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MicroRNA-96 promotes the proliferation of colorectal cancer
cells and targets tumor protein p53 inducible nuclear protein 1,
forkhead box protein O1 (FOXO01) and FOXO3a
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Abstract. MicroRNAs (miRNAs) are a conserved class of
small, endogenous, non protein-coding RNA molecules that
are capable of regulating gene expression at post-transcrip-
tional levels and are involved in diverse cellular processes,
including cancer pathogenesis. It has previously been reported
that miRNA-96 (miR-96) is overexpressed in human colorectal
cancer (CRC). However, the underlying mechanism of miR-96
regulation in CRC remains to be elucidated. In the present
study, miR-96 was confirmed to be upregulated in CRC
tissues by reverse transcription quantitative polymerase chain
reaction. MTT assay, colony formation assay and cell cycle
analysis revealed that miR-96 overexpression led to increased
tumor cell viability, colony formation ability and cell cycle
progression. By contrast, inhibition of miR-96 resulted in the
suppression of cell proliferation. It was also demonstrated
that miR-96 reduced the messenger RNA and protein expres-
sion levels of tumor protein p53 inducible nuclear protein 1
(TP53INP1), forkhead box protein Ol (FOXO1) and FOXO3a,
which are closely associated with cell proliferation. A lucif-
erase reporter assay indicated that miR-96 inhibited luciferase
intensity controlled by the 3'UTRs of TP53INP1, FOXO1
and FOXO3a. In conclusion, the results of the present study
demonstrated that miR-96 contributed to CRC cell growth and
that TP53INP1, FOXOl1 and FOXO3a were direct targets of
miR-96, suggesting that miR-96 may have the potential to be
used in the development of miRNA-based therapies for CRC
patients.

Introduction

MicroRNAs (miRNAs) are a conserved class of small, endog-
enous, non-coding single-stranded RNA molecules that have

Correspondence to: Dr Wenhui Wang, Department of Oncology,
The People's Hospital of Weifang, 151 Guangwen Road, Weifang,
Shandong 261041, P.R. China

E-mail: wangwenhui2592@163.com

Key words: microRNA, miR-96, cell proliferation, colorectal
cancer

the capacity to regulate gene expression at post-transcrip-
tional levels by binding to complementary sequences in the
3" untranslated region (3'UTR) of the target messenger RNA
(mRNA), leading to mRNA degradation or translational
repression (1,2). Evidence demonstrates that miRNAs partici-
pate in diverse biological processes, including developmental
timing, cell growth, apoptosis and patterning of the nervous
system (3). Through the detection and localization of miRNAs
in genomic regions, Calin et al (4) revealed that numerous
miRNAs are located in fragile sites and genomic regions
associated with cancer, for example miR-15a and miR-16,
implying that abnormal miRNA expression may be closely
associated with cancer pathogenesis. Subsequent studies
confirmed that miRNA expression is frequently deregulated in
numerous types of cancer. miR-122, a liver-specific miRNA,
is downregulated in hepatocellular carcinoma, resulting in
the suppression of cell migration and proliferation and the
induction of cell apoptosis by targeting AKT3 (5). Upregulated
miR-30b/30d contributes to melanoma cell invasion and
migration by targeting polypeptide N-acetylgalactosaminyl-
transferase 7, leading to the progression of metastasis (6).
Therefore, miRNAs are important molecules involved in the
pathogenesis of numerous types of cancer and have potential
as key biomarkers for cancer diagnosis or prognosis (1).
Colorectal cancer (CRC) is one of the most prevalent
malignancies worldwide and remains the second leading cause
of malignancy-associated mortality, with one-third of patients
succumbing to this disease (7). CRC often occurs due to life-
style and increasing age, though a minority of the population
have a greater susceptibility due to genetic mutations of tumor
suppressors, oncogenes or the miRNA network (8,9). With the
development of novel therapeutic strategies for patients with
CRC, incidence has declined in the United States of America,
although incidence is still increasing in certain countries (10).
Previous studies have indicated that numerous miRNAs are
differentially expressed in human CRC tissues, compared with
those of adjacent non-cancerous tissues by microarray assay
and reverse transcription quantitative polymerase chain reac-
tion (RT-qPCR). These miRNAs include miR-96, miR-135b,
miR-31 and miR-183, which are also upregulated in colorectal
cancer tissues (11,12). The functions of miR-135b, miR-31
and miR-183 in colorectal carcinogenesis indicated that these
miRNAs promoted CRC growth and metastasis-associated
traits by functioning as oncogenes (13-15). Therefore, further
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study was required in order to elucidate the roles and regula-
tory mechanisms of miR-96 in CRC.

