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miR-483 is down-regulated in gastric cancer and suppresses cell proliferation,
invasion and protein O-GlcNAcylation by targeting OGT
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MicroRNAs (miRNAs) are involved in the gastric carcinogenesis and progression. Here, we confirmed that miR-483
was frequently decreased in gastric cancer patients. The expression levels of miR-483 were negatively correlated with tumor
stage, node metastasis and stromal invasion. Log-rank tests demonstrated that low expression of miR-483 was strongly
correlated with poor overall survival in patients with gastric cancer. Moreover, ectopic expression of miR-483 remarkably
suppressed gastric cancer cell proliferation by enhancing cell apoptosis and significantly inhibited the invasion of gastric
cancer cells, while low expression of miR-483 exhibited the opposite effect. Bioinformatics analysis revealed that OGT
was a potential target of miR-483, and miR-483 inhibited the expression level of OGT mRNA by direct binding to its
3’-untranslated region (3’'UTR). Expression of miR-483 was negatively correlated with OGT in gastric cancer tissues. In
addition, modulation of miR-483 expression could affect the global cellular protein O-GlcNAcylation in gastric cancer cells.
Furthermore, silencing of OGT counteracted the effects of miR-483 repression, while its overexpression reversed tumor
inhibitory effects of miR-483. In conclusion, our study revealed that miR-483 functions as a tumor suppressor by inhibiting
proliferation, invasion and protein O-GlcNAcylation of gastric cancer via targeting OGT, and that miR-483 may serve as a

prognostic or therapeutic target for gastric cancer.
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Gastric cancer is the fourth most common malignancy
and ranks the second in the cause of cancer-related deaths
worldwide [1]. Despite improvements in the diagnosis and
treatment of this cancer, the long-term survival of gastric
cancer patients has been only modestly improved over the
past decade [2]. For a lack of specific early symptoms, it is
often diagnosed at an advanced stage and curative chance
is lost with extremely poor prognosis. It has been indicated
that the pathogenesis of gastric cancer is multifactorial and
the regulatory mechanism involved in the development of
gastric cancer is not well understood. Therefore, it is critical
to investigate the mechanisms underlying the development
and progression of gastric cancer, which provides crucial
insights into discovery of novel diagnostic biomarkers and
identification of new therapeutic targets for gastric cancer
patients.

MicroRNAs are a family of small, non-coding RNAs
of approximately 22 nucleotides in length that negatively
regulate gene expression mainly through their effects on
productive translation and mRNA stability [3]. Accumulating
evidence has confirmed that miRNAs are closely related with

the occurrence, invasion and metastasis of various human
cancers and act either as oncogenes or tumor suppressors
owing to their critical roles in diverse biological functions,
such as cell proliferation, apoptosis, as well as differentiation
[4]. To date, large number of miRNAs has been implicated
in the development and progression of gastric cancer [5-7].
MiR-483, also designated as miR-483-3p [8,9], has consis-
tently been indicated in gastric cancer [10-13], and a number
of studies have shown that miR-483 is frequently altered in a
large variety of cancers, and that the functional role of this
miRNA is extremely complex as it may act as an oncogenic
or a tumor-suppressive miRNA depending on the cellular
contexts [14-17]. Given the complexity of its functionality,
it would be of interest to investigate the functional role and
the exact mechanisms of miR-483 involved in gastric carci-
nogenesis.

In this study, we demonstrate that miR-483 is significantly
downregulated in gastric cancer tissue and cell lines. Ectopic
expression of miR-483 suppressed cell proliferation and
invasion via decreasing protein O-GlcNAcylation in cancer
cells by directly targeting OGT, and miR-483 expression is
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negatively associated with OGT expression in gastric cancer.
These findings indicate that the miR-483/OGT axis plays a
crucial role in gastric cancer progression through acting as
an important regulator of O-GlcNAcylation in cancer cells.

Patients and methods

Clinical samples, cell lines and transfection. Gastric
cancer tissues and corresponding adjacent normal tissues were
obtained from 54 patients with gastric cancer who received
surgery at the Wuhan Tumor Hospital, Wuhan, China.
Samples were obtained with informed consent, and the study
was approved by local institutional review boards on human
subject research and in accordance with the Declaration of
Helsinki. All the histological diagnoses for gastric cancer and
normal tissues were reviewed and recognized independently
by two pathologists. Clinicopathologic information about
the patient samples used in this study is described in Table 1.
GES-1 (human immortal gastric epithelial cell line) and five
human gastric cancer cell lines SGC7901, MKN45, MKN238,
AGS and SNU16 were purchased from Type Culture Collec-
tion of the Chinese Academy of Sciences (Shanghai, China)
and cultured according to the provider’s instruction. Trans-
fection was performed when cells were grown to 70% conflu-
ence, using the Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions.

