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MiR-129-5p is down-regulated and involved in migration and invasion
of gastric cancer cells by targeting interleukin-8
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Expression of microRNA-129-5p (miR-129-5p) has been reported to decrease in gastric cancer (GC). However, little infor-
mation is available about how miR-129-5p affects cell migration and invasion of GC. Cancer samples and matched non-tumor
adjacent tissues were obtained from patients with GC. Besides, peripheral blood samples were collected from both the patients
and healthy volunteers. Expression of miR-129-5p was analyzed by real-time PCR (RT-PCR). After transfection with miR-
129-5p mimics, miR-129-5p inhibitor, or negative controls in human GC cell line SGC-7901, cell viability, colony-formation
ability, migration, and invasion assay were evaluated. Luciferase reporter assay, RT-PCR, and enzyme-linked immunosorbent
assay (ELISA) were performed to explore whether interleukin-8 was a target of miR-129-5p. Further, small interfering RNA
(siRNA) against IL-8 was transfected into cells, and then the effects of miR-129-5p inhibitor on migration and invasion were
assessed. MiR-129-5p was down-regulated in both GC samples and blood samples compared to their matched non-tumor
adjacent tissues and healthy volunteers (both P < 0.05). Compared to the control group, transfection with miR-129-5p in-
hibitor markedly increased the cell viability, colony-forming ability, and numbers of migrated and invaded cells. Luciferase
reporter assay confirmed that IL-8 was a direct target of miR-129-5p, and IL-8 was negatively regulated by miR-129-5p. Co-
transfection of miR-129-5p inhibitor with si-IL-8 reversed the effect of miR-129-5p inhibitor on the migration and invasion

of the cells. MiR-129-5p and regulates migration and invasion of GC cells by targeting IL-8.
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Gastric cancer (GC) is the second most frequent lethal
cancer worldwide with approximately 50% cases in China [1].
Most patients who are diagnosed with GC are in advanced
stage of disease and predict extremely poor prognosis [2]. The
5-year survival rate for GC patients varies between 5% in Stage
IV and 90% in Stage I [3]. Although in recent years tremendous
progress has been made in the development and advancement
of GC research, the underlying molecular mechanisms involv-
ing migration and invasion are still poorly understood.

MicroRNAs (miRNAs) are short noncoding RNAs that are
responsible for the regulation of thousands of gene targets by
base pairing with the 3’ untranslated region (UTR) [4]. Recent-
ly, emerging evidence suggested that miRNAs play significant
roles in the initiation, progression, and survival prediction of
GC by regulating cell proliferation, invasion, and migration
[5,6]. MiR-129-5p, one of the mature forms of miR-129-1 and
miR-129-2, has been reported to be involved in various neo-
plastic processes, including GC [7-9]. It has been demonstrated

that miR-129-5p serves as an important tumor suppressor, and
overexpression of miR-129-5p could significantly decrease the
cell proliferation activity of multiple tumor cell lines, such
as endometrial tumor cells, lung adenocarcinoma cell lines,
bladder cancer cells, and GC cells [7, 10-12]. Another mature
form of miR-129-1 and miR-129-2, miR-129-3p, has been
suggested as a diagnostic and prognostic biomarker for renal
cell carcinoma (RCC), and could regulate cell migration and
invasion by downregulating multiple metastasis-related genes
[13]. However, little is known about the effect of miR-129-5p
on migration and invasion of GC.

Based on previous reports [7, 8, 14], we investigated the
expression pattern of miR-129-5p in GC tissues and peripheral
blood samples. In addition, the effect of miR-129-5p on GC
cell proliferation, migration, and invasion were explored by
altering the endogenous levels of miR-129-5p in human GC
cell line SGC-7901 cells. We further investigated the direct
targets of miR-129-5p to elucidate the underlying regulatory
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mechanism of migration and invasion in GC. Our study may
provide the basis for the development of therapeutic inter-
vention of cancers for GC by decreasing the migration and
invasion of the GC cells.

