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Reduced miR-433 expression is associated with advanced stages
and early relapse of colorectal cancer and restored miR-433
expression suppresses the migration, invasion and
proliferation of tumor cells in vitro and in nude mice
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Abstract. The expression of microRNA (miR-433) is altered
in various types of human cancer. The present study analyzed
the prognostic and biological value of miR-433 expression
in colorectal cancer using reverse transcription-quantitative
polymerase chain reaction in 125 colorectal tissue specimens
(including a test cohort of 40 cases of paired colorectal cancer
and adjacent normal mucosae and a confirmation cohort of 85
cases of stage I-III colorectal cancer). In vitro and nude mouse
xenograft experiments were subsequently used to assess the
effects of miR-433 expression on the regulation of colorectal
cancer cell proliferation, adhesion, migration, and invasion.
The data indicated that miR-433 expression was significantly
downregulated in colorectal cancer tissues in the test and
confirmation patient cohorts and that low miR-433 expression
was associated with advanced tumor stage and early relapse.
Furthermore, the restoration of miR-433 expression was able
to significantly inhibit the proliferation of tumor cells by
inducing G1-S cell cycle arrest, suppressing cyclinD1 and
CDK4 expression, and markedly inhibited the migratory and
invasive capacities of tumor cells in vitro. The restoration of
miR-433 expression or liposome-based delivery of miR-433
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mimics suppressed the growth of colorectal cancer cell xeno-
grafts in nude mice. In conclusion, miR-433 may be a putative
tumor suppressor in colorectal cancer, and the detection of low
miR-433 expression will be investigated in further studies as a
putative biomarker for the detection of early relapse in patients
with colorectal cancer.

Introduction

Colorectal cancer is a major worldwide health burden due to
high rates of cancer-associated morbidity and mortality. The
most recent available data indicates that colorectal cancer
accounts for approximately 1.4 million new cases of cancer
and 693,900 mortalities globally in 2012 (1). Advancements
in early detection using cancer screening tests and endoscopy
have improved the prognosis of colorectal cancer and the
development of novel treatment options (including minimally
invasive surgical resection) allows effective control of tumor
lesions. However, up to 38% of patients with early colorectal
cancer following surgical resection develop tumor recur-
rence (2). Therefore, effective control of tumor recurrence
(relapse) can reduce the rate of mortality due to colorectal
cancer and improve the quality of life.

An estimated 40-50% of cases of tumor recurrence occur in
the first year following initial surgery (3). The development of
novel biomarkers may assist physicians to monitor and detect
colorectal cancer relapse, while a novel class of targeting
agents may help to further reduce the rate of tumor relapse.
For example, the level of carcinoembryonic antigen (CEA) is
frequently used as a clinical biomarker to survey colorectal
cancer recurrence (4-6). However, there is no established
biomarker or indicator to predict early relapse (7-9). Moreover,
different targeting agents, including bevacizumab and cetux-
imab, which are inhibitors of vascular endothelial growth
factor (VEGF) and epidermal growth factor receptor (EGFR),
respectively, have been used in the clinic to treat colorectal
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cancer (10,11). However, the long-term survival rate remains
very low for metastatic colorectal cancer (12). Taken together,
there is an urgent need to improve the current understanding
on the molecular mechanisms that underlie the development,
progression and recurrence of colorectal cancer in order to
develop novel strategies to improve the treatment of colorectal
cancer in the clinic.

