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epithelial-mesenchymal transition,
migration, invasion and prognosis in
gastric carcinoma by targeting BMP2
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Abstract. - OBJECTIVE: Gastric cancer (GC)
is a common malignancy. Recent studies have
suggested that microRNAs are crucial factors
in tumorigenesis. Thus, we investigated the ef-
fect of miR-378 on GC metastasis and further ex-
plored the underlying mechanism.

PATIENTS AND METHODS: Quantitative Re-
al-time polymerase chain reaction (qRT-PCR)
was carried out to measure the miR-378 expres-
sions in GC and adjacent normal tissue sam-
ples. MiR-378 expressions in human GC cells
were determined using qRT-PCR and Western
blots. Moreover, transwell assays were conduct-
ed to measure the invasion and migration ca-
pacities of GC cells. Additionally, the regulating
effects on BMP2 by miR-378 were assessed by
luciferase reporter assays and western blots.
Western blot was also carried out to observe the
protein expressions of epithelial-mesenchymal
transition (EMT) related genes.

RESULTS: MiR-378 expressions in GC tissues
were downregulated. In the meantime, reduced
miR-378 expression was associated with poor
prognosis and malignant clinicopathologic fea-
tures of GC patients. MiR-378 overexpression re-
pressed GC cell invasion, migration and EMT.
Furthermore, BMP2 was a direct target of miR-378
and implicated in miR-378-mediated suppressive
functions in GC invasion, migration and EMT.

CONCLUSIONS: We showed that miR-378
served as a tumor suppressor in GC via modu-
lating BMP2, suggesting that miR-378/BMP2 ax-
is might be therapeutic targets and promising
biomarkers for GC treatment.
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Introduction

Gastric carcinoma (GC), a common tumor of
the digestive system, has a high mortality rate'.
Although with the in-depth studies on pathogen-
esis, there have been some improvements in the
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diagnosis and therapy of GC; however, it is still
an important global health burden®. As GC is an
asymptomatic tumor in the early stages, it is often
diagnosed at advanced stages’. Most GC mortal-
ities are mainly caused by metastasis of tumor
cells, and additionally, the 5-year survival rate for
GC is 20-30%". GC is a complex tumor, which
could be regulated by various tumor suppressors,
or oncogenes, which are in charge of the GC initi-
ation and progression®. As the progression of GC is
a multifactorial and multistep process, the studies
of the potential mechanisms in the process of GC
progression seem to be conducive to the devel-
opment of GC therapies. Epithelial-mesenchymal
transition (EMT) is a process by which epithelial
cells adopt mesenchymal phenotypes and proceed
to colonize®. EMT is implicated in the process of
tumor-related metastasis’. EMT results in mesen-
chymal cells and is characterized by up-regulation
of mesenchymal markers such as vimentin and
decreased expressions of epithelial markers such
as E-cadherin, leading to tumor metastasis and
recurrence®. Although literature®® also demon-
strated the significance of EMT in GC progression,
the underlying mechanism which regulates EMT
is not fully understood. MicroRNAs (miRNAs)
are a class of small noncoding RNAs which could
partially bind to the complementary sites in the
target mRNA 3’-UTRs, negatively regulating gene
expressions'!. Accumulating studies'? have con-
firmed that miRNAs have important functions
in cancer development, including cell metastasis,
apoptosis and proliferation. In addition, recent
research has provided novel insights into the cor-
relation between multiple tumors and miRNAs.
For example, miR-129-5p was found to suppress
lung carcinoma cell invasion and proliferation via
targeting vimentin, E-cadherin and microspherule
protein 1. Wei et al'* found that miR-223 func-
tioned as a tumor marker by suppressing FOXOLI
in breast cancer. Lu et al® reported that miR-186
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inhibited tumor growth and cell proliferation in
prostate cancer by modulating YY1 and CDKG6.
However, little is known about the roles of miR-
378 in GC. Here, considering the significance of
miR-378, we focused on the ectopic expressions
and the regulatory mechanisms of miR-378 in GC
cells. Bone morphogenetic proteins (BMPs) are
cytokines, which play important roles in various
cellular functions. BMP2 is the most effective
inducer of osteoblast differentiation among the
BMPs'®. Accordingly, there have been many re-
searches which focused on the effects of BMP2 on
tumor progression. For instance, BMP2/BMPR1A
was reported to be associated with dedifferen-
tiated liposarcomas progression'’. Rajski et al'®
found that response pattern of BMP2 in human
lung fibroblasts was a potential marker of lung
adenocarcinomas; the identification of BMP2 was
an inhibitor of rhabdomyosarcoma’. However, the
functions of BMP2 in GC have received little
attention. Here, we measured BMP2 expressions
and studied the correlations between miR-378 and
BMP2 in GC.

