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Abstract: Introduction: MicroRNAs (miRNAs) have been demonstrated to be involved in the pathogenesis of vari-
ous human cancers. However, the role of microRNA-519a (miR-519a) in gastric cancer (GC) remains unclear. This 
study aimed to investigate the clinical value and biological function of miR-519a in GC. Methods: The expression of 
miR-519a in GC tissues and cell lines was estimated by quantitative real-time polymerase chain reaction (qRT-PCR). 
A survival analysis for GC patients was performed using the Kaplan-Meier method. A Cox regression analysis was 
used to confirm the prognostic value of miR-519a. The biological function and potential targets of miR-519a in GC 
progression were assessed using cell experiments. Results: In this study, we found that miR-519a was an important 
tumor suppressor with downregulated expression in GC tissues and cells compared with the normal controls (all P 
< 0.05). MiR-519a expression was inversely correlated with differentiation, lymph node metastasis, and patients’ 
TNM stages. Decreased miR-519a expression was associated with the poor overall survival of GC patients (log-rank 
P = 0.002) and served as an independent prognostic biomarker for the patients. The in vitro analyses indicated 
that miR-519a overexpression in GC cells resulted in inhibited cell proliferation, migration and invasion, and IGFBP1 
was determined to be a direct target of miR-519a. Conclusion: All the data in the present study revealed that the 
downregulated expression of miR-519a predicts the poor prognosis of GC and is involved in the regulation of GC 
progression. We consider that miR-519a may be a candidate therapeutic target for GC treatment.
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Introduction

Gastric cancer (GC) is one of the most common 
malignancies and a leading cause of cancer 
mortality worldwide [1]. According to data from 
epidemiological investigations, the rates of 
morbidity and mortality of GC have clearly been 
increasing in recent decades [2]. GC occurs as 
a result of several factors, which are specified 
as risk factors for GC, including Helicobacter 
pylori infection, smoking, diet, and genetics [3]. 
Most GC patients are diagnosed at an advanced 
stage due to the lack of typical clinical manifes-
tations, leading to an increased mortality fr- 
om this malignancy [4]. Although considerable 
efforts have been made for therapeutic meth-
ods, such as surgery, chemotherapy and radio-
therapy, the prognosis and overall survival of 
patients suffering from GC remain dismal [5]. 

Emerging evidence has indicated the critical 
role of targeted therapy in cancer treatment, 
and various potential molecular targets have 
been reported in human cancers, including GC 
[6, 7]. To improve the prognosis and to further 
understand the precise molecular mechanisms 
of GC, more efforts should be made to identify 
novel biomarkers that participate in GC tumor 
progression.

A growing number of studies highlight the clini-
cal and functional roles of microRNAs (miRNAs) 
in diverse diseases [8]. These RNAs are a group 
of small noncoding RNAs that can regulate 
gene expression at the posttranscriptional level 
[9]. By regulating the key genes, miRNAs are 
involved in biological processes in different 
types of cells, including tumor cells [10]. 
MiRNAs have attracted increasing attention 
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due to their high clinical significance and criti-
cal biological functions in human cancers [11-
13]. They typically exert tumor-promoting ac- 
tions or antitumor effects through the down-
regulation of tumor suppressors or oncogenes 
[14, 15]. Therefore, miRNAs account for a large 
portion of the available therapeutic targets of 
cancers [16, 17]. MicroRNA-519a (miR-519a) 
has been investigated in some human cancers, 
such as ovarian cancer [18] and glioma [19]. 
MiR-519a has been shown to suppress cell pro-
liferation and enhance cell apoptosis in ovarian 
cancer cells and inhibit cell proliferation, migra-
tion and invasion in glioma cells. However, the 
specific role of miR-519a in GC remains 
elusive.

To clarify the role of miR-519a in GC pathogen-
esis, this study assessed the expression pat-
terns of miR-519a in GC samples and investi-
gated its prognostic value, as well as the 
biological function of miR-519a in GC cell lines.

Materials and methods

Patients and tissue collection

The experimental protocols were approved by 
the Ethics Committee of the Fuzhou First 
Hospital Affiliated to Fujian Medical University 

cal characteristics are summarized in Table 1. 
A 5-year follow-up survey was conducted for 
each patient after the surgery, and their surviv-
al data were recorded.

