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A B S T R A C T

MicroRNAs were known to play very important roles in human diseases, and have attracted great interests of
research scientists in medicine, toxicology and functional foods. Gastric carcinoma (GC) remains one of the most
common and lethal types of malignancy worldwide. However, the molecular mechanism of GC and the role of
microRNAs in GC development remain unclear. The expression of extracellular matrix protein 1 (ECM1) is up-
regulated in many cancer types, but its functional role is inconstant. In the present study, we aimed to investigate
the correlation between GC development and ECM1 expression, along with its regulation by microRNAs.
Immunohistochemical results showed that ECM1 was up-regulated in GC tissues and ECM1 expression level was
negatively correlated with the prognosis of GC. ECM1 was found to promote gastric cancer cell metastasis in cell
migration assays by facilitating the expression of proteins involved in epithelial-mesenchymal transition (EMT).
MiR-92a was recognized for the first time to suppress the migration of human GC cells by directly targeting to
the 3′UTR of ECM1 gene in a dual-luciferase reporter assay. These results highlighted the antagonistic roles of
ECM1 and miR-92a in GC development, which may serve as a new target for gastric cancer.

1. Introduction

Gastric carcinoma (GC) remains one of the most common and lethal
types of malignancy worldwide (Siegel et al., 2016). An estimated
951,600 new GC cases were reported in 2012 (Ye et al., 2016). Al-
though extensive efforts to develop tactics for the management of GC
patients have been made, the 5-year survival rates remain low (Qiu and
Xu, 2013), and the exploration of the underlying mechanisms driving
gastric cancer progression is still required. Extracellular matrix protein
1 (ECM1) is a secreted, soluble protein and its germ line mutations may

lead to lipoid proteinosis, which is characterized by skin and mucosa
thickening and widespread hyaline (glycoprotein) deposition and
basement membrane disruption, and high ECM1 expression is related to
some types of cancers, including laryngeal carcinoma (Gu et al., 2013),
hepatocellular carcinoma (Chen et al., 2016), cholangiocarcinoma
cancers (Xiong et al., 2012), cervical cancer (Ye et al., 2016), thyroid
cancer (Kebebew et al., 2005) and breast cancer (Gomez-Contreras
et al., 2017). However, the expression and clinical significance of ECM1
in gastric cancer remain unclear. It is widely accepted that epithelial-
mesenchymal transition (EMT) activation enables cancer cells to
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acquire the ability to invade and disseminate (Chaffer et al., 2016), and
these effects are characterized by the down-regulation of epithelial
markers, such as E-cadherin, and the up-regulation of mesenchymal
markers, such as vimentin and Snail (Pradella et al., 2017). A variety of
studies have demonstrated that reprogramming the EMT promotes tu-
morigenesis and invasiveness (Santamaria et al., 2017), which favors
uncontrolled tumor cell growth and metastasis. Nevertheless, there are
few studies on the role of ECM1 in the EMT process of GC.

MicroRNAs (miR) are a class of small non-coding RNAs with a
length of about 22 nucleotides that generally function to suppress gene
expression by targeting the 3’ UTR of mRNAs. MiRNAs have been de-
monstrated to regulate multiple cellular functions such like cell pro-
liferation, metastasis, cell cycle and metabolism, involved in many
types of human diseases (Barger et al., 2016). Abnormal miR-92a ex-
pression was reported in multiple cancers such as breast cancer, cer-
vical cancer, colorectal cancer, and osteosarcoma (Chen et al., 2018; Li
et al., 2014; Xiao et al., 2017; Zhou et al., 2015). It has been demon-
strated that miR-92a in most cancer was upregulated to promoted
cancer cell proliferation and invasion, however, it was also found that
downregulation of miR-92a was associated with aggressive breast
cancer (Nilsson et al., 2012) and multiple myeloma (Yoshizawa et al.,
2012). These results suggest that miR-92a may be important in cancer
pathogenesis and progression by targeting different genes. But little is
known about miR-92a expression and function in the gastric cancer.

