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Abstract 

In Epstein-Barr virus (EBV)-infected epithelial cancers, BamHI A rightward transcript (BART) 
miRNAs are highly expressed. However, only a few target genes of BART miRNAs have been 
investigated. Our mRNA microarray data showed that DKK1 was markedly down-regulated in 
EBV-associated gastric carcinoma (EBVaGC) cells. Using luciferase reporter assay we tested 
whether miR-BART10-3p regulates DKK1 by directly targeting the 3’-UTR of DKK1 mRNA. We 
observed that miR-BART10-3p transfection decreased DKK1 expression, while an LNA inhibitor of 
miR-BART10-3p (LNA-miR-BART10-3p(i)) increased DKK1 expression. Furthermore, 
miR-BART10-3p and siDKK1 promoted cell proliferation and migration. In contrast, transfecting 
GC cells with LNA-miR-BART10-3p(i) or DKK1 over expression vector suppressed cell 
proliferation and migration. Our results suggest that miR-BART10-3p may be involved in the tumor 
progression of EBVaGC by targeting DKK1. 
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Introduction 
Gastric carcinoma (GC) is the third leading cause 

of cancer mortality worldwide [1]. Most GC cases are 
diagnosed at an advanced stage, and the clinical 
outcomes remain unpredictable. Recently, the Cancer 
Genome Atlas (TCGA) classified GC into four sub-
types based on molecular characteristics: micro-
satellite-unstable, genomically stable, chromosomally 
unstable, and Epstein-Barr virus (EBV)-associated [2]. 
As GC subtypes have distinct features, investigating 
potential targets in each subtype may provide 
guidelines for treating different GC patient 
populations. 

EBV is a gamma herpesvirus harboring 
oncogenic DNA that infects more than 90% of the 
world’s adult population. EBV is closely associated 
with several lymphoid and epithelial malignancies. 
EBV-associated GC (EBVaGC) accounts for almost 
10% of GC cases, which is considerable because of the 
high incidence of GC. EBVaGC cells express restricted 

EBV latent genes, such as EBNA1, EBERs, BART 
microRNAs (miRNAs), and latent membrane protein 
2A (LMP2A) [3-5].  

MiRNAs are short, single-stranded RNAs about 
22 nucleotides in length. They modulate gene 
expression by forming complementary duplexes with 
their target mRNAs, leading to translational 
inhibition and degradation of the target mRNAs. 
Single miRNA can regulate many targets, and more 
than one miRNA may target an individual mRNA 
[6-8]. Because miRNAs have the ability to inhibit gene 
expression, they play important roles in human 
cancers. For example, they regulate potential 
oncogenes or tumor suppressor genes [9, 10]. EBVaGC 
cells express high levels of BART miRNAs, which are 
encoded in the BamHI fragment A rightward 
transcript (BART) region [4, 11, 12]. By targeting 
cellular or viral genes, these miRNAs are involved in 
the regulation of multiple cellular responses such as 
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host cell proliferation, apoptosis [12-15], and immune 
escape [16, 17]. Thus, EBV miRNAs are thought to 
contribute to the carcinogenesis of EBVaGC. Further 
studies are needed to elucidate the functions of most 
EBV-encoded miRNAs.  

The Dickkopf (DKK) protein family consists of 
four members (DKK1~4) and a unique DKK3-related 
gene, Soggy (DKKL1). DKK1, the most studied 
member, is a soluble secreted protein involved in 
embryonic development. DKK1 is known as an 
antagonist of canonical Wnt signaling. DKK1 
competitively interacts with a Wnt co-receptor (LDL 
receptor-related protein (LRP) 5 or LRP6), leading to 
the degradation of β-catenin [18-20]. DKK1 is also 
involved in various tumor processes such as cell 
proliferation, survival, migration, and invasion [21, 
22]. However, the way in which DKK1 functions in 
EBVaGC cells has not been revealed. 

In this study, we founded that DKK1 was 
markedly decreased in EBVaGC cell lines, and then 
investigated whether DKK1 was regulated by EBV 
BART miRNAs or not.  

Materials and Methods 
Cell culture and reagents 

AGS is an EBV-negative gastric carcinoma cell 
line, while SNU-719 and AGS-EBV are EBV-positive 
gastric carcinoma cell lines [23, 24]. All gastric 
carcinoma cells were cultured in RPMI-1640 contain-
ing 10% fetal bovine serum, 100 U/ml penicillin, and 
100 µg/ml streptomycin. AGS-EBV cells were AGS 
infected with a recombinant Akata virus [25]. To 
culture AGS-EBV cells, 400 µg/ml of G418 (Gibco, 
Carlsbad, CA, USA) was added to the medium. The 
human embryonic kidney cell line HEK293T was 
cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% FBS, 100 U/ml 
penicillin, and 100 µg/ml streptomycin. All cells were 
incubated at 37°C and supplemented with 5% CO2. 

