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Abstract 
Long non-coding RNAs are considered to be key regulatory factors of oncogenesis and tumor progression. It is 
reported that LINC00460 plays the role of oncogene in some tumors. However, LINC00460’s role and mechanism of 
action in pancreatic cancer have not yet been fully elucidated. We identified LINC00460 by analyzing data from the 
Gene Expression Omnibus database. The role of LINC00460 in proliferation and metastasis was examined using 
CCK8, colony formation, wound healing, and transwell assays. The potential mechanisms of LINC00460 in regulating 
mRNA levels were elucidated by RNA pull-down, RNA immunoprecipitation, Chromatin immunoprecipitation, 
Co-immunoprecipitation, and Immunofluorescence assays. The results showed that LINC00460 was upregulated in 
pancreatic cancer cells and tissues. Highly expressed LINC00460 is significantly related to short survival of pancreatic 
cancer patients. Inhibition of LINC00460 attenuated pancreatic cancer cell proliferation and metastasis, whereas its 
overexpression reversed this effect. Mechanically, LINC00460 is induced by hypoxia, through binding of the 
hypoxia-inducible factor 1-α in the promoter region of LINC00460. Furthermore, LINC00460 functioned as an 
miR-4689 sponge to regulate the downstream target gene UBE2V1, enhancing the stability of mutant p53 in pancreatic 
cancer cells. LINC00460 also further promotes pancreatic cancer development by sequestering USP10, a cytoplasmic 
ubiquitin-specific protease that deubiquitinates p53 and enhances its stability. Collectively, our study demonstrated 
that LINC00460 is a hypoxia-induced lncRNA that plays the role of oncogene in pancreatic cancer by modulating the 
miR-4689/UBE2V1 axis, sequestering USP10, and ultimately enhancing the stability of mutant p53. 

  

Introduction 
Pancreatic ductal adenocarcinoma (PDAC) is a 

highly aggressive tumor, and in the United States, it 
ranks third among cancer-related mortality (1). This 
disease is usually asymptomatic in the early stages 
and is characterized by late stage and metastasis when 
diagnosed. Although treatment methods have greatly 
improved in recent years, chemotherapy remains the 
only opportunity for most patients with pancreatic 
cancer (2). Unfortunately, many of them are 
insensitive to chemotherapy and quickly develop 

resistance to chemotherapy drugs (3). Therefore, 
finding new therapeutic targets for pancreatic cancer 
has become an urgent problem. 

Long non-coding RNAs (lncRNAs) are RNA 
transcripts that contain more than 200 nucleotides but 
do not encode proteins (4). lncRNAs play a crucial 
role in epigenetic regulation and differentiation. 
Furthermore, a growing number of studies have 
shown that lncRNAs are involved in the pathological 
process of cancer (5, 6). LINC00460 has been reported 
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to participate in proliferation, metastasis, and 
invasion of various tumor types. For example, 
LINC00460 plays the role of oncogene by sponging 
miR-342-3p and further regulates AGR2 expression to 
promotes the progression of hepatocellular carcinoma 
(7). In gastric cancer, LINC00460 co-operated with 
EZH2 and LSD1 to inhibit expression of CCNG2 and 
further enhances proliferation (8). Further evidence 
indicates that LINC00460 is the main regulator of 
molecular pathways in breast cancer and can 
influence clinical outcome (9). More interestingly, 
LINC00460 binds directly to PRDX1, promoting 
PRDX1 into the nucleus and promoting 
epithelial-mesenchymal transformation (EMT) in 
squamous cell carcinoma of the head and neck (10). 
Nevertheless, the specific role of LINC00460 in 
pancreatic cancer remains unclear. 

Previous studies have revealed that hypoxia is 
frequently associated with tumor progression (11-13). 
Due to the dense extracellular matrix of pancreatic 
tumors, pancreatic cancer cells are chronically 
hypoxic (14, 15). Under hypoxic conditions, hypoxia 
inducible factor 1 alpha (HIF-1 alpha) is activated and 
then promotes the transcription of its downstream 
target gene (16, 17). Recently, the impact of hypoxia 
on the expression of lncRNAs has been a focus of 
attention. Some hypoxia-responsive lncRNAs play 
significant roles in tumor development; for instance, 
hypoxia-induced overexpression of lncRNA-BX111 
enhanced the metastatic ability of pancreatic cancer. 
Furthermore, hypoxia promoted EMT, which could be 
partially inhibited by the downregulation of 
BX111(18). lncHILAR is a hypoxia-induced LncRNA 
that plays an important regulatory role in renal cell 
carcinoma and promotes the invasion of tumor cells 
(19). MIR210HG is a key hypoxia-regulated lncRNA 
involved in glioma invasion, cancer stemness and 
temozolomide resistance (20). In summary, pancreatic 
cancer occurs in a low oxygen environment, and the 
abnormal expression of lncRNAs induced by hypoxia 
in pancreatic cancer requires further research.  

It is reported that miR-4689 decreased tumor 
progression in colorectal cancer (21), nevertheless, its 
role in pancreatic cancer is still unclear. Ubiquitin 
conjugating enzyme 2 variant1 (UBE2V1), mainly 
functions with its co-factor UBC13, plays a significant 
role in the formation of protein polymers through 
k63-dependent ubiquitination (22). UBE2V1 is 
upregulated in colorectal cancer and melanoma and is 
associated with poor prognosis (23, 24). However, its 
role in pancreatic cancer remains unclear. Ubiquitin 
specific peptidase 10 (USP10) is a highly conserved 
deubiquitinating enzyme with complex roles in 
tumorigenesis. For example, overexpression of USP10 
stabilizes Krüppel-like factor 4 and suppresses lung 

tumorigenesis (25), whereas USP10 deubiquitinates 
NLRP7 and promotes colorectal cancer progression 
by activating the immunosuppressive state (26). The 
roles and specific mechanisms of USP10 in pancreatic 
cancer require more detailed research (27). 

Wild-type p53 is a tumor suppressor whose 
expression is closely linked to the DNA damage 
repair and cell cycle regulation. P53 expression is 
regulated by post-translational modifications, includ-
ing but not limited to, methylation, acetylation, 
phosphorylation and ubiquitination (28). P53 is 
mutated in multiple tumors, and the mechanism of 
gain-of-function mechanism is an important factor in 
the induction of tumor progression by mutant 
p53(29-31). P53 mutation is one of the four most 
common mutations in pancreatic cancer; thus, most 
pancreatic cancer cells contain mutant p53, whose 
upregulation subsequently promotes tumorigenesis 
(32, 33). The mechanism of upregulation of mutant 
p53 protein in pancreatic cancer requires further 
investigation. 

