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Introduction

Ranking as the fourth common cancer all around the 
world, gastric cancer (GC) remains the second cause for 
death among all the cancer-related death worldwide (1,2). 
Clinically, surgery with or without chemo or radio therapy 

is the most recommended curative approach. However, 

the poor prognosis, relatively short survival and rather low 

overall survival rate in advanced GC still raises the necessity 
for novel treatment methods with better therapeutic 
outcomes (2). It was well reported that the intratumor 
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heterogeneity contributes dominantly to the malignancy 
of GC, emphasizing the importance to understand the 
mechanisms involved in the genetic alterations during the 
development and progression of GC.

Epithelial-mesenchymal transition (EMT) is a process 
during which the epithelial cells lose intercellular adhesion 
while gaining mesenchymal-like properties including 
increased invasion and migration capacity. EMT has been 
proved to participate in the occurrence and progress of 
cancers (3-5). It has been well established that EMT played 
a critical role in the formation, migration, invasion, and 
metastasis of GC, and that inhibition towards EMT could 
attenuate the progress of advanced GC (4-6). Therefore, it 
is necessary to explore the mechanism of EMT regulation 
within GC, which might alter current understanding 
towards the development and progress of GC, shedding 
light on novel therapeutic method to GC.

MicroRNAs (miRNAs) are a kind of conserved non-
coding RNAs, with a length of 19 to 25 nucleotides (7). It 
has been well elucidated that miRNA could serve as either 
oncogene or tumor suppressor, making it a critical role in 
the comprehension toward tumor molecular pathogenesis 
(7,8). The downregulation of miR-125a-5p could promote cell 
proliferation in GC by boosting the expression of FOS1 (9), 
while miR-711 has been reported to suppress EMT in GC 
by downregulating the expression of CD44 (6). Besides, 
recently research reported that miR-185-3p could serve as 
an independent prognosis factor in GC, yet whether miR-
185-3p could take a part in the regulation of EMT, as well 
as the detailed mechanism involved still remained unclear. 

In the current research, we first proved that the miR-
185-3p was commonly down-regulated in GCs, and that 
overexpression of miR-185-3p led to more apoptosis in GC 
cells. We then established a targeting relationship between 
miR-185-3p and cathepsin D. We also proved that the 
inhibition of miR-185-3p towards cathepsin D could affect 
the activity of PI3K/Akt signaling pathway, which further 
contributed to the regulation of EMT in GC cells. In 
addition, we found that overexpression of miR-185-3p led 
to the augmentation of apoptosis in GC cells. Our findings 
systematically demonstrated the role of miR-185-3p in the 
development and progression of GCs, which legitimated the 
potential of miR-185-3p as a novel therapeutic target for 
the treatment of GCs, shedding light on novel perspectives 
in the treatment towards GC.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/tcr-19-2133).

Methods

Patients and tissue specimens 

Tumor and paired adjacent normal tissues were collected 
from 10 GC patients in Brain Hospital of Hunan Province 
for the analysis of clinicopathological characteristics. The 
expression level of miR-185-3p and cathepsin D in the 
collected tissues was analyzed by qRT-PCR.  The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethics 
Committee of People’s Hospital of Hunan Province 
{approval no. [2018]-01.1} and informed consent was taken 
from all the patients.

Cell culture and reagents

Human gastric cancer cell lines MKN-1, AGS (CRL-1739), 
SGC7901 (CRL-1459), NCI-N87 (CRL-5822), BGC823 
(CRL-2765), as well as human gastric epithelial cell line 
GES-1 were purchased from American Type Culture 
Collection (ATCC) (Manassas, VA, USA), and cultured in 
DMEM  (Gibco, Gaithersburg, MD, USA) supplemented 
with 400 ng/mL hydrocortisone, 10% FBS and 1% 
penicillin/streptomycin. Cells were incubated at 37 ℃ in a 
humidified atmosphere with 5% CO2, and used for study or 
split when almost confluent using trypsin/EDTA medium.

