
ARTICLE OPEN

Circular RNA hsa_circ_0001846 facilitates the malignant
behaviors of pancreatic cancer by sponging miR-204-3p
and upregulating KRAS expression
Xiaolei Ma1,6, Haocheng Zhang1,2,6, Luning Wang1,3,6, Mengxing Cheng1, Yanxin Jia1, Di Feng4, Yating Lei1, Xinyu Li1, Lina Ba1,
Na Song1, Xinxia Yang1, Lidan Bai1,5, Ruipu Zhang1,5, Wenxiao Xu1,5✉ and Guofen Qiao 1✉

© The Author(s) 2023

Pancreatic cancer (PC) is mainly derived from the exocrine pancreatic ductal epithelial cells, and it is strongly aggressive malignant
tumor. Due to its insidious onset and the lack of effective diagnostic biomarkers, PC currently remains one of the main causes of
cancer-related mortality worldwide. Recent studies have found that hsa_circ_0001846 is involved in the progression of multiple
cancers and has the potential to become biomarkers, but its function and mechanism in PC remains unclear. We found by qRT-PCR
experiments that hsa_circ_0001846 was upregulated in PC cells and tissues, while circBase, Sanger sequencing, agarose gel
electrophoresis and FISH experiments identified the splicing site, ring structure and cellular localization of hsa_circ_0001846.
Various functional experiments by using the construction of small interfering RNA targeting hsa_circ_0001846 and overexpression
plasmid demonstrated that hsa_circ_0001846 promoted the proliferation, migration and invasion of PC cells. Moreover, the tumor
weight and volume of nude mice were significantly reduced after the stable knockdown of hsa_circ_0001846. In the mechanism
exploration, RNA pull-down experiments and dual-luciferase experiments helped us to determine that hsa_circ_0001846 regulated
the KRAS expression by sponging miR-204-3p in PC, thus playing a pro-cancer role. In this study, the effect of miR-204-3p on PC was
also explored for the first time, and we found that knockdown of miR-204-3p reversed the tumor suppressive effect caused by
silencing hsa_circ_0001846, and silencing KRAS also rescued the pro-cancer effect caused by overexpression of hsa_circ_0001846.
In conclusion, our study revealed the pro-cancer role of hsa_circ_0001846 in PC, and for the first time identified the mechanism that
hsa_circ_0001846 regulated KRAS by sponging miR-204-3p to promote PC progression and had the potential to become a cancer
biomarker.
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INTRODUCTION
Pancreatic cancer (PC) can be caused by endocrine or exocrine
cells, is by far the most lethal pancreatic disease and its etiology is
usually associated with other pancreatic diseases [1]. Although its
5-year survival rate has increased to 10% in the past few years, PC
remains one of the deadliest types of human cancer [2]. PC kills
200,000 people worldwide each year, and the incidence of PC is
higher in developed countries than in developing countries [3]. At
present, surgery is the only means to cure PC. However, due to the
characteristics of hidden onset and rapid invasion of PC, 80% of
patients have entered the middle and late stage when they seek
medical treatment, only 15–20% of patients have indications for
surgery, and patients possibly still need to face the risk of
recurrence. For patients with local metastasis and systemic
metastasis, only systemic chemotherapy can be relied on to
prolong life. The early clinical chemotherapy regimen is gemcita-
bine (GEM) alone treatment [4]. In recent years, FOLFIRINOX

combination chemotherapy regimen with multiple drugs has
shown better efficacy [4]. However, chemotherapy is often less
effective because PC has acquired strong cellular protective
mechanisms that increase drug resistance [5]. All these factors
make the early diagnosis of PC particularly important, which is a
major problem to be solved urgently in clinic. Although there have
been some diagnostic and therapeutic achievements in the fight
against PC, we still need to further explore the pathogenesis of PC
and potential therapeutic targets.
Circular RNA (CircRNA) is a class of non-coding RNA with a

closed ring structure, without 5’cap structure and 3’poly A tail,
which makes them more resistant to digestion of RNase R and
more stable than linear RNA. At the same time, they can resist the
toxicity of actinomycin D. CircRNAs are generated primarily by
reverse shearing, which can be mediated by complementary base
pairing of reverse repeating elements (such as Alu elements)
located in upstream and downstream introns, or by binding of
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RBPs or dimers to specific gene sequences of flanking introns
[6–10]. There is a competitive relationship between reverse
shearing and linear splicing [11]. According to different reverse
shearing methods, circRNAs are mainly divided into exon
circRNAs, exon-intron circRNAs, intron circRNAs and intergene
circRNAs. Exon circRNAs are mainly located in the cytoplasm,
exon-intron circRNAs and intron circRNAs are mainly located in
the nucleus. During the study, we found that compared with linear
RNAs, although the expression level of circRNAs was lower, they
still had higher abundance, diversity and specificity, and some
circRNAs even had opposite expression level with their homo-
logous linear RNAs in the same tissue or cell [12, 13]. This suggests
that circRNAs may have a function of their own.
Current research has found that circRNAs mainly act as

regulatory molecules in cells. Existing studies have shown that
different expression circRNAs (DECs) can act as oncogenes or
tumor suppressors to regulate the proliferation, migration,
invasion, metastasis, apoptosis and cell cycle of PC. These
functions are related to a variety of mechanisms, including
miRNAs sponge activity, regulation of cancer-related signaling
pathways, and protein interactions [14]. The upregulated
circRNAs of ciRS-7, circFOXK2, hsa_circ_0007534, hsa_-
circ_100782, circBFAR and circASH2L in PC can sponge miRNAs
regulate the expression of downstream related cancer genes to
enhance the proliferation and invasion of PC [15–20]. More
significantly, some DECs can sponge multiple downstream
miRNAs simultaneously, such as circRHOT1, which can simulta-
neously act as a sponge for miR-26b, miR-125a, miR-330, and miR-
382, affecting various cancer-related pathways in PC [21].
CircRNAs plays an important regulatory role in the occurrence
and development of PC, and is likely to be used as a biomarker for
early diagnosis, filling the gap in the lack of reliable and effective
early diagnosis of PC, which is of great significance for improving
the overall survival rate. PC is a molecular heterogeneous disease,
and the oncogenic gene KRAS is a powerful driver of tumor
initiation and maintenance. KRAS is usually mutated in PC, and
the inactivation mutations of tumor suppressor genes such as
CDKN2A/p16, TP53, and SMAD4 act synergistically with KRAS
mutations to promote the occurrence and development of PC
[22]. Activating KRAS and mutating it were found in about 92% of
pancreatic ductal adenocarcinoma (PDAC) and it was a decisive
genetic trait for PDAC progression [23]. Although the changes of
core genes in the pathogenesis of PC have been well
documented, their contribution to the pathogenesis of PC
remains to be further explored at the molecular level.
In this study, we found that the hsa_circ_0001846 derived from

