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Long non-coding RNA LINC00238 suppresses the malignant
phenotype of liver cancer by sponging miR-522
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Abstract. Long non-coding RNAs can regulate the malignant
tumor phenotype either as tumor suppressors or oncogenes.
The present study investigated the underlying mechanism of
LINCO00238 in liver cancer. LINC00238 was identified as a
downregulated molecule in The Cancer Genome Atlas liver
hepatocellular carcinoma dataset through Gene Expression
Profiling Interactive Analysis software. Through gain- and
loss-of-function experiments, LINC00238 was confirmed as
a tumor suppressor that could not only decrease cell viability,
migration and invasion in vitro, but also tumorigenesis and
tumor metastasis in vivo. By cytoplasmic and nuclear RNA
isolation, LINC00238 was confirmed to be predominantly
cytoplasmic. Mechanistically, RNA pull-down assays showed
that LINC00238 sponged microRNA (miR)-522 and then
reversed the inhibitory effects on two downstream targets,
secreted frizzled related protein 2 and dickkopf1. Collectively,
LINCO00238 was identified as a tumor suppressor that acts
via sponging miR-522 followed by silencing of downstream
targets, suggesting that LINC00238 may have a key role in
suppressing the malignant phenotype of liver cancer cells.
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Introduction

Liver cancer is the fifth most frequent fatal malignancy in
the United States (1), but ranks second in China (2) due to
the high risk of factors, such as hepatitis B virus (HBV) or
hepatitis C virus (HCV) infection, fatty liver disease and
alcohol-related cirrhosis. In total 5-15% of patients are suitable
for surgical removal, which is only for early-stage patients (3).
The prognosis for unresectable stage liver cancer is very poor,
with a median survival time of 6-20 months and <5% for the
5-year survival rate (4). Therefore, discovering prognostic or
therapeutic biomarkers is urgently required for patients with
liver cancer.

Long non-coding RNAs (IncRNAs) are defined as
non-coding RNAs >200 nucleotides (5). Although IncRNAs
undergo similar processing as mRNAs, including splicing,
capping, polyadenylation and editing, they lack significant
open reading frames (5). Increasing evidence suggests that
IncRNAs participate in every aspect of the life cycle of a gene,
including transcription, splicing, RNA decay and transla-
tion (6). Cytoplasmic IncRNAs can regulate gene expression
via diverse mechanisms, either by sponging microRNAs
(miRNAs/miRs) or altering mRNA stability (7).

To date, a total of 74 deregulated liver cancer-associated
IncRNAs have been reported, with 52 upregulated IncRNAs
exhibiting oncogenic properties and 22 downregulated IncRNAs
exhibiting tumor-suppressive properties (8). Therefore, these
insights reveal that novel IncRNAs may be potential biomarkers
and enable the design of precision therapy for liver cancer.
Previously, it was reported that HBV infection inhibited the
expression of LINC00238, which was found to be significantly
downregulated in HBV-positive liver tissues, HBV-expressing
cell lines and HBV transient-expressing cells (9). Furthermore,
overexpression of LINC00238 could suppress HBV replica-
tion (9). Chronic HBV infection is a major risk factor for liver
cancer, and notably, in China, HBV-related liver cancer accounts
for ~85% of liver cancer cases due to the high prevalence of
HBYV infection (10). However, to the best of our knowledge, the
role of LINCO00238 in liver cancer progression is still unclear.

Gene Expression Profiling Interactive Analysis (GEPIA) is
a web-based tool that can deliver fast and customizable func-
tionalities based on The Cancer Genome Atlas (TCGA) and
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The Genotype-Tissue Expression data (11). Researchers can
perform comprehensive expression analyses through GEPIA
by customizable functions, including differential expres-
sion analysis, profiling plotting, correlation analysis, patient
survival analysis, similar gene detection and dimensionality
reduction analysis (11). The chick embryo chorioallantoic
membrane (CAM) assay is an alternative in vivo experimental
model suitable for cancer studies (12). Compared with the
mouse xenograft model, the CAM is a low cost method that
is naturally immune-incompetent, favorable to tumor grafting,
and enables the ability of perform neovascularization and
invasion assays to evaluate the ability of cells to be tumori-
genic and invade and metastasize into the embryo (13). It is
widely used for the investigation of multiple steps of tumor
progression, metastatic behavior and molecular deregulated
pathways, including the evaluation of stem cell activity in
breast cancer (13), sarcoma (14,15), lymphoma (16), liver
cancer (17) and melanoma (18).

