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Aim: To construct a lentivirus-based inhibitor with specific secondary structure that could exert long-term suppression on microRNA-
338-3p (MiR-338-3p), thus elucidating its molecular function in colorectal carcinoma cells.

Methods: The miR-338-3p inhibitor sequence was synthesized and inserted into pLV-THM plasmid. HEK-293T cells were co-trans-
fected with the lentiviral vectors pLV-THM-miR-338-3p-inhibitor, psPAX2, and pMD2.G. The supernatant containing the lentivirus par-
ticles was harvested to determine the viral titer, and then used to infect colorectal carcinoma-derived SW-620 cells. eGFP(+) cells were
sorted using flow cytometry. The expression of miR-338-3p in SW-620 cells was determined with real-time RT-PCR, and the expression
of the smoothened (SMO) protein was detected using Western blot analysis. The migration ability of the transfected SW-620 cells was
assessed with transwell assay.

Results: Restriction endonuclease analysis and DNA sequencing demonstrated that the lentiviral vector pLV-THM-miR-338-3p-inhibitor
was successfully constructed. The expression of miR-338-3p in SW-620 cells was significantly decreased by infection with the lenti-
virus pLV-THM-miR-338-3p-inhibitor. Moreover, the down-regulated expression of miR-338-3p caused up-regulated expression of the
SMO protein in SW-620 cells, which showed significantly enhanced migration in transwell assay.

Conclusion: The construction of the lentiviral vector pLV-THM-miR-338-3p-inhibitor with specific secondary structure provides a basis

for further studies the molecular function of miR-338-3p in colorectal carcinoma. miR-338-3p may suppress SMO gene expression

and thereby inhibit colorectal carcinoma migration.
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Introduction
MicroRNAs (miRNAs) are a new class of small, noncoding
RNAs (18-25 nt) that regulate the expression of target genes
through either translational repression or mRNA cleavage/
decay™. miRNAs are known to play important roles in vari-
ous biological processes, such as development, differentiation
and cellular defense responses to infection. These nucleic acids
have now been reported to be associated with many types
of tumors®. Therefore, analysis of the underlying molecular
mechanisms of miRNAs and tumor development is likely to
become an important field of research. The development of
reagents that can strongly suppress specific miRNAs has also
generated much interest and will be important for both basic
miRNA research and possible therapeutic strategies.

In recent studies, the majority of the synthetic, low-
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molecular weight inhibitors of specific miRNAs are based on
anti-miRNA antisense oligonucleotides, in which some or all
the ribonucleotides are modified to 2’-O-methylated RNABF
locked nucleic acids (LNA) or 2’-methoxyethylated RNA.
These modifications provide resistance to cellular nucleases
and increase the affinity of these oligonucleotides toward
" In addition, some
antisense oligonucleotides have either flanking sequences
>4l However, because
these reagents are diluted by successive cell divisions and in

complementary miRNA sequences
or are connected to lipids via linkers!

some cases are metabolized in the cytoplasm, their biological
effects are often transient”). As a result, a continuous input
of large quantities of dsRNA is required to sustain the down-
regulation of miRNAs and RNAi. To achieve the long-term
suppression of a specific miRNA, specialized plasmid- and
viral-vectors carrying expression units for inhibitory RNA
molecules have also been developed, including “antagomir”,
“eraser” and “sponge” .

miR-338-3p was a recently discovered miRNA and was
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found to be involved in cell differentiation. Although miR-
338-3p is known to be specifically expressed in neuronal
tissue, little is known about its abundance and function dur-