MicroRNA and plasmid construction. miR-483 mimics
or inhibitor which functionally inhibits endogenous miR-483
by competitively binding the seed sequence with target
mRNA, and corresponding negative control were purchased
from RiboBio (Guangzhou, China). OGT-specific siRNA
and negative control were obtained from Ambion (Shanghai,
China). OGT ¢DNA was subcloned into pcDNA3.1 to
construct the OGT expression plasmid. For luciferase
reporter, the 3’UTR of OGT containing the putative binding
sites for miR-483 was amplified by PCR from human genomic
DNA using the following forward primer: 5-GTCATC-
TAGATCCTTTTCTTCCCTGACCCCCATAC-3’ and the
reverse primer: 5-GTCATCTAGATCACTTTTGGAAG-
CAGCAT-3; both of which contain a Xbal restriction site.
The PCR product was digested with Xbal and subcloned into
pGL3 luciferase reporter plasmid (Promega, Madison, WI,
USA). Mutations in the miR-483 binding site of OGT 3’UTR
were produced by the QuikChange Site-Directed Mutagen-
esis Kit (Stratagene, La Jolla, CA, USA). Constructs were
confirmed by sequencing.

RNA extraction and qRT-PCR. Total RNA and miRNA
were extracted from tissues and cells using RNeasy Mini and
miRNeasy Mini Kits (Qiagen, Valencia, CA, USA) according
to the manufacturers instructions. For examination of
miR-483 expression, stem-loop RT-PCR was performed
as described [18]. Expression of U6 was used as an endog-
enous control. Real-time PCR was performed using FastStart
Universal SYBR Green Master kit (Roche Diagnostics,
Mannhelm, Germany) and analyzed with an Applied Biosys-

tems 7900 Real-Time PCR System. The PCR primers used
were as follows: OGT, 5-ACTGCAGGAAGCTCTGATGC-3’
and 5-ATCCTTATGAATGGAAGCCAG-3’; and GAPDH,
5-ATGTCGTGGAGTCTACTGGC-3" and 5-TGACCTT-
GCCCACAGCCTTG-3’ Fold changes in expression were
calculated. The 2-*“ method was used to calculate the fold-
change of the RNA expression of one sample compared to
the calibration sample [19]. All the qRT-PCRs were run in
triplicate.

Cell proliferation, cell cycle analysis and apoptosis
assay. Cell proliferation was monitored by MTT assay as
described [18]. For cell cycle assay, cell pellets harvested by
centrifugation were washed twice with ice-cold PBS and fixed
with ice-cold 70% ethanol for 48 h at 4°C. The fixed cells
were rehydrated in PBS and subjected to PI/RNase staining
followed by fluorescence-activated cell sorter scan (FACS)
analysis. For the cell apoptosis analysis, cells with different
treatment were seeded in six-well plates at 3x10° cells per well
in the absence of FBS for 48 h. Then, cells were harvested and
labeled with FITC-conjugated Annexin V and propidium
iodide (BD Pharmingen) following the manufacturer’s
instructions. The apoptotic cells were measured by FACS.

Transwell invasion assay. Cell invasion assay was
performed with Matrigel-coated transwell cell culture
chambers (Millipore, Billerica, MA, USA). Aliquots of cells
(1x10°) were placed into upper chambers coated with 150 mg

Table 1. Correlations of miR-483 expression with clinicopathological pa-
rameters of gastric cancer patients.

miR-483 expression

Clinicopathological parameters Low High p-value
(n=27) (n=27)

Gender

Male 12 7

Female 15 20 0.154
Age (years)

<60 11 15

>60 16 12 0.275
AJCC stage

/11 7 19

/Iv 20 8 0.001*
Tumor size (cm)

<5 13 12

>5 14 15 0.785
Lymph node metastasis

Negative 6 17

Positive 21 10 0.002*
Invasion depth

Without Infiltration into Serous layer 5 18

Infiltration into Serous layer 22 9 0.0006*
Vascular invasion

Negative 17 15

Positive 10 12 0.156

*Statistically significant difference (p<0.05)
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Matrigel (BD Biosciences, Bedford, MD, USA). The lower
chambers were filled with DMEM containing 10% FBS. After
incubation at 37°C for 24 h, cells remaining on the upper
surface of the membrane were removed. Cells on the lower
surface of the membrane were fixed and stained with crystal
violet. The invaded cells were counted at x200 magnifica-
tion from five random fields of each filter. The assays were
performed in triplicate and were repeated three times.