MicroRNAs are identified as critical regulators in human diseases
and development (Barger et al., 2016), and has attracted great interests
of researchers in medicine, toxicology and functional foods (White
et al., 2016). In this study, we aimed to explore the expression and
functional role of ECM1 in gastric cancer and demonstrated ECM1 is a
novel target gene of miR-92a and indicated their effect in the devel-
opment of GC.

2. Materials and methods

2.1. Materials and tissue samples

The study was approved by the Ethics Committee of University of
Science and Technology of China (USTC). Between March 2009 and
July 2013, 74 gastric cancer and paired adjacent normal specimens
were collected from the gastric cancer patients received curative sur-
gical resection at The First Affiliated Hospital of USTC with an informed
consent. Prior to surgery, none of them received adjuvant therapy. All
patients contributed to the complete follow-up data, and they were
followed up from 1 March 2013 to 10 July 2018, which resulted in an
average 60-month follow-up period. The overall survival (OS) was de-
fined as the interval between the surgery and patient death or the last
follow-up.

2.2. Cell culture

The human gastric cancer cell lines BGC-823, MKN-45, MGC-803
and SGC-7901 were provided by the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). All cell lines were cultured in RPMI-
modified culture medium (HyClone, USA) containing 10% (v/v) fetal
bovine serum (HyClone, USA) in a humidified incubator at 37 °C with
5% CO2 (Arathi et al., 2016).

2.3. Immunohistochemical staining

Tissue slides were boiled in citrate buffer (pH 6.0) for 20min for
antigen retrieval and then cooled at room temperature. Subsequently,
the slides were incubated in a 10% hydrogen peroxide solution for
15min to eliminate endogenous peroxidase activity. The sections were
then immunostained with a rabbit anti-ECM1 antibody (11521-1-AP,
Proteintech Co., Rosemont, USA) at 4 °C overnight. After rinsing with
PBS for 5min, the sections were incubated with horseradish peroxidase

(HRP)-conjugated secondary antibody (PV-6000, ZSGB-BIO Co.,
Beijing, China) for 20min. After further washing, the peroxidase ac-
tivity was visualized using freshly prepared DAB (ZLI-9017, ZBGB-BIO
Co., Beijing, China); then the slides were counterstained lightly with
Harris hematoxylin. The negative controls were processed in a similar
manner but primary antibody was with replaced PBS. The expression
levels of ECM1 was quantified by a combination scoring system of
positive staining cell percentage and cell staining intensity. A, the
scoring standard for positive staining cell percentage was as fol-
lows:< 5% was scored as 0, 6%~25% as 1, 26%~50% as 2 and >
51% as 3; B, the scoring standard for cell staining intensity was as
follows: absent/weak was 0, pale yellow was 1, claybank was 2 and
sepia was 3. Five fields were selected randomly using a low power
(× 100) microscope and the mean of A×B in each field was used as
the final score for each tissue section. Sections with a final score of ≤3
were classified as having low ECM1 expression, and those with a final
score of> 3 were classified as high ECM1 expression.

2.4. Real-time RT-PCR

For RNA isolation and quantitative real-time PCR, total RNA was
extracted from the cells using the TRIzol method and evaluated by a
One Drop OD-1000 spectrophotometer. Total RNA was then reverse
transcribed (TaKaRa, Dalian, China) into cDNA and analyzed by real-
time PCR using SYBR Green PCR Master Mix (TaKaRa, Dalian, China)
and a StepOne platform (Applied Biosystems, Shanghai, China) (Wang
et al., 2018). Q-PCR was performed in 20 μl volumes for 40 cycles
(15 s at 95 °C and 1min at 60 °C). The gene expression levels were
evaluated using the 2−ΔΔCt method (Qi et al., 2014). The following
primers used for miR-92a: GGGGCAGTTATTGCACTTGTC. ECM1 for-
ward 5′- CATGGATCACCCTGACTCCT -3′; reverse 5′- GGAGAGAGGGC
AGCTCTTT-3′; β-actin forward 5′- AACTGGGACGACATGGAGAAA-3′;
reverse 5′- ATAGCACAGCCTGGATAGCAAC-3′;

2.5. Wound healing assay

Cells were cultivated into a confluent monolayer in six-well tissue
culture plates. Then, a wound was created in the cell monolayer using a
sterile 10 μl pipette tip. The cells were washed with PBS and then in-
cubated for 24 h. Images of the wound area were captured at 0 h and
24 h with an inverted phase contrast microscope (Rodríguez-Ribera
et al., 2017).