I We constructed

ing the carcinogenesis of certain cancers
a lentiviral vector, pLV-THM-miR-338-3p, and successfully
over-expressed this vector in the colorectal carcinoma (CRC)-
derived cell line SW-620 in our previous study. This provides
the basis for further studies regarding the molecular function
of miR-338-3p in CRC. For these studies, we utilized a decoy
RNA system that uses a lentivirus-based vector containing
RNA expression cassettes to enable the long-term suppression
of miR-338-3p. The lentiviral vector is derived from HIV-I and
is frequently used to deliver target genes because of its high
transduction efficiency and stable integration of the genome
into non-dividing cells"”. The lentiviral vector is essential
for the insertion of the object gene into the cell genome, and
the regulatory efficiency of the RNA inhibitor depends on its
structural design. Vermeulen et al™"! demonstrated that an
miRNA inhibitor containing 8 bp hairpin structures signifi-
cantly suppressed miR-21 expression in HeLa cells. Further-
more, Haraguchi et al" synthesized a series of RNA decoys
with stem-loop structures and proved that the 3-nt linkers that
are clipped between the miRNA binding sites (MBS) and the
stem RNAs result in the strongest inhibitory effects. There-
fore, in this study, we will design a miR-338-3p inhibitor that
is flanked by sequences that form 8 bp hairpin structures in
conjunction with an MBS with a 3-nt linker on both sides.
We will design an inhibitor with a combination of these two
structures to establish a novel and potent miR-338-3p inhibi-
tor based on a lentiviral vector. Furthermore, this inhibitor
should have long-term effects within the cell.

Materials and methods

Design of the miRNA inhibitor sequence

The sequence of the mature miR-338-3p (5’-UCCAGCAU-
CAGUGAUUUUGUUG-3") was obtained from miRBase
(http:/ /www.mirbase.org/). The lentiviral vectors used in
this study are pLV-THM, psPAX2 and pMD2.G, which are

A a G
G GCGAGCCA-5’ 3'-GCGAGCCA A
A CGCUCGG CAACAAAAUCACUGAUGCUGGA_-CGCUCGGU G
G A
- -
Hairpin | Linker MBS Linker Hairpin Il
B 51_,3/

a transfer vector, packaging plasmid and envelope plasmid,
respectively. The vector information can be found on the
Addgene website (http://www.addgene.org/). The inhibi-
tor sequence was inserted into the transfer vector between the
Mlu I and Cla I restriction sites according to the Addgene pro-
tocol.

The MBS was then flanked by 3-nt linkers, which include an
arbitrary sequence and 8 bp hairpin structures. Because the
initial sequence of the human gene is located approximately 30
nt downstream of the TATA box!™, more than 4 bp of arbitrary
nucleic acids were required in the 5" flanking region upstream
the 5" hairpin structures. This was necessary to construct the
vector in accordance with the cloning strategy outlined on
the LentiWeb (http://lentiweb.com/cloning_strategies.php).
The two restriction sites and their corresponding protective
bases were generated at the ends of both the 5" and 3’ flanking
regions (Figure 1).

To gain a better understand of the secondary structure of the
decoy RNA and to determine whether self-annealing could
occur inside the MBS sequence, which would result in the
decline of its affinity to miR-338-3p, we sent the sequence of
our interested gene to the Vienna RNA WebServers (http://
rna.tbi.univie.ac.at/) for thermodynamic ensemble prediction
of our RNA inhibitor (Figure 2).

Transfer vector construction

The third generation of self-inactivating, lentivirus plasmid,
pLV-THM (HIV-1-based vector, Addgene, Cambridge, MA,
USA), which contains a CMV-driven enhanced green fluores-
cence protein (eGFP) reporter and an H; promoter upstream
of the restriction sites (Mlu I and Cla I) to allow for the intro-
duction of a short-hairpin RNA (shRNA) expression cassette,
was used as the transfer plasmid and was linearized by digest-
ing the vector with the restriction enzymes. The miR-338-3p
inhibitor oligonucleotides described above were chemically
synthesized by Sangon Biotech Co Ltd (Shanghai, China) and
were inserted between the Mlu I and Cla I sites of the pLV-
THM plasmid. After the miR-338-3p-inhibitor lentiviral-based

