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Background: lncRNAs are widely involved in multiple malignancies including colorectal 

cancer (CRC). The expression and function of long intergenic non-protein coding RNA 460 

(LINC00460) in CRC remains obscure.

Methods: In the present study, quantitative real-time PCR assays were applied to detect 

the expression changes of LINC00460 and microRNA-939-5p (miR-939-5p) in CRC tissue 

specimens and cell lines. Western blot assays were used to measure the changes of LIMK2. 

Bioinformatics analysis, luciferase assays, and RNA pull-down assays were applied to deter-

mine the targeting binding effect between LINC00460 and miR-939-5p as well as LIMK2 and 

miR-939-5p. Transwell assays were used to evaluate the metastatic ability changes of CRC line 

HT29 and LOVO cells.

Results: We found that LINC00460 was upregulated and closely correlated to clinicopathological 

features and poor prognosis of patients with CRC. Functionally, we elucidated that LINC00460 

promoted metastasis in CRC cell lines HT29 and LOVO. Further, we showed that LIMK2 was 

a downstream effector in the LINC00460-induced promotion of metastasis in CRC cells HT29 

and LOVO. Through online bioinformatics analysis, LINC00460 and LIMK2 were demonstrated 

to share similar microRNA response elements for miR-939-5p. Then, LINC00460 and LIMK2 

were verified to be the targets of miR-939-5p via a luciferase assay and an RNA pull-down 

assay. Also, miR-939-5p was showed to suppress metastasis by targeting of LIMK2. Lastly, we 

revealed that LINC00460 promoted LIMK2-mediated metastasis via miR-939-5p sponging in 

CRC cells HT29 and LOVO.

Conclusion: The findings of this study showed that LINC00460 works as an oncogene in CRC 

and promoted CRC cell metastasis via regulation of miR-939-3p/LIMK2 axial. The present 

study might provide a new target in treating CRC.
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Introduction
As one of the leading causes of cancer mortality, colorectal cancer (CRC) ranks as the 

third most common malignancies worldwide.1 It is reported that about 50%–60% of 

patients with CRC die from distant metastasis, especially liver metastasis.2 Most CRC 

patients with liver metastasis have a short 5-year survival rate of <10%, because of their 

non-adaptation to surgical treatment.3 Therefore, it is of great urgency to identify new 

molecules and the underlying mechanisms associated with metastasis development.

lncRNAs are a class of novel identified transcribed RNAs with >200 nucleotides 

in length.4 Recent evidences have revealed that lncRNAs frequently participate 
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in various diseases, particularly in malignancies.5–7 As a 

member of lncRNAs, long intergenic non-protein coding 

RNA 460 (LINC00460) is located on chromosome 13q33.2 

and is involved in several cancers. Liang et al showed that 

LINC00460 was overexpressed and promoted carcinogenesis 

in esophageal squamous cell carcinoma.8 Xing et al reported 

that LINC00460 was upregulated in meningioma tissues 

and malignant meningioma cell lines. They also found that 

LINC00460 promoted meningioma progression and metas-

tasis via targeting of miR-539/MMP-9.9 To date, related 

research about the expression and function of LINC00460 in 

CRC metastasis and its specific working mechanism remains 

ambiguous.

Accumulative evidence has demonstrated that lncRNAs 

could indirectly regulate their downstream genes by acting 

as ceRNA, which was first proposed by Leonardo Salmena. 

ceRNA theory hypothesizes that RNA transcriptions could 

communicate through a new “language” mediated by 

microRNA response elements (MREs).10 Wang et al reported 

that lncRNA differentiation antagonizing non-protein coding 

RNA promoted heat shock protein 27-mediated proliferation 

and metastasis via acting as a ceRNA of miR-577 in CRC.11 

Huang et al showed that lncRNA cancer susceptibility candi-

date 2 functioned as a ceRNA by miR-18a sponging in CRC.12 

Till date, whether LINC00460 could function as ceRNA in 

CRC metastasis remains to be explored.