In this study, we discovered that LINC00460 is 
upregulated in pancreatic cancer, based on 
bioinformatic analysis and specimen information in 
our center. The high expression of LINC00460 
promotes proliferation and metastatic capacity. 
Furthermore, upregulation of LINC00460 in 
pancreatic cancer is induced by HIF-1α under hypoxic 
conditions. Mechanistically, LINC00460 plays the role 
of oncogene by acting as a sponge of miR-4689, 
activating its downstream target, UBE2V1, and 
sequestering USP10 to promote the proliferation and 
metastasis of pancreatic cancer. Remarkably, both 
UBE2V1 and USP10 participate in the regulation of 
p53 by enhancing the stability of p53, ultimately 
promoting the proliferation and metastatic capacity of 
pancreatic cancers with mutant p53. Altogether, our 
study demonstrates that LINC00460 may be a 
potential biomarker for pancreatic cancer. 

Materials and methods 
Patients and specimens 

Sixty pairs of pancreatic cancer tissues and their 
adjacent normal tissues were collected from our 
center. The patients who participated met the 
following criterion: (1) the pathological diagnosis was 
pancreatic cancer; (2) no preoperative chemotherapy; 
(3) with complete medical history data. All 
participants were informed and agreed to participate 
in the study, and the study has been reviewed by the 
ethics committee. 

Bioinformatic analysis 
Obtaining LncRNA expression matrix from GEO 

database (GSE16515, GSE46234, GSE17890 and 
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GSE15471). GEO2R online tool was applied to 
perform the differential analysis. The GEPIA website 
based on TCGA database is used to analyze the 
expression and prognosis data of LINC00460. The 
online prediction tool lncLocator was used to locate 
and predict LINC00460. Prediction of binding sites of 
HIF-1a and LINC00460 using JASPAR online tool. 

Cell culture 
All cell lines (Bxpc3, CFPAC, Patu8988, PANC1, 

MiaPaCa2, Capan2 and HPNE) were purchased from 
the Chinese Academy of Sciences. Cells were cultured 
in RPMI 1640 or DMEM medium supplemented with 
10% fetal bovine serum and 1% penicillin 
streptomycin solution. The incubator with 5% co2 at 
37 ° C is used to culture cells. Cells were cultured 
under hypoxia in the environment of 1% O2 and 5% 
CO2 at 37 ℃. 

qRT-PCR analysis 
Total RNA and complementary DNA (cDNA) 

from pancreatic tissues and cell lines were isolated 
and obtained using AG RNAex Pro Reagent (Agbio, 
China). RT-PCR was performed using Evo M-MLV 
reverse transcription kit (Agbio, China). GAPDH was 
used as a routine control and U6 as a control for 
miRNA. All primer sequences are listed in Table S1.  

Cell transfection 
Lipofectamine™ 3000 (Invitrogen, USA) or 

Hilymax reagent (Dojindo, Japan) were used to 
transfect siRNAs, miRNAs mimics, inhibitors and 
target plasmids into pancreatic cancer cell lines. 
Lentiviral plasmids required for stable transfection 
are synthesized by inserting the sequence of interest 
into the expression vector pcDNA3.1 (Bioegene, 
Shanghai, China). HEK-293T cells in good growing 
condition were seeded in a 6-well plate at a density of 
2 × 105 cells per well and cultured to 70-80% 
confluence. 1ug lentiviral plasmids, 0.5ug psPAX2, 
0.5ug pMD2G and 5ul Lipofectamine™ 3000 or 14ul 
Hilymax reagent were mixed and diluted in 200ul 
Opti-medium and waited for 20 min. Then added the 
mixed solution to the cell culture medium and 
cultured for 48h. Collected the supernatant virus 
solution using a 0.22um filter and stored in the -80℃ 
refrigerator. Pancreatic cancer cells were seeded in 
6-well plates (2 × 105 cells per well) and cultured to 
70-80% confluence. 2ml of the viral liquid described 
above was added and cultured for 48h to obtain stable 
transfectants. Puromycin was used to screen stable 
transfected cell lines. The siRNAs and miRNAs 
sequences are listed in Table S2. 

Fluorescenece in situ hybridization (FISH) 
CY3-labeled LINC00460 probes were designed 

and synthesized by RiboBio (Guangzhou, China). 
FISH assay was performed with a Ribo Fluorescent In 
Situ Hybridization Kit. In short, cells were fixed with 
4% paraformaldehyde for 10min followed by washing 
with PBS for 3 times. Fixed cells were further 
permeabilized with 0.5% Triton X-100 and then 
washed with PBS for 3 times. Cells were incubated 
with 40 nM FISH probe (Ribobio) in hybridization 
buffer (100 mg/ml dextran sulfate and 10% 
formamide in 2× SSC) at 37 °C overnight. Then, cells 
were washed with 4× SSC for 3 times and 2× SSC 
(0.3 M NaCl and 0.03 M Na3 citrate (pH 7.0)) once and 
1× SSC once. The nucleus was stained with DAPI 
(Thermo Fisher Scientific, USA). Observation of 
subcellular location of LINC00460 using confocal 
fluorescence microscope (Zeiss, Germany). 

Western blot assay 
RIPA reagent was used to lyse tissues and cells 

to extract total protein. The protein is transferred to 
PVDF membrane through gel electrophoresis and 
membrane transfer. Then block the membranes with 
quick block fluid for 15min and incubated with 
primary antibodies at 4 °C for 12h. After that, 
incubated with secondary antibodies. Western blot 
imaging analyzer (Thermo Fisher Scientific, USA) was 
used to analyse the protein expression. Antibodies 
used are listed in Table S3. 

Cell counting kit-8 (CCK8) assay 
Transfected CFPAC, Panc1, MiaPaCa2 and 

Capan2 cells were laid in a 96-well plate at a density 
of 1.0 × 103 cells per well and cultured for 24h. Then 
100µL fresh medium and 10µL CCK-8 solution 
(Dojindo, China) were added. Lastly, cells were 
placed in the incubator and the absorbance was 
measured every 3 h. The cell viability was calculated. 

Colony formation assay 
PANC1, CFPAC and MiaPaCa2 cells were 

seeded in a 6-well plate at a density of 1 × 103 cells per 
well and cultured for 2 weeks. Capan2 cells were 
seeded in a 6-well plate at a density of 3 × 103 cells per 
well and cultured for 2 weeks. Cells were fixed with 
crystal violet for 15 min. Image J software was used to 
count cell clones. 

Flow cytometry analysis 
Transfected cells were placed in a 6-well plate (4 

x 104 cells/well) (Corning Corporation, USA) and 
incubated for 24 h. Then washed cells with PBS twice 
and then cultured in the medium for 48 h. Digested 
the cells with EDTA-Trypsin and collected cells, then 
centrifuged at 1000 rpm for 5 min, suspended with 
PBS and centrifuged at the same condition twice. 
Then resuspended with 100ul binding buffer and 



Int. J. Med. Sci. 2023, Vol. 20 

 
https://www.medsci.org 

1342 

stained with Annexin-V/7-AAD apoptosis kit for 
15min (Vazyme, China). 

Wound healing assay 
Transfected cells were laid in a 6-well plate 

(5x104 cells/well) (Corning Corporation, USA), 
cultured to 100% confluence and scratched with 
sterile plastic micropipette tip. Washing with PBS 
twice, cells were cultured in medium for 24 h. Record 
the scratch size under an inverted Microscope (Zeiss, 
Germany). Migration distance was assessed using the 
Image J software. 

