advbiomed.0012.2018

Advances in biology and medicine,2018,Vol.3(No.3),pp:17-29

miR-96 affects the proliferation and metastasis of colon cancer by
targeting forkhead box F2
Lu Xiang*, Xi Xu, Xinxing Zhang

Department of Geriatrics, Sichuan Academy of Medical Sciences & Sichuan
Provincial people's Hospital, Chengdu 610072, China
* Corresponding author
E-mail: 14101872@qq.com

Abstract: Numerous studies have reported that miRNA-96 are involved in the
development and progression of various types of human cancers. In the current study,
the roles of miR-96 in colon cancer has been investigated. Human colon cancer cell
line SW480 cells were transfected with miR-96 inhibitors, and the effect of miR-96
on the proliferation, apoptosis, migration and invasion were examined. Moreover, the
targeting relationship between miR-96 and FOXF2 was examined via luciferase
reporter assay. Finally, RT-PCR and western blot methods have been applied to detect
the effect of miR-96 on the expression of FOXF2 and Wnt/β-catenin signalling. We
found that inhibition of the expression of miR-96 could inhibit the proliferation,
invasion and migration, and promote the apoptosis of colon cancer cell line SW480
cells. We verified that FOXF2 was the direct target of miR-96 through transfecting
miR-96 mimics and luciferase reporter assay. qRT-PCR analysis and Western Blot
revealed that inhibition of the expression of miR-96 could affect the expression of
FOXF2, GSK-3β and β-catenin on mRNA and protein level. In conclusion, we
reported for the first time that down-regulation of miR-96 could inhibit cell
proliferation, migration, and invasion of colon cancer through targeting FOXF2 by
inhibiting β-catenin signaling pathway.
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Introduction
Colon cancer, with characteristics of early detection difficult in the early stages,
developing from synergistic effect of various factors, and low five-year survival rate
in the later stages, is a significant health burden worldwide(1). Metastasis and
recurrence of colon cancer was considered as the main cause of lethality (2). Colon
cancer develops from various factors (3), however, the underlying mechanism is still
unclear. Thus, implement study for colon cancer to explore the pathogenesis of colon
cancer has necessary significance for the early diagnosis, timely therapy, and
prolonging survival of patients with colon cancer.
Non-coding RNAs have been deemed as a new class of key regulators that plays
a key role in the development of many diseases (4). MicroRNAs (miRNAs), with the
length of 20–22 nucleotide, are the major categories of small endogenous non-coding
RNAs and control almost one-third of all human genes. miRNAs regulate a wide
range of biological processes by regulating the expression of the proteins at
post-transcriptional level (5-7). Evidence is emerging for the roles of miRNAs in
regulating cellular processes, including cell proliferation, apoptosis, migration and
differentiation(8-10). On the other hand, the aberrant expression of miRNAs has been
considered as a fundamental reason for the development of different types of cancers,
such as colon, breast, gastric, liver, and bladder cancers (8, 11-13). miR-96 belongs to
the miRNAs family, and it has been recognized as an oncomiR in several types of
cancer (14-18). In pancreatic cancer, it has been reported that miR-96 directly target
KRAS and showed anti-proliferative, pro-apoptotic, and anti-metastatic properties
(19). On the other hand, miR-96 promotes the proliferation of breast cancer cells by
targeting FOXO3a (20). In the case of colon cancer, it was found that miR-96 was
significantly up-regulated the tumor tissues compared with the adjacent normal tissues
(20). However, it remains unclear how miR-96 promote the occurrence and
development of colon cancer.
On the basis of these findings, miR-96 was selected for further investigation in
the current study. The expression of miR-96 in colon cancer tissue and the adjacent
18

