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A B S T R A C T

Pancreatic cancer (PC) represents a relatively rare but severe malignancy worldwide. Accumulated studies have
emphasized the potential of long noncoding RNA (lncRNA) as therapeutic strategies for several human cancers.
Thus, we aimed to investigate whether a novel non-coding RNA regulatory circuitry involved in PC. Aberrantly
expressed lncRNAs and mRNAs were screened out of microarray database. Following the determination of RNA
expression, PANC-1 and BxPC-3 PC cells were adopted, after which the expression of miR-330-5p, PAX8 and
LINC00958 were subsequently altered. RNA crosstalk was validated by dual-luciferase reporter gene assay. In
order to detect whether LINC00958 could act as ceRNA to competitively sponge miR-330-5p and regulate PAX8,
subcellular location of LINC00958 and interaction between LINC00958 and miR-330-5p were measured by FISH
and RNA pull down respectively. The epithelial mesenchymal transition (EMT) process, cell invasion, and tumor
growth were determined in vitro and in vivo. LINC00958 and PAX8 were up-regulated, while miR-330-5p was
down-regulated during PC. LINC00958 mainly expressed in the cytoplasm and LINC00958 competitively
sponged miR-330-5p. Upregulated miR-330-5p or downregulated PAX8 inhibited the EMT process as well as the
invasion and metastasis ability of the PC cells. Moreover, the results indicated that miR-330-5p negatively
targeted PAX8, and LINC00958 ultimately showcasing its ability to bind to miR-330-5p through its interaction
with AGO2. Therefore, silencing of LINC00958 may bind to miR-330-5p to inhibit PAX8 in a competitive
fashion, thereby preventing the progression of PC.

1. Introduction

As a relatively rare tumor representing the fourth most common
cause of cancer mortality globally, pancreatic cancer (PC) results in
approximately 227 000 deaths annually worldwide [1,2]. PC is often
accompanied by a very poor prognosis, with nearly all PC patients
dying within 7 years of surgery [3]. Studies have revealed there to be
several risk factors involved in the incidence of PC, including that of
smoking, chronic pancreatitis, long-standing diabetes, and somatic

mutations, among which, that of smoking has been indicated to be the
most universal, directly accounting for approximately 20–25% of all
pancreatic tumors [4]. A large and progressively growing body of lit-
erature has indicated there to be limited diagnostic biomarkers avail-
able in regard to the imaging technologies and conventional serum
biomarkers for PC owing to restricted sensitivity and specificity [5], all
of which contribute to the overall 5-year survival rate among PC pa-
tients being less than 5% [6]. As a result, it is an absolute necessity that
novel therapeutic targets are identified in order to aid in the diagnosis
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and treatment of PC.
Accumulating evidence has demonstrated there to be a close asso-

ciation between long noncoding RNAs (lncRNAs), a class of RNA with
transcripts longer than 200 nucleotides, and the processes of pro-
liferation, metastasis, tumorigenesis, diagnosis and prognosis of various
human cancers, such as prostate cancer, glioma [7–9]. Previous studies
have provided evidence suggesting that the upregulation of lncRNAs
participate in the incidence and progression of PC, including that of
urothelial carcinoma-associated 1 (UCA1), metastasis-associated lung
adenocarcinoma transcript 1 (MALAT-1), HOXA distal transcript anti-
sense RNA (HOTTIP)-005, and RP11-567G11.1 [10–12]. More specifi-
cally, lncRNAs have been noted to possess an array of functions in re-
lation to PC cell growth, differentiation, proliferation, invasion,
metastasis, and apoptosis [13]. In recent years, long intergenic non-
coding RNA 00958 (LINC00958) has been identified as an oncogenic
gene in human cancers [8]. Seitz et al. earmarked LINC00958 as a
potential biomarker for bladder cancer by binding proteins involved in
regulating and initiating translation and in post-transcriptionally
modifying RNA [14]. In addition, studies have revealed that microRNA-
146b-5p (miR-146b-5p) to be a potential target for PC regarding its
participation in the migration and invasion of PC cells by targeting
matrix metallopeptidase 16 (MMP16) [15]. MiRs are small non-coding
RNA molecules, that serve as regulators in the inhibition of messenger
RNA (mRNA) translation or reduction of mRNA stability by binding the
3′ untranslated region (3’UTR) of target mRNA [16,17]. MiR-330-5p in
particular has been reported to act as a tumor suppressor by means of
its role in the progression of prostate, neuronal and pancreatic cancers
by regulating proliferation, migration, invasion and epithelial-me-
senchymal transition of cells [18,19]. Paired box(PAX) genes that en-
code a family of transcription factors significant for organogenesis,
have been emphasized on in recent literature as potential im-
munohistochemical biomarkers for pancreatic neuroendocrine tumors
[20]. For example, PAX8 gene encodes for a transcription factor, which
exerts significant impacts on the development of epithelial organ
structures [21]. What's more, it has been reported that PAX8 plays a
pivotal role in thyroid cancer [22]. Based on the exploration of litera-
ture, the present study subsequently set out to explore the modulatory
effects of the LINC00958/miR-330-5p/PAX8 axis on the progression of
PC.

2. Materials and methods

2.1. Ethics statement

This study was conducted with the approval of the Ethics
Committee of Ruijin Hospital Affiliated to Shanghai Jiaotong University
School of Medicine, the Ethics Committee of Fujian Provincial Hospital,
Fujian Medical University and the Ethics Committee of Union Hospital,
Fujian Medical University.

2.2. Profiling data analysis

The GEO database (https://www.ncbi.nlm.nih.gov/geo/) was em-
ployed for bioinformatics prediction purposes. PC chip data
(GSE27890) and annotate probe files were downloaded. The Affy in-
stallation package of R software was used to conduct the background
correction and normalization of each chip data [23]. Next, the Linear
Models and Empirical Bayes Methods of Limma installation package
were applied and combined in connection with a traditional t-test in
order to conduct a nonspecific filtration process for gene expression
profiling, followed by screening out the differentially expressed long
noncoding RNA and mRNA [24]. Finally, the RNA22 website (https://
cm.jefferson.edu/rna22/) was used to verify miRNAs that combined
with lncRNA and mRNA, while the RNA22 website combined with
TCGA (http://cancergenome.nih.gov/) database was explored to
download information about the prognosis and genes expression of PC.

