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ing RNA 259 (LINC00239) is an oncogenic
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Background: Long intergenic non
long non-coding RNA in ac loid leu

Materials and
detect LINC002 tissues and cell lines. CRC cell proliferation, apopto-

vestigated by cell counting kit-8 assays, flow cytometry,

0239 functioned as a competing endogenous RNA by directly sponging miR-484,
thereby enhancing KLF'12 expression. Rescue experiments further corroborated that miR-484
inhibition or KLFI2 overexpression reversed the inhibitory actions of LINC00239 knock-
down in CRC cells.

Conclusion: The LINC00239/miR-484/KLF12 pathway executed critical roles in CRC
oncogenicity and may provide potential targets for CRC treatments.
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Introduction

Colorectal cancer (CRC) is the third most common human cancer and the second
leading cause of cancer-related mortalities worldwide,' contributing to ~1.2 million
new cases and 860,000 deaths each year® In recent years, the incidence and
mortality of CRC have continuously increased in China.® Although great efforts
have been made to identify effective diagnostic methods and anticancer treatments,
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the outcomes of CRC patients remain unsatisfactory, and
a significant proportion of patients still die of CRC.*?
About 50% of patients with CRC present with metastasis
at their initial diagnosis or recurrence and metastasis after
treatment with first-line therapies.® Colorectal carcinogen-
esis and progression are complex and multifactorial pro-
cesses that involve gene mutations, chronic inflammation,
colorectal adenoma, lifestyle factors, and genetics.”® As
a result, the detailed mechanisms responsible for CRC
pathogenesis are largely unclear and remain to be eluci-
dated. Hence, it is particularly urgent to comprehensively
investigate the molecular events underlying CRC progres-
sion to develop promising approaches for the management
of CRC.

About 98% of the human transcriptome is composed of
non-coding RNAs,”'* suggesting that these RNAs may
play a significant role in diverse pathophysiological pro-
cesses. Long non-coding RNAs (IncRNAs) are a class of
non-coding transcripts longer than 200 nucleotides.'' They
lack protein-coding capacity but perform important func-
tions in chromatin modification, transcriptional regulation,
Additionally,
IncRNAs execute crucial actions in almost all types of

and  post-transcriptional  regulation.'?
cancer-related processes. Specifically, several IncRN
are aberrantly expressed in CRC and play vital roles t
cancer genesis and progression by controlling v
logical processes.'* !

MicroRNAs (miRNAs) are anothe
coding and short RNA molecules
17-25 nucleotides.'® MiRNAs

expression by triggering tran

endogenous R ¥ (ceRN

ession of miRNA targets.”” Therefore,

s) by sponging miRNAs, thus
modulating the €
an in-depth investid¥tion of cancer-associated IncRNAs
and miRNAs in CRC may provide useful information for
identifying potential targets for cancer diagnosis and
therapy.

Long intergenic

non-protein coding RNA 239

(LINC00239) was previously demonstrated as an onco-
genic IncRNA in acute myeloid leukemia.”' However,
the exact roles of LINC00239 in CRC and the mechanism

by which it regulates CRC progression have not yet been

studied. To address this, our current study aimed to deter-
mine the expression profile of LINC00239 in CRC and
examined the roles of LINC00239 in regulating CRC cell
behavior. Furthermore, the mechanism underlying the
actions of LINC00239 in CRC was explored in detail.

Materials and Methods

Patients and Clinical Tissues
Sixty-three pairs of CRC tissues and matched adjacent
normal tissues were obtained from patients in the First

Hospital of Jilin University. All g d not been
diagnosed with other cancer t

chemotherapy or radiothera

rst Hospital of Jilin University
(FHJLU.2018-0614), and the experi-
conducted in accordance with the

normal human colon epithelium cell line (FHC; RRID:
CVCL _3688) was purchased from the American Type
Culture Collection (Manassas, VA, USA) and grown in
DMEM:F12 medium (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific Inc.),
25 mM HEPES, 10 ng/mL cholera toxin, 0.005 mg/mL
insulin, 0.005 mg/mL transferrin, 100 ng/mL hydrocorti-
sone, and 20 ng/mL human recombinant epidermal growth
factor.