Plasmids and transfection

MiR-185-3p mimics, miR-185-3p inhibitor, pcDNA3.1-
cathepsin D (p-cathepsin D) and the respective negative control 
plasmids were obtained from the GeneCopoeia Company 
(Guangzhou, China). AGS and SGC7901 cells were seeded 
into 6-well plates respectively and incubated for 18 h before 
transfection. Plasmids were then transfected into cells with 
Lipofectamine 2000® (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instruction. The sequences 
for plasmids were as followed: for miR‑185‑3p mimics, sense, 
5'‑AGGGGCUGGCUUUCCUCUGGUC‑3', and antisense, 
5'‑CCAGAG GAAAGCCAGCCCCUUU‑3'; for miR-185-
3p inhibitor, 5'‑GACCAGAGGAAAGCCAGCCCCU‑3'; for 
p-cathepsin D, sense, 5'-GGCTCCTCCAACCTGTGGGT-3', 
and antisense, 5'-CAGGTAGAAGGAGAAGATGT-3'; for NC 
mimics, sense, 5'‑UUCUCCGAACGUGUCACGUTT‑3', 
and antisense, 5'‑ACGUGACACGUUCGGAGAATT‑3'; for 
NC inhibitor, 5'‑CAGUACUUUUGUGUAGUACAA‑3'. 
The transfection efficiency was determined by fluorescent 
microscopy using fluorescein-labelled genes, and the 
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expression level was evaluated by quantitative reverse 
transfection polymerase chain reaction. Transfected cells 
were collected after 48 h for analysis.

RNA extraction and quantitative reverse transfection 
polymerase chain reaction (qRT-PCR)

The expression level of miR-185-3p and cathepsin D in 
untreated GC cells, as well as the expression level of miR-
185-3p, cathepsin D, and EMT markers (E-cadherin, 
vimentin, and N-cadherin) in cells treated with miR-185-
3p mimics or miR185-3p inhibitor was evaluated by qRT-
PCR. Total RNAs were extracted with TRIzol Reagent 
(Life Technologies, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. RNA samples were reversed 
transcribed into cDNA with TaqMan Reverse Transcription 
Reagents (Life Technologies). The primers used in the 
study were as follows: for miR-185-3p, forward primer: 
5'-ACACTCCAGCTGGGTGGAGAGAAAGGCAGT-3', 
and reverser primer: 5'-ACTGACTGATGCAATCTCAAC
TGGTGTCGTGGA-3'; for cathepsin D, forward primer: 
5'-GTACATGATCCCCTGTGAGAAGGT-3', and 
reverse primer: 5'-GGGACAGCTTGTAGCCTTTGC-3'; 
f o r  E - c a d h e r i n ,  f o r w a r d  p r i m e r : 
5'-GGTTATTCCTCCCATCAGCT-3', and reverse primer 
5'-CTTGGCTGAGGATGGTGTA-3'; for vimentin, forward 
primer: 5'-TGTCCAAATCGATGTGGATGTTTC-3', and 
reverse primer: 5'-TTGTACCATTCTTCTGCCTCCTG-3'; 
f o r  N - c a d h e r i n ,  f o r w a r d  p r i m e r : 
5'-GGTGGAGGAGAAGAAGACCAG-3', and reverse 
primer: 5'-GGCATCAGGCTCCACAGT-3'; for GAPDH, 
forward primer: 5'-GATTCCACCCATGGCAAATTC-3', and 
reverse primer: 5'-AGCATCGCCCCACTTGATT-3'. The 
quantification of miRNA PCR was calculated via 2−ΔΔCT 
method and normalized against GAPDH. 

Western blotting analysis

The expression level of cathepsin D, E-cadherin, vimentin, 
N-cadherin, and the effectors in PI3K/Akt signaling 
pathway in the investigated cells was assessed by western 
blotting analysis. Briefly, cells were seeded into 6-well 
plates and incubated for 18 h before the assay. For the 
analysis toward cells transfected with miR-185-3p mimics, 
miR-185-3p inhibitor, NC mimics, or NC inhibitor, the 
assay started 72 h after the transfection. The cells were 
then harvested and lysed with Total Protein Extraction 
Kit (KeyGEN, Nanjing) according to the manufacture’s 