The present study aimed to confirm whether miR-96 was
overexpressed in CRC and evaluate the effects of miR-96
overexpression in CRC. miR-96 expression in 20 CRC tissues
and corresponding non-cancerous tissues was determined
using RT-qPCR. Functional studies, including MTT assay,
colony formation assay and cell cycle progression were used
to analyze the effects of miR-96 overexpression. The present
study additionally aimed to identify the target genes of miR-96
in CRC using western blot analysis and luciferase assay.
The results of the present study may aid the development of
miRNA-based therapies for the treatment of CRC.

Materials and methods

Patient tissue samples. Twenty CRC tissues and corre-
sponding non-cancerous tissues were acquired from patients
primarily diagnosed with CRC by pathological confirmation
and immunohistochemical staining at the People's Hospital of
Weifang (Weifang, China). The samples were obtained during
surgery. Consent was obtained from all patients for tissue
sample collection and the study was approved by the Ethics
Committee of the People's Hospital of Weifang (Weifang,
China). Following collection, samples were stored at -80°C
prior to miR-96 expression analysis.

Cell culture and transfection. The human CRC cell lines SW480
and SW620 (American Type Culture Collection, Manassas, VA,
USA) were cultured in RPMI-1640 medium (Invitrogen Life
Technologies, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco-BRL, Invitrogen Life Technologies,
Carlsbad, CA, USA). The cells were maintained in a humidi-
fied incubator with 5% CO, at 37°C and digested for passage
using 0.1% trypsin (Jiufeng Company, Beijing, China). miR-96
mimics, miR-96 mimics control (mimics-ctrl), miR-96 inhibitor
and miR-96 inhibitor control were synthesized by Ribobio
Co., Ltd (Guangzhou, China). Cells were transfected using
Lipofectamine™ 2000 reagent (Invitrogen Life Technologies)
according to the manufacturers' instructions.

RNA isolation and RT-gPCR. Total RNA was extracted using
TRIzol reagent (Qiagen, Hilden, Germany) from tissues and
transfected cells according to the manufacturers' instructions.
RNA concentration and quality was measured and 500 ng of
RNA was used for reverse transcription (RT).
Moloney murine leukemia virus reverse transcriptase (Takara
Bio, Inc., Otsu, Japan) was used for the complementary DNA
(cDNA) synthesis. For the cDNA synthesis of miR-96, an
miR-96 RT primer was used and U6 small nuclear RNA was
used as an internal control. For the cDNA synthesis of target
genes, the primer Oligo(dT) was used and [-actin was used as
an internal control. Following completion of the RT reaction,
the cDNA was diluted, prepared for PCR using a SYBR
Premix Ex TaqTM (Perfect Real Time; Takara Bio, Inc.) and
analyzed using an ABI 7300 Real-Time PCR System (Applied
Biosystems Life Technologies, Foster City, CA, USA). PCR
was performed according to the following conditions: 95°C for
30 sec, followed by 40 cycles at 95°C for 5 sec and 60°C for
31 sec. The stem loop RT primers were designed according to
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the protocol described in a previous study (16) and the PCR
primers were designed using Primer Express® 3.0 software
(Life Technologies, Grand Island, NY, USA). The RT and PCR
primers were as follows: miR-96 RT primer, 5-CTAACTG-
GTGTCGTGGAGTCGGCAATTCAGTTGAGCAAAAATG-3'
and forward, 5'-ACACTCCAGCTGGGTTTGGCACTAG-
CACAT-3; U6 RT primer, 5-CTCAACTGGTGTCGTGG
AGTCGGCAATTCAGTTGA GAAAATATGGAAC-3' and
forward, SACACTCCAGCTGG GGTGCTCGCTTCG-
GCAGCACA-3'; B-actin forward, 5'-CTCCATCCTGG
CCTCGCTGT-3' and reverse, 5'-GCTGTCACCTTCACCGTT
CC-3"; tumor protein p53 inducible nuclear protein 1
(TP53INP1) forward, 5-CTGTGCATAACTCCTGCCCT-3'
and reverse, 5" AACAATGAATATGCTGCCCC-3"; forkhead
box protein O1 (FOXOLI) forward, 5'-GAGTGGATGGTCAA
GAGCGT-3'and reverse, 5S-TTCCTTCATTCTGCACACGA-3";
FOXO3a forward, 5-CTACGAGTGGATGGTGCGTT-3' and
reverse, S"TCTTGCCAGTTCCCTCATTC-3'.

