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LncRNAs exert comprehensive effects in regulating the initiation and deterioration of hepatocellular carcinoma (HCC).
However, the specific expression profiles and functional mechanisms of LINC00536 in HCC need to be disclosed. The
study is intended to clarify the leverage of LINC00536 in HCC and investigate the potential mechanisms for the regula-
tory role of LINC00536 in the progression of HCC. In our study, LINC00536 was overexpressed in tumor samples of HCC
patients and was related to poor prognosis. LINC00536 knockdown impaired cell viability, proliferation, migration, and
invasion. LINC00536 can directly bind with miR-203b-5p, trimming the miR-203b-5p expression levels. VEGFA desig-
nates as a target of miR-203b-5p. Rescue research indicated that the miR-203b-5p inhibition or VEGFA overexpression
could reverse the impaired cell phenotypes induced by LINC00536 knockdown. The in vivo experiments upheld the
LINC00536/miR-203b-5p/VEGFA axis in HCC. Conclusively, LINC00536 could promote HCC deterioration via tuning the
miR-203b-5p/VEGFA axis. This research may provide theoretical evidence for LINC00536 to get a gratifying therapeutic

target for HCC.
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As one of the most prevalent malignancies, hepatocellular
carcinoma (HCC) exhibits a high frequency of metastasis
and mortality worldwide [1]. Most patients are ineligible
for curative resection due to inadequate methodologies
for early diagnosis, making the 5-year survival rate <25%
[2]. Although apparent advances have been made in novel
therapies for HCC, the prognosis of this malignant disease
remains unsatisfactory [3].

Long non-coding RNAs (IncRNAs) are defined as
transcripts with a length >220 nucleotides, with foremost
properties in regulating the transformation of various
malignancies and play critical roles in tumor progression,
including prostate cancer, colorectal cancer, lung cancer, and
gastric cancer [4-8]. For example, MIR22HG is a critical
inducer of the Wnt/B-catenin signaling pathway, and that
its targeting may represent a novel therapeutic strategy in
glioblastoma patients [9]. Inhibition of IncRNA H19 expres-
sion might serve as a novel molecular therapeutic target for
aortic aneurysm disease [10]. Lately, increasing evidence has
unveiled that IncRNAs are dysregulated in HCC and exert

comprehensive effects in the development and progression
of HCC via diverse mechanisms. For example, IncRNA
MCM3AP-AS1 can facilitate HCC progression via regulating
the miR-194-5p/FOXAL1 signaling pathway [11]. LncRNA
TP53TG1 impaired cancer proliferation and metastasis
by targeting the PRDX4/B-catenin pathway in HCC [12].
Recently, a newly identified IncRNA LINC00536 was consid-
ered to be involved in deteriorating breast cancer, ovarian
cancer, and bladder cancer [13-15]. These studies suggest
that LINC00536 exhibits a potential role as a relative gene
and a promising therapeutic target in cancer. However, the
specific expression profiles and functional mechanisms of
LINC00536 in HCC are required to be explored.
Accumulating evidence suggests that vascular endothelial
growth factor (VEGF) exerts oncogenic effects in various
malignancies via modulating diverse signal pathways [16].
VEGFA is an isoform of VEGF that employs regulatory
effects on receptors including VEGFR1 and VEGFR2 [16].
Previous reports have demonstrated that VEGFA can facili-
tate cancer cell growth and metastasis via governing cell
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proliferation, epithelial mesenchyme transition, cell cycle,
and cell apoptosis in HCC [17-20]. Several clinical trials have
evaluated the effect of VEGFA inhibition in HCC and shown
encouraging results [21, 22]. But the upstream regulatory
role of LINC00536 on VEGFA remains largely unknown.

Here, we uncovered the alteration of LINC00536 expres-
sion and further disclosed the functional regulatory mecha-
nisms of LINC00536 in HCC. We defined and validated the
association between LINC00536 and its target miR-203b-5p.
We also found that LINC00536 could regulate HCC progres-
sion via the miR-203b-5p/VEGFA axis.