R software was employed to analyze the correlation of PC with PAX8.
Differential analysis was performed for the transcriptome profiling data
with package edgeR of R [25]. False positive discovery (FDR) correction
was applied based on the p-value with package multitest. FDR<0.05
and |log2 (fold change)| > 2 were set as the threshold to screen out
differentially expressed genes (DEGs). Next, Kaplan-Meier survival
curves were constructed in order to estimate the overall survival time
for patients with predicted high- or low-expression group and the sur-
vival differences between high-expression group and low-expression
group were assessed by a two-sided log-rank test using the R package
“survival” [26]. Hazard ratio (HR) and 95% confidence intervals (CI)
were estimated by means of a Cox proportional hazards regression
model.

2.3. Cell treatment

Human PC cell lines PANC-1, Capan-2, SW1990, and BxPC-3 and
human normal pancreatic ductal epithelial cell line HPDE were pur-
chased from American Type Culture Collection (ATCC, Manassas, VA,
USA). The culture condition of the above cell lines were as follows:
HPDE: Kerationcyte-SFM medium (10724-011, Gibco Company, Grand
Island, NY, USA) + 0.1 μg/L epidermal growth factor (EGF) + 25 mg/L
bpe [27]; PANC-1: dulbecco modified eagle medium (DMEM)
medium + 10% fetal bovine serum (FBS) + 1% penicillin/strepto-
mycin (Beyotime Biotechnology Co., Ltd., Shanghai, China); Capan-2
and BxPC-3: Roswell Park Memorial Institute (RPMI)1640
medium + 10% FBS + 1% penicillin/streptomycin (Beyotime Bio-
technology Co., Ltd., Shanghai, China); SW1990: RPMI1640
medium + 10% FBS + 1% penicillin/streptomycin (Beyotime Bio-
technology Co., Ltd., Shanghai, China) + Leibovitz's L-15 (11415-064,
Gibco Company, Grand Island, NY, USA) [28]. The cells were then
seeded into a 6-well plate at a density of 4×105 cells/well and con-
ventionally sub-cultured in a 5% CO2 incubator with saturated air hu-
midity at 37 °C.

Prior to transfection, the cells covered approximately 60% of the
plates, with the culture medium in each well replaced with MEM cul-
ture medium (Gibco Company, Grand Island, NY, USA) without serum,
penicillin, or streptomycin for 2 h culture. Next, 1.5 mL opti-MEM was
added to the cells and pre-heated in an incubator. The plasmids, in-
cluding miR-330-5p inhibitor, miR-330-5p mimic, and negative control
(NC), purchased from Shanghai Novo Biotechnology Co., Ltd.
(Shanghai, China), and PAX8 ORF, PAX8 siRNA, si-LINC00958, si-NC,
pcDNA-LINC00958, as well as the empty vectors, purchased from
Shanghai Genechem Co., Ltd. (Shanghai, China), Opti-MEM and
Lipectamine® 2000 transfection reagent (Invitrogen Inc., Carlsbad, CA,
USA) were mixed in an even manner and permitted to stand for 5 min.
The mixture was then added into PANC-1 and BxPC-3 cell culture
medium, and mixed evenly. After incubation for 24 h, a fresh culture
medium was added to the cells. After transfection for 48 h, the cells
were detached with trypsin and collected for later experiments. The
cells were then subsequently categorized into the blank group (without
transfection), a NC group (transfected with si-NC plasmids of miR-330-
5p), a miR-330-5p inhibitor group (transfected with miR-330-5p in-
hibitor plasmids), a miR-330-5p mimic group (transfected with miR-
330-5p mimic plasmids), a PAX8 siRNA group (transfected with PAX8
siRNA plasmids), a PAX8 ORF group (transfected with PAX8 ORF
plasmids), a miR-330-5p inhibitor + PAX8 siRNA group (transfected
with miR-330-5p inhibitor plasmids and PAX8 siRNA plasmids) and a
miR-330-5p mimic + PAX8 ORF group (transfected with miR-330-5p
mimic and PAX8 ORF plasmids). Next, the cells were grouped into the
blank group (without any treatment), a si-NC group (transfected with
si-NC plasmids of LINC00958), a si-LINC00958 group (transfected with
si-LINC00958 plasmids), an empty vector group (transfected with
empty vectors), and a pcDNA-LINC00958 group (transfected with
pcDNA-LINC00958 plasmids).
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2.4. RNA extraction and reverse transcription quantitative polymerase
chain reaction (RT-qPCR)

The total RNA of the cells and tissues were extracted using a Trizol
kit (16096020, Thermo Fisher Scientific Invitrogen, CA, USA). The total
RNA (5 μg) was then reversely transcribed into cDNA by RT-qPCR kit
(ABI Company, Oyster Bay, NY, USA) based on the instructions of the
kit. The amplification of the target gene system using PROGENE PCR
amplification instrument (Techene, London, UK) was comprised of
25 μL. The reaction system was set as follows: 300 ng cDNA, 1×PCR
buffer, 200 μmol/L dNTPs, 80 pmol/L forward primer, 80 pmol/L re-
verse primer, and 0.5 U Taq enzyme (S10118, Shanghai yuanye Bio-
Technology Co., Ltd., Shanghai, China). Reaction conditions were as
follows: 30 cycles of pre-denaturation at 94 °C for 5min, denaturation
at 94 °C for 30 s, annealing at 54.5 °C for 30 s, and extension at 72 °C for
10min, and elongation at 72 °C for 10min. The samples were then
preserved at 4 °C. The primer sequences of miR-330-5p, U6, PAX8,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), LINC00958 are
depicted in Table 1. U6 was regarded as the internal reference of miR-
330-5p, while GAPDH considered to be the internal reference of other
genes. The ratio of relative target gene expression between the ex-
periment group and the control group was analyzed by 2−ΔΔCt method,
the formula of which was as follows: △△Ct=△Ct experimental group -
△Ct control group, △Ct=Ct target gene - Ct internal reference. Ct represented
the amplification cycles when real-time fluorescence intensity reached
threshold at reaction, during which the amplification exhibited loga-
rithmic growth. The experiment was repeated three times.