Transwell assay 
Transwell chambers (Costar Corporation, USA) 

were applied to conduct this experiment. 3 × 103 cells 
were suspended in 200 ul medium, these cells were 
seeded into the upper chamber. The lower insert was 
filled with 700μl medium containing 10% FBS. After 
48 h of incubation, cells were fixed with crystal violet 
for 15 min and the cells were imaged and calculated. 

Dual-luciferase reporter assays 
A sequence containing the potential binding site 

of LINC00460 and the 3′UTR of UBE2V1 and the 
corresponding mutant sequence were synthesized 
and cloned into the pGL3 luciferase reporter vector 
(Promega, USA). The LINC00460 promoter fragment 
containing HRE1 but not HRE2 was synthesized and 
cloned into the pGL3 luciferase reporter vector 
(termed HRE1). The LINC00460 promoter fragment 
containing HRE2 but not HRE1 was synthesized and 
cloned into the pGL3 luciferase reporter vector 
(termed HRE2). HEK-293T cells were seeded in 6-well 
plates (2×105 cells per well) and cultured to 70-80% 
confluence. 800ng of the mimics or reporter plasmids 
described above were transfected into the HEK-293T 
cells. After 48h of transfection, the cells were further 
processed. Finally, the absorbance was detected using 
a Dual-Luciferase Reporter Assay System (Promega, 
USA). The sequences used are listed in table S4. 

 RNA pull-down assay 
Biotinylated LINC00460 and its corresponding 

chain were designed and synthesized by Ribobio 
(Guangzhou, China). These RNAs were incubated 
with the lysate of CFPAC cells at 4 ℃, and then 
incubated with agarose beads to pull down the 
binding proteins At last, mass spectrometry and 
western blot analysis were applied to protein 
separation and analysis. 

Tumor xenograft model 
Stable transfected MiaPaCa2, PANC1 and 

CFPAC (1 × 107 cells) were resuspended with 200 ul 
PBS and injected into the subcutaneous axilla of 6 

weeks BALB/c nude mice, respectively. The mice 
were killed after 4 weeks of injection, and the length, 
width and weight of tumors were measured. CFPAC 
(1 × 106 cells) were resuspended in 25 ul PBS and 
injected into the spleen of 6 weeks BALB/c nude mice. 
The mice were killed after 4 weeks of injection, and 
their livers were removed to see if there were 
metastases. The animal experiments have been 
reviewed by the ethics committee. 

Immunohistochemical (IHC) analysis 
Melt paraffin slices at 65°C for 1 h, and then 

dewaxed and hydrated with xylene and ethanol of 
different concentrations. The antigen was retrieved 
using sodium citrate antigen retrieval solution, then 
permeabilized with 0.25% TritonX-100 (MCE, USA) 
and pretreated with DAB stain buffer. Furthermore, 
slices were incubated with primary antibodies at 4 °C 
overnight and then incubated with HRP enzyme- 
labeled goat anti-mouse or rabbit IgG polymer at 
room temperature. Add DAB color solution and dye 
with hematoxylin. Lastly, dehydration and 
transparency with different concentrations of xylene 
and ethanol. Representative pictures were taken by 
scanner. 

Chromatin immunoprecipitation (ChIP) assay 
Pierce Magnetic ChIP Kit (Thermo Fisher 

Scientific, USA) was applied to perform the ChIP 
analysis. Crosslink Panc1, CFPAC and MiaPaCa2 cells 
with 4% paraformaldehyde and terminate with 
glycine. Using ultrasound to disintegrate the nuclear 
lysate and incubate it with HIF-1α antibody. Rabbit 
IgG antibody was used as control. Primers used in 
CHIP assay are listed in Table S1.  

RNA immunoprecipitation (RIP) assay 
Magna RIP RNA-Binding Protein Immunopreci-

pitation Kit (Millipore, Billerica, MA, USA) was 
applied to conduct the RIP assay. Briefly, Panc1, 
CFPAC and MiaPaCa2 cells (1 × 107 cells) were 
digested and suspended in 200ul cell lysis buffer and 
stored in the -80℃ refrigerator. Then washed the 
immunoprecipitated magnetic beads twice with RIP 
wash buffer and incubated with antibodies for 30 min 
at room temperature and then washed with RIP wash 
buffer three times. Incubated the beads and cell lysis 
buffer in 4℃ overnight and washed for 6 times. At 
last, purified the RNA on the beads and collected the 
sediment. The coprecipitated RNA fragments were 
used for qRT-PCR detection. 

Co-immunoprecipitation (CoIP) assay 
Protein G, immunoprecipitation kit (Roche, 

Switzerland) was used to perform CoIP analysis. 
Panc1 and CFPAC cells were washed with PBS twice 
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and then lysed with NP40 buffer for 10 min. 
Centrifuged at 12000r for 10 min and collected the 
supernatant. Supernatant incubated with protein G 
agarose and purpose antibodies at 4°C overnight. 
Then protein G agarose was washed with wash buffer 
1, 2 and 3. Lastly, the agarose was washed with 
loading buffer and subjected to western blot assays. 

Immunofluorescence (IF) assay 
PANC1, CFPAC MiaPaCa2 and Capan2 cells 

were planted in the 8-well IF plate and cultured 
overnight. Cells were washed by PBS twice and fixed 
by paraformaldehyde 15min on ice and washed with 
PBS twice, and then ruptured the cell membranes by 
0.25% TritonX-100 (Sigma, USA). After that, 3% BSA 
blocking for 30 min. P53 and USP10 (Proteintech, 
USA) antibodies (1:100) incubated at 4°C for 12 h and 
washed with TBST, then incubated with secondary 
antibody (Servicebio, China) for 1h at room 
temperature and washed with TBST for 3 times. At 
last, staining with DAPI (Servicebio, China) for 15min 
and representative pictures were taken by confocal 
fluorescence microscope. 

Statistical analysis 
Data analysis is completed by the SPSS (version 

22.0) and GraphPad Prism 8.0. The statistical analysis 
of the difference between the two groups was 
completed by paired t-test. The survival analysis of 
patients is represented by Kaplan Meier curve. COX 
regression model was used to analyze the expression 
of related genes and their impact on the survival of 
patients. P < 0.05 is considered statistically different. 