On a molecular level, it is widely accepted that the patho-
genesis of colorectal cancer involves genetic alterations,
including APC, K-RAS, and p53 (13). More recently, alteration
of microRNA (miRNA) expression in human cancer, including
colorectal cancer, has been thought to contribute to human
carcinogenesis (14,15). These short and non-coding miRNA
molecules are able to post-transcriptionally regulate the
expression of their target genes (16) and can in turn regulate a
variety of cell processes and homeostasis, including prolifera-
tion, apoptosis and differentiation in normal cells and invasion,
migration and epithelial-mesenchymal transition (EMT)
of tumor cells (17,18). For example, altered expression of
miR-433 has been reported in numerous diseases. miR-433
functions as a potent inhibitor of migration of hepatocel-
lular carcinoma (HCC) cells by directly targeting the cAMP
response element binding protein (19). The expression of
miR-433 was also downregulated in the visceral adipose
tissues of patients with non-alcoholic steatohepatitis (20),
hepatitis B virus-associated HCC (21) and human gastric
cancer (22). Nevertheless, the ectopic expression of miR-433
was reported to inhibit the proliferation of gastric cancer cells
by directly targeting the mRNA that encodes the oncogene,
K-RAS (23). In non-neoplastic diseases, the expression of
miR-433 inhibited BMP2-induced osteoblast differentia-
tion by targeting Runx2 (24), while miR-433 was aberrantly
expressed in myeloproliferative neoplasms and negatively
regulates the proliferation and differentiation of CD34*
cells (25). Another study demonstrated that miR-433 also
participated in TGF-p/Smad3-induced renal fibrosis and may
be a potential therapeutic target in tissue fibrosis (26). Here, a
pilot study was conducted to compare miR-433 expression in
colorectal cancer tissues and paired normal mucosa tissues in
order to investigate the association of miR-433 expression with
clinicopathological data and tumor relapse.

The effects of miR-433 on the regulation of the malig-
nant behaviors of colorectal cancer cells in vitro and in nude
mouse xenografts were further investigated to assess whether
miR-433 is a useful target for the control of colorectal cancer.

Materials and methods

Patients and tissue samples. In the present study, tissue
samples were collected from two cohorts of patients with
colorectal cancer for detection of miR-433 expression from
January 2013 to May 2015. The age of the patients ranged
from 42-76 years (mean, 62.3 years). The first cohort of
patients included 40 patients with colorectal cancer, from
whom normal and cancerous tissue samples were collected.
The second cohort included 85 patients with stage I-III [The
Union for International Cancer Control (UICC) staging
system (27)] colorectal cancer. The latter cohort of patients
included 40 early relapse patients and 45 patients without
early relapse following radical tumor resection. The study
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was approved by the Institutional Review Board and Ethics
Committee of the Nanfang Hospital of Southern Medical
University, (Guangzhou, China). All patients that participated
in the present study signed the informed consent form. Early
relapse was defined as local recurrence (tumor growth within
the primary site or restricted to the anastomosis) or distant
metastasis (distant metastasis or diffuse peritoneal seeding)
within 1 year following radical tumor resection according
to previous studies (28,29). Patients with hereditary nonpol-
yposis colorectal cancer, familial adenomatous polyposis, or
multiple primary cancers were excluded, while patients who
received neoadjuvant treatment with either radiotherapy or
chemotherapy prior to surgery were also excluded. All tissue
samples were obtained from the operating room, immediately
snap-frozen in liquid nitrogen and stored at -80°C until use.
The present study was approved by The Ethics Committee
of Nanfang Hospital (Guangzhou, China), and each patient
provided written informed consent prior to participating in the
present study or future research.