In the present study, we addressed the expression and func-

tion of LINC00460 in CRC. We elucidated that LINC00460 

works as an oncogene to promote LIMK2- mediated metasta-

sis through acting as a ceRNA of microRNA-939-5p (miR-

939-5p) in CRC.

Patients and methods
Patients and tissue samples
Seventy-four cases of CRC tissue specimens and paired 

para-tumor specimens were collected during tumorectomy 

in Liaoning Cancer Hospital & Institute between April 2008 

and April 2013. Written informed consent was obtained from 

patients whose tissues were used in the present study. The 

present study was conducted in accordance with the Decla-

ration of Helsinki and was granted approval by the Institute 

Research Medical Ethics Committee of Liaoning Cancer 

Hospital & Institute. All 74 cases were diagnosed according 

to a definite pathological diagnosis, and the clinical stage of 

these patients was determined according to the TNM clas-

sification of the International Union Against Cancer.

Cell culture
A normal human colon epithelial cell line NCM460, and 

human colon cancer cell lines HT29, HCT116, SW480, and 

LOVO were purchased from the American Type Culture 

Collection and cultured in RPMI1640 medium (Thermo 

Fisher Scientific, Waltham, MA, USA). All media were 

supplemented with 10% (v/v) FBS (Sigma-Aldrich Co., St 

Louis, MO, USA), 100 IU/mL penicillin, and 100 mg/mL 

streptomycin (Baomanbio, Shanghai, People’s Republic of 

China). All cells were conditioned at 37°C in a humidified 

atmosphere containing 5% CO
2
.

Reverse transcription and quantitative 
real-time PCR (qRT-PCR)
The procedure was carried out as previously described.13 

Total RNA from CRC tissue specimens and CRC cells were 

extracted by using a Trizol reagent (Thermo Fisher Scien-

tific), respectively. cDNAs were synthesized by a Takara RNA 

PCR kit (Takara, Dalian, People’s Republic of China) accord-

ing to the manufacturer’s protocol. PCR reactions containing 

SYBR Premix Ex Taq II (Takara) were performed according 

to the manufacturer’s instructions. GAPDH and U6 were used 

to normalize the expression levels of LINC00460/LIMK2 and 

miR-939-5p, individually. The relative gene expression was 

calculated using the 2−ΔΔCt method. Primer sequences were 

synthesized by RiboBio (Guangzhou, People’s Republic of 

China) (Table 1).

Oligonucleotide and plasmid transfection
Effective siRNA oligonucleotides that targeted LINC00460 

(siLINC00460-1 and siLINC00460-2) and LIMK2 (siL-

IMK2-1 and siLIMK2-2) and scramble control (siSCR) were 

chemically synthesized by RiboBio. miR-939-5p mimics 

Table 1 sequences of PCR primers used for Rna analysis

Name Forward primer(5′->3′) Reverse primer(5′->3′)

linC00460 agaaaTCCTCCagCCCTgTT gggTgaCTCTTagCCgagaa
liMK2 CaggagCTgaggggagTTgT CggaaaTggggaggaggag
miR-939-5p gggTggggagCTgaggCTCTg CagTgCgTgTCgTggagT
gaPDh CTCTgCTCCTCCTgTTCgaC gCgCCCaaTaCgaCCaaaTC
U6 CgTTTTaCTTCCTCaTaCagCaC gCaCCaagagaCCTgTgaCa
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and negative control (NC mimic), miR-939-5p inhibitor 

and negative control (NC inhibitor) were also purchased 

from RiboBio. Wild LINC00460 overexpression plasmids 

oeLINC00460/oeLINC00460-wt (containing a miR-939-5p 

response elements [MREs-939-5p]), mutant LINC00460 

overexpression plasmids oeLINC00460-mut (containing a 

mutant MREs-939-5p), and LIMK2 overexpression plasmids 

(oeLIMK2) were purchased from GenePharma (Suzhou, 

People’s Republic of China). To obtain different expression 

levels of targeted gene cell models, we transfected all the 

oligonucleotides and plasmids into HT29 and LOVO cells 

by using a Lipofectamine 2000 (Thermo Fisher Scientific) 

according to the manufacturer’s instructions, individually.

