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Hepatocellular carcinoma (HCC) as one of the most refractory cancers leads to high mortality worldwide. Long
noncoding RNAs have been widely acknowledged as important biomarkers and therapeutic targets in HCC. In
this study, we investigated the effects of long noncoding RNA FGFR3-AS1 on tumor growth and metastasis in
HCC. First, we found that the expression of FGFR3-AS1 was upregulated about threefold in HCC samples and
cell lines. We knocked down FGFR3-AS1 in Huh7 and Hep3B cells and found that FGFR3-AS1 knockdown
significantly inhibited cell proliferation but induced apoptosis. Moreover, FGFR3-AS1 knockdown led to more
HCC cells arrested in the G, stage. FGFR3-AS1 knockdown significantly inhibited cell migration and invasion.
Additionally, we found that FGFR3-ASI1 silencing dramatically delayed tumor growth in vivo. We found that,
mechanistically, FGFR3-AS]1 silencing decreased the activation of the PI3K/AKT signaling pathway. Taken
together, our data demonstrated the pro-oncogenic role of FGFR3-AS1 in HCC and suggested that FGFR3-
AS1 may serve as a novel biomarker for the diagnosis and therapeutic target for HCC treatment.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
refractory cancers and leads to a high mortality rate
around the world"?. Especially in China, there are about
700,000 new patients and deaths every year’. In recent
decades, some advances in the methods for HCC treat-
ment have been made. Nowadays, the main treatments
include surgery, radiofrequency ablation, and chemo-
therapy’. However, because of tumor occurrence and
metastasis, the 5-year survival rate of patients with HCC
remains very low. Therefore, there is an urgent need to
explore the underlying molecular mechanism and search
for novel therapeutic targets.

Long noncoding RNAs (IncRNA) are a class of tran-
scripts with a length longer than 200 nucleotides’. Many
reports show that IncRNAs have no protein-coding
potential°. Nevertheless, a few studies reveal that some

IncRNAs may code short peptides’. For instance, long
intergenic nonprotein-coding RNA 961 (LINC00961)-
encoded small regulatory polypeptide of amino acid
response (SPAAR) polypeptide could regulate muscle
regeneration®. Increasing evidence has demonstrated that
IncRNAs exert very important functions in various bio-
logical processes, including cell development, immune
regulation, and tumorigenesis’''. More and more reports
indicate that expression of IncRNAs was closely related
to tumor development and progression in various cancers,
such as HCC and gastric cancer'™". IncRNAs could regu-
late cell proliferation, apoptosis, migration, and invasion
by sponging microRNAs (miRNAs) or by interacting
with specific proteins'*". For example, Lai et al. reported
that IncRNA myocardial infarction-associated transcript
(MIAT) activates matrix metalloproteinase 9 (MMP9) to
increase the proliferation and metastasis of non-small cell
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lung cancer'®. In liver cancer, several IncRNAs have been
demonstrated to participate in tumor development and
progression. For instance, IncRNA AB209630 suppresses
cell proliferation and metastasis in human HCC". Also,
Li and colleagues showed that IncRNA taurine upregu-
lated 1 (TUG1) sponged miR-132 to regulate HCC'".
However, the functions of most IncRNAs still remain
unknown, and the relationship between IncRNA dysregu-
lation and HCC needs to be further investigated.

IncRNA fibroblast growth factor receptor 3-antisense
transcript 1 (FGFR3-AS1) has been shown to promote
bladder cell proliferation and osteosarcoma growth'*'.
In this study, we found that FGFR3-AS1 was highly
expressed in HCC tissues and cell lines. Knockdown
of FGFR3-AS1 in Huh7 and Hep3B cells inhibited cell
proliferation, migration, and invasion while inducing cell
apoptosis. Moreover, FGFR3-AS1 knockdown signifi-
cantly delayed tumor growth in vivo. Finally, we showed
that FGFR3-AS1 depletion could inhibit the activation
of the phosphatidylinositol 3-kinase (PI3K)/AKT path-
way. Altogether, our data revealed the pro-oncogenic
role of FGFR3-AS1 in HCC and indicated that FGFR3-
AS1 might serve as a novel therapeutic target for HCC
treatment.