Cell lines and culture. Human colorectal cancer cell lines,
SW480, HCT116, SW620 and LoVo, and a human normal
colorectal mucosal cell line (FHC) were obtained from the
Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China) and cultured in RPMI-1640 (Hyclone,
Logan, UT, USA) or F12K (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) medium supplemented with 10%
fetal bovine serum (FSB; Invitrogen; Thermo Fisher Scientific,
Inc.) in a humidified incubator with 5% CO, at 37°C.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). Total cellular RNA was isolated from
tissue samples and cell lines FHC, SW480, HCT116, SW620
and LoVo using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
Following quantification, the RNA samples were reverse tran-
scribed (37°C for 15 min, 85°C for 5 sec) into cDNA using a
PrimeScript RT reagent kit (Takara Biotechnology Co., Ltd.,
Dalian,China),and the resulting cDNA was subjected RT-qPCR
for detection of miR-433 expression using SYBR-Green PCR
Master Mix (Applied Biosystems; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) in an Applied Biosystems 7500
fast instrument according to the manufacturer's protocol. The
sequences of the primers for miR-433 are as follows: Forward,
5-AAGGCGCCTGAGGGAGGCACCACATCATCAGAT-3'
and reverse, 5"-TAAAGATCTGGCAGCCATCCTCGTGCT
ACTG-3". U6 primers were used as a loading control and the
sequences are as follows: Forward, 5'-GCTTCGGCAGCA
CATATACTAAAAT-3' and reverse, 5-CGCTTCACGAAT
TTGCGTGTCAT-3" The PCR thermocycling conditions were
as follows: 95°C for 30 sec, followed by 40 cycles of 95°C for
5 sec, 60°C for 34 sec and 95°C for 15 sec; 60°C for 60 sec and
95°C for 15 sec. The experiment was repeated three times. The
relative quantification of miR-433 level was calculated using
the 242%4 method (30), and the fold change of miR-433 was
calculated using the 244% equation. High miR-433 expression
was defined as =0.498.

Transient and stable miRNA transfection. To restore miR-433
expression in colorectal cancer cells, hsa-miR-433 mimics were
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obtained from Applied Biosystems (Thermo Fisher Scientific,
Inc.) and then transiently transfected into colorectal cancer
cells using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) at a final concentration of 50 nM. To verify
the effects of miR-433 and transfection efficiency, the pre-miR
miRNA Precursor Molecules Negative Control from Applied
Biosystems (Thermo Fisher Scientific, Inc.) was utilized as a
control. A miR-433 expression vector was constructed for stable
miR-433 expression in colorectal cancer lines by amplification,
and a DNA fragment containing the full-length coding region
of miR-433 cDNA (accession no. MI0001723) was cloned into
the pcDNA3.1 vector (Addgene, Inc., Cambridge, MA, USA).
After confirmation of the DNA sequence by sequencing, 1 ug
plasmids were stably transfected into colorectal cancer cell
lines using Lipofectamine® 2000 (Invitrogen), and miR-433
expression was assessed using RT-qPCR 48 h following trans-
fection.

Cell proliferation CCK-8 and 5-ethynyl-2'-deoxyuridine
labeling (EAU) assays. The proliferation ability of LoVo and
SW620 tumor cells was assessed using a Cell Counting Kit-8
(CCK-8; Dojindo Molecular Technologies, Inc., Shanghai,
China). Briefly, tumor cells following miR-433 transfection
were seeded into 96-well plates at a density of 5x10°/well
and cultured for 7 days at 37°C. Every 24 h, the cells were
treated with CCK-8 at 37°C, according to the manufacturer's
protocol and analyzed using a FACScan cytofluorimeter
(BD Biosciences, Franklin Lakes, NJ, USA). To assess DNA
synthesis, colorectal cancer cells were subjected to the EdU
labeling assay. Specifically, following miR-433 transfection,
tumor cells were seeded into 96-well plates at a density of
5x10°/well and cultured for 7 days at 37°C. Every 24 h, the
cells were subjected to EdU labeling and analyzed using a
FACScan cytofluorimeter (Becton Dickinson). The experiment
was repeated three times.

Tumor cell adhesion and cell cycle assays. In order to analyze
the cell adhesion ability of tumor cells, tumor cells were
seeded into 96-well plates that were pre-coated with 10 yg/ml
fibronectin at 4°C for 18 h and allowed to adhere at 37°C for
90 min. At the end of this time period, adherent cells were
quantified using the CCK-8 kit. To detect cell cycle distribu-
tion following miR-433 transfection, the cells were grown
and transiently transfected with miR-433 mimics for 48 h and
subsequently stained with propidium iodide (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) and analyzed using a
FACScan cytofluorimeter (Becton Dickinson) and the Cell
Quest software (version 3.3; BD Biosciences) according to the
manufacturer's instructions.

