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ABSTRACT
microRNA (miRNA) dysregulation is frequently observed in colon cancer.
Previous studies found that miR-223 is upregulated in colon cancer and functions
as an oncogene. Conversely, p120 is often downregulated or even absent in colon
cancer, and is a likely tumor suppressor. The present study showed that increased
miR-223 and decreased p120 levels are associated with colon cancer malignancy, and
p120 expression is negatively correlated with miR-223 expression. A dual luciferase
reporter assay showed that miR-223 directly targets p120. miR-223 upregulation in
a colon cancer cell line upregulated c-Myc, cyclinD1, MMP7, and vimentin expression,
downregulated E-cadherin, increased nuclear expression of β-catenin, and enhanced
RhoA activation. We suggest miR-223 may promote colon cancer cell invasion
and metastasis by downregulating p120, thereby reducing intercellular adhesion,
promoting RhoA activity, and activating β-catenin signaling. Thus miR-223 functions
as an oncogene in colon cancer and may be a potential diagnostic and therapeutic
target for anti-colon cancer treatment.

the highly conserved E-cad juxtamembrane domain,
stabilizing E-cad at the membrane, and regulating
E-cad endocytosis. p120 is reportedly downregulated
or translocated in a variety of human tumors and is
often associated with poor prognosis [7-12]. p120 gene
mutations are rare, suggesting that other mechanisms, such
as transcriptional downregulation, epigenetic modification,
or microRNA-mediated gene silencing, may downregulate
p120 in tumors [13].
Many microRNAs (miRNAs) reportedly play roles
in tumor development [14]. miRNAs are a class of small,
non-coding RNAs approximately 18–25 nucleotides
in length that post-transcriptionally regulate mRNA.
miRNAs can directly combine with the target mRNA 3’
untranslated region (3’-UTR), inhibiting target mRNA
translation or promoting its degradation [15]. miR-223
expression is increased in colon cancer patient serum and
tumor tissues [16, 17], and is associated with malignant

INTRODUCTION
Colon cancer is the third most common and deadly
malignant tumor type in both men and women [1].
Recurrence and metastasis are the main causes of death in
colon cancer patients. Tumor invasion involves complex
gene regulatory events, including decreased adhesion
between tumor cells, detachment of tumor cells from
the primary site, and destruction of extracellular matrix
barriers. Detached tumor cells enter the circulatory system
and may form distant metastases [2, 3].
Adhesion junctions (AJs) are important for
maintaining intercellular adhesion, and include the
E-cadherin (E-cad)/p120 catenin (p120)/β-catenin/αcatenin complex. p120 released from AJs reduces
intercellular adhesion through E-cad degradation and
promotes cell migration by regulating Rho GTP activity
[4-6]. p120 is a member of the catenin family that binds
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tumor behavior and poor prognosis [18, 19]. The present
study confirmed that p120 is a miR-223 target gene, and
assessed miR-223 tumor promotion mechanisms in LoVo
cells. We suggest that miR-223 may be a new target for
colon cancer early diagnosis and treatment.

region may complementarily bind with the p120 mRNA
3’ UTR region. To confirm this direct interaction, we
performed the dual luciferase reporter assay. Luciferase
activity was decreased in the p120-3’UTR WT plasmid
group (P<0.05), but was the same in the p120-3 ’UTR
Mut plasmid group compared with the negative control
(P>0.05) (Figure 3A, 3B). Real-time PCR showed that
p120 expression was decreased in LoVo cells transfected
with miR-223 mimics (P<0.001) (Figure 3C). p120
protein was also decreased compared to negative controls
(P<0.05) (Figure 3D).

RESULTS
p120 is downregulated in human colon cancer
tissues
In normal colonic tissues, p120 is uniformly
expressed on epithelial cell membranes in a continuous
linear pattern (Figure 1A). p120 expression was high in
some colon cancer tissues (Figure 1B), but decreased
or was even lost in most of these tissues (Figure 1C).
Immunohistochemical (IHC) staining showed that the
low expression rates of p120 in colon cancer and normal
colon tissues were 71.25% and 0% (P<0.05), respectively
(Table 1).
The low expression rates of p120 in poorly
differentiated, moderately differentiated, and well
differentiated tumor tissues were 91.67%, 43.48%, and
33.33% (P<0.05), respectively. The low expression rates
of p120 in tissues with and without lymph node metastasis
were 85.29% and 60.87% (P<0.05), respectively. The low
expression rates of p120 in patients with Dukes stage C-D
and stage A-B disease were 85.71% and 58.70% (P<0.05),
respectively. When the transverse colon was defined as
the right side colon, the low expression rates of p120 in
patients with left side colon cancer and right side colon
cancer were 57.14% and 78.85% (P=0.041), respectively.
p120 expression was not associated with patient age,
gender, tumor size, depth of tumor invasion, or other
characteristics (P>0.05) (Table 2).

miR-223 overexpression enhances LoVo cell
proliferation and regeneration
We employed synthesized miR-223 mimics or an
inhibitor (anti-miR-223) to up- or downregulate miR-223
expression in LoVo cells. MTT results showed that cell
proliferation increased in LoVo cells transfected with miR223 mimics, and decreased in inhibitor-transfected cells
compared with the negative control (Figure 4A). A woundhealing assay showed that 48 h after scratching, cells
transfected with miR-223 mimics re-attained confluency
more quickly than miR-223 inhibitor-transfected cells
compared with the control (Figure 4B, 4C).

