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Background: Hepatocellular carcinoma (HCC) is a common malignancy worldwide with
a high mortality rate. IncRNA SFTAIP is highly expressed in HCC. We aimed to study the
role of SFTA1P in HCC and its relationship with miR-4766-5p.

Materials and Methods: The levels of SFTAIP in HCC tissues and cell lines were
determined. Relationship between SFTAIP and clinical features and prognosis was studied.
The influence of SFTAIP on HCC cell viability, migration, invasion and apoptosis was
studied in vitro. Rescue experiments were conducted after the binding site between SFTA 1P
and miR-4766-5p confirmed by dual-luciferase assay. The protein expression of AKT,
p-AKT, mTOR and p-mTOR in HCC cells with knockdown of SFTAIP was determined
by Western blotting. A tumor study in nude mice was conducted in order to assess the effects
of SFTAIP on tumor growth characteristics.

Results: SFTAIP was up-regulated in HCC tissues and cell lines. SF7AIP expression was
closely related to tumor size, vascular invasion and TNM stage. Knockdown of SFTAIP
inhibited HCC cell viability, migration and invasion and promoted cell apoptosis. MiR-4766-
5p was a target of SFTA1P and knockdown of SF'741P could decrease the protein expression
of p-AKT and p-mTOR. Rescue experiments showed that miR-4766-5p mimics could
attenuate the promoting role of SF741P on HCC cell viability, invasion and migration, and
inhibiting role on cell apoptosis. Moreover, we used nude mice models and also found that
the knockdown of SFTAIP reduced tumor volume and weight.

Conclusion: IncRNA SFTAIP could promote tumor development in HCC by down-
regulating miR-4766-5p expression via PI3K/AKT/mTOR signaling pathway. It may be
a potential therapeutic target for HCC.

Keywords: hepatocellular carcinoma, SFTA1P, miR-4766-5p, PI3K/AKT/mTOR signaling
pathway, tumor growth

Introduction

Hepatocellular carcinoma (HCC) is a common malignancy worldwide, and its
mortality rate is the second highest in tumor-related deaths.' It is characterized by
complex pathophysiological processes, insidious clinical manifestations, low spe-
cificity and poor sensitivity of biochemical indicators.” Therefore, a thorough study
of the molecular events in the development of HCC will play an important role in
the diagnosis and treatment of HCC patients. As we all know, hundreds of candi-
date tumor genes and tumor suppressor genes related to HCC have been discovered
by sequencing technology in the past few years.” Some of the genes have been fully
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confirmed by follow-up experiments, while function of
most genes remains unclear. Recent studies have shown
that the majority of human genomes are actively tran-
scribed into non-coding RNAs (ncRNAs), of which only
1-2% genomes encode proteins.* These non-protein-
coding RNAs play important roles in cell growth, differ-
entiation and metabolism.” Long-chain non-coding RNA
(IncRNA) is one of those RNAs and is a promising bio-
marker for treatment or prognosis and a potential target of
cancer treatment.

In recent years, more and more studies have shown that
IncRNA is closely related to the occurrence and develop-
ment of HCC, and affects the progress and prognosis of
HCC in many ways.® IncRNA-HOXD-ASI is markedly up-
regulated in HCC tissues and reported to be a prognostic
marker for HCC patients.” IncRNA DIHCC was found
down-regulated in HCC and could regulate HCC stem
cells by IL-6/STAT3 axis.® IncRNA SFTAIP is 693 nts
long and is located on 10p.” It is a specific IncRNA in lung
tissues, and its expression is different in lung cancer tis-
sues and adjacent tissues.'® In gastric cancer, IncRNA
SFTAIP can inhibit cancer cell proliferation and migration
via down-regulating TP53."" Moreover, Liao et al reported
HCC patients having higher SFTAIP expression were
more likely to have liver fibrosis.'> However, there have
no studies about the function of SF74/P in HCC.