Transwell migration and invasion assays. Transwell inserts
(pore size, 8 mm) were obtained from BD Biosciences and
placed into 24-well cell culture plates. Colorectal cancer cells
at a density of 2x10°/ml in cell growth medium were added to
the upper chamber in serum-free RPMI-1640 and the bottom
chambers were filled with RPMI-1640 containing 20% FBS.
After incubation at 37°C for 24 h, the non-migrated cells that
remained on the upper surface of the membrane were scraped
with a cotton swab, whereas the migrated cells on the lower
face of the membrane were fixed with ice-cold methanol,
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stained with 5% Giemsa stain solution (Sigma-Aldrich; Merck
KGaA), and counted under a light microscope from 10 random
fields at a magnification of 200X for each triplicate sample.
The tumor cell invasion assay was performed in a Transwell
insert that was pre-coated with Matrigel, using the same
conditions as the migration assay.

Tumor cell wound-healing assay. The cells were seeded at
a density of 1x10° and transiently transfected with miR-433
mimics for48 hat 37°C and then subjected to the wound-healing
assay. In brief, after tumor cells had formed a monolayer, a
wound across the dish was created by scratching with a 10 ul
micropipette tip and then the cells were washed briefly with
ice-cold phosphate-buffered saline (PBS) and further cultured
for up to 48 h at 37°C. At the end of the experiment, images
of the cells were captured using an Olympus IX53 microscope
(Olympus Corporation, Tokyo, Japan) to assess wound closure.

Nude mouse colorectal cancer cell xenograft assay. The
animal experiments were performed in compliance with the
guidelines of the Ethics Committee of Medical Research,
Southern Medical University. A total of 12 male BALB/c nude
mice (weight, 18-22 g; age, 5-6 weeks) were housed in specific
pathogen free laboratory conditions at 20-26°C and 55+5%
humidity, 12 h light/dark cycle, and ad libitum access to food
and water. To establish a mouse tumor cell xenograft model,
1 ug miR-433 plasmid or negative control plasmid was stably
transfected into LoVo cells using Lipofectamine® 2000. LoVo
cells (2x10° cells/mouse) were then injected subcutaneously
into nude mice. After 40 days, the mice were sacrificed, and all
tumor xenografts were collected for pathological exanimation.
For miR-433 treatment, mice were treated by intratumoral
injection of liposome-based miR-433 mimics and negative
control at 10, 15, 20, 25 and 30 days. miR-433 mimics and
negative control were injected at 4 spots around the tumor at a
total volume of 50 1 and the final injection concentration used
each time was 100 nM. miR-433 mimics (miR-433) and nega-
tive control (NC) were purchased from Shanghai GenePharma
Co., Ltd. (Shanghai, China). miR-433 sequence was AUCAUG
AUGGGCUCCUCGGUGU and NC sequence was UUCUCC
GAACGUGUCACGUTT. Tumor volume was estimated with
the following formula: Length x width? x0.5.

Protein extraction and western blot analysis. The cells were
lysed in radioimmunoprecipitation buffer (Sigma-Aldrich;
Merck KGaA), and protein concentration was quantified using
a bicinchoninic acid protein assay kit (Beyotime Institute of
Biotechnology, Guangzhou, China). These protein samples
were resolved using 8-10% SDS-PAGE and transferred onto
polyvinylidene difluoride membranes (EMD Millipore,
Billerica, MA, USA). For western blotting, the membranes
were incubated in 5% skimmed milk/PBS solution for 1 h at
room temperature and then rinsed with Tris-buffered saline
with 0.1% Tween (TBST) thrice prior to incubation with
primary antibodies against PCNA (1:200; catalog no. ab29),
fibronectin (1:4,000; catalog no. ab32419) (both from Abcam,
Cambridge, MA, USA), cyclin D1 (1:1,000; catalog no. 2922),
CDK4 (1:1,000; catalog no. 12790) (both from Cell Signaling
Technology, Inc., Danvers, MA, USA), p21 (1:500; catalog
no. 271532; Santa Cruz Biotechnology, Inc., Santa Cruz,
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CA, USA), E-cadherin (E-ca; 1:1,000; catalog no. 3195),
N-cadherin (N-ca; 1:1,000; catalog no. 13116), vimentin (VIM;
1:1,000; catalog no. 5741) (all from Cell Signaling Technology,
Inc.) and GAPDH (1:500; Santa Cruz Biotechnology Inc.) at
4°C overnight. The membranes were washed three times with
TBST. The membranes were subsequently incubated with
biotinylated anti-mouse IgG secondary antibody (1:20,000;
catalog no. 14709; Cell Signaling Technology Inc.) and
subsequently with an enhanced chemiluminescence solution
(Pierce; Thermo Fisher Scientific, Inc.). Protein expression
levels were quantified from band density using ImagelJ soft-
ware (version 1.38; National Institutes of Health, Bethesda,
MD, USA) against the levels of GAPDH (loading control). The
experiment was repeated three times.

