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Abstract: Gastric cancer ranks as the third most lethal cancer worldwide. Although many efforts have been made to 
identify novel markers for early diagnosis and effective drugs for the treatment of gastric cancer, the outcome is still 
poor due to delayed diagnosis and lack of therapeutic options. MicroRNAs (miRNAs) play crucial roles during tumori-
genesis, and several miRNAs were found to be critical for gastric cancer development, offering promise as thera-
peutic targets. The results of this study indicate that a novel miRNA, miR-1292-5p, is downregulated both in gastric 
carcinoma in vivo and in gastric cancer cell lines in vitro. In addition, we showed that attenuation of miR-1292-5p 
inhibited the growth, migration and invasion of the AGS and SGC-7901 gastric cancer cell lines. Importantly, our 
results demonstrate that the proto-oncogenic protein DEK is a direct target of miR-1292-5p in gastric carcinoma. 
Our results therefore demonstrate a tumor suppressor role of miR-1292-5p in gastric carcinoma and hint at the 
diagnostic and therapeutic potential of the miR-1292-5p/DEK pathway in gastric cancer.
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Introduction

Gastric cancer is the third most lethal cancer 
worldwide [1], and its incidence is growing, with 
over 600000 new cases each year in China 
alone [2]. Even with the rapid development of 
healthcare, gastric cancer is still a nightmare 
since the prognosis is poor due to late diagno-
sis and lack of therapeutic options [3]. Thus,  
it is of great importance to explore novel mark-
ers for gastric cancer diagnosis and targets for 
its treatment. A large number of reports has 
demonstrated that miRNAs are closely related 
to the progression of gastric cancer, acting in a 
post-transcriptional manner [4, 5]. Similarly, 
various reports have demonstrated that miR-
NAs are critical for the proliferation and metas-
tasis of gastric carcinomas [6, 7]. In addition, 
miRNA and transcriptome profiling have reveal- 
ed dysregulated miRNAs in gastric cancers [8, 
9]. Moreover, novel and highly effective miRNAs 
that are crucial for the pathology of gastric car-
cinomas are being investigated continuously. 

MiR-1292-5p was found to be upregulated in 
the serum of patients with malignant pleural 

mesothelioma, suggesting a diagnostic value of 
miR-1292-5p for this neoplasm [10]. In addi-
tion, miR-1292-5p was able to differentiate 
malignant pleural mesothelioma from lung  
adenocarcinoma, suggesting that miR-1292-5p 
plays unique roles in tumor progression [10]. 
Most recently, miR-1292 was found to be over-
expressed in cancer cell lines and patient  
samples of metastatic colorectal carcinoma, 
and it was found to predict poor outcomes in 
human colorectal cancer patients, indicating an 
essential role of the miR-1292 family in cancer 
migration [11]. Furthermore, the expression of 
miR1292-5p was also associated with the out-
come of bevacizumab treatment in combina-
tion with FOLFOX for patients with metastatic 
colorectal cancer [12]. However, these profiling 
analyses revealed little about the function of 
miR-1292-5p in cancer biology. Taken together, 
limited reports have demonstrated a critical 
role of miR-1292-5p, but the detailed function 
of miR-1292-5p in cancers, especially in gastric 
carcinomas, is completely unknown.

DEK was initially identified as a crucial protein 
due to the discovery that inappropriate translo-
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cation of the dek gene on chromosome 6  
generated a dek-can mRNA in acute myeloid 
leukemia [13-16]. The expression of DEK was 
subsequently studied systematically, and it was 
revealed that itsis overexpressed in various 
types of cancers, including gastric adenocarci-
noma [17, 18]. It has been indicated that DEK is 
actively involved in transcriptional regulation 
[19, 20]. Recently, it was found that the overex-
pression of DEK is positively associated with 
tumorigenesis and metastasis in multiple can-
cers [21, 22]. In addition, DEK was recently 
found to be closely associated with DNA repair 
and cell cycle control [23]. Importantly, miRNA-
based regulation of DEK is critical for cancer 
cell proliferation and migration [24]. Although it 
has been indicated that DEK is overexpressed 
in gastric adenocarcinoma [10], the detailed 
mechanism of how DEK is regulated in gastric 
cancer and how DEK affects the disease is 
largely unknown. 