Target prediction 
The DKK1 sequence used for miRNA target 

prediction was extracted from the National Center for 
Biotechnology Information database (NM_012242.3). 
To examine whether the 3′-UTR of DKK1 could be 
targeted by BART miRNAs, we used a publicly 
available RNA hybrid program (http://bibiserv. 
techfak.uni-bielefeld.de/rnahybrid/). This tool finds 
the minimum free energy of hybridization needed for 
miRNAs to specific RNAs. 

Transfection of miRNA mimics and 
LNA-miRNA inhibitors 

All BART miRNA mimics and the scrambled 
control were purchased from Genolution Pharmaceu-

ticals (Seoul, South Korea). The locked nucleic acid 
(LNA) inhibitor of miR-BART10-3p (LNA-miR- 
BART10-3p(i)) and the negative control LNA-miRNA 
inhibitor (control-LNA) were purchased from Exiqon 
(Vedbaek, Denmark). All transfection experiments 
were performed using Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA) according to the 
manufacturer’s protocol. Protein and RNA were 
extracted 48 h after transfection. 

Plasmid constructs  
The full-length 3’-UTR of DKK1 was amplified 

from the cDNA of AGS cells. The 3’-UTR of DKK1 
was then cloned into XhoI/NotI sites located between 
the Renilla luciferase-coding sequence and the poly 
(A) site of the psiCHECK-2 plasmid (Promega, Madi-
son, WI, USA) to produce psiC_DKK1. The primers 
used to amplify DKK1 were 5’-TCTAGGCGATCGCT 
CGAGACCAGCTATCCAAATGCAGT-3’ and 5’-TTA 
TTGCGGCCAGCGGCCGCAGGTATTATTAATTTA
TTGGAAACTATTTTTGA-3’. Mutations were introd-
uced into the seed match sequence of psiC_DKK1 to 
produce psiC_DKK1m using an EZchange site- 
directed mutagenesis kit (Enzynomics, Daejeon, 
South Korea). The primers used for this purpose were 
5’-ACAAAATTTTTGTACACATTGATTGTTATCTT
GACTGA-3’ and 5’-TATCAAGAGGAAAAATAGGC 
AGTGCAG-3’. The DKK1 coding sequences (DKK1- 
CDS) were amplified by using cDNA prepared from 
AGS cells. The primers used were 5’-TGCTAGCGGC 
CGCTCGAGATGATGGCTCTGGGCGCAGC-3’ and 
5’-CTTATCATGTCTGGATCCTTAGTGTCTCTGAC
AAGTGTG-3’. The amplicons were cloned into the 
XhoI/BamHI sites of the pCEP4 vector (Invitrogen) by 
using an EZ-Fusion cloning kit (Enzynomics, Daejeon, 
South Korea). The constructed DKK1 expression 
vector (pCEP4DKK1) contained a hygromycin 
selection marker for enrichment of transfected cells. 

Preparation of DKK1 over-expressing cells 
In order to establish stable cell lines, AGS-EBV 

cells were seeded into 100 mm cell culture dishes. 
After 24 h, the cells were transfected with 20 µg of 
empty vector (pCEP4) or pCEP4DKK1. After selection 
of transfected cells following 15 days of treatment 
with 200 µg/ml hygromycin, the cells were harvested 
to assess DKK1 expression.  

Luciferase reporter assay for miRNA target 
analyses 

To investigate the effect of BART miRNAs on the 
expression of DKK1, HEK293T cells or AGS cells were 
seeded in 96-well plates (5×103 cells/well). After 24 h, 
the cells were co-transfected with 20 ng of psiC_DKK1 
and 20 nM of indicated BART miRNA. To confirm 
sequence specific binding of miR-BART20-5p, a seed- 
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sequence-mutated miR-BART10-3p (miR-BART10- 
3pm) was also transfected. Luciferase activity was 
measured 48 h post-transfection using the Dual-Glo 
luciferase reporter assay system (Promega). For each 
sample, Renilla luciferase activity was normalized 
using firefly luciferase activity. 