miR-223 overexpression enhances LoVo cell
migration and invasion
A transwell cell migration assay showed increased
numbers of migrated cells in the miR-223 mimics group,
and reduced numbers in the miR-223 inhibitor group
compared with the control (Figure 5A). A Matrigel
invasion assay showed similar results, with higher invaded
cell numbers in the miR-223 mimics group, and lower
numbers in the miR-223 inhibitor group compared with
the control (Figure 5B). These results demonstrated that
miR-223 promotes a malignant phenotype in human colon
cancer cells.

miR-223 is upregulated in human colon cancer
tissues
Real-time PCR showed that miR-223 expression
in colon cancer tissues was higher than in normal colon
tissues (P<0.05) (Figure 2A). miR-223 expression in
poorly differentiated carcinoma was higher than in
moderately and well differentiated carcinoma (P<0.05).
Expression in the T4 stage was higher than in T1–T3
(P<0.05); similar results were obtained in tumors with
different lymph node statuses (P<0.05) and different
Dukes stages (P<0.05) (Figure 2B–2E). In colon cancer
tissues, p120 expression was negatively correlated with
miR-223 expression (r=-0.575, P=0.013) (Figure 2F)
(Table 3).

miR-223 overexpression recapitulated epithelialmesenchymal transition induction in LoVo cells
We hypothesize that miR-223 oncogenic functions
may be mediated by direct targeting and negatively
regulation of p120. p120 maintains the cell adhesion
and regulates E-cad stability. Western blotting showed
that p120 and E-cad were decreased in miR-223 mimictransfected cells, whereas VIM expression increased.
Transfection with miR-223 inhibitor increased p120
expression, but E-cad and VIM levels were unchanged.
p120 and E-cad were downregulated in the p120
siRNA group, while VIM was unchanged. In the
p120 1A and 3A transfection groups, p120 1A and 3A
levels increased, E-cad was unchanged, and VIM was
downregulated (Figure 6A, 6B). These results suggest

p120 is a direct target of miR-223
The bioinformatics databases TargetScan and
MicroRNA.org predicted that the miR-223 5’ seed
www.impactjournals.com/oncotarget
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miR-223 overexpression increases nuclear
expression of β-catenin in LoVo cells

that miR-223 overexpression may induce EMT, possibly
by mediating p120.

We demonstrated that overexpression of miR223 mimics reduced p120 and E-cad levels on the
cell membrane. We hypothesized that this E-cad
downregulation may result in β-catenin (from the E-cad/
p120/β-catenin complex) accumulation in the cytoplasm
and translocation into the nucleus. β-catenin can
reportedly be transposed into the nucleus after aggregation
in the cytoplasm, activating transcription of TCF/LEF
signal and related target genes. We found that transfection
of miR-223 mimics increased nuclear expression of
β-catenin (Figure 7A, 7B), which was confirmed by
immunofluorescent staining (Figure 7C).

miR-223 overexpression upregulated c-Myc,
cyclinD1, and MMP7 in LoVo cells
We examined expression of c-Myc, cyclinD1, and
MMP7, which are downstream of β-catenin and TCF/
LEF, and are related to cell proliferation and invasion.
Western blot and real-time PCR results showed that c-Myc
and cyclinD1 protein levels, and both mRNA and protein
levels of MMP7, increased in the miR-223 mimics group
(Figure 8A–8D).

miR-223 overexpression enhances RhoA activity
in LoVo cells
Rho GTPase family members, RhoA and Rac1, play
roles in cell migration. Western blotting results showed
that RhoA and Rac1 levels remained the same in miR223 mimics, miR-223 inhibitor, p120 siRNA, p120 1A,
or p120 3A transfected cells (Figure 9A, 9B). However,
G-LISA results showed that RhoA activity was increased
in the miR-223 mimics and p120 siRNA transfection
groups (Figure 9C).

DISCUSSION
miR-223 can act as a tumor suppressor or an
oncogene in different environments. Li, et al. [20] found
that miR-223 overexpression in esophageal cancer cells
decreased cell migration and invasion by targeting artemin
(ARTN), and thus acted as a tumor suppressor. Similarly,
Jia, et al. [21] indicated that by targeting insulin-like
growth factor 1 receptor (IGF-1R), miR-223 inhibited
hepatoma cell proliferation. Conversely, Kurashige, et al.
[22] showed that miR-223 was overexpressed in patients
with esophageal squamous cell carcinoma, targeting
F-box/WD repeat-containing protein 7 (FBXW7) and
acting as an oncogene. In gastric cancer, miR-223
promoted invasion and metastasis by targeting the tumor
suppressor, EPB41L3 erythrocyte membrane protein
band 4.1 like 3 (EPB41L3) [23]. The present study found

Figure 1: p120 is downregulated in human colon
cancer tissues. IHC staining was performed in 80 colon cancer

tissues and 42 corresponding normal colon tissues. p120 was
highly expressed in normal colonic tissues (A) and some colon
cancer tissues (B). p120 exhibited low expression in most colon
cancer tissues (C). Magnification, ×200.
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Table 1: p120 expression in normal colon and colon cancer tissues
Low expression

High expression

χ2

P

Colon cancer tissues

57

23

56.167

0.000*

Normal colon tissues

0

42

P<0.05.

