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miR-218 promotes apoptosis of SW1417 human
colon cancer cells by targeting c-FLIP
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Abstract. MicroRNAs (miRNAs) are suggested to act as either
tumor oncogenes or tumor suppressors in different types of
cancer.miRNA-218 (miR-218)isatype of short,non-coding RNA
which is involved in gastric cancer development. In the present
study, we evaluated the functions of miR-218 in SW1417 human
colon cancer cells and its potential mechanisms. Following
overexpression of miR-218 in human colon cancer cells, cell
viability was determined by CKK-8 assay, cell apoptosis was
observed using a TUNEL Kit, the expression of caspase-8,
and its inhibitor cellular Fas-associated death domain-like
interleukin-1p-converting enzyme inhibitory protein (c-FLIP)
was assessed by RT-PCR, western blot analysis and immunohis-
tochemistry. The results indicated that miR-218 and caspase-8
expression was decreased while c-FLIP expression was elevated
in human colon cancer tissues. In cultured SW1417 human
colon cancer cells, miR-218 overexpression potently inhibited
cell viability and promoted cell apoptosis. Furthermore, down-
regulation of c-FLIP expression and upregulation of caspase-8
expression were detected in miR-218-stimulated SW1417 cells.
In addition, following the knockdown of c-FLIP using c-FLIP
siRNA, the apoptotic effects of miR-218 on SW1417 cells were
significantly reduced. Collectively, the present study demon-
strated that miR-218 induced the apoptosis of SW1417 cells by
targeting c-FLIP. Therefore, miR-218 may represent a potential
therapeutic method for screening and treating colon cancer.

Introduction
Gastric cancer is the third leading cause of mortality

throughout the world especially in developing countries (1,2).
Among them, colon cancer is one of the most common cancers
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resulting in cancer-related deaths in China (3-5). Over the
past decade, surgery and chemotherapy have been chosen as
the main treatments for colon cancer (6,7). Although major
advances have been developed in the treatment of colon
cancer, the therapeutic efficacy of anticancer agents remains
very poor (8). Thus, it is urgent to develop novel, safe and
effective therapeutic agents for colon cancer.

miRNAs are a class of 22-25-nucleotide-long non-coding
RNA molecules which can exert their functions by inhib-
iting mRNA translation or promoting mRNA degradation.
Increasing evidence has revealed that miRNAs have various
biological functions such as regulating cell viability, death
and migration in cultured cells (9,10). Notably, miRNAs have
been reported to be involved in cancer development through
their tumor-suppressing or -activating functions (11-13).
Recently, miR-218 was reported to play a tumor-suppressive
role in various types of human cancers, such as lung, bladder
and gastric cancer, hepatocellular carcinoma, oral cancer and
renal cell carcinoma (14-20), indicating that miR-218 may be a
potential therapeutic target for the treatment of cancers.

c-FLIP, a death effector domain (DED)-containing
anti-apoptotic protein, can suppress cell apoptosis induced
by tumor necrosis factor-a (TNF-a), Fas-L, TNF-related
apoptosis-inducing ligand (TRAIL), and chemotherapy agents
in cancer cells by regulating the activation of caspase-8
and caspase-10. New findings have provided evidence that
c-FLIP can be regarded as a critical target for therapeutic
intervention due to its inhibition in transcription and
post-transcription (21,22). Increased expression of c-FLIP
has been found in cell lines from various types of cancers,
including colorectal (21,22), head and neck (23), prostate (24),
cervical (25), breast (26), lung (27) and hepatocellular
cancers (28), and c-FLIP has been demonstrated to be an
important indicator in these types of cancers. In our study, we
evaluated the roles and underlying mechanisms of miR-218 in
human colon cancer cells. It was demonstrated that miR-218
exerted its anti-apoptotic functions in SW1417 colon cancer
cells by downregulating c-FLIP and may become a biomarker
and therapeutic target in colon cancer treatment.

