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MiR-92a promotes the invasion and migration
of colorectal cancer by targeting RECK
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Abstract: The up-regulation of miR-92a in human cancer happens frequently, and is related to an increase of me-
tastasis and decreased survival. However, its functions in colorectal cancer (CRC) are largely unknown. This study
aimed to investigate the regulatory effect of miR-92a on cell invasion and migration in colorectal cancer (CRC). A to-
tal of 158 patients with CRC were included, and in situ hybridization was used to predict the expression of miR-92a
in the paraffin sections from the patients. Quantitative reverse transcription PCR was used to detect the expression
of miR-92a and its target gene. Protein levels were determined by western blotting. Luciferase assays confirmed the
direct target of miR-92a. Furthermore, cell invasion and migration were detected using Transwell and wound heal-
ing assays. The expression level of miR-92a in tumor tissues was upregulated compared with that of paired normal
tissues and negatively correlated with the RECK protein level. The 3-year disease-free survival (DFS) and overall
survival (OS) rates of miR-92a expression in the high group were significantly lower than those in the miR-92a-low
group. The RECK 3’-UTR reporter activity assay suggested that the RECK gene was a direct target of miR-92a. After
transfection of the miR-92a-mimic, the miR-92a levels were increased in HCT116 and SW620 cell lines, while the
protein expression of RECK was decreased instead of the mRNA level, along with downregulation of matrix metal-
loproteinase (MMP) protein expression. Conversely, after transfection with miR-92a-inhibitor, the opposite trend was
achieved. In conclusion, miR-92a promotes the invasion and migration of CRC through the RECK-MMP signaling
pathway, and the upregulation of miR-92a was associated with poor long-term prognosis in CRC.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon cancers and a leading cause of cancer-
related death worldwide [1]. CRC treatment has
shown great progress. Although lymph node
metastasis or distant organ metastasis pre-
dicts poor survival outcomes, the cause of local
invasion and distant metastasis of CRC is still
not fully understood [2]. Previous studies have
shown that the invasion and metastasis of
tumors are related to the abnormal expression
of microRNAs (miRNASs) in tissues [3]. However,
the specific molecular mechanism is unknown.

MiRNAs are single-stranded noncoding RNAs
containing 21-24 nucleotides, and they bind to
the target mRNAs in the 3’-untranslated region
(3'UTR) to induce translational repression or
MRNA cleavage, attenuating protein expression
[4]. More than 50% of these miRNA genes are
located in cancer-associated genomic regions

or fragile sites, suggesting that these miRNAs
are deeply involved in the pathogenesis of can-
cer [5]. Indeed, genome-wide studies have
revealed that miRNAs may be potential diag-
nostic or prognostic tools for cancer, and the
identification of target mRNAs is a key step in
assessing the role of aberrantly expressed miR-
NAs in human cancer. The miR-17-92 cluster is
located at chromosomal locus 13g31.3 and
encodes miR-17, miR-18a, miR-19a/b, miR-
20a, and miR-92a [6-9]. Among them, miR-92a
is dysregulated in many tumors, including lung
cancer, ovarian cancer and gastric cancer [10-
12]. Previous studies have also shown that
miR-92a is involved in the development and
progression of CRC. However, its related molec-
ular mechanisms have not yet been fully eluci-
dated [13].

The reversion-inducing cysteine-rich protein
with Kazal motifs (RECK) gene was first identi-
fied as a tumor metastasis suppressor, which
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Table 1. Expression of miR-92a in human CRC and its clinical

and target gene for clinical

significance application.

Characteristics ~ Cases Low miR-92a High miR-92a P Materials and methods

Gender 3.163 0.075
Male 93  52(55.9%) 41 (44.1%) Patients
Female 65 27 (41.5%) 38 (58.5%)

Age (years) 0.408 0.523 A total of 179 patients with
<60 86  45(52.3%) 41 (47.2%) pathologically confirmed CRC
>60 72 34(47.7%) 38 (52.8%) from the Nanfang Hospital

BMI 2099 0.147 Aff!||atefj with Southern Med.lcal
<23 01  50(54.9% 41 (451%) University (Guangzhou, China)

were enrolled. None of the
223 67 29(43.3%)  38(56.7%) patients received anticancer

Tumor size (cm) 1.373 0.241 therapy before sampling. Pos-
<5 137  71(51.8%) 66 (48.2%) toperatively, patients with high-
>5 21 8 (38.1%) 13 (61.9%) risk stage Il and Ill CRC were