Patients and methods

Patients and specimens. Between April 2013 and May
2015, 50 patients with GC, including 38 men and 12 women,
aged 49-75 years (mean 68 years) underwent radical surgi-
cal resection in our hospital were included in this study. The
specimens, including GC and their matched non-tumor
adjacent tissue samples (> 5 cm), were immediately snap-
frozen and stored at -80°C. These patients received no local
or systemic treatment before the surgery. The diagnosis of GC
was confirmed by pathological examination. The tumor size
and metastasis status were recorded. In addition, two-milliliter
peripheral blood samples were collected from all these patients.
Peripheral blood samples from 15 healthy volunteers were
used as controls. This study was approved by the local Ethics
Committee, and written consents were obtained from all the
enrolled patients.

Cell culture. The human GC cell line SGC-7901 was
obtained from the Shanghai Institute of Cell Biology at the
Chinese Academy of Sciences (Shanghai, PR China). The
cells were grown in PRMI 1640 Medium (GIBCO Laboratory,
Grand Island, NY) supplemented with 10% fetal bovine serum
(FBS) (Life Technologies), 100 U/ml penicillin (Life Technolo-
gies), and 100 pg/ml streptomycin (Life Technologies) at 37°C
in a humidified atmosphere of 5% CO,.

Transfection. MiR-129-5p mimics, miR-129-5p inhibi-
tor, and negative controls were designed and synthesized by
Sangon Biotech Co., Ltd. (Shanghai, China). Small interfering
RNA (siRNA) against IL-8 and negative control were designed
and synthesized by Genepharma Corporation (Shanghai,
China). The cells were transfected using Lipofectamine 2000
(Invitrogen, USA) according to the manufacturer’s instruc-
tions. Briefly, the cells were seeded in a 24-well prior to the
transfection. After 24 h of incubation, the cells were transiently
transfected with miR-129-5p mimics (50 nM), miR-129-5p
inhibitor (100 nM), or si-IL-8 (100 nM). Forty-eight hours
later, the cells were harvested and cell lysates were prepared.
The expression levels of miR-129-5p were evaluated by using
real-time (RT)-PCR, and the target gene of miR-129-5p IL-8
expression levels were confirmed by RT-PCR and enzyme-
linked immunosorbent assay (ELISA).

RNA preparation and RT-PCR. MiRNAs were extracted
from the tissue samples, peripheral blood samples, or cultured
SGC-7901 cells using a miRNA Extraction Kit (Ambion,
Carlsbad, CA, USA) according to the manufacturer’s in-
structions. To detect the expression of IL-8, total RNA was
extracted from SGC-7901 cells with Trizol reagent (Invit-
rogen) following the manufacturer’s protocols. For analysis
of miRNA expression, reverse transcription and stem-loop
RT-PCR were carried out using the TagMan MicroRNA as-

says (ABI, Forest City, CA, USA) and subsequently amplified
by TagMan Universal Master Mix II (Life Technologies). U6
snRNA was used as an internal reference. Primers of miR-
129-5p and U6 were purchased from Genepharma (Shanghai,
China). For analysis of mRNA expression, quantitative RT-
PCR was performed using SYBR green PCR master mix
(Qiagen, Germany). Total RNA was reverse-transcribed to
complementary DNA (cDNA), amplified and detected by
using ABI Prism 7700 system (Applied Biosystems, USA)
according to the manufacturer’s instructions. GAPDH was
employed as an endogenous control for mRNA. The relative
expressions of miRNA and mRNA were calculated by using
the comparative 2724°T methods. Each measurement was
performed in triplicate.

ELISA. The levels of secreted IL-8 in the culture superna-
tants were evaluated by using a commercially available ELISA
kits (R&D Systems) according to the manufacturer’s instruc-
tions. Absorbance at 450 nm was measured using a microplate
reader (SpectraMAX 340).

Cell viability. After transfection, the cell viability was
determined by 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-
2-H-tetrazolium bromide (MTT) assay in a time-dependent
manner. Briefly, SGC-7901 cells were seeded in a 96-well plate
before transfection. The cells were cultured for 24, 48, 72 and
96 h. After transfection with miR-129-5p mimics, inhibitors,
or negative controls, MTT (5 mg/ml, 20 pl) was added and
incubated for 4 h at 37°C. Then dimethyl sulfoxide (DMSO,
150 pl) was added to remove the supernatant. The optical
density (OD) was read at the wavelength of 490 nm using
a Synergy plate reader (BioTek, USA). Assays were done in
triplicate.