ubiquitin-associated protein 2 (UBAP2) was highly expressed in PC
tissues and cell lines, meanwhile a variety of biological function
experiments showed that hsa_circ_0001846 knockdown inhibited
the proliferation, invasion and migration abilities of PC to a certain
extent, and slowed down the growth of tumor in vivo. Hsa_-
circ_0001846 affected the binding of miR-204-3p to KRAS by
sponging miR-204-3p, while upregulated the expression level of
KRAS in the cytoplasm. Meanwhile, KRAS inhibitor canceled the
carcinogenic effect of hsa_circ_0001846. These results indicate
that hsa_circ_0001846 can promote the progression of PC
through miR-204-3p/KRAS pathway, suggesting that hsa_-
circ_0001846 may be a potential biomarker for clinical diagnosis
and treatment of PC.

RESULTS
Characterization and expression patterns of
hsa_circ_0001846 in PC
To differentiate it from the linear RNA, excluding its effects on the
experiments, we have analyzed and verified the structure and
properties of hsa_circ_0001846 by querying the circBase software,
found that hsa_circ_0001846 originated from the exons 11, 12, 13,

and 14 of ubiquitin-associated protein 2 (UBAP2) gene (chr
9:33944362-33956144). The mature sequence was 747 bp and its
reverse shear site (TAAGCTTT) was identified by Sanger sequen-
cing (Fig. 1A). Next, we designed qRT-PCR primers and convergent
and divergent primers based on the gene sequence of
hsa_circ_0001846. The agarose gel electrophoresis experiment
showed that successful amplification of hsa_circ_0001846 was
only possible by using divergent primers in the cDNA libraries (Fig.
1B). The qRT-PCR results showed that hsa_circ_0001846 was
significantly upregulated in various PC cell lines compared to
HPDE cells (Fig. 1C). At the same time, we collected 25 pairs of PC
tissues, and qRT-PCR results showed that hsa_circ_0001846 had
higher expression in cancer tissues than the matched adjacent
tissues (Fig. 1D). Moreover, the FISH results indicated that
hsa_circ_0001846 was mainly distributed in the cytoplasm of PC
cells (Fig. 1E). The above results demonstrated that the UBAP2
gene-derived hsa_circ_0001846 was significantly enriched and
stably presented in PC tissues and cytoplasm.

Hsa_circ_0001846 promotes tumor invasion, proliferation and
migration in PC
Combining the above results, we suspected that hsa_-
circ_0001846 may play a key role in the malignant progression
of PC. Therefore, we investigated the effects in vitro and vivo of
hsa_circ_0001846 on migration, proliferation and invasion of PC
cells. Firstly, we designed and synthesized three small interfering
RNAs (siRNAs) targeting the reverse shear site of hsa_-
circ_0001846, and verified their silencing efficiency in PANC-1
and AsPC-1 cells. The qRT-PCR results indicated that three siRNAs
partially silenced hsa_circ_0001846, but siRNA-3 was most
efficiently silenced in PANC-1 and AsPC-1 cells, so we chose
siRNA-3 for the following studys (Fig. 2A, B). We silenced
hsa_circ_0001846 and performed functional studies in two PC
cell lines (PANC-1 and AsPC-1). First, scratch experiments showed
that silencing hsa_circ_0001846 caused a significant weakeness in
the migration ability of PC cells compared to the NC group (Fig.
2C, D). CCK-8 and EdU experiments also demonstrated that the
proliferation of PC cells was inhibited after transfecting si-
hsa_circ_0001846 (Fig. 2E–H). We also simulated the cell invasion
process by transwell experiment with matrix glue to proved that
silencing hsa_circ_0001846 reduced the number of cells passing
through the chamber micropores and decreased the invasion
ability of PANC-1 and AsPC-1 cells (Fig. 2I, J).
On the contrary, to more strongly prove the role of

hsa_circ_0001846 on the biological functions of PC cell lines, we
constructed the overexpression vector pCE-RB-Mam-EGFP-hsa_-
circ_0001846 and verified the overexpression efficiency with qRT-
PCR (Fig. 3A). The scratch assay showed that the overexpression of
hsa_circ_000184 promoted the migration of PC cell lines (Fig. 3B,
C). Meanwhile, CCK-8, EdU and Transwell experiments also
demonstrated that overexpression of hsa_circ_0001846 promoted
cell proliferation and invasion (Fig. 3D–I). Next, PANC-1 cell line
with stable knockout of hsa_circ_0001846 was constructed in
order to explore whether hsa_circ_0001846 affected the growth of
PC cells in vivo (Fig. 3J). We resuspended sh-PANC-1 and sh-NC
cells with matrix gel and injected them into the subcutaneous
tissue of nude mice to construct nude mouse xenograft models
(Fig. 3L). Four weeks later, nude mice were sacrificed, meanwhile
we collected and measured the tumor tissues. We observed that
the volume and weight of xenografts from sh-hsa_circ_0001846
cells were significantly smaller and lighter compared with sh-NC
(Fig. 3K, M, N).