In the present study, data mining was performed by GEPIA
analysis of IncRNAs for liver hepatocellular carcinoma
[LIHC (TCGA-LIHC)], which led to the detection of the
expression profile of LINC00238 in liver cancer, and identified
it as a tumor suppressor. Mechanistically, LINC00238 acted as
amolecular sponge to adsorb miR-522, resulting in the reversal
of the inhibitory effects on two downstream targets, secreted
frizzled related protein 2 (SFRP2) and dickkopfl (DKKI).
Therefore, the functions of a novel IncRNA that regulated the
malignant phenotype of liver cancer was described.

Materials and methods

GEPIA analysis of TCGA and Gene Expression Omnibus
(GEO) data. GEPIA (11) (http://gepia.cancer-pku.cn) was used
to analyze the aberrantly expressed IncRNAs by differential
expression analysis of TCGA-LIHC. The downregulated
IncRNAs among the differentially expressed genes (DEGs)
with log, fold change (FC) cutoff=1 and g-value cutoff=0.01
were selected. Next, Kaplan-Meier survival analysis was
performed followed by a log-rank test for these downregu-
lated IncRNAs to obtain IncRNAs associated with the overall
survival of patients after surgery by the median expression
level of each IncRNA in LIHC (P<0.1, two-tailed test P<0.1
means one-tailed test P<0.05 because this study was only
concerned about one direction, not both).

Cell line and cell culture. Two liver cancer cell lines (HepG2
and Huh7) and 293T cells were obtained from the National
Infrastructure of Cell Line Resource. Cell lines were
confirmed to be free of mycoplasma contamination by PCR
and three short tandem repeat (STR) loci. Cells were cultured
in RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with penicillin (50 U/ml), streptomycin (50 g/ml) and
10% heat-inactivated fetal bovine serum (FBS, Thermo Fisher
Scientific Inc.) in a humidified 5% CO, atmosphere at 37°C.

In vivo tumor growth and metastasis. A modified chick embryo
CAM assay was used to assess tumor growth and metastatic
characteristics. Briefly, a total of 35 10-day-old SPF white
leghorn chicken embryo eggs (Beijing Vital River Laboratory
Animal Technology Co., Ltd.) were randomized into groups

(n=5/group). A square window was opened in the shell under
aseptic conditions after sterilization with 75% ethanol. A total
of 5x10° cells in 50 pl PBS (including Huh7 control cells,
LINCO00238 overexpression Huh7 cells, scramble HepG2 cells,
LINCO00238 shRNA HepG2 cells, LINC00238 overexpression
Huh7 cells transfected with NC and miR-522 mimics) were
labeled with CM-Dil (red fluorescent dye) in 5% glucose for
15 min at 37°C and inoculated onto each CAM. Eggs were
resealed with sterilized tape and returned to a humidified
37°C incubator for an additional 7 days (before hatching out,
normally chicken eggs would hatch in 21 days). The tumors
that grew on each CAM of the 18-day-old chicken embryos
were dissected and weighed. Then, the chicken embryos were
sacrificed by cervical dislocation on day 18 after the incubation
period began. The fresh lungs were isolated, flattened by two
slides and evaluated under a fluorescence microscope (Leica
Microsystems, Inc.) to track the distant metastatic tumor loci
(with red fluorescence) (19).

