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MicroRNA-223-induced inhibition of the FBXW7 gene
affects the proliferation and apoptosis of colorectal
cancer cells via the Notch and Akt/mTOR pathways
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Abstract. The tumour suppressor gene F-box and WD repeat
domain-containing 7 (FBXW?7) plays an important role in
human cancer by regulating cell division, proliferation and
differentiation. However, the exact regulatory mechanisms
of microRNA (miR)-223 in colorectal cancer (CRC) cells
are still unknown. The present study aimed to investigate the
effect and mechanism of miR-223 inhibiting FBXW7 on the
proliferation and apoptosis of CRC cells. HCT116 cells were
transfected with miR-223 mimics or small interfering RNA
(siRNA) targeting FBXW7 (siFBXW?7), and the effects of these
treatments on cell proliferation and apoptosis were examined.
The downstream Notch and Akt/mTOR pathways were also
assessed. Following miR-223 overexpression, the mRNA and
protein expression levels of FBXW7 were downregulated.
Transfection with miR-223 mimics or siFBXW?7 promoted
the proliferation of HCT116 cells and inhibited apoptosis by
promoting the Notch and Akt/mTOR signalling pathways.
Conversely, miR-223 mimics transfection with FBXW7 over-
expression inhibited cell viability and restored apoptosis. Thus,
the present study demonstrated that miR-223 could bind to the
FBXW?7 gene and inhibit its expression, ultimately increasing
the proliferation and preventing the apoptosis of CRC cells
through the Notch and Akt/mTOR signalling pathways.

Introduction
Colorectal cancer (CRC) is the third most common malig-

nant tumour in China, and its mortality ranks fourth among
all malignant tumours (1,2). At present, the first choice of
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treatment for CRC is surgical resection. However, the optimal
time window for surgery is often missed when the early symp-
toms of CRC are not detected; thus, early screening for the
diagnosis of CRC is key to improving treatment outcomes (3).
Identifying a marker that is specific to CRC and easy to detect
would provide new insight for the early diagnosis, treatment
and monitoring of CRC.

F-box and WD repeat domain-containing 7 (FBXW7) is a
novel ubiquitin ligase encoded by the tumour suppressor gene
FBXW7. Its active targets consist of a variety of cancer-related
factors, such as cyclin E, c-Myc, Mcl-1, c-Jun and mTOR (4,5).
Abnormal expression of these targets is associated with CRC,
gastric cancer and ovarian cancer (6). FBXW7 plays a role in
physiological and pathological processes, such as tumour cell
proliferation, early apoptosis and signal transduction (7,8).
Previous studies have indicated that the expression of FBXW7
serves an indispensable role in the occurrence, development
and metastasis of CRC (9-11).

MicroRNAs (miRNAs/miRs) are involved in a wide
range of cellular functions and normal biological processes,
including cell proliferation, differentiation, apoptosis and
biotic stress resistance (12,13). Notably, some miRNAs are
considered to have oncogenic activities, while others act as
tumour suppressors (14,15). Oncogenic miRNAs are upregu-
lated in cancer and promote cancer development by targeting
tumour suppressor genes through different mechanisms. For
instance, previous studies have identified a negative correla-
tion between miR-223 expression and FBXW?7 expression in
breast cancer, hepatocellular carcinoma, non-small cell lung
cancer and CRC (16-19). Monitoring miRNAs that bind to the
FBXW7 gene, and regulate CRC development and progression,
could be an important approach for the prognosis of clinical
treatment effects. However, the precise regulatory mechanisms
underlying the effects of miR-223 on CRC progression remain
unclear.

Notch signalling is an evolutionarily conserved pathway
that is involved in various processes, including cell prolif-
eration, differentiation and apoptosis (20). Notch signalling
is also considered to be associated with tumorigenesis (21).
Increasing evidence has revealed that Notchl is relevant to
other signalling pathways, such as Akt/mTOR and NF-kB
signalling (22,23). In addition, miRNAs have been reported
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to regulate genes within the Notch and mTOR signalling
pathways (24,25); therefore, the miR-223/FBXW7 axis may
be associated with Notch/mTOR signaling.

The aim of the present study was to examine the regulatory
relationship between miRNAs, FBXW7 and associated signal-
ling pathways in order to improve current understanding of the
mechanisms underlying CRC progression. The present study
demonstrated that miR-223 was upregulated in CRC tissue and
could bind to the 3'untranslated region (UTR) of the FBXW7
gene. miR-223 also promoted HCT116 cell proliferation,
whilst inhibiting apoptosis.