2.5. Dual-luciferase reporter gene essay

Target gene analysis of miR-330-5p was performed using the bio-
logical prediction website Targetscan.org, while a dual-luciferase re-
porter gene assay was applied in order to ascertain as to whether PAX8
was indeed a direct target gene of miR-330-5p. The artificially syn-
thesized PAX8 3′UTR gene fragment was inserted into pMIR-reporter
using enzyme sites SpeI and Hind III (Beijing, Huayueyang
Biotechnology, Beijing, China). The mutant (Mut) sites of supplemen-
tary sequences of seed sequences were designed in PAX8 wild type
(Wt). After restriction endonuclease digestion, the T4 DNA ligase was
used to insert the target fragments into the pMIR-reporter plasmids. The
correctly identified luciferase reporter plasmids Wt and Mut were then
co-transfected into HEK-293T cells (Shanghai Beinuo Biotechnology,
Co., Ltd., Shanghai, China) with miR-330-5p, respectively. After
transfection for 48 h, the cells were collected and split, while the luci-
ferase assay kit (K801-200, BioVision. Inc., SF, USA), and Glomax20/20
luminometer luciferase instrument (Promega Corp., Madison,
Wisconsin, USA) were employed to detect luciferase activity. The ex-
periment was repeated three times.

Next, the biological prediction website was used to analyze the
binding relationship between LINC00958 and miR-330-5p, while a
dual-luciferase reporter gene assay was utilized to verify that miR-330-

5p was the direct target of LINC00958. miR-330-5p 3′UTR gene frag-
ment was artificially synthesized and then inserted into pMIR-reporter
using enzyme sites SpeI and Hind III (Beijing, Huayueyang
Biotechnology, Beijing, China). The Mut sites of supplementary se-
quences of seed sequences were designed in miR-330-5p Wt. After re-
striction endonuclease digestion, the target fragments were inserted
into the pMIR-reporter plasmids by the T4 DNA ligase. The correctly
sequenced luciferase reporter plasmids Wt and Mut were co-transfected
with LINC00958 into HEK-293T cells (Shanghai Beinuo Biotechnology,
Co., Ltd., Shanghai, China). After 48-h transfection, the cells were
collected and split, and luciferase activity was detected by Glomax® 20/
20 luminometer luciferase instrument (Promega Corp., Madison,
Wisconsin, USA). The experiment was repeated three times.

2.6. Western blot analysis

After transfection, cells in each group were washed twice with PBS,
followed by treatment with radio-immunoprecipitation assay (RIPA)
lysis buffer (P0013B, Beyotime Biotechnology Co., Ltd., Shanghai,
China), and shaken on a swirl instrument. The samples were then
centrifuged at a rate of 12000 r/min at 4 °C for 30min allowing for the
removal of cell fragments, followed by the extraction of the cell su-
pernatant. The total protein concentration was measured using a bi-
cinchoninic acid (BCA) kit. The protein (50 μg) was extracted and dis-
solved in 2× sodium dodecyl sulfate (SDS) loading buffer and boiled at
100 °C for 5min. Next, the samples were treated with 10% SDS- poly-
acrylamide gel electrophoresis (PAGE), and transferred onto a poly-
vinylidene fluoride (PVDF) membrane using the wet transfer method.
Then, the membrane was blocked in 5% skimmed milk powder for
1 h at room temperature. The membrane was incubated with diluted
primary antibodies rabbit anti-human β-actin (1: 100, ab8224, Abcam
Inc., Cambridge, MA, USA), mouse monoclonal antibody E-cadherin (1:
1000, ab76055, Abcam Inc., Cambridge, MA, USA), mouse monoclonal
antibody vimentin (1: 2000, ab8978, Abcam Inc., Cambridge, MA,
USA), rabbit polyclonal antibody matrix metallopeptidase 2 (MMP-2)
(1: 10000, ab37150, Abcam Inc., Cambridge, MA, USA), rabbit poly-
clonal antibody matrix metallopeptidase 9 (MMP-9) (1: 10000,
ab38898, Abcam Inc., Cambridge, MA, USA) overnight. Next, the
membrane was rinsed with tris-buffered saline and Tween 20 (TBST;
BOSTER Biological Technology Co. Ltd., Wuhan, Hubei, China) three
times, followed by culturing with horseradish peroxidase (HRP)-labeled
secondary antibody (1: 5000, Abcam Inc., MA, USA) for 1 h. After
rinsing with TBST, the membrane was placed on a clean glass plate. An
equal amount of A solution and B solution from electro-chemi-lumi-
nescence (ECL) kit (BB-3501, Amersham, Arlington Heights, IL, USA)
was extracted and mixed evenly under dark conditions, followed by the
addition of the mixture to the membrane, which was exposed and im-
aged on a gel imaging instrument. The membrane was photographed by
Bio-rad Gel Dol EZ gel imaging instrument (Bio-Rad, Hercules, CA,
USA), and analyzed by Quantity One v4.6.2. The relative protein levels
were expressed as gray value ratio of target protein band to the internal
reference band. The experiment was repeated three times.

2.7. Immunofluorescence assay

The transfected cells were then seeded into a 24-well plate pre-
coated with polylysine. After cell adherence was observed, the culture
medium was abandoned, followed by washing of the cells with pre-
warm PBS (0.01 mol/L) three times, and fixation with 4% poly-
oxymethylene at room temperature for 30min. After 3 additional PBS
(0.01 mol/L) washes (10min per wash), the blocking buffer (Beyotime
Biotechnology Co., Ltd., Shanghai, China) was added prior to 60-min of
incubation at 37 °C. After solution removal, the samples were incubated
with mouse monoclonal antibody E-cadherin (ab76055, Abcam Inc.,
Cambridge, MA, USA), and mouse monoclonal antibody vimentin
(ab8978, Abcam Inc., Cambridge, MA, USA) at 4 °C overnight. The

Table 1
Primer sequences of related genes for RT-qPCR.

Gene Sequence (5’- 3’)

Forward Reverse

LINC00958 CCATTGAAGATACCACGCTGC GGTTGTTGCCCAGGGTAGTG
miR-330-5p TCTCTGGGCCTGTGTCTTAGGC CAGTGCGTGTCGTGGAGT
PAX8 CGGCAACGCATTGTGGA TCCTGGGCTCAGAGATTTGC
U6 AGAGAGATTACATGGCCCCT CTAATGTCACGCACGATTCT
GAPDH GTCAACGGATTTGGTCTGTATT AGTCTTCTGGGTGGCAGTGAAT

Note: RT-qPCR, reverse transcription quantitative polymerase chain reaction;
LINC00958, long intergenic non-coding 00958; miR-330-5p, microRNA-330-
5p; PAX8, paired box 8; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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samples were then washed 3 times with PBS (0.01mol/L) (10min per
wash), followed by incubation with fluorescence secondary antibody
Alexa Fluor 594 donkey anti-rabbit (1: 400, A21202, Thermo Fisher
Scientific Inc., Waltham, MA, USA)/Alexa Fluor 488 donkey anti-mouse
(1: 400, A21207, Thermo Fisher Scientific Inc., Waltham, MA, USA)
under conditions void of light for 1 h, and stained with 4′,6-diamidino-
2-phenylindole (DAPI) (Beyotime Biotechnology Co., Ltd., Shanghai,
China) at room temperature for 5min. The samples were subsequently
added with an appropriate amount of anti-fluorescence quenching
mounting medium (Beyotime Biotechnology Co., Ltd., Shanghai,
China), imaged and photographed using molecular devices high content
screening. The molecular device metaxpress image acquisition and
analysis software were applied to evaluate the module for statistical
analysis purposes. The experiment was repeated three times.

