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Abstract. The present study aimed to measure the expression 
of microRNA (miRNA/miR) ‑429 in gastric cancer and investi-
gate the associated mechanism of action. A total of 30 patients 
with gastric cancer who received radical or palliative resection 
at Jining No. 1 People's Hospital between January‑October 2016 
were included in the present study. Resected gastric cancer and 
tumor‑adjacent tissues were resected. Gastric cancer BGC‑823 
cells were transfected with miR‑429 mimics to induce the 
overexpression of miR‑429, or transfected with small inter-
fering (si)RNA of heparanase (HPSE) for the silencing of 
HPSE. Reverse transcription‑quantitative polymerase chain 
reaction was used to measure the expression of miR‑429 or 
HPSE mRNA. Western blotting was employed to determine 
the protein expression of HPSE. Cell‑Counting Kit‑8 assay was 
carried out to test cell proliferation and a Transwell assay was 
used to determine cell invasion ability. Expression of HPSE 
mRNA and protein in gastric cancer tissues was increased 
compared with tumor‑adjacent tissues. Reduced expression 
of miR‑429 in gastric cancer tissues may be associated with 
the targeting of HPSE mRNA by miR‑429. Overexpression 
of miR‑429 inhibited the transcription and translation of the 
HPSE gene. However, overexpression of miR‑429 did not affect 
the proliferation of gastric cancer cells. Notably, overexpres-
sion of miR‑429 reduced the invasion ability of gastric cancer 
cells. Transfection with HPSE siRNA decreased the expres-
sion of the HPSE protein in BGC‑823 cells and inhibited the 
occurrence and development of gastric cancer by reducing the 
invasion ability of the cells. The present study demonstrated 
that expression of miR‑429 in gastric cancer tissues was 
significantly reduced compared with tumor‑adjacent tissues. 
As a tumor‑suppressor gene, miR‑429 decreases the invasion 
ability of gastric cancer cells by downregulating the expres-
sion of HSPE.

Introduction

Gastric cancer is a type of tumor with a high incidence, and the 
metastasis of gastric cancer is the main reason for the failure 
of surgical treatment (1). The first process in the invasion and 
metastasis of tumor cells is the breakthrough of a tissue barrier 
formed by basement membrane and extracellular matrix (2). 
Studies show that heparanase (HPSE) is a β‑D‑glucuronate 
endonuclease of the major component of the tissue barrier, 
heparan sulfate proteoglycan (HSPG) (3,4). HPSE degrades 
HSPG by cleaving heparan sulfate glycosaminoglycan chain 
(HS‑GAG), and directly and indirectly promotes the inva-
sion and metastasis of tumors in the cooperation of multiple 
factors (3,4). Nobuhisa et al report that the expression of HPSE 
in colorectal cancer tissues is high (69%), and is especially high 
in patients with higher stages of colorectal cancer or lymphatic 
vessel metastasis (5). In addition, the invasion ability of tumor 
cells transfected with HPSE is enhanced, while HPSE inhibitor 
can reduce the invasion ability of tumor cells (5).

MicroRNA (miRNA or miR) is small non‑coding RNA 
molecules with 18‑25  nucleotides, which can regulate 
mRNA translation by binding with its 3'‑untranslated region 
(3'‑UTR) (6). Functional analysis shows that upregulated or 
downregulated expression of miRNA affects the proliferation, 
differentiation, and apoptosis of cells, as well as the occur-
rence and metastasis of tumors  (7). Interactions between 
miRNA and tumor‑associated proteins may promote or inhibit 
the biological function of tumors  (8). The coding gene of 
miR‑429 is located on human chromosome 1 (1p36.33), which 
is related with some kinds of tumors (9). It is shown that inhi-
bition of miR‑429 expression enhances the cytotoxic activity 
of cisplatin on endometrial endometrioid carcinoma (10). In 
addition, miR‑429 acts as a tumor‑suppressor gene for breast 
cancer (11). In the present study, we measure the expression 
of miR‑429 in gastric cancer and investigate its mechanism 
of action.