protocol, and 30 μg of the extracted protein was loaded onto 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE, 4% stacking gel and 12% separating gel), 
in parallel with a molecular weight marker. The protein 
extracts were stacked at 80 V for 0.5 h and separated at 
100 V for 2 h, thereafter, the samples were transferred to 
a nitrocellulose (NC) membrane and then blocked with 
5% skim milk for 1.5 h at room temperature. Afterwards, 
the samples were incubated with primary antibodies at 
4 ℃ overnight, which was followed by incubation with 
horseradish peroxidase-conjugated secondary antibody 
(1:1,000) at room temperature for 1.5 h. Finally, labelled 
bands from washed blots were detected by electrogenerated 
chemiluminescence (ECL) according to the manufacturer’s 
instructions. The quantification of the investigated protein 
expression level was normalized against GAPDH. Primary 
antibodies including cathepsin D (ab75852), E-cadherin 
(ab40772), N-cadherin (ab18203), vimentin (ab92547), 
PI3K (ab86714), p-PI3K (ab182651), Akt (ab8805), p-Akt 
(Ser 473) (ab8932) and GAPDH (ab8245) were purchased 
from Abcam (Cambridge, MA, USA).

Scratch assay

For cell scratch assay, cells were seeded into 6-well plates 
respectively and incubated for 18 h. Cells were then 
transfected with miR185-3p mimics, NC mimics, miR-
185-3p inhibitor, or NC inhibitor. A 10 μL sterile pipette 
tip was used to scratch on the cell layer, and the gap closure 
was observed and recorded under microscope during the 
following 24 h. 

Transwell migration assay 

Cells were suspended in 200 μL serum-free medium 
and seeded into the upper chamber in Transwell inserts 
(Corning, Corning, NY, USA) with a membrane containing 
8-mm pores. The inserts were then put into 24-well plate 
filled with conditioned medium, which served as the bottom 
chamber. Cells were incubated for 24 h, after which the cells 
on the filter surface were fixed with methanol, and stained 
using 0.1% crystal violet. The amounts of the migration 
cells in the lower chamber were observed and recorded 
under microscope.

Luciferase reporter construction and dual luciferase assay

Luciferase assay was performed to validate the targeting 
relationship between miR-185-3p and cathepsin D. 
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Based on the results of the target prediction, where the 
3' untranslated region (3'-UTR) sequence of cathepsin D 
contains the binding region with miR-185-3p, the luciferase 
reporter plasmids were obtained by inserting the 3'-UTR 
sequence of cathepsin D or a mutant sequence of cathepsin 
D into pGL3 promoter vector (Invitrogen), defining as 
pGL3-Cathepsin D-WT or pGL3-Cathepsin D-MUT 
respectively. AGS cells were seeded into 24-well plates 
and incubated for 18 h before the assay. Cells were first 
transfected with either pGL3-Cathepsin D-WT or pGL3-
Cathepsin D-MUT, and then the cells were transfected with 
miR-185-3p mimics, NC mimics, miR-185-3p inhibitor, or 
NC inhibitor using Lipofectamine 2000® (Invitrogen Corp, 
CA, USA) according to the manufacturer’s introduction. 
The luciferase activity after transfection for 48 h was 
measured by the dual-luciferase reporter assay kit (Promega, 
Madison, WI, USA). 

Cell cycle and apoptosis evaluation

For cell cycle study, AGS and SGC7901 cells were seeded 
into 6-well plates respectively and incubated for 18 h. The 
cells were then transfected with miR185-3p mimics, NC 
mimics, miR-185-3p inhibitor, or NC inhibitor. Seventy-
two hours after the transfection, the cells were harvested 
and fixed in 1 mL cold 70% ethanol for 24 h. Subsequently, 
the cells were centrifuged, washed, and incubated with 0.1% 
RNase A at 37 ℃ for 1 h. The cells were then stained with 
propidium iodide (PI) for 30 min at 4 ℃ and analyzed with 
flow cytometry. Cells treated with blank medium were used 
as the negative control.

