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Downregulation of long non-coding RNA LINC00460 inhibits the proliferation, 
migration and invasion, and promotes apoptosis of pancreatic cancer cells via 
modulation of the miR-320b/ARF1 axis
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ABSTRACT
Pancreatic adenocarcinoma (PAAD) ranks among the most lethal cancers worldwide with high 
mortality. A marked increase in the level of long non-coding RNA LINC00460 was reported in 
PAAD patients, in comparison with the healthy controls. However, the underlying mechanisms of 
the above phenomenon are not yet well understood. Hence, the present study was designed to 
investigate the molecular mechanism underlying the role of LINC00460 in proliferation, migration 
and invasion of pancreatic cancer (PC) cells. It was found in our study that LINC00460 knockdown 
inhibited SW1990 cell proliferation, migration and invasion and promoted its apoptosis. Moreover, 
miR-320b was targeted straight and its expression was downregulated by LINC00460, whose 
knockdown led to a reduction in ARF1 expression. Interestingly, miR-320b downregulation partly 
reversed the effect of LINC00460 knockdown on the proliferation, migration, invasion and apop-
tosis of SW1990 cells, as well as ARF1expression. In conclusion, LINC00460 knockdown inhibited 
the proliferation, migration and invasion, and promotes the apoptosis of SW1990 cells via 
modulation of the miR-320b/ARF1 axis. Thus, LINC00460 can be perceived as a promising target 
in the treatment of PAAD.

ARTICLE HISTORY
Received 21 October 2020 
Revised 7 December 2020 
Accepted 8 December 2020 

KEYWORDS
LINC00460; Pancreatic 
adenocarcinoma (PAAD); 
miR-320b; ARF1; 
proliferation; migration

CONTACT Kai Jiang jiangk19112103@163.com Department of Hepatobiliary, Pancreatic and Minimally Invasive Surgery, Zhejiang Provincial People’s 
Hospital, People’s Hospital of Hangzhou Medical College, Hangzhou City 310014, Zhejiang Province, PR China

BIOENGINEERED
2020, VOL. 12, NO. 1, 96–107
https://doi.org/10.1080/21655979.2020.1863035

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0002-6498-5481
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2020.1863035&domain=pdf&date_stamp=2020-12-19


Introduction

wct Pancreatic adenocarcinoma (PAAD) ranks 
among the most lethal cancers worldwide with 
a barely 6% 5-year survival rate [1], and is recognized 
as a major cause of cancer-related deaths for early 
metastasis, extensive invasion and poor prognosis 
[2]. PAAD is commonly diagnosed as distal metas-
tases or at the advanced stage, due to the fact that 
there are no obvious symptoms in the early stage [3]. 
Unfortunately, little progress has been made in diag-
nostic methods and therapeutic strategies, thus the 
clinical outcome of PAAD patients remains insuffi-
cient [4]. Therefore, it is well worth attracting more 
attention to the understanding of the pathogenesis of 
PAAD progression, in order to explore effective bio-
markers for early diagnosis and therapeutic strategy.

Long non-coding RNA (lncRNAs) is a type of non- 
coding RNA with a length of more than 200 nucleo-
tides, which potentially acts on gene expression, tran-
scriptional regulation, translation and protein 
modification [5,6]. The function of lncRNAs is impli-
cated in multiple pathological conditions, especially 
cancer [7]. Significantly increased LINC00460 level 
was reported in pancreatic cancer (PC) patients as 
compared to the healthy controls, indicating that 
LINC00460 has the potential to be used as an effective 
biomarker of prognosis and diagnosis of PC [8]. 
Additionally, previous study also demonstrated 
marked increase of LINC00460 level in gastric cancer 
tissues and cell lines and the promoting effect of 
LINC00460 on the proliferation, migration and inva-
sion of gastric cancer cells, which can be partly 
reversed by LINC00460 downregulation [9]. 
Likewise, Xie et al. found overexpressed LINC00460 
in head and neck squamous cell carcinoma tissues 
and cell lines, which promoted cell proliferation, inva-
sion and migration, whereas LINC00460 knockdown 
abolished this process [10]. It is also found that 
LINC00460 overexpression promotes hepatocellular 
carcinoma progression [11]. Interestingly, 
LINC00460 downregulation could depress PC cell 
proliferation and promote cell apoptosis, mediated 
by PI3K/AKT pathway [12]. Moreover, LINC00460 
may be a promising biomarker for diagnosis and 

prognosis of PC, and predicts poor survival of PC 
patients [13]. However, the underlying mechanism 
involved in LINC00460 playing its role in the prolif-
eration, migration and invasion of pancreatic cancer 
cells has been uninvestigated.

