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Abstract 

Purpose: To study the possible anti-cancer effects of miR-744 on human gastric cancer cells, and the 
underlying mechanism. 
Methods: The mRNA expression of miR-744 was determined using qRT-PCR, while CCK-8, Annexin 
V/PI and acridine orange assays were used to determine cell viability, apoptosis and autophagy, 
respectively. The expressions of target proteins were determined using qRT-PCR and Immunoblotting. 
Results: Significant suppressions of miR-744 were observed in gastric cancer tissues and cell lines. 
Overexpression of miR-744 inhibited the proliferation while silencing of miR-744 promoted the 
proliferation of gastric cancer cells. Furthermore, the tumor-suppressive effect of miR-744 in gastric 
cancer was due to induction of apoptosis and autophagy. Heparanase-1 (HPSE-1) was identified as the 
target of miR-744. Silencing of HSPE-1 significantly inhibited cell proliferation, whereas its 
overexpression significantly restored the growth-inhibitory effects of miR-744 overexpression on gastric 
cancer (p < 0.05). 
Conclusion: These results indicate that miR-744 exerts a tumor-suppressive effect on the growth and 
proliferation of gastric cancer cells in vitro by targeting HPSE-1. There is need to further determine the 
anti-cancer effect of miR-744 expression in animal models. 
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INTRODUCTION 
 

Gastric cancer, a frequently occurring and the 
most aggressive cancer worldwide, is the 5th 

most common neoplasm and the 4th deadliest 
disease globally [1]. In 2018 alone, there were 
over one million newly-diagnosed cases of 
gastric cancer, resulting in more than 700,000 
deaths worldwide [2]. Despite advances in 

gastric cancer diagnosis and treatment options, 
the overall five-year survival of gastric cancer 
patients still remains very low (10 % for those in 
advanced stages of the disease) [3]. Hence, 
there is a pressing need to identify more effective 
treatment strategies for the management of 
gastric cancer. 
 
Micro-RNAs (miRs) are small non-coding RNAs 
ranging in length from 22 to 25 nucleotides, and 
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they are transcribed by RNA polymerase II [4]. 
The miRs usually function in post-transcriptional 
regulation/repression of protein-coding genes by 
binding to specific sites within the 3’-UTRs [5]. 
Approximately 30 % of protein-coding genes in 
humans are regulated by miRs at the post-
transcriptional level [6]. The MiRs play crucial 
regulatory roles in key biological and 
physiological processes in man. Thus, 
dysregulation of their expressions has been 
associated with different types of pathologies [7]. 
Indeed, there is growing evidence that aberrant 
expressions of miRs are responsible for a variety 
of human cancers [8]. Recent studies have 
suggested that miRs regulate the important 
hallmarks of malignancy [9]. Some miRs such as 
miR-15, miR-16, miR-21 and miR-200 are 
regulatory in nature, and they control the growth 
and proliferation of gastric cancer [10]. 
 
In particular, MiR-744 is a well-recognized 
suppressor of human gastric cancer [11]. The 
present study was aimed at investigating the 
anti-cancer effect of miR-744 on human gastric 
cancer cells. 
 

METHODS 
 
Human tissues 
 
Gastric cancer tissues and matching normal 
tissues (n = 30) were obtained from gastric 
cancer patients. Written consents were received 
from all the patients. The recruitment of the 
specimens was made before commencement of 
treatment. Histological confirmation of the tissue 
specimens was made by hospital pathologists. 
The study received approval from the ethical 
authority of the Chongqing University Three 
Gorges Hospital, Chongqing (approval no. 
5332/WSH/21). The experiments were 
performed according to the guidelines in the 
Helsinki Declaration [12]. 
 
Cell lines 
 
The cell lines used (AGC, BGC‐823, MKN‐45, 

SGC‐7901 and GES-1) were obtained from 
American Type Culture Collection (ATCC). The 
cells were grown in a high-glucose DMEM 
containing 10 % FBS and 
penicillin/streptomycin, in an incubator. 
 
