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ABSTRACT

Hepatocellular carcinoma (HCC) ranks high in morbidity and mortality among notorious malignancies because
of the lack of effective biomarkers and treatments. LncRNA PITPNA antisense RNA 1 (PITPNA-AS1) plays an
oncogenic role in HCC, yet the mechanistic basis remains unprobed. Here using Bioinformatics and PCR
analyses, we validated that PITPNA-AS1 expression was significantly increased in HCC. The levels of PITPNA-AS1
in tumors were reversely correlated with the prognosis in HCC patients. Downregulation of PITPNA-AS1
inhibited malignant activities of HCC cells. Next, we elucidated that PITPNA-AS1 acts as a competing
endogenous RNA (ceRNA) to sponge miR-363-5p, thereby regulating the expression of platelet-derived growth
factor-D (PDGFD). Moreover, the suppression of HCC cell activities by PITPNA-AS1 downregulation can be
removed by PDGFD overexpression or miR-363-5p inhibition. Collectively, our work reveals the involvement of
the PITPNA-AS1/miR-363-5p/PDGFD regulatory axis in HCC progression.

INTRODUCTION Moreover, novel INcRNA AL033381.2 can upregulate
PRKRA to promote HCC progression [11]. However,
Hepatocellular carcinoma (HCC) prevalently occurs the impact of dysregulation of IncRNAs on HCC is
worldwide with astonishing death rate [1-3]. Despite unknown [12, 13].
limited advances made to HCC treatment recently, the
survival rate of patients within five years is still poor In general, cytoplasmic IncRNAs function as competing
largely because of the high propensity of metastasis endogenous RNAs (ceRNA) to sponge miRNAs,
[3-5]. Therefore, identification of novel biomarkers and thereby regulating functional gene expressions. This
effective pharmaceutic targets is urgently needed. mechanism is known as the IncRNA-miRNA-mRNA
network [14, 15]. This network has been implicated in
In the human genome, more than 75% of genomic HCC progression. For example, IncRNA ILF3-AS1
regions code for non-coding RNAs [6]. Long non- promotes cell migration and invasion and the EMT
coding RNAs (IncRNAs) are typically 200 nucleotides process in HCC by activating the Notch pathway
in length and are involved in transcriptional and through the miR-628-5p/MEIS2 axis [8]. In addition,
translational regulation of gene expression, as well INcRNA CYTOR targets the microRNA-125a-
protein degradation [7]. Recently, novel IncRNAs have S5p/LASP1 axis to promote HCC proliferation [16].
been identified as critical regulators in HCC [8, 9], More recently, PITPNA-AS1 was reported to sponge
potentiating IncRNAs as biomarkers and pharma- miR-876-5p to accelerate HCC and cervical cancer
ceutical targets for HCC. For example, IncRNA progression [17, 18]. Similarly, PITPNA-AS1 can
AC099850.3 regulates the PRR11/PI3K/AKT axis to modulate the miR-448/ROCK1 axis to promote HCC
promote HCC proliferation and invasion and is progression [19]. These studies suggest that PITPNA-
associated with the prognosis in patients [10]. AS1 can regulate HCC progression through multiple
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pathways in HCC. However, whether PITPNA-AS1
regulates HCC progression through sponging other
miRNAs remains unclear.

microRNAs (miRNAs) comprise approximately 22
nucleotides, belonging to non-coding RNA families.
They typically act as a translation suppressor by binding
to the 3’ untranslated regions (UTR) of target mMRNAs.
Recently, the pathogenic roles of miRNAs in HCC have
been revealed. For instance, miR-124-3p.1 sensitizes
the response of HCC cells to sorafenib by regulating
FOXO3a levels through targeting AKT2 and SIRT1
[20], and miR-221-3p targets LIFR to regulates HCC
cell performance [21]. It has been revealed that low
levels of miR-363 expression are closely associated
with carcinogenesis, and metastasis as well [22].
Moreover, it was predicted that the expression level of
miR-363-5p was significantly downregulated in HCC
tumor endothelial cells [23]. Also, expression of miR-
363-5p was demonstrated to be downregulated in other
tumors including nasopharyngeal carcinoma and breast
cancer [24, 25]. However, the intrinsic mechanism of

miR-363-5p regulation in HCC has not been fully
elucidated. Here, by analyzing the TCGA database and
PCR validation in human HCC tissue, we discovered
the association of PITPNA-AS1 expression levels with
was the prognosis in patients with HCC. Moreover, we
delineated the mechanistic basis of the contribution of
PITPNA-AS1 to HCC progression.