Here, we probed the expression pattern of  
miR-1292-5p and found that its expression is 
depressed in gastric carcinomas compared to 
adjoining normal mucosa. We next studied  
the role of miR-1292-5p in gastric cancer by 
overexpressing miR-1292-5p in gastric cancer 
cell lines. In addition, the migration and inva-
sion ability of gastric cancer cells with attenu-
ated miR-1292-5p expression was assessed. 
Importantly, we explored the direct target of 
miR-1292-5p in gastric cancer and found that 
DEK was directly regulated by miR-1292-5p 
and was responsible for the aberrant prolifera-
tion and migration of gastric cells that lose miR-
1292-5p expression.

Materials and methods

Human tissue specimens and cell lines

This study complied with the principles of the 
Declaration of Helsinki, and was approved by 
the human ethics and research ethics commit-
tees of the Second Affiliated Hospital of Xi’an 
Jiaotong University. This study included human 
gastric cancer samples and adjacent normal 
mucosal tissues derived from 10 patients who 
underwent surgery at the Second Affiliated 
Hospital of Xi’an Jiaotong University between 
2015 and 2016. The human gastric cancer cell 
lines SGC-7901, MKN45, and AGS, and the 
human gastric mucosal epithelial cell line 
GES-1 were purchased from the Cell Resource 

Center, Shanghai Institute of Biochemistry and 
Cell Biology, Chinese Academy of Sciences. All 
cell lines were maintained under the recom-
mended culture conditions according to ATCC 
(https://www.atcc.org/) and incubated at 37°C 
in a humidified atmosphere supplied with 5% 
CO2.

MiRNA isolation and detection

MiRNA isolation and detection was performed 
as described previously [25]. Total miRNA was 
extracted from cultured cells or human tissue 
using the miRcute miRNA isolation kit (Tiangen 
Biotech, Beijing, China), according to the manu-
facturer’s instructions. Real-time PCR was per-
formed on a CFX96 Real-Time PCR Detection 
System (Bio-Rad) using SuperReal PreMix Plus 
(Tiangen Biotech, Beijing, China), according to 
the manufacturer’s instructions. The data were 
normalized against the U6 snRNA. The miRNA 
sequence of miR-1292-5p used in this study 
was 5’-UGGGAACGGGUUCCGGCAGACGCUG-3’.

Determination of cell viability and cell cycle 
status

To determinate the number of actively prolifer-
ating viable cells, the Cell Counting Kit-8 (CCK-
8; MCE, NJ, USA) was used according to the 
manufacturer’s instructions. Briefly, 10 μL of 
the CCK-8 solution were added to each well of 
a 96-well-plate, incubated for 1 h in the incuba-
tor, and the absorbance at 450 nm measured. 
The Cell Cycle Assay Kit (Abcam, MA, USA) was 
used to determinate the cell cycle status 
according to the manufacturer’s instructions.

DEK and miR-1292-5p overexpression

The human miR-1292-5p was cloned into a len-
tiviral vector. The lentiviruses were generated 
by the co-transfection of plasmids pGC-LV and 
pHelper 2.0 using Lipo2000 (Invitrogen, USA). 
Virions were harvested and the AGS cell line 
SGC-7901 cells were infected in the presence 
of 2 µg/µL puromycin (Invitrogen). The ORF 
sequence of DEK was cloned into the pcDNA3.1 
vector and the resulting plasmid was used to 
transfect AGS and SGC-7901 cells that were 
infected with viruses using Lipo2000. Cells 
were harvested 48 hours post-transfection.

DEK RNAi

DEK expression was silenced by transfecting 
the cells with the targeted siRNA sequences 
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(Sangon Biotech, Shanghai, China) 5’-CGAAC- 
CAAAUGUCCUGAAA-3’ and 5’-UUUCAGGACAU- 
UUGGUUCG-3’. Control siRNAs (siC) were gen-
erated using 4 base substitutions in the DEK 
targeting sequence, yielding the sequences 
5’-UUCUCCGAACGUGUCACGU-3’ and 5’-ACGU- 
GACACGUUCGGAGAA-3’.

