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miR-4677-3p participates proliferation and metastases of gastric cancer cell via 
CEMIP-PI3K/AKT signaling pathway
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ABSTRACT
Gastric cancer is one of the top three leading causes of cancer-related death in the world. 
Evidence indicated that miR-4677-3p was dysregulated and involved in modulating invasion 
and migration in multiple types of cancer cells. The aim of this research is to explore the function 
and mechanism of miR-4677-3p in the development of gastric cancer. In this study, we discovered 
that miR-4677-3p was down-regulated in gastric cancer tissues and cells. Over-expression of miR- 
4677-3p suppressed the proliferation, migration and invasion of gastric cancer cells. Furthermore, 
miR-4677-3p directly bond to CEMIP 3ʹUTR region and inhibited CEMIP expression. CEMIP pro-
moted cell proliferation, migration and invasion of gastric cancer cells via accelerating PI3K/AKT 
signaling pathway. siCEMIP or PI3K/AKT signaling inhibitor (Akti-1/2 and LY294002) partly 
reversed the effects of miR-4677-3p on the cellular growth and metastasis of gastric cancer. In 
general, miR-4677-3p regulated the development of gastric cancer through CEMIP-PI3K/AKT 
signaling pathway axis. This study verified the function and molecular mechanism of miR-4677- 
3p in gastric cancer cells, and may provide a potential diagnosis/prognosis target for patients with 
gastric cancer.
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Introduction

Gastric cancer is one of most common cancers 
with high mortality in the world [1–5]. The high-
est incidence rates of gastric cancer mostly occur 
in developing countries, especially East Asia, East 
Europe, and South America [6]. Although there 
are many studies focused on gastric cancer, the 
recurrence rate of patients was still high. 
Therefore, it is urgent to elucidate the underlying 
molecular mechanism of gastric cancer for its 
diagnosis and treatment.

MicroRNAs (miRNAs) is a class of non-coding 
single stranded RNA molecule with approximate 
22 nucleotides [2,3,7–10], and regulates the 
expressions of target genes by binding to the 
3ʹUTR region [7,9,11]. miRNAs plays a vital role 
in mammals’ cell processes, such as cell prolifera-
tion, differentiation, migration, invasion and 
apoptosis [7,12]. Reports defined the pivotal func-
tion of miRNAs in the underlying mechanism of 
regulating cancer progression [7,13,14]. It has been 
reported that many micro-RNAs, such as miR-744, 
miR-223, miR-125, miR-21, miR-101 and

miR-130b, were related to the proliferation, migra-
tion and invasion of gastric cancer cells [11,15– 
19]. A recent study revealed that miR-4677-3p was 
down-regulated in human lung cancer, nonspecific 
peripheral T cell lymphoma and oral squamous 
cell carcinoma [20,21], and mediated the invasion 
and migration of lung adenocarcinoma cells [20]. 
But the specific function of miR-4677-3p in gastric 
cancer has not been reported till now.

Cell migration-including protein (CEMIP) is 
a poorly characterized protein, and it is associated 
with poor survival of cancer patients. It has been 
defined that CEMIP was highly expressed in can-
cer and promoted cell proliferation, migration, 
EMT progress and anti-apoptosis effects [22–30]. 
The elevated expression of CEMIP was closely 
associated with a poor prognosis of multiple 
human cancers, including prostate cancer, gastric 
cancer, and CRC [22,24,29,31,32]. Besides, there is 
an evidence showed that CEMIP was up-regulated 
about 29.69 times in gastric cancer [33].

Plentiful studies have identified the activation of 
PI3K/AKT signaling pathway as a contributor of
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cellular growth, metabolism and metastasis [34– 
36]. Besides, the PI3K/AKT pathway also affects 
multiple functions of gastric cancer cells, including 
proliferation, migration and invasion [37]. 
Dysregulation of PI3K/AKT pathway genes, such 
as AKT1, AKT2 and PIK3CA, is related to the 
recurrence of gastric cancer [38]. Therefore, 
PI3K/AKT signaling pathway plays a pivotal role 
in human gastric cancer development.

