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Abstract

MicroRNAs (miRNAs) are endogenous small non-coding RNAs negatively regulate gene
expression via binding to the 3’-untranslated region (UTR) of transcripts. However, recent
evidence has suggested that miRNA can also bind to the open reading frame (ORF) region within
transcripts for its down-regulation. On the other hand, previous report demonstrated that
miR-596 has a tumor suppression function by targeting LGALS3BPthrough directly binding to its
3’ UTR in oral squamous cell carcinoma (OSCC) cells. In this study, while four putative binding
sites of miR-596 were included within the ORF region of LGALS3BP, it was found that miR-596
could not bind to those sites. Alternatively, results showed that the expression of LGALS3BP
might be in part negatively regulated by proteasome system at the protein level. Thus, these
findings may help clarify the molecular mechanism of the tumor-suppressive effect through

down-regulation of LGALS3BPby miR-596in OSCC cells.

Introduction

MicroRNAs (miRNAs) are endogenous small non-coding RNAs that regulate gene expression
by interfering with the translation or stability of target transcripts via binding to the
3’-untranslated region (UTR), and function as a “fine-tuner” of numerous biological processes.
However, a number of studies have suggested that miRNA can also bind to the ORF region within
transcripts to down-regulate the expression of target gene. While dysregulation of miRNA
expression is associated with tumor progression, including cell proliferation, invasion/metastasis,
and chemoresistance, novel tumor-suppressive miRNAs have been previously identified in
endometrial cancer, oral squamous cell carcinoma (OSCC), and esophageal squamous cell
carcinoma (ESCC).

LGALS3BP (Galectin-3-binding protein) is a secreted galectin-3 ligand. Knockdown of
LGALS3BP expression was revealed to decrease cell growth and tumor cell migration and

invasion of OSCC cells. Furthermore, Endo et al. have previously found that miRNA-596




(miR-596) can negatively regulate LGALS3BP expression by binding to its 3UTR, resulting in the
growth inhibition of OSCC cells.

In this study, it was examined whether miR-596 can bind to the ORF region of LGALS3BP for
its down-regulation. Unexpectedly, it was found that miR-596 could not bind to any of the four
putative binding sites within ORF of LGALS3BP in luciferase reporter assay. Alternatively,
possibility was showed that the level of LGALS3BP protein might be negatively regulated by the
proteasome system. These findings may help clarify the molecular mechanism of the

tumor-suppressive effect through down-regulation of LGALS3BPby miR-596in OSCC cells.

Materials and Methods
Cell culture and treatment with reagents

NA cells were cultured in DMEM medium containing 10% fetal bovine serum (FBS) and were
maintained at 37°C with 5% CO2. MG132 (Sigma) were added to the medium at 100 nM and

treated for 12 h before lysates were collected.

Transtection of microRNAs (miRNAs)

The dsRNA mimicking mature human miR-596 and nonspecific control miRNA (negative
control #1) were obtained from Life Technologies and was transfected individually into cells at 20
nM of concentrations using Lipofectamine RNAIMAX (Invitrogen) according to the manufacturer’s

instructions.

Western blotting analysis

Whole cell lysates were subjected to SDS-PAGE, and proteins were transferred to PVDF
membranes (GE Healthcare). After blocking with TBS containing 0.05% Tween-20 and 5% non-fat
dry milk for 1 hour, the membrane was reacted with an antibody overnight. The dilutions for
primary antibodies were: 1/5,000 for Flag and B-actin (both from Sigma). The membrane was
washed and exposed to horseradish peroxidase (HRP)-conjugated anti-mouse or rabbit IgG
antibodies (both at 1/4,000) for 2 hours. The bound antibodies were visualized in LAS3000
(FUJIFILM) using a Pierce ECL Western detection kit according to the manufacturer’s

instructions (Thermo Scientific).

Luciferase assay

Luciferase constructs were made by ligating oligonucleotides containing the wild-type or
mutated sequence of each seed sequence of miR-596 within ORF of LGALS3BP downstream of the
luciferase gene into the pMIR-REPORT luciferase vector (Ambion). All site-specific mutations
were generated using the KOD -Plus- mutagenesis kit (Toyobo). Luciferase reporter plasmids and

a pGL plasmid as an internal control were co-transfected in NA cells using Lipofectamine 2000




(Invitrogen) according to the manufacturer’s instructions, and after 5 hours, 20 nmol/L of miRNA
(miR-NC or miR-596) was also transfected. At 36 hours after transfection of miRNAs, Firef]ly and
Renilla luciferase activities were measured using the Dual-Luciferase Reporter Assay System
(Promega), and relative luciferase activity was calculated by normalizing Firefly luciferase by its

corresponding internal Renilla luciferase control.