MATERIALS AND METHODS
Patient Samples

Forty-nine HCC tissues and 15 paired peritumor tissues
in this study were collected from The Seventh People’s
Hospital, Shanghai University of Traditional Chinese
Medicine (Shanghai, PR. China). Written consent approv-
ing the use of their tissues for this research was obtained
from all patients. The study protocol was approved by
The Seventh People’s Hospital, Shanghai University of
Traditional Chinese Medicine.

Cell Lines and Cell Culture

SMMC-7721, BEL-7404 (7404), Huh7, Hep3B, and
HepG2 human liver cancer cell lines and HL.-7702 (7702)
normal liver cell line were purchased from Shanghai
Cancer Institute (P.R. China). The cells were grown in
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS; Thermo
Fisher, Waltham, MA, USA) and maintained at 37°C in a
humidified incubator containing 5% CO,. For inhibition
of the AKT pathway, API-1 (SML1342; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) was added into the
culture medium at indicated concentrations.

Reverse Transcription Quantitative Polymerase
Chain Reaction (RT-gPCR)

Total RNA was extracted from tissue samples and
cells using TRIzol® reagent (Invitrogen; Thermo Fisher
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Scientific, Inc.) according to the manufacturer’s protocol.
Total RNA was reverse transcribed into cDNA using the
PrimeScript™ RT reagent kit with gDNA Eraser (Takara
Biotechnology Co., Ltd., Dalian, P.R. China). RT reaction
mixtures contained 1 pg of total RNA, 1 pl of RT Enzyme
Mix 1, 1 ul of RT Primer Mix, 4 pul of 5x PrimeScript
Buffer 2, and 4 ul of ddH,0O. The temperature protocol
was as follows: at 37°C for 15 min and at 85°C for § s.
qPCR was performed on cDNA using the QuantiFast
SYBR-Green PCR kit (Qiagen GmbH, Hilden, Germany)
on a StepOnePlus™ Real-time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). PCR mix-
tures contained 10 pl of 2x PCR Master Mix, 4 ul of
sense and antisense primers, 2 Ul of cDNA, and 4 ul
of ddH,0. The specificity of each PCR was confirmed
using a melting curve analysis. PCR primers were synthe-
sized by Invitrogen; Thermo Fisher Scientific, Inc. The
results were normalized to the expression of GAPDH.
All samples were assessed in triplicate.

Short Hairpin RNA (shRNA )-Mediated Interference

For small interfering (si)RNA transfection to avoid
off-target effects, siRNA against FGFR3-AS1 consisted
of three target-specific siRNAs, which were designed
and synthesized by Shanghai GenePharma Co., Ltd.
(Shanghai, PR. China). For FGFR3-AS1 overexpression,
FGFR3-AS1 was constructed into a pcDNA3.1 vector.
Huh7 and Hep3B cells at a density of 3x 10’ cells/ml were
seeded into six-well plates and transfected with siRNAs
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) as the transfection reagent, according to
the manufacturer’s protocol. After 48 h of transfection,
cells were harvested for RT-qPCR to verify the silencing
of FGFR3-AS1 expression.

In Vivo Xenograft Experiments

Six-week-old male BALB/c nude mice were pur-
chased from HFK Biosciences and maintained under
pathogen-free conditions. For tumor propagation analy-
sis, 2x10° WT and siFGFR3-AS1 Hep3B cells were
subcutaneously injected into the flanks of BALB/c nude
mice. Fight nude mice were used for this experiment.
Tumor volume was calculated by the formula V=nab’/6
(a is the tumor length, and b is the tumor width) at indica-
tive time points. Tumor weight was measured on week
5 after injection. Animal experiments were performed in
accordance with relevant guidelines and the regulations
of the Institutional Animal Care and Use Committees
at The Seventh People’s Hospital, Shanghai University
of Traditional Chinese Medicine, and protocols were
approved by the Institutional Animal Care and Use
Committees at The Seventh People’s Hospital, Shanghai
University of Traditional Chinese Medicine.
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Cellular Proliferation Assays

Cells were seeded into 96-well plates at a density of
1x10° cells/well. After 24, 48, and 72 h of incubation at
37°C in DMEM, cellular viability was evaluated using
a cell counting kit-8 assay (CCK-8; Dojindo Molecular
Technologies, Inc., Kumamoto, Japan) according to the
manufacturer’s protocol. The absorbance was measured at a
wavelength of 450 nm using a Multiskan™ GO Microplate
Spectrophotometer (Thermo Fisher Scientific, Inc.).