Materials and methods

Clinical samples. A total of 20CRC primary tumour
tissue samples and matched adjacent non-tumour tissues
were collected at the Affiliated Renmin Hospital of Hubei
University of Medicine (Shiyan, China) between October 2016
and December 2018. All patients were diagnosed in histo-
pathologically and clinically according to the American
Joint Committee on Cancer criteria, and performed surgical
operation. The adjacent tissue was 5 cm away from the edge
of the tumour, all the tissue samples were snap frozen using
liquid nitrogen, and then stored at -80°C until further analysis.
This research was approved by the Ethics Committee of Hubei
University of Medicine, and all patients provided written
informed consent for the use of samples.

Plasmid construction. The FBXW?7 gene was cloned into
pIriEx-1.1 vector. The 3'UTR of the FBXW?7 gene was inserted
into pMIR-REPORT vector (Ambion) to construct the recom-
binant plasmids for luciferase reporter gene assays. The primers
used for PCR are listed in Table SI. The pTriEx-1.1 (Novagen)
and pMIR-REPORT vectors were separately digested with
HindIll/Sacl or Ncol/BamH]I, respectively, then the digested
fragments were ligated with T4 DNA Ligase (New England
Biolabs, Inc.) after purification. The recombinant plasmids
were transformed into Escherichia coli and screened by PCR,
and their sequences verified by sequencing.

Bioinformatics analysis. The potential miRNAs targeting the
FBXW7 gene (including its UTR) were analysed by TargetScan
(version 7.1; www.targetscan.org/). Target miRNA expression
was predicted using miRanda (www. microrna.org/microrna/).
The bioinformatics analyses, including expression and
prognosis, were performed by Sangerbox (http://sangerbox.
com/Tool) using the pan-cancer monogenic fast comprehensive
analysis tool. The expression data of normal mucosa tissues and
CRC tissues were obtained from Genotype-Tissue Expression
(GTEX, https://gtexportal.org/home/) and The Cancer Genome
Atlas (TCGA, https://www.cancer.gov/about-nci/organiza-
tion/ccg/research/structural-genomics/tcga). Differential gene
expression levels was calculated as the log, of its upper quar-
tile Fragments Per Kilobase of transcript per Million mapped
reads value. The expression levels of FBXW7 mRNA were
calculated as the log, of its TPM (transcripts per million) value
after normalization of gene length and sequencing depth.

Immunohistochemistry staining. The procedures for immu-
nohistochemistry staining were performed as previously

reported (26). Sections (3-um thick) were fixed using 4% para-
formaldehyde for 12 h. The paraformaldehyde-fixed,
paraffin-embedded sections were deparaffinized and rehy-
drated, and antigen retrieval was performed in boiling citrate
buffer for 10 min, followed by blocking with 3% hydrogen
peroxide for 10 min at room temperature. After washing
with PBS three times, the sections were incubated with
anti-FBXW7 antibody (1:200; Abcam; cat. no. ab109617) over-
night at 4°C. The secondary antibody (1:50; Beyotime Institute
of Biotechnology; cat. no. A0O208) was incubated for 1 h at
room temperature, followed by incubation with 3-diaminoben-
zidine (DAB) and re-staining with haematoxylin. The staining
results were photographed under a BX46 light microscope
(Olympus Corporation) and evaluated by two pathologists in
a blinded manner.

Cell culture and transfection. The human HCT116 cell line
was purchased from American Type Culture Collection and
cultured in high-glucose DMEM (Thermo Fisher Scientific,
Inc.) containing 10% FBS (Gibco; Thermo Fisher Scientific,
Inc.) in a 37°C incubator with 5% CO,. Cells in the logarithmic
growth phase (80% confluence) were used for experiments.
The 50 ng pMIR-REPORT luciferase reporter plasmids
(Ambion; 50 ng), miR-223 mimics (5'-UGUCAGUUUGUC
AAAUACCCCA-3"), miR mimic control (miCtr, 5'-UUCUCC
GAACGUGUCACGUTT-3"),miR-223 inhibitor (5-UGGGGU
AUUUGACAAACUGACA-3") and miR-223 inhibitor control
(Ctr; 5'-CAGUACUUUUGUGUAGUACAA-3") were trans-
fected using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.). Small interfering RNA (siRNA) targeting
FBXW7 (siFBXW7-1, 5-ACAGGACAGUGUUUACAAA-3,
siFBXW7-2, 5-CCAUGCAAAGUCUCAGAAU-3") and
negative control (si-NC, 5'-UUCUCCGAACGUGUCACG
UTT-3") were transfected using Entranster™-R4000 (Engreen
Biosystem, Ltd.), according to the manufacturer's instruc-
tions. All small nucleic acids were purchased from Shanghai
GenePharma Co., Ltd. and were used at a final concentration
of 20 nM. The cells were treated or collected at the indicated
times after transfection.

