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MicroRNAs (miRNAs) are reportedly involved in gastric cancer development and progression. In particular,
miR-219-5p has been reported to be a tumor-associated miRNA in human cancer. However, the role of miR-
219-5p in gastric cancer remains unclear. In this study, we investigated for the first time the potential role and
underlying mechanism of miR-219-5p in the proliferation, migration, and invasion of human gastric cancer
cells. miR-219-5p was found to be markedly decreased in gastric cancer tissues and cell lines compared with
adjacent tissues and normal gastric epithelial cells. miR-219-5p mimics or anti-miR-219-5p was transfected
into gastric cancer cell lines to overexpress or suppress miR-219-5p expression, respectively. Results showed
that miR-219-5p overexpression significantly decreased the proliferation, migration, and invasion of gastric
cancer cells. Conversely, miR-219-5p suppression demonstrated a completely opposite effect. Bioinformatics
and luciferase reporter assays indicated that miR-219-5p targeted the 3’-untranslated region of the liver recep-
tor homolog-1 (LRH-1), a well-characterized oncogene. Furthermore, miR-219-5p inhibited the mRNA and
protein levels of LRH-1. LRH-1 mRNA expression was inversely correlated with miR-219-5p expression
in gastric cancer tissues. miR-219-5p overexpression significantly decreased the Wnt/B-catenin signaling
pathway in gastric cancer cells. Additionally, LRH-1 restoration can markedly reverse miR-219-5p-mediated
tumor suppressive effects. Our study suggests that miR-219-5p regulated the proliferation, migration, and
invasion of human gastric cancer cells by suppressing LRH-1. miR-219-5p may be a potential target for
gastric cancer therapy.
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INTRODUCTION length; miRNAs play an important role in regulating gene

Gastric cancer is one of the most prevalent digestive
malignancies, representing the second leading cause of
cancer-related mortality worldwide'?. Gastric cancer is
difficult to diagnose at an early stage. As such, most of
the patients are already at an advanced stage when they
are diagnosed’. Despite the progress that has been made
in cancer treatment, the prognosis of advanced gastric
cancer is extremely poor, and the 5-year survival rate is
less than 30%". The main reason for this is the lack of
biomarkers for early diagnosis and an insufficient under-
standing of the molecular pathogenesis of gastric cancer.
Therefore, further understanding of gastric cancer can
help improve the diagnosis, prognosis, and treatment of
this malignancy.

MicroRNAs (miRNAs) are a class of conserved, non-
coding RNA molecules consisting of ~22 nucleotides in

expression in a posttranscriptional manner’®. Generally,
miRNAs can directly target the 3’-untranslated region
(3’-UTR) of the target mRNA to induce translation inhi-
bition™®. Cumulative evidence has indicated that miRNAs
are critical regulators for cancer development and progres-
sion’”’. Various miRNAs are deregulated in cancer and can
function as oncogenes or tumor suppressors, which are
involved in regulating cancer cell proliferation, migration,
and invasion””’. Recent studies have proposed that numer-
ous miRNAs participate in the progression of gastric can-
cer'""%. Targeting miRNAs may provide a novel strategy
for gastric cancer treatment. However, the exact role of
miRNAs in gastric cancer remains poorly understood.
Liver receptor homolog-1 (LRH-1), also named
nuclear receptor subfamily 5 group A member 2 (NR5A?2),
is a nuclear receptor involved in a variety of biological
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processes including cell development, metabolism, and
steroidogenesis"’. Although the normal physiological
functions of LRH-1 are critical for adult homeostasis, the
deregulation of LRH-1 is implicated in cancer develop-
ment and progression'’. LRH-1 is involved in regulat-
ing breast cancer’®, colon cancer', gastric cancer'’, and
others. LRH-1 regulates cell proliferation, apoptosis,
migration, and invasion, as well as the whole cell cycle
by modulating the Wnt/B-catenin and p53 signaling
pathways'®?'. Thus, LRH-1 has been considered to be a
potential molecular target for cancer therapy'*.

