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Abstract. MicroRNAs serve important roles in various
diseases, particularly cancer. microRNA-106a (miR-106a)
exhibits abnormal expression and oncogenic activity in carci-
nogenesis. The clinical significance of the abnormal expression
of miR-106a in colorectal cancer is poorly understood. In the
present study, miR-106a expression from colorectal cancer
tissues was quantified using the reverse transcription-quan-
titative polymerase chain reaction. The overexpression or
knockdown of miR-106a was performed by transfection with
microRNA mimic or inhibitor in human colorectal carcinoma
HCT116 cells. The overexpression of miR-106a promoted
viability and inhibited apoptosis in colorectal cancer cells.
The association between miR-106a expression and clinico-
pathological factors was analyzed, and it was identified that
miR-106a exhibited significantly increased expression in
adenocarcinoma tissues compared with in mucinous carci-
noma tissues, and the expression of miR-106a was identified
to be associated with the depth of invasion and differentiation.
The expression of miR-106a in plasma was also determined
and it was identified that increased expression of miR-106a,
as a characteristic of patients with colorectal cancer, may be
distinguished from that of other patients by digitization of
the areas under the receiver operating characteristic curves.
These data suggested that miR-106a is a potential biomarker in
the diagnosis of colorectal carcinoma. However, the underlying
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molecular mechanism of miR-106a-promoted viability and
inhibition of apoptosis requires further investigation.

Introduction

Colorectal cancer (CRC) is one of the three most common
types of cancer worldwide and is a major contributor to
cancer-associated mortality (1). Effective screening to detect
cancer is expected to decrease the mortality rate of CRC (2).
Novel methods are currently under development for the
detection of CRC, including those based on the detection of
microRNAs (miRNA/miR) (3.4).

miRNAs are small (between 19 and 22 nucleotides)
non-coding RNA molecules that are encoded by eukaryotic
genomic DNA. miRNAs lead to translation repression or
degradation of specific target mRNAs by directly binding
to their potential target site in the 3' untranslated region (5).
Located in the spacer regions between protein-coding genes
or in the introns of protein-encoding genes, miRNA coding
sequences are transcribed as primary miRNAs in the same
manner as the mRNAs of the protein-coding genes (6).
miRNAs are important mediators of biological functions, and
their dysregulation has been implicated in a wide range of
diseases, including malignancies, heart diseases, inflammation
and lung diseases (7-9).

As identified previously, miR-28 suppresses viability, but
activates metastasis in CRC cells (10), miR-381 increases
radiosensitivity in esophageal squamous cell carcinoma (11),
and miRNA-27b targets vascular endothelial growth factor C
to inhibit tumor progression and angiogenesis in CRC (12).

miR-106a (miRBase accession number MIMAT0000103),
located in Xq26.2, exhibits oncogenic activity in humans, and
its expression is often altered in carcinogenesis (13). It has been
demonstrated to be highly expressed in cancer tissues, including
gastric carcinoma and ovarian cancer, and may be a potential
biomarker in the diagnosis of certain malignant tumors (14-16).

In the present study, the expression levels of miR-106a
were determined in CRC tissues and plasma, compared with
the control group, and the potential association between the
expression of miR-106a and clinicopathological factors of all
patients was analyzed. In order to investigate the underlying
molecular mechanism for the effects of miR-106, apoptosis of
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CRC cells transfected with miR-106a mimic and miR-106a
inhibitor was examined using flow cytometry.

Patients and methods

Patients. In total, 42 patients with CRC (23 male, 19 female;
median age, 63 years) and 42 healthy individuals (24 male,
18 female; median age, 60 years) were recruited from The First
Hospital of Hebei Medical University (Shijiazhuang, China)
between October 2013 and March 2014. No previous local or
systemic treatment had been administered to the 42 patients
with CRC prior to surgery. Written informed consent was
obtained from all of the patients, in accordance with the proto-
cols of the Ethics Review Board at Hebei Medical University
(Shijiazhuang, China), which approved the present study.

Samples. A total of 42 pairs of CRC and non-tumor adjacent
tissues were obtained from patients that underwent radical
resection between October 2013 and March 2014 at The First
Hospital of Hebei Medical University. The corresponding
normal tissues were obtained from a section of the resected
specimen =5 cm from the edge of the tumor. The samples were
stored in liquid nitrogen or an -80°C freezer until use.

