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Abstract. Background/Aim: The microRNA miR-452-5p
holds a critical role in the progression of multiple tumor
Sformations, but there is limited understanding regarding the
epithelial-mesenchymal transition (EMT) progression and its
underlying mechanisms in the early-stage colorectal cancer
(CRC). We aimed 1o explore the change in miRNA expression
in early-stage CRC and examine the role of these miRNAs in
CRC. Materials and Methods: The expression levels of miR-
452-5p in tissues and cells of early-stage CRC were
determined by real-time quantitative polymerase chain
reaction. Additionally, the biological effects of miR-452-5p
on CRC were investigated by in vitro functional experiments.
Results: The expression levels of miR-452-5p were found
increased in early-stage CRC tissue. We found that miR-452-
5p promoted CRC cell proliferation but inhibited epithelial—
mesenchymal transition. Furthermore, miR-452-5p promoted
cell proliferation through activation of the extracellular
signal-regulated kinase pathway, and inhibited cell invasion
through suppression of Slug (Snail2) expression and up-
regulation of E-cadherin expression. Conclusion: The
expression of miR-452-5p s up-regulated in early CRC and
suppresses epithelial-mesenchymal transition in CRC. These
discoveries suggest that miR-452-5p has the potential to
serve as a viable therapeutic target for CRC.
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Colorectal cancer (CRC) is the third most commeon cancer
worldwide and the leading cause of cancer-related death (1).
In recent years, screening colonoscopy has achieved great
success in the early detection of CRC, but most patients'are
diagnosed at an advanced stage and have a poor prognosis.
Metastasis is closely associated with epithelial-mesenchymal
transition (EMT) in which cells gradually lose their epithelial
phenotype and acquire a mesenchymal phenotype (2). EMT is
one of the main steps in the progression of tumors. Numerous
studies have shown that EMT is necessary for the increased
invasive potential of tumour cells in progression of various
types of cancer (3). Cancer cells undergoing EMT show
reduced expression of epithelial markers, such as E-cadherin
and f-catenin, and increased expression of mesenchymal
markers, such as N-cadherin and vimentin (4). Therefore,
more intensive research on the molecular mechanisms of
early-stage CRC is urgently,required to identify early
diagnostic markers and potential therapeutic targets.

The regulation of E-cadherin plays an important role in
tumor progression, and several growth factors (transforming .
growth factor, hepatocyte growth facior, and epidermal growth
factor) and transcriptional inhibitors (Snail, Slug, Twist, and
ZEB1/2) are involved in the regulation of EMT (3). Snail is a
transcriptional inhibitor of the B-cadherin Snail protein family,
and it includes Snaill, Snail2 (Slug), and Snail3 (Smuc). Snail
proteins bind specifically to the E-box element of the E-
cadherin gene via the zinc finger domain {6). Slug is highly
expressed in patients with CRC and promotes CRC cell
invasion (7). Additionally, Slug may epigenetically suppress
E-cadherin expression in CRC metastasis.

MicroRNAs (miRNAs) are a type of short, single-stranded,
non-coding RNAs that interact with mRNA through pairing
of complementary sequences in the 3’ untranslated region of
target genes, resulting in mRNA degradation and translation
failure (8). The miRNA miR-452-5p is a regulator of
colorectal, liver, and lung cancer, specifically promoting
cancer cell invasion, migration, and proliferation (9). More
importantly, miR-452-5p is abnormally expressed in CRC (9).
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Table 1. Patient characteristics.

Definitive

Case Sample No. Sex Age Location Tumor size Clinical Lymphovascular
: (mmy) diagnosis diagnosis invasion

1 T M 74 T 0x18 M Adenoma “

2 2 M 84 A 17x11 M sM2 (V+)

3 7 F 81 T 17%15 Adenoma Adenoma (-

4 8 M 87 A 27%24 SM M =)

5 9 M 91 Ra 65x%45 M M =)

6 10 F 89 Ra 60x40 M SM1 ©

7 11 M 61 s 17%17 M Adenoma -)

g i2 M 28 Rb 26x20 M SM1 (=)

g 13 F 69 A 25x20 - M Adenoma O]

10 14 F 75 s 30x17 M SM2 Ly+)

11 15 F 74 C 12x7 SM SM2 (V)