Recent studies have reported that miR-219-5p is a
tumor suppressor in several cancer types™”. However,
few studies have examined miR-873 in gastric cancer
development. In the current study, we examined the
expression of miR-219-5p in gastric cancer tissues and
cell lines and found that miR-219-5p was frequently
downregulated. Functional experiments revealed that
miR-219-5p inhibited gastric cancer cell proliferation,
invasion, and migration. Interestingly, LRH-1 was iden-
tified as a functional target of miR-219-5p. Moreover,
miR-219-5p regulated the mRNA and protein expression
of LRH-1 in gastric cancer cells, and an inverse corre-
lation between miR-219-5p and LRH-1 expression was
found in gastric cancer tissues. Furthermore, LRH-1
regulated the Wnt/B-catenin signaling pathway. Overall,
our study suggests that miR-219-5p is a gastric cancer
suppressor that regulates LRH-1 and its downstream sig-
naling pathway.

MATERIALS AND METHODS
Tissue Specimens

Gastric cancer tissues and adjacent matched normal
mucosal tissues were collected from 15 gastric can-
cer patients undergoing gastric cancer surgery at the
Department of Gastrointestinal Colorectal and Anal
Surgery, China—Japan Union Hospital of Jilin University
(Changchun, P.R. China). Tumor resection was performed
prior to any therapy. Surgically resected samples were
immediately snap frozen in liquid nitrogen and stored at
—80°C until use. Written informed consent was obtained
from each patient prior to participation in this study.
This study was approved by the Institutional Human
Experiment and Ethics Committee of China—Japan Union
Hospital of Jilin University. All experiments were per-
formed in accordance with the Declaration of Helsinki.

Cell Lines

Human gastric cancer cell lines (MGC-803, BGC-823,
MKN-45, and SGC-7901), normal human gastric epithe-
lial GES-1 cells, and 293T cells were purchased from
the Type Culture Collection of the Chinese Academy of
Sciences (Shanghai, P.R. China). The cells were routinely
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cultured in Roswell Park Memorial Institute 1640 (RPMI-
1640) medium (Gibco, Rockville, MD, USA) containing
10% fetal bovine serum and 1% streptomycin/penicillin
mix (Sigma-Aldrich, St. Louis, MO, USA) in a humidi-
fied atmosphere of 5% CO, at 37°C.

Real-Time Quantitative Polymerase Chain
Reaction (RT-gPCR)

To detect the mRNA expression, total RNA was
extracted with TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) and then reverse transcribed into cDNA
using Moloney murine leukemia virus (M-MLV)
reverse transcriptase (BioTeke, Beijing, P.R. China) in
accordance with the manufacturer’s instructions. To
detect the miRNA expression, total RNA was isolated
with RNeasy Mini Kit and then reverse transcribed
into cDNA using the miScript Reverse Transcription
Kit (QIAGEN, Dusseldorf, Germany) in accordance
with the manufacturer’s instruction. RT-qPCR assays
were performed using SYBR Green PCR Master Mix
(Applied Biosystems, Foster City, CA, USA) on an
ABI7500 sequence detector (Applied Biosystems).
The fold change of gene expression was determined
via the 27*Ct method using GAPDH (mRNA) or U6
(miRNA) as the endogenous control. The primers
used for the examination are listed as follows: LRH-1,
5’-GCACGGACTTACACCTATTGTG-3’ (forward) and
5’-TGTCAATTTGGCAGTTCTGG-3" (reverse); cyclin
D1, 5-AACTACCTGGACCGCTTCCT-3’ (forward) and
5’-CCACTTGAGCTTGTTCACCA-3’ (reverse); cyclin
El, 5-GCTGGGCAAATAGAGAGGAA-3’ (forward) and
5’-CTGGTGCAACTTTGGAGGAT-3’ (reverse); GAPDH,
5-GAAATCCCATCACCATCTTCCAGG-3’ (forward) and
5-GAGCCCCAGCCTTCTCCATG-3" (reverse); miR-
219-5p, 5-ACACTCCAGCTGGGTGATTGTCCAAAC
GCAAT-3’ (forward) and 5-CTCAACTGGTGTCGTG
GA-3’ (reverse); and U6, 5'-GCTTCGGCAGCACATA
TACTAAAAT-3" (forward) and 5'-CGCTTCACGAATT
TGCGTGTCAT-3’ (reverse).