RESULTS

Upregulation of PITPNA-ASL associates with poor
prognosis of HCC

The cancer genome atlas (TCGA) dataset
(ENSG00000236618) was downloaded from GEPIA
(http://gepia.cancer-pku.cn/), and the expression pattern
of PITPNA-AS1 was evaluated. The results revealed the
upregulation of PITPNA-AS1 in HCC and the
association with the poor survival of the patients
(Figure 1A). We then examined the relative PITPNA-
AS1 expression levels in dissected HCC tumor tissues.
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Figure 1. PITPNA-AS1 is overexpressed in HCC and associates with poor prognosis. (A) Relative mRNA level of PITPNA-AS1 in
TCGA datasets was analyzed using GEPIA. (B) Relative mRNA level of PITPNA-AS1 in 50 pairs of tumor tissues and adjacent normal tissues
were assessed using gRT-PCR. (C) Relative mRNA level of PITPNA-AS1 in HCC cell lines (Huh7, BEL-7404, HCCLM3, Hep3B) and the control
cell line, THLE-3. (D) Correlation of PITPNA-AS1 expression levels with patients’ survival was evaluated by the Kaplan-Meier analysis. *P <

0.05, P < 0.01.
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Table 1. Clinicopathological data of the 50 HCC patients.

Clinical parameters Total High expression (25) Low expression (25) X? P value
Gender
Male 22 12 10
Female 28 13 15 0-325 0-569
Age (Year)
<50 23 14 9
250 97 1 16 2.013 0.156
HBeAg
Negative 39 20 19
Positive 11 5 6 0.117 0.733
HBVDNA (1U/mL)
<2000 31 16 15
. 771
>2000 19 9 10 0.085 0
Number of Node
Single 30 17 13
2 20 g 12 1.333 0.249
Macrovascular invasion
Negative 20 5 15 -
. .004
Positive 30 20 10 8.333 0.00
Child-Pugh class
A 40 20 20 0 1
B 10 5 5
AFP (ng/mL)
<400 33 15 18
~400 17 10 7 0.802 0.37
Differentiation
Well 15 5 10
2.381 0.123
Moderately poorly 35 20 15
Largest tumor size
<3cm 13 6 7
3-5cm 20 8 12 2.348 0.309
>5cm 17 11 6
Tumor stage
I+ 28 10 18
A 023"
"+ 1v 22 15 7 5195 0.023
*P<0.05; “P<0.01.
Consistently, gRT-PCR results found the upregulation the Kaplan-Meier analysis showed a reverse

of PITPNA-AS1 in the tumor tissues (Figure 1B).
Similarly, the PITPNA-AS1 expression levels in the
four HCC cell lines (Huh7, BEL-7404, HCCLM3, and
Hep3B) were higher than in the normal human hepatic
epithelial cell line, THLE-3 (Figure 1C). Next, based
on the medium expression value, the 50 patients were
assigned (n = 25) into PITPNA-AS1 low- and high-
expression groups. As shown in Table 1, a correlation
analysis revealed that expression levels of PITPNA-
AS1 positively associates with macrovascular invasion
(p = 0.04) and tumor stages (p = 0.023). In addition,

correlation of high PITPNA-AS1 expression levels
with the overall survival rates of the patients
(Figure 1D).