Luciferase reporter gene assay. The 3'UTR sequences of
FBXW?7 were cloned into the pMIR-REPORT vector to
construct the FBXW7 luciferase reporter plasmids. A total
of 50 ng reporter plasmids were co-transfected with 20 nM
miR-223 mimics, miR-25 mimics, miR-223 inhibitor and
mimics control (miCtr) into 293T cells. Luciferase activity
was measured 36 h later by fluorescence detection with
the Luciferase Assay System (Promega Corporation).
The cells in the plate were lysed with 5Xcell lysis reagent
(Promega Corporation). After centrifugation, the super-
natant was collected and added to 100 pl luciferase assay
reagent at room temperature, and luciferase was measured
using a Glomax 20/20 bioluminescence detector (Promega
Corporation). The luciferase activity was normalized to the
activity of Renilla luciferase.

Cellular viability assay. The viability of HCT116 cells was
detected using a Cell Counting Kit-8 (CCK-8) kit (Dojindo
Molecular Technologies, Inc.). CCK-8 reagent (10 ul/well)
was added to 1x10° HCT116 cells/well at 0, 24, 48 and 72 h
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post-transfection, which were then incubated at 37°C with
5% CO, for 2 h. The absorbance was measured in each
well at a wavelength of 450 nm using the xMark Microplate
Absorbance Spectrophotometer (Bio-Rad Laboratories, Inc.).
Each group was set up in triplicate.

Apoptosis assay. HCT116 cells transfected with
miR-223 mimics or inhibitor were analysed using an
Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) Apoptosis Staining Kit (cat. no. abl4085; Abcam).
A total of 1x10° HCT116 cells from each group were collected
48 h post-transfection. After washing twice with PBS, the cells
were resuspended in 500 ul binding buffer, then mixed with
5 pl Annexin V-FITC followed by 5 ul PI and incubated in
the dark for 10 min at room temperature. Apoptosis in each
group was detected by flow cytometry (Beckman Coulter, Inc.;
CytoFLEX), the frequency of apoptotic cells (Annexin V*PI*)
was obtained using software CytExpert 2.4 (Beckman Coulter,
Inc.). The experiment was independently repeated three times.

FBXW?7 rescue assay. A total of 1x10° HCT116 cells/well were
transfectedwithmiR-223 mimicsorNCusing Entranster™-R4000
(Engreen Biosystem, Ltd.), then transfected with 1 ug
pIriEx-FBXW?7 overexpression plasmid or empty plasmid 12 h
later. The cells were collected 48 h later and lysed for protein
detection by western blotting. The cell viability was also
detected at the indicated times following miR-223 transfection
and apoptosis rates were detected by flow cytometry at 48 h
post-transfection.

RNA extraction and reverse transcription-quantitative (RT-q)
PCR. Total RNA was extracted from homogenised tissue
samples or from HCT116 cells harvested 36 h after transfec-
tion using TRIzol® (Invitrogen; Thermo Fisher Scientific,
Inc.). cDNA was obtained using a OneScript cDNA Synthesis
kit (Applied Biological Materials Inc., cat. no. G594) with
an oligo(dT) primer or miRNA-specific stem-loop primers,
according to manufacturer's protocol. The primers for RT
and qPCR are listed in Table SI. mRNA expression levels
were examined on an CFX96 Touch PCR system (Bio-Rad
Laboratories, Inc.) using SYBR Premix Ex Taq™ (Applied
Biological Materials Inc., G892). The thermocycling condi-
tions were as follows: 95°C for 30 sec, followed by 40 cycles at
95°C for 5 sec and 60°C for 30 sec. GAPDH or U6 were used
as the internal reference for genes or miRNAs, respectively.
Each reaction was set up in triplicate, and experiments were
performed three times. The relative expression of each target
was analysed using the 2224 method (27).