Transwell assay
The procedure was performed as previously described.14 

In short, HT29 and LOVO cells were plated in the upper 

uncoated (for migration) and Matrigel-coated (for invasion) 

chambers (BD Biosciences, San Jose, CA, USA) with serum-

free medium, respectively. Culture medium with 10% FBS 

was supplemented into the lower wells. All chambers were 

incubated for a further 24 hours. Twenty-four hours later, the 

non-migrated or non-invaded cells were wiped out. Then, 

the filters were fixed and stained by crystal violet staining. 

Five random fields were counted per chamber by using an 

inverted microscope (Olympus Corporation, Tokyo, Japan).

Western blot analysis
Total protein from cells was isolated by using RIPA lysis 

buffer (Sigma-Aldrich Co.) and was qualified by using a 

BCA detecting kit (Keygen, Nanjing, People’s Republic of 

China). Proteins samples were subjected to 10% SDS-PAGE 

and transferred onto a PVDF membrane, and then incubated 

with LIMK2 (dilution rates of 1:2,000; Abcam, Cambridge, 

UK) and GAPDH antibodies (dilution rates of 1:500; Abcam) 

at 4°C overnight, respectively. The next day, the membranes 

were incubated with secondary antibodies (dilution rates of 

1:2,000; Abcam) at room temperature for 1 hour. Protein 

bands were detected on X-ray film using an enhanced che-

miluminescence detection system.

in situ hybridization (ish) of Rna 
The procedure was carried out as previously described.11 

Briefly, CRC tissue slices were permeabilized with 0.5% 

Triton X-100 and then incubated with special probes targeting 

LINC00460 (anti-LINC00460) and miR-939-5p (anti-miR-

939-5p) (RiboBio) in a hybridization solution containing 1% 

blocking solution in a humid chamber at 37°C overnight. The 

following day, the slices were orderly washed with a solution 

of 0.1% Tween-20 in 4× sodium citrate buffer (SSC) for 5 

minutes, a solution of 0.1% Tween-20 in 2× SSC for 5 minutes, 

and a solution of 0.1% Tween-20 in 1× SSC for 5 minutes 

at 42°C in the dark. Lastly, the slices were triply rinsed with 

1× PBS for 5 minutes at room temperature and were coun-

terstained by DAPI (Cell Signaling Technologies, Danvers, 

MA, USA). All slices were observed and photographed under 

a microscope (Leica Microsystems, Wetzlar, Germany).

Dual luciferase reporter assay
The procedure was carried out as previously described.11 

Reporter plasmids of LINC00460 (wt-LINC00460-luc and 

mut-LINC00460-luc) and LIMK2 (wt-LIMK2-luc and mut-

LIMK2-luc) were synthesized by GenePharma (Shanghai, 

People’s Republic of China). When HT29 and LOVO cells 

grew to 70% confluence, the synthesized reporter plasmids 

were co-transfected with miR-939-5p mimic or NC mimic by 

using Lipofectamine 2000 (Thermo Fisher Scientific). Forty-

eight hours after transfection, fluorescence signal changes in 

each group were evaluated by a Dual-Luciferase Reporter 

Assay System (Promega Corporation, Fitchburg, WI, USA) 

according to the manufacturer’s protocol.

