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Long non-coding RNA LINC01410 promotes colon cancer
cell proliferation and invasion by inhibiting miR-3128
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Abstract. A previous study implied that long intergenic
non-coding RNA 1410 (LINCO01410) promotes angiogen-
esis and metastasis of gastric cancer. However, the role of
LINCO01410 in colon cancer (CC) has remained elusive. In
the present study, LINCO01410 was identified to be highly
expressed in CC tissues compared to adjacent normal tissues.
It was indicated that high expression of LINCO01410 in CC
tissues was associated with poor prognosis. Further functional
study suggested that LINC01410 knockdown significantly
reduced the proliferation and invasive capacity of HT-29
and SW620 cells, and inhibited the cell cycle. Regarding the
mechanism, LINCO01410 was indicated to serve as a sponge for
microRNA (miR)-3128, as evidenced by a luciferase reporter
assay. Furthermore, knockdown of LINCO01410 significantly
increased the levels of miR-3128. In addition, miR-3128
was markedly downregulated in CC tissues compared with
that in adjacent normal tissues. A rescue assay revealed that
inhibition of miR-3128 significantly abrogated the effects of
LINCO01410 knockdown on CC cell proliferation and invasion.
In conclusion, the present study demonstrated that LINC01410
functions as an oncogene in CC, at least in part by directly
inhibiting miR-3128.

Introduction

Colon cancer (CC) is the third most common cancer type
and the fourth leading cause of cancer-associated mortality
worldwide (1). Although numerous advances have been made
regarding the diagnosis and therapeutic treatment of CC in
recent years, the rate of recurrence or death within five years
has not improved (2). The 5-year survival rate of CC patients
remains unsatisfactory (3). Liver or lung metastasis is frequent
in CC patients, and is one of the major causes of CC-associated

Correspondence to: Professor Meihua Zhou, Department of
Nursing, Chenzhou No. 1 People's Hospital, 8 Qingnian Road,
Chenzhou, Hunan 423000, P.R. China

E-mail: meihuazhou001@163.com

Key words: long intergenic non-coding RNA 1410, colon cancer,
proliferation, invasion, microRNA-3128

mortality (4). Hence, it is necessary to elucidate the underlying
mechanisms of CC development and metastasis, with the aim
of developing novel biomarkers and therapeutic targets for CC
treatment in the clinic.

Long non-coding RNAs (IncRNAs) belong to the
family of ncRNA, accounting for >80% of human genomic
transcripts (5). LncRNAs have a length of >200 nucleotides
and do not encode any protein (6). Accumulating evidence
suggests that IncRNAs possess key functions in multiple
biological processes, including cell development, migration
and propagation (7,8). A growing number of studies prove
that certain IncRNAs may serve as potential diagnostic or
prognostic biomarkers (9). Various IncRNAs are aberrantly
expressed in cancer and their levels are correlated with
the clinicopathological characteristics of the patients. For
instance, downregulation of XLOC_010588 has been reported
to restrain CC progression (10). Furthermore, IncRNA UICLM
increases CC metastasis via the sequester of microRNA
(miR)-215 to promote Zinc finger E-Box binding homeobox 2
expression (11). However, most IncRNAs remain to be identi-
fied and functionally validated.

A previous study indicated that long intergenic ncRNA
1410 (LINCO1410) enhances gastric cancer metastasis (12).
However, it has remained elusive whether LINC01410 exerts
any role in CC. In the present study, it was demonstrated that
LINCO01410 is upregulated in CC tissues compared with that
in adjacent normal tissues. Furthermore, high expression of
LINCO01410 in CC tissues was associated with poor prog-
nosis. Mechanistically, it was demonstrated that LINCO01410
sequesters miR-3128. Through rescue assays, it was further
revealed that inhibition of miR-3128 abrogated the inhibi-
tory effect of LINCO01410 silencing on the proliferation and
invasion of CC cell lines. Taken together, the present study
illustrated that LINCO01410 serves as an oncogene in CC by
sponging miR-3128, suggesting LINC01410 may be a prom-
ising therapeutic target.