12 16 M 68 T 25%20 SM2 SM2 (V4)

13 18 M 59 A 108 SM2 SM2 (Ly+, V4)

14 19 F 05 Rb 38x22 SM2 SM2 (V+)

15 20 M 57 Ra 15%10 SM2 SM2 (Ly+, V+4)

M: Male; F: female; T: transverse colon; A: ascending colon; C: cecurn; 8: sigmoid colon; Ra: rectum (above the peritoneal reflection); Rb: rectum
(below the peritoneal reflection); M: mucosal; $M1: submucesal invasion <1,000 pm; SM2: submuicosal invasion 21,000 prn: Ly: lymphatic invasion;

Vi venous invasion.

The expression level of miR-432-5p is significantly down-
regulated in advanced CRC tissues, promoting invasion and
metastasis, which are associated with a poor clinical
prognosis {10). In contrast, there is a report that miR-452-5p
is overexpressed in advanced CRC and it promotes cell
proliferation, cell cycle transition, and chemotherapy
resistance and inhibits cell apoptosis. However, EMT of miR-
452-5p in early-stage CRC and its mechanisms have not been
fully clarified.

In this study, we investigated the involvement of miR-
452-5p in cell proliferation and invasion in CRC. To
investigate cell invasion, we focused on EMT.,

Materials and Methods

Patients and samples. Early CRC tissue and adjacent normal tissue
were collected from 20 patients who underwent colonoscopic
endoscopic submucosal dissection (ESD) at the Kagawa University
Hospital from April 2017 to March 2018. The patient underwent tumor
resection by ESD after a clinical and pathologic diagnosis of stage I
CRC. Colorectal neoplasms were histologically classified as serrated
lesions, adenomas, intramucosal carcinomas, SM1 carcinomas with
superficial {<1,000 pm) submucosal invasion, and SM2 carcinoma
with deep (21,000 um) submucosal invasion. Intramucosal carcinomas
were defined as mucosal high-grade neoplasia (category 4) and
submucosal carcinomas represented invasive carcinoma (category 5)
in the revised Vienna Classification {11). ‘

All patients underwent ESD according to a standardized protocol
without any treatment for their tumor before ESD. Biopsy samples
of the tumor and adjacent normal tissue were taken from ecach
patient immediately before completing ESD, The sampling
- procedure was the same as that described in our previous study (12).
All dssue samples were frozen immediately after excision and

Table IL. Summary of significantly up-regulated and down-regulated
miRNAs between early CRC and adjacent novmal tssue,

FDR

miRNA Fold change p-Value
(Tumor/Normal)

Up-regulated
has-miR-~4633-5p 2401734 0,000025 0,001198
has-miR-452-5p 2312177 - 0000377 0,010005
has-miR-3907 2,266059 0,000032 0,001440
has-miR-429% 1,929717 0,000055 0,002172
lisa-miR-4730 1,928920 0,000017 0,001033
has-miR-887-5p 1,876268 0,000457 0011287
has-miR-805% 1,790614 0,000006 0,001033
has-miR-1285-3p 1,673807 0.000218 0,006789
has-miR-769-5p 1.634738 0000076 0,002877

_ has-miR-6876-5p 1,.567126 0,000018 0,001033
has-miR-3663-3p 1,525760 0,000372 0,010005

Down-regulated
hsa-miR-133b 0,324593 (,000013 -+ 0,001033

- hsa-miR-133a-3p 0,380456 0,00015! 0,004900
hsa-miR-378g 0444162 0,000005 0,001033
hsa-miR-378c C . 0452104 0,000016 0,001033
hsa-miR-378d 0,454092 0,000019 0,001033
hsa-miR-378¢ 0,464034 0,000015 0,001033
hsa-miR-378f 0467831 0,000009 0,001033
hsa-miR-378b 0469599 0000001 0,000433
hsa-miR-378i 0470580 0,000012 0,001033
hsa-miR-572 0479847 0000412 0,010528
hsa-miR-378a-5p 0516377 0,000044 0,001854
nsa-miR-3185 0,555634 0,000279 0,008322
nsa-miR-378a-3p 0,558695 .- 0,000062 0,000677
hsa-miR-638 0,610290 . 0,000324 0,009267
hsa-miR-4731-5p 0.647158 0,000019 0,001033