Quantitative reverse transcription PCR 
(qRT-PCR) for DKK1 

AGS, AGS-EBV, or SNU-719 cells were 
harvested, and total RNA was extracted using the 
RNAiso Plus reagent (TaKaRa, Tokyo, Japan) 
according to the manufacturer’s instructions. cDNA 
was synthesized using 3 μg total RNA, oligo(dT) 
primers (Macrogen, Seoul, South Korea), and 
Moloney murine leukemia virus reverse transcriptase 
(Invitrogen). Real-time PCR for the indicated genes 
was carried out using TOPrealTM Qpcr 2x Pre-MIX 
SYBR-Green (Enzynomics, Daejeon, Korea) with a 
real-time PCR system (CFX96, BioRad, Hercules, CA, 
USA). The sequences of the primers were 5’-AGCACC 
TTGGATGGGTATTC-3’ and 5’-CACAATCCTGAGG 
CACAGTC-3’ for DKK1, and 5’-ATGGGGAAGGTGA 
AGGTCG-3’ and 5’-GGGGTCATTGATGGCAACAA 
TA-3’ for GAPDH. PCR conditions were 95°C for 10 
min, followed by 35 cycles of 95°C for 10 s, 60°C for 30 
s, and 72°C for 30 s. To confirm specific amplification 
of the PCR product, dissociation curves were checked 
routinely. For this, reaction mixtures were incubated 
at 95°C for 60 s, and then ramped from 60°C to 95°C at 
a heating rate of 0.1°C/s, with fluorescence measured 
continuously. Relative gene expression was calculated 
using quantification cycle (Cq) values, with GAPDH 
as an internal standard. 

Quantitative reverse transcription PCR for 
miRNA analyses 

miRNA cDNA was synthesized using the Mir-X 
miRNA first-strand synthesis kit (Clontech, Mountain 
View, CA, USA) according to the manufacturer’s 
instructions. Real-time quantitative PCR was perfor-
med using TOPrealTM Qpcr 2x Pre-MIX SYBR-Green 
(Enzynomics, Daejeon, Korea). The forward primer 
used for miR-BART10-3p was 5’-TACATAACCATGG 
AGTTGGCTGT-3'. All amplifications were performed 
in triplicate, and values were normalized to the value 
for an endogenous control, U6. The U6 RT primer was 
supplied in the kit. 

Cell proliferation assay  
Cell proliferation was analyzed by 3-(4,5- 

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay (Amresco, Shanghai, China). 
AGS-EBV, SNU-719, or DKK1 over-expressing 
AGS-EBV cells (3 × 103 cells/well) were seeded into 

96-well plates. After the indicated periods following 
transfection, 20 µl of MTT solution (5 mg/ml) was 
added to each well. The absorbance at 595 nm was 
measured with a SoftMax apparatus (Molecular 
Devices, Sunnyvale, CA, USA) 4 h after adding MTT 
solution. 

Knocking down DKK1 with small interfering 
RNAs (siRNAs) 

Small interfering RNAs (siRNAs) specific for 
DKK1 (siDKK1), and a control siRNA lacking any 
known target, were synthesized by Bioneer (Daejon, 
South Korea). The sequence of the siDKK1 was 
5’-CACUAAACCAGCUAUCCAA-3’. AGS-EBV cells 
(1 ×  106 cells/dish) were transfected with 30 nM 
siRNA using Lipofectamine 2000 (Invitrogen) in 100 
mm dishes. Cells were harvested to analyze DKK1 
expression 48 h after transfection.  

Western blot analyses 
Cell lysates in radioimmunoprecipitation assay 

(RIPA) buffer containing protease inhibitors (1 mM 
phenylmethylsulfonyl fluoride, 10 µg/ml leupeptin, 
10 µg/ml pepstatin A, and 10 µg/ml aprotinin) were 
mixed with 5× loading buffer (Fermentas, Waltham, 
MA, USA) and heated at 95°C for 5 min. Samples 
were separated electrophoretically on 8% sodium 
dodecyl sulfate (SDS)-polyacrylamide gels, and the 
separated proteins were transferred to a polyvinyl-
idene fluoride (PVDF) membrane (Millipore, Billerica, 
MA, USA). Membranes were blocked and probed 
with the following antibodies: rabbit anti-DKK1 
(1:500; Cell Signaling Technology, Danvers, MA, 
USA), mouse anti-β-catenin (1:500; Santa Cruz 
Biotechnology), and rabbit anti-β-actin (1:3,000; Cell 
Signaling Technology). Bound antibodies were 
detected with horseradish peroxidase (HRP)- 
conjugated anti-mouse or anti-rabbit secondary 
antibodies (Santa Cruz Biotechnology) at a dilution of 
1:3,000 for 45 min at room temperature. Protein bands 
were visualized using an enhanced chemilumin-
escence detection system (Amersham Bioscience, GE 
Healthcare, Piscataway, NJ, USA), and the membrane 
was exposed to X-ray film (Agfa, Mortsel, Belgium). 
Anti-β-actin antibody was used to confirm that 
loading was comparable between gel lanes. The 
density of each protein band was read and quantified 
using ImageJ software. 