Materials and methods

Clinical specimens and cell lines. The NCM460 colon epithe-
lial cell line and a panel of CC cell lines (HT-29, HCT116,
SW620 and LoVo) were obtained from the cell bank of the
Chinese Academy of Sciences (Shanghai, China). NCM460
was maintained in McCoy's 5a medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
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with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher
Scientific, Inc.). CC cells were maintained in Dulbecco's modi-
fied Eagle's medium (DMEM; Hyclone; GE, Healthcare, Little
Chalfont, UK) containing 10% FBS. The 53 CC and adjacent
normal tissues (obtained 2 cm away from the lesions) were
collected from Chenzhou No. 1 People's Hospital (Chenzhou,
China). None of the patients received any chemotherapy or
radiotherapy treatment prior to sample collection. The study
was approved by the Institutional Research Ethics Committee
of Chenzhou No. 1 People's Hospital (Chenzhou, China) and
written informed consent was obtained from each subject.

Cell transfection. miR-3128 mimics (5'-UCUGGCAAG
UAAAAAACUCUCAU-3'), miR-control (5'-ACAUCUGCG
UAAGAUUCGAGUCUA-3"), miR-3128 inhibitors (5'-AUG
AGAGUUUUUUACUUGCCAGA-3") and control inhibi-
tors (5'-GCGUAACUAAUACAUCGGAUUCGU-3") were
purchased from GenePharma (Shanghai, China). CC cells
were transfected with 100 nM miR-3128 mimics, miR-control,
miR-3128 inhibitors or control inhibitors using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocols. For LINC01410 knockdown,
small interfering RNA (5'-GCAGCACCAUAUGAGAAGU-3")
oligonucleotides targeting LINC01410 and a scrambled oligo as
a negative control were purchased from GenePharma. At 24 h
after transfection, the cells were collected and the depletion effi-
ciency was validated through reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis.

Cell cycle analysis. A total of 1x10° CC cells were fixed with
70% ethanol overnight at 4°C, collected by centrifugation and
stained with propidium iodide solution (50 mg/ml in PBS)
supplemented with 0.25 mg/ml RNase A (Sigma-Aldrich;
Merck KGaA; Darmstadt, Germany). After incubation for
15 min at 4°C, the cells were analyzed by flow cytometry
(FACS Canto II; BD Biosciences, Franklin Lakes, NJ, USA).

Cell proliferation assay. A Cell Counting Kit (CCK)-8
(Dojindo, Kumamoto, Japan) was utilized to assess cell prolif-
eration according to the manufacturer's protocols. In brief,
2x10° CC cells were seeded onto 96-well plates, cultured for
24,48 or 72 h and stained with 10 ul CCK-8 reagent. After
incubation for 1 h at 37°C, the absorbance at 450 nm was
determined using a SUNRISE Microplate Reader (Tecan,
Maennedorf, Switzerland).

Transwell invasion assay. Matrigel® (BD Biosciences)
pre-coated invasion chambers (8 ym; PSETO10RS; EMD
Millipore, Billerica, MA, USA) were used for the Transwell
invasion assay. A total of 4x10* CC cells were seeded into the
upper chamber with serum-free DMEM. The lower chamber
was supplemented with 500 1 DMEM containing 10% FBS.
After incubation for 24 h, the cells that had invaded to the
lower side of the membrane were fixed with 4% paraformal-
dehyde for 30 min at 25°C and stained with 0.1% crystal violet
for 30 min at 25°C.