Patients and Methods

Patients and Specimens

Fifty GC tissues and adjacent non-tumor tis-
sues were collected from Shenzhen People’s Hos-
pital between July, 2015 and October, 2017. All
GC patients provided written informed consent
prior to the collection of tissue samples. Tissue
fragments were immediately frozen in liquid
nitrogen and stored at —80°C for further use. Cur-
rent study was approved by the Ethic Committee
of Shenzhen People’s Hospital.

Cell Culture

Five human GC cell lines (BGC-823, MKN-
28, MGC-803, SGC-7901and AGS) and human
gastric epithelial cell line GES-1 were purchased
from the Institute of Biochemistry and Cell Bi-
ology, Chinese Academy of Sciences (Shanghai,
China) and cultured in Dulbecco’s Modified Ea-
gle Medium (DMEM) (Thermo Fisher, Waltham,
MA, USA) supplemented with 10% fetal bovine
serum (FBS) (Gibco, Rockville, MD, USA). All
cell lines were incubated in a humidified atmo-
sphere of 5% CO, at 37°C.

Cell Transfection
MiR-378 mimics, inhibitor and scrambled
miRNA control were obtained from GenePhar-

ma (Shanghai, China). BMP2 vector and siRNA
were purchased from GeneCopoeia (Guangzhou,
China). The transfections were performed using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) according to the manufactures’ instruc-
tions. Forty-eight hours after the transfection, the
cells were harvested for further assays.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was used to isolate the total RNA from
GC tissues and cells. Then, TagMan MicroRNA
Reverse Transcription Kit (Applied Biosystems,
Foster City, CA, USA) was used to synthesize
cDNA with isolated total RNA in line with the
manufacturer’s protocols. The qPCR analysis was
carried out using SYBR Premix Ex Taq™ (TaKa-
Ra Biotechnology Co., Ltd., Dalian, China) on
an Applied Biosystems 7500 Fast Real-time PCR
system (Applied Biosystems, Foster City, CA,
USA). The relative expressions of genes were an-
alyzed by the 2-44°T relative quantification method
with human U6 as an internal control in the case
of miR-378, and glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) as an internal control for
the target gene and EMT related genes. The se-
quences of the primers were described in Table 1.

Western Blot

Iced lysis buffer containing protease and phos-
phatase inhibitors (Roche, Basel, Switzerland)
were used to lyse GC cells and extract total pro-
teins. Bicinchoninic acid (BCA) Protein Assay kit
(Thermo Fisher Scientific, Waltham, MA, USA.)
was used to detect the concentrations of total
proteins. Next, protein samples were separated
by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to
a polyvinylidene difluoride (PVDF) membrane
(Millipore, Billerica, MA, USA). The membrane
was blocked with 5% non-fat milk at room tem-
perature in Tris buffered saline and Tween (TBST)
for 2 hours and then incubated overnight at 4°C
with the respective primary antibodies against
BMP2 (1:1000, ab14933, Abcam, Cambridge, MA,
USA), E-cadherin (1:1000, ab40772, Abcam, Cam-
bridge, MA, USA), Vimentin (1:1000, ab45939,
Abcam, Cambridge, MA, USA) and GAPDH
(1:1000, ab9485, Abcam, Cambridge, MA, USA).
Membranes were then exposed to the correspond-
ing horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies (1:2000, ab6721, Abcam, Cam-
bridge, MA, USA) at room temperature for 2 h.
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Table I. Primer sequences for qRT-PCR

