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MicroRNA-103 regulates tumorigenesis
in colorectal cancer by targeting ZO-1
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Abstract. Given the emerging role of microRNAs (miRs) in
cancer progression, the present study investigated the role and
underlying mechanism of miR-103 in colorectal cancer (CRC).
Reverse transcription-quantitative polymerase chain reaction
was conducted to quantify the expression levels of miR-103
in clinical specimens and cell lines. The role of miR-103 in
CRC was examined using MTT, colony formation and tran-
swell assays. In addition, a luciferase reporter assay was used
to confirm an associated between the 3' untranslated region of
zonula occuldens-1 (ZO-1) and miR-103. The results demon-
strated that miR-103 was upregulated in CRC. Overexpression
of miR-103 promoted CRC cell proliferation and migration
in vitro, whereas downregulation of miR-103 inhibited cell
proliferation and migration. ZO-1 was identified as a direct
target of miR-103, revealing its expression to be inversely
correlated with miR-103 expression in CRC samples. In
conclusion, the present study revealed that miR-103 has strong
tumor-promoting effects via of targeting ZO-1 in CRC and has
potential development of miRNA-based targeted approaches
for the treatment of CRC.

Introduction

Colorectal cancer (CRC) is one of the most prevalent cancers
worldwide, and the fifth leading cause of cancer-associated
mortality in China (1). The primary cause of death in patients
with CRC is tumor cell invasion and metastasis. Despite
efforts to prevent CRC, its incidence is still increasing (2).
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Thus, elucidating the molecular mechanisms underlying the
development of CRC may contribute to the development of
therapies against CRC.

MicroRNAs (miRNAs or miRs) are a class of small
non-coding RNAs that repress protein translation through
complimentary base pairing with the 3'-untranslated region
(3'-UTR) of mRNAs, resulting in either mRNA degrada-
tion or inhibition of their post-transcriptional translation (3).
Emerging evidence has suggested that the dysregulation of
miRNAs is involved in a variety of diseases, including human
cancers (4-7). Dysfunction of miRNA is associated with
CRC tumorigenesis and progression (4). Thus, investigating
tumor-specific miRNAs and their targets is critical in under-
standing their role in cancer tumorigenesis and to identify new
molecular markers for the diagnosis and treatment of CRC.

miR-103 is a member of the miR-103/107 family, located on
human chromosome 5 (8). A previous study has demonstrated
that miR-103 expression is significantly lower in patients
with heart failure compared with healthy volunteers and
may therefore be used as a diagnostic predictor (9). Previous
reports revealed that miR-103 serves a role in the regulation
of endometrial cancer cells, in post-transcriptionally reducing
the expression of the tumor suppressor, tissue inhibitor of
metalloproteinase 3 (TIMP3), and stimulating growth and
invasion (10). miR-103 demonstrates an inverse association
with DNA-binding protein inhibitor ID-2, a repressor of
nervous system cancers, during neuroblastoma cell differen-
tiation induced by retinoic acid (11). A previous study revealed
that miR-103 may be a potential minimally-invasive biomarker
for the diagnosis of mesothelioma (12). In CRC, high expres-
sion levels of miR-103 are associated with metastatic potential
of CRC cell lines and predict poor prognosis (13). In addi-
tion, certain reports indicate that miR-103/107 promotes
CRC metastasis through targeting tumor suppressors
death-associated protein kinase-1 (DAPK) and Krueppel-like
factor 4 (KLF4) (14).

In the present study, the role of miR-103 in CRC cell
proliferation and migration was investigated and the molecular
mechanism underlying its effects was partially elucidated. In
addition, based on bioinformatic analyses, zonula occuldens-1
(ZO-1) was identified as a potential and functional target for
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miR-103. Therefore, the present study may provide the first
evidence of the regulatory mechanisms of miR-103 and ZO-1
and their roles in CRC carcinogenesis and metastasis, thus
providing candidate targets for CRC treatment.

Materials and methods

Tissue samples and cell lines. A total of 26 pairs of human CRC
and adjacent non-tumor tissues were collected between 2014
and 2016 at Affiliated Hospital of Nantong University (Jiangsu,
China). Tissue samples were immediately snap-frozen in liquid
nitrogen. Both tumor tissues and adjacent non-tumor tissues
were histologically examined. All human materials were
obtained with written informed consent, and the present study
was approved by the Institute Research Ethics Committee at
the Affiliated Hospital of Nantong University.