Dual-luciferase assay. For the dual-luciferase assay,
HEK?293 cells in a 96-well plate were transfected with 50nM
miR-483 or miR-NC. The cells were then co-transfected with
0.2 mg/ml of vector with the wild-type or mutant 3’UTR
of OGT gene. After 48 h, luciferase activity was measured
with the Dual-Luciferase Reporter Assay System (Promega).
Firefly luciferase activity was then normalized to the corre-
sponding Renilla luciferase activity. Luciferase assays were
performed in quadruplicate and repeated in three indepen-
dent experiments.

Western blot. Cells were lysed in RIPA buffer in the
presence of Protease Inhibitor Cocktail (Pierce, Rockford,
USA). Protein was quantified by the BCA protein assay kit
(Beyotime, Haimen, China). Equal amounts of protein were
separated by SDS-PAGE, transferred onto PVDF membranes
(Bio-Rad, Hercules, CA, USA) and blocked for 1h at
room temperature. Membranes were probed with primary

antibodies against OGT, O-GIcNAc and GAPDH (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) at 4°C overnight
followed by incubation with HRP-conjugated secondary
antibodies. Blots were detected using an ECL detection system.

Statistical analysis. All statistical analyses were performed
using SPSS16.0 software (SPSS, Chicago, IL, USA). Experi-
ments were repeated independently at least three times,
and the results are expressed as mean+SD. The correlation
between miR-483 and OGT was analyzed using Spearman’s
correlation test. Statistical differences between groups were
evaluated using Student’s paired two-tailed t-test. A p<0.05
was considered statistically significant.

Results

MiR-483 is downregulated in gastric cancer. Several
microarray-based studies indicated that miR-483 was likely
downregulated in gastric cancer. To further validate the
aberrant expression of miR-483 in gastric cancer, we tested
the expression of miR-483 in 54 pairs of gastric cancer tissues
and their matched adjacent non-tumor tissues by qRT-PCR.
We found that miR-483 expression was significantly decreased
in gastric cancers than that of their non-tumor counter-
parts (Figure 1A, Figure S1). Next, the correlation between
miR-483 expression and clinicopathological parameters was
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further analyzed in 54 gastric cancer patients. Patients were
divided into high and low expression group by the median
expression level of miR-483. The statistical analysis revealed
that miR-483 expression level was negatively correlated with
the tumor stage, node metastasis and deep invasion while
no significant correlation was observed in other parameters
(Table 1). Kaplan-Meier survival analysis indicated that the
patients with a low miR-483 expression had shorter overall
survival times than those with a high miR-483 expression
(Figure 1B). Then, we further examined the expression of

>
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miR-483 in five different human ovarian cancer cell lines as
well as human gastric normal epithelial cell line GES-1. The
results indicated a significant downregulation in expression
of miR-483 in gastric cancer lines as compared to GES-1
(Figure 1C). MKN45 and AGS cells exhibited the highest
and lowest expression of miR-483 among gastric cancer
cell lines, respectively, and were selected for further studies.
These results indicate that miR-483 is downregulated in
gastric cancer and low miR-483 expression is indicative of
poor outcomes.
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Figure 2. miR-483 suppresses gastric cancer cell proliferation and invasion. (A) qRT-PCR analysis of miR-483 levels in MKN45 and AGS cells trans-
fected with miR-483 inhibitor and miR-483 mimics, respectively. (B) Determination of MKN45 and AGS cells proliferation with MTT assay. (C) De-
termination of MKN45 and AGS apoptosis with Flow cytometry. (D) Determination of MKN45 and AGS cells invasion with Transwell invasion assay.
*p<0.05, **p<0.01 compared with control group.
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miR-483 inhibits gastric cancer cell growth and
invasion in vitro. To investigate the functions of miR-483 in
gastric cancer, we performed knockdown and overexpression
experiments in gastric cancer cells. MKN45 cells expressing
relatively high level of miR-483 and AGS cells expressing
relatively low level of miR-483 were transfected with miR-483
inhibitor and miR-483 mimics, respectively, which decreased
the level of miR-483 in MKN45 by 3.8 folds and increased
that in AGS by 15.8 folds, as compared to the corresponding
negative control (Figure 2A). MTT assay indicated that
downregulation of miR-483 significantly increased cell
growth of MKN45 cells while upregulation of miR-483
significantly decreased cell growth of AGS cells, as compared
to the corresponding negative controls (Figure 2B). To
further explore the mechanisms of miR-483 affecting gastric
cancer cell proliferation, we analyzed the apoptosis and cell
cycle in the treated AGS and MKN45 cells by flow cytometry.
We found that the downregulation of miR-483 significantly
decreased cell apoptosis rate of MKN45 cells while upregu-
lation of miR-483 significantly increased cell apoptosis rate
of AGS cells, as compared to the corresponding negative
controls (Figure 2C). There were no significant changes in the
cell cycle for both cell lines (data not shown). These results
suggest that miR-483 induced gastric cancer cell growth
inhibition, at least in part, caused by apoptosis.