Hsa_circ_0001846 is a sponge for miR-204-3p
Through the above in vivo and vitro functional experiments, we
determined that hsa_circ_0001846 has a promoting effect on PC
deterioration. To further clarify how hsa_circ_0001846 regulates PC
progression, we performed mechanistic studies. Previous more
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studies have reported that circRNA mainly acts as a sponge of
miRNAs to regulate the expression of the corresponding down-
stream target proteins. The miRNAs target prediction softwares,
including Circinteractome, Starbase and Circbank, were used to
predict the potential targeting miRNAs of hsa_circ_0001846. We also
performed the RNA pulldown assay by designing a specific biotin
probe for hsa_circ_0001846. The regulatory effect of hsa_-
circ_0001846 on the candidate miRNAs was explored. The results
showed that miR-204-3p was significantly accessible to be catched
by hsa_circ_0001846 than the other candidate miRNAs (Fig. 4A, B).
Subsequently, we mutated the site of
hsa_circ_0001846 bound to miR-204-3p to performed dual-
luciferase reporter assay and found that miR-204-3p mimic
significantly reduced the luciferase activity of WT-
hsa_circ_0001846 vector, while the luciferase activity of Mut-
hsa_circ_0001846 vector did not change (Fig. 4C, D). Meanwhile,
qRT-PCR results indicated that silencing hsa_circ_0001846 upregu-
lated the expression level of miR-204-3p in PANC-1 (Fig. 4E). The
above experimental results proved that there are binding and
regulatory relationships between hsa_circ_0001846 and miR-204-3p.

The effect of miR-204-3p on the biological function of PC cells
is the opposite of hsa_circ_0001846
Since the role of miR-204-3p in PC has been rarely explored, its
functions were further investigated in the PANC-1 and AsPC-1 cell
lines. Wound-healing assay showed that transfection of miR-204-
3p mimic in cells inhibited the migratory capacity of PC cells (Fig.
5A), while an inhibitor of miR-204-3p promoted cell migration (Fig.
5B). The same results were shown in other functional experiments,
CCK-8 and EdU experiments showed that miR-204-3p mimic
inhibited the proliferation capacity of cells, while miR-204-3p
inhibitor promoted cell proliferation (Fig. 5C–F). Transwell experi-
ment demonstrated that treatment of cells with miR-204-3p mimic

inhibited cell invasion, while the miR-204-3p inhibitor promoted
cell invasion (Fig. 5G, H). These results indicated that in contrast to
hsa_circ_0001846, miR-204-3p inhibited the proliferation, migra-
tion and invasion of PC cells.

MiR-204-3p inhibitor reverses the effects of si-hsa_circ_0001846
on proliferation, migration, and invasion in PC cells
To further demonstrate that hsa_circ_0001846 regulated PC
progression by sponging miR-204-3p, we co-transfected si-
hsa_circ_0001846 and miR-204-3p inhibitor in PANC-1 cells.
Functional experiments showed that compared with the NC
group, silencing hsa_circ_0001846 attenuated the migration,
proliferation and invasion abilities of PANC-1 cells, while miR-
204-3p inhibitor enhanced these abilities. At the same time,
compared with si-hsa_circ_0001846 group, the migration, pro-
liferation and invasion abilities of PANC-1 cells were saved by
transfecting miR-204-3p inhibitor (Fig. 6A–D). The above results
indicated that miR-204-3p is a key acting molecule downstream of
hsa_circ_0001846.

The hsa_circ_0001846 exerts its carcinogenesis effects by
indirectly regulating the expression level of KRAS by miR-204-3p
A large number of previous studies have confirmed that KRAS is
one of the oncogenes involved in PC progression. We used the
bioinformatics websites of miRDB, miRDIP, miRWALK and TargetS-
can to analyze the sequence of miR-204-3p and KRAS and found a
binding relationship between them (Fig. 7A). Therefore, we
mutated the binding site of miR-204-3p and KRAS, constructed
the Mut-KRAS/WT-KRAS plasmid and performed dual-luciferase
experiment, which showed that HEK293T cells with co-transfected
WT-KRAS and miR-204-3p mimic significantly reduced the lucifer-
ase activity, while Mut-KRAS and miR-204-3p mimic did not
significantly change the luciferase activity in the cells (Fig. 7B, C).

Fig. 1 Characterization and expression patterns of hsa_circ_0001846 in PC. A The schematic illustration of the gene origin of
hsa_circ_0001846 was made according to circBase, and the reverse slicing site of hsa_circ_0001846 was verified by Sanger sequencing.
B β–actin was used as a control group, divergent and convergent primers were constructed for agarose gel electrophoresis experiments to
verify the reverse slicing site and ring structure of hsa_circ_0001846. C qRT-PCR experiments were used to analyze the differential expression
of hsa_circ_0001846 in five PC cell lines and HPDE cells. D The expression level of hsa_circ_0001846 was analyzed by qRT-PCR in 25 pairs of PC
tissues. E The location of hsa_circ_0001846 in the PC cells was identified by FISH experiment at a Confocal Laser Scanning Microscope. All data
are shown as the mean ± SD of at least three independent experiments. **p < 0.01, ***p < 0.001.
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Although we found that miR-204-3p inhibitor did not significantly
increase the mRNA level of KRAS, the western blot results showed
that it was able to increase the protein expression level of KRAS,
suggesting that miR-204-3p may primarily affect the post-
transcriptional level of KRAS (Fig. 7D, E). Simultaneously, silencing
hsa_circ_0001846 inhibited KRAS expression, and miR-204-3p
inhibitor antagonized this effect (Fig. 7F–H). Functionality experi-
ments also showed that silencing KRAS can reverse the cancer-
promoting effect caused by overexpression of hsa_circ_0001846
(Fig. 8A–D).
The above results indicated that KRAS is a downstream target of

miR-204-3p, and hsa_circ_0001846 indirectly regulated KRAS
expression by sponging miR-204-3p, thus exerting its cancer-
promoting effect.

