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ARTICLE INFO ABSTRACT

Emerging evidence suggests that dysregulation of circular RNAs (circRNAs) closely associated with cancer
progression. In this paper, we focus on exploring the functional role of circ-LDLRAD3 in pancreatic cancer. Gene
expression was determined using quantitative reverse transcriptase polymerase chain reaction and Western blot.
Cell count kit-8 and 5-ethynyl-2’-deoxyuridine assay were applied to evaluate the proliferation of PANC-1 and
SW1990 cells. The migration and invasion of PANC-1 and SW1990 cells were assessed using wound healing assay
and transwell invasion assay. Luciferase reporter assay was performed for target validation. The results showed
that circ-LDLRAD3 was overexpressed in pancreatic cancer tissues and cell lines. Increased expression of circ-
LDLRAD3 was indicative of a poor prognosis in patients with pancreatic cancer. Knockdown of circ-LDLRAD3
repressed the growth of pancreatic cancer in vitro and in vivo. miR-137-3p was identified as a direct target of circ-
LDLRAD3. More importantly, upregulation of circ-LDLRAD3 could mitigate the inhibitory effect of miR-137-3p
on the proliferation, migration and invasion of pancreatic cancer cells. Besides, circ-LDLRAD3 could regulate the
expression of pleiotrophin (PTN) through miR-137-3p. Taken together, knockdown of circ-LDLRAD3 repressed
the proliferation, migration and invasion of pancreatic cancer cells through miR-137-3p/PTN axis, providing a

Keywords:
Pancreatic cancer
Circular RNA
Circ-LDLRAD3
miR-137-3p
Pleiotrophin

new mechanism for pancreatic cancer progression.

1. Introduction

Pancreatic cancer is one of the most malignant digestive tract tu-
mors, for which mortality closely parallels incidence [1]. Pancreatic
cancer is the fourth cause of cancer-related death throughout the world
[2]. Despite innovations have significantly increased survival, the 5-
year survival rate of pancreatic cancer is about 6% [3]. As common
cancer with symptoms hidden, most patients with pancreatic cancer are
diagnosed at an advanced stage, which is an important contributor to
the low survival rate [4]. Pancreatic cancer is hallmarked by the pre-
sence of perineural invasion, which is a chief factor causing post-
operative recurrence [5]. However, the pathological and molecular
mechanism of pancreatic cancer remain uncharacterized, and the un-
derstanding of which will help in the development of novel targeted
therapies for pancreatic cancer.

Circular RNAs (circRNAs) are a class of non-coding RNA (ncRNA)
without the 3’ and 5’ ends [6]. The 3’ and 5’ ends of circRNAs join

together to form a covalently closed loop through backsplicing [7].
Such structure makes circRNAs show profound resistance to exonu-
clease-mediated degradation and more stability [8]. In the last few
years, circRNAs have been widely discussed in the development of
human diseases, including human cancers [9]. A growing body of evi-
dence shows that circRNAs serve important regulators in tumorigenesis,
and may be potential tumor targets [10]. Nevertheless, the biological
functions of circRNAs are just beginning to be elucidated. circ-
LDLRAD3 (hsa_circ_0006988) is of interest as a recent study showed
their implication in pancreatic cancer [11]. However, the contribution
of circ-LDLRAD3 to the progression of pancreatic cancer is still un-
characterized.

In comparison to circRNAs, microRNAs (miRNAs), 21-nucleotide-
long ncRNAs, are the most extensively studied ncRNAs in human can-
cers [12]. miRNAs have been proposed to function as tumor suppressors
or oncogenes in human cancers [13]. miRNAs are able to bind to the 3’
untranslated regions of messenger RNA (mRNA) and then inhibit the
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Fig. 1. Characterization of circ-LDLRAD3 in pancreatic cancer. (A) Evaluation of circ-LDLRAD3 and LDLRAD3 expression by RT-qPCR in PANC-1 and SW1990 cells
following treatment with RNase R. (B) Evaluation of circ-LDLRAD3 and LDLRAD3 expression by RT-qPCR in SW1990 cells following treatment with actinomycin D.
(C) RT-qPCR analysis of circ-LDLRAD3 expression in pancreatic cancer cell lines (BXPC-3, Hs 766T, CFPAC-1, PANC-1 and SW1990) and normal pancreatic duct
epithelial cell line (HPDE). (D) RT-qPCR analysis of circ-LDLRAD3 expression in pancreatic cancer tissues and their adjacent non-cancerous tissues. (E) Kaplan-Meier
survival analysis revealed that increased expression of circ-LDLRAD3 was indicative of poor prognosis in patients with pancreatic cancer. *P < 0.05; **P < 0.01;

***p < 0.001.

translation or promote the degradation of mRNA, finally repressing the
expression of mRNA in a diverse range of biological functions [14].
Notably, a recently discovered mechanism for mRNA escape suggests
that based on target sites acting as competing endogenous RNA
(ceRNA) or miRNA sponge, circRNA with miRNA binding sites might
sequester away the miRNA from its target mRNAs [15]. However,
whether circ-LDLRAD3 functions as a miRNA sponge to regulate the
progression of pancreatic cancer have yet to be explored.