2.8. Transwell assay

The surface of filter membrane of transwell chamber (8 μm, Sigma-
Aldrich Chemical Company, St Louis MO, USA) was covered with the
Matrigel membrane (Sigma-Aldrich Chemical Company, St Louis MO,
USA), and placed in a 24-well plate. The transfected cells in each group
and cancer cell suspension of obtained from each nude mouse among all
groups (200 μL, 1×105 cells/mL) were added to the apical chamber.
Next, the 10% FBS (600 μL) was added into the basolateral region of the
chamber. After 24 h incubation in a 5% CO2 incubator at 37 °C, the
liquid in the apical chamber was removed. The cells yet to be trans-
ferred as well as the matrigel in the apical chamber were wiped off
using cotton buds. The basolateral chamber was fixed in methanol for
10min, followed by staining with hematoxylin-eosin (HE). The cells
that were observed to have migrated into the lower level of micro-
porous membrane were counted and photographed under an inverted
microscope. Next, 5–10 visual fields were selected in each group.
Image-pro Plus software was employed to record the number, with each
group undergoing three repeats in order to obtain the mean value.

2.9. Tumorigenicity assay in nude mice

A total of 30 athymic female nude mice (age: 4–6 weeks old, weight:
about 20 g) purchased from the Animal Center of the Institute of Cancer
Research in Chinese Academy of Medical Sciences (Beijing, China)
(Animal certificate number: Jing animal (certificate No.) 017), and
were classified as PANC-1 and BxPC-3 cells, with three subgroups in
each group (n=5). Next, the NC, miR-330-5p inhibitor, and miR-330-
5p mimic were transfected into PC cells. The concentration of the
transfected cells in the logarithmic growth phase was adjusted into
4× 105mL−1. The cell suspension (0.1 mL) was subcutaneously in-
jected into the back of the nude mice based on the respective estab-
lishment of tumor xenograft model among the nude mice in each group.
After a week, the tumor volume of the nude mice was measured once
every three days, and a vernier caliper was used to measure the length
(a) and width (b) to calculate the tumor volume, tumor vo-
lume= a×b2/2. The period of experiment was 21 days. At the end of
experiment, all nude mice were sacrificed by CO2, and the tumor was
isolated and weighed. The mean tumor volume of nude mice in each
group was subsequently determined. The liver of nude mice was ex-
tracted, fixed in 4% polyoxymethylene, and stained with HE for pa-
thological analysis purposes, which was conducted in accordance with
the instructions of HE kit (Beyotime Biotechnology Co., Ltd., Shanghai,
China) [29]. All of the experimental procedures were carried out in
accordance with the institution's guidelines for the care and use of la-
boratory animals.

2.10. RNA immunoprecipitation (RIP)

An RIP kit (Merck KGaA, Darmstadt, Germany) was utilized to de-
tect the binding of LINC00958 protein with AGO. The PC PANC-1 cells

were washed with pre-cooled PBS followed by discarding of the cell
supernatant. The cells were then split after the addition of an equal
amount of RIPA lysate and 5-min ice bath. The cells were then cen-
trifuged at 14000 rpm at 4 °C for 10min to collect the supernatant. A
portion of the cell extract was isolated as the Input, while the other
portion was incubated with an antibody for co-precipitation. Each co-
precipitation reaction system (50 μL) was washed with magnetic beads,
and resuspended in 100 μL RIP Wash Buffer. The antibody (5 μg) was
added to the samples according to the groups and incubated for
binding. After rinsing, the bead-antibody complex was resuspended in
RIP Wash Buffer (900 μL), followed by the addition of the cell extract
(100 μL) to the samples and incubation at 4 °C overnight. The samples
were then placed on the beads in order to collect the bead-antibody
complex. The samples and Input were treated with protease K for RNA
extraction and subsequent PCR detection. The antibody used in RIP was
rabbit anti-mouse AGO2 (ab186733, 1: 50, Abcam Inc., Cambridge,
MA, USA), and mixed with samples at room temperature for 30min.
The rabbit anti-mouse IgG (ab109489, 1: 100, Abcam Inc., Cambridge,
MA, USA) served as the negative control.

2.11. Fluorescent in Situ Hybridization (FISH)

FISH was performed for subcellular localization of LINC00958. The
experiment was conducted according to the instructions of RiboTM

lncRNA FISH Probe Mix (Red) (RiboBio Co., Ltd., Guangdong, China).
The cover glasses were placed into a 24-well plate and cells were in-
oculated at the density of 6×104 cells/well. When cell confluence
reached 80%, the cover glasses were took out, and the cells were wa-
shed by PBS and fixed with 1mL 4% paraformaldehyde at room tem-
perature. After treatment with protease K, glycine and acetylation re-
agent, the cells were added with 250 μL prehybridization solution and
incubated at 42 °C for 1 h. After prehybridization solution was dis-
carded, the cells were added with 250 μL hybridization solution con-
taining probe LINC00958 (300 ng/mL) for overnight hybridization at
42 °C. Then the cells were rinsed by phosphate buffered saline with
tween-20 (PBST) 3 times, added with PBST-diluted DAPI dye liquor
(ab104139, 1: 100, Abcam Inc., Cambridge, MA, USA) and placed into
the 24-well plate for 5-min staining. Subsequently, the cells were wa-
shed by PBST 3 times (3min per wash), sealed with anti-fluorescence
quencher, observed and photographed under a fluorescence microscope
(Olympus, Tokyo, Japan).