RNA extraction and reverse transcription-quantitative
(RT-g) PCR analysis. Total RNA was isolated from control
or LINC00238 overexpression Huh7 cells, scramble or
LINCO00238-shRNA HepG?2 cells, NC or miR-522 transfected
Huh7 or LINCO00238 overexpression Huh7 cells by using a
miRNeasy mini kit (Qiagen, Inc.). Separation and purifica-
tion of cytoplasmic and nuclear RNA from HepG2 and Huh7
cells was performed using a Cytoplasmic & Nuclear RNA
Purification kit (Norgen Biotek Corp.). IncLocator (csbio.
sjtu.edu.cn/bioinf/IncLocator/) was used to predict the
IncRNA subcellular location. First strand cDNA was synthe-
sized from 5 pg RNA using random primers and Moloney
Murine Leukemia Virus reverse transcriptase (M-MLV
RT; Invitrogen; Thermo Fisher Scientific, Inc.). For miRNA
detection, 100 ng of RNA was first added to polyA tails by
polyA polymerase (NEB), and then cDNA was synthesized by
OligodT-Adaptor and M-MLV RT according to the manufac-
turer's protocol. gPCR was performed using SYBR Green PCR
Master Mix (Applied Biosystems; Thermo Fisher Scientific,
Inc.) on an ABI 7500 System (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The thermocycling conditions were
initial denaturation at 95°C for 5 min, followed by 45 ampli-
fication cycles of 95°C for 10 sec, 60°C for 20 sec, 72°C for
42 sec and a final extension 1 min at 72°C. The gene expression
level was calculated by the 224°4 method (20), where ACq=Cq
(gene)-Cq (GAPDH). For IncRNA and miRNA expression,
GAPDH and U6 were used as internal reference genes, respec-
tively. qPCR data are represented as the mean + SD from three
independent experiments. Sequences for primers are listed in
Table SI. The primers for amplification of LINC00238 were
designed in the common region of three isotypes of V1, V3
and V4.

Plasmid construction and cell transfection. LINC00238
(NR_024338.3, isotype V1) was subcloned into a pcDNA3.1 (+)
(Invitrogen; Thermo Fisher Scientific, Inc.) expression vector.
A total of 10 ug of blank vector or LINC00238 plasmids were
transfected into 5x10° Huh7 cells for 48 h and selected with
500 mg/ml G418 solution for 1 week to obtain control group
and stable LINC00238 overexpression group maintained in
250 mg/ml G418 solution. A total of 5 g of 3rd lentivirus RNAi
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shuttle vector (plenti6-U6, originally from Invitrogen plenti6
backbone) containing the sequence for scramble control or
for the short hairpin RNA (shRNA) of LINC00238 was trans-
fected into 1x10° 293FT cells together with the 9 ug packaging
plasmids containing PLP1, PLP2 and pLP/VSVG to generate
lentiviruses for 48 h at 37°C to collect lentiviral particles in the
supernatant by centrifuge at 1,000 x g for 5 min. Lentivirus
at an MOI of 20 were added into HepG2 cells seeded in
6-well plates (at a density of 5x10* cells/well), screened with
1 pg/ml blasticidine S and maintained in 0.5 xg/ml blastici-
dine S solution. All plasmids were confirmed by sequencing.
Targeting sequences for shRNAs are listed in Table SI.
For miRNA overexpression, 10 pmol/ml double-stranded
miR-522 mimics (5'-aaaaugguucccuuuagagugu-3') and nega-
tive control (micrON mimic NC #22) oligonucleotides were
purchased from Guangzhou Ruibio Co., Ltd., and transfected
into LINC00238 overexpression 1x10°® Huh7 cells by using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's instructions. At 24 h
post-transfection, subsequent experiments were performed.

Cell viability and plate colony formation assays. A total
of 1x10° cells/well, including control or LINC00238 over-
expression Huh7 cells, scramble or LINC00238-shRNA
HepG2 cells, NC or miR-522 transfected Huh7 or LINC00238
overexpression Huh7 cells, were seeded into 96-well plates.
Cell viability was evaluated by a Cell Counting Kit-8 (CCK-8;
Dojindo Molecular Technologies, Inc.). Briefly, 10 ul CCK-8
reagents were incubated with cells for 1 h, and then the absor-
bance at 450 nm was measured with a microplate reader. For
the plate colony formation assay, 500 cells/well, including
control or LINC00238 overexpression Huh7 cells, scramble or
LINCO00238-shRNA HepG?2 cells, NC or miR-522 transfected
Huh7 or LINC00238 overexpression Huh7 cells, were cultured
in 6-well plates for 1 week. Colonies were fixed in 4% form-
aldehyde for 5 min at room temperature and stained with
0.1% crystal violet for 10 min at room temperature. Colonies
numbers were counted by Image J software.