Statistical analysis. The dataare expressed as the mean +standard
deviation unless indicated otherwise. The unpaired Student's
t-test was performed to compare miR-433 expression between
test and control samples. Pearson's y* test was used to analyze
the association of miR-433 expression with clinicopathological
features from patients. The Kolmogorov-Smirnov test was used
to test for normality in data from different groups. One-way
analysis of variance was used to compare between different
groups followed by Fisher's Least Significant Difference test
for pairwise comparisons between groups. Two-way ANOVA
was used to compare between groups in the xenograft experi-
ments, followed by LSD test for pairwise comparisons between
groups. All statistical analyses were conducted using GraphPad
Software, (version 5.0; GraphPad Software, Inc., La Jolla, CA,
USA) and SPSS software (version 18.0; SPSS Inc., Chicago, IL,
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Downregulation of miR-433 expression in colorectal cancer
tissues. In the present study, miR-433 expression was analyzed
in 40 pairs of frozen colorectal cancer and adjacent normal
mucosa samples, and in four colorectal cancer cell lines
(SW480, HCT116, SW620, and LoVo) and a human normal
colorectal mucosal cell line (FHC) using RT-qPCR. The data
indicated that miR-433 expression was significantly down-
regulated in colorectal cancer tissues compared with adjacent
normal mucosae. Specifically, miR-433 expression was lower
in 92.5% (37/40) of colorectal cancer tissues compared with
the adjacent normal mucosae (Fig. 1A). By contrast, miR-433
expression was significantly decreased in colorectal cancer cell
lines compared with FHC cells (all P<0.001; Fig. 1B). Out of
the cell lines investigated, the lowest levels of miR-433 expres-
sion were observed in metastatic colorectal cancer SW620 and
LoVo cell lines (Fig. 1B).

Downregulated miR-433 expression is associated with early
relapse of colorectal cancer. It was subsequently investigated
whether miR-433 expression was associated with clinico-
pathological data and outcomes in the confirmation set of 85
colorectal cancer patients. The data indicated that the expres-
sion of miR-433 was significantly associated with tumor
UICC stage when advanced UICC stages were compared with
early UICC stages (P<0.01; Fig. 1C; Table I) and early relapse
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Table I. Association of miR-433 expression with clinicopatho-
logical data and outcome of colorectal cancer patients (n=85).

miR-433
expression
Parameters n High Low  P-value®
Sex,n 0.730
Male 47 19 28
Female 38 14 24
Age (years) 0.130
<65 37 11 26
=65 48 22 26
UICC stage, n <0.001
I 15 12 3
11 31 12 19
111 39 9 30
Lymph node metastasis, n 0.700
+ 39 16 23
- 46 17 29
Tumor differentiation, n 0.730
Well 20 9 11
Medium 41 16 25
Poor 24 8 16
Tumor size, n (cm) 0.220
<5 45 20 25
=5 40 13 27
Early relapse, n <0.001
Yes 40 4 36
No 45 29 16

a2 test. miRNA, microRNA; UICC, Union for International Cancer
Control.