Statistical analysis
Differences between subgroups were tested by Student’s t-test. A P value of < 0.05 was

considered statistically significant.

Results
Down-regulation of exogenously expressed LGALS3BP protein by miR-596

A plasmid expression vector, Flag-tagged LGALS3BP (pCMV-3Tag3A- LGALS3BP), was
constructed by inserting only the ORF region of LGALS3BP without 3'UTR into pCMV-3Tag3A
vector. When Flag-tagged LGALS3BP and miR-596 or miR-negative control (miR-NC) (both
precursor miRNAs from Ambion) were sequentially transfected in NA cells, an OSCC cell line, the
expression level of exogenously expressed Flag-tagged LGALS3BP was remarkably
down-regulated by transfection of miR-596, not with miR-NC by Western blotting (P=9.76E-16).
These findings suggest that miR-596 may be able to bind to ORF region of LGALS3BP transcript

for its down-regulation.

Examinations for binding to LGALS3BP ORF by miR-596

On NCBI database, it was found that 4 putative binding sites (R1, R2, R3 and R4) having a
seed sequence of mik-596 are included within the ORF region of LGALS3BP. Hence, to examine
whether miR-596 can directly bind to these sites, luciferase assays were performed using reporter
plasmid vectors having wild type (WT) or mutant (Mut-R1.etc) seed sequences within the ORF in
NA cells. The luciferase activity of the WT vectors was not reduced compared to the empty vector
in miR-596-expressing cells, and was not shown any effect of those mutations. Furthermore, 4
plasmid expression vectors were constructed, having mutation within each seed sequence,
Flag-tagged LGALS3BP Mutant-R1, -R2, -R3, or -R4. When these mutants and miR-596 were
sequentially expressed in NA cells, it was showed that the expression level of any mutants was
remarkably down-regulated in miR-596-expressing cells compared with miR-NC-expressing cells,
as well as that of Flag-tagged LGALS3BP WT. These results suggest that miR-596 can
remarkably induce down-regulation of LGALS3BP, however it was not due to direct binding

through any four seed sequences within ORF of LGALSS3BP.

Possibility of LGALS3BP down-regulation by miR-596 at post-translational level
Next, it was considered that miR-596 might induce down-regulation of LGALS3BP by
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promoting protein degradation at post-translational level. Both proteasomal and lysosomal
pathways are major systems for protein degradation. Therefore, the effect of two inhibitors,
bafilomycin A1l (lysosomal inhibitor) and MG132 (proteasomal inhibitor) were examined on
expression level of Flag-tagged LGALS3BP WT in NA cells. Although no effect of treatment with
bafilomycin Al was observed (data not shown), it was showed a partial restoration of
miR-596-mediated down-regulation for Flag-tagged LGALS3BP WT in MG132-treated cells,
compared with non-treatment. However, a significant difference was not shown. As expected,
expression level of Flag-tagged LGALS3BP was reduced in miR-596-expressing cells under the
non-treated condition (P=0.0006). These findings suggest that miR-596 induces down-regulation
of LGALS3BP by promoting several mechanisms including the proteasomal system for protein

destabilization at the post-translational level.

Discussion

Previously, Endo et al. showed that miR-596 was epigenetically silenced in OSCC cell lines
and primary tumors, and its overexpression can down-regulate expression of LGALS3BP by
directly binding to 3'UTR and lead to tumor growth inhibition in OSCC cells, strongly suggesting
that miR-596 is one of the tumor-suppressor miRNA. Furthermore, in the present study, it was
firstly found that overexpression of miR-596 could also induce down-regulation of Flag-tagged
LGALS3BP expressed exogenously from a plasmid vector having only ORF region of LGALS3BP
without 3'UTR. Hence, miR-596 might be able to down-regulate LGALS3BP by directly binding to
the ORF, not only to 3UTR of LGALS3BP. Indeed, 4 putative binding sites including seed
sequence of mik-596 within the ORF of LGALS3BP were found. Unexpectedly, miR-596 cannot
directly bind to the ORF of LGALS3BP, but rather induce degradation of LGALS3BP protein by
promoting several mechanisms including proteasomal systems for protein degradation.
Additionally, there might be another possibility that unknown miRNAC(s), which was indirectly
up-regulated by miR-596, can down-regulate LGALS3BP by directly binding to the ORF of this
gene. Thus, while the present findings provide the novel possibility for down-regulation of
LGALS3BP by miR-596, these subjects require further study to clarify the tumor-suppressive
mechanism of miR-596 and the development of miR-596- mediated cancer therapy in OSCCs.
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