-AACATTAACCGAGCGAGAGCGCTCGGT.CAACAAAAT CACT GATGCTGGA.CGCTCGGTAGAGACCGAGCGT TTTT T-
-TTGTAATTGGCTCGCTCTCGCGAGCCA.GTTGTTTTAGT GACTACGACCT.GCGAGCCATCTCTGGCTCGCAAAAAA-

1 2 3 4 5 6

7 8 9 10 11 12 13

Figure 1. Design of miR-338-3p inhibitor sequence. (A) Representative structure of miR-338-3p inhibitor. (B) Schematic representation of the
generation of miR-338-3p inhibitor expression cassettes driven by H1 promoter. Section 1, 3, 11, 13 are protective bases. Section 2 and 12 are
restriction sites, Mlu | and Cla | respectively. Section 4 is the arbitrary nucleic acids. Section 5 and 9 are hairpin structures. Section 6 and 8 are 3-nt
linkers. Section 7 is MBS. Section 10 is terminator (poly T). 81 mer synthetic oligonucleotides pairs are annealed and cloned between the Miu | and
Cla | sites to generate RNA inhibitor.
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A Results for thermodynamic ensemble prediction

The free energy of the thermodynamic ensemble is -30.90 kcal/mol.
The frequency of the MFE structure in the ensemble is 14.24 %.
The ensemble diversity is 5.76 .

www.chinaphar.com
Sun K et al

You may look at the dot plot containing the base pair probabilities [EPS | PDF | IMAGE CONVERTER].

The centroid secondary structure in dot-bracket notation with a minimum free energy of -29.60 kcal/mol is given below.
[color by base-pairing probability | color by positional entropy | no coloring]

1 UUAACCGAGCGAGAGCGCUCGGUAUACAACAAAAUCACUGAUGCUGGAAUACGCUCGGUAGAGACCGAGCGUU

1 R ((((((C)0))) ) Erm—— (CCCCCCCe M)

You can download the minimum free energy (MFE) structure in [Vienna Format|Ct Format]. You can get thermodynamic details on this structure

by submitting to our RNAeval web server.

Sequence display options
@ Plain sequence
O No sequence

Centroid secondary structure

Other display options

® Base-pair probabilities 0 1
O Positional entropy oo m
O None

Figure 2. Design of secondary structure of decoy RNA. (A) Description of the detail in RNA inhibitor prediction. (B) Image of the secondary structure of

RNA inhibitor.

vector was transformed into competent E coli DH5a cells
using the calcium chloride method, antibiotic-resistant colo-
nies were selected on LB-ampicillin agar plates. After colony
selection and further propagation, the plasmid was extracted
using the alkaline lysis method. The plasmid DNA was then
analyzed by restriction enzyme digests and sequence analysis.
The plasmid containing the target gene was digested with the
restriction enzymes and amplified by PCR. The clones with
positive PCR results were subjected to DNA sequencing. After
synthesis of the oligonucleotide pairs that code for the decoy
RNA that suppresses the endogenous miR-338-3p in cells, we
cloned the oligonucleotide pairs between the Mlu I and Cla I
sites of the plasmid, pLV-THM, to generate the RNA inhibitor
(Figure 3).

Cell lines and culture

Human embryonic kidney 293T (HEK-293T) cells (Invitrogen,
Carlsbad, CA, USA) and the human CRC-derived cell line
SW-620 (Shanghai Institutes for Biological Sciences) were
cultured in Dulbecco’s modified Eagle medium high glucose
(H-DMEM) supplemented with 10% heat-inactivated fetal
bovine serum (FBS; Hyclone, USA) at 37°C in a humidified
incubator with 5% CO,. The medium was changed every 3 d,
and the cells were trypsinized with trypsin/edetic acid when
80%-90% confluence was reached. Cells at passages 4-8 were
used for the experiments.