Plasma samples were collected from 42 CRC patients prior
to surgical resection and 7 days following surgery respectively.
Furthermore, 42 plasma samples were obtained from 42 cases
of age-matched healthy individuals as the control. Cell-free
plasma was extracted from all blood samples within 2 h of
collection using a two-step protocol at 2,140 x g for 10 min and
12,840 x g for 2 min. Plasma was transferred to fresh tubes
and stored in a -80°C freezer until use.

Cell culture. The human CRC cell line HCT116 was obtained
from Professor Xiaofeng Sun (Division of Oncology, Depart-
ment of Clinical and Experimental Medicine, Faculty of
Health Sciences, Linkoping University, Linkoping, Sweden).
Cells were cultured in McCoy's SA medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) containing
10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.) and 1% penicillin-streptomcyin (Invitrogen; Thermo
Fisher Scientific, Inc.) in a 37°C humidified incubator
containing 5% CO,.

Quantitative miRNA analysis. Total RNA was extracted
from the frozen tissues using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol, and resuspended in 60 pl pre-heated (95°C)
nuclease-free water.

Total RNA was extracted from 400 ul plasma samples
using the miRNeasy Serum/Plasma kit (Qiagen GmbH,
Hilden, Germany), according to the manufacturer's protocol,
and eluted with 105 ul pre-heated (95°C) double distilled water.

The concentration and purity of all RNA samples were
detected using a NanoDrop ND-2000 spectrophotometer
(NanoDrop Technologies; Thermo Fisher Scientific, Inc.). All
RNA was stored at -80°C until use following determination of
the concentration RNA using a spectrophotometer.

Reverse transcription was carried out using the One Step
PrimeScript® miRNA ¢DNA Synthesis kit (Takara Bio, Inc.,
Otsu, Japan), according to the manufacturer's protocol.
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Quantitative polymerase chain reaction (QPCR) was
performed using an All-in-One™ miRNA gPCR kit (QP101;
GeneCopoeia, Inc., Guangzhou, China) with an ABI 7500
Real-Time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
All-in-OneTM miRNA gqPCR Primers were used, including a
hsa-miR-106a-5p primer pair (HmiRQP0026) and a HsnRNA
U6 primer pair (HmiRQP9001; GeneCopoeia, Inc.). The PCR
reaction mixture included 10 ul 2X All-in-One™ qPCR mix,
2 ul All-in-One™ miRNA qPCR Primer, 2 ul Universal Adaptor
PCR Primer, 2 ul template cDNA and 4 pl double distilled
water, for a total volume of 20 pul. The reaction mixture was
incubated at 95°C for 10 min, followed by 40 cycles of 95°C
for 15 sec and 60°C for 60 sec. All RT-qPCR reactions were
performed in triplicate.

U6 small nuclear RNA was used as a housekeeping gene to
normalize miRNA expression, and the relative expression of
miR-106a in CRC cells was determined using the comparative
threshold cycle (Cq) method (2449) (17).

Cell Counting kit-8 (CCK-8) assays. HCT116 cells were seeded
into 96-well plates and then transfected with miR-106a mimic
(miR10000103-1-5), miR-106a mimic control (miR01101-1-5),
miR-106a inhibitor (miR20000103-1-5) or miR-106a inhibitor
control (miR02101-1-5; all RiboBio, Guangzhou, China) using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). At 24 h after culture, the cells were harvested and
absorbance values at 450 were determined using CCK-8
reagent (Dojindo Molecular Technologies, Inc., Kumamoto,
Japan) according to the manufacturer's protocol. Tests were
performed in triplicate.

Apoptosis assay.Fluorescein isothiocyanate (FITC)-conjugated
Annexin V and propidium iodide (PI) staining were performed
by means of the Annexin V-FITC Apoptosis Detection kit
(Neobioscience, Shenzhen, China). Following transfection with
miR-106a mimic or inhibitor, or negative control, cells were
cultured for 48 h, resuspended in 1X binding buffer, washed
twice with PBS, and treated with Annexin V-FITC and PI.
Following 10 min of incubation at room temperature in the
dark, cells were submitted to flow cytometry with a BD FACS-
Calibur flow cytometer calibrated with CaliBRITE beads, and
the results were analyzed using CellQuest software (all BD
Biosciences, San Jose, CA, USA). Tests were performed in
quadruplicate.