Western blot analysis. Total proteins of each group were
collected from HCT116 cells 48 h post-transfection or from
homogenised tissue and lysed using RIPA reagent (Solarbio),
then quantified using a BCA kit (Beyotime Institute of
Biotechnology). Proteins were separated by SDS-PAGE on
10% gels and transferred to PVDF membranes (Bio-Rad
Laboratories, Inc.). The membranes were then blocked at
37°C for 1 h using 5% skimmed milk and incubated at 4°C
overnight with mouse or rabbit anti-human polyclonal anti-
bodies specific for FBXW7 (1:2,000; ProteinTech Group,
Inc.; cat. no. 28424-1-AP), Notch intracellular receptor
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domain (NICD; 1:500; GeneTex, cat. no. GTX28925), hes
family bHLH transcription factor 1 (Hes-1; 1:1,000; GeneTex;
cat. no. GTX108356) and phosphorylated (p)-mTOR (1:1,000;
GeneTex; cat. no. GTX132803). Antibodies specific for Akt
(cat. no. 10176-2-AP), p-Akt (cat. no. 66444-1-Ig), mTOR (cat.
no. 66888-1-Ig, ProteinTech Group, Inc.) was used at 1:2,000
dilution, and the mouse anti-human GAPDH monoclonal
antibody was used at a 1:5,000 dilution (Beyotime Institute of
Biotechnology; cat. no. AF5009). After washing the membrane
three times, goat anti-mouse (cat. no. A0216) or anti-rabbit IgG
(cat. no. A0208) (both at 1:5,000 dilution; Beyotime Institute
of Biotechnology) was added, and the mixture was incubated
for 1 h at room temperature, and then subjected to imaging
using an ECL solution (Beyotime Institute of Biotechnology).
Densitometric analysis of the protein bands was carried out
using Image Lab 3.0 (Bio-Rad Laboratories, Inc.). Protein
expression levels are presented as the ratio of the densitometric
value of target proteins relative to the GAPDH internal control.

Statistical analysis. The cell viability, apoptosis and RT-qPCR
results were statistically analysed using GraphPad Prism 5.0
software (GraphPad Software, Inc.). The data are presented
as the mean = SD of three independent experimental repeats.
Comparisons between multiple groups were analysed using
one-way ANOVA followed by the Tukey's HSD post hoc test.
Student's t-test was used to compare two groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

Downregulation of FBXW7 expression in CRC. First, the
present study investigated the difference in FBXW?7 expres-
sion in datasets from TCGA and GTEx databases representing
27 types of tumour tissue and adjacent normal tissue samples
(Fig. 1A). FBXW7 expression was significantly downregu-
lated in most tumour types, compared with adjacent tissue.
Moreover, the expression of FBXW7 was evaluated in CRC
tissue samples and adjacent normal tissue (n=20). The mRNA
expression levels of FBXW7 in CRC tissue were significantly
lower than in normal tissues (Fig. 1B). The protein expression
of FBXW7 was also lower in CRC tissues compared with
in adjacent tissues (Fig. 1C and D). Immunohistochemical
staining also suggested reduced expression in the cells of
CRC tissue compared with in adjacent colon tissue (Fig. 1E).
Disease-specific survival (DSS) and overall survival (OS) time
of patients with CRC did not correlate with FBXW7 expression
(Figs. S1 and S2).

Upregulated miR-223 targets FBXW7 in CRC cells. miRNA
sequences complementary to the human FBXW7 gene were
predicted using the TargetScan and miRanda (28) tools, which
suggested miR-223, miR-22 and miR-25 targeted the 3'UTR
of FBXW?7 (Fig. 2A). To determine the expression levels of
the predicted miRNAs in CRC cells, the levels of miRNAs
in HCT116 cells were measured using RT-qPCR. The relative
expression level of miR-223 was significantly increased in
CRC tissue compared with in adjacent tissues (Fig. 2B).