Materials and methods

Patients and tissue sample collection. A total of 20 patients
diagnosed with colon cancer were involved in this study.
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Tissue samples were obtained from the tumoral area and adja-
cent area of patients who had not undergone radiotherapy or
chemotherapy prior to surgery at the Cancer Hospital of China
Medical University. All the patients that participated in this
study provided written informed consent. The protocol of this
study was approved by the local Ethics Committee (Cancer
Hospital of China Medical University, Liaoning Cancer
Hospital and Institute, Shenyang, China. Permit no. 122/17).

Cell culture. Human colon cancer cell line SW1417 was
purchased from the Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences (Shanghai, China). Cells
were cultured in low-glucose Dulbecco's modified Eagle's
medium (DMEM) (Gibco-BRL; Thermo Fisher Scientific,
Inc., Grand Island, NY, USA) supplemented with 10% (v/v)
fetal bovine serum (FBS), 100 IU/ml penicillin, and 10 mg/ml
streptomycin. Cultures were incubated in 5% CO, at 37°C.

Analysis of cell viability. Cell Counting Kit-8 (CCK-8;
Sigma-Aldrich; Merck KGaA; St. Louis, MO, USA) was
used to determine cell proliferation. Briefly, SW1417 cells at
a density of 1.0x10° cells/ml were seeded in 96-well plates in
DMEM containing 10% FBS for 24 h. Then, the cells were
cultured in a serum-free medium. Following incubation for
24 h, the cells were incubated with miR-218-mimic control,
miR-218 mimics, cFLIP-siRNA control, cFLIP siRNA and
miR-218 mimics plus cFLIP siRNA in fresh DMEM using
Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific,
Inc., Carlsbad, CA, USA). At 24 and 48 h, cell viability was
evaluated according to a previous study (7).

Analysis of cell apoptosis. SW1417 cells at a concentration of
1.0x10° cells/ml were seeded onto a 96-well plate and treated
with miR-218 mimic control, miR-218 mimics, cFLIP-siRNA
control, cFLIP siRNA and miR-218 mimics plus cFLIP
siRNA for 24 or 48 h, and the cell apoptotic rate was assessed
using TUNEL Apoptosis Detection kit (Roche Diagnostics,
Indianapolis, IN, USA) according to the manufacturer's
instructions (27). The cell apoptotic rate was assayed using
a FACScan flow cytometric apparatus (BD Biosciences,
San Jose, CA, USA) (1).

Western blot analysis. Total protein was extracted and the
protein expression levels of caspase-8, c-FLIP and GAPDH
were performed separately using western blot analysis
according to a previous study (29). Antibodies including
caspase-8 (1:2,500 dilution; cat. no. MAB704), c-FLIP
(1:2,500 dilution; cat. no. MAB8430) and GAPDH (1:5,000
dilution; cat. no. MABS5718) were purchased from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). The protein
expression levels were obtained using the chemilumines-
cence reader, ImageQuant™ LAS 4000 (GE Healthcare
Bio-Sciences, Pittsburgh, PA, USA) and the band density was
analyzed using ImageJ software (National Institutes of Health,
Bethesda, MD, USA) (1).

Gene expression analysis. RNA preparation and quantitative
reverse transcription polymerase chain reaction (RT-PCR)
was used to detect the expression levels of c-FLIP, caspase-8,
miR-218 and GAPDH in SW1417 cells at indicated time-points.
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Following the manufacturer's instructions, total cellular RNA
was isolated from SW1417 cells cultured in 6-well plates using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
GAPDH expression was used as an internal control. All primer
sequences used in this study were synthesized at BioSune
Biotechnology Co., Ltd. (Shanghai, China), and the sequences
of the primers were as follows: c-FLIP forward, 5"TAACAT
TTCAGCCGGTGGGT-3' and reverse, 5-ATCCTTTCCAGT
GGGGGAGT-3'; caspase-8 forward, 5'-CTGGTCTGAAGG
CTGGTTGT-3' and reverse, 5'-CAGGCTCAGGAACTTGAG
GG-3'; GAPDH forward, 5'-AACGGATTTGGTCGTATT
GGG-3"and reverse, 5'-CCTGGAAGATGGTGATGGGAT-3";
miR-218 forward, 5'-GCGGCTTTGTGCTTGATCTAA-3'
and reverse, 5'-GTGCAGGGTCCGAGGT-3'.

