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MicroRNA-744-5p is downregulated in colorectal cancer
and targets SEPT?2 to suppress the malignant phenotype
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Abstract. MicroRNA (miR)-744-5p serves a pivotal role in
the progression of multiple cancers; however, the function
of miR-744-5p in colorectal cancer (CRC) remains largely
unknown. In the present study, the effects of miR-744-5p on
the progression of CRC were analyzed and the mechanisms
involved were investigated. It was revealed that miR-744-5p
was frequently downregulated in CRC tissues and cell lines.
Overexpression of miR-744-5p significantly inhibited the
proliferation, colony formation, and promoted the apoptosis
of CRC cells. Bioinformatics analysis revealed that Septin 2
(SEPT?2) was a potential target of miR-744-5p. miR-744-5p
bound the 3'-untranslated region (UTR) of SEPT2 and
reduced the level of SEPT2 in CRC cells. A negative correla-
tion between the expression of miR-744-5p and SEPT2 was
observed in CRC tissues. Overexpression of SEPT2 counter-
acted the suppressive effect of miR-744-5p on the proliferation
and apoptosis of CRC cells. Collectively, these data demon-
strated the functional mechanism of miR-744-5p by targeting
SEPT?2, which suggested miR-744-5p as a potential target for
the treatment of patients with CRC.

Introduction

Colorectal cancer (CRC) is one of the most common malig-
nant cancers (1,2). Although significant improvements have
been made in the diagnosis and treatment of CRC, the 5-year
survival rate of patients with CRC remains low (3). Numerous
patients are diagnosed at an advanced stage, at which point
current therapeutic strategies are less efficient due to invasion
and metastasis (2). Therefore, it is important to increase under-
standing of the underlying mechanisms that may contribute to
the development of CRC.
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MicroRNAs (miRNA/miRs) are a class of small,
single-stranded RNA with a length of ~22 nucleotides and lack
protein-coding ability (4,5). miRNAs regulate gene expression
at a post-translational level by binding to the 3'-untranslated
region (UTR) of target mRNAs, leading to mRNA degradation
or translation inhibition (6,7). Due to the widespread function
of miRNAs in protein-coding genes, miRNAs play critical
roles in multiple cellular processes, including cell prolif-
eration, differentiation and migration (8). Notably, growing
evidence has revealed that miRNAs are dysregulated in human
cancers and modulate tumor development such as cancer cell
metastasis and chemo- or radiotherapeutic sensitivity (9-13).
Aberrant expression of miRNA has previously been revealed
in CRC and possibly serves as a potential target to disrupt
CRC progression (14-16). For example, a decreased serum
level of miR-98 predicted an unfavorable clinical outcome of
patients with CRC (17). A recent study also demonstrated that
miR-361 promoted the sensitivity of CRC cells to 5-fluoro-
uracil, indicating miR-361 as a possible drug target to suppress
tumorigenesis (18). Notably, recent studies revealed the signifi-
cantly dysregulated expression of miR-744-5p in multiple
cancers, such as hepatocellular carcinoma, gastric cancer and
pancreatic cancer (19-21). Dysfunction of miR-744-5p has
been suggested to play suppressive roles in the development of
cancers. However, its role in CRC and the underlying mecha-
nisms are unknown.

Septin 2 (SEPT2) is a novel GTP-binding cytoskeletal
protein that is evolutionarily conserved and structurally asso-
ciated with the RAS oncogene (22). Numerous studies have
indicated the link between the altered expression of SEPT2 in
tumorigenesis (23-25). Downregulation of SEPT2 suppressed
the growth of hepatocellular carcinoma cells and induced cell
cycle arrest in glioma, and led to reduced cell viability (26).
Overexpression of SEPT?2 results in cytokinesis failure, centro-
some amplification, and the formation of multipolar spindle
bodies that frequently occur in cancer cells (27). Although
the function of SEPT2 has been demonstrated in cancers, the
involvement of SEPT2 in CRC warrants further study.