2.12. RNA pull down

The cells were transfected with 50 nM biotin-labeled Bio-probe NC,
Bio-RNA LINC00958-Wt and Bio-RNA LINC00958-Mut. After 48 h, the
cells were collected, rinsed by PBS, and incubated in specific lysis buffer
(Ambion, Austin, Texas, USA) for 10min. Lysates were incubated with
M-280 streptavidin magnesphere (S3762, Sigma, St. Louis, MO, USA)
pre-coated with RNase-free bovine serum albumin (BSA) and yeast
tRNA (TRNABAK-RO, Sigma, St. Louis, MO, USA) in advance. After
incubated at 4 °C for 3 h, the beads were washed with precooled lysis
buffer twice, low salt buffer 3 times and high salt buffer once. The
binding RNA was purified through Trizol, and RT-qPCR was conducted
to detect the enrichment of miR-330-5p.

2.13. Statistical analysis

All experimental data was analyzed using SPSS 21.0 software (IBM
Corp. Armonk, NY, USA). Measurement data with normal distribution
were expressed as mean ± standard deviation, while mean value
comparisons between two groups were analyzed using t-test.
Enumeration data was expressed by percentage (%). Comparisons be-
tween two groups were analyzed using t-test. Measurement data com-
parisons among multiple groups were analyzed by means of one-way
analysis of variance (ANOVA). Enumeration data were expressed by
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case number (percentage) and analyzed by chi-square test. p < 0.05
was considered to be statistically significant.

3. Results

3.1. LINC00958 and PAX8 express at high levels and miR-330-5p at low
level in PC cells

Initially, in order to ascertain as to whether LINC00958, PAX8, and
miR-330-5p were suitable for the experiment, bioinformatics predic-
tions were conducted. Evaluation of the gene expression profile
(GSE27890) of PC, revealed that LINC00958 was the most significantly
upregulated long non-coding RNA in PC (Fig. 1A and B). The RNA22
website revealed that LINC00958 could bind to miR-330-5p in order to
regulate PAX8 expression. Moreover, the TCGA database further ver-
ified that PAX8 was highly activated in PC cells (Fig. 1C), as well as
highlighting its association with the prognosis of PC (Fig. 1D). RT-qPCR
was then performed in order to determine the expression of LINC00958,
miR-330-5p, as well as PAX8 among the PC cell lines, the findings of
which indicated that compared with the HPDE, the expression of
LINC00958 and PAX8 was markedly increased in the PC cell lines,
while the levels of miR-330-5p were evidently reduced (all p < 0.05).
Additionally, in PANC-1 cell line, LINC00958 and PAX8 showed the
highest expression while miR-330-5p showed the poorest expression; in
BxPC-3 cell line, LINC00958 and PAX8 displayed the poorest expres-
sion, while that of miR-330-5p exhibited the highest expression, which

was in significant contrast to the SW1990 and Capan-2 cell lines (all
p < 0.05). As a result of the obtained results, PANC-1 and BxPC-3 cell
lines were selected to investigate the effects involved with the miR-330-
5p/PAX8 axis on EMT, invasion, and metastasis of PC cells (Fig. 1E).

3.2. PAX8 is a target gene of miR-330-5p

Next, in order to identify the targeting effect of miR-330-5p on
PAX8, the website http://www.targetscan.org as well as a dual-luci-
ferase reporter gene assay were employed, the results of which in-
dicated that in PANC-1 and BxPC-3 cell lines, when compared with the
NC group, luciferase activity of Wt PAX8 3′-UTR was significantly in-
hibited by miR-330-5p mimic (p < 0.05), however no significant dif-
ference was observed in Mut PAX8 3′-UTR (p > 0.05). Taken together,
a conclusion that miR-330-5p could bind with PAX8-3′-UTR and
downregulate PAX8 expression was subsequently made (Fig. 2A, B, D).

In order to further elucidate the means by which miR-330-5p targets
PAX8, PANC-1 and BxPC-3 cell lines were transfected with NC, miR-
330-5p inhibitor, and miR-330-5p mimic plasmids. With the blank
group as the control, RT-qPCR was performed to measure the PAX8
expression in PANC-1 and BxPC-3 cell lines in the blank, NC, miR-330-
5p inhibitor, and miR-330-5p mimic groups. The findings demonstrated
there was significant difference in PAX8 expression between the blank
and NC groups (p > 0.05), while the miR-330-5p inhibitor group ex-
hibited elevated levels of PAX8 expression, with the result in the miR-
330-5p mimic group exhibiting an opposite trend (both p < 0.05).

Fig. 1. LINC00958 and PAX8 are upregulated and miR-330-5p is downregulated in PC cells. A, a heat map of chip data GSE27890 analysis; B, a Circos map of chip
data GSE27890; C, PAX8 expression in PC through TCGA database; D, survival circle of PAX8 in the TCGA database; E, expression of LINC00958, miR-330-5p, and
PAX8 in PC cell lines; the experiment was repeated 3 times and the results were analyzed using one-way analysis of variance; the measurement data were expressed as
mean ± standard deviation; ∗, p < 0.05, compared with the HPDE cell line; #, p < 0.05, compared with the SW1990 and Capan-2 cell lines; PC, pancreatic cancer;
miR-330-5p, microRNA-330-5p; TCGA, the cancer genome atlas; LINC00958, long intergenic non-coding 00958.
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Compared with the miR-330-5p inhibitor group, PAX8 expression was
downregulated in the miR-330-5p mimic group (p < 0.05). Taken to-
gether, the obtained findings revealed that miR-330-5p negatively
targets PAX8 (Fig. 2C, E).

3.3. Up-regulation of miR-330-5p or silencing PAX8 inhibits EMT of PC
cells

In order to explore the effects of miR-330-5p/PAX8 axis on EMT of
PC cells, an immunofluorescence assay and western blot analysis were
both adopted in order to detect the protein levels of E-cadherin, and
vimentin in PANC-1 and BxPC-3 cells in each group after transfection.
Results of immunofluorescence assay showed that in PANC-1 and BxPC-
3 cells, E-cadherin was determined to be expressed in cell membrane
and cytoplasm, and mainly distributed in membrane, while vimentin
was expressed in cytoplasm (Fig. 3A and B). Results of western blot
analysis displayed that compared with the blank group, the protein
levels of E-cadherin and vimentin presented no significant difference in
the NC, miR-330-5p inhibitor + PAX8 siRNA and miR-330-5p
mimic + PAX8 ORF groups (all p > 0.05). Compared with the blank,
NC, and miR-330-5p inhibitor + PAX8 siRNA groups, the miR-330-5p
inhibitor and PAX8 ORF groups displayed evidently reduced levels of E-
cadherin protein as well as increased protein level of vimentin (all
p < 0.05), while the miR-330-5p mimic and PAX8 siRNA groups dis-
played a contrasting result (all p < 0.05). Significant differences in

relation to the protein levels of E-cadherin and vimentin in the miR-
330-5p inhibitor + PAX8 siRNA group in comparison to the miR-330-
5p inhibitor, PAX8 siRNA and miR-330-5p mimic + PAX8 ORF groups
were detected (all p < 0.05) (Fig. 3C,D, E, F). These results indicated
that silencing miR-330-5p could act to promote the EMT of PC cells,
while the upregulation of miR-330-5p or downregulation of PAX8 may
suppress the EMT of PC cells.