miR-223 binds to FBXW7 and inhibits its expression in
HCTI16 cells. A FBXW7 luciferase vector was co-transfected
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Figure 1. FBXW7 mRNA and protein expression levels in CRC tissues and adjacent normal tissues. (A) Differences in FBXW7 expression in 27 types of
tumour tissue and normal tissue samples in The Cancer Genome Atlas and the Genotype Tissue Expression database. The red arrow marks the expression in
CRC tissue, compared with healthy tissue. (B) FBXW7 mRNA expression in CRC tissues and normal adjacent tissue. n=20 in each group. (C) FBXW7 protein
expression in CRC tissue and normal adjacent tissue. (D) Western blotting results normalized to those of GAPDH levels. (E) Immunohistochemical staining of
FBXW?7 expression in CRC and normal adjacent tissues. Magnification, x200. Data are presented as the mean + SD of three replicates. “P<0.01, ““P<0.001, vs.
adjacent (paired Student's t-test). CRC, colorectal cancer; N, normal; T, tumour; FBXW7, F-box and WD repeat domain containing 7; log,(TPM+1), normaliza-
tion of gene expression; TPM, transcripts per million.
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Figure 2. miR analysis and detection in CRC tissues and HCT116 cells. (A) miR molecules targeting the FBXW?7 gene were predicted using TargetScan and
miRanda. miR sequences are marked in blue, and the FBXW7 3'UTR sequence was under them. The putative binding site is shown in red. (B) RT-qPCR

detection of miR-223 levels in CRC tissues and adjacent normal tissues. n=20. " "P<0.001 (paired two-tailed Student's t-test). miR, microRNA; CRC, colorectal
cancer; FBXW7, F-box and WD repeat domain containing 7; RT-qPCR, reverse transcription-quantitative PCR.

with miR-223 mimics, miR-25 mimics, miCtr or miR-223
inhibitor into 293T cells. Changes in luciferase activity in
the transfected cells were measured 36 h post-transfection.
miR-223 significantly reduced relative luciferase activity,
while miR-25 did not influence luciferase activity (Fig. 3A).
This indicates that miR-223 may interact with the 3'UTR of
FBXW7. The effect of miR-223 on the expression of FBXW7

was evaluated in HCT116 cells. miR-223 mimics or inhibitor
were used to transfect HCT116 cells (Fig. 3B). FBXW7
protein expression levels were decreased after transfection
with miR-223 mimics compared with miCtr (Fig. 3C). mRNA
expression levels were also significantly downregulated
(Fig. 3C). However, FBXW7 protein and mRNA expression
levels were not significantly altered after transfection with the
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Figure 3. miR-223 inhibits the expression of FBXW?7 in HCT116 cells. (A) miR-223 binding to FBXW?7 was detected using a luciferase reporter assay.
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inhibitor. This indicated that miR-223 could directly inhibit
FBXW?7 expression.

Inhibition of FBXW7 by miR-223 affects the proliferation
and apoptosis of HCT116 cells. To investigate the function of
miR-223 targeting FBXW7 in CRC cells, HCT116 cells were
transfected with miR-223 mimics or inhibitor sequences,
and cell viability was evaluated at different time points.
Transfection with miR-223 mimics increased cell prolifera-
tion after transfection for 48 h, compared with miCtr (Fig. 4A).
However, transfection with the inhibitor had no effect. In
addition, apoptosis of HCT116 cells was detected by flow
cytometry (Fig. 4B). Transfection with miR-223 mimics led
to a decrease in the number of apoptotic cells, compared with
miCtr, whereas the miR-223 inhibitor promoted apoptosis of
HCT116 cells, compared with Ctr (Fig. 4C).

SiRNA silencing of FBXW7 regulates HCTI116 cell prolifera-
tion and apoptosis. sSiRNA targeting FBXW7 expression was
used to further verify the effect of FBXW7 on HCT116 cell
proliferation and apoptosis. Compared with si-NC, the rela-
tive mRNA and protein expression levels of FBXW7 were
reduced after transfection with siFBXW7-1 and siFBXW7-2
(Fig. 5A and B). The cell viability assay indicated that

siFBXW7-2 increased HCT116 cell proliferation, compared
with si-NC (Fig. 5C). Moreover, compared with the control, both
siRNA transfections reduced the apoptotic cell rate (Fig. SE).
In addition, rescuing FBXW7 through overexpression after
transfection with miR-223 mimics inhibited cell viability and
increased apoptosis compared with miR-223 mimics alone
(Fig. 5D and G). FBXW7 protein levels were upregulated
following co-transfection with FBXW?7 overexpression vector
and miR-223 mimics, compared with mimics alone (Fig. 5F).
Altogether, these results indicated that miR-223 may promote
the proliferation and suppress the apoptosis of HCT116 cells
by targeting FBXW7.

