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Abstract. Colorectal cancer (CRC) is a common digestive 
system malignancy and a major cause of cancer‑associated 
mortality worldwide. Aberrant expression of long non‑coding 
RNAs has been reported in several types of cancer. The aim of 
the present study was to investigate the role of ovarian tumor 
domain containing  6B antisense RNA1  (OTUD6B‑AS1) 
in CRC and its underlying mechanisms. OTUD6B‑AS1 
expression in CRC cell lines was examined using reverse 
transcription‑quantitative PCR. Furthermore, The Cancer 
Genome Atlas database was utilized to examine the expres‑
sion levels of OTUD6B‑AS1 in CRC tissues. Following 
OTUD6B‑AS1 overexpression, Cell Counting Kit‑8 and colony 
formation assays were used to detect the proliferation ability 
of HCT116 cells. The expression levels of proliferation‑related 
protein Ki67 were determined using immunofluorescence 
staining. Subsequently, Transwell and wound healing assays 
were used to evaluate the invasion and migration of HCT116 
cells, respectively. The expression levels of migration‑related 
proteins (MMP2 and MMP9) were measured using western 
blotting. Additionally, a luciferase reporter assay was used to 
verify the potential interaction between OTUD6B‑AS1 and 
microRNA‑3171 (miR‑3171). Subsequently, rescue assays were 
performed to clarify the regulatory effects of OTUD6B‑AS1 
and miR‑3171 on CRC development. The results demon‑

strated that OTUD6B‑AS1 expression was low in CRC cells 
and tissues. Overexpression of OTUD6B‑AS1 inhibited 
the proliferation, invasion and migration of HCT116 cells. 
Furthermore, miR‑3171 was demonstrated to be a direct target 
of OTUD6B‑AS1 using a luciferase reporter assay. The rescue 
assays revealed that miR‑3171 mimics markedly reversed 
the inhibitory effects of OTUD6B‑AS1 overexpression on 
proliferation, invasion and migration of CRC cells. Overall, 
these findings demonstrated that OTUD6B‑AS1 overexpres‑
sion inhibited the proliferation, invasion and migration of 
HCT116 cells via downregulation of miR‑3171, suggesting 
that OTUD6B‑AS1 may serve as a novel biomarker for CRC 
treatment.

Introduction

Colorectal cancer (CRC) was the third most common cause of 
cancer‑associated mortality worldwide, and caused approxi‑
mately 900,000  deaths in 2013  (1). Due to technological 
advances in colonoscopy and other screening measures, the 
health condition of patients with CRC has improved in recent 
years. However, it has been estimated that the overall inci‑
dence of CRC worldwide will increase by 60% to >2.2 million 
cases and 1.1 million deaths by 2030 (2). Notably, CRC inci‑
dence and mortality rates are increasing rapidly in developing 
countries (3). Furthermore, the incidence of CRC in the young 
generation is rising, as epidemiological studies have noted the 
rising numbers of adolescents and adults <50 years old who are 
diagnosed with this disease (4,5). Genetic and lifestyle factors 
are the major contributors to the disease; however, the exact 
pathogenesis of CRC is unknown. Therefore, it is important to 
identify a novel target for the diagnosis and clinical treatment 
of CRC.

Long non‑coding RNAs (lncRNAs) represent a class of 
transcripts with a length >200 nucleotides, and do not exhibit 
any capacity to encode proteins (6). lncRNAs are indispens‑
able regulators in the process of gene expression, and emerging 
evidence has revealed the involvement of lncRNAs in cancer 
development and progression, since several studies have 
identified that the aberrant expression of lncRNAs is closely 
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associated with biological behaviors of malignant carcinoma 
cells, such as proliferation, invasion and metastasis  (7,8). 
lncRNA ovarian tumor domain containing 6B antisense RNA1 
(OTUD6B‑AS1) is oriented in an antisense direction relative 
to the protein‑coding gene OTUD6B on the opposite DNA 
strand (9). OTUD6BAS1 is located on chromosome 8q21.3 
and has 2,179 bp (NR_110439, ENST00000524003.1) (10). A 
previous study has demonstrated that OTUD6B‑AS1 expres‑
sion is downregulated in clear cell renal cell carcinoma tissue 
samples, while overexpression of OTUD6B‑AS1 inhibits cell 
proliferation, migration and invasion of clear cell renal cell 
carcinoma (11). However, to the best of our knowledge, the role 
of OTUD6B‑AS1 in CRC has not yet been determined.