DISCUSSION
Compared to other cancers, PC has a very poor prognosis, with only
24% of patients surviving one year after diagnosis and only 9%
surviving five years. In early stages, PC usually has no symptoms [24].
As the tumor progresses, it gradually exhibits non-specific
symptoms, including jaundice, light-colored stools, abdominal pain,
weight loss and fatigue, which makes PC become one of the most
misdiagnosed and missed diseases [25]. Up to now, there are several
diagnostic and staging criteria tools available, such as pancreatic CT
[26, 27], MRI, endoscopic ultrasound guided fine needle aspirin as
well as cytological diagnostic techniques with sensitivity up to 80%
[24, 28]. In symptomatic patients, blood levels of cancer antigen 19-9
assisted diagnosis and predicted postoperative prognosis and
recurrence [29], but it was not PC-specific and don’t be used as a

Fig. 2 Silencing hsa_circ_0001846 can inhibite biological function of PC cell lines. A, B Detecting the silencing efficiency of siRNAs in AsPC-1
and PANC-1 by qRT-PCR. C–F Transfecting si-hsa_circ_0001846 and si-NC in PANC-1 and AsPC-1 to generate wound healing and CCK-8
experiments to explore the cell migration and proliferation abilities. G–J Transfected PANC-1 or AsPC-1 cells by si-hsa_circ_0001846 or si-NC were
used to conduct EdU and Transwell experiments to explore the proliferation and invasion abilities. All data are shown as the mean ± SD of at least
three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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biomarker for PC prevention and early screening [30]. Therefore, in
the face of this situation, this study aims to find biomarkers that can
be used as an individual screening tool for asymptomatic patients,
so as to achieve early prevention and treatment of PC and improve
the survival rate.

Numerous studies have confirmed that circRNAs play an
important role in a variety of cancers. CircRNAs are generated by
reverse shearing of their original genes, so they are functionally
similar to the original genes. Previous studies have shown that
UBAP2 contains a ubiquitin-associated (UBA) domain and damages

Fig. 3 Hsa_circ_0001846 promotes invasion, proliferation and migration of PC cells in vivo and vitro. A Establishing overexpression
plasmid of hsa_circ_0001846 and detecting the plasmid efficiency in PANC-1 by qRT-PCR. B–I Transfecting pCE-RB-Mam-EGFP-
hsa_circ_0001846 and vector to generate wound-healing experiment (B, C), CCK-8 (D, E), Transwell (F, G) and EdU (H, I) in PANC-1 and
AsPC-1. J Knocking out hsa_circ_0001846 in PANC-1 cells and amplifing by qRT-PCR. K Tumor weight of xenograft after knockdown of
hsa_circ_0001846 compared with sh-NC. L, M Sh-NC and sh-hsa_circ_0001846 cells were subcutaneously injected into nude mice to establish
the xenograft mode. N After successful modeling, the subcutaneous tumor volume was measured weekly. All data are shown as the
mean ± SD of at least three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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the structure and function of target proteins [31, 32]. UBAP2 was
highly expressed in PC and involved in regulating the cancer
progression [33–35]. Hsa_circ_0001846 originated from the UBAP2,
so we put forward whether it can also affects the development of
the PC. Subsequently, we found that hsa_circ_0001846 was highly
expressed in cell lines and tissues of PC, and functional experiments
in vivo and vitro indicated that hsa_circ_0001846 promoted the
proliferation, invasion and migration of PC.
In 2013, ciRS-7 was first reported to directly bind and adsorb

miR-7 in a sequence-specific manner and indirectly up-regulate the
expression of downstream target genes of miR-7 [36]. Since then,
competitive endogenous mechanism has become the most widely
studied involvement mechanism of circRNAs. Previous studies also
indicated that circRNAs play a role through different mechanisms
depending on their location in cells. Therefore, we found that
hsa_circ_0001846 was located in cytoplasm by FISH experiment.
This suggested that it was involved in sponge mechanisms or
directly binding proteins to regulate downstream oncogene
targets. The use of multiple databases about cancer and circRNAs
has made the process of predicting downstream targeted genes
for circRNAs more efficient, faster, and scientific. We predicted the

potential miRNAs that cound bind to hsa_circ_0001846 through
the multiple databases including Starbase, Circbank and CircRNA
Interactome. After comprehensive analysis, it was concluded that
hsa_circ_0001846 may interact with 9 miRNAs. The potential
binding compounds were screened and verified by RNA pulldown
and Dual-luciferase experiments. The results showed that miR-204-
3p was significantly enriched by hsa_circ_0001846 in PANC-1 and
AsPC-1 cells. In view that the effects of miR-204-3p on PC have
rarely been independently studied, we constructed its mimic and
inhibitor for functional gain and loss experiments. The results
demonstrated that, in contrast to hsa_circ_0001846, miR-204-3p
had inhibitory effects on the malignant behavior of PC cells.
Moreover, inhibition of miR-204-3p canceled the antitumor effect
caused by silencing hsa_circ_0001846. This proved that miR-204-
3p was the main target for hsa_circ_0001846 to play a role in PC.
It is well known that the activating mutations of small GTPases,

such as KRAS, near universal in PC and critical for pathogenesis
[37]. UBAP2 has been reported to inhibit the activation of KRAS
and thus the growth of PC [35]. As UBAP2 is the original gene of
hsa_circ_0001846, we speculated that it may also have a regulatory
effect on KRAS. Database target prediction and double fluorescin

Fig. 4 Hsa_circ_0001846 acts as a sponge for miR-204-3p. A, B Candidate microRNAs were pulled down and enriched with
hsa_circ_0001846 probe and then detected by qRT-PCR. C The prediction for miR-204-3p binding sites on hsa_circ_0001846 transcript.
D The luciferase activities of the hsa_circ_0001846 luciferase reporter vector (WT or Mut) in HEK293T cells transfected with miR-204-3p mimic
or mimic NC. E The expression level of miR-204-3p in PANC-1 cells transfected with si-hsa_circ_0001846 by qRT-PCR. All data are shown as the
mean ± SD of at least three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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assay confirmed the binding relationship between KRAS and miR-
204-3p, further qRT-PCR and western blot experiments indicated
that miR-204-3p only affected the post-transcriptional level of
KRAS, but had no regulatory effect on its mRNA. At the same time,
we found that miR-204-3p inhibitor cancel the inhibition effect of
silencing hsa_circ_0001846 on KRAS, and knockout of KRAS
reversed the cancer-promoting effect caused by overexpression
of hsa_circ_0001846. Therefore, our results showed that hsa_-
circ_0001846 binded to miR-204-3p, releasing the inhibition of
miR-204-3p on KRAS and promoting the progression of PC.
CircRNAs are considered to have the potential of clinical
biomarkers because they are not only stable in the blood, but
also function in body fluids and exosomes after being released by
cells [38], facilitating clinical sampling and detection. Therefore, our
investigation confirmed the potential of hsa_circ_0001846 as a PC-
specific clinical biomarker, providing more options and theoretical
basis for exploring the diagnosis and treatment targets of PC.

