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Background: Gastrin (GAST) is a well-known hormone regulating gastric biofunctions in
the secretion of acid and maintaining its structural integrity. Furthermore, the dysregulation
of GAST is also involved in the development of various forms of cancer. However, there are
some limitations for illustrating the cellular regulation of GAST and its regulatory mechan-
isms in gastric malignant transformation and the potential epigenetic regulators
systematically.

Methods: We explored the role of GAST expression in gastric cancer (GC) and normal
tissues with the clinical features and investigated the potential relationship between GAST
and STAT3/MMP11 pathway by gain or loss of function analyses. Besides, based on our
microRNA/mRNA expression profiles, miR-30a-3p was the potential epigenetic regulator
and additional experiments were performed to identify the hypothesis.

Results: Elevated GAST expression was frequently detected in GC and was associated with
worse outcomes (p<0.001). And we firstly demonstrated that GAST was negatively regulated
by miR-30a-3p. Moreover, GAST induced GC cell proliferation, migration and invasion
mediating STAT3/MMP11 pathway in this study.

Conclusion: MiR-30a-3p was the promising suppressor gene through negatively regulating
the expression of GAST, and dysregulation of GAST was a prognostic signature associated
cell proliferation and metastasis through STAT3/MMPI11 pathway in GC.

Keywords: gastrin, proliferation, invasion, miR-30a-3p, STAT3/MMP11 pathway, gastric cancer

Plain Language Summary

Numerous information has accumulated showing that GAST plays the essential role in cancer
progression in colorectal, stomach, liver, and pancreatic organs. However, the potential mole-
cular pathways of GAST affecting tumorigenesis and the inner mechanisms involved in the
regulation of GAST should be further investigated in gastric cancer (GC). In this study, we found
that elevated GAST expression was frequently detected in GC at mRNA and protein levels, which
was associated with poor clinical outcomes (overall survival). It induced GC cell proliferation,
migration and invasion by upregulating MMP11 expression through activation of STAT3 signal-
ing pathway using knockdown or restoration of GAST expression in GC cell lines and xenograft
animal models. Interestingly, we also firstly demonstrated that GAST was negatively regulated by
miR-30a-3p and miR-30a-3p was a promising tumor suppressor gene in GC. Collectively, we
identified GAST expression was the potential target gene of miR-30a-3p, and miR-30a-3p was the
promising tumor suppressor gene in GC. Furthermore, the subsequently elevated GAST expres-
sion promoted cell invasion and migration through STAT3 phosphorylation mediating the up-
transactivation of downstream gene MMPI1 in GC progression and development.
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Introduction

Gastrin (GAST), a peptide hormone produced primarily by
antral gastrin expressing cells (G-cells) in normal gastric
antrum. Subsequent studies have confirmed that the post-
translational processed form of GAST is an important
physiological regulator of acid output and a regulator of
proliferation in gastric epithelium in stomach, while hyper-
gastrinemia characterizes autoimmune gastritis, with body
and fundic gland atrophy and increased risk for both
gastric adenocarcinoma and neuroendocrine tumors.'
Numerous information has accumulated showing that
GAST plays an essential role in cancer progression in
colorectal, stomach, liver, and pancreatic organs.z_4
However, the potential molecular pathways by GAST
affecting tumorigenesis and the inner mechanisms
involved in the regulation of GAST should be further
investigated in GC. In this study, we initially observed
that GAST was overexpressed in GC and its high level of
expression was associated with advanced GC, lymph node
metastasis and poor prognosis. It is well known that aber-
rant expression of GAST is influenced by environmental
factors at the post-transcriptional level, such as H.pylori
study,
a differential microRNA/mRNA expression profile and
identified 17 miRNAs that downregulated in GC. In this
study, we combined miRNA and mRNA expression pro-
files to select miRNAs co-expressed with GAST and then
predicted the target of these miRNAs by using TargetScan.
Based on this strategy, we identified GAST as the miR-30a-
3p potential target gene and which will be further per-

infection.” In our previous we constructed

formed additional experiments to identify the hypothesis.

Using short-hairpin RNAs (shRNAs) are used to spe-
cifically suppress the expression GAST in GC cells, and we
will illustrate the effects of knockdown GAST in cellular
function and biology in this study. And the possible down-
stream pathway of GAST with STAT3/MMPI11 signaling
was identified and confirmed by Western blotting analyses
using JAK2/STAT3 inhibitor WP1066 addition.

Methods

Cell Lines and Patient Specimens

Human gastric cancer cell-lines BGC823, MGCS803,
SGC7901, AGS, N87 and GES-1 (GES-1, human-derived
immortalized gastric epithelial cell line) were ordered from
the Type Culture Collection of the Chinese Academy of
Sciences (Shanghai, China). All the cell lines were obtained
the approval statement from the institutional review board of

Beijing Cancer Hospital. These cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM, GIBCO-
BRL, Life Technologies, USA) with 5% or 10% FBS at 37°
C in the presence of 5% CO,. Human gastric tumor tissues
were collected from the tumor bank of Beijing Cancer
Hospital and all samples were diagnosed with GC based on
histopathological evaluation. The tumor histological grade
was assessed according to the World Health Organization
Criteria and was staged using the TNM staging of the
American Joint Committee on Cancer (AJCC) 8" edition
stage system of gastric cancer. The present clinical retrospec-
tive study and in the whole study related to these above cell
lines were performed in accordance with the Declaration of
Helsinki and the study protocol was reviewed and approved by
the institutional review board of Beijing Cancer Hospital.
Eligibility for inclusion in the present study should meet the
following inclusion criteria: 1) aged >18 years with histo-
pathologically confirmed gastric cancer; 2) had gastrectomy
plus lymphadenectomy (radical or non-radical); 3) no preo-
perative neoadjuvant therapies (including chemotherapy and
radiotherapy). While other patients who were pregnant or
taking breastfeeding had previous or other synchronous malig-
nancies, died in the perioperative period, had a history of
familial coagulopathy, active disseminated intravascular coa-
gulation, or thromboembolism, were diagnosed with acute
inflammatory disease, liver cirrhosis or chronic rental failure,
or who had received either anticoagulant or anti-aggregate
therapies, were excluded from this study. In total, we enrolled
159 consecutive GC patients with complete clinical data and
tumor tissues. All recruited patients had been followed up after
surgery for more than 5 years prospectively. The outcomes
were evaluated during clinical appointments at the outpatients
clinic or by telephone contact.

Vector Construction and Transfection

The miR-30a-3p and GAST cDNA were PCR amplified with
50 ng of genomic DNA from BGC823 cell line. The DNA
amplified was cloned into the BamH1/Xhol sites of pcDNA-
EGFP plasmid (Invitrogen, USA) to construct miR-30a-3p
expression vector pc-miR-30a-3p. The wild-type full-length
GAST CDS was cloned into the Xho I-Not I site of
psiCHECK-2 plasmid (Promega, USA). Mutagenesis of
miR-30a-3p binding site in the GAST CDS region was per-
formed using QuickChange II XL site-directed mutagenesis
kit. The CDS mutants were also cloned into psiCHECK-2
(Promega, USA) at restriction sites Xho I and Not I, and
samples named as GAST-wt-Luci and GAST-mut-Luci. Two
fragments of GAST knockdown were designed by the
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pSilencer 3.1 vector (Lifetech, USA). All the constructs were
confirmed by DNA sequencing (Supplementary Figure 4).