MicroRNAs (miRNAs/miRs) are highly conserved endog‑
enous non‑coding RNAs that are ~22 nucleotides long. They 
have been demonstrated to serve important roles in a variety 
of biological processes, including development, differentiation 
and signaling (12‑15). Dysregulated miRNAs may function 
as either tumor suppressors or oncogenes in carcinoma by 
targeting each one of these features (16). Using Starbase, it 
was predicted that OTUD6B‑AS1 can bind to miR‑3171. 
Studies have demonstrated that miR‑3171 expression is 
abnormally increased in bladder cancer and hepatocellular 
carcinoma tissues (17,18). Therefore, it was hypothesized that 
OTUD6B‑AS1 could exert certain effects on the proliferation, 
invasion and migration of CRC cells by regulating miR‑3171.

To the best of our knowledge, the present study was the 
first to investigate the role of OTUD6B‑AS1 in CRC, and to 
examine whether OTUD6B‑AS1 could affect the proliferation, 
invasion and migration of CRC cells by regulating miR‑3171.

Materials and methods

The Cancer Genome Atlas (TCGA) database analysis. Human 
RNA‑sequencing data from colorectal cancer projects, which 
included 482 patients with CRC and 155 normal tissues (project 
no. TCGA‑COAD) were obtained by TCGA (https://portal.gdc.
cancer.gov/) analysis in the UALCAN database (ualcan.path.
uab.edu/) (19). A Mann‑Whitney test was used to determine 
the statistical significance of the difference in OTUD6B‑AS1 
expression between normal and tumor samples.

Cell culture. CRC cell lines (Caco2, HCT116, LoVo, SW480 and 
SNU‑C1) and the normal intestinal epithelial cell line (HIEC) 
were purchased from American Type Culture Collection. All 
cell lines were routinely maintained in RPMI‑1640 medium 
(HyClone; Cytiva) supplemented with 10%  FBS (Gibco; 
Thermo Fisher Scientific, Inc.), 100  U/ml penicillin and 
100 µg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, 
Inc.). Cells were cultured in a humidified incubator at 37˚C 
with 5% CO2. The culture medium was replaced every 3 days. 
Cells were passaged when 80% confluence was reached.

Cell transfection. The OTUD6B‑AS1 overexpression plasmid 
(Oe‑OTUD6B‑AS1; 1  µg) and empty vector (Oe‑NC; 
1 µg) were obtained from Shanghai GenePharma Co., Ltd. 
miR‑3171 mimics (40 nM; cat. no. miR10015046‑1‑5) and 
corresponding scrambled mimic negative control (mimic‑NC; 
40 nM; cat. no. miR1N0000001‑1‑5) were purchased from 
Guangzhou RiboBio Co., Ltd. Cells (1x106 cells/well) were 

transfected with the aforementioned oligonucleotides using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocols at 37˚C for 
48 h. At 48 h after transfection, HCT116 cells were harvested 
for further experiments, and successful transfection was veri‑
fied using reverse transcription‑quantitative PCR (RT‑qPCR).

