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ABSTRACT
Objective: To investigate the effect of miR-1254 on proliferation and migration of gastric cancer cells.
Methods: The expression of miR-1254 in gastric cancer tissues and cells was investigated by TCGA database analysis and
real-time quantitative PCR. After overexpression or knockout of miR-1254 in gastric cancer cells, the effect of miR-1254 on the proliferation of gastric cancer cells was detected by CCK-8 assay, and the effect of miR-1254 on the migration of gastric cancer cells
was measured by scratch method. The binding sequence of miR-1254 and NKD1 3’UTR was predicted by TargetScan software, and
the regulatory effect of miR-1254 on NKD1 was further verified by luciferase reporter gene detection. The effect of miR-1254 on the
expression of NKD1 in gastric cancer cells was determined by western blot assay. The expression of NKD1 in tumor tissues and normal
tissues was analyzed by immunohistochemistry method, and the effect of over-expression of NKD1 on the proliferation and migration of
gastric cancer cells was investigated. Finally, rescue experiments were used to further verify whether miR-1254 affects the proliferation
and migration of gastric cancer cells by regulating NKD1.
Results: Compared with normal tissues and normal gastric epithelial cells, the expression of miR-1254 in human gastric cancer tissues and gastric cancer cells was increased (P < 0.01). Over-expression of miR-1254 in SGC7901 cells can enhance the proliferation and
migration of gastric cancer cells (P < 0.01). Moreover, the inhibition of miR-1254 expression in AGS cells can decrease the proliferation
and migration ability of gastric cancer cells (P < 0.01). MiR-1254 can combine with NKD1 3’UTR region, thus reducing the expression
of NKD1. Over-expression of NKD1 could inhibit the proliferation and migration of gastric cancer cells (P < 0.01), and at the same time,
it could weaken the enhancement of proliferation and migration of gastric cancer cells induced by over-expression of miR-1254 (P<0.01).
Conclusion: MiR-1254 is capable of promoting proliferation and migration of gastric cancer cells by inhibiting the expression
of NKD1.
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Introduction
Gastric cancer is an epithelial malignant tumor.
Dietary structure, food storage, acquisition of fresh
agricultural products and helicobacter pylori (HP)
are the main factors for the occurrence and development of gastric cancer(1). Therefore, in-depth exploration of the pathogenesis of gastric cancer is crucial to the development of new therapeutic methods.
The role of miRNAs in tumor progression
has been extensively studied since the discovery
of miRNAs in 1993. MiRNA is a non-coding single-stranded RNA of 19-24 nt, which can regulate
about one third of mammal gene expression at the
post-transcriptional level. MiRNAs inhibit protein translation or degradation of target mRNA by