IncRNA could regulate the expression and biological
functions of microRNA. MiR-4766-5p is a newly discov-
ered microRNA and knockdown of miR-4766-5p could
markedly promote cell growth and metastasis.'”> Liang
et al reported miR-4766-5p can be regulated by /ncRNA-
PRLB in breast cancer, which is related to the progression
of breast cancer.'® Phosphoinositide 3-kinase (PI3K) is
a key downstream of growth factor receptor tyrosine
kinases. It can promote the formation of lipid second
messenger PIP3 at cell membrane. PIP3 in turn activates
downstream targets, such as Akt.'” PI3K signaling path-
way plays an important role in many aspects of cell
growth.'® PI3K/Akt signaling is often broken in human
cancers. It could regulate essential cell function, such as
proliferation, migration and transcription.'” It can regulate
epithelial-mesenchymal transition (EMT) in HCC cells.'®

In this study, we determined the expression of IncRNA
SFTAIP in HCC tissues and the cell lines. Then, we
explored the role of SFT4IP expression on HCC cell
viability and migration. At last, the molecular mechanism
about how SFTAIP regulates HCC was studied. Our study

also found SFTA1P may play as an endogenous sponge via
inhibiting the expression of miR-4766-5p.

Materials and Methods
Tissues Collection

HCC tissues and the adjacent normal liver tissues were
collected from the pathology laboratory of Clinical
Research Center of Kunming Maternal and Child Health
Hospital between April 2015 and March 2018. HCC tis-
sues and the adjacent normal tissues were obtained from
75 HCC patients. All tissues kept in the refrigerator at
—80°C. The use of human tissues was approved by the
Ethics Committee of Clinical Research Center of Kunming
Maternal and Child Health Hospital and was conducted in
accordance with the Declaration of Helsinki. We obtained
written informed consent from every patient.

Cell Culture and Transfection
Human HCC cell lines BEL-7402, Hep G2, HCC-9204,
Hep 3B, BEL-7405 and normal hepatocyte L-02 were
obtained from Institute of Biochemistry and Cell
Biology, Chinese Academy of Sciences. Cells were cul-
tured in RPMI 1640 medium containing 10% fetal bovine
serum (FBS) and 1% mycillin. Then, all cells were incu-
bated in cell incubator at 37°C containing 5% CO,. Hep
G2 and Hep 3B were transfected with si-SFTAIP or/and
SFTA1P pcDNA3.1 or/and miR-4766-5p mimic. For
epithelial-like Hep G2, which expresses 3-hydroxy-
3-methylglutaryl-CoA reductase and hepatic triglyceride
lipase activities, the STR result shows Amelogenin: X,
Y; CSF1PO: 10, 11; D13S317: 9, 13; D16S539: 12, 13;
D5S818: 11, 12; D7S820: 10; THO1: 9; TPOX: 8, 9; vWA:
17; and there is no evidence of a Hepatitis B virus genome
in this cell line. For epithelial-like Hep 3B, the STR result
shows Amelogenin: X; CSF1PO: 8; D13S317: 12, 14;
D16S539: 10; D5S818: 13; D7S820: 8, 10; THO1: 6, 7;
TPOX: 9; vWA: 17, and this line contains an integrated
hepatitis B virus genome.

2'-O-methyl (2'-O-Me) oligonucleotides containing
miR-4766-5p (UCUGAAAGAGCAGUUGGUGUU)
were synthesized by Shanghai Jima Biotechnology Co.
LTD (Shanghai, China). They were transfected to cells
by Lipofectamine 2000 based on the instructions.
SFTA1P pcDNA3.1 (SFTA1P) and the negative control
pcDNA3.1 (pcDNA3.1) were synthesized by JRDUN
China).

Biotechnology (Shanghai, They were co-
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transfected with the miR-4766-5p or NC into cells using
Lipofectamine 2000.