Materials and methods

Patients. A total of 30  patients with gastric cancer who 
received radical or palliative resection at Jining No. 1 People's 
Hospital between January  2016 and October  2016 were 
included in the present study. Resected gastric cancer tissues 
were diagnosed and classified by two individual pathologists 
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following the tumor classification standards published by 
World Health Organization in 2003. Tumor‑adjacent tissues 
more than 5 cm away from tumor tissues were also resected as 
control. The clinical information and pathological data of all 
subjects were collected. All procedures were approved by the 
Ethics Committee of Jining No. 1 People's Hospital. Written 
informed consents were obtained from all patients or their 
families.

Cells. Gastric cancer BGC‑823 cells (Cell Bank, Chinese 
Academy of Sciences, Shanghai, China) were seeded into 
24‑well plates and divided into negative control and miR‑429 
mimics groups. The cells were cultured in RPMI‑1640 
medium supplemented with 10% fetal bovine serum. When 
reaching 70‑90% confluency, 1.25  µl miR‑429 mimics 
(20 µM) and 2 µl liposome (Lipofectamine® 2000; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) were mixed 
with 50 µl Opti Memi medium, respectively, in individual 
Eppendorf tubes. After standing still for 5 min, the mixtures 
in the two Eppendorf tubes were mixed and kept under 
room temperature for 15 min, followed by addition into each 
culture well. Six h later, the medium was replaced by fresh 
RPMI‑1640 medium supplemented with 10% fetal bovine 
serum, and the cells were cultured under normal condition 
for 48 h before use.

For the silencing of human HPSE mRNA (GenBank ID: 
10855), BGC‑823 cells were transfected with small inter-
fering RNA (siRNA) of HPSE (siRNA sequences: sense, 
5'‑GGAUAUUUGCAAAUAUGGATT‑3';  ant i‑sense, 
5'‑UCCAUAUUUGCAAAUAUCCTG‑3') or negative control 
(NC) siRNA (NC siRNA sequences: 5'‑UUCUCCGAACGU 
GUCACGUTT‑3'; 5'‑ACGUGACACGUUCGGAGAATT‑3') 
(GenePharma, Shanghai, China). BGC‑823 cells were seeded 
onto 6‑well plates and cultured at 37˚C and 5% CO2. When 
the cells reached 70% confluency, the medium was discarded 
and washed with phosphate‑buffered saline (PBS) for three 
times, before addition of 2 ml Opti‑Memi medium into each 
well. Then, siRNA and 5 µl liposome were dissolved in 250 µl 
Opti‑MEM in two individual Eppendorf tubes, respectively. 
After standing still at room temperature for 5 min, the two 
tubes were combined before incubation at room temperature 
for another 20 min. Subsequently, the mixture was added into 
each well. After incubation at 37˚C and 5% CO2 for 6 h, the 
medium was changed to normal medium.

Bioinformatics. Bioinformatics prediction is a powerful 
tool for the study of the functions of miRNAs. To under-
stand whether HPSE was a target gene of miR‑429, we 
used TargetScan (http://www.targetscan.org) and miRanda 
(http://www.microrna.org/microrna/home.do) for analysis.

Quantitative polymerase chain reaction (qPCR). Gastric 
cancer and tumor‑adjacent tissues (100 mg) were ground 
into powder in liquid nitrogen and mixed with 1  ml 
Trizol (Thermo Fisher Scientific, Inc.) for lysis. For cells, 
2x105 cells were thoroughly mixed with 1 ml Trizol for lysis. 
Then, total RNA was extracted using phenol chloroform 
method. The purity of RNA was determined by A260/A280 
using ultraviolet spectrophotometry (Nanodrop ND2000; 
Thermo Fisher Scientific, Inc.). Then, cDNA was obtained 

by reverse transcription using Reverse Transcription System 
(Takara Bio, Dalian, China) from 1 µg RNA and stored at 
‑20˚C. Reverse transcription of miRNA was carried out using 
SYBR PrimeScript miRNA RT‑PCR Kit (Takara Bio).