PITPNA-AS1 promotes proliferation, migration and
invasion of HCC

To probe the role of PITPNA-AS1 in HCC progression,
we silenced the expression of PITPNA-AS1 using two
short hairpin RNAs in Huh7 and Hep3B cells with high
PITPNA-AS1 expression (Figure 2A). CCK-8 assay
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showed that PITPNA-AS1 knockdown inhibited the
growth of Huh7 and Hep3B cells in a time-dependent
manner (Figure 2B). Moreover, the transwell assay
revealed that PITPNA-AS1 knockdown strongly
suppressed the migration and invasion of Huh7 and

Hep3B cells, but sh-NC did not (Figure 2C and 2D).
Consistently, the cells withPITPNA-AS1 knockdown
exhibited downregulation of the mesenchymal marker
N-cadherin and MMP9, whereas upregulation of
epithelial marker E-cadherin (Figure 2E). Collectively,
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Figure 2. PITPNA-AS1 promotes cell proliferation, migration, and invasion in HCC. (A) PITPNA-AS1 mRNA levels in Huh7 and
Hep3B cells transfected with sh-NC, sh-PITPNA-AS1#1, or sh-PITPNA-AS1#2 was determined by gRT-PCR. (B) Proliferation of Huh7 and
Hep3B cells transfected with sh-NC, sh-PITPNA-AS1#1, or sh-PITPNA-AS1#2 was measured by the CCK-8 assay. (C and D) Migration and
invasion capabilities of Huh7 and Hep3B transfected with sh-NC, sh-PITPNA-AS1#1, or sh-PITPNA-AS1#2 was assessed by the transwell
assay. Magnification rate, 200x. (E) EMT-related protein levels in Huh7 and Hep3B cells transfected with sh-NC, sh-PITPNA-AS1#1, or

sh-PITPNA-AS1#2 were determined by western blot. *"P < 0.01.
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the above data suggest that PITPNA-AS1 positively
contributed to invasive capacity of HCC cells.

PITPNA-ASL sponges miR-363-3p in HCC cells

StarBase3.0 (http://starbase.sysu.edu.cn/) was used to
search for the potential miRNA potentially targeted by
PITPNA-AS1. The online algorithm suggested that
miR-363-5p ranked the highest among the predicted
miRNAs that could bind to PITPNA-ASL (Figure 3A).
Then we quantified the level of miR-363-5p and found
that the expression of miR-363-5p was higher in normal
cells versus HCC cell lines (Figure 3B). Further, the
cells transfected with miR-363-5p exhibited lower
luciferase activity than in the cells transfected with

mutated miR-363-5p binding site showed comparable
luciferase activity with control cells (Figure 3C).
Besides, the RIP assay showed that PITPNA-AS1 was
coimmunoprecipitated with the biotin-labeled miR-363-
5p probe (Figure 3D). These results implicated
that PITPNA-AS1 directly bind to miR-363-5p.
Consistently, we observed that knockdown of PITPNA-
AS1 in Huh7 and Hep3B cells resulted in upregulation
of miR-363-5p (Figure 3E).

PDGFD is a direct target of miR-363-3p
Further, StarBase3.0 was employed to predict the

potential gene targeted by miR-363-5p. The prediction
suggested platelet-derived growth factor D (PDGFD) as

wide-type  PITPNA-AS1  (PITPNA-AS1  WT) a target for miR-363-5p (Figure 4A). As shown by the
(Figure 3C). However, the cells transfected with luciferase assay, miR-363-5p could interact with
PITPNA-AS1 mutant (PITPNA-AS1 MUT) with PDGFD to reduce the luciferase activity of PDGFD WT
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Figure 3. PITPNA-AS1 sponges miR-363-3p in HCC cells. (A) A binding motif of miR-363-5p within PITPNA-AS1 predicted by
StarBase3.0. (B) Relative mRNA level of miR-363-5p in four HCC cell lines (Huh7, BEL-7404, HCCLM3, and Hep3B) and the control cell line,
THLE-3. (C) Luciferase activity in Huh7 and Hep3B cells transfected with miR-NC or miR-363-5p mimic. (D and E) Interaction between
PITPNA-AS1 and miR-363-5p was determined by RIP and luciferase reporter assays. P < 0.01.
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but did not reduce the activity of PDGFD MUT with
mutated binding site was in Huh7 and Hep3B cells
(Figure 4B). Moreover, transfection of miR-363-5p
mimics dramatically decreased PDGFD transcript and
protein levels of (Figure 4C). In addition, miR-363-5p
inhibitor treatment could rescue the downregulation of
PDGFD caused by sh-PITPNA-AS1#1 (Figure 4D
and 4E).