Lentiviral packaging and virus collection
Twenty-four hours prior to transfection, the HEK-293T cells
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Figure 3. The sketch of our cloning strategy of the transfer vector.

in logarithmic growth phase were trypsinized, and the cell
density was adjusted to 1.0x10° cells/ mL with complete cul-
ture medium. The cells were reseeded into 15-cm cell culture
dishes and cultured for 24 h prior to transfection. The cells
were 90%-95% confluent on the day of transfection. The
recombinant viral vector encoding the miR-338-3p inhibi-
tor and the two packaging plasmids psPAX2 and pMD2.G
were extracted with a plasmid extraction kit (Invitrogen,
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Carlsbad, CA, USA) and co-transfected into HEK-293T cells
according to the manufacturer’s instructions. After 8 h of
transfection, the cell culture medium was replaced with fresh
complete medium. After 24 h of transfection, the expression
of eGFP was determined. After 48 h of transfection, the cul-
ture medium was collected and centrifuged at 4000xg at 4°C
for 10 min to remove any cellular debris. The supernatant
was filtered through a 0.45-pm filter into a Plus-20 centrifugal
ultrafiltration unit and centrifuged at 4000%g to obtain a high-
titer lentivirus stock. The lentivirus without the transgene was
used as the negative control and was produced in the same
manner as the inhibitor vector.

Virus condensation and titer assay

The high-titer lentivirus was used as the stock virus solu-
tion. HEK-293T cells were seeded in 96-well plates (4x10*
cells/well in a volume of 100 pL) and cultured for 24 h. The
medium was removed and 100 pL of the original virus solu-
tion and consecutive diluted virus solutions at dilutions of
107, 107, 10?10, and 10° were added to the cells. After 48 h,
100 pL of complete medium was added to each well and the
viral titer was determined by flow cytometry. The viral titer
was calculated with the following formula: Titer (293T-trans-
ducing units/mL)=100000 (target cells)x(% of eGFP-positive
cells/100)/volume of supernatant in mL.

Virus transduction and fluorescent cell selection

SW-620 cells were seeded at 1.0x10° cells per well in 24-well
plates in DMEM containing 10% FBS. After 24h incubation,
the cells were transduced with each lentivirus stock (3.0x10°
Titer Unit). The SW-620 cells were then incubated for an addi-
tional 48-72 h prior to identifying the eGFP(+) cells by flow
cytometry (Becton Dickinson, CA, USA).

Detection of miR-338-3p expression with real-time RT-PCR

Total RNA from SW-620 cells infected with the miR-338-3p
expression vector was prepared using the TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) after viral transduction.
The precipitate was dissolved in DEPC-treated water, and a
nucleic acid protein analyzer (Beckman Coulter, USA) was
used to determine the RNA concentration. The purity and
integrity of the RNA were identified as follows: the Aq nm/
Asgo nm Was 21.8, and the band ratio of 285 RNA to 185 RNA
was 21.5 in formaldehyde denaturing gel electrophoresis.
Accurate quantitation of the mature miR-338-3p was obtained
using the TagMan microRNA Assays (Applied Biosystems,
Foster City, CA, USA). Briefly, the reverse transcription
reaction was performed using 10 ng of total RNA and the
looped primers. Real-time PCR was performed using the
standard TagMan microRNA Assays protocol on the iCycler
iQ Real-Time PCR Detection System (Bio-Rad). The PCR reac-
tion (20 pL) included 1.33 pL reverse transcription product,
1xTagMan Universal PCR Master Mix, No AmpErase UNG,
0.2 pmol/L TagMan probe, 1.5 pmol/L forward primer and
0.7 pmol/L reverse primer. The reactions were incubated in a
96-well plate at 95°C for 10 min followed by 40 cycles of 95°C
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for 15 s and 60°C for 1 min. The miR-338-3p expression level
was measured using the C, (threshold cycle) method. The C,is
the fractional cycle number at which the fluorescence of each
sample passes the fixed threshold. The AAC, method for rela-
tive quantitation of gene expression was used to determine the
miR-338-3p expression levels. The AC, was calculated by sub-
tracting the C, of U6 from the C, of the miR-338-3p. The AAC,
was calculated by subtracting the AC; of the reference sample
from the AC, of each sample. The fold change was calculated
using the equation 2", The Tagman microRNA Assays
for U6 RNA was used to normalize the relative abundance of
miR-338-3p. The above experiment was repeated at least three
times.