Cell culture and transfection

Human GC cell lines, including MGC-803, SGC-
7901, HGC-27 and BGC-823, and the normal 
gastric epithelium cell line GES-1 were pur-
chased from the Shanghai Institute of 
Biochemistry and Cell Biology (Shanghai, 
China). All the cell lines were cultured using 
Dulbecco’s-modified Eagle’s medium (DMEM, 
Invitrogen, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum (FBS, Gibco, CA, 
USA) at 37°C in a humidified incubator with 5% 
CO2.

For cell transfection, GC cells were cultured 
until 50% confluence and then transfected  
with miR-519a mimic, miR-519a inhibitor or 
their corresponding negative controls (mimic 
NC or inhibitor NC) (GenePharma, Shanghai, 
China) using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) as per the manufacturer’s 
instructions. The cells transfected with only the 
transfection reagent were designated as the 
mock condition. The cells were harvested after 
48 h and used for subsequent analyses.

Table 1. The relationship between miR-519a expression and the 
clinicopathological features of GC patients

Features Total No. 
n = 136

miR-519a expression
P values

Low (n = 79) High (n = 57)
Age (Years)

0.318    ≤ 60 52 33 19
    > 60 84 46 38
Gender

0.201    Female 44 29 15
    Male 92 50 42
Tumor size (cm)

0.131    ≤ 5 66 34 32
    > 5 70 45 25
Lymph node metastasis

0.030    Absent 71 35 36
    Present 65 44 21
Differentiation

0.015    Well + moderate 74 36 38
    Poor 62 43 19
TNM stage

0.014    I-II 62 29 33
    III-IV 74 50 24

(Fujian, China), and signed 
informed consents were pro-
vided by the participants 
before sampling. A total of 136 
patients were included in our 
cohort, patients who under-
went surgical resection at the 
Fuzhou First Hospital Affiliated 
to Fujian Medical University 
(Fujian, China) between June 
2009 and December 2012, 
and were diagnosed with gas-
tric adenocarcinoma through a 
histopathological examination. 
Cancerous tissues and mat- 
ched noncancerous tissues 
were collected from each 
patient and snap frozen in liq-
uid nitrogen and stored at 
-80°C for further use. Patien- 
ts who received preoperative 
therapy were excluded from 
our research. All the enrolled 
patients had complete elec-
tronic medical record informa-
tion, and their clinicopathologi-
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RNA extraction and quantitative real-time poly-
merase chain reaction (qRT-PCR)

Total RNA from the tissues and cells was iso-
lated using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA) and was evaluated by a NanoDrop 
2000 (Thermo Fisher Scientific, Waltham, MA, 
USA) for its concentration and quality. Single-
strand cDNA was synthesized using the pure 
RNA and looped RT-primer (5’-CTCAACTGGT- 
GTCGTGGAGTCGGCAATTCAGTTGAGCAGAAA-3’) 
with a PrimeScript RT reagent kit (TaKaRa, 
Shiga, Japan) and stored at -20°C. The cDNA 
was used as a template for qRT-PCR, which was 
conducted using a SYBR green I Master Mix kit 
(Invitrogen, Carlsbad, CA, USA) and a 7300 
Real-Time PCR System (Applied Biosystems, 
USA). For these reactions, U6 was used as an 
internal control gene with the following prim- 
ers: forward, 5’-GCTTCGGCAGCACATATACTAA- 
AAT-3’; reverse, 5’-CGCTTCACGAATTTGCGTGT- 
CAT-3’. The primer sequences for miR-519a 
(accession number: MIMAT0005452) were as 
follows: forward, 5’-GCTGTGACACTCTAGAGGG- 
AAG-3’; reverse, 5’-AACAGTAACACTCTAAAAGG- 
ATGC-3’. The final expression level fold-change 
was computed by the 2-ΔΔCt method.

Cell proliferation analysis

After cell transfection, the cells were seeded 
into 48-well plates at a density of 2 × 104 cells/
mL and then cultured at 37°C for 3 d. The cell 
proliferation was examined using a CCK-8 
assay according to the manufacturer’s proto-
cols. Each well received 10 μL of CCK-8 reagent 
(Beyotime Institute of Biotechnology, Haimen, 
China) every 24 h and was incubated for an 
additional 2 h at 37°C. The absorbance of the 
cultures was determined at a wavelength of 
450 nm using an absorbance reader (BioTek 
Instruments, VT, USA). Each experiment was 
repeated three times.

