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miR-126 targeting GOLPH3 inhibits the epithelial-mesenchymal transition of gastric
cancer BGC-823 cells and reduces cell invasion 
Jiancai Ouyang, Fuhu Song, He Li, Rui Yang, Haicheng Huang

Department of Anesthesiology, the Third Affiliated Hospital of Southern Medical University, Guangzhou, China

The incidence and mortality of gastric cancer have been increasing in recent years. miR-126 and target genes
have been studied in gastric cancer, but their studies with Golgi phosphoprotein 3 (GOLPH3) and related path-
ways in gastric cancer are rarely reported. In the present study, we aimed to investigate the interaction between
miR-126 and GOLPH3in the progression of gastric cancer. In this study, we revealed the role of the miR-126-
GOLPH3 axis in regulating the progression of epithelial-mesenchymal transition (EMT) in BGC-823 cell
model. Firstly, tumor tissues and adjacent normal tissues were collected from 45 patients with gastric cancer.
We found that the expression of miR-126 in human tumor tissue was significantly lower than in normal tissue
using reverse transcription-polymerase chain reaction (RT-PCR). But the GOLPH3 expression was opposite by
the detection of immunohistochemistry, RT-PCR and Western blot. Moreover, we predicted miR-126 targeting
GOLPH3 by bioinformatics and confirmed the interaction using luciferase reporter gene system; miR-126
inhibited the proliferation, invasion and EMT progression in BGC-823 cells through overexpressing miR-126;
miR-126 negative regulated GOLPH3 expression by overexpressing and interfering miR-126. Finally, we
found that GOLPH3 could promote proliferation using MTT assay, invasion using Transwell, and EMT pro-
gression by inhibiting the expression of E-cadherin, inducing vimentin and N-cadherin in BGC-823 cells. Our
results demonstrated that miR-126 inhibits proliferative and invasive ability as well as EMT progression by tar-
geting GOLPH3. This study may provide a new field of vision for targeted treatment of gastric cancer.

Key words: Gastric cancer cells; microRNA-126; GOLPH3; invasion; EMT.

A
B

S
T

R
A

C
T

Correspondence: Department of Anesthesiology, the Third Affiliated Hospital of Southern Medical University,
No. 183, Zhongshan Avenue West, Tianhe District, Guangzhou, Guangdong, China. 
E-mail: haicheng_huang@163.com 

Contributions: HH, conceived the study and designed the experiments; HH, JO, wrote the manuscript; JO, FS,
HL, completed the experiment; JO, RY, analyzed the data and revised the manuscript.

Conflict of interest: The authors declare that they have no competing interests.

Funding: This work was supported by grants from the Young Scientists Fund of the National Natural Science
Foundation of China (Grant No. 81601095).

Availability of data and materials: The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethical approval: Ethical approval was obtained for all experimental procedures by the Ethical Committee of
the Southern Medical University, Guangzhou, Guangdong, China. 

Patient consent for publication: Verbal informed consent was obtained from the patients for their anonymized
information to be published in this article. 

[page 294]                                           [European Journal of Histochemistry 2020; 64:3168]