Transfection. miR-218 mimics and their non-specific control
miRNAs (miR-218-NC, miR-218-NC-In), c-FLIP siRNA
(AAGGAACAGCTTGGCGCTCAA) and c-FLIP-control
siRNA (AATTCTCCGAACGTGTCACGT) were all
purchased from RiboBio (Guangzhou, China). A total of
3 pug of miR-218-mimics, non-specific control microRNAs,
c-FLIP-specific siRNA or non-targeting siRNA was trans-
fected into SW1417 cells using HiPerFect transfection reagent
(Qiagen, Inc., Valencia, CA, USA) according to the manufac-
turer's protocols. After SW1417 cells were cultured in medium
for 48 h, RT-PCR and western blot assays were used to deter-
mine the efficiency of miR-218 mimics and c-FLIP siRNA,
respectively.

Immunohistochemistry. Immunohistochemical analysis of
c-FLIP and capspase-8 was performed using Image Analysis
System (Leica Microsystems, Wetzlar, Germany) according
to the previous study (2). Primary monoclonal antibodies of
c-FLIP (1:1,000 dilution; cat. no. MAB8430) and capspase-8
(1:1,000 dilution; cat. no. MAB704) were purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).
Biotinylated goat anti-rabbit antibody (dilution, 1:1,000) was
provided by Vector Laboratories, Inc. (Burlingame, CA, USA).
Positive immunoreactivity was semi-quantitatively scored as
0 for none to trace, 1+ for <10%, 2+ for 10-50%, and 3+ for
>50% tumor cells showing positive expression.

Statistical analysis. Data are presented as the mean + standard
deviation (SD). One-way analysis of variance (ANOVA) with
Duncan's new multiple range test (MRT) in SPSS 15.0 soft-
ware was used to compare the statistical differences between
the treatment and control groups. P<0.05 indicated a statisti-
cally significant difference.

Results

Increased c-FLIP expression and decreased miR-218 and
caspase-8 expression is revealed in human colon cancer
tissues. In human colon cancer tissues and normal colon
tissues, the expression of c-FLIP, caspase-8 and miR-218 was
assessed and compared. The results revealed that compared
with normal colon tissues, miR-218 expression as determined
by RT-PCR was significantly reduced in human colon cancer
tissues (Fig. 1A). As revealed in Fig. 1B, upregulation of
c-FLIP expression was observed, whereas downregulation
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Figure 1. Expression of miR-218, c-FLIP, and caspase-8 in human colon cancer tissues. (A) The expression of miR-218 and (B) c-FLIP and caspase-8 was
assessed in human colon cancer tissues and normal colon tissues. "P<0.05 or “P<0.01 indicated significance. miR-218, miRNA-218; c-FLIP, Fas-associated

death domain-like interleukin-1p-converting enzyme inhibitory protein.
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Figure 2. miR-218 overexpression inhibits proliferation of SW1417 cells. (A) The expression of miR-218 was assessed after endogenous miR-218 was overex-
pressed in human SW1417 colon cancer cells. (B) Following treatment with the control mimic or miR-218 mimics for 24 and 48 h, cell viability of SW1417
cells was determined by CKK-8 assay. "P<0.05 or “P<0.01 indicated significance. miR-218, miRNA-218.

of caspase-8 was found in human colon cancer tissues in
comparison with normal colon tissues.

miR-218 overexpression suppresses the proliferation while
it promotes the apoptosis of SWI417 cells. Firstly, miR-218

mimics were stably transfected into SW1417 cells to increase
the expression level of miR-218. A high expression level of
miR-218 was determined by RT-PCR, indicating that miR-218
was successfully introduced into SW1417 cells (Fig. 2A). Next,
we ascertained the effects of the transfected miR-218 mimics
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Figure 3. miR-218 overexpression increases apoptosis of SW1417 cells.
Following transfection with control mimic or miR-218 mimics for 24 and
48 h, the apoptotic rate of human SW1417 colon cancer cells was assessed
by flow cytometry. “P<0.01 or ""P<0.001 indicated significance. miR-218,
miRNA-218.