Wound healing assay 
To study the effect of miR-BART10-3p on cell 

migration, cells (3 x 105 cells/well) were seeded into 
12-well plates and allowed to reach 90-95% 
confluence. Cells were scratched with a sterile 200 µl 
pipette tip through the confluent monolayer and 
subsequently washed with phosphate buffered saline 
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to remove cell debris. Four hours later, the cells were 
transfected with miR-BART10-3p, LNA-miR-BART10- 
3p(i), siDKK1, or pCEP4DKK1. The cells were then 
cultured in RPMI-1640 medium containing 3% FBS at 
37˚C in a humidified chamber supplied with 5% CO2. 
The scratched wounds were observed by an Axiovert 
200 (Carl Zeiss, Thornwood, NY, USA) microscope 
just after transfection (time 0) and 48 h after 
transfection. Photographs were taken to assess the 
level of migration in each group of transfected cells, 
and wound areas were measured by ImageJ software. 
The experiments were performed in triplicate. 

Statistical analyses 
The data were analyzed using the Student’s 

t-test, two-way repeated-measure analysis of variance 
(ANOVA), or curve fit. Analyses were performed 
using GraphPad Prism software (GraphPad Software, 
San Diego, CA, USA). P-values <0.05 were considered 
statistically significant. All results were expressed as 
the mean ± standard deviation (SD). 

Results 
DKK1 is down-regulated in AGS-EBV cells 

To analyze the effect of EBV infection on DKK1 
expression, we compared microarray data [13] 
between AGS and AGS-EBV cells. Noticeably, DKK1 
showed reduced expression in EBV-infected cells (Fig. 
1A). To validate these data, DKK1 expressions in AGS 
and AGS-EBV cell lines were determined by real-time 
RT-PCR and Western blot. We found that DKK1 
mRNA and protein levels decreased in AGS-EBV cells 
by 71% and 47%, respectively, compared to those in 
AGS cells (Fig. 1B-D). We also analyzed β-catenin 
expression to assess the possible relationship between 
DKK1 and β-catenin. The results showed that 
β-catenin protein levels are elevated in AGS-EBV cells 
than in AGS cells (Fig. 1D).  

Screening BART miRNAs for the ability to 
target DKK1  

To test whether EBV miRNAs down-regulate 
DKK1 expression in EBV-positive cells, EBV miRNAs 
showing a seed match to DKK1 were identified using 
an RNA hybrid program (http://bibiserv.techfak.uni- 
bielefeld.de/rnahybrid/). Four BART miRNAs 
(miR-BART5-5p, miR-BART8-3p, miR-BART10-3p, 
and miR-BART17-5p) were selected to further analyze 
their possible interaction with the 3’-UTR of DKK1 
(Fig. 2A).  

To investigate whether these miRNAs directly 
targeted DKK1, we constructed a luciferase reporter 
vector containing the entire 3’-UTR region of DKK1 
(psiC_DKK1). The psiC_DKK1 reporter vector and 
each of the four BART miRNA mimics were 
co-transfected into HEK293T cells. Only the 
miR-BART10-3p mimic significantly reduced Lucifer-
ase activity when compared to the scrambled control 
in HEK293T cells (Fig. 2B). Because the other mimics 
did not inhibit luciferase activity, miR-BART10-3p 
was selected for further studies.  

miR-BART10-3p directly targets DKK1 
To identify whether miR-BART10-3p specifically 

targets DKK1, miR-BART10-3pm, which contains a 
mutation at sites 1-3 of the seed sequence of 
miR-BART10-3p, was used for a luciferase assay (Fig. 
2C). Unlike miR-BART10-3p, the mutant mimic 
(miR-BART10-3pm) failed to suppress luciferase 
activity in HEK293T cells (Fig. 2D). We also 
substituted sites 2, 3, 4, and 7 of the seed match 
sequence for miR-BART10-3p in psiC_DKK1 to 
prepare psiC_DKK1m (Fig. 2C). When psiC_DKK1m 
was transfected into HEK293T (Fig. 2D) or AGS (Fig. 
2E), luciferase activity was not reduced with 
co-transfected miR-BART10-3p. These results suggest 
that miR-BART10-3p inhibits DKK1 expression 
through a sequence-specific interaction with the 
3’-UTR of DKK1 mRNA. 