(P<0.001; Fig. 1D). However, miR-433 expression was not
associated with sex, age, tumor differentiation, tumor size and
lymph node metastasis (Table I).

Expression of miR-433 mimic inhibits the proliferation and
adhesion ability of tumor cells to fibronectin, and promotes cell
cycle arrest. In order to gain an improved understanding of the
role of miR-433 in regulating the development and progression
of colorectal cancer, the effects of restoring miR-433 expres-
sion on the regulation of malignant behavior were assessed in
colorectal cancer cells. Specifically, miR-433 mimics were
transiently transfected into colorectal cancer cell lines, SW620
and LoVo. As indicated in Fig. 2A, the transfection of miR-433
mimics successfully restored miR-433 expression in these two
cell lines, and the proliferation rate of these miR-433 trans-
fected cell lines was significantly reduced (Fig. 2B and C).
Furthermore, the adhesion ability of tumor cells to fibronectin
was also inhibited following the overexpression of miR-433 in
LoVo cells (P=0.004; Fig. 2D).

Furthermore, the effect of miR-433 expression on cell
cycle distribution was investigated using a flow cytometer,
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Figure 1. Reduced miR-433 expression in human colorectal cancer tissue samples and cell lines. (A) RT-qPCR analysis of miR-433 levels. A total of 40 pairs
of colorectal cancer and normal mucosae (NM) tissues were subjected to RT-qPCR analysis. ““P<0.0001. (B) RT-qPCR. Colorectal cancer cell lines and a
normal cell line (FHC) were grown and then subjected to RT-qPCR analysis of miR-433 levels. “P<0.001 vs. FHC cells (one-way ANOVA and Fisher's Least
Significant Difference test). (C) Mean miR-433 expression levels in colorectal cancer tissues at different stages of disease. “P<0.005 vs. stage I. Stage I, n=15;
Stage 11, n=31; Stage III, n=39; One-way ANOVA and Fisher's Least Significant Difference test. (D) Side-by-side comparison of miR-433 expression levels
between colorectal cancer and normal mucosae tissues and between subjects with and without early-relapse. ANOVA, analysis of variance; CRC, colorectal
cancer; miR, microRNA; NM, normal mucosae tissues; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

and it was indicated that the percentage of cells in the G1
phase was markedly increased following the expression of
miR-433 mimic, and that the percentage of cells in the S
phase were significantly decreased following the expression
of miR-433 mimic (Fig. 2E). Western blot analysis indicted
that the cells that were arrested at G1 following the expres-
sion of miR-433 mimic exhibited significantly reduced
expression of cyclin D1 and CDK4 proteins, which are key
regulators of the G1 phase (P<0.05; Fig. 2F). However, the
expression of the G1 phase inhibitor p21 was significantly
increased following the expression of miR-433 mimic
(P<0.05; Fig. 2F). The decrease in the proportion of cells
in the S phase was confirmed by the significantly reduced
expression of proliferating cell nuclear antigen (PCNA),

which is a proliferation marker in cells that overexpress
miR-433 (P<0.05; Fig. 2F).