1 EJH_2020_04_original.qxp_Hrev_master  26/11/20  23:26  Pagina 294

Non
-co

mmerc
ial

 us
e o

nly



                                                                                                                   Article

Introduction
Gastric cancer is a common malignant tumor of the digestive

system with a very high incidence worldwide, which significantly
affects people’s quality of life.1 The major cause of deaths from gas-
tric cancer is tumor metastasis.2 Tumor metastasis is strictly regulat-
ed by a variety of genes. These genes play significant roles in pro-
moting or inhibiting tumor metastasis.3 Reconstructing or downreg-
ulating the expression of oncogenes may be an effective method of
treating cancers.4 Human tissues express miRNA, which is related to
the normal physiological functions and growth of the human body.
miRNA regulates the processes of cell growth, differentiation and
metabolism.5 Golgi phosphoprotein 3 (GOLPH3) is located on the
5p13 amplification target of human chromosomal genes, where
many solid tumors are amplified.6 Mammalian rapamycin target pro-
tein (mTOR), a factor of the classical pathway PI3K/AKT/mTOR, is
negatively regulated by miRNAs to attenuate the malignant progres-
sion of cancer.7,8 Human miRNAs play a vital role in the occurrence
and development of tumors. Among these miRNAs, low miR-126
expression was observed in gastric carcinoma and the expression of
miR-126 was correlated with the survival rate of the patients with
gastric carcinoma.9,10 GOLPH3 is expressed at high levels in gastric
carcinoma, but exists at low levels in normal tissues. However, there
has been no report on the relationship of miR-126 with GOLPH3.
The current study used gastric cancer BGC-823 cells as the experi-
mental object in the exploration of the role of miR-126 in the inva-
sion and epithelial-mesenchymal transition (EMT) of gastric cancer
cells, to provide a reference for the role of miR-126 in gastric cancer
metastasis, and to provide new directions for targeted gene therapy
for gastric cancer.

Materials and Methods

Patients
We analyzed the data of 45 patients who were diagnosed with

gastric cancer at the First Affiliated Hospital of Guangzhou
Medical University from August 2017 to March 2020. Those who
had received radiotherapy and chemotherapy or who had other
concomitant systemic tumors and chronic diseases were excluded.
The ages ranged from 21-78 years, with a mean of 51.80±13.06
years. The blood research control group consisted of 43 healthy
medical examiners, aged 24 to 78 years, with a mean age of
51.42±14.31 years.

Cell culture and transfection
The American Type Culture Collection (ATCC, USA) provid-

ed gastric cancer BGC-823 cells cultured in Dulbecco’s modified
eagle’s medium (Sigma-Aldrich, St. Louis, MO, USA) with 1%
penicillin/streptomycin and 10% fetal bovine serum (Sigma-
Aldrich). Afterwards, the transfection of oligonucleotides (miR-
126 mimics, NC-mimics, miR-126 inhibitor, NC-inhibitor and si-
GOPLH3, respectively) and Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) was used according to the manufacturer’s
instructions. 

Immunohistochemistry
Ten percent formaldehyde was used to fix gastric cancer and

normal gastric tissue adjacent to the cancer, which were embedded
into wax blocks and sliced. The sections were dewaxed and rehy-
drated, then the antigen was retrieved.

The slices were put into the solution containing 3% hydrogen

peroxide and incubated in dark at room temperature for 30 min.
Then washed in PBS solution for 3 times on a decolorizing shaker
for 5 min each time. The sections were incubated at 4°C overnight
with a primary antibody recognizing GOLPH3 protein (Abcam,
Cambridge, UK; ab236296, 1:100) followed by an incubation with
a secondary antibody (Abcam; ab205718, 1:2000) for 30 min at
room temperature. After the slices were slightly dried, the DAB
solution was dripped into the circle. Under the microscope, the
color development time was controlled (generally within 2 min),
and the positive color was brown yellow. Finally, the sections were
counterstained with hematoxylin and dehydrated. Positively
stained cells were those that appeared brownish yellow or yellow-
ish brown under the microscope. Immunohistochemical results
were quantified by Image Pro Process. Five fields were randomly
selected under × 400 magnification, 200 cells/field were randomly
counted, and after calculation, the average positive rate was calcu-
lated and combined with the degree of staining and the average
positive rate for semi-quantitative analysis. Quantitative analysis
was performed with Image Pro plus software (Media Cybernetics,
Silver Spring, MD, USA). Both positive (tissue slides of the stom-
ach) and negative (incubating slides only with secondary antibody)
controls were included in immunohistochemistry. 

MTT assay
Cell viability was analyzed with the conventional MTT assay.

The cells had now grown at 2-4 × 104 cells per well in 96-well
microplates. MTT solution (Sigma-Aldrich) was then added to the
medium to a final concentration of 0.5 mg/mL and incubated at
37°C for 4 h. Measuring absorbance at 450 nm was calculated.