Results 
LINC00460 is highly expressed in pancreatic 
cancer and is related to poor prognosis 

To find potential lncRNAs that might be 
involved in the progression of pancreatic cancer, 
differential expression analysis was performed using 
data from GEO datasets (GSE16515, GSE27890, 
GSE46234, and GSE71989). We found 15 lncRNAs, 
including LINC00460, were expressed differently in 
normal and pancreatic cancer tissues (Figure 1 A). 
Furthermore, we identified that LINC00460 was 
upregulated in other tumors and may be a latent 
oncogene in pancreatic cancer (Figure 1 B). Subseq-
uently, GEPIA, an analytical tool based on TCGA, was 
used to verify the expression of LINC00460 in 
pancreatic cancer and its impact on patient prognosis. 
We determined that LINC00460 has higher expression 
in pancreatic cancer tissues than in normal tissues, in 
both TCGA database and using data from our 
institute (Figure 1 C, D). Data from TCGA database 
also suggested that higher expression of LINC00460 
was closely related to lower overall survival rate of 
patients (Figure 1 E). In agreement with this, 30 paired 
tissue samples from our center also demonstrated that 
the high expression of LINC00460 was associated 
with a shorter disease-free survival and overall 
survival (Figure 1 F, G). Finally, compared with 
normal pancreatic epithelial cells, LINC00460 
expression increased in seven of the eight pancreatic 
cancer cell lines tested (Figure 1 H). The above 
evidence suggests that LINC00460 may be a potential 
oncogene in pancreatic cancer. 

 

 
Figure 1. LINC00460 is highly expressed in pancreatic cancer and is associated with poor prognosis. (A) Venn diagram shows that LINC00460 is highly expressed 
in GSE16515, GSE27890, GSE46234 and GSE71989 database. (B) LINC00460 is highly expressed in other cancers. (C) Differential expression of LINC00460 in tumor tissues and 
normal tissues in pancreatic cancer from TCGA. (D) LINC00460 expression in tumor tissues and normal tissues in our center. (E) Overall survival analysis from TCGA database. 
(F) Disease free and (G) overall survival analysis in our center. (H) Differential expression of LINC00460 in various pancreatic cancer cell lines. *P<0.05; ***P<0.001; n.s. no 
significance. 
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LINC00460 promotes proliferation and 
metastatic capacity of pancreatic cancer cell 
lines 

To verify the specific function of LINC00460 in 
pancreatic cancer, short interfering RNAs were used 
to reduce the high expression of LINC00460 in the 
human pancreatic cancer cell lines PANC1 and 
CFPAC. MiaPaCa2, with low LINC00460 expression, 
was selected as a cell model for stable overexpression. 
Knockdown and overexpression efficiencies were 
verified by qRT-PCR (Figure 2 A, D, G). CCK-8 and 
colony formation assays were used to examine 
proliferation ability. Knockdown of LINC00460 in 
PANC1 and CFPAC cell lines inhibited their 
proliferation ability (Figure 2 B, C, E, F), while 
overexpression of LINC00460 in MiaPaCa2 enhanced 
proliferation (Figure 2 H, I). Subsequently, wound 
healing (Figure 2 J, K) and transwell assays (Figure 2 
N, O) showed that knockdown of LINC00460 reduced 
the metastasis ability of PANC1 and CFPAC cells. In 
addition, LINC00460 overexpression in MiaPaCa2 
cells increased metastatic potential, indicating that 
LINC00460 may facilitate metastasis (Figure 2 L, M). 
Western blot assays were used to verify proliferation 
and metastasis when LINC00460 was knocked down 
or overexpressed (Figure S2 D). Flow cytometry 
revealed that knocking down LINC00460 significantly 
promoted apoptosis of PANC1 and CFPAC cells 
(Figure S1 A, B), whereas overexpression of 
LINC00460 inhibited apoptosis (Figure S1 C). Western 
blot assays using apoptosis-related proteins 
confirmed this result (Figure S1 D). In addition, as 
shown by flow cytometry and western blot assays, 
downregulation of the LINC00460 induced cell cycle 
arrest (Figure S2 A-C). 

The subcutaneous xenograft model was further 
utilized to verify the biological function of LINC00460 
in vivo. The results were identical to the in vitro 
experiments, and the tumor volume and weight of the 
LINC00460 down-regulated group were reduced 
compared with the control group (Figure 3 A-F), 
whereas overexpression of LINC00460 promoted 
tumor growth rate (Figure 3 G-I). IHC analysis of 
tumor tissues from nude mice revealed that decreased 
LINC00460 expression resulted in decreased Ki-67 
and N-cadherin expression and upregulated TUNEL 
and E-cadherin expression (Figure 3J). To investigate 
the effect of LINC00460 on the metastatic function of 
pancreatic cancer cells in vivo, we injected CFPAC 
cells into the spleen of nude mice. We found that 
knocking down LINC00460 significantly inhibited the 

ability of CFPAC cells to metastasize in nude mice 
(Figure 3K). Overall, our findings indicate that 
LINC00460 promoted the proliferation and metastatic 
ability of pancreatic cancer cells, both in vivo and in 
vitro. 