The expression of miR‑429 was determined by 
SYBR‑Green qPCR kit (Kapa Biosystems, Wilmington, MA, 
USA), using U6 as internal reference. The reaction system 
(25 µl) contained 12.5 µl SYBR Premix Ex Taq, 1 µl PCR 
forward primer (miR‑429, 5'‑UAA​UAC​UGU​CUG​GUA​AAA​
CCG​U‑3'), 1 µl PCR reverse primer (5'‑UUC​UCC​GAA​CGU​
GUC​ACG​UTT‑3'), 2  µl template and 8.5  µl ddH2O. The 
reaction protocol was: initial denaturation at 95˚C for 30 sec; 
40 cycles of 95˚C for 5 sec and 60˚C for 20 sec (iQ5; Bio‑Rad, 
Hercules, CA, USA). The 2‑ΔΔCq method was used to calculate 
the relative expression of miR‑429 against U6. Each sample 
was tested in triplicate.

SYBR‑Green qPCR kit (Kapa Biosystems,) was used to 
detect mRNA expression of HSPE, using GADPH as internal 
reference. The reaction system (20 µl) was composed of 10 µl 
SYBR Ex Taq‑Mix, 0.5 µl upstream primer (HSPE, 5'‑ACT 
GGC​AAT​CTC​AAG​TCA​AC‑3'; GADPH, 5'‑AAG​GTG​AAG​
GTC​GGA​GTC​A‑3'), 0.5  µl downstream primer (HSPE, 
5'‑CTT​AGC​CGT​CTT​TCT​TCG‑3'; GADPH, 5'‑GGA​AGA​
TGG​TGA​TGG​GAT​TT‑3'), 1  µl cDNA and 8  µl ddH2O. 
PCR condition was: Iinitial denaturation at 95˚C for 10 min; 
40 cycles of denaturation at 95˚C for 1 min, annealing at 60˚C 
for 40 sec and elongation at 72˚C for 30 sec; final elongation 
at 72˚C for 1 min (iQ5; Bio‑Rad). The 2‑ΔΔCq method was used 
to calculate the relative expression of HSPE mRNA against 
GADPH. Each sample was tested in triplicate.

Western blotting. Cells were seeded into 6‑well plates 
at a density of 1x106/well. At 48 h after transfection, the 
cells were collected and mixed with 100  µl precooled 
Radio‑Immunoprecipitation assay (RIPA) lysis buffer 
containing 1 mM phenylmethylsulfonyl fluoride for lysis 
of 15  min at 4˚C. Then, the mixture was centrifuged at 
12,000 x g and 4˚C for 5 min. The supernatant was used 
to determine protein concentration by bicinchoninic acid 
(BCA) protein concentration determination kit (RTP7102; 
Real‑Times Biotechnology Co., Ltd., Beijing, China). Protein 
samples (50 µg) were then mixed with 2X sodium dodecyl 
sulfate loading buffer before denaturation in boiling water 
bath for 5 min. Afterwards, the samples (10 µl) were subjected 
to 10% sodium dodecyl sulfate‑polyacrylamide gel electro-
phoresis at 100 V. The resolved proteins were transferred to 
polyvinylidene difluoride membranes on ice (300 mA, 1.5 h) 
and blocked with 5 g/l skimmed milk at room temperature 
for 1 h. Then, the membranes were incubated with rabbit 
anti‑human HPSE polyclonal primary antibody (1:1,000; 
Abcam, Cambridge, UK) at 4˚C overnight. After extensive 
washing with phosphate‑buffered saline with Tween 20 for 
3 times of 15 min, the membranes were incubated with poly-
clonal goat anti‑rabbit horseradish peroxidase‑conjugated 
secondary antibody (1:1,000; Abcam) for 1  h at room 
temperature before washing with phosphate‑buffered 
saline with Tween‑20 for 3  times of 15  min. Then, the 
membrane was developed with enhanced chemilumines-
cence detection kit (Sigma‑Aldrich, St. Louis, MO, USA) 
for imaging. Image lab v3.0 software (Bio‑Rad) was used to 
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acquire and analyze imaging signals. The relative expression 
of HPSE protein was calculated against β‑actin.

Cell‑counting Kit 8 (CCK‑8) assay. Cells were seeded at 
2,000/well in 96‑well plates for transfection. At 48 h after 
transfection, the cells were subjected to CCK‑8 assay for the 
detection of proliferation. At 24, 48 and 72 h, the medium was 
discarded, and the cells were washed with phosphate‑buff-
ered saline twice, followed by addition of 10% CCK‑8 
reaction reagent diluted in DMEM medium. After incuba-
tion at 37˚C for 30 min, the absorbance of each well was 
measured at 450 nm for plotting cell proliferation curves. 
Each group was tested in 3 replicate wells and the values were 
averaged.