Expression of miR-433 mimic inhibits the migration and
invasion of tumor cells in vitro. The restoration of miR-433
expression in LoVo cells resulted in cells exhibiting a
rounded, cobblestone, epithelial-like morphology and more
elongated cytoplasmic protuberances (Fig. 3A). Moreover,
the expression of miR-433 mimic also significantly inhibited
the migratory (P=0.005; Fig. 3B) and invasive capacities of
tumor cells compared with control cells (P<0.001; Fig. 3C).
In addition, the restoration of miR-433 expression also signifi-
cantly suppressed the migration rate of the tumor cells in the
wound-healing assay (P=0.001; Fig. 3D).
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Figure 3. Effects of miR-433 expression on the migration and invasion of colorectal cancer cells. (A) Morphology of tumor cells. Colorectal cancer LoVo
cells were grown and transiently transfected with miR-433 mimics or negative control. The cells were subsequently viewed under a bright-phase microscope.
The data indicated following transfection of miR-433 mimic, LoVo cells exhibited a rounded/cobble-stone morphology. By contrast, LoVo cells exhibited
a more elongated morphology. Scale bar, 50 ym. (B) Transwell migration assay. Colorectal cancer LoVo cells were grown and transiently transfected with
miR-433 mimics or negative control. The cells were subjected to Transwell assay. Scale bar, 50 ym. (C) Transwell invasion assay. Colorectal cancer LoVo
cells were grown and transiently transfected with miR-433 mimics or negative control and then subjected to the Transwell invasion assay. Scale bar, 50 ym.
(D) Wound-healing assay. Colorectal cancer LoVo cells were grown and transiently transfected with miR-433 mimics or negative control and then subjected to
a wound-healing assay. Scale bar, 200 ym. (E) Western blot results. Colorectal cancer LoVo cells were grown and transiently transfected with miR-433 mimics
or negative control and then subjected to western blot analysis for E-cadherin, N-cadherin, vimentin, and fibronectin. E-ca, E-cadherin; FNI, fibronectin; N-ca,
N-cadherin; VIM, vimentin; miR, microRNA; NC, negative control. ‘P<0.05 with comparisons shown by lines.

Furthermore, western blot analysis indicated that ectopic
miR-433-expressing colorectal cancer cells exhibited signifi-
cantly upregulated E-cadherin expression but significantly
downregulated N-cadherin, VIM and fibronectin (FNI)
expression compared with negative control (P<0.05; Fig. 3E).

Effects of restored miR-433 expression on suppression of
colorectal cancer cell xenograft growth in nude mice. In order
to validate the role of miR-433 in vivo, an in vivo nude mouse

xenograft assay was performed. A stable miR-433-expressing
LoVo cell subline was first established, and the cells were
injected into nude mice. The data indicated that the mice
that were implanted with miR-433-overexpressing colorectal
cancer cells exhibited significantly slower tumor growth after
40 days compared with the animals that were injected with
negative control cells (P<0.001; Fig. 4A).

Furthermore, LoVo cell xenografts in nude mice were
established and then treatment was initiated by intratumoral
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Figure 4. Effects of miR-433 on the growth of tumor cell xenografts in nude mice. (A) Colorectal cancer cell nude mouse xenograft model. The restora-
tion of miR-433 expression inhibited subcutaneous tumor xenograft growth in nude mice. The tumor masses were smaller in mice that were injected with
miR-433-expressing cells compared with mice that were injected with negative control cells. (B) miR-433 therapy in nude mice with colorectal cancer cell
xenografts. The growth of tumor cell xenografts was suppressed following intratumoral injection of liposomes containing miR-433 mimics compared with NC
at 10, 15, 20, 25 and 30 days following LoVo cell implantation. Tumor volumes are presented as the mean + standard deviation. Growth curves were compared
using two-way analysis of variance and Fisher's Least Significant Difference test. “P<0.001, ““P<0.0001 vs. NC. NC, negative control.

injection of liposome-based miR-433 mimics and negative
control at 10, 15, 20, 25 and 30 days. The data showed that
the mice that were treated with miR-433 mimics exhibited
a significant reduction in tumor xenograft growth compared
with the control treatment (P<0.001; Fig. 4B).

Discussion

Colorectal cancer relapse following surgical resection is an
important factor leading to poor survival in colorectal cancer
patients (31). The identification and evaluation of molecular
markers, such as miRNAs, may assist in the diagnosis of
patients with potential early tumor relapse. These miRNAs are
stable in tissues and cells and are not susceptible to degrada-
tion. These characteristics make miRNAs a better biomarker
in the clinic because the altered expression of various
miRNAs has been reported to predict cancer development,
progression, and prognosis (32,33). miR-433 expression was
reported to be absent or reduced in various types of human
cancer (19,22,34). Therefore, in the present study, the expres-
sion of miR-433 was determined in colorectal cancer tissues
and paired normal mucosae. It was then determined whether
miR-433 expression was associated with clinicopathological
data from patients with colorectal cancer using two different
cohorts. Subsequently, the role of miR-433 was determined
in vitro and in a nude mouse xenograft model. It was detected
that miR-433 expression was lower in colorectal cancer tissues
compared with adjacent normal tissues.