Transwell cell detects invasion changes
The steps of the invasion experiment were as follows: all

groups were diluted with a serum-free culture medium; the density
(5 × 105 cells/mL) was added to the upper chamber; 200 μL per
well was added; then 500 μL of the culture medium containing
serum was pipetted into the lower chamber. After 24 h of culture,
the chamber was removed; cells without membrane were wiped
via a cotton swab, washed with PBS, fixed with paraformaldehyde,
and stained with crystal violet.

Target gene prediction and identification
Using the target gene prediction software (Targetscan), miR-

126 was input and its target gene was detected, which was found
to be probably GOPLH3. The luciferase report system was used to
identify the relationship with this target gene. First, the pGL3-
GOPLH3-WT wild-type luciferase reporter vector containing the
GOPLH3 3’UTR binding site was constructed, then the mutant
pGL3- GOPLH3-MUT mutant luciferin without the GOPLH3 3’-
UTR binding site Enzyme reporter vector was constructed; WT,
and MUT were co-transfected with HEK-293 cells with miR-126
mimics and mimics control, respectively. After the transfection for
24 h, the change of luciferase activity was analyzed using the
Luciferase Reporter Assay System.

Quantitative RT-PCR
The total RNA was extracted by the Trizol reagent

(Invitrogen). Then, the SuperScript RT kit from Invitrogen was
used to reverse transcribe 2 µg of total RNA from the samples to
cDNA. ABI PRISM7900 Sequence Detection System (Applied
Biosystems, Waltham, MA, USA) with PowerUp™ SYBR®
Green Master Mix (Thermo Fisher Scientific, Waltham, MA,
USA) was used to perform quantitative RT-PCR. The 2-ΔΔCt method
was used for the analysis of the relative expression levels of
mRNA and miRNA, with GAPDH serving as an internal control.
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Western blotting
RIAP protein cleavage reagent was added in all groups; the

protein supernatant was collected by ultrasonic disruption, and the
protein concentration was determined by the BCA method. The
mass concentration of the SDS-PAGE gel was 100 g/L. Protein
samples were collected, mixed with Loading and Buffer, and
placed in a boiling water bath for 5 min. At a constant voltage of
90 V electrophoresis, bromophenol blue entered the bottom edge
of the glass plate, and the gel was removed and placed in the trans-
fer buffer. The PVDF membrane was cut to a suitable size, 300 mA
was transferred with current, with a transfer time of 45 min. The
PVDF membrane was placed in 50 g/L skim milk powder for 1 h,
and then incubated with primary antibody and secondary antibody
reaction solutions. Antibodies were diluted with blocking solution;
the dilution concentration of secondary antibody was 1:4000, and
the dilution concentration of primary antibodies of E-cadherin,
vimentin and N-cadherin was 1:800. After color development with
ECL, the Image J software was used to analyze the gray value of
the target band E-cadherin, vimentin, N-cadherin and the internal
reference GAPDH gray value. 

Statistical analysis 
The experiment was repeated three times and the average value

was taken. SPSS 21.0 statistical software was used for analysis.
Measurement data were presented by mean  ±SD (x±s). The compar-

ison between the two groups was done by the t-test. The comparison
of multiple groups was done via single factor analysis of variance.
The p value <0.05, the difference was statistically significant.

Results

Expression of miR-126 and GOLPH3 in gastric cancer
cells and tissues

GOLPH3 is mainly expressed in the cytoplasm, with a few in
the cell membrane, as shown in Figure 1A. In comparison with
normal gastric tissues, GOLPH3 was found to be highly expressed
in gastric cancer. The qRT-PCR results also showed that GOLPH3
mRNA was highly expressed in gastric cancer BGC-823 cells,
while miR-126 was significantly lowered (Figure 1B). We further
used the Western blot to detect the GOLPH3 protein expression
levels in gastric cancer cell BGC-823 and normal gastric cell
RGM-1. The results showed that GOLPH3 protein was significant-
ly overexpressed in BGC-823 cells (Figure 1C).