Patients and methods

Ethical statement and patients. The study was conducted
under the approval of the Ethics Committee of The Affili-
ated Yantai Yuhuangding Hospital of Qingdao University,
which had carefully reviewed the study design. The HCC
tissue samples and corresponding normal controls were
obtained from HCC patients (n=58) during surgery at The
Affiliated Yantai Yuhuangding Hospital of Qingdao Univer-
sity. The normal control tissues were 5 cm away from tumor
tissues. Among the patients, 32 of them were males and 26 of
them were females. The mean age of these patients was 68.7
years. Informed consent forms were supplied by the involved
participants.

Cell culture. HCC cells, including SK-Hep-1, Hep3B,
Huh7, and MHCC97L and immortalized liver cells (THLE-
21) were bought from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). The cells were cultivated
under standard protocols using Dulbeccos modified Eagle
medium (DMEM; Thermo Fisher Scientific. USA) in a 37°C,
5% CO, humidified atmosphere.

Cell transfection of short hairpin RNA (shRNA)
and miRNA inhibitors. All the transfection assays were
performed with Lipofectamine 3000 (L3000008, Thermo
Fisher Scientific) following the manufacturer’s instructions.
In brief, SK-Hep-1 and Hep3B cells were firstly seeded into
the 6-well plates. After reaching 60% confluence, we trans-
fected the cells with short hairpin RNA (shRNA) targeting
LINCO00536 (sh-LINC00536#1 and sh-LINC00536#2), and
inhibitor (miR-203b-5p and miR-203b-5p inhibitor) accord-
ingly. We got corresponding si-NC and NC inhibitor as the
negative controls. All the oligonucleotides were purchased
from RiboBio (Guangzhou, China) that also designed the
oligonucleotides.

Cell Counting Kit-8 (CCK-8) assay. Briefly, transfected
HCC cells (SK-Hep-1 and Hep3B) were plated in a 96-well
plate at a density of 2x10° cells/well. After culturing for 24 h,
48 h, and 72 h, 10 ul/well of the CCK-8 (Dojindo Molecular
Technologies, Japan) solutions were added to the plates. After
incubation for 90 min, the 450 nm absorbance was detected
using a spectrophotometer (Thermo Fisher Scientific).

Transwell assay. Invasion Chambers (Corning, Inc.) were
used to perform Transwell assay. For migration, transfected

cells in 0.2 ml serum-free DMEM were added into the upper
chamber of a Transwell plate with a cell density of 2x10°,
along with DMEM containing 20% FBS in the lower part.
Twenty-four hours later, the cells that migrated into the lower
chamber were fixed with 4% PFA, followed by the staining
with 0.1% crystal violet. The fixation and staining assays
were performed at room temperature. For invasion, the same
procedures were employed except that the Transwell plates
were coated with Matrigel (Corning, Inc.). After staining,
cells were observed under an IX71 inverted optical micro-
scope (Olympus Corporation, x20 magnification).

RNA extraction and the qRT-PCR. The total RNA
from the involved cells was extracted with TRIzol® Reagent
(Thermo Fisher Scientific) and then reverse-transcribed into
c¢DNA with PrimeScript RT master mix (RR036A; Takara
Bio). Subsequently, the real-time quantitative PCR was
performed with the SYBR Premix Ex Taq II kit (DRR081A;
Takara Bio). GAPDH and U6 were regarded as internal refer-
ences accordingly. The RNA relative levels were established
with 2744 methods.

Western blot. Total proteins of the cells were extracted
following standard protocols. Then, proteins were loaded
onto the 10% SDS gel, followed by separating with electro-
phoresis and transferring to PVDF membranes. Next, corre-
sponding primary antibodies VEGFA (Cat. ab52917, Abcam,
USA), GAPDH (Cat. ab9485, Abcam, USA, dilution ratio:
1:1000) were used to incubate the membranes, followed
by the secondary HRP rabbit IgG antibodies (Cat. ab6721,
Abcam, USA, 1:5000) treating the membranes. Finally, the
protein bands were analyzed with enhanced chemilumines-
cence (407207, Millipore).

Dual-luciferase reporter assay. LINC00536-W'T vector
or LINC00536-mutant (MUT) vector was constructed using
pGL-3 control vector (Promega Corporation, Madison, USA)
with the existence or missing a binding site for miR-203b-5p
in the 3’-untranslated region (3’-UTR). The VEGFA-WT
vector or VEGFA-MUT vector was constructed in the same
way. The designed vectors were used to transfect the cells as
described above and then luciferase activity was determined.

