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Background: Aberrant activation of the signal transducer and activator of transcription 3
(STAT3) is frequently seen in patients with gastric cancer (GC), and is generally associated with
worse prognosis. HIC0152, a novel STAT3 inhibitor, has shown significant anti-tumor effects
in several cancers, although its role in GC remains to be clarified.

Methods: The effect of HIC0152 on STAT3 signaling pathway and the biological behaviors of
GC cells were evaluated through in vitro and/or in vivo experiments. Meanwhile, RNA sequence
analysis was used to further explore its potential anti-tumor mechanisms.

Results: HIC0152 inhibited the expression of activated STAT3 and its downstream target genes
(c-Myc and clyclinD1) in GC cells, and restrained tumor growth in vivo. HIC0152 treatment
induced apoptosis in the STAT3 hyper-activated AGS and MKN45 cell lines, along with down-
regulation of survivin and Mcl1, and up-regulation of cleaved-poly(ADP-ribose) polymerase. More-
over, HIC0152 markedly inhibited migration and invasion of these cells. Finally, RNA sequence
analysis and protein expression analyses showed that in addition to STAT3 suppression, HIC0152
also exerts its anti-tumor effects at least partly via the mitogen-activated protein kinases pathway.
Conclusion: Our findings highlight that HIC0152 is a promising therapeutic agent for GC.
Keywords: gastric cancer, inhibitor, HIC0152, STAT3, MAPK

Introduction
Despite a decrease in incidence rate, gastric cancer (GC) is still one of the major
causes of cancer-associated deaths worldwide.'” In addition, a significant proportion
of GC patients die within 5 years of diagnosis due to rapid tumor progression even
after clinical interventions, such as surgical treatment and/or chemotherapy.** Patients
at the advanced stage of GC often respond poorly to chemotherapy and suffer from
serious side effects, resulting in a 5-year survival rate of <5%.%” Therefore, new drugs
with high anti-tumor efficiency as well as minimal side effects are urgently needed.
The signal transducers and activators of transcription (STAT) proteins are important
transcription factors involved in relaying extracellular stimuli and regulating multiple
biological processes.®® Aberrant activation of STAT3 is observed in several diseases,
including cancer. Constitutive activation and/or overexpression of STAT3 occurs in vari-
ous hematological and solid tumors, and is associated with worse clinico-pathological
phenotypes and poor prognosis.'® Since STAT3 dysregulation drives tumor initiation
and progression, it stands to reason that tumors with high STAT3 expression/activ-
ity can be controlled by STAT3-targeted therapy.!! STAT3 is hyper-activated in GC
and associated with aggressive clinical features and poor outcomes'>""* making it an
attractive therapeutic target.
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Niclosamide is an effective inhibitor of STAT3 signaling,
but is limited by poor aqueous solubility and bioavailability.'¢
HIJCO0152, its O-alkylamino-tethered derivative, is a more
potent inhibitor compared with niclosamide, and significantly
restrained in vitro and in vivo growth of breast cancer and head
and neck squamous cell carcinoma (HNSCC) cells.!” Based on
these findings, our study was designed to determine the poten-
tial anti-tumor effects of HIC0152 in GC. We also analyzed
the effect of HIC0152 on the mitogen-activated protein kinases
(MAPKSs) signaling pathway, which is frequently dysregulated
in cancers and plays a critical role in tumor progression.'®2!

Materials and methods

Cell lines and culture conditions

Six GC cell lines (AGS, HGC-27, MKN28, MKN45,
SGC7901, and BGC-823) were purchased from the Institute
of Cellular Biology (Chinese Academy of Science, Shanghai,
People’s Republic of China) and cultured in Roswell Park
Memorial Institute (RPMI)-1640 medium (Gibco, Rock-
ville, MD, USA) supplemented with 10% FBS (Gibco) in a
humidified 37°C incubator with 5% CO,,.

Regents and antibodies

HICO0152 was obtained from Selleck Chemicals LLC
(Houston, TX, USA) and dissolved in dimethyl sulfoxide
(DMSO) to prepare a 20 uM stock solution. Primary anti-
bodies against STAT3, p-STAT3 (Y705), p-STAT3 (S727),
c-Jun N-terminal kinase (JNK), phospho-JNK, p38 MAPK,
and p-p38 MAPK were bought from Abcam (Cambridge,
UK) and those against p44/42 MAPK (extracellular signal-
regulated kinase [ERK]1/2), p-p44/42 MAPK (p-ERK1/2),
c-Myec, cyclinD1, survivin, Mcll, and cleaved-poly(ADP-
ribose) polymerase (c-PARP) from Cell Signaling Tech
(Beverly, MA, USA). Finally, the anti-glyceraldehyde-
3-phosphate dehydrogenase antibody and horseradish per-
oxidase-conjugated secondary antibodies were purchased
from Proteintech (Hubei, People’s Republic of China).