 

 
Figure 1. Reduction of DKK1 expression in EBV-infected GC cells. (A) Microarray analyses of AGS and AGS-EBV cells (n=5). (B) DKK1 mRNA expression was 
measured by real-time RT-PCR using a SYBR green qPCR kit. (C) DKK1 and β-catenin protein levels were assessed by Western blot analysis. Anti-β-actin antibody was used as 
a loading control. (D) Western blots were performed on two additional sets of independently cultured cells. Results were normalized using β-actin and expressed as ratios 
relative to values obtained from AGS cells. Error bars indicate the SD (n=3). 
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We next tested the effect of endogenously 
expressed miR-BART10-3p on DKK1 expression in 
EBV-infected GC cells using an LNA-inhibitor 
(LNA-miR-BART10-3p(i)). When co-transfected into 
ASG-EBV or SNU-719 cells, LNA-miR-BART10-3p(i) 
increased the luciferase activity of psiC_DKK1, but 
not that of psiC_DKK1m (Fig. 2F). These results 
suggest that the endogenously expressed level of 
miR-BART10-3p in ASG-EBV and SNU-719 cells was 
sufficient to suppress DKK1 expression by specifically 
targeting the 3’-UTR of DKK1. Collectively, these 
results support the hypothesis that miR-BART10-3p 
binds to the 3’-UTR of DKK1 sequence specifically.  

Unexpectedly, AGS cells co-transfected with the 
psiCHECK empty vector and miR-BART10-3p 
showed up-regulated luciferase activity (Fig 2E). 
Accordingly, both EBV infected GC cell lines 
(AGS-EBV and SNU-719) showed down-regulated 
luciferase activity when co-transfected with 
psiCHECK and LNA-miR-BART10-3p(i) (Fig 2F). 

miR-BART10-3p regulates DKK1 expression, 
cell proliferation, and migration 

To confirm the regulatory effect of 
miR-BART10-3p on DKK1, AGS cells were transfected 
with miR-BART10-3p, and DKK1 mRNA levels were 

 

 
Figure 2. Screening of BART miRNAs targeting DKK1. (A) Seed match results between BART miRNAs and the 3’-UTR of DKK1 mRNA. (B) Luciferase activity was 
measured in HEK293T cells co-transfected with BART miRNA mimics and psiC_DKK1. (C) Sequences of the seed match sequence-mutated (psiC_DKK1m) 3’-UTR of DKK1 
mRNA (upper panel) and mutant miR-BART10-3p (miR-BART10-3pm) (lower panel) are shown. (D) Luciferase activity was measured in HEK293T cells co-transfected with the 
miR-BART10-3p mimic or miR-BART10-3pm, and psiC_DKK1 or psiC_DKK1m. (E) Luciferase activity was measured in AGS cells co-transfected with 30 nM BART miRNA 
mimics, and wild type or mutant luciferase reporter vector. (F) Luciferase activity was measured in AGS-EBV (left panel) or SNU-719 (right panel) cells co-transfected with the 
control LNA or LNA-miR-BART10-3p(i), and psiC_DKK1 or psiC_DKK1m. Luciferase activity was measured 48 h after transfection. Luciferase activity was normalized using 
firefly luciferase activity, and expressed as a ratio to the luciferase activity obtained from the scrambled control-transfected cells. Error bars indicate the SD (n=3).  
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quantified by real-time RT-PCR. Transfected 
miR-BART10-3p reduced DKK1 mRNA expression by 
25% compared to the scrambled control in AGS cells 
(Fig. 3A). Likewise, a Western blot analysis revealed 
that DKK1 protein levels decreased approximately 
60% following miR-BART10-3p transfection (Fig. 3B, 
C). These results support the hypothesis that 
miR-BART10-3p regulates DKK1 expression. We then 
investigated the effect of miR-BART10-3p on cell 
proliferation and migration. A cell proliferation assay 
revealed that miR-BART10-3p had a growth- 
enhancing effect on transfected AGS cells (Fig. 3D). A 
wound healing assay showed that AGS cell migration 
was significantly enhanced following miR-BART10- 
3p transfection, relative to transfection with a 
scrambled control (Fig. 3E, F). 

An EBV miR-BART10-3p inhibitor increases 
DKK1 mRNA and protein expression  

We next investigated whether the endogenously 
expressed level of miR-BART10-3p was sufficient to 
affect DKK1 and β-catenin expression in EBV-infected 
GC cells. Real-time RT-PCR and Western blot were 

performed to compare DKK1 levels after transfection 
with LNA-miR-BART10-3p(i) or with control LNA. In 
AGS-EBV cells, DKK1 mRNA and protein levels 
increased 2.9-fold and 6.5-fold, respectively, following 
LNA-miR-BART10-3p(i) transfection relative to cells 
transfected with control LNA. In SNU-719 cells, DKK1 
mRNA and protein levels increased 1.3-fold and 
2.9-fold, respectively, by LNA-miR-BART10-3p(i) 
transfection (Fig. 4A-C). These results indicate that 
endogenously expressed levels of miR-BART10-3p 
efficiently suppressed DKK1 in EBV-infected GC cells. 
In contrast, β-catenin protein levels decreased 
following by LNA-miR-BART10-3p(i) transfection in 
both AGS-EBV and SNU-719 cells. A cell proliferation 
assay showed reduced growth by LNA-miR-BART10- 
3p(i) transfection in both AGS-EBV and SNU-719 (Fig. 
4D). Next, we examined the effect of miR-BART10-3p 
inhibition on cell migration. A wound healing assay 
showed suppressed cell migration following 
transfection with LNA-miR-BART10-3p(i) than 
control LNA (Fig. 4E, F). 

