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Helicobacter pylori (HP) infection induces the development of gastric carcinoma (GC), one of the most frequent and fatal
cancers worldwide, via a progressive cascade. The roles of microRNAs (miRNAs) involved in the cascade and the behind
mechanisms, however, are still unclear. This study was designed to investigate the expression of miR-650, a well-recognized
oncogenic miRNA in GC samples and to analyze the associations between this miRNA and HP infection, and the molecular
mechanism. Following miRNA- and mRNA-based microarray analyses, miR-650, pre-B-cell leukemia transcription factor
1 (PBX1), and LATS2 were filtered as targets. After that, function assays were implemented to assess their function in GC
cells. miR-650 was upregulated in HP+ tissues and cells, and inhibition of miR-650 attenuated cell proliferation, invasion,
migration, yet enhanced apoptosis. PBX1 was overexpressed in HP+ tissues and cells and promoted miR-650 transcription.
Overexpression of PBX1 abrogated the effect of the miR-650 inhibitor on GC cells. miR-650 targeted LATS2, and LATS2 was
poorly expressed in HP+ tissues and cell lines. Simultaneous knockdown of miR-650 and LATS2 reduced GC cell apoptosis.
These results display that upregulation of miR-650 induced by HP infection and PBX1 dampens LATS2 in GC cells, poten-

tially offering novel intervention targets for GC.

Key words: Helicobacter pylori, microRNA-650, gastric carcinoma, PBX1, LATS2

Gastric carcinoma (GC) accounted for more than 1,000,000
new cases in 2018 and an estimated 783,000 deaths (1 in
every 12 deaths globally), making it the fifth most frequently
diagnosed malignancy and the third major cause of cancer-
associated death [1]. The mainstay of GC treatment remains
curative resection but it has been shown that perioperative
therapies could promote the survival of 10-15% for patients
with locally advanced GC [2]. GC, a heterogeneous disease,
includes three distinct subtypes: distal intestinal-type GC
that relates to chronic gastritis and Helicobacter pylori (HP)
infection; proximal intestinal-type gastroesophageal malig-
nancies as well as diffuse signet-ring cell type malignancies
[3]. Worldwide, about 660,000 cases of cancer in 2008 were
attributable to HP, corresponding to 32.4% of the 2 million
cancer cases resulted from infectious agents [4]. Neverthe-
less, the mechanism into the correlation of HP with the GC
progression has not been clearly established and needs to be
elucidated.

microRNAs (miRNA) are non-coding 18-25 nucleotide-
long RNA molecules that have the potency to modulate gene
expression by inhibiting mRNA translation and stability,
usually via complementary base pairing to their 3’ untrans-
lated region [5]. Intriguingly, an in vitro infection model was
established by Matsushima et al. to monitor the modula-
tion of miRNAs in the gastric epithelium in response to HP
and unraveled the expression profiles [6]. A similar miRNA
profiling performed by Lario et al. in duodenal ulcer disease
induced by HP disclosed that miR-650 overexpression was
specific to chronic-active gastritis [7]. Moreover, miR-650 was
overexpressed in GC, which stimulated the proliferation and
growth of cancer cells [8]. Overexpression of miR-650 was
also indicated in prostate cancer samples and cells [9]. These
existing reports made us connect the miR-650 expression
with HP infection or GC development. In addition, upreg-
ulated transcription factor pre-B-cell leukemia transcrip-
tion factor 1 (PBX1) was found in the gastric mucosa of GC
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patients relative to the healthy volunteers [10]. Given the
possible pathogenesis of GC, deregulated miRNA expression
caused by HP infection might lead to the bacteria-host inter-
actions. However, the specific role and underlying mecha-
nisms of the possible involved miRNA in GCs caused by HP
infection remain largely unknown. In addition, large tumor
suppressor kinase 2 (LATS2) was established as a direct target
of miR-650 in non-small cell lung cancer cells [11]. In the
present study, we evaluated the tumorigenic role of miR-650
in HP* GC with the involvement of a transcription factor
PBX1 and the downstream LATS2, as well as its biological
functions and molecular mechanisms using in vitro models.