Based on these reports, our study verified the 
expression profile of miR-4677-3p during gastric 
cancer and aimed to explore the effect of miR- 
4677-3p and CEMIP, as well as the underlying 
molecular mechanism, in regulating the develop-
ment of gastric cancer. Hoping to find a valuable 
biomarker for gastric cancer therapy and prognosis.

Materials and methods

Tissue specimens

Total 30 pairs of human gastric cancer tissues were 
recruited in this research and the adjacent non- 
tumor tissues sample were used as control. All 
tissues were acquired from the first affiliated hos-
pital of Xi’an Jiaotong University, between January 
and July 2019. These tissues were promptly snap- 
frozen in liquid nitrogen after collecting, and then 
stored at −80°C. None of the patients had received 
radiotherapy or chemotherapy before. And all of 
them provided the written informed consents. Our 
study was approved by the ethics committee of the 
first affiliated hospital of Xi’an Jiaotong University.

Cell culture

We collected BGC-823, SGC-7901, HGC-27, 
MGC-803, AGS and MKN45 (human gastric 
cancer cell lines) and human gastric epithelial 
cell line, GES-1, from the Institute of 
Biochemistry and Cell Biology at the Chinese 
Academy of Sciences (Shanghai, China). Total 
cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) containing 10% fetal 
bovine serum (FBS) (both from Gibco; Thermo 
Fisher Scientific, Waltham, MA, USA). And the 
cells were then incubated in a humid atmo-
sphere with 5% CO2 at 37°C.

Cell transfection and treatments

miR-4677-3p mimic and miR-4677-3p inhibitor 
were synthesized, and pcDNA3.1-CEMIP 
(CEMIP-p) and CEMIP small interfering RNA 
(siRNAs), siCEMIP, were constructed by RiboBio 
(Guangzhou, China). Mimic negative control 
(NC), inhibitor NC, pcDNA3.1 and NC siRNA 
were used as controls in our research. All cell 
lines were cultured in 6-well plates at a density of 
5 × 105 cells/well and incubated overnight. The 
transfection of mimics and vectors was performed 
using Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA), and incubated for another 
48 h in a moist condition with 5% CO2 at 37°C.

PI3K/AKT signaling inhibitors, Akti-1/2 and 
LY294002, were purchased from MedChemExpress 
(Shanghai, China). After transfection assay, both 
Akti-1/2 and LY294002 were added to incubate 
cells for 24 h (10 µM). Then, cells were collected 
for the subsequent determinations.

RNA isolation and quantitative RT-PCR

TRIzol® Reagent (Invitrogen, USA) was used to 
extract the total RNA of samples (including tis-
sues and cell lines). The procedure was per-
formed following the instruction of the RNA 
extracted kit. Then, cDNAs were generated 
from the total RNAs by using a PrimeScript 
RT Master Mix kit (Takara, Dalian, China). 
Subsequently, a StepOnePlus™ RealTime PCR 
system (Applied Biosystems, Foster City, CA, 
USA) was applied to carry out the real-time 
PCR process using the SYBR Premix Ex Taq™ 
(Takara Bio, Otsu, Japan). All the primers used 
for real-time PCR were listed in Table 1. The 
data of real-time PCR were calculated by the 
method of 2−ΔΔCt.

Table 1. The primer sequences for qRT-PCR.
Name Sequence (5ʹ-3ʹ)
miR-4677-3p Forward CTGTGAGACCAAAGAACTACTCGC
miR-4677-3p Reverse CTCTACAGCTATATTGCCAGCCAC
CEMIP Forward GCTCTGGGATTTAAGGCAGC
CEMIP Reverse ATTGGAGCCATGGACTGTGA
U6 Forward CTCGCTTCGGCAGCA CA
U6 Reverse AACGCTTCACGAA TTTGCGT
GADPH Forward TGCACCACCAACTGCTTAGC
GADPH Reverse GGCATGGACTGTGGTCATGAG
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Western blotting