 
 

 
Figure 3. Effect of miR-BART10-3p on DKK1 expression in AGS cells. AGS cells were transfected with 30 nM scrambled control or miR-BART10-3p. After 48 h, cells 
were harvested for RNA and protein preparation. (A) Real-time RT-PCR analysis was carried out to access DKK1 mRNA expression using a SYBR green qPCR kit. (B) DKK1 
and β-catenin protein levels were analyzed by Western blot analysis. Anti-β-actin antibody was used as a loading control. (C) Western blots were performed on two additional 
sets of independently transfected AGS cells. Results were normalized to β-actin and are expressed as ratios. (D) At the indicated times after transfection, 20 µl of MTT solution 
was added to each well to assess cell proliferation. (E) A wound healing assay was performed to evaluate the effect of miR-BART10-3p on cell migration using transfected AGS 
cells. (F) Widths between wound edges were evaluated using ImageJ software. The percentages of wound closure from three independent experiments are shown as bar graphs. 
Error bars indicate the SD (n=3).  
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Figure 4. Effect of LNA-miR-BART10-3p(i) in AGS-EBV and SNU-719 cells. AGS-EBV or SNU-719 cells were transfected with 30 nM control LNA or 
LNA-miR-BART10-3p(i). After 48 h, cells were harvested for RNA and protein preparation. (A) Real-time RT-PCR analysis of DKK1 mRNA expression was carried out using 
a SYBR green qPCR kit. (B) DKK1 and β-catenin protein levels were analyzed by Western blot analysis. Anti-β-actin antibody was used as a loading control. (C) Western blots 
were performed on two additional sets of independently transfected AGS-EBV or SNU-719 cells. Results were normalized to β-actin and are expressed as ratios. (D) At the 
indicated times after transfection, 20 µl of MTT solution was added to each well to assess cell proliferation. (E) A wound healing assay was performed to evaluate the effect of 
LNA-miR-BART10-3p(i) on cell migration using transfected AGS-EBV cells. Widths between wound edges were evaluated using ImageJ software. The percentages of wound 
closure from three independent experiments are shown as bar graphs. Error bars indicate the SD (n=3).  

 

Knockdown of DKK1 induces cell proliferation 
and migration in AGS cells 

To investigate whether siRNA targeting DKK1 
(siDKK1) generates a similar phenotype to miR- 
BART10-3p, siDKK1 was transfected into AGS cells. 
After 48h, real-time RT-PCR and Western blot 
analyses were performed to assess DKK1 and 
β-catenin expression levels. The siDKK1 transfection 
of AGS cells efficiently knocked down DKK1 mRNA 
expression (by approximately 76%, Fig. 5A) and 
protein expression (by approximately 72%, Fig. 5B, C). 
In addition, β-catenin level was increased by 
knocking down DKK1. To further explore the role of 
DKK1 in AGS cells, we analyzed the effect of siDKK1 
in controlling cell proliferation and migration. MTT 
and wound healing assays demonstrated that DKK1 
knockdown by siDKK1 transfection promoted cell 
proliferation (Fig. 5D) and migration (Fig. 5E, F). 

Knockdown of DKK1 induces cell proliferation 
and migration in AGS-EBV cells 

The effect of DKK1 knockdown was accessed in 
AGS-EBV cells, too. After 48 h, real-time RT-PCR and 
Western blot analyses were performed to assess 
DKK1 and β-catenin expression levels. The siDKK1 
transfection of AGS-EBV cells efficiently knocked 

down DKK1 mRNA expression (by approximately 
65%, Fig. 6A) and protein expression (by 
approximately 68%, Fig. 6B, C). In addition, β-catenin 
level was increased by knocking down DKK1.  