2.6. miRNA transfection and Lentivrius infection

MiR-92a mimic or its inhibitor (miR-92a-in) or the respective con-
trol were synthesized by GenePharma (Shanghai, China) and trans-
fected into the cells according to the manufacture's instruction (Brooks
and Fry. 2017). For 12-well plate, cells were seeded at a density of
4× 105 per well. 24 h later, 20 pmol miRNA and 1.5 μl miRNA mate
plus reagent (GenePharma, Shanghai, China) were both diluted with
50 μl Opti-MEMI medium followed by a gentle mix together for 5min at
room temperature and adding into the culture medium from a single
well. Lentivirus expressing ECM1 shRNAs (targeting sequences:
shRNA1, ACTGCTTCAACATCAATTA; shRNA2, CTGCTGTGACCTGCCA
TTT); or ECM1 cDNA (NM_004425), or the respective control were
produced form GenePharma (Shanghai, China). Lentivirus infection
was performed according to the manufacturer's instructions and se-
lected in medium with blasticidin for two weeks to establish stable
transduced cells. Real-time RT-PCR and Western blotting analysis were
performed to detect ECM1 expression after lentivirus infection.

2.7. Western blotting analysis

Whole cell lysates were separated on 10% denaturing poly-
acrylamide gels before electro-transference onto PVDF membranes. A
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TBST solution containing 5% (m/v) fat-free dry milk was used to block
the membranes before their incubation with primary antibodies against
human ECM1, E-cadherin, vimentin, GAPDH and Snail (3879T, CST) at
4 °C overnight. The membranes were washed three times and then in-
cubated with a horseradish peroxidase-conjugated secondary antibody.
The proteins were detected using ECL reagent (Pierce, USA), and the
band intensities were normalized to β-actin or GAPDH. Each experi-
ment was performed three times (Zhang et al., 2018; Wang et al., 2019).

2.8. Transwell assay

These experiments were performed using 6.5mm transwell cham-
bers with a pore size of 8 μm (Corning, USA). RPMI plus 10% FBS
medium was added to the bottom chamber. Cells were washed three
times with PBS and suspended in FBS-free RPMI medium. A total of
2× 104 cells were added to the upper well of each transwell chamber
and incubated for 24 h. Cells in the lower chamber were fixed in a 4%
(v/v) paraformaldehyde solution for 15min, stained with a crystal
violet solution for 15min at room temperature, and counted under a
light microscope (at 200×magnification). Four random visual fields

were counted for each well (Brooks and Fry. 2017).

2.9. Anoikis assay

Human GC cells undergoing anoikis were identified and quantified
with a Cytoselect 24-well Anoikis Assay kit (Cell Biolabs, USA) ac-
cording to the manufacturer's instructions.

2.10. Adhesion assay

The adhesion of GC cells to each ECM component was evaluated
using a CytoSelect 48-Well Cell Adhesion assay kit (Cell Biolabs, USA)
according to the manufacturer's instructions. Matrigel was pre-coated in
a 24-well plate, and GC cells were overlaid on the plate bottom. After
incubation at 37 °C for 60min and removing non-adherent cells with
three gentle washes with PBS, the cells adherent to each component
were quantified in MTT assays or counted under a microscope, re-
spectively.