Rna pull-down assay
The procedure was carried out as previously described.15 

LINC00460-wt and LINC00460-mut as well as LIMK2-wt 

and LIMK2-mut were transcribed from vector pGEM®-T 

(Promega Corporation) and biotin-labeled with the Biotin 

RNA Labeling Mix (Hoffman-La Roche Ltd., Basel, Swit-

zerland) and T7 RNA polymerase (Hoffman-La Roche Ltd.), 

treated with RNase-free DNase I (Hoffman-La Roche Ltd.), 

and purified with an RNeasy Mini Kit (Qiagen, Valencia, 

CA, USA). The biotinylated LINC00460 and LIMK2 probes 

were dissolved in binding and washing buffer and incubated 

with Dynabeads M-280 Streptavidin (Thermo Fisher Scien-

tific) at 25°C for 10 minutes to generate probe-coated beads 

according to the manufacturer’s protocol. Then, cell lysates 

of HT29 and LOVO were incubated with the probe-coated 

beads, and the RNA complexes bound to these beads were 

eluted and extracted for qRT-PCR analysis to detect the rela-

tive expression of miR-939-5p.

statistical analysis
All experiments were repeated in triplicate, and all data from 

three independent experiments were expressed as mean ± SD. 

GraphPad Prism V5.0 (GraphPad Software, Inc., La Jolla, 

CA, USA) software and SPSS 19.0 statistical software were 
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used for statistical analysis. Correlation between LINC00460 

and clinicopathological features of CRC patients was 

analyzed by using the Pearson’s chi-squared test or Mann–

Whitney U test. Survival analysis was performed using the 

log-rank test in GraphPad Prism V5.0. Differences in two 

groups were analyzed with the Student’s t-test or one-way 

ANOVA. Differences were considered significant or very 

significant if P-value <0.05 or 0.01, respectively.

Results
linC00460 was upregulated and 
correlated with poor prognosis in CRC
We first determined the expression of LINC00460 in 74 

CRC tissue specimens and paired para-tumor tissue speci-

mens by qRT-PCR. As the outcomes presented in Figure 1A, 

LINC00460 was upregulated in most (65/74, 87.84%) CRC 

tissue specimens. In addition, ISH analysis was used to mea-

sure the expression of LINC00460 in CRC tissue specimens 

with different staging. As the representative photographs illus-

trate in Figure 1B, gradually elevated LINC00460 levels was 

found with the advanced staging of CRC (P<0.001). Further, 

we found that upregulated LINC00460 was more commonly 

present in CRC tissue specimens with liver metastasis and 

lymph node metastasis (Figure 1C, D, P<0.001). According to 

the median expression of LINC00460 in the present research, 

we defined the patients with CRC as high LINC00460 group 

and low LINC00460 group. Even  further, we analyzed the 

correlation between different levels of LINC00460 and clini-

copathological features in patients with CRC. As the data show 

in Figure 1E and Table 2, high LINC00460 level was closely 

correlated with clinicopathological features, especially with 

shorter survival rate (Figure 1E, P<0.0001), clinical stage 

(P=0.038), metastasis (M) classification (P=0.005), nodal 

(N) classification (P=0.010), and liver metastasis (P=0.001) 

(Table 2). Lastly, we checked the expression of LINC00460 

at cellular level. As the outcomes illustrate in Figure 1F, 

LINC00460 was significantly upregulated in four CRC cell 

lines (HT29, HCT116, SW480, and LOVO) as compared to a 

normal human colon epithelial cell line (NCM460) (P<0.001).

Knockdown of linC00460 inhibited 
migration/invasion and decreased liMK2 
expression in hT29 and lOVO cells
In the previous section, we found that upregulated 

LINC00460 was closely correlated with M classification, 

N classification, and liver metastasis. Therefore, we tried to 

explore the role that LINC00460 might play in metastasis 

of CRC. We first transfected LINC00460-specific siRNAs 

(siLINC00460-1 and siLINC00460-2) and siSCR into HT29 

and LOVO cells to knockdown LINC00460. As shown in 

Figure 2A, siLINC00460-1 presented the silencing effect 

more efficiently and was selected for the following RNAi 

experiments (P<0.01). Then a transwell assay was performed 

to determine the changes in metastatic ability. Knockdown 

Figure 1 linC00460 was upregulated and correlated with poor prognosis in CRC.
Notes: (A) expression of linC00460 in CRC tissue specimens was determined by a qRT-PCR assay; data are shown as per log2 (2

