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TSN inhibits cell proliferation, migration, invasion, and EMT through
regulating miR-874/HMGB2/B-catenin pathway in gastric cancer
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Gastric cancer (GC) is the second leading cause of cancer-associated deaths worldwide. Tanshinone IIA (TSN) is the
pure extract from the root of red-rooted salvia and has been reported to inhibit the progression of GC cells. In this study,
we investigated the microRNA (miRNA) mediated gene repression mechanism in TSN-administrated GC condition. The
cell viability of GC was determined by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay.
Cell migration and invasion were detected by transwell assays. The expression levels of epithelial-mesenchymal transition
(EMT)-associated proteins (N-cadherin, vimentin, E-cadherin), High-mobility group box proteins 2 (HMGB2), B-catenin
pathway-related proteins (B-catenin, c-myc, cyclin D1) were detected by western blot analysis in TSN/GC. The expression
patterns of miR-874 and HMGB2 in GC were determined by quantitative real-time polymerase chain reaction (QRT-PCR).
The potential miR-874-targeted HMGB2 was searched via bioinformatics methods and identified by dual-luciferase reporter
assays, RNA immunoprecipitation (RIP) assays, and RNA pull-down assays. Xenograft tumor model was used to evaluate
biological function in vivo. TSN limited the proliferation, migration, invasion, EMT progression in GC, and these results
could be inverted by the silencing of miR-874. Moreover, the putative binding sites between miR-874 and HMGB2 were
predicted by starBase software online. Meanwhile, enforced expression of HMGB2, negatively correlated with that of miR-874,
reversed the positive effects of TSN administration on cells. Mechanically, TSN restrained the GC progression by miR-874/
HMGB2/B-catenin signaling in vitro. Additionally, in vivo experiments confirmed that TSN inhibited the GC progres-
sion as well. TSN restrained the GC progression by regulating miR-874/HMGB2/p-catenin pathways in vitro and in vivo.
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Gastric cancer (GC) is a common malignant tumor,
ranking as the second leading cause of cancer-related death
around the world [1]. Despite advances in therapy during
past decades, the prognosis for patients with GC is still poor,
and the 5-year survival rate is less than 25% [2, 3]. Many
researches concentrate on how to efficiently slow down the
GC progression but the clinical results remain still unsatis-
factory.

Many active ingredients extracted from traditional
Chinese herbal medicines have proven to be candidates for
cancer treatment, and more and more papers focus on the
identification of novel bioactive ingredients [4-6]. Tanshi-
none ITA (TSN) is a major bioactive substance extracted
from the root of Salvia miltiorrhiza, which has been studied
in the pharmacological activities upon cardiovascular and
cerebrovascular diseases [7, 8]. Numerous studies have

represented that TSN may act as a powerful supplemental
ingredient in diverse kinds of cancer, such as breast cancer
[9], bladder cancer [10], colorectal, and prostate cancers [11].
Although plenty of studies have shown that TSN has effective
anti-tumor effects in GC [12, 13], the underlying molecular
mechanisms remain to be explored.

MicroRNAs (miRNAs) are a variety of endogenous low
molecular weight compounds with about 22 nucleotides
in length. Evidence is increasingly supporting that some
miRNAs exert tumor suppressor role through targeting and
inhibiting the expression of multiple oncogenes. Aberrant
miRNAs are widely observed in diverse types of cancers
including GC [14] and are crucial in diagnosis, prognosis,
and therapeutic targets in cancer [15, 16]. Therefore, the
exploration of novel functions of miRNAs is necessary for
cancer therapies. Jiang et al. reported that the growth, migra-
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tion, invasion, and tumorigenicity of GC could be suppressed
by the ectopic miR-874 expression [14]. Zhang et al. showed
that miR-874 is downregulated in human GC tissues and
cells and regulated the processes of tumor angiogenesis in
vitro [17]. However, the role of miR-874 in GC has not been
investigated thoroughly.