A colony formation assay was also performed. Cells
were seeded into six-well plates with DMEM supple-
mented with 10% FBS and cultured at 37°C with 5% CO,
for 14 days. Colonies were fixed with methanol at room
temperature for 20 min and stained with 0.1% crystal vio-
let (Sigma-Aldrich; Merck KGaA). The total number of
visible colonies was determined under an optical micro-
scope (Olympus Corporation, Tokyo, Japan). All experi-
ments were repeated three times.

Cellular Migration and Invasion Assays

Cellular migration was assessed using 6.5-mm Trans-
well inserts with 8.0-um pore polycarbonate membranes
(Costar; Corning Incorporated, Corning, NY, USA).
A cell invasion assay was performed using Transwell
inserts coated with Matrigel (BD Biosciences, San Jose,
CA, USA). Briefly, 2 x 10° transfected and nontransfected
cells were suspended in DMEM supplemented with 1%
FBS and were seeded into the upper chambers of the
inserts. Medium supplemented with 10% FBS was added
into the lower chambers as a chemoattractant. Following
24 h of incubation at 37°C, cells on the upper surface
of the membrane were removed; cells that had migrated
to the lower membrane were fixed with 100% methanol
at room temperature for 20 min and stained with crys-
tal violet. Cells were observed using an optical micro-
scope (Olympus Corporation). Cells were counted in five
random fields from each well, and the average number
of migrated or invaded cells was calculated. The assays
were performed in triplicate.

In Situ Hybridization (ISH)

ISH was conducted based on a previously described
protocol. In brief, HCC and peritumor samples were
fixed with formalin and embedded with paraffin, and sec-
tions were obtained. Then the samples were incubated in
graded alcohols and incubated in 3% hydrogen peroxide
(H,0,) for 30 min. Biotin-conjugated probes and strepta-
vidin—horseradish peroxidase (HRP) conjugate were used
for ISH. Then the samples were costained with hema-
toxylin, followed by dehydration in graded alcohols and
xylene. Biotin-conjugated probes were designed using
online tools (www.biosearchtech.com) and synthesized
by Invitrogen.

Cell Cycle and Apoptosis Analysis

Cell cycle analysis was performed in HCC cells 48 h
after transfection. Cells were harvested, washed twice
with cold PBS, fixed in ice-cold 70% ethanol, incubated
with propidium iodide and RNase A, and then analyzed
by FACS. Apoptosis analysis was performed using
an Annexin-V-FITC Apoptosis Detection Kit II (BD
Biosciences) according to the manufacturer’s instruc-
tions. Cells were analyzed by flow cytometry using a
FACSCalibur flow cytometer (BD Biosciences). The data
were analyzed using FlowJo software.

Western Blot

Proteins were extracted from cultured cells and were
analyzed by SDS-PAGE. After blocking with 5% nonfat
milk in phosphate-buffered saline with Tween 20 (PBST)
for 1 h at room temperature, the primary antibodies were
incubated overnight at 4°C. Secondary antibody conju-
gated with HRP (1:3,000; Santa Cruz Biotechnology)
was applied for 1 h at room temperature. Blots were
developed using ECL (Bio-Rad).