Cell viability and colony formation assay

AGS (4x10° cells/well), MKN45 (4x10° cells/well), and
HGC-27 (2x10? cells/well) cells were seeded in 96-well plates
at suitable densities, and treated with 0, 5, 10, and 20 uM
HIC0152 (in 1 uM DMSO). After incubation for 0, 24, 48,
and 72 hours, the cells were stained using reagents of the Cell
Counting Kit-8 (CCKS; Dojindo, Tokyo, Japan) as per the
manufacturer’s instructions, and absorbance was measured
at 450 nm. For colony formation assay, AGS and MKN45
cells were seeded in 6-well culture plates at the density of

8x10? cells/well and cultured with different concentrations
of HIC0152 for ~14 days. The resulting colonies were fixed
with 95% ethanol, stained with 0.1% crystal violet for 30
minutes, and the number of colonies was counted.

In vivo tumor modeling and treatment

The animal studies were performed in accordance with the
Animal Management Rules of the Ministry of Health of the
People’s Republic of China and were approved by the Institu-
tional Animal Care and Use Committee of Zhejiang Univer-
sity (approval ID: SYXK (ZHE) 2005-0072). MKN45 cells
(6x10°) were subcutaneously inoculated into 4-6 weeks old
female BALB/c nude mice that were randomized into the con-
trol and HICO0152 groups (n=5 each). The mice were accord-
ingly injected with either 100 uL PBS or 7.5 mg/kg HIC0152
dissolved in 100 uL. PBS intraperitoneally twice weekly for 21
days. The tumor volume (mm?; length x width?/2) and body
weights of the mice were monitored twice weekly. At the end
of treatment, the animals were euthanized, and their tumors
were excised, weighed, and processed for further analysis.

H&E staining and immunohistochemistry
(IHC)

The resected tumors were fixed with formalin and embed-
ded in paraffin, and cut into 4 pm sections. The tissues were
de-paraffinized and rehydrated, and then stained with H&E.
IHC staining against Ki-67 (Servicebio, Wuhan, People’s
Republic of China) was performed as previously described.?

Annexin V/propidium iodide (Pl) staining
Apoptosis was evaluated using the Annexin V-fluorescein
isothiocyanate (FITC)/PI Detection Kit (BD Biosciences, San
Jose, CA, USA). AGS and MKN4S5 cells were seeded in 6-well
plates and treated with different concentrations of HIC0152
for 24 hours. The cells were then harvested, re-suspended, and
incubated with Annexin V-FITC (5 pL) and PI (5 pL) at 4°C
for 15 minutes. Flow cytometric analysis was performed on
FACScan (BD Biosciences) within 1 hour of staining.

Transwell assay

Cell migration and invasion assays were performed in Tran-
swell® plates containing 8-pum pore polycarbonate filters
(Corning Costar, Corning, NY, USA) either coated with
Matrigel (BD Biosciences) or left uncoated. Cells (5x10%)
pre-treated with HIC0152 (0 or 20 uM in 1 pM DMSO) for 8
hours were suspended in serum-free medium and seeded into
the upper chambers, and the lower chambers were filled with
700 pL of RPMI-1640 containing 10% FBS. After incubation

submit your manuscript

6858

Dove

Cancer Management and Research 2018:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

HJCO0152 is a promising therapeutic agent for GC

for 18 hours, the cells that had penetrated into the lower
chamber through the membrane were fixed with 95% ethanol,
and stained with 0.1% crystal violet. The stained cells were
observed under a light microscope at 200x magnification.

Western blotting

Western blotting was performed as described previously.?
The immune-reactive protein bands were visualized using an
enhanced chemiluminescence Western blotting kit (Bio-Rad,
Hercules, CA, USA) as per the manufacturer’s instructions.

RNA sequencing
RNA sequencing (RNA-Seq) was performed as described
previously.?

Statistical analysis
All data are presented as the mean + SD of three indepen-
dent experiments. The treatment and control groups were

compared using Student’s ¢-test (GraphPad Prism 5.01; San
Diego, CA, USA). P-values <0.05 were considered statisti-
cally significant.