Cell migration and invasion assay

Migration and invasion assays were performed 
as described previously [26]. Briefly, migration 
was assessed using a wound-healing assay via 
scratching of confluent cell monolayers with a 
pipette tip. Cell invasion was assayed in Biocoat 
Matrigel invasion chambers (BD Bioscience, 
San Jose, CA, USA) according to the manufac-
turer’s protocol. The number of cells was count-
ed by direct visualization under a bright-filed 
microscope.

Xenografts in nude mice

SGC-7901 cells (1.5 × 106) expressing miR-
1292-5p or control miRNA were injected subcu-
taneously into the flanks of female BALB/c 
nude mice (aged 6 weeks; 5 mice per group). 
The tumor size was measured using a caliper 
every 3 d from the sixth day after injection. The 
tumor volume was calculated using the formu-
la: volume = (length × width2)/2.

Western blot analysis

Total protein was separated by 10% SDS-PAGE 
and transferred onto polyvinylidene difluoride 
membranes (Bio-Rad, Hercules, CA, United 
States). Primary anti-DEK (ab166624), anti-β-

applied to perform immunohistochemical anal-
ysis of clinical samples. Briefly, 6-μm sections 
were deparaffinized, rehydrated, and the anti-
gen retrieved. Samples were incubated with a 
DEK antibody (ab166624; Abcam) at 4°C over-
night, followed by incubation with the second-
ary antibody at room temperature for 1 h and 
washing for 2 h. The peroxidase reaction was 
then detected with 3,3’-diaminobenzidine.

Statistical analysis

Student’s t-test was used to analyze cell migra-
tion and invasion. All experiments were per-
formed at least three times. Data are displayed 
as the means ± the standard deviations from  
at least three independent experiments. RNA 
expression was examined using the Wilcoxon 
rank-sum test. Differences with p-values of 
less than 0.05 were considered statistically 
significant.

Results

Decrease of miR-1292-5p expression in gas-
tric carcinoma and gastric cancer cell lines

To reveal the role of miR-1292-5p in gastric  
carcinoma, we first examined the expression 
levels of miR-1292-5p in clinical gastric carci-
noma samples. In the 10 gastric carcinoma  
tissue samples we collected during surgery, 
miR-1292-5p was significantly down-regulated 
compared with the samples of adjacent normal 
mucosa (Figure 1A). In addition, we investigat-
ed the expression levels of miR-1292-5p in 
three gastric cancer cell lines. As expected, 
miR-1292-5p expression was decreased in the 

Figure 1. MicroRNA-1292-5p levels in gastric carcinoma, normal tissues 
and corresponding cell lines. A. qPCR examination of miR-1292-5p levels 
in gastric carcinoma tissues (C) and adjacent normal mucosa (N). Error bars 
indicate SD and *indicates P<0.05. B. qPCR examination of miR-1292-5p in 
human gastric mucosal epithelial cell line GES-1 and gastric cancer cell lines 
SGC-7901, MKN45 and AGS. Error bars indicate SD and *indicates P<0.05.

actin (ab8226) and anti-GAP-
DH (ab8245) antibodies (all 
from Abcam, USA) were incu-
bated overnight at 4°C, fol-
lowed by incubation with the 
secondary antibody Santa 
Cruz Biotechnology, CA, United 
States) for 1 h at RT. Protein 
bands were visualized using 
the ECL-kit, according to the 
manufacturer’s instructions. 
GAPDH or β-actin were used 
as a loading control.

Immunohistochemistry

The Dako LSAB kit (Dako  
A/S, Glostrup, Denmark) was 
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gastric cancer cell lines AGS, MKN45 and SGC-
7901 compared to the normal human gastric 
cell line GES, further corroborating that miR-

Since our results suggested a tumor suppres-
sor role of miR-1292-5p (Figure 2), we next 
explored the function of miR-1292-5p in gastric 

Figure 2. Effect of miR-1292-5p overexpression ongastric cancer cell 
growth, migration and invasion. A. CCK-8 analysis of cell viability of normal 
SGC-7901/AGS cells andSGC-7901/AGS cells overexpressing miR-1292-
5p. Error bars indicate SD and *indicates P<0.05. B. Cell cycle analysis of 
normal SGC-7901/AGS cells and SGC-7901/AGS cells overexpressing miR-
1292-5p. C. Cell migration analysis of normal SGC-7901/AGS cells and SGC-
7901/AGS cells overexpressing miR-1292-5p. D. Cell invasion analysis of 
normal SGC-7901/AGS cells and SGC-7901/AGS cells overexpressing miR-
1292-5p.