Statistical Analysis

The statistical significance of the differences between
groups was assessed using Student’s #-test for pairwise
comparisons or one-way analysis of variance followed
by Fisher’s least significant difference post hoc test for
multiple comparisons. A value of p<0.05 was considered
to indicate a statistically significant difference. Data are
expressed as the mean+standard deviation of three inde-
pendent experiments. Statistical analysis was performed
using the SPSS software version 20.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS
FGFR3-AS1 Is Overexpressed in HCC

To investigate the regulatory role of FGFR3-AS1 in
HCC, we analyzed the expression levels in HCC tis-
sues and adjacent peritumor tissues by RT-qPCR. The
results showed that FGFR3-AS1 expression was sig-
nificantly upregulated in HCC tissues compared to peri-
tumor tissues (Fig. 1A). Additionally, we analyzed 15
pairs of HCC tissues and peritumors using RT-qPCR and
found that most HCC tissues displayed higher levels of
FGFR3-AS1 than peritumor (Fig. 1B). To further verify
this observation, we performed ISH with pairs of HCC
samples. The results also indicated that FGFR3-AS1
was overexpressed in HCC samples (Fig. 1C). Besides,
RT-gqPCR analysis showed that FGFR3-AS1 was highly
expressed in HCC cell lines (Huh7, HepG2, SMMC7721,
BEL-7404, and Hep3B) compared with the normal liver
cell line HL-7702 (Fig. 1D). These findings indicated that
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Figure 1. Fibroblast growth factor receptor 3-antisense 1 (FGFR3-AS1) is overexpressed in hepatocellular carcinoma (HCC).
(A, B) Reverse transcription quantitative polymerase chain reaction (RT-qPCR) was used to examine FGFR3-AS1 expression in HCC
tissues compared with adjacent peritumor tissues. T, tumor; P, peritumor. (C) In situ hybridization was used to determine FGFR3-AS1
expression in pairs of HCC samples. (D) qRT-PCR was used to examine FGFR3-AS1 expression in HCC cell lines compared with
normal liver cell line. *p<0.05, *¥*p<0.01 and ***p<0.001 by two-tailed Student’s 7-test. All data presented are shown as meanstSD

collected from three independent experiments.

FGFR3-AS1 was upregulated in HCC samples and cell
lines, which suggested that FGFR3-AS1 might contribute
to the development of HCC.

Effect of FGFR3-AS1 Knockdown on Cell
Proliferation and Apoptosis in HCC

To further explore the effect of FGFR3-AS1 expres-
sion on HCC cells, we knocked down FGFR3-AS1 in
liver cancer cell lines (Huh7 and Hep3B) and performed
in vitro experiments. RT-qPCR data showed that FGFR3-
AS1 was significantly decreased in Huh7 and Hep3B
cells after transduction with siFGFR3-AS1 (Fig. 2A).
Through CCK-8 and colony formation assays, we found
that FGFR3-AS1 knockdown significantly inhibited the
proliferation of Huh7 and Hep3B cells (Fig. 2B and C).
Furthermore, we assessed the effect of FGFR3-AS1 on
cell apoptosis. By annexin V/PI staining and FACS anal-
ysis, we found that FGFR3-AS1 knockdown remarkably
promoted cell apoptosis (Fig. 2D).

Knockdown of FGFR3-AS1 Arrests Cells in G, Phase

To explore the mechanism that FGFR3-AS1 regulates
cell proliferation, we checked the cell cycle status of

control and siFGFR3-AS1 Huh7 and Hep3B cells. The
FACS results showed that FGFR3-AS1 knockdown sig-
nificantly arrested more cells in the G, phase (Fig. 3A
and B). Furthermore, Western blot (WB) results indicated
that FGFR3-AS1 knockdown promoted the expression
of p21 but inhibited cyclin D1 expression (Fig. 3C).

Effect of FGFR3-AS1 Knockdown on Cell
Migration and Invasion in HCC

Next step, we assessed the effect of FGFR3-AS1 on
tumor metastasis. We used Transwell migration and inva-
sion assays with Huh7 and Hep3B cells. As shown, after
FGFR3-AS1 depletion, fewer cells migrated or invaded (Fig.
4A and B). Moreover, WB results indicated that FGFR3-
AS1 knockdown decreased the protein levels of metastasis-
related genes, such as SNAI1 and TWIST (Fig. 4C).

