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Introduction: Colorectal cancer (CRC) is one of the most common human cancers and
a leading cause of cancer-related death. Accumulating evidence has confirmed that long non-
coding RNA (IncRNA) plays crucial roles in CRC development.

Methods: qRT-PCR was performed to examine the expressions of LINC01224 and miR-
2467. CCK-8 assay, colony formation assay and transwell invasion assay were used to
examine the progression of breast cancer cells. Luciferase and RNA-binding protein immu-
noprecipitation (RIP) assay were applied to verify the binding site. Correlation analysis of
miR-2467 and LINC01224 expression in lung cancer tissues was shown. Pancreatic cancer
cells growth in vivo was evaluated using xenograft tumor assay.

Results: LINC01224 expression was observed to be up-regulated in CRC tissues and cell
lines. Functional studies suggested that LINC01224 silence inhibited CRC cells proliferation
and invasion of CRC cells, while co-transfection with a miR-2467 inhibitor reversed these
biological effects. Luciferase reporter assays illustrated that LINC01224 regulated miR-2467
directly, and RNA-binding protein immunoprecipitation (RIP) further confirmed that the
suppression of LINC01224 by miR-2467 was in an RISC-dependent manner. Finally,
LINCO01224 silence inhibited the growth CRC cells in vivo.

Conclusion: In conclusion, our findings showed that LINC01224 promoted CRC progres-
sion through sponging miR-2467. LINC01224 may serve as a potential diagnostic biomarker
and therapeutic target for CRC patients.
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Introduction

CRC (colorectal cancer) has been recognized as one of the most common human
cancers and the most dominating causes of cancer-related deaths worldwide.'
Although great progression has been made in CRC diagnosis and treatment in the
past decades, the prognosis of CRC patients remains rather dismal due to metastasis
and recurrence.” Therefore, further exploring the potential mechanism underlying
CRC development is urgently needed to identify novel diagnosis and therapy
biological targets for CRC.

LncRNA (long noncoding RNA) is defined as transcripts with more than 200
nucleotides in length.*” Emerging studies have suggested that IncRNAs play important
roles in the initiation and progression of human cancers.®’ Numerous studies show that
IncRNA is involved in CRC development.®® LINC01224 was a novel identified
IncRNA. It was reported that LINC01224 promoted hepatocellular carcinoma progres-
sion through microRNA-330-5p-induced inhibition of CHEK 1.'® Moreover, Xing et al
reported that LINC01224 exhibited cancer-promoting activity in EOC (epithelial
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ovarian cancer) through microRNA-485-5p-mediated PAK4
upregulation.'' However, the biological function and under-
lying mechanism of LINC01224 in the development of
human cancer, including CRC are still elusive.

In this study, we determined the expression of
LINCO01224 in CRC tissues and in paired adjacent normal
colorectal tissues, and we further investigated the biologi-
cal function of LINC01224 on CRC in vitro and in vivo.
We also examined the interaction between LINC01224 and
miR-2467 to reveal the potential mechanism of
LINCO01224 in CRC. To the best of our knowledge, our
study is the first to show that LINC01224 functions as an
oncogene in the development of CRC.

Materials and Methods

Clinical Samples

A total of 24 pairs (age, 40—74 years; male patients, 13;
female patients, 11) of CRC tissues and matched adja-
cent normal tissues were sourced from patients under-
going resection surgery at the Affiliated Dongtai
Hospital of Nantong University from Jan 2012 to
September 2015. All patients did not receive chemother-
apy or radiation before collecting specimens. All these
participants signed informed consents prior to the sam-
ples collection. The samples from resection surgery
were rapidly frozen and stored in liquid nitrogen until
required. This study was approved by the Ethics and
Research Committees of the Affiliated Dongtai Hospital
of Nantong University. The research was conducted
according to the principles of the World Medical
Association Declaration of Helsinki.

