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Abstract. – OBJECTIVE: To clarify the influ-
ence of microRNA-93-5p (miRNA-93-5p) on bi-
ological behaviors of gastric cancer (GC) cells 
and its regulatory effect on Hippo pathway. 

MATERIALS AND METHODS: SGC-7901 and 
HGC-27 cells were used for establishing miRNA-
93-5p overexpression and downregulation mod-
el through transfection of miRNA-93-5p mim-
ics or inhibitor, respectively. Relative levels of 
genes in Hippo pathway were determined in GC 
cells transfected with miRNA-93-5p mimics or 
inhibitor by quantitative Real-time polymerase 
chain reaction (qRT-PCR). Regulatory effects 
of miRNA-93-5p on proliferative, migratory and 
invasive abilities of GC cells were evaluated by 
cell counting kit-8 (CCK-8), colony formation 
and transwell assay, respectively.  

RESULTS: MiRNA-93-5p was markedly upreg-
ulated by transfection of miRNA-93-5p mimics 
into SGC-7901 cells, which was downregulated by 
transfection of miRNA-93-5p inhibitor into HGC-27 
cells. Overexpression of miRNA-93-5p acceler-
ated GC cells to proliferate, migrate and invade. 
Meanwhile, miRNA-93-5p overexpression in GC 
cells upregulated downstream genes in Hippo 
pathway, including CDX2, FOXM1 and CTGF.  

CONCLUSIONS: MiRNA-93-5p enhances pro-
liferative, migratory and invasive abilities of GC 
cells by activating Hippo pathway, which may 
serve as a diagnostic and therapeutic target 
for GC.
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Introduction 

Globally, gastric cancer (GC) is the third most 
common malignancy. There are approximately 
723,000 people die of GC each year throughout 
the world1. Medical technology and therapeutic 
approaches for GC have been advanced in recent 
years. Nevertheless, the mortality of GC still re-

mains high due to hidden symptoms, undefined 
biological characteristics and genetic heteroge-
neity2. GC is a heterogeneous disease associated 
with a variety of genetic and epigenetic changes. 
Genetic mutations, somatic cell copy number 
changes, structural variations, epigenetic vari-
ations, and transcriptional regulatory activities 
of mRNAs and non-coding RNAs all could in-
fluence the tumorigenesis of GC3-5. Therefore, 
explorations on the molecular mechanism of GC 
contribute to identify novel therapeutic target, 
which provides theoretical references for clin-
ical treatment of GC. MicroRNAs (miRNAs) 
are a class of non-coding RNAs that bind to the 
3’UTR of the messenger RNA in an incomplete 
base-pairing manner, and further regulate the 
expressions of relevant downstream proteins6. In 
recent years, miRNAs have been proved to be 
crucial in mediating the occurrence and progres-
sion of GC7,8. MiRNA-93-5p belongs to the miR-
106b-25 family and is located on chromosome 
11q22.1. It is relatively conserved in mammals9. 
MiR-93 is lowly expressed in colon cancer le-
sions, which is closely related to metastasis, dif-
ferentiation and poor prognosis of colon cancer. 
Upregulation of miR-93 inhibits the invasion 
and metastasis of colon cancer by inhibiting 
Wnt/β-catenin pathway10. In liver cancer, miR-93 
accelerates tumor progression by directly tar-
geting phosphatase and tensin homolog deleted 
on chromosome ten (PTEN) and CDKN1A via 
activating c-Met/PI3K/Akt pathway11. As an on-
cogene, miR-93 promotes the occurrence and 
progression of liver cancer and GC by target-
ing PDCD412,13. It is reported that miRNA-93-5p 
participates in the carcinogenesis of colorectal 
cancer, esophageal cancer and lung cancer14-16. 
Regulatory functions of Hippo pathway in bi-
ological processes in mammals have been well 
explored, which are capable of regulating tissue 
regeneration and tumor progression17. As a crit-
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ical regulatory, Hippo pathway is able to inhibit 
tumor activity by mediating the proliferation and 
apoptosis tumor cells18. Clearly, Hippo pathway 
is closely related to the tumorigenesis and tumor 
progression. Therefore, precise control of Hippo 
pathway activity, maintenance of cellular homeo-
stasis and clarification of inactivated key genes 
in Hippo pathway are of significance to tumor 
treatment. A relevant study pointed out that Hip-
po pathway is related to H. pylori infection and 
mediates the development and metastasis of GC19. 
Due to epigenetic changes, the core components 
of Hippo pathway, MST1/2 and LATS1/2, are 
often observed to be downregulated in GC20. In 
this paper, we evaluated the potential function of 
miRNA-93-5p in regulating cellular behaviors of 
SGC-7901 and HGC-27 cells. Through a series of 
functional experiments, we clarified the potential 
role of Hippo pathway influenced by miRNA-
93-5p in the progression of GC, which provided 
novel directions in clinical treatment of GC. 