−ΔΔCt) method. (B) linC00460 was gradually 
elevated with advanced staging as measured by an in situ hybridization assay. **P<0.01 and ***P<0.001 as normalizing and comparing with clinical stage i group, respectively. 
(C, D) expression of linC00460 was upregulated in patients with liver metastasis (C) and lymph node metastasis (D) as checked by a qRT-PCR assay. **P<0.01, ***P<0.001, 
as normalizing and comparing to non-liver metastasis or n0 group, individually. (E) The overall survival in the patients with high linC00460 (n=37) was significantly shorter 
than that in the patients with low linC00460 (n=37), P<0.0001 as determined by Kaplan–Meier analyses. (F) linC00460 expression was remarkably elevated in CRC cell 
lines hT29, hCT1116, sW480, and lOVO. ***P<0.001 as normalizing and comparing to nCM460 group. Data are shown as mean ± sD from three independent experiments.
Abbreviations: CRC, colorectal cancer; qRT-PCR, quantitative real-time PCR.
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of LINC00460 significantly inhibited migration and invasion 

of HT29 and LOVO cells (Figure 2B).

LIMK2, a downstream effector of Rho/ROCK which 

contributes to Rho-induced reorganization of the actin cyto-

skeleton, was also reported to be a metastasis-related gene 

in CRC.16,17 Here, we speculated whether LINC00460 might 

regulate LIMK2 expression. Knockdown of LINC00460 

remarkably decreased LIMK2 expression at protein level 

(P<0.01; Figure 2C).

linC00460 promoted migration/invasion 
by upregulation of liMK2 in hT29 and 
lOVO cells
In the previous section, we showed that depression of 

LINC00460 inhibited LIMK2 expression and migration/

Table 2 Correlation of linC00460 expression and 
clinicopathological features in CRC

Features No of  
cases

LINC00460 P-valuea

High Low

age at diagnosis (years)    0.642
≤50 36 19 17  

>50 38 18 20  
gender    0.641

Female 40 21 19  
Male 34 16 18  

location    0.639
Colon 42 22 20  
Rectal 32 15 17  

Clinical stage    0.038
i 9 6 13  
ii 10 6 11  
iii 17 15 6  
iV 12 10 7  

T classification    0.005
T1 + T2 32 10 22  

T3 + T4 42 27 15  
N classification    0.010

no 35 12 23  
Yes 39 25 14  

M classification    0.002
M0 35 11 24  
M1 39 26 13  

liver metastasis    0.001
no 42 14 28  
Yes 32 23 9  

Pathologic differentiation    0.133
Poor 26 16 10  
Moderate 22 12 10  
Well 26 9 17  

Note: aP-value obtained from Pearson’s chi-squared test.
Abbreviation: CRC, colorectal cancer.

invasion in CRC cells. We then attempted to clarify whether 

LIMK2 was a downstream effector in LINC00460-induced 

migration/invasion. Through a transwell assay, we illustrated 

that overexpression of LINC00460 promoted migration/inva-

sion, and the facilitative effect was attenuated by depression 

of LIMK2 (co-transfection of oeLINC00460 + siLIMK2) in 

HT29 and LOVO cells. Meanwhile, the suppressive effect 

exhibited by siLINC00460 on migration/invasion was 

reversed by upregulation of LIMK2 (co-transfection of siL-

INC00460 + oeLIMK2) (Figure 3A, B, P<0.01). In brief, the 

findings of this analysis indicated that LINC00460 promoted 

migration/invasion through upregulation of LIMK2 in HT29 

and LOVO cells.

miR-939-5p suppressed 
migration/invasion via directly targeting 
liMK2 in hT29 and lOVO cells
In the previous sections, we showed that LINC00460 pro-

moted migration/invasion via upregulation of LIMK2 protein. 