*

Table 2: p120 expression in colon cancer and its relationship with clinical and pathological features
Low expression

High expression

χ2

P

<58

30

11

0.151

0.697

≥58

27

12

36

11

1.59

0.207

21

12

<5 cm

22

12

1.236

0.266

≥5 cm

35

11

Left

16

12

4.185

0.041*

Right

41

11

Well

3

6

24.744

0.000*

Moderately

10

13

Poor

44

4

T1-T3

29

13

0.209

0.647

T4

28

10

N0

28

18

5.693

0.017*

N1-N2

29

5

A-B

27

18

6.355

0.012*

C-D

30

5

Clinical parameters
Age (years)a

Sex
Male
Female
Tumor size

b

Tumor location

Differentiation grade

Invasive depth

Lymph node metastasis

Dukes stage

Age was grouped based on median age.
Tumor size was grouped based on median tumor size.
*
P<0.05.
a

b

that miR-223 expression was increased in colon cancer,
most significantly in advanced stage tumors with poor
differentiation, enhanced invasion, and lymph node
metastasis. This suggests that miR-223 is an oncogene in
colon cancer, consistent with previous findings [18].
www.impactjournals.com/oncotarget

We also found that p120 and miR-223 levels
were negatively correlated in colon cancer clinical
specimens. miRNAs negatively regulate target genes
by binding complementary (or nearly-so) mRNA
sequences to promote target decay or inhibit target
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Figure 2: miR-223 is upregulated in human colon cancer tissues. Total RNA was extracted from 18 colon cancer tissues and

corresponding normal tissues, and miR-223 was detected by real-time PCR. miR-223 was upregulated in colon cancer tissues compared
with normal colon (A), miR-223 upregulation is associated with colon cancer differentiation (B), invasion (C), lymph node metastasis
(D), and Dukes stage (E). miR-223 was upregulated in p120 low expression tissues compared with p120 high expression tissues (F). n=3;
*P<0.05 vs. normal control.
www.impactjournals.com/oncotarget
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Table 3: p120 and miR-223 correlation analysis in colon cancer
miR-223 expression#
p120 expression

High

Low

Low

7

3

High

1

7

r

P

−0.575

0.013*

miR-223 levels higher than the median value were considered high expression; levels lower than the median value were
considered low expression.
*
P<0.05.
#

Figure 3: miR-223 directly targets p120. Mutation site map: wild-type p120 (p120-3’UTR WT plasmid) contains a sequence capable

of binding miR-223, and a mutated plasmid (p120-3’UTR Mut) was created by mutating the 414, 55, and 911 sites of the p120 mRNA
3’UTR (A). Relative luciferase activity was measured after HEK293 cell co-transfection with miR-223 mimics (or negative control) and
wild-type (or mutant) plasmids (B). LoVo cells were transfected with miR-223 mimics or negative control; 24 h later, p120 was detected
via real-time PCR (C). 48 h after transfection, p120 was detected by western blotting, with actin as the loading control (D). Representative
images shown are from independent experiments repeated three times. The bottom bar graphs are quantified results. n=3; ***P<0.001,
*P<0.05 vs. the control group.
www.impactjournals.com/oncotarget
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Figure 4: miR-223 overexpression enhances LoVo cell proliferation and regeneration. MTT assay was used to detect

transfected LoVo cell proliferation (A). Results were averaged over three independent experiments, with three parallel wells per experiment.
LoVo cells were transfected with miR-223 mimics, miR-223 inhibitor, or negative control, and a wound-healing assay was performed (B).
Arrows show that cells on both sides of the wound were fused. Representative images shown are from independent experiments repeated
three times. 48 h after the scratch, wound closure percentage was quantified (C). n=3; *P<0.05, **P<0.01, ***P<0.001 vs. the control;
###P<0.001 vs. miR-223 group.
www.impactjournals.com/oncotarget
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Figure 5: miR-223 overexpression enhances LoVo cell migration and invasion. LoVo cells were transfected with miR-223
mimics, miR-223 inhibitor, or negative control. Transwell cell migration assay (A). Matrix gel invasion assay (B). n=3; ***P<0.001 vs. the
control group; ### P<0.001 vs. the miR-223 group.
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Figure 6: miR-223 overexpression recapitulated EMT induction in LoVo cells. LoVo cells were transiently transfected with

miR-223 mimics, miR-223 inhibitor, or negative control, respectively, and were transfected with p120 siRNA, p120 1A or p120 3A
plasmid as control. 48 h after transfection, p120, E-cad, and VIM were detected via western blotting, with actin as the loading control
(A). Representative images shown are from independent experiments repeated three times. Quantified western blotting results (B). n=3;
*P<0.05 vs. the control group.
www.impactjournals.com/oncotarget
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Figure 7: miR-223 overexpression increases nuclear β-catenin in LoVo cells. LoVo cells were transfected with miR-223