miRNA target prediction

The analysis of miR-338-3p-predicted targets was performed
using the algorithms TargetScan (http://targetscan.org/),
PicTar (http://pictar.mdc-berlin.de/) and miRanda (http://
www.microrna.org/microrna/home.do).

Detection of smoothened (SMO) protein expression by Western
blot analysis

SW-620 cells were rinsed twice with cold PBS buffer and
were then lysed in ice-cold lysis buffer containing 150
mmol/L NaCl, 50 mmol/L Tris-HCI (pH 7.6), 0.1% SDS, 1%
Nonidet P-40, and protease inhibitor cocktail (Boehringer Man-
nheim, Lewes, UK). The samples were cleared by centrifu-
gation at 13000%g for 10 min. The cellular protein (50 pg)
was subjected to sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and electrotransferred to
polyvinylidine fluoride (PVDF) membranes (Immobilon, Bed-
ford, MA, USA). After blocking in 20 mmol/L Tris-HCI,
(pH 7.6) containing 150 mmol/L NaCl, 0.1% Tween-20, and
5% non-fat dry milk, the membranes were incubated with
primary antibodies against SMO or B-actin, which was used
as a sample loading control, overnight at 4°C. The mem-
branes were then incubated with horseradish peroxidase-
conjugated secondary antibody. The blot was developed
using the ECL detection kit (Amersham Pharmacia Biotech)
according to the manufacturer’s instructions. This experi-
ment was repeated at least three times.

Transwell migration assay

The migration assay was performed using transwell cell cul-
ture chambers (8 pmol/L pore size polycarbonate membrane,
Costar). SW-620 cells were resuspended in DMEM with 0.1%
FBS at a concentration of 3x10° cells/mL. The upper chamber
was loaded with 100 pL cell suspension and the lower chamber
was loaded with 600 pL. DMEM supplemented with 10% FBS.
After incubation for 48 h at 37°C in a 5% CO, atmosphere, the
filter was fixed with 4% paraformaldehyde and stained with
crystal violet. The cells on the upper side of the filter were
wiped off with a cotton swab. The cells that migrated to the
underside of the membrane were counted under a microscope.
Ten microscopic fields (x400) were randomly selected for cell
counting. This experiment was repeated at least three times.



Statistical analysis

The relative expression analysis of the target gene was per-
formed using REST-XL (Relative Expression Software Tool,
available at http:/ /www.gene-quantification.info/). All data
in the experiment were presented as the average+standard
deviation (mean+SD). Comparisons between the groups were
analyzed with a one-way ANOVA and Student-Newman-
Keuls g test using the SPSS 13.0 software (SPSS Inc, Chicago,
IL, USA). P values less than 0.05 were considered statistically
significant.

Results

Analysis of the miR-338-3p-inhibitor sequence

As shown in Figure 2B, the MBS was unlikely to form a
self-annealing sequence, and the other elements were not
predicted to block the MBS. Therefore, the structure of the
miRNA inhibitor should be completely complementary to the
target miRNA sequence.

Packaging of the pLV-THM-miR-338-3p-inhibitor lentivirus and
titer assay

HEK-293T cells were co-transfected with the transfer plasmid,
pLV-THM-transgene, the packaging plasmid, psPAX2, and the
envelope plasmid, pMD2.G. GFP was detected 24 h after co-
transfection (Figure 4). Moreover, after 48 h infection with the
diluted lentivirus, different levels of eGFP were also expressed
in the HEK-293T cells (Figure 5). The viral titer was calculated
as the proportion of fluorescent cells that was determined by
flow cytometry, and the viral titer was 4.8x10° TU/mL.