Differentiation 4.348 0.037 treated with the mFOLFOX6 or
Well/Moderate 89 51 (57.3%) 38 (42.7%) Xelox regimen according to the
Poor 69  28(40.6%) 41 (59.4%) National Comprehensive Cancer

T stage 6.782 0.009 Networkl(NCCN) guidelines. Fre-
T1/T2 31 22(71.0%) 9 (29.0%) zq Spe?mins ,Wer,a ta:enz‘c(;i';

patients in Marc .
13/14 127 57(44.9%)  70(55.1%) Another 158 paraffin-embedded

N stage 6.661 0.010 .
and formalin-fixed samples were
NO 92 54 (58.7%) 38 (41.3%) obtained from patients who
N1/N2 66 25(37.9%)  41(62.1%) underwent their operation be-

M stage 5.725 0.017 tween 2013 and 2014 with com-
MO 138 74 (53.6%) 64 (46.4%) plete follow-up data, and these
M1 20 5 (25.0%) 15 (75.0%) patients were further enrolled

AJCC stage 5.060 0.024 for analyses of DFS and 0S. We
/1l 90 52(57.8%) 38 (42.2%) defined DFS as the time from
/v 68  27(39.7%) 41 (60.3%) the date of diagnosis to the date

induced morphological reversion in v-Ki-Ras-
transformed NIH/3T3 cells in 1998 [14]. RECK
is a unique membrane-anchored protein and
matrix metalloproteinase (MMP) regulator, and
its expression is correlated with tumor cell
aggression [15]. Previous studies have demon-
strated that RECK can inhibit three MMP family
members: MMP-2, MMP-9, and MT1-MMP [16].
In this study, we identified a potential link
between miR-92a and the RECK gene through
bioinformatic analysis. Consequently, we infer-
red that a noncoding RNA, miR-92a, acts as a
local regulator of RECK by binding to the 3-UTR
of its MRNA, thereby modulating CRC metasta-
sis. To verify this hypothesis, we investigated
the regulatory effect of miR-92a on cell inva-
sion and migration in CRC. We aimed to reveal
a new regulatory mechanism of miR-92a in the
metastasis of CRC and provide a new miRNA
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of confirmed tumor recurrence.
OS was defined as the interval
between the date of diagnosis and the date of
death from any cause. All samples were coded
for anonymity following local ethical guidelines
(as stipulated by the Declaration of Helsinki).
Written informed consent was obtained from all
patients, and the protocol was approved by the
Review Board of Southern Medical University.
Demographic features and clinicopathologic
data of the patients are shown in Table 1.

In situ hybridization

The patient’s tumor tissue was used to gener-
ate 3-um formalin-embedded sections, which
were assessed with a digoxigenin-labeled pr-
obe (TaKaRa, Tokyo, Japan). The sequence of
the digoxin-labeled probe of miR-92a was
as follows: 5-ACAGGCCGGGACAAGTGCAATA-3".
Positive controls and scrambled control RNAs

Int J Clin Exp Pathol 2019;12(5):1565-1577



The negative role of miR-92a in CRC

were included for each hybridization procedure
and analyzed using a Nikon 80i microscope
with Nikon NISElements F 2.3 software (Nikon,
Tokyo, Japan). Slides were examined indepen-
dently by two investigators, and miR-92a
expression was quantified using a visual grad-
ing system based on the extent of staining (the
percentage of positive tumor cells on a scale of
0-4: 0, none; 1, 1%-25%; 2, 26%-50%; 3, 51%-
75%; 4, >75%) and the intensity of staining
(graded on a scale of 0-3: O, no staining; 1,
weak staining; 2, moderate staining; 3, strong
staining). The product of the extent and inten-
sity grades was used to define the miR-92a
relative expression in tumor tissues.

Immunohistochemical staining

Paraffin-embedded and formalin-fixed samples
were cut into 3-um sections, which were then
processed forimmunohistochemistry. Following
incubation with an antibody against human
RECK (Invitrogen, Carlsbad, CA) overnight at
4°C, the secondary rabbit antibody (Invitrogen,
Carlsbad, CA) labeled with horseradish peroxi-
dase was incubated again, and immunohisto-
chemistry results were visualized using a BAD
coloring solution. At low power (200 x), the tis-
sue sections were screened using an inverted
research microscope (Leica DM IRB, Germany),
and the five most representative fields were
selected. This analysis was performed by two
independent observers who were blinded to
the clinical outcome.