Cell Culture

The normal colon cell line (FHC) and human CRC cell
lines (LoVo, HT29, HCT116 and SW480) were bought
from the Institute of Biochemistry and Cell Biology of
the Chinese Academy of Sciences (Shanghai, China).
The FHC cells were maintained in Ham’s F12 medium
(45%); Dulbecco’s modified Eagle’s medium (45%); 25
mM HEPES; 10 ng/mL cholera toxin; 0.005 mg/mL

Table | Primer List

transferrin; 0.005 mg/mL insulin; 100 ng/MI hydrocorti-
sone; 20 ng/mL human recombinant EGF (Thermo Fisher
PHGO0311); fetal bovine serum (FBS, 10%). LoVo cells
were cultured in F-12K medium (Invitrogen; Thermo
Fisher Scientific, Inc.). HT29, HCT116, and SW480 cells
were cultured in RPMI-1640 (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS. All cells
were maintained at 37°C with 5% CO2 in a humidified
incubator.

Constructs, Synthesized Oligos and

Transfection

siRNAs and shRNA (short hairpin RNA) targeting
LINCO01224 (si-LINCO01224, sh-LINCO01224), miR-2467
mimics, inhibitors and their corresponding negative con-
trol were bought from by GeneChem (Shanghai, China).
All the DNAs were inserted into pcDNA3.1. Finally,
Lipofectamine 3000 (Thermo Fisher Scientific) was uti-
lized to transfer the oligonucleotides and constructs into
the SW480 and HCT116 cells according to the manufac-
turer’s protocol. 36-48 hours after transfection, the cells

were ready for the following experiments.

RNA Extraction and Quantitative

Real-Time Polymerase Chain Reaction

Total RNA from CRC tissues and cells was extracted
using Trizol reagent (Invitrogen; Thermo Fisher
Scientific, Ind.) according to the manufacturer’s proto-
col. 2 pg RNA was reverse transcribed into cDNA
using the PrimeScript RT Reagent kit (Invitrogen;
Thermo Fisher Scientific, Ind.). qRT-PCR was under-
taken using SYBR Green Master mix (Invitrogen;
Thermo Fisher Scientific, Ind.) on ABI PRISM 7500
PCR System (Applied Biosystems, Foster City, CA,
USA) according to

GAPDH or U6 was used as controls and normalized

the manufacturer’s protocol.

the expression of mRNA and miRNA, respectively.
Primer sequences are provided in Table 1.

Gene Forward Primer Reverse Primer

LINCOI224 AGAGCTTGGGATCGCTTTCTG TTACTCAGGTGCCTTTCCCAC
miR-2467 GCCGAGGGACAGGCACCTGA CTCAACTGGTGTCGTGGA
GAPDH CTGGGCTACACTGAGCACC AAGTGGTCGTTGAGGGCAATG
U6 CTCGCTTCGGCAGCACATATACT ACGCTTCACGAATTTGCGTGTC
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Cell Proliferation Assay

Cell proliferation was examined by Cell Counting Kit-8
(CCK-8) and colony formation assays. For CCKS8 assay,
cells were seeded in 96-well plates at the concentration of
3000 cells/well. Then, a 10 pL of Cell Counting Kit-8 (CCK-
8, Dojindo, Japan) was added after 24, 48, 72, and 96 h of
incubation, respectively. After 2 h, the plates were washed
using PBS (phosphate-buffered saline) and the absorbance
was measured at 450 nm through a microplate reader
(ELx800; BioTek Instruments, Inc, Winooski, VT, USA).
For colony formation assay, 1000 cells were seeded into
a 6-well plate and continuously incubated for 14 days. The
colonies were fixed with 4% paraformaldehyde for 10 min
and stained with 1% crystal violet for 15 min. Finally, the
colonies were counted and photographed.