Patients and methods

Patients and sample collection. From January 2014 to
January 2017, 119 patients who underwent curative resection
at the Cangzhou People’s Hospital were collected, 73 of those
were HP* and 46 were HP. A rapid urease positive test was
performed to determine whether the patient was HP*. All
specimens were confirmed to be GC by the histopathology.
The patient population comprised of 81 males and 38 females
with a mean age of 52.08+14.73 years. There were 42 cases of
high differentiation, 77 cases of poor differentiation, 57 cases
with lymph node metastasis, 62 cases without metastasis. The
GC patients were classified according to the clinical tumor,
node, metastases stages, including 46 cases at the I-II stage
and 73 cases at the III-IV stage. All patients had no history of
any other tumors, and no chemotherapy or radiotherapy was
performed before surgery. Fresh GC samples were instantly
frozen in liquid nitrogen after the surgical resection and kept
at -80°C. Ethically, the samples were harvested following
the guidelines issued by the Ethics Committee of Cangzhou
People’s Hospital, following the Declaration of Helsinki.
Moreover, informed consent was collected from all studied
individuals.

Microarray analyses. Three HP* and HP- GC tissues were
homogenized for RNA extraction using TRIzol (Thermo
Fisher Scientific Inc., Waltham, MA, USA). RNA purity was
detected by NanoDrop 2000C (Thermo Fisher). The total
RNA (50 pg) was purified using the Tagman miRNA ABC
purification kit (Thermo Fisher) and labeled using miRNA
Complete Labeling and Hyb Kit (Agilent Technologies) for
the collected miRNA. mRNA was not labeled. miRNA was
hybridized with Human miRNA Microarray Release 14.0
(Agilent) and mRNA with SurePrint G3Human Gene Expres-
sion v3 (Agilent). The hybridized microarray was placed in
the SureScan Dx Microarray Scanner for scanning (Agilent),
and the genes with |Log2 FoldChange| >1.5 and p<0.01 were
selected for plotting the heatmaps.

Reverse transcription quantitative PCR (RT-qPCR).
Total RNA was isolated from cell and tissue specimens
using TRIzol reagents and complementary DNA (cDNA)
was produced following the manufacturer’s protocol using
a Reverse Transcription kit (Takara Holdings Inc., Kyoto,

Japan). Quantification was conducted on a Bio-Rad CFX96™
Real-Time PCR System (Bio-Rad, Inc., Hercules, CA,
USA) using the SYBR Green PCR Kit (Takara). Primers for
miR-650, PBX1, LATS2, and miRNA internal reference U6,
and mRNA internal reference glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were synthesized by Sangon
(Shanghai, China) (Table 1). Gene expression was calculated
by the 2-44“method.

Flow cytometric analysis. The cells were detached with
0.25% trypsin, centrifuged, and resuspended to obtain a
single cell suspension with 1x10° cells/ml. Single cell suspen-
sion (100 pul) was seeded onto 6-well plates and treated with
10 mg/ml propidium iodide (PI, Sigma-Aldrich) at ambient
temperature to avoid light exposure for 20 min. Afterward, 10
mg/ml Annexin V was added for another 10 min incubation
in the dark. The cells were then loaded onto a flow cytometer
(BD Biosciences, San Jose, CA, USA) following adding 400
pl staining buffer at 4°C. PI and Annexin V double-positive
cells were regarded as apoptotic cells and analyzed using Cell
Quest software.