RT-gPCR. Total RNA was extracted from 1x107 cultured cells
or tumor tissues using the TRIzol reagent (Invitrogen; Thermo
Fisher Scientific,Inc.) according to the manufacturer's protocol.
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Subsequently, 2 pug of total RNA was reverse-transcribed
with random primers (Invitrogen; Thermo Fisher Scientific
Inc.) and SuperScript IV Reverse Transcriptase (Invitrogen;
Thermo Fisher Scientific Inc.) according to the manufacturer's
protocols. The reaction was performed with incubation at
42°C for 1 h, and the enzyme was subsequently inactivated by
incubation at 85°C for 5 min. The complementary DNA then
amplified by real-time PCR with gene-specific primers and the
Fast SYBR Green Master Mix (Applied Biosystems; Thermo
Fisher Scientific Inc.). The thermocycling conditions were as
follows: Denaturation at 95°C for 10 min, followed by 40 cycles
of denaturation at 95°C for 15 sec and elongation at 60°C for
1 min. The expression of IncRNA or miR-3128 was normal-
ized to that of U6 and relative gene expression levels were
calculated using the 2244 method (13). The primer sequences
utilized were as follows: LINC01410 forward, 5'-GTGACA
AGAATGGCCCAAGC-3' and reverse, S-ACTGTGCACCTG
TTACACCA-3'; miR-3128 forward, 5~ AACGAGACGAC
GACAGAC-3' and reverse, 5S"TCTGGCAAGTAAAAAACT
CTCAT-3"; U6 forward, 5'-"AACGAGACGACGACAGAC-3'
and reverse, 5'-GCAAATTCGTGAAGCGTTCCATA-3'.

Luciferase reporter assay. miR-3128 was predicted as a
target of LINCO01410 using an online tool (http://mirdb.
org/miRDB/index.html). The LINC01410 sequence containing
the putative wild-type or mutant binding site of miR3128
was constructed into the pRL-CMYV Renilla luciferase
reporter plasmid (Promega Corporation, Madison, WI, USA).
miR-3128 mimics or negative miR-control, and pRL-CMV
Renilla luciferase reporter [wild-type (WT)-LINCO01410 or
Mutant-LINCO01410] was co-transfected into CC cells using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). After 48 h, luciferase activity was measured by using a
luciferase assay kit (Promega Corporation). Firefly luciferase
activity was normalized to Renilla luciferase activity.

Statistical analysis. All statistical analyses were performed
using SPSS 20.0 (IBM Corp., Armonk, NY, USA) and
GraphPad Prism version 5 (GraphPad Inc., La Jolla, CA, USA).
Student's t-test and one-way analysis of variance followed by
Tukey's post-hoc test were used to analyze differences between
2 or multiple groups, respectively, for statistical significance.
Pearson's correlation analysis was used to determine the corre-
lations. The Kaplan-Meier method was used to draw survival
curves and the log-rank test was used to determine statistical
significance. P<0.05 was considered to indicate a statistically
significant difference.

Results

LINCO0I1410 is upregulated in CC tissues. First, the expression
patterns of LINCO01410 in tissues from CC patients and in CC
cell lines were assessed by RT-qPCR. The results indicated
that LINCO01410 expression was significantly upregulated in
CC tissues compared with that in adjacent normal tissues
(Fig. 1A). Furthermore, the expression of LINCO01410 was
also markedly upregulated in CC cell lines (HT-29, HCT116,
SW620 and LoVo cells) compared with that in the NCM460
normal colon epithelial cells (Fig. 1B). To determine whether
LINCO01410 may serve as a biomarker for the prognosis of CC
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Table I. Differences in the distribution of colon cancer patients (n=53) with high/low expression of long intergenic non-coding

RNA 1410 regarding various clinicopathological characteristics.