mimics, miR-223 inhibitor, or negative control for 48 h, and cytoplasmic and nuclear β-catenin were detected by western blotting (A).
Actin and lamin B were used as cytoplasmic and nuclear protein loading controls, respectively. Representative images shown are from
independent experiments repeated three times. Quantified western blotting results (B). n=3; *P<0.05 vs. the control group. LoVo cells were
transfected with miR-223 or negative control for 24 h, fixed with 4% paraformaldehyde, and fluorescently stained for β-catenin. DAPI was
used to stain nuclei (C). At least five fields of view were imaged using a laser confocal microscope under each condition.
www.impactjournals.com/oncotarget
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Figure 8: miR-223 overexpression upregulates c-Myc, cyclinD1, and MMP7 in LoVo cells. LoVo cells were transiently

transfected with miR-223 mimics, miR-223 inhibitor, or negative control, respectively, and were transfected with p120 siRNA, p120 1A,
or p120 3A plasmid as control. 48 h after transfection, c-Myc and cyclinD1 were detected by western blotting, with actin as the loading
control (A). Quantified western blotting results (B). LoVo cells were transfected with miR-223 mimics, miR-223 inhibitors, or negative
control. 24 h later, MMP7 expression was detected by real-time PCR (C). 48 h after transfection, MMP7 was detected by western blotting,
with actin as the loading control (D). Representative images shown are from independent experiments repeated three times. The bottom bar
graphs are quantified results. n=3; *P<0.05, **P<0.01 vs. the control group.
www.impactjournals.com/oncotarget
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mRNA translation. Both the TargetScan and MicroRNA.
org databases predicted that the miR-223 5’ seed region
may complementarily bind to the p120 mRNA 3’UTR
region. Using the PITA algorithm, we found that the
miR-223 5’ seed region contains eight nucleotides fully
complementary to the p120 mRNA 3’UTR in three regions
(numbers 414, 55, and 911 of the p120 mRNA 3’UTR).
Therefore, we predicted that miR-223 directly targets
p120. Based on the 3’UTR construct of wild-type p120
mRNA, a mutant construct with all the three regions (414,
55, 911) mutated which can disrupt the interaction with
miR-223 was generated. Dual luciferase reporter assay
results showed decreased luciferase activity in the wildtype p120 mRNA 3’UTR group compared with the mutant
construct when cells were co-transfected with miR-223
mimics. Furthermore, overexpressing miR-223 in LoVo
cells downregulated p120. These results indicate that miR223 directly bound the p120 mRNA 3’UTR.

p120 was initially identified as a Src substrate
[24] and is now known to mediate cell adhesion
through dynamic regulation of the actin cytoskeleton,
transportation of cadherin to the cell membrane, and
stabilization of cadherin at the cell membrane [25]. p120
downregulation reduces this cadherin stability, leading
to cadherin degradation, impaired cell-cell adhesion,
increased cell migration and invasion, and ultimately
tumor progression [26]. We observed p120 downregulation
in colon cancer tissues, and low p120 expression was
associated with poor tumor differentiation, lymph node
metastasis, and advanced colon cancer stages. These
results are consistent with previous findings [11, 27],
and emphasize not only the importance of p120 in cell
adhesion maintenance, but also its tumor suppressor effect.
When the transverse colon was defined as the right side
colon, p120 downregulation was more common in patients
with right side colon cancer, which may partly explain

Figure 9: miR-223 overexpression enhances RhoA activity in LoVo cells. LoVo cells were transiently transfected with miR-