Cell Transfection

miR-219-5p mimics, inhibitors (anti-miR-219-5p), and
corresponding negative controls (miR-NC and anti-miR-
NC) were synthesized by GenePharma (Shanghai, PR.
China). The LRH-1 ¢cDNA without the 3’-UTR region
was cloned into pcDNA3.0 vector (Invitrogen). Cell
transfections were performed using Lipofectamine 2000
(Invitrogen) in accordance with the recommended proto-
cols by the manufacturer. After 48 h of transfection, cells
were harvested for RT-qPCR or Western blot analysis.

MTT Assays

Cells were plated into 96-well plates (5x 10° cells/well)
and cultured for 24 h. After indicated transfection for 48 h,
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20 ul of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT; 5 mg/ml; Sigma-Aldrich) was
added to each well. After incubation for 4 h, the medium
was discarded, and dimethyl sulfoxide (200 ul/well) was
added to dissolve the formazan product. After agitation
for 15 min, the absorbance at a wavelength of 490 nm
was determined by an ELISA reader (Bio-Rad, Hercules,
CA, USA).

Colony Formation Assays

Cells were transfected with miR-219-5p mimics, anti-
miR-219-5p, or NCs for 48 h. Afterward, the transfected
cells were resuspended and seeded into six-well plates at
a density of 1,000 cells/well in growth medium contain-
ing 0.3% noble agar for 14 days. Subsequently, the cells
were stained with 0.1% crystal violet (Sigma-Aldrich).
The number of colonies was counted under a microscope
(Olympus, Tokyo, Japan).

Cell Cycle Assays

For cell cycle analysis, the transfected cells were
harvested and fixed with 70% ethanol overnight at 4°C.
The cells were then treated with propidium iodide (PI;
100 pg/ml; Sigma-Aldrich) and RNase A (10 pg/ml)
for 30 min in the dark. Cell cycle distribution was ana-
lyzed by flow cytometry with BD FACSCalibur (BD
Biosciences, San Jose, CA, USA). Data were analyzed
using CellQuest software (BD Biosciences).

Cell Migration and Invasion Assays

For cell migration assay, the transfected cells (1x10°
cells) were resuspended in 500 pl of serum-free medium
and placed in the upper chamber. Meanwhile, 500 ul of
growth medium containing 10% FBS was placed in the
lower chamber. For cell invasion assay, the upper chamber
of the Transwell inserts was precoated with Matrigel (BD
Biosciences). After culturing for 24 h, the cells that neither
migrated nor invaded were gently erased by a cotton swab.
The cells at the bottom of the membrane were fixed with
95% ethanol and stained with 0.1% crystal violet. The
cells were then counted under a microscope (Olympus).