We then tried to figure out the potential working mechanism 

between LINC00460 and LIMK2. We first showed that an 

up- and downregulation of LINC00460 did not affect LIMK2 

mRNA expression significantly, and this phenomenon indi-

cated that LINC00460 regulated LIMK2 expression at post-

transcriptional level (Figure 4A). Recently, a most prevalent 

theory in nc RNA field is the ceRNA theory.10 Therefore, 

we suppose whether any miRNA might be involved in the 

regulative effect between LINC00460 and LIMK2. Online 

bioinformatics analysis (DIANA-LncBase and TargetScan) 

revealed that miR-939-5p might provide similar MREs for 

both LINC00460 and LIMK2 (Figure 4B). We then demon-

strated the negative correlations between miR-939-5p and 

LINC00460 as well as miR-939-5p and LIMK2 (Figure 

4C, D). Through a luciferase assay and an RNA pull-down 

assay, we verified the targeted binding effect between miR-

939-5p and LINC00460 as well as miR-939-5p and LIMK2 

(Figure 4E–H). Functionally, we confirmed that an eleva-

tion of miR-939-5p suppressed migration/invasion. But the 

suppressive effect could be reversed by a wild LIMK2 over-

expression plasmid (oeLIMK2-wt) which contained a wild 

miR-939-5p response element (MREs-939-5p) but cannot 

be done by a mutant LIMK2 overexpression plasmid whose 

MREs-939-5p was mutated (oeLIMK2-mut) (Figure 4I–K, 

P<0.01). Overall, the outcomes of this investigation indicated 

that miR-939-5p suppressed migration/invasion via direct 

targeting of LIMK2.
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Figure 2 Knockdown of linC00460 inhibited migration/invasion and decreased liMK2 expression in hT29 and lOVO cells.
Notes: (A) LINC00460 was knocked down by transfection of LINC00460-specific siRNAs which was determined by a qRT-PCR assay. (B) Knockdown of linC00460 
inhibited migration and invasion of CRC cell lines hT29 and lOVO as checked by a transwell assay. (C) Depression of LINC00460 significantly suppressed LIMK2 expression 
at protein level as measured by a Western blot assay. **P<0.01 as normalizing and comparing with the sisCR group. Data are shown as mean ± sD from three independent 
experiments.
Abbreviations: CRC, colorectal cancer; qRT-PCR, quantitative real-time PCR; sisCR, scramble control.
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Figure 4 miR-939-5p suppressed migration/invasion via directly targeting  liMK2 in hT29 and lOVO cells.
Notes: (A) Up- and downregulation of linC00460 did not affect liMK2 mRna expression as measured by a qRT-PCR assay. nsP>0.05 as normalizing and comparing with 
the mock group. (B) linC00460 and liMK2 shared a similar MRe for miR-939-5p as predicted by Diana-lncBase (http://carolina.imis.athena-innovation.gr) and Targetscan 
(http://www.targetscan.org/vert_71). (C, D) negative correlations between miR-939-5p and liMK2 (C, P<0.0001) as well as miR-939-5p and linC00460 (D, P=0.0001) were 
qualified by a Pearson’s correlation analysis. (E, F) Co-transfection of wt-linC00460-luc (E) / wt-liMK2-luc (F), and miR-939-5p mimic led to a significant weakening of 
luminescence as compared with mut-linC00460-luc (E) / mut-liMK2-luc (F), and miR-939-5p mimic co-transfection group, as determined by a luciferase assay. **P<0.01 and 
ns means non-significant as normalizing and comparing with NC mimic group. (G, H) Cell lysates were harvested from hT29 and lOVO cells and were incubated with biotin-
labeled linC00460-wt/liMK2-wt and linC00460-mut/liMK2-mut individually. subsequently, a qRT-PCR assay was performed to measure the pulled-down miR-939-5p in 
each group. as mentioned previously, it was linC00460-wt/liMK2-wt rather than linC00460-mut/liMK2-mut that could pull down miR-939-5p. **P<0.01 as normalizing 
and comparing to Beads group. (I) Diagram of the constructed linC00460 or liMK2 reporter plasmid containing a wild or a mutant MRes-939-5p. (J, K) Upregulation of 
miR-939-5p suppressed hT29 (J) and lOVO (K) cell metastasis, while the inhibitory effect was reversed by a wild liMK2 overexpressing plasmid (oeliMK2-wt) but not by 
a mutant one (oeliMK2-mut). nsP>0.05; **P<0.01. Magnification, 4×; scale bars, 500 μm.
Abbreviations: ns, non-significant; wt, wild type; mut, mutation; qRT-PCR, quantitative real-time PCR; siSCR, scramble control; NC, negative control. 
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linC00460 promoted migration/invasion 
through miR-939-5p sponging in hT29 
and lOVO cells
In this section, we tried to elucidate whether the potential 