Cell treatment. Human GC HGC-27 and MKN-45 cells,
as well as human embryonic kidney 293T (HEK293T) cells,
were from ATCC (Manassas, VA, USA). The cells were
cultured in RPMI-1640 medium (Hyclone) containing 10%
inactivated FBS (Thermo Fisher), 100 U/ml penicillin/strep-
tomycin (Thermo Fisher) with a constant temperature of
37°C and 5% CO,. Standard strain HP 26695 (CagA*) was
provided by the Chinese Center for Disease Control and
Prevention (Beijing, China). After cells reached an 80%
confluence, the cells were infected with HP at a multiplicity
of infection of 100:1 and cultured under 37 °C microoxygen-
ophilic conditions (5% O,, 10% CO,, and 85% N,) [12]. GC
cells infected with HP were incubated for 12 h and collected
as HP* cells. GC cells cultured with dimethyl sulfoxide under
the same condition were regarded as the HP- group.

Cell transfection. HP* HGC-27 and MKN-45 cells
were transfected with miR-650 control, miR-650 inhibitor,
PBX1-negative control (NC), PBX1-overexpression (OE),

Table 1. Sequences of the RT-qPCR primers.

Gene name Primer

miR-650 Forward: 5-AGAGGAGGCAGCGCTCT-3
Reverse: 5-CAGTGCGTGTCGTGGAGT-3

PBX1 Forward: 5-GGAGGGTTTCTCTCCCAACG-3’
Reverse: 5-GGGAGTCTAGGACAGAGGCA-3’

LATS2 Forward: 5-AAGACTTTTCCTGCCACGAC-3’
Reverse: 5-TCATTAGCAAAAGGCAACAA-3’

Us Forward: 5-GCTTCGGCAGCACATATACTAAAAT-3
Reverse: 5-CGCTTCACGAATTTGCGTGTCAT-3

GAPDH Forward: 5-CTGGGCTACACTGAGCACC-3’

Reverse: 5’-AAGTGGTCGTTGAGGGCAATG-3

Abbreviations: miR-microRNA; PBX1-pre-B-cell leukemia transcription
factor 1; LATS2-large tumor suppressor kinase 2 gene; RT-qPCR-reverse
transcription quantitative PCR; GAPDH-glyceraldehyde 3-phosphate
dehydrogenase
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miR-650 inhibitor+PBX1-NC, miR-650 inhibitor+PBX1-
OE, LATS2-NC, small interfering RNA (si)-LATS2, miR-650
inhibitor+LATS2-NC, or miR-650 inhibitor+si-LATS2.
miR-650 inhibitor, PBX1-OE, si-LATS2, and their control
were produced by GenePharma (Shanghai, China). The
cells were plated on a 24-well plate and grown until 70-80%
confluence for transfection using a Lipofectamine 2000 kit
(Thermo Fisher). miR-650 inhibitor, PBX1-OE, si-LATS2
and their controls were diluted in 250 ul serum-free medium
(50 nM), and 5 pl Lipofectamine was also diluted with 250 pl
serum-free medium. After incubation at ambient tempera-
ture for 5 min, the two solutions were mixed and stored at
ambient temperature for 20 min. After incubation at 37°C
with 5% CO, for 6 h, the cells were cultured in a medium
containing 10% FBS.

CCK-8 assay. The viability of HGC-27 and MKN-45 cells
was detected by CCK-8 (Dojindo Molecular Technologies,
Kumamoto, Japan) at 24 h post-transfection, and the cells
were plated into 96-well plates. At the 0, 24, 48, and 72 h of
culture, 10 ul CCK-8 was added for a 5 h culture, and the OD
value at 450 nm was evaluated to assess cell survival.

5-ethynyl-2’-deoxyuridine (EdU) labeling. The cell
proliferation test was carried out using a CellLight EdU
Apollo 567 in vitro imaging kit (Guangzhou RiboBio Co.,
Ltd., Guangzhou, Guangdong, China). The cells were trans-
fected for 48 h, seeded at 8x10° cells/well into 96-well plate,
and incubated with 50 mol/l EAU solution at 37°C for 2 h.
After a 30 min fixation with 4% paraformaldehyde, the cells
were treated with 0.5% Triton X-100 for 0.5 h, and with 100 ml
1x Apollo reaction cocktail for 0.5 h. Hoechst 33342 solution
(5 ml) was used for a 30 min nucleus staining. A fluorescence
microscope (Olympus Optical Co., Ltd., Tokyo, Japan) was
utilized to photograph and calculate the percentage of EAU
positive cells to assess cell proliferation.