Western Blot Analysis

Cells were harvested and lysed in a cell lysis buffer
(Beyotime, Haimen, P.R. China). Protein concentra-
tion was quantified using a BCA kit (Beyotime). Up to
50 pg of proteins was separated by 12.5% sodium dode-
cyl sulfate polyacrylamide gel electrophoresis and then
transferred to nitrocellulose membranes (Bio-Rad). The
membranes were blocked by 5% nonfat milk in Tris-
buffered saline containing 0.1% Tween 20 (TBST buf-
fer) for 1 h at 37°C, followed by incubation with primary
antibodies (anti-LRH-1 and anti-GAPDH; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at 4°C overnight
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at appropriate dilutions in accordance with the recom-
mended instructions. After washing with TBST three
times, the membranes were incubated with horseradish
peroxidase-conjugated secondary antibodies (1:2,000;
Santa Cruz Biotechnology) for 1 h at 37°C. The protein
bands were visualized by an ECL Western blotting kit
(Millipore, Boston, MA, USA). The intensities of the
bands were analyzed by the Image-Pro Plus 6.0 software
(Media Cybernetics, Inc., Rockville, MD, USA).

Luciferase Reporter Assays

To detect the prediction between miR-219-5p and
LRH-1-3-UTR, a cDNA fragment of the LRH-1-3"-UTR
mRNA containing the seed sequence of the mature miR-
219-5p binding site or a mutated binding site of the 3’-UTR
sequence was cloned into the pmirGLO dual-luciferase
vector (Promega, Madison, WI, USA). The constructed
pmirGLO dual-luciferase vector was cotransfected with
miR-219-5p mimics into 293T cells using Lipofectamine
2000 (Invitrogen). After incubation for 48 h, cells were
harvested, and the relative luciferase activity was mea-
sured using the dual-luciferase assay kit (Promega). To
detect the Wnt signaling activity, cells were cotransfected
with phRL-TK Renilla luciferase vectors (Promega),
TOPFlash firefly luciferase reporter vector (Addgene,
Cambridge, MA, USA), and miR-219-5p mimics or
anti-miR-219-5p. After 48 h, the relative luciferase
activity was determined using the dual-luciferase assay
kit (Promega).

Data Analysis

All results were expressed as means*standard devia-
tion, and statistical analysis was performed using SPSS
version 11.5 (SPSS Inc., Chicago, IL, USA). Differences
were analyzed by Student’s t-test and one-way analysis
of variance followed by Bonferroni post hoc test on the
basis of the data characteristics. The relationship between
miR-219-5p and LRH-1 in gastric cancer tissues was
examined by Pearson correlation analysis. Differences
were considered statistically significant at p<0.05.

RESULTS

Downregulated Expression of miR-219-5p
in Gastric Cancer

To assess the relevance of miR-219-5p in gastric can-
cer, we examined the expression of miR-219-5p in gastric
cancer and normal adjacent tissues using RT-qPCR. The
results showed that the miR-219-5p expression in malig-
nant tumor tissues was significantly lower than that in
normal adjacent tissues (Fig. 1A). To further confirm this
result, we detected the expression level of miR-219-5p in
normal human gastric epithelial GES-1 cells and a panel of
gastric cancer cell lines, including MGC-803, BGC-823,
MKN-45, and SGC-7901, using RT-qPCR. We observed
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Figure 1. Analysis of miR-219-5p in gastric cancer tissues and cell lines. (A) Relative expression levels of miR-219-5p in 15 pairs of
tumor tissues and adjacent normal counterparts were detected by RT-qPCR. *p<0.05. (B) Relative expression levels of miR-219-5p
were examined in normal human gastric epithelial GES-1 cells and four gastric cancer cell lines (MGC-803, BGC-823, MKN-45, and

SGC-7901) using RT-qPCR. *p<0.05 versus GES-1.

that normal gastric epithelial GES-1 cells expressed sig-
nificantly more miR-219-5p than gastric cancer cell lines
(Fig. 1B). These results indicate that miR-219-5p is fre-
quently downregulated in gastric cancer and may act as a
tumor suppressor.