MiR-30a-3p mimics, miR-30a-3p inhibitors and their cog-
nate control RNAs were purchased from Invitrogen.
Transfection was performed using Lipofectamine 2000
(Invitrogen, USA) according to the manufacturer’s instruc-
tions. For transfection of the RNA oligonucleotides, 50 nmol/
L of miRNA mimics or antisense oligonucleotides was used.
For plasmids, 4 ng DNA was used in a six-well plate. G418
(400 pg/mL) was added 24 h after transfection to screen
stably transfected cell clones. All the oligonucleotide
sequences are listed in Supplementary Table 4.

RT-PCR

Total RNA from tissues and cells were extracted using a
standard Trizol protocol (Invitrogen, Life Technologies,
Grand Island, NY, USA), and 5 pg of RNA were used to
synthesize cDNA using the SuperScriptVR 1II First-Strand
Synthesis System according to the manufacturer’s instructions
(Invitrogen). Real-time PCR was done using SYBR Premix
Ex Taq (TaKaRa, Japan) to detect GAST gene expression; the
annealing temperature was 62°C. The expression of GASTwas
calculated relative to an endogenous reference (f-actin). The
primers used were exhibited in Supplementary Table 4.

Quantitative-PCR

Reverse transcription reactions are performed using the
TagMan microRNA Reverse Transcription Kit and
microRNA-specific stem-loop primers (Lot No.4366597,
Applied BioSystems, Inc.) Real-time PCR reactions were
performed in 20 pL reaction volumes using 10 pL. TagMan
2x Universal PCR Master Mix with 1 uL. miRNA-specific
primer, and 1.33 pL diluted RT product per reaction. All
assays were carried out on the Applied Biosystems 7500
Fast Real-Time PCR System (Applied Biosystems) using
the following conditions: 95°C for 10 min, followed by 40
cycles of 95°C for 15 s and 60°C for 1 min. The compara-
tive threshold cycle (AC,) method was used to measure the
expression level of miR-30a-3p relative to the expression
of an internal control (U6 small nuclear RNA). All the
primers are listed in Supplementary Table 4.

Western Blot Analysis

The cells were collected and lysed in lysis buffer. Equal
amounts of protein (50 pg) were separated by 12% SDS-
PAGE and transferred to PVDF membrane using a standard
protocol. The membrane was blocked with 5% skimmed milk
in PBST for 1 h. Blots were then incubated with the primary

specific antibody against gastrin-17 (GAST, 1:800, Abcam),
STAT3 (1:500, Santa Cruz), p-STAT3 (Tyr705, 1:500, CST)
and MMP11 (1:500, Abcam) overnight at 4°C, and sequen-
tially with horseradish peroxidase-conjugated secondary anti-
bodies (1:2000, Santa Cruz) for 1 h. B-Actin antibody
(1:10,000, Sigma, St. Louis, MO, USA) was used as
a control. The immune complexes were visualized using the
ECL system (GE Health Care) following the manufacturer’s
instruction.

Dual-Luciferase Reporter Gene Assay

BGCS823 cells were transiently transfected with wild-type or
mutant reporter plasmid and miR-30a-3p mimics using
Lipofectamine 2000 (Invitrogen) according to manufacturer’s
protocol. Reporter assays were performed 48h post-
transfection using Dual-Luciferase Reporter Assay System
(Promega), normalized for transfection efficiency by co-
transfected Renilla-luciferase. All the primers are listed in

Supplementary Table 4 and all experiments were performed

at least three times.

In situ Hybridization

In situ detection of miR-30a-3p was performed on paraffin
sections using DIG-labeled miRCURY ™ Detection probe
according to the manufacturer’s instructions (Exiqon,
Denmark). Thirty-one cases of GC and non-tumor adjacent
tissues were selected. Sections were deparaffinized and
deproteinated, which was followed by prehybridization,
hybridization, a stringency wash and immunological
The then
a streptavidin-peroxidase reaction system and developed
with 3,3’-diaminobenzidine (DAB). The miR30a-3p probe
had the sequence/SDigN/GCTGCAAACATCCGACT
GAAAG/3Dig N/(predicted Tm: 80°C, measured Tm:
52°C). A U6 probe (sequence: CACGAATTTGCGTGT
CATCCTT, predicted Tm: 75°C, measured Tm: 62°C,
Exiqon, Denmark) was used as the positive control and

detection. sections  were exposed to

a 22-mer scrambled probe with a random sequence was
included as a negative control. (GTGTAACACGTCTA
TACGCCCA, predicted Tm: 78°C, Exiqon, Denmark).

Immunofluorescence Analysis of in situ

Protein Expression

Cells were cultured on slides in 35 mm plates at 37°C, 5%
CO, for 24 h, fixed in 4% formaldehyde for 15 min and
permeabilized in 0.5%Triton X-100 PBS 5 min at room
temperature. The slides were then incubated with primary
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antibodies against GAST (diluted 1:200, Abcam), p-STAT3
(diluted 1:200, Santa Cruz) and MMPI11 (diluted 1:200,
CST) for overnight at 4°C. Slides were washed three times
with 0.5% Triton X-100 PBS to remove excess primary
antibody, and treated with goat anti-rabbit FITC conjugated
secondary antibody (diluted 1:50) for 1 h at room tempera-
ture and then stained with DAPI to visualize nuclei, covered
with glass coverslips and fluorescence photomicrographs
were obtained by a DMI4000 confocal laser-scanning micro-
scope (TCS-SP5; Leica, Mannheim, Germany).

Histo-Cytometry

Slides loaded with clinical GC tissue microarrays or lung
tissues in GC associated metastasis animal model were depar-
affinized in xylene and rehydrated in a graded alcohol series.
Antigen retrieval was performed in citrate buffer (pH 6.0) at
95°C for 20 min and cooled down at room temperature. After
the quenching of endogenous peroxidase in 3% H,0,, the
slides were incubated with blocking reagent (ZSGB-BIO,
Beijing, China) for 30 min at room temperature. Antigens
were then successively detected using the Opal protocol:
each primary antibody was incubated at 4°C overnight, fol-
lowed by detection using HRP-conjugated secondary antibody
(GBI Labs, Bothell, WA, USA) and TSA-fluor (1:100,
PerkinElmer, Santa Clara, CA, USA), after which the primary
and secondary antibodies were thoroughly eliminated by heat-
ing the slides in citrate buffer (pH 6.0) for 10 min at 95°C. In
a serial fashion, each antigen was labeled with distinct fluor-
ophores. Nuclei were subsequently visualized with DAPI
(1:2000, DAKO), and the slides were cover-slipped using
ProLong Gold Antifade Mountant (Thermo Fisher, Waltham,
MA, USA). This Opal protocol of GAST (1:200, Abcam; Opal
690), p-STAT3 (Tyr705, 1:200, CST; Opal 620), MMP11
(1:200, Abcam; Opal 520), was applied to the GC tissue
microarrays or lung tissues in GC associated metastasis animal
models. The multiple fluorophore-antibody staining on the
same tissue was photographed and analyzed by PerkinElmer.