223 mimics, miR-223 inhibitor, or negative control, respectively, and were transfected with p120 siRNA, p120 1A, or p120 3A plasmid
as control. 48 h after transfection, RhoA and Rac1 were detected by western blot, with actin as the loading control (A). Representative
images shown are from independent experiments repeated three times. Quantified western blotting results (B). LoVo cells were transiently
transfected with miR-223 mimics, miR-223 inhibitor, negative control, or p120 siRNA. The activity of RhoA was detected by G-LISA (C).
n=3; *P<0.05 vs. the control group.
www.impactjournals.com/oncotarget
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why those patients whose primary tumors originated on
the left side of the colon survive longer than those whose
tumors originate on the right side [28]. We speculate that
during colon cancer development, miR-223 may target
tumor suppressor gene p120, negatively regulating p120
expression, and promoting colon cancer cell invasion and
metastasis.
Our study found that in LoVo cells, miR-223
overexpression promotes cell proliferation, migration,
and invasion, and miR-223 silencing can inhibit these
effects. This result is consistent with that of Zhang, et al.
[18], and supports our conclusion that miR-223 plays an
oncogenic role in colon cancer. miR-223 overexpression
in LoVo cells also downregulated p120 and E-cad, and
upregulated VIM. We also found that siRNA-mediated
p120 silencing in LoVo cells reduced E-cad and increased
VIM expression, recapitulating the invasive phenotype.
p120 1A or p120 3A plasmid expression in these cells
may reduce VIM and partially increase E-cad expression.
These results further confirm that miR-223 directly targets
p120.
Abnormal β-catenin distribution in cells correlates
with tumor progression and p120 expression [29-31].
Kaulfu, et al. [32] silenced p120 in PC-3 prostate cancer
cells and found that β-catenin accumulates in the nucleus
due to reduced p120 expression at the cell membrane.
Perez-Moreno, et al. [30] showed that cadherin-catenin
complex destruction is associated with β-catenin
release from the AJ and translocation into the nucleus.
Immunofluorescent staining and western blotting of
cytoplasmic and nuclear extracts found that in LoVo cells
overexpressing miR-223, β-catenin expression increased
in the nucleus, which may possibly be associated with
miR-223 targeting p120. β-catenin is a component of
the Wnt signaling pathway, and its translocation into
the nucleus can activate TCF/LEF transcription factors
to induce expression of a large number of genes related
to cell proliferation, migration, and invasion [33]. Our
study found that miR-223 overexpression upregulated
the β-catenin downstream signaling molecules, c-Myc,
cyclinD1, and MMP7, which are associated with cell
proliferation and invasion.
Tumor cell migration also plays a critical role in
metastasis, and is a complex process involving cytoskeletal
changes and precise control of cell adhesion. Cell adhesion
is reduced by p120 and E-cad downregulation in adhesion
complexes, and the RhoGTP enzyme family mediates
changes in the cytoskeleton [34]. In LoVo cells cotransfected with miR-223 mimics or inhibitor, and either
p120 siRNA or p120 1A and 3A plasmid, RhoGTP enzyme
family members RhoA and Rac1 were not affected.
However G-LISA results showed increased RhoA activity
in cells overexpressing miR-223 or with p120 silenced.
RhoA switches between a GTP-binding active form and
GDP-binding inactive form [35, 36]. When binding GTP,
RhoA can interact with downstream effector molecules
www.impactjournals.com/oncotarget

and promote signaling transduction and cell migration
[37]. Thus, miR-223 overexpression may enhance cell
migration by inhibiting p120 and increasing RhoA activity.
Wang, et al. [38] demonstrated that miR-223 acts
as a pro-inflammatory factor in inflammatory bowel
disease, a premalignant lesion that can lead to colon
cancer, by targeting claudin 8 (CLDN8). Our previous
study demonstrated that reduced p120 expression causes
inflammation by activating RhoA and regulating NFκB signaling [39, 40]. Inflammation and cancer are
inextricably linked, and abnormal inflammatory responses
can initiate tumor development. Inflammatory cells
producing cytokines can stimulate cancer cell growth and
survival, and p120 deletion can produce an inflammatory
tumor microenvironment to promote tumor development
[9]. Our results confirm that miR-223 targets p120 and
acts as an oncogene in colon cancer, and we hypothesize
that miR-223 may regulate the inflammatory response by
targeting p120.

MATERIALS AND METHODS
Patients and specimens
Formalin-fixed, paraffin-embedded tissue blocks
from 80 patients with colon cancer who had undergone
colectomy between January 2013 and May 2015 at
Tongji Hospital, Huazhong University of Science and
Technology, Tongji Medical College, were selected from
the archives. Patients included 47 males and 33 females,
aged 23–90 years (median age, 58). Additionally, 42
normal colon tissue samples were obtained via surgical
resection at distal margin sites. The criteria of patients we
chose is the diagnosis of colon cancer and received neither
chemotherapy nor radiotherapy before surgery, and this
study was approved by the Hospital’s Ethics Committee.

Immunohistochemistry
Both colon cancer and normal tissue blocks were cut
into 4 μm-thick sections and mounted on glass slides. IHC
staining was performed using the SP two-step method.
Antigens were retrieved in preheated 0.1 M citrate buffer
(pH 6.0) using a pressure cooker at 90 kpa for 90 sec.
Endogenous peroxidase activity was then blocked using
3% hydrogen peroxide at room temperature for 10 min,
and nonspecific antigens were blocked with 2% bovine
serum albumin (BSA, Sigma, St Louis, MO, USA) in TBS
for 1 h. Sections were then incubated with p120 polyclonal
goat anti-mouse antibody (1:200) overnight at 4°C, and
then secondary antibody (Polink-2 plus® Polymer HRP
Detection System) (Beijing Zhongshan Golden Bridge
Biotechnology, PV-9003 anti-goat) at room temperature
for 30 min. Signal was visualized using the Liquid DAB
Substrate Kit. PBS was used as a primary antibody
negative control.
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Evaluation of immunostaining

anti-miR-223, p120 siRNA, p120 1A, or p120 3A using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions.

IHC staining results were assessed by two pathology
professors and a consensus regarding controversial cases
was reached using a multiheaded microscope. p120 is
normally expressed on cell membranes in colonic mucosa,
and stained brown. The percentage of positive cells was
counted and combined with staining intensity to calculate
staining score.
Staining score evaluation criteria were as follows
[41]: (A) the percentage of positive cells was scored as:
no staining for 0, 1–25% for 1, 26–50% for 2, 51–75% for
3, 76–100% for 4; (B) staining intensity was scored as:
no staining for 0, weakly for 1, moderately for 2, strong
for 3. The final score for each slice was defined as A×B.
To facilitate statistical analysis, staining scores of 0–3
were classified as p120 low expression, and 4+ points
were classified as p120 high expression.

