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Circular RNA hsa_circ_0003892 promotes
the development of papillary thyroid carcinoma
by regulating the miR-326/LASP1 axis
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Summary. Background. Thyroid cancer is the most
common malignancy of the endocrine system. Circular
RNA (circRNA) is recognized as a key regulator of
tumorigenesis in papillary thyroid carcinoma (PTC).
Here this work focused on the mechanism of
circRNA 0003892 (circ_0003892) in PTC progression.

Methods. Quantitative real-time polymerase chain
reaction (QRT-PCR) was used to examine circ_0003892,
microRNA-326 (miR-326) and LIM and SH3 protein 1
(LASP1) mRNA expression levels in PTC tissues and
cell lines. Besides, cell counting kit-8 (CCK-8), EAU and
transwell assays were conducted to detect the
proliferative, migrative and invasive abilities of PTC
cells, respectively. B The targeting relationships between
miR-326 and circ_0003892 or LASPI 3'-UTR were
verified by dual-luciferase reporter gene assay and RNA
immunoprecipitation (RIP) assay.

Results. Circ_0003892 expression was raised in PTC
tissues and cells, which was significantly interrelated
with larger tumor size and extrathyroidal extension in
PTC sufferers. Overexpression of circ_0003892
significantly promoted the malignant biological
behaviors of PTC cells. Additionally, miR-326 was a
downstream target of circ_0003892, and miR-326
overexpression weakened the promoting effect of
circ_0003892 overexpression on the malignant
progression of PTC. MiR-326 specifically inhibited
LASPI1. Circ_0003892 positively regulated LASPI
expression by targeting miR-326.

Conclusion. Circ_0003892 up-regulates LASP1
expression and facilitates PTC progression via
competitively binding to miR-326.

Corresponding Author: Xiaorong Niu, Department of Otorhino-
laryngology-Head and Neck Surgery, the First Affiliated Hospital of Xi'an
Jiaotong University, Xi'an 710061, Shaanxi, China. e-mail:
vvk493647 @163.com

DOI: 10.14670/HH-18-546

Key words: Papillary thyroid carcinoma, circ_0003892,
miR-326, LASP1

Introduction

Papillary thyroid carcinoma (PTC) is a common
endocrine malignancy, which accounts for about 85% of
all follicular cell-derived thyroid cancers (Coca-Pelaz et
al., 2020). At present, comprehensive treatment
including thyroidectomy, radioiodine, and thyroid-
stimulating hormone suppression therapy may work,
with a 5-year survival rate of more than 95% (Yin et al.,
2017). Although most PTCs are well differentiated with
low rates of local invasion, recurrence, or metastasis, a
small percentage of tumors still exhibit heterogeneity
with more aggressive properties, which leads to
unfavorable prognosis (Haugen et al., 2016; Ge et al.,
2017). Hence it is vital to expound the underlying
molecular mechanisms of carcinogenesis and
progression of PTC to further improve the clinical
treatment of PCT.

Circular RNAs (circRNAs) are endogenous non-
coding RNA transcripts, which possess a covalent loop
structure and thus are stable, abundant, and conserved
(Wang et al., 2016). CircRNAs were previously
considered as “junk” without any biological functions
(Patop et al., 2019). However in recent years, it is
reported that circRNAs are implicated in diverse
physiological and pathological processes (Li et al., 2018,
2020), especially in tumorigenesis (Liu et al., 2019; Yao
et al., 2019; Gong et al., 2021). For instance,
circ_0058124, as an oncogenic factor, facilitates the
growth and invasion of PTC cells (Yao et al., 2019). In
this study, we proved by bioinformatics analysis that

Abbreviations. PTC, Papillary thyroid carcinoma (PTC); circRNAs,
Circular RNAs; miRNAs, MicroRNAs; LASP1, LIM and SH3 protein 1;
gRT-PCR, quantitative real-time polymerase chain reaction; WT, Wild-
type (WT); MUT, mutant.
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circ_0003892 expression was elevated in PTC tissues.
However, its function and mechanism in PTC
progression have not yet been elucidated.

MicroRNAs (miRNAs) are small non-coding RNAs
of about 21n¢ that are involved in the post-transcriptional
regulation of target genes (Krol et al., 2010; Chen et al.,
2019). MiRNAs act as oncogenes or tumor suppressors
via targeting and regulating different mRNAs (Svoronos
et al., 2016; Jin et al., 2019). MiR-326 expression is
inhibited in PTC tissues and miR-326 restrains the
growth, migration and invasion of PTC cells by targeting
MAPK1 and ERBB4 (Nie et al, 2020). Instead, the
mechanism of miR-326 dysregulation in PTC has not
been fully elucidated.

In this work, we investigated the expression
characteristics and functions of circ_0003892 in PTC
and focused on its potential molecular mechanisms. We
observed that circ_0003892 expression was up-regulated
in PTC tissues and cells, and this change facilitated the
proliferative, migrative, and invasive abilities of PTC
cell by regulating the miR-326/LIM and SH3 protein 1
(LASP1) axis. This study deepens the understanding of
the pathogenesis of PTC and potentially delivers new
ideas for improving the clinical treatment of PTC.