MTT Assay

For the assessment of cell growth, the transfected cells were
cultured into 96-well plates at a density of 5x10° cells/well.
One hundred uL. MTT (Smg/mL) was added at 24, 48, 72 and
96 h, respectively. After 4 h of incubation at 37°C, the
medium was replaced with 200puL dimethyl sulfoxide
(DMSO) (Sigma) and vortexed to solubilize the formazan
product for 15 min at room temperature. Optical density
(OD) was read at 570 nm using a microplate reader (Bio-
Rad, Hercules, CA, United States). Three independent

experiments were done and data were collected and analyzed
statistically.

Soft Agar Colony Formation Assay

The abilities of transfected cells to form macroscopically
visible colonies in soft agar were determined according to
standard protocol. 1.5x10° cells were trypsin-digested into
single-cell suspension and placed in triplicate onto 60 mm
dishes in DMEM containing 0.3% agarose overlying a 0.6%
agarose under-layer. Plates were incubated at 37°C, 5% CO,
for about 28 days and the colonies were stained with 0.2%
p-lodonitrotetrazolium violet (INT) and photographed.

Tumorigenicity Assay in Nude Mice
Six-week-old female BALB/c nude mice were housed
under specific pathogen-free conditions in groups of five
that were used in these experiments. Single-cell suspen-
sions (5x10° in 0. mL Hank’s buffered salt solution
(HBSS)) were subcutaneously injected into the left flank
of nude mice and the right side inoculated with control
cells. The tumors were measured every 3 days with
a caliper, and the diameters were recorded. Tumor volume
was calculated using the formula: a’b/2, where a is the
length and b is the width of the tumor.

Invasion and Migration Assays

Invasion assay was performed using the BD Biocoat
Matrigel chamber in 24-well plates. 1.5x10° of cells resus-
pended in the serum-free medium were placed in the top
chamber of transwell invasion chambers. The lower chamber
was filled with 750 pL. DMEM supplemented with 10% FBS.
In some cases, JAK2/STAT3 inhibitor (WP1066, Sigma) was
also added to the upper and lower chambers. After 24 h
incubation at 37°C, 5% CO, incubator, the non-invading
cells on the upper surface of the filter were carefully removed
with a cotton swab. Migrated cells were fixed with methanol
and stained with crystal violet for 20 min, stained with 0.1%
crystal violet for 10 min at room temperature. The total
number of cells adhering to the lower surface of the mem-
brane was acquired in six representative fields (100 magni-
fication). The migration assay was performed in the same
way as the invasion assay except that the membrane was not
coated with Matrigel (BD Biosciences, San Jose, CA, USA).

Scratch Assay

The cells were seeded into 60 mm culture dishes for 24 h at
a concentration of 5x10° cells/mL and cultured in medium
containing 5% FBS to nearly confluent cell monolayers. Then,
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a linear wound was generated in the monolayer with a sterile
200uL plastic pipette tip. Plates were washed twice with PBS
to remove detached cells and incubated at 37°C with 5% CO,.
Three representative images (0 h, 12 h, 24 h) from culture
dishes showing the scratched areas under each condition were
photographed to estimate the relative migration of transfected
cells. The experiments were repeated three times.

Metastasis Assay in xenograft models
GAST knockdown cells and control cells (2x10° cells in
500 mL of PBS) were injected into the lateral tail veins of
4 week-old BALB/c nude female mice, respectively (six
mice per group). After 4 weeks, all the mice were killed
under anesthesia. The lungs were collected and fixed in 10%
formalin. For tissue morphology evaluation, HE staining and
histo-cytometry immunofluorescence observations were per-
formed on sections from embedded samples.

Statistical Analysis

Statistical analysis was performed using the SPSS22.0
software. Data were expressed as Mean+SD of at least
three independent experiments. The Student’s z-test was
used to analyze the differences between the two groups.
The relationship between miR-30a-3p and GAST mRNA
expression or the expression of GAST and STAT3/MMPI11
pathway was explored by Pearson's correlation.
Differences were considered statistically significant at *

p<0.05 and ** p<0.01.

Results
Enhanced GAST Was Associated with

Poor Outcome in GC

We first evaluated the status of GAST expression on
a panel of GC cell lines and an immortalized normal cell-
line GES-1, in order to subsequently focus on a model
cell-line for systematic biological characteristic explora-
tion. RT-PCR and Western blot data were shown that
BGC823 and N87 cells had markedly elevated levels of
GAST, while the lowest expression level in SGC7901 cells
(Figure 1A and 1B).

To compare with the level of GAST expression between
GC and adjacent normal tissues, we performed five matched
fresh GC samples using RT-PCR and 159 paraffin-embedded
GC samples with 102 adjacent normal tissues from surgical
operation by immunostaining assay. The higher level of
GAST mRNA expression was detected in GC samples than
that in paired normal ones (Figure 1C). At the protein level,

the high level of GAST was 92 of 159 (57.9%) GC and in 31
of 102 (30.4%) normal tissues (Figure 1D, Table 1, p<0.001).
We analyzed the association between GAST expression and
159 patients’ survival status by Kaplan-Meier survival ana-
lysis. The survival curves showed that a high level of GAST
expression significantly was related to the poor survival
(Table 2 and Figure 1E, p<0.001). Moreover, in advanced
GC group (n=100) or patients with lymph node metastasis
(n=112), high level of GAST expression group had worse
outcome than low-level group, respectively (p<0.001,
p<0.001, Figure 1E). To further understand the pathophysio-
logical significance of GAST with clinical characteristics, the
clinicopathological data are summarized in Table 3.
According to Table 3, we found that the high level of
GAST expression was apparently associated with survival
status (p<0.001) and lymph node metastasis (p=0.008).

To further understand the pathophysiological contribu-
tion of clinical features associated with the overall survival
of GC patients using Univariate analysis (Table 2) and
multivariate Cox regression analyses (Table 4).

Kaplan-Meier estimation of survival functions indicated
that Lauren’s classification (p<0.001), TNM stage (p<0.05),
lymph node metastasis (p<0.05), distant metastasis (p<0.001)
and elevated GAST expression were associated with the out-
come of GC patients using Univariate analysis (Table 2).
Furthermore, in multivariate Cox regression analysis,
Lauren’s classification (p=0.044), TNM stage (p=0.042) and
GAST expression (p=0.002) were the independent factors for
the overall survival in GC patients (Table 4).

Collectively, these findings strongly suggest a high
level of GAST was detected in GC samples, and patients
with a high level of GAST were associated with worse
prognosis, which was associated with lymph node metas-
tasis. The inner mechanism of GAST in the malignant
proliferation and metastasis should be investigated.