All five human CRC cell lines, including SW480 (RRID:
CVCL 0546), SW620 (RRID:CVCL 0547), DLD-1
(RRID:CVCL 0248), HCT116 (RRID:CVCL 0291), and
HT-29 (RRID:CVCL 0320), were obtained from the
Shanghai Institute for Biological Sciences, Chinese
Academy of Sciences (Shanghai, China). SW480 and
SW620 cells were maintained in L-15 medium (Gibco;
Thermo Fisher Scientific Inc.) supplemented with 10% FBS
and 1% penicillin/streptomycin (Gibco; Thermo Fisher
Scientific Inc.). McCoy’s 5A medium (Gibco; Thermo
Fisher Scientific Inc.) was used to culture HCT116 and
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HT?29 cell lines, and DLD-1 cells were maintained in RPMI-
1640 medium (Gibco; Thermo Fisher Scientific Inc.). Both
media were supplemented with 10% FBS and 1% penicillin/
streptomycin. All cells were cultured at 37°C in a humidified
atmosphere with 5% CO,.

Cell Transfection

Three small interfering RNAs (siRNAs) targeting LINC00239
(si-LINC00239#1, #2, and #3) and negative control (NC)
siRNA (si-NC) were synthesized by Shanghai GenePharma
Inc. (Shanghai, China). MiR-484 mimic, NC mimic, miR-484
inhibitor, and NC inhibitor were all purchased from
Guangzhou RiboBio Inc. (Guangzhou, China). The KLFI2
overexpression vector pcDNA3.1-KLF12, LINC00239 over-
expression plasmid pcDNA3.1-LINC00239 and empty
pcDNA3.1 vector were bought from GeneChem Co., Ltd.
(Shanghai, China). CRC cells were seeded into 6-well plates,
grown to 70%—-80% confluence, and transfected with the
abovementioned  oligonucleotides or  vectors using
Lipofectamine® 2000 transfection reagent (Invitrogen;

Thermo Fisher Scientific).

RNA Extraction and Quantitative
Real-Time Polymerase Chain Reactio
(qQRT-PCR)

TRIzol Reagent (Invitrogen; The
Inc.) was used for total RNA ext

®Cted using a PrimeScript™ RT
ith gDNA Eraser (Takara Biotechnology
Co., Ltd.), afte
using a TB Green® Premix Ex Taq™ II (Takara

Which quantitative PCR was performed

Biotechnology Co., Ltd.). Glycerol-3-phosphate dehydro-
genase (GAPDH) was used as an internal control for nor-
malizing LINC00239 and KLF12 levels. All reactions were
conducted on an Applied Biosystems 7300 Real-Time PCR
System (Applied Biosystems, Foster City, USA). Relative
gene expression was analyzed according to the 2 “A¢
method.

Cell Counting Kit-8 (CCK-8) Assay
Transfected cells were seeded into 96-well plates at a density
of 2,000 cells per well. Cells were incubated at 37°C with
5% CO, for 0, 1, 2, and 3 days, and cell proliferation was
tested at each designated time point. A volume of 10 uL
CCK-8 reagent (Beyotime Institute of Biotechnology;
Shanghai, China) was added to cells and incubated at 37°C
for 2 h. The absorbance at 450 nm was read using
a microplate reader (Thermo Fisher Scientific, Waltham,
MA, USA), and growth curves were plotted accordingly.