Cell migration and invasion analysis

GC cell migration and invasion were evaluated 
using Transwell chambers with 8.0 μm pore 
size polycarbonate membranes (Corning, NY, 
USA). The membranes pre-coated with Matrigel 
(Corning, NY, USA) were used for the invasion 
assay, but the migration assay did not require a 
Matrigel coating. Stably transfected GC cells 
with a cell density of 2 × 104 cells/mL were 
seeded into the upper chambers, which were 
filled with serum-free DMEM. The lower cham-
bers contained DMEM supplemented with 10% 
FBS. After incubation at 37°C for 24 h, cells in 

the lower chambers were fixed and stained with 
0.1% crystal violet. The cells in five random 
fields of view were counted with an inverted 
microscope (Olympus Corporation, Tokyo, Ja- 
pan), and the number of migrated or invaded 
cells was calculated.

Luciferase reporter assay

To further investigate the direct target of miR-
519a, we used TargetScan (http://targetscan.
org/ver_72/) to predict the potential targets. 
The complementary sequence of miR-519a 
was found in the 3’-UTR of insulin-like growth 
factor binding protein-1 (IGFBP1). To validate 
this target gene, we performed a luciferase 
reporter assay. The cells were seeded into 
24-well plates with a cell density of 2 × 105 
cells/mL. The firefly luciferase reporter vectors 
containing the wild-type 3’-UTR or mutated 
3’-UTR of IGFBP1 or a Renilla luciferase control 
plasmid (Sangon Biotech, Shanghai, China) 
were co-transfected with the miR-519a mimic 
or miR-519a inhibitor using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer’s instructions. At 48 h 
after transfection, the luciferase activity was 
measured using a SecrePair Dual-Lucife- 
rase Reporter System (Promega Corporation, 
Mannheim, Germany).

Statistical analysis

The comparisons between groups were ana-
lyzed using Student’s t-test or one-way ANOVA 
followed by Tukey’s multiple comparison test. A 
chi-square test was used to assess the rela-
tionship between miR-519a expression and the 
clinicopathological features of the patients. A 
survival analysis for the GC patients was con-
ducted using the Kaplan-Meier method and a 
log-rank test. A Cox regression analysis was 
performed to evaluate the prognostic value of 
miR-519a. All the data were expressed as the 
mean ± SD and were analyzed using SPSS 18.0 
software (SPSS Inc., Chicago, IL) and GraphPad 
Prism 5.0 software (GraphPad Software, Inc., 
USA). Differences were considered statistically 
significant when P < 0.05.

Results

Downregulated expression of miR-519a in GC 
tissues and cells

The relative expressions of miR-519a in 136 
pairs of GC tissues and normal tissues was 
determined by qRT-PCR and normalized to U6. 
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The results revealed that miR-519a expression 
was significantly downregulated in GC tissues 
compared with the normal controls (P < 0.01, 
Figure 1A). Consistently, decreased expression 
levels of miR-519a were also observed in four 
GC cell lines (MGC-803, SGC-7901, HGC-27 
and BGC-823) compared with those in the nor-
mal GES-1 cell line (all P < 0.01, Figure 1B).

Association of miR-519a expression with the 
clinicopathological features of GC patients

The role of miR-519a in the tumor development 
of GC was examined by investigating the rela-
tionship between miR-519a and the clinico-
pathological data of cancer patients. The 
research cohort was divided into low and high 
miR-519a expression subgroups according to 
the mean value of miR-519a expression 
(0.632). From Table 1, we found that miR-519a 
expression was associated with lymph node 
metastasis (P = 0.03), differentiation (P = 
0.015) and TNM stage (P = 0.014). However, 
there was no relationship between miR-519a 
expression and age, gender or tumor size (all P 
> 0.05).