Overexpression of miR-126 can inhibit the prolifera-
tion, invasion and EMT of gastric cancer cell BGC-823

After the transfection of miR-126 mimics in gastric cancer
BGC-823 cells, the level of miR-126 in the cells increased (Figure

Figure 1. Expression of miR-126 and GOLPH3 in gastric cancer cells and tissues. A) Immunohistochemistry evaluation of the GOLPH3
expression. B) qRT-PCR evaluation of miR-126 and GOLPH3 mRNA expression. C) Western blot evaluation of the GOLPH3 protein
expression. **p<0.01vs RGM-1 group.
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2A), indicating that miR-126 mimics increased the expression
level of miR-126 in gastric cancer BGC-823 cells. In addition, cell
viability and invasion number were significantly reduced after the
transfection of miR-126 mimics in gastric cancer BGC-823 cells
(Figure 2 B,C), along with a decrease in the expression levels of
vimentin and N-cadherin protein in cells, while E-cadherin protein

expression level was increased (Figure 2D). The above results
indicate that miR-126 mimics inhibits gastric cancer BGC-823 cell
proliferation, invasion and EMT.

miR-126 targeted the regulation of GOLPH3 expression
The online target gene prediction software predicted that miR-

Figure 2. Overexpression of miR-126 can inhibit the proliferation, invasion and EMT of gastric cancer cell BGC-823. A) qRT-PCR eval-
uation of miR-126 mRNA expression. B) MTT assay evaluation of the cell viability. C) Transwell evaluation of the invasion of cells; blue
represents the number of penetrating cells: the larger the number of penetrating cells, the stronger the invasive ability of cells. D)
Western blot evaluation of the E-cadherin, vimentin and N-cadherin protein expressions. *p<0.05, **p<0.01 vs control group.
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Figure 3. miR-126 targeted the regulation of GOLPH3 expression. A) TargetScan predicts miR-126 and GOLPH3 binding sites. B)
Luciferase activity analysis of the targeted relationship of miR-126 and GOLPH3 in HEK-293T cells. C) The GOLPH3 protein expres-
sion was evaluated by Western blot; blue represents the number of penetrating cells: the larger the number of penetrating cells, the
stronger the invasive ability of cells. D) The cell viability evaluated by MTT assay. E) The invasion of cells was evaluated by Transwell.
F) The E-cadherin, vimentin and N-cadherin protein expressions evaluated by Western blot. **p<0.01 vs control group, ##p<0.01 vs NC
inhibitor.
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126 and GOLPH3 had a binding site at the 3’UTR end (Figure
3A). WT and miR-126 mimics were co-transfected into gastric
cancer BGC-823 cells with a resulting decrease in the luciferase
activity (Figure 3B), and a decrease in the expression level of
GOLPH3 protein in cells transfected with miR-126 mimics (Figure
3C). Moreover, after the transfection of si-GOLPH3 in gastric can-
cer BGC-823 cells, there was a significant increase in the cell via-
bility and invasion number (Figure 3 D,E), the expression levels of
vimentin and N-cadherin protein in cells also increased, while the
E-cadherin expression was reduced (Figure 3E). 

Overexpression of GOLPH3 can partially reverse the
effect of miR-126 on proliferation, invasion and EMT
of gastric cancer cell

In order to further study the effects of GOLPH3 and miR-126
on the proliferation, invasion and EMT of gastric cancer cell BGC-
823, we co-transfected BGC-823 cells with overexpressed miR-
126 and overexpressed GOLPH3 plasmids to detect cell prolifera-
tion, invasion and EMT. Compared with cells co-transfected with
pcDNA 3.0 and miR-126 mimics, pcDNA co-transfected 3.0-
GOLPH3 and miR-126 mimics into gastric cancer BGC-823 cells,

Figure 4. Overexpression of GOLPH3 can partially reverse the effect of miR-126 on proliferation, invasion, migration and EMT of gas-
tric cancer cell. A) The cell viability was evaluated by MTT assay. B) The invasion of cells was evaluated by Transwell. D) The E-cad-
herin, vimentin and N-cadherin protein expressions evaluated by Western blot. *p<0.05, **p<0.01 vs miR-control group, #p<0.05,
##p<0.01 vs miR-126 + pcDNA 3.0 group.
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with a resulting increase in the cell viability and invasion number
(Figure 4 A,B), E-cadherin protein levels decreased, while
Vimentin and N-cadherin protein levels increased (Figure 4C).