Flow Cytometry A
The apoptotic rate was exin V-FITC

Apoptosis  Detectig Institute  of
Biotechnology).

sin digestion

Migration and Invasion Assays

The cell migration assay was performed using Transwell
chambers with an 8-pm polycarbonate membrane (BD
Biosciences). Transfected cells were collected by trypsin
digestion, centrifuged, and resuspended in FBS-free cul-
ture medium. The upper chambers were covered with
a 200-pL cell suspension containing 1 x 10° cells. The
lower chambers were filled with 500 pL culture medium
containing 10% FBS. Twenty-four hours later, the non-
migrated cells were gently removed with a cotton swab,
whereas the migrated cells were fixed with paraformal-
dehyde and stained with 0.1% crystal violet. After exten-
sive washing, images were taken under an inverted light
microscope (Olympus, Tokyo, Japan). Six visual fields
were randomly selected, and the number of migrated
cells was counted. To detect cell invasion, the chambers
were pre-coated with Matrigel (BD Biosciences), and the
subsequent experimental steps were the same as those
described in the migration assay.

Tumor Xenograft Experiments
Animal studies were conducted under the approval of the
Ethics Committee of Animal Experiments of the First
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Hospital of Jilin University (FHJLU.2019—-0201) and per-
formed in compliance with the NIH guidelines for the care
and use of laboratory animals. Short hairpin RNAs
(shRNAs) targeting LINC00239 (sh-LINC00239) and NC
shRNA (sh-NC) were designed and synthesized by
Shanghai GenePharma Inc. and ligated into a GenePharma
Supersilencing Vector (Shanghai GenePharma Inc.). The
lentivirus stably expressing sh-LINC00239 or sh-NC was
transfected into SW480 cells, and the stably transfected
cells were selected using puromycin. BALB/c male nude
mice (4-5 weeks) were purchased from the Laboratory
of Southern Medical
(Guangzhou, China) and subcutaneously injected with
SW480 cells stably expressing sh-LINC00239 or sh-NC.
The volume of subcutaneous xenografts was determined

Animal Center University

weekly by measuring tumor width and length and calcu-
lated with the following formula: volume = 1/2 (length x
width?). Four weeks after tumor cell injection, mice were
euthanized, and tumor xenografts were obtained for weight
measurements and molecular analyses.

Bioinformatics Analysis
The online public algorithm miRDB (http://mirdb.org/) was
applied to identify the miRNAs that directly interact
LINC00239. The putative target genes of miR-484 we
searched using three algorithms, including Target;

/)
www.targetscan.org/vert 60/) and TargetMin

isical.ac.in/~bioinfo miu).

of LINC0023,
a Cytoplasmic and
(Norgen, Thorold,
nucleus fraction

tribution

The Magna RIP RNA-Binding Protein Immunoprecipitation
Kit (Millipore, Bedford, MA, USA) was used according to
the manufacturer’s protocol. Briefly, CRC cells were lysed
in RIP buffer, and the cell lysate was treated with magnetic
beads conjugated with an Ago2 antibody and normal mouse
IgG (Millipore). Then, the magnetic beads were harvested
and rinsed with wash buffer. After removing the proteins
using Proteinase K, the co-precipitated RNA was isolated,

and qRT-PCR analysis was conducted to determine the
enrichment of LINC00239 and miR-484.

Luciferase Reporter Assay

LINC00239 fragments containing wild-type (WT) or
mutant (MUT) miR-484 binding sites were synthesized
and cloned into the pmirGLO Dual-Luciferase Vector
(Promega Corporation, Madison, WI, USA) to generate
LINC00239-WT and LINC00239-MUT reporter vectors.
Similarly, KLF12-WT and KLF12-MUT reporter vectors

were obtained using the same expgimmastal steps. For

sulfate-polyacrylamide electrophoresis on
and transferred to polyvinylidene fluoride mem-
anes. After 2 h of blocking with 5% nonfat powdered milk,
e membranes were incubated with primary antibodies
ainst KLF12 (1:1,000 dilution; sc-134,373; Santa Cruz
Biotechnology, CA, USA) or GAPDH (1:1,000 dilution; sc-
51907; Santa Cruz Biotechnology) overnight at 4°C. The
membranes were further incubated for 2 h with a goat anti-
rabbit horseradish peroxidase (HRP)-conjugated secondary
antibody (1:5000 dilution; sc-516102;
Biotechnology) at room temperature, and the protein bands

Santa Cruz

were detected using Thermo Scientific Pierce ECL Plus
Substrate (Pierce; Thermo Fisher Scientific, Inc.). GAPDH
served as an internal control for KLF12 expression.