Upregulation of LINC00460 in pancreatic 
cancer is induced by hypoxia  

Next, we explored the potential mechanisms of 
LINC00460 upregulation in pancreatic cancer. 
Previous studies revealed that hypoxia is closely 
associated with tumor progression and hypoxia could 
affect the expression of lncRNAs. To investigate 
whether upregulation of LINC00460 was induced by 
hypoxia, we exposed pancreatic cancer cell lines to 
hypoxia and normoxia conditions for 24 and 48 h or 
treated with CoCl2 for 48 h. qRT-PCR demonstrated 
that LINC00460 was upregulated in hypoxic 
environment or after CoCl2 treatment (Figure 4 A-C). 
HIF-1α, the key effector molecule for hypoxia, was 
also upregulated under these conditions (Figure 4 
D-F). siRNAs targeting HIF-1α reduced HIF-1α 
protein levels (Figure S3 D) and mRNA (Figure S3 E). 
Data from TCGA database indicate that LINC00460 is 
positively correlated with HIF-1α, which is consistent 
with our results (Figure 4 M). To clarify the possible 
mechanism by which hypoxia induces upregulation 
of LINC00460, the JASPAR database was used to 
identify potential hypoxia response elements (HREs) 
in the LINC00460 promoter region (Figure S3 A). Two 
high-score HREs were selected by us for further 
analysis (Figure 4 G). Primers were designed and 
synthesized for the HREs, and ChIP assays were 
performed. The results identified that HRE1 might be 
a potential binding domain in the LINC00460 
promoter in pancreatic cancer cell lines (Figure 4 H-J). 
In addition, luciferase reporter vectors including 
either the HRE1 or HRE2 sequence were synthesized. 
The luciferase activity in cells transfected with HRE1 
was higher than that in cells with HRE2, and this 
increase was more pronounced under hypoxic 
conditions. Thus, HRE1 may be the key binding site 
for HIF-1α to upregulate LINC00460 (Figure 4 K). 
SiRNAs were utilized to verify the result. Knockdown 
of HIF-1α reduced luciferase activity of its binding 
domain (Figure 4 L). Overall, these results indicated 
that under hypoxic conditions, HIF-1α induced 
upregulation of linc00460 in pancreatic cancer, and 
that this required the HRE1 binding site in the 
promoter of LINC00460. 
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Figure 2. LINC00460 promotes proliferation and metastasis of pancreatic cancer cells. Knockdown efficiency of LINC00460 in PANC1 (A), CFPAC (D) and 
overexpression efficiency in MiaPaCa2 (G). Representative results of CCK8 assays in PANC1 (B), CFPAC (E), and MiaPaCa2 (H). Representative images and results of colony 
formation assays in PANC1 (C), CFPAC (F) and MiaPaCa2 (I) cells. Images and results of wound closure rate after 24h in PANC1 (J) and CFPAC (K) after downregulation of 
LINC00460 and overexpression of LINC00460 in MiaPaCa2 (L). Representative images and results of transwell assays in PANC1 (N), CFPAC (O) and MiaPaCa2 (M) cells. 
*P<0.05; **P<0.01; ***P<0.001; n.s. no significance. 
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Figure 3. Knocking down LINC00460 clearly inhibited proliferation and metastasis in vivo. Subcutaneous xenograft tumor generated in nude mice with CFPAC (A) 
and PANC1 (D) cells knocking down LINC00460 or empty vector. (G) Subcutaneous xenograft tumor generated in nude mice with MiaPaCa2 cells overexpressing LINC00460 
or empty vector. Xenograft tumor volume of CFPAC (B), PANC1 (E) and MiaPaCa2 (H). Xenograft tumor weight of CFPAC (C), PANC1 (F) and MiaPaCa2 (I). (J) IHC 
analysis using xenograft tumor tissues derived from CFPAC staining with Ki-67, TUNEL, N-Cad and E-Cad antibodies. (K). 28 days after CFPAC tumor cells were injected into 
the spleen of nude mice, the mice metastasized tumors in the liver. *P<0.05; **P<0.01; ***P<0.001; n.s. no significance. 
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Figure 4. Upregulation of LINC00460 was induced by hypoxia. Differential expression of LINC00460 in normoxia, hypoxia 24h, hypoxia 48h and treated with CoCl2 in 
PANC1 (A), CFPAC (B) and MiaPaCa2 (C). Differential expression level of HIF-1α in normoxia, hypoxia 24h, hypoxia 48h and treated with CoCl2 in PANC1 (D), CFPAC (E) 
and MiaPaCa2 (F). G Schematic diagram of the binding domain of LINC00460 promoter and hypoxia responsive elements (HREs). ChIP assays with HIF-1α antibody were 
performed to verify the binding domain of LINC00460 promoter and HRE1 and HER2 under hypoxia in PANC1(H), CFPAC (I) and MiaPaCa2 (J) cells. K CFPAC cells were 
transfected with LINC00460 promoter-containing reporter vector 48h under normoxia and hypoxia, then a dual-luciferase reporter assay was performed to measure the 
luciferase activity. L Luciferase activity of CFPAC cells transfected with LINC0046 promoter-containing reporter vector and HIF-1α si-RNAs was measured. M The correlation 
analysis between LINC0046 and HIF-1α using data from TCGA. The expression level of HIF-1α and UBE2V1 in PANC1 (N), CFPAC (O) and MiaPaCa2 (P) cells. *P<0.05; 
**P<0.01; ***P<0.001; n.s. no significance. 

 
To further confirm the relationship between 

LINC00460 and HIF-1α, we performed western 
blotting and RT-PCR assays. HIF-1α and UBE2V1 

protein levels were upregulated under hypoxic 
conditions. Knockdown of HIF-1α or LINC00460 both 
reduced the effect of hypoxia. More interestingly, 
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overexpression of LINC00460 partially reversed this 
inhibitory effect in pancreatic cancer cell lines (Figure 
4 N-P). In addition, knockdown of HIF-1α inhibited 
LINC00460 expression (Figure S3 F). The hypoxic 
microenvironment of tumors promotes tumor 
proliferation and metastasis. The proliferative ability 
of PANC1 and CFPAC cells were greatly enhanced 
under hypoxic conditions, while knockdown of 
LINC00460 and HIF-1α attenuated this effect. 
Moreover, the decreased proliferative activity 
resulting from the knockdown of HIF-1α could be 
partially rescued by overexpressing LINC00460 
(Figure S4 A, B). Knockdown of LINC00460 and 
HIF-1α could also suppress the metastasis of PANC1 
and CFPAC cells, whereas overexpression of 
LINC00460 could partly reverse this inhibitory effect 
(Figure S4 C-F). In brief, these results suggested that 
LINC00460 participated in hypoxia-induced 
proliferation and metastasis of pancreatic cancer. 

LINC00460 functions as a miR-4689 sponge 
and upregulates UBE2V1 expression in 
pancreatic cancer 

The mechanism of action of lncRNAs depends 
on their subcellular localization. To determine the 
mechanisms by which LINC00460 promotes the cell 
proliferation and metastasis in pancreatic cancer, to 
begin with, we predicted the subcellular localization 
of LINC00460 using lncLocator, an online prediction 
tool, and found that LINC00460 was mostly localized 
in the cytoplasm. Furthermore, FISH assays 
confirmed the above results (Figure S5 A, B). lncRNAs 
have been reported to act as competing endogenous 
RNAs (ceRNAs) that bind miRNAs in the cytoplasm. 
Therefore, we speculated that LINC00460 might also 
function as a ceRNA in pancreatic cancer. We 
searched three databases (DIANA, lncRNASNP2, and 
lncbook) and identified miR-4689, miR-4649-3p, and 
miR-6858-5p as potential binding partners for 
LINC00460 (Figure 5 A). While knocking out or 
overexpressing LINC00460, we quantified the 
expression of these three miRNAs by qRT-PCR 
(Figure S5 C-E). MiR-4689 showed the highest 
upregulation of the miRNAs when LINC00460 was 
knocked down and was clearly downregulated when 
LINC00460 was overexpressed. Therefore, we chose 
miR-4689 as the main downstream miRNA of 
LINC00460 for further study. We constructed 
miR-4689 mimics and inhibitors. A dual-luciferase 
reporter assay confirmed that LINC00460 binds to 
miR-4689 (Figure 5 B). RIP assay further validated the 
mutual binding of LINC00460 and miR-4689 in 
PANC1 and CFPAC cells (Figure 5 C, D). We then 
performed a complement experiment to verify the 
interrelationship between miR-4689 and LINC00460, 

and we found that miR-4689 can partially compensate 
for the changes in Ki-67, N-cadherin and E-cadherin 
proteins caused by knocking down LINC00460 in 
PANC1, CFPAC and MiaPaCa2 cancer cells (Figure 5 
E-G). 

Using the miRWalk, TargetScan, miRDB, and 
miRTarBase databases, we identified 7 potential 
downstream targets of miR-4689 (Figure 5 H). Further 
qRT-PCR experiments showed that the expression of 
UBE2V1 changed most significantly after the addition 
of mimics or inhibitors of miR-4689 (Figure S5 F). 
Moreover, the expression level of UBE2V1 was 
positively correlated with the expression of 
LINC00460, so we chose UBE2V1 as the underlying 
target of miR-4689 for further experiments (Figure S5 
G, H). A dual-luciferase reporter assay revealed that 
UBE2V1 was a direct target of miR-4689 as well 
(Figure 5 L). Furthermore, UBE2V1 mRNA (Figure 5 
M, N) and protein levels (Figure 5 I, J) decreased in 
cells transfected with miR-4689 mimics or following 
knockdown of LINC00460, whereas protein levels 
increased in MiaPaCa2 cells (Figure 5 K, O). We 
conclude that LINC00460, as the sponge of miR-4689, 
regulates its downstream target UBE2V1. 
Proliferation and metastasis of pancreatic cancer may 
therefore be mediated by the LINC00460/miR-4689/ 
UBE2V1 axis. 