Fold change {FC)>1.5 and FC<0.67. p<0.001. CRC: Colore;tal cancer:
FDR: false discovery rate,
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" Figure 1. Differences in miRNA expression between early-stage CRC and adjacent normal tissue. (A) Hierarchical clustering of expression profiles
of numerous differentially expressed miRNA between early-stage CRC and adjacent normal tissue. The columns represent the patients, and the rows
represent the individual miRNAs. Red indicates a high expression level and blue indicates a low expression level. (B) gRT-PCR analysis of miR-
4633-5p. miR-452-5p, miR-887-5p. miR-769-5p, and miR-572 in 15 paired samples of CRC tissue compared with adjacent normal tissue. The
2-44CT methad was used o analyze relative quantification of miRNAs. Data represent the mean=standard deviation. #p<0.05 vs. the control group.
CRC: Colorectal cancer: gRT-PCR: real-time quantitarive reverse iranscription-polvmerase chain reaction; RQ: relative quantity.
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Figure 2. MiR-452-5p promotes CRC cell proliferation in vitro. (A) gRT-PCR analysis of miR-452-5p expression levels in CRC cell lines compared
to HCTS8 as the standard. (B) CACO-2 cells were transfected with control RNAs or miR-452-5p mimics, and HT-29 cells were transfected with
control RNAs or miR-452-5p inhibitors. The viability of cells was evaluated using the CCK-8 assay. Upper panels: cell viability was assayed at 0,
48, and 96 h. Lower panels: cell viability of these cells at 48 h. (C) Left panels: effect of overexpression and repression of miR-452-5p on the CRC
cell cycle. The results were analyzed by flow cytometry. Right panels: graphical representation of the proportion of cells in each phase of the cell
cycle. Data represent the meanzstandard deviarion. *p<0.05, **p<0.01 vs. the control group. CRC: Colorecial cancer; qRT-PCR: real-time
quantitative reverse transcription-polymerase chain reaction.
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stored at ~80°C until use for later analysis. Approval for this study
was obtained from the Institutional Review Board of Kagawa
University (no. Heisei 22-063) and the study was conducted in
accordance with the World Medical Association Declaration of
Helsinki Ethical Principies for Medical Research Involving Human
Subjects. All patients were fully informed and gave written consent
for the use of clinical samples and data,

Microarray analysis of miRNAs. A miRNA array analysis was
performed as described in our previous study (12). We used the
miRNAeasy Mini Kit (Qiagen, Hilden, Germany) to extract total
RNA from tissue samples according to the manufacturer’'s
instructions. The miRCURYHy3/Hy5 Power Labeling Kit and
human miRNA Oligo Chips (v. 21.0; Toray Industries, Tokyo.
Japan) were used for the miRNA expression analysis. Raw data
were analyzed with the GeneSpringGX 10.0 software (Agilent
Technologies, Tokyo. Japan). Quantile normalization was performed
on the huge amount of raw data, and Mann-Whitney U-tests were
used to identify miRNAs with different expression levels.
Hierarchical clustering was created using the shortest distance
method with Pearson’s absolute correlation coefficient as the index.
Heat maps were created on the basis of relative expression intensity
of each miRNA between tumor and non-tumor areas using log2 of
the fold change.

Real-time quantitative reverse transcription-polymerase chain
reaction. We quentificd miR-4633-5p, miR-452-5p, miR-887-5p,
miR-769-5p. and miR-572 from total RNA extracted from tissue
samples using human TagMan MicroRNA Assay Kits (Applied
Biosystems, Foster City, CA, USA). We purchased afl primers and
probes from Applied Biosystems and used RNUGB as an internal
control. Relative quantification of miRNA was performed by real-
time quantitative reverse transcription-polymerase chain reaction
(QRT-PCR) using the ViiA7 real-time PCR system (Applied

NC inhibitors  miR-452-5p inhibitors
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Figure 4, Continued

Biosystems). Relative quantification of miRNAs was analyzed by
the 2-48CT method (17).