Clinicopathologic parameters Low (n=27) (%) High (n=26) (%) P-value

Age (years) 0414
<65 16 (30.2) 12 (22.6)
>65 11 (20.8) 14 (26 .4)

Sex 0.275
Male 17 (32.1) 12 (22.6)
Female 10 (18.9) 14 (26 .4)

Tumor size (cm) 0.785
<5 14 (26.4) 15 (28.3)
>5 13 (24.5) 11 (20.8)

TNM stage 0.028
/11 19 (35.8) 10 (18.9)
/v 8 (15.1) 16 (30.2)

Lymph node metastasis 0.008
No 23 (43.4) 13 (24.5)
Yes 4(7.6) 13 (24.5)

P-values were calculated using the Chi-square test. TNM, tumor-nodes-metastasis.
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Figure 1. LINCO01410 is upregulated in CC tissues. (A) Relative expression of LINC01410 in CC tissues and adjacent normal tissues determined by reverse
transcription-quantitative polymerase chain reaction analysis. (B) Relative expression of LINC01410 in CC cell lines and a healthy reference cell line. (C) High
expression of LINCO01410 in CC patients was associated poor survival according to Kaplan-Meier analysis. "P<0.05 vs. the control group. LINC01410, long

intergenic non-coding RNA 1410; CC, colon cancer.

patients, a Kaplan-Meier curve analysis was performed with
CC patients stratified into a LINC01410 low expression group
(n=29) and a LINCO01410 high expression group (n=26; median
value of LINCO01410 was used as a cutoff). The results indi-
cated that high expression of LINC01410 in CC patients was
linked with poor prognosis (Fig. 1C) The association between
LINCO01410 expression and clinical characteristics of the CC
patients is presented in Table I. As presented, LINC01410
expression was positively associated with advanced stage and
lymph node metastasis. Taken together, these results indicate
that LINC01410 may be involved in CC progression.

LINCO0I1410 knockdown inhibits CC cell proliferation and
invasion. To determine the function of LINC01410 in CC, the
HT-29 and SW620 cell lines were selected for the subsequent

experiments. LINC01410 was knocked down in HT-29 and
SW620 cells by transfection with si-LINCO01410 (Fig. 2A).
CCKS assays were then performed, the results of which demon-
strated that LINC01410 knockdown significantly inhibited the
proliferation of HT-29 and SW620 cells (Fig. 2B). Cell cycle
progression is a major factor for cell proliferation. Therefore,
the effect of LINCO01410 on cell cycle progression in CC cells
was examined. It was demonstrated that LINC01410 knock-
down significantly reduced the cell population in S and G2/M
phase and increased that in GO/G1 phase (Fig. 2C and D).
Tumor metastasis is frequently associated with recurrence and
increases in the malignant behavior, as well as the progression
of CC. Hence, the role of LINC01410 in CC cell invasion, a
process linked with metastasis, was next evaluated. Transwell
assays indicated that knockdown of LINCO01410 significantly
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Figure 2. LINC01410 knockdown inhibits CC cell proliferation and invasion. (A) Relative expression of LINC01410 in HT-29 and SW620 cells transfected
with si-NC or si-LINC. (B) Cell Counting Kit-8 assays were used to detect the proliferation of HT-29 and SW620 cells transfected with si-NC or si-LINC.
(C and D) The cell cycle distribution of HT-29 and SW620 cells transfected with si-NC or si-LINC was determined by fluorescence-assisted cell sorting.
(E and F) The invasive capacity of HT-29 and SW620 cells transfected with si-NC or si-LINC was examined by Transwell assays (magnification, x100). "P<0.05
vs. the indicated group. LINCO01410, long intergenic non-coding RNA 1410; CC, colon cancer; si-LINC, small interfering RNA targeting LINC01410; si-NC,

scrambled control siRNA; OD, optical density.

suppressed cell invasion (Fig. 2E and F). In conclusion, the
present results demonstrated that LINC01410 has as oncogenic
role and may be involved in the progression of CC.