Annexin V-PI (Beyotime Co., Ltd., Haimen, China) 
assay was used in the assessment of cell apoptosis. AGS 
and SGC7901 cells were first seeded into 6-well plates 
respectively and incubated for 18 h, then the cells were 
transfected with miR-185-3p mimics, NC mimics, miR-
185-3p inhibitor, or NC inhibitor for 72 h. The cells 
were subsequently harvested and centrifuged, followed by 
incubation with 5 μL of Annexin V-FITC and 10 μL of PI 
solution for 15 min. The cells were analyzed using FACScan 
flow cytometry. Cells that were not treated with Annexin 
V-PI were used as controls. 

Statistical analysis

All experiments were carried out triplicate. Data were 
presented as mean ± standard deviation (mean ± SD). A 
one-way analysis of variance (ANOVA) followed by Tukey 

post-hoc test or the Student’s t-test was used to compare 
the difference among various groups. Differences were 
considered statistically significant when P<0.05.

Results

MiR-185-3p was down-regulated in GC cells

To explore whether miR-185-3p would affect the 
development of GCs, the expression level of miR-185-
3p in 10 GC samples and paired adjacent normal tissue 
was evaluated with qRT-PCR. As shown in Figure 1A, 
the GC tissue exhibited lower expression of miR-185-3p 
compared with adjacent normal tissue, while the expression 
of cathepsin D was greatly elevated in tumor tissues, 
indicating a potential negative correlation between miR-
185-3p and cathepsin D which might interfere with the 
development of GCs. For an accurate assessment of the 
correlation among miR-185-3p, cathepsin D, and tumor 
progression, we further determined the expression level 
of miR-185-3p and cathepsin D in various GC cell lines 
via qRT-PCR and Western blotting analysis. As suggested 
in Figure 1B, compared with gastric epithelial cells  
(GES-1), all the tested GC cell lines showed a lower 
expression level of miR-185-3p. On the contrary, the 
mRNA level of cathepsin D in the tested GC cell lines was 
all higher than that in GES-1 (Figure 1C). The results of 
Western blotting (Figure 1D) also validated this finding, 
where the expression level of cathepsin D in GES-1 was 
obviously lower than its expression in GC cells. These 
results indicated that there might be a correlation between 
the down-regulated miR-185-3p and the increased 
expression of cathepsin D. Based on the findings, AGS and 
SGC7901 were selected in the following study, for these 2 
cell lines showed the lowest level of miR-185-3p.

Overexpression of miR-185-3p inhibited EMT, led to cell 
cycle arrest and induced apoptosis in GC cell lines

The inhibition of miR-185-3p towards EMT in AGS 
and SGC7901 cells was confirmed on both molecular 
level and cellular level. The expression level of EMT 
markers, including epithelial marker E-cadherin, as 
well as mesenchymal markers vimentin and N-cadherin 
was first evaluated via qRT-PCR and Western blotting 
analysis. The successful transfection of miR-185-3p in both 
investigated cell lines (Figure 2A) led to a drastic decrease 
in the expression level of mesenchymal markers, while the 
expression level of epithelial marker was noticeably elevated 
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Figure 1 Expression level of miR-185-3p and cathepsin D in GC cells. (A) qRT-PCR analysis of miR-185-3p and cathepsin D in patient-
derived tumor tissues and paired adjacent normal tissues. Expression level of miR-185-3p was decreased, while the expression of cathepsin D 
was elevated in tumor tissue compared with normal tissue. (B) qRT-PCR analysis of miR-185-3p in various GC cell lines. Expression level 
of miR-185-3p in GC cells was noticeably lower than that in gastric epithelial cells, where AGS cells showed the lowest level of miR-185-3p 
among all tested cells. (C) qRT-PCR analysis of cathepsin D in various GC cell lines. Expression level of cathepsin D in GC cells was higher 
than that in gastric epithelial cells, where AGS and SGC7910 cells showed the two highest level of cathepsin D among all tested cells. (D) 
Western blotting analysis of cathepsin D in GC cells. The quantification of cathepsin D expression level was normalized against GAPDH. *, 
P<0.05; **, P<0.01; ***, P<0.001.
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by the boosted expression of miR-185-3p. On the contrary, 
knockdown of miR-185-3p resulted in an increased mRNA 
and protein level of mesenchymal markers and a reduced 
expression of epithelial marker (Figure 2B,C). The influence 
of miR-185-3p on EMT markers was in consistency with 
its inhibition towards cell migration. As the result of cell 
scratch assay suggested, the overexpression of miR-185-3p 
inhibited the migration capacity of both AGS cells and SGC 
7901 cells (Figure 2D), while knockdown of miR-185-3p 
resulted in a promotion of migration capacity. The results 
of Transwell assay further validated the influence of miR-
185-3p on the cell migration ability, where the upregulation 
of miR-185-3p led to a compromised migration capacity 
of AGS cells and SGC 7901 (Figure 2E) and knockdown of 
miR-185-3p resulted in a promotion of migration capacity. 
Besides, miR-185-3p also exerted an influence on the cell 
cycle distribution. As suggested in Figure 2F, overexpression 
of miR-185-3p contributed to an elevated ratio of AGS 
cells blocked in G0/G1 phase. The cell cycle arrest in G0/
G1 phase consequently led to augmented apoptosis in AGS 
and SGC7901 cells. However, knockdown of miR-185-3p 
showed the opposite phenomenon (Figure 2G). All above 
data indicated that overexpression of miR-185-3p inhibited 
the proliferation, EMT, and migration of GC cells, while 
the inhibition of miR-185-3p showed the opposite effect.