The present study investigated the expression pattern
of miR-744-5p in CRC tissues and characterized the func-
tional mechanisms. It was revealed that miR-744-5p was
downregulated in CRC tissues and cell lines. Consequently,
overexpression of miR-744-5p inhibited the growth of CRC
cells via targeting SEPT2. The findings presented reveal a
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novel role of miR-744-5p/SEPT?2 signaling in the progres-
sion of CRC.

Materials and methods

Tissue samples. The paired CRC tissues and matched adjacent
normal tissues were obtained from 50 patients (age, 36-75
years; 22 women and 28 men) who underwent surgery at
the People's Hospital of Yichun City between May 2011 and
September 2013. Patients who were treated with chemotherapy
or radiotherapy were excluded from this study. Tissues were
frozen in the liquid immediately and stored at -80°C until
use. Written informed consent was obtained from all the
patients. The usage of the tissues was approved by the Ethics
Committee of the People's Hospital of Yichun City (approval
no. 2014041566) on April 15, 2014.

Cell culture and transfection. Human CRC cell lines
HCT116, SW480, SW620, RKO and normal colon cell line
CCD-18Co were obtained from the Cell Bank of the Chinese
Academy of Sciences. Cells were grown in DMEM (Thermo
Fisher Scientific, Inc.) containing 10% FBS (Thermo
Fisher Scientific, Inc.) at 37°C in a humidified atmosphere
containing 5% CO,.

The miR-744-5p mimics (5'-UGCGGGGCUAGGGCUA
ACAGCA-3') and miRNA negative control (miR-NC; 5-GAG
CUACGGUAGAGCCGGUAGC-3") were obtained from
Guangzhou RiboBio Co., Ltd. A total of 50 nM miRNA was
transfected into cells using the Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. After transfection for 48 h, cells
were harvested for subsequent experiments.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was isolated from tissues and cells using TRIzol®
reagent.(Beyotime Institute of Biotechnology) cDNA was
synthesized with the Maxima First Strand cDNA Synthesis kit
(Thermo Fisher Scientific, Inc.) according to the manufactur-
er's protocol. The expression level of miR-744-5p was
determined using the AceQ qPCR SYBRGreen Master Mix
(Vazyme Biotech Co.) on the CFX Connect Real-Time System
(Bio-Rad Laboratories Inc). The expression of U6 was also
detected for normalization. The specific primer sequences
were as follows: miR-744-5p forward, 5-AATGCGGGGCT
AGGGCTA-3' and reverse, 5'-GTGCAGGGTCCGAGGT-3
U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse,
5-AACGCTTCACGAATTTGCGT-3"; SEPT2 forward, 5'-TA
AACAGCCTATTCCTAACT-3' and reverse, 5-CATAAACG
CCACATCTAA-3'; HNRNPC forward, 5'-AGAACCCGGG
AGTAGGAGAC-3' and reverse, 5" TCTCACAAAGCCGA
AAACAA-3'; NFIX forward, 5-ACTCCCCGTACTGC
CTCAC-3'andreverse, 5S"-TGCAGGTTGAACCAGGTGTA-3";
c-Myc forward, 5'-CGTCCTCGGATTCTCTGCTC-3' and
reverse, 5'-GCTGGTGCATTTTCGGTTCT-3'; PAX2
forward, 5'-CCTCGCTCCAATGGTGAGAA-3" and reverse,
5'-TGCTGCTGGGTGAAGGTGTC-3'; GAPDH forward,
5'-ACACCCACTCCTCCACCTTT-3' and reverse, 5'-TTA
CTCCTTGGAGGCCATGT-3" The PCR conditions were set
as: Denaturation at 95°C for 5 min, followed by 40 cycles of
denaturation at 95°C for 15 sec, and annealing and extension at

60°C for 45 sec. The relative gene expression of miR-744-5p
was analyzed using the 2244 method (28).

Cell proliferation assay. The proliferation of CRC cells
transfected with miR-744-5p mimics or miRNA negative
control was determined by the Cell Counting Kit-8 (CCK-8,
cat. no. C0038; Beyotime Institute of Biotechnology) assay
according to the manufacturer's instructions. CRC cells were
seeded in a 96-well plate at the density of 1,000 cells/ well and
cultured overnight. Then, 10 ul CCK-8 reagent was added into
the medium after 24 h and incubated for an additional 4 h at
37°C. The absorbance at 450 nm for each well was detected
by an Epoch microplate (Bio-Tek Instruments). The assay was
performed in triplicate.