Silenced GAST Suppresses Cell
Malignancy in this study

Overexpressed GAST occurred in GC development and pro-
gression. In order to study the effects of silenced GAST on the
cellular growth, we used short-hairpin RNAs (shRNAs) to
specifically target and suppress the GAST gene expression in
BGC823 cells. We demonstrated significantly decreased
growth rates in stable interference cell-clones pshRNA-1
and pshRNA-2 compared to that of the control cells
(»<0.05, Figure 2A). The reduced growth rate correlated
directly with the reduced GAST gene expression. Next, soft
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Figure | Enhanced GAST expression was associated with poor survival in GC. (A) GAST mRNA level was measured by RT-PCR (top) and qPCR (bottom) in gastric cell lines
described in Materials and Methods and which was repeated for three times. (B) GAST protein level was measured and repeated for three times using Western blot analysis
in these gastric cell lines (top), and the columns represented grey scanning analysis from Western blot results (bottom). (C) Differential expression of GAST mRNA in
matched GC samples detected by RT-PCR analysis. (D) GAST protein was assessed by IHC assay (400x). (a) Negative staining of GAST in adjacent normal tissues. (b, c)
Positive staining of GAST in GC tissues. (E) Kaplan—Meier analysis of overall survival of GC patients according to GAST expression in all the GC patients, (n=159, p<0.001),
the patients with advanced GC (n=100, p<0.001) and the patients with lymphatic metastasis (n=112, p<0.001), respectively.

agar colony formation assay was performed to evaluate the
capacity of cells to form macroscopically visible colonies.
Compared to the non-inhibited control, both shGAST-1 and
shGAST-2 cell clones exhibited not only lesser amounts of
colonies (p<0.01, Figure 2B), but also smaller sizes of colo-
nies (p<0.01, Figure 2B).

Due to the observation that the patients with GC overex-
pressing GAST represented the more aggressive phenotype, we

hypothesized that GAST could induce or promote metastatic
behaviors in GC. The transwell assay was employed to detect
any effect on the migration and invasion of GC cells following
silenced GAST expression. First, we detected invasive activity
using a trans-well chamber coated with matrigel prior to
Then, GAST-
knockdown transfected cells were added to the inside of

silenced GAST wusing transfected cells.

the upper chamber, after 24 h, cells that passed through
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Table | The Different Expression of GAST, MMPI | and p-STAT3
Between GC Samples and Normal Tissues

Table 2 Univariate Analysis of Clinical Features Associated with
Overall Survival of Patients with GC

Clinical Biomarkers GC Normal P-value
GAST expression

High 92 31

Low 67 71 <0.001
p-STAT3 expression

High 97 30

Low 62 72 <0.001
MMPI | expression

High 105 25

Low 54 77 <0.001

matrigel-coated filter pores and invaded into the lower surface
of the filters were counted under a microscope. As shown in
Figure 2F, the number of invasive cells was considerably
reduced when compared with non-knockdown control cells,
and the sAGAST-1 colonies had the obviously decreased com-
pared with the shGAST-2 colonies in GC cell lines (p<0.01).
Thus, the invasive ability of BGC823 down-regulated after
GAST-shRNA was significantly diminished compared with
that of the control cells expressing higher levels of GAST.

Additionally, we tested the effects of knockdown of GAST
on cell growth and metastasis in animal models. As shown in
Figure 4C, the groups with GAST-knockdown cells formed
substantially smaller tumor sizes or tumor weights in nude
mice than did the empty vector groups (Figure 4A and 4C, p <
0.05, respectively). Using IHC analysis, we observed the
stronger staining of GAST in non-knockdown control tumors.
In striking contrast, almost less staining with GAST, MMP11
and p-STAT3 antibodies were observed in the sAGAST trans-
fected xenografts (Figure 4B). Moreover, data from metastasis
assay in xenograft models (Figure 4D), the number of lung
metastatic sites in shGAST group was less than that in the
negative control (Vector) (P<0.01). Less micro-metastases
were detected in shGAST group than that in the negative
control (Vector) by HE staining. Moreover, we also find that
low levels of GAST, MMP11 and p-STAT3 expression were
detected by Western blotting, IHC staining and multiple fluor-
ophore-antibody staining in shGAST group compared with
that in negative control (Vector) (Figures 2C, 4B and E).

To further explore the potential role of GAST in metastasis,
we evaluated the effects of control and knockdown GAST on
GC cell migration using the trans-well chambers not-coated
with Matrigel. Consistent with the prior invasion assays, these
results showed that the numbers of GAST-knockdown motile
cells that passed through non-Matrigel filters and migrating to

Clinical Features No. Mean Survival Time P-value
Cases (Month)

Gender

Male 121 3897 £277

Female 38 45.99 + 5.30 0.217
Age

260 85 36.70 £ 3.39

<60 74 43.87 + 343 0.231
Tumor site

Cardiac cancer 50 41.67 £ 4.22

Non-cardiac cancer 109 40.50 + 3.04 0.730
Lauren’s classification

Intestinal type 92 48.55 £ 3.21

Diffuse type 67 30.73 + 3.50 <0.001
TNM stage

| 18 71.56 £ 238

I 41 52.28 + 4.46 0.015

n 9l 30.97 £ 3.04 <0.001

v 9 10.44 + 1.84 <0.001
Tumor invasive depth (T)

1-2 25 65.17 £ 4.04

34 134 35.99 £ 2.66 0.172
Lymph node metastasis
(N)

0 47 60.29 + 3.64

| 22 29.48 + 5.83 <0.001

2 38 43.95 + 4.96 0.008

3 52 19.95 + 2.08 <0.001
Distant metastasis (M)

Yes 9 10.44 + 1.84

No 150 42.84 + 2.56 <0.001
p-STAT3 expression

High 97 3785+ 3.19

Low 62 4491 + 3.86 0.122
MMPI 1 expression

High 105 34.96 £ 2.93

Low 54 53.96 £ 3.91 <0.001
GAST expression

High 92 30.18 £ 2.88

Low 67 55.15 £ 3.56 <0.001

the lower surfaces of the filters was decreased significantly
compared with non-knockdown control cells (p<0.01,
Figure 2D). To validate this observation more firmly, we
subsequently analyzed the cell migration ability using the
“scratch wounding” assay, which measures the expansion of
a cell population on solid surfaces. As can be seen in
Figure 2E, knockdown GAST cells moved more slowly than

OncoTargets and Therapy 2020:13

submit your manuscript

8481

Dove


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

Liu et al

Dove

Table 3 The Correlations Between GAST Expression and Other
Clinical Features

Table 4 Multivariate Analysis of Clinical Features Associated
with Overall Survival of Patients with GC