Cell colony formation. After transfection with miR-129-5p
mimics, miR-129-5p inhibitor, si-IL-8 or negative controls, the
cells were seeded in 6-well plates at a density of 800 cells per
well. The culture medium was changed every three days and
allowed to grow for 14 days until visible clones appeared. After
washing with phosphate buffer saline (PBS), the cells were fixed
with 4% paraformaldehyde, stained with 0.1% crystal violet
solution, and air dried. The number of colonies was counted
under a fluorescence microscope (Zeiss, Germany).

Cell migration and invasion assay. Cell migration and
invasion were determined using Transwell migration cham-
bers (8 um pore size; Becton Dickinson). For the invasion
assay, the membranes were coated with a diluted Matrigel
(BD Biosciences). After transfection with miR-129-5p mim-
ics, miR-129-5p inhibitor, si-IL-8 or negative controls, the
cells (5x10* cells/well) were seeded in the upper chambers
with serum-free medium. The lower chamber filled with
Medium containing 10% FBS as a chemoattractant. After
incubation for 24 h at 37°C, non-invaded cells were scraped
off with cotton swabs, and the invaded cells were fixed with
4% paraformaldehyde, stained with 0.5% toluidine blue and
then counted with a light microscopy.

Target prediction. Target genes of miR-129-5p, such as
IL-8, were predicted by bioinformatics analysis using Target-



ROLE OF MIR-129-5P IN GASTRIC CANCER

675

Scan 6.2 (http://www.targetscan.org) and/or microRNA.org
(http: //www. microrna.org).

Luciferase reporter assay. The wild-type (WT) or mutated
(Mut) human IL-8 3’-UTR sequence within the predicted
target sites was PCR-amplified and linked into the PGM-T
vector (Tiangen, Beijing, China) called WT-IL-8 3'UTR and
Mut-IL-8 3’ UTR, respectively. Plasmid DNA was then isolated
and sequenced to confirm reliability. For the reporter assay,
HEK-293 cells were transfected with the above constructs
(0.5 pg) and miR-129-5p mimics (50 nM) or negative controls
(50 nM) using the Lipofectamine 2000 reagent (Invitrogen) at
70%-80% cell confluence. After 48 h of transfection, luciferase
activity was assessed by using the Dual-luciferase activity as-
say system (Promega, USA) according to the manufacturer’s
instructions. Tests were performed in duplicate in three in-
dependent samples.

Statistical analysis. Data were expressed as mean + stand-
ard deviation (SD). Statistical analyses were performed using
Statistic Package for Social Science (SPSS, version 19.0, SPSS
Inc., Chicago, Illinois, USA) statistical software. Pearson cor-
relation tests were used to determine whether the expression
of miR-129-5p was statistically correlated with tumor size. A P-
value of < 0.05 was considered to be statistically significant.

Results

MiR-129-5p was down-regulated in GC samples and
blood samples. To evaluate the expression of miR-129-5p
in GC, qRT-PCR analysis was performed in 50 pairs of GC
tissues and their matched non-tumor adjacent tissues. The
results showed that relative expression of miR-129-5p was
significantly decreased in cancer tissues compared with the
matched non-tumor tissues (P < 0.05) (Figure 1 A). Moreover,
we evaluated the expression of miR-129-5p in peripheral blood
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from the patients and 15 healthy volunteers. As indicated in
Figure 1 B, we observed that the expression of miR-129-5p
in the peripheral blood was also significantly higher in the
healthy volunteers than that in the patients with GC (P <
0.05). The results demonstrated that miR-129-5p plays an
important role in the GC and miR-129-5p might be severed
as a biomarker for GC.

MiR-129-5p decreased cell proliferation, migration, and
invasion. To assess the functional role of miR-129-5p in GC,
we first altered the expression of miR-129-5p by transfec-
tion with miR-129-5p mimic or inhibitor. The transfection
efficiency was confirmed by qRT-PCR. As expected, the rela-
tive expression of miR-129-5p was significantly up-regulated
by miR-129-5p mimic but down-regulated by miR-129-5p
inhibitor compared with the control group (both P < 0.05)
(Figure 2 A). After transfection, the cell viability, cell colony
formation, migration, and invasion were determined. As
indicated in Figure 2 B-H, compared to the control group,
the cell viability, colony-formation ability, and numbers of
migrated and invaded cells were all markedly decreased by
transfected with miR-129-5p mimic, but obviously elevated
by transfected with miR-129-5p inhibitor (all P < 0.05). These
results confirmed that miR-129-5p functions as a tumor sup-
pressor gene in GC.