High-mobility group box proteins 2 (HMGB2) is a
member of the HMGB protein family and plays a crucial
role in tumor progression [18]. Recently, HMGB2 has been
found to be expressed at high levels and acting as a tumor
promoter in different cancers, including GC [19, 20]. Li et
al. showed that in GC cells (GCs), the HMGB2 levels were
significantly reduced after the knockdown of MALATI1
and upregulated by miR-1297 inhibition [19]. Zhang et
al. found that HMGB2 expression was significantly higher
in multidrug-resistant GC than in parental cells, and the
knockdown of HMGB2 significantly reversed multidrug
resistance in GC [21]. However, the biological role and
potential molecular mechanisms of HMGB2 in GC remain
undefined.

The Wnt/p-catenin signaling pathway has been impli-
cated in a wide range of physiological and pathophysiolog-
ical processes, including GC [22-24]. Nunez et al. found
that the expression of Sox7 and P-catenin was obviously
associated with infiltration degree, lymph node metastasis,
distant metastasis, and TNM (Tumor, Lymph Node, Metas-
tasis) staging [25]. Peng et al. confirmed that miRNA-194
promoted the progression of GC by activating Wnt/[-catenin
signaling [26].

In our study, we explored the tumor-suppressing effects
of TSN on proliferation, migration, invasion, and epithe-
lial-mesenchymal transition (EMT) progression in GC.
Moreover, the regulatory mechanism of TSN in GC was
further investigated in AGS and MGC-803 cells as well as
xenograft models.

Materials and methods

Cell culture, administration, and transfection. Human
GC cell lines (AGS and MGC-803) and human gastric
mucosal cell line (GES-1) were obtained from the Shanghai
Innovation Biotechnology Co., Ltd. (Shanghai, China), with
1% penicillin/streptomycin (Beyotime, Shanghai, China),
cultured as previously described [27]. TSN (Sigma-Aldrich,
St. Louis, MO, USA) was dissolved in dimethyl sulfoxide
(DMSO, Sigma) for storage. The cells were cultured in the
medium with the presence of diverse dosage of TSN (0, 2.5,
5, 10 pg/ml) for 24 h, 48 h, 72 h, and grown in the medium
containing TSN at a final concentration of 10 pg/ml for 48 h
[28]. miR-874 inhibitor (anti-miR-874), miR-874 mimic
(miR-874), HMGB2 overexpression plasmid (HMGB2),
and controls (anti-NC, miR-NC, vector) were all obtained
from GenePharma (Shanghai, China). Lipofectamine 3000
(Invitrogen, Carlsbad, CA, USA) kit was used for transfec-
tion according to the manufacturer’s instructions.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tet-
razolium bromide (MTT). The proliferation capacity of
transfected GCs was evaluated through MTT assay. Briefly,
transfected GCs (2.5 x 10%/well) were seeded into 96-well
plates (Corning, Corning, NY, USA) and maintained in an
incubator with 5% CO, at 37°C for 24 h, 48 h, and 72 h. Then,
MTT (20 pl) from Sigma was added to each well and kept for
4 h. Following this, the supernatant of each well was discarded
and DMSO (150 pl, Sigma) was added for the dissolution of
the formazan crystals. In the end, the Microplate Absorbance
Reader (Thermo Fisher Scientific, Waltham, MA, USA) was
used for the assessment of the optical density value at 450 nm.

Transwell assay. The rate of cell migration was investigated
by the transwell chamber (Corning) without Matrigel matrix
(Corning), while the invasion experiment was conducted
with the transwell chamber pre-coated with Matrigel matrix.
The lower chamber was filled with RPMI-1640 medium with
10% FBS, while the transfected TSN-stimulated AGS and
MGC-803 cells were seeded into the upper one with 100 pl
of serum-free medium, and the whole steps were carried
out according to the manufacturer’s instructions. In the end,
paraformaldehyde (PFA; Sigma) was used to attach the cells
located on a lower surface of the upper chamber. Cells were
analyzed under a microscope after staining with crystal violet.

