, US) supplemented with 10%
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) at
37°C and 5% CO,. Cells were cultured in cell culture medium
containing Solamargine (0.15625, 0.3125, 0.625, 1.25, 2.5,
5, 7.5, 10 and 20 uM, for the control, equivalent volume of
DMSO) for 88 h at 37°C and 5% CO,. The IncuCyte ZOOM
Live-Cell Analysis system (Essen BioScience, Inc., Ann
Arbor, MI, USA) which automatically acquires images of
living cells and determines the confluence at appropriate time
intervals (every 4 h), was employed for cell viability analysis.
The viability of cells was monitored by an IncuCyte® Live Cell
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Analysis system, where viability was assessed by determining
the confluence of cells. The half-maximal inhibitory
concentration (ICs,) was calculated using GraphPad Prism
statistical software (version 5.0, GraphPad Software, Inc., La
Jolla, CA, USA).

Western blot analysis. Protein was extracted from cultured
cells and lysed with radioimmunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology, Haimen,
China), phenylmethanesulfonyl fluoride (Beyotime Institute
of Biotechnology) and phosphatase inhibitor cocktail I
(MedChemExpress, Monmouth Junction, NJ, USA). The
protein concentration was measured via the BCA method
(BCA Protein Assay kit, Beyotime Institute of Biotechnology),
prior to each lysate being boiled for 4 min. Equal quantities
(20 pg) of protein were added. Proteins were separated by
12% SDS-PAGE, and electrophoresed at 120 V for 2 h.
Separated proteins were transferred onto a polyvinylidene
difluoride membrane at 250 V for 2 h on ice. Following protein
transfer, the membranes were blocked with 5% non-fat dry
milk in 1X Tris-buffered saline with Tween-20 (50 mmol/l
Tris, pH 7.5; 150 mmol/l NaCl; 0.1% Tween-20) at room
temperature for 1 h. The membranes were subsequently
incubated with antibodies (rabbit anti-human, polyclonal
antibodies, 1:1,000; Cell Signaling Technology, Inc., Danvers,
MA, USA) against Erk1/2 MAPK (cat. no. 4695), pErk1/2
MAPK (cat. no. 9101), poly (ADP-ribose) polymerase (PARP;
cat. no. 9542), cleaved PARP (cat. no. 5625), caspase-7 (cat.
no. 9492), cleaved caspase-7 (cat. no. 8438) and GAPDH (cat.
no. 5174) at 4°C overnight and then with a secondary polyclonal
rabbit antibody (goat anti-rabbit; 1:3,000; cat. no. TA130015;
OriGene Technologies, Inc., Beijing, China) for 1 h at room
temperature. Finally, a chemiluminescent agent (Thermo
Fisher Scientific, Inc.) was added for detection. ImageJ 1.41
software (National Institutes of Health, Bethesda, MD, USA)
was used for densitometric analysis.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) analysis. Total RNA was extracted from cultured
cells using TRIzol® Reagent (Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocols. First-strand cDNA
was synthetized by RT using the GoScript™ Reverse System
Kit according to the manufacturer's protocols (Promega
Corporation, Madison, WI, USA). Subsequently, the reverse
transcribed single-stranded cDNA was amplified by SYBR1
Premix Ex Taq II (Takara Bio, Inc.) on an ABI Prism 7500 HT
sequence detection system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). Each 20-ul PCR reaction mixture
contained 1 ul cDNA product, 0.8 pl specific forward/universal
primer mix, and 10 xl SYBR-Green 2X Universal PCR Master
Mix (cat. no. Q141-02; Vazyme, Piscataway, NJ, USA). The
thermocycling conditions for qPCR comprised a
pre-amplification step of denaturation followed by annealing
and extension, and the specific conditions were as follows:
10 min at 95°C, followed by 40 cycles of 95°C for 3 sec, 60°C
for 30 sec, and 95°C for 15 sec. Each sample was tested in
triplicate. The raw data were normalized to the data of B-actin
and are presented as the relative expression of IncNEAT1_2 or
IncPINT. Data analysis was performed using the 244
method (25). The primers employed in the present study were
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as follows: NEAT1_2 forward, 5-GGCCAGAGCTTTGTT
GCTTC-3', reverse, 5'-GGTGCGGGCACTTACTTACT-3',
PINT forward, 5'-GAACGAGGCAAGGAGCTAAA-3,
reverse, 5'-~AGCAAGGCAGAGAAACTCCA-3"; and B-actin
forward, 5'-CGTGACATTAAGGAGAAGCTG-3', and
reverse, 5'-CTAGAAGCATTTGCGGTGGAC-3'.