ceRNA mechanisms among LINC00460, miR-939-5p, and 

LIMK2 do exist. Firstly, we demonstrated the reciprocal inhi-

bition effect between LINC00460 and miR-939-5p (Figure 

5A, B). Secondly, we showed that a wild LINC00460 over-

expression plasmid (oeLINC00460-wt) containing a MREs-

939-5p promoted LIMK2 protein expression. When the 

theoretical MREs-939-5p was mutated (oeLINC00460-mut), 

the facilitative effect was dismissed. More convincingly, we 

illustrated that the facilitative effect of oeLINC00460-wt on 

LIMK2 protein could be attenuated by the miR-939-5p mimic 

Figure 5 linC00460 promoted migration/invasion through miR-939-5p sponging in hT29 and lOVO cells.
Notes: (A) Up- and downregulation of linC00460 negatively affected miR-939-5p expression as determined by a qRT-PCR assay. **P<0.01 as normalizing and comparing 
with pcDna group. (B) elevation and depression of miR-939-5p also negatively regulated linC00460 expression as measured by a qRT-PCR assay. **P<0.01 as normalizing 
and comparing with nC mimic group. (C) Diagram of the wild and mutant linC00460 overexpression plasmids containing a wild or a mutant MRes-939-5p. (D, E) liMK2 
protein expression after different intervention was checked by a Western blot assay in hT29 and lOVO cells. nsP>0.05; **P<0.01. (F, G) Migration and invasion ability of 
hT29 (F) and lOVO (G) cells were promoted by a wild-type (oelinC00460-wt) but not by a mutant-type (oelinC00460-mut) linC00460 overexpression plasmid, and 
the facilitative effect was attenuated by a miR-939-5p mimic. **P<0.01 and ns means non-significant as normalizing and comparing with the pcDNA group. Data are shown as 
mean ± SD from three independent experiments. Magnification, 4×; scale bars, 500 μm.
Abbreviations: ns, non-significant; wt, wild type; mut, mutation; qRT-PCR, quantitative real-time PCR; siSCR, scramble control; NC, negative control; MREs, microRNA 
response elements.
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(Figure 5C–E). In addition, we found that oeLINC00460-wt 

but not oeLINC00460-mut promoted migration/invasion in 

HT29 and LOVO cells, and the facilitative effect was reversed 

by the miR-939-5p mimic (Figure 5F, G).

Discussion
Increasing evidence has proven that ncRNAs play various 

roles in diverse cancer-related biological abnormal behaviors 

of a cell, including proliferation, apoptosis, angiogenesis, and 

metastasis.14,18,19 As a newly identified lncRNA, LINC00460 

is located on chromosome 13q33.2 and contains three exon 

counts. Presently, related studies about LINC00460 are 

few. Yue et al found that LINC00460 was upregulated in 

non-small-cell lung cancer (NSCLC), and that depression 

of LINC00460 could inhibit the proliferation, invasion, and 

migration of NSCLC cells.20 In a study of nasopharyngeal 

carcinoma (NPC), Kong et al revealed that LINC00460 con-

tributed to the progression of NPC through regulating miR-

149-5p/IL6 signal pathway.21 In the present study, we showed 

that LINC00460 was upregulated in CRC tissue specimens 

and CRC cell lines. We also found that the upregulation of 

LINC00460 was correlated with CRC patients’ clinicopatho-

logical features, especially with M classification (P=0.005), 

N classification (P=0.010), and liver metastasis (P=0.001). 