PITPNA-AS1 promotes HCC progression through
the miR-363-3p/PDGFD axis

To explore whether PITPNA-AS1 promotes HCC
progression by modulating the miR-363-5p/PDGFD

axis, we applied miR-363-5p inhibitor or
overexpressed PDGFD in  sh-PITPNA-AS1#1-
transfected HCC cells. The CCK-8 assay showed that
either miR-363-5p inhibition or PDGFD over-
expression could eliminate the inhibitory effect in sh-
PITPNA-AS1#1 transfected cells (Figure 5A and 5B).
Further, the transwell assay also confirmed the
restoration of the impaired cell invasion by either miR-
363-5p inhibition or PDGFD overexpression (Figure
5C and 5D). Consistently, miR-363-5p inhibition or
PDGFD overexpression reversed the downregulation
of N-cadherin and MMP9 and the upregulation of
E-cadherin in PITPNA-AS1- knockdown HCC cells
(Figure 5E). These data indicate that PITPNA-AS1
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Figure 4. PDGFD is a downstream target of miR-363-3p. (A) A binding motif of PDGFD within miR-363-3p predicted byStarBase3.0
(http://starbase.sysu.edu.cn/). (B) Luciferase activity in Huh7 and Hep3B cells transfected with miR-NC or miR-363-5p mimic. (C) PDGFD
levels in Huh7 and Hep3B cells treated with NC-inhibitor or miR-363-5p inhibitor. (D) Relative expression of miR-363-5p in Huh7 and Hep3B
cells treated with NC-inhibitor or miR-363-5p inhibitor. (E) PDGFD expression levels in Huh7 and Hep3B cells transfected with sh-NC,
sh-PITPNA-AS1#1, or sh-PITPNA-AS1#1+miR-363-5p inhibitor were quantified by qRT-PCR and western blot. **P < 0.01, compared to the sh-

NC group; **P < 0.01, compared to the sh-PITPNA-AS1#1 group.
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Figure 5. PITPNA-AS1 promotes HCC progression through the miR-363-3p/PDGFD axis. (A) Protein level of PDGFD in Huh7 and
Hep3B cells transfected with pcDNA3.1-PDGFD. (B) Cell proliferation of HCC cells transfected with sh-NC, sh-PITPNA-AS1#1, sh-PITPNA-
AS1#1+miR-363-5p inhibitor, or sh-PITPNA-AS1#1+miR-363-5p inhibitor + pcDNA3.1-PDGFD was examined by the CCK-8 assay. (C and D)
Cell migration and invasion of Huh7 and Hep3B cells transfected with sh-NC, sh-PITPNA-AS1#1, sh-PITPNA-AS1#1+miR-363-5p inhibitor, or
sh-PITPNA-AS1#1+miR-363-5p inhibitor+pcDNA3.1-PDGFD was investigated by the transwell assay. **P < 0.01, compared to the sh-NC
group; “"P < 0.01, compared to the sh-PITPNA-AS1#1 group. (E) EMT-related protein levels of Huh7 and Hep3B cells transfected with sh-NC,
sh-PITPNA-AS1#1, sh-PITPNA-AS1#1+miR-363-5p inhibitor, or sh-PITPNA-AS1#1+miR-363-5p inhibitor+pcDNA3.1-PDGFD were determined
by western blot.
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promotes HCC progression through the miR-363-3p/
PDGFD axis.
PITPNA-AS1