Results
HJCO0152 inhibits STAT3 phosphorylation
in GC cells

The chemical structure of HIC0152 is shown in Figure 1A.
The expression status of total STAT3 and p-STAT3 (Y705
and S727) was evaluated in 6 GC cell lines (AGS, HGC-27,
MKN28, MKN45, SGC7901, and BGC-823). As shown in
Figure 1B, the AGS, MKN28, and MKN45 cell lines showed
higher levels of p-STAT3 compared with the rest. Based on
these results, the AGS, MKN45, and HGC-27 cell lines were
selected for subsequent experiments. HJC0152 inhibited
p-STAT3 (Y705) levels in a time- and dose-dependent manner
in the AGS and MKN4S5 cell lines, but had no significant effect
on p-STAT3 (Y705) and total STAT3 expression levels (Figure
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Figure | HJCOI52 inhibits the phosphorylation of STAT3 in GC cells.

Note: (A) Chemical structure of HJCO152. (B) Expression of STAT3 and p-STAT3 (Y705 and S727) in six GC cell lines (AGS, HGC-27, MKN28, MKN45, SGC7901, and
BGC-823). Western blots showing the levels of p-STAT3 and downstream targets in AGS (C) and MKN45 (D) cells treated with 20 yM HJC0152 for varying durations (0,
1, 2, and 4 hours) or with different concentrations of HJC0152 (0, 5, 10, and 20 uM) for 4 hours. GAPDH was used as internal control.

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GC, gastric cancer; STAT3, signal transducer and activator of transcription 3.
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1C,D). In addition, HICO152 significantly down-regulated
c-Myc and cyclinD1, the downstream targets of STATS3.
However, these effects were not significant in HGC-27 cells
(Figure S1A). These results demonstrated that HIC052 down-
regulated STAT3 phosphorylation and its proliferation-related
target genes in STAT3 overexpressed GC cells.

HJCO152 suppresses the growth of GC

cells in vitro

The effect of HIC0152 on the growth of GC cells was
evaluated using the CCKS8 assay. As shown in Figure 2A, B,
HIJCO0152 treatment significantly inhibited the growth of
AGS and MKN45 cells compared with the untreated con-
trols. Additionally, HICO152-treated AGS and MKN45 cells
formed smaller and fewer colonies compared with controls in
a dose-dependent manner (Figure 2C, D). In HGC-27 cells,
however, HIC0152 only inhibited their growth at relatively
high concentrations (Figure S1B). These results indicated that
HIJCO0152 exerted a potent inhibitory effect on the growth of
GC cells by targeting STAT3.

HJCO0152 inhibits tumor growth in vivo

To determine the anti-tumor effect of HIC0152 in vivo, nude
mice were subcutaneously inoculated with MKN45 cells and
treated with HIC0152 (7.5 mg/kg) or PBS. As exhibited in
Figure 3A—C, the tumor volumes (P<0.001) and tumor weight
(P<0.01) were significantly lower in the HJC0152-treated
group compared with the control group. Furthermore, the
mice of both groups had similar body weights indicating that
HCJO0152 had no parent side effects (Figure 3D). The tumor
tissues were analyzed histo-pathologically by H&E staining,
and the proportion of Ki-67 positive cells was significantly
reduced in the HIC0152-treated mice compared with the con-
trol mice (Figure 3E, F). Taken together, HIC0152 retarded
tumor growth in vivo by inhibiting the proliferative capacity
of the tumor cells.

HJCO0152 induces apoptosis in GC cells

The apoptosis rates in the AGS and MKN45 cells were ana-
lyzed after the 24 hours HICO0152 treatment using the Annexin
V-FITC/PI double staining assay. As shown in Figure 4A, B,
the percentage of apoptotic cells was significantly increased
in the 20 uM HJCO0152-treated group compared with the con-
trols, in both AGS (P<0.001) and MKN45 (P<0.001) cells.
In addition, the expression of apoptosis-related survivin and
Mcll1 proteins, which are regulated by the STAT3 signaling
pathway, was also analyzed. HIC0152 treatment markedly
reduced expression levels of both proteins, and significantly

increased that of the pro-apoptotic c-PARP in GC cells in a
time- and dose-dependent manner (Figure 4C).

HJCO152 inhibits the migration and

invasion capacity of GC cells

Transwell migration and invasion assays were performed to
evaluate the effect of HJIC0152 on GC cell mobility. As shown
in Figure 5A, B, the percentage of migrated and invaded cells
were significantly decreased in HICO0152-treated groups
(20 uM) compared with that in the control (P<0.01). Thus,
HJCO0152 suppresses the migration and invasion capacities
of AGS and MKN45 cells.