RT‑qPCR. Total RNA was extracted from HCT116 cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
Total RNA was then reverse transcribed into cDNA at 42˚C for 
30 min using a reverse transcription kit (PrimeScript™ RT 
Reagent Kit; Takara Bio, Inc.). qPCR was performed using 
iTaq™ Universal SYBR®‑Green Supermix (Bio‑Rad 
Laboratories, Inc.) on an ABI  7500 instrument (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The following ther‑
mocycling conditions were used: Pre‑denaturation at 95˚C for 
10 min, denaturation at 95˚C for 15 sec and annealing at 60˚C 
for 1 min (40 cycles). The sequences of the gene‑specific primers 
used in the present study were as follows: lncRNA OTUD6B‑AS1 
forward, 5'‑AGCACACCCAGTCAGAAACCAG‑3' and reverse, 
5'‑TCTACAAACGGGAATGTCG‑3'; miR‑3171 forward, 
5'‑AGATGTATGGAATCTGTATATA‑3' and reverse, 5'‑GAA 
CATGTCTGCGTATCTC‑3'; GAPDH forward, 5'‑TGTGGG 
CATCAATGGATTTGG‑3' and reverse, 5'‑ACACCATGTATT 
CCGGGTCAAT‑3'; and U6 forward, 5'‑TCTGCTCCTATCC 
CAATTACCTG‑3' and reverse, 5'‑ACTCCCGGATCTCTTCT 
AAGTTG‑3'. GAPDH and U6 were used as internal controls for 
OTUD6B‑AS1 and miR‑3171, respectively, and relative expres‑
sion was calculated based on the 2‑ΔΔCq method (20).

Cell Counting Kit‑8 (CCK‑8) assay. HCT116 cells were seeded 
into a 96‑well plate at a density of 2x104 cells/well and cultured 
at 37˚C with 5% CO2. Following transfection for 24, 48 and 
72 h, 10 µl CCK‑8 solution [OBiO Technology (Shanghai) 
Corp., Ltd.] was added to each well. Following incubation at 
37˚C for 4 h, the absorbance at 450 nm was detected using a 
spectrophotometer (Thermo Fisher Scientific, Inc.).

Colony formation assay. The HCT116 cells (0.5x103 cells/well) 
were seeded in a six‑well plate and cultured for 10 days after 
treatment. Subsequently, colonies were fixed with 10% form‑
aldehyde for 10 min at room temperature and stained with 
0.5% crystal violet for 5 min at room temperature. The number 
of colonies was counted using ImageJ software (version 1.52r; 
National Institutes of Health) and images were captured under 
a fluorescence inversion microscope (Olympus Corporation).

Immunofluorescence staining. Treated HCT116 cells were 
fixed with 4% paraformaldehyde for 30 min at 37˚C, and then 
0.5% Triton X‑100 was used to permeabilize the cells at room 
temperature for 20 min. After blocking with 5% BSA (Beyotime 
Institute of Biotechnology) for 1 h at room temperature, slides 
were incubated overnight at 4˚C with a primary antibody against 
Ki67 (cat. no. ab15580; dilution, 1:1,000; Abcam). Subsequently, 
the slides were incubated with a fluorescent secondary anti‑
body (cat. no. BA1105; dilution, 1:10,000; Boster Biological 
Technology) for 1 h in a wet box at room temperature in the 
dark. Finally, DAPI was used to counterstain the nuclei at room 
temperature for 15 min. Images were captured under a fluores‑
cence inversion Olympus microscope (Olympus Corporation).
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Luciferase reporter assay. Potential target genes of lncRNA 
OTUD6B‑AS1 were predicted using an online bioinformatics 
software Starbase  2.0 (http://starbase.sysu.edu.cn/)  (21). 
HCT116 cells were reseeded into 24‑well plates and cultured 
for 24 h. The fragments of OTUD6B‑AS1 containing predicted 
wild‑type  (WT) and mutant  (MUT) miR‑3171 binding 
sequences were amplified by Shanghai GenePharma Co., Ltd., 
and inserted into the luciferase reporter gene of the pmirGLO 
vector (Promega Corporation) to produce the reporter 
plasmids OTUD6B‑AS1‑WT and OTUD6B‑AS1‑MUT, 
respectively. Subsequently, the cells (1x104 cells/well) were 
co‑transfected with plasmids and miR‑3171 mimic (40 nM; 
cat. no. miR10015046‑1‑5; Guangzhou RiboBio Co., Ltd.) 
or mimic‑NC vector (40 nM; cat. no. miR1N0000001‑1‑5; 
Guangzhou RiboBio Co., Ltd.) using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) for 24 h. At 48 h 
after transfection, the culture medium was removed and the 
cells were rinsed twice with PBS. The HCT116 cells were 
lysed to obtain cell lysates, which were swirled for 10 min and 
centrifuged at 12,000 x g for 10 min at 4˚C, and the superna‑
tant was transferred to a new Eppendorf tube. According to the 
instructions of the dual‑luciferase reporter assay kit (Beijing 
Solarbio Science & Technology Co., Ltd.), the fluorescence 
value was used as an internal reference, and the fluorescence 
value was detected using an enzyme marker. The results were 
normalized to Renilla luciferase activity.