Cell lines and cell cultures. Seven human CRC cell lines (CACO-2,
COLO-320, HCT-116, HCT-8, LOVO, CW-2, and HT-29) were
purchased. CACO-2, COLO-320, and CW-2 cells were purchased
from RIKEN BRC (Tsukuba, Japan). HCT-116 and HCT-8 cells were
purchased from the American Type Culture Collection (Manassas,
VA, USA), LOVO cells were purchased from the Japanese
Collection of Research Bioresources Cell Bank (Osaka, Japan). HT-
29 cells were purchased from the Cell Lines Service (Eppelheim,
Deutschland). COLO-320, CW-2 and HCT-8 cells were cultured in

"RPMI-1640 medium (Fujifilm Wako Pure Chemical Corporation,

Osaka, Japan). 10% fetal bovine serum [(FBS} Mediatech, Inc.,
Woodland, CA, USA] was supplemented for COLO-320 and CW-2
cells, and 10% horse serum (Life Technologies Cerporation, Grand
Tsland, NY, USA) was supplemented for HCT-8 cells. CACO-2 and
HT-29 cells were cultured in MEM medium (Wako). 20% FBS and
1% Non-essential Amino Acids Solution (Nacalai Tesque, Inc.,
Kyoto, Japan) were supplemented for CACO-2 cells, and 10% FBS
was supplemenied for HT-29 cells. HCT-116 cells were cultured in
McCoy's 5A mediom (Life Technologies Corporation) supplemented
with 10% FBS, and LOVO cells were cultured in Ham’s F-12
medium (Wako) supplemented with 10% FBS. All media were
supplemented with 100 mg/ml penicillin/streptomycin (Thermo

' Fisher Scientific, Waltham, MA, USA) and cultured under

humidified conditions of 5% CO, and 37°C.

Cell transfection. We obtained miR-452-5p mimics {cat. no.
4464066) and inhibitors (cat. no. 4464084) and negative control
miRNA from Thermo Fisher Scientific. CACO-2 and HT-29 cells
were seeded in 96-well or six-well plates and cultured for 24 h, The
cells were then transfected with appropriately adjusted miRNAs
with Lipofectamine RNAIMAX (Life Technologies Corporation}
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Figure 4. MiR-452-5p suppresses EMT in CRC cells and negatively
affects CRC cell imvasion. (A) Transwell invasion assays af CRC cells
treated with miR-452-3p mimics or inhibitors compared to control
RNAs. (B}Western hotting of EMT-relared proteins. {C) Protein
expression  valnes normalized to  f-actin. Data  represent the
meanzstandard deviation. *p<0.05, **p<0.0! vs. the control group.
EMT: Epithelial-mesenclhvmal transition; CRC: colorectal cuncer.

following the manufacturer’s protocol. CACO-2 cells were treated
with mimics or negative controls, and FIT-29 cells were treated with
inhibitors or negative controls. After 48 h of incubation, cells were

" collected, wushed with ice-cold phosphate-buffered saline, and used

for experiments.

Cell profiferation assay. Assays for cell proliferation were performed
using the cell counting kit-8 (CCK-8) assay (Dojindo Laboratories,
Kumameato, Japan). Cells were seeded in 96-well plates at a density
of 5.0x10% cells/well and culiured. After 24 h, each cell was
transfected with adjusted miRNA and incubated at 37°C, at 5% CO-
for another 48 or 96 h. The medivm in each well was then replaced
with medium containing CCK-8 reagent. and the plates were
incubated for an additional 3 h. The absorbance at 450 nm was
measured using a microplate reader (Multiskan FC: Thermo Fisher
Scientific, Tokyo, Japan). The experiments were repeated three times.

Cell cycle analysis. We vsed the Cycle Phase Determination kit
{Cayman Chemical Company, Ann Arbor, MI, USA) for a flow
cytometric analysis. CACO-2 and HT-29 cells were seeded in six-
well plates and cultured for 24 h. Adjusted miRNAs were then
iransfected in each well and incubated for 48 h. The cells were
collected in three wells as a single sample to ensure sufficient cell
numbers. Flow cytometry was performed using a Cytomics FC 500
flow cytometer {Beckman Coulter, Indianapolis, IN, USA) and the
data was analyzed with Kaluza Analysis software (v2.1; Beckman
Coulter). All experiments were performed in triplicate,

Invasion assays. We used the CytoSelect 96-well Cell lnvasion °
Assay Kit (Cell Biolabs, San Diego, CA, USA) according to the
manufacturer’s instructions to evaluate cell invasion. Briefly,
1.0x105/ml serum-free medium cell suspension was prepared, and
adjusted miRNAs were mixed into the cell suspension of each cell
and incubated for 48 h. The cells that had invaded the bottom of the
membrane were stained, and their fluorescence was quantified at 480
nm/520 nm1 using a spectrophotoimeter (SH-90001ab; Cerona Electric
Co., Ibaraki. Japan). The experiments were repeated three times.