MiR-185-3p targeting inhibited the expression of cathepsin 
D in GC cells

MiR-185-3p could bind with cathepsin D gene on the 
3'-UTR region according to the results bioinformation 
analysis (Figure 3A), based on which a dual luciferase assay 
was performed to investigate the targeting relationship 
between miR185-3p and cathepsin D. As shown in  
Figure 3B, overexpression of miR-185-3p remarkably 
reduced the luciferase activity in wild type AGS cells (AGS-
WT), while the inhibition of miR-185-3p contributed to 
an enhanced luciferase activity in AGS-WT cells. However, 
neither overexpression nor inhibition of miR-185-3p 
affected the luciferase activity in mutated AGS cells (AGS-
MUT), validating the result in Figure 3A, where miR-185-
3p could bind with cathepsin D gene directly. The influence 
of miR-185-3p on the expression level of cathepsin D was 
also investigated to further confirm the predicted targeting 
relationship. Both qRT-PCR and Western blotting analysis 
showed that overexpressed miR-185-3p led to a decrease 
expression of cathepsin D, while that the inhibition towards 
miR-185-3p resulted in a boosted level of cathepsin 

D (Figure 3C,D). Therefore, it is reasonable to draw a 
conclusion that a targeting inhibition relationship existed 
between miR-185-3p and cathepsin D.

MiR-185-3p inhibited PI3K/Akt axis via regulating 
cathepsin D

Overexpressed miR-185-3p has been reported to inhibit the 
activity of PI3K/Akt signaling pathway (10,11). To explore 
whether cathepsin D was involved in the above-mentioned 
inhibition, the expression level of PI3K, phosphorylated 
PI3K (p-PI3K), AKT, and the phosphorylation of AKT 
on Ser 473 site [p-AKT (Ser 473)] was determined in 
AGS cells. p-cathepsin D was transfected into AGS cells, 
which resulted in a robustly high level of cathepsin D  
(Figure 4A). As results in Figure 4B suggested, the 
overexpression of miR-185-3p inhibited the activity of 
PI3K/Akt axis, while the overexpression of cathepsin 
D contributed to the activation of PI3K/Akt signaling 
pathway, The activation led by cathepsin D could be 
neutralized or even reversed by the overexpression of miR-
185-3p or the existence of PI3K/Akt inhibitor (LY294002), 
where a remarkably decreased level of cathepsin D could 
also be observed. Therefore, it was clear that a positive 
regulation relationship existed between cathepsin D and the 
activity of PI3K/Akt signaling pathway, and that miR-185-
3p could inhibit PI3K/Akt axis by targeting cathepsin D.