Real-Time Polymerase Chain Reaction
(RT-PCR)

Trizol lysis method was used to extract total RNA from
HCC tissues and cells. After lysing, trichloromethane was
added and mixed, and then centrifugation was performed at
10,000 rpm for 15 min. The watery layer was collected and
isopropanol was added to precipitate RNA. RNase Free dd
H,O was used to resolve RNA and NANO DROP was used
to determine the purity and concentration of RNA. RNA is
reversely transcribed into cDNA. QRT-PCR was performed
by using the LightCycler and the FastStart DNA Master
SYBR Green 1 kit (Roche Applied Sciences). The
sequences of the primers were shown as follows: SFTA1P,
forward primer: 5-TTGTGGCACGAGTAAGCCAA-3'
and reverse primer: 5-TCAAGGGCAATATTCCGGGT-3;
GAPDH, forward primer: 5'-AGGTCGGTG TGAACGGA
TTTG-3' and reverse primer: 5'-TGTAGACCATGTAG
TTGAGG TCA-3".

Western Blotting

Total protein was isolated using RIPA lysis buffer
(Beyotime). Equivalent amounts of proteins were fractio-
nated by SDS-PAGE gel and then transferred onto PVDF
membranes (Millipore, Billerica, MA, USA). The mem-
branes were then incubated with specific primary antibo-
dies against AKT (ab179463; 1:10,000; Abcam, Inc.),
p-AKT  (Serd73, #4060; 1:2000; Cell Signaling
Technology, Inc.), mTOR (2972; 1:1000; Cell Signaling
Technology, Inc.), p-mTOR (phospho S2448; ab109268;
1:2000; Abcam, Inc.), GAPDH (#5174; 1:1000; Cell
Signaling Technology, Inc.) overnight at 4°C, followed
by incubation with HRP-conjugated secondary antibody
(1:10,000; Santa Cruz Biotechnology, Inc.) at room tem-
perature for 1 hr. The immunoreactive bands were detected
using the enhanced chemiluminescence detection kit
(Millipore). GAPDH was used as the control.

Establishment of SFTAIP Overexpressed

and Knockdown Cell Lines

IncRNA SFTA1P overexpression lentivirus was obtained
from Shanghai Gemma Gene Biology Co. LTD. Cells of
logarithmic growth phase were inoculated into the culture
plates. Culture was performed for 48-72 h to achieve
a density of about 70%. The Ilentivirus containing

overexpressed plasmids is melted on ice and a specific
amount of virus is added. After infection for 72 h, obser-
vation of green light GFP under fluorescence microscope
indicated successful cell infection. RT-PCR was used to
determine the expression of IncRNA SFTAI1P. In the same
way, we use siRNA plasmids of SFTAIP to build knock-
down cell lines.

Luciferase Reporter Assay

Starbase 3.0 and AnnoLnc were used to explore the rela-
tionship between IncRNA SFTAIP and miR-4766-5p.
Then, luciferase reporter assay was applied to verify the
target gene. IncRNA-SFT4I/P with WT or MUT miR-
4766-5p binding sites were generated and fused to the
luciferase reporter vector pmirGLO (Promega, Madison,
WI, USA). HEK293T cells were placed on a 96-well plate
and cotransfected with luciferase plasmids and miR-4766-
5p mimic or control miRNA. After 48 h transfection,
luciferase activity was measured with the dual-luciferase
reporter assay system (Promega). Firefly luciferase activity
was normalized against Renilla luciferase activity.

Cell Viability

CCK-8 kit (Beyotime Institute of Biotechnology, China)
was used to determine the viability situation of HCC cells
in different groups. Cells were inoculated to 96-well plates
for 5%10° cells/well. After incubation for 0, 24, 48, 72, 96
h, CCK-8 reagent of 10 ul was added to each well and
incubation was continued for 2 h. Micrometer detected the
optical density of each hole at the wavelength of 450nm.

Cell Colony Formation Assay

The Hep G2 and Hep 3B cell lines were prepared into
a cell suspension and counted. The Hep G2 and Hep 3B
cell lines in each group were seeded into a 60 mm plate at
a density of 1000 cells. Subsequently, 3 mL of cell culture
medium was added to the cell lines at 37°C, and cultured
in a 37°C incubator. The culture was terminated upon
observation of the colony. Cells were fixed using 5 mL
of 4% paraformaldehyde for 15 minutes and then stained
with Crystal violet staining for 10-30 minutes.