binding to 3’UTR of targeting mRNA(2). A large
number of reports have shown that miRNA can
regulate the occurrence and development of gastric
cancer, such as miR-137, miR-421 and miR-1(3-5).
MiR-1254 has carcinogenic activity in a variety
of cancers. For example, it promotes the proliferation of lung cancer by targeting SFRP1(6). In breast
cancer, miR-1254 directly targets RASSF9 and
plays a pro-cancer role(7). The level of miR-1254 in
serum of patients with lung cancer is significantly
increased, which can be used as a biomarker of early lung cancer(8). In this study, we investigated the
role of miR-1254 in the proliferation and migration
of gastric cancer cells, and found for the first time
that miR-1254 can promote the proliferation and migration of gastric cancer cells by targeting NKD1.
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Materials and methods
Tissue samples and sources
This research plan was approved by the Medical Ethics Committee of our hospital. Sixteen patients with gastric cancer who underwent surgical
treatment in our hospital from March 2017 to September 2018 were selected as the subjects. Appropriate amount of gastric cancer lesion samples were
taken, some paracancer tissues were taken more than
5 cm from the cancer edge, and all samples were
preserved in liquid nitrogen. All the patients signed
informed consent, did not receive radiotherapy and
chemotherapy before operation, and were diagnosed
as gastric cancer by imaging, pathological and clinical symptoms.
Cell culture and transfection
Human gastric cancer cell line MGC-803, AGS,
MKN-28, SGC7901 and normal gastric epithelial
cell line GES-1 were cultured in RPMI-1640 medium (Hyclone, USA) containing 10% fetal bovine
serum (Sijiqing, China). The cells were cultured in
an incubator at 37℃ with 5% CO2. When the cells
grown to the logarithmic growth phase, transfection experiments were carried out in the SGC7901
or AGS cells. The above cells were inoculated in
6-well plate with 2 × 105 cells per well and cultured
overnight. The cells were transfected with miR-1254
non-homologous sequence, miR-1254 mimics, miR1254 inhibitor and NKD1 over-expression plasmid
by Lipofectamine 2000 (Invitrogen, USA) to form
miR-NC group, miR-1254 over-expression group,
miR-1254 low expression group and NKD1 over-expression group, respectively.
Real-time quantitative PCR (RT-qPCR)
The total RNA of tissues and cells in each group
was extracted by Trizol RNA extraction reagent. According to the instructions of reverse transcription
kit (PrimeScript™ RT reagent Kit, TaKaRa), the
quantitative PCR reaction (SYBR® Premix Ex Taq™
II, TaKaRa) was carried out. The Ct value of U6 was
used as the internal reference and the relative expression level of miRNA was calculated by 2-ΔΔCt.
Cell proliferation test
The cells were collected after transfection for
24 h, evenly laid in a 96-well plate with 2×103 /
wells, and the cells were cultured under normal conditions. The cell proliferation ability was tested in
accordance with the specification of the CCK-8 kit
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(Dojindo Laboratories, Kumamoto, Japan) after 24,
48 and 72 h of culturing. 10 μL of CCK-8 solution
was added to cells in each well and cultured at 37℃
for 1 h, then the absorbance of cells was detected at
490 nm.
Scratch experiment
The cells were seeded on a 6-well plate, and
after growth to fusion, a scratch was made on single-layer membrane of the cell with a suction head,
and the cells were washed three times with a medium free of serum. The cells were cultured for 24 h,
followed by observation and photographing.
Luciferase reporter gene detection
The 3’URT region or mutant 3’URT region of
NKD1 was cloned into psiCHECK2 vector and simultaneously transfected with miR-1254 mimics or
inhibitor in gastric cancer cells. Luciferase activity
was determined by luciferase report detection kit
(Beyotime, China) after transfection for 48 h.
Western blot
After the cells in each group were collected, the
cells were lysed by RIPA reagent and the total protein
was extracted. The protein concentration was determined by BCA method. SDS-PAGE electrophoresis
was performed after the same amount of the protein
was sampled. After the protein was separated, it was
transferred to the PVDF membrane, and the primary
antibodies of anti-NKD1, anti-GAPDH (CST, USA)
was diluted with TBST buffer until the working concentration, then the protein was incubated overnight.
The second antibody labeled with HRP was incubated at room temperature for 2 h, ECL developing was
performed, Bio-rad gel imaging system was used for
exposure and the images were analyzed.
Immunohistochemical analysis
The tissue samples were fixed in 10% formaldehyde solution, embedded in paraffin, inactivated
with endoperoxidase, 50 μL of the primary antibody
was added and incubated overnight at 4 ℃. After
adding the secondary antibody, DAB coloring was
carried out, the samples were lightly redyed by hematoxylin, dehydrated by gradient ethanol, and the
film was sealed for observation under the microscope.
Statistical analysis
GraphPad Prism software was used for
statistical analysis. The experimental results were
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expressed as mean ± standard deviation (x̅±s) and
t test was used for comparison between groups. P
< 0.05 indicated the difference was statistically
significant.
Results
High expression of miR-1254 in gastric carcinoma tissues and cells
The statistical results of TCGA database
showed that the expression levels of miR-1254 in
gastric cancer tissues were significantly higher
than that in normal tissues (P < 0.01). The results
of RT-qPCR showed that the level of miR-1254 in
tumor tissue was significantly higher than that in
normal tissue (P < 0.01) (Fig. 1B). The expression
of miR-1254 in different gastric cancer cell lines
was significantly higher than that in normal gastric
epithelial cells (Fig. 1C), and the difference was statistically significant (P < 0.01). MiR-1254 over-expression was performed in the SGC7901 cell line according to the RT-qPCR result, and the expression of
miR-1254 was inhibited in the AGS cell (Fig. 1D).
The above cell material was provided for subsequent
functional verification.