IL-8 was a direct target of miR-129-5p. To predict the
target of miR-129-5p, we used two open access programs
(TargetScan 6.2 and microRNA.org). IL-8, a pro-inflamma-
tory CXC chemokine, has been reported to promote tumor
cell proliferation, survival, and migration and invasion [15-
18]. Therefore, IL-8 was selected for analysis. As shown in
Figure 3 A, IL-8 was predicted to be a target of miR-129-5p.
For the TargetScan 6.2, the parameters were listed as follows:
site type (7mer-Al), Context++ score (-0.03), Context++
score percentile (86), Weighted context++ score (-0.02),
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Figure 1. miR-129-5p is significantly decreased in gastric cancer samples and blood samples. A, the relative expression of miR-129-5p in gastric cancer
samples; B, the relative expression of miR-129-5p in blood samples, *P < 0.05 compared to non-tumor group.
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Figure 2. miR-129-5p decreases cell proliferation, cell colony formation, and migration and invasion. A, relative expression of miR-129-5p after transfec-
tion with miR-129-5p mimic or inhibitor; B, cell viability after transfection; C and D, cell colony formation ability after transfection; E and F, number
of migrated cells after transfection; G and H, number of invaded cells after transfection. *P < 0.05 compared to the control group
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Figure 3. Regulation of IL-8 by miR-129-5p. A, software prediction of miR-129-5p a potential binding sites on IL-8 3’UTR; B, luciferase assays in HEK-
293 cells with wild-type or mutant IL-8 3’UTR vectors and miR-129-5p mimic or negative control; C, RT-PCR for the relative expression of IL-8 after
transfection with miR-129-5p mimic or inhibitor; D, ELISA for the expression of IL-8 after transfection with miR-129-5p mimic or inhibitor. *P < 0.05

compared to the control group

Conserved branch length (0.330), and P, (< 0.01). For
the microRNA.org, the parameters were listed as follows:
mirSVR score: -0.1418 and PhastCons score: 0.4829. To
validate whether IL-8 was indeed regulated by miR-129-
5p in GC cells, we generated reporter plasmids (WT-IL-8
3’UTR or its mutant form MUT-IL-8 3’'UTR). The reporter
assay showed that the luciferase activity was significantly
decreased by co-transfection of miR-129-5p mimic with WT
in SGC-7901 cells compared with the control mimic group,
while no significant difference can be seen by co-transfection
of miR-129-5p mimic with Mut (Figure 3 B). Transfection of
miR-129-5p mimic in SGC-7901 cells significantly decreased
both the mRNA and protein levels of IL-8, and while trans-
fection of miR-129-5p inhibitor significantly increased both
the mRNA and protein levels of IL-8 (all P < 0.05) (Figure 3
C and D). These results suggested that miR-129-5p inhibits
IL-8expression.

Inhibition of IL-8 reversed the effect of miR-129-5p
inhibitor on migration and invasion. To further confirm
the negative relationship between miR-129-5p and target
gene IL-8, we determined the effect of miR-129-5p inhibitor
on migration and invasion after silencing the expression of

IL-8 in SGC-7901 cells. As shown in Figure 4 A, the expres-
sion of IL-8 was significantly decreased by transfection with
siRNA targeting IL-8 (P < 0.05). The numbers of migrated
and invaded cells were statistically down-regulated by co-
transfection of miR-129-5p inhibitor with si-IL-8 compared
to the cells only transfected by miR-129-5p inhibitor (Figure
4 B-E). The results suggested that inhibition the expression of
IL-8 reversed the effect of miR-129-5p inhibitor on migration
and invasion of SGC-7901 cells.

Discussion

In this study, we focused on the role of miR-129-5p in mi-
gration and invasion of human GC cell line SGC-7901 cells,
as well as possible regulatory mechanism. Our results dem-
onstrated that the expression of miR-129-5p was significantly
lower in GC tissues and peripheral blood samples. Over-
expression of miR-129-5p greatly reduced the cell viability,
colony-formation ability, migration, and invasion of GC cells.
IL-8 was confirmed as a direct target gene of miR-129-5p.
MiR-129-5p may function as a new metastasis-related gene in
GC by directly regulating the expression of IL-8.
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Figure 4 Inhibition of IL-8 reverses the effect of miR-129-5p inhibitor on migration and invasion. A, relative expression of IL-8 after transfection with

siRNA against IL-8; B and C, number of migrated cells after transfection;
the control group; *P < 0.05 compared to the miR-129-5p inhibitor group.