Colony formation assay. The CRC cells transfected with the
miR-744-5p mimics or miRNA negative control were seeded
into the 6-well plate with 600 cells/well. Cells were grown
with DMEM containing 10% FBS and cultured for 10 days.
The colonies were stained with 0.5% crystal violet (Beyotime
Institute of Biotechnology) room temperature (RT) for 10 min
after fixation with 70% ethanol (Solarbio) at RT for 10 min.
The colonies were counted using a light microscope (magni-
fication, x50).

Dual-luciferase reporter assay. The wild-type (WT) or
mutant (MT) 3'-UTR sequences of SEPT2 containing
miR-744-5p binding sites were amplified and inserted
into the psiCHECK2 vector (Promega Corporation).
CRC cells were transfected with miR-744-5p mimics
or miR-NC with psiCHECK2-WT-SEPT2-3'UTR or
psiCHECK2-MT-SEPT2-3'UTR. After transfection with
Lipofectamine® for 48 h, cells were harvested and the luciferase
activity was determined using the Dual-Luciferase Reporter
Assay (Promega Corporation) according to the manufacturer's
protocol. The activity of Renilla luciferase was also detected
for normalization.

Western blotting. Total proteins were extracted from CRC
cells using an NP-40 lysis buffer (Beyotime Institute of
Biotechnology) and the protein concentration was determined
using a Bicinchoninic Acid Protein Assay kit (Beyotime
Institute of Biotechnology). A total of 20 ug proteins were
separated by 15% SDS-PAGE and transferred onto the
nitrocellulose membranes (EMD Millipore). After blocking
with 5% non-fat milk for 1 h at room temperature (RT), the
membranes were probed with primary antibodies against
SEPT2 (1:2,000; cat. no. 11397-1-AP; Thermo Fisher Scientific,
Inc.) or GAPDH (1:3,000; cat. no. ab9485; Abcam) at 4°C
overnight. Subsequently, membranes were incubated with
HRP-conjugated goat anti-Rabbit [gG H&L secondary antibody
(1:3,000; cat. no. ab205718, Abcam) at RT for 1 h. The blots
were developed by an Enhanced Chemiluminescence (ECL)
system (Thermo Fisher Scientific, Inc.). The antibodies used in
this study, including anti-SEPT?2 and anti-GAPDH (both from
ProteinTech Group, Inc.) were commercially obtained.

Cell apoptosis. The cell apoptosis was detected using the
FITC Annexin V Apoptosis Detection kit (Beijing Solarbio
Science & Technology Co., Ltd.) according to the manufac-
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Figure 1. miR-744-5p is downregulated in CRC. (A) The expression of miR-744-5p in paired CRC tissues and adjacent normal tissues was detected by
RT-qPCR. (B) The expression of miR-744-5p in CRC tissues and normal tissues was predicted using the TCGA-COAD database. (C) The level of miR-744-5p
in CRC cell lines and normal CCD-18Co cells was compared using RT-qPCR analysis. ““P<0.001. CRC, colorectal cancer; miR, microRNA, RT-qPCR,

reverse transcription-quantitative PCR.

turer's instructions. Briefly, 5x10° CRC cells were transfected
and harvested after 48 h. Cells were washed with pre-cold
PBS and re-suspended with the provided binding buffer. Cells
were then incubated with Annexin V-FITC for 15 min at RT
in the dark and subsequently stained with PI for at RT for
1 min. The cell apoptosis was determined with the FACScan
flow cytometer (BD Biosciences). The data were analyzed
using FlowJo software (v10.7, https://www.flowjo.com/solu-
tions/flowjo/downloads).

Targets prediction. The possible targets of miR-744-5p were
predicted with the miRDB (http://mirdb.org/; version 6.0)
online dataset.