Clinical Features No. GAST Expression P-value
Cases
High (%) | Low (%)
Gender
Male 121 74 (61.1) | 47 (38.9)
Female 38 18 (47.4) | 20 (52.6) | 0.187
Age
260 74 43 (58.1) | 31 (41.9)
<60 85 49 (57.6) | 36 (42.4) | 0953
Tumor site
Cardiac cancer 50 29 (58.0) 21 (42.0)
Non-cardiac cancer 109 63 (57.8) | 46 (42.2) | 0.98I
Survival status
Live 75 29 (38.7) | 46 (61.3)
Dead 84 63 (75.0) | 21 (25.0) | <0.00I
Lauren’s classification
Intestinal type 67 42 (62.7) 25 (37.3)
Diffused type 92 50 (54.3) | 42 (45.7) | 0331
TNM stage
| 18 6 (33.3) 12 (66.7)
1l 41 24 (58.5) 17 (41.5)
1] 9l 55 (60.4) | 36 (39.6)
v 9 7 (77.8) 2 (22.2) 0.114
Tumor invasive depth (T)
8 3(37.5) 5 (62.5)
2 17 7 (41.2) 10 (58.8)
3 69 37 (53.6) | 32 (464)
4 65 45 (69.2) | 20 (30.8) | 0.062
Lymph node metastasis (N)
0 47 20 (42.6) | 27 (57.4)
| 22 17 (77.3) | 5Q22.7)
2 38 19 (50.0) 19 (50.0)
3 52 36 (69.2) 16 (30.8) | 0.008
Distant metastasis (M)
Yes 9 7 (77.8) 2 (22.2)
No 150 85 (56.7) | 65 (43.3) | 0.305
p-STAT3 expression
High 97 64 (66.0) | 33 (34.0)
Low 62 28 (45.2) | 34 (54.8) | 0.013
MMPI1 | expression
High 105 75 (71.4) | 30 (28.6)
Low 54 17 (31.5) | 37 (68.5) | <0.001

the control ones; after 24 h, in the control group, the gap in the
scratch wounds were almost sealed, but there was still a large
gap remaining in the GAST-knockdown transfected cell group
(Figure 2E), all the experiments were repeated for three times.
Taken together, these results indicated that silenced GAST

Clinical Features P-value | Exp 95.0% CI for
(B) | Exp(B)
Lower | Upper

Gender 0.219 1.442 0.804 2.586
Age 0.355 1.231 0.793 1.910
Tumor site 0.520 0.850 0.517 1.396
Lauren’s classification 0.044 1.681 1.014 2.789
TNM stage 0.042 2422 1.035 5.670
Tumor invasive depth (T) | 0.505 1.520 0.444 5.209
Lymph node metastasis 0.701 1.070 0.759 1.508
(N)

Distant metastasis (M) 0.905 0.933 0.299 2914
p-STAT3 0.570 0.867 0.530 1.418
MMPI | 0.122 1.623 0.879 2.999
GAST 0.002 2.290 1.342 3.908

expression had a significant inhibitory effect on GC cell
migration.

To further evaluate the effects of GAST on GC cell prolif-
eration, we successfully obtained the GAST overexpressing
SGC7901 cell line using RT-PCR, qPCR, Western blotting
and immunostaining assays (Figure SA—5D). The MTT result
was shown that cell proliferation of GAST-overexpressing
SGC7901 cell colonies (SGC7901-G1 & SGC7901-G9)
were quicker than that of the empty vector ones (SGC7901-
V) and parent cells for each tested time point (p<0.05, Figure
5E). Soft agar colony formation assay was shown that, as
compared to the vector-transfected SGC7901 (SGC7901-V)
and parent cells, both SGC7901-G1 and SGC7901-G9 cell
colonies exhibited not only more amounts of colonies but also
bigger sizes of colonies (Figure S5F, p<0.01). Moreover, we
also tested the effects of GAST overexpression on cell growth
in tumor-bearing models. As shown in Figure 5G and
2A, bearing GAST-
overexpressing cells formed bigger tumor sizes and tumor

Supplementary  Figure animals

weights substantially than those with lower GAST expressing
control (p < 0.05, respectively), without the significant differ-
ences between the average body weights in these groups
(Supplementary Figure 2B). IHC analysis also confirmed

a stronger staining of GAST in overexpressing GAST
SGC7901 cells. These above MTT assay, soft agar colony
formation assay and xenograft study revealed that overex-
pressed GAST promoted cell growth both in this study.

To further explore the effect of GAST on tumor metastasis
in animal models, the experimental pulmonary metastasis
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Figure 2 GAST regulated the malignancy through p-STAT3 activation and MMPI | expression in GC cells. (A) The proliferation curves were determined using MTT assay in
BGC823 parent cells and cells transfected with empty vector or silenced GAST plasmids. The data were presented as Mean+SD from three independent experiments. (B)
Representative image of colony formation by knockdown of GAST expression in BGC823 cells. The cell colonies were stained with 0.2% INT solution and photographed.
Colony-forming ability was dramatically decreased in shGAST transfected cells compared with empty controls (100%). The column represented the mean number of
colonies from three independent experiments. (C) Silenced GAST deceased the activation of p-STAT3 and MMPI | expression using Western blotting analysis. (D, E) Cell
migration and invasion were performed with the transwell assay. Knockdown of GAST expression suppressed cell migration and invasion in BGC823 cells. Data are presented
as MeanSD. (F) Cell monolayer scratching assay showing the different time points of cell migration ability of BGC823 cells with transfected with shGAST constructs or the

empty vector. All the experiments were repeated for three times. (**p<0.01).

experiment using xenograft model of the GAST-knockdown
BGC823 cells in the nude mice was examined, which was
a well-established model to detect the effect of genes on
metastasis. Accordingly, GAST-knockdown transfected cells
were transplanted into nude mice by tail-vein injection. After
4 weeks, mice were anesthetized and lungs were dissected,
HE and THC immunostaining was performed to evaluate
tissue morphology. As shown in Figure 5D and 5F, GAST-
knockdown interference cells had small pulmonary metastatic
nodules, whereas the non-knockdown control group had

extensive and higher levels of lung metastasis, suggesting
a critical role of GAST as a significant promoter of metastasis
in animal models (Supplementary Figure 2C).

GAST Regulated MMPI | Expression
Through Activation of STAT3 Signaling

To investigate the possible mechanisms of GAST involved in
the regulation of cell metastasis, we focused on the proteins
in STAT3 signaling pathway, which closely associated with
cellular metastasis. Western blot, immunofluorescence and
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Figure 3 The potential role of GAST in the STAT3/MMPI | pathway. (A) Immunofluorescence detection of p-STAT3, MMPI | and GAST expression in BGC823 cell clones
stably transfected with shGAST plasmids or empty vector. Immunofluorescence images of GAST-silenced cells and control cells stained for p-STAT3 (green), MMP1 | (red) and
GAST (green) (cell nuclei counterstained with DAPI in blue). (B) Immunofluorescence detection of p-STAT3, MMP1 | and GAST expression in the same GC specimens. (C)
Western blot analysis was used to detect the expression level of STAT3, p-STAT3 (Tyr705), MMP1 | and GAST in the stable transfected cell clones with or without the JAK2/
STAT3 inhibitor WP1066 addition by Western blot analysis, B-actin was used as the internal control. (D) Gray scanning analysis showed the expression levels of MMPI | with
or without the JAK2/STAT3 inhibitor WP1066 addition in the relative transfected cells. The more decrease of MMP1 1 in cells with knockdown of GAST than that in cells with
WP1066 addition. (E, F) Invasion and migration assays were conducted in transfected cells with or without WP1066 addition. The numbers represented MeanSD in three
independent experiments respectively. ¥p<0.05, **p<0.01.