on the proliferation and apoptosis of SW1417 cells. The results
revealed that overexpression of miR-218 inhibited the prolif-
eration of SW1417 cells compared with the mock-transfected
cells, and the effects were time-dependent (P<0.05) (Fig. 2B).
Furthermore, a higher apoptosis rate was found in the
miR-218-mimic treated SW1417 cells when compared to
cells treated with negative control mimic (P<0.05) (Fig. 3).
Therefore, miR-218 is an important molecule in the promotion
of the apoptosis of human colon cancer cells.

miR-218 overexpression inhibits the expression level of c-FLIP
in SW1417 cells. To determine the molecular mechanism in
apoptosis signaling involved in the inhibition of cell apoptosis
induced by miR-218, we further assessed the expression of
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c-FLIP and caspase-8 by western blotting and RT-PCR. In
vector-transfected SW1417 cells, c-FLIP mRNA expression
was detectable and significantly decreased with miR-218
stimulation. In contrast, mRNA expression of caspase-8
was evidently elevated in miR-218-overexpressing SW1417
cells (P<0.05) (Fig. 4A). Accordingly, compared to the
control, the protein expression of c-FLIP was decreased while
caspase-8 was increased by miR-218 (Fig. 4B). Thus, miR-218
overexpression inhibited the expression level of c-FLIP and
promoted the expression level of caspase-8 in human colon
cancer cells.

miR-218-triggered cell apoptosis in SWI417 cells is
c-FLIP-dependent. The molecular mechanism of miR-218 on
cell apoptosis in human colon cancer cells was further inves-
tigated. c-FLIP-targeted siRNA was used to transfect SW1417
cells and western blot analyses indicated that c-FLIP-targeted
siRNA efficiently inhibited c-FLIP expression (Fig. 5A).
Notably, cell viability assays revealed that transfection with
miR-218 mimics or c-FLIP-targeted siRNA decreased the
number of SW1417 cells, however the effect of miR-218
mimics was more significant (P<0.05). Moreover, there was
no difference in cell viability between thr c-FLIP-targeted
siRNA group and c-FLIP-targeted siRNA+miR-218 mimic
group (P>0.05) (Fig. 5B). Furthermore, flow cytometric
experiments indicated that miR-218 overexpression resulted
in a marked increase in cell apoptosis, and c-FLIP knockdown
also led to an upregulation of the apoptotic rate in SW1417
cells. A similar effect was observed in c-FLIP-knockdown
SW1417 cells and c-FLIP knockdown plus miR-218-mimic
SW1417 cells (Fig. 5C). These results revealed that miR-218
induced the onset of apoptosis through the suppression of
c-FLIP in human colon cancer cells.
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Figure 4. Effects of miR-218 overexpression on c-FLIP and caspase-8 expression in SW1417 cells. (A) After SW1417 cells were treated with control mimic
or miR-218 mimics for 48 h, mRNA expression of c-FLIP and caspase-8 was determined by RT-PCR. (B) Protein expression of c-FLIP and caspase-8 was
determined by western blotting and band relative ratio was analyzed using ImageJ software. “P<0.05 or “P<0.01 indicated significance. miR-218, miRNA-218;
c-FLIP, Fas-associated death domain-like interleukin-13-converting enzyme inhibitory protein.
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Figure 5. miR-218 overexpression promotes SW1417 cell apoptosis through the suppression of c-FLIP. (A) After SW1417 cells were transfected with c-FLIP
siRNA for 48 h, c-FLIP expression was assessed by western blotting. Following knockdown of c-FLIP, SW1417 cells were treated with miR-218 mimics, and
then (B) cell viability and (C) the apoptotic rate were determined. "P<0.05 or “P<0.01 or ""P<0.01 indicated significance. miR-218, miRNA-218; c-FLIP,
Fas-associated death domain-like interleukin-1f3-converting enzyme inhibitory protein.

Discussion

Recently, miR-218 has been reported to be involved in the
proliferation, apoptosis and migration of different types of
tumor cells (9,10). The present study demonstrated that the
miR-218 expression level was significantly downregulated in
colon cancer tissues. Additionally, the results revealed that
miR-218 may play a role in the inhibition of colon cancer cell
apoptosis through downregulation of c-FLIP expression.