Cell proliferation assay
The effect of miR-223 on cell viability was
measured by MTT assay. Cells were plated at 500 cells/
well in 96-well plates in triplicate. A standard MTT assay
was performed on days 1–6 following transfection. All
assays were repeated at least three times.

Scratch wound-healing assay
Cells were seeded and grown to confluence in
6-well dishes, and transfected with either miR-223 or antimiR-223. 24 h later, an artificial wound was scratched into
the confluent cell monolayer using a 200-μl pipette tip. To
visualize cell migration and wound healing, images were
captured 0 and 48 h after scratching. The distance between
the two edges of the wound was measured using Digimizer
software (MedCalc Software, Ostend, Belgium).

Quantitative real-time PCR
Total RNA from colorectal tumors and adjacent
normal mucosa was extracted using EASY spin (Aidlab
Biotechnologies Co., Ltd), and total RNA from LoVo cells
was extracted using TRIzol reagent. Quantitative real-time
PCR was performed as described previously [42]. Primer
sequences were as follows: U6: F: 5′-CTC GCT TCG
GCA GCA CAT A-3′, R: 5′-CGA ATT TGC GTG TCA
TCC T-3′; miR-223: F: 5′-GGG GGT GTC AGT TTG
TCA AAT-3′, R: 5′-CAG TGC AGG GTC CGA GGT AT3′; p120: F: 5′-GGA CAC CCT CTG ACC CTC G-3′, R:
5′-GCT TGC TAA ACT TCC TCG CTC-3′; MMP7: F:
5′-CCG CGT CAT AGA AAT AAT GCA GAA-3′, R: 5′GAT GTC AGC AGT TTC CCA ATC AAC-3′; GAPDH:
F: 5′-ACC AGC CCC AGC AAG AGC ACA AG-3′, R:
5′-TTT GCT TGA AGT TTC ACT GGC ATC-3′.

Transwell migration and invasion assays
Cell migration and invasion were assessed using
the two-chamber assay with the 8 mm-pore 24-well BD
FALCON Cell Culture Inserts and BD BioCoat Matrigel
Invasion Chambers (BD Bio sciences, Bedford, MA),
respectively. LoVo cells were transfected with miR-223
mimics, anti-miR-223, or negative control and cultured for
12 h. Then, 5×105 cells/chamber were seeded in the upper
chamber and cell migration and invasion were assessed
24 h later. Migrated or invaded cells were counted in five
randomly selected high power fields.

Western blot

Dual luciferase reporter assay

Cytoplasmic and nuclear protein extraction, and
western blot analysis were performed as described
previously [39].

HEK-293T cells were seeded in 96-well plates.
After 24 h incubation, cells were co-transfected with
psiCHECK-p120 3’UTR WT or psiCHECK-p120 3’UTR
Mut, and miR-223 mimics or negative control mimics.
Forty-eight h after transfection, cells were assayed using
the dual luciferase assay system (Promega, Madison,
USA) according to the manufacturer’s instructions. All
transfection experiments were conducted in triplicate and
repeated three times independently.

Immunofluorescent analysis
Cells were fixed with 4% paraformaldehyde,
permeabilized with 0.3% Triton X-100, and incubated
with primary antibodies at 4°C overnight. Antibodies
directed against β-catenin were obtained from Cell
Signaling Technology (San Jose, CA, USA). Nuclei were
stained with DAPI. Cells were photographed using an
Eclipse FV500 confocal laser scanning microscopy system
(Olympus, Tokyo, Japan) with the appropriate filter sets.

Colorectal cancer cell culture and transfection
The human colorectal carcinoma cell line, LoVo,
was cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS; Gibco). Artificial miR-223 mimics and an inhibitor
were synthesized by GenePharma. After 20 h incubation,
LoVo cells were transfected with either miR-223 mimics,
www.impactjournals.com/oncotarget

RhoA activation assay
The RhoA G-LISA® kit was purchased from
Cytoskeleton, Inc. (Cat. #BK124; Denver, CO, USA).
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(SpectraMax 340 Microplate Reader; Molecular Devices).
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4. Reynolds AB, Roczniak-Ferguson A. Emerging roles for
p120-catenin in cell adhesion and cancer. Oncogene. 2004;
23: 7947-7956.
5. Anastasiadis PZ, Moon SY, Thoreson MA, Mariner DJ,
Crawford HC, Zheng Y, Reynolds AB. Inhibition of RhoA
by p120 catenin. Nat Cell Biol. 2000; 2: 637-644.
6. Noren NK, Liu BP, Burridge K, Kreft B. p120 catenin
regulates the actin cytoskeleton via Rho family GTPases. J
Cell Biol. 2000; 150: 567-580.
7. Thoreson MA, Reynolds AB. Altered expression of the
catenin p120 in human cancer: implications for tumor
progression. Differentiation. 2002; 70: 583-589.
8. Liu Y, Wang Y, Zhang Y, Miao Y, Zhao Y, Zhang PX, Jiang
GY, Zhang JY, Han Y, Lin XY, Yang LH, Li QC, Zhao C,
et al. Abnormal expression of p120-catenin, E-cadherin, and
small GTPases is significantly associated with malignant
phenotype of human lung cancer. Lung Cancer. 2009; 63:
375-382.