www.advbiomed.org

advbiomed.0012.2018

Advances in biology and medicine,2018,Vol.3(No.3),pp:17-29

tissueswere compared, and the effect of miR-96 on the proliferation, apoptosis,
migration and invasion of colon cancer cells were examined. Our findings suggested
that upregulation of miR-96 plays an important role in promoting carcinogenesis and
progression of colon cancer.
Materials and Methods
Cell culture
Colon cancer cell line SW480 cells were maintained in RPMI-1640 medium
supplemented with 10% FBS (Tianhang Biotechnology, Zhejiang, China), 100 U/mL
penicillin-G and 100 g/ml streptomycin (Beyotime, Shanghai, China) at 37 °C in an
atmosphere of 5% CO2.
Quantitative real-time polymerase chain reaction (qRT-PCR)
SW480 cells were collected after 48h of transfection. Total RNAs were isolated
form cultured cells using the Trizol (Invitrogen, USA) according to the
manufacturer’s instructions. The expression levels of miR-96 were quantified using
miRNA-specific TaqMan MiRNA Assay Kit(Applied Biosystems). Real-time PCR
was performed using the Applied Biosystems 7500 Sequence Detection system.
Taking U6 as internal control, miR-96 and U6 were synthesized by the GenePharma
(Shanghai, China). Each sample was tested in triplicate, and the reaction conditions
were: 95°C for 3 minutes, 40 cycles of 95°C for 10 seconds, 60°C for 10 seconds, and
72°C for 10 seconds.
MiRNA transfection
SW480 cells were seeded into 6-well plates and cultured for 24h before
transfection. The 50 nmol/L miR-96 inhibitor and negative control sequences were
transfected into SW480 cells using lipofectamine 2000 (Invitrogen; USA) in
serum-free RPMI 1640 medium for 6 hours. The miR-96 inhibitor and negative
control sequences were purchased from RiboBio (RiboBioCo.Ltd, Guangzhou,
Guangdong). Lipofectamine 2000 (Invitrogen, USA) was used to transfect miRNAs
into cells. Transfection complexes were prepared according to the manufacturer’s
instructions.
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Western blot
SW480 cells were lysis at 4°C using RIPA lysis buffer (Biomed, China). The
protein concentrations were determined using a BCA protein assay kit (Boster,
Wuhan, China). Equal amounts of protein lysates (30 μg) were separated by
SDS-PAGE (10%, 80 V for 30 min and then 120 V for 60 min). The proteins were
transferred onto a PVDF membrane (Millipore Corp, Billerica, MA, USA). Then the
PVDF membranes will be incubated in TBS/Tween-20 containing 5% nonfat dry milk
at 37 °C for 3 h. After blocking, the PVDF membranes were incubated with specific
primary antibodies overnight at 4 °C. Rabbit monoclonal antibodies against FOXF2,
β-catenin, GSK-3β, and GAPDH were used at 1:1000. Following incubation with
primary antibodies, blots were washed three times in TBS/Tween-20 before
incubation at 37 °C for about 1 h in goat anti-mouse or goat anti-rabbit horseradish
peroxidase (Santa Cruz Biotechnology, Santa Cruz, USA) conjugating antibody at
1:10000 dilution in TBS/Tween-20 containing 5% non-fat dry milk. After extensive
washing in TBS/Tween-20 for another three times, the membranes were detected by
the enhanced chemiluminescence system. Proteins were visualized with ECL
chemiluminescent kit (ECL-plus, Thermo Fisher Scientific, Waltham, MA, USA).
Autoradiographs were scanned using an Image-Pro Plus Imaging analysis software
(Media Cybernetics, MD Rockville, USA)
Cell growth measurement
Cell proliferation was evaluated by MTT assay. The medium was changed before
the assay. Colon cancer cell lines were seeded in 96-well plates after serum starvation
overnight. MTT (Sigma) was dissolved in phosphate buffered saline (PBS) and was
added to the culture medium to reach a final concentration of 0.5 mg/mL. After
incubation at 37 °C for 4 h, the culture media containing MTT were removed, and
then DMSO (Sigma, St. Louis, MO,USA) was added into each well and the
absorbance at 570 nm was measured by a microplate reader (TECAN M1000, Austria
GmbH, Austria). All experiments were performed intriplicates.
Cell apoptosis analysis
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The apoptosis was examined by the double staining of PI and Annexin V using a
apoptosis detection kit (Beyotime, Shanghai, China) with flow cytometry methods
according to the manufacturer’s instructions.
Transwell migration assays and wound healing migration
For transwell migration assays and wound-healing assay, SW480 cells were
transfected with the miR-96 inhibitor and negative control (NC). Transwell migration
assays were performed as reported previously with small modification (21).
Relative luciferase activity assay
3′-UTR of FOXF2 was cloned into a pMIR-REPORT plasmid downstream of
luciferase reporter gene. Luciferase activities were assayed using a luciferase assay kit
(Promega, Madison, WI, USA), and the target effect was measured as the relative
luciferase activity of the reporter vector with target sequence over that without the
target sequence.
Statistical analysis
All values were expressed as mean ± standard deviations. Results were subjected
to Student’s t- test as appropriated with the program SPSS19.0. Differences between
two means with P<0.05 were considered significant.
Results
Down-regulation of miR-96 enhanced cell apoptosis and reduced the percent
proliferation of colon cancer cells in vitro.
To evaluate the biological role of miR-96 expression in the development and
progression of colon cancer, we transfected colon cancer cells SW480 with miR-96
inhibitor and examined its effect on cellular proliferation. PT-PCR was used to detect
miR-96 mRNA levels. As shown in Fig. 1A, the expression of miR-96 was decreased
compared with negative control (NC) group. MTT and flow cytometric assays showed
that the inhibition of miR-96 significantly decreased the proliferation and increased
the apoptosis colon cancer cells incomparison with the NC group (Figure 1B and 1C,
P<0.01).
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Figure 1. Down-regulation of miR-96 enhanced cell apoptosis and reduced the percent
proliferation of colon cancer cells in vitro (**, P<0.01,vs NC group)

Inhibition of miR-96 suppressed the migration and invasion of SW480 cells in
vitro.
It has been reported that the miR-96 could regulate the cell cycle, ageing and
metabolism (22-24). To examine the effect of miR-96 on the migration of colon
cancer cells, we performed the capacity of migration and invasion analysis using
wound healing and transwell migration assays in SW480 cells. The results showed
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www.advbiomed.org

advbiomed.0012.2018

Advances in biology and medicine,2018,Vol.3(No.3),pp:17-29

that inhibition of miR-96 suppressed the migration and invasion of SW480 cells
(Figure 2A and 2B, p<0.01).