We aimed to confirm in this study the role of 
LINC00460 in PAAD progression and investigate its 
underlying mechanism in depth. Our findings 
revealed that LINC00460 boosts the proliferation, 
migration and invasion of PC cells and hence may 
represent an effective biomarker for PAAD prognosis 
and diagnosis.

Materials and methods

Cell culture and transfection

Human pancreatic duct cell line H6C7 and pan-
creatic cancer cell lines (SW1990, HPAC, PaCa-2, 
CFPAC-1, CAPAN-1) were purchased from 
American Type Culture Collection (ATCC, 
Manassas, VA, USA). The cells were cultured in 
a humidified incubator containing 5% CO2 at 37° 
C, with RPMI-1640 medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) sup-
plemented with 10% fetal bovine serum (FBS, 
Gibco), 5 mM L-glutamine, 5 mM non-essential 
amino acid and 100 U/ml penicillin-streptomycin 
(Invitrogen; Thermo Fisher Scientific, Inc.).

Small interfering RNA (siRNA) against 
LINC00460 (si-LINC00460), siRNA negative con-
trol (si-NC), miR-320b inhibitors and inhibitor- 
NC were purchased from GenePharma (Shanghai, 
China). The si-LINC00460 (100 nM) or si-NC, miR- 
320b inhibitors (1 μM) or inhibitor-NC were trans-
fected into the SW1990 cells using lipofectamine 
3000 reagent (Invitrogen, Carlsbad, CA) in accor-
dance with the product instructions. After incuba-
tion for 48 h, the SW1990 cells were prepared for 
further experiments. The success of the transfection 
was examined by performing qRT-PCR.

RNA extraction and quantitative real-time PCR 
(qRT-PCR) analysis

The separation of total RNA was isolated from 
SW1990 cells was done with a Trizol extraction kit 
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(Life Technologies, USA) following the manufac-
turer’s protocol. And the reverse-transcription of it 
into complementary DNA (cDNA) was done with 
a Prime-Script RT reagent kit (Takara Bio, Inc., 
Otsu, Japan). Purified mRNA and miRNAs were 
detected by qRT-PCR assay in combination with 
SYBR-green real-time Master Mix (Toyobo, Co., 
Ltd, Osaka, Japan) on an ABI Prism 7300 Sequence 
Detection system. As an internal control, GAPDH 
and U6 were measured for normalization and quan-
tification of the expressions of LINC00460 and ARF1, 
or miR-320b expression, respectively. The 2−ΔΔCt 

method was applied to calculate the relative expres-
sion of target gene.

CCK8

CCK-8 cell proliferation test kit (Dojindo 
Molecular Technologies, Tokyo, Japan), was 
employed for cell viability estimation under the 
guidance of the product instructions. Transfected 
SW1990 cells were shortly seeded into 96-well 
plates with 5 × 103cells per well. CCK8 reagent 
(10 μl) was added into each well at indicated time 
points (24, 48 and 72 h), followed by cell incuba-
tion for 4 h at 37°C. The absorbance at 450 nm was 
tested by a microplate reader. Each experiment 
was conducted in triplicate.

Colony formation assay

The colony formation assay was performed for the 
analysis of the biological effect of LINC00460 on can-
cer cell survival. SW1990 cells were seeded in six-well 
plates and transfected with or without si-LINC00460. 
After 14-day incubation, these plates were washed, 
and the cells were fixed by 4% paraformaldehyde for 
15 min, and then stained with 0.1% crystal violet solu-
tion before being photographed and counted.

Wound-healing assay

SW1990 cells (1.5 × 105 cells/well) were plated into 
six-well plates, and were transfected with or without 
si-LINC00460 and miR-320b inhibitor at the point 
of 80–90% confluence. A sterile pipette tip was used 
to gently induce the wounds on the monolayered 
cells, which were then incubated in 5% CO2 at 37°C 

for 24 h. At last, the wounds were observed and 
photographed under a microscope (Nikon).