Transwell assay. The invasion ability of HCT116 cells was 
evaluated using Transwell assay (pore size, 8.0 µm; Corning 
Inc.) coated with Matrigel (BD Biosciences) overnight at 37˚C. 
A total of 2x104 HCT116 cells in serum‑free medium were 
seeded into each upper chamber. DMEM containing 10% FBS 
was added to the lower chamber as a chemoattractant. After 
48 h of incubation at 37˚C, 4% paraformaldehyde was used to fix 
invasive cells for 30 min at room temperature and 0.1% crystal 
violet was subsequently applied to stain cells for 30 min at 
room temperature. Images were obtained under an inverted 
light microscope and the numbers of invasive HCT116 cells 
were counted using ImageJ software (version 1.52r; National 
Institutes of Health).

Wound healing assay. HCT116 cells from each group 
were collected and seeded into 6‑well plates at a density of 
1x106 cells/ml. When the cells completely covered the bottom 
of the well, a vertical line was drawn across the well with a 
10‑µl pipette tip. HCT116 cells were washed with PBS three 
times to remove cell debris, and subsequently visualized 
under an inverted microscope. The images were labeled as 
0 h. Subsequently, the medium was replaced with serum‑free 
medium and cells were continuously cultured for 24 h. Images 
were captured under an inverted light microscope and labeled 
as 24 h. The 0 h images were used as a reference. The rela‑
tive cell migration was analyzed using ImageJ software 
(version 1.52r; National Institutes of Health).

Western blot analysis. The samples were collected from 
HCT116 cells using RIPA buffer (Beyotime Institute of 
Biotechnology). Afterwards, the concentration of proteins 
was measured using the BCA method (Beyotime Institute 
of Biotechnology). Subsequently, the proteins (40 µg/lane) 

were separated on a 10% SDS‑PAGE gel (Beyotime Institute 
of Biotechnology). The proteins were transferred to PVDF 
membranes (EMD Millipore). The PVDF membranes were 
blocked with 5%  non‑fat milk powder for 1.5  h at room 
temperature. Then, the membranes were incubated with 
primary antibodies at 4˚C overnight. Primary antibodies, 
including anti‑MMP2 (cat. no. 40994S; dilution, 1:1,000), 
anti‑MMP9 (cat. no.  13667T; dilution, 1:1,000) and the 
loading control anti‑GAPDH (cat. no. 5174T; dilution, 1:1,000), 
were purchased from Cell Signaling Technology,  Inc. On 
the next day, the membranes were washed with PBS with 
0.2% Tween‑20 (PBST) three times and probed with horse‑
radish peroxidase‑conjugated secondary antibodies (cat. 
no. sc‑2004; dilution, 1:3,000; Santa Cruz Biotechnology, Inc.) 
for 1.5 h at room temperature. Afterwards, the immunoreac‑
tive bands were washed with PBST again. Finally, the signal 
was monitored and visualized using an enhanced chemilumi‑
nescence assay (EMD Millipore) and the Odyssey Infrared 
Imaging system (LI‑COR Biosciences). GAPDH was used as 
an internal control. The intensity of the bands was semi‑quan‑
tified using ImageJ software (version 1.52r; National Institutes 
of Health).