Figure 2. Inhibition of miR-96 suppressed the migration and invasion of SW480 cells in vitro (**,
P<0.01,vs NC group)

FOXF2 is a target of miR-96 in colon cancer cells.
The forkhead box (FOX) family of transcription factors, which with a
characteristic of a highly conserved DNA binding domain (25, 26) and tissue-specific
expression patterns, critically involved in the regulation of embryogenesis and tissue
development is known to cause the progression of many diseases, particularly cancer
(27, 28). Forkhead box F2 (FOXF2) is a subfamily of the FOX gene family and it
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plays a key role in the development of several types of cancer (29-30). In this study,
we explored the correlation between miR-96 with FOXF2 through transfecting
miR-96 mimics and luciferase reporter assay test. As depicted in Fig. 3A, miR-96
regulated the expression of the 3’UTR of luciferase carried FOXF2 (p<0.01). After
mutation of binding site, the regulatory relationship was disappeared. As predicted,
FOXF2 is a target gene of miR-96. To study the expression of FOXF2 in colon cells,
we performed the mRNA and protein levels of FOXF2 by PT-PCR and western blot
assay. As depicted in Fig. 3B, the inhibition of miR-96 increased the FOXF2
expression in the mRNA and protein levels. The above results verified that
down-regulation of miR-96 contributing to high expression of FOXF2 in SW480
cells.

Figure 3. FOXF2 is a target of miR-96 in colon cancer cells (**, P<0.01,vs NC group)

MiR-96 regulates FOXF2 for β-catenin signaling.
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Activation of Wnt/β-catenin signaling promotes cell proliferation and growth, which
plays critical roles in the regulation of initiation and progress of various cancers
(31-33), including colon cancer. β-catenin entering nuclear combines with TCF/LEF
transcription factors, which cause expression of target genes, such as GSK-3β, c-Myc
and cyclin D1 (34). The final objects are to promote cell proliferation and control
characteristics of the malignant phenotype (35). In order to confirm whether miR-96
regulates FOXF2 for Wnt/β-catenin signaling, Western Blot was done to examine
expression of β-catenin and GSK-3β. We found that miR-96 could regulate the
expression of β-catenin and GSK-3β in protein level (Fig. 4, p<0.01).

Figure 4. miR-96 regulates FOXF2 for β-catenin signaling (**, P<0.01,vs NC group)

Discussion
Studies from the recent years have proved the roles of miRNA in human
cancers(36), and previous research demonstrated that miR-96 was associated with the
development many cancers. In this study, we found that inhibition of the expression
of miR-96 could reduce the proliferation, migration, and invasion of colon cancer
cells via targeting FOXF2 in vitro, suggesting that miR-96 may serve as an oncomiR
in colon cancer.
The FOX family of transcription factors have been proved to be associated with
cancers through various mechanisms. Evidence showed that in prostate cancer the
expression of FOXF2 was down-regulated(37). However, little was known about the
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correlation between FOXF2 expression and miR-96 in colon cancer. In this study, we
explored the correlation between FOXF2 mRNA expression and miR-96. We verify
that FOXF2 is the direct target of miR-96 through transfecting miR-96 mimics and
luciferase reporter assay test. qRT-PCR analysis and Western Blot revealed that
inhibition of the expression of miR-96 could upregulated the expression of FOXF2.
Wnt/β-catenin signaling pathway is a highly evolutionarily conserved pathway
with β-catenin as the main molecule. Wnt signaling is involved virtually in every
aspect of embryonic development and also controls homeostatic self-renewal in
various adult tissues (38). β-Catenin is a key component of the Wnt signaling pathway
(39). Some evidence proved that the constitutive activation of Wnt/β-catenin is
associated with many kinds of cancer, including colon cancer. In our present study, to
understand the mechanism of miR-96 in regulating the proliferation and migration of
colon cancer cells, we analysed the expression of β-catenin and GSK-3β after
down-regulating miR-96. The results indicated that inhibition of miR-96 could
regulate the expression of β-catenin and GSK-3β in protein level. We hypothesized
that aberrant expression of miR-96 could regulate Wnt/β-catenin signaling.
Taken together, we presented evidences for a role of miR-96 in colon cells for the
first time and showed that FOXF2 is the direct target of miR-96. Moreover, we
confirmed that miR-96 target FOXF2 to modulate the Wnt/β-catenin signaling in
colon cells. These findings fulfill our knowledge on the mechanism of colon cancer
and may provide a new perspective for the clinical therapy.
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