RNA pull-down. Cells were transfected with biotin-
coupled LINCO00536 or Inc-NC (Biotin-LINC00536, Biotin-
Inc-NC) for 48 h. Then, cell lysates were collected after centri-
fuging and then incubated with magnetic beads (Thermo
Fisher Scientific, Inc.). The miR-203b-5p enrichment was
determined.

Tumor formation experiment in vivo. BALB/C nude
mice were purchased from the Cancer Institute of the
Chinese Academy of Medical Science (Beijing, China). The
stably transfected cells were injected subcutaneously into
each mouse. The behavior and food intake of the mice were
monitored every day to maintain their health. Tumor volume
was computed every week. After inoculation for 35 days,
in strict accordance with the principles of animal welfare,
mice were euthanized by cervical dislocation. Each tumor
weight was isolated and measured. The research protocol was
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approved by the Medical Ethics Committee of The Affiliated
Yantai Yuhuangding Hospital of Qingdao University.

Statistical analyses. Data are expressed as mean =+
standard deviation (SD). Students t-test was used to
uncover the difference between the two groups. The differ-
ence among the three groups was assessed using ANOVA
and the subsequent Tukey’s postdoc test. All the analyses
were performed using GraphPad Prism 8.0 (GraphPad, La
Jolla, CA, USA). A two-sided p<0.05 indicated a statistically
significant difference.

Results

LINC00536 was upregulated in HCC tissues and
cell lines, and high LINC00536 predicted poor survival
of HCC patients. Firstly, we used GSE138178 microar-
rays to identify differential IncRNA expression profiles in
cancerous and para-cancerous tissues (fold change >2.0 or
<0.5, p<0.05). In these tissues, top 100 differential IncRNA
expressions were disclosed, as is shown in the heatmap
(Figure 1A) and the volcano plot (Figure 1B). Among them,
one of the potential candidates, LINC00536, was identified
(Figure 1C). To determine LINC00536 levels in vitro, we
detected LINCO00536 expression levels in HCC cell lines,
including SK-Hep-1, Hep3B, Huh7, and MHCCI7L cells,
and normal liver cells (THLE-21). We found LINC00536
levels were markedly upregulated in HCC cells compared
with normal cells (Figure 1D). We further examined clinical

outcomes of differential LINC00536 expression in HCC
patients. We found that high LINC00536 expression was
related to poor survival in HCC (Figure 1E). These results
indicated LINC00536 was upregulated in HCC tissues and
cell lines and high LINC00536 predicted poor survival of
HCC patients.

LINC00536 played an oncogenic role to enhance cell
malignant phenotypes in HCC cells. To uncover the
biomedical function of LINC00536, we constructed stable
LINC00536 knockdown Hep3B and SK-Hep1 cell lines with
sh-LINCO00536#1 and sh-LINC00536#2. As we can see here,
LINC00536 was markedly downregulated in Hep3B and
SK-Hepl cell lines with LINC00536 knockdown (Figure 2A).
We then explored cell viability, migration, and invasion with
LINC00536 knockdown in HCC cells. LINC00536 knock-
down abated cell growth significantly in Hep3B and SK-Hepl
cells (Figure 2B). Colony formation assays noted that
LINC00536 knockdown markedly decreased colony forma-
tion of HCC cells (Figure 2C). Transwell assays exhibited that
the metastasis ability of HCC cells was substantially inhib-
ited with LINC00536 knockdown (Figures 2D, 2E). These
findings suggested that LINC00536 played an oncogenic role
to enhance cell malignant phenotypes in HCC cells.