Western blot. RIPA buffer (Solarbio, Beijing, China)
was used to isolate total proteins in cells, and proteins were
quantified by a NanoDrop 3000 (Thermo Fisher Scientific).
Sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) was used to separate proteins, and then
proteins were transferred onto polyvinylidene fluoride
(PVDF) membranes. After that, the membranes were
blocked in skim milk for 2 h at 37°C and then incubated
with primary antibodies at 4°C overnight. Following 2 h
incubation with a secondary antibody [Goat Anti-Rabbit
IgG H&L (HRP) (1:1000; ab205718, Abcam, Cambridge,
UK)], the chemiluminescence was detected by using an
ECL detection kit (Beyotime). The primary antibodies were
as follows: anti-N-cadherin (anti-N-cad) (1:1000; ab76057,
Abcam), anti-Vimentin (1:1000; ab137321, Abcam), anti-
E-cadherin (anti-E-cad) (1:1000; ab40772, Abcam), anti-
HMGB2 (1:1000; ab67282, Abcam), anti-p-catenin (1:1000;
ab16051, Abcam), anti-c-myc (1:1000; ab32072, Abcam),
anti-cyclinD1 (1:1000; ab226977, Abcam), anti-GAPDH
(1:5000; ab37168, Abcam).

Quantitative real-time polymerase chain reaction
(qQRT-PCR). Total RNAs of cells were extracted through
TRIzol reagent (Life Technologies Corporation, Carlsbad,
CA, USA). Primer-Script one-step RT-PCR kit (Takara,
Shiga, Japan) or miRNA Reverse Transcription kit (GeneCo-
poeia, FulenGen, China) was employed to synthesize
the first-strand complementary DNA of miR-874 and
HMGB?2. The levels of miR-874 and HMGB2 were assessed
via SYBR Premix Dimer Eraser Kit (Takara). The primers
sequences used were presented as below: miR-874 forward
(5-TGCGGCGGCCCCACGCACCAG-3’), miR-874 reverse
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(5-CCAGTGCAGGGTCCGAGGT-3’), HMGB2 forward
(5-GGACCCCAATGCTCCTAAAAGGCC-3’), HMGB2
reverse (5-TGCCCTTGGCACGATATGCAGCA-3’), U6
forward (5-GCTTCGGCAGCACATATACTAAAAT-3’),
U6 reverse (5-CGCTTCACGAATTTGCGTGTCAT-3’),
GAPDH forward (5-GACTCATGACCACAGTCCAT-
GC-3’), GAPDH reverse (5-AGAGGCAGGGATGATGT-
TCTG-3).

The expression levels of miR-874 and HMGB2 were calcu-
lated by the 274 method, and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) or U6 snRNA were used as an
internal control for HMGB2 and miR-874.

Dual-luciferase assay. The starBase database was used
for the prediction of the binding sites between miR-874
and HMGB?2. Following this, the pGL3-control vector
(Promega, Madison, WI, USA) with the wild type HMGB2
sequence (HMGB2 WT) and mutant HMGB2 sequence
(HMGB2 MUT) (with predicted miR-874 binding sites)
were constructed to verify the binding sites between
miR-874 and HMGB2. Afterward, the miR-NC or miR-874
was co-transfected into GCs with luciferase reporter vectors
for the dual-luciferase reporter assay, respectively. Finally,
the luciferase activities of luciferase reporter vectors were
evaluated through the dual-luciferase reporter assay kit
(Promega).

RNA pull-down assay. RNA pull-down assay was
conducted in GCs using the RNA-Protein Pull-Down Kit
(Thermo Fisher Scientific) to probe the interaction between
miR-874 and HMGB2. In brief, miR-NC, miR-874-WT, or
miR-874-MUT were labeled with biotin and transfected into
AGS and MGC-803 cells. The cell lysates were incubated for
2 h using the streptavidin magnetic beads. After that, the
complex was eluted using the biotin elution buffer and the
HMGB?2 levels were assessed using the QRT-PCR assay.

RNA immunoprecipitation (RIP) assay. Magna RIP
Kit (Millipore) was used for the RIP assay. Briefly, AGS and
MGC-803 cells were lysed by the RIP buffer supplemented
with magnetic beads and then conjugated using the anti-
argonaute 2 (anti-Ago2) or IgG antibodies (negative control)
overnight at 4 °C. After that, the protein was digested through
proteinase K buffer, followed by the RNA purification.
Finally, qRT-PCR was carried out to measure the abundances
of miR-874 and HMGB2.

