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Introduction: Increasing evidence demonstrates that long noncoding RNAs (IncRNAs) play
important roles in the progression of hepatocellular carcinoma (HCC) by regulating gene
expression. However, the identification of functional IncRNAs in HCC remains insufficient. Our
study aimed to investigate the function of IncRNA OGFRP1, which has not been functionally
researched before, in Hep3B and HepG?2 cells.

Methods: IncRNA OGFRP1 in HCC cells was down-regulated by using RNAI technology.
Quantitative real-time polymerase chain reaction was used to determine the mRNA expression
of IncRNA OGFRPI1. Cell proliferation was examined by CCKS8 and clone formation assays.
Cell cycle and apoptosis were analyzed by flow cytometry. Cell migration and invasion were
assessed by using Scratch assay and transwell assay, respectively. Protein expression of signaling
pathways was determined by using Western blot.

Results: Cell proliferation of Hep3B was significantly inhibited by down-regulation of IncRNA
OGFRP1 (P<0.05). Moreover, siOGFRP1 transfection induced Hep3B cell cycle arrest and
apoptosis by regulating the expression of related proteins. Cell migration and invasion of Hep3B
were also significantly inhibited by down-regulation of IncRNA OGFRP1. Wnt/B-catenin signal-
ing pathway, involved in epithelial-mesenchymal transition (EMT), was inactivated by IncRNA
OGFRP1 downregulation, including decreased expression of Wnt3a, B-catenin, N-cadherin and
vimentin and increased expression of E-cadherin. We also found that the inhibitory effect of
IncRNA OGFRP1 knockdown on Hep3B was mediated by the AKT/mTOR signaling pathway
and IGF-1, an AKT signaling activator, could rescue the cellular phenotype. However, knockdown
of IncRNA OGFRP1 did not influence cell proliferation, migration and invasion in HepG2 cells.
Conclusion: We found that downregulation of IncRNA OGFRP1 suppressed the proliferation
and EMT of HCC Hep3B cells through AKT and Wnt/B-catenin signaling pathways. However,
IncRNA OGFRP1 exhibited a differentiated function in different HCC cell lines, which required
further study in the future.
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Introduction

Hepatocellular carcinoma (HCC), with high morbidity and mortality, has become one
of the most life-threatening tumors. Among all liver cancer cases, the percentage of
HCC has reached ~80%—90% and >600,000 people die of it every year.'”* Previous
reports have shown that HCC morbidity is mainly caused by hepatitis B/C virus infec-
tion, liver cirrhosis, alcohol addiction and environmental pollution.* There are some
inspiring therapies having been designed to treat HCC, such as liver transplantation,
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sorafenib and percutaneous ablation.!” However, the treat-
ment effect is still unsatisfactory, and the 5-year survival
rate of HCC patients is still only 3%—5%.%'° Therefore, it
is urgent to explore new regulating mechanisms for HCC
progression to identify more therapeutic targets for HCC
treatment. 13

Long noncoding RNAs (IncRNAs) refer to RNA mol-
ecules with more than 200 bp size and lacking the ability of
coding protein.'*!* In the past few decades, genetic studies
were mainly concentrated on protein-coding genes, which
account for only 2% of gene transcripts and noncoding
RNAs were once thought as transcribed noise.!*!” However,
increasing data have shown that IncRNAs are involved in
nearly all biological processes.!® The functions of IncRNAs
mainly include regulating gene expression through chromatin
remodeling and histone modification, epigenetic modifica-
tion or sponge effect.””?! At present, ENCODE and GEN-
CODE projects have predicted the prevalence of ~10,000
IncRNAs.?2 However, there are still much more IncRNAs
having not been identified, not to say corresponding func-
tion annotations.?>*>** In addition, there are some inherent
difficulties in IncRNA studies, such as low expression, high
tissue specificity and narrow time frames.?>2® Therefore,
identification and functionally annotating for IncRNAs is
a very promising study field for exploring the regulating
mechanisms of biological processes.

In this study, we expect to investigate the function of a
novel IncRNA OGFRP1, which has not been functionally
investigated before. We investigated the effect of downregula-
tion of IncRNA OGFRP1 on Hep3B cell functions, including
cell proliferation, migration, invasion, cell cycle and apopto-
sis. Wnt/B-catenin and AKT/mTOR signaling pathways were
also detected to explain the action mechanism. In addition,
we also explored the function of IncRNA OGFRP1 in another
HCC line called HepG2.