FBXW?7 functions through the Notch and Akt/mTOR
pathways. Multiple studies have demonstrated that FBXW7
plays a key role in cancer by regulating the Notch and mTOR
pathways (29,30). Thus, the possible association between
miR-223/FBXW?7 axis and Notch-mTOR signalling path-
ways was examined. Following transfection with miR-223
mimics or siFBXW7-2, the mRNA expression levels of Notch
and its target gene Hes-I were increased, compared with
miCtr + si-NC group (Fig. 6A and B), and the expression
levels of NICD and Hes-1 were increased after inhibition
of FBXW7 (Fig. 6C). The protein expression levels of total
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Figure 5. Effect of FBXW7 knockdown on the viability and apoptosis of HCT116 cells. (A) FBXW7 mRNA expression levels in HCT116 cells transfected with
siRNA targeting FBXW?7 or si-NC. (B) FBXW7 protein expression levels were detected by western blotting. (C) HCT116 cell viability following transfection
with siFBXW7-1 and -2, or si-NC. (D) Cell viability following transfection with miR-223 mimics, miCtr or co-transfection with miR-223 mimics and FBXW7
overexpression plasmid. (E) HCT116 cell apoptosis following transfection with siFBXW7. Apoptotic rates are calculated as the frequency of Annexin V*PI*
cells relative to total cells. (F) FBXW7 protein expression levels in HCT116 cells transfected with miR-223 mimics and FBXW?7 overexpression plasmid.
The upper panel shows overexpression of FBXW7 induced by pTriEx-FBXW?7 alone, the lower panel shows expression of FBXW7 in cells transfected with
pTriEx-FBXW7 and miR-223 mimics. (G) Apoptosis of HCT116 cells following transfection with miR-223 mimics, miCtr or co-transfection with miR-223
mimics and FBXW?7 overexpression plasmid. Data are presented as the mean = SD of three replicates. "P<0.05, “P<0.01 (one-way ANOVA and Tukey's post
hoc test). miR, microRNA; FBXW7, F-box and WD repeat domain containing 7; miCtr, mimics control; si, small interfering RNA; NC, negative control; FITC,
fluorescein isothiocyanate; PI, propidium iodide; UL, upper left; UR, upper right; LL, lower left; LR, lower right.
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Figure 6. FBXW7 regulates the progression of CRC through the Notch and AKT/mTOR signalling pathways. Relative mRNA expression levels of Notch
and Hes-1 in HCT116 cells following (A) miR-223 mimics or (B) siFBXW7-2 transfection. miCtr + si-NC co-transfection was used as a control. (C) Protein
expression levels of NICD and Hes-1 in HCT116 cells following miR-223 mimic or siFBXW?7-2 transfection. (D) Protein expression levels of total Akt, p-Akt,
mTOR and p-mTOR in HCT116 cells following miR-223 mimic or siFBXW?7-2 transfection. (E) Protein expression levels of Bax and Bcl-2 after transfection
with miR-223 mimics or siFBXW?7-2 transfection. (F) Ratios of p-Akt/Akt, p-mTOR/mTOR and Bax/Bcl-2 calculated using the densitometric value of the
protein bands, after normalization to GAPDH. Data are presented as the mean + SD of three replicates. "P<0.05, “P<0.01, “"P<0.001, vs. control (one-way
ANOVA and Tukey's post hoc test). miR, microRNA; FBXW7, F-box and WD repeat domain containing 7; si, small interfering RNA; Hes-1; hes family bHLH
transcription factor 1; p, phosphorylated; NICD, Notch intracellular receptor domain.

mTOR and p-mTOR, as well as the upstream components
of the mTOR pathway, Akt and p-Akt were also examined
(Fig. 6D). Transfection with miR-223 mimics and siFXBW7-2
both increased the ratio of p-mTOR to total mTOR and the
ratio of p-Akt to total Akt (Fig. 6F). In addition, the expression
level of Bcl-2 was also upregulated following FBXW7 down-
regulation either through miR-223 mimics or siFXBW7-2,
while the levels of Bax were downregulated (Fig. 6E), and the
ratio of Bax to Bcl-2 was decreased (Fig. 6F). These results
demonstrated that FBXW?7 functioned through the Notch and
Akt/mTOR signalling pathways.