Xenograft tumor model. A total of 12 BALB/c male nude
mice, purchased from Charles River Laboratories (Beijing,
China), were randomly divided into two groups (n=6 per
group). MGC-803 cells (2x10°) were injected subcutaneously
into the left flank of nude mice. The tumors were formed to
100 mm?®, and the mice were intraperitoneally injected with
TSN (25 mg/kg) once a week for 4 times. The control group
received an equal amount of saline. The tumor volume was
measured using a caliper every seven days. Mice were eutha-
nized on the 35th day under anesthesia to separate the tumor
tissues for tumor weighing, QRT-PCR, and western blot assay.
The experiments were approved by the Experimental Animal

Ethics Committee of the Affiliated Hospital of Shandong
University of Traditional Chinese Medicine.

Statistical analysis. All data were expressed as mean
+ standard deviation (SD) and analyzed by the SPSS 17.0
software. Comparisons among different groups were
analyzed using paired Student’s t-test and one-way ANOVA
analysis of variance. A p-value <0.05 was regarded as statisti-
cally significant.

Results

TSN treatment inhibited the proliferation, migration,
invasion, and EMT progression in human GC in vitro. An
MTT assay was performed to evaluate the inhibitory effect
of TSN on GC proliferation. The results revealed that TSN
significantly inhibited the proliferation of AGS cells in a
dose-dependent manner (Figure 1A). Similar results were
observed in MGC-803 cells (Figure 1B). After that, the
migratory and invasive abilities were assayed in GCs being
induced by the different dosage of TSN, the results showed
that these abilities were suppressed as increased concentra-
tion of TSN (Figures 1C, 1D). Meanwhile, EMT-related
proteins expressions (Vimentin, E-cad) were limited, while
N-cad was promoted by TSN administration (Figures 1E,
1F). A dosage of 10 pg/ml of TSN for 48 h was most effec-
tive, and so this dosage was used for subsequent experiments.
These results suggest that TSN inhibited the proliferation,
migration, invasion, and EMT progression in human GC.

Inhibition of miR-874 reversed the influence of TSN
upon GC in vitro. To explore the role of miR-874 in GC in
vitro, to begin with, we discovered the expression pattern
upon miR-874 in cells, namely GES-1, AGS, and MGC-803
cells. As shown in Figure 2A, the downregulation of miR-874
could be seen in AGS and MGC-803 cells, and the levels of
which was promoted by increased dosage of TSN (Figure
2B). The miR-874 inhibitor was used to silence the miR-874
expression in the following experiences, according to
knockout efficiency in the AGS and MGC-803 cells (Figure
2C). Functional assays represented that suppressing the
expression of miR-874 enhanced the cell viability in TSN/
AGS and TSN/MGC-803 cells (Figures 2D, 2E). In consistent
with the tendency of MTT analysis, the deficiency of miR-874
obviously facilitated the migratory and invasive abilities on
TSN-treatment AGS and MGC-803 cells (Figures 2F 2G).
Besides, (Figures 2H, 2I) the western blot assay confirmed
the protein-expression was upregulated (namely N-cad and
Vimentin) or downregulated (E-cad) after cells being trans-
fection with anti-miR-876 vector, these data performed
that the EMT progression was accelerated. Taken together,
deficiency of miR-874 inverted the proliferation, migra-
tion, invasion, and the development of EMT from effects on
TSN-stimulation in GCs.