3.4. Up-regulation of miR-330-5p or silencing PAX8 inhibits the invasion
and metastasis of PC cells

To investigate the effects of miR-330-5p/PAX8 axis on the invasion
and metastasis of PC cells, a transwell assay was adopted in order to
determine PC cell invasion, with a western blot analysis performed to
assess the protein levels of MMP-2 and MMP-9 in PANC-1 and BxPC-
3 cells in each group after transfection. According to results of transwell
assay, regarding the PANC-1 and BxPC-3 cells, the cell invasion number
presented no obvious difference in the blank, NC, miR-330-5p
inhibitor + PAX8 siRNA and miR-330-5p mimic + PAX8 ORF groups
(all p > 0.05). Compared with the blank, NC, and miR-330-5p
inhibitor + PAX8 siRNA groups, increased cell invasion in the miR-
330-5p inhibitor and PAX8 ORF groups were detected (all p < 0.05),
while the miR-330-5p mimic and PAX8 siRNA groups displayed an
opposite set of results (all p < 0.05). Significant differences were ob-
served in relation to the cell invasion in the miR-330-5p

Fig. 2. miR-330-5p targets and negatively
regulates PAX8. A, prediction binding site of
miR-330-5p in PAX8 3′UTR; B&C, detection
of luciferase activity and PAX8 mRNA ex-
pression in PANC-1 cell line; D&E, detection
of luciferase activity and PAX8 mRNA ex-
pression in BxPC-3 cell line; the experiments
were repeated 3 times and the results of
which were analyzed by using non-paired t-
test; the measurement data were expressed
as mean ± standard deviation; ∗, p < 0.05,
compared with the mimic NC group or in-
hibitor NC group; Wt, wild type; Mut, mu-
tant type; NC, negative control; miR-330-5p,
microRNA-330-5p; PAX8, paired box 8;
LINC00958, long intergenic non-coding
00958.
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inhibitor + PAX8 siRNA and miR-330-5p mimic + PAX8 ORF groups
in comparison to the miR-330-5p inhibitor group or the PAX8 siRNA
group (all p < 0.05) (Fig. 4A, B, C).

Results of western blot analysis showed that in the PANC-1 and
BxPC-3 cells, no obvious difference was found in levels of MMP-2 and
MMP-9 in the blank, NC, miR-330-5p inhibitor + PAX8 siRNA and
miR-330-5p mimic + PAX8 ORF groups (all p > 0.05). The miR-330-
5p inhibitor and PAX8 ORF groups displayed higher levels of MMP-2
and MMP-9 while the miR-330-5p mimic and PAX8 siRNA groups
showed lower levels of MMP-2 and MMP-9 than those in the blank, NC,
and miR-330-5p inhibitor + PAX8 siRNA groups (all p < 0.05). There
presented prominent differences in levels of MMP-2 and MMP-9 were
found in the miR-330-5p inhibitor + PAX8 siRNA and miR-330-5p
mimic + PAX8 ORF groups when compared with the miR-330-5p

inhibitor group or the PAX8 siRNA group (all p < 0.05) (Fig. 4D, E, F,
G). These results highlighted that silencing miR-330-5p could promote
invasion and metastasis of PC cells, while the upregulation of miR-330-
5p or downregulation of PAX8 could act to suppress invasion and me-
tastasis of PC cells.

3.5. Up-regulation of miR-330-5p inhibits PC cell growth, invasion, and
metastasis in nude mice

In order to explore the influence of miR-330-5p on the processes of
cell growth, invasion, and metastasis of PC cells in vivo, PANC-1 and
BxPC-3 cell mouse models were established in the NC, miR-330-5p in-
hibitor, and miR-330-5p mimic groups. Vernier caliper measurement
and weighing method were applied to measure the tumor volume

Fig. 3. miR-330-5p overexpression or silencing PAX8 inhibits EMT of PC cells. A, protein levels of E-cadherin and vimentin in PANC-1 cells using immuno-
fluorescence assay (200 ×); B, protein levels of E-cadherin and vimentin in BxPC-3 cells using immunofluorescence assay (200 ×); C&D, protein levels of E-cadherin
and vimentin in PANC-1 and BxPC-3 cells using western blot analysis; E&F, protein band patterns of E-cadherin and vimentin in PANC-1 and BxPC-3 cells using
western blot analysis; the experiments were repeated 3 times with the results analyzed by using one-way analysis of variance; the measurement data were expressed
as mean ± standard deviation; ∗, p < 0.05, compared with the blank group; #, p < 0.05, compared with the miR-330-5p inhibitor group; &, p < 0.05, compared
with the PAX8 siRNA group; PC, pancreatic cancer; EMT, epithelial-mesenchymal transition; NC, negative control; miR-330-5p, microRNA-330-5p; PAX8, paired box
8; LINC00958, long intergenic non-coding 00958.
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(Fig. 5A and B) and tumor weight (Fig. 5C, D, E) of nude mice in each
group. After 13 days had elapsed, comparisons made to the NC group,
revealed there to be a notably increased tumor volume and weight in
miR-330-5p inhibitor group (both p < 0.05), while the miR-330-5p
mimic group displayed reduced tumor volume and weight (both
p < 0.05). Compared with the miR-330-5p inhibitor group, the miR-
330-5p mimic group exhibited reduced tumor volume and weight (both
p < 0.05). Besides, HE staining was performed to detect the number of
metastatic nodules in the livers of the nude mice (Fig. 5F, G, H) and
Western blot analysis was employed to determine the protein levels of
MMP-2 and MMP-9 as well as EMT-related protein (N-cadherin, E-
cadherin and vimentin) levels (Fig. 5I, J, K, L). The results revealed that
compared with the NC group, the miR-330-5p inhibitor group revealed
the elevated protein levels of MMP-2, MMP-9, N-cadherin and vimentin
and increased number of liver metastatic nodules while reduced E-
cadherin level (all p < 0.05), while the miR-330-5p mimic group dis-
played a contrasting trend (all p < 0.05). Compared with the miR-330-
5p inhibitor, protein levels of MMP-2, MMP-9, N-cadherin and vimentin

and the number of liver metastatic nodules were markedly decreased
while E-cadherin level was increased in the miR-330-5p mimic group
(all p < 0.05). The aforementioned findings suggested that silencing
miR-330-5p could promote invasion and metastasis of PC cells in nude
mice, while the upregulation of miR-330-5p or downregulation of PAX8
could suppress the invasion and metastasis of PC cells among nude
mice.