Cell migration and invasion assays. Control or LINC00238
overexpression Huh7 cells, scramble or LINC00238-shRNA
HepG2 cells, NC or miR-522 transfected Huh7 or LINC00238
overexpression Huh7 cells (1x10%) pretreated with 10 pg/ml
mitomycin-C (Sigma-Aldrich; Merck KGaA) for 1 h at 37°C
were added to the upper chamber of a Transwell plate (for
invasion assay, Transwell membrane were precoated with
50 pl 1:40 diluted Matrigel for 1 h at 37°C) with an 8.0-ym
pore polycarbonate membrane insert in 100 1 RPMI-1640
containing 1% FBS. A total of 500 yl RPMI-1640 with
10% FBS was added to the lower chamber as a chemoattrac-
tant. After 24 h at 37°C in the cell incubator, cells were fixed
for 5 min with 4% formaldehyde at room temperature and
stained with 1% crystal violet for 1 min at room temperature.
After removing the cells inside the membrane, the number
of migrated and invasive cells was imaged in four randomly
selected microscopic fields under light microscope (Leica).

Immunoblotting. Cells or tumor tissues were lysed with
radioimmunoprecipitation assay (RIPA) buffer containing a
protease inhibitor cocktail (Roche Diagnostics). The protein

concentration was assessed with a BCA protein assay kit
(Bio-Rad Laboratories, Inc.). Equal amounts of protein for
each sample (30 ug) were separated on 10% SDS-PAGE
gels and subsequently transferred to PVDF membranes
(Millipore Sigma). The membranes were blocked for 1 h in
PBS containing 5% non-fat milk at room temperature and
then incubated overnight with SFRP2 (cat. no. #4687, Cell
Signaling Technology, Inc.), DKK1 (cat. no. ab109416, Abcam)
and GAPDH (cat. no. #5174, Cell Signaling Technology,
Inc.) antibodies (1:5,000) at 4°C. The membranes were
then incubated with HRP-conjugated secondary antibodies
(1:50,000, #111-005-003, Jackson ImmunoResearch) at
room temperature for 1 h and visualized with ECL detection
reagents (Millipore Sigma). Images were captured by AI600
version 1.2.0 (GE Healthcare) on an Amersham Imager 600
(GE Healthcare).

RNA pull-down. For the in vivo pull-down assay,
LINC00238-6xMS2bs plasmids in the pcDNA3.1 backbone
(Invitrogen; Thermo Fisher Scientific, Inc.) containing six
repeat MS2-binding site RNA sequences and MS2 expression
plasmids with Flag tags in the pcDNA3.1 backbone (Invitrogen;
Thermo Fisher Scientific, Inc.) were co-transfected into 1x10°
293T cells. After 48 h transfection cells were lysed by 500 ul
NP40 cell lysis buffer (Thermo Fisher Scientific, Inc.), then
500 pl lysate were incubated with 50 ul Anti-FLAG® M2
Magnetic Beads (# M8823, Sigma-Aldrich; Merck KGaA)
overnight at 4°C. After washing with PBS three times using
magnetic separation rack at room temperature, the pull-down
product was eluted by 100 pl 3X FLAG® peptide. Biotin-based
RNA pull-down assays were carried out according to the
protocol (21). The pull-down RNAs were isolated, purified
and cDNA was synthesized, followed by analysis via qPCR as
aforementioned.

Reporter gene assay. Predicted consequential pairing of target
region ‘CCAUUU’ and miR-522 were searched by Gene Runner
software version 6.5.52 Beta (Frank Buquicchio and Michael
Spruyt). The wild-type and mutant LINC00238 were incorpo-
rated into the pGL3-control vector (Promega Corporation) via
the In-Fusion HD Cloning kit (Takara Bio). To determine the
relative luciferase activity, 1x10* 293 cells were seeded into
24-well plates and co-transfected with 500 ng pGL3-control
containing LINC00238 wild-type or mutant, 26 ng pRL-TK
plasmid (Promega Corporation) expressing Renilla luciferase,
and 20 pmol miR-522 mimics or NC using Lipofectamine 2000
(n=4). Firefly and Renilla luciferase activity in the cell lysates
was measured 24 h after transfection using a dual-luciferase
reporter assay kit (Promega Corporation). Firefly luciferase
activity was normalized to that of Renilla luciferase for each
sample.