Transwell chamber assay

After transfection, SW1990 cells were first stored 
in the medium free of serum, followed by addition 
of cell suspension (2 × 104 cells/well) to the upper 
chamber (Corning, New York, USA) precoated 
with Membrane Matrix (BD Biosciences, San 
Jose, CA, USA), and addition of 0.5 mL medium 
with 10% FBS to the lower chamber. After incuba-
tion for 24 h at 37°C in 5% CO2 under humidifi-
cation, the cells remaining on the upper surface 
were wiped off with a cotton swab. The cells on the 
lower surface of the membrane were fixed with 
methanol and stained with 1% crystal violet for 
10 min. Cells that penetrated the membrane were 
counted microscopically from five random visual 
angles (200× magnification).

Flow cytometry

After transfection, SW1990 cells were harvested 
for flow cytometry. Shortly after double staining 
by Annexin V-FITC/PI apoptosis kit (Thermo 
Fisher Scientific) following the manufacturer’s 
protocols, SW1990 cell apoptosis was examined 
by a flow cytometer (BD, NJ, USA). The above 
experiment was replicated three times.

Western blot

RIPA lysis buffer was utilized to extract the total 
protein samples of SW1990 cells, and the concen-
tration of which was quantified with the use of the 
BCA assay kits (Beyotime, China). An equal num-
ber of proteins were fractionated with 12% SDS- 
PAGE and transferred to PVDF membranes. 
Primary antibodies against the following proteins 
were used: Bcl-2, Bax, caspase3, pro-caspase3, cas-
pase 7, pro-caspase 7, ARF1. The density of pro-
tein bands was analyzed by ImageJ software.1.48 
and normalized to GAPDH.

Luciferase reporter assay

Before transfection, 293 T cells (5 × 104 cells/well) 
were plated in 24-well plates and cultured 
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overnight. First of all, the wildtype (WT) and the 
mutant sequence of LINC00460 were, respectively, 
sub-cloned into luciferase reporter vectors 
(PsiCHECK2, Promega, USA). Then the cells 
were co-transfected with PsiCHECK2 vectors and 
miR-320b mimic or vector. After incubation for 
48 h, the firefly luciferase activity was measured 
and normalized based on firefly and Renilla luci-
ferases using the Dual-Luciferase Reporter Assay 
System (Promega, Madison, WI, USA). For con-
firmation of miR-320b/ARF1 binding, the WT 3ʹ- 
UTR sequence of ARF1 containing miR-320b 
binding sites was sub-cloned into PsiCHECK2 
luciferase reporter vector, referring to the proto-
cols of similar co-transfection and fluorescence 
measurement. The above plasmids and reporter 
gene carriers were all synthesized by 
GenePharma (Shanghai, China).

Statistical analysis

Statistical data were analyzed by GraphPad Prism 
8.0. All data were expressed as the means ± 
standard error (SEM). One-way ANOVA fol-
lowed Tukey’s test were successively performed 
to analyze the differences among the means. 

Differences at P < 0.05 were considered statisti-
cally significant.

Results

LINC00460 knockdown inhibited the viability and 
proliferation of SW1990 cells

To explore the role of LINC00460 in PAAD pro-
gression, the LINC00460 mRNA level was detected 
by qRT-PCR in multiple pancreatic cancer cell 
lines. Figure 1(a) exhibits a significant increase in 
the level of LINC00460 mRNA in multiple pan-
creatic cancer cell lines by comparison with the 
normal pancreatic duct cell line H6C7, with it 
being most noticeable in SW1990 cells. Hence, 
the SW1990 cell line was selected in subsequent 
experimentation. Subsequently, the si-LINC00460 
-1 (5ʹ-CCATCCACTTCAAAGTATT-3ʹ) and si- 
LINC00460-2 (5ʹ-CCTCTGAAATGGTGACAAT 
-3ʹ) were conducted by Shanghai GenePharma, 
Co., Ltd. to achieve the LINC00460 downregula-
tion. The transfection efficiency was determined 
by qRT-PCR. As shown in Figure 1(b), the 
LINC00460 mRNA level in si-LINC00460-2 
group is lower than that in si-LINC00460-1 
group. Hence, si-LINC00460-2 was chosen for 