Five human CRC cell lines (HCT-116, HCT-8, HT-29,
SW480 and SW620) and normal colon cell line FHC were
purchased from the Cell Bank of Chinese Academy of
Sciences (Shanghai, China). All cell lines were maintained in
Dulbecco's modified Eagle's medium (DMEM; Gibco, Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS). All cells were maintained in a
humidified incubator at 37°C and 5% CO,.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from cells or
frozen tissues with TRIzol (Invitrogen; Thermo Fisher
Scientific, Inc.) and cDNA was synthesized with a TagMan
MicroRNA Reverse Transcription kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.) and PrimeScript RT Master
Mix (Takara Biotechnology Co., Ltd., Dalian, China)
according to the manufacturer's protocol. The sequences of
the primers used for PCR amplification were as follows: ZO-1,
5-CCCTCAAGGAGCCATTC-3' (forward) and 5-CAGTTT
GCTCCAACGAGA-3' (reverse); p-actin, 5"TAGTTGCGT
TACACCCTTTCTTG-3' (forward) and 5'-GCTGTCACCTTC
ACCGTTCC-3' (reverse); miR-103, 5'-"AGCAGCATTGTA
CAGGGCTATGA-3' (forward) and 5-TGGTGTCGTGGA
GTCG-3' (reverse); U6, 5'-CTCGCTTCGGCAGCACA-3'
(forward) and 5'-AACGCTTCACGAATTTGCGT-3' (reverse).
gPCR was performed using TagMan 2X Universal PCR
Master Mix (Applied Biosystems; Thermo Fisher Scientific,
Inc.) using the following cycling conditions: Preliminary
denaturation at 96°C for 2 min, followed by 40 cycles of dena-
turation at 96°C for 15 sec, annealing at 60°C for 1 min and
elongation at 60°C for 1 min. The relative expression levels
of each gene were calculated and normalized using the 2-44¢4
method relative to U6 or B-actin (15). All the reactions were
run in triplicate.

Western blot analysis. Cells and tissue extracts were
prepared using CelLytic™ MT mammalian tissue lysis
reagent (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) according to the manufacturer's protocol and
protein concentrations were detected using a bicinchoninic
acid assay. Equal amounts of total protein (20 ug) were sepa-
rated by 10% SDS-PAGE and transferred to polyvinylidene
difluoride membranes. After blocking in 5% non-fat milk for
2 h at room temperature, membranes were incubated with
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primary antibodies (ZO-1 antibody, cat no. ab59720; Abcam,
Cambridge, MA, USA) overnight at 4°C followed by incu-
bation with horse radish peroxidase-conjugated secondary
antibodies (1:10,000; cat nos. 31430 and 31460; Pierce;
Thermo Fisher Scientific, Inc.) for 2 h at room temperature
on a shaker. The bands were visualized using Western
Lightning Enhanced Chemiluminescence Pro substrate with
horseradish peroxidase and then exposed to medical X-ray
films (Kodak, Rochester, NY, USA). The intensities of bands
were measured using ImagelJ software (National Institutes of
Health, Bethesda, MD, USA). B-actin was used as a loading
control.

Transfection. miR-103 mimic, miR-103 inhibitor and the
corresponding mimic/inhibitor negative control (NC) oligos
were purchased from GenePharm, Inc. (Sunnyvale, CA,
USA; http://www.genepharma.com/productview.asp?id=7&p
arentid=15&sortname=miRNA). Cells were transfected with
the miR-103 mimic or miR-103 inhibitor, miR-103 mimic or
inhibitor NCs using Lipofectamine 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), following the manufacturer's
protocol. After 48 h of transfection at 37°C, cells were collected
for further analysis.

Bioinformatics analysis. The analysis of predicted miR-103
targets was performed using three well-known microRNA
target prediction programs, the algorithms TargetScan
(http://targetscan.org/), PicTar (http://pictar.mdc-berlin.de/),
and miRanda (http:/www.microrna.org/microrna/home.do/)
website tools.

Luciferase reporter assay. For the luciferase reporter assay,
the pGL3 plasmid encoding a luciferase reporter gene was
purchased from Promega Corporation (Madison, WI, USA).
Recombinant plasmid of pGL3-ZO-1-3'-UTR (wild-type; wt;
UGU UACAUUUUUAAGUGCUGCA or
pGL3-Z0O-1-3'-UTR-mutant (UGUUACAUUAUAAUGACC
ACGA) was constructed in-house. SW620 cells
(1-2x10° cells/well) were seeded in a 24-well plate and cotrans-
fected with 40 nM of either miR-103 or miRNA control, 20 ng
ofeitherpGL3-Z0O-1-3'-UTR-wtorpGL3-Z0-1-3'-UTR-mutant,
and 2 ng pRL-TK (Promega Corporation) using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The pRL-TK
vector was used as a normalization control. After transfection
for 48 h at 37°C, cells were harvested and assayed with a
Dual-Luciferase Reporter Assay system (Promega
Corporation) according to the manufacturer's protocol.