HJCO152 treatment alters multiple

cancer-associated biological processes

To determine the potential mechanisms underlying HIC0152
action in the GC cells, we compared the gene expression
profiles of the control and treated cells using RNA-Seq. All
samples showed high inter-consistency (Figure S2). A total of
1,398 differentially expressed genes (DEGs) were identified
between the control and HIC0152-treated AGS cells, of which
721 were up-regulated and 677 down-regulated (Figure 6A, B).
The detailed information of the DEGs is summarized in Tables
S1 and S2. Gene ontology analysis® revealed that the DEGs
were enriched in various biological functions like regulation of
cell processes (Figure 6C and Table S3). Kyoto Encyclopedia of
Genes and Genomes pathway enrichment analysis* indicated
that a wide range of cancer-related biological pathways of
DEGs were affected by HIC0152 exposure, including FoxO,
Jak-STAT, Wnt, tumor necrosis factor, mammalian target of
rapamycin, and MAPK signaling pathways (Table 1).

HJCO152 regulates the activation of
MAPK signaling pathway in GC cells

RNA-Seq and bioinformatics analyses showed that in addi-
tion to STAT signaling pathway, HIC0152 affected many
other signaling pathways as well, especially the MAPK
pathway (P<0.01, Table S4). To further determine the effect
of HIC0152 on the MAPK pathway, we analyzed the expres-
sion and activation status of the pathway mediators. As shown

in Figure 7A, B, HCJ0152 exposure significantly increased
the expression of the phosphorylation of p38 and JNK in a
time- and dose-dependent manner relative to the total p38
and JNK levels in both AGS and MKN45 cells. However,
HCJO0152 only slightly affected ERK phosphorylation and
had no effect on total ERK expression levels. Taken together,
these results suggested that p38/JNK MAPK activation was
involved in HIC0152-induced apoptosis in GC.
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Figure 2 HJCO0152 inhibits GC cell growth.

Note: (A, B) Viability of AGS and MKNA45 cells treated with different concentrations of HJC0152 (0, I, 5, 10, and 20 uM) for 0, 24, 48, and 72 hours was determined by
CCK8 assay. (C) Representative pictures of crystal violet-stained colonies formed by the AGS (upper) and MKN45 (lower) cells were treated with HJC0152 (0, 5, 10, and 20
uM) for ~14 days. (D) Percentage colony counts of the HJCO152-treated AGS (left) and MKN45 (right) cells relative to the DMSO controls. Data were obtained from three
independent experiments. *P<0.05, **P<0.01, ***P<0.001 vs control.

Abbreviations: CCK8, Cell Counting Kit-8; DMSO, dimethyl sulfoxide; GC, gastric cancer.
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Figure 3 HJCO0152 inhibits the growth of MKN45 xenografts in vivo.

Note: (A) Tumor growth curves in different groups. (B) Representative pictures of tumor xenografts. (C) Tumor weights of different groups measured at the end of the
experiment. (D) Body weight of HJCO|52-treated and control groups. (E) Representative pictures of HE- and Ki-67-stained xenograft tissues. Magnification x200. (F) The
positive rate of Ki-67 in different groups. Three independent experiments were performed. *P<0.05, **P<0.01 vs control.

Discussion

Under normal physiological conditions, STAT3 phosphoryla-
tion is transient and lasts for only a relatively short period of
time during signal transduction.’ Activated STAT3 undergoes
dimerization and nuclear translocation, and then binds to

and transcriptionally activates downstream target genes (eg,

c-Myc, cyclinD1, Bcel-xl, Bel-2, survivin, matrix metal-
loproteinase (MMP)2, and MMP9) involved in multiple
biological processes.?>?® Constitutive activation of STAT3

has been associated with the initiation and progression of
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Figure 4 HJC0152 induces apoptosis in GC cells

Note: (A) AGS (upper) and MKN45 (lower) cells were treated with HJC0152 (0, 5, 10, and 20 uM) for 24 hours, and stained with Annexin-FITC/PI. (B) Histograms showing
the percentage of apoptotic cells in AGS (left) and MKN45 (right) cells. Data were presented as the mean * SD of three independent experiments (C) Western blots showing
the levels of apoptosis-related proteins in AGS and MKN45 cells treated with 20 pM HJCO0152 for varying time durations (0, I, 2, and 4 hours) or treated with different
concentrations of HJC0152 (0, 5, 10, and 20 pM) for 4 hours. GAPDH served as the internal control. Data were collected from three independent experiments. **P<0.01,
*#¥P<0.001 vs control.