Statistical Analysis

The SPSS version 20 software package (IBM SPSS Inc,
Chicago, IL) was used for statistical analysis. The difference
between two groups was assessed with Student’s #-test, and
a one-way analysis of variance (ANOVA) followed by
Tukey’s test was used to compare multiple groups. The
correlation between LINC002239 and miR-484 expression
was assessed by Pearson’s coefficient analysis. All results
were presented as means + standard deviations, and a value
of P < 0.05 was considered statistically significant.

submit your manuscript

12070

Dove

OncoTargets and Therapy 2020:13


http://mirdb.org/
http://www.targetscan.org/vert_60/
http://www.targetscan.org/vert_60/
http://www.isical.ac.in/~bioinfo_miu
http://www.isical.ac.in/~bioinfo_miu
http://www.dovepress.com
http://www.dovepress.com

Dove

Luo et al

Results

LINC00239 Depletion Impairs CRC Cell
Proliferation, Migration, and Invasion and
Promotes Cell Apoptosis in vitro

First, the expression of LINC00239 was analyzed in colon
adenocarcinoma (COAD) and rectum adenocarcinoma
(READ) using TCGA and GTEx databases. LINC00239
was found to be strikingly overexpressed in both COAD
and READ (Figure 1A). Additionally, LINC00239 expres-
sion was measured in 63 pairs of CRC tissues and matched

LINC00239 was not associated with either overall survival
(Figure 1E; P = 0.41) or disease-free survival (Figure 1F;
P =0.21) in CRC.

To research the roles of LINC00239 in CRC,
LINC00239 expression was silenced (Figure 2A) or over-
expressed (Figure 2B) in SW480 and HCT116 cells using
si-LINC00239 or pcDNA3.1-LINC00239, respectively.
The analysis of silencing efficiency showed that si-
LINCO00239#1 presented the highest inhibitory effect on
LINC00239 expression in SW480 and HCT116 cells; thus,
si-LINC00239#1 was selected fg

-up experiments.

adjacent normal tissues. qRT-PCR analysis indicated that
LINC00239 expression was higher in CRC tissues than
that in adjacent normal tissues (Figure 1B). Consistently,
all five CRC cell lines (SW480, SW620, DLD-1, HCT116,
and HT-29) exhibited higher expression of LINC00239
in comparison with that in FHC cells (Figure 1C).
Correlation analysis showed that high LINC00239 levels
were correlated with tumor stage in READ patients
(Figure 1D; P = 0.0284), but no obvious relationship was
identified between LINC00239 expression and tumor stage
in COAD (P = 0.957). Furthermore, the analysis of TCGA
of

NA3.1-LINC00239
apoptosis (Figure 2F). Furthermore, the
of LINC00239 impaired the migratory
capacity of SW480 and HCTI16 cells