HMGB?2 was a direct target of miR-874. To further figure
out the role of miR-874 upon regulatory mechanisms in GC,
the online prediction bioinformatics software starBase was
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Figure 1. TSN treatment inhibited the proliferation, migration, invasion, and EMT progression in human GC in vitro. A, B) MTT assay was conducted
to detect the cell viability in AGS (A) and MGC-803 cells (B) induced with different dosage (0, 2.5, 5, 10 ug/ml) of TSN over the determined time spans
(24 h, 48 h, 72 h). C, D) The abilities of migration (C) and invasion (D) were assayed by transwell assay. E, F) The EMT-associated proteins (N-cad,
Vimentin, E-cad) were determined by western blot in AGS (E) and MGC-803 cells (F). *p<0.05, **p<0.01

used to predict the potential gene binding sites. starBase v3.0
software predicted that miR-874 could target cancer-associ-
ated transcription factors, such as E2F1, E2F2, E2F7, EZH]1,
HMGB2, HMG20A, HMGN4, SP1, etc. We conducted the
qRT-PCR assay and the detection revealed HMGB2 mRNA
was obvious changed among the above-mentioned transcrip-
tion factors when cells were transfected with miR-874
overexpressing plasmid. Thus, we selected HMGB2 for
further experiments (Supplementary Figure S1A, S1B). We
speculated that HMGB2 had a binding site with miR-874

(Figure 3A). To confirm the directed relationship between
HMGB2 and miR-874, a dual-luciferase activity assay was
performed and showed that co-transfection of miR-874 and
HMGB2-wild type (WT) significantly decreased the lucif-
erase activity, whereas the co-transfection of miR-NC and
HMGB2-mutant (MUT) did not change the dual-luciferase
activity (Figures 3B, 3C). In addition, the biotin-labeled
bio-miR-874-WT group displayed a higher abundance
of HMGB2 in AGS and MGC-803 cells than bio-miR-
874-MUT or bio-NC (Figure 3D). Meanwhile, both miR-874
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Figure 2. Inhibition of miR-874 reversed the influence of GC induced by TSN in vitro. A) The relative expression of miR-876 in cells (GES-1, AGS, and
MGC-803) was analyzed by QRT-PCR. B) qRT-PCR was used to analyze the level of miR-874 in AGS and MGC-803 cells, at a determined concentration
of TSN (0, 2.5, 5, 10 ug/ml) for 48 h incubation. C) The identification of miR-874 knockdown efficiency was measured by qRT-PCR. D, E) MTT assay
was performed to evaluate the viability of TSN-induced cells transfected with anti-miR-874 or anti-NC. F, G) After the vector of miR-874 transfected
treatment, the abilities of migration (F) and invasion (G) in TSN-incubated cells were evaluated by transwell assay. H) The EMT-related proteins (N-
cad, Vimentin, E-cad) were determined by western blot analysis in anti-miR-874 or anti-NC cells after TSN exposure. *p<0.05, **p<0.01

and HMGB?2 were significantly enriched in Ago2 immuno-
precipitated pellet compared to IgG-pellet, suggesting that
both miR-874 and HMGB2 were in the same RNA-induced
silencing complex (Figure 3E). After that, we explored the
expression of miR-874, by gain-functional experiments, and
found that the level of miR-874 was upregulated (Figure 3F)
with the limited expression of HMGB2 (including mRNA
(Figure 3G) and protein levels (Figure 3H)) when the cells
successfully transfected with miR-874 overexpression
plasmid. These data above confirmed that HMGB2 was a
target for miR-874, and miR-874 regulated the expression of
HMGB?2 in a negative manner.

TSN regulated the proliferation, migration, invasion,
and EMT progression through targeting the miR-874/
HMGB?2 axis in GC in vitro. To uncover the interaction
between miR-874 and HMGB2, the relative expression of
HMGB?2 was detected in TSN/cells knocked down with
miR-874 and showed that decreasing of miR-874 enhanced
the expression of HMGB2 at mRNA (Figure 4A) and protein

(Figure 4B) levels, as measured by qRT-PCR analysis and
western blot analysis, individually. Next, we evaluated the
functional effect after TSN/cells being administrated by the
HMGB?2 overexpression. (Figure 4C). The identification of
high expression of HMGB?2 at the protein level was initially
conducted by western blot. Functional assays also assured
that HMGB2, exerted an oncogene, contributed to the GC
progression in vitro. To the specific, enforced expression of
HMGB?2 restored the cell viability (Figures 4D, 4E), migra-
tion (Figure 4F), invasion (Figure 4G), and EMT-associated
proteins expression (Figures 4H, 4I) due to the TSN stimula-
tion in AGS and MGC-803 cells. These data indicated that
TSN regulated the proliferation, migration, invasion, and
EMT progression via targeting the miR-874/HMGB2 axis in
GC in vitro.