In this study, we predicted that circ-LDLRAD3 regulates pancreatic
cancer progression as miRNA sponges. We further explored the mole-
cular mechanism of circ-LDLRAD3 in pancreatic cancer, and identified
that circ-LDLRAD3 promoted cell proliferation and metastases as a
ceRNA to target pleiotrophin (PTN) by sponging miR-137-3p in pan-
creatic cancer.

2. Materials and methods
2.1. Pancreatic cancer samples

A total of 38 pairs of tumor samples and corresponding adjacent
non-cancerous tissues (> 2cm away from the edge of tumor) were
obtained from pancreatic cancer patients who underwent surgical re-
section of primary tumor at Cancer Institute, The First Affiliated
Hospital, and College of Clinical Medicine of Henan University of
Science and Technology. Fifteen tumors located in the head of pan-
creas. Twenty-three tumors located in the body and tail of pancreas.
There were 11 tumors larger than 4 cm in diameter. There were 27
tumors less than 4cm in diameter. All patients had not received
neoadjuvant treatment, and their permissions were acquired before
surgery. All procedures in the patients were approved by the ethics

committee of The First Affiliated Hospital, and College of Clinical
Medicine of Henan University of Science and Technology.

2.2. Cell culture

Human pancreatic cancer cell lines (SW1990, BXPC-3, Hs 766T,
CFPAC-1 and PANC-1) and normal pancreatic duct epithelial cell line
(HPDE) were proceeded from American Type Culture Collection (ATCC,
Manassas, VA, USA) and grown in DMEM medium (Solarbio, Beijing,
China) with 10% fetal bovine serum (FBS; Solarbio) and 1% strepto-
mycin/penicillin (Solarbio) under 5% C0O,/95% air 37 °C.

2.3. Actinomycin D treatment

SW1990 cells were seeded in a 24-well plate and exposed to acti-
nomycin D (2 pg/ml; Sigma-Aldrich, St Louis, MO) for 0, 4, 8, 12 and
24 h. After treatment, SW1990 cells were collected and tested for circ-
LDLRAD3 and LDLRAD3 expression using quantitative reverse tran-
scriptase polymerase chain reaction (RT-qPCR).

2.4. Cell transfection

sh-circ-LDLRAD3, sh-NC, miR-137-3p mimic and mimic NC were
designed and synthesized by GenePharma (Shanghai, China). To over-
express circ-LDLRAD3, we introduced the full sequence of circ-
LDLRAD3 into pcDNA-3.1 vectors to generate the recombinant plasmid
of pcDNA-circ-LDLRAD3. These plasmids were transfected into PANC-1
and SW1990 cells using Lipofectamine™ 2000 (Invitrogen, Carlsbad,
CA) per manufacturer's instructions.
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Fig. 2. Knockdown of circ-LDLRAD3 inhibits proliferation, migration and invasion of pancreatic cancer in vitro. PANC-1 and SW1990 cells were transfected with sh-
circ-LDLRAD3A or sh-NC. (A and B) RT-qPCR showing circ-LDLRAD3 downregulation in PANC-1 and SW1990 cells after sh-circ-LDLRAD3A transfection. (C and D)
CCK-8 assay showing inhibition of cell viability in PANC-1 and SW1990 cells after sh-circ-LDLRAD3A transfection. (E and F) EAU assay showing that suppression of
cell proliferation in PANC-1 and SW1990 cells after sh-circ-LDLRAD3A transfection. (H and G) Wound-healing assay showing inhibition of cell migration in PANC-1
and SW1990 cells after sh-circ-LDLRAD3A transfection. (I and J) Transwell invasion assay showing inhibition of cell invasion in PANC-1 and SW1990 cells after sh-

circ-LDLRAD3A transfection. **P < 0.01;

2.5. Detection of cell proliferation

The proliferation of PANC-1 and SW1990 cells was evaluated using
cell count kit-8 (CCK-8; Solarbio) assay and 5-ethynyl-2’-deoxyuridine
(EdU; Beyotime, Shanghai, China) assay.

For CCK-8 assay, PANC-1 and SW1990 cells were digested and
seeded into 96-well plates after transfection. After incubation for in-
dicated times (24 h, 48h or 72h), the cells were treated with CCK-8
reagent for 2 h. The absorbance of each well at 450 nm was determined
using a microplate reader.

For EdU assay, PANC-1 and SW1990 cells were subjected to trans-
fection and then cultured for 48 h. After 2 h of incubation with EdU, the
cells were fixed with 4% formaldehyde, washed with PBS, and per-
meated with P0097 solution. After staining with Hoechst 33342, the
number of EAU staining cells were counted under a fluorescence mi-
Croscopy.

2.6. Wound-healing assay

PANC-1 and SW1990 cells were seeded into 6-well plates. After
transfection, confluent cells were scraped with a 20 ul pipette tip to
create an artificial wound, and washed with PBS to remove the cell
debris. After 24h of incubation in serum-free medium, the wound
widths were measured using a phase-contrast microscope (Olympus
Corporation, Tokyo, Japan) integrated with Image J software (NIH
Image, Bethesda, MD, USA).

2.7. Transwell invasion assay

After transfection, PANC-1 and SW1990 cells were incubated in
serum-free medium overnight, while the underside of the transwell
chamber (Corning, Steuben County, New York, USA) was coated with
Matrigel (Franklin Lakes, NJ, USA). DMEM medium with 10% FBS was
added into the lower chamber, and cells in serum-free medium were
placed into the upside of the transwell membrane. After 24h of
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incubation at 37 °C, the cells were washed with PBS, fixed with for-
maldehyde and permeated with methanol. Following this, the cells
were stained with 0.5% crystal violet at room temperature for 15 min.
Non-invasive cells were scraped off using cotton swabs and invasive
cells were counted under a light microscope.