Fig. 1. The expression of ECM1 in GC tissues and
the negative correlation with the prognosis of
GC. (A) Relative ECM1 mRNA expression levels in
tumor samples (N=408) and control samples
(N=211) from the TCGA database. (B)
Kaplan–Meier survival curves showed better overall
survival with low expression of ECM1 compared
with high ECM1 expression group (p = 1.6e-13).
(C) The representative histochemical staining of
ECM1 in the normal tissue, the para-carcinoma
tissue and tumor tissues. (D) Relative ECM1 mRNA
expression in normal and tumor tissues. (E) The
Kaplan-Meier survival curves showed patients with
low ECM1 expression had a better prognosis than
those with high ECM1 expression. (F, G) Relative
ECM1 mRNA levels and protein levels in the four
types of gastric cell lines. The data are represented
as the mean ± sd. of three independent experi-
ments. *P < 0.05.
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2.11. In vivo tumorigenesis assay

All animal experiments were approved by the First Affiliated
Hospital of University of Science and Technology of China and per-
formed in accordance with the Chinese guidelines for animal experi-
ments. Four-week-old male BALB/C nude mice were purchased from
the Institute of Zoology at the Chinese Academy of Sciences, Shanghai.
To establish the peritoneal metastasis model, 1× 106 cells were re-
suspended with 0.1 ml of PBS and injected into the abdominal cavity.
After 80 days, the mice were sacrificed, and the number of nodules
presented in the abdominal cavity and the volume of ascites from each
mouse were measured. The survival time of each mice was recorded to
generate the survival curves.

2.12. Soft agar colony formation assay

GC cells were resuspended with 0.3% soft agar (Sigma-Aldrich,
USA) in RPMI 1640 medium containing 10% FBS and layered on 0.6%
solidified agar in six-well plates. After two-week incubation, colony
sizes were photographed under a microscope at 10×magnification.

Table 1
The association between ECM1 and clinicopathological factors in 74 GC pa-
tients.

Clinical parameter Number of cases ECM1 expression p

Low High

Gender
Male 55 14 41 0.604
Female 19 6 13
Age (years)
<60 41 12 29 0.628
≥60 33 8 25
Differentiation
Poor 33 9 24 0.966
Well to moderate 41 11 30
Tumor size (cm)
>5 38 15 23 0.013
≤5 36 5 31
TNM stage
I + II 41 15 26 0.039
III + IV 33 5 28
Lymphatic invasion
Yes 48 8 40 0.006
No 26 12 14

Fig. 2. ECM1 promoted the proliferation and
migration of GC cells in vitro. (A, B) The relative
mRNA and protein levels of ECM1 in MGC-803 cells
transduced with shRNA or NC lentivirus. (C, D) The
relative mRNA and protein levels of ECM1 in BGC-
823 cells transduced with ECM1 or NC lentivirus.
(E, F) Representative images (left) from ECM1-
overexpressed MGC-803 cells, ECM1-knockdown
BGC-823 cells and their control groups were re-
corded 0 and 24 h after scratching of the cell surface
and their statistics results (right). (G) The migration
behavior were evaluated by using a transwell
chamber after GC cells infected with ECM1-over-
expression, ECM1 shRNA lentivirus and their re-
spective controls. (H) Histograms show the number
of migrating cells from G. (K) Representative
Immunoblotting image for EMT-related proteins in
GC cells. The data are represented as the
mean ± SD of three independent experiments
(*P < 0.05).
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2.13. Luciferase reporter assay

3′-UTR of ECM1 gene or its mutant for potential miR-92a target site
were amplified and subcloned into pMIR-Report luciferase reporter
vector. MGC-803 and BGC-823 cells were seeded in a 24-well plate with
a density of 1×105 cells per well and co-transfected with wild-type 3′-
UTR or mutant 3′-UTR and miR-92a lentivirus or miR-92a inhibitors.
After 48 h, luciferase activity was determined using a dual-luciferase
reporter assay (Promega, USA) according to the manufacturer's pro-
tocol, in which Renilla luciferase activity was normalized to that of
firefly luciferase (Gong et al., 2019).

2.14. Statistical analyses

Statistical analyses such as the χ2 test, Kaplan-Meier survival ana-
lysis and one-way ANOVA method were performed with SPSS 16.0 and
GraphPad Prism 6. Data was expressed as the mean ± standard de-
viation (SD), and P < 0.05 and P < 0.01 were used to indicate sta-
tistically significant differences.