TSN regulated the GC progression by the miR-874/
HMGB2/B-catenin axis in vitro. We detected levels of
EMT-associated protein after gastric cancer cells transfected
si-p-catenin, and data showed that its knockdown inhib-



TSN RESTRAINS GC PROGRESSION BY MIR-874/HMGB2/B-CATENIN AXIS

1017

A B

()

> AGS >
=15 =15
B H miR-NC miR-874 ‘3
© ©
HMGB2-WT 3'UTR 5'gcugcauaUCGUGCCAAGGGCAa3 § 4 o 3 1.0
[ [
miR-874 3'agccagggAGCCCGG-UCCCGUc5' :g g
o [}
HMGB2-MUT 3'UTR 5'gcugcauaUCGUGCCAUCCCGUa3® = 0.5 205
s g
1 =
So.0 0.0
[v4 HMGB2-WT HMGB2-MUT

m

F

G

Elanti-lgG

** * %
[ r
- T

anti-ago2mMInput EmMiR-NC

*%
-

miR-874

Ago2 RIP VS 1gG RIP
SO 22N YW
ocUnnounocounnono
Relative expression of
miR-874
o N » -] © o
Relative HNGB2 mRNA

Relative RNA enrichment in

AGS MGC-803 AGS MGC-803

expression

1.5

-
°

o
o

o
o

o

MGC-803

Il miR-NC miR-874 §
£
<
L2
:
t=4
w
N
om
o
=
I

HMGB2-WT HMGB2-MUT

EEmMiR-NC miR-874

AGS MGC-803

EEBio-NC =1 Bio-miR-874-WT
= Bio-miR-874-MUT
15 *k Kk
| | —|
)
210
£
k]
N 5
o
AGS MGC-803
§ 15
o mmiR-NC mmiR-874
Qe
%.31.0
o8
g o
5
g o0

HMGB2 | s S s
GAPDH | s s s S

AGS MGC-803

Figure 3. HMGB2 was a direct target of miR-874. A) The putative binding sites between miR-874 and HMGB2 were predicted by starBase. B, C) The
predicted sites were identified by dual-luciferase reporter assay in AGS (B) and MGC-803 (C) cells. D) qRT-PCR analysis of HMGB2 enriched in AGS
and MGC-803 cells transfected with Bio-miR-874-WT (WT) and Bio-miR-874-MUT (MUT) vectors in RIP assays. E) The RNA pull-down assay was
performed, and the expression levels of miR-874 and HMGB2 were detected in the samples bound to the Ago2 antibody or IgG. F, G) By the construc-
tion of the gain-functional experiment, the expression of miR-874 and HMGB?2 of cells was confirmed by qRT-PCR assessment. H) Western blot analy-
sis was carried out to explore the HMGB2 and miR-874 expression in cells after miR-874 vector transfection. *p<0.05, **p<0.01

Relative HMGB2 protein

Elcon TSN
B TSN+anti-NC

N

TSN+anti-miR-874
* *

*

expression
o ~
o °

o
=

(@)

= mvector mHMGB2
go2s . .
o § 2.0 - -
= §15
29 1.0
=c
5305
x20.0

e AGS MGC-803

HMGRB2 = e e amm—

AGS MGC-803 GAPDH | =— ——
Elcon BETSN+vector Elcon BETSN+vector
TSN © TSN+HMGB2 TSN~ TSN+HMGB2
* £2007 *
2 — -
£ *
150 *
2 i 3
100
o T
3 50 =
o
>
£ o0
AGS MGC-803 AGS MGC-803
qeoxo\:wea'l* MGC-803
W ¥
ORI (oW

