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Figure 3. MiR-519d inhibited the cell migration and invasion in GC cells. A, B. Transwell cell migration assays and 
cell number analysis were used to analyze the cell migration ability by transfecting miR-519d plasmid or negative 
control into MKN45 cells. C, D. Transwell cell migration assays and cell number analysis were used to analyze the 
cell migration ability by transfecting antagomiR-519d or negative control into SGC-7901 cells. E, F. Transwell cell 
invasion assays and cell number analysis were used to analyze the cell invasion ability by transfecting miR-519d 
plasmid or negative control into MKN45 cells. G, H. Transwell cell invasion assays and cell number analysis were 
used to analyze the cell invasion ability by transfecting antagomiR-519d or negative control into SGC-7901 cells. 
Data are means ± SD of three independent experiments. **: P<0.05.
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Figure 4. MiR-519d inhibited the cell EMT by targeting Twist1 in GC cells. A. Western-blot analysis was performed to 
analyze the protein expression of Twist1, E-cadherin, N-cadherin and Vimentin by transfecting miR-519d plasmid or 
negative control into MKN45 cells, the β-actin was used the internal control. B. western-blotting analysis was per-
formed to analyze the protein expression of Twist1, E-cadherin, N-cadherin and Vimentin by transfecting antagomiR-
519d or negative control into SGC-7901 cells, the β-actin was used the internal control. C. Bioinformatics analysis 
of between miR-519d and Twist1 recognition sequences by miRanda (http://mircorna.org) revealed the miR-519d 
had a binding site with Twist1. D, E. miR-519d mimic decreased the luciferase activities in Twist1-WT + miR-519d 
mimic group, but did not affect luciferase activity by transfecting miR-519d mimic + Twist1-MUT group into MKN45 
or SGC-7901 cells. F, G. The Twist1 expression was determined by qRT-PCR analysis by transfecing miR-519d plas-
mid or antagomiR-519d into MKN45 cells. Data are means ± SD of three independent experiments. **: P<0.05.

Figure 5. MiR-519d suppresses the Wnt/β-catenin signaling pathway in GC cells. A. Western-blot analysis was per-
formed to analyze the protein expression of β-catenin, p-GSK-3β, GSK-3β, NKD1 by transfecting miR-519d plasmid 
or negative control into MKN45 cells, the β-actin was used the internal control. B. Western-blot analysis was per-
formed to analyze the protein expression of β-catenin, p-GSK-3β, GSK-3β, NKD1 by transfecting antagomiR-519d or 
negative control into SGC-7901 cells, the β-actin was used the internal control. C. The tumor was showed in pre-miR-
519d plasmid or negative control group. D. The tumor size was showed in pre-miR-519d plasmid or negative control 
group. E. Western-blot analysis was performed to analyze the protein expression of Twist1 in pre-miR-519d plasmid 
or negative control group. Data are means ± SD of three independent experiments. **: P<0.05.
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and SGC-7901 cells. The results showed that 
relative luciferase activity was reduced by 39% 
and 41% in pmiR-Twist1-WT-3’UTR in MKN45 or 
SGC-7901, respectively, but not in those with 
respective mutant 3’UTR (Figure 4D, 4E). 
Furthermore, we found that Twist1 mRNA levels 
was decreased by transfecting miR-519d plas-
mid into MKN45 cells, but was significantly 
increased by transfecting antagomiR-519d into 
SGC-7901 cells (Figure 4F, 4G). In summary, 
these data showed that miR-519d inhibited the 
GC cell EMT process by targeting Twist1.

MiR-519d suppresses the Wnt/β-catenin sig-
naling pathway in GC cells 

Wnt/β-catenin signaling pathway is considered 
as a key player in the regulation of tissue 
homeostasis, organ size, tumorigenesis and 
E-cadherin/β-catenin complex and plays an 
important role in maintaining epithelial integrity 
and disrupting this complex affect not only the 
adhesive repertoire of a cell, but also the Wnt-
signaling pathway. Aberrant expression of the 
complex was associated with a wide variety of 
human malignancies and disorders of fibrosis 
resulting from epithelial-mesenchymal transi-
tion [12]. In the study, the western blotting anal-
ysis revealed that over-expression of miR-519d 
markedly reduced the expression levels of 
NKD1, GSK3β and β-catenin and up-regulated 
the p-GSK3β (Figure 5A). In contrast, miR-519d 
inhibition increased the expression levels of 
NKD1, GSK3β and β-catenin and down-regulat-
ed the p-GSK3β (Figure 5B). Collectively, our 
results also revealed that miR-519d sup-
pressed Wnt/β-catenin signaling and subse-
quent inhibited the cell epithelial-mesenchymal 
transition.