The tissue samples and cells were lysed using RIPA 
lysis buffer (Genstar, China). The total proteins 
were extracted from cell lysates after centrifuging 
at 4°C 15,000 rpm for 15 min. The concentration 
of protein was measured using BCA Protein Assay 
kit (Genstar, China) and the proteins were sepa-
rated by SDS-PAGE (10% polyacrylamide gels), 
then transferred onto PVDF membranes 
(Millipore, Boston, MA, USA). The PVDF mem-
brane was blocked in 5% evaporated skim milk for 
1 h, and then incubated in TBST solution which 
contained the primary antibodies at 4°C overnight. 
After washing five times in TBST solution, we 
incubated the membrane again in TBST which 
containing secondary antibody at room tempera-
ture for 1 h and imagined using StarSignal Plus 
Chemiluminescent Assay Kit (Genstar, China). β- 
actin and GADPH were used as the internal con-
trols. The primary antibodies used in this study 
including anti-CEMIP, anti-PI3K, anti-pPI3K, 
anti-AKT, anti-pAKT, anti-AKT2 and anti- 
pAKT2. Horseradish peroxidase-conjugated anti- 
mouse IgG or anti-rabbit IgG (1:1000) were used 
as secondary antibody in our research.

MTT assay

Cell proliferation was examined by the MTT Cell 
Proliferation and Cytotoxicity Assay Kit 
(Beyotime, China). The specific procedure was 
according to the protocol of manufacturer. In 
brief, the cultured cells (2 × 104 cells/mL) were 
incubated in 96-well plates containing DMEM. 
The incubation was lasted for 0 h, 24 h, 48 h, 
72 h, 96 h. Then, MTT solution was supplemented 
for another incubation (5 mg/mL; 4 h) at 37°C. 
After discarding the solutions, 150 µL DMSO was 
used to dissolve formazan crystal. The final OD 
value was detected at 490 nm on a microplate 
reader (Applied Biosystems, Shanghai, China). 
Every test was conducted in triplicate and repeated 
three times.

Transwell assay

Cell migration was measured by Transwell assay 
using Transwell chambers (8 mm pore; BD

Biosciences, San Jose, CA USA). 1 × 105 cells in 
100 mL serum-free medium were put in the upper 
chambers without Matrigel, and 500 mL medium 
contained 10% FBS was placed in the lower cham-
bers. After a 24 h-incubation at 37°C, cells on the 
top chambers were removed. The cells migrated to 
the lower chamber were fixed in 4% paraformal-
dehyde and stained with 0.1% crystal violet for 
15 min at room temperature, and then counted 
in at least 3 randomly selected fields under an 
inverted phase-contrast microscope (Olympus, 
Tokyo, Japan).

Cell invasion was evaluated by coating the 
chambers with 50 mL Matrigel (BD Biosciences). 
1 × 105 cells in 100 mL serum-free medium were 
put in the upper chambers coated with Matrigel. 
500 mL complete medium contained 10% FBS was 
placed in the lower chambers. After incubation, 
cells invading to the lower chamber were counted 
following the same procedure of cell migration 
assay.

Luciferase reporter assay

The mutation of CEMIP was introduced into the 
miR-4677-3p binding site. The wild type (WT) 
and mutant type (MUT) 3ʹ UTR segments of 
CEMIP gene were cloned onto the firefly luciferase 
reporter vector. The constructed vectors and miR- 
4677-3p or control mimics were co-transfected 
into the HEK-293 cells using Lipofectamine 2000 
(Invitrogen). And the transfected HEK-293 cells 
were incubated for 24 h, and then the activity of 
luciferase was measured using the Dual-Luciferase 
Reporter Assay System (Promega). The experi-
ment was repeated at least three times.

Statistical analysis

All assays were duplicated at least thrice. 
GraphPad Prism software (version 5; GraphPad 
software, Inc., La Jolla, CA, USA) and SPSS ver-
sion 22.0 (SPSS, USA) were used to analyze our 
results. The data were exhibited as mean ± stan-
dard deviations (SD). The statistical analysis of the 
significance of differences between groups was 
carried out with the analysis of variance 
(ANOVA) along with paired two-tailed student 
t-test. Spearman’s correlation analysis was used
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to evaluate the correlations between target gene 
expressions. P values < 0.05 were identified as the 
statistically significant difference in this study.