LINC00536 knockdown upregulated miR-203b-5p
expression while suppressing VEGFA expression levels in
the HCC cells. LncRNAs can exert their regulatory effects
via multiple mechanisms including modulating transcrip-
tional factors, splicing factors, and histone expression [23].
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Figure 1. LINC00536 expression was upregulated in HCC tissue and cell lines. A) Differential expression of IncRNAs in cancerous and para-cancerous
tissues was analyzed with a heatmap in GSE138178. B) Differential expression of IncRNAs in cancerous and para-cancerous tissues was analyzed with
a volcano plot in GSE138178. C) Differential expression of LINC00536 was measured in tumor and adjacent normal tissues in 58 HCC patients. D)
Differential expression of LINC00536 was determined in HCC cells and normal liver cells. E) Kaplan-Meier plot was used to analyze the survival rate
of patients with different expression of LINC00536. All the experiments were conducted three repeated times. **p<0.01
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To unveil the regulatory mechanism of LINC00536 in HCC,
we investigated the locational distribution and identified
the potential downstream targets. Cytoplasmic and nuclear
RNA fractions were separated from the involved cells. We
performed qRT-PCR to illuminate the locational distribution
of LINC00536 in the HCC cells. LINC00536 was localized
mainly in the cytoplasm in HCC cells (Figure 3A). Numerous
studies have indicated that IncRNAs can regulate the
downstream signaling pathways by acting as a miRNA sponge
to tune miRNA expression [24, 25]. We used starBase V3.0 to
calculate the downstream potential miRNAs of LINC00536.
We identified that miR-203b-5p was a putative downstream
miRNA that contained binding sites of LINC00536
(Figure 3B). We further upheld the direct binding of
LINC00536 and miR-203b-5p. The luciferase assay disclosed
that miR-203b-5p overexpression decreased the activity of
LINC00536-WT vectors, but marginally changed the activity
of LINC00536-Mut vectors in HEK-293T (Figure 3C). RNA
pull-down assays also demonstrated that biotin-labeled
LINC00536 captured more miR-203b-5p compared with

biotin-labeled NC in the involved cells (Figure 3D). We
then predicted the downstream targets of miR-203b-5p with
miRanda bioinformatic analysis and found VEGFA was a
potential target of miR-203b-5p (Figure 3E). The luciferase
report validated the direct association of miR-203b-5p
and VEGFA, showing that miR-203b-5p overexpression
descended the activity of VEGFA-WT vectors, but it did
not influence the luciferase activity of VEGFA-Mut vectors
in HEK-293T (Figure 3F). Subsequently, miR-203b-5p and
VEGFA levels were studied with LINC00536 knockdown
to validate the regulatory axis of LINC00536/miR-203b-5p/
VEGFA. The results showed that LINC00536 knockdown
significantly upregulated miR-203b-5p expression levels
(Figure 3G), but suppressed VEGFA expression levels in the
HCC cells (Figure 3G). Together, these results stated that
LINCO00536 regulated the miR-203b-5p/VEGFA signal axis
through the miRNA sponge.

LINC00536 promoted HCC proliferation and metas-
tasis via the miR-203b-5p/VEGFA axis. To further
validate the role of LINC00536 in HCC malignant pheno-
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Figure 2. Knockdown of LINC00536 inhibited HCC cell proliferation and metastasis in vitro. A) LINC00536 levels were measured by qRT-PCR in SK-
Hep-1 and Hep3B cells transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#2. B) Cell viability was detected using the CCK-8 assay in SK-Hep-1
and Hep3B cells transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#2. C) Colony formation was measured (upper) and quantified (lower) in
SK-Hep-1 and Hep3B cells transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#2. D) Cell migration was determined (upper) and quantified
(lower) in SK-Hep-1 and Hep3B cells transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#2 through Transwell assays. E) Cell invasion was de-
termined (upper) and quantified (lower) in SK-Hep-1 and Hep3B cells transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#2 through Transwell
assays. All the experiments were conducted three repeated times. **p<0.01
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Figure 3. LINC00536 regulated the miR-203b-5p/VEGFA signal axis by miRNA sponge. A) Cytoplasmic and nuclear RNA fractions were isolated from
SK-Hep-1 and Hep3B cells. LINC00536 was located mainly in the cytoplasm. B) The binding sites between LINC00536 and miR-203b-5p were predict-
ed by IncBase. C) The binding between LINC00536 and miR-203b-5p was validated using the dual-luciferase reporter assay. D) The binding between
LINC00536 and miR-203b-5p was validated using an RNA pull-down assay. E) The binding sites between miR-203b-5p and VEGFA were predicted by
miRanda. F) The binding between miR-203b-5p and VEGFA was validated using the dual-luciferase reporter assay. G) The expression of miR-203b-
5p and VEGFA was measured by qRT-PCR in SK-Hep-1 and Hep3B cells with sh-NC, sh-LINC00536#1, sh-LINC00536#2. All the experiments were