Materials and Methods

Cell Culture 
Cell recovery: SGC-7901 and HGC-27 cells 

were taken out from liquid nitrogen, placed in the 
37°C water bath for rapid dissolution. Cell suspen-
sion was placed in a 15 ml centrifuge tube with 
5 mL of Roswell Park Memorial Institute-1640 
(RPMI-1640) (HyClone, South Logan, UT, USA) 
medium containing 10% fetal bovine serum (FBS) 
(HyClone, South Logan, UT, USA), and centrifuged 
at 1000 rpm/min for 4 min. Subsequently, the pre-
cipitate was re-suspended in 5 mL of RPMI-1640 
medium and cultured in a 37°C, 5% CO2 incuba-
tor. Cell passage: cell passage was performed at 
80% of confluence. Briefly, cells were washed with 
phosphate-buffered saline (PBS) for three times, 
and digested in 2 mL of trypsin containing 0.25% 
ethylenediaminetetraacetic acid (EDTA) (HyClone, 
South Logan, UT, USA). During the digestion, cells 
were maintained in the 37°C, 5% CO2 incubator for 
3-4 min. The same amount of medium was applied 
to terminate cell digestion after cells became round 
and floated observed under the microscope. Cells 
were gently blown to single cell suspension. Cell 
cryopreservation: until 80-90% of confluence, cells 
were centrifuged and the precipitate was suspended 
in 1 mL of cell cryopreservation solution. Cells pre-
served in cryotubes and placed at 4°C for 30 min, 
-20°C for 45 min to 2 h and -80°C for long-term 
preservation.

Transfection 
Cells were seeded in the 6-well plate one day 

prior to transfection. MiRNA-93-5p mimics, in-
hibitor or NC was diluted in OPTI modified eagle 
medium (MEM), and subsequently mixed with 
LipofectamineTM 3000 (diluted in OPTI MEM as 
well) (Invitrogen, Carlsbad, CA, USA). The mix-
ture was applied into each well until 40-60% of 
confluence, and cultured for 4-6 h in OPTI-MEM. 
Fresh medium containing 10% fetal bovine serum 
(FBS) was replaced for another 12 h. 

RNA Extraction and Quantitative 
Real-Time Polymerase Chain Reaction
(qRT-PCR)

Total ribonucleic acid (RNA) was extract-
ed from cells using TRIzol (Invitrogen, Carlsbad, 
CA, USA) reagent. Purity and concentration of the 
extracted RNA were determined using a spectro-
photometer. The complementary deoxyribonucleic 
acid (cDNA) was obtained by reverse transcription 
of RNA and subsequently amplified by PCR. The 
mRNA sequences of miRNA-93-5p and glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) were 
searched from GenBank and relevant primers were 
designed using Primer 5.0 Software. Relative level 
was calculated by 2-ΔΔCt. Primer sequences used in 
this study were as follows: CDX2, F: 5’-GGGAAT-
TCTTTCCTCTCCTTTGCTCTGCGG-3’, R: 5’- GG-
GAATTCGCGCCCCTGGCAGCCTCCAACG-3’; 
miRNA-93-5p, F: 5’-CAGCACTCCATATCTCTC-
TAT-3’, R: 5’-CTTCATCAGCGTCAACAG-3’; 
FOXM1, F: 5’-GAGCACTTGGAATCACAGCA-3’, 
R: 5’-CACCGGGAACTGGATAGGTA-3’; CT-
GF, F: 5’-CGACTGGAAGACACGTTTGG-3’, R: 
5’-AGGCTTGGAGATTTTGGGAG-3’; CYR61, 
F: 5’-ACTTCATGGTCCCAGTGCTC-3’, R: 
5’-AAATCCGGGTTTCTTTCACA-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, R: 
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.

Cell Viability Determination 
Cells were seeded in a 96-well plate (Sig-

ma-Aldrich, St. Louis, MO, USA) with 2.5×103 

cells per well. Each group had 5 replicate wells. 
At the appointed time points, 10 μL of cell count-
ing kit-8 (CCK-8) solution (Dojindo, Kumamoto, 
Japan) was applied per well. After incubation for 
2 h, the recorded absorbance at 450 nm using 
a microplate reader was used for plotting the 
growth curve using GraphPad Prims 5 (Graph-
Pad Prism, Version X; La Jolla, CA, USA).
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Colony Formation Assay 
Cells were prepared for suspension and seeded 

in the 6-well plate with 300 cells per well. Cells 
were incubated with 4 μM cisplatin or 5 μM 
5-FU for 15 days. By fixation in methanol for 
15 min and dye with 0.4% violet crystal for 20 
min, colonies were captured for counting under a 
microscope (Leica, Wetzlar, Germany). 