FGFR3-AS1 Knockdown Inhibits Tumor Growth In Vivo

To further determine the physiological role of FGFR3-
ASI1 in vivo, we performed xenograft experiments with
nude mice. SiFGFR3-AS1 and siNC Hep3B cells were
injected into the recipient mice subcutaneously. At indic-
ative time points, we measured the tumor volumes, and
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Figure 2. Effect of FGFR3-AS1 knockdown on cell proliferation and apoptosis in HCC. (A) qRT-PCR was used to determine the
knockdown efficiency of FGFR3-AS1 in Huh7 and Hep3B cells. (B, C) Cell counting kit-8 (CCK-8) and colony formation assays were
used for the detection of cell proliferation potential in Huh7 and Hep3B cells. (D) Huh7 and Hep3B cells were stained with annexin

V/PI, followed by FACS analysis. ¥*p<0.05 and **p<0.01 by two-tailed Student’s z-test. All data presented are shown as means+SD
collected from three independent experiments.
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Figure 3. Knockdown of FGFR3-AS1 arrests cells in the G, phase. (A, B) Cell cycle was determined by FACS in Huh7 and Hep3B
cells. (C) Western blot was used to check the protein levels of P21 and cyclin D1 in Huh7 and Hep3B cells. *p<0.05 by two-tailed
Student’s #-test . All data presented are shown as means*SD collected from three independent experiments.
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Figure 4. Effect of FGFR3-AS1 knockdown on cell migration and invasion in HCC. (A) Transwell migration and (B) invasion assays
were used to assess the migration and invasion ability of Huh7 and Hep3B cells. (C) The protein levels of SNAI1 and TWIST were
checked by Western blot in Huh7 and Hep3B cells. GAPDH acted as loading control. **p<0.01 by two-tailed Student’s 7-test. All data
presented are shown as means*SD collected from three independent experiments.

at the end time point of experiments, we determined the
tumor weights. As shown, FGFR3-AS1 knockdown sig-
nificantly inhibited tumor growth in vivo (Fig. 5A-C).
From all of the above data, we demonstrated that FGFR3-
AS1 depletion remarkably inhibited cell proliferation,
migration, and invasion while inducing cell apoptosis
in HCC.

FGFR3-AS1 Knockdown Suppresses
the PI3K/AKT Pathway in HCC

Finally, we wanted to determine the molecular
mechanism by which FGFR3-AS1 exerted functions in

A B

. - siNC
15007 = siFGFR3- AS1

HCC. Previous studies reported that the PI3K/AKT sig-
naling pathway is involved in HCC development and
progression”**. Therefore, we checked the effect of
FGFR3-AS1 on the PI3K/AKT pathway. As shown by
WB, FGFR3-AS1 knockdown significantly inhibited the
phosphorylation of PI3K and AKT in Huh7 and Hep3B
cells (Fig. 6A—C). Moreover, we used API-1 (SML1342;
Sigma-Aldrich), a specific inhibitor of AKT, to assess
the effect of the PI3K/AKT signal on FGFR3-ASI1-
mediated HCC progression. First, we measured the toxic
dose of API-1 and found that administration with 5 uM
API-1 has no effect on cell viability (Fig. 6D). Then we
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Figure 5. FGFR3-AS1 knockdown inhibits tumor growth in vivo. Hep3B cells were injected into nude mice subcutaneously. Tumor
volumes (A) and tumor sizes (B, C) were measured at indicative time points. *p <0.05 and **p<0.01 by two-tailed Student’s ¢-test. All
data presented are shown as means+SD collected from three independent experiments.
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Figure 6. FGFR3-AS1 knockdown suppresses PI3K/AKT pathway in HCC. (A—-C) Knockdown of FGFR3-AS1 significantly inhib-
ited the phosphorylation of PI3K and AKT as shown by Western blot. (D) Cell viability examination indicated that API-1 (5 uM) has
no toxic effect on Huh7 and Hep3B cells. (E, F) Transwell assays indicated that overexpression of FGFR3-AS1 promoted cell migra-
tion and invasion, while addition of API-1 reversed it. *p<0.05 and **p<0.01 by two-tailed Student’s #-test. All data presented are
shown as means=SD collected from three independent experiments.