Knockdown of inhibits

progression in vivo

HCC

To further determine the function of PITPNA-ASL, we
used the Huh7 cells, which were transfected with sh-
PITPNA-AS1#1, to establish xenograft nude mice
models. We observed that PITPNA-AS1 knockdown
significantly suppressed tumor growth in mice as
compared to the control group. The tumor in the
xenograft nude mice was about 2 cm in diameter,
whereas the diameter of the tumor in the control mice
was only about 1 cm (Figure 6A). Tumor weights were
also reduced in the xenograft nude mice models
(Figure 6B). Moreover, we used IHC to investigate the
expression levels of classic tumor biomarkers, including
PDGFD, Ki-67, E-cadherin, N-cadherin, and B-catenin.
Of these, PDGFD, Ki-67, N-cadherin, and B-catenin
were downregulated, while E-cadherin was upregulated
in the sh-PITPNA-AS1 group (Figure 6C). Figure 7
reports a schematic diagram elucidating the promotion
of HCC progression by the PITPNA-AS1/miR-363-
5p/PDGFD axis (Figure 7).

DISCUSSION

Increasing evidence has suggested that INCRNAs are
key regulators in solid tumors with aberrant stages,

including HCC [26, 27], potentiating IncRNAs as
effective biomarkers. However, the relationship
between the IncRNAs and tumorigenesis is still
obscure [12, 13]. The interaction of IncRNAs and
miRNAs and their roles in tumorigenesis as
biomarkers have become a major research interest
[28]. Thus, understanding their interaction is
necessary for developing new diagnosis and therapy
for cancers. It was reported that PITPNA-AS1
inhibits miR-876-5p, thereby upregulating WNT5A
to promote HCC progression [17, 18]. Yet the exact
regulatory mechanism of PITPNA-AS1 in HCC is
largely unclear. In oral squamous cell carcinoma,
INcRNA  MCMS3AP-AS1 inhibits miR-363-5p
expression to promote cell proliferation, migration
and invasion [29]. Similarly, LncRNA FOXD2-AS1
downregulates miR-363-5p to aggravates naso-
pharyngeal carcinoma progression [25]. In contrast,
a close association of low miR-363-5p expression
levels with better overall survival in patients
with HCC have been reported [23, 30]. Therefore,
miR-363-5p appears to be a ubiquitous MiRNA
involved in tumor progression. However, whether
PITPNA-AS1 may interact with miR-363-5p in HCC
remains to be explored. Platelet-derived growth
factor D (PDGFD) has been implicated in the EMT
phenotype of HCC [31]. PDGFD could crosstalk
with miRNAs in various cancer types [32-34].
Although PDGFD is widely implicated in
tumorigenesis, the exact mechanism by which
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Figure 6. Knockdown of PITPNA-AS1 inhibits HCC progression. (A and B) Tumor volume and weight in xenograft nude models.
(C) Expression levels of PDGFD, B-catenin, Ki67, E-cadherin, and N-cadherin were determined by IHC. **P < 0.01.
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PDGFD regulates HCC progression remain
mysterious.
In the current study, we characterized the

downstream gene targeted by PITPNA-AS1 and miR-
363-5p. The aberrant expression of PITPNA-AS1 was
strongly related to the overall survival of HCC
patients. The growth and invasion capacity of HCC
cells were inhibited by PITPNA-AS1 knockdown.
Further, we studied the mechanistic basis of
PITPNA-AS1’s  regulation on HCC. The
bioinformatic analysis predicted the interaction
between PITPNA-AS1 and miR-363-5p, and miR-
363-5p and PDGFD. RIP and luciferase assays
confirmed the complementary interaction between
them in HCC. Additionally, we demonstrated that

downregulation of PITPNA-AS1 could inhibit the
tumor-promoting effect rescued by inhibiting miR-
363-5p or overexpressing PDGFD, indicating that
PITPNA-AS1 accelerates HCC development by
downregulating miR-363-5p and upregulating
PDGFD expression.