Automated western immunoblotting. We used the automated,
capillary-based Simple Western system (Abby; ProteinSimple, Santa
Clara, CA, USA) to detect and quantify our proteins of interest.
CACO-2 and HT-29 cells were seeded in six-well plates and
incubated for 24 1. Adjusted miRNA was then transfected in each
well and incubated for another 48 h. The cells were washed twice
in phosphate-buffered saline and lysed in PRQ-PREP complete
protease inhibitor mixture (iNtRON Biotechnology. Seongnam.
Republic of Korea). The final lysates were adjusted o (.0 pg/pl or
2.0 pg/pl, Capillary western immunoblotting was performed
according to the manufacturer’s instructions. Resnlts were analyzed
by Compass Simple Western software (version 4.1.0.
ProteinSimple). The following primary antibodies were used: E-
cadherin (#3195; 1:50 dilution). Snail (#3879; 1:10 dilution), Slug
(#9585: 1:10 dilution), TCF&/ZEB| (#3396: 1:10 dilution), ERK1/2
(#4695; 1:10 dilution). p-ERK1/2 (#4370; 1:20 dilution), p27-kip[
(#3698: 1:10 dilution}, pS3 (#2524; 1:10 dilution), CDK4 (#2790:
1:10 dilution), Cyclin D1 (#55506; 1:10 dilution), phospho-Rb
(#9307: 1:10 dilution), CDK2 (#2546: 1:10 dilution), p21 (#2947,
1:10 dilution), and fJ-actin (#3700; 1:250 dilution) obtained from
Cell Signaling Technology; Cyclin E (cat, no. 51-i459; 1:10
dilution) obtained from BD Biosciences Pharmingen™ (Franklin
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to B-uctin. (E} Hypothetical model for the role of miR-452-5p in CRC. In this model, miR-452-5p promotes phosphorylation of ERK and promotes cell
proliferation i CRC cell lines. MiR-452-5p suppresses EMT in CRC cells by repressing Siug and inducing E-cadherin expression (Figure created at
bigrender.com}. Data represent the meansstandard deviation. *p<0.05 vs. the control group. p: Phosphorylated: EMT: epithelial-mesenchymal transition;
ERK: extracellilar signal-regulated kinase; TNIK: TRAF2 and NCK-interacting protein kinase; CRC: colorectal cancer,
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Lakes, NJ, USA); CDK6 (cat. no. 124821; [:2.500 dilution)
obtained from Abcam (Cambridge, UK); and TNIK (sc-3777215;
1:10 dilution) obtained from Santa Cruz Biotechnology (Dallas, TX,
USA). Anti-Rabbit Detection Module (ProteinSimple, DM-001) and

Anti-Mouse Detection Module (ProteinSimple, DM-002) were used .

as secondary antibodies. fB-actin was used as a housekeeping
control, and the data were normalized by B-aetin. All experiments
were performed in tenfold. ‘

Statistical analysis. All statistical analyses were performed using the
GraphPad Prism software v9.5 (GraphPad Software, San Diego,
CA.-USA). Statistical significance between the two groups was
assessed using the nonparametric Wilcoxon/Mann-Whitney U-test.
p<0.05 was considered statistically significant.

Results

MiR-452-5p is up-regulated in early-stage CRC. Fifteen
paired samples of CRC tissue and adjacent normal tissue had
sufficient material for miRNA analysis. The patients’ and
tumors” characteristics are shown in Table I. The pathological
diagnosis of ESD lesions was adenoma in four cases,
intramucosal carcinoma (M) in two cases, SM1 carcinoma in
two cases, and SM2 carcinoma in seven cases. We first
analyzed the differences in miRNA expression between early-
stage CRC tissue and adjacent normal tissue in each sample
by microarray analysis. Hierarchical clustering analysis

showed that the 2 tissne groups clearly formed different .