2.8. Luciferase reporter assay

circ-LDLRAD3 sequence containing the miR-137-3p binding sites
were fused into luciferase reporter vector (WT-circ-LDLRAD3), mean-
while, site-directed mutagenesis of the miR-137-3p binding sites in circ-
LDLRAD3 sequence was also introduced into luciferase reporter vector
(MUT-circ-LDLRAD3). PANC-1 and SW1990 cells were co-transfected
with miR-137-3p mimic or mimic NC together with WT-circ-LDLRAD3
or MUT-circ-LDLRAD3 using Lipofectamine™ 2000. The luciferase ac-
tivity was determined 24h post transfection using Dual-Luciferase
Reporter System (Promega, Madison, WI, USA) as directed by the
manufacturer.

2.9. Western blot

PANC-1 and SW1990 cells were lysed with RIPA lysis buffer. Total
proteins were loaded onto a 14% sodium dodecyl sulfate-

polyacrylamide gel and then transferred onto polyvinylidene fluoride
membranes. The membranes were probed with anti-PTN or anti-
GAPDH antibody (Boster, Wuhan, China) overnight at 4°C after
blocking with 5% skim milk. Afterwards, membranes were im-
munoblotted with secondary antibodies (Boster) at room temperature
for 1 h. Immunochemical detection was performed using chemilumi-
nescence (Boster) as directed by the manufacturer.

2.10. RT-gPCR

Total RNA from tissues and cells was prepared by using TRIzol re-
agent (Invitrogen) in keeping with the manufacturer's instructions. For
RNase R treatment, the extracted RNA was treated with/without RNase
R (3 U/ pg) for 20 min at 37 °C, followed by purification with an RNeasy
MinElute cleaning Kit (Qiagen, Valencia, CA). For miRNA analysis, total
RNA was converted into cDNA using a First-Strand ¢cDNA Synthesis Kit
(Takara, Dalian, China), followed by RT-qPCR analysis using SYBR
Premix Ex Taq™ kit (Takara). For the quantification of circ-LDLRAD3
and PTN, total RNA was used to determine the expression of circ-
LDLRAD3 and PTN using One Step TB Green™ PrimeScript™ RT-PCR Kit
(Takara). RT-qPCR was performed on iQ SYBR Green Supermix (Bio-
Rad, Hercules, CA, USA) with the following primers: circ-LDLRAD3 5’
primer (5’-CTT GCT GGA CCA GAG AAC-3’) and 3’ primer (5-CAT GAG
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Fig. 5. circ-LDLRAD3 regulates the expression of
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GTT GTT CCG CTT C-3’); PTN 5’ primer (5’-CCA TTT CCC TTC CGT
TCC-3’) and 3’ primer (5’-AGG TTG CTA CCG CTG AGT CC-3’); GAPDH
5’ primer (5’-GGG AAA CTG TGG CGT GAT-3’) and 3’ primer (5’-GAG
TGG GTG TCG CTG TTG A-3’); miR-137-3p 5’ primer (5’-ACA CTC ATT
ATT GCT TA-3’) and 3’ primer (5’-CTA CGC GTA TTG AGA GTA C-3%;
U6 5’ primer (5’-CTC GCT TCG GCA GCA CA-3’) and 3’ primer (5’-AAC
GCT TCA CGA ATT TGC GT-3’). GAPDH was regarded as a house-
keeping gene for circ-LDLRAD3 and PTN, whereas, U6 was employed as
an internal control for miR-137-3p. The 2724t method was applied to
evaluate the expression of circ-LDLRAD3, miR-137-3p and PTN.

2.11. In vivo study

Animal studies were performed in accordance with the guiding
principles of institutional animal ethics committee and with approval
by the animal care and use committees at The First Affiliated Hospital,
and College of Clinical Medicine of Henan University of Science and
Technology. SW1990 cells were stably transfected with sh-NC or sh-
circ-LDLRADS3. Afterwards, these cells were subcutaneously inoculated
into Balb/c-nude mice (Slac, Shanghai, China). Tumor size was mon-
itored weekly using calipers following inoculation of SW1990 cells ex-
pressing sh-NC or sh-circ-LDLRAD3. The tumor volumes were calcu-
lated according to the formula: volume = 0.5 x length x width? 5
weeks after inoculation, mice were euthanized, and the tumor weight
was measured.

2.12. Statistical analysis

The results were given as mean *+ standard deviation. Statistical
analyses were carried out using one-way analysis of variance or stu-
dent's t test with SPSS software (version 20.0; IBM, SPSS, Chicago, IL,
USA). Difference was defined as P < 0.05.