MiR-185-3p regulated EMT via cathepsin D mediated 
PI3K/Akt signaling pathway

As one of the most frequently dysregulated intracellular 
signaling pathway, PI3K/Akt was reported to play an 
important part in EMT (3,12-14). Therefore, we studied 
the role of miR-185-3p in the regulation of EMT. As 
shown in Figure 5A,B, the expression level of E-cadherin 
was reduced by the overexpression of cathepsin D, while 
the level of both vimentin and N-cadherin was elevated, 
suggesting that cathepsin D might promote the malignancy 
of GC by facilitating EMT. Yet it was noticeable that the 
influence of overexpressed cathepsin D towards all the 
EMT-related proteins was compromised by either miR-
185-3p or LY294002, indicating that interference in PI3K/
Akt signaling pathway could affect the promotion towards 
cell migration capacity brought by cathepsin D. This result 
was in consistency with cell migration studies. As shown 
in Figure 5C, the migration capacity of AGS cells was 
enhanced with boosted level of cathepsin D, which could 
be ameliorated by the existence of either overexpressed 
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Figure 2 MiR-185-3p could inhibit EMT in GC cells. (A) qRT-PCR analysis of miR-185-3p in AGS and SGC7901 cells after transfection 
with miR-185-3p mimics, NC mimics, miR-185-3p inhibitor, or NC inhibitor. Transfection with miR-185-3p mimics successfully boosted 
the expression of miR-185-3p, while transfection with miR-185-3p inhibitor reduced the expression of miR-185-3p in the investigated 
cells. (B) qRT-PCR analysis of EMT markers in AGS and SGC7901 cells after transfection. In both cell lines, transfection with miR-185-
3p mimics could increase the expression level of epithelial marker E-cadherin while reducing the expression level of mesenchymal markers 
vimentin and N-cadherin. (C) Western blotting analysis of EMT markers in AGS and SGC7901 cells after transfection. The results 
showed the same trend as the results of qRT-PCR analysis. The quantification of EMT markers was normalized against GAPDH. (D) Cell 
scratch assay of AGS cells after transfection. Left, images of the migration of cells after incubation for 24 h; right, quantification of the cell 
migration. Cells transfected with miR-185-3p mimics showed the least migration. (E) Transwell assay of AGS cells after transfection. Left, 
images of migration cells in the lower chamber; right, cell counts of the migration cells in the lower chamber. Cells transfected with miR-
185-3p mimics was least migration. (F) Cell cycle distribution of AGS cells after transfection. Overexpressed miR-185-3p blocked more cells 
in G0/G1 phase. (G) Cell apoptosis study of AGS cell after transfection. Overexpression of miR-185-5-3p contributed an augment in the 
cell apoptosis. *, P<0.05; **, P<0.01; ***, P<0.001.

Control

Control

Control

Mimics NC

Mimics NC

Mimics NC

miR-185-3p 
mimics

miR-185-3p 
mimics

miR-185-3p 
mimics

miR-185-3p 
inhibitor

miR-185-3p 
inhibitor

miR-185-3p 
inhibitor

Inhibitor NC

Inhibitor NC

Inhibitor NC

Control 
mimics NC 
miR-185-3p mimics 
Inhibitor NC 
miR-185-3p inhibitor

Control 
mimics NC 
miR-185-3p mimics 
Inhibitor NC 
miR-185-3p inhibitor

102 103 104 105 106 107

102 103 104 105 106 107 102 103 104 105 106 107 102 103 104 105 106 107 102 103 104 105 106 107 102 103 104 105 106 107

102 103 104 105 106 107102 103 104 105 106 107 102 103 104 105 106 107102 103 104 105 106 107