UBE2V1 regulates the proliferation and 
metastasis in pancreatic cancer and regulates 
p53 stability 

UBE2V1, reported as an oncogene, works with 
its co-factor UBC13, a K63-Ub specific E2 enzyme. 
However, the function and mechanism of UBE2V1 in 
pancreatic cancer are unknown. To explore UBE2V1’s 
effect on pancreatic cancer, siRNAs that can reduce 
the level of UBE2V1 protein and mRNA was used for 
subsequent experiments (Figure 6 A, G). CCK-8 and 
colony formation assays indicated that down- 
regulation of UBE2V1 reduced the proliferation 
ability of pancreatic cancer cell lines, while 
overexpression of LINC00460 could partly rescue this 
effect (Figure 6 B-D). Wound healing and transwell 
assays also revealed that knockdown of UBE2V1 
prevented metastasis, and that upregulation of 
LINC00460 promoted metastatic ability (Figure 6 E, 
F). Previous studies have reported that UBE2V1 and, 
UBC13, could elicit K63-dependent p53 ubiquiti-
nation. Unlike conventional ubiquitinated proteins 
which ubiquitinate and degrade p53, UBE2V1, and 
UBC13 attenuate Hdm2-induced p53 polyubiquiti-
nation and increase its stability (34). Here, we 
examined whether UBE2V1 could attenuate Hdm2- 
induced p53 polyubiquitination and enhance the 
stability of either wild-type or mutant p53 proteins, in 
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pancreatic cancer. The wild-type p53 cell line, Capan2 
and two mutant p53 cell lines, PANC1 and CFPAC, 
were selected (Figure S10 A-E). Knockdown of 
UBE2V1 decreased the expression of mutant and 
wild-type p53 in pancreatic cancer cells (Figure 6 G). 
To identify the relationship between UBE2V1 and p53 
protein, we conducted Co-IP assays to detect the 
direct interaction of the two proteins and found that 
UBE2V1 does not interact directly with either 
wild-type or mutant p53 (Figure 6 H, I). Additionally, 

to determine whether UBE2V1 influences p53 stability 
in pancreatic cancer cells, we treated PANC1 and 
Capan2 cells with cycloheximide. The results 
indicated that p53 was degraded faster when UBE2V1 
was knocked down in PANC1 and Capan2 cell lines 
(Figure 6 J, K). In short, these experiments showed 
that UBE2V1 could stabilize both wild-type and 
mutant p53. We also explored the biological functions 
of UBE2V1 in the Capan2 cell line. The knockdown 
efficiency was tested by qRT-PCR (Figure S6 A).  

 

 
Figure 5. LINC00460 acts as a miR-4689 sponge and regulated the expression of UBE2V1. A Three predicted websites DIANA, LncRNASNP2 and lncbook showed 
that miR-4689, miR-4649-3p, miR-6858-5p might be the potential targets of LINC00460. B Dual-luciferase reporter assay was used to verify the combination of LINC0046 and 
miR-4689. RIP assays using AGO2 and IgG antibodies showed the enrichment of LINC0046 (C) and miR-4689 (D). The protein levels of Ki-67, N-cadherin and E-cadherin in 
PANC1 (E), CFPAC (F) and MiaPaCa2 (G) cell lines. H Seven predicted genes of miR-4689 using miRDB, miRWalk, TargwtScan and miRTarBase. UBE2V1 protein level in 
PANC1 (I), CFPAC (J) and MiaPaCa2 (K). L Dual-luciferase reporter assay showed that miR-4689 is combined with UBE2V1. UBE2V1 mRNA expression in PANC1 (M), 
CFPAC (N) and MiaPaCa2 (O) cell lines. *P<0.05; **P<0.01; ***P<0.001; n.s. no significance. 



Int. J. Med. Sci. 2023, Vol. 20 

 
https://www.medsci.org 

1350 

 
Figure 6. UBE2V1 regulates proliferation and metastasis in pancreatic cancer and stabilizes p53. (A) The expression of UBE2V1 transfected UBE2V1 siRNAs. 
CCK8 assay results in PANC1 (B) and CFPAC (C) cell lines. (D) Representative images and results of colony formation assays in PANC1 and CFPAC. (E) Representative images 
and results of transwell assays in PANC1 and CFPAC. (F) Representative images and results of wound healing assays in PANC1 and CFPAC. (G) UBE2V1 and p53 protein levels 
in PANC1, CFPAC and Capan2 cell lines. CoIP assays using p53 antibody to verify the combination of p53 and UBE2V1 in PANC1 (H) and Capan2 (I). Protein levels of p53 and 
UBE2V1 treated with CHX for 0, 2, 4, 6, 8 and 10 hours in PANC1 (J) and Capan2 (K). *P<0.05; **P<0.01; ***P<0.001; n.s. no significance. 

 
Furthermore, CCK8 and colony formation assays 

revealed that downregulation of UBE2V1 promoted 
the proliferation of Capan2 cells (Figure S6 B, C). 
Wound healing and transwell migration assays also 
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identified that downregulation of UBE2V1 enhanced 
the metastatic activity of Capan2 cells (Figure S6 D, E). 
The above results indicated that the biological 
function of UBE2V1 in pancreatic cancer cells is p53 
context dependent, with UBE2V1 acting as an 
oncogene in mutant p53 cell lines, while functioning 
as a tumor suppressor in wild-type p53 cell lines. In 
summary, UBE2V1, the downstream target of 
miR-4689, enhances the stability of p53 in pancreatic 
cancer and further promotes proliferation and 
metastasis in mutant p53 cell lines. 

LINC00460 regulates proliferation and 
metastasis by sequestering USP10 

To additionally investigate the possible 
mechanism of LINC00460 promoting the progression 
of pancreatic cancer, we conducted RNA pull-down 
combined with mass spectrometry. The results 
showed that the USP10 protein may bind directly to 
LINC00460. A western blot assay using samples 
enriched with biotinylated LINC00460 confirmed this 
(Figure 7 A, B). We then performed RIP assays with a 
USP10 antibody and verified that there is a direct 
combination between LINC00460 and USP10 (Figure 
7 C). Further correlation analysis showed that 
LINC00460 expression correlated positively with 
USP10 expression (Figure 7 D). Additionally, USP10 is 
highly expressed in pancreatic cancer tissues (Figure 
S7 A, B) and high expression of USP10 is closely 
related to poor prognosis in pancreatic cancer, 
including disease-free survival rates (Figure S7 D, E). 
The expression of USP10 decreased when LINC00460 
was knocked down and vice versa (Figure 7 E). The 
expression of USP10 was knocked down by siRNAs 
and verified the knockdown efficiency by qRT-PCR 
(Figure S8 A, B) and western blot assays (Figure 7 F). 
Next, we explored the biological function of USP10. 
CCK8 and colony formation assays suggested that 
USP10 downregulation decreased cell proliferation, 
while overexpression of LINC00460 partly rescued 
this effect (Figure 7 G, H). We also conducted wound 
healing and transwell migration assays to explore the 
effect of USP10 on the metastatic capacity of cancer 
cells (Figure 7 I, J). In brief, we found that USP10 may 
be a direct-binding partner for LINC00460, and that 
overexpression of LINC00460 can partially reverse the 
inhibition of downregulation of USP10 on cell 
proliferation and metastasis in PANC1 and CFPAC. 