N-cad wee s s —

Vimentin s e e s

E-cad = = S—————

GAPDH | s S——

[y
N
A B R\ «\\9'
EEcon MATSN ,,a“w ,\_a(‘w
< 5 TSNeantiNe O (B N oV
A TSN+anti-miR-874 HMGB2 »
E o 2
8 81 GAPDH | s s s | %
(G
£5 =
o 50 HMGB2 = - 13
= (2]
= 00 GAPDH [s s s | &
! w
« AGS MGC-803
AGS MGC-803
1.5, *-con 1.5, *+con
o =TSN © =TSN 5
2 |-« TSN+vector 2 |-+ TSN+vector 3 £
210 219]-+ TsNsHMGGB2 - ]**
S S
©00.5 0.
3 3
o o
0.0 0.04
24 48 72 0 24 48 72
Time(h) Time(h)
H < |
o L
«Ne"‘ o ® - AGS
X < con
o
OKN<® <N @ 2.5, WTSN *
o muTSN+vector T
N-cad = e e w— 82.01 . TSN+HMGB2
L
Vimentin == —— —— s £ 1.5 % * T
2 o M %
0 1.0 m m
E-cad = === wm— s T
o 0.5
GAPDH SRESSS=S| %00
& N-cad Vimentin E-cad

: 0.0
['4

N-cad Vimentin E-cad

Figure 4. TSN regulated the proliferation, migration, invasion, and EMT progression through targeting the miR-874/HMGB?2 signaling in GC in vitro.
A, B) Anti-miR-874 vector or anti-NC was transfected into two different GC (AGS and MGC-803), the level of miR-874 of each group was confirmed by
qRT-PCR (A) or western blot (B). C, D) By the overexpression vector of HMGB2 being transfected and identified by western blot (C), the cell viability
was analyzed by MTT assay at stated times in TSN/cells (D). E, G) Cell migration and invasion were evaluated by transwell assay. H, I) The expressions
of EMT-associated proteins (N-cad, Vimentin, E-cad) were determined by western blot assay in TSN/AGS and TSN/MGC-803 cells. *p<0.05
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ited the EMT progression (Supplementary Figure S2). The
detailed regulatory effects of miR-874 on HMGB2 and the
B-catenin pathway were studied in AGS and MGC-803 cells.
Expressions of B-catenin, c-myc, and cyclin D1 in different
groups were measured by western blot analysis (Figures 5A,
5B) after the transfection. The expression of proteins referring
to the B-catenin pathway (B-catenin, c-myc, and cyclin D1)
was lower after treatment with TSN, but it could be inverted
by the knockdown of miR-874 subsequently. Whereas after
treatment with the overexpressed vector of HMGB2, the
facilitated expression of the biomarker for the B-catenin
pathway could be witnessed (Figures 5A, 5B). These results
suggested miR-874/HMGB?2 participated in the activation of
the B-catenin pathway and regulated the f-catenin pathway-
related proteins expression.

TSN inhibited the GC cell progression in vivo. To further
examine the anti-tumor efficacy of TSN in vivo, GC cells
were xenografted in nude mice. The significant differences
in body weight were observed between the treatment groups
(Figure 6A). Tumor volumes were significantly smaller in the
TSN-treated groups (25 mg/kg) compared with the control
after 35 days of treatment (Figure 6B). Excised tumor tissues
exhibited the improved expression of miR-874 and reduced
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expression of HMGB2 (Figures 6C, 6D). In addition, TSN
treatment significantly inhibited the expression of HMGB2,
the biomarker of EMT (N-cad and Vimentin), meanwhile, it
promoted the expression of E-cad and the activation of the
B-catenin pathway (Figures 4E). These results suggest that
TSN inhibited the GC progression via the suppression of
B-catenin signaling.