S

3. Results
3.1. Characterization of circ-LDLRAD3 in pancreatic cancer

There is no denying that circRNAs are characterized by the presence
of covalently linked ends. To identify the circular characteristics of circ-
LDLRAD3, we treated total RNA from pancreatic cancer cells (PANC-1
and SW1990) with RNase R for 30 min, and found that the expression of
LDLRAD3 mRNA but not circ-LDLRAD3 was markedly reduced fol-
lowing treatment with RNase R, providing strong evidence that circ-
LDLRADS is resistant to RNase R treatment (Fig. 1A). Also, we found
that the expression of LDLRAD3 in SW1990 cells was time-dependently
decreased following treatment with actinomycin D, while -circ-
LDLRAD3 was not (Fig. 1B). Additionally, a marked elevation of circ-
LDLRAD3 expression was discovered in pancreatic cancer cell lines
(BXPC-3, Hs 766T, CFPAC-1, PANC-1 and SW1990), especially in
PANC-1 and SW1990 cells, relative to HPDE cells (Fig. 1C). In line with
this, we found that circ-LDLRAD3 expression was strikingly increased in
pancreatic cancer tissues compared with that in their corresponding
adjacent non-cancerous tissues (Fig. 1D). Interestingly, pancreatic
cancer patients with high circ-LDLRAD3 expression had a poor overall
survival than patients with low circ-LDLRAD3 expression (Fig. 1E).

3.2. Knockdown of circ-LDLRAD3 inhibits proliferation, migration and
invasion of pancreatic cancer in vitro

In order to characterize the role of circ-LDLRAD3 in pancreatic
cancer, we knockdown circ-LDLRAD3 by sh-circ-LDLRAD3A in PANC-1
and SW1990 cells. The transfection efficiency was confirmed using RT-
qPCR. Compared with cells transfected with sh-NC, PANC-1 and
SW1990 cells transfected with sh-circ-LDLRAD3A exerted reduced ex-
pression of circ-LDLRAD3 (Fig. 2A and B). As determined by CCK-8
assay, knockdown of circ-LDLRAD3 inhibited the viability of PANC-1
and SW1990 cells (Fig. 2C and D). Meanwhile, the results of EAU assay
revealed that the percentage of EdU staining cells was markedly
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Fig. 6. Knockdown of circ-LDLRAD3 inhibits the growth of pancreatic cancer
xenograft tumor in vivo. A mouse model of pancreatic cancer was established by
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LDLRADS3. (A) Tumor volume was monitored and recorded every week. (B) At
the 5th week after inoculation, tumors were excised and weighed. *P < 0.05;
**p < 0.01.

reduced following transfection of sh-circ-LDLRAD3A (Fig. 2E and F).
Moreover, silencing of circ-LDLRAD3 obviously inhibited the migration
and invasion of PANC-1 cells, and similar results were observed in
SW1990 cells (Fig. 2H-J).

3.3. circ-LDLRAD3 functions as a sink for miR-137-3p

To identify the circ-LDLRAD3 target, we used a bioinformatics
search (starBase) to predict the putative miRNA target of circ-
LDLRAD3, and found that the sequence of circ-LDLRAD3 contains the
putative binding sites of miR-137-3p (Fig. 3A). Moreover, a negative
correlation between circ-LDLRAD3 and miR-137-3p expression was
seen in pancreatic cancer tissues (Fig. 3B). Also, knockdown of circ-
LDLRAD3 caused a marked increase in miR-137-3p expression. Con-
versely, overexpression of circ-LDLRAD3 led to reduced expression of
miR-137-3p in PANC-1 cells (Fig. 3C). While, the similar results were
found in SW1990 cells (Fig. 3D). To further confirm whether miR-137-
3p is a direct target of circ-LDLRAD3, luciferase reporter assay was
conducted in PANC-1 and SW1990 cells. Transfection of miR-137-3p
mimic but not mimic NC remarkably decreased the relative luciferase
activity of reporter containing WT-circ-LDLRAD3 in PANC-1 and
SW1990 cells. However, the relative luciferase activity of reporter
containing Mut-circ-LDLRAD3 in PANC-1 and SW1990 cells was un-
affected upon miR-137-3p mimic or mimic NC transfection (Fig. 3E and
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3.4. Overexpression of circ-LDLRAD3 mitigates the inhibition effect of miR-
137-3p on the biological behavior of pancreatic cancer cells

To investigate if circ-LDLRAD3-mediated growth promotion of
pancreatic cancer cells requires miR-137-3p, we co-transfected PANC-1
and SW1990 cells with miR-137-3p mimic or mimic NC and circ-
LDLRAD3 or Vector. Upregulation of miR-137-3p decreased the viabi-
lity of PANC-1 and SW1990 cells, and forced expression of circ-
LDLRAD3 mitigated the effect of miR-137-3p (Fig. 4A and B). Similarly,
overexpression of miR-137-3p in PANC-1 and SW1990 cells resulted in
inhibition of cell proliferation as evidenced by a reduced percentage of
EAU staining cells, which was blocked by circ-LDLRAD3 overexpression
(Fig. 4C and D). Simultaneously, upregulation of miR-137-3p repressed
the migration of PANC-1 and SW1990 cells, however, this repression
was partially reversed by circ-LDLRAD3 overexpression (Fig. 4E and F).
Furthermore, ectopic expression of miR-137-3p inhibited the invasion
of PANC-1 and SW1990 cells, while this action was abrogated by circ-
LDLRAD3 overexpression (Fig. 4G and H).