MATERIALS AND METHODS
Clinical tissure
25 pairs of fresh frozen PC and adjacent nontumorous tissues were
acquired from the Harbin Medical University Cancer Hospital (Harbin,
China). All the patients had not undergone chemotherapy, radiotherapy, or
immunotherapy before surgery. All clinicopathological diagnoses were
confirmed by two pathologists. This study was approved by the Ethics
Committee of Harbin Medical University (IRB3002720).

RNA extraction, reverse transcription, and quantitative real-
time PCR analysis (qRT-PCR)
The cells were cultured in 12-well plates and the tissue was frozen with
liquid nitrogen and then ground with a Motor-Driven Tissue Grinder

Using Trizol reagent (Invitrogen, California USA) extract Total RNA from
PC cell lines and tissues. Then the extracted RNA was reverse-transcribed
on the T100 Thermal Cycler (BIO-RAD, California USA) using Prime Script
RT reagent Kit (Toyobo, Osaka Japan) to obtain single-stranded cDNA.
Finally, refer to the manufacturer’s instructions, quantitative PCR analysis
was performed using the SYBR Green Mix kit (TaKaRa, Dalian, China) to
obtain the expression levels of relevant RNAs. The process was
performed on an ABI 7500 Real-Time PCR system (Applied Biosystems,
California USA), and β-actin were used as internal parameters, the
relative folding changes of miRNAs, circRNAs and mRNAs were
calculated by 2−△△CT.

Western blot
Cultivating PANC-1 or AsPC-1 cells in the six-well plates and extracting
total protein with RIPA lysis buffer (Beyotime, Shanghai, China). After
ultrasonic treatment with cell lysates for three times (5min each time), the
cell lysates were treated with BCA Protein Analysis Kit (Beyotime, China),
and protein concentration was detected by enzyme-labeled instrument
(Molecular Devices, California, USA). Proteins were used to SDS-page and
transferred to nitrocellulose filter membrane (Pall Corporation, New York,
USA), blocked with milk for 1 h and incubated overnight with primary
antibody at 4 °C. On the second day, PBST was used to clean it for three
times, each time for 10min, and then incubated with secondary antibody
for 40min. Finally, Odyssey infrared imaging instrument (LI-COR, New
Jersey, USA) was used to scan and analyze the membrane. Antibodies used
in this study include: anti-β-actin (1:20000, ABclonal, Wuhan, China), anti-
KRAS (1:1500, Cell Signaling Technology, Danvers, USA), secondary
antibody (800 R rabbit antibody, 1:10 000, LI-COR, New Jersey, USA).

Cell culture and transfection
PANC-1 and BxPC-3 cells were cultured in DMEM medium, AsPC-1 and
HPDE cells were cultured in RPMI-1640 medium, Capan-1 cells were
cultured in IMDM medium, and SW-1990 cells were cultured in L-15
medium. Every kind of medium was supplemented with 1% Penicillin-

Fig. 5 Functional experiments evaluate the abilities of miR-204-3p on proliferation, migration, and invasion of PC cells. A, B Cell
migratory capabilities was determined by wound-healing in PANC-1 cells transfected with miR-204-3p inhibitor or mimic. C, D Cell invasive
capabilities was determined by transwell invasion assays with matrigel in PANC-1 cells transfected with miR-204-3p inhibitor or mimic.
E–H EdU and CCK-8 assay were used to evaluate the proliferation ability of the PANC-1 cells transfected with miR-204-3p inhibitor or mimic. All
data are shown as the mean ± SD of at least three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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Streptomycin-Amphotericin B Solution and 10% fetal bovine serum. The
cells of PANC-1, AsPC-1, BxPC-3 and Capan-1 were cultured in an
incubator at 37 °C and 5% carbon dioxide, while the cell of SW-1990 was
cultured in an incubator at 37 °C and 100% air. The human PC cell lines
AsPC-1, BxPC-3, Capan-1, PANC-1, SW-1990 cells were purchased from

Chinese Academy of Sciences, and human pancreatic ductal epithelial
(HPDE) cells were purchased from Zeye Biotechnology. The cells
authenticated by short tandem repeat (STR) profiling, and tested free
from mycoplasma. For transfection under the condition of avoiding
light, the plasmids and transfection reagents were diluted respectively

Fig. 6 MiR-204-3p inhibitor reverses the effects of si-hsa_circ_0001846 on proliferation, migration, and invasion in PC cells. CCK-8 (A),
Transwell invasion (B), EdU (C), and wound-healing (D) assays demonstrated that co-transfection with the miR-204-3p inhibitor could reverse
the proliferation, migration, and invasion ability of PANC-1 cells after treated with si-hsa_circ_0001846. All data are shown as the mean ± SD of
at least three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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by Opti-MEM. After 5 min, the two were mixed and incubated together
for 15 min, then added to the culture plate. After 6-8 h, the transfection
reagents and empty culture were discarded and cells were cultured in
complete culture medium. According to different research projects,
cells were treated at different time nodes for follow-up experiments.
MiR-204-3p mimic or inhibitor and their corresponding controls were
purchased from General Biosystem Company (Anhui, China). Si-
hsa_circ_0001846, si-KRAS and the forced expression vector of
hsa_circ_0001846 were designed synthesized by RiboBio Biotechnology
(Guangzhou, China). Transient transfections were conducted using
Lipofectamine 2000 (Invitrogen, California, USA) and X-treme (Roche,
Basel, Switzerland).

Xenograft tumor model
Stable knockdown hsa_circ_0001846 PANC-1 cells were constructed by
Hanbio Biotechnology (Shanghai, China). Ten four-week-old male BCLB/c

mice (Charles River, Beijing, China) were randomly and equally divided into
two groups. 5 × 107 sh-hsa_circ_0001846 or sh-NC cells were digested and
resuspended with 200 μl of highly concentrated stromal gel and injected
subcutaneously in the axilla of mice. Tumor volumes (length × width2/2)
were measured weekly, and mice were executed after four weeks, and
tumors were separated for weighing and photography. This study was
approved by the Ethics Committee of Harbin Medical University.