Abbreviations: FITC, fluorescein isothiocyanate; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GC, gastric cancer; Pl, propidium iodide.
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Figure 5 HJCO0152 inhibited migration and invasion of GC cells.
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Note: Representative pictures of transwell chambers showing the migration (uncoated inserts) and invasion capacity (Matrigel-coated inserts) of AGS (A) and MKN45 (B)
cells. Magnification x200. The average number of migrating and invading cells was calculated from three independent experiments. **P<0.01, ***P<0.001 vs control.

Abbreviation: GC, gastric cancer.

various diseases, especially cancer.'® STAT3 overexpression
has been observed in the head and neck, prostate, lung, breast,
ovarian, and GCs,'3*"-*2 and is generally associated with worse
prognosis, indicating its potential as a therapeutic target.
Although several inhibitors of STAT3 signaling have
been identified and developed, none of them have been
approved by Food and Drug Administration for clinical treat-
ment. HICO0152 was first designed in 2012 as a derivative of
niclosamide,'® and showed significantly improved aqueous

solubility and more potent STAT3 suppression ability in vitro.
Additionally, 25 mg/kg HIC0152 showed superior anti-tumor
effect on breast cancer xenografts compared with 75 mg/kg
niclosamide without significant side effects. A recent study
showed that HNSCC cell lines expressing high levels of
p-STAT3 (Y705) were more sensitive to HIC0152 compared
with the low-expressing cell lines. HIC0152 inhibited STAT3
signaling pathway as well as the miR-21/B-catenin axis lead-
ing to suppression of cell growth and invasion of HNSCC
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Figure 6 DEGs affected by HJCO152 treatment.
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Note: (A) Scatter plot of DEGs. Red and blue dots represent the down- and up-regulated genes, respectively. (B) Hierarchical clustering of global gene expression pattern
of the HJCO152-treatment and control cells. Gradient color barcode at top right indicates fold change of expression (log2). (C) The 20 most enriched pathways (with lowest
Q value) based on GO analysis. Rich factor is the ratio of DEGs to all genes in this pathway.

Abbreviations: DEG, differentially expressed genes; GO, Gene Ontology.

Table | Important pathway and genes affected by HJCO152 treatment

Pathway Counts | Dysregulation of genes P-value
FoxO signaling 24 FOX06,CDKNA,CDKN2B,CDKN2D,KLF2,PLK2,PLK3,PLK3,EGFR,FOXO03,SIRT1,IRS I ,PIK3CB,PIK3R2, | 0.00037241
pathway BCL6,SGK1,5KP2,BNIP3,S0S|,SETD7,CCNG2,NXPE3,HOMER | ,RALGPS |
Jak-STAT 26 CDKNIA,IL24,TOMIL2,EGFR,IFNLI,IFNE,IL3RA,IL3RA,IL6R,ILI ORA,ILI 3RA2,LIFMCLI,MYC,PDGFA,PD | 0.0007 18774
signaling GFB,PIK3CB,PIM1,PIK3R2,IL1 7D,SOSI,STAT5B,SOCS 1,SOCS3,IL27RA,RALGPS |
pathway
Whnt signaling 27 FRATI,LOCI100996598,CTBP2,DKK1,FZD2,TES,JUN,JUN,NRROS MYCNFATC2,NFATC4,CXXC5MA | 0.001921694
pathway NSCI,PRKCA,PRKCB,VANGL2,Table | X, WNT9A,FOSLI,WNT5B,VANGLI,AXIN2,DIXDCI,FHDCI,RO
CK2,DGCR2
TNF signaling 21 MAP3K8,CILP2,DAB2IP,MLKL,FOS,CXCLI,JUN,JUNB,LIFMMP3,CCDC88C,PIK3CB,PIK3R2,PTGS2,BCL | 0.001731405
pathway 3, TNFAIP3,TRAF3,TRAF5,NLRC5,MAP3K14,S0CS3
mTOR signaling | 26 LOC100996598,FLCN,FZD2,GRB7,IRS |, NRROS,PIK3R2,PIK3R2,DDIT4,MANSCI,PRKCA,PRK 0.003190345
pathway CB,MOSPD 1,SGK 1,SKP2,SLC3A2,S0S |, WNT9A,PRR5LLWNT5B,SESN2,DIXDCI,ATP6V I E2,F
NIPI,RALGPS |,DGCR2
MAPK signaling | 40 PLA2G4B,ANGPTL7,DUSP10,MAP3K8,CSF I R,RASGEF | B,DDIT3,DDIT3,DUSPI,DUSP2,DUSP6,EFNA2, | 0.003195837
pathway EGFREPHA2,FGFI,FLNB,FLNCANGPTL2,FOS,NR4A |, HSPA | LLHSPA6,HSPA8,JUN,JUND,SAMD5,CCD
C88CMYC,THAP4,PDGFA,PDGFB,PGF,PRKCA,CACHD I,CACHD I,PTPRR,SOS |,CACNB,
MAP3KI4,RALGPS |