Flow Cytometry

Cells were washed with PBS and pancreatin was added to
digest cells. After digestion at room temperature, FBS was
added to stop digestion until the adherent cells could be
blown down by light blowing. Cell suspension was trans-
ferred into a centrifuge tube and centrifuged at 1000g for 5
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min. The cells were collected and the gently suspended
with PBS and counted. Cells were centrifuged at 1000g for
5 min and Annexin V-FITC solution was added to resus-
pend cells. Propyl iodide (PI) was added and mixed uni-
formly. After incubation in dark for 20 minutes at room
temperature, flow cytometer was used for detection.

Transwell Assay for Migration and

Invasion

BD matrigel, which was frozen in a refrigerator at —80°C,
was turned into a liquid at 4°C overnight. After being
diluted 5 times, it was placed in the upper chamber of
Transwell chamber and incubated at 37°C for 4-5 h, and
the appearance of a “white layer” indicated that it has
become solid. Two groups of cell suspensions were pre-
pared and the cell concentration was adjusted to 1x10%
mL. Cell suspension of 150 uL was added to each well
and 750 pL 1640 medium containing 10% FBS was added
to the lower chamber, and then they were incubated at 37°
C for 24 h. The Transwell chamber was washed twice with
PBS and the cell fixation solution was used to fix for
20min. Crystal violet (0.1%) was added to stain for
10min and cells on the upper surface were washed twice
with PBS. Cells on the upper surface were wiped off with
a cotton ball and observe under a microscope. For the cell
migration experiment, BD matrigel was not used and the
cell concentration was adjusted to 5x10°/mL. The rest of
the steps were the same.

Scratch Wound Healing Assay

Cells were seeded in 12-well plates at a density of 1.0x10°
cells per well. We transfected cells and incubated the
dishes at 37°C until cells reached 100% confluence. An
artificial gap was scratched using a 100 pL Pipette nozzle.
Wells were observed and photographed under an inverted
The
HMIAS-2000 was used to measure the cell migration

phase-contrast microscope. software program

distance (um).

Tumor Formation in Nude Mice

BALB/c nude mice (male, 6-8 weeks, weight 12—13g)
were adaptively raised for 2 weeks under SPF conditions.
The bedding material and water used for nude mice were
firstly sterilized by high-temperature steam, and the edible
feed was SPF grade. The survival condition of nude mice
was observed every day, and feed and water were timely
supplemented. All operations are conducted in the

biosafety cabinet. Mice were randomly divided into two
groups: NC group and si-SFTA1P group. The left dorsal
upper limb skin of nude mice was sterilized, and 200 pL
10"/mL Hep G2 cell suspension with si-SFTA1P or si-NC
was injected after the skin was dry, respectively. After 8
weeks, nude mice were killed by dislocation and the tumor
rate was calculated. The tumor tissue was completely
separated, the mass of the tumor was measured, and the
tumor volume was calculated. Tumor volume (mm?®) = 1/2
(long diameter x short diameter x short diameter). The
experimental procedures involving animals were per-
formed with the approval of the Ethics Committee of
Clinical Research Center of Kunming Maternal and
Child Health Hospital (IACUC Issue No. 2,019,002). All
efforts were made to reduce the suffering of animals,
according to the Guidelines for the Care and Use of
and

Laboratory Animals (Ministry of Science

Technology of China, 2006).

Statistical Analysis

GraphPad Prism 6.0 software (GraphPad Software Inc.,
San Diego, CA, USA) and SPSS 22.0 software (IBM
Corporation, Armonk, NY, USA) were used. The #-test
was used for comparison between SFTAI1P expression
and other variables of patients, and P<0.05 was taken as
the difference was statistically significant. We take the
average expression level of SFTAIP in liver cancer
patients as the cut-off value. Data was presented as mean
+ standard deviation (SD) and compared by Student’s
t-test or one-way ANOVA as appropriate. The survival
curves were plotted by Kaplan—Meier analysis, and ana-
lyzed by Log-rank test. Categorical variables were com-
pared by chi-square test.