IHC analyses were exhibited that silenced GAST led to  with Western blot results, the confocal image exhibited
a prominent reduction of phosphorylated STAT3 (Tyr705) strong p-STAT3 expression in cytoplasm and nucleus of
(Figures 2C, 3A, 4B and 4E), while the level of total STAT3  control cells, but rather weak cytoplasmic expression and
protein was not altered (Figure 2C). Especially, consistent negligible nuclear expression in the silenced GAST cells.
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Figure 4 Silenced GAST suppressed the tumorigenicity and metastasis in animal models. (A) Tumor growth curves were recorded based on mean tumor volume at different
time points. (B) Representative Tumor macroscopic appearances dissected from the nude mice of different groups and the average tumor weight in ShGAST-I group was
smaller than that in vector group. Data were presented as Mean+SD. (C) IHC staining of GAST, MMPI | and p-STAT3 (Tyr705) in paraffin-embedded sections from the
silenced GAST group and empty vector group. Silenced GAST led to the decrease of p-STAT3 and MMPI |. (D) Representative images of lungs. Lungs isolated from mice of
interference cells and control cells. Red arrows exhibited the pulmonary metastatic nodules. The numbers of pulmonary metastatic nodules in lungs were counted and
analyzed by the Student’s t-test method. Statistical plot showed the metastasis loci counted under the microscope per visual field. (E) Representative images of hematoxylin
and eosin (HE)-staining of lungs. The lung tissues were made HE dying and observed under a light microscope (Up:100%, Bottom: 200%). GAST knockdown significantly
inhibited xenograft tumor invasion into lungs. Confocal analyses of GAST, p-STAT3 and MMPI | expression were exhibited in the shGAST-/ and vector groups. *p<0.01.

We also saw a strong level of MMP11 expression in the knockdown transfected GC cells. Furthermore, the down-
cytoplasm of non-knockdown control cells but a much stream gene of MMPII was significantly down-regulated in
weaker level of MMPI11 expression in the GAST- JAK2/STAT3 pathway after knockdown of GAST expression
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Figure 5 Ectopic expression of GAST promoted SGC7901 cell proliferation in this study. (A, B, C, D) Ectopic expression of GAST in SGC7901 cells detected by RT-PCR,
qPCR, Western blotting and Immunofluorescence analyses, respectively. All the experiments were repeated for three times. (E) Cell viability was detected by MTT assay
between stably transfection with empty vector and overexpressed GAST colonies (GAST-C| and GAST-C9) for three independent experiments. The data are presented as
Mean1SD. (F) More aggressive malignancy was detected in SGC7901 cells transfected with ectopic expressed GAST construct by soft agar assay for three independent
experiments. Colony-forming ability was dramatically increased in GAST-overexpression cells compared with control cells (100x%). The cell colonies were stained with 0.2%
INT solution and photographed. (G) Ectopic expression of GAST promotes SGC7901 tumorigenicity in nude mice through tumor size measurement for each week and
tumor weights after sacrificing the tumor-bearing mice. (H) The differential expression of GAST, p-STAT3 and MMP| | using IHC staining in the tumor xenografts sections. **
p<0.01.

(Figures 2C, 3A, 4B and 4E). These findings suggest that Meanwhile, in the ectopic expressing GAST of SGC7901
downregulated GAST expression in BGC823 cell led to the  cells, p-STAT3 and MMP11 were elevated in tumor-bearing
significant attenuating of p-STAT3 and MMP11 expression.  models (Figure SH).
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In the clinical samples, we further investigated the corre-
lation between GAST expression and the STAT3/MMPI1I
pathway. GAST expression was moderately positively corre-
lated with p-STAT3 status (p=0.013, Spearman’s R=0.206,
Table 3 and Supplementary Table 3) or MMP11 expression
in GC samples (p<0.001, Spearman’s R=0.383, Table 3 and
Supplementary Table 3). While in normal samples, the simi-
lar correlations between GAST expression and the STAT3/
MMPII pathway were also proved (p = 0.002 between
GAST and p-STAT3 expression, Spearman’s R=0.322;
p<0.001 between GAST and MMPII
Spearman’s R=0.367, Table 3 and Supplementary Table 3).
Moreover, the co-expression of GAST, MMPII and
p-STAT3 expression was mostly observed in the same GC

expression,

samples using Confocal analysis (Figure 3B).

To investigate if the activation of STAT3 was directly
involved in GAST-induced metastasis of GC cells, we stu-
died the effect of pharmacologic inhibitors of STAT3
(WP1066) on GAST-induced stimulation of migration and
invasion. After the STAT?3 inhibitor addition, WP1066, with
the concentration of 5 uM for 2 h, a prominent decreased
expression of MMP11 was observed in the control cells, but
this decline was only slightly noted in the GAST-
knockdown cells, indicating that GAST probably regulated
the expression of MMPI1 mainly through activating
p-STAT3 (Figure 3C and 3D, p<0.05). Moreover, treatment
of GC cells with WP1066 could inhibit the invasive and
migratory abilities of BGC823 cells and we noted that the
inhibition rates of WP1066 on invasive and migration abil-
ities of control cells were 49.7% and 50.6%, respectively,
significantly higher than 32.7% and 25.8% of the GAST-
silenced cells. These experimental results suggested that the
STAT3 pathway likely mediated transactivation of MMP11
induced by GAST (Figure 3E and 3F, p<0.05).

Inverse Correlation Between MiR-30a-3p
and GAST Expression in GC

In a previous study, we found a significant decrease in a set of
miRNAs in GC in comparison to normal tissue using
microRNA profiling (Figure 6A). Integrating the above
miRNA expression profiling data with TargetScan predic-
tions, miR-30a-3p was selected to regulate GAST expression
(Supplementary Figure 3). As shown in Figure 6B, the
miRNA: mRNA alignment analysis showed that the CDS
of GAST contains putative binding sites for miR-30a-3p
located at 358-364 nt. Next, the levels of miR-30a-3p and
GAST expression were detected in gastric cell lines. As

indicated in Figure 6C, miR-30a-3p levels were relatively
lower in BGC83 and N87 cells, which expressed a higher
level of GAST (Figure 1B), but miR-30a-3p levels were
higher in SGC7901 cells that expressed a low level of
GAST (Figure 1B). This relationship between miR-30a-3p
is apparently inversely correlated with GAST gene expres-
sion in human GC cell lines (Figure 6E).

To explore whether this observation could be extrapolated
to primary GCs, we examined GAST and miR-30a-3p expres-
sion in 10 paired GC specimens using RT-PCR and TagMan
qPCR. We found that GAST was increased in 70% of GC
compared with normal tissues, but miR-30a-3p was signifi-
cantly decreased in all 10 of these tumor tissues (Figure 6D).

Further, we expanded the potential miRNA analysis by
quantitating miR-30a-3p and GAST protein level in 31
cases of paired GC tissues using in situ hybridization and
IHC assays. Consistent with the PCR data, downregulation
of miR-30a-3p was observed in tumor tissues compared to
the primary normal tissues and GAST expression was
inversely correlated with miR-30a-3p  expression.
Pearson’s correlation analysis showed a statistically sig-
nificant inverse correlation (R*=—0.62, p=0.038) in these
samples. These data strongly suggested that miR-30a-3p
reduction might be contributed to the overexpression of
GAST in GC samples (Figure 6G).