Transwell Migration 
and Invasion Assays 

2×104 cells suspended in 400 μL of serum-free 
medium and 800 μL of complete medium with 
15% fetal bovine serum (FBS) were supplied on 
the basolateral and apical chamber, respectively. 
12 h later, transwell chamber (Invitrogen, Carls-
bad, CA, USA) with 8.0 μm pore size was taken 
out and the medium was removed. Cell fixation 
using methanol for 10 min and 0.4% crystal violet 
dye was performed. Images were taken under a 
microscope for counting migratory cells. Tran-
swell invasion assay was conducted in the same 
way as the above mentioned except for 100 μL of 
matrigel pre-coating in transwell chamber.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 18.0 (SPSS Inc., Chicago, IL, USA) was 
used for all statistical analysis. Data were repre-
sented as mean ± SD (Standard Deviation). The 
t-test or Fisher exact test was used for analyzing 
intergroup differences. p<0.05 indicated the sig-
nificant difference.

Results

MiRNA-93-5p Influenced 
Proliferative Ability of GC

To examine the potential role of miRNA-93-
5p in biological behaviors of GC, miRNA-93-5p 
mimics and inhibitor were constructed. MiRNA-
93-5p was upregulated in SGC-7901 cells trans-
fected with miRNA-93-5p mimics, which was 
downregulated in HGC-27 cells transfected with 
miRNA-93-5p inhibitor (Figure 1A, 1B). As CCK-
8 assay indicated, SGC-7901 cells overexpressing 
miRNA-93-5p showed the accelerated viability 
(Figure 1C). On the contrary, HGC-27 cells with 

Figure 1. MiR-93-5p influenced proliferative ability of GC. A, Transfection efficacy of miR-93-5p mimics in SGC-7901 cells. B, 
Transfection efficacy of miR-93-5p inhibitor in HGC-27 cells. C, CCK-8 assay depicted viability of SGC-7901 cells transfected with 
miR-93-5p mimics or NC. D, CCK-8 assay depicted viability of HGC-27 cells transfected with miR-93-5p inhibitor or NC. *p<0.05, 
compared with control. 
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miRNA-93-5p knockdown presented decreased vi-
ability relative to controls (Figure 1D). 

MiRNA-93-5p Influenced 
Clonality of GC

Colony formation assay demonstrated that af-
ter cisplatin induction, more colonies were ob-
served in SGC-7901 cells overexpressing miR-
NA-93-5p relative to controls (Figure 2A). Sim-
ilarly, transfection of miRNA-93-5p mimics in 
5-FU-induced SGC-7901 cells increased clonality 
than those transfected with NC (Figure 2B). In 
HGC-27 cells induced with cisplatin or 5-FU, the 
number of colonies decreased by miRNA-93-5p 
knockdown (Figure 2C, 2D). 

 
MiRNA-93-5p Influenced GC Cells 
to Migrate and Invade

Potential effects of miRNA-93-5p on regulat-
ing migratory and invasive abilities of GC were 
examined by transwell assay. In SGC-7901 cells, 
miRNA-93-5p overexpression accelerated cells 
to migrate and invade (Figure 3A). Converse-
ly, downregulation of miRNA-93-5p in HGC-27 
cells inhibited migratory and invasive abilities 
(Figure 3B). 

MiRNA-93-5p Influenced Hippo
Pathway in GC

Here, we examined expressions of key genes 
in Hippo pathway by qRT-PCR. Transfection 
of miRNA-93-5p mimics upregulated levels of 
CDX2, FOXM1 and CTGF, but had no influence 
on CYR61 level (Figure 4A, 4B). By transfection 
of miRNA-93-5p inhibitor in HGC-27 cells, rel-
ative levels of CDX2, FOXM1 and CTGF were 
downregulated, while CYR61 level was upregu-
lated (Figure 4C, 4D). 