3. Results and discussion

3.1. ECM1 is upregulated in GC tissues and its connection to the survival
and prognosis

ECM1 is a glycoprotein highly distributed in epithelial organs and
throughout the intestine, which interacts with the basal membrane.
Previous studies revealed that increased ECM1 expression was found in
many types of malignant epithelial tumors (Kebebew et al., 2005; Wang
et al., 2003). ECM1 was considered to promote cancer progression and
invasion and also acts as an indicator of poor prognosis for cancer pa-
tients (Chen et al., 2011; Lal et al., 2009). To evaluate the expression of
ECM1 in GC, ECM1 mRNA expression data was retrieved from the
TCGA database (408 tumor cases and 211 normal control cases) and it
showed that ECM1 mRNA level was significantly higher in tumor tis-
sues compared to normal tissues (Fig. 1A). The Kaplan Meier analysis
and the log-rank test results (p=1.6e-13) revealed the overall survival
of patients with low ECM1 expression level was significantly higher
than that of high ECM1 expression (Fig. 1B, p < 0.001). Further the
expression study of ECM1 in gastric tissues showed weak or strong
positive signal in tumor tissues, but negative signal in paracarcinoma

Fig. 3. ECM1 promoted the peritoneal migration
of GC cells in vitro. (A) Anoikis assays of BGC-823
and MGC-803 cells infected with ECM1 over-
expression lentivirus or a specific ECM1 shRNA
lentivirus and the respective controls, as indicated.
(B) Adhesion of ECM1 downregulated or over-
expressed GC cells to Matrigel coated surfaces as
indicated. (C, D) The percentage of GC cells in
which ECM1 was knocked down (C) and over-
expressed (D) that adhered to plates coated with
different ECM components after 30min of incuba-
tion were quantified by OD560 nm. (E, F)
Representative images (E) and colony size of the
indicated cells (F) in soft agar assay after 14 days of
incubation. Error bars represent mean ± SD from
three independent experiments. * represent
P < 0.05 comparison with the control.
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tissues (Fig. 1C). ECM1 expression levels in tissues from 74 gastric
cancer patients were investigated to further confirm its association with
clinicopathologic and prognostic value (showed in Table 1). It was
found a significant association between ECM1 expression and lym-
phatic vessel invasion, tumor size, tumor (T) stage, node (N) stage and
metastasis (M) stage. ECM1 mRNA level was significant higher in tumor
tissues than normal tissues as well (Fig. 1D), and patients with low
expression of ECM1 showed a better prognosis than that of high ECM1
expression (Fig. 1E). These findings suggested increased ECM1 ex-
pression was correlated with carcinogenesis and lymphatic metastasis
in human gastric cancer, but the mechanism remains elusive.

3.2. ECM1 promoted the migration of human GC cells in vitro

To investigate the role of ECM1 in human GC, western blotting and
qRT-PCR were performed to determine ECM1 expression level in four
human GC cell lines (SGC-7901, MGC-803, MKN-45, and BGC-823). As
illustrated in Fig. 1F and G, BGC-823 cells showed the lowest ECM1
expression level, and MGC-803 cells had the highest ECM1 expression
level among the four GC cell lines. MGC-803 and BGC-823 cells were
chosen to use in the following functional experiments. To manipulate
ECM1 expression in GC cells, two lentivirus-based short hairpin RNAs
(shRNAs) against ECM1 were employed to efficiently knockdown its
expression in MGC-803 cells (p < 0.05, Fig. 2A and B) or a lentivirus