1292-5p is down-regulated in 
gastric carcinoma (Figure 1B).

The tumor suppressor role of 
miR-1292-5p in vitro and in 
vivo

To gain a better understand-
ings of the role that miR-1292-
5p plays in gastric carcinoma, 
we overexpressed miR-1292-
5p in gastric cancer cell lines 
and measured the prolifera-
tion of the resulting trans- 
genic cancer cells. Our results 
showed that overexpression 
of miR-1292-5p significantly 
impaired the proliferation of 
both AGS and SGC-7901 cells 
compared to overexpression 
of the control miRNA (Figure 
2A). To further understand  
the differences in cell prolifer-
ation, flow cytometry was per-
formed to determine the cell-
cycle distribution. Interesting- 
ly, the results showed that 
both miR-1292-5p-overexpr- 
essing AGS and SGC-7901 
cells showed increased per-
centages of G1 cells (from 
34.64% to 54.62% for AGS 
cells and from 36.75% to 
59.41% of SGC-7901 cells), 
and decreased subpopula-
tions of G2 cells, suggesting 
that overexpression of miR-
1292-5p resulted in G1 phase 
arrest (Figure 2B). In addition, 
we used transwell migration 
and matrigel invasion assays 
to evaluate the role miR-1292-
5p might play in gastric carci-
noma. Our data showed that 
both the migration and inva-
sion ability of AGS and SGC-
7901 cells that overexpressed 
miR-1292-5p were significant-
ly impaired (Figure 2C and 
2D).
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cancer growth in vivo. Nude mice were inocu-
lated with the same number of AGS cells over-
expressing control miRNA or miR-1292-5p.  
We found that miR-1292-5p was successfully 
overexpressed in the tumors that grew in the 
nude mice (Figure 3A). As expected, overex-
pression of miR-1292-5p significantly inhibited 
the tumor growth in vivo, as revealed by mea-
suring the volume and weight of the tumors 
(Figure 3B-D). Taken together, our data there-
fore suggest a tumor suppressor role of miR-
1292-5p both in vitro and in vivo.

DEK is a direct target of miR-1292-5p

We used miRNA target prediction software to 
search for the target genes of miR-1292-5p. 
Interestingly, among the predicted targets, a 
complementary region of miR-1292-5p was 
identified in the 3’-UTR of the oncogene DEK 
(Figure 4A). Thus, we constructed a wild-type 
DEK 3’-UTR fragment (3’WT UTR) and amutat-
ed DEK 3’-UTR fragment (3’mutant UTR),  
and inserted them into the Luc-Pair™ Duo-
Luciferase vector. Our results showed that miR-
1292-5p significantly decreased the luciferase 
activity compared to control miRNA in both AGS 

tric tumor samples (Figure 4E). In addition, 
qRT-PCR results showed that mRNA levels of 
DEK were significantly increased in human gas-
tric cancer samples (Figure 4F). Hence, our 
results suggested that miR-1292-5p suppress-
es gastric carcinoma by targeting DEK.

DEK is required for migration and invasion of 
gastric cancer cells

We next evaluated the expression levels of DEK 
in human gastric carcinoma by western blot 
analysis. Our results showed that DEK was  
significantly upregulated in gastric carcinoma 
tissues compared to the adjacent normal 
mucosa (Figure 5A). Additionally, DEK was also 
upregulated in the gastric cancer cell lines  
AGS and SGC-7901, suggesting an oncogenic 
role of DEK in gastric cancer. Accordingly, we 
designed ansiRNA to knockdown DEK in these 
gastric cancer cell lines, and our results showed 
a successful knockdown of DEK in AGS and 
SGC-7901 cells at both the mRNA and protein 
level (Figure 5C and 5D). Importantly, both the 
migration and invasion ability of AGS and SGC-
7901 cells that were transfected with the siR-
NAs targeting DEK were significantly impaired 