107

106

105

104

103

102

107

106

105

104

103

102

107

106

105

104

103

102

107

106

105

104

103

102

107

106

105

104

103

102

107

106

105

104

103

102

107

106

105

104

103

102

107

106

105

104

103

102

107

106

105

104

103

102

107

106

105

104

103

102

600

500

400

300

200

100

0

700

600

500

400

300

200

100

0

700

600

500

400

300

200

100

0

600

500

400

300

200

100

0

600

500

400

300

200

100

0

600

500

400

300

200

100

0

800

600

400

200

0

800

600

400

200

0

200

150

100

50

0

250

200

150

100

50

0

20 40 60 80 

20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80 

20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80 100 120 140 160

100 120 140 160 100 120 140 160 100 120 140 160 100 120 140 160 100 120 140 160

100 120 140 160 100 120 140 160 100 120 140 160 100 120 140 160

100

80

60

40

20

0

40

30

20

10

0

100

80

60

40

20

0

N
um

be
r

N
um

be
r

N
um

be
r

N
um

be
r

N
um

be
r

N
um

be
r

N
um

be
r

N
um

be
r

N
um

be
r

N
um

be
r

A
G

S
A

G
S

AGS

AGS

S
G

C
79

01
S

G
C

79
01

SGC7901

SGC7901

FL2-A PE-A

FL2-A PE-A FL2-A PE-A FL2-A PE-A FL2-A PE-A FL2-A PE-A

FL2-A PE-A FL2-A PE-A FL2-A PE-A FL2-A PE-A

C
el

l c
yc

le
 (%

)
C

el
l c

yc
le

 (%
)

A
po

pt
ot

ic
 c

el
ls

 (%
)

G1                  S                  G2

G1                  S                  G2

0

0 0 0 0 0

0 0 0 0

P
E

-A
P

E
-A

P
E

-A

P
E

-A

P
E

-A

P
E

-A

P
E

-A

P
E

-A

P
E

-A

P
E

-A

FITC-A

FITC-A FITC-A FITC-A FITC-A FITC-A

FITC-A FITC-A FITC-A FITC-A

Annexin-V

P
I

**

***

***

***

**

**

**
**

**

** *

*

*

* *

*

F

G



6996 Huang et al. Effects of miR-185-3p on EMT in GC cells

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(11):6988-7000 | http://dx.doi.org/10.21037/tcr-19-2133

Figure 3 MiR-185-3p could targeting inhibit cathepsin D in GC cells. (A) Prediction of the targeting relationship between miR-185-3p and 
cathepsin D. (B) Dual-luciferase reporter analysis in AGS cells after transfection. The signal intensity of luciferase was lowest in WT cells 
transfected with miR-185-3p mimics. (C) qRT-PCR analysis of cathepsin D in AGS cells after transfection. Cells transfected with miR-185-
3p mimics showed the lowest level of cathepsin D. (D) Western blotting analysis of cathepsin D in AGS after transfection. Cells transfected 
with miR-185-3p mimics showed the lowest level of cathepsin D. The quantification of cathepsin D was normalized against GAPDH. *, 
P<0.05; **, P<0.01.

miR-185-3p or LY294002. The results of Transwell assay 
further validated this finding, where the migration ability 
of AGS cells was significantly facilitated by increased 
level of cathepsin D, and then attenuated by miR-185-3p 
or PI3K/Akt inhibitor (Figure 5D). Comprehensively, all 
these data revealed that the regulation of miR-185-3p on 
EMT was based on its inhibition toward cathepsin D, and 
that by targeting cathepsin D, miR-185-3p could regulate 
the activity of PI3K/Akt signaling pathway, resulting in its 
function towards EMT progression. 

Discussion

The complicity and high heterogeneity in GC have long 
been proved to contribute to the failure in the treatment 
of GC, which remains a major clinical hindrance (1,15), 
calling for a deeper understanding for an altered therapy for 
GC. In our current research, we innovatively demonstrated 
a targeting relationship between miR-185-3p, a highly 
inhibited miRNA in GC, and cathepsin D, through which 
the activity of PI3K/Akt signaling pathway would be 

affected, consequently leading to a facilitated malignancy 
of GC cells. The finding of this study broadened our 
comprehension of the genetic alterations in GC cells, which 
may pave the way to the development of gene therapy 
towards GC.

Inspired by previous studies, we found that miR-185-
3p was generally down-regulated in GC tissues collected 
from patients, as well as in various GC cell lines (16-18). 
It was also well established that miR-185-3p could serve 
as a potential therapeutic target for multiple cancers, the 
boosting of which could led to the suppression towards 
tumor development, metastasis, as well as chemo- and 
radio-resistance (19-24). Therefore, the dysregulated level 
of miR-185-3p in GC cells indicated that it may also play a 
dominant part in the progression of GC. 