Cell cycle analysis. Cells were cultured in cell culture medium
containing 10 xM Solamargine, or for the control group, cells
were treated with DMSO for 6 or 16 h, at 37°C and 5% CO,.
The cells were collected, washed and re-suspended in PBS
following trypsinization by 0.25% trypsin for 2 min at room
temperature. and fixed in 70% ethanol at -20°C overnight.
Subsequently, the samples were washed with PBS and then
incubated with propidium iodide (PI) staining buffer (Dojindo
Molecular Technologies, Inc ) at room temperature for 15 min
prior to analysis with a flow cytometer (BD Pharmingen;
BD Biosciences, San Jose, CA, US) using Modfit LT 4.1
software (Verity Software House, Inc., Topsham, ME, USA).

Annexin V-fluorescein isothiocyanate (FITC)/PI apoptosis
assay. Cells were cultured in medium containing Solamargine
(for the control, equivalent volume of DMSO) for 48 h, the cells
were then collected and washed with PBS (Gibco; Thermo
Fisher Scientific, Inc.) at 37°C. The cells were re-suspended
in Annexin V Binding Solution, followed by the addition of
Annexin V-FITC and PI solution (Annexin V-FITC Apoptosis
Detection Kit, Dojindo Molecular Technologies, Inc.) for
20 min in the dark at room temperature. Finally, Annexin V
Binding solution was added and cells were analyzed with BD
Accuri™ C6 software by flow cytometry (BD Biosciences).
Quantification of the flow cytometry results demonstrated the
fractions of cells in the early and late stage of apoptosis.

Transient transfection assay. LncNEAT1_2-target small
interfering (si)RNA (5'-GUCUGUGUGGAAGGAGGA
ATT-3") and nonspecific scrambled siRNA (5'-UUCUCCGAA
CGUGUCACGUTT-3") were designed and synthesized by
Shanghai GenePharma Co., Ltd. (Shanghai, China). Cells
(SGC 7901 and BGC 823) were employed according to manu-
facturer's protocols; 5 ul siRNA or negative control siRNA,
and 6 ul Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) were used for transfection. After 6 h, the
transfection solution was discarded and cell culture medium
containing serum was added; cells were cultured for 24 h
prior to the subsequent experiments. To evaluate the efficiency
of transfection, the expression of IncNEAT1_2 was investi-
gated by RT-qPCR analysis as aforementioned.

Tumor xenograft. The present study was performed in strict
accordance with the recommendations of the Guidelines
for the Care and Use of Laboratory Animals of the Peking
University Cancer Hospital and Institute (26). Female
specific pathogen-free BALB/c nude mice weighing
18-20 g (6-8-weeks-old) were employed and housed under
21+2°C, 50-60% humidity with normal air and with a 12 h
light/dark cycle. Mice were provided 5 g food and 6-8ml
water/mouse/day. A total of 10 experimental mice were
randomly divided into two groups (5 per group). BCG 823 is
mostly used to establish rumor xenograft for research in our
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center. Mice of each group were administered a subcutaneous
injection of BGC823 GC cells (5x10° cells per mouse) into
the left hind leg. After 10 days, the experimental group was
treated with 10 mg/kg Solamargine once daily by intragastric
administration, while the control group was administered
PBS for 8 days corresponding to the time for the tumors in
control group to reach about 600-800 mm?®. Tumor growth
was monitored every 2 days (total 18 days) by measuring the
width (b) and length (a) of the tumors with calipers. The tumor
volume (V) was calculated by the formula: V=1/2 a x b2. Mice
were sacrificed for the collection of tumor samples.