Overexpression of miR-219-5p Inhibits Gastric
Cancer Cell Proliferation

To explore the potential biological role of miR-

219-5p in gastric cancer cells, two gastric cancer cell
lines, MKN-45 and SGC-7901, were transfected with
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miR-219-5p mimics or anti-miR-219-5p. The levels of
miR-219-5p were significantly increased in MKN-45 and
SGC-7901 cells after transfection with miR-219 mimics
(Fig. 2A). By contrast, miR-219-5p expression was mark-
edly suppressed after transfection with anti-miR-219
(Fig. 2B). We then analyzed the gastric cancer cell pro-
liferation by performing colony formation assays. The
results demonstrated that miR-219-5p overexpression
can markedly reduce the colony-forming capacity of gas-
tric cancer cells (Fig. 3A), whereas miR-219-5p suppres-
sion increased the colony-forming capacity (Fig. 3B).
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Figure 2. Transfection of miR-219-5p mimics or anti-miR-219-5p in gastric cancer cells. The relative expression levels of miR-
219-5p in MKN-45 and SGC-7901 cells were examined after the cells were transfected with miR-219-5p mimics (A) or anti-miR-

219-5p (B) for 48 h using RT-qPCR. #*p<0.05.
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Figure 3. miR-219-5p inhibits colony formation and induces G¢/G, arrest. The colony formation of MKN-45 and SGC-7901 cells was
quantified by colony formation assays after transfection with miR-219-5p mimics (A) or anti-miR-219-5p (B). Cells were cultured for
14 days and then harvested for analysis. The cell cycle distribution of MKN-45 and SGC-7901 cells was detected by cytometry assay
after transfection with miR-219-5p mimics (C) or anti-miR-219-5p (D) for 48 h. *p<0.05.
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Figure 4. miR-219-5p inhibits gastric cancer cell migration and invasion. The effect of miR-219-5p overexpression (A) or anti-miR-
219-5p (B) on gastric cancer cell migration of MKN-45 and SGC-7901 cells was detected by Transwell migration assay. The effect of
miR-219-5p overexpression (C) or anti-miR-219-5p (D) on gastric cancer cell invasion of MKN-45 and SGC-7901 cells was detected
by Transwell invasion assay. *p <0.05.
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Cell cycle distribution was analyzed by flow cytometry,
which demonstrated that miR-219-5p overexpression
significantly induced cell cycle arrest in the Go/G, phase
(Fig. 3C). However, miR-219-5p suppression showed an
opposite effect on cell cycle arrest (Fig. 3D). Therefore,
these data suggest that miR-219-5p inhibited the prolif-
eration of gastric cancer cells.

Overexpression of miR-219-5p Inhibits Gastric
Cancer Cell Migration and Invasion

To confirm whether miR-219-5p plays a tumor sup-
pressor role in gastric cancer, we performed Transwell
assays to examine the effect of miR-219-5p on cell migra-
tion and invasion. The migration levels of the MKN-45
and SGC-7901 cells transfected with miR-219-5p mimics
significantly decreased (Fig. 4A). Similarly, the invasive
potential of MKN-45 and SGC-7901 cells transfected
with miR-219-5p mimics was also markedly decreased
(Fig. 4C). Conversely, suppression of miR-219-5p sig-
nificantly promoted cell migration (Fig. 4B) and inva-
sion (Fig. 4D) of MKN-45 and SGC-7901 cells. These
data indicated that miR-219-5 can suppress migration and
invasion of gastric cancer cells.