Bioinformatics. Gene expression in CRC tissues and normal
tissues was evaluated against The Cancer Genome Atlas Colon
Adenocarcinoma (TCGA-COAD) database (http://ualcan.
path.uab.edu/index.html) (29).

Statistical analysis. Data were presented as the mean =+ stan-
dard deviation and analyzed with SPSS 22.0 (IBM Corp.).
Differences between groups were determined with unpaired
Student's t-test or one-way ANOVA followed by Tukey's
post hoc tests. The difference shown in Figs. 1A and 4A was
analyzed using paired Student's t-test. The correlation between
miR-744-5p and SEPT2 was analyzed by a Spearman's corre-
lation test. P<0.05 was considered to indicate a statistically
significant difference.

Results

miR-744-5p is downregulated in CRC.To explore the potential
involvement of miR-744-5p in CRC, the expression pattern

of miR-744-5p in CRC tissues and paired adjacent normal
tissues was detected by RT-qPCR. The results revealed
that the expression level of miR-744-5p was significantly
reduced in CRC tissues compared with the surrounding
non-cancerous tissues (Fig. 1A). To support this result, the
expression of miR-744-5p in CRC tissues and normal tissues
was also evaluated against the TCGA-COAD database
(http://ualcan.path.uab.edu/index.html) (29). Consistent with
the presented findings, there was a significantly reduced level
of miR-744-5p observed in CRC tissues compared with the
normal tissues (Fig. 1B). Additionally, miR-744-5p expres-
sion in CRC cells and normal cells was analyzed. It was
determined that miR-744-5p was significantly decreased in
CRC cell lines compared with that in the normal cell line
CCD-18Co (Fig. 1C). These results indicated the downregu-
lation of miR-744-5p in CRC.

miR-744-5p inhibits the proliferation and induces apoptosis in
CRC cells. To investigate the function of miR-744-5p in CRC,
both HCT116 and SW480 cells were selected for biological
analysis due to the relatively low miR-744-5p in these cells.
The miR-744-5p mimic oligonucleotides were transfected into
CRC cells and the expression of miR-744-5p was detected by
RT-qPCR (Fig.2A). The CCK-8 assay revealed that miR-744-5p
overexpression significantly inhibited the proliferation of both
HCT116 and SW480 cells compared with cells transfected
with miR-NC (Fig. 2B and C). A colony formation assay was
performed to confirm the suppressive role of miR-744-5p in
CRC. The results indicated that overexpression of miR-744-5p
inhibited the colony formation ability of both HCT116 and
SW480 cells (Fig. 2D). Consistent with these results, highly
expressed miR-744-5p also significantly upregulated the
apoptosis of CRC cells (Fig. 2E). These findings indicated
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Figure 2. Overexpression of miR-744-5p inhibits the proliferation of CRC cells. (A) The relative expression of miR-744-5p in CRC cells transfected with the
miR-744-5p mimic or miR-NC. (B and C) A CCK-8 assay was performed to determine the proliferation of CRC cells expressing the miR-744-5p mimic or
miR-NC. (D) Overexpression of miR-744-5p significantly reduced the colony formation of both HCT116 and SW480 cells. (E) Transfection of miR-744-5p
increased the apoptosis of CRC cells compared with cells expressing miR-NC. ““P<0.001. CRC, colorectal cancer; miR, microRNA; miR-NC, microRNA

control; CCK-8, Cell Counting Kit-8.

the potential tumor-suppressive function of miR-744-5p in the
development of CRC.