3.5. circ-LDLRAD3 regulates the expression of PTN via miR-137-3p

To determine whether circ-LDLRAD3 and miR-137-3p regulate the
expression of PTN, we transfected PANC-1 and SW1990 cells with circ-
LDLRAD3 alone or with miR-137-3p mimic. As detected by RT-qPCR,
overexpression of circ-LDLRAD3 markedly increased the expression of
PTN mRNA in PANC-1 and SW1990 cells, which was attenuated by
miR-137-3p overexpression (Fig. 5A and B). In line with this, the pro-
tein level of PTN was reduced in PANC-1 and SW1990 cells following
circ-LDLRAD3 overexpression, however, this change induced by circ-
LDLRAD3 overexpression was blocked by miR-137-3p overexpression
(Fig. 5C and D).

3.6. Knockdown of circ-LDLRAD3 inhibits the growth of pancreatic cancer
xenograft tumor in vivo

Given the tumor-promoting role of circ-LDLRAD3 in vitro, we fur-
ther explore whether circ-LDLRAD3 knockdown inhibits the growth of
pancreatic cancer in vivo. SW1990 cells stably expressing sh-NC or sh-
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circ-LDLRAD3 were subcutaneously inoculated into Balb/c-nude mice.
As expected, the volume of xenograft tumors from sh-circ-LDLRAD3-
expressing SW1990 cells was much lower than tumors from sh-NC-ex-
pressing SW1990 cells (Fig. 6A). Meanwhile, an obvious reduction in
tumor weight was noted following inoculation of SW1990 cells stably
expressing sh-circ-LDLRAD3 (Fig. 6B). Our data demonstrate that in-
creased circ-LDLRAD3 causes the upregulation of PTN by acting as a
miR-137-3p sponge, ensuing promoting the progression of pancreatic
cancer (Fig. 7).

4. Discussion

Discoveries of circRNAs open up new avenues for cancer biology
research, which is of important directive significance for targeting
therapy of cancer. The clinical importance of circRNAs in cancers has
been widely discussed. For instance, Li et al. using microarray to ex-
plored the expression profile of circRNAs in pancreatic ductal adeno-
carcinoma and found 351 differential expressed circRNAs (209 were
upregulated and 142 were downregulated) between pancreatic ductal
adenocarcinoma tissues and their paired non-cancerous tissues, pro-
viding novel insights into pancreatic ductal adenocarcinoma biology
[16]. Tumor stratification, on the basis of special circRNA expression
levels, could be utilized as diagnostic and prognostic biomarkers for
pancreatic cancer [17]. circRNA_100782 was found to be upregulated
in pancreatic ductal adenocarcinoma and silencing of circRNA_100782
repressed the proliferation of BxPC3 cells through miR-124/interleukin-
6 receptor/signal transducer and activator of transcription 3 pathway
[18]. Moreover, circ. 0007534 as an oncogene facilitated cell pro-
liferation, migration and invasion, and repressed cell apoptosis by
sponging miR-625 and miR-892b in pancreatic ductal adenocarcinoma
[19]. Additionally, functional studies in PANC1 cells revealed that
knockdown of circ_0030235 repressed cells proliferation, migration and
invasion, promoted cell apoptosis through sponging miR-1253 and miR-
1294 [17]. Besides, circZMYM2 sponged with miR-335-5p and pro-
moted the expression of jumonji domain containing protein 2C, ulti-
mately promoting the proliferation and invasion and inhibiting the
apoptosis of pancreatic cancer cells [20]. As described by Yang et al.,
circ-LDLRAD3, located at chr11:36248634-36248980, was upregulated
in pancreatic cancer, and tightly related with venous invasion and
lymphatic invasion [11]. Nevertheless, no functional studies have been
performed addressing the role of circ-LDLRAD3 in pancreatic cancer. In
this work, the upregulation of circ-LDLRAD3 was discovered in pan-
creatic cancer tissues and cell lines. Downregulation of circ-LDLRAD3
led to inhibition of cell proliferation, migration and invasion in PANC-1
and SW1990 cells in vitro, and repression of tumor growth in vivo, which
adds to the growing body of evidence implicating circRNA-mediated
regulation of cancer.

The classic role of circRNAs is to function as a sink for miRNA, as in
the case of hsa_circ_ 0006215 and ciRS-7 [21,22]. They reportedly in-
teract with miRNAs and serve as candidates for competing endogenous
RNAs, thereby upregulating the expression of their target genes. In our
experiments, the interaction between circ-LDLRAD3 and miR-137-3p
was predicted by StarBase software and identified by luciferase reporter
assay. Interestingly, aberrant function of miR-137 has been reported in
a host of cancers. miR-137 has been shown to be underexpressed in
pancreatic cancer and significantly associated with tumor size, tumor
node metastasis stage and worst prognosis, suggesting the prognostic
role of miR-137. Moreover, miR-137 acted as a tumor suppressor in
pancreatic cancer by targeting MORF4-related gene-binding protein
[23]. Functional experiments in AsPC-1 and PANC-1 cells revealed that
miR-137, through targeting KLF12-associated Wnt/B-catenin pathways,
suppressed pancreatic cancer cell stemness [24]. miR-137 was also
shown to sensitize PANC-1 cells to doxorubicin via inhibiting autop-
hagy resulting through inhibition of autophagy-related gene 5 [25]. In
addition, increased expression of miR-137 has been causally linked to
the proliferation and senescence of pancreatic cancer cells [26].
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However, the potential involvement of miR-137-3p in circ-LDLRAD3-
mediated growth regulation of pancreatic cancer cells has not been
characterized. Here, we provided evidence that miR-137-3p exerted an
inhibitory effect on pancreatic cancer cell proliferation, migration and
invasion, however, this effect could be mitigated by circ-LDLRAD3
overexpression, showing that circ-LDLRAD3 could play a crucial role in
pancreatic oncogenesis by targeting miR-137-3p.