conducted three repeated times. **p<0.01

types via the miR-203b-5p/VEGFA axis, the rescue
experiments were executed. We found that LINC00536
knockdown significantly decreased VEGFA expression
levels in SK-Hep-1 and Hep3B cells, while the suppres-
sive effect was evidently reversed after the cells were
co-transfected with sh-LINC00536#1 and miR-203b-5p
inhibitor, or sh-LINC00536#1 and VEGFA overexpres-
sion plasmid (Figures 4A, 4B). We further verified the cell
proliferation and migration with rescue experiments. The
CCK-8 assay showed that cell viability was inhibited with
LINC00536 knockdown, but the effect was recovered from
co-transfecting with sh-LINC00536#1 and miR-203b-5p
inhibitor, or sh-LINC00536#1 and VEGFA overexpres-

sion plasmid (Figure 4C). The colony formation assay also
revealed that cell colony formation was impaired with
LINC00536 knockdown but was rescued with co-trans-
fecting with sh-LINC00536#1 and miR-203b-5p inhibitor,
or sh-LINC00536#1 and VEGFA overexpression plasmid
(Figure 4D). Consistently, the metastatic ability of SK-Hep-1
and Hep3B cells was markedly destructed by LINC00536
knockdown, but the influence was significantly recovered
after the cells were co-transfected with sh-LINC00536#1
and miR-203b-5p inhibitor, or sh-LINC00536#1 and
VEGFA overexpression plasmid (Figures 4E, 4F). Collec-
tively, LINC00536 hastened HCC proliferation and metas-
tasis via the miR-203b-5p/VEGFA axis.
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Figure 4. LINC00536 promoted HCC proliferation and metastasis by regulation of the miR-203b-5p/VEGFA axis. A) The expression of VEGFA was
determined by qRT-PCR in SK-Hep-1 and Hep3B cells transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#1+miR-203b-5p inhibitor, and
sh-LINC00536#1+VEGFA overexpression plasmid. B) The expression of VEGFA was determined by western blotting in SK-Hep-1 and Hep3B cells
transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#1+miR-203b-5p inhibitor, and sh-LINC00536#1+VEGFA overexpression plasmid. C) Cell
viability was detected using CCK-8 assay in SK-Hep-1 and Hep3B cells transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#1+miR-203b-5p
inhibitor, and sh-LINC00536#1+VEGFA overexpression plasmid. D) Colony formation was measured (upper) and quantified (lower) in SK-Hep-1
and Hep3B cells transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#1+miR-203b-5p inhibitor, and sh-LINC00536#1+VEGFA overexpression
plasmid. E) Cell migration was determined (upper) and quantified (lower) in SK-Hep-1 and Hep3B cells transfected with sh-NC, sh-LINC00536#1,
sh-LINC00536#1+miR-203b-5p inhibitor, and sh-LINC00536#1+VEGFA overexpression plasmid. F) Cell invasion was determined (upper) and
quantified (lower) in SK-Hep-1 and Hep3B cells transfected with sh-NC, sh-LINC00536#1, sh-LINC00536#1+miR-203b-5p inhibitor, and sh-
LINC00536#1+VEGFA overexpression plasmid. All the experiments were conducted three repeated times. **p<0.01

LINC00536 knockdown inhibited HCC cell prolifera-
tion via downregulating VEGFA in vivo. To further prove
the functional role of LINC00536 in vivo, we established
xenografts using nude mice. The decreased tumor volume
and weight were found in nude mice with LINC00536 knock-
down (Figures 5A-5C). We also determined the VEGFA
levels in tumor tissues. We revealed VEGFA was markedly
downregulated in nude mice with LINC00536 knockdown
(Figure 5D). These results indicated that LINC00536 knock-
down inhibited HCC cell proliferation via downregulating
VEGFA in vivo.