Transwell Invasion Assay

Transwell invasion assays were performed to determine
the cell invasion potential using transwell plates (Corning,
NY) that were coated with 50 pL of Matrigel (BD
Biosciences, San Jose, CA, USA). Briefly, 1 x 10° cells
were suspended in 300 uL serum-free medium and added
to the upper chamber, while 800 pL complete medium was
placed in the lower chamber. After 24 h incubation, cells
on the upper surface of the membrane were scraped off.
Cells on the lower side of the chamber were fixed with
methanol and stained with 1% crystal violet. The invaded
cells were counted in at least five fields under a light
microscope (magnification, x200, Olympus Corp).

Luciferase Reporter Assay

Mut (mutant-type) or wt (wild-type) fragments of
LINCO01224 containing miR-2467 targeting site were
synthesized and cloned into a dual-luciferase reporter vector
(pmirGLO, GenePharma, Shanghai, China). Similarly, luci-
ferase vectors and miR-2467 mimics or miR-2467 NC
together with Renilla plasmid were cotransfected into
HCTI116 cells by Lipofectamine 3000. Forty-eight hours
after transfection, dual-luciferase assay (Promega,
Madison, WI) was adopted to examine the Renilla and fire-
fly luciferases activity following the manufacturer’s proto-

col, and normalized to that of Renilla luciferase activity.

RNA-Binding Protein

Immunoprecipitation Assay
Magna RIP RNA-Binding Protein Immunoprecipitation
Kit (Millipore, Bedford, MA, USA) was used for RIP

(RNA-binding protein immunoprecipitation) assay. Cells
were harvested and lysed, and lysis buffer containing
magnetic beads was incubated with human anti-Ago2 anti-
body (Abcam, Cambridge, MA, USA) to conjugate the
antibody to the magnetic beads. Then, proteinase K was
added to digest the protein and the immunoprecipitated
RNAs were isolated using Trizol reagent and measured
using RT-qPCR.

Tumor Xenograft Experiment

HCT116 cells (2 x 10°%) stably transfected with Iv-sh-
LINCO01224 or lv-sh-NC were subcutaneously injected
subcutaneously into the left flank of 6-week-old female
nude mice (n = 5 mice per group). The tumor sizes were
measured every week. After 4 weeks, the mice were
euthanized, the tumor tissues were excised and weighted,
and qRT-PCR was performed to determine LINCO01224
and miR-2467 expression. This study was approved by
the Ethics and Research Committees of the Affiliated
Dongtai Hospital of Nantong University prior to the com-
mencement of the study. This study was carried out in
accordance with the National Institutes of Health guide
for the care and use of laboratory animals (NIH
Publications No0.8023, revised 1978).

Statistical Analysis

All results are presented as mean = SD from at least three
independent experiments. One-way ANOVA or two-tailed
Student’s #-test was performed for comparisons between
groups. Pearson’s coefficient correlation was used to con-
duct expression correlation assays. A value of P < 0.05
was considered to be statistically significant.

Results
LINCO1224 Was Up-Regulated and

miR-2467 Was Down-Regulated in CRC

Tissues

gRT-PCR analysis was conducted to determine the relative
expression of LINC01224 and miR-2467 in 24 pairs of
CRC and adjacent non-tumor tissues. The results showed
that LINC01224 expression was significantly up-regulated
(Figure 1A), and the miR-2467 level was dramatically
down-regulated (Figure 1B) in CRC tissues compared
with that in the
Furthermore, we found that there was a significant nega-

corresponding normal  tissues.

tive correlation between LINCO01224 expression and miR-
2467 level in CRC tissues (Figure 1C). These data
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Figure | The expression levels of LINC01224 and miR-2467 in CRC tissues. (A) The expression level of LINC01224 in 24 pairs of samples of CRC tissues and their
adjacent normal tissues was evaluated by qRT-PCR. (B) The expression level of miR-2467 in CRC tissues and adjacent counterparts. (C) The correlation between

LINCO01224 and miR-2467 was evaluated.

suggested that LINC01224 and miR-2467 may be asso-
ciated with CRC development.