Abbreviations: MAPK, mitogen-activated protein kinases; mTOR, mammalian target of rapamycin; STAT, signal transducer and activator of transcription.

cells.!” These findings indicated the potential therapeutic
utility of HIC0152 in various cancers.

In the present study, we explored the anti-tumor effect
of HJIC0152 in GC cells. We showed for the first time that
HICO0152 significantly suppressed expression of p-STAT3

(Y705) and the activation of STAT3 target genes (c-Myc and
cyclinD1) in dose-dependent manner in GC cells. Further-
more, HIC0152 markedly reduced the growth and colony
formation capacity of AGS and MKN45 cells in vitro, and
inhibited the growth of MKN45 xenografts in vivo with no
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Figure 7 The effects of HJCO152 on MAPK pathway mediators.

Notes: Western blots showing the expression levels of p-ERK, ERK, p-p38, p38, p-JNK, and |NK in protein samples of the AGS (left) and MKN45 (right) cells treated with 20
uM HJCO0152 of varying time duration (0, |, 2, and 4 hours) or with different concentrations of HJC0152 (0, 5, 10, and 20 uM) for 4 hours. GAPDH was used as the internal
control. Western blot analysis was used to evaluate. Three independent experiments were performed.

Abbreviations: ERK, extracellular signal-regulated kinase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; JNK, c-Jun N-terminal kinase.

apparent side effects. However, its suppressive effects were
much worse in HGC-27 cells with lower expression levels
of p-STAT3 (Y705). Besides, HIC0152 induced significant
apoptosis at the concentration of 20 uM, and down-regulated
the anti-apoptosis proteins (survivin and Mcll) and up-
regulated c-PARP in GC cells in vitro. Finally, the migration
and invasion capacities of GC cells were dramatically reduced
following HJC0152 treatment. Taken together, HIC0152
showed potent anti-tumor effects in GC cells both in vivo
and in vitro.

The MAPK signaling pathway is critical in maintaining
cellular homeostasis. The three best-studied members of
this pathway are ERKs, p38, and JNKs MAPK.?! Aberrant
activation of the MAPKs is closely associated with tumor
development,'®?* and a number of compounds, there-
fore, have been identified or designed to target the MAPK
pathway.’*37 Previous studies showed that niclosamide, the
precursor of HIC0152, inhibited the expression of both the
phosphorylated and total ERKSs in a time-dependent manner
in the human glioblastoma U-87 MG cell line,*® but not in
the human breast cancer MCF-7 cell line.*® Another study
indicated that niclosamide treatment down-regulated the
expression of many genes related to the MAPK signaling
pathway, using RNA-Seq analysis.*’ Consistent with this, we
identified several DEGs in GC cells following HIC0152 treat-
ment, of which 40 were significantly enriched in the MAPK
pathway. Furthermore, we verified that HIC0152 activated
p38 and JNK in a time- and dose-dependent manner, although
its effects on the expression of ERKs were not that promising.

These data suggested that the MAPK signaling pathway was
involved in the tumor suppressive effect of HIC0152 in GC.

Conclusion

In conclusion, this study demonstrates for the first time that
HIJCO0152 effectively inhibits STAT3 activation in GC cells,
and retards their growth in vitro and in vivo. Moreover,
HJCO0152 induced apoptosis of GC cells along with the
inhibition of survivin and Mcl1, and activation of c-PARP
time- and dose-dependently in p-STAT3 (Y705) overex-
pressing GC cells. Besides, RNA-Seq analysis and Western
blotting revealed that HIC0152 time- and dose-dependently
activated p38 and INK MAPK. Taken together, our findings
provide evidence for the therapeutic use of HIC0152 in GC
and future investigations are warranted.
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