Cell counting Kit-8 (CCK-8) assay
According to the manufacturer’s protocol, using Cell Counting Kit-8 Kit
(CCK-8) assay (Meilunbio, Dalian, China) assess the viability of PC cells
(PANC-1 and AsPC-1). Transfection was performed when the cell density
was 60-70%. After being transfected, cells were cultured in 96-well culture
plates for 0, 24, 48, and 72 h. Next cells were incubated at 37 °C for 2 h with
200 µl cck-8 reagent each well, and then absorbance was measured at
450 nm using a microplate reader (Molecular Devices, California, USA).

Fig. 7 KRAS is a downstream target of miR-204-3p. A Schematic illustration of the wild-type (WT) and mutant (Mut) KRAS luciferase vectors.
B The luciferase activities of the KRAS luciferase reporter vector (WT or Mut) in HEK293T cells transfected with miR-204-3p mimic or mimic NC.
C The mRNA expression of KRAS was measured by qRT-PCR in PANC-1. D The protein level of KRAS was detected by western blot in PANC-1
transfected miR-204-3p inhibitor. E, F Designing and synthesizing the three small interference RNAs of KRAS and detecting the silencing
efficiency in PANC-1 by qRT-PCR and western blot. G Expression level of KRAS was detected by western blot. All data are shown as the
mean ± SD of at least three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.

X. Ma et al.

9

Cell Death Discovery           (2023) 9:448 



5-ethyl-2’-deoxyuridine (EdU) assay
According to the manufacturer’s instructions, an EdU assay kit (Ribobio,
Guangzhou, China) was used to detect the proliferative function of PANC-1
and AsPC-1 cell lines. The cells were cultured in 24-well plates, incubated
with 300 µl EdU (50 µM) for 2 h, and fixed with 4% paraformaldehyde. The
newly proliferating cells and nuclear were then labeled with Apollo and
Hoechst33342 staining, respectively. The slices were removed from a
24-well plate, sealed with an anti-fluorescence quencher and stored in a
wet box at 4 °C. It is then observed and photographed under a fluorescent
microscope (Zeiss Axio Scope A1, Baden-Wurttemberg, Germany).

Wound-healing assay
PANC-1 or AsPC-1 cells were inoculated in six-well plates. Then transfection
was performed when the cell growth reached 70%. The wound was made
with a 10 μl-pipette tip, and photographs were taken by the microscope
(Olympus, Tokyo Japan) at ×100 magnification at 0 h and 24 h,
respectively.

Transwell invasion assays
The transfected cells were digested and resuspended in serum-free
medium, and 200 μl cell suspension (containing 5 × 105 cells) was added to

Fig. 8 The effects of overexpression hsa_circ_0001846 could be reversed by co-transfection with si-KRAS. CCK-8 (A), transwell invasion (B),
EdU (C), and wound-healing (D) assays were conducted by co-transfection with hsa_circ_0001846 and si-KRAS in PANC-1. All data are shown
as the mean ± SD of at least three independent experiments. *p < 0.05, **p < 0.01.
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the upper chamber of the matrix gel (Corning, New York, USA) coated
chamber (aperture= 8 nm) in a 24-well plate. In order to promote cell
invasion, 500 μl serum-containing medium was added into the lower
compartment and then to expel the air bubbles between the upper and
lower compartments. 24 h later, the cells passing through the surface of
the lower chamber were fixed with 700 μl methanol pre-cooled in the
refrigerator at 4 °C for 20min, the upper chamber was cleaned with PBS,
the upper chamber was wiped with cotton swabs, the upper chamber was
dried upside down, and then stained with 500 μl crystal purple for 15min.
After drying, the bottom membrane of the chamber was cut off with a
knife, sealed with gum and photographed under ×100 field of view under
Zeiss AxioScopeA1 microscope (Carl Zeiss AG, Baden-Wurttemberg,
Germany) to calculate the number of invading cells.

RNA pulldown assay
Hsa_circ_0001846 RNA probe was designed and synthesized by Ribobio
(Guangzhou, China). The beads were first pretreated and incubated with
the hsa_circ_0001846 probe to prepare streptavidin-labeled beads. PANC-
1 cell lysates were collected, and the beads were added for circRNA-RNA
binding. Then RNase R was added for RNA purification followed by reverse
transcription, and the abundance of relevant mircoRNA was analyzed by
qRT-PCR.

Dual-luciferase reporter assay
Targeted the complementary sequence in 3′-UTR between miR-204-3p and
hsa_circ_0001846 or KRAS, and constructed the Mut/WT-psiCHECK-2
plasmid (Promega, Wisconsin, USA). Co-transfected the mimic or NC of
miR-204-3p and Mut/WT-psiCHECK-2 plasmid of hsa_circ_0001846 or KRAS
in HEK293T cells. After 48 h, the activities of firefly and Renilla luciferase in
the cells were detected by luciferase reporter assay system (Promega,
Wisconsin, USA).

RNA fluorescence in situ hybridization (FISH)
Appropriate amount of cells were inoculated on the 24-well plate cell slide,
and cell fixation and permeability were carried out when the cell growth
density reached about 50%. Prepare the prehybrid solution, hybrid
solution, 1× SSC, 2× SSC, and 4× SSC+ 0.1% Tween-20 according to the
kit instructions (RiboBio, Guangzhou, China). Each well was sealed with
200 μl prehybridization solution at 37 °C for 30min. The hybrid solution
was preheated at 37 °C. In the hybridization solution, 2.5 μl
hsa_circ_0001846 probe (20 μM) (RiboBio, Guangzhou, China) was added
away from light. After discarding the prehybridization solution in each well,
200 μl of hybridization solution containing probe was added, and the
hybridization solution was kept away from light overnight at 37 °C. After
cleaning the cells at room temperature and away from light. DNA was
stained by 200 μl DAPI staining solution for 10min. The cell slides were
encapsulated and observed with confocal microscope.