Discussion

Emerging evidence has shown that numerous dysregu-
lated IncRNAs are identified in HCC tumor tissues and many
of them exert a fundamental effect in the initiation, develop-
ment, and deterioration of the malignancy [4-7]. However,
the biological function and mechanisms of potential critical
IncRNAs have to be elucidated. In this study, we identi-
fied a group of IncRNAs with differential expression levels
in GSE138178 microarrays. Notably, we found LINC00536
showed a higher expression level in HCC tissues and cell
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Figure 5. Knockdown of LINC00536 inhibits HCC cell proliferation in vivo. A) Effects of LINC00536 knockdown on tumor growth in vivo. Images of
tumor formation in nude mice (n = 10) injected subcutaneously with SK-Hep-1 cells with LINC00536 knockdown or vector. B) Tumor volume was de-
tected in mice injected subcutaneously with SK-Hep-1 cells with LINC00536 knockdown or vector. C) Tumor weight was detected in mice injected sub-
cutaneously with SK-Hep-1 cells with LINC00536 knockdown or vector. D) The expression of VEGFA was determined by western blotting in mice in-
jected subcutaneously with SK-Hep-1 cells with LINC00536 knockdown or vector. All the experiments were conducted three repeated times. **p<0.01

lines. Interestingly, high LINC00536 expression indicated a
poor prognosis for HCC patients. These results indicated a
fundamentally oncogenic role of LINC00536 in HCC.

Several previous studies also expressed that LINC00536
was aberrantly overexpressed in breast cancer, ovarian
cancer, and bladder cancer. According to previous reports,
LINCO00536 could be used as a prognostic biomarker and
showed satisfactory diagnostic performance in predicting
patients with poor prognosis in breast and ovarian cancer
[13, 14]. In bladder cancer, Li et al. found that LINC00536
was aberrantly overexpressed in bladder cancer and
promoted malignant phenotypes through regulating the
Wnt3a/B-Catenin signaling pathway [15]. Here, we also
validated an oncogenic role of LINC00536 in HCC cells and
we found that LINC00536 knockdown markedly suppressed
malignant phenotypes. This stated that LINC00536 might
also be a potential diagnostic, therapeutic, and prognostic
biomarker in HCC.

The underlying mechanisms of IncRNAs in disease initia-
tion, development, and progression include modulating
transcriptional factors, splicing factors, and histone
expression [23, 26-28]. For instance, MIR31HG in senes-
cence depending on its localization and can as a potential
therapeutic target in the treatment of senescence-related
pathology [29]. The function of IncRNAs serving as a
miRNA sponge and then regulating miRNA expression
has gained wide attention. In this study, we also found that
LINC00536 could exert the tumor promotive effect via acting
as a miRNA sponge by directly binding to miR-203b-5p.
Notably, several previous reports also suggested a tumor
depressor of miR-203b-5p in several cancers including HCC
[30-33]. Yet, potential mechanisms of miR-203b-5p acting as
a tumor suppressor remain unclear. Through bioinformatic
analysis and luciferase assays, we identified and validated a
downstream target of miR-203b-5p, VEGFA in HCC cells.
Studies have shown that VEGFA can accelerate cancer cell

growth, migration, and invasion through regulating cell
proliferation, epithelial mesenchyme transition, cell cycle,
and cell apoptosis in HCC. But upstream regulatory networks
of VEGFA need to be elucidated. Through rescue assays, we
confirmed LINC00536 could modulate VEGFA via sponging
miR-203b-5p. We also validated the biological function of
the LINC00536/miR-203b-5p/VEGFA axis in vivo, which
further consolidated the critical role of the LINC00536/
miR-203b-5p/VEGFA signaling pathway in HCC.

In conclusion, a novel IncRNA LINC00536 was shown to
be overexpressed in HCC, correlating with shorter survival.
LINC00536 knockdown suppressed cancerous behaviors
of HCC cells. In biological mechanism, we revealed that
LINC00536 played a role of an oncogene by exerting a
role of a miR-203b-5p sponge, thus in turn, promoting the
downstream VEGFA expression. Our findings reported that
LINCO00536 might be a promising target for the diagnosis
and therapeutics of HCC.
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