LRH-1 Is Characterized as a Target of miR-219-5p

To identify the functional target gene of miR-219-5p,
we performed bioinformatics analysis to predict the
potential targets of miR-219-5p. Among these genes,
LRH-1, a well-known oncogene in a large number of
malignancies, has elicited our interest. The putative
binding sites of miR-219-5p in the 3’-UTR of LRH-1
(LRH-1-3’-UTR WT) are shown in Figure 5A. The com-
plementary seed sequences were mutated to generate the
3’-UTR mutant (LRH-1-3’-UTR MT), which should not
bind miR-219-5p. To confirm this prediction, we con-
ducted luciferase reporter assays. The luciferase activ-
ity generated by the reporter vector with LRH-1-3’-UTR
WT significantly decreased after cotransfection with
miR219-5p mimics compared with the control group
(Fig. 5B). However, the activity generated by the reporter
vector with LRH-1-3-UTR MT was not significantly
affected by miR-219-5p overexpression (Fig. 5B). These
results suggest that miR-219-5p inhibits the expression
of LRH-1 by directly binding to the 3’-UTR of LRH-1.
The following RT-qPCR and Western blot assays showed
that the relative mRNA and protein levels of LRH-1 were
significantly decreased by miR-219-5p overexpression
(Fig. 5C-F). However, suppression of miR-219-5p mark-
edly increased the LRH-1 expression level (Fig. 5C-F).
In addition, LRH-1 mRNA expression was inversely
correlated with miR-219-5p expression in gastric cancer
tissues (Fig. 5G). Therefore, these results suggest that
miR-219-5p inhibits LRH-1 expression by directly tar-
geting its 3’-UTR in gastric cancer.
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Overexpression of miR-219-5p Inhibits the Wnit/3-
Catenin Signaling Pathway in Gastric Cancer Cells

To further elucidate the molecular mechanism of miR-
219-5p-mediated tumor suppression, we analyzed the
influence of miR-219-5p on the Wnt/B-catenin signaling
pathway. Luciferase reporter assay results showed that
miR-219-5p overexpression markedly repressed Wnt sig-
naling, whereas miR-219-5p suppression promoted Wnt
signaling in gastric cancer cells (Fig. 6A). Furthermore,
the transcription levels of cyclin D1 (Fig. 6B) and cyclin
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Figure 6. miR-219-5p suppresses the Wnt/B-catenin signaling
pathway. (A) The effect of miR-219-5p overexpression or sup-
pression on Wnt signaling in gastric cancer cells was examined
by TCF-dependent TOPFlash reporter activity assay. MKN-45
and SGC-7901 cells were transfected with phRL-TK Renilla
luciferase vectors and TOPFlash firefly luciferase reporter vec-
tors in the presence of miR-219-5p mimics or anti-219-5p for
48 h. The expression of cyclin D1 (B) and cyclin E1 (C) was
detected by RT-qPCR in MKN-45 and SGC-7901 cells trans-
fected with miR-219-5p mimics or anti-miR-219-5p for 48 h.
*p<0.05.
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El (Fig. 6C), which are the target genes of Wnt signaling,
were significantly decreased by miR-219-5p overexpres-
sion or increased by miR-219-5p suppression. These data
indicate that miR-219-5p inhibited the Wnt/B-catenin sig-
naling pathway.

Overexpression of LRH-1 Rescues miR-219-5p-Mediated
Tumor Suppression

To confirm whether LRH-1 is involved in miR-219-
Sp-mediated tumor suppression, we performed a rescue
experiment by overexpressing LRH-1. To overexpress
LRH-1 in gastric cancer cells, we transfected the cells with
pcDNA3/LRH-1 vectors. The protein level of LRH-1 sig-
nificantly increased in gastric cancer cells cotransfected
with mir-219-5p mimics and pcDNA3/LRH-1 vectors

———
Em SGC-7901

* * *

*

Relative protein
expression of LRH-1

1

100 Em SGC-7901

% %

80+

60

40

G0/G1 phase (%)

204

Relative activity

LIETAL.