overexpressed FGFR3-AS1 and/or added API-1 in the Dysregulation of IncRNAs was related to diverse
medium. We found that overexpression of FGFR3-AS1 human cancers including HCC, gastric cancer, and colon
promoted cell migration and invasion, while addition cancer""”. The relationship of FGFR3-AS1 with human
of API-1 in the meantime abrogated it (Fig. 6E and F). cancers has not been widely explained. Previous stud-
Altogether, these findings suggested that FGFR3-AS1 ies showed that FGFR3-AS1 takes part in the regulation
promoted cell proliferation, migration, and invasion, at of bladder cancer and osteosarcoma. For instance, Liao
least partially, by activation of the PI3K/AKT pathway. et al. reported that FGFR3-AS1 regulates cell prolifera-

tion and apoptosis in bladder cancer'®. They found that

DISCUSSION FGFR3-AS1 was overexpressed in bladder cancer tis-

HCC is one of the most refractory cancers and leads sues compared to normal tissues, and they showed that

to a high mortality rate around the world"’. However, knockdown of FGFR3-AS1 inhibited cell proliferation
there is currently no effective method to fully heal HCC. but promoted cell apoptosis. In addition, Sun and col-
Therefore, there is an urgent need to find novel bio- leagues reported that FGFR3-AS1 could promote osteo-
markers for the early diagnoses of HCC and design of sarcoma growth®. They showed that FGFR3-AS1 was
therapeutic targets. The regulatory mechanism of FGFR3- upregulated in osteosarcoma, and the expression level
AS1 on HCC growth and metastasis remains largely of FGFR3-AS1 was positively correlated with tumor
unknown. In the present study, we found that FGFR3- size, metastasis, and prognosis. Moreover, by in vitro
AS1 was highly expressed in HCC tissues and cell lines. experiments, they found that knockdown of FGFR3-AS1
Knockdown of FGFR3-AS1 significantly inhibited HCC inhibited the proliferation and cell cycle progression of
cell proliferation, migration, and invasion while promot- osteosarcoma cells. However, the role of FGFR3-AS1
ing cell apoptosis. Moreover, we found that knockdown in HCC remains unclear. In the present study, we also

of FGFR3-AS1 impaired the activation of the PI3K/AKT found that FGFR3-AS1 was upregulated in HCC cells.
pathway in HCC. These previous studies and our present data suggested
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that FGFR3-AS1 might be a potential biomarker for the
diagnosis of various cancers.

Furthermore, we showed that FGFR3-AS1 was upreg-
ulated in HCC cell lines compared to normal liver cells.
Knockdown of FGFR3-AS1 reduced the proliferation
and cell cycle in Huh7 and Hep3B cells. Previous reports
also showed that FGFR3-AS1 knockdown suppressed
the proliferation in bladder cancer and osteosarcoma.
These results suggested that FGFR3-AS1 is a regulator
of the cell cycle. Additionally, for the first time, our data
indicated that FGFR3-AS1 regulated cell migration and
invasion in HCC, which suggested the functional hetero-
geneity of FGFR3-AS1 in different cancers.

In this study, we showed that FGFR3-AS1 promoted
the activation of the PI3K/AKT signaling pathway.
Previous evidence indicated that the PI3K/AKT pathway
plays essential functions in HCC. For example, endo-
thelial differentiation, lysophosphatidic acid G-protein-
coupled receptor 2 (EDG2) could promote the progression
of HCC through activation of PI3K/AKT/mTOR signal-
ing”. Resveratrol inhibits proliferation and migration
through modification of PI3K/AKT signaling in HCC™.
In addition, Yang et al. reported that Ras-related protein
Rab-27B (RAB27B) regulates HCC progression via
PI3K/AKT/p21 signaling”’. Our data also showed that
FGFR3-AS1 knockdown significantly inhibited the acti-
vation of PI3K/AKT signaling. Therefore, the results of
the current study expand on the importance of FGFR3-
AS1/PI3K/AKT in human cancers.