Cell culture and transfection

Human CRC-derived cell lines, including
HCT116, Lovo, SW480, SW620, Caco2 and
DLD1, were provided by the Shanghai Institutes
for Biological Science (Shanghai, China). Cell
lines were cultured in RPMI-1640 medium
(Gibco, Grand Island, NY, USA) supplemented
with 10% FBS (Gibco, Grand Island, NY, USA) at
37°C in an atmosphere of 5% CO,. The culture
medium was replaced every 3 days, and the
cells were trypsinized using trypsin when they
reached 85%-95% confluence. After suitable
conditions were established, cells (1 x 10%/
well) were seeded in a 6-well plate, incubated
for 24 h to ensure that they attached to the bot-
tom of the well, and then transfected with 50
nmol/L negative control, miR-92a mimics or
miR-92a inhibitor oligonucleotides (RiboBio,
Guang Zhou, China). The sequences of the
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small RNAs used in this experiment were as fol-
lows: miR-92a mimics 5-UAUUGCACUUGUC-
CCGGCCUGU-3" and miR-92a inhibitor 5-AU-
AACGUGAACAGGGCCGGACA-3'. Lipofectamine
3000 (Life Technologies, Gaithersburg, MD,
USA) transfection was applied and operated in
accordance with the manufacturer’'s proce-
dure.

Bioinformatic analysis

The analysis of miR-92a-predicted targets was
performed using the TargetScan (http://tar-
getscan.org/), PicTar (http://pictar.mdc-berlin.
de/), and miRanda (http://www.microrna.org/
microrna/home.do) algorithms. The detailed
bioinformatic analyses are described in the

Supplementary Materials and Methods.

Luciferase activity assay

The blank reporter plasmid and the 3-UTR
reporter plasmid of the RECK gene were pur-
chased from GeneCopoeia (Rockville, MD,
USA). The CRC cells were evenly plated in 6-well
plates and incubated overnight at 37°C in a cell
incubator. Then, the CRC cells were divided into
four groups, including negative control group,
miR-92a mimics group, and miR-92a inhibitor
group. Reporter plasmids and small RNAs were
transfected into the cells, and 48 h later, firefly
luciferase activity was measured and normal-
ized with Renilla luciferase activity.

Quantitative reverse transcription PCR (qRT-
PCR)

Total RNA was extracted from CRC cells with
TRIzol reagent (Invitrogen, Carlsbad, CA). Then,
the extracted total RNA was dissolved in DEPC-
treated water. A nucleic acid protein analyzer
(TaKaRa, Tokyo, Japan) was used to determine
the RNA concentration. To identify the purity
and integrity of total RNA, we used two indica-
tors: A260 nm/A280 nm=>1.8 and a band ratio
of 28S to 18S RNA>1.5 in formaldehyde dena-
turing gel electrophoresis. The expression lev-
els of miR-92a and RECK mRNA were mea-
sured using the PrimeScriptTM RT reagent kit
(TaKaRa, Tokyo, Japan). The bulge-loop miRNA
RT-PCR primer sets (one reverse transcription
primer and a pair of quantitative PCR primers
for each set) were designed by RiboBio (RiboBio,
Guang Zhou, China). U6 was utilized as an inter-
nal control for miRNAs, and GAPDH was used
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as an internal control for mRNA. The primers
used in this study were as follows: RECK-
forward 5-TGTGAACTGGCTATTGCCTTG-3’ and
reverse 5-GCATAACTGCAACAAACCGAG-3’; GA-
PDH-forward 5-GCACCGTCAAGGCTGAGAAC-3’
and reverse 5-TGGTGAAGACGCCAGTGGA-3.
The relative quantitative and statistical analy-
ses were carried out using the 222¢t method.

Western blotting

The total protein was extracted 72 h after cell
treatment. Then, the BCA method was used to
determine the protein concentration. Equivalent
amounts of protein were taken from each
group, followed by SDS-PAGE. Proteins were
transferred to nitrocellulose membranes, and
the blots were probed with primary antibodies
against RECK, MMP2, MMP9, and GAPDH (Cell
Signaling Technology, CST, Danvers, MA, USA)
at 4°C overnight and then incubated with
horseradish-peroxidase conjugated secondary
rabbit or mouse antibody (Invitrogen, Carlsbad,
CA). The blots were developed using the ECL
detection kit (Thermo Fisher, Waltham, ME,
USA).