Agarose gel electrophoresis (AGE)
Configure the amplification system (Forward Primer: 0.5 μl, Reverse Primer:
0.5 μl, Transgene 2× Easy Taq Super Mix: 12.5 μl, Sterilized ddH2O: 8.5 μl,
gDNA/cDNA: 300 ng), use the T100 Themal Cycle PCR instrument
according to the set procedure. Use an analytical balance to weigh 0.5 g
AGAR powder, heat and dissolve it with 50ml 0.5× TAE solution, cool to
room temperature, add 2 μl EB into the liquid level, stir well, pour into the
rubber plate, insert the comb, gel for 30min, and remove the comb. Pour
the electrophoretic solution into the electrophoresis tank, add glue and
5 μl 6× DNA loading buffer into 10 μl amplified sample, and then load the
sample in the well, with 7 μl DNA maker on each side of the well. The
voltage is adjusted to 70 V, about half an hour later, the electrophoresis is
finished, the gel is removed and scanned by machine (Tanon1600,
Shanghai, China).

Statistical analysis
The statistical analyses were mainly conducted using SPSS 16.0 (IBM, SPSS,
Chicago, IL, USA) and GraphPad Prism 8.0 (GraphPad Software Inc., CA,
USA). All data are presented as means ± standard deviation (SD).
Researchers were blinded to the group allocation both during the
experiment and/or when assessing the outcome. All experiments were
repeated at least three times independently, and two-tailed unpaired t test
was applied for two groups comparison analysis. P < 0.05 was considered
statistically signifificant.

DATA AVAILABILITY
The data generated or analyzed in the current study are available from the
corresponding author upon reasonable request.

REFERENCES
1. Lennon AM, Wolfgang CL, Canto MI, Klein AP, Herman JM, Goggins M, et al. The

early detection of PC: what will it take to diagnose and treat curable pancreatic
neoplasia? Cancer Res. 2014;74:3381–9.

2. Yao W, Maitra A, Ying H. Recent insights into the biology of pancreatic cancer.
EBioMedicine. 2020;53:102655.

3. Lin L, Li Z, Yan L, Liu Y, Yang H, Li H. Global, regional, and national cancer
incidence and death for 29 cancer groups in 2019 and trends analysis of the
global cancer burden, 1990-2019. J Hematol Oncol. 2021;14:197.

4. Mizrahi JD, Surana R, Valle JW, Shroff RT. Pancreatic cancer. Lancet.
2020;395:2008–20.

5. Fesinmeyer MD, Austin MA, Li CI, De Roos AJ, Bowen DJ. Differences in survival by
histologic type of pancreatic cancer. Cancer Epidemiol Biomarkers Prev.
2005;14:1766–73.

6. Ivanov A, Memczak S, Wyler E, Torti F, Porath HT, Orejuela MR, et al. Analysis of
intron sequences reveals hallmarks of circular RNA biogenesis in animals. Cell
Rep. 2015;10:170–7.

7. Kelly S, Greenman C, Cook PR, Papantonis A. Exon skipping is correlated with
exon circularization. J Mol Biol. 2015;427:2414–7.

8. Zhang XO, Wang HB, Zhang Y, Lu X, Chen LL, Yang L. Complementary sequence-
mediated exon circularization. Cell. 2014;159:134–47.

9. Conn SJ, Pillman KA, Toubia J, Conn VM, Salmanidis M, Phillips CA, et al. The RNA
binding protein quaking regulates formation of circRNAs. Cell. 2015;160:1125–34.

10. Errichelli L, Dini Modigliani S, Laneve P, Colantoni A, Legnini I, Capauto D, et al.
FUS affects circular RNA expression in murine embryonic stem cell-derived motor
neurons. Nat Commun. 2017;8:14741.

11. Koh HR, Xing L, Kleiman L, Myong S. Repetitive RNA unwinding by RNA helicase A
facilitates RNA annealing. Nucleic Acids Res. 2014;42:8556–64.

12. Jeck WR, Sorrentino JA, Wang K, Slevin MK, Burd CE, Liu J, et al. Circular RNAs are
abundant, conserved, and associated with ALU repeats. RNA. 2013;19:141–57.

13. Li J, Ma M, Yang X, Zhang M, Luo J, Zhou H, et al. Circular HER2 RNA positive triple
negative breast cancer is sensitive to Pertuzumab. Mol Cancer. 2020;19:142.

14. Rong Z, Xu J, Shi S, Tan Z, Meng Q, Hua J, et al. Circular RNA in pancreatic cancer:
a novel avenue for the roles of diagnosis and treatment. Theranostics.
2021;11:2755–69.

15. Liu L, Liu FB, Huang M, Xie K, Xie QS, Liu CH, et al. Circular RNA ciRS-7 promotes
the proliferation and metastasis of pancreatic cancer by regulating miR-7-
mediated EGFR/STAT3 signaling pathway. Hepatobiliary Pancreat Dis Int.
2019;18:580–6.

16. Wong CH, Lou UK, Li Y, Chan SL, Tong JH, To KF, et al. CircFOXK2 promotes
growth and metastasis of pancreatic ductal adenocarcinoma by complexing with
RNA-binding proteins and sponging MiR-942. Cancer Res. 2020;80:2138–49.

17. Hao L, Rong W, Bai L, Cui H, Zhang S, Li Y, et al. Upregulated circular RNA
circ_0007534 indicates an unfavorable prognosis in pancreatic ductal adeno-
carcinoma and regulates cell proliferation, apoptosis, and invasion by sponging
miR-625 and miR-892b. J Cell Biochem. 2019;120:3780–9.

18. Chen G, Shi Y, Zhang Y, Sun J. CircRNA_100782 regulates pancreatic carcinoma
proliferation through the IL6-STAT3 pathway. Onco Targets Ther.
2017;10:5783–94.

19. Guo X, Zhou Q, Su D, Luo Y, Fu Z, Huang L, et al. Circular RNA circBFAR promotes
the progression of pancreatic ductal adenocarcinoma via the miR-34b-5p/MET/
Akt axis. Mol Cancer. 2020;19:83.

20. Chen Y, Li Z, Zhang M, Wang B, Ye J, Zhang Y, et al. Circ-ASH2L promotes tumor
progression by sponging miR-34a to regulate Notch1 in pancreatic ductal ade-
nocarcinoma. J Exp Clin Cancer Res. 2019;38:466.

21. Qu S, Hao X, Song W, Niu K, Yang X, Zhang X, et al. Circular RNA circRHOT1 is
upregulated and promotes cell proliferation and invasion in pancreatic cancer.
Epigenomics. 2019;11:53–63.