Statistical analysis. Experiments were performed in trip-
licate. Data were analyzed with SPSS 26 (IBM Corp.) and
GraphPad Prism 8 (GraphPad Software, Inc.). The continuous
variables with normal distribution and equal variance (F test)
between/within the groups are expressed as the mean + SD,
and the statistical significance was determined using an
unpaired two-tailed Student's t-test between two groups,
one-way ANOVA followed by a Bonferroni post hoc test for
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Figure 1. Low levels of LINC00238 expression are associated with poor prognosis of patients with liver cancer. (A,B) LINC00238 was downregulated in liver
cancer tissues compared with in normal tissues from TCGA and Gene Expression Omnibus databases by Gene Expression Profiling Interactive Analysis.
(C) The expression analysis showed that LINC00238 was downregulated in 46/49 hepatocellular carcinoma and matched normal tissues from TCGA database.
(D) Kaplan-Meier analysis of overall survival from TCGA database revealed that patients with lower expression of LINC00238 in tumor tissues had poorer
prognosis. "P<0.05. TCGA, The Cancer Genome Atlas; LIHC, liver hepatocellular carcinoma; GTEx, Genotype-Tissue Expression.

multiple comparisons and two-way ANOVA for cell viability
analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

Identification of the downregulated IncRNAs in liver cancer
tissues. A total of 15 downregulated IncRNAs were screened
out in liver cancer tissues by GEPIA (FC>2, P,;<0.01,
Table SIT). Next, Kaplan-Meier survival analysis suggested
that five IncRNAs (LINCO01554, LINC01093, LINCO01018,
LINCO01370 and LINC00238) were associated with the overall
survival of patients after surgery by the median expression
level of each IncRNA as cut-off value (Log-rank test P<0.1,
Table SII; Fig. 1D for LINC00238 and Fig. S1 for the remaining
IncRNAs). LINCO01554 (22,23), LINC01093 (24,25) and
LINCO01018 (26,27) have been reported to have roles in liver
cancer. LINCO00238 has been reported to be associated with
HBYV infection (9), which accounts for ~50% of liver cancer
cases worldwide (28). Recently, LINC00238 was also reported

as a tumor suppressor in liver cancer (29). Although Jiang
reported that LINCO00238 inhibited liver cancer progression
by activating the TMEM106C-mediated apoptosis pathway
through in vitro assays, further experiments are still required,
including in vivo experiments on the subcellular location
and other mechanisms involved (29). Thus, LINC00238 was
selected for further study. As shown in Fig. 1A and B, the
expression of LINCO00238 was significantly decreased in
liver cancer tissues compared with normal tissues according
to the GEPIA website. In addition, as indicated in Fig. 1C,
LINC00238 was downregulated in 91.8% (45/49, P<0.0001)
of liver cancer tissues by paired Student's t-test analysis of
matched and normal tissues from TCGA dataset. K-M survival
curves indicated that patients with high LINC00238 expres-
sion showed longer overall survival times (median survival
80 months vs. 50 months; hazard ratio, 0.74; P=0.099; Fig. 1D).

LINC00238 overexpression impairs the liver cancer
malignant phenotype in vitro. LINC00238 expression in
human liver cancer cells, including HepG2 and Huh?7 cells,
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Figure 2. Overexpression of LINC00238 inhibits liver cancer cell viability, invasion and migration in vitro. (A,B) Expression levels of LINC00238 in cells
were determined via reverse transcription-quantitative PCR. (C) Cell Counting Kit-8 assays indicated that overexpression of LINC00238 suppressed cell
viability. (D) Plate colony formation assays showed that overexpression of LINC00238 suppressed cell colony formation. (E) Transwell assays suggested that
overexpression of LINC00238 reduced cell migration and invasion. The number of cells was counted in four different fields. Scale bar, 200 ym.