Cell viability assay. MTT assays were performed to analyze
cellular proliferation. Cells were seeded at a density of
2x10° cells/well in 96-well plates. After 1, 2, 3, 4 or 5 days
incubation, 20 ml MTT (5 mg/ml) was added and incubated
for 4 h at 37°C in a 5% CO, incubator. The supernatant was
removed and 150 ml dimethyl sulfoxide was added. Cell
viability was then determined using a microplate reader
(Model 550; Bio-Rad Laboratories, Inc., Hercules, CA, USA)
at a wavelength of 490 nm.

Colony formation assay. A total of 1x10° cells (transfected
with miRNA mimic or inhibitor) were placed in each well of
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Figure 1. miR-103 is upregulated in colorectal cancer. Reverse transcription-quantitative polymerase chain reaction analysis of miR-103 expression levels
in tissues and cell lines. (A) Relative miR-103 expression levels in 26 paired colorectal cancer tissues and adjacent non-tumor tissues. (B) Relative miR-103
expression levels in five colorectal cancer cell lines (HCT116, SW620, HT29, SW480 and HCT-8) and a human colon epithelial cell line (FHC). U6 was used
as an internal control. The data represents the mean + standard deviation. "P<0.001 vs. FHC. miR-103, microRNA-103.

6-well plate and maintained in media containing 10% FBS for
10 days. Colonies were fixed with methanol and stained with
0.1% crystal violet in 20% methanol for 15 min. Colonies were
counted using an inverted microscope, and three fields of view
were counted.

Transwell assay. Cell migration was evaluated using
24-well uncoated Transwell cell culture chambers (Corning
Incorporated, Corning, NY, USA). Briefly, 1x10° transfected
cells (transfected with miRNA mimic or inhibitor) were
re-suspended in 200 ul serum-free medium and placed in
the upper chamber with the lower chamber containing 600 pl
DMEM and 10% FBS. After 24 h, cells in the lower chamber
were fixed with 4% paraformaldehyde in PBS for 10 min at
room temperature and stained with 0.1% crystal violet for
30 min at room temperature. The migrated cells were counted
and captured at x200 magnification in 5 random fields of view
with an inverted microscope (Olympus Corporation, Tokyo,
Japan) and the mean + standard deviation was calculated
accordingly.

Statistical analysis. All data were expressed as the
mean + standard deviation. A Student's t-test (two-tailed)
was used to compare two groups, and a Chi-squared test was
used for comparison of the rates of two groups. A one-way
analysis of variance and Tukey's multiple comparison post
hoc test were used to determine differences between multiple
groups. Correlation analysis was performed with Spearman's
rank correlation analysis. P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-103 is upregulated in colorectal cancer tissues. To
explore the role of miR-103 in CRC carcinogenesis, the expres-
sion levels of miR-103 in 26-CRC tissues and their matched
adjacent non-tumor tissues were determined using RT-qPCR.
miR-103 was significantly upregulated in tumor tissues
compared with adjacent non-tumor tissues (Fig. 1A; P=0.009).
Consistent with this, the expression levels of miR-103 was
significantly upregulated in all five CRC cell lines compared
with the normal colonic cell line (Fig. 1B; P<0.001 vs. FHC).

Taken together, these results suggested that miR-103 was
upregulated in CRC tissues and that miR-103 overexpression
may contribute to tumor development and progression.

miR-103 promotes the proliferation and migration of colorectal
cancer cells. To further assess the role of miR-103 on CRC,
cell proliferation was measured using MTT and colony forma-
tion assays. Following transfection of SW620 cells with the
miR-103 mimic, inhibitor or NC, RT-qPCR analysis revealed
high expression levels of miR-103 in the miR-103 mimic
transfected group (P<0.001 vs. NC group), and low levels in
the miR-103 inhibitor group (Fig. 2A; P=0.02 vs. NC group).
MTT assays demonstrated that overexpression of miR-103
promoted cell proliferation, whereas downregulation of
miR-103 expression inhibited cell proliferation compared with
NC (Fig. 2B; P<0.05). Colony formation assays revealed that
SW620 cells transfected with the miR-103 mimic exhibited
significantly greater number of colonies compared with the NC
group (Fig. 2C; P=0.008). Conversely, SW620 cells transfected
with the miR-103 inhibitor significantly suppressed cell colony
formation (Fig. 2C; P=0.02). Transwell assays revealed that
SW620 cells transfected with the miR-103 mimic exhibited
significantly greater numbers of cells compared with the NC
group (Fig. 2D; P<0.001). Conversely, SW620 cells transfected
with the miR-103 inhibitor had significantly reduced cell
numbers compared with the NC (Fig. 2D; P=0.004).