Downregulation of miR-519a predicts poor 
prognosis in patients with GC

Because of the ectopic expression levels of 
miR-519a in GC samples, we further assessed 
its prognostic significance in patients with GC. 
The association of miR-519a expression with 
the overall survival of patients was estimated 

by plotting the Kaplan-Meier survival curves 
(Figure 2), which indicated that patients with 
high miR-519a expression levels had better 
overall survival than those with low miR-519a 
expression levels (log-rank P = 0.002). Fur- 
thermore, our multivariate Cox analysis demon-
strated that miR-519a (HR = 3.776, 95% CI = 
1.792-7.957, P < 0.001) and TNM stage (HR = 
1.902, 95% CI = 1.026-3.525, P = 0.041) were 
two independent prognostic factors in the sur-
vival of patients with GC (Table 2).

MiR-519a suppresses the proliferation of GC 
cells

From the clinical analyses, we observed the 
aberrant expression and prognostic value of 
miR-519a in GC; therefore, we further per-
formed cell experiments to analyze the role of 
miR-519a in GC progression. To evaluate the 
influence of miR-519a on GC cell function, the 
expression of miR-519a was upregulated by an 
miR-519a mimic and downregulated by an miR-
519a inhibitor in two GC cell lines (SGC-7901 
and HGC-27), which exhibited the extremely low 
miR-519a expression levels. The results of qRT-
PCR showed that miR-519a was successfully 
modulated by cell transfection (all P < 0.01, 
Figure 3A and 3B). Using a CCK-8 assay, we 
found that the overexpression of miR-519a 
suppressed, and the knockdown of miR-519a 
promoted, the cell proliferation of both SGC-
7901 and HGC-27 cells (all P < 0.05, Figure 3C 
and 3D).

Figure 1. Downregulated expression of miR-519a in GC tissues and cells. A. The expression of miR-519a was de-
creased in GC tissues compared with healthy tissues from the same patients. B. miR-519a expression was lower in 
the MGC-803, SGC-7901, HGC-27 and BGC-823 GC cell lines compared with GES-1 normal gastric epithelial cells. 
**P < 0.01 and ***P < 0.001 vs. healthy tissue or GES-1 cells. GC, gastric cancer; miR-519a, microRNA-519a.
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MiR-519a inhibits the migration and invasion 
of GC cells

In addition to cell proliferation, the changes in 
cell migration of invasion after cell transfection 
were also explored in GC cells. As shown in 
Figure 4A and 4B, we found that the upregula-
tion of miR-519a by the miR-519a mimic could 
inhibit, whereas the downregulation of miR-
519a by the miR-519a inhibitor could enhance, 

NAs in the pathogenesis of various human can-
cers [20]. These small noncoding RNAs have 
the ability to regulate the expression of genes, 
which usually participate in key events during 
multiple biological processes, such as carcino-
genesis [21, 22]. Numerous oncogenes and 
tumor suppressors have been reported to be 
modulated by the aberrant expression of miR-
NAs, leading to antitumor effects or tumor-pro-
moting actions [23]. Additionally, miRNAs are 

Figure 2. The association between miR-519a expression and survival in pa-
tients with GC. Patients with low miR-519a expression levels had worse over-
all survival compared with those with high miR-519a expression levels. GC, 
gastric cancer; miR-519a, microRNA-519a.

Table 2. Multivariate Cox regression analysis for miR-519a in GC 
patients

Variables
Multivariate analysis

HR 95% CI P value
MiR-519a 3.776 1.792-7.957 < 0.001
Age 1.466 0.789-2.723 0.226
Gender 1.057 0.566-1.972 0.863
Tumor size 1.107 0.615-1.991 0.735
Lymph node metastasis 1.152 0.631-2.101 0.645
Differentiation 1.647 0.889-3.051 0.112
TNM stage 1.902 1.026-3.525 0.041

the migration of GC cells (all P 
< 0.05). Similarly, the GC cell 
invasion ability was also sup-
pressed by miR-519a overex-
pression but was promoted by 
miR-519a reduction (all P < 
0.05, Figure 4C and 4D).