Primer Sequence

miR-378 forward

5’-GGGACTGGACTTGGAGTCA-3

miR-378 reverse

5’-GTGCGTGTCGTGGAGTCG-3’

U6 forward 5’- CTCGCTTCGGCAGCACA-3’

U6 reverse 5’- AACGCTTCACGAATTTGCGT-3’
BMP2 forward 5>-AAGCGTCAAGCCAAACACAAAC-3’
BMP2 reverse 5’-GCCACGATCCAGTCATTCCAC-3’
GAPDH forward 5’- GGAGCGAGATCCCTCCAAAAT-3’
GAPDH reverse 5’- GGCTGTTGTCATACTTCTCATGG-3’

E-cadherin forward

5-GCTGCTGCAGGTCTCCTCTTG-3’

E-cadherin reverse

5’-CCTTTGTCGACCGGTGCAATCT-3

vimentin forward

5’-AGCTGCAGGCTCAGATTCAGGA-3’

vimentin reverse

5-CGGTTGGCAGCCTCAGAGAGGT-3’

U6: small nuclear RNA, snRNA
BMP2: Bone morphogenetic protein 2
GAPDH: glyceraldehyde-3-phosphate dehydrogenase

An enhanced chemiluminescence system (Thermo
Fisher Scientific, Waltham, MA, USA) was then
used to visualize the protein bands. GAPDH was
used as an internal control.

Transwell Assays

Cell invasion and migration of GC cells were
assayed by a transwell chamber (8.0 um pore
size, Corning Incorporated, Corning, NY, USA).
Transwell chamber coated with Matrigel (BD
Biosciences, Franklin Lakes, NJ, USA) was used
for invasion assay, while transwell chamber with-
out Matrigel were used for the migration assay.
GC cells resuspended in serum-free medium
were seeded into the top chamber of the transwell
inserts while the medium containing 10% fetal
bovine serum (FBS) was placed in the bottom
chambers. The cells were incubated at 37°C for
48 h in a 5% CO, atmosphere. After that, cells
remaining on the top surface were removed care-
fully using cotton swabs when the cells adhered
to the bottom surface were fixed (10% methanol,
37°C, 15 min) and stained (0.1% crystal violet,
37°C, 10 min) to detect the results under an
inverted Microscope (Olympus, Tokyo, Japan)
From Five Randomly Selected Visual Fields.

Luciferase Reporter Assay

Wild-type BMP2 3’-UTR containing target
sites of miR-378 or the mutated BMP2 3’-UTR
was inserted into the pGL3 plasmids (Promega,
Madison, WI, USA), to get the wild-type BMP2-
3’UTR or mutant BMP2-3’'UTR, respectively. GC
cells were cotransfected with wild-type or mutant
3’-UTR of BMP2 along with miR-378 mimics. At
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48 h after co-transfection, the luciferase activities
for the wild-type or mutant BMP2 3’-UTR was
determined by luciferase reporter assays (Prome-
ga, Madison, WI, USA).

Statistical Analysis

Statistical analysis was performed using Statis-
tical Product and Service Solutions (SPSS) statisti-
cal software, version 17.0 (SPSS Inc., Chicago, IL,
USA) with Student’s #-test or ANOVA and Scheffe
post-hoc test. p<0.05 was considered statistically
significant difference. Correlation between mRNA
and miRNA were estimated using the Spearman’s
correlation method. Survival rate was assessed by
the Kaplan-Meier method, and survival curves
were compared by the log-rank test.