Statistical analysis. All experiments were repeated three 
times independently. Data are presented as the mean ± stan‑
dard deviation and were analyzed using GraphPad Prism 
software (version 6.0; GraphPad Software, Inc.). Comparisons 
between groups were performed using an unpaired t‑test, and 
multiple comparisons were performed using one‑way ANOVA 
followed by Tukey's post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

OTUD6B‑AS1 expression is downregulated in HCT116 cells 
and CRC tissues. As predicted by TCGA, OTUD6B‑AS1 
expression was markedly downregulated in CRC tissues 
compared with in normal tissues  (Fig.  1A). Furthermore, 
the expression levels of OTUD6B‑AS1 were assessed in 
different CRC cell lines and in normal HIEC cells. Compared 

Figure 1. OTUD6B‑AS1 is expressed at low levels in CRC tissues and several 
CRC cell lines (Caco2, HCT116, LoVo, SW480 and SNU‑C1). (A) TCGA was 
used to determine the mRNA expression levels of OTUD6B‑AS1 in CRC tumor 
tissues and adjacent non‑tumor tissues. ****P<0.0001 vs. normal. (B) Expression 
levels of OTUD6B‑AS1 in CRC cell lines were measured by reverse transcrip‑
tion‑quantitative PCR. **P<0.01 and ***P<0.001 vs. HIEC. OTUD6B‑AS1, 
ovarian tumor domain containing 6B antisense RNA1; CRC, colorectal cancer; 
lncRNA, long non‑coding RNA; TCGA, The Cancer Genome Atlas.
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with those in normal HIEC cells, the expression levels of 
OTUD6B‑AS1 in CRC cell lines (Caco2, HCT116, LoVo, 
SW480 and SNU‑C1) were markedly downregulated, particu‑
larly in HCT116 cells (Fig. 1B). Therefore, HCT116 cells were 
selected for subsequent experiments.

Overexpression of OTUD6B‑AS1 inhibits the proliferation, 
invasion and migration of HCT116 cells. After constructing 
the overexpression plasmid of OTUD6B‑AS1, transfection 
efficiency was verified by RT‑qPCR, and it was demonstrated 
that OTUD6B‑AS1 expression was significantly upregu‑
lated in the Oe‑OTUD6B‑AS1 group compared with the 
Oe‑NC group (Fig. 2A). The results of CCK‑8 and colony 
formation assays revealed that the proliferation and colony 
formation abilities of cells in the Oe‑OTUD6B‑AS1 
group were inhibited compared with those in the Oe‑NC 
group  (Fig.  2B  and  C). Additionally, an immunofluores‑

cence assay revealed a decrease in the expression levels of 
proliferation‑related protein Ki67 following OTUD6B‑AS1 
overexpression (Fig. 2D). Furthermore, as shown in Fig. 3A‑D, 
OTUD6B‑AS1 overexpression notably suppressed the invasion 
and migration of HCT116 cells compared with those of cells in 
the empty vector (Oe‑NC) group. Additionally, the expression 
levels of migration‑associated proteins, including MMP2 and 
MMP9, were decreased in the overexpression group (Fig. 3E). 
Therefore, it could be concluded that the overexpression of 
OTUD6B‑AS1 suppressed the proliferation, invasion and 
migration of CRC cells.

miR‑3171 is a direct target of OTUD6B‑AS1. The binding site 
between OTUD6B‑AS1 and miR‑3171 was predicted using 
Starbase 2.0 (Fig. 4A). Subsequently, RT‑qPCR was utilized 
to detect the expression levels of miR‑3171 in CRC cell lines 
and HIEC cells. It was identified that miR‑3171 expression was 