Fig. 1: The expression of miR-1254 in gastric cancer
tissues and cells. A. The expression of miR-1254 in gastric tumor tissues and normal stomach tissues. Date
was downloaded from TCGA dataset. B. The level of
miR-1254 in gastric cancer tissues and normal gastric
tissues. C. miR-1254 expression in gastric cancer cells
and normal gastric epithelial cell. D. The effect of miR1254 overexpression in SGC7901 or knockdown in AGS.
**p<0.01.

MiR-1254 promotes proliferation and migration of gastric cancer cells
The results of CCK-8 assay showed that the
proliferation ability of SGC7901 cells increased
significantly after over-expression of miR-1254 at
48 h and 72 h (P < 0.01) (Fig. 2A).
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After inhibiting the expression of miR-1254
in AGS cells, the proliferation ability of AGS cells
decreased significantly (P < 0.05, P < 0.01) (Fig.
2B). The results of scratch test showed that the cell
mobility of SGC7901 cell line transfected with
miR-1254 mimics was remarkably higher than that
of cell line transfected with miR-NC (Fig. 2C). The
migration ability of the AGS cells transfected with
miR-1254 inhitor decreased (Fig. 2D).

Fig. 2: The effect of miR-1254 on cell proliferation and
migration. A. Effect of miR-1254 on proliferation of
SGC7901 cells. B. Effect of miR-1254 on proliferation
of AGS cells. C. Effect of miR-1254 on migration of
SGC7901 cells. D. Effect of miR-1254 on migration of
AGS cells. *p<0.05, **p<0.01.

MiR-1254 promotes proliferation and migration of gastric cancer by targeting NKD1
The specific binding sequence between miR1254 and NKD1 3’UTR region was predicted by
TargetScan software analysis (Fig. 3A). The results
of Western blot confirmed that in SGC7901 cells,
the over-expression of miR-1254 could reduce the
expression of NKD1, while in the AGS cells, inhibition of miR-1254 expression could promote the
expression of NKD1 (Fig. 3B). After the NKD1
3’UTR sequence was cloned into luciferase reporter
gene plasmid, the results showed that the over-expression of miR-1254 could significantly decrease
luciferase activity (P < 0.01) (Fig. 3C). At the same
time, the inhibition of miR-1254 increased the activity of luciferase (P < 0.01) (Fig. 3D).
NKD1 can inhibit the proliferation and migration of gastric cancer
Immunohistochemical analysis of tumor tissues and paracancerous tissues in patients with gastric cancer indicated that the expression of NKD1
protein in tumor tissues was significantly lower
than that in normal tissues (Fig. 4A).
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After over-expression of NKD1 in AGS cells
(Fig. 4B), the proliferation ability of AGS cells decreased significantly (P < 0.01) (Fig. 4C), and the
mobility of AGS cells also decreased (P < 0.05)
(Fig. 4D).

Fig. 3: The regulation of miR-1254 on NKD1 expression
in gastric cancer. A. The predicted binding site of miR1254 on 3’UTR of NKD1 using TargetScan software. B.
The effect of miR-1254 on the expression of NKD1. C.
Analysis of the luciferase activity of psiCHECK-2-NKD1
3’UTR and mut vector in SGC7901 cells by miR-1254
over-expression. D. Analysis of the luciferase activity of
psiCHECK-2-NKD1 3’UTR and mut vector in AGS cells
by miR-1254 inhibition. **p<0.01.