As our previous study suggested that higher expression of PTN was
closely related with perineural invasion, large bloody ascites, liver
metastasis, and reduced survival time, demonstrating the prognostic
role of PTN in pancreatic cancer [27]. Upregulation of PTN was con-
sidered as a principal contributor to the perineural invasion of pan-
creatic cancer [28]. More importantly, PTN has been identified as a
target of miR-137. A recent study in hypertrophic scar fibroblasts also
found that there is a negative correlation between miR-137 and PTN in
hypertrophic scars. Overexpression of miR-137 repressed the pro-
liferation and metastasis of hypertrophic scar fibroblasts and this effect
was mediated by inhibiting PTN expression [29]. Additionally, miR-137
repressed the growth and metastasis of pancreatic cancer, and reduced
5-fluorouracil-induced cytotoxicity in PANC-1 and MIA PaCa-2 cells.
However, these actions could be rescued by knockdown of PTN, in-
dicating that miR-137 regulates pancreatic cancer progression by tar-
geting PTN [30]. As mentioned above, we speculated that circ-
LDLRAD3 might regulate pancreatic cancer progression through miR-
137-3p/PTN axis. Herein, we found that circ-LDLRAD3 negatively
controls the expression of PTN through miR-137-3p. This finding in-
dicated that circ-LDLRAD3 repressed pancreatic cancer progression as
ceRNA to target PTN expression by sponging miR-137-3p, representing
a new mechanism for pancreatic cancer.

In conclusion, our findings suggest that circ-LDLRAD3/miR-137-3p/
PTN axis is another regulator of pancreatic cancer cell proliferation and
metastasis. Elucidating the pathogenic role of circ-LDLRAD3 and its
underlying mechanism may provide a new potential therapeutic target
for the treatment of pancreatic cancer.

Declaration of competing interest
The authors declare that there are no conflicts of interest.
Acknowledgements

This research was supported by the National Natural Science
Foundation of China (No. 81572849).

References

[1] T. Kamisawa, L.D. Wood, T. Itoi, K. Takaori, Pancreatic cancer, Lancet 388 (10039)
(2016) 73-85, https://doi.org/10.1016/s0140-6736(16)00141-0.

[2] F. Marchesi, L. Piemonti, A. Mantovani, P. Allavena, Molecular mechanisms of

perineural invasion, a forgotten pathway of dissemination and metastasis, Cytokine

Growth Factor Rev. 21 (1) (2010) 77-82, https://doi.org/10.1016/j.cytogfr.2009.

11.001.

M. Ilic, L. Ilic, Epidemiology of pancreatic cancer, World J. Gastroenterol. 22 (44)

(2016) 9694-9705, https://doi.org/10.3748/wjg.v22.i44.9694.

[4] A. McGuigan, P. Kelly, R.C. Turkington, C. Jones, H.G. Coleman, R.S. McCain,
Pancreatic cancer: a review of clinical diagnosis, epidemiology, treatment and
outcomes, World J. Gastroenterol. 24 (43) (2018) 4846-4861, https://doi.org/10.
3748/wjg.v24.143.4846.

[5] LE. Demir, H. Friess, G.O. Ceyhan, Nerve-cancer interactions in the stromal biology
of pancreatic cancer, Front. Physiol. 3 (2012) 97, https://doi.org/10.3389/fphys.
2012.00097.

[6] S. Memczak, M. Jens, A. Elefsinioti, F. Torti, J. Krueger, A. Rybak, L. Maier,

S.D. Mackowiak, L.H. Gregersen, M. Munschauer, A. Loewer, U. Ziebold,

M. Landthaler, C. Kocks, F. le Noble, N. Rajewsky, Circular RNAs are a large class of
animal RNAs with regulatory potency, Nature 495 (7441) (2013) 333-338, https://
doi.org/10.1038/nature11928.

[7]1 S. Meng, H. Zhou, Z. Feng, Z. Xu, Y. Tang, P. Li, M. Wu, CircRNA: functions and
properties of a novel potential biomarker for cancer, Mol. Cancer 16 (1) (2017) 94,
https://doi.org/10.1186/512943-017-0663-2.

[8] F.R. Kulcheski, A.P. Christoff, R. Margis, Circular RNAs are miRNA sponges and can
be used as a new class of biomarker, J. Biotechnol. 238 (2016) 42-51, https://doi.

[3


https://doi.org/10.1016/s0140-6736(16)00141-0
https://doi.org/10.1016/j.cytogfr.2009.11.001
https://doi.org/10.1016/j.cytogfr.2009.11.001
https://doi.org/10.3748/wjg.v22.i44.9694
https://doi.org/10.3748/wjg.v24.i43.4846
https://doi.org/10.3748/wjg.v24.i43.4846
https://doi.org/10.3389/fphys.2012.00097
https://doi.org/10.3389/fphys.2012.00097
https://doi.org/10.1038/nature11928
https://doi.org/10.1038/nature11928
https://doi.org/10.1186/s12943-017-0663-2
https://doi.org/10.1016/j.jbiotec.2016.09.011

J. Yao, et al.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

org/10.1016/j.jbiotec.2016.09.011.