MTT assay.Cell viability was determined by MTT assay. Briefly,
transfected cells were seeded into 96-well plates and 10 gl MTT
(concentration, 5 mg/ml; Sigma-Aldrich, St Louis, MO, USA)
was added into 100 xl medium at indicated time-points. The
cells were incubated with MTT for ~4 h at 37°C, followed by
removal of MTT and addition of 150 yI DMSO. Following
incubation with DMSO for 10 min in the dark, absorbance was
measured at 570 nm (A570,,,) with a microplate reader (Biorad-
168-1000XC; Bio-Rad Laboratories, Hercules, CA, USA).

Colony formation assay. Transfected cells were seeded at a
density of 200 cells/well into 12-well plates for the colony
formation assay. The medium was replaced every three days
until the majority of the colonies contained >50 cells. The
colonies were washed with phosphate-buffered saline (PBS),
fixed with 4% formalin and stained with 5% crystal violet
(Jinglai Company, Shanghai, China) for ~15 min. Finally,
the colonies were imaged (Nikon-D610; Nikon Corporation,
Tokyo, Japan) and counted.

Cell cycle analysis. Cell cycle analysis was performed using
propidium iodide (PI) staining and flow cytometric analysis.
The transfected cells were starved for 24 h, followed by the
addition of medium containing 10% FBS for a further 24 h.
The cells were subsequently trypsinized and resuspended in
cold PBS (0.1% FBS). Following centrifugation at 228 x g for
5 min, the cells were washed twice with cold PBS (0.1% FBS)
and fixed in 70% ethanol for a minimum of one day. Following
fixation, the cells were washed with cold PBS (0.1% FBS)
and the cell pellets were resuspended in 500 ul PI solution
[50 ug/ml PI (Dingguo Biotechnology Co., Ltd., Beijing,
China) from 50X stock solution (2.5 mg/ml), 0.1 mg/ml RNase
A and 0.05% Triton X-100] for ~40 min at 37°C. Finally, 3 ml
cold PBS was added and the cells were centrifuged at 513 x g
for 5 min. The cell pellets were resuspended in 500 x1 PBS for
flow cytometry (BD FACSCalibur™ Cell Sorting system; BD
Biosciences, Franklin Lakes, NJ, USA) .

Western blot analysis. Western blot analysis was used to
evalute TP53INP1, FOXO1 and FOXO3a protein expression
in the transfected cells. Briefly, the cells were collected and
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lysed with radioimmunoprecipitation assay buffer (50 mm
Tris, pH 7.4, 150 mm NacCl, 1% nonyl phenoxypolyethoxyle-
thanol, 0.5% sodium deoxycholate and 0.1% SDS) for 10 min
on ice. Following centrifugation at 8,000 x g for 30 min at
4°C, the supernatant was removed and the protein concentra-
tion was measured by bicinchoninic acid assay. 50 ug protein
was analyzed using 10% SDS-PAGE. Following gel separa-
tion, the proteins were transferred into the polyvinylidene
difluoride membrane (Dingguo Biotechnology Co., Ltd.) and
blocked in 5% milk. Rabbit polyclonal TPS3INP1 antibody
(ab9775; dilution, 1:1,000; Abcam, Cambridge, UK), rabbit
monoclonal FOXOI antibody (ab52587, 1:1,000 dilution;
Abcam) and rabbit polyclonal FOXO3a antibody (ab47409;
dilution, 1:1,000; Abcam) were used as primary antibodies.
The horseradish peroxidase-conjugated goat monoclonal to
rabbit immunoglobulin G was used as the secondary antibody
(Sanying Biotechnology Inc., Wuhan, China). The bound
antibodies were detected using Enhanced Chemiluminescence
Plus Western Blotting Detection system (GE Healthcare, Little
Chalfont, UK).