Results

miR-4677-3p was downregulated in gastric 
cancer tissues and cells

Firstly, we examined the expression of miR-4677-3p 
in gastric cancer tissues and cells by qRT-PCR. The 
results showed that the expression of miR-4677-3p 
was significantly downregulated in gastric cancer 
tissues compared with adjacent normal tissues 
(Figure 1a). Decreased miR-4677-3p expression was 
also observed in gastric cancer cell lines, especially 
BGC-823 and SGC-7901 cells (Figure 1b).

miR-4677-3p regulated the proliferation and 
metastases of gastric cancer cells

To identify the association between miR-4677-3p 
and gastric cancer development, miR-4677-3p 
mimic and inhibitor was transfected into two gas-
tric cancer cell lines (BGC-823 and SGC-7901). 
We verified that miR-4677-3p was up-regulated 
by miR-4677-3p mimic and down-regulated by 
miR-4677-3p inhibitor both in BGC-823 and 
SGC-7901 (Figure 1c). Furthermore, the results 
of MTT assay showed that cell proliferation in 
miR-4677-3p-mimic group was depressed, but 
promoted in miR-4677-3p inhibitor group 
(Figure 1d). Through Transwell assay, we found 
that cell migration and invasion were promoted by 
miR-4677-3p inhibitor, and inhibited by miR- 
4677-3p mimic (Figure 1e, f). These evidences

Figure 1. Over-expression miR-4677-3p suppressed the proliferation, migration and invasion of gastric cancer cells. a and b. miR- 
4677-3p was down-regulated in gastric cancer tissues and cells; in a, ** P < 0.01 compared with gastric cancer tissues; in b, * 
P < 0.05 compared with GES-1 cells and # P < 0.05 compared with BGC-823 cells. c. Expression of miR-4677-3p was measured after 
transfected with miR-4677-3p mimic and inhibitor. d. Cell proliferation was detected by MTT assay. e and f. Cell migration and 
invasion were examined using Transwell assay. * P < 0.05 compared with miR-NC; # P < 0.05 compared with inhibitor-NC.
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turned out that miR-4677-3p regulates prolifera-
tion, migration and invasion of gastric cancer cells.

CEMIP was the direct target of miR-4677-3p

In order to further explore the regulatory mechanism 
of miR-4677-3p in gastric cancer development. 
Starbase and Targetscan were used to predict the 
potential target gene of miR-4677-3p. We found that 
there was a specific binding motif of miR-4677-3p in 
CEMIP 3ʹUTR region (Figure 2a). Next, CEMIP 
mRNA wild-type (wt CEMIP 3ʹUTR) or mutant 
form (mut CEMIP 3ʹUTR) vectors were constructed. 
The results of luciferase reports showed that miR- 
4677-3p mimic and wt CEMIP 3ʹUTR co-transfected 
cell showed significant lower luciferase activity than 
co-transfected cells in other group (Figure 2b). What’s 
more, the protein expression of CEMIP in miR-4677- 
3p inhibitor cells was higher than inhibitor-NC cells, 
and decreased expression of CEMIP was showed in

miR-4677-3p mimic cells (Figure 2c). The CEMIP 
expression was also detected in human gastric cancer 
tissues and cell lines by qRT-PCR and western blot. 
The consequences show that the expression of CEMIP 
was dramatically elevated in gastric cancer tissues and 
cells than normal tissues and cells (Figure 2d and e). 
Spearman’s correlation analysis further proved that 
the expression of CEMIP was negatively correlated 
with miR-4677-3p in gastric cancer tissues (Pearson 
r = −0.5071, P < 0.001) (Figure 2f).