SEPT?2 is a target of miR-744-5p in CRC. To understand
the molecular mechanism underlying the tumor-suppressive
role of miR-744-5p in CRC, the miRDB database was used
to predict the potential binding targets of miR-744-5p (29). It
was determined that the 3'-UTR of SEPT2 contains a putative
binding site for miR-744-5p (Fig. 3A). To confirm this predicted
binding, a dual-luciferase assay was performed by transfecting
miR-744-5p mimics and the luciferase reporter vector carrying
WT or MT 3-UTR of SEPT2. The data revealed that overex-
pression of miR-744-5p significantly decreased the luciferase
activity of WT but not MT 3'-UTR of SEPT2 (Fig. 3B and C).
To detect whether miR-744-5p regulates the expression of
SEPT2, RT-qPCR and western blot assays were performed
to examine the mRNA and protein levels of SEPT2, respec-
tively. The results revealed that overexpression of miR-744-5p

significantly reduced the mRNA level of SEPT?2 in CRC cells
(Fig. 3D). Similarly, the protein expression of SEPT2 was also
suppressed by the transfection of miR-744-5p in both HCT116
and SW480 cells (Fig. 3E). These results demonstrated that
miR-744-5p targeted SEPT2 and negatively modulated the
expression of SEPT2 in CRC.

SEPT?2 is upregulated in CRC and is inversely correlated
with the expression of miR-744-5p. To further explore the
relationship between the level of SEPT2 and miR-744-5p,
the expression of SEPT2 in CRC tissues and paired adjacent
normal tissues was detected. The RT-qPCR data revealed
that SEPT?2 expression was significantly increased in CRC
tissues compared with the surrounding non-cancerous tissues
(Fig. 4A). The level of SEPT2 was also higher in CRC cells
than in normal CCD-18Co cells (Fig. 4B). Additionally, the
correlation between the expression of miR-744-5p and SEPT2
was analyzed using Spearman's correlation test. The data
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revealed that the expression of SEPT2 was inversely correlated  findings of the present study supported the conclusion that
with the level of miR-744-5p in CRC tissues (Fig. 4C). The  SEPT?2 was a target of miR-744-5p in CRC.
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Overexpression of SEPT2 reverses the tumor-suppressive
effects of miR-744-5p in CRC. To investigate whether
SEPT?2 plays a suppressive role for miR-744-5p in the malig-
nancy of CRC, SEPT?2 was overexpressed by transfecting
pcDNA-3Flag-SEPT?2 into both HCT116 and SW480 cells. The
ectopic expression of SEPT2 was validated by western blotting
(Fig. 5A). The results of the CCK-8 assay revealed that SEPT2
overexpression reversed the suppressive effects of miR-744-5p
mimics on CRC cell proliferation (Fig. 5B and C). Additionally,
the apoptosis of CRC cells was significantly decreased with the
co-transfection of SEPT2 compared with cells only expressing
miR-744-5p mimics (Fig. 5D). These results indicated that
miR-744-5p partially inhibited the progression of CRC by
downregulating SEPT2. Notably, recent studies reported that
miR-744-5p targets c-Myc in papillary thyroid carcinoma
cells (30), Heterogeneous Nuclear Ribonucleoprotein C
(HNRNPC) and Nuclear Factor I X (NFIX) in ovarian cancer
cells (19), and Paired box gene 2 (PAX?2) in non-small cell
lung cancer (NSCLC) (20). To determine the correlation
between miR-744-5p and the aforementioned gene expres-
sion, the expression change of HNRNPC, NFIX, c-Myc and
PAX2 in CRC tissues and normal tissues was examined
via TCGA-COAD database. No significant change for the
expression of NFIX and PAX?2 were revealed in CRC tissues
compared with that of the normal tissues (Fig. 6A and B). It
was also revealed that the expression of NFIX and PAX?2 was
not significantly reduced by the transfection of miR-744-5p in
HCT116 and SW480 cells (Fig. 6C and D). In contrast, highly
expressed HNRNPC and c-Myc was revealed in CRC tissues
compared with the normal tissues by the TCGA-COAD

(Fig. 6E and F). Decreased levels of HNRNPC and c-Myc
were observed with the transfection of miR-744-5p in HCT116
and SW480 cells by RT-qPCR (Fig. 6G and H). Additionally,
the expression of HNRNPC and c-Myc in CRC tissues was
analyzed for their correlation with miR-744-5p. An inverse
correlation was observed between the levels of HNRNPC,
c-Myc and miR-744-5p, respectively (Fig. 61 and J). These
results indicated the possibility of HNRNPC and c-Myc as
potential targets of miR-744-5p in CRC in addition to SEPT2.