Materials and methods

Cell culture and transfection

Hep3B and HepG2 cells were purchased from the Cell Bank
of Type Culture Collection of the Chinese Academy of
Sciences (Shanghai, China). Hep3B and HepG2 cells were
respectively cultured in the Roswell Park Memorial Insti-
tute (RPMI)-1640 and DMEM (Thermo Fisher Scientific,
Waltham, MA, USA) media at 37°C with 5% CO,. Both
media were supplemented with 10% fetal bovine serum
(FBS; Thermo Fisher Scientific), 100 mg/mL streptomycin
(Thermo Fisher Scientific) and 100 U/mL penicillin. Hep3B
and HepG2 cells were transfected with siOGFRP1 or siNC
by using Lipofectamine 2000 (Thermo Fisher Scientific). The

siRNAs sequences (Guangzhou RiboBio Co., Ltd, Guang-
zhou, China) were as follows: 5’-GGTGTTCACATGGCAG-
TAA-3’ for siRNAI, 5-GGATACTGAGAGTGCACAA-3’
for siRNA2 and 5-GCATTGACATGTTTGGCAT-3" for
siRNA3.

Analysis of mMRNA expression

After transfection, total RNA of cells was extracted using
a Stratagene Absolutely RNA Microprep Kit (Stratagene,
La Jolla, CA, USA) according to manufacturer’s instruc-
tions. Purified RNA was stored at —80°C. RNA was reverse
transcribed with Stratagene’s AffinityScript QPCR cDNA
Synthesis Kit. The mRNA expression level was analyzed by
quantitative polymerase chain reaction (qQPCR).

Cell counting kit-8 (CCK-8) assay

CCK-8 assay was performed to test cell proliferation. After
being plated in a 96-well plate, Hep3B and HepG2 cells
were transfected with siOGFRP1 or siNC. Every 24 h, cells
in each well were incubated with 10 uL. CCK-8 solutions
for 2 h. Then, OD values at 450 nm were measured using a
microplate reader.

Clone formation assay

After transfection for 24 h, HCC cells were seeded ina 6 cm
culture dish at a density of 200 cells/well and cultured until
visible in naked eyes. Then, the supernatants were removed,
and cells were stained with crystal violet for 20 min. Images
of the colonies were captured by a digital camera.

Flow cytometry detection for cell cycle
and apoptosis
For cell cycle detection, transfected cells were harvested and
fixed with 70% ethanol for 24 h at —20°C. Fixed cells were
then successively going through PBS washing, staining by
propidium iodide (PI) and flow cytometry analysis.
Annexin V-FITC Apoptosis Detection Kit (Thermo
Fisher Scientific) was used to detect cell apoptosis following
standard protocols. Briefly, transfected cells were harvested,
centrifuged and washed with precooled PBS. Then the cells
were sequentially stained with Annexin V-FITC for 15 min
and PI for 5 min in the dark. After that, flow cytometry and
FlowJo software (TreeStar, San Carlos, CA, USA) were used
to analyze cell apoptosis.

Scratch assay
Cells were cultured until 100% confluence and then scratched
with a 200 pL pipette tip. The detached cells were washed
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away and then photos were taken; photos after incubation
for 24 h were also taken. The Image J software was used to
determine the wound areas. Cell migration was expressed as
the percentage of wound closure/initial wound area.

Transwell invasion assay

To assess cell invasive ability in vitro, HCC cells were seeded
on Matrigel-coated transwell inserts with 500 pL of serum-
free medium. The lower chamber was filled with 500 pL of
medium containing 10% FBS. After incubation for 24 h, the
cells remaining on upper surface of transwell inserts were
wiped with cotton wool. The invaded cells were stained with
crystal violet for 5 min. Photos were taken, and cell number
was counted.

Western blot

After 48 h of transfection, proteins of HCC cells were extracted
by using radioimmunoprecipitation assay buffer containing 1%
protease inhibitors (Hoffman-La Roche Ltd., Basel, Switzer-
land). Bicinchoninic acid assay was used to determine protein
concentration. Proteins were separated using sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
at 20 pg/lane and transferred to a nitrocellulose membrane
(EMD Millipore, Billerica, MA, USA). Then, the membrane
was blocked with 5% nonfat milk for 2 h and incubated with
primary antibodies at 4°C overnight and the secondary antibod-
ies for 1 h at room temperature. After washing with TBST (20
mM Tris—HCI, pH 7.6, 140 mM NacCl, 0.1% Tween-20) for
three times, protein bands were developed by ECL (Perkin-
Elmer, Waltham, MA, USA). The primary antibodies included
anti-P70S6K (Cat no. ab32529; Abcam, Shanghai, China),
anti-CyclinD1 (Cat no. ab40754; Abcam), anti-p53 (Cat no.
ab26; Abcam), anti-Bax (Cat no. ab32503; Abcam), anti-Bcl2
(Cat no. ab32124; Abcam), anti-Caspase-9 (Cat no. ab32539;
Abcam), anti-Active-Casepase3 (Cat no. ab2302; Abcam),
anti-Wnt3a (Cat no. ab28472; Abcam), anti-B-catenin (Cat no.
ab16051; Abcam), anti-N-cadherin (Cat no. ab18203; Abcam),
anti-E-cadherin (Cat no. ab1416; Abcam), anti-vimentin (Cat
no. ab92547; Abcam), anti-p-Akt (Cat no. ab§1283; Abcam),
anti-p-mTOR (Cat no. ab131538; Abcam) and anti-GAPHD
(Cat no. ab8245; Abcam). The secondary antibodies were
obtained from Proteintech (Wuhan, China). The ImageJ soft-
ware was utilized to quantify the density of each band.