Figure 3. Effect of miR-1292-5p overexpression on tumorigenesis of gastric 
cancer xenografts in vivo. A. qPCR examination of miR-1292-5p in xeno-
grafts comprising normal SGC-7901 cells or SGC-7901 cells overexpress-
ing miR-1292-5p. Error bars indicate SD and *indicates P<0.05. B. Tumor 
volume of xenografts comprising normal SGC-7901 cells or SGC-7901 cells 
overexpressing miR-1292-5p. Error bars indicate SD and *indicates P<0.05. 
C. Tumor size of xenografts comprising normal SGC-7901 cells or SGC-7901 
cells overexpressing miR-1292-5p. D. Tumor weight of xenografts compris-
ing normal SGC-7901 cells or SGC-7901 cells overexpressing miR-1292-5p. 
Error bars indicate SD and *indicates P<0.05.

and 7901 cells (Figure 4B). 
Importantly, miR-1292-5p sh- 
owed no effect on the mutat-
ed 3’-UTR fragment (Figure 
4B), suggesting that DEK is a 
direct target of miR-1292-5p. 
In addition, both the mRNA 
and protein levels of DEK were 
significantly decreased in AGS 
cells transfected with miR-
1292-5p mimics, and both the 
mRNA level and the protein 
level of DEK were significantly 
increased when the cells were 
transfected with a miR-1292-
5p antagonist (Figure 4C and 
4D).

Thus, we reasoned that DEK  
is highly expressed in gastric 
carcinoma since miR-1292-5p 
is down-regulated. We next 
examined the expression of 
DEK in human gastric cancer 
samples. Immunohistochemi- 
cal staining showed that DEK 
protein levels were dramati-
cally increased in human gas-
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(Figure 5E and 5F), which was identical with the 
phenotypes that resulted from miR-1292-5p 
overexpression (Figure 2C and 2D). These data 
further suggested that miR-1292-5p suppress-
es the migration and invasion of gastric carci-
noma cells by directly targeting DEK.

MiR-1292-5p suppresses gastric cancer cell 
growth, migration and invasion by targeting 
DEK

To validate our hypothesis that miR-1292-5p 
functions by directly targeting DEK, we co-over-
expressed DEK together with miR-1292-5p in 

AGS and SGC-7901 cells. Our results showed 
that overexpression of miR-1292-5p signifi-
cantly impaired the expression of DEK while co-
overexpression of miR-1292-5p and DEK 
restored the DEK protein levels in both AGS  
and SGC-7901 cells (Figure 6A). Importantly, 
co-overexpression of miR-1292-5p and DEK 
restored the cell growth of gastric cancer cells 
(Figure 6B), suggesting that miR-1292-5p func-
tions directly through DEK. In addition, we also 
examined the cell-cycle distribution of cells 
with ectopic expression of miR-1292-5p and 
DEK. Our data showed that the increase of the 
G1 subpopulation resulting from ectopic miR-

Figure 4. Functional relationship between miR-1292-5p and the 3’UTR of DEK. A. Luciferase reporter plasmids were 
constructed by the insertion of the full-length NRP1 3’UTR into a region immediately downstream of the luciferase 
gene. B. The relative luciferase activity of the wild-type (3’WT UTR) and mutated DEK 3’UTR (3’ mutant UTR) in AGS/
SGC-7901 cells. C. qPCR examination of DEK in control miRNA-overexpressing SCG-7901 cells, miR-1292-5p-over-
expressing SCG-7901 cells, control Antagomir SCG-7901 cells and Antagomir-1292-5p SCG-7901 cells. D. West-
ern bolt analysis of DEK in control miRNA-overexpressing SCG-7901 cells, miR-1292-5p-overexpressing SCG-7901 
cells, control Antagomir SCG-7901 cells and Antagomir-1292-5p SCG-7901 cells. E. Representative immunohisto-
chemistry results of staining for DEK in non-tumor and tumor samples. F. Quantification of DEK expression in gastric 
carcinoma tissues (C) and adjacent normal mucosa (N). Error bars indicate SD and *indicates P<0.05.