Transwell assay. Growth‑factor depleted Matrigel invasion 
chambers (BD Biosciences, Franklin Lakes, NJ, USA) were 
used to determine the invasion ability of cells. In Matrigel 
chambers, 500 µl serum‑free DMEM medium was added 
and kept for 1 h at room temperature. In the lower chamber, 
750  µl DMEM medium supplemented with 20% serum 
was added. After trypsinization, the transfected cells were 
resuspended to a density of 4x105  cells/ml using DMEM 
containing 0.1% bovine serum albumin. After adding 500 µl 
cell suspension into the invasion chamber, the cells were 
incubated at 37˚C and 5% CO2 for 18 h. Then, the cells in 
invasion chamber were wiped by cotton swab. Cells that 
moved to the other side of the chamber were fixed with 100% 
methanol for 10 min. After being stained with 0.1% crystal 
violet, the number of cells was counted under a microscope.

Statistical analysis. Statistical analysis was performed using 
SPSS16.0 (IBM, Armonk, NY, USA). Measurement data 
were expressed as means ± standard deviations. Two groups 
of data were compared using t‑test. Differences with P<0.01 
were considered statistically significant.

Results

Expression of HPSE mRNA and protein in gastric cancer 
tissues is enhanced compared with that in tumor‑adjacent 
tissues. To measure the expression of HPSE mRNA and 
protein in gastric cancer and tumor‑adjacent tissues, qPCR and 
western blotting were employed, respectively. The qPCR data 
showed that the levels of HPSE mRNA in gastric cancer tissues 
were significantly higher than those in tumor‑adjacent tissues 
(P<0.01) (Fig. 1A). Consistently, western blotting showed that 
the protein expression of HPSE in gastric cancer tissues was 

Figure 1. Expression of (A) mRNA and (B) protein of HPSE in tumor‑adjacent tissues and gastric cancer tissues. Quantitative polymerase chain reaction 
was used to determine the expression of mRNA, and western blotting was employed to measure protein expression. *P<0.01 compared with control. HPSE, 
heparanase.

Figure 2. Prediction of target gene and determination of miR‑429 expression 
in gastric cancer tissues. (A) Bioinformatics prediction of direct interactions 
between miR‑429 and HPSE. Bioinformatics prediction is a powerful tool for 
the study of the functions of miRNAs. To understand the regulatory mecha-
nism of HPSE in gastric cancer, TargetScan (http://www.targetscan.org) and 
miRanda (http://www.microrna.org/microrna/home.do) were used to predict 
the interaction between miR‑429 and HPSE mRNA. (B) Expression of 
miR‑429 in tumor‑adjacent tissues and gastric cancer tissues. Expression of 
miR‑429 was determined by quantitative polymerase chain reaction. *P<0.01 
compared with control. miR, microRNA; HPSE, heparanase.
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significantly elevated compared with that in tumor‑adjacent 
tissues (P<0.01) (Fig. 1B). The results suggest that the expres-
sion of HPSE mRNA and protein in gastric cancer tissues is 
enhanced compared with that in tumor‑adjacent tissues.

Reduced expression of miR‑429 in gastric cancer tissues may 
be related to the targeting of HPSE mRNA by miR‑429. To 

predict whether miR‑429 can target HPSE, TargetScan and 
miRanda were used. The data showed that miR‑429 was able 
to bind with the 3'‑untranslated region (3'‑UTR) of HPSE 
mRNA (Fig. 2A). To determine the expression of miR‑429 in 
tissues, qPCR was carried out. The data showed that the level 
of miR‑429 in gastric cancer tissues was significantly lower 
than that in tumor‑adjacent tissues (P<0.01) (Fig. 2B). The 
result indicates that reduced expression of miR‑429 in gastric 
cancer tissues may be related to the targeting of HPSE mRNA 
by miR‑429.