In summary, our study shows that FGFR3-AS1 is able
to promote cell proliferation, migration, invasion, and
tumor propagation, at least partially, through PI3K/AKT
signaling in HCC. Our findings highlight the importance
of the FGFR3-AS1/PI3K/AKT axis in HCC progression.

ACKNOWLEDGMENT: This study was supported by grants
from Key disciplines Group Construction Project of Pudong
Health Bureau of Shanghai (PWZxq2014-12), Natural Science
Foundation of China (No. 81571718), Science and Tech-
nology Development Fund of Shanghai Pudong New Area
(PKJ2016-Y19), Budgetary Fund of Shanghai University of
TCM (2015YSN59) and Talents Training Program of Seventh
People’s Hospital of Shanghai University of TCM (Grant Nos.
OMX2017-01 and XX2017-06). The authors declare no con-
flicts of interest.

REFERENCES

1. Xu YC, Liang CJ, Zhang DX, Li GQ, Gao X, Fu JZ, Xia
F, Ji 1], Zhang LJ, Li GM, Wu JX. LncSHRG promotes
hepatocellular carcinoma progression by activating HES6.
Oncotarget 2017;8(41):70630—-41.

2. Han ZG. Functional genomic studies: Insights into the
pathogenesis of liver cancer. Annu Rev Genomics Hum
Genet. 2012;13:171-205.

3. Chen JG, Zhang SW. Liver cancer epidemic in China:
Past, present and future. Semin Cancer Biol. 2011;21(1):
59-69.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

ZHUANG ET AL.

. Colagrande S, Inghilesi AL, Aburas S, Taliani GG, Nardi C,

Marra F. Challenges of advanced hepatocellular carcinoma.
World J Gastroenterol. 2016;22(34):7645-59.

. Fatica A, Bozzoni 1. Long non-coding RNAs: New play-

ers in cell differentiation and development. Nat Rev Genet.
2014;15(1):7-21.

. Dai MY, Chen SY, Wei XM, Zhu X, Lan F, Dai SM,

Qin X. Diagnosis, prognosis and bioinformatics analy-
sis of IncRNAs in hepatocellular carcinoma. Oncotarget
2017;8(56):95799-809.

. Tajbakhsh S. IncRNA-Encoded polypeptide SPAR(s) with

mTORCI to regulate skeletal muscle regeneration. Cell
Stem Cell 2017;20(4):428-30.

. Matsumoto A, Pasut A, Matsumoto M, Yamashita R, Fung

J, Monteleone E, Saghatelian A, Nakayama KI, Clohessy
JG, Pandolfi PP. mTORC1 and muscle regeneration are
regulated by the LINC00961-encoded SPAR polypeptide.
Nature 2017;541(7636):228-32.

. LiJY, Han W, Shen XL, Han SB, Ye H, Huang GN. DNA

methylation signature of long noncoding RNA genes
during human pre-implantation embryonic development.
Oncotarget 2017;8(34):56829-38.

Liu BY, Ye BQ, Yang LL, Zhu XX, Huang GL, Zhu PP,
Du Y, Wu JY, Qin XW, Chen RS, Tian Y, Fan ZS. Long
noncoding RNA IncKdm2b is required for ILC3 mainte-
nance by initiation of Zfp292 expression. Nat Immunol.
2017;18(5):499-508.

Li Y, Zhu G, Ma Y, Qu H. LncRNA CCAT1 contributes
to the growth and invasion of gastric cancer via targeting
miR-219-1. J Cell Biochem. 2017. [Epub ahead of print]
Hu J, Song C, Duan B, Zhang X, Li D, Zhu L, Gao H.
LncRNA-SVUGP?2 suppresses progression of hepatocellu-
lar carcinoma. Oncotarget 2017;8(58):97835-850.

Lin Z, Lai S, He X, Zhuo W, Wang L, Si J, Chen S.
Decreased long non-coding RNA MTM contributes to
gastric cancer cell migration and invasion via modulating
MTIF. Oncotarget 2017;8(57):97371-83.