LINCO1224 Negatively Regulated

miR-2467 Expression

The result of qRT-PCR analysis showed that LINC01224
expression was up-regulated in CRC cells compared with
normal cells (HFC) while the expression of miR-2467 was
down-regulated in CRC cells compared with normal cells
(HFC) (Figure 2A). As shown in Figure 2B, LINC01224
expression was strikingly decreased in both cells com-
pared with the negative control group. Moreover, knock-
down of LINC01224 strikingly increased the expression of
miR-2467 (Figure 2C). Additionally, overexpression of
LINCO01224 reduced expression of miR-2467 in the two
cell lines was verified by qRT-PCR (Figure 2D). Taken

together, these results indicated the negative regulation
existing between LINC01224 and miR-2467.

miR-2467 Was a Direct Target of
LINCO1224

Dual-luciferase reporter assay was performed to further
determine whether miR-2467 was a direct of
LINCO01224. The result of luciferase assay indicated that
miR-2467 mimic obviously decreased luciferase reporter
expression in the cells transfected with LINC01224-wt but
not the cells transfected with LINC01224-mut or NC
(Figure 3A and B). It is widely acknowledged that
miRNA functions through regulating RISC (RNA-
induced silencing complex). Ago2, a key component of
RISC, exert crucial roles in RNA cleavage.12 Thus, RIP
assay was performed to determine whether miR-2467
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Figure 2 The reciprocal repression effect of LINC01224 and miR-2467. (A) The expression level of LINC01224 and miR-2467 was detected in 4 CRC cell lines and the
HFC cell line. (B) SW480 and HCT 116 cell lines were transfected with three si- PCAT 18 or si-NC. (C) Expression levels of miR-2467 in SW480 and HCT 116 cells after
knockdown of LINC01224. (D) SW480 and HCT 16 cell lines were transfected with NC or LINCO01224 and qPCR analysis of miR-2467 after cells were transfected with

LINCO01224 or NC. **P <0.01.
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regulates LINC01224 via RISC formation. As the results
show, compared to NC (IgG), LINC01224 was preferen-
tially enriched in anti-Ago2 antibody-incubated beads
(Figure 3C). Collectively, these data revealed that
LINCO01224 bound to miR-2467 directly.

LINCO01224 and miR-2467 Effects on

CRC Cell Proliferation and Invasion

We further explored the biological effects of LINC01224
and miR-2467 on CRC cell proliferation. The results of
CCK-8 analysis suggested that knockdown of LINC01224
significantly inhibited proliferation of HCT116 and SW480
cells but the inhibitory effect was reversed when the cells
were co-transfected with sh-LINC01224 and the miR-2467
inhibitor (Figure 4A). Similarly, colony formation further
confirmed that knockdown of LINCO01224 significantly
inhibited proliferation of HCT116 and SW480 cells but
the inhibitory effect was reversed when the cells were co-
transfected with sh-LINC01224 and the miR-2467 inhibitor
(Figure 4B). We also examined whether LINC01224 and
miR-2467 affected CRC cell invasion. Transwell invasion
analysis suggested that LINC01224 silence could suppress
the invasion abilities of CRC cells. Similar to above, this
effect was also reversed when sh-LINC01224 and the miR-
2467 inhibitor were cotransfected (Figure 4C).

LINCO01224 Silence Inhibited CRC Tumor

Growth in vivo

To further verify the in vitro results the subcutaneous
xenograft tumor model was established by injecting stable
sh-NC or sh-LINC01224 cells into nude mice. Consistent
with the in vitro findings, the in vivo study demonstrated
that the volume and weight of tumors in the sh-
LINCO01224 group were significantly reduced compared
with the sh-NC group (Figure 5A—C). Moreover, the
expression of LINCO01224 was
LINCO01224 group tumors while miR-2467 expression

decreased in sh-

was increased in sh-LINC01224 group tumors compared
with that of the sh-NC group (Figure 5D and E).
Therefore, it was concluded that LINC01224 knockdown
inhibited CRC tumor growth in vivo.