Results

Expression Levels of miR-378
and BMP2 in GC

To examine miR-378 expressions in GC, first-
ly, we measured the expressions of miR-378 in
GC tissues and adjacent normal tissues. Com-
pared to adjacent non-tumor tissues, lower miR-
378 expressions were found in GC tissues (Figure
1A). Then, we further detected the miR-378 ex-
pressions in the GES-1 and five GC cells by qRT-
PCR. The data also demonstrated that the miR-
378 expressions in GC cells were significantly
reduced (Figure 1B). In addition, the expressions
of BMP2 in the GC cells were also measured and
the results demonstrated higher expression levels
of BMP2 in GC cells than the normal GES-1
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Figure 1. The expressions of miR-378 and BMP2 in GC. A, gRT-PCR results of miR-378 expressions in GC tissue samples
and matched non-tumor tissues. B, qRT-PCR results of miR-378 expressions in GC cells. C, Relative expressions of BMP2
in GC cells. D, miR-378 expressions were negatively correlated with BMP2 expressions in GC tissues. *p<0.05, **p<0.01.

cell (Figure 1C). Furthermore, we analyzed the
correlation between BMP2 and miR-378 in GC
tissues. As expected, the data revealed that, in
GC tissues, miR-378 expressions were negatively
correlated to the BMP2 expressions (Figure 1D).

MiR-378 and BMPZ2 Expressions
Were Correlated With Prognosis
and Clinicopathological Features
of GC Patients

As we confirmed miR-378 and BMP2 expres-
sions in GC, subsequently, we further studied
the clinical significance about miR-378 as well
as BMP2 in GC. Firstly different subgroups
were plotted according to miR-378 expressions,
the mean level of which was defined as the
cutoff. Clinical association analysis (Table II)
revealed that the decreased miR-378 expressions
were related to advanced TNM stage (p=0.0025),
poor tumor differentiation (»p=0.0013) and lymph
node metastasis (p=0.0011). Furthermore, Ka-
plan-Meier analysis indicated that GC patients
with relatively lower miR-378 expressions had
significantly decreased OS (Figure 2A, p=0.0121)

and DFS (Figure 2B, p=0.0157). In addition,
BMP2 high-expressing GC patients showed a
shorter OS and DFS compared to BMP2 low-ex-
pressing cases (Figure 2C and 2D). The findings
indicated that miR-378 and BMP2 may function
as potent biomarkers for predicting GC patient
prognosis.

MiR-378 Overexpression Inhibited
Invasion and Migration in GC Cells

As described in Figure 1B, endogenous miR-
378 expression in AGS cells was the lowest while
the one in SGC-7901 cells was the highest. There-
fore, AGS and SGC-7901 cells were selected
for overexpression assay and knockdown assay
respectively. As examined by qRT-PCR, miR-
378 was effectively upregulated in AGS (Figure
3A) or downregulated in SGC-7901 cells (Fig-
ure 3B). Transwell assays revealed that, upon
miR-378 restoration, AGS presented dramatically
decreased invasion and migration capacities (Fig-
ure 3C). On the other hand, miR-378 inhibition
facilitated SGC-7901 cell migration and invasion
(Figure 3D).
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Table IlI. Correlation of miR-378 expression with the clinicopathological characteristics of the GC patients.

Clinicopathological Cases (n=50) miR-378? expression p-value
features
High (n=20) Low (n=20)

Age (years) 0.2417
>60 26 10 16
<60 24 10 14

Gender 0.4011
Male 26 9 17
Female 24 11 13

Tumor size (cm) 0.0814
>5.0 23 5 18
<5.0 27 15 12

TNM stage 0.0105%*
I-11 25 16 9
I 25 4 21

AFP (ng/mL) 0.2794
<400 27 12 15
>400 23 8 15

Tumor differentiation 0.0014*
Well and Moderate 23 15 8
Poor 27 5 22

Lymph node metastasis 0.0017*
Present 25 4 21
Absent 25 16 9

TNM: tumor-node-metastasis;

AFP: alpha-fetoprotein;