Transwell assay

Briefly, an 8 um pore size polycarbonate mem-
brane filter was inserted into each Transwell
chamber (Corning, NY, USA) and coated with 50
ml of Matrigel (Sigma, St Louis, MO, USA) that
had been previously diluted with serum-free
medium to obtain a final concentration of 4
mg/ml. The transfected CRC cells (3.0 x 10%)
were then seeded into the upper chamber with
100 ml of serum-free medium; in the bottom
chamber, 1 ml of growth medium containing
10% FBS was added as a chemoattractant. The
cells were incubated at 37°C for 48 h, and
then, the Matrigel-coated upper surface of the
filter was thoroughly wiped with a cotton swab.
The cells that invaded the lower surface of the
filter were fixed with 4% paraformaldehyde and
stained with crystal violet; cells from three ran-
dom fields per filter were counted under a
microscope at 100 magnification.

Wound healing assay

Each group of CRC cells was seeded in 6-well
plates after treatment. After 48 h, the culture
reached approximately 90% confluence, and
an artificial homogeneous wound was created
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on the monolayer with a 200 ml plastic micropi-
pette tip; cell debris was removed by washing
with PBS twice. Closing of the wound was then
observed at the indicated times, and images
were captured under an inverted microscope
with a 40 objective.

SiRNA experiments

We selected the CRC cell line HCT116 for siRNA
interference experiments. The small-interfering
(si)-RECK was provided by GeneCopoeia
(Rockville, MD, USA). The sequences of si-RECK
used in this experiment was as follow: 5-CC-
AGAGAATGTGGAAAGCAA-3'. Cell lines were cul-
tured in RPMI-1640 medium (Gibco, Grand
Island, NY, USA) supplemented with 10% FBS
(Gibco, Grand Island, NY, USA) at 37°C in an
atmosphere of 5% CO,. The culture medium
was replaced every 3 days, and the cells were
trypsinized when they reached 85-95% conflu-
ence. After suitable conditions were estab-
lished, cells (1 x 105/well) were seeded in a
6-well plate, incubated for 24 h to ensure that
they attached to the bottom of the well, and
then transfected with 50 nmol/I negative con-
trol, si-RECK oligonucleotides. Lipofectamine
3000 (Life Technologies, Gaithersburg, MD,
USA) transfection was applied in accordance
with the manufacturer’s instructions. Then, the
status of cell invasion and migration was deter-
mined by Transwell and wound-healing assays.

Statistical analysis

Results are displayed as the mean + SEM. Data
were analyzed with the SPSS statistical pack-
age for Windows version 20 (SPSS, Chi-cago, IL,
USA) and GraphPad Prism 6 (Graph-Pad Soft-
ware, Inc., San Diego, CA, USA). Means were
compared using the Pearson chi-squared test,
two-tailed Student’s t-tests, Kaplan-Meier plo-
ts, log-rank tests, or ANOVA as appropriate.
Differences were considered significant at
P<0.05.

Results

MiR-92a is aberrantly upregulated in CRC tis-
sues and associated with the prognosis of CRC

To study the expression pattern of miR-92a in
CRC, we performed in situ hybridization to
detect miR-92a expression in twenty-one CRC
samples and adjacent nontumorous tissue sec-
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Figure 1. MiR-92a is aberrantly upregulated in CRC tissues and associated with the prognosis of CRC. (A) An in situ
hybridization was used to detect the expression of miR-92a, and the miR-92a level was higher in CRC samples than
in adjacent nontumorous tissues (*P=0.022; n=21). (B) An in situ hybridization was used to detect the expression
of miR-92a in CRC samples (a selection of cases with relatively high or low miR-92a expression is shown). (C, D) The
158 CRC cases were divided into two groups according to the miR-92a relative expression level. The patients with
high expression of miR-92a had poorer DFS (C; P=0.001) and OS (D; P=0.001) than did patients with low expression
of miR-92a.

tions. All twenty-one cases exhibited miR-92a 2.63; n=21), and the difference was statistical-
upregulation in CRC tissues compared with ly significant (P=0.022; n=21, Figure 1A).
non-tumorous tissues (9.10 + 2.23 vs 7.52 + Compared with non-tumor tissues, CRC tissues
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Figure 2. MiR-92a interacts with the 3’-UTR of RECK mRNA. (A) Bioinformatic analysis identified the miR-92a bind-
ing site in the 3'-UTR of RECK mRNA, which is located at the 1357-1363 region and is highly conserved in different
species. (B) The level of miR-92a expression in six CRC cell lines. (C, D) HCT116 (C) and SW620 (D) cell lines were
cotransfected with the RECK gene 3’-UTR reporter vector and miR-92a-mimic or miR-92a-inhibitor. Luciferase activ-
ity was determined and normalized to Renilla luciferase activity. Data represent the average of three independent
experiments. Mean + SD, P<0.05 was considered statistically significant. Abbreviations: RECK, reversion-inducing
cysteine-rich protein with Kazal motifs; 3’-UTR, the 3’-UTR reporter plasmid of the RECK gene; mimics, miR-92a
mimics; inhibitor, miR-92a inhibitor; NC, negative control.