significantly

and GTEx databases revealed that an increased 1
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Figure | LINC00239 is upregulated in CRC. (A) LINC00239 expression in COAD and READ samples from TCGA and GTEx databases. (B) qRT-PCR was performed to
detect LINC00239 expression in 63 pairs of CRC tissues and matched adjacent normal tissues. (C) LINC00239 expression in CRC cell lines was determined by qRT-PCR.
A normal human colon epithelium cell line was used as the control. (D) The correlation between LINC00239 expression and tumor stage in COAD and READ patients data
from TCGA and GTEx databases. (E, F) Kaplan—Meier overall survival and disease-free survival curves according to LINC00239 expression in TCGA and GTEx. **P < 0.01.
Abbreviations: LINC00239, long intergenic non-protein coding RNA 239; COAD, colon adenocarcinoma; READ, rectum adenocarcinoma; CRC, colorectal cancer. TCGA,
The Cancer Genome Atlas.
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ansfection was measured by gRT-PCR. (C, D) The proliferation of si-LINC00239-transfected or pcDNA3.1-LINC00239-transfected SWW480 and
HCT116 cells was anal ja the CCK-8 assay. (E, F) Flow cytometry analysis of SW480 and HCT | |6 cell apoptosis after LINC00239 knockdown or overexpression. (G,
H) The migratory capacity 8 480 and HCT 1 16 cells after LINC00239 knockdown or overexpression were examined by cell migration assay. (I, J) Cell invasion assay was
employed for determining cell invasion in SW480 and HCT | 16 cells after si-LINC00239 or pcDNA3.1-LINC00239 transfection. **P < 0.01.

Abbreviations: LINC00239, long intergenic non-protein coding RNA 239; si-NC, negative control small interfering RNA; si-LINC00239, small interfering RNA targeting
LINC00239; PI, propidium iodide. pcDNA3.1-LINC00239, LINC00239 overexpression plasmid.

compared with si-NC-transfected cells, whereas upregula-  whereas transfection with pcDNA3.1-LINC00239 pro-
tion of LINC00239 showed the opposite effect (Figure 2H).  moted cell invasion (Figure 2J). Thus, these results demon-
Moreover, transfection with si-LINC00239 harmed the strated that LINC00239 exerted a pro-cancer role in CRC
invasive ability of SW480 and HCT116 cells (Figure 2I), oncogenesis and progression.
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LINCO00239 Serves as an Endogenous candidates, miR-629-3p,* miR-106a-3p,” miR-660-5p,”’
Molecular Sponge for miR-484 in CRC miR-484,%% miR-320b/c/d,**>° and miR-320a-3p>' were
Cells selected for follow-up studies because of their important

roles in carcinogenesis and cancer progression.

qRT-PCR was conducted to explore whether these
miRNAs can be modulated by LINC00239 in CRC cells.
The results revealed that LINC00239 depletion increased
miR-484 expression in SW480 and HCT116 cells but had

no impact on the expression of the other seven miRNAs

To elucidate the mechanisms by which LINC00239 affects
CRC progression, IncATLAS (http:/Incatlas.crg.cu/) was
used to assess the localization of LINC00239. LINC00239
localization was predicted to be mainly cytoplasmic (Figure

3A), which was further verified by subcellular fractionation
assays (Figure 3B). Accumulating studies have uncovered
that cytoplasmic IncRNAs can directly bind to miRNA and ~ (Figure 3D). Moreover, miR-484 expression was reduced