clusters, and 26 of the 2555 miRNAs showed different
expression (Figure 1A). Among these, a total of 11 miRNAs
exhibited significant upregulation, while 15 miRNAs
exhibited significant downregulation in early-stage CRC
tissue compared with adjacent normal tissue (Table 1), Next,
qRT-PCR was performed on 15 CRC tissue samples and
matched adjacent normal tissue samples to validate the
miRNAs that were significantly different in the microarray
analysis. The expression of miR-452-5p was up-regulated in
early-stage CRC tissues approximately 2.3-fold compared
with adjacent normal tissue (p<0.05). However, there was no
significant difference in the expression levels of other
miRNAs (miR-4633-5p, miR-452-5p, miR-887-5p, miR-769-
5p, and miR-572) (Figure 1B).

MiR-452-5p promotes CRC cell proliferation in vitro. To
further investigate the biological function of miR-452-5p in
CRC, we compared miR-452-5p expression levels by qRT-
PCR in seven human CRC cells (CACO-2, COLO-320,
HCT-116. HCT-8. LOVO, CW-2, and HT-29). We found that
miR-452-5p expression was significantly lower in CACQ-2
cells and significantly higher in HT-29 cells than in the seven
CRC ceil types (Figure 2A).

The effectiveness of transfection of miR-452-5p mimics

or inhibitors in CACO-2 and HT-29 cells was then assessed

by the CCK-8 assay. Cell proliferation was significantly

promoted in CACO-2 cells transfected with the miR-452-5p

mimic and significantly suppressed in HT-29 celis
transfected with the miR-452-5p inhibitor (p<0.05, Figure
2B). The CCK-8 assay showed that miR-452-5p mimic
transfection in CACQO-2 cells accelerated cell proliferation
from 48 h, while miR-452-5p inhibitor transfection in HT2%
cells delayed cell proliferation from 48 h (p<0.05, Figure
2B). To further confirm the association between the cell

proliferation effect and the cell cycle, cell cycle alterations

were assayed by flow cytometry (Figure 2C). We found that
miR-452-5p promoted cell cycle transformation in CACO-2
cells (Figure 2C). However, in HT29 cells, miR-452-5p
inhibitors increased the percentage of GO/Gl cycles,
although this was not statistically significant,

Automated western blotting was also performed to detect
the amount of cell cycle-related proteins (Figure 3A), We
found that miR-452-5p mimics and inhibitors had no effect
on cell cycle-related proteins in CACO-2 and HT-29 cells
(Figure 3B). Taken together, these findings suggest-that miR-
452-5p promotes CRC proliferation in vitro. indicating that
miR-452-5p contributes to CRC proliferation.

MiR-452'-5p is involved in upregulation of E-cadherin
expression via suppression of Slug and negarively affects
CRC cell invasion. CACO-2 and HT-29 cells were then used
to assess the effects of miR-452-5p on cell invasion and
EMT induction. The invasiveness of CACO-2 cells was
suppressed after transfection of miR-452-5p mimics, while
transfection of HT-29 cells with miR-452-5p inhibitors had
the opposite effect (Figure 4A). Furthermore, western
blotting showed that transfection of miR-452-35p mimics
suppressed Slug expression and enhanced E-cadherin
expression in CACO-2 cells (Figure 4B, C). The opposite
effect was detected after transfecting miR-452-5p inhibitors
in HT-29 cells (Figure 4C). These results suggest that miR-
452-5p suppresses EMT in CRC cells by repressing Slug and |
inducing E-cadherin expression. '

MIiR-452-3p is involved in promoting cell proliferation by
activating the extracellular signal-regulated kinase (ERK)
pathway and suppressing EMT by suppressing Slug. To
confirm that miR-452-5p is involved in cell proliferation, we
examined changes in extracellular signal-regulated kinase
(ERK), which is one of the proteins involved in the cell
proliferation pathway. We found that miR-452-5p promoted
phosphorylation of ERK in CACO-2 cells, but the opposite
effect was detected when an miR-452-5p inhibitor was
transfected into HT-29 cells (Figure 5A and B).