Transfection 
 
The miR-744 mimic, miR-744 inhibitor, miR-NC, 
si-HPSE-1 and si-HPSE-1 were obtained from 
GenePharma Co. Ltd. First, HPSE-1 was 
amplified with PCR. Then, it was cloned in 
pcDNA3.1 (pcDNA-HPSE-1). Transfection was 

performed with Lipofectamine 2000 reagent 
(Invitrogen). 
 
qRT-PCR 
 
Total RNA was extracted from each cell line with 
TRIzol reagent. Then, the total RNA was 
reverse-transcribed into cDNA. Thereafter, RT-
qPCR was carried out to determine the mRNA 
expression levels of miR-44, with human 
GADPH gene as endogenous control. Relative 
expression levels were calculated using the 2-

ΔΔCt method. 
 
CCK-8 proliferation assay 
 
The transfected cell lines were grown in 96-well 
plates, each at a density of 2.5 × 104 cells/well, 
and cultured for different time durations. Then, 
10 μL of CCK-8 solution was added to each 
well, followed by incubation at 37 °C for 2 h. 
Thereafter, the cells were harvested and 
resuspended in 100 µL of PBS buffer. Finally, 
the absorbance of each well was read at 570 
nm in a micro-plate spectrophotometer. 
 
DAPI and Annexin V-FITC/PI staining assays 
 
For DAPI staining, each transfected cell line was 
initially plated in a 24-well plate at a density of 
105 cells/well. After 24 h incubation at 37 oC, the 
cells were harvested, washed with PBS, and 
fixed in 4 % paraformaldehyde, followed by the 
addition of Triton X-100 (0.1 %). Then, the cells 
were washed and incubated with DAPI (0.5 
µg/mL) for 5 - 7 min. Lastly, the cells were 
photographed under a fluorescent microscope. 
After 24 h, the transfected cells were processed 
for staining using an Annexin V-FITC-PI staining 
kit (Solarbio, Beijing, China). A FACS flow 
cytometer (Jiyuan, Guangzhou, China) was 
employed for the analysis of apoptosis of the 
stained cells. 
 
Western blotting 
 
Total protein was extracted from the transfected 
cells by lysing with a protein extraction kit. The 
cell lysates were centrifuged, and the protein 
contents of the lysate were determined using 
the BCA method. Then, equal amounts of 
proteins were resolved using SDS-PAGE, 
followed by transfer to PVDF membrane 
(Millipore). Following incubation with specific 
primary and secondary antibodies, the protein 
bands were subjected to enhanced 
chemiluminescence (ECL; GE Healthcare) and 
their relative expression levels were calculated 
using QuantityOne software (Bio-Rad). 
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Acridine orange (AO) autophagy assay 
 
The fluorescent dye acridine orange (AO) was 
employed for studying cell autophagy. The cells 
were stained using an AO staining kit (BestBio, 
Inc., Shanghai, China). Then, the stained cells 
were examined and photographed under a 
fluorescent microscope (Olympus).  
 
Online bioinformatics and dual luciferase 
assay 
 
The target gene of MiR-744 was predicted with 
TargetScan 7.2 online software. To validate the 
prediction, luciferase reporter assay was carried 
out. In this process, BGC-823 cells were co-
transfected with luciferase vectors of HPSE-1 3’-
UTR with wild-type (wt) or mutant (mut) miR-744 
binding sites, and miR-744 mimic or miR-NC. 
After 24 h of co-transfection, the host cells were 
trypsinized and subsequently subjected to 
luciferase assay using Dual-Luciferase Reporter 
Assay System. 
 
Statistical analysis 
 
Values are presented as mean ± standard 
deviation (SD) of three biological replicates from 
at least three experimental replicas. Student’s t-
test was used to estimate the significance of 
statistical difference. Values of p < 0.05 were 
taken as indicative of statistically significant 
differences.  
 

RESULTS 
 
miR-744 inhibited gastric cancer cell 
proliferation 
 
The results showed gastric cancer tissues 
exhibiting significant down-regulation of miR-
744, when compared to normal tissues (p < 
0.05; Figure 1 A). Moreover, it was found that 
gastric cancer cell lines expressed significantly 
lower miR-744 transcript levels than GES-1 cell 
line (p < 0.05; Figure 1 B). The cells were 
transfected with miR-744 mimics or miR-744 
inhibitor to induce over-expression or down-
regulation of miR-744, with miR-NC oligos 
serving as negative control (Figure 1 C). Results 
from CCK-8 proliferation assays showed that 
MiR-744 over-expression significantly inhibited 
proliferation of the two host cell lines, while its 
down-regulation significantly enhanced the host 
cell proliferation in vitro (p < 0.05; Figure 1 C). 
These results indicate that reversal of miR-744 
repression inhibited cellular growth. 
 