Transwell assay. Matrigel (Corning Glass Works, Corning,
N.Y., USA) used in this study was dissolved overnight and
diluted with DMEM (Solarbio, China) at 1:3 free of serum
for chamber coating. Single cell suspension along with
0.2ml DMEM was uniformly plated in the upper chamber,
while 0.5 ml DMEM (with 10% FBS) was added to the lower
chamber. After a 48 h incubation, the cells remaining on the
membrane in the upper chamber were removed with cotton
swabs, while the cells that invaded through the membrane
were fixed for 20 min in 5% ethanol and stained with crystal
violet solution for 10 min. Five high-power visual fields were
randomly selected for cell counting under an inverted micro-
scope (Olympus) to observe cell invasion. For the migration
assay, we performed the same procedures as described above
except Matrigel coating.

Hoechst staining. The transfected HGC-27 and MKN-45
cells were suspended to 1x10° cells/ml concentration. The cell
suspension was cultured for 2 days, fixed with 4% parafor-
maldehyde for 20 min, and stained with 0.5 ml Hoechst
33258 solution (Solarbio) for 10 min (all at ambient temper-
ature). Cells were added dropwise onto the slide, and the

apoptosis was detected by observing the apoptotic nucleus
using a fluorescence microscope (Olympus).

Wound healing assay. When cell confluence reached 90%,
cells were starved in a serum-free medium for 1 day. Then, a
sterile pipette tip was used to scratch the confluent cells. After
the floating cells were rinsed with phosphate-buftered saline
(PBS), the serum-free medium was supplemented again for
1 h incubation. After the cells recovered from starvation, the
width of the wound healing at 0 h and 48 h was recorded.

Chromatin  immunoprecipitation (ChIP) assay.
TransmiR v2.0 (http://www.cuilab.cn/transmir) was used
to predict binding sites between miR-650 and PBX1. The
stably grown cells were fixed at ambient temperature with 4%
paraformaldehyde for 10 min and allowed to stand at ambient
temperature with glycine (0.125 M) for 5 min. Afterward,
the cells were collected in Eppendorf tubes after 2,000 rpm
centrifugation for 5 min, subjected to an ultrasonic treatment
for 2 h with sodium dodecyl sulfate (SDS) lysis buffer and
protease inhibitor complexes (Thermo Fisher Scientific), and
centrifugation at 4°C at 13,000 rpm for 5 min. The cells were
then probed with negative control rabbit antibody against
IgG (ab109489, 1:100, Abcam, Cambridge, MA, USA) and
mouse antibody against PBX1 (ab13537, 1:100, Abcam)
overnight at 4°C and reacted with Protein Agarose/Sepha-
rose (Solarbio) for 30 min and centrifuged. PBS was applied
to rinse the nonspecific complex. Crosslinking was reversed
at 65°C overnight. The DNA fragments were purified by
phenol/chloroform extraction, and RT-qPCR was then used
to detect PBX1 enrichment.

Dual-luciferase experiment. GC cells were plated into
24-well plates at 3x10* cells/well. After predicting the binding
sites between miR-650 and LATS2 using starBase (http://
starbase.sysu.edu.cn/), LATS2 wild-type (WT) and mutant
(MT) plasmids were constructed. The transient transfection
of reporter plasmids was carried out with Lipofectamine
2000 transfection reagent (Thermo Fisher). The total RNA
was extracted by TRIzol reagent after 48 h. Luciferase activity
was determined using a dual-luciferase reporter gene detec-
tion system (Promega, USA) and normalized with Renilla
luciferase.