Figure 1. LINC00460 knockdown inhibited the cell growth of SW1990 cells. (a–b) The LINC00460 mRNA expression was quantified by 
qRT-PCR. (c) The cell viability of SW1990 cells was analyzed by CCK8 assay. (d) The cell proliferation of SW1990 cells was analyzed by 
colony formation assay. Error bars represent the mean ± SEM from three independent experiments. **P< 0.01, ***P< 0.001 vs. 
Control.
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further experimentations. The CCK8 results 
demonstrated that LINC00460 downregulation 
significantly depressed the viability of SW1990 
cells at the indicated time (24, 48, 72 h), especially 
at 48 and 72 h (Figure 1(c)). The results of colony 
formation assay presented that LINC00460 knock-
down remarkably decreased SW1990 cell prolifera-
tion in contrast to the control (Figure 1(d)). These 
results suggested an inhibitory effect of 
LINC00460 knockdown on SW1990 cell growth.

LINC00460 knockdown inhibited the migration 
and invasion of SW1990 cells

To further verify the role of LINC00460 in PAAD 
progression, the migration and invasion of SW1990 
cells were detected by wound-healing assay and trans-
well chamber assay, respectively. Figure 2 demon-
strates that LINC00460 downregulation led to 
a great reduction in migratory capability compared 

to the control. Furthermore, the invasive capability in 
si-LINC00460 was lower than that in the control 
group (Figure 3). These results implied that 
LINC00460 knockdown might prevent the migration 
and invasion of SW1990 cells.

LINC00460 knockdown promoted the apoptosis 
of SW1990 cells

Subsequently, the apoptosis rate was detected to 
further clarify how LINC00460 acts on cell growth. 
The results of flow cytometry identified that 
LINC00460 knockdown largely improved the 
apoptosis rate of SW1990 cells (Figure 4(a-b)). 
Furthermore, the expression of proteins related 
to cell apoptosis was determined with western 
blotting. Figure 4(c) demonstrates that the Bcl-2 
(anti-apoptosis) expression was decreased, and the 
expression levels of Bax (pro-apoptosis), caspase3 
and caspase7 were significantly increased in 

Figure 2. LINC00460 knockdown inhibited the migration of SW1990 cells. (a–b) The migration of SW1990 cells transfected with si- 
LINC00460 or si-NC was detected by wound-healing assay. Error bars represent the mean ± SEM from three independent 
experiments. ***P< 0.001 vs. Control.

Figure 3. LINC00460 knockdown inhibited the invasion of SW1990 cells. (a–b) The invasion of SW1990 cells transfected with si- 
LINC00460 or si-NC was detected by transwell chamber assay. Error bars represent the mean ± SEM from three independent 
experiments. ***P< 0.001 vs. Control.

100 J. CHENG ET AL.



SW1990 cells of si-LINC00460 compared to the 
control group, suggesting that LINC00460 knock-
down promoted the apoptosis of SW1990 cells.

LINC00460 directly targeted miR-320b and 
downregulated miR-320b expression

To investigate the potential mechanism involved 
in the role of LINC00460 in PAAD progression, 
Starbase database (http://starbase.sysu.edu.cn/) 
was consulted for the prediction of LINC00460 
and miR-320b interacting with each other, as 
shown in Figure 5(b). Firstly, the miR-320b 
mRNA level was detected in H6C7 cells and pan-
creatic cancer cell lines (SW1990, HPAC, PaCa-2, 
CFPAC-1, CAPAN-1). The qRT-PCR results 
established lower miR-320b mRNA level in pan-
creatic cancer cells than H6C7 cells, especially in 
SW1990 and PaCa-2 cell lines (Figure 5(a)). 
Subsequently, we performed the luciferase reporter 
assay for the purpose of confirming the direct 
binding ability of LINC00460/miR-320b. As 
shown in Figure 5(c), co-transfection of miR- 

320b mimic noticeably dampened the relative luci-
ferase activity of LINC00460-WT without chan-
ging mutant vector activity, suggesting that 
LINC00460 can directly target miR-320b. 
Interestingly, the qRT-PCR suggested that 
LINC00460 knockdown led to significant miR- 
320b upregulation (Figure 5(d)), which suggested 
that LINC00460 directly targeted miR-320b and 
upregulated miR-320b expression.