encoded GFP-ECM1 in BGC-823 cells to overexpress the fusion protein
(p < 0.05, Fig. 2C–E). To investigate the effect of ECM1 on GC cell
motility, a wound-healing assay was performed and it showed that the
wound-healing ability was significantly enhanced in ECM1-over-
expressed MGC-803 cells (p < 0.05, Fig. 2E), while suppressed in
ECM1-knockdown BGC-823 cells (p < 0.01, Fig. 2F). Likewise, ECM1
overexpression induced a significant increase in the number of migra-
tion cells, while ECM1 knockdown resulted in fewer migration cells in
the transwell assays compared to the control (p < 0.01, Fig. 2G–I).
These results suggested that ECM1 can promote the migration of gastric
cancer cells. ECM1 has been indicated by increasing evidences to exert
its functions on cancer cell metastasis. To determine whether ECM1
affect EMT, the protein expression levels of EMT-related proteins in-
cluding E-cadherin, vimentin and Snail were investigated and it was
found a correlation between ECM1 protein and EMT-related proteins.
Specifically, vimentin and Snail were increased, but E-cadherin was
decreased in ECM1-overexpressed BGC-823 cells. On the contrary, vi-
mentin and Snail were decreased but E-cadherin was increased in the
MGC-803 cells infected with ECM1 shRNA lentiviruses (Fig. 2K). These
results indicated ECM1 plays a key role in GC metastasis and progres-
sion, facilitating the expression of EMT-related proteins.

In consideration of a detached microenvironment where GC resides
after passing through the serous layer into the abdominal cavity and the
importance of adhesion ability in peritoneal metastasis, we investigated

Fig. 4. ECM1 promoted GC cell metastasis in vivo. (A–C) In vivo tumorigenesis examined by subcutaneous tumor growth from mice injected with cells expressing
either ECM1 cDNA or shRNA and the respective controls. (D, E) Kaplan-Meier analysis of overall survival of mice with high or low expression of ECM1. Error bars
represent mean ± SD from three independent experiments (*P < 0.05).
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the effect of ECM1 expression on the relative anoikis resistance and
adhesion ability to Matrigel coated surfaces. As shown in Fig. 3A and B,
overexpression of ECM1 significantly increased the relative anoikis
resistance and adhesion ability to Matrigel coated surfaces compared
with the control. Conversely, knockdown ECM1 expression led to the

decrease in anoikis resistance compared with the control, and adhesion
ability as well (p < 0.05, Fig. 3A and B). To further confirm the effect
of ECM1 on GC cell adhesion, adhesion ability to different extracellular
matrix (ECM) components was examined, including Fibronectin, Col-
lagen I, Collagen IV, Lamin I and Fibrinogen. As expected, the adhesion
ability to different ECM component was significantly attenuated in
ECM1-knockdown cells, while enhanced in ECM1-overexpressed cells
(p < 0.05, Fig. 3C and D). To simulate the anchorage independent
growth environment of GC cells in the abdominal cavity, a soft agar
colony-formation assay was conducted and we also observed a re-
markable increase in the size of soft agar colony was observed in cells
transplanted with ECM1-overexpressed cells, while a significant de-
crease was noticed in ECM1 knockdown cells (Fig. 3E and F). These
results indicated that ECM1 can promote the peritoneal metastasis-re-
lated traits of GC cells in vitro.

3.3. ECM1 promoted the migration of GC cells in vivo

To investigate whether ECM1 affect GC development in vivo, ECM1-
knockdown MGC-803 and ECM1-overexpressed BGC-823 cells and their
respective control cells were subcutaneously injected into the nude
mice. As shown in Fig. 4 A-C, compared with the corresponding control,
the number of abdominal nodules and the ascites volume were sig-
nificantly increased in the ECM1-overexpressed mice, while decreased
in the ECM1 knockdown mice (p < 0.05). The overall survival per-
centage for the xenograft mice was significantly increased by ECM1
knockdown (p=0.0336) and decreased by the overexpression of ECM1
(p=0.0206) (Fig. 4 D, E). Collectively, these results highlighted the
metastasis promotion role of ECM1 in human GC both in vitro and in
vivo.