Statistical analysis

Student’s #-test was used to analyze statistical difference
between the two groups. P < 0.05 was considered as statisti-
cally significant.

Results
Inhibition of Hep3B proliferation by
downregulation of IncRNA OGFRPI

We used loss-of-function experiments to evaluate the bio-
logical function of IncRNA OGFRP1 in HCC. The interfer-
ence efficiencies of three candidate siRNAs are shown in
Figure 1A, which suggested that siRNA1 efficiently reduced
IncRNA OGFRP1 expression and was applied in the fol-
lowing experiments. The CCK-8 assay revealed that Hep3B
proliferation was significantly inhibited when silencing
IncRNA OGFRP1 (Figure 1B). To validate the result, we
also performed clone formation assay in Hep3B cells. It was
suggested that silencing of IncRNA OGFRP1 dramatically
reduced clone numbers of Hep3B cells (Figure 1C). These
data indicated that IncRNA OGFRP1 displayed a positive
role in Hep3B cell proliferation.

Induction of Hep3B cell cycle arrest and
apoptosis by downregulation of IncRNA
OGFRPI

Induction of cell cycle arrest is one of the important mecha-
nisms for inhibition of cell viability; hence, we analyzed cell
cycle population in IncRNA OGFRP1 silencing Hep3B cells
by using flow cytometry. As shown in Figure 2A, compared
to the siNC group, cell cycle of IncRNA OGFRP1-silencing
Hep3B cells was arrested at the G1 phase. We further exam-
ined the expression of cell cycle proteins p70S6K and Cyclin
D1, which were involved in promoting G1-S transition. As
shown in Figure 2B, silencing of IncRNA OGFRP1 in Hep3B
cells reduced the expression of p70S6K and Cyclin DI to
<40% of that in the siNC group. These data suggested that
downregulation of p70S6K and Cyclin D1 by silencing of
IncRNA OGFRP1 was responsible for the G1-phase arrest
in Hep3B cells.

To determine whether cell apoptosis contributed to the
inhibitory effect of silencing IncRNA OGFRP1, we analyzed
cell apoptosis of Hep3B cells using flow cytometry. It was
indicated that silencing of IncRNA OGFRP1 significantly
increased the percentage of total apoptotic cells from 3.663%
+0.555%t0 10.457% £ 0.765% in the siNC group (P<0.05,
Figure 3A). To further investigate the molecular mechanisms
through which IncRNA OGFRPI1 regulated cell apoptosis,
we detected the expression of apoptosis-associated proteins.
As shown in Figure 3B, silencing of IncRNA OGFRP1 sig-
nificantly increased the expression of proapoptotic proteins
p53, Bax, Caspase-9 and Active-Caspase-3 and decreased
the expression of antiapoptotic protein Bcl2. These data
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Figure | Inhibition of proliferation of Hep3B cells by downregulation of IncRNA OGFRPI.

Notes: (A) Three candidate siRNAs are synthesized, and siRNAI inhibited the expression of IncRNA OGFRP| most effectively. (B) CCK-8 assay indicated that OD values
of Hep3B cells were significantly decreased when transfected with siOGFRPI. (C) Cell clone number was significantly decreased when transfected with siOGFRPI. All
experiments were repeated three times. *P < 0.05.

Abbreviations: IncRNA, long noncoding RNA; CCK-8, cell counting kit-8.
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Figure 2 Induction of cell cycle arrest in Hep3B cells by downregulation of IncRNA OGFRPI.
Notes: (A) Flow cytometry detection indicated that cell cycle is arrested at the G| phase when transfected with siOGFRPI. (B) Western blot analysis indicated that p70S6K
and Cyclin DI were downregulated when transfected with siOGFRPI. All experiments were repeated three times. *P < 0.05.
Abbreviations: IncRNA, long noncoding RNA; Pl, propidium iodide; GAPDH, glyceraldehyde phosphate dehydrogenase.
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Figure 3 Induction of cell apoptosis in Hep3B cells by downregulation of IncRNA OGFRPI.