 
 
Figure 1: MiR-744 was down-regulated in gastric 
cancer cells, and its over-expression inhibited gastric 
cancer cell growth. (A) MiR-744 was repressed in 
gastric cancer tissues. (B) Gastric cancer cell lines 
(AGC, BGC‐823, MKN‐45, and SGC‐7901) exhibited 
significant down-regulation of miR-744, relative to 
GES-1 and gastric epithelial cells. (C) miR-744 over-
expression or down-regulation inhibited or enhanced 
the proliferation of host BGC-823 and SGC-7901 
cells, respectively. *P < 0.05; **p < 0.01 
 

MiR-744 over-expression enhanced 
apoptosis 
 
Cells with overexpressed miR-744 showed loss 
of nuclear integrity which suggested induction of 
apoptotic cell death (Figure 2 A). To confirm 
this, Annexin V-FITC/PI apoptosis assay was 
performed. Results from flow cytometry showed 
that miR-744 over-expression significantly 
increased the number of early and late apoptotic 
cells (p < 0.05; Figure 2 B). On the other hand, 
miR-744 down-regulation significantly reduced 
the percent of apoptosis of host cells (p < 0.05). 
Moreover, results from western blotting showed 
that Bax protein expression was significantly 
decreased by miR-744 up-regulation, while its 
expression was significantly repressed by 
inhibiting miR-744 expression in BGC-823 cells 
(p < 0.05; Figure 2 C). The Bcl-2 expression 
was modulated in a fashion opposite to that of 
Bax. Therefore, miR-744 knockdown induced 
apoptosis in gastric cancer cells. 
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Figure 2: MiR-744 over-expression induced 
apoptosis. (A) BGC-823 cells showed loss of nuclear 
integrity after miR-744 over-expression. (B) flow 
cytometric analysis in miR744 mimic and inhibitor 
group. (C) Expression levels of Bax and Bcl-2 in miR-
744 mimic and inhibitor groups 
 

MiR-744 over-expression-induced autophagy 
 
To study the effect of miR-744 on autophagy in 
BGC-823 gastric cancer cells, AO staining was 
used. Red fluorescence was observed in cells 
that over-expressed miR744, which is 
suggestive of the presence of acidic 
autophagosomes and induction of host cell 
autophagy (Figure 3 A). In contrast, the relative 
percentage of red-fluorescing cells was 
significantly lower in the negative control and 
cancer cells with down-regulated miR-744 (p < 
0.05). Furthermore, the silencing of miR-744 
significantly increased the protein expressions 
of Beclin 1 and LC3BII, while it decreased the 
protein expression of LC3BI (p < 0.05; Figure 3 
B). In contrast, down-regulation of miR-744 
produced the opposite effects on the expression 
levels of these proteins. These results indicate 
that miR-744 over-expression enhanced the 
levels of autophagy in gastric cancer cells. 
 
Heparanase-1 was functional target of miR-
744 in gastric cancer 
 
The TargetScan analysis predicted that 
heparinase-1 (HPSE-1) was the specific target 
of miR744, and identified the miR-744 binding 
site in the 3’-UTR of HPSE-1 mRNA (Figure 4 

A). Dual luciferase assay showed significantly 
decreased luciferase activity in cells transfected 
with miR-744 mimic and 3’-UTR of HPSE-1 (p < 
0.05; Figure 4 B). Moreover, the gastric cancer 
tissues and cell lines expressed significantly 
higher levels of HPSE-1 transcript, when 
compared to the normal adjacent tissues and 
GES1 cells (p < 0.05; Figure 4 C and D). 
Furthermore, the over-expression of miR-744 
resulted in significant repression of HPSE-1 in 
BGC-823 cancer cells (p < 0.05; Figure 4 E). 
Silencing of HPSE-1 in BGC-823 cells by 
transfecting the latter with si-HPSE-1 resulted in 
inhibition of proliferation of the host cells in a 
fashion similar to that of miR-744 up-regulation 
(Figure 4 F). Besides, the over-expression of 
HPSE-1 in BGC823 gastric cancer cells with 
down-regulated miR-744 attenuated the anti-
proliferative effects of miR-744 overexpression 
in host cells (Figure 4 G). These data confirm 
that miR-744 exerted tumor-suppressive effect 
in gastric cancer cells by targeting and reducing 
the expression level of HPSE-1. 
 