Discussion

It is reported that TSN participated in the progression of
GC [13, 28, 29]. Yu et al. reported that TSN inhibited GCs
(SGC-7901) proliferation and migration by downregulation
of FOXMI1 [13]. Su et al., in in vitro and in vivo research,
found that TSN abolished the biological functions of AGS
cells by impairing the protein expression of EGFR, IGFR, and
arresting the PI3K/AKT/mTOR pathway [30]. Whereas, the
underlying mechanisms of TSN in the development of GC
have not been fully elucidated yet.

miR-874 was pervasively studied in multiple cancers,
such as rhabdomyosarcoma [31], hepatocellular carcinoma
[32], pancreatic adenocarcinoma [33], osteosarcomas [34],
and non-small lung cancer [35]. Several studies showed that
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Figure 5. TSN regulated the GC progression by the miR-874/HMGB2/p-catenin pathway in vitro. The B-catenin pathway-related proteins were explored
by western blot analysis in TSN/cells when being transfected with anti-miR-874 or HMGB2 vector. A, B) The levels of $-catenin, c-myc, cyclin D1 in

AGS (A), or MGC-803 (B) cells were confirmed. ‘p<0.05
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Fig. 7. A figure of the regulatory axis in terms of this study.

miR-874 was involved in the process of GC [36]. Huang et
al. reported that miR-874 could inhibit autophagy through
targeting gene autophagy-related 16-like 1 and increase the
sensitivity of tumor cells to chemotherapeutic drugs [36].
A foregone study documented that upregulated levels of
miR-874 limit cell growth, migration, invasion, and tumori-
genicity in GC. Conversely, the opposite results could be
seen in cells knocked down with miR-874 [14]. Furthermore,
several pieces of evidence have demonstrated that miR-874,
as a tumor inhibitor, abated angiogenesis via STAT3/VEGF-A
signaling in GC [17].

Our data also showed that TSN exhibited significant
tumor suppressive-effects upon proliferation, migration,
invasion, and EMT progression, which was consistent with
a reported paper [37-39]. Afterward, the miR-874 expres-
sion was upregulated when TSN was used to treat GCs,
moreover, through loss-functional experiments, we found

R COSC

!

inhibit proliferation,
migration, invasion,
EMT in GC

that the downregulated expression of miR-874 reversed the
inhibitory effect of TSN on GCs. Therefore, we speculated
that TSN played a role in inhibiting tumors by regulating the
expression of miR-874.

B-catenin is defined as an oncogene as well as a critical
part in the Wnt pathway [40]. It plays an essential role in
regulating cancer cell progression, early vertebrate devel-
opment, and axis formation [41]. HMGB2 was found to be
involved in the activation of the Wnt/B-catenin signaling
pathway during GC development. A study by An et al.
reported that miR-23b-3p inhibited autophagy mediated
by ATG12 and HMGB2 and sensitized GC cells to chemo-
therapy [21]. Li et al. showed that MALAT1 functioned as
a molecular sponge targeting miR-1297, antagonizing its
ability to suppress HMGB2 expression [19].

To explore the regulation mechanism of miR-874
in-depth, we carried out a targeted prediction and found that
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HMGB?2 might be a target gene of miR-874, which has been
predicted by dual-luciferase reporter assay, confirmed by RIP
assay, and RNA pull-down assay. Furthermore, the relation-
ship between miR-874 and HMGB?2 existed in a negative
correlation. Subsequently, to clarify the biological function
of HMGB?2 in tumor cells, we performed a gain-functional
experiment and data showed that the upregulated HMGB2
significantly restored the tumor-suppressing effect of TSN on
proliferation, migration, invasion, and the development of
EMT. We also explored the regulatory mechanism of HMGB2
on tumor promotion and found that the p-catenin pathway
was activated. In detail, the biomarkers, namely B-catenin,
c-myc, and cyclinD1, were upregulated in tumor cells after
being HMGB2 overexpressed administration or miR-874
knocked down. Thereafter, xenograft experiments have
also shown that the miR-874/HMGB2/B-catenin signaling
pathway was involved in the development of GC in vivo.

There are some limitations to this experiment. For
example, this experiment did not involve clinical samples;
commercial cells cannot completely simulate the situation in
vivo.

In conclusion, our study uncovered that TSN worked as
a tumor-inhibiting active ingredient, limited cell prolifera-
tion, migration, invasion, and EMT by targeting miR-874 in
GC progression in vitro and in vivo. Additionally, this paper
also revealed novel signaling of miR-874/HMGB2/p-catenin,
supplying a novel therapeutic method for GC treatment.

Supplementary information is available in the online version
of the paper.
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