miR-103 directly targets the 3'UTR of ZO-1. To explore the
underlying molecular mechanism of miR-103 in CRC, three
available databases (TargetScan, PicTar and miRanda) were
utilized to search for predicted direct target genes of miR-103.
The predicted targets were arranged according to the binding
probability score. The targets with high score and shared by
the three databases were chosen. Among the numerous targets,
Z0-1 was chosen for further analysis. miR-103 has conserved
binding sites in the 3'UTR of ZO-1 in humans (Fig. 3A). To
elucidate whether miR-103 interacts with the 3'-UTR of
Z0-1, luciferase reporter assays were performed. Plasmids
containing the wt and mutant fragments of the 3'-UTR were
co-transfected with the miR-103 mimic or NC, respectively.
The luciferase activity of the reporter containing the wt 3'
UTR of ZO-1 was decreased in cells transfected with miR-103
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Figure 2. miR-103 affects cell proliferation and migration in vitro. (A) Reverse transcription-quantitative polymerase chain reaction analysis of miR-103
expression in SW620 cells transfected with NC oligonucleotide, miR-103 mimic or miR-103 inhibitor ('P<0.001 vs. NC; “P=0.02 vs. NC). (B) Growth rates of
the transfected SW620 cells and control cells in vitro. Cell viability was evaluated with the MTT assay using absorbance readings at 490 nm at the indicated
times. The values shown are the mean of three experiments. (C) Colony numbers of SW620 cells transfected with miR-103 mimic, miR-103 inhibitor and NC
via the colony formation assay ("P=0.008 vs. NC; “P=0.02 vs. NC). (D) Transwell assay (original magnification, x200) demonstrated the migration ability of
SW620 cells, and the results showed that the ability of migration was significantly inhibited in miR-103 inhibitor-transfected cells and the ability of migra-
tion was significantly increased in cells transfected with the miR-103 mimic ("P<0.001 vs. NC; “P=0.004 vs. NC). The values shown are the mean of three
independent experiments, and represent the mean + standard deviation. NC, negative control; miR-103, microRNA-103.

mimic, whereas the activity of the mutant reporter was not
significantly altered, compared with the NC (Fig. 3B).

Z0-1 expression was further detected in stably trans-
fected SW620 cells using western blotting. Results revealed
that the protein expression levels of ZO-1 were reduced in
cells transfected with the miR-103 mimic compared with
the NC (Fig. 3C), whereas inhibition of miR-103 resulted in
upregulated levels of ZO-1 compared with the NC (Fig. 3D).
Z0-1 protein expression levels were also characterized in
CRC and normal adjacent tissues (Fig. 4A). A significant
inverse correlation was demonstrated between the levels of
miR-103 and ZO-1 mRNA expression in cancer patient tissues
(r*=0.3766, P<0.001; Fig. 4B and C).

Discussion

Numerous studies have demonstrated aberrant expression of
miR-103 in different human cancers (16-18). It is reported
that miR-103 post-transcriptionally downregulates expression
levels of the tumor suppressor gene, TIMP3, and promotes
growth and invasion of endometrial cancer cell lines (10). Also,
it has been reported that miR-103 is expressed in colorectal
cancer as an oncogenic miRNA by targeting DAPK, KLF4
and circadian clock gene period 3 (13,18). Certain reports
have revealed that miR-103 is significantly downregulated

in heart failure (HF) and may be used as a marker for diag-
nosis of HF (9). In addition, observations have demonstrated
that miR-103 is upregulated in obese mice and silencing of
miR-103 leads to improved glucose homeostasis and insulin
sensitivity (19). In the present study, miR-103 was upregulated
in CRC tissues and significantly promoted CRC cell prolif-
eration and migration in vitro. Conversely, downregulation of
miR-103 via transfection of an miR-103 inhibitor inhibited
CRC cell proliferation and migration. Collectively, these find-
ings suggested that miR-103 serves an important role in CRC
carcinogenesis. Furthermore, ZO-1 was identified as a direct
functional target of miR-103.