To further explore the role of DKK1 in AGS-EBV 
cells, we analyzed the effect of siDKK1 in controlling 
cell proliferation and migration. MTT and wound 
healing assays demonstrated that DKK1 knockdown 
by siDKK1 transfection promoted cell proliferation 
(Fig. 6D) and migration (Fig. 6E, F). 
DKK1 over-expression inhibits cell 
proliferation and migration in AGS-EBV cells 

In order to confirm the function of DKK1 in 
EBV-positive GC cells, we tested the effect of DKK1 
over-expression on cell proliferation and migration. 
AGS-EBV cells were transfected with a DKK1 over- 
expression vector (pCEP4DKK1) or an empty control 
vector (pCEP4). After selecting for 15 days in 200 
µg/ml hygromycin-containing media, the transfected 
cells were used for analyses. Real-time RT-PCR and 
Western blot analyses showed that DKK1 mRNA and 
protein levels increased 5.2-fold and 8.2-fold, respect-
ively, in pCEP4DKK1-transfected AGS-EBV cells (Fig. 
6A-C). Conversely, β-catenin level was suppressed by 
DKK1 overexpression. As expected, the over- 
expression of DKK1 in AGS-EBV cells suppressed cell 
proliferation and migration (Fig. 6D-F). 
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Figure 5. Effect of DKK1 knockdown using siDKK1 in AGS cells. AGS cells were transfected with 20 nM siDKK1 or control siRNA. (A) A real-time RT-PCR analysis of 
DKK1 mRNA expression was carried out using a SYBR green qPCR kit. (B) DKK1 and β-catenin protein levels were analyzed by Western blot analysis. Anti-β-actin antibody 
was used as a loading control. (C) Western blots were performed on two additional sets of independently transfected AGS cells. Results were normalized to β-actin and are 
expressed as ratios. (D) At the indicated times after transfection, 20 µl of MTT solution was added to each well to assess cell proliferation. (E) Widths between wound edges 
were evaluated using ImageJ software. The percentages of wound closure from three independent experiments are shown as bar graphs. Error bars indicate the SD (n=3).  

 
Figure 6. Effect of DKK1 knockdown using siDKK1 in AGS-EBV cells. AGS-EBV cells were transfected with 20 nM siDKK1 or control siRNA. (A) A real-time RT-PCR 
analysis of DKK1 mRNA expression was carried out using a SYBR green qPCR kit. (B) DKK1 and β-catenin protein levels were analyzed by Western blot analysis. Anti-β-actin 
antibody was used as a loading control. (C) Western blots were performed on two additional sets of independently transfected AGS-EBV cells. Results were normalized to 
β-actin and are expressed as ratios. (D) At the indicated times after transfection, 20 µl of MTT solution was added to each well to assess cell proliferation. (E) Widths between 
wound edges were evaluated using ImageJ software. The percentages of wound closure from three independent experiments are shown as bar graphs. Error bars indicate the SD 
(n=3).  
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Figure 7. Effect of DKK1 over-expression in AGS-EBV cells. (A) A real-time RT-PCR analysis of DKK1 mRNA expression was carried out using a SYBR green qPCR kit. 
(B) DKK1 and β-catenin protein levels were analyzed by Western blot. Anti-β-actin antibody was used as a loading control. (C) Western blots were performed on two 
additional sets of independently transfected AGS-EBV cells. Results were normalized to β-actin and are expressed as ratios. (D) At the indicated times after transfection, 20 µl 
of MTT solution was added to each well to assess cell proliferation. (E) Widths between wound edges were evaluated using ImageJ software. The percentages of wound closure 
from three independent experiments are shown as bar graphs. Error bars indicate the SD (n=3). 

 

Discussion 
In this study, we demonstrated a role for 

miR-BART10-3p and DKK1 in the cell proliferation 
and migration of EBV-infected cells. Data from 
microarrays, real-time RT-PCR, and Western blot 
assays revealed that DKK1 expression was 
suppressed in EBV-infected cells. We therefore 
hypothesized that DKK1 may function as a tumor 
suppressor in EBV-infected GC cells. miR-BART10-3p 
reduced the expression of DKK1 by directly targeting 
the 3’-UTR of DKK1. Accordingly, the inhibitor of 
miR-BART10-3p rescued DKK1 expression in 
AGS-EBV and SNU-719 cells. In addition, 
miR-BART10-3p induced cell proliferation and 
migration, which was mimicked by siDKK1. In 
contrast, the inhibitor to miR-BART10-3p reduced cell 
proliferation and migration, as did over-expressed 
DKK1. 

Unexpectedly, the luciferase activity of the 
psiCHECK control vector was enhanced by 
co-transfected miR-BART10-3p mimic (Fig. 2D, E) and 
suppressed by a co-transfected LNA-BART10-3p(i) 
inhibitor (Fig. 2F). To understand these observations, 
we have checked coincidental seed match between 

miR-BART10-3p and psiCHECK control vector, but 
could not find the possibility. Further investigations 
are warranted to clarify the underlying mechanisms 
of these observations.  