A low expression of miR-433 was associated with advanced
tumor stages and early relapse in patients with colorectal
cancer. Furthermore, the in vitro and nude mouse data indi-
cated that restoring miR-433 expression in colorectal cancer
cell lines was able to decrease cell proliferation, migration and
invasion in vitro. Restoring miR-433 expression was also able
to reduce the growth of colorectal cancer cell xenografts.

miRNAs function to regulate and regulate a large number
of cellular processes in the human body (35) and have a high
degree of sequence conservation among distantly related organ-
isms, indicating that they participate in essential biological
processes in different organisms (36). In the present study,
the data indicated reduced miR-433 expression in colorectal
cancer tissues compared with adjacent normal tissues, which
was associated with advanced tumor stages and early relapse.
These data suggest that miR-433 has an antitumor effect on
colorectal cancer and may be a putative tumor suppressor
gene in colorectal cancer. In the literature, it was reported that
miR-433 expression was also reduced in gastric cancer (22,23),
hepatocellular carcinoma (21) and oral squamous cell carci-
noma (37). However, in ovarian cancer cells, the overexpression
of miR-433 either induced the resistance of tumor cells to pacli-
taxel (34) or negatively regulates the expression of thymidylate
synthase which mediates 5-fluorouracil sensitivity in HeLa
cells (38). Therefore, these data indicated that miR-433 may
function differently in different types of human cancer, and the
further study of the miR-433-regulated pathways may help to
elucidate the functions and role of miR-433 in human cancer.



Furthermore, in the present study the potential mechanisms
of miR-433 in the inhibition of colorectal cancer relapse were
investigated using in vitro experiments. It was detected that
transfection with miR-433 mimic significantly reduced the
proliferation of colorectal cancer cells, potentially by arresting
the cells at G1-S transition. Furthermore, the migratory and
invasive capacities of tumor cells were inhibited following
transfection with miR-433 mimic, which is consistent with
data reported for other types of cancer (37). At the genetic
level, transfection with miR-433 mimic suppressed the levels of
cyclin DI and CDK4 proteins compared with negative control.
Indeed, the cyclin D1/CDK4 complex is a key regulator of cell
cycle transition through the G1 phase and governs the cell cycle
progression (39). The restoration of miR-433 expression also
increased p21 levels, which, in turn, inhibited cells from entering
the S phase for duplication of chromosomes. The p21 protein
has been reported to have an important role in the suppression
of the G1/S cell cycle transition (40). Furthermore, the current
data also demonstrated that the transfection of miR-433 mimic
inhibited the migration and invasion of colorectal cancer cells,
which further supported previous related studies on other
cancer types (23,37). It was also observed that the transfec-
tion of miR-433 mimic increased E-cadherin expression but
inhibited the expression of N-cadherin, VIM, and FN1 proteins,
indicating that miR-433 may suppress EMT in colorectal cancer
cells, and the latter has been previously reported as associated
with cancer metastasis (41). The in vitro data in present study
was then confirmed in the nude mouse xenograft model, using
miR-433 expressing-colorectal cancer cells and treatment with
miR-433 mimics.

In conclusion, the current study used ex vivo, in vitro and nude
mouse xenograft models to demonstrate that the loss of miR-433
expression may contribute to the development and progression of
colorectal cancer and that the restoration of miR-433 expression
suppresses malignant behavior in tumor cells. However, further
studies are required to investigate the clinical effects of miR-433
on patients with colorectal cancer. Moreover, miR-433 may be
developed as a potential biomarker for the prediction of colorectal
cancer relapse.
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