Virus transduction and fluorescent cell identification

GFP was expressed 48 h after the SW-620 cells were trans-
duced by the lentivirus, and the cells were observed under a
This suggests that
the miR-338-3p-inhibitor vector was successfully transduced
into the SW-620 cells. The eGFP(+) fluorescent cells were then
identified using flow cytometry (Figure 6C-6E).

fluorescence microscope (Figure 6A-6B).

Real-time RT-PCR for detection of miR-338-3p expression in a
CRC-derived cell line
To study the expression pattern of miR-338-3p in SW-620 cells
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Figure 4. HEK-293T cells transfected with recombinant plasmid, psPAX2
and pMD2.G. (A) HEK-293T cells under light microscope (20x%); (B) HEK-
293T cells under fluorescent microscope (20x).

after lentivirus transduction, we performed real-time RT-PCR
to detect miR-338-3p expression in the SW-620 cells. The real-
time RT-PCR results indicated that the miR-338-3p cDNA
increased exponentially and then plateaued. The miR-338-3p
amplification curve was a typical reverse S pattern (Figure
7A) and showed higher amplification efficiency. The miR-
338-3p PCR product was 72 bp long, the corresponding Tm
was 84.09+0.15°C, the melting temperature was even, and the
shape of the peak was sharp (Figure 7B). As shown in Figure
7C, the expression level of miR-338-3p in the treatment group
is less than one third of the expression in the control cells that
were not transduced with the inhibitor vector.

Biological functions of miR-338-3p in a CRC-derived cell line

To further investigate the functions of miR-338-3p in CRC
cells, we constructed a SW-620 cell line with down-regulated
miR-338-3p expression. This SW-620 cell line stably expressed
the miR-338-3p inhibitor from the lentivirus vector, pLV-THM-
miR-338-3p-inhibitor. Most miRs are hypothesized to control
gene expression by base-pairing with the miR-recognizing
elements (miR-RE) found in their messenger targets. We uti-
lized all three currently available major prediction programs,
TargetScan, miRanda and PicTar, to analyze the potential
interactions between miR-338-3p and SMO. At least two of
these algorithms (TargetScan and miRanda) reveal a potential
miR-338-3p target site in the SMO mRNA 3’-UTR region (Fig-
ure 8A).

10° 10* 102 10°% 10# 10%

Figure 5. HEK-293T cells transduced by lentivirus diluted in different density of 10°, 10%, 102, 103, 10*, and 10°.
microscope (20x); (B) HEK-293T cells under fluorescent microscope (20x).

(A) HEK-293T cells under light
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Figure 6. SW-620 cells infected by lentivirus (3.0x10° TU) before and
after flow cytometry selection. (A, B) SW-620 cells infected by lentivirus
before flow cytometry selection (A: light microscope; B: fluorescent
microscope). (C) SW-620 cells with eGFP(+) were distinguished by flow
cytometry. (D, E) SW-620 cells infected by lentivirus after flow cytometry
selection (D: light microscope; E: fluorescent microscope).

To determine whether miR-338-3p affects SMO expression
in CRC cells, we analyzed the effects of miR-338-3p ectopic
expression. We transduced the lentivirus vector, pLV-THM-
miR-338-3p-inhibitor, into SW-620 cells and used Western blot
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Figure 7. Real-time RT-PCR analysis detecting miR-338-3p expression
in SW-620 cells. (A) miR-338-3p cDNA concentrations’ Log value as
ordinate, C, value as abscissa. (B) Tm of miR-338-3p was 84.09 °C. (C)
Expression of miR-338-3p detected by real-time RT-PCR. Expression of U6
snRNA was used as internal control. °P<0.01 versus control group.

analysis to determine whether there were changes in the SMO
protein level. Introduction of the miR-338-3p-inhibitor caused
a significant decrease in the level of miR-338-3p and increased
the level of the SMO protein (Figure 8B). This result strongly
suggests the post-transcriptional regulation of the SMO pro-
tein by miR-338-3p.