Statistical analysis

9. Stairs DB, Bayne LJ, Rhoades B, Vega ME, Waldron TJ,
Kalabis J, Klein-Szanto A, Lee JS, Katz JP, Diehl JA,
Reynolds AB, Vonderheide RH, Rustgi AK. Deletion of
p120-catenin results in a tumor microenvironment with
inflammation and cancer that establishes it as a tumor
suppressor gene. Cancer Cell. 2011; 19: 470-483.

Results are expressed as means ± SD of experiments
repeated at least three independent times. Statistical
significance was determined using SPSS 19.0 software
(IBM Corporation, New York, USA). Data were evaluated
via one-way analysis of variance (ANOVA) combined
with a post hoc analysis (Fisher’s PLSD). Spearman
rank correlation analysis was used to assess correlations
between p120 and miR-223 levels in colon cancer. P<0.05
was considered significant.

10. Wijnhoven BP, Pignatelli M, Dinjens WN, Tilanus HW.
Reduced p120ctn expression correlates with poor survival
in patients with adenocarcinoma of the gastroesophageal
junction. J Surg Oncol. 2005; 92: 116-123.
11. Bellovin DI, Bates RC, Muzikansky A, Rimm DL, Mercurio
AM. Altered localization of p120 catenin during epithelial
to mesenchymal transition of colon carcinoma is prognostic
for aggressive disease. Cancer Res. 2005; 65: 10938-10945.

ACKNOWLEDGMENTS
We thank Professor Enhua Wang for providing us
with the plasmids, RcCMV mp120-1A and 3A.

12. Wang EH, Liu Y, Xu HT, Dai SD, Liu N, Xie CY, Yuan XM.
Abnormal expression and clinicopathologic significance of
p120-catenin in lung cancer. Histol Histopathol. 2006; 21:
841-847.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

13. Pieters T, van Hengel J, van Roy F. Functions of p120ctn
in development and disease. Front Biosci (Landmark Ed).
2012; 17: 760-783.

GRANT SUPPORT

14. Garzon R, Calin GA, Croce CM. MicroRNAs in cancer.
Annu Rev Med. 2009; 60: 167-179.

This research was supported by the National Natural
Science Foundation of China (81070009 to Xi Wang and
81600015 to Lingzhi Qin).

15. Fabian MR, Sonenberg N, Filipowicz W. Regulation of
mRNA translation and stability by microRNAs. Annu Rev
Biochem. 2010; 79: 351-379.

REFERENCES

16. Ng EK, Chong WW, Jin H, Lam EK, Shin VY, Yu J, Poon
TC, Ng SS, Sung JJ. Differential expression of microRNAs
in plasma of patients with colorectal cancer: a potential
marker for colorectal cancer screening. Gut. 2009; 58:
1375-1381.

1. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA
Cancer J Clin. 2014; 64: 9-29.
2. Lauffenburger DA, Horwitz AF. Cell migration: a physically
integrated molecular process. Cell. 1996; 84: 359-369.

17. Schetter AJ, Leung SY, Sohn JJ, Zanetti KA, Bowman ED,
Yanaihara N, Yuen ST, Chan TL, Kwong DL, Au GK, Liu
CG, Calin GA, Croce CM, et al. MicroRNA expression
profiles associated with prognosis and therapeutic outcome
in colon adenocarcinoma. JAMA. 2008; 299: 425-436.

3. Rowe RG, Weiss SJ. Breaching the basement membrane:
who, when and how? Trends Cell Biol. 2008; 18: 560-574.

www.impactjournals.com/oncotarget

63778

Oncotarget

18. Zhang J, Luo X, Li H, Yue X, Deng L, Cui Y, Lu Y.
MicroRNA-223 functions as an oncogene in human
colorectal cancer cells. Oncol Rep. 2014; 32: 115-120.

30. Perez-Moreno M, Fuchs E. Catenins: keeping cells from
getting their signals crossed. Dev Cell. 2006; 11: 601-612.
31. Whitaker HC, Girling J, Warren AY, Leung H, Mills
IG, Neal DE. Alterations in beta-catenin expression
and localization in prostate cancer. Prostate. 2008; 68:
1196-1205.

19. Li ZW, Yang YM, Du LT, Dong Z, Wang LL, Zhang X,
Zhou XJ, Zheng GX, Qu AL, Wang CX. Overexpression
of miR-223 correlates with tumor metastasis and poor
prognosis in patients with colorectal cancer. Med Oncol.
2014; 31: 256.

32. Kaulfuss S, von Hardenberg S, Schweyer S, Herr AM,
Laccone F, Wolf S, Burfeind P. Leupaxin acts as a mediator
in prostate carcinoma progression through deregulation of
p120catenin expression. Oncogene. 2009; 28: 3971-3982.

20. Li S, Li Z, Guo F, Qin X, Liu B, Lei Z, Song Z, Sun L,
Zhang HT, You J, Zhou Q. miR-223 regulates migration
and invasion by targeting Artemin in human esophageal
carcinoma. J Biomed Sci. 2011; 18: 24.