MiR-320b downregulation partly reversed the 
effect of LINC00460 knockdown on the 
proliferation, migration, invasion and apoptosis 
of SW1990 cells

To corroborate the underlying mechanism of 
LINC00460 in pancreatic cancer cell growth, the 
cellular behaviors were further analyzed under the 
conditions of miR-320b downregulation, which 
was achieved through transfection of miR- 
320b inhibitor plasmids (10 nM) as we previously 
described. The miR-320b inhibitor (5ʹ- 
UUGCCCUCUCAACCCAGCUUUU-3ʹ) and its 

Figure 4. LINC00460 knockdown promoted the apoptosis of SW1990 cells. (a–b) The apoptosis rate of SW1990 cells was detected by 
flow cytometry. (c) The expressions of proteins including Bcl-2, Bax, caspase3, pro-caspase3, caspase7 and pro-caspase7 were 
determined by western blotting. Error bars represent the mean ± SEM from three independent experiments. **P< 0.01, ***P< 0.001 
vs. Control.
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negative control (inhibitor-NC, 5ʹ- 
CAGUACUUUUGUGUAGUACAA-3ʹ) were synthe-
sized by GenePharma (Shanghai, China). The 
qRT-PCR result revealed that miR-320b mRNA 
level was notably decreased by miR-320b inhibi-
tor (Figure 6(a)), suggesting that miR-320b inhi-
bitor effectively downregulated the miR-320b 
expression. CCK8 results suggested that cell via-
bility was significantly enhanced in si-LINC00460 
+ miR-320b inhibitor group compared to si- 
LINC00460 group (Figure 6b), as well as the pro-
liferative ability of SW1990 cells (Figure 6c). 
Moreover, miR-320b inhibition partly reversed 
the suppressive effect of LINC00460 knockdown 
on migratory capability of SW1990 cells (Figure 
7a-B). It was supported by transwell chamber 
assay that miR-320b downregulation remarkably 
elevated the cell invasive rate even under the 
condition of LINC00460 knockdown (Figure 8 
(a-b)). Furthermore, lower apoptosis rate of 
SW1990 cells in si-LINC00460+ miR-320b inhibi-
tor group was observed in comparison to the si- 
LINC00460 group (Figure 9(a-b)). Additionally, 
miR-320b inhibition led to Bcl-2 upregulation 

and reduction in expressions of Bax, caspase3 
and caspase7, compared to si-LINC00460 group 
(Figure 9(c-d)). These results implied that miR- 
320b downregulation partly reversed the effect 
of LINC00460 knockdown on the proliferation, 
migration, invasion and apoptosis of SW1990 
cells.

LINC00460 knockdown inhibited the 
proliferation, migration and invasion, and 
promoted apoptosis of SW1990 cells via 
modulation of the miR-320b/ARF1 axis

It was found that ARF1is highly expressed in 
PAAD patients by searching on UALCAN web-
site (http://ualcan.path.uab.edu/index.html), as 
shown in Figure 10(a). The results of qRT-PCR 
showed relatively elevated mRNA level of ARF1 
in pancreatic cancer cell lines (SW1990, HPAC, 
PaCa-2, CFPAC-1, CAPAN-1), compared with 
H6C7 cells (Figure 10(b)). A noteworthy fact is 
that we carried out the luciferase reporter assay 
based on Starbase prediction of interaction 
between miR-320b and ARF1, and noticed that 