Terminal deoxynucleotidyl transferase-mediated dUTP-biotin
nick end labeling (TUNEL) assay. Paraffin-embedded mouse
tumor tissues fixed with 10% formalin solution for 12 h were
cut and mounted on slides (4 #m section) at room temperature.
First, the tissue sections were dewaxed and rehydrated in a
descending alcohol series. Subsequently, the slides were
treated In Situ Cell Death Detection kit, TMR red (Roche
Applied Science, Rotkreuz, Switzerland) according to the
manufacturer's protocols. Briefly, the slides were treated
with 0.1 M citrate buffer, pH 6.0 with microwave irradiation
(750 watts) for 1 min. Then, the slides were immersed in
0.1 M Tris-HCI (pH 7.5) containing 3% BSA and 20% normal
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) at room
temperature for 30 min. In addition, 50 I TUNEL reaction
mixture per section was added to cover the slides and incubated
for another 60 min at >37°C in a humidified atmosphere in
the dark. Finally, the slides were counterstained for 6 min
with DAPI at room temperature (Guangzhou Ribobio, Co.,
Ltd., Guangzhou, China). The sections were evaluated under
a fluorescence microscope (magnification, x63, Lm780, Zeiss
AG, Oberkochen, Germany). Apoptotic cells were quantified
by measuring the average cell numbers in five random
high-power fields of each of sample for analysis.

Haematoxylin and eosin (H&E) staining. Paraffin-embedded
mouse tumor tissues were fixed in 10% formalin solution for
12 h at room temperature were cut and mounted on slides
(4 um thick). The tissue sections were dewaxed and rehydrated
in a descending alcohol series. Subsequently, the slides were
stained with hematoxylin stain for 1 min at room temperature.
Subsequently, the samples were washed in water for 10 min
and after differentiation in acid alcohol, the slides were stained
with eosin for 1 min at room temperature. High-quality
images were obtained using by Aperio CS2 image capture
device (magnification, x5 and 20). Necrotic areas were
quantified (Aperio ImageScope software, version 12.1, Aperio
Technologies; Leica Microsystems, Inc., Buffalo Grove, IL,
USA) by measuring the necrotic area (%) in three slides of
each sample for analysis.

Statistical analysis. Every experiment was repeated at least
three times, and the data were expressed as the mean + standard
deviation. The differences between groups were assessed by a
Student's t-test or one-way analysis of variance followed by
Tukey's post-hoc test. All statistical analyses were performed
using SPSS software (version 22.0, IBM Corp., Armonk, NY,
USA) and GraphPad Prism statistical software (version 5.0).
Comparisons were conducted with the corresponding controls.
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Figure 1. Effects of Solamargine on the morphology and viability of GC cells. (A) Effects of Solamargine on cellular morphology. GC cell lines (AGS,
BGC823, SGC7901, HGC27 and MGC803) were treated with Solamargine (10 M) for 48 h. Magnification, x10. (B) Solamargine decreased the viability of
GC cells. GC cell lines (AGS, BGC823, SGC7901, HGC27, and MGC803) were treated with different concentrations of Solamargine (0, 2.5, 5 and 10 xM).
Subsequently, the cell viability was determined with the IncuCyte ZOOM Live-Cell Analysis System every 8 h. "P<0.05, “P<0.01 vs. control. The ICs, for 6 GC
cell lines were calculated by GraphPad Prism statistical software (version 5.0). GC, gastric cancer; ICs,, half-maximal inhibitory concentration.

P<0.05 was considered to indicate a statistically significant
difference.