“The mean expression level of miR-378 was used as the cutoff

*Statistically significant.
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Figure 2. The influence of miR-378 and BMP2 on survival rate for GC patients. A, OS and B, DFS of GC patients with high

and low miR-378 expressions. C, OS and D, DFS of GC patients with high and low BMP2 expressions.
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MiR-378 Suppressed GC
Cell EMT

We next investigated the regulation of miR-
378 on GC EMT to explore the potential mecha-
nism implicated in the anti-metastatic functions
of miR-378 using qRT-PCR and Western blots
analysis. As expected, miR-378 overexpression
resulted in elevated E-cadherin expressions and
reduced Vimentin expressions in AGS (Figure
4A). Results of western blot also verified the al-
terations of Vimentin and E-cadherin expressions
with miR-378 restoration (Figure 4B). On the oth-
er hand, miR-378 inhibition promoted SGC-7901
cell EMT with elevated Vimentin and declined
E-cadherin expressions, as determined by qRT-
PCR and western blot results (Figure 4C and 4D).
The data demonstrated that miR-378 inhibited
GC cell EMT.

BMP2 was a Downstream Target
of miR-378 in GC Cells

To explore the underlying molecular mecha-
nism of miR-378 in GC, TargetScan was used to
predict the potential target of miR-378. The data
showed that BMP2 had complementary binding
sites for miR-378 (Figure 5A). Then, we performed
luciferase assays to validate that BMP2 was a
direct target of miR-378. The results indicated
that miR-378 overexpression notably decreased the
wild-type (WT) BMP2 3’-UTR luciferase activi-
ty while had no influence on the mutant (MUT)
BMP2 3’-UTR luciferase activity (Figure 5B).
Additionally, miR-378 overexpression significantly
reduced the BMP2 expressions in AGS cells (Fig-
ure 5C). On the contrary, the expression of BMP2
was significantly elevated by the downregulation
of miR-378 in SGC-7901 (Figure 5 D).
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Figure 4. MiR-378 suppressed GC cell EMT. A-B, miR-378 overexpression significantly increased the expression of E-cad-
herin while decreased the expression of vimentin in AGS cells. C-D, miR-378 downregulation significantly decreased the
expression of E-cadherin while increased the expression of vimentin in SGC-7901. *p<0.05, **p<0.01.

BMP2 Was Implicated in miR-37 8-
Induced Effects on GC Cell Migration
and Invasion

Rescue experiments were carried out to con-
firm whether miR-378 regulated GC metastasis
by targeting BMP2. BMP2 overexpression vector
was transfected into miR-378 overexpressed AGS
cells, which was treated with miR-378 mimics.
The transfection efficiencies were confirmed by
performing qRT-PCR and Western blots. Results
indicated that BMP2 expression was dramatically
increased in miR-378 overexpressed AGS cells
(Figure 6A). In the meantime, transwell assays
revealed that BMP2 restoration could reverse
the suppressive functions of miR-378 in AGS
cell invasion and migration (Figure 6B). On the
other hand, BMP2 siRNA was transfected into
miR-378 suppressed SGC-7901 cells (Figure 6C).

Inhibition of BMP2 prevented the promoting
effects on SGC-7901 cell migration and invasion
mediated by miR-378 knockdown (Figure 6D).

BMPZ2 Reqgulated the Functions
of miR-378 in GC EMT

We further explored the effects of BMP2 on
mediating the functional roles of miR-378 in
EMT of GC cells. As expected, the E-cadherin
expression was dramatically declined and the
Vimentin expression was significantly enhanced
in miR-378 overexpressed AGS cells by BMP2
restoration (Figure 7A and 7B). Furthermore,
knockdown of BMP2 abrogated the functions
of miR-378 inhibitor in SGC-7901 cell EMT
(Figure 7C and 7D). Hence, the results showed
that miR-378 inhibited GC EMT by regulating
BMP2.
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Discussion