was then quantified. The relative expression of LINC00238  high LINC00238 expression) were chosen for the knockdown
in Huh7 cells was lower than that in HepG2 cells (Fig. 2A).  experiments. Compared with control cells, LINC00238
Huh?7 cells (relatively low LINC00238 expression) were chosen  expression was increased by 24-fold after overexpression, as
for the overexpression experiments and HepG2 cells (relatively ~ detected by qPCR (Fig. 2B). Overexpression of LINC00238
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Figure 3. Knockdown of LINC00238 promotes liver cancer cell viability, invasion and migration in vitro. (A) Expression of LINC00238 in HepG2 cells
after shRNA-mediated knockdown of LINC00238 was detected via reverse transcription-quantitative PCR. (B) Cell Counting Kit-8 assays suggested that
the knockdown of LINC00238 promoted cell viability. (C) Plate colony formation assays indicated that the knockdown of LINC00238 enhanced cell colony
formation. (D) Transwell assays showed that the knockdown of LINC00238 promoted cell migration and invasion. The number of cells was counted in four
different fields. Scale bar, 200 ym. "P<0.05, “"P<0.001. shRNA, short hairpin RNA.
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Figure 4. LINC00238 reduces tumor growth and progression in vivo. Compared with control cells, LINC00238-overexpressing Huh7 cells not only initiated
(A) smaller and lighter tumors on the CAM as evaluated based on the tumor weight of each group, but also (B) showed fewer lung metastasis lesions as
evaluated by the number of metastatic lesions under a fluorescence microscope. Compared with scramble cells, LINC00238-knockdown HepG?2 cells not
only initiated (C) larger and heavier tumors on the CAM, but also (D) showed more lung metastasis lesions. The data in the bar graphs were calculated as the
mean + SD for each group. ““P<0.001. CAM, chorioallantoic membrane; shRNA, short hairpin RNA.

reduced Huh7 cell viability (Fig. 2C) and colony formation
(~47.9% inhibition; Fig. 2D). In addition, overexpression of
LINCO00238 significantly decreased the migratory and inva-
sive abilities of Huh7 cells, as determined by Transwell assays
(~40.0% inhibition for cell migration and 36.9% inhibition for
cell invasion; Fig. 2E). These in vitro findings suggested that
LINCO00238 might act as a tumor suppressor in liver cancer.

Knockdown of LINC00238 promotes the liver cancer
malignant phenotype in vitro. The expression of LINC00238
was knocked down in HepG2 cells using three shRNAs
targeting different sites. The three shRNAs had 82, 88 and
72% knockdown efficiency, respectively (Fig. 3A), and two
silencers, shRNA1 and shRNA?2, were chosen in subsequent
experiments. The CCK-8 and plate colony formation assay
results demonstrated that LINC00238 depletion promoted the
viability (Fig. 3B) and colony formation ability of HepG2 cells
(Fig. 3C). Furthermore, the Transwell assay results showed
that the knockdown of LINC00238 significantly enhanced the
migratory and invasive abilities of Hep2 cells compared with
the scramble control group (Fig. 3D).

LINC00238 functions as a tumor suppressor in vivo. To
further confirm the suppressive effect of LINC00238 in liver
cancer in vivo, a modified chick embryo CAM assay was
performed to assess tumor growth and metastasis. Control and

LINCO00238-overexpressing Huh7 cells labeled with CM-Dil
(red fluorescent dye) were inoculated onto CAM to monitor
tumor growth and distant metastasis to lung tissues of chick
embryos. Compared with the control cells, the overexpression
of LINC00238 resulted in a decrease in tumor weight by 64.8%
(Fig. 4A). Moreover, the number of metastatic tumor colonies,
which represented metastatic ability to lung tissues, was
decreased by 80.9% in cells after LINC00238 overexpression
(Fig. 4B). Consistently, knockdown of LINC00238 expression
resulted in a significant increase in not only the tumor weight,
but also the extent of metastasis to the lungs (Fig. 4C and D) by
CAM assay. Notably, metastatic nodules in lung tissues of the
LINCO00238 shRNA groups were significantly more abundant
than those of the scramble group (Fig. 4D). Hence, the recip-
rocal effects of LINC00238 overexpression and knockdown
both in vitro and in vivo supported the idea that LINC00238
acted as a tumor suppressor in liver cancer.