To explore the role of miR-483 in the invasion of gastric
cancer cells, in vitro invasion assays were performed.
Matrigel Transwell assays showed that miR-483 markedly
repressed the invasive ability of AGS cells while anti-miR-483
promoted this activity of MKN45 cells (Figure 2D).

OGT is a direct target of miR-483. To screen potential
targets for miR-483, we used three bioinformatics algorithms:
TargetScan, miRDB and miRanda. All of these approaches
predicted OGT as a target of miR-483, and the 3’-UTR of
OGT mRNA contains a highly conserved binding site from
position 785 t0792 for miR-483 seed sequence (the core
sequence that encompasses the first 2-8 bases of the mature
miRNA, Figure 3A). To confirm whether OGT was the target
of miR-483, we performed Western blot analysis. The level of
OGT protein was significantly decreased by miR-483 overex-
pression in AGS cells but significantly increased by silencing
of miR-483 in MKN45 cells (Figure 3B). To examine whether
the regulations described above in gastric cancer cell lines
are also clinically relevant, we further tested the expression
of OGT mRNA in 54 pairs of gastric cancer tissues and their
matched adjacent normal tissues by qRT-PCR. The results
show that OGT mRNA was significantly upregulated in
gastric cancer tissues compared with the paired-adjacent
normal tissues and negatively correlated with miR-483
level in gastric cancer tissues (Figure 3C, 3D). To further
confirm whether OGT is a direct target gene of miR-483,
we constructed luciferase reporter containing wild-type
OGT 3’UTR with miR-483 binding site (WT) or containing
the mutant 3’UTR (deletion of the putative miR-483 target
site, MUT). Luciferase activity assay showed that miR-483

significantly inhibited the luciferase activity of OGT-3’UTR-
WT reporter, compared with control, but did not influence
the mutant reporter in HEK293 cells (Figure 3E). Moreover,
given the critical role of OGT in protein O-GlcNAcylation, we
further investigated effect of miR-483 on the total O-GlcNAc-
ylation levels in gastric cancer cells. We found that overex-
pression of miR-483 mimics led to a significantly decrease
in O-GlcNAcylation level in AGS cells, whereas downregu-
lation of miR-483 in MKN45 cells resulted in a significant
increase in O-GlcNAcylation. Together, these data suggest
that OGT is a direct target of miR-483 in gastric cancer.
OGT mediates miR-483-induced effects on gastric
cancer growth, invasion and O-GlcNAcylation. To explore
whether OGT is involved in the suppressor effects of
miR-483 on gastric cancer cells, we co-transfected AGS cells
with both miR-483 mimics and OGT-expressing vector, and
MKN45 cells were co-transfected with both miR-483 inhib-
itor and siOGT. MTT and in vitro invasion assays showed
that overexpression of OGT significantly reversed miR-483-
induced suppression of growth and invasion of AGS cells,
while silencing of OGT significantly abrogated protumoral
effects of miR-483 inhibitor on the growth and invasion of
MKN45 cells (Figure 4A-C). Next, we explored whether
miR-483 influencing gastric cancer cell O-GlcNAcylation
was through targeting OGT. We found that overexpres-
sion of OGT markedly abrogated the miR-483 suppression
effects on O-GlcNAcylation, while silencing OGT expres-
sion reversed the effect of miR-483 inhibitor on O-GIcNAc-
ylation (Figure 4D). Collectively, these data indicate that
miR-483 suppresses gastric cancer cell growth, invasion and
O-GlcNacylation by directly targeting OGT.