Fig. 4: Effect of NKD1 expression on proliferation and
migration of gastric cancer cells. A. The expression of
NKD1 in normal tissues and gastric cancer tissues. B.
The expression of NKD1 analyzed by Western blot assay.
C. The effect of NKD1 on the proliferation of AGS cells.
D. The effect of NKD1 on the migration of AGS cells.
*p<0.05, **p<0.01.

Over-expression of NKD1 reduced promoting
effect of proliferation and migration by miR-1254
MiR-1254 and NKD1 were over-expressed in
AGS cells at the same time (Fig. 5A) and the results
found that NKD1 over-expression could weaken
the proliferation (Fig. 5B) and migration (Fig. 5C)
induced by miR-1254 over-expression. The above
results further confirmed that the regulation of
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miR1254 on proliferation and migration of gastric
cancer cells was achieved by NKD1 protein.

Fig. 5: The effect of miR-1254 on proliferation and migration in gastric cancer cell via targeting NKD1. A. The
over-expression of miR-1254 and NKD1 on the regulation of NKD1 protein. B. Effects of miR-1254 and NKD1
over-expression on the proliferation of AGS cells. C. Effects of over-expression of miR-1254 and NKD1 on migration of AGS cells.

Discussion
The causes of gastric cancer are varied, there is
no complete therapeutic tool for gastric cancer, and
the pathogenesis of gastric cancer has not yet been
studied. With the progress of science, it has been
gradually found that miRNA plays an important role
in the development of cancer and is abnormally expressed in all stages of tumorigenesis(9). Therefore,
the down-regulation of some miRNA expression in
the process of tumor development may be used as a
method to inhibit tumor development(10).
In this study, we compared the TCGA database
and analyzed the tumor tissues and paracancerous
tissues of patients with gastric cancer. It was found
that miR-1254 was highly expressed in gastric cancer tissues. The expression of miR-1254 was further
investigated in a variety of gastric cancer cells, it
was found that miR-1254 was also highly expressed
in a variety of gastric cancer cells, and the over-expression of miR-1254 in gastric cancer cells promoted the proliferation and migration of gastric cancer
cells, and the inhibition of miR-1254 could reduce
the proliferation and migration of gastric cancer
cells. It is confirmed for the first time that NKD1 is
the target of miR-1254 and NKD1 is a tumor inhibitor. For example, NKD1 can inhibit the invasion of
non-small cell lung cancer and is a good prognostic
factor(11). NKD1 inhibits the expression and activity
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of Rac1, thereby inhibiting the metastasis of liver
cancer(12). NKD1 is a favorable prognostic factor in
patients with invasive ductal carcinoma of breast(13).
The role of NKD1 in the progress of gastric cancer
has also been confirmed. HOXA11 can inhibit the
proliferation, migration, invasion and induce apoptosis of gastric cancer cells by up-regulating NKD1
expression(14). In this study, we further confirmed
that the expression level of NKD1 in gastric cancer tissues was lower than that in normal tissues,
and the over-expression of NKD1 could inhibit
the proliferation and migration of gastric cancer
cells. Meanwhile, the results of rescue experiment
showed that NKD1 could weaken the effect of miR1254 over-expression on gastric cancer cells, which
suggested that NKD1 could inhibit the proliferation
and migration of gastric cancer cells. Although we
found that miR-1254 promotes the proliferation
and migration of gastric cancer cells and the level
of miR-1254 was positively correlated with tumor
metastasis, in vivo experiments were also required
to further confirm the role of miR-1254 in the occurrence and development of gastric cancer.
In conclusion, it was proved in this study that
miR1254 was highly expressed in gastric cancer tissues and cells, which could targeted inhibit NKD1
expression, thus promoting the proliferation and migration of gastric cancer cells.
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