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MicroRNA-106a inhibits cell proliferation and
induces apoptosis in colorectal cancer cells
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Abstract. MicroRNAs (miRNAs) regulate mammalian cell
growth, differentiation and apoptosis by altering the expres-
sion of other genes, and serve multiple roles in tumorigenesis
and progression. miR-106a has been implicated in several
types of malignancies. However, its role in colorectal cancer
(CRC) remains unknown. The present study reported that in
this particular cancer, miR-106a exhibits a tumor suppressive
role. It was demonstrated that the high expression of miR-106a
in CRC cells is negatively associated with E2F transcription
factor 1 protein level and positively associated with caspase
activation, suggesting a potential molecular switch.

Introduction

Each year,>1 million new cases of colorectal cancer (CRC) are
diagnosed worldwide. CRC is the third most common malig-
nancy and the fourth most common cause of cancer-associated
mortality (1). Despite novel biological insights and advances
in therapy, the prognosis of patients with CRC remains poor.
The molecular mechanisms underlying malignant tumor
occurrence and progression was investigated, with the aim of
developing more effective therapies against CRC.
MicroRNAs (miRNAs) are a group of endogenous small
noncoding RNAs that are 21-25 nucleotides in size. The
primary function of miRNA is to suppress gene expression,
either by inhibiting mRNA translation or inducing mRNA
degradation (2). It is estimated that miRNAs regulate the
expression of >60% of human protein-encoding genes (3),
and are involved in modulating multiple cellular pathways,
including cell proliferation, differentiation and apoptosis (4).
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miRNAs can serve as tumor suppressors or oncogenes,
depending on their target mRNAs, and their expression can
in turn be regulated by tumor suppressors (5) and onco-
genes (6,7). Aberrant expression of certain miRNAs has been
observed in an array of human cancer types, and miRNAs are
thought to serve important roles in tumorigenesis. Recently,
a number of miRNAs have been identified as oncogenes or
tumor suppressor genes in CRC (8-12).

miR-106a is expressed in cancer cells and in stool samples
of patients with CRC with varying degrees (13-15). However,
the molecular role that miR-106a serves in CRC remains debat-
able. Thus, in the present study, the biological consequence of
overexpressing miR-106a in two distinct CRC cell lines was
investigated.

Materials and methods

Cell lines and cultures. Human CRC cell lines HCT116 and
SW620 were obtained from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China). Cells were
maintained in RPMI-1640 with 10% fetal bovine serum (both
from Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and 1% antibiotics (100 U/ml penicillin and 100 pg/ml
streptomycin sulfate) in a humidified atmosphere containing
5% CO, at 37°C.

miRNA mimics and transfections. miR-106a mimics and
nontarget control were purchased from Shanghai GenePharma
Co., Ltd. (Shanghai, China). The sequences of these synthetic
miRNAs were as follows: miR-106a mimic forward, 5'-AAA
AGUGCUUACAGUGCAGGUAG-3"andreverse,5'-ACCUGC
ACUGUAAGCACUUUUUU-3" nontarget control forward,
5'-UUCUCCGAACGUGUCACGUTT-3' and reverse, 5'-ACG
UGACACGUUCGGAGAATT-3'. Cells were transfected with
the miRNA (100 nM/1) using Lipofectamine™ 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) following manu-
facturer's protocol.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). Total RNA from cells was extracted
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.)
according to manufacturer's protocol. First-strand cDNA
synthesis was performed using the TagMan MicroRNA
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Figure 1. miR-106a inhibits the proliferation and induces the apoptosis of CRC cells. (A) Expression of miR-106a was determined using reverse transcrip-
tion-quantitative polymerase chain reaction in HCT116 and SW620 cells 48 h after transfection with blank, NC, and miR-106a mimics. (B) Relative cell
proliferation was determined using a cell counting kit-8 assay in HCT116 and SW620 cells transfected with blank, NC, and miR-106a mimics. (C) Apoptosis
was analyzed with flow cytometry in HCT116 and SW620 cells transfected with blank, NC, and miR-106a mimics. (D) Graphical representation of the
apoptosis of CRC cells using flow cytometry analysis as presented in C. (E) E2F1 and caspase-9 were detected using western blot assays in HCT116, and
SW620 cells transfected with blank, NC, and miR-106a mimics. Data are expressed as the mean + standard deviation following three independent experiments.
“P<0.05; "P<0.01. NC, nontarget control; miR, microRNA; CRC, colorectal cancer; E2F1, E2F transcription factor 1.

Reverse Transcription kit and miR-106a RT primers (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The temperature
protocol of first-strand cDNA synthesis was: 16°C for 30 min,
42°C for 30 min and 85°C for 5 min. gPCR was performed
using a miR-106a TagMan MicroRNA Assay and TagMan
Universal Master Mix II on an ABI PRISM 7500 (Applied
Biosystems; Thermo Fisher Scientific, Inc.). miR-106a
primer sequence: GGAAAAGTGCTTACAGTGCAGGTA
G. Thermocycler conditions used as follow: 95°C for 5 min,
followed by 40 cycles at 95°C for 30 sec, 55°C for 40 sec and
72°C for 30 sec. The expression of miR-106a was normal-
ized to that of U6 (U6-forward primer: 5'-GTCGTATCC
AGTGCAGGGTCCGAGGT-3'; U6-reverse primer: 5'-GCA
CTGGATACGACAAAATATGGAAC-3"). Data analysis was
performed using the 2244 method (16).