Luciferase reporter assay. The direct interaction between
miRNA and its target mRNA was determined by luciferase
reporter assay. The binding site of miR-96 in the 3'UTR of
target mRNA was cloned into the pmirGLO Dual-Luciferase
miRNA Target Expression Vector (Promega Corp., Madison,
WI, USA) according to the manufacturer's instructions.
The mutant binding sites were generated using Quikchange
Lightning SiteDirected Mutagenesis kit (Agilent,
Technologies, Inc., Santa Clara, CA, USA) according to
the manufacturer's instructions. Cells were subsequently
co-transfected with miRNA and the wild-type or mutant
3'UTR for luciferase assay. Following transfection for 48 h,
the cells were harvested for protein extraction. Luciferase
intensity was examined using the Dual Luciferase Reporter
Gene Assay kit (Beyotime Institute of Biotechnology,
Haimen, China) according the manufacturer's instructions.
Renilla luciferase intensity was used an internal control.

Statistical analysis. Values are presented as the mean + stan-
dard variation of three independent experiments. The
differences between groups were examined by two paired
Student's t-test (GraphPad version 5.0; GraphPad Software,
Inc., La Jolla, CA, USA) and P<0.05 was considered to indi-
cate a statistically significant difference between values.

Results

miR-96 is upregulated in CRC tissues. Based on the results
of previous studies, which indicated deregulated miRNA
expression in CRC tissues and adjacent non-cancerous
tissues as indicated by microarray assay (11,12), miR-96
expression levels were examined using RT-qPCR in 20
paired CRC tissues and corresponding non-cancerous tissues
(Fig. 1). The results demonstrated miR-96 was overexpressed
in the majority of the 20 CRC tissues and revealed that the
mean expression levels were ~1.5-fold greater than those in
the corresponding non-cancerous tissues, suggesting that the
high-level expression of miR-96 may be correlated with CRC
pathogenesis.
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Figure 1. miR-96 is upregulated in CRC tissues. miR-96 expression was
analyzed in 20 paired CRC tissues and corresponding non-cancerous tis-
sues using reverse transcription quantitative polymerase chain reaction. U6
snRNA was used as an internal control. The miR-96 levels in non-cancerous
tissues were normalized to 1. “P<0.05 vs. non-cancerous tissues. miR,
microRNA; CRC, colorectal cancer; snRNA, small nuclear RNA.

miR-96 overexpression promotes CRC cell proliferation. To
investigate the functional significance of deregulated miR-96
expression in the CRC cellular process, ectopic expression
of miR-96 was achieved in SW480 and SW620 cells by
transient transfection with miR-96 mimics (Fig. 2A). Cell
viability was investigated at the indicated time-points by
MTT assay. As indicated in Fig. 2B, it was demonstrated that
ectopic miR-96 expression increased SW480 cell viability
by ~15%, compared with that of the mimics ctrl-transfected
cells. Ectopic miR-96 expression had the same effect
on SW620 cell viability. A colony formation assay was
performed to determine the roles of miR-96 in CRC-cell
colony formation. It was discovered that miR-96 increased
the number of colonies by ~50 and ~80% in SW480 and
SW620 cells, respectively (Fig. 2C), compared to that of the
mimics ctrl group. In order to examine whether the contribu-
tion of miR-96 to cell growth was associated with cell cycle
progression, the cell cycle was analyzed using PI staining.
The results, shown in Fig. 2D, indicated that the number of
miR-96-transfected cells at G, phase was lower, whereas the
number at S phase was higher in comparison to the numbers
of cells transfected with mimics ctrl at each phase. These
results suggested that miR-96 contributed to G,/S phase tran-
sition and cell proliferation.