3.6. Silencing LINC00958 inhibits EMT, invasion and metastasis of PC cells
by suppressing miR-330-5p/PAX8 axis

Bioinformatics prediction was conducted to verify the relationship
between LINC00958 and miR-330-5p. The results indicated that com-
pared with the NC group, luciferase activity was suppressed when
treated with Wt LINC00958-cDNA (p < 0.05), while the luciferase
activity of Mut plasmids displayed no significant differences
(p > 0.05), which indicated that LINC00958 could indeed bind with
miR-330-5p. In addition, RIP was adopted to confirm the whether

Fig. 4. miR-330-5p overexpression or silencing PAX8 inhibits invasion and metastasis of PC cells. A&B, the number of cell invasion in PANC-1 and BxPC-3 cells using
transwell assay; C, transmembrane ability of PANC-1 and BxPC-3 cells using transwell assay (100 ×); D&E, protein levels and protein bands of MMP-2 and MMP-9 in
PANC-1 cells using western blot analysis; F&G, protein levels and protein bands of MMP-2 and MMP-9 in BxPC-3 cells using western blot analysis; the experiments
were repeated 3 times with the results analyzed by using one-way analysis of variance; the measurement data were expressed as mean ± standard deviation; ∗,
p < 0.05, compared with the blank group; #, p < 0.05, compared with the miR-330-5p inhibitor group; &, p < 0.05, compared with the PAX8 siRNA group; PC,
pancreatic cancer; NC, negative control; miR-330-5p, microRNA-330-5p; MMP, matrix metalloproteinase; PAX8, paired box 8; LINC00958, long intergenic non-
coding 00958.
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LINC00958 has direct interaction with AGO2 protein in PC cells. The
results suggested that anti-AGO2 antibody could precipitate
LINC00958, demonstrating LINC00958 could combine with AGO2 to
form the complex. These results highlighted that the complex of
LINC00958 and AGO2 could bind with miR-330-5p, resulting in a re-
duction in the dissociation of miR-330-5p (Fig. 6A, B, C).

Next, in order to detect whether LINC00958 could competitively
combined with miR-330-5p to regulate PAX8, RNA pull down and FISH
were performed to measure interaction between miR-330-5p and
LINC00958 as well as subcellular location of LINC00958. The results of
FISH (Fig. 6D) revealed that LINC00958 mainly expressed in the cyto-
plasm. The results of RNA pull down (Fig. 6E) showed that compared
with the treatment of Bio-probe NC, the treatment of Bio-LINC00958-
Wt significantly increased enrichment of miR-330-5p (p < 0.05), while
no significant change was found in enrichment of miR-330-5p following
the treatment of Bio-LINC00958-Mut (p > 0.05). Hence, LINC00958
could competitively sponge miR-330-5p and regulate its steady state.

Finally, to investigate the means by which LINC00958 regulates
PAX8 expression by binding with miR-330-5p, the PANC-1 and BxPC-
3 cells were treated with interference and overexpression LINC00958,
with the blank group serving as the control. RT-qPCR was adopted to
determine the expression of miR-330-5p and PAX8 in transfected cells,
the results of which showed there to be no significant difference in
relation to the PANC-1 cells regarding the expression of miR-330-5p
and PAX8 between the blank and si-NC groups (all p > 0.05).
Compared with the blank and si-NC groups, the si-LINC00958 group
displayed significantly elevated miR-330-5p expression and sig-
nificantly reduced PAX8 expression (p < 0.05). In the BxPC-3 cells,
compared with the blank and empty vector groups, the pcDNA-
LINC00958 group revealed significantly decreased miR-330-5p ex-
pression and significantly increased PAX8 expression (p < 0.05). These
findings indicated that the downregulation of LINC00958 could inhibit
the activation of the miR-330-5p/PAX8 axis by binding to miR-330-5p
and repressing the expression of PAX8 resulting in the inhibition of

Fig. 5. Up-regulation of miR-330-5p inhibits invasion and metastasis of PC cells in nude mice. A&B, curve of tumor volume in nude mice injected with PANC-1 and
BxPC-3 cells; C&D, curve of tumor weight in nude mice injected with PANC-1 and BxPC-3 cells on Day 21; F&G&H, the number of liver metastatic nodules in nude
mice (400 ×) measured by HE staining; arrows represented nodule number; I&J, protein levels and protein bands of MMP-2, MMP-9, N-cadherin and vimentin in the
liver metastatic nodules of miR-330-5p overexpression or inhibition PANC-1 cells; K&L, protein levels and protein bands of MMP-2, MMP-9, N-cadherin and vimentin
in the liver metastatic nodules of miR-330-5p overexpression or inhibition BxPC-3 cells; the experiments were repeated 3 times and the measurement data were
expressed as mean ± standard deviation; comparison among different groups were analyzed by using one-way analysis of variance; nude mice sample number
n= 5; ∗, p < 0.05, compared with the NC group; #, p < 0.05, compared with the miR-330-5p inhibitor group; PC, pancreatic cancer; NC, negative control; miR-330-
5p, microRNA-330-5p; MMP, matrix metalloproteinase; PAX8, paired box 8; LINC00958, long intergenic non-coding 00958.

Fig. 6. LINC00958 could bind to miR-330-5p. A, prediction binding site of LINC00958 in miR-330-5p 3′UTR; B, LINC00958 could bind to AGO2 detected by using
RIP; C, measurement of luciferase activity to verify the target relationship of LINC00958 with miR-330-5p; D, subcellular location of LINC00958 detected by FISH; E,
relationship between LINC00958 and miR-330-5p detected by RNA pull down (#, p < 0.05, compared with Bio-probe NC); F, changes of expression of miR-330-5p
and PAX8 after LINC00958 downregulation or overexpression; ∗, p < 0.05, compared with the blank group; the above data were measurement data and expressed as
mean ± standard deviation; comparison between two groups were analyzed by non-paired t-test, while comparison among different groups were analyzed by using
one-way analysis of variance; the experiment was repeated 3 times; Wt, wild type; Mut, mutant type; NC, negative control; PC, pancreatic cancer; miR-330-5p,
microRNA-330-5p; RIP, RNA immunoprecipitation; FISH, Fluorescent in Situ Hybridization; LINC00958, long intergenic non-coding 00958.
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EMT, as well as the invasion and metastasis of PC cells (Fig. 6F).