As demonstrated in a previous research, changes in
miR-218 expression were associated with cancer development.
For instance, compared to normal tissues without cancer, the
expression levels of miR-218 were significantly inhibited in
lung cancer tissues (15). In cultured gastric cancer cell lines
SGC7901 and BGCR23, it was revealed that miR-218 mRNA
and protein expression were significantly decreased compared
to those in normal gastric epithelial cell line GES-1 (30).
Furthermore, compared with gastric cancer cell lines
MGCS80-3 and HGC-27, decreased miR-218 expression levels
were also found in the more aggressive gastric cancer cell line
NCI-87 (17). Notably, the present study revealed a significant
decrease in miR-218 expression in human colon cancer tissues
and SW1417 cells.

miR-218 is also regarded as a tumor suppressor due
to its function in the inhibition of invasion and growth of
nasopharyngeal (31), oral (19), lung (15,32), and bladder (33)
cancer cells. By regulating the expression of Ang-2 in gastric
cancer cells NCI-87 and HGC-27, miR-218 overexpres-
sion suppressed cell proliferation and angiogenesis (17). An
MTT assay revealed that miR-218 overexpression markedly

suppressed the proliferation of gastric cancer cells and wound
scratch assays indicated that miR-218 inhibited cell migration
and EMT by targeting WASF3 (30). Another study found that
miR-218 could promote cell apoptosis and inhibit cell growth
in colorectal cancer cells (34). Notably, Tie et al provided the
evidence that upregulation of miR-218 could inhibit tumor cell
invasion and proliferation in gastric cancer cells by altering
miR-218-targeted genes (18). In LoVo colon cancer cells,
miR-218 overexpression suppressed the invasion, prolifera-
tion migration of cells and the signaling pathways including
PI3K/Akt/mTOR and MMP9 were involved in these func-
tions (35). Furthermore, miR-218 played an important role in
colon cancer development through inhibition of cell prolifera-
tion and promotion of cell apoptosis by targeting BIRCS5 (36),
BMI-1 (37) and MACCI1 (38). In the present study, we also
revealed that miR-218 overexpression inhibited cell viability
and promoted cell apoptosis in human SW1417 colon cancer
cells.

FU is a chemotherapy drug commonly used for the treat-
ment of colon cancer by targeting rpL3 to downregulate
p53 (39). miR-218 enhanced 5-FU-induced apoptosis while
the suppression of miR-218 expression was associated to the
resistance to 5-FU (40). These findings revealed that miR-218
could exert its functions by targeting some molecules. c-FLIP
belongs to a family of apoptosis inhibitors, and plays a crucial
role in tumor development and progression (41). Studies have
revealed that c-FLIP could inhibit apoptosis mediated by death
receptors trough binding to Fas-associated death domain and
inhibit caspase-8 activation (42). Overexpression of c-FLIP
has been revealed in different types of cancers (26,43). c-FLIP
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upregulation has also been observed in gastric cancer tissues
and cells (44). Using RT-PCR and flow cytometric analyses,
the high expression level of c-FLIP in colon carcinoma cell line
HT-29 was detected. Furthermore, silencing of c-FLIP with
the specific siRNA promoted Fas-mediated apoptosis (45).
Knockdown of ¢-FLIP by siRNA was found to sensitize colon
cancer cells to TRAIL-induced apoptosis (46). In the present
study, the increased expression of c-FLIP was also observed
and knockdown of c-FLIP could enhance cell apoptosis of
human colon cancer cell line SW1417. Furthermore, it was
demonstrated that miR-218-induced cell apoptosis in this type
of cell line was c-FLIP dependent.

In summary, the present study revealed that miR-218
could inhibit the apoptosis of human colon cancer cell line
SW1417 by suppressing c-FLIP expression, indicating that the
miR-218/c-FLIP axis could be an important target for gastric
cancer therapy. However, due to the limited support of funding,
we only used colon cancer cell line SW1417 in this study, and
only provided evidence that miR-218 inhibited c-FLIP expres-
sion using western blotting and RT-PCR methods without a
luciferase assay with a 3' UTR region of c-FLIP. Thus, further
investigations are warranted to demonstrate the functions of
miR-218/c-FLIP in other colon cancer cell lines.
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