We demonstrate the upregulation of PITPNA-AS1 in
HCC and its correlation with poor prognosis in patients.
Mechanically, PITPNA-AS1 sponges miR-363-5p to
upregulate PDGFP, thereby accelerating HCC
progression. Collectively, our data indicate that
PITPNA-AS1 exerts tumor-promoting effects in HCC
progression and that  PITPNA-AS1/miR-363-
5p/PDGFD axis may be a good pharmaceutical target
for HCC treatment.
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Figure 7. The schematic diagram showing the function of PITPNA-AS1/miR-363-5p/PDGFD axis in HCC progression.
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MATERIALS AND METHODS
Clinical samples

HCC tumor tissues and the paired adjacent non-
cancerous tissues (n = 50) were surgically dissected
from the HCC patients who had not received any
preoperative therapies at the Tongxiang First
People’s Hospital between 2016 and 2019. The
samples were snap frozen in liquid nitrogen. The
demographic and clinicopathological features of the
patients were listed in Table 1. The study was
approved by the ethical committee of the Tongxiang
First People’s Hospital.

Cell lines

ATCC provided the human normal hepatic epithelial
cell line (THLE-3) and the four HCC cell lines (Huh7,
BEL-7404, HCCLM3, and Hep3B) which were cultured
in in Dulbecco's modified Eagle's medium (DMEM)
(Gibco, USA).

Cell transfection

Short hairpin RNA (shRNA) for RNA interference was
synthesized by Gema supersilencing™ shRNA
expression vector system BbsI and BamH I were
used for cloning shRNA sequence into the vector, and
Neomycin tolerance gene was used to screen positive
transfection colonies. mMiR-363-5p mimics, inhibitor,
and NC negative controls were purchased from
GeneCopoeia (Guangdong, China). To overexpress
PDGFD, the full length of PDGFD was cloned into
pcDNA3.1 (Invitrogen, CA, USA) plasmid to generate
pcDNA3.1-PDGFD. Cell transfection was implanted
using Lipofectamine® 2000 (Invitrogen, CA, USA) at
room temperature for 48 h.

Quantitative reverse transcription-polymerase chain
reaction

RNA extraction was performed with Trizol reagent
(Invitrogen, CA, USA). The complementary DNA
(cDNA) was prepared using the PrimeScript RT
reagent kit (Takara, Japan). qRT-PCR was performed
using SYBR Green Real-Time PCR Master Mix with
the ABI 7900 Fast Thermal Cycler (Thermo Fisher
Scientific, MA, USA). GAPDH was used as a
reference gene for quantifying IncRNA and mRNA,
and U6 was used for quantifying miRNA. The PCR
program was: pre-denaturation at 95°C for 1 min; 35
cycles of 10 s denaturation at 95°C, 15 s annealing at
60°C, and 10 s elongation at72°C; post-elongation at
72°C for 2 min. The calculation of the relative gene

expression was performed as per the 244¢t method. The
primers were listed below:

GAPDH:  F:5-TGCACCACCAACTGCTTAGC-3'

R: 5-GGCATGCACTGTGGTCATGAG-3'
ue: F: 5'-CTCGCTTCGGCAGCACA-3’

R: 5'-AACGCTTCACGAATTTGCGT-3’
PITPNA-  F: 5-GCAGGGTGGATAAAGAGGA-3'
ASl: R: 5-CCTACTGACAGGATGTCCT-3'
miR-363-5p: F: 5'-CGAATTGCACGGTATCCATCT-3’

R: 5-GTGCAGGGTCCGAGGT-3’
PDGFD: F: 5'-CCCAGGAATTACTCGGTCAA-3'

R: 5'-ACAGCCACAATTTCCTCCAC-3’

Bioinformatic analysis

The binding site of miR-363-5p in PITPNA-AS1 and
the binding site of PDGFD in miR-363-5p was screened
by a web-based bioinformatic tool, StarBase 3.0
(http://starbase.sysu.edu.cn/) [35].

Cell counting kit-8 (CCK-8) assay

The cells (3 x 10%well) with different treatments were
plated into 96-well plates. Then, each well was added
with CCK-8 solution (10 ul) (Dojindo, Japan) at 0 h,
24 h, 48 h, and 72 h. After incubation for 1 h at 37°C,
the 450 nm wavelength absorbance was detected with
Synergy H4 Hybrid Reader (BioTek, VT, USA).