Figure 2. Overexpression of OTUD6B‑AS1 inhibits the proliferation of HCT116 cells. (A) mRNA expression levels of OTUD6B‑AS1 were determined using 
reverse transcription‑quantitative PCR following transfection with OTUD6B‑AS overexpression plasmid. The proliferation of HCT116 cells was measured 
using (B) Cell Counting Kit‑8 and (C) colony formation assays. (D) Expression levels of proliferation‑related protein Ki67 were detected by immunofluores‑
cence staining. Magnification, x200. *P<0.05 and ***P<0.001 vs. Oe‑NC. OTUD6B‑AS1, ovarian tumor domain containing 6B antisense RNA1; NC, negative 
control; Oe, overexpression; OD, optical density; lncRNA, long non‑coding RNA.
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Figure 4. miR‑3171 is a direct target of OTUD6B‑AS1. (A) Binding region between OTUD6B‑AS1 and miR‑3171. (B) Expression levels of miR‑3171 in 
colorectal cancer cell lines (Caco2, HCT116, LoVo, SW480 and SNU‑C1) were detected by RT‑qPCR. *P<0.05, ***P<0.001 vs. HIEC. (C) RT‑qPCR was 
used to evaluate the expression levels of miR‑3171 after transfection. ***P<0.001 vs. mimic‑NC. (D) A luciferase reporter assay was performed to detect the 
relative luciferase activity. **P<0.01 vs. mimic‑NC. (E) RT‑qPCR was used to assess the expression levels of miR‑3171 following OTUD6B overexpression. 
***P<0.001 vs. Oe‑NC. OTUD6B‑AS1, ovarian tumor domain containing 6B antisense RNA1; NC, negative control; Oe, overexpression; WT, wild‑type; 
MUT, mutant; miR‑3171, microRNA‑3171; RT‑qPCR, reverse transcription‑quantitative PCR; luc/R‑Luc, luciferase activity/Renilla luciferase activity.

Figure 3. Overexpression of OTUD6B‑AS1 suppresses the invasion and migration of HCT116 cells. (A) The invasive ability of HCT116 cells was detected 
using a Transwell assay. Magnification, x100. (B) Relative number of invaded cells. (C) The migratory activity of cells was evaluated using a scratch wound 
healing assay. Magnification, x200. (D) Relative migration rate. (E) Expression levels of migration‑related proteins were measured by western blot analysis. 
All band images presented were obtained from the same representative gel. ***P<0.001 vs. Oe‑NC. OTUD6B‑AS1, ovarian tumor domain containing 6B 
antisense RNA1; NC, negative control; Oe, overexpression.
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markedly upregulated in CRC cell lines compared with in the 
HIEC cell line, particularly in HCT116 cells (Fig. 4B). The 
miR‑3171 level was markedly elevated following transfection 
with miR‑3171 mimic (Fig. 4C). The dual‑luciferase reporter 
assay demonstrated the binding of miR‑3171 and OTUD6B‑AS1, 
since the miR‑3171 mimic + OTUD6B‑AS1 WT group exhib‑
ited lower luciferase activity compared with the mimic‑NC + 
OTUD6B‑AS1 WT group (Fig. 4D). As expected, the results of 
the RT‑qPCR assay (Fig. 4E) indicated that miR‑3171 expression 
was markedly reduced following OTUD6B‑AS1 overexpression 
compared with that in the OE‑NC group. These results suggested 
that miR‑3171 is a direct target of OTUD6B‑AS1.

OTUD6B‑AS1 suppresses the proliferation, invasion and 
migration of HCT116 cells by targeting miR‑3171. To determine 
whether OTUD6B‑AS1 can exert its effects on proliferation, 
invasion and migration of HCT116 cells by targeting miR‑3171, 
a series of functional experiments was performed. As shown 
in Fig. 5A‑C, co‑transfection of OTUD6B‑AS1 overexpres‑
sion plasmid and miR‑3171 mimics reversed the inhibitory 
effects of OTUD6B‑AS1 overexpression alone on the prolif‑
eration, colony formation abilities and the Ki67 expression of 
HCT116 cells. Furthermore, the addition of miR‑3171 mimics 
attenuated the effects of OTUD6B‑AS1 overexpression on the 
invasive and migratory abilities of HCT116 cells (Fig. 6A‑D). 