Results

Solamargine suppresses the viability of GC cells and induces
alterations in morphology. Notable morphological changes
were observed in GC cell lines cultured with Solamargine
compared with in the control (Fig. 1A). The volume of cells was
reduced, the intercellular junctions were not visible, the nuclei
were concentrated; few cells were not firmly adhered and
large amounts of cell debris were visible. To verify the effects
of Solamargine on viability, the IncuCyte ZOOM Live-Cell
Analysis System which can automatically acquire images of
living cells and analysis the confluence based on the image to
reflect the cell viability was employed. The results of the present
study revealed that Solamargine suppressed cell viability in
five GC cell lines (AGS, BGC823, SGC7901, HGC27 and
MGC803) in a dose-dependent manner and ICs, values are
presented in Fig. 1B. Compared with in the control group,
the viability of GC cells in the Solamargine group gradually
decreased with increasing drug concentrations (P<0.05).

Solamargine promotes the apoptosis of GC cells. Based on
the inhibitory effects and alterations in morphology induced
by Solamargine, the apoptotic effect of Solamargine on GC

cells was analyzed by Annexin V-FITC/PI double-staining
and western blotting. The results demonstrated that the rate
of apoptosis in the Solamargine group was significantly
higher than that of the control group (Fig. 2). Considering that
caspase activation is the key event for apoptosis (27,28), the
expression levels of full-length and cleaved caspase proteins
were measured by western blotting (Fig. 3A and B). Treatment
with Solamargine (7.5 M, 12 or 24 h) significantly enhanced
the cleavage of caspase-7 and PARP compared with in the
corresponding controls, indicating that Solamargine may
promote the apoptosis of GC cells.

Solamargine increases the proportion of GC cells in G2/M
phase. In addition, the effects of Solamargine on the cell
cycle of GC cells was investigated. The results revealed a
significant increase in the number of in SGC7901, HGC27
and BGC823 cells in G2/M phase treated with Solamargine
(10 uM) for 16 h compared with in the control (Fig. 3C).
Additionally, to exclude interference by other factors, altera-
tions resulting from 6 h treatment with Solamargine in the
corresponding GC cell lines were analyzed. The results
revealed no significant difference in the number of GC cells
exposed to Solamargine and the corresponding control at
this time point (Fig. 3D). In summary, the present study
reported that Solamargine increased the number of GC cells
in G2/M phase.
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Figure 2. Effects of Solamargine on the apoptosis of GC cells. (A) GC cell lines SGC7901, HGC27 and BGC823 were treated with Solamargine (7.5 or 10 M,
or DMSO) for 12, 24, 16 or 48 h. (B) Cell apoptosis was analyzed by Annexin V-FITC/PI double-staining and flow cytometry. “P<0.01 vs. control. DMSO,
dimethyl sulfoxide; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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Figure 3. Solamargine enhance the cleavage of caspase-7 and PARP. (A and B) Treatment with Solamargine enhanced the cleavage of caspase-7 and PARP. The
GC cell lines SGC7901, BGC823 and HGC27 were treated with Solamargine (7.5 uM) for 12 or 24 h. The expression levels of PARP, cleaved PARP, caspase-7
and cleaved caspase-7 were detected by western blotting. (C and D) GC cell lines SGC7901, HGC27 and BGC823 were treated with 10 #M Solamargine or
DMSO for 16 h. The cell cycle was analyzed by PI staining and flow cytometry. "P<0.05, “P<0.01 vs. control. GC, gastric cancer; PARP, poly (ADP-ribose)
polymerase; PI, propidium iodide.
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Figure 5. Effects of an Erk1/2 MAPK inhibitor (U0126) on IncPINT and IncNEAT1_2 expression and loss-of-function assays. (A and B) Expression of
Erk1/2 MAPK. GC cell lines (SGC7901 and BGC823) were treated with Erk1/2 MAPK inhibitor U0126 (10 xM) for 0, 12 or 24 h. (C) Inhibition of Erk1/2
MAPK increased the expression of IncNEAT1_2 in SGC7901 and BGC823. “P<0.01 vs. control. (D and E) Knockdown of IncNEAT1_2. "P<0.05 vs. control.
(F and G) Knockdown of IncNEAT1_2 exhibited no notable effects on the expression of Erk1/2 MAPK or its phosphorylation. (H) Knockdown of IncNEAT1_2
attenuated the inhibitory effects of Solamargine on GC cells. GC cells (SGC7901) were treated with Solamargine (7.5 M) for 36 h. "P<0.05 vs control.
"P<0.05 vs. Solamargine. SINEAT1_2, knockdown of IncNEAT1_2; Erk1/2, extracellular signal-regulated kinase 1/2; Inc, long noncoding RNA; MAPK,