GC is one frequent tumor all around the
world and its prognosis is poor because of lack
of effective therapies and late detections. In
recent years, the significance of the tumor mi-
croenvironment in regulating tumor growth and
progress has received extensive attentions?*-22,
EMT is a fundamental, complex and develop-
mental, process that is crucial for pathophysio-
logical events, especially for metastasis and pro-
gression of tumors?®. In this study, we clinically
studied the significance of miR-378 and BMP2
in the regulation of GC EMT and metastasis.
Increasing evidence has revealed that the abnor-
mal miR-378 expressions play critical roles in

different malignancies. For example, studies by
Li et al** revealed that miR-378 repressed glioma
cell invasion and correlated with prognosis of
glioma patients. Qian et al* reported that miR-
378 overexpression may affect the treatment
outcomes of acute myeloid leukemia patients.
In current research, miR-378 expressions were
prominently lower in GC tissues when compared
to the adjacent normal tissues. Reduced miR-378
expressions were found to be related to poor OS
as well as DFS and worse clinicopathological
parameters of GC patients. Functional studies
showed that GC cell invasion and migration
capacities were suppressed by miR-378 overex-
pression. Furthermore, miR-378 overexpression
inhibited GC cell EMT. Therefore, all the data
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BMP2 siRNA. D, Transwell assays were performed to determine the migration and invasion capacities of miR-378-suppressed

SGC-7901, which was cotransfected with BMP2 siRNA. *p<0.

suggested that miR-378 may be a biomarker for
GC treatment, acting as a tumor suppressor in
GC. BMP2 acts as the key regulator of bone
formation and repair, embryogenesis and os-
teogenic differentiation?*?’. BMP2 has recently
been identified as a crucial regulator in tu-
mor progression, including colorectal cancer®,
breast cancer” and nasopharyngeal carcinoma?'.
In our research, results indicated that elevated
BMP2 expressions may be prognostic indicators
for GC patients. Moreover, our data from qRT-
PCR, luciferase assays and western blots solidly
demonstrated that BMP2 was a direct target of
miR-378 in GC cells. Importantly, rescue func-
tional assays revealed that the suppressive func-
tions of miR-378 in GC cell metastasis and EMT
were regulated by BMP2. These data indicated
that miR-378 suppressed GC cell metastasis and
EMT via targeting BMP2.

5184

05, **p<0.01.

Conclusions

MiR-378 was down-regulated in GC cells
and tissue samples. Decreased miR-378 expres-
sion was relevant to the poor prognosis and
malignant clinicopathological features of GC
patients. Moreover, miR-378 overexpression
could suppress GC cell invasion, migration and
EMT. Furthermore, we detected that BMP2 was
a target of miR-378 in GC, and mediated the
functions of miR-378 in GC metastasis and
EMT. The above data demonstrated that miR-
378/BMP2 axis was attractive biomarkers and
therapeutic targets for GC patients.

Conflict of Interests
The authors declared no conflict of interest.



Role of microRNA-378 in gastric carcinoma

Vector BMP2

E-cadherin

Vimentin

GAPDH

miR-378-overexpressed AGS

Con siRNA BMP2 siRNA

E-cadherin S ‘
Vimentin S —

T o’

GAPDH | - a—

miR-378-suppressed SGC-7901

Relative protein expression

Relative protein expression

@ \ector
mn BMP2

E-cadherin Vimentin

miR-378-overexpressed AGS

@B ConsiRNA
0 BMP2 siRNA

Vimentin

E-cadherin
miR-378-suppressed SGC-7901

Figure 7. BMP2 regulated the functions of miR-378 in GC EMT. A-B, BMP2 overexpression in miR-378-overexpressed AGS
cells declined the E-cadherin expression and elevated the Vimentin expression. C-D, BMP2 knockdown in miR-378-suppressed
SGC-7901 increased the E-cadherin expression and reduced the Vimentin expression. **p<0.01.