IGFBP1 is a direct target of 
miR-519a in GC cells

According to the TargetScan, 
IGFBP1 was predicted as a 
target of miR-519a with the 
3’-UTR sequence shown in 
Figure 5A, indicating that miR-
519a could bind the 3’-UTR of 
IGFBP1. To confirm the accu-
racy of this prediction, a lucif-
erase reporter assay was per-
formed in HGC-27 cells. The 
results shown in Figure 5B 
demonstrated that the upreg-
ulation of miR-519a suppr- 
essed the luciferase activity 
of IGFBP1 with the wild-type 
3’-UTR (IGFBP1-3’-UTR-WT, P 
< 0.001), while the down- 
regulation of miR-519a pro-
moted the luciferase activi- 
ty of IGFBP1-3’-UTR-WT (P < 
0.001). In addition, no signifi-
cant effect was observed in 
the cells transfected with the 
IGFBP1 mutant-type 3’-UTR 
(IGFBP1-3’-UTR-MT, all P > 
0.05). These data suggest 
that IGFBP1 is a direct target 
of miR-519a in GC cells.

Discussion

Accumulating evidence indi-
cates the pivotal roles of miR-
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also involved in tumor progression with the 
roles of oncogenes or tumor suppressors. For 
instance, Lv et al. [24] found downregulated 
miR-503 in osteosarcoma tissues and cells, 
which predicted poor prognosis and promoted 
cancer cell proliferation and invasion. A 
decreased expression of miR-184 was ob- 
served in nasopharyngeal carcinoma cells com-
pared with normal cells, and it could suppress 
tumor cell migration and invasion by downregu-
lating Notch2 [25]. The upregulation of miR-
613 contributed to colon cancer cell prolifera-
tion, migration and invasion by regulating 
ATOH1, indicating the potential oncogenic role 
of miR-613 in this malignancy [10]. All these 

previous studies suggested that the functional 
miRNAs could be used as novel therapeutic tar-
gets for cancer targeted therapy.

To understand the molecular mechanisms of 
GC pathogenesis, numerous miRNAs with piv-
otal roles in tumor progression have been iden-
tified and reported. For example, the confirmed 
cancer-related miR-17-92 cluster has been 
reported to play an oncogenic role in GC pro-
gression, and it has been shown to promote 
cancer development by targeting TRAF3 and 
regulating NF-κB signaling [26]. The ectopic 
expression of miR-6852 in GC samples has 
been shown to be involved in tumor cell prolif-

Figure 3. miR-519a suppresses the proliferation of GC cells. (A and B) miR-519a expression was successfully up-
regulated by the miR-519a mimic and downregulated by the miR-519a inhibitor transfection in (A) the SGC-7901 
and (B) the HGC-27 cell lines. (C and D) The upregulation of miR-519a expression suppressed, but the downregula-
tion of miR-519a promoted, the proliferation of (C) SGC-7901 and (D) HGC-27 cells. One-way ANOVA was used for 
the comparisons between multiple groups, and Student’s t-test (two tailed) was used for the comparisons between 
two groups. *P < 0.05, **P < 0.01 and ***P < 0.001 vs. Mock. GC, gastric cancer; miR-519a, microRNA-519a; NC, 
negative control; OD, optical density.
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eration and invasion and has served as a novel 
target for GC targeted therapy [27]. Our study 
observed the dysregulation of miR-519a in GC 
samples. However, the clinical value and func-
tional role of miR-519a in GC have rarely been 
reported. The function of miR-519a has been 
previously described in other cancers. In ov- 
arian cancer, downregulated miR-519a was 
detected when compared with the normal con-
trols, and its close relationship between tumor 
cell proliferation and apoptosis was also stud-
ied [18]. In glioma, miR-519a also plays a tumor 
suppressive role by targeting the oncogenic 

STAT3 pathway, and its downregulation is asso-
ciated with the poor overall survival of patients 
with glioma [19]. In contrast, an increased 
expression of miR-519a was observed in hepa-
tocellular carcinoma tissues and cell lines when 
compared with the normal controls, which sug-
gests that miR-519a plays an oncogenic role in 
this malignant disease [28]. Therefore, it is nec-
essary to further confirm the role of miR-519a 
in GC progression.