Results
IncRNA SFTAIP is Up-Regulated in

Hepatocellular Carcinoma

To explore the expression of IncRNA SF74/P in HCC
tissues, we used RT-PCR to determine the relative mRNA
levels of IncRNA SFTAIP in 75 pairs of HCC tissues and the
adjacent normal liver tissues. As Figure 1A showed, com-
pared with the adjacent normal liver tissues, the mRNA level
of SFTA1P in HCC tissues was significantly increased (P <
0.01). The expression levels of SFTAIP in HCC cell lines
BEL-7402, BEL-7405, HCC-9204, Hep 3B, Hep G2 and
Huh-7, and normal liver cell lines L-02 were also determined
by qRT-PCR. As Figure 1B showed, SF7A4 /P expression was
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Figure | Expression of LncRNA SFTAIP and its relationship with clinical features of HCC. (A) The expression of INcRNA SFTAIP in HCC tissues and adjacent normal liver
tissues. (B) The expression levels of SFTAIP in HCC cell lines BEL-7402, BEL-7405, HCC-9204, Hep 3B, Hep G2 and Huh-7, and normal liver cell lines L-02. (C) SFTAIP
expression in tumor database was retrieved by TCGA visualization software. **P<0.01 vs normal liver tissue or normal liver cell lines L-02.

highly in HCC cells at different levels compared with normal
liver cells. Hep G2 and Hep 3B cells were selected for further
study. In addition, SF'7A I P expression in tumor database was
retrieved by TCGA visualization software and the results also
showed that SFTAIP was highly expressed in HCC tissues
(Figure 1C). The relationship between differential expression
of SFTAIP and clinical features is shown in Table 1. As
shown, SFTAIP expression was closely related to tumor size
(P<0.05), vascular invasion (P<0.05), and TNM stage
(P<0.05). Nevertheless, SFTAIP expression was not asso-
ciated with the gender, age, liver cirrhosis, PVTT and differ-
entiation of patients.

Knockdown of SFTAIP Inhibited HCC

Cell Viability and Promotes Apoptosis

We used siRNA transfection method to interfere IncRNA
SFTAIP expression in Hep G2 and Hep 3B cells. After
transfection, the mRNA levels of SFTA/P in Hep G2 and

Hep 3B cells were determined by RT-PCR. As Figure 2A
showed, SFTAIP expression level in si-SFTAIP group
was significantly decreased compared with NC group
(P<0.01). In order to test the role of SFT4/P on HCC
cell viability, CCK-8 assay was used to determine the
viability of Hep G2 and Hep 3B cells in si-SFTAIP
group and NC group. As Figure 2B showed, the cell
viability in NC group was stably higher than the si-
SFTAIP group (P<0.05). To further test the influence of
SFTAIP on cell viability, clone formation assay was
performed. As Figure 2C and D showed, the number of
cloning cells in si-SFTAIP group was evidently reduced
compared with NC group (P<0.05). Flow cytometry was
applied to test the influence of SFTA/P expression on
HCC cell apoptosis and results are shown in Figure 2E
and F. As shown, the apoptosis rates of Hep G2 and Hep
3B cells in si-SFTAI1P group was significantly promoted
compared with NC group.
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Table | Relationship Between IncRNA SFTAIP and Clinical
Characteristics

Variable Number | LncRNA P Ve
(75) SFTAIP

Expression

High Low

(n=45) | (n=30)
Gender
Male 40 26 14 0.344 | 0.893
Female 35 19 16
Age (years)
<55 37 20 17 0.299 | 1.075
=55 38 25 13
Tumor size (cm)
<5 26 I 15 0.023 | 5.190
=5 49 34 15
Liver cirrhosis
Present 36 21 15 0.777 | 0.081
Absent 39 24 I5
Vascular invasion
Present 43 31 12 0.013 | 6.141
Absent 32 14 18
PVTT
Present 16 10 6 0.818 | 0.053
Absent 59 35 24
Differentiation
WVell I5 8 7 0.101 | 4576
Moderate 43 23 20
Poor 17 14 3
TNM stage
-l 31 14 17 0.027 | 4.848
-v 44 31 13

Knockdown of SFTAIP Inhibits HCC Cell

Migration and Invasion

To explore the influence of SF74/P on cell transfer capa-
city, Transwell assay was performed and results are shown
in Figure 3A. As shown, the number of cells crossed the
cell membrane in si-SFTA 1P group was significantly lower
than the NC group (P<0.05). The invasion experiment was
carried out in a chamber containing matrigel and results
are shown in Figure 3B. As shown, knockdown of SFT41P
inhibited the migration capacity of Hep G2 and Hep 3B
cells. Scratch healing experiment was used to further ver-
ify the influence of SFTAIP expression on HCC cell
migration and results are shown in Figure 3C. As shown,

the migration rate of Hep G2 and Hep 3B cells in si-

SFTAIP group was markedly slower than that in NC
group.