Previously, we constructed differential microRNA/
mRNA expression profile by using 10 pairs of GC tissues,
and identified 17 miRNA that down-regulated in GC tissues.
In this study, we combined miRNA and mRNA expression
profiles to select miRNAs co-expressed with GAST, and then
predicted the target of these miRNAs by using TargetScan.
Based on this strategy, miR-30a-3p, miR-30d and let-7c were
identified (Supplementary Figure 3A). By using RT-PCR
3B) Western  Blot
(Supplementary Figure 3C), we focused that miR-30a could

(Supplementary  Figure and

markedly regulate the expression of GAST.

To confirm that GAST expression was a potential target
gene of miR-30a-3p, we selected BGC823 and N87 cells,
expressed a higher level of GAST using miR-30a-3p
mimics or the relative scrambled negative control (Ctrl)
transfection, and SGC7901 cells with the lower expression
of GAST were transfected with miR-30a-3p inhibitor or the
relative negative control. RT-PCR and Western blot analy-
sis indicated that the mRNA and protein levels of GAST
were negatively regulated by miR-30a-3p in GC cells
(Figure 6F). To further validate the direct targeting of
GAST by miR-30a-3p, dual-luciferase reporter assays
were conducted. We created wild-type and mutant-type
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Figure 6 GASTwas the direct target gene of miR-30a-3p in GC. (A) Cluster analysis of miR-30a-3p expression patterns in our GC miRNA profiling data. (B) The binding sites
of miR-30a-3p sequences in the CDS of GAST gene. (C) qPCR analysis detected miR-30a-3p expression levels in a panel of gastric cell lines. Ué was used as the endogenous
control for microRNA expression analysis. (D) Histogram showing the expression of GAST and miR-30a-3p in GC tissues and matched normal tissues. The levels of GAST
mRNA were quantified by RT-PCR analysis. TagMan qPCR analysis of miR-30a-3p in 10 paired GC samples. (E) The apparently inverse correlation between GAST and miR-
30a-3p expression in gastric cell lines. (F) RT-PCR (upper) and Western blots (lower) analyses were used to monitor the effect of miR-30a-3p on the expression level of GAST
in BGC823 and N87 GC cells liens. (B) RT-PCR (upper) and Western blot (lower) analyses were used to monitor the effect of miR-30a-3p inhibitor or mimics on the
expression level of GAST in GC cell lines, which indicated the potential inverse correlation between miR-30a-3p and GAST. (G) ISH and IHC staining assays were used to
detect the expression patterns of miR-30a-3p and GAST in 3| cases of GC and matched normal ones, respectively. (A) MiR-30a-3p was highly expressed in normal tissues. (C,
E) Decreased or absent miR-30a-3p expression was detected in GCs. (B) Decreased or absent GAST expression was detected in normal tissues. d, f. GAST was highly
expressed in GCs. (G) DIG-labeled LNA snRNA Ué probe were used as the positive control. DIG-labeled LNA scrambled sequence probe was used as the negative control.
There was a statistically significant inverse correlation between miR-30a-3p and GAST (R=—-0.265, p<0.01) in these samples. (H) The results from three independent dual-
luciferase reporter assays indicated that GAST was the direct targeting of miR-30a-3p. Compared with the mutant-type and wild-type of GAST CDS groups, the reporter
assays showed a significantly decreased luciferase activity in the wild-type group. *p<0.01.
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CDS constructs for the putative GAST binding sites of
miR-30a-3p and co-transfected BGC823 cells with these
miR-30a-3p mimics. Compared with mutant-type and
wild-type control groups, the reporter assays showed
a significantly decreased luciferase activity in the wild-
type group (Figure 6H, p<0.05). Taken together, our
results suggested that GAST was the candidate target
gene of miR-30a-3p in GC cells.

MiR-30a-3p Was the Tumor Suppressor
Gene in GC

MiR-30a acts as a tumor suppressor for regulating the growth
and migration of H.pylori infected gastric cancer by targeting
COX-2 and BCL9. Compared with H.pylori infected wild-type
mice, H pylori-infected miR-30a knockout mice showed an
increased incidence of chronic gastritis, chronic atrophic gas-
tritis, atypical hyperplasia, and other precancerous lesions or
adenocarcinoma manifestations in the antral or gastric mucosa
of mice, as well as regulation of genes closely associated with
tumor development. In our study, we further identified that
miR-30a-3p was the promising tumor suppressor gene in GC
using in this study assays (Figure 7). We selected six colonies
with overexpressing miR-30a plasmid transfection. And the
Colone-1 (miR-30a-3p-1) and Colone-4 (miR-30a-3p-4) had
the higher expression of miR-30a-3p than others using real-
time PCR analyses. And we used miR-30a-3p-1 and miR-30a-
3p-4 colonies for further investigation. The stable expression
of miR-30a-3p was detected in these colones. And a higher
level of miR-30a-3p was detected in miR-30a-3p-1 colone
than that in miR-30a-3p-4 colone for three times repeats
(Figure 7A). After obtaining the overexpressing miR-30a-3p,
cell viability and colonies formation were decreased signifi-
cantly (Figure 7B and 7C, respectively), accompanied by the
reduction in invasive cells and migrative cells (Figure 7D).
Moreover, the tumorigenicity was suppressed in the group
with overexpressing miR-30a-3p using tumor size measure-
ment (Figure 7E), and from the tumor sections, decreased
GAST staining was detected in the overexpressing miR-30a-
3p xenografts model (Figure 7F). Collectively, miR-30a-3p
was the potential tumor suppressor gene correlated with GAST
expression to some extent.

Discussion

The molecular pathways of GAST contributing to tumor cell
growth and migration are more complex and many features
remain to be clarified. In this study, we have shown that
GAST is increased in GC tissues and its expression is

associated with worse clinical outcomes. In fact, patients
with over-expressed GAST had a worsened prognosis than
those with a low level of GAST. These data provide compel-
ling pathogenic evidence that elevated GAST expression
increased the risk of death in GC patients.