Western blot. The protein was isolated using radioimmu-
noprecipitation assay lysis buffer (Takara, Japan) after 48 h
of incubation. The protein concentration was evaluated by
the bicinchoninic acid method (Wuhan Boster Biological
Technology Co., Ltd., Wuhan, Hubei, China). The extracted
protein was heated at 95°C for 10 min. Total protein (30 ug)
was resolved by 10% SDS-polyacrylamide gel electropho-
resis and subsequently transferred to polyvinylidene fluoride
membranes. The membranes were blocked in 5% bovine
serum albumin for 1 h and then probed with the following
primary antibodies at 4°C overnight: PBXI1 (1:10000,
ab192606, Abcam), LATS2 (1:200, ab110780), and B-actin
(1:6000, ab6276), and with the secondary antibody (1:3000,
ab205719) at 37°C for 1 h. All antibodies were from Abcam.
The membrane was developed via the exposure of chemi-
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luminescence reagent (Takara). The gray value of the target
gene was analyzed by Image] (National Institutes of Health,
Bethesda, MD, USA) using (-actin as an internal control.
Statistical methods. Continuous variables between the
two groups were analyzed by unpaired t-test. Differences
among three or more groups were assessed by one-way or
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two-way analysis of variance (ANOVA) with comparisons
between two groups using Tukey’s post hoc test. The statis-
tical analyses were carried out with SPSS22.0 (IBM SPSS
Statistics, Chicago, IL, USA). Data are exhibited as mean +
standard deviation (SD) from three assays. A p-value <0.05
was applied as the threshold for significance.
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Figure 1. Effects of HP infection on miR-650 expression in GC cells. A) A
HP- GC patients; B) RT-qPCR detection of miR-650 expression in tissues

Annexin-V-FITC

microarray analysis of significantly upregulated miRNAs between HP* and
of HP* and HP- GC patients; C) prognostic analysis of patients with differ-

ent expression of miR-650; D) RT-qPCR detection of miR-650 expression in HP* and HP- HGC-27 and MKN-45 cells; E) detection of HGC-27 and
MKN-45 cell apoptosis after HP infection by flow cytometry. Continuous variables between the two groups were compared by unpaired t-test (panel
B). Differences among three or more groups were tested by two-way ANOVA with comparisons between two groups using Tukey’s post hoc test (panel

D and E). *p<0.05 vs. HP- GC tissues or cell lines.
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Results

miR-650 is increased significantly in HP* GC. After
the GC patients were divided into HP* and HP-, three HP*
and HP- cancer tissue samples were selected for micro-
array analysis. Gene expression was normalized against the
poorest expressed gene, miR-650, and a differential expres-
sion heatmap of the normalized genes was thus plotted.
miR-650 expression increased significantly in cancer tissues
of HP* patients, and the expression of miR-21 was also
increased in the cancer tissues of HP* patients [13], but the
difference in its expression was smaller than that of miR-650,
so we chose miR-650 as our study subject (Figure 1A).
We validated miR-650 expression trends (Figure 1B) by
RT-qPCR. The survival rate of HP* patients with higher
expression of miR-650 was much lower than that of patients
with poorer expression of miR-650. While in the prognostic
analysis of HP- patients, miR-650 expression differences had
little effect on GC patients (Figure 1C). We then infected
GC cells HGC-27 and MKN-45 with HP, and significantly
higher miR-650 was observed in HP* cells than in HP" cells
(before infection) (Figure 1D). Apoptosis detection at this
time found a significant decline in the number of apoptotic

w

HP* cells (Figure 1E), which suggests that miR-650 might be
an important oncogene for HP* GC.