Figure 5. LINC00460 directly target miR-320b and downregualted miR-320b expression. (a) The mRNA expression of miR-320b in 
multiple pancreatic cancer cell lines was quantified with qRT-PCR. (b) Binding sites of LINC00460 and miR-320b predicted by 
Starbase website. (c) The relative luciferase activity was detected by luciferase reporter assay. (d) The mRNA expression of miR-320b 
in SW1990 cells transfected with si-LINC00460 or si-NC was quantified with qRT-PCR. Error bars represent the mean ± SEM from 
three independent experiments. *P< 0.05, ***P< 0.001 vs. Control.
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co-transfection of miR-320b mimic markedly 
weakened the relative luciferase activity of 
ARF1-WT without changing that of the mutant 
vector, which suggests that ARF1 may be one of 
the direct targets of miR-320b (Figure 10(c)). 
Finally, the western blotting and qRT-PCR 

were performed to detect the protein expression 
and mRNA level of ARF1. As shown in Figure 
10(d-e), INC00460 knockdown significantly 
inhibited ARF1 expression in the aspect of both 
mRNAs and proteins, whereas miR-320b inhibi-
tion reversed such inhibitory effect (Figure 10 
(d-e)). These results suggested that miR-320b/ 

Figure 7. MiR-320b dowregulation partly reversed the effect of LINC00460 knockdown on the migration of SW1990 cells. (a–b) The 
migration of SW1990 cells transfected with si-LINC00460, si-LINC00460+ inhibitor-NC or si-LINC00460+ miR-320b-inhibitor was 
detected by wound-healing assay. Error bars represent the mean ± SEM from three independent experiments. ***P< 0.001 vs. 
Control. ###P< 0.001 vs. si-LINC00460.

Figure 6. MiR-320b dowregulation partly reversed the effect of LINC00460 knockdown on the proliferation of SW1990 cells. (a) The 
mRNA expression of miR-320b in SW1990 cells transfected with miR-320b inhibitor or inhibitor-NC was quantified with qRT-PCR. (b) 
The cell viability of SW1990 cells was analyzed by CCK8 assay. (d) The cell proliferation of SW1990 cells was analyzed by colony 
formation assay. Error bars represent the mean ± SEM from three independent experiments. ***P< 0.001 vs. Control. ###P< 0.001 vs. 
si-LINC00460.
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ARF1 axis may mediate the function that 
LINC00460 knockdown performs in the 

proliferation, migration and invasion, and apop-
tosis of SW1990 cells.

Figure 8. MiR-320b dowregulation partly reversed the effect of LINC00460 knockdown on the invasion of SW1990 cells. (a–b) The 
invasion of SW1990 cells transfected with si-LINC00460, si-LINC00460+ inhibitor-NC or si-LINC00460+ miR-320b-inhibitor was 
detected by transwell chamber assay. Error bars represent the mean ± SEM from three independent experiments. ***P< 0.001 vs. 
Control. ##P< 0.01 vs. si-LINC00460.

Figure 9. MiR-320b dowregulation partly reversed the effect of LINC00460 knockdown on the apoptosis of SW1990 cells. (a–b) The 
apoptosis rate of SW1990 cells was detected by flow cytometry. (c) The expressions of proteins including Bcl-2, Bax, caspase3, pro- 
caspase3, caspase7 and pro-caspase7 were determined by western blotting, and quantification (d). Error bars represent the mean ± 
SEM from three independent experiments. ***P< 0.001 vs. Control. ##P< 0.01, ###P< 0.001 vs. si-LINC00460.
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Discussion

LncRNAs, acting as an oncogene or tumor sup-
pressor, play a vital regulatory role in the occur-
rence and the progression of cancers according to 
previous studies [14,15]. It has been reported that 
LINC00460, a novel lncRNA, is essential for the 
onset and the development of multiple cancers 
such as head and neck squamous cell carcinoma 
[16], hepatocellular carcinoma [17], lung cancer 
[18], colorectal cancer [19], etc. However, the 
role of LINC00460 in PAAD progression has not 
been well clarified. Hence, the aim of the present 
study was to investigate the underlying mechanism 
of LINC00460 in PAAD progression.