Early apoptotic cells were located in the lower-right
quadrant, late apoptotic or necrotic cells were located in
the upper-right quadrant, normal cells were located in the
lower-left quadrant and mechanically damaged cells were
located in the upper-left quadrant of the flow cytometric dot
plots (18).

Statistical analysis. Each experiment was conducted at least
three times. All values are presented as the median and 25th
and 75th percentiles or the mean + standard deviation. Differ-
ences were tested for significance using a Student's t-test,
unpaired t-test, Mann-Whitney U test or a two-way analysis of
variance followed by Tukey's post hoc test in SPSS software
(version 19.0; IBM SPSS, Armonk, NY, USA). P<0.05 was
considered to indicate a statistically significant difference.
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Figure 1. Effects of miR-106a on the viability of colorectal cancer cells. (A) Cell viability of HCT116 cells transfected with miR-106a mimic or mimic control.
(B) Relative expression of miR-106a in HCT116 cells transfected with miR-106a mimic or mimic control. (C) Cell viability of HCT116 cells transfected with
miR-106a inhibitor or inhibitor control. (D) Relative expression of miR-106a in HCT116 cells transfected with miR-106a inhibitor or inhibitor control. P-values
are expressed in comparison with the respective controls (Student's t-test). miR-106a, microRNA-106a; OD, optical density.

Results

Effects of miR-106a on CRC cell viability. Our previous
study (19) identified that miR-106a expression was increased
in the plasma of patients with CRC compared with healthy
controls. Therefore, it was hypothesized that miR-106a expres-
sion may be associated with the progress of CRC. In the present
study, the effects of miR-106a on cell viability and apoptosis
in CRC cells were analyzed. First, to measure the effect of
miR-106a on cell viability, a CCK-8 assay was carried out.
HCT116 cells were transfected with miR-106a mimic or mimic
control, miR-106a inhibitor or inhibitor control. Cell viability
curves and, at 24 h after transfection, miR-106a expression
were examined (Fig. 1).

The expression of miR-106a and cell viability were signifi-
cantly upregulated by the miR-106a mimic comparison with
mimic control in HCT116 cells (P<0.01; Fig. 1A and B, respec-
tively). Conversely, following transfection with miR-106a
inhibitor, the viability of HCT116 cells was also significantly
decreased compared with inhibitor control-transfected cells
(P=0.0036; Fig. 1C) and the expression of miR-106a was
significantly decreased (P=0.0004; Fig. 1D). These results
indicated that the miR-106a expression level was positively
associated with CRC cell viability.

Effects of miR-106a on CRC cell apoptosis. The function of
miR-106a on cell apoptosis was determined using flow cytom-
etry. HCT116 cells were transfected with miR-106a mimic or
mimic control, miR-106a inhibitor or inhibitor control. At 48 h
after transfection, the apoptosis rates of HCT116 cells were
determined (Fig. 2).

Following transfection with miR-106a mimic or mimic
control, cell status was determined using flow cytometry, with
early apoptotic cells located in the lower right quadrant of the
plot (Fig. 2A and B). HCT116 cells transfected with miR-106a
mimic exhibited a lower rate of early apoptosis compared with
the control group. The mean + standard deviation early apop-
tosis rates were significantly decreased for the miR-106a mimic
compared with the mimic control (8.68+0.75 vs. 12.45+1.16%,
respectively; P=0.0016; n=4; Fig. 2C).

Flow cytometry was also employed to analyze cells
subsequent to transfection with an miR-106a inhibitor or an
inhibitor control (Fig. 2D and E). HCT116 cells transfected
with miR-106a inhibitor exhibited a higher rate of early apop-
tosis compared with the control group. The mean =+ standard
deviation early apoptosis rates were significantly increased for
the miR-106a inhibitor compared with the inhibitor control
(8.803+0.27 vs. 6.733+0.60%, respectively; P=0.0162; n=4;
Fig. 2F).