CEMIP regulated cell proliferation and 
metastases through PI3K/AKT signaling pathway

Next, we over-expressed/silenced CEMIP in BGC- 
823 and SGC7901 cell lines, and identified that the 
expression of CEMIP was increased/decreased 
(Figure 3a). The results of MTT and Transwell 
assays implied that silencing CEMIP suppressed 
the proliferation and metastases of gastric cancer

Figure 2. CEMIP was the direct target of miR-4677-3p. a. The binding site between miR-4677-3p-3p and CEMIP was predicted on 
bioinformatic software. b. Luciferase reporter assay was performed by transfecting with WT CEMIP 3ʹUTR or MUT CEMIP 3ʹUTR along 
with miR-4677-3p mimic or scramble mimic; * P < 0.05. c. CEMIP protein expression in miR-4677-3p mimic- and inhibitor-transfected 
cells. * P < 0.05 compared with miR-NC and # P < 0.05 compared with inhibitor-NC. d and e. CEMIP expression in gastric cancer 
tissues and cells was detected using qRT-PCR and western bloting; in d, ** P < 0.01; in e, * P < 0.05 compared with GES-1 and # 

P < 0.05 compared with BGC-823. f. miR-4677-3p expression was negatively correlated with CEMIP in gastric cancer tissues, based on 
Pearson’s correlation curve.
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cells, whereas over-expression of CEMIP showed an 
opposite function (Figure 3b-d). A study verified 
that PI3K/AKT signaling pathways is regulated by 
CEMIP [39]. Then, we detected the impact of 
CEMIP on PI3K/AKT signaling pathways in gastric 
cancer and found that overexpressing CEMIP 
increased the ratio of p-PI3K/PI3K, p-AKT/AKT 
and p-AKT2/AKT2 (Figure 3e). Furthermore, 
Akti-1/2 and LY294002 (inhibitor in PI3K/AKT 
signaling pathway) partly reversed the effect of 
CEMIP overexpression on the activation of PI3K/ 
AKT signaling in BGC-823 cells (Figure 3b-d).

miR-4677-3p regulated the development of 
gastric cancer through CEMIP-PI3K/AKT signaling 
pathway

Finally, we investigated the involvement of 
CEMIP-PI3K/AKT signaling pathway in miR-

4677-3p regulating the development of gastric can-
cer. The results implied that the ratio of p-PI3K/ 
PI3K, p-AKT/AKT and p-AKT2/AKT2 were 
increased in miR-4677-3p inhibitor cell line, 
while silencing CEMIP counteracted this increase-
ment (Figure 4a). Furthermore, siCEMIP transfec-
tion and PI3K/AKT signaling inactivation both 
partly reversed the contribution of miR-4677-3p 
inhibitor on cell proliferation, migration and inva-
sion of gastric cancer cells (Figure 4b-d).

Discussion

Emerging studies showed that microRNAs were 
closely related to the development of gastric cancer 
[40]. Evidence indicated that miR-183-5p.1 expres-
sion was elevated in gastric cancer tissues and 
promoted the proliferation, migration and inva-
sion of gastric cells [41]. The downregulation of

Figure 3. CEMIP regulated cell proliferation and metastasis through PI3K/AKT pathway. a. Protein expression of CEMIP in over- 
expressing and silencing cell lines; * P < 0.05 compared with pcDNA3.1 NC and # P < 0.05 compared with scramble siRNA. b. Cell 
proliferation was measured by MTT assay. c and d. Transwell assay was conducted to evaluate cell migration and invasion; * P < 0.05 
compared with scramble siRNA, # P < 0.05 compared with pcDNA3.1 NC; $ P < 0.05 compared with pcDNA3.1 CEMIP. e. CEMIP 
increased the ratio of p-PI3K/PI3K, p-AKT/AKT and p-AKT2/AKT2. * P < 0.05 compared with pcDNA3.1 NC and # P < 0.05 compared 
with scramble siRNA.
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miR-339-5p was found in the tissues and was 
correlated with the unfavorable prognosis of gas-
tric cancer patients, and its overexpression signifi-
cantly inhibited the malignancy of gastric cancer 
cells [42]. Recently, the alteration of miR-4677-3p 
was suggested to play a vital role in various tumors 
[13,43]. Similarly, the study of Lin and Berillo 
indicated that the expression of miR-4677-3p was 
downregulated in peripheral T-cell lymphoma, 
lung cancer and the early oral squamous cell car-
cinoma [21,43]. What’s more, miR-4677-3p was 
also indicated to inhibit cell proliferation, migra-
tion and invasion through regulating ZEB1 in lung 
adenocarcinoma [20]. In the present study, miR- 
4677-3p was found to be downregulated and 
decrease the ability of cell proliferation, migration 
and invasion of gastric cancer cells.