L.S. Kristensen, T.B. Hansen, M.T. Veno, J. Kjems, Circular RNAs in cancer: op-
portunities and challenges in the field, Oncogene 37 (5) (2018) 555-565, https://
doi.org/10.1038/0nc.2017.361.

J. Yu, Q.G. Xu, Z.G. Wang, Y. Yang, L. Zhang, J.Z. Ma, S.H. Sun, F. Yang, W.P. Zhou,
Circular RNA ¢SMARCAS inhibits growth and metastasis in hepatocellular carci-
noma, J. Hepatol. 68 (6) (2018) 1214-1227, https://doi.org/10.1016/].jhep.2018.
01.012.

F. Yang, D.Y. Liu, J.T. Guo, N. Ge, P. Zhu, X. Liu, S. Wang, G.X. Wang, S.Y. Sun,
Circular RNA circ-LDLRADS3 as a biomarker in diagnosis of pancreatic cancer, World
J. Gastroenterol. 23 (47) (2017) 8345-8354, https://doi.org/10.3748/wjg.v23.i47.
8345.

D.W. Thomson, M.E. Dinger, Endogenous microRNA sponges: evidence and con-
troversy, Nat. Rev. Genet. 17 (5) (2016) 272-283, https://doi.org/10.1038/nrg.
2016.20.

G. Di Leva, M. Garofalo, C.M. Croce, MicroRNAs in cancer, Annu. Rev. Pathol. 9
(2014) 287-314, https://doi.org/10.1146/annurev-pathol-012513-104715.

J. Krol, I. Loedige, W. Filipowicz, The widespread regulation of microRNA bio-
genesis, function and decay, Nat. Rev. Genet. 11 (9) (2010) 597-610, https://doi.
org/10.1038/nrg2843.

T.B. Hansen, T.I. Jensen, B.H. Clausen, J.B. Bramsen, B. Finsen, C.K. Damgaard,
J. Kjems, Natural RNA circles function as efficient microRNA sponges, Nature 495
(7441) (2013) 384-388, https://doi.org/10.1038/nature11993.

H. Li, X. Hao, H. Wang, Z. Liu, Y. He, M. Pu, H. Zhang, H. Yu, J. Duan, S. Qu,
Circular RNA expression profile of pancreatic ductal adenocarcinoma revealed by
microarray, Cell. Physiol. Biochem. 40 (6) (2016) 1334-1344, https://doi.org/10.
1159/000453186.

Y. Xu, Y. Yao, P. Gao, Y. Cui, Upregulated circular RNA circ_0030235 predicts
unfavorable prognosis in pancreatic ductal adenocarcinoma and facilitates cell
progression by sponging miR-1253 and miR-1294, Biochem. Biophys. Res.
Commun. 509 (1) (2019) 138-142, https://doi.org/10.1016/j.bbrc.2018.12.088.
G. Chen, Y. Shi, Y. Zhang, J. Sun, CircRNA_100782 regulates pancreatic carcinoma
proliferation through the IL6-STAT3 pathway, OncoTargets Ther. 10 (2017)
5783-5794, https://doi.org/10.2147/0tt.s150678.

L. Hao, W. Rong, L. Bai, H. Cui, S. Zhang, Y. Li, D. Chen, X. Meng, Upregulated
circular RNA circ_0007534 indicates an unfavorable prognosis in pancreatic ductal
adenocarcinoma and regulates cell proliferation, apoptosis, and invasion by
sponging miR-625 and miR-892b, J. Cell. Biochem. 120 (3) (2019) 3780-3789,

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Life Sciences 239 (2019) 116871

https://doi.org/10.1002/jcb.27658.

Y. An, H. Cai, Y. Zhang, S. Liu, Y. Duan, D. Sun, X. Chen, X. He, circZMYM2
competed endogenously with miR-335-5p to regulate JMJD2C in pancreatic cancer,
Cell. Physiol. Biochem. 51 (5) (2018) 2224-2236, https://doi.org/10.1159/
000495868.

P. Zhu, N. Ge, D. Liu, F. Yang, K. Zhang, J. Guo, X. Liu, S. Wang, G. Wang, S. Sun,
Preliminary investigation of the function of hsa_circ_ 0006215 in pancreatic cancer,
Oncol Lett 16 (1) (2018) 603-611, https://doi.org/10.3892/01.2018.8652.

L. Liu, F.B. Liu, M. Huang, K. Xie, Q.S. Xie, C.H. Liu, M.J. Shen, Q. Huang, Circular
RNA ciRS-7 promotes the proliferation and metastasis of pancreatic cancer by
regulating miR-7-mediated EGFR/STATS3 signaling pathway, Hepatobiliary
Pancreat. Dis. Int. (2019), https://doi.org/10.1016/j.hbpd.2019.03.003.

F. Ding, S. Zhang, S. Gao, J. Shang, Y. Li, N. Cui, Q. Zhao, MiR-137 functions as a
tumor suppressor in pancreatic cancer by targeting MRGBP, J. Cell. Biochem. 119
(6) (2018) 4799-4807, https://doi.org/10.1002/jcb.26676.