MiR-519d suppresses the tumor growth in vivo

Furthermore, we stably transfected MKN-45 
cells with pre-miR-519d or negative control and 
established xenograft tumor formation for GC. 
The results showed that overexpressing miR-
519d had a significantly reduced tumor volume, 
compared to the control group, and slower me- 
dian rate of growth (Figure 5C, 5D). Moreover, 
we detected the expression of Twist1 in miR-
519d overexpression group or negative group 
and the results showed that Twist1 was signifi-
cantly down-regulated in miR-519d group 
(Figure 5E). Thus, these results showed that 
MiR-519d suppresses the tumor growth in vivo.

Discussion

Recent studies indicate that miRNAs could sup-
press protein translation at the posttranscrip-
tional level and function as tumor suppressors 
in human cancers. Such as, microRNA-126 
inhibited cell proliferation in gastric cancer by 
targeting LAT-1 [13]. The microRNA-217 func-
tioned as a potential tumor suppressor in gas-
tric cancer by targeting GPC5 [14]. MicroRNA-
449a inhibited proliferation and induced apop-
tosis by directly repressing E2F3 in gastric can-
cer [15]. MiR-124 inhibited GC cell growth, 
migration and invasion, and induced cell cycle 
arrest by negatively regulated Notch1 signaling 
targeting JAG1 [16], and so on. In this study, 
down-regulation of miR-519d was observed in 
GC tissues specimens and cell lines. Multi- 
variate Cox analysis showed that miR-519d 
expression was an independent prognostic 
indicator for DFS and OS in patients with GC. 
Moreover, lower miR-519d expression had 
poorer DFS and OS than those with higher miR-
519d expression in GC patients. Our gain-and 
loss-of-function experiments demonstrated 
that up-regulation of miR-519d significantly 
inhibited the cell proliferation and reduced the 
number of migrated and invaded MKN-45 cells, 
and down-regulation of miR-519d promoted 
cell proliferation and increased the number of 
migrated and invaded SGC-7901 cells. In vivo, 
we also showed that miR-519d inhibited the 
tumor growth. Collectively, these results sug-
gested a potential tumor suppressor of miR-
519d in GC progression.

Furthermore, we demonstrated that miR-519d 
inhibited EMT process in gastric cancer cells by 
up-regulating E-cadherin expression and inhib-
ited the expression levels of Twist1, N-cadherin 
and Vimentin. Previous study demonstrated 
that miR-519d-3p suppressed invasion and 
migration of trophoblast cells via targeting 
MMP-2 [17]. Resistin promoted chondrosarco-
ma metastasis and MMP-2 expression through 
activation of the AMPK/p38 signaling pathway 
and down-regulated miR-519d expression [18]. 
Another study also showed that microRNA-
519d targeted MKi67 and suppressed cell 
growth in the hepatocellular carcinoma cell line 
[7]. In the study, we demonstrated that miR-
519d inhibited the GC cell EMT process, but 
down-regulated miR-519d had the opposite 
effects. We then investigated the mechanisms 
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by which miR-519d inhibited gastric cancer 
EMT. The results from luciferase reporter 
assays showed that Twist1 was a target of miR-
519d. Thus, our results revealed that miR-519d 
inhibited the GC cell invasion by downregulat-
ing the expression of Twist1.

Several signaling pathways including the Wnt/
β-catenin, Notch, and PI3K/Akt pathways have 
been reported to be aberrantly activated in the 
development and progression of gastric cancer 
[16, 19, 20]. Our data revealed that over-
expression of miR-519d markedly reduced the 
expression levels of NKD1, GSK3β and β-ca- 
tenin and up-regulated the p-GSK3β. In con-
trast, inhibition of miR-519d increased the ex- 
pression levels of NKD1, GSK3β and β-catenin 
and down-regulated the p-GSK3β. Thus, these 
results suggested that miR-519d inhibited the 
cell invasion by partly suppressing the Wnt/β-
catenin signaling.

In summary, our results showed that miR-519d 
functioned as a tumor suppressor to inhibit cell 
invasion in GC by targeting Twist1 and finally 
inhibiting EMT process. Our findings indicated 
that the miR-519d could be a promising thera-
peutic target for GC treatment.
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