Overexpression of miR‑429 inhibits the transcription and 
translation of HPSE gene. To test whether miR‑429 regulates 
the expression of HPSE, BGC‑823 cells were transfected 
with miR‑429 mimics. The data showed that BGC‑823 cells 
transfected with miR‑429 mimics had significantly higher 
miR‑429 level than NC group (P<0.01) (Fig. 3A). In addition, 
the expression of HPSE mRNA and protein in BGC‑823 cells 
transfected with miR‑429 mimics was significantly lower than 
that in NC group (P<0.01) (Fig. 3B‑D). The results suggest 
that overexpression of miR‑429 inhibits the transcription and 
translation of HPSE gene.

Overexpression of miR‑429 does not affect the proliferation 
of gastric cancer cells. To determine how miR‑429 affects the 
proliferation of BGC‑823 cells, CCK‑8 assay was used. The 
data showed that the absorbance of BGC‑823 cells transfected 

Figure 3. Effect of miR‑429 on the expression of HPSE in BGC‑823 cells. (A) Relative expression of miR‑429 in BGC‑823 cells of NC and miR‑429 overex-
pression groups. (B) Relative expression of HPSE mRNA in BGC‑823 cells of NC and miR‑429 mimics groups. (C and D) Relative expression of HPSE protein 
in BGC‑823 cells of NC and miR‑429 mimics groups. Quantitative polymerase chain reaction was used to determine the expression of miR‑429 and HPSE 
mRNA, and western blotting was employed to measure HPSE protein expression. *P<0.01 compared with NC group. miR, microRNA; HPSE, heparanase; 
NC, negative control.

Figure 4. Proliferation of BGC‑823 cells at 24, 48 and 72 h after transfec-
tion with NC or miR‑429 overexpression. Cell counting kit‑8 assay was used 
to determine the proliferation of the cells. Absorbance of each well was 
measured at 450 nm with a microplate reader and cell proliferation curves 
were plotted. miR, microRNA; NC, negative control.
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with miR‑429 mimics was not significantly different from 
that in NC group at 48 h or 72 h (P>0.05) (Fig. 4). The result 
indicates that overexpression of miR‑429 does not affect the 
proliferation of gastric cancer cells.

Overexpression of miR‑429 reduces the invasion ability of 
gastric cancer cells. To examine the effect of miR‑429 on 
the invasion ability of BGC‑823 cells, transwell assay was 

used. The data showed that the number of cells that crossed 
the chamber membrane in miR‑429 mimics group was signifi-
cantly lower than that in NC group (P<0.01) (Fig. 5). The result 
suggests that overexpression of miR‑429 reduces the invasion 
ability of gastric cancer cells.

Transfection with HPSE siRNA decreases the expression of 
HPSE protein in BGC‑823 cells. To measure the expression 
of HPSE in BGC‑823 cells transfected with the siRNA of 
HPSE, western blotting was carried out. The data showed that 
HPSE protein expression in BGC‑823 cells transfected with 
HPSE siRNA was significantly lower than that in NC group 
(P<0.01) (Fig. 6). The result indicates that transfection with 
HPSE siRNA decreases the expression of HPSE protein in 
BGC‑823 cells.

Figure 5. Effect of miR‑429 on the invasion ability of BGC‑823 cells trans-
fected with NC or miR‑429 overexpression. (A) Images of invasion cells that 
crossed chamber membrane. (B) Relative number of invasion cells. Transwell 
assay was used to determine the invasion ability of the cells. *P<0.01 
compared with NC group. miR, microRNA; NC, negative control.

Figure 6. Effect of siRNA of HPSE on the protein expression of HPSE in 
BGC‑823 cells. (A) Western blots of HPSE protein in cells transfected with 
NC or siRNA of HPSE. (B) Relative expression of HPSE protein in BGC‑823 
cells transfected with NC or siRNA of HPSE. Western blotting was employed 
to measure HPSE protein expression. *P<0.01 compared with NC group. 
HPSE, heparanase; NC, negative control; si, small interferring.