References

1) Torre LA, Bray F, SieGeL RL, FerLAY J, LORTET-TIEULENT
J, JemaL A. Global cancer statistics, 2012. CA
Cancer J Clin 2015; 65: 87-108.

2) CHorl YY, NoH SH, CHeonG JH. Molecular dimen-
sions of gastric cancer: translational and clinical
perspectives. J Pathol Transl Med 2016; 50: 1-9.

3) Sugano K. Screening of gastric cancer in Asia. Best
Pract Res Clin Gastroenterol 2015; 29: 895-905.

4) YanG BF, Cal W, CHen B. LncRNA SNHG12 reg-
ulated the proliferation of gastric carcinoma cell
BGC-823 by targeting microRNA-199a/b-5p. Eur
Rev Med Pharmacol Sci 2018; 22: 1297-1306.

5) Tamura G. Alterations of tumor suppressor and
tumor-related genes in the development and pro-
gres-sion of gastric cancer. World J Gastroenterol
2006; 12: 192-198.

6) Kim DH, XinG T, YanG Z, Dupek R, Lu Q, CHEn YH.
Epithelial mesenchymal transition in embryon-ic
development, tissue repair and cancer: a compre-
hensive overview. J Clin Med 2017; 7: 1.

7) Lyons JG, LoBo E, MARTORANA AM, MYERSCOUGH
MR. Clonal diversity in carcinomas: its impli-
cations for tumour progression and the con-
tribution made to it by epithelial-mesenchy-
mal transitions. Clin Exp Metastasis 2008; 25:
665-677.



Y.-J. Yang, S. Luo, L.-S. Wang

8) NieTo MA, HuaNnG RY, JacksoN RA, THiery JP. EMT:
2016. Cell 2016; 166: 21-45.

9) HuanG L, Wu RL, Xu AM. Epithelial-mesenchymal
transition in gastric cancer. Am J Transl Res 2015;
7: 2141-2158.

10) Xia P, Xu XY. Epithelial-mesenchymal transition
and gastric cancer stem cell. Tumour Biol 2017;
39: 1393391291.

11) Karamitorourou E, HAEMMIG S, BAUMGARTNER U, ScHLuUP
C, WARTENBERG M, VasseLLA E. MicroRNA dysregu-
lation in the tumor microenvironment influences
the phenotype of pancreatic cancer. Mod Pathol
2017; 30: 1116-1125.

12) SHi M, Xie D, Gaop Y, Xie K. Targeting miRNAs for
pancreatic cancer therapy. Curr Pharm Des 2014;
20: 5279-5286.

13) ZHanGg Y, AN J, Lv W, Lou T, Liu Y, Kang W. miRNA-
129-5p suppresses cell proliferation and in-va-
sion in lung cancer by targeting microspherule
protein 1, E-cadherin and vimentin. Oncol Lett
2016; 12: 5163-5169.

14) We YT, Guo DW, Hou XZ, Jiang DQ. miRNA-223
suppresses FOXO1 and functions as a potential
tumor marker in breast cancer. Cell Mol Biol
(Noisy-le-grand) 2017; 63: 113-118.

15) Lu S, WaNnG MS, CHen PJ, Ren Q, Bal P. miRNA-186
inhibits prostate cancer cell proliferation and tu-
mor growth by targeting YY1 and CDK6. Exp
Ther Med 2017; 13: 3309-3314.

16) SarTorI R, SAanDrRi M. BMPs and the muscle-bone
connection. Bone 2015; 80: 37-42.

17) O'NewL HL, Cassioy AP, Harris OB, Cassioy JW. BMP2/
BMPR1A is linked to tumour progression in dediffer-
entiated liposarcomas. Peerj 2016; 4: e1957.

18) Rasski M, Saar A, Buess M. BMP2 response pattern
in human lung fibroblasts predicts outcome in lung
adenocarcinomas. BMC Med Genomics 2015; 8: 16.

19) Worr S, HaaL B, Karrier R. Identification of BMP2
as an epigenetically silenced growth inhibitor in
rhabdomyosarcoma. Int J Oncol 2014; 44: 1727-
1735.