Inhibition of miR-96 results in the suppression of CRC cell
proliferation. To investigate whether miR-96 expression was
essential for CRC cell growth, endogenous miR-96 expres-
sion was inhibited via transient transfection with an miR-96
inhibitor. The reduction in expression of miR-96 caused by
the miR-96 inhibitor was confirmed by RT-qPCR (Fig. 3A).
An MTT assay indicated that the inhibition of miR-96 led
to a ~20% reduction in cell viability (Fig. 3B). Accordingly,
the number of colonies in SW480 and SW620 cells was also
reduced due to the inhibition of miR-96 (Fig. 3C). Cell cycle
analysis revealed that miR-96 inhibition resulted in a block
of cell cycle progression at the G, phase transition, leading
to the inhibition of cell proliferation. These results demon-
strated a significant role for miR-96 in CRC pathogenesis.
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Figure 2. miR-96 promotes cell growth and proliferation in SW480 and SW620 cells. Cells were transiently transfected with miR-96 mimics or control and
RNA was subsequently isolated for functional studies. (A) Reverse transcription polymerase chain reaction was performed for the analysis of miR-96 expres-
sion. U6 snRNA was used as an internal control. (B) Cell viability was measured by MTT assay at various time-points following transfection. (C) Transfected
cells were subjected to colony formation assay. The graph represents the number of colonies. The image displays the colonies stained with crystal violet.
(D) Cell cycle was analyzed using propidium iodide staining for the analysis of cell proliferation. Data are from three independent experiments and values are
presented as the mean + standard deviation. "P<0.05 vs. control group. miR, microRNA; snRNA, small nuclear RNA.
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Figure 3. Inhibition of miR-96 suppresses cell growth and proliferation. Cells were transiently transfected with miR-96 inhibitor or control and RNA was
subsequently isolated for functional studies. (A) Reverse transcription quantitative polymerase chain reaction was performed for the analysis of miR-96 expres-
sion. U6 snRNA was used as an internal control. (B) Cell viability was measured by MTT assay at various time-points following transfection. (C) Transfected
cells were subjected to colony formation assay. The graph represents the number of colonies. (D) Cell cycle progression was analyzed using propidium iodide
staining for the analysis of cell proliferation. Data are from three independent experiments and values are presented as the mean + standard deviation. "P<0.05
vs control group. miR-96, micro RNA-96; snRNA, small nuclear RNA.
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WT or mutant 3'UTR and subjected to luciferase reporter assay for the analysis of the effect of miR-96 on the intensity controlled by the 3'UTR. Data were
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miR-96 directly regulates TP53INPI, FOXOI and FOXO3a
expression by targeting their 3'UTR. Two algorithms,
miRanda (http:/www.microrna.org/microrna/home.do) and
TargetScan (http:/www.targetscan.org/), were used for the
prediction of miR-96 candidate targets. Based on their poten-
tial roles in cell growth and the miR-96 binding sites located
in their target mRNA 3'UTR sequences, TPS3INP1, FOXO1
and FOXO3a were selected as candidate targets for investiga-
tion. Previous studies reported that FOXO1 and FOXO3a were
direct targets of miR-96 in prostate and breast cancer and
were correlated with cellular proliferation (17-19). However,
the association between miR-96 and FOXO1/FOXO3a remain
to be elucidated. In the present study, the roles of miR-96 in
TPS53INPI, FOXO1 and FOXO3 expression were examined.
As indicated in Fig. 4A, miR-96 inhibited the mRNA expres-
sion of TP53INP1, FOXO1 and FOXO3a by ~30, 3 and 50%,
respectively. Analogous to the effect of miR-96 on mRNA

expression levels, miR-96 also inhibited protein expression
levels of the genes evaluated (Fig. 4B).

To investigate the direct regulatory roles of miR-96 in
these genes, the 3'UTR-containing miR-96 binding sites
(Fig. 4C) were cloned downstream of the luciferase reporter
gene. The cells were subsequently co-transfected with miR-96
and the cloned luciferase reporter. As indicated in Fig. 4D, it
was observed that miR-96 significantly inhibited luciferase
intensity of the 3'UTR of TP53INP1, FOXO1 and FOXO3a.
To further confirm that these binding sites mediated the
inhibitory function of miR-96, mutations within the binding
sites were generated. It was demonstrated that miR-96 did
not influence the fluorescence intensity of TP53INP1, FOXO1
and FOXO3a containing the mutant 3'UTR (Fig. 4D). These
results suggested that TPS3INP1, FOXO1 and FOXO3a were
direct target genes of miR-96 and were negatively regulated
by miR-96.
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Discussion

miRNAs function as key regulators of gene expression
involved in diverse biological processes. A significant body
of evidence demonstrates that abnormal miRNA expression
is closely associated with the pathogenesis of numerous types
of cancer (11,12). Therefore, determination of the differen-
tially expressed miRNAs is crucial for elucidation of the
regulatory mechanisms of miRNAs in cancer carcinogenesis.
Previous studies have screened miRNAs using microarray
and RT-qPCR for the comparison of expression levels in CRC
and those of paired non-cancerous tissues (11,12), and have
indicated that miR-96 was significantly upregulated in CRC
tissues. miR-96 was demonstrated to promote hepatocellular
cell proliferation and colony formation (20). Studies have indi-
cated that in prostate cancer, miR-96 upregulation contributes
to cell proliferation and reduces cell apoptosis by targeting
FOXOL1 (17,21). miR-96 also enhances cell proliferation of
breast cancer by targeting FOXO1 and FOXO3a (18,19). These
results suggested that miR-96 was linked to tumor growth and
carcinogenesis, functioning as an oncogene. In agreement with
the results of these previous studies, the present study revealed
that miR-96 was overexpressed in CRC tissues, compared to
expression levels in adjacent normal tissues. Furthermore,
miR-96 promoted CRC cell viability, colony formation and
cell cycle progression, while inhibition of miR-96 suppressed
cell proliferation, which indicated that miR-96 functioned as
an oncogenic miRNA.