In AGS and AGS-EBV cells, miR-BART10-3p 
enhanced cell proliferation and migration suggesting 
that BART10-3p may contribute to EBVaGC 
metastasis. Consistent with our findings, Yan et al. 
[26] demonstrated that miR-BART10-3p promotes the 
invasion and migration capabilities of nasopharyn-
geal carcinoma (NPC) cells. They showed that 
miR-BART10-3p targeted the beta-transducin 
repeat-containing E3 ubiquitin protein ligase (BTRC) 
in NPC. Taken together, miR-BART10-3p may induce 
metastasis in EBV-associated carcinomas such as NPC 
and GC by promoting cell growth and migration.  

It is well known that DKK1 acts as an important 
negative regulator of Wnt/β-catenin signaling by 
directly binding to LRP5/6. In the absence of Wnt 
stimulation, β-catenin is phosphorylated by CK1α and 
GSK3β, and then degraded by β-TrCP-mediated 
ubiquitination. On the other hand, Wnt binding to the 
Frizzled (FZD) receptor and a co-receptor (LRP5/6) 
leads to the accumulation of β-catenin in the 
cytoplasm, allowing localization to the nucleus. 
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There, β-catenin interacts with TCF/LEF to 
transactivate downstream genes including cyclin D1 
and c-myc. Wnt target genes are diverse, and cell- and 
context-dependent [27, 28]. DKK1 has been shown to 
be regulated by TCF/β-catenin [21]. Accordingly, 
previous studies showed increase in c-myc, cyclin D1, 
and β-catenin expression in EBVaGC cells [29-32]. We 
also observed that AGS-EBV cells expressed increased 
levels of β-catenin, along with decreased levels of 
DKK1, relative to AGS cells. 

Even though miR-BART10-3p transfected 
AGS-EBV cells showed decreased DKK1 expression at 
both mRNA and protein levels, there might be some 
other EBV factor(s) down regulating DKK1. For 
example, DKK1 promoter has 5’ CpG islands, and 
aberrant methylation of this region has been 
implicated in DKK1 silencing observed in GC [33], 
colorectal cancer [34], cervical cancer [35], and 
multiple myeloma [36]. Notably, DNA methylation of 
both host and viral genomes is one of the features of 
EBVaGC [2, 37, 38].  

DKK1 has been reported to be down- or 
up-regulated in various cancers and the role of DKK1 
in cancer is controversial. DKK1 is elevated in 
multiple myeloma [39], breast cancer [40, 41], 
hepatocellular carcinoma [42], and prostate cancer [43, 
44]. DKK1 has been shown to be a tumor suppressor 
as well. For example, DKK1 over-expression restored 
the epithelial phenotype and decreased expression of 
the EMT transcription factor in colon cancer [45]. 
DKK1 is down-regulated in metastatic LM-MCF-7 
breast cancer cells, and involved in cell proliferation 
and dysregulation of the Wnt/β-catenin signaling 
pathway [46].  

In GC, increased levels of serum DKK1 have 
been reported [47]. However, Sato et al. [33] have 
demonstrated that DKK family genes are frequent 
targets of epigenetic silencing in gastrointestinal 
tumors. Jia et al. [48] showed that DKK1 is decreased 
in the serum and tissues of GC patients. The same 
authors demonstrated that miR-493 promotes GC 
progression by suppressing DKK1 expression. We 
observed that DKK1 knockdown by siDKK1 transfec-
tion exerted similar effect with miR-BART10-3p. 
These results indicated that DKK1 play an important 
role in promoting gastric cancer cell migration and 
invasion. Furthermore, slightly bigger changes were 
observed in AGS cells than in AGS-EBV cells 
following DKK1 depletion. These may be due to the 
fact that expression of DKK1 is somewhat suppressed 
in AGS-EBV cells than in AGS by endogenously 
expressed miR-BART10-3p. Moreover, we showed 
reduced expression of DKK1 by miR-BART10-3p 
causing enhanced cell proliferation and migration in 
EBVaGC cells. Our data support the hypothesis that 

DKK1 functions as a tumor suppressor in 
EBV-associated tumors.  

β-Catenin is not only a key protein in 
Wnt/β-catenin signaling, but also interacts with 
E-cadherin to play an important role in cell junctions. 
This binding prevents nuclear translocation of 
β-catenin, while loss of E-cadherin by such as tumor 
likely promotes β-catenin release from membrane, 
and promotes epithelial mesenchymal transition [49]. 
Here we found that DKK1 expression is inversely 
associated with β-catenin expression in EBVaGC. Our 
results support that β-catenin is regulated by DKK1.  

Taken together, our findings demonstrate that 
miR-BART10-3p regulates EBVaGC cell proliferation 
and migration by directly targeting DKK1, which 
functions as a tumor suppressor. Thus, miR-BART10- 
3p may serve as a potential therapeutic target for 
patients with EBVaGC.  
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