IncRNA SFTAIP Sponges miR-4766-5p
and Influences PI3K/AKT/mTOR Pathway

Starbase 3.0 and AnnoLnc were used to explore the
relationship between IncRNA SFTAI/P and miR-4766-
5p and the result indicated miR-4766-5p was a target
gene of IncRNA SFTAIP (Figure 4A). To verify miR-
4766-5p was a potential target of IncRNA SFTAIP,
luciferase reporter assay was performed. Compared
with co-transfection of miR-NC + SFTAIP wt, reporter
activity in Hep G2 cells co-transfected with miR-4766-
5p plasmid + SFTAIP wt was decreased. However, the
reporter activity in miR-NC + SFT4/P mut and miR-
4766-5p plasmid + SFTAIP mut had no significant dif-
ference (Figure 4B). Then, pcDNA3.1-SFTAIP or
pcDNA3.1-NC plasmid was transfected to Hep G2 and
Hep 3B cells, and the relative expression levels of miR-
4766-5p were determined by RT-PCR. As Figure 4C
showed, knockdown of SFTAIP increased miR-4766-5p
expression. To verify the influence of SFTAIP on the
expression levels of key proteins in the PI3K/AKT/
mTOR pathway, Western blotting was applied. As
Figure 4D showed, the protein expression of total
AKT and mTOR in NC and si-SFTAIP group had no
significant difference, while the protein expressions of
p-AKT and p-mTOR in si-SFTA 1P group were markedly
reduced compared to NC group. Those indicated
SFTAIP may participate in the progression of HCC via
influencing the protein expression of key proteins in the
PI3K/AKT/mTOR pathway.

miR-4766-5p Mimic Reverses
SFTAIP-Induced Tumor-Promoting

Effects

In this study, Hep G2 and Hep 3B cells were co-
transfected with pcDNA3.1-miR-4766-5p and
pcDNA3.1-SFTAIP plasmid, and then CCKS, Transwell
assay, and Flow cytometry were used to explore the
combined action of miR-4766-5p and IncRNA SFT41P
on HCC cell viability, invasion, migration and apoptosis.
Results of CCK-8 (Figure 5A) showed overexpression of
SFTAIP promoted the viability of Hep G2 and Hep 3B
cells, while further transfection of miR-4766-5p counter-
acted the promoting role. Results of FCM (Figure 5B)
showed overexpression of miR-4766-5p abolished the
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inhibiting role of SFT4IP on the apoptosis of SFTAIP.
Results of Transwell assay (Figure 5C and D) showed
overexpression of SFTAIP promoted the migration and
invasion ability of Hep G2 and Hep 3B cells, while

overexpression of miR-4766-5p offset the

Moreover, miR-4766-5p mimics rescued the increased

role.

expression of p-AKT and pmTOR by overexpression of
SFTAIP (Figure SE).
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Knockdown of IncRNA SFTAIP Inhibits

HCC Development in vivo

Mice were transfected with Hep G2 cells, which were
infected with si-SFT41P or NC. Tumors were separated
and peeled, and then tumor weight and volume were mea-
sured. As Figure 6A showed tumor weight and volume in
si-SFTA1P group were less than that in NC group (P<0.05).
Results of immunohistochemistry showed Ki-67 and PCNA
were stably inhibited by si-

SFTAIP(Figure 6B). QRT-PCR was used to determine the
expression levels of SFTAIP in si-SFTAIP group and NC
group. Results (Figure 6C) showed the expression level of
SFTAIP in si-SFTAIP group was much lower compared
with NC group (P<0.05). Western blotting was used to
measure the protein expression of AKT, p-AKT, mTOR
and mTOR in si-SFTAIP group and NC group. Results
(Figure 6D) showed SFTAIP expression had no influence
on the protein expression of AKT, and mTOR, while knock-
down of IncRNA SFTAIP decreased the expression of
p-AKT and p-mTOR. The results in mice were consistent
with those in cells.