(Fig. 7A). These data indicated that overexpression of
LRH-1 using the pcDNA3/LRH-1 vector can partially
rescue the downregulated expression of LRH-1 induced
by miR-219-5p overexpression. Accordingly, LRH-1
overexpression significantly restored the inhibitory effect
of miR-219-5p on cell proliferation (Fig. 7B and C), as
detected by MTT and cell cycle assays. Moreover, the
miR-219-5p-mediated inhibitory effect on Wnt signal-
ing was significantly reversed by LRH-1 overexpression
(Fig. 7D). Transwell assays also showed that the inhibi-
tory effect of miR-219-5p overexpression on migration
(Fig. 8A) and invasion (Fig. 8B) of gastric cancer cells
was significantly abrogated by LRH-1 overexpression.
Overall, these results indicated that LRH-1 directly con-
tributed to miR-219-5p-mediated tumor suppression.
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Figure 7. Restoration of LRH-1 reverses miR-219-5p-mediated inhibitory effect on gastric cancer cell proliferation. MKN-45 and
SGC-7901 cells were cotransfected with miR-219-5p mimics and pcDNA3/LRH-1 vectors (without 3-UTR) and incubated for 48 h.
miR-219-5p mimics + vector, cells were transfected with miR-219-5p mimics and pPDNA3.0 empty vector; miR-219-5p mimics+ LRH-1,
cells were transfected with miR-219-5p mimics and pcDNA3/LRH-1 vectors. (A) The protein expression of LRH-1 was detected by
Western blot. Cell proliferation was detected by MTT (B) and cell cycle (C) assays. (D) Wnt signaling was detected by TCF-dependent

TOPFlash reporter activity assay. *p<0.05.
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DISCUSSION

Increasing evidence has indicated that the dysregula-
tion of miRNAs is involved in the development of gastric
cancers'"**?. Identification of miRNAs related to gastric
cancer may help improve the diagnosis, prognosis, and
treatment of this malignancy. In this study, we found that
miR-219-5p was a novel miRNA that regulated gastric
cancer development. We found that miR-219-5p expres-
sion was significantly reduced in gastric cancer tissues
and cell lines. The overexpression of miR-219-5p inhib-
ited gastric cancer cell proliferation, migration, and inva-
sion by targeting LRH-1, a well-known oncogene'*. Our
data revealed a novel miRNA-based molecular mecha-
nism for gastric cancer pathogenesis.

Moreover, we found that miR-219-5p expression was
decreased in gastric cancer. This finding indicates a tumor
suppressor role for miR-219-5p. As expected, miR-219-5p
overexpression suppressed gastric cancer cell prolifera-
tion, migration, and invasion. Similar findings have been
obtained in several other types of human cancers. Huang
et al. reported that miR-219-5p suppressed hepatocellular
carcinoma cell proliferation by targeting glypican-3*. In
glioblastoma, miR-219-5p overexpression inhibited cell
growth and migration by targeting epidermal growth
factor receptor”’ or Roundabout 1*°. Forced expression
of miR-219-5p inhibited papillary thyroid carcinoma cell
growth by targeting estrogen receptor o*. miR-219-5p
has also been reported to be a tumor suppressor in colon
cancer by targeting platelet-derived growth factor recep-
tor o and Sall4”. These reports together with our find-
ings support the tumor suppressor role of miR-219-5p.
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miRNAs posttranscriptionally regulate gene expres-
sion by targeting the 3’-UTR of target mRNAs™. To
investigate the mechanism responsible for miR-219-5p-
mediated tumor suppression, we performed bioinformat-
ics analysis and identified LRH-1 as a functional target of
miR-219-5p in gastric cancer cells. LRH-1 is an oncogene
in various cancers'*. LRH-1 is abnormally expressed in
45% of all breast cancers and promotes local estrogen bio-
synthesis®. LRH-1 also promotes proliferation, motility,
and invasion of breast cancer cells by upregulating estro-
gen-responsive genes and matrix metalloproteinase-9,
remodeling actin, and inactivating E-cadherin'®'"**'. The
overexpression of LRH-1 promotes wound healing,
migration, and invasion, as well as sphere formation of
pancreatic cancer cells’ . Deficiency of LRH-1 impedes
intestinal tumorigenesis by regulating inflammation, as
shown by a mouse model in vivo'®. Silencing of LRH-1
inhibits colon cancer cell proliferation by inhibiting
oncogenic genes and signaling pathways*"*. LRH-1 also
plays an important role in gastric cancer. Wang et al. have
reported that LRH-1 is highly expressed in gastric cancer
tissues, and LRH-1 overexpression promotes gastric can-
cer cell proliferation'’. In the present study, we found that
miR-219-5p can target and inhibit LRH-1. This finding
implied a novel endogenic inhibitor for LRH-1.