Discussion

CRC is one of the most common malignant tumors worldwide
and a major cause of cancer-related mortality (31). Growing
evidence suggests that miRNA acts as a tumor suppressor or
promoter in the progression and metastasis of CRC by regu-
lating cell proliferation, apoptosis, and cell cycles (14). The
present study provided novel insights into the tumor inhibi-
tory effects of miR-744-5p in the tumorigenesis of CRC. The
present study detected the expression level of miR-744-5p
in CRC tissues and cell lines. The function and underlying
mechanisms of miR-744-5p that are responsible for the effects
of miR-744-5p in the development of CRC were also investi-
gated.

miR-744-5p has previously been revealed to be signifi-
cantly downregulated in cancers (19,20,32). Overexpression
of miR-744-5p induced apoptosis of ovarian cancer cells and
high miR-744-5p expression was associated with prolonged
disease-free survival of patients with ovarian cancer (19).
Additionally, the serum level of miR-744-5p was dysregulated
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Figure 6. Correlation between the levels of miR-744-5p with other possible targets. (A and B) The expression of NFIX and PAX2 in CRC tissues and normal
tissues was evaluated with the TCGA-COAD database. (C and D) HCT116 and SW480 cells were transfected with miR-NC or miR-744-5p mimics, and the
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Spearman’s correlation test, respectively. “P<0.01;
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NFIX, Nuclear Factor I X; PAX2, Paired box gene 2; HNRNPC, Heterogeneous Nuclear Ribonucleoprotein C; miR-NC, micRNA control; Ns, no significance.

in various types of cancers, such as pancreatic and biliary
tract cancers, which indicates the potential significance of
miR-744-5p in the diagnosis of cancers (21). A recent study also
reported decreased expression of miR-744-5p in NSCLC (20).
Overexpression of miR-744-5p inhibited the proliferation,
colony formation, and invasion of NSCLC cells. In the present
study, miR-744-5p was significantly downregulated in CRC
tissues and cell lines. Transfection of miR-744-5p suppressed
proliferation and colony formation, and induced apoptosis of

CRC cells. These observations suggested that miR-744-5p may
be a potential therapeutic target for the treatment of patients
with CRC.

To investigate the molecular mechanism underlying
the tumor-suppressive effects of miR-744-5p in CRC, the
potential targets of miR-744-5p were predicted with bioin-
formatics software. The 3'-UTR of SEPT2 was found to carry
the binding sequence for miR-744-5p. SEPT?2 is a conserved
filamentous GTPase and is overexpressed in a variety of
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human cancers (33). SEPT2 acts as a cancer-promoting gene
and is associated with the poor prognosis of patients with
cancer (34). However, the regulatory mechanism of SEPT2
in cancer remains unclear. In the present study, miR-744-5p
bound the 3'-UTR of SEPT?2 and inhibited the expression
of SEPT2 in CRC cells. The level of SEPT2 was increased
in CRC tissues compared with the matched normal tissues.
The upregulation of SEPT2 was significantly inversely
correlated with the level of miR-744-5p in CRC tissues. The
reintroduction of exogenously expressed SEPT2 abrogated
the suppressive function of miR-744-5p in the prolif-
eration of CRC cells. The present results demonstrated that
miR-744-5p targeted SEPT2 and inhibited the malignant
phenotype of CRC cells.

In conclusion, the present study indicated that miR-744-5p
was downregulated in CRC. Overexpression of miR-744-5p
significantly restricted the proliferation and promoted
apoptosis of CRC cells by targeting SEPT2. Hence, the
miR-744-5p/SEPT?2 axis may represent a potential therapeutic
target for patients with CRC. The limitation of this study
was that most of the conclusions were obtained from in vitro
assays. Therefore, further investigation is required to examine
the critical function of miR-744-5p/SEPT2 signaling in the
progression of CRC using an in vivo study. Another limitation
is that only 50 patients were enrolled in the present study to
evaluate the clinical significance of miR-744-5p in CRC. A
larger sample size is required to investigate the association
between miR-744-5p expression and the prognosis of patients
with CRC.
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