Jie Y, Zhao H. LncRNA MALAT1 induces colon cancer
development by regulating miR-129-5p/HMGB1 axis. J
Cell Physiol. 2017. [Epub ahead of print]

Zhu P, Wang Y, Huang G, Ye B, Liu B, WuJ, Du Y, He L,
Fan Z. Inc-beta-Catm elicits EZH2-dependent beta-catenin
stabilization and sustains liver CSC self-renewal. Nat Struct
Mol Biol. 2016;23(7):631-9.

Lai IL, Yang CA, Lin PC, Chan WL, Lee YT, Yen JC, Chang
YS, Chang JG. Long noncoding RNA MIAT promotes non-
small cell lung cancer proliferation and metastasis through
MMP9 activation. Oncotarget 2017;8(58):98148-62.

Li T, Liu Y, Sun Y. Long non-coding RNA AB209630 sup-
presses cell proliferation and metastasis in human hepato-
cellular carcinoma. Exp Ther Med. 2017;14(4):3419-24.
Li JJ, Zhang QH, Fan XM, Mo WH, Dai WQ, Feng J, Wu
LW, Liu T, Li SN, Xu SZ, Wang WW, Lu XY, Yu Q, Chen K,
XiaYJ,LuJ, Zhou YQ, Xu L, Guo CY. The long noncoding
RNA TUGI acts as a competing endogenous RNA to regu-
late the Hedgehog pathway by targeting miR-132 in hepa-
tocellular carcinoma. Oncotarget 2017;8(39):65932-45.
Liao X, Chen J, Liu Y, He A, Wu J, Cheng J, Zhang X,
Lv Z, Wang F, Mei H. Knockdown of long noncoding RNA
FGFR3-AS1 induces cell proliferation inhibition, apoptosis
and motility reduction in bladder cancer. Cancer Biomark.
2018;21(2):277-85.

. Sun J, Wang X, Fu C, Wang X, Zou J, Hua H, Bi Z. Long

noncoding RNA FGFR3-AS1 promotes osteosarcoma



FGFR3-AS1 PROMOTES HEPATOCELLULAR CARCINOMA CARCINOGENESIS

21.

22.

23.

24.

growth through regulating its natural antisense transcript
FGFR3. Mol Biol Rep. 2016;43(5):427-36.

Anninos P, Chatzimichael A, Adamopoulos A, Kotini
A, Tsagas N. A combined study of MEG and pico-Tesla
TMS on children with autism disorder. J Integr Neurosci.
2016;15(4):497-513.

Chen ZZ, Huang L, Wu YH, Zhai WJ, Zhu PP, Gao YF.
LncSox4 promotes the self-renewal of liver tumour-
initiating cells through Stat3-mediated Sox4 expression.
Nat Commun. 2016;7:12598.

Xu G, Dang CX. CMTMS is downregulated and suppresses
tumour growth in hepatocellular carcinoma through regu-
lating PI3K-AKT signalling. Cancer Cell Int. 2017;17:113.
XuM, Liu ZK, Wang C, Yao BW, Zheng X. EDG2 enhanced
the progression of hepatocellular carcinoma by LPA/PI3K/
AKT/mTOR signaling. Oncotarget 2017;8(39):66154—68.

25.

26.

217.

1265

Ouyang S, Zheng X, Zhou X, Chen Z, Yang X, Xie M.
LncRNA BCAR4 promotes colon cancer progression via
activating Wnt/beta-catenin signaling. Oncotarget 2017;
8(54):92815-26.

Chai R, Fu H, Zheng Z, Liu T, Ji S, Li G. Resveratrol
inhibits proliferation and migration through SIRT1 medi-
ated posttranslational modification of PI3K/AKT sig-
naling in hepatocellular carcinoma cells. Mol Med Rep.
2017;16(6):8037-44.

Yang X, Ye XQ, Sun L, Gao FY, Li YX, Ji XM, Wang XJ,
Feng Y, Wang XB. Downregulation of serum RAB27B
confers improved prognosis and is associated with hepa-
tocellular carcinoma progression through PI3K-AKT-P21
signaling. Oncotarget 2017;8(37):61118-32.