To further investigate the mechanism of miR-452-5p and
EMT in CRCs, target prediction of miR-452-5p was
performed using the miRDB and TargetScan databases.
Among the candidate genes, miR-452-5p may suppress
EMT by inactivating TRAF2 and NCK-interacting kinase
{TNIK} and blocking Wnt/f signaling (21). The mimics
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and inhibitors of miR-452-5p had no effect on TNIK

expression in CACO-2 and HT-29 cells (Figure 5C and D).

These results suggest that miR-452-5p is involved in
promoting cell proliferation by activating the ERK
pathway and suppressing EMT by suppressing Slug
(Figure 5E). ‘

Discussion

In the present study, we found that miR-452-5p was up-
regulated in CRC cell lines and tissue of early-stage CRC.
Previous reports have shown that miR-452-5p is
overexpressed in CRC tissue compared to the adjacent normal
tissue (9, 10, 16), but all these reports were limited to
advanced cancers. Furthermore, miR-452-5p promotes cell
proiiferation through activation of the ERK/MAPK signaling
pathway but tends to exert a positive effect on the Gl to §
transition of the cell cycle as a mechanism. However, miR-
452-5p inhibits cell invasion through suppression of Sjug
expression and the up-regulation of E-cadberin expression.
Studies have shown that miR-432-3p targets multiple genes
and has a key role in cancer development and pathogenesis
through "various mechanisms (14). Previous studies have
shown that miR-452-5p plays a dual role as a potential tumor
suppressor and candidate cancer gene in several human
cancers (15-20). Additionally, miR-452-5p may play a dual
role in CRC in promoting cell proliferation and as a
suppressor of invasion.

To elucidate the functional role of differentially expressed
miRNAs in CRC, we analyzed the effects of overexpression
and inhibition of miR-452-5p on CRC cell growth and
invasion in vitro. Previous reports have shown that miR-452-
5p promotes tumorigenesis in hepatocellular carcinoma and
CRC and confers resistance to docetaxel in breast cancer
cells, (15, 16). However, miR-452-5p also inhibits the
progression of non-small cell lung cancer and prostate cancer
(17, 18). In previous studies, miR-452-5p promoted tumor
cell growth in CRC (9, 16}, and our results are consistent
with these studies. Additionally, miR-452-5p. proniotes cell
proliferation and affects the cell cycle through activation of
the ERK signaling pathway in CRC.

Few reports have focused on the relationship between
miR-452-5p and cancer cell invasion., Migration and
invasion of hepatocellular carcinoma are promoted by miR-
452-5p via COLEC10 (19). Additionally, sunitinib —a multi-
target receptor tyrosine kinase inhibitor— suppresses renal
cell carcinoma invasion and migration by downregulating
miR-452-5p expression (20). However, miR-452-5p
inhibited colon cancer cell invasion in our study.
Additionally, miR-452-3p suppressed EMT in CRC cells by
repressing Slug and inducing B-cadherin expression.
Previous studies have shown that coexistence of high Slug
expression and low E-cadherin expression in patients with

CRC is associated with a poor prognosis, whereas patients
with low Slug expression and high E-cadherin expression
have a good prognosis (21). Slug overexpression promotes
EMT and leads to invasion and metastasis in CRC,
suggesting that miR452-5p inhibits EMT by suppressing
Slug expression. Furthermore, Slug and TNIK are predicted
by target scan to be target genes of mir-452-5p. TNIK is a
promising therapeutic target for CRC because of its essential
roles in regulating the Wnt/3-catenin signaling pathway
{22). Therefore, miR-452-5p may regulate EMT by directly
targeting Slug. However, miR-452 was previously reported
to promote cell invasion by directly targeting GSK3p in
CRC (16), which contradicts our results. This inconsistent
function of miR-452-5p may be due to differences in cell
lines and their tissue specificity. The expression levels of
GSK3p and E-cadherin have been implicated in migration,
chemotaxis, metastasis, and clinical prognosis in colorectal
cancer cell lines and tissues (23), and further studies on the
relationship between these factors are needed.

In conclusion, this study revealed miRNA expression
characteristic of early-stage CRC. The miRNA miR-432-
5p promwotes cell proliferation through activation of the
ERK pathway, while inhibiting cell invasion through
suppressing Slug expression and up-regulating E-cadherin
expression. Among the miRNAs, miR-452-5p s
overexpressed in early-stage CRC and has two aspects of
promoting cell proliferation and inhibiting invasion in
CRC cells.
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