By elevating the expression level of miR-185-3p in GC 
cells, we found that the EMT progress as well as cancer 
migration capacity was compromised. This finding was 
in consistency with former studies, where the tumor 
suppression effect of miR-185-3p was attributed to its 
inhibition toward EMT by interacting with the 3'-UTR 
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of certain genes, including PTPN-14, STIM1, and so 
on (22,25-27). Yet it was noteworthy that our findings 
innovatively confirmed the direct inhibition of miR-185-
3p on cathepsin D, which may provide a precise and clear 
explanation of the suppression towards EMT induced 
by overexpressed miR-185-3p. cathepsin D, a frequently 
overexpressed protein in various cancers, was well proved 
to promote EMT in GC by interfering with apoptosis in 
cancer cells (28,29). In present study, by evaluating the 
influence of overexpressed miR-185-3p on cell EMT 
progress and migration capacity, we proved that the 
dynamics between miR-185-3p and cathepsin D participated 
in the regulation of EMT and migration in GC cells, which 
would lead to the interference with the progression of GC 
as a result.

Apart from regulating the expression level of several 
critical proteins in tumor development, emerging evidence 

also elucidated that miR-185-3p interferes with tumor 
progression by regulating PI3K/Akt axis (10,22,24,30,31). 
In the current research, the activity of PI3K/Akt signaling 
pathway was significantly enhanced with an increased level 
of cathepsin D, but obviously compromised after inhibiting 
cathepsin D by overexpressed miR-185-3p. The same 
trend also went to the migration capacity of cells, where the 
promoted migration capacity of cells by elevation in cathepsin 
D was ameliorated by the overexpression of miR-185-3p. 
In addition, a promotion in apoptosis was observed in GC 
cells with overexpressed miR-185-3p, further validating that 
miR-185-3p could serve as a novel therapeutic target for the 
treatment of GCs. These findings indicated that by targeting 
inhibition towards cathepsin D, miR-185-3p could regulate 
the activity of PI3K/Akt signaling pathway, consequently 
inhibiting the proliferation, compromising EMT process, 

Figure 4 MiR-185-3p inhibited the activity of PI3K/Akt signaling pathway by inhibiting cathepsin D. (A) qRT-PCR analysis of cathepsin D 
level after transfection with p-cathepsin D or p-NC. (B) Western blotting analysis of PI3K/Akt related proteins. Transfection with p-cathepsin 
D could increase the level of p-PI3K and p-Akt (Ser 473), which was compromised by either transfection with miR-185-3p mimics or the 
administration of LY294002. The quantification of investigated proteins was normalized against GAPDH. *, P<0.05; **, P<0.01.
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Figure 5 MiR-185-3p regulated EMT via cathepsin D mediated PI3K/Akt signaling pathway. (A) qRT-PCR analysis of EMT markers 
in AGS and SGC7901 cells after transfection with miR-185-3p mimics, p-cathepsin D, miR-185-3p mimics and p-cathepsin D, as well as 
p-cathepsin D followed by administration of LY294002. (B) Western blotting of EMT markers in AGS and SGC7901 cells after transfection. 
The quantification of EMT markers was normalized against GAPDH. (C) Cell scratch assay of AGS cells after transfection. Left, images of 
the migration of cells after incubation for 24 h; right, quantification of the cell migration. (D) Transwell assay of AGS cells after transfection. 
Left, images of migration cells in the lower chamber; right, cell counts of the migration cells in the lower chamber. *, P<0.05; **, P<0.01.
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and limiting the migration of cancer cells, which would 
finally attenuate the malignancy of GC.

Conclusions

In a summary, we demonstrated that expression of miR-
185-3p was decreased and cathepsin D was increased in GC 
cells. MiR-185-3p inhibited EMT by targeting cathepsin D 
in GC cell lines, and PI3K/Akt signaling pathway involved 
in it. Our findings suggested that boosting the expression 
of miR-185-3p or targeting inhibition towards cathepsin D 
could serve as a potential therapy for GCs. Yet this research 
mainly focused on the in vitro study, therefore, we would 
further explore the targeting relationship between miR-
185-3p and cathepsin D in vivo as well as in clinical, in 
the hope of establishing a novel treatment for GCs with a 
facilitated therapeutic outcome.
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