miR-650 downregulation inhibits proliferation and
invasion of HP* GC cells. To test our hypothesis, the
miR-650 inhibitor was delivered to detect cell changes.
After confirming the successful transfection with RT-qPCR
(Figure 2A), we performed the CCK-8 assays to examine GC
cell proliferation. We observed cell viability within 0, 24, 48,
and 72 h, and found that the proliferation of GC cells after
miR-650 inhibitor transfection was decreased (Figure 2B).
Meanwhile, we measured the DNA replication capacities
of the cells by EAU labeling and found that the cell activity
was reduced (Figure 2C) with the downregulation of the
miR-650. We also detected the invasion of HP* GC cells
by Transwell assays and noted that inhibition of miR-650
resulted in a significant decline in the number of invasive
cells (Figure 2D). Therefore, we believe that the downregula-
tion of miR-650 inhibits proliferation and invasion of HP*
GC cells.

miR-650 downregulation expedites apoptosis and
reduces the migration of HP* GC cells. Using flow cytom-
etry, it was observed that the apoptosis of GC cells was
reduced after HP infection in the aforementioned experi-
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Figure 2. miR-650 inhibitor represses HGC-27 and MKN-45 cell proliferation and invasion. HGC-27 and MKN-45 cells were transfected with the
miR-650 inhibitor or miR-650 control. A) RT-qPCR detection of miR-650 expression after transfection; B) CCK-8 detection of HGC-27 and MKN-45
cell proliferation; C) EdU detection of HGC-27 and MKN-45 cell activity; D) Transwell detection of HGC-27 and MKN-45 cell invasion. Differences
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as mean * SD from three independent experiments. *p<0.05 vs. HP* GC lines treated with miR-650 control.
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ments, and the declines in miR-650 significantly increased
GC cell apoptosis (Figure 3A). Hoechst staining of apoptotic
cells also revealed consistent results (Figure 3B). Meanwhile,
cell migration was determined by wound healing assay and
Transwell assay. We observed the distance of wound healing
after 24 h and found that the cells with the miR-650 knock-
down had poorer wound healing and weaker cell migration
(Figure 3C). The cells transfected with miR-650 inhibitor
were found to be less in the lower chamber (Figure 3D). Our
results demonstrated that the downregulation of miR-650
promoted apoptosis of HP* GC cells and inhibited cell
migration.

PBXI1 promotes miR-650 transcription in cells. To find
the molecular mechanism of miR-650 in HP* GC cells, we

A HGC-27

performed microarray analysis in HP* and HP- GC patients
to detect changes in mRNA expression. The heatmap for
differentially expressed mRNAs in Figure 4A showed that
MDM2 [14], B-catenin [15], B7-H1 [16], and PBX1 were
all 51gn1ﬁcantly increased in the cancer tissues of HP* GC
patients and may play a role in HP* GC. PBX1 was revealed
as one of the most significantly overexpressed genes in HP*
GC patients. To explore the relationship between PBXI1
and miR-650, we first examined PBX1 expression in HP*
patients. We found that PBX1 was significantly upregulated
in tumor tissues of HP* patients and positively correlated
with miR-650 expression (Figure 4B). PBX1 expression
was also evaluated in HP infected GC cells, we also found a
significant enhancement in PBX1 mRNA and protein expres-
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sion in HP* GC cells (Figure 4C). However, PBX1 did not
change significantly with the downregulation of miR-650
(Figure 4D). We found through a bioinformatics website
TransmiR v2.0 (http://www.cuilab.cn/transmir) that PBX1
can regulate miR-650 transcription and has a binding site
with miR-650 (Figure 4E), which made us wonder if PBX1
was the upstream factor of miR-650. The binding relation-
ship between the PBX1 and miR-650 was detected by ChIP
experiments. After overexpression of PBX1, we found that
PBX1 was enriched in this site (Figure 4F). Subsequently,
we administrated PBX1-OE into GC cells (Figure 4G), and
the upregulation of PBX1 showed a significant increase in
miR-650 expression (Figure 4H). Thus, we demonstrated
that PBX1 also plays a tumor-initiating role in HP* GC by
enhancing miR-650 transcription.