Notes: (A) Total cell apoptosis percentage was significantly higher in the siOGFRP| group compared to the siNC group. (B) p53 signaling pathway was activated by
downregulation of IncRNA OGFRPI. All experiments were repeated three times. *P < 0.05.

Abbreviations: IncRNA, long noncoding RNA; Pl, propidium iodide; GAPDH, glyceraldehyde phosphate dehydrogenase.

suggested that downregulation of IncRNA OGFRP1 pro-
moted cell apoptosis through regulating apoptosis-associated
protein.

Inhibition of Hep3B cell migration and
invasion by downregulation of IncRNA
OGFRPI

In addition to almost permanent proliferation, migration and
invasion are also important features of cancer cells, which
often trigger tumor metastasis.?>** Here, we performed
scratch assay and transwell assay to analyze the effect of
IncRNA OGFRP1 downregulation on cell migration and
invasion of Hep3B. As shown in Figure 4A, silencing of
IncRNA OGFRPI significantly increased the velocity of
cell movements. The percentage of wound closure at 24 h

was decreased from 61% in the siNC group to 11.6% in
the siOGFRP1 group (P < 0.05). The transwell invasion
assay suggested that cell invasion of Hep3B cells was also
inhibited by silencing of IncRNA OGFRP1 (Figure 4B). The
invasion cell number per field in the siOGFRP1 group was
127 + 17, which was significantly less than 291 * 23 in the
siNC group (P < 0.05).

In order to explain the mechanism underlying anti-
mobility of IncRNA OGFRP1 downregulation, we examined
the expression of Wnt/B-catenin signaling pathway compo-
nents. As shown in Figure 4C, downregulation of IncRNA
OGFRP1 led to decreased expression of Wnt3a, B-catenin,
N-cadherin and Vimentin and increased expression of
E-cadherin, suggesting an inactivated status of Wnt/B-catenin
signaling pathway was triggered by downregulation of
IncRNA OGFRP1 in HCC cells.
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Figure 4 Downregulation of IncRNA OGFRPI inhibits Hep3B cell mobility and EMT-associated Wnt/B-catenin signaling pathway.
Notes: (A) Scratch assay confirmed that cell migration of Hep3B was significantly inhibited when transfected with siOGFRPI. Scale bar, 100 pm. (B) Transwell assay
confirmed the anti-invasion action of siOGFRPI. Scale bar, 50 nm. (C) Western blot analysis of Wnt/B-catenin signaling pathway. All experiments were repeated three times.

*P < 0.05.

Abbreviations: IncRNA, long noncoding RNA; EMT, epithelial-mesenchymal transition; GAPDH, glyceraldehyde phosphate dehydrogenase.

Downregulation of IncRNA OGFRPI
inhibits Hep3B by AKT signaling pathway

In order to determine the mechanism underlying the inhibi-
tory effect of IncRNA OGFRP1 downregulation on Hep3B
cells, we investigated AKT/mTOR signaling pathway.
The AKT/mTOR signaling pathway is reported to play
a central role in regulating tumor cell proliferation, cell
cycle, apoptosis and movements.?! Activation of AKT and
mTOR is dependent on protein phosphorylation. As shown
in Figure 5A and B, the phosphorylated levels of AKT and
mTOR in Hep3B cells were significantly downregulated

when silencing IncRNA OGFRP1 (P < 0.05). These data
suggested that downregulation of IncRNA OGFRP1 inacti-
vated AKT/mTOR signaling pathway in Hep3B HCC cells.
In addition, we also applied IGF-1, an activator of AKT,
to evaluate the role of AKT signaling pathway in IncRNA
OGFRP1 knockdown-mediated cell phenotype changes.
It was suggested that IGF-1 could markedly increase
cell vitality of IncRNA OGFRP1-silenced Hep3B cells,
which proved that functional effects of IncRNA OGFRP1
were mediated by inhibition of AKT signaling pathway
(Figure 5C).
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Figure 5 AKT/mTOR signaling pathway was inactivated during downregulation of IncRNA OGFRPI.
Notes: (A) Western blot images of p-AKT and p-mTOR bands. (B) Quantification results of p-AKT and p-mTOR levels. (C) siOGFRPI-induced cell phenotype changes

were rescued by IGF-1. All experiments were repeated three times. *P < 0.05.
Abbreviation: IncRNA, long noncoding RNA.