MiR-1292-5p suppress gastric cancer via DEK

1234 Am J Cancer Res 2018;8(7):1228-1238

1292-5p expression was attenuated by DEK 
overexpression (Figure 6C). At the same time, 
our data also showed a slight increase of the  
S phase subpopulation when gastric cancer 
cells were co-transfected with miR-1292-5p 
and DEK (Figure 6C). Finally, our data also 
revealed that co-overexpression of miR-1292-
5p and DEK reversed the impaired migration 
and invasion capabilities of gastric cancer cells 
caused by ectopic miR-1292-5p expression. 
Taken together, the results therefore suggest 
that miR-1292-5p suppresses the growth, 
migration and invasion of gastric cancer cells 
by directly targeting the expression of the onco-
protein DEK.

1292-5p was found to be a potential marker 
that can predict the outcome of bevacizumab 
treatment in combination with FOLFOX for met-
astatic colorectal cancer [12]. However, no tar-
geted studies have been made to examine the 
mechanistic function of miR-1292-5p. Thus, it 
is of great importance to examine the expres-
sion levels of miR-1292-5p in other types of 
cancers to gain a complete understanding of 
the role of miR-1292-5p. 

Our data showed a dramatic decrease of cell 
growth when miR-1292-5p was ectopically 
expressed in gastric cancer cells, suggesting a 
remarkable therapeutic potential for gastric 

Figure 5. The functional relationship between DEK and the tumor suppres-
sor function of miR-1292-5p. A. Western bolt analysis of DEK expression in 
gastric carcinoma tissues (C) and adjacent normalmucosa (N). B. Western 
bolt analysis of DEK expression in human gastric mucosal epithelial cell line 
GES-1 and gastric cancer cell lines SGC-7901, MKN45 and AGS. C. qPCR 
examination of DEK expression in control siRNA-and DEK siRNA-transfect-
ed SCG-7901/AGS cells. Error bars indicate SD and *indicates P<0.05. D. 
Western bolt analysis of DEK expression in control siRNA-and DEK siRNA-
transfected SCG-7901/AGS cells. E. Cell migration analysis of normal SGC-
7901/AGS cells and SGC-7901/AGS cells transfected with DEK siRNA. F. 
Cell invasion analysis of normal SGC-7901/AGS cells and SGC-7901/AGS 
cells transfected with DEK siRNA.

Discussion 

MiRNAs have a tremendous 
diagnostic and therapeutic 
potential in gastric cancers 
[27]. Our data outline a sce-
nario in which the decreased 
expression of a novel miRNA, 
miR-1292-5p, promotes the 
development and invasive-
ness of gastric carcinomas, 
which suggests a tumor sup-
pressor role of miR-1292-5p 
that is mediated by the direct 
targeting of the proto-onco-
gene DEK. Dysregulated miR-
NAs are critical for the pathol-
ogy of gastric cancers, and it 
is becoming practical to atten-
uate dysregulated genes us- 
ing miRNA mimics or antago-
nists in clinical applications 
[28-30]. Thus, it is critical to 
identify cancer-specific miR-
NAs. Our results show that 
miR-1292-5p is not only down-
regulated in the three gastric 
cancer cell lines AGS, MKN45 
and SGC-7901, but also de- 
creased in human gastric car-
cinoma tissues, suggesting a 
tumor-suppressor role of miR-
1292-5p in gastric cancer. It 
has been shown that miR-
1292-5p levels are elevated  
in the sera of patients with 
malignant pleural mesothelio-
ma [10]. Most recently, miR-
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cancer treatment. Importantly, our results sug-
gest that the down-regulation of cell growth is 
due to arrest in G1, the phase of mRNA and pro-
tein synthesis. Multiple signaling pathways are 

involved in regulating G1 phase arrest [31, 32], 
and it would be of great value to further explore 
the detailed mechanism of how miR-1292-5p 
regulates the cell cycle using high throughput 