In the present study, we used qRT-PCR to mea-
sure the expression levels of miR-519a in GC 

Figure 4. miR-519a inhibits the migration and invasion of SGC-7901 and HGC-27 cells. (A and B) The migratory 
ability of (A) SGC-7901 and (B) HGC-27 GC cell lines was enhanced by the inhibition of miR-519a but inhibited by 
overexpression of miR-519a. (C and D) Similarly, cell invasion was also suppressed by miR-519a overexpression but 
promoted by miR-519a reduction in (C) SGC-7901 and (D) HGC-27 GC cell lines. *P < 0.05 and **P < 0.01 vs. Mock. 
GC, gastric cancer; miR-519a, microRNA-519a; NC, negative control.
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and found a clear downregulated expression of 
miR-519a in GC tissues and cells compared to 
the normal controls. Moreover, decreased miR-
519a expression was associated with positive 
lymph node metastasis, poor differentiation, 
and advanced TNM stage, indicating that the 
downregulation of miR-519a might be correlat-
ed with aggressive behaviors of GC. However, 
the relationship between miR-519a expression 
and tumor size was not found in our analysis, 
which might be because of the limited size of 
our research cohort. Collectively, we consid-
ered that miR-519a acts as a tumor suppressor 
and is involved in tumor development in GC. 
Because of the dysregulation of miR-519a in 
GC, its clinical significance in GC prognosis was 
also investigated. From the Kaplan-Meier sur-
vival curves and Cox regression analysis, we 
determined that low miR-519a expression is 
associated with poor overall survival and plays 
as an independent prognostic factor in the 
overall survival of patients with GC.

To further understand the biological function of 
miR-519a in GC progression, cell experiments 
were conducted using the miR-519a mimic and 
miR-519a inhibitor. By cell transfection, the 

understand the underlying mechanisms. The 
complementary sequence of miR-519a was 
found in the 3’-UTR of IGFBP1, and we con-
firmed that IGFBP1 is a direct target of miR-
519a. In a previous study by Luo et al. [30], 
IGFBP-1 was upregulated by Helicobacter pylori 
in GC cells and inhibited tumor cell migration by 
regulating MMP-9. Thus, we believe that miR-
519a might be involved in GC progression by 
targeting IGFBP1. There are some limitations in 
our study, such as the small research cohort 
and limited understanding about the molecular 
mechanisms of miR-519a acting in GC. Thus, 
further investigation, which focuses on the clini-
cal significance of miR-519a using more GC 
patients, and the related molecular mecha-
nisms using more cell experiments, are needed 
to uncover the role of miR-519a in GC.

Conclusion

Taken together, all data in this study indicated 
that miR-519a expression is downregulated in 
GC tissues and cells compared with the normal 
controls. The downregulation of miR-519a pre-
dicts poor prognosis in patients with GC and 
can be used as a noninvasive prognostic bio-
marker. The overexpression of miR-519a in GC 

Figure 5. IGFBP1 is a direct target of miR-519a in GC cells. A. The predicted 
target sequence in the 3’-UTR of IGFBP1 for miR-519a binding. B. The lucif-
erase activity of the IGFBP1 3’-UTR-WT was decreased by miR-519a overex-
pression but was increased by miR-519a expression reduction, which indi-
cated that IGFBP1 is a direct target of miR-519a. ***P < 0.001 vs. control 
group. GC, gastric cancer; IGFBP1, insulin-like growth factor binding protein 
1; miR-519a, microRNA519a; MT, mutant-type; NC, negative control; UTR, 
untranslated region; WT, wild-type.

miR-519a expression was 
successfully increased by the 
miR-519a mimic and was 
decreased by the miR-519a 
inhibitor. Then, the effects of 
miR-519a on GC cell biologi-
cal behaviors were investigat-
ed. We found that the upregu-
lation of miR-519a resulted in 
suppressed tumor cell prolif-
eration, migration and inva-
sion, but the downregulation 
of miR-519a led to enhanced 
tumor cell biological behav-
iors. These results above con-
firmed that miR-519a plays a 
tumor suppressive role in GC 
progression. In other human 
cancers, miR-519a has also 
been reported to play a role 
as a tumor suppressor, and 
its antitumor suppressive role 
occurs through the regulation 
of HuR [29]. Given the sup-
pressive role of miR-519a in 
GC progression, we predicted 
its potential targets to further 
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cells results in suppressed cell proliferation, 
migration and invasion and may be a novel tar-
get for GC targeted therapy.
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