mitogen-activated protein kinase; p, phosphorylated.

Solamargine inhibits the phosphorylation of Erki/2 MAPK.
The MAPK signaling pathway, an important signaling pathway
within eukaryotic cells, serves a key role in the development
of tumors and has been reported as a novel target for tumor
therapy (17-19). The present study investigated the effects of
Solamargine on MAPK activity. As presented in Fig. 4A and B,
the expression levels of Erk1/2 and p-Erk1/2 MAPK were
significantly reduced in the cell lines in a time-dependent

manner following Solamargine treatment, compared with in the
corresponding control; however, no significance was observed
in the expression levels of Erk1/2 MAPK in SGC7901 cells.
These findings indicated that the MAPK signaling pathway is
involved in the regulatory effects of Solamargine.

Solamargine increases the expression of IncPINT and
IncNEATI_2. As aforementioned, numerous studies have



INTERNATIONAL JOURNAL OF ONCOLOGY 54: 1545-1554, 2019

A 'E 00y Control
- ET E =+ Solamargine
Control | % Ll S = %
Solamargine | % @ » §
omgke) ] f =10
BT R T e i e E o
:_: 0w 1z 14 16 18
Time (days)
B

Control

40

positive cells
-

Control

Solamargine

Solamargine

9]

Control  Solamargine

1551

D
169 KOGS-007 150 KOGS-057
é‘ 100 . " :2\‘ 100 .
B il B *
= 50 =
g i
= o = A0 06 00 05 §o 15
3 10 95 00 05 1815 (I ot

Log (Solamargine) pM Log (Solamargine) pM

150 KOGS-029 150 KOGS-028
- L]
L? 100 ad » Z
i . * = - .
= g ®
z % £
= = -
2 - - . O 00 08 o 5
v n.l £5 00 05 10— 15 "3 50 ; \ :
“50 Log (Solamargine) pM Tt Log (Solamargine) uM
E :
Cell ID Solamargine
Cell line 1Csp (MM) Hillslope
KOGS-029 18.80 -18.95
KOGS-007 7.50 -15.04
KOGS-057 6.81 -5.02
KOGS-028 19.78 -10.21
*Normalized with 0.1%DMSO

Figure 6. Effect of Solamargine in a xenograft mouse model and Solamargine sensitivity (ICs,) in primary GC cells from patients. (A) Mice were sacrificed and
the tumors were collected. Tumor growth was significantly inhibited following treatment with Solamargine. "P<0.05 vs. control. (B) Early apoptosis cells were
detected by TUNEL staining. Magnification, x63. "P<0.05 vs. control. (C) H&E staining was used to analyze the necrotic area (%) of the GC xenograft. Upper
panel, magnification, x5; bottom panel, magnification, x20. “P<0.05 vs. control. (D) Primary cells from four patients who underwent radical gastrectomy were
treated with appropriate doses of Solamargine for 72 h. (E) Solamargine sensitivity (ICs) in primary GC cells from four patients. GC, gastric cancer; IC50,
half-maximal inhibitory concentration (48 h); TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling.

reported IncPINT and IncNEAT1_2 to be closely associated
with MAPKSs (29,30). Based on the findings of the present
study that Solamargine inhibited the phosphorylation of
MAPKSs, whether the expression of IncPINT and IncNEAT1_2
may be affected was investigated. The results demonstrated
that the expression levels of IncPINT and IncNEAT1_2 were
significantly increased in the Solamargine-treated group
compared with in the control group of SGC7901 cells (5 uM,
P<0.05; 10 M, P<0.01; Fig. 4C and D). Additionally, the
upregulated expression levels appeared to be dose-dependent;
however, treatment with 5 M Solamargine revealed a
non-significant increase in the expression of IncNEAT1_2 in
BGC823 cells. According to the findings of the present study,
Solamargine inhibited the phosphorylation of MAPKs and
upregulated the expression of IncPINT and IncNEAT1_2 in a
dose-dependent manner.