act as a miRNA sponge.”?>** Following bioinformatics

P < 0.0001).
00239 were

prediction, 23 miRNAs were identified to have complemen-
tary sites within LINC00239 (Figure 3C). Of these
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Figure 3 LINC00239 functions as a miR-484 sponge in CRC. (A) The prediction of LINC00239 subcellular localization by IncATLAS. (B) Nuclear and cytoplasmic
fractionations of SW480 and HCT |16 cells were separated by subcellular fractionation, and the distribution of LINC00239 was analyzed. (C) The potential miRNAs
sequestered by LINC00239 were predicted by miRDB. (D) qRT-PCR was applied to detect the expression of miRNAs in SW480 and HCTI 16 cells transfected with si-
LINCO00239 or si-NC. (E) The expression of miR-484 in 63 pairs of CRC tissues and matched adjacent normal tissues was measured by qRT-PCR. (F) Pearson’s correlation
analysis was applied to assess the correlation between LINC00239 and miR-484 in 63 CRC tissues. (G) The wild-type miR-484 binding site in the sequences of LINC00239.
The mutated sequences were also displayed (LINC00239-MUT). (H) SW480 and HCT116 cells were cotransfected with miR-484 mimic or NC mimic and luciferase
reporter vectors LINC00239-WT or LINC00239-MUT. Transfected cells were collected at 48 h post-transfection, and luciferase activity was determined. (I) RIP assays were
performed in SW480 and HCT 116 cells to reveal the enrichment of LINC00239 and miR-484 in the immunoprecipitates conjugated to Ago2. **P < 0.01.
Abbreviations: LINC00239, long intergenic non-protein coding RNA 239; GAPDH, glycerol-3-phosphate dehydrogenase; U6, U6 small nuclear RNA; has, human; miR,
microRNA; si-NC, negative control small interfering RNA; si-LINC00239, small interfering RNA targeting LINC00239; CRC, colorectal cancer; WT, wild-type; MUT,
mutant; NC mimic, negative control mimic; Ago2, Argonaute2.
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presented in Figure 3G. To further investigate the physical
miR-484 LINC00239,
a luciferase reporter assay was conducted in SW480 and
HCT116 cells cotransfected with miR-484 mimic or miR-
NC and LINC00239-WT or LINC00239-MUT. As shown
in Figure 3H, the upregulation of miR-484 obviously
decreased LINC00239-WT luciferase activity in SW480
and HCT116 cells, whereas the luciferase activity of
LINC00239-MUT was unaffected after miR-484 overex-
pression. Furthermore, RIP assay results confirmed that
LINC00239 and miR-484 were notably enriched by Ago2
in SW480 and HCT116 cells (Figure 3I), revealing that
they existed in the same RNA-induced silencing complex.
Collectively, LINC00239 acted as a miR-484 sponge in
CRC cells.

interactions  between and

MiR-484 Plays Anti-Oncogenic Roles and
Directly Targets KLFI2 in CRC Cells

The detailed roles of miR-484 were also examined in CRC
cells. After confirming the overexpression efficiency of
miR-484 mimic (Figure 4A), CCK-8 assays, flow cytome-
try analysis, and cell migration and invasion assays wg

that ectopic miR-484 expression effective PP
SW480 and HCT116 cell proliferation g#gure 44
RO

<,

actions of miR-484 i
was used to idepd

critical oncogenic roles in
ioate this possibility, a luciferase repor-
ter assay was condu®®d, and the results revealed that miR-
484 evidently reduced the luciferase activity of KLF12-WT
in SW480 and HCT116 cells without influencing the activ-
ity of the LKF12-MUT reporter (Figure 4G). By measuring
KLF12 expression, we revealed that KLFI12 was overex-
pressed in CRC tissues compared with adjacent normal
tissues (Figure 4H). In addition, an inverse correlation
between KLF12 mRNA and miR-484 expression in CRC
tissues was confirmed by Pearson’s correlation analysis

(Figure 41; r = —0.6702, P < 0.0001). Then, qRT-PCR and
Western blotting analyses uncovered that the mRNA
(Figure 4J) and protein (Figure 4K) levels of KLF12 were
suppressed by miR-484 upregulation in SW480 and
HCTI116 cells. Together, these data suggested that miR-
484 played cancer-inhibiting functions in CRC cells and
directly targeted KLF12.

LINC00239 Sponges miR-484 and
Enhances KLFI2 Expression in CRC Cells

trols KLF'12 expression
was determined in
LINC00239 knoc
levels of KLFI2
SW480 and
assay results indicated that
KLF12 were all enriched by
antibody

istence of

r validated a positive correlation between
0 and KLF12 mRNA expression in CRC tissues
igure 5D; r = 0.6402, P < 0.0001). Furthermore, rescue
periments revealed that the LINC00239 silencing-
ediated downregulation of KLFI2 mRNA (Figure 5E)
and protein (Figure 5F) was restored by miR-484 inhibi-
tion. Altogether, these findings suggested that LINC00239
increased KLF12 expression in CRC cells by sequestering
miR-484.