To gain a better understanding of changes in the cell phe-
notype, we used a transwell migration assay to examine the
mobility of SW-620 cells transduced with the miR-338-3p-
inhibitor. The results of this study demonstrated that a greater
number of miR-338-3p-inhibitor-positive cells migrated to the
lower side of the membrane than the miR-338-3p-inhibitor-
negative cells (Figure 8C-8E).

Discussion

miRNAs play a key role in the regulation of basic biological
activities, such as the growth, development, and differentiation
of organisms, and because of this, unbalanced miRNA expres-
sion may contribute to many human diseases, particularly the
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Figure 8. The biological functions of miR-338-3p on CRC-derived cell line. (A) SMO 3-UTR site potentially targeted by miR-338-3p as predicted by
TargetScan. (B) Western-blot analysis showing SMO protein expression in SW-620 cells. B-Actin was used as house-keeping gene to normalize SMO
protein expression. Note: lane 1, Negative control; lane 2, SW-620 cells transfected with pLV-THM-control; lanes 3, SW-620 cells transfected with pLV-
THM-miR-338-3p-inhibitor. The results are representative of three independent experiments. (C-E) Transwell assay showing migration ability of the
blank control SW-620 cells (C), SW-620 cells transfected with pLV-THM-control (D) and SW-620 cells transfected with pLV-THM-miR-338-3p-inhibitor (E).
Migrated cells found on the bottom side of the membrane were fixed and stained. Numbers of migrated cells on the membrane bottom were counted
and shown at the top of each panel. Down-expression of miR-338-3p increased the expression of SMO protein in SW-620 cells, which showed obviously
enhanced invasive ability in transwell assay. n=3. Mean+SD. °P<0.01 versus control group.

occurrence and development of tumors™), miR-338-3p was a
recently discovered miRNA that was found to be involved in
cellular differentiation. It was reported that miR-338-3p was a
tumor suppressor gene in central nervous system tumors, the
expression of which was decreased in central nervous system
tumor cell lines. Furthermore, the miR-338-3p sequence is
located within intron-8 of the apoptosis-associated tyrosine
kinase (AATK) gene, and optimal neurite growth requires
not only the enzymatic activity of AATK but also the intronic
miR-338-3p generated from the chromosomal AATK gene!™.
Tsuchiya et al'® have reported that miR-338-3p contributes to
the formation of epithelial basolateral polarity by facilitating
the translocalization of fl-integrin to the basolateral mem-
brane, which highlights a potentially important role for miR-
338-3p in the process of epithelial cell differentiation. Huang
et al'”’ demonstrated that a decrease of miR-338-3p expression
in hepatocellular carcinoma (HCC), which is another type
of epithelial cell-derived cancer, was significantly associated
with TNM stage, vascular invasion, intrahepatic metastasis,
tumor size and tumor grade. In our previous study, we dem-
onstrated that miR-338-3p expression was down-regulated
in both CRC samples and CRC-derived cell lines. We also
demonstrated that miR-338-3p was associated with an unfa-
vorable disease-free survival that was independent of clinical
factors in specimens from CRC patients treated by both cura-
tive surgery and adjuvant chemotherapy (data not shown).
To confirm the molecular mechanism of miR-338-3p in CRC,
it is necessary to observe the biological effects of the up- and
down-regulation of miR-338-3p. We constructed a CRC cell
line in which miR-338-3p was over-expressed. This cell line
was constructed by transducing the lentivirus vector, pLV-
THM-miR-338-3p, into SW-620 cells. However, the long-term
suppression of miR-338-3p in CRC cells remains a problem
that has yet to be solved.