Previous study suggested that LINC00460 level 
exhibits high expression in human prostate cancer 
tissues and cell lines, and downregulation of 
LINC00460 suppresses cell proliferation and pro-
motes cell apoptosis in prostate cancer, which is 
consistent with our study [12]. Moreover, the 
LINC00460 level is positively related to tumor 
size, and predicts poor survival of PC patients 
[13]. Interestingly, our findings indicated that 
LINC00460 level was increased in pancreatic can-
cer cell lines (SW1990, HPAC, PaCa-2, CFPAC-1, 
CAPAN-1) compared to normal human pancreatic 
duct cells. Moreover, LINC00460 knockdown 
inhibited the proliferation, migration and inva-
sion, as well as promoting the apoptosis of 

Figure 10. miR-320b/ARF1 axis mediated the effect of LINC00460 knockdown on cell growth of SW1990 cells. (a) The ARF1 level in 
PAAD patients by UALCAN website. (b) The ARF1 mRNA level was detected by qRT-PCR. (c) Binding sites of miR-320b and ARF1 
predicted by Starbase website, and the relative luciferase activity was detected by luciferase reporter assay. (d) The ARF1 proteins 
expression was quantified by western blotting. (e) The ARF1 mRNA level was detected by qRT-PCR. Error bars represent the mean ± 
SEM from three independent experiments. *P< 0.05, ***P< 0.001 vs. Control; ##P< 0.01 vs. si-LINC00460.
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pancreatic cancer cells. Thus, LINC00460 expres-
sion level may be closely related to PAAD patho-
genesis. Here, we described how LINC00460 works 
on PAAD progression, namely its mechanism, 
through a sequence of investigations.

To explore the biochemical mechanism related 
to LINC00460 functioning in PAAD progression, 
the potential targets of LINC00460 were predicted 
on Starbase website. Fortunately, it is found that 
LINC00460 can directly target miR-320b and that 
LINC00460 downregulation significantly 
increased the miR-320b level. Notably, miR320 
is reported to have suppressive effect on prolif-
eration, migration and invasion in carcinomas 
[20,21]. Recent study demonstrated that miR- 
320b downregulation contributed to the rapid 
reproduction, invasion and epithelial–mesenchy-
mal transition of pancreatic cancer cells [22]. 
Additionally, it was reported that the miR-320b 
expression in pancreatic cancer cells was lower 
than the normal pancreatic cells, and miR-320b 
inhibited the proliferation of pancreatic cancer 
cells [23]. Here, our findings revealed the restora-
tive effect of miR-320b on cell proliferation, 
migration, invasion and apoptosis triggered by 
LINC00460 knockdown, suggesting that 
LINC00460/miR-320b axis may be essential ele-
ments for PAAD progression.

Interestingly, we further found that miR-320b 
can directly bind ARF1 by the prediction on 
Starbase website. Simultaneously, the searched 
data of UALCAN website revealed that ARF1 is 
highly expressed in PAAD patients. In our study, 
qRT-PCR results implied much increased mRNA 
expression of ARF1 in pancreatic cancer cell lines 
(SW1990, HPAC, PaCa-2, CFPAC-1, CAPAN-1), 
compared with H6C7 cells. Jason E et al. demon-
strated that ARF1 activation promoted cell prolif-
eration in prostate cancer progression [24]. 
Additionally, ARF1 expression level is related to 
the grade of ovarian cancer, and its overexpression 
proliferation and migration of ovarian cancer cells 
[25]. The current study suggested that ARF1 
expression regulated by lncRNA TP73-AS1 exerts 
regulative effect on cervical cell proliferation and 
migration [26]. Moreover, Liwei et al. have 
reported that blockade of ARF1 activation is 
a promising therapeutic strategy for PAAD treat-
ment [27]. Intriguingly, our results suggested that 

INC00460 knockdown significantly inhibited 
ARF1 expression, whereas miR-320b downregula-
tion could reverse such effect. Taken together, the 
above findings supported the inhibitory effect of 
LINC00460 knockdown on cell proliferation, 
migration and invasion and the promoting effect 
of it on the apoptosis of SW1990 cells, both via 
modulation of miR-320b/ARF1 axis.

Conclusion

In summary, our study elucidated that downregu-
lation of LINC00460 inhibited the proliferation, 
migration and invasion, and promoted the apop-
tosis of pancreatic cancer cells via modulation of 
miR-320b/ARF1 axis. Hence, targeting LINC00460 
may present a novel promising therapeutic strat-
egy for PAAD treatment.

Article Highlights

● LINC00460 knockdown inhibited the metas-
tasis of pancreatic cancer cells.

● LINC00460 directly target miR-320b and 
downregualted miR-320b expression.

● LINC00460 knockdown led to a reduction in 
ARF1 expression.
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