Inhibition of Erkl/2 MAPK increases the expression of
IncNEATI_2.The present study demonstrated that Solamargine
reduced the phosphorylation of Erk1/2 MAPK and increased the
expression of INcNEAT1_2. LncPINT and one splice variant of
IncNEAT1 were reported to be regulated in an Erk-dependent
manner (20). To understand the potential mechanism by which
Solamargine affects GC, the interactions between Erk1/2
MAPK and IncNEAT1_2 were investigated. The results
revealed that treatment with an exogenous inhibitor of Erk1/2
MAPK (U0126) reduced the expression of Erk1/2 MAPK
and significantly enhanced the expression of IncNEATI1_2 in
a time-dependent manner (Fig. SA-C), which was consistent
with the effects of Solamargine. Knockdown of IncNEAT1_2

(Fig. 5D-G) had no notable effect on the expression of Erk1/2
MAPK or its phosphorylation. Collectively, the results
suggested that Erk1/2 MAPK is upstream of IncNEAT1_2 and
that Solamargine increased the expression of IncNEAT1_2 via
the inhibition of Erk1/2 MAPK signaling.

Knockdown of IncNEATI_2 attenuates the inhibitory effects
of Solamargine on GC cells. The aforementioned findings
indicated that Solamargine regulated the expression of
IncPINT and IncNEAT1_2. Furthermore, to confirm the
observed inhibition, the effects of Solamargine on GC cell
viability were investigated by downregulating the expression
of IncNEAT1_2 in GC cells; the IncuCyte ZOOM Live-Cell
Analysis System was employed. The results demonstrated
that knockdown of IncNEAT1_2 significantly attenuated the
inhibitory effects of Solamargine on GC cells (Fig. SH). The
results suggested that IncNEAT1_2 is a potentially important
therapeutic target for Solamargine.

In vivo antitumor activity of Solamargine. To further assess
the activity of Solamargine in vivo, alterations in tumor
growth in response to Solamargine were investigated within
a tumor xenograft model. As presented in Fig. 6A, the tumor
volume in the Solamargine group was significantly reduced
compared with in the control group. Based on the present
study, Solamargine served a crucial role in promoting the
apoptosis in GC cells. A TUNEL assay and H&E staining
were performed using excised tumor sections. The results
revealed a significant increase in the number of early apoptotic
cells in the Solamargine group (Fig. 6B). Furthermore, the
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results of H&E staining suggested that the necrotic area in the
Solamargine group was significantly increased compared with
in the control (Fig. 6C). In summary, the results indicated that
Solamargine exhibited an antitumor effect and promoted the
apoptosis of GC in vivo.

Solamargine sensitivity of primary GC cells from patients. The
cell lines employed in the present study exhibited cancer-asso-
ciated characteristics without the heterogeneity observed in
primary tumors (31). To study the responsiveness of patients
to Solamargine treatment, cell viability assays were performed
on primary GC cells. Primary cells from four patients who
underwent radical gastrectomy were treated with appropriate
amounts of Solamargine for over 72 h. A drug sensitivity assay
was performed and Solamargine was observed to suppress the
viability of GC cells from all four patients (Fig. 6D); the ICs,
values were determined (Fig. 6E). The result of the present study
indicated that the effects of Solamargine on primary GC cells
obtained from patients were similar to that of GC cell lines.