in 21 patients showed an upregulated mean
expression of miR-92a (9.10 + 2.23 vs 7.52 +
2.63; n=21), and the difference was statisti-
cally significant (P=0.022; n=21, Figure 1A).
We then investigated the correlation between
the miR-92a expression profile and prognosis
to determine whether miR-92a was a prognos-
tic factor. We used samples from 158 patients
who underwent an operation in our hospital
and had their associated prognostic informa-
tion available. A three-year disease outcome
was known for all these patients; 36 patients
showed recurrence, and 26 patients died of
cancer within the follow-up period. The final
follow-up date was November 1, 2016, and the
median follow-up time was 36.2 months (range
34-38 months). Most patients were given anti-
cancer drugs either orally or intravenously post-
operatively as an adjuvant chemotherapy. After
disease recurrence, these individuals were
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given other anticancer drugs. To generate sur-
vival curves, we converted continuous miR-92a
expression levels measured by in situ hybridiza-
tion to a dichotomous variable using the mean
level of expression as a threshold (Figure 1B).
This procedure enabled the division of samples
into classes with high and low expression of
miR-92a. Consequently, Kaplan-Meier survival
curves were generated for miR-92a, and we
compared survival curves by the log-rank test.
As shown in Figure 1C, 1D, patients with high
miR-92a expression had poorer DFS (P=0.001)
and 0S (P=0.001) than did patients with low
expression of miR-92a. As shown in Table 1,
positive expression was significantly associat-
ed with the degree of tumor differentiation
(P=0.037), T stage (P=0.009), N stage (P=0.01),
M stage (P=0.017), and AJCC stage (P=0.024).
These results indicated that elevated expres-
sion of miR-9a is correlated with malignant

Int J Clin Exp Pathol 2019;12(5):1565-1577
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Figure 3. RECK is the direct target of miR-92a in CRC. (A) IHC staining of RECK protein in 21 pairs of CRC and nontu-
morous tissues. The expression of RECK protein was lower in CRC samples than in adjacent nontumorous tissues.
(B) The expression of RECK protein was negatively correlated with the expression of miR-92a in CRC (R?=0.737;
P<0.01). (C, D) After transfection with miR-92a mimics, the expression level of miR-92a increased in HCT116 (C)
and SW620 (D) cell lines, while the expression of RECK protein decreased. Conversely, after transfection with miR-
92a inhibitor, the opposite trend was achieved. (E, F) The expression of RECK mRNA was detected by qRT-PCR, and
there was no significant change in RECK mRNA level after transfection. Abbreviations: RECK, reversion-inducing
cysteine-rich protein with Kazal motifs; NC, negative control; IHC, immunohistochemistry.

clinicopathologic parameters of CRC. These
results provide the first hint that the expression
of miR-92a might be one of the mechanisms
that promotes CRC development.

MiR-92a interacts with the 3’-UTR of RECK
MRNA

Most miRNAs are thought to control gene

expression by base-pairing with the miR-recog-
nizing elements (MiR-RE) found in their mes-
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senger target [17]. We then used all three cur-
rently available major prediction programs,
including TargetScan, miRanda and PicTar, to
analyze the potential interaction between miR-
92a and RECK. RECK mRNA was predicted by
all of the algorithms and has a potential miR-
92a target site in its 3’-UTR (Figure 2A).

We then selected six types of CRC cell lines,
including SW480, SW620, HCT116, DLD1, RKO
and Lovo, to detect the miR-92a expression lev-