Discussion 

Diagnostic rate of early-stage GC is far away 
from satisfy. Most of GC patients are in advanced 
stage at the first time of diagnosis, presenting 
rapid progression and poor prognosis. So far, 
the comprehensive etiology of GC has not been 
fully elucidated, and the effective prevention and 
treatment of GC are still lacked. Hence, it is 
necessary to develop novel biological hallmarks 
that contribute to diagnosis, treatment and prog-
nosis of GC. As a type of endogenous, non-cod-
ing RNAs, miRNAs regulate gene expressions 

Figure 2. MiR-93-5p influ-
enced clonality of GC. A, Num-
bers of colonies in cisplatin-in-
duced SGC-7901 cells trans-
fected with miR-93-5p mimics 
or NC. B, Numbers of colonies 
in 5-FU-induced SGC-7901 
cells transfected with miR-93-
5p mimics or NC. C, Numbers 
of colonies in cisplatin-induced 
HGC-27 cells transfected with 
miR-93-5p inhibitor or NC. 
D, Numbers of colonies in 
5-FU-induced HGC-27 cells 
transfected with miR-93-5p 
inhibitor or NC. *p<0.05, com-
pared with control.
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and are closely related to the occurrence and 
development of tumors21,22. They may be poten-
tial markers for intervening the progression and 
prognosis of GC. For example, upregulation of 
miR-520c is significantly associated with adverse 
clinical response and prognosis in GC patients23. 

Downregulation of miR-34a could reduce tumor 
mass of GC24. MiR-34a is capable of inhibiting 
tumor metastasis and enhancing drug-resistance, 
and thereafter suppresses tumor progression. 
MRX34 synthesized based on miR-34a was the 
first miRNA synthetic drug tested in clinical tri-

Figure 3. MiR-93-5p influenced migratory and invasive abilities of GC (Magnification, 100×). A, a. Migration of SGC-7901 cells 
transfected with NC. b. Migration of SGC-7901 cells transfected with miR-93-5p mimics. c. Invasion of SGC-7901 cells transfected 
with NC. d. Invasion of SGC-7901 cells transfected with miR-93-5p mimics. B, a. Migration of HGC-27 cells transfected with NC. 
b. Migration of HGC-27 cells transfected with miR-93-5p inhibitor. c. Invasion of HGC-27 cells transfected with NC. d. Invasion of 
HGC-27 cells transfected with miR-93-5p inhibitor.

C D

Figure 4. MiR-93-5p influ-
enced Hippo pathway in GC. 
A, The mRNA levels of CDX2 
and FOXM1 in SGC-7901 cells 
transfected with miR-93-5p 
mimics or NC. B, The mRNA 
levels of CTGF and CYR61 in 
SGC-7901 cells transfected with 
miR-93-5p mimics or NC. C, 
The mRNA levels of CDX2 and 
FOXM1 in HGC-27 cells trans-
fected with miR-93-5p inhibitor 
or NC. D, The mRNA levels of 
CTGF and CYR61 in HGC-27 
cells transfected with miR-93-5p 
inhibitor or NC. *p<0.05, com-
pared with control.
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als25. Therefore, miRNA intervention is expected 
to be a potential therapeutic approach for tumors. 
MiRNA-93-5p is upregulated in GC, serving as 
an oncogene that mediates tumor progression26. 
However, its biological function in GC has not 
been fully explored. In this study, miRNA-93-5p 
overexpression markedly accelerated GC cells to 
proliferate, migrate and invade. We suggested that 
miRNA-93-5p could be utilized as a potential tar-
get for clinical treatment of GC. Hippo pathway 
is reported to be able to inhibit tumorigenesis, 
tumor development and proliferation, as well as 
induce apoptosis27. This pathway mainly consists 
of a core inhibitory kinase cascade (MST1/2 and 
LATS1/2), which phosphorylates the transcrip-
tional coactivator YAP28. Activated Hippo path-
way induces YAP to translocate into the nucleus 
and interact with TEAD1-4, further accelerating 
growth and metastasis by activating downstream 
genes29,30. Many studies31,32 have already reported 
the relationship between Hippo pathway and tu-
mor progression. Inactivation of Hippo pathway 
would lead to upregulation of downstream genes 
CTGF, CYR61, FOXM1 and CDX233. These key 
genes are considered to be potential therapeu-
tic targets for GC34. Our results illustrated that 
miRNA-93-5p overexpression markedly upreg-
ulated CDX2, FOXM1 and CTGF in SGC-7901 
cells. Conversely, knockdown of miRNA-93-5p 
in HGC-27 cells downregulated their levels. We 
believed that miRNA-93-5p inactivated Hippo 
pathway, thus promoting proliferative, migratory 
and invasive abilities of GC.

Conclusions

We found that miRNA-93-5p enhances pro-
liferative, migratory and invasive abilities of GC 
cells by activating Hippo pathway, which may 
serve as a diagnostic and therapeutic target for GC.
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