These results indicated that the miR-106a mimic decreased
early apoptosis in HCT116 cells, and that the miR-106a inhib-
itor increased early apoptosis in HCT116 cells, suggesting that
miR-106a promoted cell viability by inhibiting early apoptosis
in CRC cells.

Expression of miR-106a is upregulated in human CRC tissues
and plasma. In previous studies (19), miR-106a expres-
sion was upregulated in the serum of patients with CRC.
In the present study, the expression of miR-106a in human
CRC tissues and plasma was determined. It was identi-
fied that the expression level of miR-106a was significantly
upregulated in tumor tissues compared with adjacent tissues
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Table I. Association between miR-106a expression in cancer tissues and clinicopathological characteristics of patients with

colorectal cancer.

miR-106a expression, median

Variables Patients (n=42) (25th and 75th percentile) P-value

Age, years 0.5800
<63 21 26.643 (13.741,72.249)
>63 21 25.934 (14.554,40.273)

Sex 0.6133
Male 23 26.643 (16.049, 50.062)
Female 19 25.934 (12.790, 47.944)

Dukes 0.6311
A,B 19 26.643 (16.049, 74.260)
C,D 23 25.934 (13.316,47.944)

Pathological type 0.0423*
Adenocarcinoma 36 30.493 (15.941,49.824)
Mucinous carcinoma 6 11.939 (4.928, 32.244)

Depth of invasion 0.0431*
T1,T2 9 37.528 (27.910, 286.856)
T3,T4 33 24.340 (13.223,48.528)

Location 0.2610
Colon 21 18.367 (12.665, 42.628)
Rectum 21 39.325 (22.801, 80.544)

Lymph node metastasis 04375
Absent 23 26.643 (15.791,70.237)
Present 19 25.934 (13.316,46.261)

Distant metastasis 0.8700
Absent 33 26.643 (14.129,50.144)
Present 9 23.090 (14.460, 48.162)

Differentiation 0.0382*
Poor 8 12.539 (5.423,33.613)
Moderate-well 34 35.731 (20.439, 60.149)

*P<0.05, Mann-Whitney U test. miR-106a, microRNA-106a.

[median (25th percentile, 75th percentile, 26.2882 (14.5358,
49.3492) vs. 8.7187 (5.4891, 13.6726); P<0.0001; Fig. 3A]. The
association between miR-106a expression in cancer tissues
and clinicopathological characteristics of patients with CRC
was also analyzed (Table I).

miR-106a expression in plasma of patients with CRC or
healthy controls, and pre- or post-surgery in patients with
CRC, was also investigated. The expression level of miR-106a
in plasma was significantly higher in patients with CRC
compared with in the healthy control group, consistent with
our previous study (19) (P=0.0041; Fig. 3B). The healthy
control group contained 42 age-matched healthy individuals
with patients with CRC (data not shown). miR-106a expres-
sion in plasma post-surgery was decreased compared with in
plasma pre-surgery, but no statistically significant difference
was identified (0.16+0.18 vs. 8.80+40.50; P=0.1600; Fig. 3C).
No significant association was identified between miR-106a
expression in plasma and the clinicopathological parameters
of the patients with CRC (data not shown). The sensitivity

and specificity of miR-106a were analyzed using a receiver
operating characteristic curve in CRC diagnosis (Fig. 3D).

miR-106a expression in CRC tissues is associated with differ-
entiation and pathological type. The expression of miR-106a
in CRC tissues was identified to be associated with the
differentiation and pathological type of tumor, by analyzing
the clinicopathological characteristics of CRC patients. The
expression level of miR-106a in CRC tissues was signifi-
cantly increased in patients with adenocarcinoma compared
with in patients with mucinous carcinoma (100.96+262.20
vs. 18.14+18.22; P=0.0348; Fig. 4A). miR-106a expression
in CRC tissues was also increased in patients exhibiting
moderate-well differentiation compared with that in patients
exhibiting poor differentiation (108.87+272.79 vs. 18.12+19.20;
P=0.0343; Fig. 4B).