LINCO0I1410 serves as a sponge for miR-3128. IncRNAs have
been reported to act as sponges for miRNAs. To investigate
the molecular mechanisms by which LINCO01410 exerts its
oncogenic role in CC cells, target miRNAs of LINC01410
were predicted by a bioinformatics analysis. miR-3128 ranked
at the top among all candidate miRs, and a potential binding
site for miR-3128 was identified in the 3'-UTR of LINC01410
(Fig. 3A). To confirm this prediction, a luciferase reporter
assay was performed. The results illustrated that overexpres-
sion of miR-3128 significantly inhibited the luciferase activity
of WT-LINCO01410 in HT-29 and SW620 cells (Fig. 3B and C),
whereas mutation of the binding site in LINC01410 abolished
this effect. Furthermore, knockdown of LINCO01410 signifi-
cantly enhanced the levels of miR-3128 (Fig. 3D). Of note,

an inverse correlation between LINC01410 and miR-3128
was observed in CC tissues (Fig. 3E). Taken together, these
results demonstrated that LINC01410 serves as a sponge for
miR-3128 in CC cells.

Inhibition of miR-3128 rescues the effects of LINCOI410
knockdown. To the best of our knowledge, the present study
was the first to explore the role of miR-3128 in CC. To determine
the role of miR-3128 and whether LINCO01410 exerts its onco-
genic effects in CC via sponging miR-3128, the expression of
miR-3128 in CC tissues was first examined by RT-qPCR. The
results indicated that miR-3128 expression was significantly
downregulated in CC tissues (Fig. 4A), which suggested that
decreases in miR-3128 may be involved in CC progression.
Subsequently, rescue assays via restoration of miR-3128 expres-
sion in LINC01410-depleted CC cells were performed. HT-29
and SW480 cells were transduced with si-LINC01410 alone
or in combination with miR-3128 inhibitors. It was revealed
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Figure 3. LINCO01410 serves as a sponge for miR-3128. (A) The binding site of miR-3128 in the 3'-UTR of LINCO01410 was determined using an online bioin-
formatics tool (http://mirdb.org/miRDB/index.html). (B and C) A luciferase reporter assay was used to confirm the direct interaction between LINC01410 and
miR-3128 in HT-29 and SW620 cells. (D) Knockdown of LINC01410 increased the levels of miR-3128 in HT-29 and SW620 cells. (E and F) Inverse correlation
between miR-3128 and LINC01410 in colon cancer tissues determined by reverse transcription-quantitative polymerase chain reaction analysis. "P<0.05 vs. the
control group. LINCO01410, long intergenic non-coding RNA 1410; miR, microRNA; WT, wild-type; Mut, mutated; si-LINC, small interfering RNA targeting
LINCO01410; si-NC, scrambled control siRNA.
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Figure 4. Inhibition of miR-3128 rescues the effects of LINC01410 knockdown. (A) Relative expression of miR-3128 in colon cancer tissues and adjacent
normal tissues. (B) Relative expression of miR-3128 in HT-29 and SW620 cells transfected with the indicated plasmids. (C) A Cell Counting Kit-8 assay was
used to determine the proliferation HT-29 and SW620 cells transfected with the indicated plasmids. (D) Transwell assays were used to assess the invasion
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that miR-3128 levels were increased in LINCO01410-depleted  The cells were then subjected to CCK8 and Transwell assays,
HT-29 and SW620 cells, and that this was effectively abro-  the results of which indicated that LINC01410 knockdown
gated by co-transfection with miR-3128 inhibitors (Fig. 4B).  significantly inhibited CC cell proliferation and invasion,
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while simultaneous inhibition of miR-3128 abrogated the
inhibitory effects of LINC01410 knockdown on cell prolif-
eration and invasion (Fig. 4C and D). Taken together, these
results suggested that LINC01410 promotes CC progression
via sponging miR-3128.

Discussion

Anincreasing number of studies have reported the roles of aber-
rant IncRNA expression in cancer and the correlation between
IncRNAs and tumor development and progression (14,15). In
the present study, it was demonstrated that LINC01410 expres-
sion was increased in CC tissues and cell lines. Knockdown
of LINCO01410 markedly suppressed CC cell growth, inhibited
entry into the cell cycle and impaired the invasive capacity
of the cells. Furthermore, miR-3128 was identified as a direct
target of LINC01410 and it was demonstrated that the inhibi-
tion of proliferation and invasion by LINC01410 knockdown
was abrogated by miR-3128 inhibitors. The present study
demonstrated that LINCO01410 is essential for CC growth and
may be a potential prognostic biomarker.