Discussion

Tumor cells proliferation and invasion are important
aggressive behavior of human cancers.'>'* A large num-
ber of studies have revealed that IncRNA can function as
promoter or inhibitor of human cancer proliferation,

invasion and it was widely acknowledged that numerous
IncRNAs were involved in the progression of CRC.? For
example, FOXCUT (a novel long noncoding RNA) pro-
motes the colorectal cancer proliferation and invasion
through  activating FOXCI/PI3K/AKT  pathway."
Knockdown of long noncoding RNA linc-ITGB1 sup-
presses colorectal cancer metastasis by
BDNFE.'® LncRNA CCAT2 facilitates
instability in colorectal cancer via BOP1-AURKB axis.'’

inhibiting
chromosomal

However, the exact function and underlying mechanism of
the majority of IncRNAs in CRC is still unclear.
LINCO01224, a novel identified IncRNA, was reported
to promote the development of hepatocellular carcinoma
and epithelial ovarian cancer. In brief, LINC01224 expres-
sion was up-regulated in epithelial ovarian cancer tissues
and cells, and increased expression of LINC01224 was
associated with the progression of epithelial ovarian can-
cer patients. LINC01224 silence inhibited epithelial ovar-
ian cancer cell proliferation, migration, and invasion
in vitro, and hindered epithelial ovarian cancer tumor
growth in vivo. Mechanistically, LINC01224 served as
a competing endogenous RNA for microRNA-485-5p
(miR-485-5p) increased PAK4
expression.!! LINC01224 could up-regulate the expression
of CHEK1 by competitively binding to miR-330-5p, thus
promoting hepatocellular carcinoma development.'® In the

and consequently

present study, similar to the previous studies, we found
that the expression of LINCO01224 was significantly
increased in CRC tissues and cell lines. Moreover,
in vitro analysis demonstrated that LINC01224 silence
suppressed cell proliferation and invasion. Meanwhile,
our results further confirmed that LINC01224 knockdown
inhibited CRC growth in vivo.

Recently, accumulating studies suggested that IncRNA
exerts its functions through binding with microRNAs as
ceRNA."® For example, LINC00963 promotes cell prolif-
eration and migration via the miR-124-3p/FZD4 signaling
pathway in CRC."

LncRNA HOTAIR knockdown enhances radiosensitiv-
ity through regulating microRNA-93/ATG12 axis in CRC.*
In this study, an online database was used to find potential
target miRNAs of LINCO01224 and selected miR-2467.
Previous studies have established the inhibitory function
of miR-2467 in human cancers, including colorectal
cancer,”! cervical cancer,””> and non-small cell lung
cancer.”® In LINC01224-knockdown CRC cells, the expres-
sion of miR-2467 was significantly increased, while
LINCO012240verexpresion significantly up-regulated the
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Figure 4 The role of LINC01224 and miR-2467 in CRC cell proliferation and invasion. (A) CCK-8 cell viability assays were used to evaluate the sh-NC, sh- LINC01224, and
sh- LINC01224+miR-2467 inhibitor groups. (B) Colony formation assays were used to evaluate the sh-NC, sh- LINCO01224, and sh- LINC01224+miR-2467 inhibitor groups.
(C) Transwell invasion assays were used to evaluate the sh-NC, sh- LINC01224, and sh- LINC01224+miR-2467 inhibitor groups. **P <0.01.

expression of miR-2467. Additionally, the expression of and RIP assay further confirmed that LINC01224 directly
miR-2467 was negatively associated with LINC01224  bound to miR-2467. Finally, the results of the functional
expression in CRC tissues. The results of luciferase reporter  rescue assay indicated that LINC01224 knockdown
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inhibited CRC cell proliferation and invasion through reg-
ulating miR-2467.

In conclusion, our findings indicated that LINC01224

expression is up-regulated in CRC tissues and cell lines.

Moreover, LINC01224 promotes CRC proliferation, inva-

sion partly through regulating miR-2467. These results

demonstrated that LINC01224 is an important oncogenic

player in the development of CRC and may be a promising

therapeutic target for CRC patients.
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