Discussion

Several miRNAs microarray-based studies have indicated
that miR-483 is down-regulated in gastric cancer [10-13].
However, the role, mechanism and clinical significance of
miR-483 in gastric cancer have not been reported. In this
study, we further confirmed that miR-483 was significantly
down-regulated in both gastric cancer tissues and cell lines.
We also found that miR-483 repressed gastric cancer cell
growth by promotion of apoptosis, as well as inhibited gastric
cancer cell invasion in vitro. Moreover, OGT was character-
ized as a functional target for miR-483.

Although dysregulation of miRNAs plays an impor-
tant role in gastric cancer development, the relationship
between aberrant miRNAs and clinical outcomes remains
largely unknown. The survival analysis of this study showed
that low expression of miR-483 was correlated with shorter
survival time of gastric cancer patients. Our clinical data also
indicated that down-regulation of miR-483 was significantly
associated with advanced clinical stage, lymph node metas-
tasis and deep stromal invasion, suggesting that miR-483
may play a critical role in progression of gastric cancer. It is
becoming increasingly clear that chromosomal abnormalities
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and/or epigenetic events contribute to miRNAs deregulation.
Bi et al. showed that down-regulation of miR-483 in multiple
myeloma is related with its promoter hypermethylation [16].
It is of interest to further investigate the exact mechanisms of
miR-483 down-regulation in gastric cancer.

Accumulated evidence indicated that the roles of miR-483
in cancer development were complicated, since miR-483
expression was up-regulated and functioned as an oncogene
in pancreatic ductal adenocarcinoma and lung adenocarci-
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noma [14,15], but significantly down-regulated and acted
as a tumor-suppressor in multiple myeloma and squamous
cell carcinomas [16,17]. In this study, we found that ectopic
overexpression of miR-483 significantly suppressed prolif-
eration and invasion in AGS cells, whereas downregulation
of miR-483 promoted proliferation and invasion in MKN45
cells. These results suggest that miR-483 might function as
a tumor suppressor miRNA in the progression of gastric
carcinogenesis. Moreover, these data indicate that various
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functions of miR-483 in different cancers are dependent on
the cancer type and cellular context.

MiRNAs were reported to regulate gene expression by
binding to the 3’-UTR of target mRNAs and either repressing
translation or inducing degradation of mRNAs. In this study,
we confirmed that miR-483 suppresses the expression of OGT
in gastric cancer cells and luciferase reporter assay validated
that OGT is a direct target of miR-483. Furthermore, we
found that OGT expression was greatly upregulated in gastric
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aerobic glycolysis [22-26]. OGT (O-GlcNAc transferase) uses
UDP-GIcNAc as a substrate to add p-N-acetylglucosamine
onto serine and threonine residues of a diverse range of
nuclear and cytoplasmic proteins that are involved in various
biological processes, such as transcription, translation, cell
cycle, nutrient sensing and epigenetic regulation [27,28].
Consistent with these previous studies, we indicated that
modulating expression of miR-483 could influence total
protein O-GlcNAcylation levels in gastric cancer cells. OGT
has been reported to consistently increase in a wide variety
of human cancers including gastric cancer and is involved in
the initiation and development of cancers by enhancing cell
proliferation and invasion [29-31]. However, the mechanism
through which OGT is maintained at a high expression level
in cancer cells remains unknown. Our findings provide strong
evidence that downregulation of miR-483 may be a potential
mechanism for the elevated OGT expression in gastric cancer.

Our biological function studies further suggest that
miR-483 represses gastric cancer proliferation and invasion
mainly by targeting OGT. Moreover, we found that miR-483
can suppress total protein O-GlcNAcylation in gastric cancer
cells through directly targeting OGT. Our data are consistent
with previous studies which showed that down-regulation
of OGT inhibited cell growth and invasion of gastric cancer
cells in vitro [32, 33]. Our results reveal that miR-483 is
critical in controlling the protein O-GlcNAcylation levels and
regulating the proliferation and invasion potential of gastric
cancer cells. Therefore, our findings might provide a potential
diagnostic marker and therapeutic target for gastric cancer.
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