The underlying molecular mechanism of increased miR-106a
expression in adenocarcinoma and moderate-well differentiation
CRC requires further investigation. No significant association
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Figure 2. Effects of miR-106a on apoptosis of colorectal cancer cells. HCT116 cells were transfected with (A) mimic control or (B) miR-106a mimic, and
(C) the proportion of cells in early apoptosis was quantified. HCT116 cells were transfected with (D) inhibitor control or (E) miR-106a inhibitor mimic, and
(F) the proportion of cells in early apoptosis was quantified. Results are representative of at least 3 independent experiments. P-values were calculated with an
unpaired t-test and are expressed in comparison with the respective controls. miR-106a, microRNA-106a; FITC, fluorescein isothiocyanate.

was identified between miR-106a expression and other clinico-
pathological characteristics, such as sex, age, distant metastasis,
Dukes staging, tumor location and lymph node metastasis.

Discussion

miR-106a was identified to serve an oncogenic role in carci-
nogenesis (20,21). miR-106a enhanced the invasiveness of

human glioma stem cells, pancreatic cancer, gastric cancer
and glioblastoma (22-24).

The results of the present study indicated that overex-
pression of miR-106a by transfection with miR-106a mimic
increased the viability and suppressed early apoptosis of
HCT116 cells. Knocking down the miR-106a expression by
miR-106a inhibitor identified that cell viability was inhibited
and the number of pro-apoptotic cells was upregulated. These
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results suggested that miR-106a served an important role in
the viability and apoptosis of CRC cells.

miR-106a expression was determined in CRC tissues, and
the association between miR-106a expression and clinicopatho-
logical data was analyzed. The expression level of miR-106a
in CRC tissues was significantly upregulated in CRC tissues
compared with adjacent tissues. More importantly, an increased
association was identified between miR-106a expression and
pathological type, differentiation and depth of invasion. The
expression levels of miR-106a were increased in adenocar-
cinoma compared with mucinous carcinoma (P=0.0423).
The expression of miR-106a was identified to be positively

associated with differentiation. The well-differentiated CRC
tissues exhibited an increased expression level of miR-106a
compared with poorly differentiated CRC tissues (P=0.0382).
However, miR-106a expression was not identified to be associ-
ated with other clinicopathological characteristics, including
sex, age, distant metastasis, Dukes staging, tumor location and
lymph node metastasis (P>0.05). These results are in contrast
with a previous study identifying that miR-106a exhibited an
increased expression level in rectal tumors (25).

A number of studies have focused on circulating miRNAs,
which have been reported as an effective and non-invasive
biomarker for detecting various cancers or other diseases (26-28).
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In our previous study, the plasma level of miR-106a was signifi-
cantly increased in patients with CRC compared with healthy
controls (19). The expression of miR-106a was also determined
in the plasma of 40 patients with CRC and 40 healthy indi-
viduals, and the expression level of miR-106a was significantly
increased in patients with CRC compared with in the healthy
control group. In the present study, although the plasma levels
of miR-106a were analyzed in patients with CRC at different
clinical status (age, tumor size, tumor-node-metastasis stage or
metastasis), no significant difference was identified. No signifi-
cant alterations in the miR-106a expression were identified
following surgery compared with its preoperative level, which is
in contrast with previous results (19). It is hypothesized that this
may be due to the limited sample size. Therefore, expanding the
sample size in future research may provide more insight into the
underlying molecular mechanism.

It was hypothesized that miR-106a served an important role
in carcinogenesis of CRC. In the present study, the focus was on
analyzing the effect of miR-106a in CRC cell apoptosis, viability
and the alterations in miR-106a expression in CRC tissues.

miR-106a may be a potential biomarker in the diagnosis
of CRC, particularly in the diagnosis of colorectal adenocar-
cinoma. miR-106a serves important roles in the differentiation
of colorectal adenocarcinoma, CRC progression, CRC cell
viability and apoptosis. miR-106a may be associated with the
migration and invasion of cancer cells. Increased accuracy
could be obtained if a number of types of circulating miRNAs
are combined to provide a clinical diagnosis of CRC. Further
research is required to elucidate the role of miR-106a in tumor
progression and its complicated interactions with oncogenes
and tumor suppressors. Further study is required to elucidate
the underlying molecular mechanism of miR-106a in the
development of CRC.
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