Considering the important role of LRH-1 in tumor-
igenesis, current efforts have been made to develop
the inhibitors for LRH-1. Two compounds, Cpd3 and
Cpd3d2, have been reported to block the transcriptional
activity of LRH-1, leading to an inhibitory effect on
cell growth and proliferation of cancer cells*. Corzo et
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Figure 8. Restoration of LRH-1 reverses miR-219-5p-mediated inhibitory effect on gastric cancer cell migration and invasion. The
effect of LRH-1 overexpression on cell migration (A) and invasion (B) of MKN-45 and SGC-7901 cells cotransfected with miR-
219-5p mimics and pcDNA3/LRH-1 vectors was detected by Transwell assays. *p<0.05.
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al. synthesized a new nonphospholipid small-molecule
repressor of LRH-1, SR1848, which can impede the
nuclear translocation of LRH-1 and inhibit the expression
of oncogenes involved in promoting cancer cell prolif-
eration®’. In addition to chemical inhibitors, miRNAs are
emerging as novel inhibitors for gene expression. Various
miRNAs have been found to target and inhibit LRH-1.
In particular, miR-451 can inhibit osteosarcoma cell pro-
liferation by targeting LRH-1%. Suppression of LRH-1
by miR-381 inhibited cell proliferation and the invasion
of colon® and hepatocellular carcinoma cells”’. Jiang et
al. recently reported that miR-376¢ targets and inhibits
LRH-1 in lung cancer cells, leading to reduced cell pro-
liferation and invasion*'. Other miRNAs, such as miR-
134%, miR-l39—5p43, miR-27*, miR-186, and miR-326",
are reported to posttranscriptionally regulate the LRH-1
expression. In the current study, we demonstrated that
miR-219-5p was a novel miRNA for inhibiting LRH-1.
We found that miR-219-5p inhibited gastric cancer cell
proliferation, migration, and invasion by targeting and
inhibiting LRH-1. Restoration of the LRH-1 expression
can significantly reverse the miR-219-5p-mediated tumor
suppressive effects. Our findings indicate that miR-
219-5p acted as an endogenous inhibitor for LRH-1.
Therefore, miR-219-5p might be used as a potential anti-
cancer drug target for LRH-1-related cancers, at least in
gastric cancer.

LRH-1 has been suggested as a coactivator of the
Whnt/B-catenin signaling pathway'***. LRH-1 can inter-
act with transcription factor 4 and B-catenin to promote
the expression of c-Myc and cyclin D1/E1*. LRH-1 reg-
ulates the proliferation of pancreatic and colon cancer
cells via the Wnt/B-catenin signaling pathway'®*. The
Wnt/B-catenin signaling pathway plays an important
role in gastric carcinogenesis by regulating cell prolif-
eration, migration, invasion, and epithelial-mesenchymal
transition*’ . In this study, we demonstrated that LRH-1
suppression by miR-219-5p inhibited the Wnt/B-catenin
signaling pathway in gastric cancer cells. These findings
suggest that targeting LRH-1 by miR-219-5p is a novel
strategy for inhibiting the Wnt/B-catenin signaling path-
way in gastric cancer.

In conclusion, our study is the first to report that miR-
219-5p was downregulated in gastric cancer. In particu-
lar, miR-219-5p functions as a gastric cancer suppressor
by inhibiting cell proliferation, migration, and invasion
by targeting the LRH-1 and Wnt/B-catenin signaling
pathways. These results indicated that miR-542-3p may
represent a novel molecular therapeutic target for gas-
tric cancer.
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