MiR-484 Inhibition or KLFI2
Overexpression Restores the Inhibitory
Effects of LINC00239 Knockdown in
CRC Cells

Rescue assays were conducted to evaluate whether the
miR-484/KLF12 axis contributes to the biological effects
of LINC00239 in CRC cells. To this end, the transfection
efficiency of miR-484 inhibitor was first assessed via qRT-
PCR. The expression of miR-484 was notably decreased
after miR-484 inhibitor transfection (Figure 6A). Next,
SW480 and HCTI116 cells were cotransfected with si-
LINCO00239 and miR-484 inhibitor or NC inhibitor.
LINC00239 depletion suppressed SW480 and HCT116
cell proliferation (Figure 6B) and promoted their apoptosis
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(Figure 6C),
was silenced.

l the effects were abrogated when miR-484
A¥ditionally, miR-484 inhibition reversed
the impacts induced by si-LINC00239 on the migration
(Figure 6D) and invasion (Figure 6E) of SW480 and
HCT116 cells.
Furthermore, the KLFI2 overexpression plasmid
pcDNA3.1-KLF12 was used to overexpress KLFI2
(Figure 7A), and it was introduced into LINCO00239-

deficient SW480 and HCT116 cells. The CCK-8 assay

. NC mlmnc_‘ miR-484 mimic

SW480 HCT116

Apoptotic rate (%)

KLF12-WT 5 .G .3
miR-484 3 5
.3

=-0.6702
P < 0.0001
2
0.0 05 1.0 15
Relative miR-484
expression

wing miR-484 mimic or NC mimic transfection. (D, E) Cell migration and invasion assays displayed the effects
480 and HCT 116 cells. (F) KLFI2 3'-UTR containing the miR-484 binding sequences. The mutated KLF/2 3'-
ng site was also shown. (G) A luciferase reporter assay was conducted in SW480 and HCT1 16 cells transfected with miR-484
. (H) The mRNA level of KLFI2 in 63 pairs of CRC tissues and matched adjacent normal tissues was detected by qRT-

ol mimic; miR-484, microRNA-484; Pl, propidium iodide; WT, wild-type; MUT, mutant; KLF12, kruppel-like factor 12; mRNA,
; GAPDH, glycerol-3-phosphate dehydrogenase.

results showed that the loss of LINC00239 significantly
hindered the proliferative capacity of SW480 and HCT116
whereas cotransfection with pcDNA3.1-KLF12
counteracted the effects (Figure 7B). Consistently, the
increased cell apoptosis caused by si-LINC00239 was
7C).
Furthermore, KLFI2 overexpression abolished the inhibi-
tory actions of LINC00239 knockdown on the migration
(Figure 7D) and invasion (Figure 7E) of SW480 and

cells,

recovered by KLFI2 overexpression (Figure
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HCTI116 cells. Taken together, LINC00239 aggravated the
oncogenicity of CRC cells by regulating the miR-484/
KLF12 axis.

Interference of LINC00239 Decreases

Tumor Growth of CRC in vivo
To address the effect of LINC00239 on the
CRC cells, mice xenograft models
inoculating SW480 cells stably ex

B). Additionally, t
reduced tumor weig

stably depleted-S@or xenografts. Furthermore, the protein
level of KLFI2 ingp sh-LINC00239 group was clearly
downregulated compared with the sh-NC group (Figure
8F). Therefore, LINC00239 depletion impeded CRC
tumor growth in vivo.

Discussion
In the past decade, IncRNAs have been identified as key
regulators of carcinogenesis and cancer progression.’*’

Increasing studies have demonstrated that several IncRNAs
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ed in regulating CRC oncogenicity is war-

ay contribute to the development of CRC thera-

CRC. To address this important gap, our study measured
the expression of LINC00239 in CRC and examined the roles
of LINC00239 in regulating the oncogenicity of CRC cells
in vitro and in vivo. More importantly, the detailed mechan-
isms responsible for the tumor-promoting activities of
LINC00239 in CRC cells were elucidated.