Figure 6. Effect of DEK overexpression on the tumor suppressor role of miR-1292-5p. A. Western bolt analysis of 
DEK expression in control miRNA-overexpressing or miR-1292-5p-overexpressing SCG-7901/AGS cells with/with-
out DEK overexpression. B. CCK-8 analysis of cell viability of normal SGC-7901/AGS cells, SGC-7901/AGS cells 
overexpressing miR-1292-5p, and SGC-7901/AGS cells co-overexpressing miR-1292-5p and DEK. Error bars indi-
cate SD and *indicates P<0.05. C. Cell cycle analysis of normal SGC-7901/AGS cells, SGC-7901/AGS cells over-
expressing miR-1292-5p, and SGC-7901/AGS cells co-overexpressing miR-1292-5p and DEK. Error bars indicate 
SD and *indicates P<0.05. D. Cell migration analysis of normal SGC-7901/AGS cells, SGC-7901/AGS cells overex-
pressing miR-1292-5p, and SGC-7901/AGS cells co-overexpressing miR-1292-5p and DEK. Error bars indicate SD 
and *indicates P<0.05. E. Cell invasion analysis of normal SGC-7901/AGS cells, SGC-7901/AGS cells overexpress-
ing miR-1292-5p, and SGC-7901/AGS cells co-overexpressing miR-1292-5p and DEK. Error bars indicate SD and 
*indicates P<0.05.
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methods. Our results also revealed a decreased 
tumorigenicity of SGC-7901 cells that overex-
press miR-1292-5p in vivo (Figure 3), further 
suggesting a therapeutic potential of miR-
1292-5p. Moreover, the in vivo results also 
pointed out the significance of exploring the 
expression of miR-1292-5p in various types 
and stages of cancer.

In addition to the inhibitory role of miR-1292-5p 
in cancer cell growth, our results also revealed 
that overexpression of miR-1292-5p reduced 
the migration and invasion of SGC-7901 and 
AGS cells, suggesting an inhibitory role of  
miR-1292-5p in cancer cell migration and inva-
sion. In vivo studies on the function of miR-
1292-5p in cancer cell migration and invasion 
should be performed in the future to validate 
these results. Interestingly, the mouse homo-
log of miR-1292 exhibited a contrary role in 
colorectal cancer, whereby it promoted malig-
nant traits and liver metastasis [11]. This may 
either be due to differences between the can-
cer types or differences between human and 
mouse systems. Either way, further validation 
studies are needed to dissect the exact role of 
miR-1292-5p in humans.

We also used aluciferase reporter assay to 
show that miR-1292-5p functions by repressing 
DEK (Figure 4). Our data revealed that DEK 
expression was elevated in human gastric car-
cinomas and gastric cancer cell lines, which 
was in line with previous findings, in which DEK 
was found to be highly expressed in human 
gastric adenocarcinoma and many other types 
of cancer [18, 33]. Furthermore, restoration  
of DEK expression not only rescued the cell 
growth inhibition that resulted from miR-1292-
5p overexpression, but also attenuated the 
accompanying G1 phase arrest (Figure 6). 
Indeed, accumulating evidence seems to indi-
cate that DEK is intimately involved in the con-
trol of the cell cycle [34-36], and our results 
provide further evidence that the onco-protein 
DEK is involved in cell cycle regulation in the 
growth of cancer cells. At the same time, our 
data showed that DEK inhibition through miR-
1292-5p overexpression leads to decreased 
migration and invasion of gastric cancer cells, 
which was in agreement with previous findings 
that DEK overexpression is closely related to 
metastasis in non-small cell lung cancer, 
colorectal cancer, pancreatic ductal adenocar-
cinoma, hepatocellular carcinoma and cervical 
cancer [21, 22, 24, 37, 38].

In summary, our results delineate the tumor 
suppressor role of a novel miRNA, miR-1292-
5p, in gastric carcinoma. This study provides 
experimental evidence that loss of miR-1292-
5p expression in gastric cancer results in 
uncontrolled growth and migration of gastric 
cancer cells. In addition, our data also demon-
strate a direct regulatory interplay between 
miR-1292-5p and the proto-oncogene DEK. 
Thus, our data not only demonstrate a novel 
miRNA target for gastric cancer diagnosis and 
treatment, but also provide further evidence 
that DEK is a potential target for gastric cancer 
treatment.
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