20) QN Y, CHEN W, Liu B, ZHou L, DenG L, Niu W, Bao
D, CHenG C, LI D, Liu S, Niw C. MiR-200c inhibits
the tumor progression of glioma via targeting
moesin. Theranostics 2017; 7: 1663-1673.

21) NAuAR F, ALAMMAR M, Ai-Massarani G, ALMALLA N, Al-
uarAwE A, IkHTIAR A. Circulating endothelial cells and
microparticles for prediction of tumor progression
and outcomes in advanced non-small cell lung
cancer. Cancer Biomark 2017; 20: 333-343.

22) WaN X, CHenGg C, SHAo Q, LN Z, Lu S, CHEN Y.
CD24 promotes HCC progression via trigger-
ing Notch-related EMT and modulation of tumor
microenvironment. Tumour Biol 2016; 37: 6073-
6084.

23) Jiang C, Xu R, Li XX, WanG YY, Liang WQ, Zeng
JD, ZHanG SS, Xu XY, YANG Y, ZHANG MY, WANG
HY, Zneng X. p53R2 overexpression in cervical
cancer promotes AKT signaling and EMT, and
is correlated with tumor progression, metastasis
and poor prognosis. Cell Cycle 2017; 16: 1673-
1682.

24) LI B, WanG Y, Li' S, HE H, Sun F, WanG C, Lu Y,
WanG X, Tao B. Decreased expression of miR-
378 correlates with tumor invasiveness and poor
prognosis of patients with glioma. Int J Clin Exp
Pathol 2015; 8: 7016-7021.

25) Qian J, Lin J, QiaN W, Ma JC, Qian SX, Li'Y, YanG
J, L JY, WanGg CZ, CHal HY, CHen XX, Deng ZQ.
Overexpression of miR-378 is frequent and may
affect treatment outcomes in patients with acute
myeloid leukemia. Leuk Res 2013; 37: 765-768.

26) Ou M, ZHAo Y, ZHANG F, HuanG X. Bmp2 and Bmp4
accelerate alveolar bone development. Connect
Tissue Res 2015; 56: 204-211.

27) Park SY, Kim KH, SHin SY, Koo KT, Lee YM, Seor YJ.
Dual delivery of rhPDGF-BB and bone marrow
mesenchymal stromal cells expressing the BMP2
gene enhance bone formation in a critical-sized
defect model. Tissue Eng Part A 2013; 19: 2495-
2505.

28) FernaANDEZ-RozADILLA C, PALLes C, CARVAJAL-CARMONA
L, PeterronGo P, Nici C, VENERONI S, PINHEIRO M, TEIX-
EIRA MR, Moreno V, LavAs MJ, BAiGeTr M, Loprez-Fer-
NANDEZ LA, GonzALEz D, BRea-FERNANDEZ A, CLOFENT
J, BuianDA L, Bessa X, ANDrReu M, XicoLA R, Lior X,
Jover R, CAsTeLLs A, CAsTELLVI-BEL S, CARRACEDO A,
TomLinsoN |, Ruiz-Ponte C. BMP2/BMP4 colorectal
cancer susceptibility loci in north-ern and south-
ern European populations. Carcinogenesis 2013;
34: 314-318.

29) JunG JW/, SHImM SY, Lee DK, Kwiatkowsk W, CHoE S. An
Activin A/BMP2 chimera, AB215, blocks estrogen
signaling via induction of ID proteins in breast
cancer cells. BMC Cancer 2014; 14: 549.

30) WaNG MH, ZHou XM, ZHANG MY, SHi L, Xiao RW, Ze-
NG LS, YANG XZ, ZHENG X, WaNG HY, Mai SJ. BMP2
promotes proliferation and invasion of nasopha-
ryngeal carcinoma cells via mTORC1 pathway.
Aging (Albany NY) 2017; 9: 1326-1340.