PBXI1 reverses the role of miR-650 inhibitor in GC cells.
To further confirm the binding relationship between PBX1
and miR-650, PBX1-OE was delivered into HP* GC cells
with stable poor expression of miR-650 (Figure 5A). The
EdU positive cells after 24 h of culture significantly increased

ons between the two groups using Tukey’s post hoc test (panel C, D, F, G,

(Figure 5B) after overexpression of PBXI. Through the
Transwell assay, it was observed that the number of invasive
cells increased significantly after the transfection of PBX1-OE
(Figure 5C), along with enhanced cell migration (Figure 5D).
On the other hand, a significant decrease in apoptosis was
observed by flow cytometry (Figure 5E). From these experi-
ments, we found that PBX1 at least partially reversed the
inhibitory role of miR-650 downregulation in the biological
activity of HP* GC cells.

miR-650 mediates the Hippo pathway via LATS2. To
explore the downstream factor of miR-650 in cells, we inter-
sected starBase prediction results and mRNA-based micro-
array analysis and observed that LATS2 was in the intersec-
tion (Figure 6A). The binding relationship between miR-650
and LATS2 was verified by dual-luciferase assay (Figure 6B).
The expression of LATS2 in HP* tissues was reduced and
conversely correlated with miR-650 (Figure 6C). LATS2
expression was also reduced in HP* GC cells and promoted
in cells with miR-650 knockdown (Figure 6D). Subsequently,
we repressed LATS2 expression (Figure 6E) in HP* GC cells
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Figure 5. Overexpression of PBX1 reverses the role of miR-650 inhibitor in HGC-27 and MKN-45 cells. HGC-27 and MKN-45 cells were co-transfected
with miR-650 inhibitor+PBX1-OE or PBX1-NC. A) RT-qPCR detection of PBX1 in HGC-27 and MKN-45 cells after co-transfection; B) EAU detection
of HGC-27 and MKN-45 cell activity; C) Transwell detection of HGC-27 and MKN-45 cell invasion ability; D) Transwell assessment of HGC-27 and
MKN-45 cell migration ability; E) detection of HGC-27 and MKN-45 cell apoptosis by flow cytometry. Differences among three or more groups were
tested by two-way ANOVA with comparisons between the two groups using Tukey’s post hoc test. Data are presented as the mean + SD from at least
three independent experiments. *p<0.05 vs. HP* GC lines treated with miR-650 inhibitor+PBX1-NC.

with the miR-650 inhibitor. The apoptosis level of HP* GC
cells was decreased (Figure 6F). Since the LATS2 gene is a
key gene in the Hippo pathway, we suspected that miR-650
mediated the Hippo pathway. Therefore, we detected the
activity of the Hippo pathway in HP* cells by western blot.
The Hippo pathway deficit was observed in HP* GC cells, and
downregulation of miR-650 expedited the Hippo pathway
(Figure 6G).

Discussion

Chronic HP infection is a vital risk factor for distal GC
and miRNA dysregulation may contribute to the patho-
genesis of HP-induced malignancy transformation [17].
For instance, the expression of miR-223 and miR-17 was
upregulated upon HP infection in vivo and in vitro [12, 18].
miRNAs represent a group of small, non-coding RNAs that
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participate in post-transcriptional regulation and play an
essential role in several steps in carcinogenesis, including
cell cycle progression, proliferation, apoptosis, and invasion
[19]. The significance of miR-650 has been proposed in the
progression of a broad spectrum of tumors [20]. However,
the mechanism of miRNAs in GC with HP is much less
explored, especially the role of miR-650 in HP-infected
GC. Our data from clinical tissue observations and in vitro
analyses established the oncogenic role of miR-650 in HP*
GC progression.