Discussion

The high incidence, easy to metastasize and poor prog-
nosis of HCC can affect human life and health. The diag-
nosis and treatment of HCC are still a worldwide medical
problem.'®** Although previous studies have found many
abnormally expressed protein-coding genes in HCC, there
is still an urgent need to find new molecular markers that
can help early diagnosis and risk assessment. IncRNA can
regulate gene expression and protein synthesis in several
ways, and can regulate the nuclear development process
Many studies
have shown that dysregulation of IncRNA is associated

through gene inhibition or gene activation.”'

with a variety of human diseases. Some IncRNAs are
potential biomarkers for HCC diagnosis and may serve
as the therapeutic targets.”

SFTAIP is a pseudogene-derived long non-coding RNA
and located in 10p14. The length of SFTAIP is 693 nt.> It
was significantly down-regulated in gastric cancer (GC)
tissues compared to the normal tissues.'' Zhang et al
reported SF'TA1P was found down-regulated in lung adeno-
carcinoma (LAC).>* Xu et al reported downregulation of
SFTAIP could inhibit LAC cell migration and invasion.”* In
this study, we used RT-PCR to determine the relative
mRNA levels of IncRNA SFTA/P in HCC tissues and the
adjacent normal liver tissues. Results showed SF7A/P was
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*P<0.05.

OncoTargets and Therapy 2020:13

submit your manuscript

9767

Dove


http://www.dovepress.com
http://www.dovepress.com

Huang et al

Dove

A N

si-SFTA1P
s o¥hse ‘:»',“0. »
( ) “‘A', £ X & .J;.::g’ L
g TRV S S a Y ",’i" '.';I LA
(em?) ., Faigior. s Euvosies
2.0 o | ARL K Y, e sS85 a)e mve 238
- FERYEN e Bt Ve
g, E s R ol & 2l iontay
© . =) ‘ “-WS:"’ 33 S e £ e,
g 1 g 1.0 ,?!:r :'-:}%;:’1 ‘!g‘y,j. i
: : R
g 0.5 * g 0.5 * - .“!‘.9b ‘a
T 1 00 — NC Si-SFTA1P
NC si-SFTA1P NC si-SFTA1P
c E 1.51 D
}_
7
P AKT
c P-AKT [we =]
.g M-TOR [== ==]
g p-m-TOR [we= &
53 GAPDH [ ]
ot NC si-SFTA1P
2
©
(0]
o

NC si-SFTA1P
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p-AKT, mTOR and p-mTOR in tissues from si-SFTAIP group and NC group. *P<0.05 vs NC-transfected group.

highly expressed in HCC tissues. The mRNA levels of
SFTAIP in 5 kinds of HCC cell lines were also higher
compared with the normal liver cell. This suggests that
IncRNA SFTAIP may play a role as an oncogene in
HCC. The correlation analysis between SFTA41P expression
and clinicopathologic indicators of HCC showed high
SFTAIP expression indicates increased tumor size in HCC
patients. Based on the above studies, we tested the effect of
IncRNA SFTAIP on the viability, apoptosis, migration and
invasion of HCC cells in vitro. We constructed HCC cell
lines Hep G2 and Hep 3B with si-SF74 /P plasmid. CCK-8
and cloning formation assay indicated knockdown of
SFTAIP inhibited Hep G2 and Hep 3B cell viability.
Results of FCM showed knockdown of SFT41P promoted
the apoptosis. Scratch healing assay and Transwell assay
showed knockdown of SF74 1P evidently inhibited Hep G2
and Hep 3B cell migration and invasion.