Discussion
miRNA molecules, which are important biological regulators,

are expressed in animals and plants, and participate in the process-
es of cell differentiation, growth, and apoptosis.11 Recent studies
have linked miRNA to the occurrence of diseases such as diabetes
and atherosclerosis.12,13 In recent years, miRNAs have regulated
tumorigenesis and metastasis, which has risen a widespread con-
cern. miRNAs are abnormally expressed in tumors and play a role
either as oncogenes or tumor suppressor genes in tumor progres-
sion.14 Some studies have compared nine gastric cancer cell lines
detected by the miRNAs microarray with normal gastric tissues,
and miR-126 was significantly downregulated.15 Yue et al. also
found that miR-126 expression in gastric cancer tissues decreased
significantly, and in vitro gastric cancer cells could inhibit the
growth of SGC7901 cells by inducing the G0/G1 phase to block
the cell cycle.16 Current research on miR-126 in gastric cancer
showed that it was lowly expressed in gastric cancer tissues and
gastric cancer cells, which could result in a blockage of the gastric
cancer cell cycle and an induction of gastric cancer cell apoptosis,
and may consequently play an inhibitory role in the progress of
gastric cancer. Moreover, our experiments have shown that gastric
cancer cell proliferation and invasion capacity are decreased after
upregulating miR-126 expression, indicating that miR-126 plays
an inhibitory role in the malignant phenotype of gastric cancer
cells, and it can equally inhibit the metastatic potential of gastric
cancer cells.

Tumor cell invasion and cell biological characteristics are
closely related to tumor metastasis. As researchers continue to
study the mechanism of tumor metastasis, the EMT of tumor cells
occurs before tumor metastasis, and the potential of tumor cell
metastasis of EMT is greater.17,18 EMT is the gradual disappearance
of epithelial cells. In the process of gradually showing the charac-
teristics of interstitial cells E-cadherin acts as an epithelial cell
marker; vimentin and N-cadherin are interstitial cell markers, and
changes in their expressions are the indicators of cellular EMT lev-
els.18,19 The process of EMT is very complex and usually influ-
enced by genes and the external environment, such as helicobacter
might induce EMT.20 In our experiment, it was found that E-cad-
herin protein levels were increased and Vimentin and N-cadherin
protein levels were decreased after upregulation of miR-126, indi-
cating that the upregulation of miR-126 can reduce the EMT levels
of gastric cancer cells, and miR-126 has the effect of reducing the
metastatic potential of gastric cancer cells.

Research on the regulatory mechanism of miRNA found that it
exerts a variety of biological functions by affecting the expression
of downstream target genes and may contain multiple target genes
at the same time. miR-126 may be closely related to the inhibition
of gastric cancer progression.21 In the study of esophageal squa-
mous cell carcinoma, Li et al. found that miR-126 inhibits the pro-
liferation and invasion of tumor cells by regulating GOLPH3. It is
speculated that GOLPH3 may be the target gene of miR-126.16,22

Studies have found that GOLPH3 plays an important role in Golgi
vesicle transport and Golgi structure.22 We found that miR-126
negatively regulates GOLPH3 and upregulates and targets
GOLPH3 protein expression. Our experiments also confirmed that
GOLPH3 could reverse the upregulation of miR-126 on gastric
cancer cell proliferation, invasion, and EMT. This indicates that
miR-126 can inhibit gastric cancer cell proliferation, invasion and
EMT by targeting GOLPH3 expression. There are also limitations

of this study. For example, additional in vivo experiments are need-
ed to verify the in vitro results.

In conclusion, miR-126 plays an inhibitory role in gastric can-
cer cell proliferation, invasion and migration, EMT, and gastric
cancer metastasis. Its mechanism of action is related to targeted
downregulation of GOLPH3 expression. The regulatory role in the
progression and metastasis of gastric cancer provides a reference
for laying a foundation for studying the miR-126 network regula-
tory mechanism. However, this assumption is based on the results
of our study and these findings probably requires further investiga-
tions as well.
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