Besides, our results also found that CEMIP was 
a direct target gene of miR-4677-3p. The expression 
of CEMIP was negatively correlated with miR-4677- 
3p in gastric cancer tissues. The regulatory

mechanism of miRNAs was illustrated to promote 
the degradation of target mRNAs or inhibiting gene 
translation by binding to their 3`UTR [42]. For 
example, miR-765 was found to target basic leucine 
zipper ATF-like transcription factor 2, a tumor sup-
pressor, and then regulated the cell apoptosis 
induced by sensitivity alteration of anticancer drug 
[44]. Another evidence indicated that sirtuin 1 was 
the direct downstream target of miR-12129 con-
firmed by luciferase and rescue assay, and miR- 
12129/sirtuin 1 axis blocked cell cycle and inhibited 
cell proliferation during gastric cancer progression 
[45]. Similarly, the research of Wang and Zhang 
suggested that miR-29 c-3p and miR-216a directly 
bond to and inhibited the expression of CEMIP 
[26,46]. Moreover, CEMIP was reported to acceler-
ate cell survival in breast cancer [23]. 
Overexpressing CEMIP facilitated the migration 
and invasion of prostate cancer cells [24]. Another 
study indicated that CEMIP downregulation sup-
pressed tumor invasion of colorectal cancer [26].

Figure 4. miR-4677-3p regulated the process of gastric cancer through CEMIP-PI3K/AKT signaling pathway. a. In miR-4677-3p 
inhibitor-transfected cell line, the ratio of p-PI3K/PI3K, p-AKT/AKT and p-AKT2/AKT2 were detected using western blotting. b. MTT 
assay was performed for the cell proliferation. c and d. Cell migration and invasion abilities of BGC-823 and SGC-7901 cell were 
measured by Transwell assay. * P < 0.05 compared with inhibitor NC, # P < 0.05 compared with miR-4677-3p inhibitor and scramble 
group.
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It was well-known that PI3K/AKT signaling 
pathway played an important role in multiple 
cancers [47–49]. PI3K, AKT1 and AKT2, the 
key components of PI3K/AKT signaling pathway, 
exerted regulatory effects on cellular invasion, 
apoptosis, survive, metabolism and proliferation 
[50]. AKT2 was upregulated and promoted the 
invasion of ovarian cancer cells [51,52]. 
Numerous reports defined that PI3K, AKT1 and 
AKT2 were dramatically hyper-phosphorylated 
in cancer cells compared with normal cells 
[35,51,52]. Activating the PI3K/AKT pathway 
accelerated the motility and invasion of gastric 
cancer cells [53]. Besides, CEMIP could promote 
the activation of PI3K/AKT pathway and then 
exacerbated tumor process of ovarian cancer, as 
well as intrahepatic cholangiocarcinoma [35,39]. 
Our study also revealed that via activating PI3K/ 
AKT pathway, CEMIP overexpression promoted 
the pathological progress of gastric cancer.

Taken together, our research suggested that 
miR-4677-3p was down-regulated in gastric cancer 
tissues and cells. Inhibiting miR-4677-3p elevated 
the expression of CEMIP by directly targeting to 
its 3`UTR, and promoted the proliferation, migra-
tion and invasion of gastric cancer cells via activat-
ing PI3K/AKT pathway. Generally, miR-4677-3p 
regulated the processes of gastric cancer cells 
through CEMIP-PI3K/AKT axis. This may pro-
vide a novel evidence for the biomarker target of 
gastric cancer therapy and prognosis.
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