Knockdown of USP10 promotes the 
translocation of p53 out of the nucleus and 
accelerates its degradation  

The role of USP10 in pancreatic cancer is unclear, 
accordingly, we explored the mechanism by which 
USP10 regulates its downstream targets in pancreatic 

cancer. Previous studies suggested that USP10 is a 
deubiquitinating enzyme and modulates the stability 
of both wild-type and mutant p53(35). Here, we 
speculated that USP10 functions as a deubiquitinating 
enzyme in pancreatic cancer as well, inhibiting the 
p53 ubiquitination, and eventually stabilizing p53. We 
used PANC1 and Capan2 cell line in the following 
experiments. Downregulation of USP10 reduced p53 
protein levels (Figure 8 B) but not the mRNA levels of 
TP53 (Figure 8 A), suggesting that changes in p53 
protein levels did not occur at the transcriptional 
level, but at the protein level. Data from TCGA 
indicated that p53 expression positively correlates 
with USP10 expression (Figure S7 C). Co-IP assays 
suggested a direct combination between USP10 and 
p53 (Figure S8 C, D). The expression and localization 
of p53 are crucial for its biological function; therefore, 
we performed immunofluorescence assays to 
determine its localization. Knocking down USP10 
could promote translocation of p53 out of the nucleus 
in PANC1 and Capan2 cells (Figure 8 C, D). 
Interestingly, p53 was degraded faster in USP10 
knockdown cells compared to control cells (Figure 8 
E, F). Knockdown of LINC00460 could also accelerate 
the degradation of p53 protein (Figure 8 G, H). We 
then conducted Co-IP assays to verify this result and 
found that knockdown of LINC00460 weakened the 
interaction between the USP10 and p53 proteins 
(Figure 8 I, J). The above results indicated that 
knockdown of USP10 promotes the translocation of 
the p53 out of the nucleus and accelerates the 
degradation of p53. Based on the results above, we 
examined the biological functions of USP10 in Capan2 
cells which express wild-type p53. p53 mRNA did not 
decrease when USP10 was knocked down in Capan2 
cells (Figure S9 A, B). Furthermore, the CCK8 assay 
showed that knockdown of USP10 in Capan2 
increased proliferative activity (Figure S9 C) and 
wound healing and transwell assays suggested that 
knockdown of USP10 enhanced metastasis ability 
(Figure S9 D, E). These results showed that the 
biological function of USP10 is p53 dependent. USP10 
promotes proliferation and metastasis in mutant p53 
cell lines while inhibiting proliferation and metastasis 
in wild-type p53 cell lines. 

Thus, we revealed that p53 may be a potential 
target of USP10, and that inhibition of USP10 
promotes the translocation of p53 out of the nucleus 
and accelerates its degradation. Importantly, the 
expression of LINC00460 can regulate USP10 levels 
and further manipulate p53 protein levels, thereby 
regulating the biological behavior of pancreatic 
cancer.  
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Figure 7. USP10 directly binds to LINC00460 and regulate proliferation and metastasis of pancreatic cancer cells. Protein level of USP10 in samples enriched by 
biotinylated LINC00460, anti-LINC00460 and beads in PANC1 (A) and CFPAC (B). (C) RIP assays using USP10 antibody to verify the combination between USP10 and 
LINC00460 in PANC and CFPAC. (D) Correlation analysis of LINC00460 and USP10 using data from TCGA and our center. (E) USP10 mRNA expression in PANC1, CFPAC 
and Capan2 cells transfected siRNAs and MiaPaCa2 cell overexpressed LINC00460. (F) USP10 protein level in PANC1 and CFPAC transfected siRNAs. (G) CCK8 assay results 
in PANC1 and CFPAC. (H) Representative images and results of colony formation assay in PANC1 and CFPAC. (I) Representative images and results of transwell assay in 
PANC1 and CFPAC. (J) Representative images and results of wound healing assay in PANC1 and CFPAC. *P<0.05; **P<0.01; ***P<0.00; n.s. no significance. 



Int. J. Med. Sci. 2023, Vol. 20 

 
https://www.medsci.org 

1353 

 
Figure 8. USP10 regulates the location and stability of p53 protein. (A) The expression of p53 mRNA while knocking down USP10. (B) The protein level of USP10 and 
p53 while knocking down USP10. (C) Location of p53 while knocking down USP10 or not in PANC1. (D) Location of p53 while knocking down USP10 or not in Capan2. (E) 
Protein level of p53 while knocking down USP10 or not in PANC1. (F) Protein level of p53 while knocking down USP10 or not in Capan2. (G) Protein level of p53 while knocking 
down LINC00460 or not in PANC1. (H) Protein level of p53 while knocking down LINC00460 or not in Capan2. (I) CoIP assays using USP10 and p53 antibodies to verify the 
combination of USP10 and p53 while LINC00460 was knocking down or not in PANC1. (J) CoIP assays using USP10 and p53 antibodies to verify the combination of USP10 and 
p53 while LINC00460 was knocking down or not in Capan2. n.s. no significance. 

 

Discussion 
In recent years, more and more attention has 

been paid to pancreatic cancer due to its poor 
prognosis and high morbidity. Because early 
pancreatic cancer is usually asymptomatic, diagnosis 
occurs at later stages which, coupled with its 
malignancy, means that, for most patients, surgery is 
not an option, making chemotherapy the only viable 

choice. The efficacy of chemotherapy for pancreatic 
cancer has shown little progress over the years; 
therefore, there is an urgent need to explore new 
targets for pancreatic cancer. Recently, lncRNAs, 
which are aberrantly expressed in many tumors, have 
been reported to play a crucial role in the 
development of various tumors such as liver cancer 
(36), gastric cancer (37), breast cancer (38), lung cancer 
(39), and prostate cancer (40). In this study, we 
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discovered that LINC00460 was up-regulated in 
pancreatic cancer tissues and cell lines. Further 
correlation analysis revealed that high expression of 
LINC00460 is closely related to poor prognosis in 
patients. Furthermore, biological function studies 
demonstrated that LINC00460 upregulation increased 
pancreatic cancer cell proliferation and metastasis. 
Overall, these results indicated that LINC00460 is an 
oncogene and potential therapeutic target for 
pancreatic cancer. 