Figure 5. miR‑3171 mimic reverses the inhibitory effect of OTUD6B‑AS1 overexpression on the proliferation of HCT116 cells. The proliferation of HCT116 
cells was examined using (A) Cell Counting Kit‑8 and (B) colony formation assays following co‑transfection of OTUD6B‑AS1 overexpression plasmid and 
miR‑3171 mimic. (C) Expression of proliferation‑related protein Ki67 was detected by immunofluorescence staining. Magnification, x200. *P<0.05 and 
***P<0.001 vs. Oe‑NC; ##P<0.01 vs. Oe‑OTUD6B‑AS1+mimic‑NC. OTUD6B‑AS1, ovarian tumor domain containing 6B antisense RNA1; NC, negative 
control; Oe, overexpression; miR‑3171, microRNA‑3171; OD, optical density.
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Additionally, the expression levels of migration‑associated 
proteins were elevated when the HCT116 cells with overex‑
pression of OTUD6B‑AS1 were co‑transfected with miR‑3171 
mimic (Fig. 6E). These results indicated that OTUD6B‑AS1 
inhibited the proliferation, invasion and migration of HCT116 
cells by targeting miR‑3171.

Discussion

CRC is the third most common type of cancer worldwide, and 
is a leading cause of mortality that threatens tens of thousands 
of lives  (22,23). During the initiation and development of 
CRC, various germline and somatic mutations assemble (24). 
With the help of advanced technology for the screening and 
treatment of CRC, the number of individuals >50 years old 
who are suffering from CRC is lower than several decades 
ago; however, the incidence is rising in young patients (25,26). 
Due to the low survival rate and complex molecular mecha‑
nism underlying CRC tumorigenesis, it is necessary to 
identify novel and effective biomarkers for the treatment of 
the disease.

lncRNAs serve as important regulators in diverse physi‑
ological and pathological processes (27). Previous studies have 
revealed that lncRNAs are involved in all stages of carcino‑
genesis and tumor progression, such as tumor growth, tumor 
metastasis and tumor angiogenesis (6,28). Several lncRNAs 
have been demonstrated to be associated with the entire 
process of CRC development. For example, glycolysis‑asso‑
ciated lncRNA of colorectal cancer serves as an oncogene in 
colorectal carcinogenesis, and it can stabilize c‑Myc to exert 
its promoting effect on CRC and glucose metabolism (26). 
Colorectal cancer‑associated lncRNA could stimulate CRC 
progression via activation of the Wnt/β‑catenin signaling 
pathway by suppressing the activator protein 2α (29). HOX 
transcript antisense RNA, which is highly expressed in a 
large number of cancer cells, can regulate the methylation 
levels of histone H3K27, thus contributing to CRC develop‑
ment  (30). These lncRNAs with abnormal expression in 
different phases of tumors could be potential diagnostic 
and prognostic markers (31). A previous study has demon‑
strated that overexpression of OTUD6B‑AS1 could inhibit 
the proliferation, invasion and migration of renal clear cell 

Figure 6. miR‑3171 overexpression alleviates the inhibitory effects of OTUD6B‑AS1 overexpression on the invasion and migration of HCT116 cells. (A) Invasive 
ability of HCT116 cells detected using a Transwell assay. Magnification, x100. (B) Relative number of invaded cells. (C) Representative images and (D) relative 
quantification of cell migration, as examined using a scratch assay. Magnification, x100. (E) Expression levels of migration‑related proteins were examined by 
western blotting. All band images presented were obtained from the same representative gel. ***P<0.001 vs. Oe‑NC; #P<0.05 and ##P<0.01 vs. Oe‑OTUD6B‑A
S1+mimic‑NC. OTUD6B‑AS1, ovarian tumor domain containing 6B antisense RNA1; NC, negative control; Oe, overexpression; miR‑3171, microRNA‑3171.