Figure 7. Effect of siRNA of HPSE on the biological functions of BGC‑823 
cells. (A)  Images of invasion cells that crossed chamber membrane. 
(B) Relative number of invasion cells transfected with NC or siRNA of 
HPSE. Transwell assay was used to determine the invasion ability of the 
cells. *P<0.01 compared with NC group. (C) Proliferation of BGC‑823 cells 
at 24, 48 and 72 h after transfection with negative control (NC) or siRNA 
of HPSE. CCK‑8 assay was used to determine the proliferation of the cells. 
Absorbance of each well was measured at 450 nm with a microplate reader 
and cell proliferation curves were plotted. *P<0.01 compared with NC group. 
si, small interferring; HPSE, heparanase; NC, negative control.
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Downregulated HPSE expression inhibits the occurrence 
and development of gastric cancer by reducing the invasion 
ability of the cells. To determine the effect of silencing of 
HPSE on the biological functions of BGC‑823 cells, Transwell 
assay and CCK‑8 assay were carried out. The data showed 
that reduced HPSE expression decreased the invasion ability 
of BGC‑823 cells (Fig. 7A and B), but had no effect on the 
proliferation of the cells (Fig. 7C). The results suggest that 
downregulated HPSE expression inhibits the occurrence and 
development of gastric cancer by reducing the invasion ability 
of the cells.

Discussion

miR‑429 is an important member of miR‑200 family that 
includes miR‑200a, miR‑200b, miR‑200c, miR‑141 and 
miR‑429. miR‑200 family plays important roles in the growth, 
development and apoptosis of tumor cells  (12,13). Studies 
show that miR‑200 family members are key regulators of 
epithelial mesenchymal transition in tumor cells (13,14). Of 
note, low expression of miR‑200 induces the occurrence of 
epithelial to mesenchymal transition (15,16), and overexpres-
sion of miR‑429 reverses epithelial to mesenchymal transition 
and induces mesenchymal to epithelial transition in ovarian 
cancer cells (17). In most types of tumors, miR‑429 acts as 
a tumor‑suppressor gene. For example, miR‑429 is down-
regulated in non‑small‑cell lung cancer, colorectal cancer, 
renal cell carcinoma and esophageal cancer tissues, and 
upregulation of miR‑429 inhibits the proliferation, migration 
and invasion of tumor cells by targeting Onecut2, bcl‑2 and 
SP‑1 genes (18‑21). The results of the present study show that 
the expression of miR‑429 in gastric cancer tissues is lower 
than that in tumor‑adjacent normal tissues, suggesting that 
miR‑429 participates in the occurrence and development of 
gastric cancer as a tumor‑suppressor miRNA. In addition, low 
expression of miR‑429 may become an important marker for 
the clinical progression of patients with gastric cancer. In vitro 
study shows that miR‑429 promotes the invasion ability of 
gastric cancer cells by downregulating the expression of HPSE 
gene.

HPSE is the only β‑D‑glucuronate endonuclease that 
degrades HSPG. It damages tissue barriers composed of 
extracellular matrix and basement membrane, and promotes 
the invasion and metastasis of tumors  (22). For example, 
Murry et al discover that the expression of HPSE in metas-
tasized melanoma is significantly higher than that in primary 
melanoma (22). Uno et al show that HPSE facilitates the inva-
sion and metastasis of esophageal cancer, and inhibition of 
HPSE effectively prevents the pleural metastasis of esophageal 
cancer (23). Parish et al report that competitive inhibition of 
HPSE activity by sulfate oligosaccharide compounds reduces 
the invasion and metastasis of tumors (24). Edovitsky et al 
find that mice inoculated with tumor cells with HPSE gene 
knockout have significantly decreased tumor invasion and 
metastasis rates, as well as prolonged survival time  (25). 
These studies further strengthen the fact that high expression 
of HPSE facilitates the invasion and metastasis of tumor cells, 
and reduces survival time of patients. In the present study, 
bioinformatics shows that binding sites of miR‑429 exist in the 
3'‑UTR of HPSE mRNA. In addition, the invasion ability of 

BGC‑823 cells is significantly lowered after silencing HPSE 
expression. In conclusion, the present study demonstrates that 
reduced expression of miR‑429 in gastric cancer tissues leads 
to enhanced HPSE expression, as well as further activated 
invasion of gastric cancer. Therefore, miR‑429 can be a poten-
tial diagnostic marker and therapeutic target in the treatment 
of gastric cancer.
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