 
 
Figure 3: MiR-744 up-regulation enhanced 
autophagy. (A) Acidic autophagosomes (red dots) 
seen through AO fluorescent microscopy in BGC-823 
cancer cells. (B) miR-744 over-expression increased 
protein expression levels of Beclin 1 and LC3B II, 
while it down-regulated LC3B I protein. These effects 
were reversed by miR-744 knockdown, with respect 
to protein expressions of Beclin 1, LC3B II, and LC3B 
I.  *P < 0.05; **p < 0.01) 
 

DISCUSSION 
 
Gastric cancer is one of the devastating health 
disorders responsible for a significant proportion 
of cancer-related mortality at the global level. 
There has been a significant decrease in the 
overall incidence and annual deaths resulting 
from gastric cancer in recent years [13].  
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Figure 4: MiR-744 functionally targeted heparinase-1 
in gastric cancer. (A) TargetScan predicted the 
binding site of miR-744 in 3’-UTR of HPSE-1. (B) 
Results of dual luciferase assay confirmed the 
sequence-specific binding of miR-744 to 3’-UTR of 
HPSE-1, as indicated by significant decline in 
luciferase activity of BGC-823 cancer cells 
transfected with miR744 mimic and 3’-UTR of HPSE-
1 plasmid. (C) Over-expressed HPSE-1 in gastric 
cancer tissues. (B) Gastric cancer cell lines exhibited 
significant up-regulations of HPSE-1, relative to GES-
1 and gastric epithelial cells. (C) Over-expression of 
miR-744 enhanced HPSE-1 expression. (D) HPSE-1 
silencing inhibited cellular proliferation. (E) Co-
transfection of BGC-823 cells over-expressing miR-
774 with pcDNA-HPSE-1 attenuated the 
antiproliferative effects of miR-744 up-regulation. 
*P < 0.05 
 

However, the prognosis of this disease is still 
very poor, and patients are often diagnosed at 
advanced stages when distant metastasis has 
already occurred [14]. At this stage, the 
traditional therapeutic applications yield less 
desirable clinical outcomes, thereby 
necessitating the use of more efficient prognostic 
and treatment modalities. 
 
Micro-RNAs (miRs) play key roles in cellular 
processes such as cell division, differentiation, 
apoptosis, and migration, and hence, in the 
progression of several types of human diseases, 
including cancer [15]. Moreover, recent studies 
have produced evidence for their potential 
applicability in cancer prognosis [16]. In view of 
this, the prognostic and therapeutic potential of 
miR-744 in gastric cancer were studied in vitro 
in cell lines, in the present research. The results 
showed that malignant gastric tissues and cell 
lines expressed significantly lower transcript 
levels of miR744 than normal tissues. Thus, 
qRT-PCR expression analysis method might 
possibly be helpful in determination of the 
prognosis of gastric cancer. Over-expression of 

miR-744 suppressed the growth of gastric 
cancer cells by inducing apoptosis and 
autophagy. The proapoptotic function of miR-
744 has also been previously reported. Cancer 
cells show extended survival because of 
impaired pathways of apoptosis and autophagy 
[17]. Thus, restoration of the apoptotic and 
autophagy signals in cancer cells has been 
suggested as an efficient therapeutic strategy 
for human carcinogenesis [18]. However, to 
realize this, the potential molecular targets need 
to be identified. The results of the current study 
showed that miR-744 is the potential therapeutic 
target for enhancing apoptosis and autophagy in 
gastric cancer cells. Interestingly, miR-744 was 
shown to exert an anticancer effect via post-
transcriptional silencing of heparinase-1 (HPSE-
1) which was expectedly up-regulated in gastric 
cancer tissues and cell lines owing to miR-744 
downregulation. Previous studies associated 
HPSE-1 over-expression with the malignant 
behaviour of human cancers and gastric cancer 
cells. Therefore, the results of the present study 
are in line with previous findings. These results 
confirm the regulatory involvement of miR-
744/HPSE-1 molecular axis in gastric 
tumorigenesis. 
 

CONCLUSION 
 
The study has shown that miR-744 is down-
regulated in gastric cancer tissues and cell lines. 
Over-expression of MiR-744 inhibits the 
proliferation of gastric cancer cells by inducing 
apoptosis and autophagy. Moreover, miR-744 
exerts its tumor-suppressive regulatory function 
through miR-744/HPSE-1 axis. 
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