LINCO00238 sponges miR-522. Cytoplasm IncRNAs can regu-
late cell phenotype by sponging miRNAs (7). The prediction
by IncLocator (30,31) (csbio.sjtu.edu.cn/bioinf/IncLocator/)
predicted that the cytoplasm locations score of 0.73, nucleus
locations score of 0.03, ribosome locations score of 0.04,
cytosol locations score of 0.15 and exosome locations score of
0.05, suggesting that LINC00238 was predominantly located
in the cytoplasm. Consistently, nuclear cytoplasmic separation
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Figure 5. Cytoplasmic LINC00238 sponges miR-522. (A) The bar graphs show that LINC00238 was predominantly localized in cytoplasmic Huh7 and
HepG?2 cells, as calculated via reverse transcription-quantitative PCR. Cytoplasmic control (GAPDH) and nuclear control (U6) were determined in their
expected localization. (B) The expression of miR-522 was downregulated in LINC00238-overexpressing Huh7 cells, but upregulated in LINC00238-knockdown
HepG2 cells. (C) Schematic model indicating that three variants of LINC00238 contain the target region of miR-522. (D,E) In vivo and in vitro RNA pull-down
assays indicated the interaction between LINC00238 and miR-522. (F) Complementary pairing and corresponding mutation between the sequences of
miR-522 and LINC00238. (G) Compared with NC, the miR-522 mimic inhibited the relative fluorescence activity of the LINC00238 wild-type PGL3-control
plasmids, but not the mutant type. (H) Western blotting detected that alterations in two known miR-522 targets (SFRP2 and DKK1) were upregulated in
LINCO00238-overexpressing Huh7 cells and downregulated in LINC00238-knockdown HepG2 cells. miR, microRNA; NC, negative control; SFRP2, secreted
frizzled related protein 2; DKK1, dickkopfl; shRNA, short hairpin RNA.
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Figure 6. Overexpression of miR-522 partially reverses the suppressive effects of LINC00238. (A) Huh7 cells and LINC00238-overexpressing Huh7 cells
were transfected with miR-522 mimics or NC. miR-522 expression was detected via reverse transcription-quantitative PCR. Overexpression of miR-522 in
LINCO00238-overexpressing Huh7 cells partially reversed the inhibitory effect of LINC00238 on not only (B) cell viability, as determined by Cell Counting
Kit-8 assays, (C) cell colony formation, (D) and cell migratory and invasive abilities, as detected by Transwell assays, but also (E) tumor growth and (F) lung
metastasis, as determined by the chorioallantoic membrane model. Scale bar, 200 ym. miR, microRNA; NC, negative control; SFRP2, secreted frizzled related

protein 2; DKKI1, dickkopf1.

experiments confirmed that LINC00238 was distributed
mainly in the cytoplasm (Fig. 5A), which suggested that
LINCO00238 may sponge miRNAs. Gene Runner software
predicted that the target regions ‘CCAUUU’ of miR-522 were
complementary with three isotypes of LINC00238 (Fig. 5C).
Furthermore, the expression of miR-522 was decreased in
LINCO00238-overexpressing Huh7 cells, but increased in
LINC00238 knockdown HepG2 cells (Fig. 5B). Then, RNA
pull-down experiments suggested that the expression of
miR-522 was enriched ~8.3 times by LINC00238 compared
with the control group (Fig. 5D). In addition, the expression
of LINCO00238 in the bio-miR-522 group was ~5.8 times

that of the bio-NC group (Fig. SE). Wild-type and mutant
versions of LINC00238 downstream of the luciferase gene
were constructed using the PGL3-control vector (Fig. 5F).
Using a dual-luciferase reporter assay, overexpression of
miR-522 was associated with a decrease in the luciferase
activity of the LINC00238 wild-type vector, but had no effect
on the mutant vector (Fig. 5G). It was reported previously
that miR-522 contributes to the proliferation of liver cancer
cells by targeting two Wnt signaling inhibitors, DKK1 and
SFRP2 (32). Therefore, it was next investigated whether
LINCO00238 could suppress the inhibitory effect of miR-522 on
these target genes. Consistent with this hypothesis, SFRP2 and
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DKKI1 were increased in Huh7 cell lines after overexpression
of LINC00238, but decreased in HepG2 cells after knock-
down of LINCO00238 (Fig. 5H). Taken together, LINC00238
may regulate the malignant phenotype in liver cancer by
sponging miR-522, which leads to release of the inhibition of
downstream targets of miR-522.

Overexpression of miR-522 partially reverses the suppressive
effects of LINC00238. To corroborate the role of miR-522, a
gain-of-function experiment in Huh7-LINC00238 cells was
performed by using miR-522 mimics (Fig. 6A). The expres-
sion of miR-522 was enhanced 163-fold and 186-fold after
transfection with mimics in Huh7 and Huh7-LINCO00238 cells,
respectively. Consistent with our prediction and a previous
report (32), the overexpression of miR-522 partially reversed
the inhibitory effects of LINC00238 on Huh7 cell viability
(Fig. 6B), plate colony formation ability (Fig. 6C), migratory
and invasive abilities (Fig. 6D), and tumor growth (Fig. 6E)
and metastasis to the lungs (Fig. 6F) in the CAM assay. These
results confirmed that LINC00238 functioned as a tumor
suppressor by sequestering miR-522 at least partially.