Transwell assay

To perform the invasion assay, 2 x 10° cells suspended
in 250 uL of serum-free medium were applied to the
upper chamber with a membrane with Matrigel solution
(BD Biosciences, CA, USA). The same number of cells
was applied to anon-coated membrane for migration
assay. 750 uL of culture medium plus 10% FBS in
lower chamber was inserted into a 24-well. Following
24 h of incubation, the cells were removed from the
membrane surface with cotton swabs, and the cells on
the bottom surface were subjected to the fixation in 4%
formaldehyde and staining with 0.5% crystal violet
(Beyotime, China). The colonies from six fields per
well were photographed and counted.

In vivo experiments

Ten 6-weeks-old male BALB/c nude mice were ordered
form the Shanghai Experimental Animal Center. Each
of them was subcutaneously injected with 3 x 106 Huh7
wide-type cells or PITPNA-AS1 knockdown cells. The
padding was replaced every three days. To keep the
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indoor air fresh, the concentration of ammonia was
maintained lower than 20 ppm, and the air was changed
10~20 times per hour. The temperature was 18-22°C
and the humidity was 50~60%. tumor volumes were
calculated every 7 days based on the formula: Tumor
volume (mm?3) = (width) x (height)?/2. After 28 days,
the mice were euthanized with intraperitoneal injection
of 150 mg/kg sodium pentobarbital. Tumors were
collected and weighed.

Luciferase reporter assays

Cells (3 x 10*well) transfected with wild-type (WT) or
mutant (MUT) PITPNA-AS1/PDGFD reporter were
seeded in 24-well plates. Then luciferase activities of
the cells were measured using a Dual-Luciferase
Reporter Assay System (Promega, WI, USA).

RNA immunoprecipitation (RIP) assay

Biotinylated PITPNA-AS1 and negative control oligo
were synthesized by GenePharma Company (Shanghai,
China) The RNA immunoprecipitation assay was
implemented with the EZ-Magna RIP RNA-binding
protein immunoprecipitation kit (Millipore, MA, USA).

Western blot analysis

The crude proteins extracted by RIPA lysis buffer
(Beyotime, China) were applied to SDS-PAGE. After
electrophoresis, the separated proteins were transblotted
onto a polyvinylidene difluoride membranes (Millipore,
MA, USA). After blocking with 5% skim milk for 1 h,
the PVDF membrane were treated with primary
antibodies at 4°C overnight (E-cadherin, ab40772,
dilution 1:5000; N-cadherin, ab76011, dilution 1:5000;
MM9, ab76003, dilution 1:1000; MMP2, ah92536,
dilution 1:1000; pB-catenin, ab32572, dilution 1:5000;
GAPDH, ab181602, dilution 1:10000). Next, the
membrane was treated with respective secondary
antibodies. The blot was finally developed by the
Immobilon Western Chemiluminescent HRP Substrate
Kit (Millipore, MA, USA). All antibodies were
commercially provided by Abcam (Cambridge, UK).

Immunohistochemistry assay (IHC)

The protocol of IHC was described previously [36].
Sections were prepared in 10 um. The primary
antibodies against [B-catenin (Abcam, #abl16051,
1:1000), Ki67 (Abcam, #ab245113, 1:1000), PDGFD,
E-cadherin (Abcam, #ab1416, 1:500), and N-cadherin
(Abcam, #ab76057, 1:1000) were used. Following PBS
washes, secondary antibodies (1:1000 was applied to
sections. Lastly, the signal was developed by DAB and
validated by two experienced pathologists.

Statistical analysis

Kaplan—-Meier curve and log-rank test were employed
to assess the association of gene expression levels with
overall survival of the patients. The significance of
difference between the two groups was calculated by
the student’s t-test. The data of multi groups and time
points were compared by one-way ANOVA. Statistical
significance was set at P < 0.05. All experiment were
repeated at least three times, and the data were
presented as means + SD.

Data availability

The data are available from the corresponding author
upon reasonable request.
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