3.4. ECM1 as a direct target of miR-92a

miRNA has been demonstrated to regulate multiple cellular func-
tions and especially abnormal miR-92a expression has been reported in
multiple cancers with a conflicting role (Chen et al., 2018; Li et al.,
2014; Nilsson et al., 2012; Xiao et al., 2017; Yoshizawa et al., 2012;
Zhou et al., 2015). To explore the role of miR-92a in gastric cancer and
its potential regulation on ECM1 expression, we performed a miRNA

Fig. 5. ECM1 is a target of miR-92a. (A) Schematic graph of the putative
binding sites of miR-92a in the ECM1 3′UTR. ECM1-mut indicates the ECM1-
3′UTR with mutation in miR-92a binding sites. (B–C) ECM1 mRNA (B) and
protein level (C) after GC cells infected with miR-92a lentivirus or transfected
with miR-92a inhibitors and their respective controls. (D–E) Luciferase reporter
activity after Luciferase reporter activity after infected with miR-92a lentivirus
(D) or transfected with miR-92a inhibitors (E) and their respective controls in
wild-type ECM1 3′UTR or mutant ECM1 3′UTR reporter. Error bars represent
mean ± SD from three independent experiments (*p < 0.05).

Fig. 6. miR-92a affects the peritoneal migration
of GC cells by targeting ECM1. (A, B)
Representative images (A) of MGC-803 cell migra-
tion in transwell assay and number of migration
cells (B) after the indicated treatment. (C, D)
Anoikis assays (C) and adhesion to Matrigel coated
surfaces (D) of MGC-803 cells infected with miR-92a
lentivirus or miR-92a inhibitor lentivirus or the
control plus ECM1 or the control, as indicated. All
the data are expressed as means ± SD of three in-
dependent experiments (p < 0.05).
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binding site prediction with the STarMir tool and found a putative
binding site of miR-92a within the 3′UTR of ECM1 gene. The matched
sequences were illustrated in Fig. 5A and a mutant construct of ECM1
3′UTR was generated by site-directed mutagenesis to disrupt the miR-
92a binding site (Fig. 5A). In MGC-803 cells, infection with miR-92a
lentivirus induced a significant decrease in the mRNA and protein levels
of ECM1, while the induction of miR-92a inhibitor into BGC-823 cells
caused a significant increase expression of ECM1 at both mRNA and
protein levels (p < 0.05, Fig. 5B and C). To further dissect the role of
miR-92a on ECM1 expression and confirm the binding site of miR-92a
within the 3′UTR of ECM1 gene, we conducted a luciferase reporter
assay, in which the relative luciferase activity reflects the ECM1 mRNA
level regulated by miR-92a. As shown in Fig. 5D, MGC-803 cells in-
fected with miR-92a virus exhibited a significant decrease in the re-
lative luciferase activity and disruption of the putative binding site of
miR-92a diminished the effect (p < 0.05). In BGC-823 cells, induction
of miR-92a inhibitor significantly increased the relative luciferase ac-
tivity and it was also reversed by the mutation within the putative
binding site (p < 0.05, Fig. 5E). To further confirm the role of miR-92a
in gastric cancer, we employed MGC-803 cells to conduct the migration
assay. As expected, miR-92a showed an inhibitory effect on the mi-
gration capacity of MGC-803 cells and this effect could be blocked by
ECM1 overexpression (p < 0.05, Fig. 6A and B). It was also observed
the relative anoikis resistance and adhension ability of MGC-803 cells to
Matrigel coated surfaces were significantly reduced by miR-92a, which
could be restored by ECM1 overexpression (p < 0.05, Fig. 6C and D).

4. Conclusion

In present study, GC patients with higher ECM1 expression ex-
hibited significantly poor overall survival and ECM1 promoted human
GC cell migration through enhancing the expression of EMT-related
proteins. We demonstrated for the first time that miR-92a can suppress
GC metastasis by directly targeting 3′UTR of ECM1 gene. Nonetheless,
the expression profile of miR-92a in gastric cancer need to be further
investigated and it should be more convincing to repeat the experi-
ments in the genetic manipulated mouse models. These findings pro-
vide a novel understanding about the antagonistic roles of ECM1 and
miR-92a in GC development and a new insight into developing poten-
tial therapeutic target to combat the human GC.
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