Effects of downregulation of IncRNA
OGFRPI on HepG2 cells

In order to investigate the physiological role of OGFRP1 in
HCC cells more comprehensively, we also knocked down
IncRNA OGFRP1 in another HCC cell line called HepG2.
As shown in Figure 6A, siRNA3 was the most potent siRNA
to knock down IncRNA OGFRP1. However, cell proliferation
analysis including CCK-8 assay and clone formation assay
indicated no significant difference between the siOGFRP1
group and siNC group (Figure 6B and C). Likewise, IncRNA
OGFRP1 knockdown also had no significant influence on
HepG?2 cell migration and invasion (Figure 6D and E). These
results indicated that IncRNA OGFRP1 might exert different
functions in different HCC cell lines.

Discussion

Owing to difficult early diagnosis and poor prognosis, HCC
has become the rapidest growing cause of cancer death
worldwide.*>** Emerging evidence indicates that a number
of IncRNAs are vital for the HCC progression. Therefore,
the present research aimed to investigate the function and

regulating mechanism of a new tumor promoting IncRNA
OGFRP1 in HCC cells.

Although IncRNAs have no ability to encode protein,
they can participate in numerous cancer-related biological
processes, such as cell proliferation, survival, migration and
invasion, through the regulation of target gene expression.'?
At present, a variety of IncRNAs have been found to be
aberrantly expressed in HCC and involved in modulating
HCC malignant phenotype.* For instance, NEAT1 promotes
HCC tumor growth and metastasis through downregulating
miR-613,* and IncRNA AOC4P promotes the degradation
of vimentin and suppresses epithelial-mesenchymal tran-
sition (EMT) in HCC.*¢ In addition, Xu et al*’ report that
IncRNA URHC regulates cell proliferation and apoptosis
via ZAK through the ERK/MAPK signaling pathway in
HCC progression.

However, as far as we know, there is no research reporting
the function of IncRNA OGFRP1 in HCC. Our study showed
that downregulation of IncRNA OGFRP1 significantly inhib-
ited proliferation of Hep3B cells by using CCK-8 and clone
formation assays. Cell cycle analysis indicated that cell cycle
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was arrested at the G1 phase and the expression of p70S6K
and Cyclin D1 were downregulated to <40% of that in the
negative group. Cyclin D1 is a cell cycle protein promoting
G1-S transition by regulating CDK4,*® and the expression
of Cyclin D1 depends on p70S6K.* In addition, cell apop-
tosis percentage also increased from 3.663% % 0.555% to
10.457% % 0.765% when IncRNA OGFRP1 was downregu-
lated. p53 signaling pathway was also investigated by using
Western blot, which indicated that p53 and its downstream
proapoptotic proteins Bax, Caspase-9 and Active-Caspase-3
were upregulated, whereas Bcl2, an antiapoptotic protein
antagonizing Bax, was downregulated. Hep3B cell migra-
tion and invasion were found to be significantly inhibited
by downregulation of IncRNA OGFRP1 using scratch and
transwell assays. Wnt/B-catenin pathway is reported to play
an important role in EMT, which is the main cause of tumor
metastasis.*** Western blot showed that downregulation of
IncRNA OGFRP1 significantly inhibited the expression of
Wnt3a, B-catenin, N-cadherin and Vimentin but increased
the expression of E-cadherin, suggesting that Wnt/B-catenin
pathway was inactivated. We also investigated the impact
of IncRNA OGFRP1 downregulation on AKT/mTOR sig-
naling pathway, which was reported to regulate numerous
biological processes in tumor, such as cell proliferation and
protein synthesis.* It was suggested that the phosphoryla-
tion levels of AKT and mTOR were significantly decreased
in the siOGFRP1 group, which confirmed an inactivation
status of AKT/mTOR signaling pathway. However, we could
not confirm the protumor function of IncRNA OGFRPI in
another HCC cell line called HepG2, which demonstrated
the high specificity of IncRNA functions and the complexity
of tumor intracellular environment.

Conclusion

For the first time, our study found that the downregulation of
IncRNA OGFRP1 inhibited cell proliferation and EMT in HCC
Hep3B cells through AKT/mTOR and Wnt/B-catenin path-
ways. We believed that this study will extend the understanding
of the function of IncRNAs in liver tumorigenesis, and these
findings may be important for developing a potential thera-
peutic target for HCC treatment. However, IncRNA OGFRP1
does not influence cell proliferation, migration and invasion in
HepG2 cells, suggesting the functional complexity of IncRNA
OGFRP1 in HCC and the need for further in-depth study.
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