Moreover, the question should be figured out that what
factors may cause the increased GAST expression in GC.
From animal study, an increase in GAST mRNA in H.pylori-
infected mice were reported through MAP kinase-dependent
signaling but not NF-kB-dependent signaling. H.pylori induc-
tion of GAST promoter through a GC-rich motif was mediated
by the inducible binding of Sp1 and Sp3 transcription factors.
Collectively, co-culturing live H.pylori bacteria with human
cells were sufficient to induce GAST gene expression.” H.
pylori alters the expression of tumor suppressor genes, includ-
ing miRNAs by epigenetic deregulation, including DNA
methylation and microRNAs, are important regulatory events
that modulate all the pathways in the cellular network.® Since
microRNAs (miRNAs) are known as one of the major epige-
netic modifications of their cognate target genes by sequence-
specific binding to messenger RNA and could trigger transla-
tion repression or RNA degradation, thereby playing the
important role in cancer progression. Our previous study on
microRNA expression profiles in GC tissues by microarray
demonstrated that a unique set of miRNAs were down-
regulated in these cancers. In this study, we identified miR-
30a-3p as a predicted regulator for GAST, and confirmed that
miR-30a-3p was indeed down-regulated in GC cell lines and
tissues, and more importantly that there existed an inverse
correlation between the expression levels of miR-30a-3p and
GAST. The GC samples having relatively low endogenous
miR-30a-3p expression level had exhibited high levels of
GAST as determined by quantitative PCR and in situ hybridi-
zation. Further, we showed an obvious down-regulation of
GAST vsing miR-30a-3p mimics and in miR-30a-3p overex-
pression groups compared to lower expression control groups,
whereas the up-regulation of GAST expression was observed in
the miR-30a-3p inhibition group compared to controls.
Importantly, using the luciferase reporter assay, we found
miR-30a-3p targeted to the coding sequence of GAST can
efficiently silence GAST gene expression. Taken together,
these results suggested that overexpression of GAST in GC
might well be causally correlated with the observed down-
regulation of miR-30a-3p. Interestingly, miR-30a-3p was the
promising tumor suppressor gene in many types of cancers,
which could inhibit cancer cell growth, migration, and invasion
through different target genes in this study.” Several reports
have confirmed that miR-30a can significantly inhibit cancer
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Figure 7 MiR-30a-3p was the promising tumor suppressor gene in GC. (A) Representative of MeanSD for identification the differential miR-30a-3p expression after stable
transfection with relative plasmids using qPCR analysis. (B) Cell viability was exhibited by MTT assay. Overexpressing miR-30a-3p reduced cell proliferation. (C) The invasion
and migration assays were used in transfected cells. Columns were exhibited as Mean£SD for three independent experiments. (D) Soft agar assay indicated that ectopic
expressing miR-30a-3p can decrease the number and size of colonies. Columns were exhibited as MeanxSD for three independent experiments. (E) Tumor-bearing mice
model was performed and indicated the tumorigenesis of relative stably transfected cells. The tumor size was reduced after ectopic expressing miR-30a-3p in BGC823 cell
xenografts. (F) HE staining and IHC immunostaining for GAST expression were detected in tumor sections. *p<0.05, *p<0.01.

cell proliferation. Overexpression of miR-30a-3p facilitates
apoptosis through suppression of PI3K/AKT signaling® '
and reverses the effects of many pro-oncogenes, such as
DNA Methyltransferase 3a (DNMT3a), Wnt Family Member

2 (WNT2), Cyclooxygenase-2 (COX-2), B-cell lymphoma 9

protein (BCL9), Mitotic Arrest Deficient 2 Like 1 (MAD2LI),
and matrix metalloproteinase-3 (MMP3) in many types of
cancers.''® Therefore, miR-30a-3p may be a potential ther-
apeutic target for gastric cancer treatment. Interestingly, during
GC progression, H.pylori-infected miR-30a knockout mice
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showed increased the incidence of chronic gastritis, chronic
atrophic gastritis, atypical hyperplasia, and other precancerous
lesions or adenocarcinoma manifestations in the antral or
gastric mucosa of mice, as well as regulation of genes closely
associated with tumor development.'*

GAST, as an anti-apoptotic and pro-survival factor in car-
cinogenesis, has been reported to be involved in tumor inva-
sion and metastasis. In this present study, we found
a significant correlation between GAST over-expression and
lymph node metastases. Compared with lower levels of gastrin
in non-lymph node tissue, GAST was observed to be more
highly overexpressed in the tissues associated with lymph
node metastases. These data suggested that GAST expression
may be one of the earlier events in the metastasis of GC.

Our next functional assays showed that the downregula-
tion of GAST resulted in the decrease of GC cell invasion and
migration ability in this study by knockdown of GAST, using
Western blot and confocal analyses. In particular, we found
that silenced GAST down-regulated the expression of
MMPI11 and phosphorylation of STAT3. MMPI11 was
a member of MMPs family, which was considered to be
one of the biomarkers in cancer progression and prognostic
prediction in our study (p<0.001, Table 2 and Supplementary
Figure 1), which was correlated with TNM stage (p=0.0004),
tumor invasive depth (T) (p=0.001), lymph node metastasis
(»p=0.017), distant metastasis (p=0.029), p-STAT3 expression
(<0.001) and GAST (p<0.001) in
Supplementary Table 1. Elevated MMP11 was also reported

expression

Plasma membrane

< socs

Cytoplasm

Nucleus

SRC

" mm o mm s e s s o s -

MMP11 Expression === Tumorigenesis t

in breast cancer, non-small cell lung cancer and gastric
cancer, and its overexpression was correlated with a more
aggressive phenotype. At an early stage of tumor invasion,
MMP11 appeared to be critical and helps the implantation of
cancer cells into adjacent connective tissue through cancer
cell-adipocyte interaction.'>'® In our previous study, we
found that MMPI11 was significantly upregulated in GC
cells and tissues and can promote tumor proliferation.
Taking these premises into account, we speculated that an
important invasive effect of GAST on GC cells may be
achieved through its up-regulation of MMP1I. Meanwhile,
GAST also increased other MMP members in cell migration
and invasion, such as MMP1, MMP7, MMP9.\T20

Previous study has proposed that GAST can activate the
JAK2/STAT3 pathway in tumorigenesis.”'** Then, STAT3
positively stimulated the expression of MMP members,
including MMP11.>* Our experiments clearly showed
treatment with WP1066, an inhibitor of STAT3 reduced
GAST-mediated expression of MMPII in human GC
BGC823 cell. Significantly, inhibition of this pathway with
a specific chemical inhibitor of STAT3 not only decreases the
invasive potential but also blocked GC cell migration, indi-
cating that STAT3 appears as a critical mediator of motility
and is involved in the GAST-induced expression of MMPI11
an important proteinase widely expressed in many cancers
and associated with malignant metastasis. In our study,
p-STAT3 was the potential prognostic biomarker in GC
(»p=0.122, Table 2 and Supplementary Figure 1), which is
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Figure 8 The proposed schematic representation for GAST in GC development and progression. The scheme indicated that GASTwas the direct target gene of miR-30a-3p in
GC cell lines and tissues, suggested that miR-30a-3p was the promising tumor suppressor gene in GC. Furthermore, elevated GAST expression promoted cell proliferation,
migration and invasion through STAT3 phosphorylation and up-transactivation of MMPI | expression.
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correlated with lymph node metastasis (p=0.027), MMP11
expression (p<0.001) and GAST expression (p=0.013) in
Supplementary Table 2.

In conclusion, our studies demonstrate that GAST is gen-
erally increased in GC tissues, which accounts for the tumor-
igenesis through cellular proliferation and migration in GC
cells. Besides, we identify GAST expression is the potential
target gene of miR-30a-3p, and miR-30a-3p was the promising
tumor suppressor gene in GC. Furthermore, the subsequently
elevated GAST expression can promote cell invasion and
migration through STAT3 phosphorylation mediating the up-
transactivation of downstream gene MMPII (Figure 8). We
have provided the potential possibility of GAST on cell prolif-
eration and metastasis and the epigenetic regulation of elevated
GAST through downregulation of miR-30a-3p in GC develop-
ment and progression.
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