Therefore, we concentrated on the role of LINC00460 in 

CRC cell metastasis. We illustrated that the silencing of 

LINC00460 inhibited CRC cell migration and invasion via 

a transwell assay.

MicroRNAs, 22–25 nucleotides, are another type of 

well-known ncRNAs. As a member of the miRNA families, 

miR-939-5p (also named as miR-939) was extensively 

involved in various malignant tumors including ovarian 

cancer, NSCLC, gastric cancer, breast cancer, and CRC.22–26 

In our research, the expression of miR-939-5p was shown to 

correlate with LINC00460 and LIMK2 negatively; LIMK2 

was revealed to be a direct downstream gene of miR-939-5p. 

miR-939-5p suppressed HT29 and LOVO cell metastasis via 

direct targeting of LIMK2. Moreover, we found that miR-

939-5p could bind to LINC00460 and LIMK2 via similar 

miR-939-5p response elements (MREs-939-5p), and these 

findings indicated that miR-939-5p might work as a bridge 

connecting LINC00460 and LIMK2.

LIMK2, which belongs to the LIM kinase (LIMK) fam-

ily, is a type of serine/threonine protein kinase with structure 

composed of two LIM motifs at the amino-terminus and an 

unusual protein kinase domain at the carboxy-terminus.27 As 

a downstream gene of Rho/ROCK pathway, activated LIMK2 

could phosphorylate cofilin – a potent regulator of actin fila-

ment dynamics – and involve in ROCK-induced metastatic 

phenotype.28 Wang et al found that bone morphogenetic 

protein receptor 2 promoted invasion and metastasis via regu-

lation of RhoA/ROCK/LIMK2 pathway in osteosarcoma.29 

Aggelou et al reported that LIMK2 was overexpressed in 

CRC and was associated with CRC tumor progression param-

eters.30 In the present study, we found that a knockdown of 

LINC00460 inhibited LIMK2 protein expression. Also, we 

Figure 6 schematic diagram of mechanism derived from investigations of this study. 
Notes: linC00460 promoted liMK2 expression and mediated metastasis via miR-939-5p sponging in CRC cells.
Abbreviation: CRC, colorectal cancer.
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showed that the silencing of LIMK2 significantly attenuated 

LINC00460-induced metastasis, and this finding indicated that 

LIMK2 was a downstream effector in LINC00460-induced 

metastasis in CRC. Through a qRT-PCR assay, we revealed 

that LINC00460 did not affect LIMK2 mRNA expression and 

the phenomenon indicated that LINC00460 might regulate 

LIMK2 at a post-transcriptional level. To verify whether the 

ceRNA working mechanism does exist among LINC00460, 

LIMK2, and miR-939-5p, we first determined the relationship 

between miR-939-5p and LINC00460. A reciprocal inhibitive 

effect was found between miR-939-5p and LINC00460. We 

then demonstrated that only oeLINC00460-wt could promote 

metastasis and LIMK2 protein expression. When the theo-

retical MREs-939-5p was mutated, the facilitative effect was 

dismissed. More convincingly, we found that miR-939-5p 

mimic could significantly reverse the promotive effect of 

oeLINC00460-wt on CRC cell metastasis and LIMK2 protein 

expression. Taking all these events into account, the outcomes 

strongly indicated that LINC00460, working as an oncogene, 

promoted metastasis by upregulating LIMK2 via acting as a 

ceRNA of miR-939-5p in CRC (Figure 6).

Conclusion
The findings of this study showed that LINC00460 work as 

an oncogene in CRC and promoted CRC cells metastasis via 

regulating of miR-939-3p/LIMK2 axial. The present study 

might provide a new target in treating of CRC.
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