Discussion

A previous study reported that Solamargine exhibited an
inhibitory effect on a variety of tumor cell lines; however,
the role of Solamargine in GC cells requires further
investigation (9,32-34). Studies of Solamargine with in other
cancer types demonstrated variations in the ICs, values
from 0.91 to 26.66 uM (32). The present study observed a
significant inhibitory effect on GC in response to 10 uM
Solamargine by using the IncuCyte ZOOM Live-Cell
system. Based on the aforementioned analysis and results,
concentrations of 0-10 #M Solamargine were applied in the
present study. To the best of our knowledge, the present study
is the first to report that Solamargine induced the apoptosis
and suppressed the viability of GC cell lines.

A few molecular pathways can influence the
anti-tumor activity of Solamargine, including the
tumor necrosis factor receptor (35), B-cell lymphoma 2
(Bcl-2)/Bcl-2-associated X (36) and MAPK signaling
pathways (16,33). MAPKs are a widely conserved family of
serine/threonine protein kinases (37). Previously, studies have
reported numerous biological functions of cells to be regulated
by the MAPK signaling pathway, including proliferation,
apoptosis and metastasis (15,38-42). In addition, its activation
was closely associated with carcinogenesis and tumor
development (43). Targeting the members of the MAPK family
was therefore a prospective approach to the management
of incurable GC. The present study demonstrated that
Solamargine inhibited GC by suppressing the phosphorylation
of Erkl1/2, one of the key members of the MAPK family, in
a dose-dependent manner. The results of the present study
suggested that the MAPK network is a crucial signaling
pathway involved in the inhibitory effects of Solamargine on
GC.

LncNEAT] is expressed as two splicing variants that differ
in length, namely, NEAT1_1 and NEAT1_2 (23). A previous
study reported that the two splicing variants exhibited differing
effects on tumor progression (44). Interestingly, by using the
murine hippocampus as a model, Bliithgen et al (45) revealed
that the induction of IncPINT and the induction of one splicing
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variant of IncNEAT1 were Erk-dependent (46,47). MAPK
is an important signaling pathway within living organisms
in response to extracellular stimuli (31). The present study
proposed that IncPINT and IncNEAT1 were Erk-dependent
in GC as reported in murine hippocampus (46). Based on the
reports that Solamargine inhibited the MAPK pathway, the roles
of IncPINT and IncNEAT1_2 were investigated in the present
study to determine the potential mechanism underlying the
inhibitory effects of Solamargine. The results demonstrated that
Solamargine inhibited the phosphorylation of Erk1/2 MAPK in
GC and increased the expression of IncPINT and IncNEAT1_2.
In addition, downregulating the expression of IncNEAT1_2
significantly reduced the inhibitory effects of Solamargine on
GC. To the best of our knowledge, the present study is the first
to reveal that Solamargine suppressed the viability of GC cells
mainly via the overexpression of IncPINT and IncNEAT1_2.
Thus, a novel strategy for investigating the mechanism of
Solamargine and insight into clinical anticancer treatment against
GC were reported; however to understand the mechanism of this
regulatory axis, further investigation is required.

At present, based on the scientific evidence available,
Solamargine may be considered as a promising treatment
against cancer; however, its anticancer potential in vivo and
within patients remains unclear (11,12,48). In the present
study, the effects of Solamargine on GC were also observed
in vivo via nude mice and in primary cells from patients. The
present study reported that experiments in vivo and in primary
cells from patients also suggested that Solamargine exerted an
inhibitory effect on tumor growth in GC. In future studies,
other modes of administration with increased efficiency,
such as intravenous administration, may also be studied. In
addition, patient-derived tumor xenografts can be employed to
verify the effects of Solamargine, and ultimately, clinical trials
may be performed to assess its efficacy.

Collectively, the results of the present study suggest that
Solamargine exerted an inhibitory effect on GC and that this
effect was achieved by inducing the expression of IncPINT
and IncNEAT1_2 via the inhibition of Erkl1/2 MAPK
phosphorylation. Therefore, Solamargine may be considered
as a potential therapeutic agent for the treatment of GC and
may be applied in future clinical studies.
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