For the stable expression of genes in target cells, lentivi-
rus-based drugs or gene therapy is a potential therapeutic
approach for the treatment of cancers. In recent years, lenti-
viral vectors have emerged as promising tools for anti-tumor
immunotherapy and gene therapy because of their ability to
transduce a wide variety of dividing and non-dividing cell
types, including tumor cells, dendritic cells and T cells. The
modification of cancer cells with various types of miRNAs that
have been shown to be involved in tumor development is per-
formed using lentiviral vectors in the majority of relative stud-
ies because of efficient transgene delivery that results in either
the over-expression or knockdown of miRNAs both in vitro
and in vivo™. These approaches have major implications for
the adoptive cellular therapy of virus-associated malignancies
and cancer™. In conclusion, the potential of lentiviral vectors
as a generally applicable “off-the-shelf” therapeutic for anti-
tumor biotherapy should be highlighted.

In this study, we successfully developed a novel lentivirus-
based miR-338-3p inhibitor with a hairpin structure. Several
previous studies have reported the construction of a RNA
decoy with two MBS inside the stem-loop structure®. How-
ever, this structure may cause self-annealing between the two
MBS when they are transcribed into RNA. This will most
likely reduce the inhibitory potential of the RNA decoy™.
Modifying the sequences of two MBS to prevent them from
being complementary to each other is a sophisticated process.
We chose the inhibitory structure of one MBS with two 8 bp
hairpins flanking it on both sides and 3-nt linkers connecting
the hairpin and MBS. Notably, we show that our RNA decoy
can specifically inhibit endogenous miR-338-3p to induce the
corresponding biological effect. In our study, we explored
the relationship between the expression level of miR-338-3p
and the specific biological effects in CRC, such as invasion
and metastasis. The success of the miR-338-3p inhibitor is
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extremely beneficial for further research.

Recently, SMO, which is the key activator of the Hedgehog
(Hh) signaling pathway, was reported to induce CRC invasion
and metastasis by targeting the glioma-associated oncogene
homologue 1 (GLI-1), a downstream target of the Hh signal®.
With the application of bioinformatics prediction programs,
such as TargetScan, PicTar and miRanda, we found that miR-
338-3p and the 3’-UTR of SMO mRNA had complementary
binding sites. From this, we hypothesized that SMO may be
a new target of miR-338-3p in CRC; however, this finding has
not yet been reported. In this study, the SMO protein was up-
regulated in SW-620 cells transduced with pLV-THM-miR-338
-3p-inhibitor, and this was confirmed by Western blot analysis.
Moreover, decreased expression of miR-338-3p increased the
expression of the SMO protein in SW-620 cells, which showed
significantly enhanced invasive ability in a transwell assay.
Consistent with Huang et al®!
338-3p suppresses SMO gene expression to inhibit CRC migra-

, our data indicate that miR-

tion, which suggests that SMO is a potential anti-tumor can-
didate for the treatment and prevention of CRC.

Therefore, this tool could be applied to the analysis of regu-
latory networks that are formed either transiently or stably
between miR-338-3p and coding genes. This is also appli-
cable to the construction of a miR-338-3p knockdown mouse.
Because the mouse U6 promoter regulated by Cre-loxP has
already been well-established, time- and tissue-specific
miRNA knockdown in the mouse should be possible using
modified lentivirus vector expression systems for further stud-
ies regarding the alterations of biological functions in CRC™!.
Because of these properties, our miR-338-3p inhibitor will be
very useful for future studies and may also have potential
as a novel human gene therapy. Using recent evidence from
pharmaceutical studies focusing on siRNA, our objective is to
develop an efficient drug delivery system for a miRNA inhibi-
tor. Furthermore, the reduction in potential side effects of the
molecule when the miRNA is transduced by a lentivirus in
vivo, such as unwanted cytokine responses, remains an addi-
tional goal.

Abbreviations
CRC, colorectal carcinoma; miR, microRNA; 3’-UTR, 3’-untran-
slated region; MBS, miRNA binding site; SMO, smoothened
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