Z0-1 is a 220 kDa membrane scaffold protein that is a
member of the membrane associated guanylate kinase protein
family and a key component of junctional complexes that
regulate tight junction formation (20,21). Additionally, the
initial phosphorylation of ZO-1 seemed to be concomitant
with the decrease in the signal intensity of ZO-1 in the region
of cell-cell junctions, which suggested that the phosphoryla-
tion of ZO-1 causes degradation of the ZO-1 protein (22).
Hyperphosphorylation of ZO-1 usually coincides with its
departure from tight junctions into the cytoplasm and with
increased permeability (23,24), which leads to increased
motility and contributes to oncogenic behavior. Furthermore,
several studies have indicated that downregulation of ZO-1 is
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Figure 3. ZO-1 is a direct target of miR-103 in colorectal cancer. (A) The miR-103 wild-type binding sequence or its mutated form was inserted into the
C-terminal of the luciferase gene to generate the pGL3-ZO-1-3' UTR or pGL3-ZO-1-mut-3' UTR plasmids, respectively. (B) miR-103 targeted the wild type
but not the mutant 3' UTR of ZO-1. The data represent the mean + standard deviation. "P<0.05 vs. NC. (C) Western blotting and densitometric analysis revealed
that miR-103 overexpression inhibited the protein expression levels of ZO-1 in SW620 cells. SW620 cells were transfected with the miR-103 mimic, mimic
control or NC. 3-actin served as the loading control. The data represent the mean + standard deviation. "P<0.05 vs. NC; “P<0.05 vs. CON. (D) Western blotting
and densitometric analysis demonstrated that knockdown of miR-103 upregulated the protein expression levels of ZO-1 in SW620 cells. SW620 cells were
transfected with the miR-103 inhibitor, inhibitor control or NC. The data represent the mean + standard deviation. "P<0.05 vs. NC; “P<0.05 vs. CON. ZO-1,
zonula occuldens-1; miR-103, microRNA-103; 3'UTR, 3'-untranslated region; NC, transfection negative control; CON, untransfected control.
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Figure 4. Expression of ZO-1 in CRC tissues. (A) Western blotting and densitometric analysis of ZO-1 in 26 pairs of CRC tissues and corresponding adjacent
non-tumorous tissues, with representative images shown of 6 tissue pairs. f3-actin served as a loading control. Relative ZO-1 protein expression level was
reduced in 18 of 26 (69.2%) CRC tissues compared with the corresponding adjacent non-tumorous tissues ('P=0.020). (B) Reverse transcription-quantitative
polymerase chain reaction of the relative expression of ZO-1 in the 26 CRC and normal adjacent tissues. The data represents the mean + standard deviation.
(C) Spearman's rank correlation analysis demonstrated an inverse correlation between miR-103 and ZO-1 expression in colorectal cancer tissues. The miR-103
expression level was normalized to the U6, and ZO-1 expression levels were normalized to the f-actin. ZO-1, zonula occuldens-1; CRC, colorectal cancer;
N, non-tumorous tissues; C, CRC tissues; miR-103, microRNA-103.

involved in tumor development and progression, and that ZO-1  present study, based on bioinformatic analyses, ZO-1 was
is considered to be a tumor suppressor (25-27). Decreased  identified as a novel, direct target of miR-103, as confirmed
expression of ZO-1 is reported to be associated with invasion by a luciferase reporter assay. This result was supported by
of breast cancer (20,26), gastrointestinal stromal tumor (27), the observation that miR-103 overexpression impaired ZO-1
hepatocellular carcinoma (28) and lung cancer (29). In the  expression whereas miR-103 knockdown increased ZO-1
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protein expression in CRC cells. In addition, the expres-
sion levels of miR-103 were inversely correlated with ZO-1
expression in CRC tissues. In summary, the present study
demonstrated that miR-103 significantly promoted CRC cell
proliferation and migration and may directly target the 3'UTR
of ZO-1. The newly identified miR-103/Z0O-1 axis may help
to further elucidate the complex underlying molecular mecha-
nisms that regulate metastasis and progression of CRC, and
has the potential to be a prognostic marker or therapeutic
target for patients with CRC. However, the specific molecular
mechanisms underlying the miR-103/Z0O-1 axis regulation of
colon cancer cell proliferation and migration remain unclear,
as are the mechanisms by which miR-103 is upregulated in
colon cancer, and therefore, further studies are required.
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