There is disagreement regarding the potential roles of
miR-96 in diverse types of cancer. In pancreatic cancer, miR-96
was reported to be downregulated and to suppress cell prolif-
eration, tumor growth and metastasis-associated characteristics
by targeting the oncogene KRAS, and therefore functioning
as a tumor suppressor (22). The opposing roles of miR-96 in
cancer pathogenesis may be associated with its target genes.
This phenomenon has been reported in the regulatory effects
exerted by other miRNAs (23). For example, miR-125b was
downregulated in squamous cell carcinoma and suppressed cell
proliferation, migration and invasion by targeting matrix metal-
lopeptidase 13, therefore functioning as a tumor suppressor (23).
However, miR-125b was reported to contribute to cell prolif-
eration and migration by the suppression of tumor suppressor
TP53INP1 in type II endometrial carcinoma cells (24). These
data suggested that the effects of miRNAs may be cell- or
tissue-specific and the specific target genes mediate their func-
tions in disease pathogenesis. Therefore, in the present study,
the targets of miR-96 in CRC cells were identified, which may
aid in the elucidation of the regulatory mechanisms of miR-96
in CRC.

TP53INPI1 is a pS3 target gene and mediates the roles of
p53 in the suppression of cell growth and induction of cell
apoptosis, functioning as a tumor suppressor (25). TP53INP1
was reported to be downregulated in diverse types of cancer
and the decreased expression of TP53INP1 was shown to
contribute to the pathogenesis of cancer (26-28). TPS3INP1
therefore has potential as a therapeutic target for cancers. In the
present study, it was demonstrated that the TPS3INP1 3'UTR
contained conserved binding sites for miR-96. RT-qPCR
and western blot analysis indicated that miR-96 inhibited
TP53INP1 mRNA and protein expression. A luciferase reporter
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assay was used to determine whether miR-96 directly targeted
the TP53INP1 3'UTR. The results suggested that miR-96
suppressed TPS3INP1 3'UTR fluorescence intensity, whereas
miR-96 had no effect on the mutant TP53INP1 3'UTR. These
data suggested that miR-96 directly suppressed TPS3INP1 by
binding to sequences in the 3'UTR of TP53INPI1.

In addition, two target genes of miR-96, FOXO1 and
FOXO3a, were evaluated. Previous studies have indicated that
FOXOI1 and FOXO3a are target genes of miR-96 in prostate
and breast cancer, respectively (17,18). FOXOI and FOXO3a are
forkhead transcription factors of the O class, involved in cell
survival, apoptosis and the suppression of tumor growth (29,30).
The results of the present study indicated that ectopic miR-96
expression resulted in the suppression of FOXOI and FOXO3a
mRNA and protein expression levels. The results of the luciferase
reporter assay indicated that luciferase intensity was controlled
by the FOXO1 and FOXO3a 3'UTRs and once the 3'UTR
binding sites of miR-96 were mutated, miR-96 exerted no effect
on the fluorescence intensity. These data indicated that FOXO1
and FOXO3a were target genes for miR-96 in CRC. Considering
the roles of TP53INP1, FOXO1 and FOXO3a and also the regula-
tion of their expression by miR-96, it was hypothesized that these
genes mediated the functions of miR-96 in CRC cell growth and
proliferation. Further study is required in order to elucidate the
therapeutic potential of these genes in CRC.

In conclusion, the results of the present study indicated that
miR-96 was upregulated in CRC and promoted cell growth
and proliferation, functioning as an oncogene. In addition, the
direct target genes of miR-96 in CRC, TP53INP1, FOXOI and
FOXO3a were identified, which may aid in the elucidation of
the regulatory mechanisms of miR-96 in CRC carcinogenesis.
These results suggested that miR-96 may act as a biomarker
for CRC diagnosis and that it has potential as an miRNA-based
therapeutic target for the treatment of CRC. Future studies
should focus on in vivo investigation of the functions of
miR-96 in CRC in order to provide more beneficial evidence
for the clinical application of miRNAs.
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