Cell proliferation assay. Cell proliferation was measured
using a Cell Counting Kit-8 (CCK-8) assay (Beyotime Institute
of Biotechnology, Haimen, China) according to manufac-
turer's protocol. Briefly, cells were plated in 96-well plates at a
density of 0.5x10* cells/well. CCK-8 (10 ul) was added to each
well prior to the colorimetric measurement. After 1 h incuba-
tion at 37°C, the absorbance at 450 nm was measured using a
microplate luminometer reader.

Cell apoptosis assay. Apoptosis assays were performed
using an Annexin V apoptosis detection kit according to
the manufacturer's protocol (BD Biosciences, San Jose, CA,
USA). Briefly, CRC cells were collected after 72 h transfec-
tion, washed with PBS and resuspended in binding buffer
containing 10 mM HEPES (pH 7.4), 2.5 mM CacCl,, and
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140 mM NaCl. Annexin V-PE and 7-AAD were then added
and flow cytometry analysis was performed after 15 min of
incubation at room temperature.

Immunoblotting. Total protein was extracted using whole
cell lysis buffer (Beyotime Institute of Biotechnology).
Immunoblotting was performed as previously described (13).
The following antibodies were used: 1, Anti-E2F transcrip-
tion factor 1 (E2F1) (1:1,000; Cell Signaling Technology,
Inc., Danvers, MA, USA); 2, anti-caspase-9 antibodies
(1:3,000; Cell Signaling Technology, Inc.); 3, anti-GAPDH
antibodies (1:10,000; Zhongshan Goldenbridge Biotechnology,
Guangzhou, China). The membrane was washed with
Tris-buffered saline with Tween-20 and incubated with a
peroxidase-conjugated secondary antibody (1:1,000; Santa
Cruz Biotechnology) for 1 h. Protein bands were visualized
using enhanced chemiluminesence substrates (EMD
Millipore, Billerica, MA, USA).

Statistical analysis. Data are expressed as the mean + standard
deviation and were analyzed using SPSS 13.0 software (SPSS
Inc., Chicago, IL, USA). One-way analysis of variance was
used for comparing multiple groups, followed with the
Student-Newman-Keuls post hoc test. P<0.05 was considered
to indicate a statistically significant difference. All experi-
ments were performed in biological triplicates.

Results

miR-106a overexpression inhibits the proliferation of
colorectal cancer cells in vitro. The effect of miR-106a expres-
sion on the proliferation of CRC cells was examined first.
HCT116 and SW620 cells were transiently transfected with
nontarget control or miR-106a mimics. The RT-qPCR results
demonstrated that cells transfected with miR-106a mimics
exhibited a significantly higher level of miR-106a compared
with cells transfected with a nontarget control miRNA or with
mock transfection (Fig. 1A). In addition, cells overexpressing
miR-106a mimics revealed a significant decrease in the cell
proliferation rate 48 and 72 h after transfection (Fig. 1B).

miR-106a overexpression enhances apoptosis of colorectal
cancer cells in vitro. Whether miR-106a overexpression
induces apoptosis of CRC cells was examined next. Cells
transfected with miR-106a or controls were stained with
Annexin V and 7-AAD to measure cell apoptosis 72 h after
transfection. miR-106a mimics caused significant increases
in the percentage of apoptotic cells (HCT116: miR-106a,
16.69+0.82 vs. nontarget control, 8.38+1.86%; SW620:
miR-106a, 12.44+0.97 1 vs. nontarget control, 5.77+0.21%),
while no significant difference was identified between the
blank and nontarget control group (Fig. 1C and D).

miR-106a overexpression causes a marked change in the
expression of E2F1 and cleaved caspase-9. Immunoblot
analysis revealed that the protein level of E2F1 was decreased
following miR-106a overexpression. Furthermore, caspase-9
cleavage was examined upon miR-106a overexpression and
it was demonstrated that active caspase-9 was significantly
enhanced compared with control cells (Fig. 1E).
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Discussion

miRNAs have been demonstrated to serve essential roles
in carcinogenesis (17-21). Aberrant expression of certain
miRNAs has been implicated in a variety of tumor proper-
ties, including growth, carcinogenesis, angiogenesis and
apoptosis. The role of miR-106a serves in the malignant
progression of tumors is complex and controversial.
Numerous studies have revealed that miR-106a may serve as
a tumor suppressor or an oncogene in different cancer types,
which may be dependent on the cellular context (22,23). For
example, miR-106a exerts a tumor suppressive effect via
suppressing proliferation and inducing apoptosis in human
glioma cells by targeting E2F1, regardless of p53 status (22).
In breasts cancer, miR-106a enhances cell proliferation and
migration by negatively regulating zinc-finger and BTB
domain containing 4 (23). However, the role of miR-106a in
CRC carcinogenesis remains unclear.

The present work identified miR-106a as a tumor-suppres-
sive miRNA in CRC cells in vitro. Overexpression of miR-106a
induced apoptosis and decreased proliferation in CRC cells.
The oncogene E2F]1, target gene of miR-106a was decreased
following miR-106a overexpression while apoptosis was
elicited. Simultaneously, caspase-9 expression, an important
caspase in the apoptotic pathway, was induced. Once active,
caspase-9 triggers a cascade of caspase activation events
leading to apoptosis.

Collectively, the results of the current study demonstrated
that miR-106a may serve as a tumor suppressor in CRC, poten-
tially through regulating E2F1 and caspase-9 expression in
cultured cancer cells. However, in vivo studies are warranted
to validate these findings.
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