Z. He, X. Guo, S. Tian, C. Zhu, S. Chen, C. Yu, J. Jiang, C. Sun, MicroRNA-137
reduces stemness features of pancreatic cancer cells by targeting KLF12, J. Exp.
Clin. Cancer Res. 38 (1) (2019) 126, https://doi.org/10.1186/s13046-019-1105-3.
Z.C. Wang, F.Z. Huang, H.B. Xu, J.C. Sun, C.F. Wang, MicroRNA-137 inhibits au-
tophagy and chemosensitizes pancreatic cancer cells by targeting ATG5, Int. J.
Biochem. Cell Biol. 111 (2019) 63-71, https://doi.org/10.1016/j.biocel.2019.01.
020.

M. Neault, F.A. Mallette, S. Richard, miR-137 modulates a tumor suppressor net-
work-inducing senescence in pancreatic cancer cells, Cell Rep. 14 (8) (2016)
1966-1978, https://doi.org/10.1016/j.celrep.2016.01.068.

J. Yao, L.L. Zhang, X.M. Huang, W.Y. Li, S.G. Gao, Pleiotrophin and N-syndecan
promote perineural invasion and tumor progression in an orthotopic mouse model
of pancreatic cancer, World J. Gastroenterol. 23 (21) (2017) 3907-3914, https://
doi.org/10.3748/wjg.v23.i21.3907.

J. Yao, X.F. Hu, X.S. Feng, S.G. Gao, Pleiotrophin promotes perineural invasion in
pancreatic cancer, World J. Gastroenterol. 19 (39) (2013) 6555-6558, https://doi.
0rg/10.3748/wjg.v19.i39.6555.

Q. Zhang, B. Guo, Q. Hui, P. Chang, K. Tao, miR-137 inhibits proliferation and
metastasis of hypertrophic scar fibroblasts via targeting pleiotrophin, Cell. Physiol.
Biochem. 49 (3) (2018) 985-995, https://doi.org/10.1159/000493236.

J. Xiao, F. Peng, C. Yu, M. Wang, X. Li, Z. Li, J. Jiang, C. Sun, microRNA-137
modulates pancreatic cancer cells tumor growth, invasion and sensitivity to che-
motherapy, Int. J. Clin. Exp. Pathol. 7 (11) (2014) 7442-7450.


https://doi.org/10.1016/j.jbiotec.2016.09.011
https://doi.org/10.1038/onc.2017.361
https://doi.org/10.1038/onc.2017.361
https://doi.org/10.1016/j.jhep.2018.01.012
https://doi.org/10.1016/j.jhep.2018.01.012
https://doi.org/10.3748/wjg.v23.i47.8345
https://doi.org/10.3748/wjg.v23.i47.8345
https://doi.org/10.1038/nrg.2016.20
https://doi.org/10.1038/nrg.2016.20
https://doi.org/10.1146/annurev-pathol-012513-104715
https://doi.org/10.1038/nrg2843
https://doi.org/10.1038/nrg2843
https://doi.org/10.1038/nature11993
https://doi.org/10.1159/000453186
https://doi.org/10.1159/000453186
https://doi.org/10.1016/j.bbrc.2018.12.088
https://doi.org/10.2147/ott.s150678
https://doi.org/10.1002/jcb.27658
https://doi.org/10.1159/000495868
https://doi.org/10.1159/000495868
https://doi.org/10.3892/ol.2018.8652
https://doi.org/10.1016/j.hbpd.2019.03.003
https://doi.org/10.1002/jcb.26676
https://doi.org/10.1186/s13046-019-1105-3
https://doi.org/10.1016/j.biocel.2019.01.020
https://doi.org/10.1016/j.biocel.2019.01.020
https://doi.org/10.1016/j.celrep.2016.01.068
https://doi.org/10.3748/wjg.v23.i21.3907
https://doi.org/10.3748/wjg.v23.i21.3907
https://doi.org/10.3748/wjg.v19.i39.6555
https://doi.org/10.3748/wjg.v19.i39.6555
https://doi.org/10.1159/000493236
http://refhub.elsevier.com/S0024-3205(19)30798-2/sref30
http://refhub.elsevier.com/S0024-3205(19)30798-2/sref30
http://refhub.elsevier.com/S0024-3205(19)30798-2/sref30

	Downregulation of circular RNA circ-LDLRAD3 suppresses pancreatic cancer progression through miR-137-3p/PTN axis
	Introduction
	Materials and methods
	Pancreatic cancer samples
	Cell culture
	Actinomycin D treatment
	Cell transfection
	Detection of cell proliferation
	Wound-healing assay
	Transwell invasion assay
	Luciferase reporter assay
	Western blot
	RT-qPCR
	In vivo study
	Statistical analysis

	Results
	Characterization of circ-LDLRAD3 in pancreatic cancer
	Knockdown of circ-LDLRAD3 inhibits proliferation, migration and invasion of pancreatic cancer in vitro
	circ-LDLRAD3 functions as a sink for miR-137-3p
	Overexpression of circ-LDLRAD3 mitigates the inhibition effect of miR-137-3p on the biological behavior of pancreatic cancer cells
	circ-LDLRAD3 regulates the expression of PTN via miR-137-3p
	Knockdown of circ-LDLRAD3 inhibits the growth of pancreatic cancer xenograft tumor in vivo

	Discussion
	mk:H1_23
	Acknowledgements
	References