Discussion

In the present study, a suppressive function for LINC00238 in
the regulation of the malignant phenotype of liver cancer was
proposed. These results suggested that LINC00238 expression
was decreased in liver cancer tissues and served as a competing
endogenous RNA (ceRNA) that inhibited tumor cell growth
and migration via sponging miR-522, which relieved the inhi-
bition of two tumor suppressor targets of miR-522, SFRP2 and
DKKI1 (Fig. 7).

In the present study, DEGs in liver cancer and normal tissues
were assessed by using a web server for cancer and normal

gene expression profiling and interactive analyses, GEPIA (11).
Among these DEGs, 15 downregulated known IncRNAs were
screened out by survival curve analysis, and LINC00238 was
selected for further study. Log-rank test supplied by GEPIA
was used for the analysis of survival curves. Although there are
often obvious violations of the proportional hazard rates due
to late-stage crossover, the log-rank test is still used in 70% of
studies (33). Thus, whether the results of the survival curve for
IncRNAs where there is late-stage crossover are significant in
the current study need further confirmation either by restricting
the analyzed period of time to exclude this late crossover
event or using a weighted test, such as Renyi or Cramer-von
Mises (33). LINC00238 has been reported to be significantly
downregulated in liver tissues and liver cells after HBV infec-
tion (9). Notably, chronic HBV infection accounts for ~50%
of liver cancer cases worldwide (28). Recently, LINC00238
has been reported in liver cancer as a tumor suppressor by
activating the apoptosis pathway (29). However, further experi-
ments, including in vivo assays, are still required to support
the suppressive functional role of LINC00238, and determine
its subcellular localization and underlying mechanisms. In the
current study, consistent with a previous report (29), the in vitro
experiments validated LINC00238 as a tumor suppressor. In
addition, its tumor suppressor role was further validated by
in vivo experiments and a novel mechanism as a ceRNA via
the sponging miR-522 was reported. Although LINC00238
was confirmed as a predictor of clinical prognosis from the
databank, further studies are needed to confirm LINC00238 as
a clinical predictor from our own cohort of patients. A consid-
erable number of studies have examined whether IncRNAs,
either as oncogenes or suppressor genes, function as ceRNAs
in liver cancer. For example, HOXD-ASI, as an oncogene,
sponges regulatory miR-130a-3p to enhance the expression of
the transcription factor SOX4, thus resulting in the promotion
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of liver cancer metastasis (34). LncRNA CASC2, a novel
tumor suppressor, exerts antimetastatic effects through the
miR-367/FBXW7 axis in liver cancer cells (35). Previous work
suggests that IncRNAs in the cytoplasm function as molecular
sponges or modulate mRNA stability (6). In the present study,
LINCO00238 was identified to be located in the cytoplasm and
considered to be a ceRNA that regulates liver cancer progres-
sion. The RNA binding immunoprecipitation assay suggested
that LINC00238 had the potential to interact with miR-522.
Dual luciferase reporter and biotin-miR-522 pull-down assays
also revealed that LINC00238 was a target of miR-522. It is
commonly known that miR-522 is an oncogene in a number
of cancers, including liver (36) and lung (37) cancer. SFRP2
and DKK1, two known Wnt signaling inhibitors involved in
HCV-induced multistep hepatocarcinogenesis (38), have already
been identified as two direct targets of miR-522 in liver cancer
cells (32). In the current study, although it was demonstrated
that LINC00238 sponged miR-522, and that the expression
of miR-522 was decreased in LINC00238-overexpression
Huh7 cells and increased in LINC00238-knockdown
HepG2 cells, further study to determine the associations
between the expression levels of LINC00238 and miR-522 in
patients with liver cancer are required.

In summary, it was speculated that the suppressive effects
of LINC00238 on the liver cancer malignant phenotype may be
due to miR-522-mediated regulation of SFRP2 and DKK1. The
ceRNA regulatory network (LINC00238/miR-522/SFRP2 and
DKK1) shed light on the mechanisms of IncRNA regulation of
liver cancer development. It is worth noting that LINC00238
may also regulate liver cancer progression through other
mechanisms, such as the regulation of mRNA stability.
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