33. MacDonald BT, Tamai K, He X. Wnt/beta-catenin
signaling: components, mechanisms, and diseases. Dev
Cell. 2009; 17: 9-26.

21. Jia CY, Li HH, Zhu XC, Dong YW, Fu D, Zhao QL, Wu W,
Wu XZ. MiR-223 suppresses cell proliferation by targeting
IGF-1R. PLoS One. 2011; 6: e27008.

34. Hou TC, Lin JJ, Wen HC, Chen LC, Hsu SP, Lee WS. Folic
acid inhibits endothelial cell migration through inhibiting
the RhoA activity mediated by activating the folic acid
receptor/cSrc/p190RhoGAP-signaling pathway. Biochem
Pharmacol. 2013; 85: 376-384.

22. Kurashige J, Watanabe M, Iwatsuki M, Kinoshita K, Saito
S, Hiyoshi Y, Kamohara H, Baba Y, Mimori K, Baba H.
Overexpression of microRNA-223 regulates the ubiquitin
ligase FBXW7 in oesophageal squamous cell carcinoma.
Br J Cancer. 2012; 106: 182-188.

35. Bourne HR, Sanders DA, McCormick F. The GTPase
superfamily: a conserved switch for diverse cell functions.
Nature. 1990; 348: 125-132.

23. Li X, Zhang Y, Zhang H, Liu X, Gong T, Li M, Sun L, Ji
G, Shi Y, Han Z, Han S, Nie Y, Chen X, et al. miRNA223 promotes gastric cancer invasion and metastasis by
targeting tumor suppressor EPB41L3. Mol Cancer Res.
2011; 9: 824-833.

36. Bourne HR, Sanders DA, McCormick F. The GTPase
superfamily: conserved structure and molecular mechanism.
Nature. 1991; 349: 117-127.
37. Spiering D, Hodgson L. Dynamics of the Rho-family small
GTPases in actin regulation and motility. Cell Adh Migr.
2011; 5: 170-180.

24. Reynolds AB, Roesel DJ, Kanner SB, Parsons JT.
Transformation-specific tyrosine phosphorylation of a
novel cellular protein in chicken cells expressing oncogenic
variants of the avian cellular src gene. Mol Cell Biol. 1989;
9: 629-638.

38. Wang H, Chao K, Ng SC, Bai AH, Yu Q, Yu J, Li M, Cui
Y, Chen M, Hu JF, Zhang S. Pro-inflammatory miR-223
mediates the cross-talk between the IL23 pathway and the
intestinal barrier in inflammatory bowel disease. Genome
Biol. 2016; 17: 58.

25. Ishiyama N, Lee SH, Liu S, Li GY, Smith MJ, Reichardt
LF, Ikura M. Dynamic and static interactions between p120
catenin and E-cadherin regulate the stability of cell-cell
adhesion. Cell. 2010; 141: 117-128.

39. Qin S, Qin L, Zhang C, Liu L, Sun W, Li N, Wu R, Wang
X. p120-Catenin modulating nuclear factor-κB activation is
partially RhoA/ROCKdependent in scratch injury. Wound
Repair Regen. 2015; 23: 231-240.

26. Ireton RC, Davis MA, van Hengel J, Mariner DJ, Barnes K,
Thoreson MA, Anastasiadis PZ, Matrisian L, Bundy LM,
Sealy L, Gilbert B, van Roy F, Reynolds AB. A novel role
for p120 catenin in E-cadherin function. J Cell Biol. 2002;
159: 465-476.

40. Zhang C, Qin S, Qin L, Liu L, Sun W, Li X, Li N, Wu R,
Wang X. Cigarette smoke extract-induced p120-mediated
NF-κB activation in human epithelial cells is dependent on
the RhoA/ROCK pathway. Sci Rep. 2016; 6: 23131.

27. Gold JS, Reynolds AB, Rimm DL. Loss of p120ctn in
human colorectal cancer predicts metastasis and poor
survival. Cancer Lett. 1998; 132: 193-201.

41. Zhang C, Liu LW, Sun WJ, Qin SH, Qin LZ, Wang X.
Expressions of E-cadherin, p120ctn, β-catenin and NF-κB
in ulcerative colitis. J Huazhong Univ Sci Technolog Med
Sci. 2015; 35: 368-373.

28. Lee GH, Malietzis G, Askari A, Bernardo D, Al-Hassi HO,
Clark SK. Is right-sided colon cancer different to left-sided
colorectal cancer? - a systematic review. Eur J Surg Oncol.
2015; 41: 300-308.

42. Qin L, Qin S, Zhang Y, Zhang C, Ma H, Li N, Liu L, Wang
X, Wu R. p120 modulates LPS-induced NF-κB activation
partially through RhoA in bronchial epithelial cells. Biomed
Res Int. 2014; 2014: 932340.

29. Jaggi M, Johansson SL, Baker JJ, Smith LM, Galich A,
Balaji KC. Aberrant expression of E-cadherin and betacatenin in human prostate cancer. Urol Oncol. 2005; 23:
402-406.

www.impactjournals.com/oncotarget

63779

Oncotarget