4. Discussion

As an often fatal malignant tumor, at present PC has few effective
therapeutic methods [30]. Reports have suggested the survival rate of
PC to be as low as 4% within five years of diagnosis [1]. In recent years,
accumulating evidence has demonstrated that lncRNAs are involved in
various types of human cancers, including that of PC, playing central
roles in the processes of tumor growth, cell invasion, metastasis, and
apoptosis of PC cells [13]. However, the specific mechanism by which
LINC00958 is associated with the processes of PC remains poorly un-
derstood. Therefore, the aim of the present study was to determine the
modulatory effects of downregulation of LINC00958 on the EMT, in-
vasion, and metastasis of PC cells via the regulation of miR-330-5p/
PAX8 axis. Initially, our data obtained demonstrated that LINC00958
and PAX8 were upregulated and miR-330-5p was downregulated in PC
cells. As a kind of oncogene, LINC00958 participates in regulation of
the glioma tumorigenesis through mediating miR-203 and CDK2 [8]. A
recent study has reported that LINC00958 expresses highly in bladder
cancer and interacts with proteins related with initiation of translation
and/or post-transcriptional modification of RNA to induce occurrence
of malignancy, whose silencing reduces tumor cell survival ability and
migration [14]. Interestingly, another study has proved that LINC00958
expression was upregulated in endometrial cancer [31]. A previous
study revealed that lncRNAs were significantly upregulated in bladder
cancer via the regulation of mRNA related pathways correlated with
cellular movement [32]. Wang et al. asserted that lncRNA HOTTIP-005
and RP11-567G11.1 display elevated expression in patients with PC,
which are widely considered to be poor prognostic factors closely as-
sociated with lymph node metastasis and overall survival [12]. Fur-
thermore, in comparison to the adjacent normal pancreatic tissues,
lncRNA MALAT1 exhibit higher expression levels in PC tissues, high-
lighting its potential as aprognostic indicator for PC [11] PAX8 has
been identified as a new member of the PAX family expressed in the
pancreas [33], with high expression of PAX8 considered to be a char-
acteristic indicator of pancreatic primary tumors [20]. In specific terms,
PAX8 could well serve as a prognostic marker in pancreatic endocrine
tumors, with a loss in expression associated with malignant behavior
[34]. In addition, miRs have been linked to a variety of cancers owing
to their regulatory role in tumorigenesis influencing the expression le-
vels of target genes [35]. Emerging evidences have revealed that some
miRs are downregulated in PC tissues and cell lines [36]. For instance,
downregulated miR-141 suppresses PC cell proliferation and invasion
by targeting mitogen activated protein kinase isoform 4 (MAP4K4)
[37].

The results of our study indicated that upregulation of miR-330-5p
or silencing PAX8 reduced the expression of E-cadherin, MMP-2, and
MMP-9 while elevating the expression of vimentin, suggesting that up-
regulation of miR-330-5p or silencing PAX8 can prevent EMT, invasion,
and metastasis of PC cells. A significant quantity of literature has de-
monstrated that miRs play a vital role in a variety of biological pro-
cesses, such as tumor EMT, invasion, and metastasis [38]. E-cadherin
down-regulation and increased expression of mesenchymal proteins,
including vimentin is considered to be molecular hallmarks of EMT
[39]. Studies have suggested that miR-99a could increase expression of
vimentin and reduce expression of E-cadherin so as to suppress EMT of
PC cells [40]. Furthermore, up-regulation of MMP-2 and MMP-9 have
been reported to be cell biomarkers of cell invasion [41], verifying that
miR-218 represses migration and invasion of osteosarcoma cells, which
are accompanied by down-regulated MMP2 and MMP9 [42]. Tréhoux
et al. suggested that miR-330-5p could inhibit PC cell migration, in-
vasion, and tumor growth by inhibiting the mucin 1 (MUC1) [19].
Moreover, the http://www.targetscan.org and dual-luciferase reporter
gene assay validated that miR-330-5p targets and negatively modulates
PAX8. PAX8 is also identified to exert effects on thyroid cancer [22]. S

Li et al. reported that PAX2 induces EMT by reducing expression of E-
cadherin [43]. Studies have revealed there to be a negative correlation
between miR-375 and PAX6 that results in descended protein levels of
MMP2 and MMP9, and ultimately repressing the migration and inva-
sion of human breast cancer [44]. Based on these reports, we arrived at
the conclusion that miR-330-5p overexpression could repress EMT, in-
vasion, and metastasis of PC cells by negatively targeting PAX8.

Our results provided verification that LINC00958 could bind with
miR-330-5p, and silencing LINC00958 can inhibit EMT, tumor growth,
invasion, and metastasis of PC cells by suppressing the miR-330-5p/
PAX8 axis. Consistent with our findings, a previous study indicated that
HOTAIR knockdown inhibits tumor growth in mouse xenograft models
of PC [45]. Interestingly, it has been demonstrated that LINC00958
exerts effects on carcinogensis in bladder cancer combined with mod-
ulation of pathways correlated with cellular movement and even cell
death and survival [32]. Moreover, down-regulation of LINC00958 in
vitro is reported to inhibit both cell invasion and migration [14]. Im-
portantly, lncRNA MAP4K4 knockdown significantly suppresses PC cell
growth with miR-141 overexpression [37], which supports the findings
of the current study.

5. Conclusions

In conclusion, LINC00958 knockdown represses EMT, invasion, and
metastasis of PC cells via the down-regulation of miR-330-5p/PAX8 axis
(Fig. 7). Therefore, the identification of LINC00958 via miR-330-5p/
PAX8 in PC cells may aid in facilitating the existing understanding of
the mechanisms of PC, with potential of serving as a prognostic marker
for the treatment of PC in the future. Further studies are required,
however, to fully understand the specific mechanisms of LINC00958
combined with miR-330-5p/PAX8 axis on inhibition of EMT, invasion,
and metastasis of PC cells.
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