This study found significant overexpression of miR-650 in
patients with HP* GC and GC cells infected with HP relative
to counterparts with HP-, which underlined the importance
of HP in elevating the miR-650 expression and consequently
manipulating other imperative genes in carcinogenesis of
GC. Our prognostic analysis also illustrated that the survival
of HP* patients with upregulation of miR-650 was much
lower than that of HP* patients with poor expression of
miR-650. Similarly, the miR-650 level was notably increased
in hepatocellular carcinoma patients and tightly linked to the
differentiation level and tumor stage of patients [21]. Later
functional experiments illustrated that the miR-650 inhibitor
resulted in reduced GC cell proliferation, migration, and
invasion, whereas enhanced apoptosis. Similarly, Orland-
ella et al. proposed that the ectopic expression of miR-650
enhanced cell migration and invasion capacities of anaplastic
thyroid cancer, while miR-650 silencing induced an opposite
phenotype [22].

Intriguingly, the known HP-induced transcription
factors, c-Jun and c-Fos were displayed to be the potential
transcription drivers for miR-584 in GC [23]. Therefore, we
postulated that miR-650 participated in the development of
GC in a similar manner by being regulated by a transcrip-
tion factor. mRNA-based microarray analysis revealed
that PBX1 was a significantly upregulated gene in HP* GC
patients. Integrated bioinformatics tool and ChIP revealed
that PBX1 bound to miR-650. PBX1, located in 1923, forms
a chimeric gene whose protein product impacts cell differ-
entiation arrest as well as other cellular processes [24]. In
addition, PBX1 was identified as a transcriptional downreg-
ulator of connexin 32 by directly binding to its promoters in
HP-related gastric carcinogenesis [25]. While in the current
work, we transfected PBX1-OE into HP* GC cells along
with miR-650 inhibitor, which revealed that PBX1 upregu-
lation rescued the repressive role of miR-650 inhibitor in
HP*GC cells.

In this study, LATS2 was established by starBase predic-
tion and microarray analysis to be directly targeted by
miR-650 in HP* GC cells. The direct binding relationship
between miR-650 and LATS2 was revealed in hepatocel-
lular carcinoma [26]. LATS2, a tumor suppressor protein,
is also a core factor of the Hippo pathway and regulates
biological behaviors including cell proliferation, apoptosis,
and governance of organ size [27]. Our in vitro evidence
supported the published finding, while also illustrated

that LATS2 counteracted the effects of miR-650 on GC
cell apoptosis. Consistently, the miR-650 overexpression
was revealed in lung cancer stem cells, and repression of
solute carrier family 34 member 2 lessened the miR-650
silencing-suppressed migration and invasion in lung cancer
stem cells [28]. We noted that LATS2 is reduced in HP* GC
cells, suggesting the Hippo pathway deficit. By contrast,
the miR-93-5p inhibitor expedited the Hippo pathway in
HP* GC cells by elevating LATS2 protein expression [29].
Mechanistically, overexpression of LATS2-AS1-001 has
been indicated to induce LATS2 and YAPI phosphoryla-
tion via binding to EZH2 [30]. Still, the detailed mechanism
behind the LATS2-mediated Hippo pathway in GC awaits
further validation.

In brief, we unveiled miR-650 as a cancer-supporting
miRNA in HP* GC cells, which exerts critical functions in
the proliferation, migration, and invasion capacities of HP*
GC cells. Besides, our findings shed light on the connection
between PBX1 and miR-650 and demonstrated that PBX1
meditated expression of miR-650 post-transcriptionally,
which then modulated the LATS2-dependent Hippo pathway
in GC. PBX1/miR-650/LATS2/Hippo regulatory network
may be associated with HP* GC cell migration and invasion,
thereby providing a possible therapeutic avenue in GC.
Even though no effective drug or inhibitor was found yet to
target miR-650, PBX1, or LATS2, amlexanox was identified
as a potent anti-tumor drug by reducing IKBKE, a negative
regulator of the Hippo pathway via controlling LATS1/2
stability [31]. Therefore, amlexanox might be applied in our
turther in vivo studies for validation.
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