Hypoxia is a common phenomenon in solid 
tumors, especially pancreatic cancer, and is 
significantly related to tumor development. Recently, 
some studies have found that lncRNAs are also 
regulated by hypoxia, specifically by binding to 
HIF-1α by HREs in promoter region and thus 
affecting their transcription. In this study, we 
determined LINC00460 as a hypoxia-inducible 
lncRNA. LINC00460 expression was upregulated 
under oxygen-deficient conditions and could be 
inhibited by knocking down HIF-1α. Two possible 
HREs in the promoter of the LINC00460 were 
calculated through the JASPAR database and 
confirmed that the HIF-1α binding site was HRE1. 
Additionally, we also found that inhibition of HIF-1α 

or LINC00460 inhibited the enhancement of cell 
proliferation and metastasis induced by hypoxia, and, 
remarkably, that overexpression of LINC00460 can 
partially reverse this inhibitory effect. These results 
show that LINC00460 is a hypoxia-induced lncRNA 
that participates in hypoxia-induced proliferation and 
metastasis in pancreatic cancer.  

Through FISH experiments, we found that 
LINC00460 is located in the cytoplasm. Also, ceRNAs, 
crucial mechanisms for lncRNAs are located in the 
cytoplasm (41). Using prediction tools, we showed 
that LINC00460 may bind to miR-4689, and following 
RIP and dual-luciferase reporter assays confirmed this 
result. MiR-4689 plays an important role in inhibiting 
pancreatic cancer. Overexpression of MiR-4689 can 
partially reverse LINC00460 induced cell proliferation 
and metastasis. Collectively, LINC00460 plays the role 
of ceRNA by binding with miR-4689 in pancreatic 
cells. UBE2V1 was found to be upregulated in a 
variety of tumors. UBE2V1 was found to be the 
downstream target of miR-4689 and a dual-luciferase 
reporter assay was conducted to verify this. In 
addition, we identified that LINC00460 and UBE2V1 
were significantly positively correlated in pancreatic 
cancer. Downregulation of UBE2V1 significantly 

 

 
Figure 9. The working model describing the upregulation and biological functions of LINC00460 in pancreatic cancer. The upregulation of LINC00460 is 
induced by hypoxic environment of pancreatic cancer. LINC00460 promotes the progression of pancreatic cancer by regulating miR-4689/UBE2V1 axis and sequestering USP10; 
and ultimately enhance the stability of mutant p53 protein. 
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inhibits the proliferation and metastasis of pancreatic 
cancer, while overexpression of LINC00460 can 
partially reverse the inhibitory effect of UBE2V1. 
Moreover, overexpression of LINC00460 led to 
upregulation of UBE2V1, while the overexpression of 
miR-4689 partially reversed the upregulation of 
UBE2V1. These results indicated that UBE2V1 plays a 
role of oncogene in pancreatic cancer and LINC00460 
can further regulate UBE2V1 expression by regulating 
miR-4689. A previous study reported that UBE2V1 
and its co-factor UBC13 could increase the stability of 
the p53 protein (42). Here, we found that 
downregulation of UBE2V1 decreased both wild-type 
and mutant p53 level. Although Co-IP assays 
indicated that UBE2V1 does not directly interact with 
p53, western blot showed that compared with the 
control group, the stability of wild type and mutant 
p53 in UBE2V1 knockdown group was significantly 
reduced. In brief, we showed that UBE2V1 mediates 
the stability of p53, and that knockdown of UBE2V1 
decreased p53 protein levels in pancreatic cancer. 
Notably, knocking down UBE2V1 in wild-type p53 
cells could promote tumor progression, implying that 
the biological functions of UBE2V1 in pancreatic 
cancer are p53 context-dependent. Thus, we 
demonstrated that the role of LINC00460 in pancreatic 
cancer is achieved by regulating its downstream 
molecules, miR-4689, and further mediates the 
expression of UBE2V1. UBE2V1 acts as an oncogene 
and stabilizes p53 in p53-mutant pancreatic cancer 
cells. In summary, LINC00460 promotes cell 
proliferation and metastasis by regulating the 
LINC00460/miR-4689/UBE2V1/p53 axis. 

There is now evidence to support that USP10 
plays diverse roles in different types of cancer (43). 
For example, USP10 could enhance the proliferation 
and metastasis of NSCLC by stabilizing HDAC7(44), 
whereas USP10 can stabilize p53 and inhibit breast 
cancer progression (45). In the present study, we 
identified a relationship between LINC00460 and 
USP10 and found that USP10 may be a downstream 
target gene of LINC00460. RNA pull-down and RIP 
assays verified that USP10 and LINC00460 were 
directly combined. USP10 is highly expressed in 
pancreatic cancer cell lines and positively correlated 
with LINC00460. Downregulation of USP10 
decreased the proliferative and metastatic ability of 
pancreatic cancer cells. The above results showed that 
USP10 promotes the development of pancreatic 
cancer by directly binding to LINC00460. USP10 was 
reported to deubiquitinate p53, increasing the stability 
of wild or mutant p53 protein (46). We found that 
USP10 binds directly to p53, and knocking down 
USP10 lowers p53 protein levels. Furthermore, 
immunofluorescence assays revealed that USP10 

knockdown promoted the translocation of p53 out of 
the nucleus, which accelerates the degradation of p53 
protein. Western blot assays indicated that knocking 
down USP10 significantly decreased the stability of 
p53. Interestingly, the downregulation of LINC00460 
expression reduced the stability of p53 and the 
expression of USP10, and CoIP experiments revealed 
that the downregulation of LINC00460 partially 
hindered the mutual binding of USP10 and p53 in 
pancreatic cancer cells. This indicates that LINC00460 
can mediate the expression of p53 by regulating 
USP10. A particularly important observation was that 
knockdown of USP10 in wild-type p53 cell lines 
promoted proliferation and metastasis, suggesting 
that USP10 could inhibited tumor development under 
the background of wild-type p53. This result is 
consistent with other studies (e.g., renal cell 
carcinoma (46)) which reported that the biological 
function of USP10 depends on the p53 background, 
although the precise mechanism needs more in-depth 
study. In summary, we found that USP10 is a binding 
protein for LINC00460 and acts as an oncogene in 
mutated p53 pancreatic cancer cells. In addition, 
USP10 can regulate the translocation and stability of 
mutant p53, ultimately promoting the progression of 
pancreatic cancer. 

Overall, we found that hypoxia-induced 
LINC00460 plays a role of oncogene in pancreatic 
cancer, and upregulation of LINC00460 is closely 
related to tumor proliferation, metastasis, and poor 
prognosis. Mechanistically, LINC00460 regulates its 
downstream target UBE2V1 through miR-4689, 
thereby increasing the stability of p53. In addition, 
LINC00460 promotes tumorigenesis by sequestering 
USP10, altering the stability and subcellular 
localization of p53. In short, hypoxia-induced 
LINC00460 enhances the stability of mutant p53 
through the LINC00460/miR-4689/UBE2V1 axis and 
by sequestering USP10, and ultimately regulates 
pancreatic tumorigenesis. Our findings enriched the 
mechanism of lncRNAs in pancreatic cancer and 
identified LINC00460 as a possible biomarker for 
pancreatic cancer. 
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