22. Ying H, Dey P, Yao W, Kimmelman AC, Draetta GF, Maitra A, et al. Genetics and
biology of pancreatic ductal adenocarcinoma. Genes Dev. 2016;30:355–85.

23. Bailey P, Chang DK, Nones K, Johns AL, Patch AM, Gingras MC, et al. Genomic
analyses identify molecular subtypes of pancreatic cancer. Nature.
2016;531:47–52.

24. De La Cruz MS, Young AP, Ruffin MT. Diagnosis and management of pancreatic
cancer. Am Fam Physician. 2014;89:626–32.

25. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin.
2018;68:7–30.

26. Klauss M, Schöbinger M, Wolf I, Werner J, Meinzer HP, Kauczor HU, et al. Value of
three-dimensional reconstructions in pancreatic carcinoma using multidetector
CT: initial results. World J Gastroenterol. 2009;15:5827–32.

X. Ma et al.

11

Cell Death Discovery           (2023) 9:448 



27. Wong JC, Lu DS. Staging of pancreatic adenocarcinoma by imaging studies. Clin
Gastroenterol Hepatol. 2008;6:1301–8.

28. Vincent A, Herman J, Schulick R, Hruban RH, Goggins M. Pancreatic cancer.
Lancet. 2011;378:607–20.

29. Tempero MA, Malafa MP, Al-Hawary M, Asbun H, Bain A, Behrman SW, et al.
Pancreatic adenocarcinoma, version 2.2017, NCCN clinical practice guidelines in
oncology. J Natl Compr Canc Netw. 2017;15:1028–61.

30. Safi F, Roscher R, Bittner R, Schenkluhn B, Dopfer HP, Beger HG. High sensitivity
and specificity of CA 19-9 for pancreatic carcinoma in comparison to chronic
pancreatitis. Serological and immunohistochemical findings. Pancreas.
1987;2:398–403.

31. Hofmann K, Bucher P. The UBA domain: a sequence motif present in multiple
enzyme classes of the ubiquitination pathway. Trends Biochem Sci.
1996;21:172–3.

32. Morita M, Al-Chalabi A, Andersen PM, Hosler B, Sapp P, Englund E, et al. A locus
on chromosome 9p confers susceptibility to ALS and frontotemporal dementia.
Neurology. 2006;66:839–44.

33. Bai DS, Wu C, Yang LX, Zhang C, Zhang PF, He YZ, et al. UBAP2 negatively
regulates the invasion of hepatocellular carcinoma cell by ubiquitinating and
degradating Annexin A2. Oncotarget. 2016;7:32946–55.

34. Latonen L, Leinonen KA, Grönlund T, Vessella RL, Tammela TL, Saramäki OR, et al.
Amplification of the 9p13.3 chromosomal region in prostate cancer. Genes
Chromosomes Cancer. 2016;55:617–25.

35. Xiong X, Rao G, Roy RV, Zhang Y, Means N, Dey A, et al. Ubiquitin-binding
associated protein 2 regulates KRAS activation and macropinocytosis in pan-
creatic cancer. FASEB J. 2020;34:12024–39.

36. Memczak S, Jens M, Elefsinioti A, Torti F, Krueger J, Rybak A, et al. Circular RNAs
are a large class of animal RNAs with regulatory potency. Nature. 2013;495:333–8.

37. Almoguera C, Shibata D, Forrester K, Martin J, Arnheim N, Perucho M. Most
human carcinomas of the exocrine pancreas contain mutant c-K-ras genes. Cell.
1988;53:549–54.

38. Li Z, Yanfang W, Li J, Jiang P, Peng T, Chen K, et al. Tumor-released exosomal
circular RNA PDE8A promotes invasive growth via the miR-338/MACC1/MET
pathway in pancreatic cancer. Cancer Lett. 2018;432:237–50.

ACKNOWLEDGEMENTS
This work was supported by New era Longjiang excellent doctoral dissertation
funding project (LJYXL2022-015).

AUTHOR CONTRIBUTIONS
GFQ, WXX, and XLM designed the research; MXL, HCZ, LNW, MXC, XYJ, YTL, and XXY
performed the experiments; XLM, XYL, NS, and LNB conducted the statistical

analyses; DF collected the PC samples and clinical information; XLM, LDB, and RPZ
analyzed and interpreted the clinical data XLM and WXX wrote the manuscript, GFQ
revised the paper. All authors read and approved the fifinal manuscript.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The research was approved by the Ethics Committee of Harbin Medical University.
Written informed consents were obtained from all patients.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41420-023-01733-2.

Correspondence and requests for materials should be addressed to Wenxiao Xu or
Guofen Qiao.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

X. Ma et al.

12

Cell Death Discovery           (2023) 9:448 

https://doi.org/10.1038/s41420-023-01733-2
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Circular RNA hsacirc0001846 facilitates the malignant behaviors of pancreatic cancer by sponging miR-204-3p and�upregulating KRAS expression
	Introduction
	Results
	Characterization and expression patterns of hsacirc0001846�in PC
	Hsacirc0001846 promotes tumor invasion, proliferation and migration�in PC
	Hsacirc0001846 is a sponge for miR-204-3p
	The effect of miR-204-3p on the biological function of PC cells is the opposite of hsacirc0001846
	MiR-204-3p inhibitor reverses the effects of si-hsacirc0001846 on proliferation, migration, and invasion in PC�cells
	The hsacirc0001846 exerts its carcinogenesis effects by indirectly regulating the expression level of KRAS by miR-204-3p

	Discussion
	Materials and methods
	Clinical tissure
	RNA extraction, reverse transcription, and quantitative real-time PCR analysis (qRT-PCR)
	Western�blot
	Cell culture and transfection
	Xenograft tumor�model
	Cell counting Kit-8 (CCK-8)�assay
	5-ethyl-2&#x02019;-deoxyuridine (EdU)�assay
	Wound-healing�assay
	Transwell invasion�assays
	RNA pulldown�assay
	Dual-luciferase reporter�assay
	RNA fluorescence in�situ hybridization�(FISH)
	Agarose gel electrophoresis�(AGE)
	Statistical analysis

	References
	Acknowledgements
	Author contributions
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