Int J Clin Exp Pathol 2019;12(5):1565-1577
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(B, C) The status of cell invasion and migration was determined by transwell assays and wound healing assays.
Cell invasion (B) and migration (C) were increased in cells treated with miR-92a mimics, whereas cell invasion (B)
and migration (C) were decreased in cells treated with miR-92a inhibitor. Abbreviations: RECK, reversion-inducing
cysteine-rich protein with Kazal motifs; NC, negative control.
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Figure 5. Ectopic expression of miR-92a affects the invasion and migration of CRC cells by targeting RECK. (A) si-
RECK was transfected into the cells, which was verified by Cy3 fluorescently labeled transfection control siRNA. (B,
C) gRT-PCR and western blotting analysis showing that RECK mRNA (P=0.037) and protein were markedly reduced
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els. The HCT116 and SW620 cell lines were To demonstrate the direct interaction between
chosen for both miR-92a-mimic and miR- miR-92a and RECK mRNA, we prepared the
92a-inhibitor transfection in the successive RECK gene 3-UTR double luciferase vector
experiment because of the intermediate miR- plasmid and control plasmid. The double fluo-
92a levels in these lines among the six cell rescein carrier containing the RECK gene
lines tested (Figure 2B). 3-UTR was cotransfected into HCT116 cells
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with miR-92a-mimic or miR-92a-inhibitor. Com-
pared with the activity of the corresponding
negative pairs, the activity of the RECK 3-UTR
transcriptional vector and miR-92a-mimic-co-
transfected HCT116 cells decreased signifi-
cantly (P=0.004; Figure 2C). In contrast, com-
pared with the activity of the negative control,
the luciferase activity of HCT116 cells cotrans-
fected with miR-92a-inhibitor and the 3’-UTR
luciferase vector containing the RECK gene
increased significantly, and the difference was
statistically significant (P=0.018; Figure 2C).
The results were verified in SW620 cells (P<
0.05; Figure 2D). These results support the
bioinformatic prediction of the RECK 3-UTR
as a target of miR-92a.

RECK is a target of miR-92a in CRC

To confirm the regulatory effect of miR-92a on
RECK in CRC, we performed in situ hybridiza-
tion to detect miR-92a expression (as shown
in Figure 1) and immunohistochemical stain-
ing of RECK in twenty-one CRC samples and
adjacent nontumorous tissue sections. Impor-
tantly, RECK protein expression was downregu-
lated in CRC tissues compared with non-tumor
tissues (5.35 + 2.60 vs 8.40 + 3.20; n=21;
P<0.001; case selection for immunohisto-
chemical staining is shown in Figure 3A). As
shown in Figure 3B, when RECK protein levels
were plotted against miR-92a expression, an
inverse correlation was found (R?=0.737; P<
0.01; Figure 3B). To determine whether miR-
92a actually affects RECK expression in CRC
cells, we analyzed the effects of ectopic ex-
pression of miR-92a. We transfected the miR-
92a mimics or miR-92a inhibitor into CRC cells
as described above, and we searched for ch-
anges in RECK protein levels by western blot-
ting. As shown in Figure 3C and 3D, compared
with the negative control, transfection of miR-
92a mimics into CRC cells caused a significant
increase in the miR-92a value and a decrease
in the RECK protein level. Conversely, CRC cells
transfected with miR-92a inhibitor exhibited a
significant decrease in miR-92a levels and an
increase in RECK protein levels. However, there
was no significant change in the RECK mRNA
level after transfection (P=0.931; P=0.476;
Figure 3E and 3F). This result strongly valida-
tes the post-transcriptional regulation of the
RECK protein by miR-92a.
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MiR-92a promotes cell invasion and migration
in CRC cells

MMPs can destroy the tissue barrier in tumor
cell invasion, which is crucial in tumor invasion
and metastasis [18, 19]. Previous studies have
shown that the membrane-anchored glycopro-
tein encoded by the RECK gene has a unique
function of inhibiting the expression and activi-
ty of MMPs and is an MMP inhibitor [14]. Based
on the above findings, we hypothesized that
miR-92a might alter the MMP levels in CRC
cells by regulating the expression of RECK, thus
promoting the invasion and migration of tumor
cells. To verify this hypothesis, we transfected
miR-92a mimics or miR-92a inhibitor to overex-
press or inhibit the expression of miR-92a in
CRC cells. After CRC cells were transfected with
miR-92a mimics, RECK protein expression was
decreased, and the MMP2 and MMP9 protein
levels were increased (Figure 4A). In contrast,
after transfection with the miR-92a inhibitor,
RECK protein expression was increased, and
the MMP2 and MMP9 protein levels were
decreased.

To evaluate the effect of miR-92a on CRC cell
invasion and migration, we transfected growing
CRC cells with miR-92a mimics or miR-92a
inhibitor for 48 h, and the status of cell invasion
and migration was determined by Transwell
assays and wound healing assays, respectively.
Our data showed that miR-92a mimics trans-
fection significantly promoted the invasion and
migration of CRC cells, whereas knockdown of
miR-92a expression decreased the invasion
and migration of CRC cells (P<0.05; Figure 4B
and 4C). These results confirmed the potential
metastasis-promoting activity of miR-92a in
CRC.