WANG et al:  ROLES OF OTUD6B-AS1 IN COLORECTAL CANCER8

carcinoma cells  (11). When analyzing data from TCGA, it 
was revealed that the levels of OTUD6B‑AS1 in CRC tissues 
were notably decreased compared with those in the adjacent 
non‑tumor tissues, suggesting a potential antitumor effect 
of OTUD6B‑AS1 in CRC progression. It is well‑known that 
abnormal and uncontrolled proliferation is a characteristic 
of cancer cells (32). Furthermore, invasion and migration are 
considered to be two dominant processes for tumor metastasis, 
which leads to cancer‑associated mortality (33). Thus, inter‑
ruption of the aforementioned processes is an effective method 
for the inhibition of cancer metastasis. Therefore, the present 
study aimed to investigate whether OTUD6B‑AS1 can have 
an effect on the proliferation, invasion and migration of CRC 
cells. The present study demonstrated that OTUD6B‑AS1 
expression was decreased in CRC cells compared with in a 
normal intestinal epithelial cell line, which was in accordance 
with the results of TCGA database analysis. Furthermore, 
overexpression of OTUD6B‑AS1 inhibited the proliferation, 
migration and invasion of CRC cells.

Evolutionarily conserved miRNAs can suppress gene 
expression at the posttranscriptional level (34). Furthermore, 
they are considered to mediate the expression levels of ≥30% 
of all protein‑coding genes, and are involved in most cellular 
processes  (35). Over the past few decades, the aberrant 
expression profile of miRNAs has been frequently recog‑
nized in the peripheral blood and tumor tissue specimens 
from patients with CRC, hinting at the oncogenic effects of 
miRNAs in various types of cancer (36,37). The upregula‑
tion of miR‑135b has been commonly detected in patients 
with CRC by functional screening, and is associated with the 
clinical stage and cancer‑specific survival of patients (38). 
Additionally, increased expression levels of miR‑31 in patients 
with CRC are associated with poor prognosis (39). It has been 
hypothesized that the inhibition of dysregulated miRNAs 
could decrease the activity of CRC cells (40). In the present 
study, a binding site between OTUD6B‑AS1 and miR‑3171 
was predicted using the Starbase database, and miR‑3171 
expression was upregulated in HCT116 cells. Therefore, it was 
hypothesized that OTUD6B‑AS1 could inhibit CRC progres‑
sion via inhibition of miR‑3171 expression. To further verify 
this hypothesis, another RT‑qPCR assay was performed and 
revealed that miR‑3171 expression was markedly reduced 
following OTUD6B‑AS1 overexpression. In a series of assays, 
it was observed that the additional treatment with miR‑3171 
mimics following OTUD6B‑AS1 overexpression in HCT116 
cells promoted the proliferation, invasion and migration of 
HCT116 cells, suggesting that OTUD6B‑AS1 overexpression 
inhibited the proliferation, invasion and migration of HCT116 
cells via downregulation of miR‑3171 expression.

In conclusion, to the best of our knowledge, the present 
study was the first to investigate the role of OTUD6B‑AS1 in 
CRC cells, and to reveal that lncRNA OTUD6B‑AS1 over‑
expression inhibited the proliferation, invasion and migration 
of HCT116 cells, at least partially, by targeting miR‑3171. 
Therefore, OTUD6B‑AS1 may serve as a potential novel 
biomarker and target for the diagnosis and treatment of CRC. 
However, the use of only one CRC cell line in the cell function 
experiments and mechanism experiments, and lack of data 
obtained from clinical samples and investigations in animal 
models were limitations of the present study. Therefore, a 

comprehensive analysis is required in the future. Additionally, 
the use of only one TCGA dataset to investigate OTUD6B‑AS1 
expression is another limitation of the present study, and future 
studies should improve upon this and the other limitations.
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