Certain IncRNAs have been demonstrated to have critical
roles in various human cancer types and regulate multiple
biological processes. For instance, IncRNA PVT1 upregulates
sex-determining region Y box (SOX)2 levels to enhance breast
cancer proliferation. (16). IncRNA distal-less homeobox
6-antisense RNA 1 (AS1) contributes to renal cell carcinoma
proliferation (17). IncRNA SOX21-AS1 was reported to
enhance lung adenocarcinoma cell growth (18). IncRNA X
inactive specific transcript (XIST) promotes bladder cancer
proliferation and metastasis by sponging miR-124 (19). A
recent study demonstrated that LINC01410 promotes gastric
cancer angiogenesis and metastasis by miR-532/neutrophil
cytosolic factor 2/nuclear factor-xB signaling (12). However,
the role of LINCO01410 in CC has remained largely elusive. In
the present study, LINC01410 was identified as an oncogene in
CC by regulating cell proliferation and invasion. CCK8 assays
indicated that LINC01410 knockdown significantly inhibited
CC cell growth in vitro. Cell cycle arrest is a major cause of
tumor growth suppression. Of note, in the present study, it
was demonstrated that LINCO01410 knockdown significantly
inhibited CC cell growth and made the cells resume a quies-
cent state in GO/G1 phase, which suggested that LINCO01410
promotes CC proliferation at least partially by regulating the
cell cycle. Furthermore, the Transwell assay revealed that
LINCO01410 knockdown markedly repressed the invasion of
CC cells. These results suggested that LINC01410 contributes
to CC progression and may be a promising therapeutic target
for CC treatment. Although the Kaplan Meyer analysis and the
association analysis in Table I have implied that LINC01410
may also serve an oncogenic role in vivo, a xenograft nude
mouse experiment would be required to validate this. In addi-
tion, whether LINCO01410 is involved in the regulation of the
response of CC to drugs requires further exploration.

Various IncRNAs have been demonstrated to have roles
in tumorigenesis and regulate the expression of associated
genes by serving as a sponge of their miRs (20). For instance,
IncRNA XIST controls bladder cancer tumorigenicity through
sponging miR-200c (21). IncRNA homeobox A11-AS inhibits
miR-124 to promote uveal melanoma progression (22). IncRNA
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prostate cancer-associated transcript 7 inhibits miR-134-5p to
promote nasopharyngeal carcinoma growth (23). The bioinfor-
matics analysis performed in the present study suggested that
LINCO01410 acts as a sponge for miR-3128. Through a lucif-
erase reporter assay, the direct interaction between LINC01410
and miR-3128 in CC cells was validated. Furthermore, it
was demonstrated that LINCO01410 knockdown significantly
promoted miR-3128 expression, while overexpression of
miR-3128 inhibited LINCO01410 expression in CC cells. To
the best of our knowledge, the function of miR-3128 in cancer
has not been previously investigated, and the present study
was the first to indicate that miR-3128 was downregulated
in CC tissues compared with that in adjacent normal tissues.
In addition, inhibition of miR-3128 significantly abrogated
the suppressive effects of LINC01410 knockdown on CC cell
proliferation and invasion, which suggested that miR-3128
serves as a tumor suppressor in CC. However, the present
study did not investigate the downstream signaling of the
LINCO01410/miR-3128 axis that is involved in the promotion
of CC progression, which requires investigation in the future.

In conclusion, the present study was the first to demon-
strate that LINC01410 promoted CC proliferation and invasion
by inhibiting miR-3128. The present results suggested that
LINCO01410 may be a potential therapeutic target for CC
treatment.
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