LINC00239 is highly expressed in acute myeloid leuke-
mia and plays oncogenic roles by promoting cell prolifera-
tion, colony-forming, and migration abilities.*' Furthermore,
the upregulation of LINC00239 improves the chemoresis-
tance of acute myeloid leukemia cells to doxorubicin.’
Additionally, LINC00239 is identified as a biomarker to
predict the overall survival of patients with hepatocellular
carcinoma without fibrosis.*® However, the expression and
functions of LINC00239 in CRC are poorly understood. In
this study, LINC00239 was found to be overexpressed in
CRC tissues and cell lines. Functionally, the downregulation
of LINC00239 by RNA interference restrained CRC cell
proliferation, migration, and invasion and promoted cell
apoptosis in vitro. Additionally, LINC00239 depletion
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inhibited CRC growth in vivo. These observations suggest Extensive studies reported that cytoplasmic IncRNAs
that LINC00239 functions as an oncogene in CRC cells, are important elements of the ceRNA network via their
providing a potential target for CRC management. competitive binding to miRNAs and consequent protection
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of miRNA targets from degradation or translational
inhibition.*' The molecular events of LINC00239 in pro-
moting the aggressiveness of CRC cells remain unclear.
LncATLAS, a visualization tool to obtain useful informa-
tion on the localization of IncRNAs, was used to determine

the subcellular distribution of LINC00239, which was
further verified by subcellular fractionation assays. Our
results validated for the first time that LINC000239 is
a cytoplasmic IncRNA in CRC cells, suggesting that
LINC00239 acts as a ceRNA or miRNA sponge. Eight
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miRNAs were predicted as candidates, and further ana-
lyses revealed that LINC00239 attenuated the exprgssion
of miR-484 in CRC cells. In addition, LINC002
miR-484 levels were inversely correlated in CRC ti

Interestingly, usi
ical analyses and

KLFI12 mRNA
regulatory actions were reversed by miR-484 inhibition.
Additionally, a positive correlation between LINC00239
and KLFI12 levels was observed in CRC tissues.
Importantly, LINC00239, miR-484, and KLFI12 were
confirmed to co-exist in the same RNA-induced silen-

d protein levels in CRC cells, and these

cing complex. In short, these observations provided con-
vincing evidence of a novel ceRNA pathway involving
LINC00239, miR-484, and KLF12 in CRC cells.

Relative KLF12

SW480 cells stably expressing
euthanized, and tumor xenografts
. (F) The protein level of KLF/2 in

downregulated in many human cancers,
% but its detailed roles in CRC remain
r research investigated the roles of miR-484
lating the malignant characteristics of CRC cells
and confirmed that miR-484 is an anti-cancer miRNA. The
transcription factor KLF'12 was directly targeted and nega-
tively regulated by miR-484 in CRC cells. KLFI2 is
known to be upregulated in CRC, and patients with high
KLF12 levels show a worse prognosis compared with
patients exhibiting low KLFI2 expression.*> KLFI2 dis-
plays tumor-promoting activities in CRC cells and partici-
the
behaviors.*>* In this study, further exploration suggested
that KLFI2 was positively regulated by LINC00239 in
CRC cells, and rescue experiments further confirmed the
function of LINC00239 in sponging miR-484 to regulate
KLF12 expression. Significantly, miR-484 inhibition or

pates in regulation of multiple tumor cell

KLF12 overexpression effectively reversed the suppres-
sive influences of LINC00239 silencing on the malignant
phenotype of CRC cells. Therefore, our study unveiled the
contribution of the LINC00239/miR-484/KLF12 pathway
in regulating CRC progression.

Conclusion
To conclude, LINC00239 was upregulated in CRC and
promoted the development of CRC. Mechanistically,
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