A great number of miRNAs have been identified to be
expressed at low levels in tumors, acting as oncogenes, anti-
oncogene, or regulators of cancer stem cells and metastasis
[19]. Reduced expression of miR-129 has been found in
multiple tumor cell lines and in primary tumors, includ-
ing GC [7, 14, 20]. Yu and co-workers [7] suggested that
all miR-129 family members (miR-129-1-3p, miR-129-2-
3p, and miR-129-5p) showed growth inhibitory in GC by
regulating cell proliferation. However, little research has

D and E, number of invaded cells after transfection. *P < 0.05 compared to

been focused on migration and invasion of miR-129-5p in
GC. Therefore, we aimed to clarify the effect of miR-129-
5p on GC migration and invasion as well as the underlying
mechanisms. First, we evaluated the expression pattern
of miR-129-5p in the collected the tumor samples and
peripheral blood samples. The data indicated that miR-
129-5p was down-regulated in both cancer samples and
blood samples compared with matched non-tumor adjacent
tissues and normal blood samples. Our results were in line
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with previous studies in which miR-129-5p plays critical
roles in tumors [21, 22]. Next, the effect of miR-129-5p
on GC cells was explored by assessing the cell viability,
colony-formation ability, migration, and invasion ability
after altering the expression of miR-129-5p. Our data sug-
gested that miR-129-5p functioned as a tumor suppressor
by decreasing cell proliferation, migration, and invasion
ability, which was in line with previous study [7].

We further investigated the possible mechanism respect to
migration and invasion of miR-129-5p. The capability of cell
migration and invasion is regarded as one of the most critical
determinant in the process of cancer metastasis, leading to
morbidity and mortality. The development of metastasis is an
extraordinarily complex and multi-step process that involves
in complicated mechanisms [23, 24]. An emerging body of
evidence has suggests that the metastasis can be an early event
[25]. It has been estimated that approximately 60% to 70% of
patients show the metastatic involvement by the time of diag-
nosis [24]. Therefore, it is imperative to understand the factors
that are responsible for tumor dissemination. In the present
study, we elucidated the underlying mechanism of miR-129-
5p in GC metastasis. Our results indicated that miR-129-5p
could directly target the 3'UTR of IL-8 genes, and repressed
the post-translational activities. IL-8, known as chemokine (C-
X-C motif) ligand (CXCL) 8, is a pro-inflammatory cytokines
that are related to promotion of neutrophil chemotaxis and
degranulation. It has well demonstrated that IL-8 is involved
in several types of tumor and play significant roles in tumor
growth, survival, neovascularization, migration, and invasion
[16-18]. Moreover, IL-8 is considered as a target for therapeutic
intervention of cancers [26]. Increased serum levels of circulat-
ing IL-8 has been reported in GC patients than healthy controls
[27, 28], and IL-8 has been suggested to be associated with
adhesion, migration, invasion and chemosensitivity, vascular-
ity of GC [29-31]. In addition, previous studies have shown
that several miRNAs, such as miR-520b, miR-106a, miR-106b,
miR-23a, and miR-93 [32-35], are identified in diverse diseases
by targeting IL-8 gene expression. Our results confirmed that
IL-8 was a direct target of miR-129-5p by luciferase reporter
assay, and IL-8 could be negatively regulated by miR-129-5p.
To verify miR-129-5p regulates the migration and invasion of
GC cells by regulating the expression of IL-8, the expression
pattern of IL-8 was silenced by siRNA, and then the migration
and invasion of GC cells were determined after application of
miR-129-5p inhibitor. The results showed that silencing the
expression of IL-8 reversed the effect of miR-129-5p inhibitor
on the migration and invasion of the cells. However, it should
be cautiously interpreted due to some limitations in our study.
We focused on a GC cell line SGC-7901 only. Second GC cell
line or animal research should be performed to confirm the
results.

In conclusion, our results indicated that miR-129-5p may
serve as a new metastasis-related gene in GC. MiR-129-5p al-
leviates the migration and invasion of GC cells by suppressing
the expression of IL-8.
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