Suppression of CRC cell invasion and migra-
tion by miR-92a-inhibitor is mediated by RECK

If the suppression of CRC cell invasion and
migration by miR-92a inhibitor is indeed medi-
ated by RECK, we would expect the suppress-
ive effect to be abolished by the RECK-specific
and irreversible antagonist si-RECK. To test this
hypothesis, we measured the invasion and
migration variations induced by miR-92a inhibi-
tor in CRC cells previously transfected with si-
RECK. The aim of this experiment was to de-
termine whether and how the RECK-depleted
cellular environment responds to miR-92a inhi-
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bitor addition. CRC cells were pretreated with or
without si-RECK for 24 h prior to the transfec-
tion of miR-92a inhibitor, and the status of cell
invasion and migration was determined by tran-
swell assays and wound healing assays. The
data showed that when we pretransfected CRC
cells with si-RECK that could reduce RECK
mRNA (P=0.037) and protein expression (Fig-
ure 5A-C), the suppression of cell invasion and
migration by the miR-92a inhibitor was largely
abrogated (P=0.001; Figure 5D, 5E). These
results indicated that the inhibitory effect of
miR-92a inhibitor on CRC cell invasion and
migration was largely mediated by RECK.

Discussion

With the advent of new chemotherapeutic
agents, clarification of the molecular pathogen-
esis of CRC is crucial for developing effective
therapy strategies to improve the outcome of
patients with this disease. miRNAs are a new
class of small noncoding RNAs that regulate
the expression of target genes through transla-
tional repression or mRNA cleavage [3]. miR-
NAs play a key regulatory role in basic biological
activities, such as the growth, development,
and differentiation of organisms, and their
unbalanced expression could also facilitate
many human diseases, especially the occur-
rence and development of tumors [20]. Aber-
rant miRNA expression has been frequently
reported in various tumors, including CRC, in-
dicating that there is a close correlation be-
tween miRNAs and human malignancy [21].

The miR-17-92 cluster is located at chromo-
somal locus 13931.3 and encodes miR-17,
miR-18a, miR-19a/b, miR-20a, and miR-92a.
Among them, miR-92a is dysregulated in many
tumors. Several published reports have begun
to elucidate the mechanisms that may link miR-
92a upregulation to cancer. Ren et al. found
that miR-92a was upregulated in lung cancer
tissue and cell lines, and its expression level
was significantly associated with tumor size,
TNM stage, and lymph node metastasis [6].
Ren et al. reported that miR-92a expression
was upregulated in gastric cancer, and high
expression levels of miR-92a in tumors com-
pared with neighboring normal tissues were
associated with poor OS [11]. Chen et al. also
found that miR-92a is required for the mainte-
nance of ovarian cancer stemness in vitro as
well as tumorigenicity in vivo and is critically
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involved in the downregulation of DKK1 by
STAT3 [10]. However, the expression pattern
and regulatory effect of miR-92a on CRC remain
largely unknown.

In this study, we demonstrated that miR-92a
expression was upregulated in CRC samples
compared with nontumorous tissues, and the
targets of miR-92a may be tumor suppressor
genes or genes encoding proteins with poten-
tial tumor suppressor functions. Moreover, miR-
92a was dramatically upregulated in human
CRC-derived cell lines, which was in accor-
dance with the results of clinical samples.
Furthermore, we found that miR-92a was as-
sociated with an unfavorable DFS and OS in
specimens from CRC patients treated by cu-
rative surgery and adjuvant chemotherapy. Al-
though our findings should be validated in an
independent trial, these results might help us
screen individuals who are candidates for ag-
gressive treatment because of their express-
ion status and who could become candidates
for therapeutic treatment with miR-92a inhibi-
tor sequences. However, the lack of knowled-
ge about the targets of miR-92a has hampered
a full understanding of the biologic functions
deregulated by miR-92a aberrant expression.

The RECK gene is a tumor suppressor gene first
studied by Takahashi in 1998 [14]. This gene
encodes a membrane-anchored glycoprotein,
the unique function of which is to inhibit the
expression and activity of MMPs [22]. Previous
studies have confirmed that the RECK gene is
associated with the oncogenesis of various
cancers. Xia et al. found that RECK protein lev-
els were significantly lower in esophageal can-
cer cells than in normal cells. The overexpres-
sion of RECK could reverse malignant pheno-
types of esophageal cancer cells [23]. Hong et
al. reported that RECK impedes the DNA repair
activity of cancer cells and induces hypersensi-
tivity to chemotherapeutic drugs [24]. Du et al.
also found that hypermethylation of the RECK
promoter is a common event in gastric cancer
patients. RECK methylation in peritoneal lavage
fluid acts as a biomarker of peritoneal metas-
tasis of gastric cancer. Recently, RECK was
reported to suppress CRC invasion and metas-
tasis by targeting MMPs [25]. With the applica-
tion of bioinformatic prediction programs, such
as TargetScan, PicTar and miRanda, we found
that miR-92a and the 3-UTR of RECK mRNA
had complementary binding sites and inferred