Discussion

The tumour suppressor gene FBXW?7 has been reported to
inhibit tumour progression by suppressing cell proliferation
and inducing apoptosis (31,32). FBXW7 may be an inde-
pendent factor affecting the survival of patients with CRC,
and its expression has been reported to be associated with
the occurrence, development and prognosis of CRC (33,34).
Iwatsuki et al (35) detected the expression levels of FBXW7
mRNA and protein in 93 CRC samples and found that the
expression of FBXW7 was lower in CRC tumour tissues than
in adjacent tissue samples. Notably, patients with low expres-
sion of FBXW7 had a poor prognosis (35).

miR-223 is significantly associated with the tumour size
and TNM stage of gastric cancer, as well as the invasion and
distant metastasis of CRC (36,37). Therefore, miR-223 may
have a role in the development of CRC, similar to miR-200a
and miR-125b (38,39). FBXW?7 is one of the identified targets
of various miRNAs (40,41). Sano et al (42) demonstrated
that miR-25 could downregulate the expression of FBXW7,
which may affect the proliferation, invasion and apoptosis of
gastric cancer cells. In addition, a previous study confirmed
that miR-25 and miR-223 could reduce the mRNA expression
levels of FBXW?7, which affects the activity of cyclin E and cell
cycle progression (43). In the present study, inhibiting miR-223
increased the number of apoptotic cells, possibly as a result of
endogenous FBXW?7 reducing the activity of cyclin E through
an as yet unknown mechanism that ultimately promotes cell
apoptosis. Moreover, siRNA was used to directly interfere
with the expression of FBXW7, resulting in increased HCT116
cell viability and inhibition of apoptosis. In addition, rescuing
FBXW7 after miR-223 transfection produced the opposite
result. This indicates that a direct relationship may exist
between the proliferation and apoptosis of HCT116 cells and
the effect of FBXW7.

miR-223 was upregulated in CRC tissues compared with
normal tissues, whereas FBXW7 was downregulated in CRC
tissues. The important role of FBXW7 in human cancer
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suggests that downregulation of FBXW7 through overexpres-
sion of miR-223 may become an important indicator of cancer
development (44). Dysregulation of miR-223 can attenuate the
tumour suppressor activity of FBXW7 during cell transforma-
tion (45). Therefore, further investigations of the function of
FBXW?7 and its downstream pathways in CRC progression
are necessary. Blocking the Notch and mTOR pathways
has been shown to affect the proliferation of various cancer
cells, including endometrial carcinoma, breast cancer and
retinoblastoma cells (46,47), indicating that these signalling
pathways are involved in the development of these types of
cancer. Previous studies have demonstrated that the Notch and
NF-kB pathways are involved in cancer cell progression after
transcriptionally regulating the expression of miR-223 (31,47).
NICD, which is degraded by FBXW7, acts as a transcriptional
activator that positively regulates target genes, including Hes-1.
Hes-1 directly promotes cell proliferation (48). A recent study
concluded that the active status of mTOR, p-mTOR, may be
related to cell proliferation (23). In addition, Senoo et al (49)
reported that Akt phosphorylation directly mediated Rho™"
cell migration and apoptosis. Based on the aforementioned
studies and the present results, it may be concluded that
inhibition of FBXW?7 expression by miR-223 promotes the
proliferation and suppresses the apoptosis of HCT116 cells
through the Notch and Akt/mTOR pathways. miR-223 has a
positive impact on the Notch pathway and Akt/mTOR activa-
tion, and whether this effect is mediated directly by miR-223
or indirectly by FBXW7 after miR-223 binding needs to be
further clarified.

In summary, the present study demonstrated that upregu-
lated miR-223 binds to the 3'UTR of the FBXW7 gene and
inhibits the expression of FBXW7, ultimately promoting
the proliferation and preventing the apoptosis of CRC cells
through the Notch and Akt/mTOR signalling pathways.
Further examination of the upstream molecular mechanism of
miR-223 upregulation in CRC cells, and how FBXW?7 affects
cell invasion and migration, will lead to a better understanding
of the occurrence and development of CRC and provide new
insight for early screening and diagnosis of CRC.
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