Similar to IncRNAs, miRNAs, a class of small noncoding
RNAs, are
Accumulating studies reveal that IncRNAs can serve as

also involved in HCC progression.”
a competing endogenous RNA (ceRNA) by sponging
miRNAs, thereby causing a loss of miRNA function.”® To
further explore the molecular mechanism about how SF74 1P
affects HCC viability, migration and invasion, we used
Starbase 3.0 and AnnoLnc databases to explore the relation-
ship between IncRNA SFTAIP and miR-4766-5p, and the
result indicated miR-4766-5p was a target gene of IncRNA
SFTAIP. Luciferase reporter assay also verifies miR-4766-5p
was a target of IncRNA SFTAIP. RT-PCR results showed
knockdown of SFTA1P up-regulated miR-4766-5p expres-
sion. Our study showed knockdown of SF'7A4 7P reduced the
protein expression of p-AKT and p-mTOR. Akt is
a homologue of the v-Akt, and activated Akt adjusts many
processes, such as apoptosis and proliferation.”” mTOR is
a large protein kinase and the target of rapamycin.”® mTOR
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signaling pathway senses and integrates a variety of environ-
mental cues to regulate organismal growth and
homeostasis.”” PI3K/AKT/mTOR pathway is activated in
many human cancers.’® Deregulation of the PI3K/Akt/
mTOR pathway plays an important regulating role in HCC
carcinogenesis.’' Those indicated SF74 1P may participate in
the progression of HCC via influencing the protein expres-
sion of key proteins in the AKT/mTOR pathway. PI3K/Akt/
mTOR signaling is one of the most critical intracellular path-
ways in both normal and cancer cells, and inhibition of this
signaling has been shown to lead to regression of many
tumor types, including HCC.

By bioinformatic algorithms, we predicted a novel
microRNA, miR-4766-5p,
SFTAIP. Dual-luciferase reporter gene assay revealed
the direct interaction between SFT4/P and miR-4766-
5p. To wverify the role of miR-4766-5p in HCC,
miR-4766-5p mimic and pcDNA3.1-SFTAIP were co-
transfected to Hep G2 and Hep 3B cells. Then, MTT,
cloning formation, transwell, scratch healing assay and

as a potential target of

FCM assay were applied to determine the viability,
migration, invasion and apoptosis capacity of cells.
Results showed miR-4766-5p promoted the apoptosis of
Hep G2 and Hep 3B cells and inhibited the cell viability,
invasion and migration ability. Moreover, miR-4766-5p
attenuated the promoting role of SFTAIP on HCC cell
viability, invasion and migration, and inhibiting role on
HCC cell apoptosis. In breast cancer, miR-4766-5p
mimics was also reported to promote apoptosis and inhi-
bit migration in tumor cells.*> Moreover, we used nude
mice models also found knockdown of SFT41P reduced
tumor growth in vivo. Ki-67 and PCNA were stably
inhibited by si-SFTAP. Ki-67 is a nuclear and nucleolar
protein, which is related to cell proliferation.®® The
higher the Ki-67 labelling index, the poorer the prognosis
of HCC.** PCNA is an adjunct protein of DNA polymer-
ase, and its level reflects the cell proliferation rate and
DNA synthesis rate. It can evaluate the malignancy and
proliferation potential of tumor and is a reliable prolifera-
tion marker in the current study on tumor proliferation
activities.>> PCNA expression was positively correlated
with NET-1, whose expression was positively correlated
to the TMN stages of HCC.*® Moreover, knockdown of
IncRNA SFTAIP also decreased the expression of
p-PI3K, p-AKT and p-mTOR in tumorigenic tissue. We
speculated upregulation of SFTA1P promoted the devel-
opment of HCC cells by activating PI3K/AKT/mTOR
signaling pathway. MiR-4766-5p is a target gene of

SFTAIP and overexpression of miR-4766-5p reduced
SFTAIP expression, which further silenced PI3K/AKT/
mTOR signaling pathway. Therefore, miR-4766-5p coun-
teracted the effects of SFT4I/P as an inducer of tumor
progression.

In conclusion, IncRNA SFTAIP was up-regulated in
HCC and can promote the tumor growth by targeting
down-regulating miR-4766-5p via PI3K/AKT/mTOR sig-
naling pathway.
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