Int J Clin Exp Pathol 2019;12(5):1565-1577



The negative role of miR-92a in CRC

that RECK might be a new target of miR-92a in
CRC; however, this relationship has not yet
been reported. In this study, RECK proteins
were downregulated in CRC tissues, which was
confirmed by immunohistochemical analysis,
and a significant inverse correlation between
miR-92a and RECK was found in CRCs.
Moreover, a direct interaction of miR-92a with a
target site on the 3-UTR of RECK mRNA was
demonstrated by luciferase assays. Further-
more, downregulation of RECK occurred in
response to miR-92a-mimic transfection into
CRC cells, and a significant upregulation of
RECK occurred in response to miR-92a-inhibi-
tor transfection. miRNAs are known to regulate
the expression of proteins associated with bio-
logical changes without producing a detectable
change in the corresponding mRNA levels. In
fact, numerous studies have reported that miR-
NAs can repress the production of hundreds of
proteins without downregulating their mRNA
levels [26-28]. Thus, it could be inferred that
miR-92a binds to the 3'-UTR of RECK mRNA in
an incomplete complementary pairing pattern.
Therefore, this molecule could only inhibit fur-
ther translation of RECK mRNA but could not
ultimately degrade it, which was indicated by
the finding that RECK mRNA had no significant
change after transfection, while its protein level
obviously decreased in CRCs. These results
suggested that CRC cells probably gained an
oncogenic capacity through miR-92a-mediated
post-transcriptional silencing of RECK. Our data
indicate the existence of more than one mecha-
nism affecting RECK expression in CRC.

To extend our previous observations, we
focused on the role of miR-92a in regulating the
invasive and migrative capacity in CRC. In this
study, we found that miR-92a upregulation pro-
motes the invasion and migration of CRC cells
accompanied by a decrease in RECK expres-
sion and an enhancement of MMP2 and MMP9.
Conversely, miR-92a inhibition suppressed
CRC cell invasion and migration accompanied
by an increase in RECK expression and a
decline in MMP2 and MMP9. Thus, we hypoth-
esized that miR-92a promoted CRC cell inva-
sion and migration likely through downregulat-
ing RECK. To confirm this, we performed RNA
interference to knock down RECK in CRC cells
before transfection with the miR-92a inhibitor.
Our datashowed that si-RECK could significantly
reverse miR-92a-inhibitor-induced suppression

1576

of invasion and migration of CRC cells. Indeed,
these results confirmed that miR-92a promot-
ed CRC cell invasion and migration by downreg-
ulating RECK, which made it a novel potential
strategy for CRC treatment.

In summary, our study demonstrates that miR-
92a can promote the invasion and migration of
CRC by directly binding to the 3'-UTR of RECK,
its target. Although there is still much to learn
about the role of miR-92a in CRC tumorigene-
sis, miR-92a provides us with a new potential
target for CRC treatment.
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1. miRanda database prediction result:

@ hsa-miR-92a/RECK Alignment

3' uguccggcccuguucACGUUAu 5' hsa-miR-92a mirSVR score: -0.3426

(RN .
1342:5' uauaaaugucuuuaaUGCAAUa 3' RECK PhastCons score: 0.7427

2. TargetScan database prediction result:

Position 1357—-1363 of RECK 3" UTR 5’ - . - URUARAUGUCUUURAUGCAAUAU. . .
T
hsa-miR-92a 3’  UGUCCGGCCCUGUUCACGUUAU

.......... 1350, ¢444+:13600¢204¢:1370:44...1380
Hsa UAUA----AAUGUCUUUAAUGCAAD-AUACUGGAAAGCUUUUCUATUU
Ptr UAUA----AAUGUCUUUAAUGCAAU-AUACUGGAAAGCUUUUCUAUU
Mnl UAUA----AAUGUCUUUAAUGCAAU-AUACUGGAAAGCUUUUCUAUU
Cpo UAUA----AAUGUCUUCAAU GCAAU-AUACUAGAAAGCUUUCCUAUU
Cfa UAUA----AAUGUCUUCAAUGCAAU-AUACUGGAAAGCUUUUCUAUU