Materials and methods
Ethics statement and tissue samples

PTC tumor tissues and normal tissues were available
from 56 PTC patients who received surgical resection in
the First Affiliated Hospital of Xi'an Jiaotong University
between December 2016 and October 2019. All
participants did not receive radiotherapy or
chemotherapy before tissue sample collection.
Immediately after surgical excision, the tissue samples
were frozen in liquid nitrogen and kept at -80°C. This
work, with written informed consent, was endorsed by
the Ethics Committee of the First Affiliated Hospital of
Xi'an Jiaotong University.

Cell Culture and transfection

Human thyroid carcinoma cell lines K1, IHH-4,
BCPAP and TCP-1, human thyroid follicular epithelial
cells Nthy-ori 3-1, and human embryonic kidney cells
HEK-293T were available from the American Type
Culture Collection (Rockville, MD, USA). These cells
were cultured in Dulbecco's modified Eagle's medium
(Hyclone, Logan, UT, USA) with 10% fetal bovine
serum (FBS, Sigma, St. Louis, MO, USA), 100 U/ml
penicillin and 100 pg/ml streptomycin (Invitrogen,
Carlsbad, CA, USA) at 37°C in 5% CO,. The cells were
routinely subcultured with 0.25% trypsin (Roche, Basel,
Swizerland) when they reached 70% to 80% confluence.

Circ_0003892 overexpression plasmid vector
(circ_0003892-OFE), empty vector (NC), miR-326 mimics
and its control (mimNC) were generally constructed by
GenePharma (Shanghai, China). The above plasmids and

oligonucleotides (50 nM) were subsequently transfected
into IHH-1 and TCP-1 cells with Lipofectamine® 3000
(Invitrogen) according to the manufacturer’s instructions.
24h later, the cells were collected. Ultimately, the
transfection efficacy was measured by quantitative real-
time polymerase chain reaction (QRT-PCR).

gRT-PCR

Total RNA from tissues and cells was accordingly
extracted by TRIzol reagent (Invitrogen). 500 ng of
RNA was reversely transcribed into cDNA with the
SuperScript First-Stand Synthesis system (Invitrogen).
Next, qRT-PCR was performed with a SYBR Select
Master Mix kit (Applied Biosystems, Foster City, CA,
USA) on an ABI73900 system (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s
instructions. The relative expression levels of the genes
were calculated with 2"22Ct method, with U6 and
GAPDH as internal references. The specific primer
sequences are: Circ_0003892 Forward: 5'-ATAG
TGACAATGTCTCACC-3'; Circ_0003892 Reverse: 5'-
GACAAAGTATTTTGGACAG-3'"; MiR-326 Forward:
5'-CATCTGTCTGTTGGGCTGGA -3' MiR-326
Reverse: 5'-"AGGAAGGGCCCAGAGGCG -3' LASP1
Forward: 5-TGCGGCAAGATCGTGTATCC-3' LASP1
Reverse: 5'-GCAGTAGGGCTTCTCGTAG-3' U6
Forward: 5 -CTCGCTTCGGCAGCACATATACT-3',
U6 Reverse: 5'-ACGCTTCACGAATTTGCGTGTC-3';
GAPDH Forward: 5'-TACCCCCAATGTGTCCGTC-3',
GAPDH Reverse: 5'-GCCCAAGATGCCCTTCAGT-3".

Subcellular localization analysis

Subcellular localization analysis of RNA was
performed with a PARIS™ kit (Thermo Fisher
Scientific, Waltham, MA, USA). IHH-4 and TCP-1 cells
were re-suspended with cell isolation buffer, and
subsequently the cytoplasmic fraction and nuclear
fraction of the cells were isolated, and the cytoplasmic
RNA and nuclear RNA were extracted, respectively. The
expression of circ_0003892 in the cytoplasm and
nucleus of the cells was then detected by qRT-PCR, with
GAPDH and U6 as cytoplasmic or nuclear controls,
respectively.

Cell counting kit-8 (CCK-8) assay

IHH-4 and TCP-1 cells were inoculated in 96-well
plates at the density of 2x103/well and cultured for 24h
at 37°C. Next, the cells were incubated with 10 pL of
CCK-8 solution (Dojindo Molecular Technologies,
Japan) for 1h at 37°C. After the culture was terminated,
the value of OD450 nm was estimated by a microplate
reader.

EdU assay

Cell viability was probed by the EdU kit (Beyotime
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Biotechnology, Shanghai, China). IHH-4 and TCP-1
cells were inoculated in 24-well plates at the density of
2.5x10° cells/well and then cultured for 24h at 37°C.
200 pL of EdU solution (Beyotime Biotechnology,
Shanghai, China) at a final concentration of 50 M was
loaded into each well and accordingly incubated with the
cells for 2h at 37°C. Then, the cells were washed with
phosphate buffer saline (PBS), and subsequently fixed
with paraformaldehyde and mixed with 200 pL of
glycine (final concentration of 2 mg/mL), and incubated
for 5 min on a shaker. Next, cells were loaded with 0.5%
TritonX-100 in PBS for 10 min, stained with Apollo for
30 min and then incubated with DAPI staining solution
for 20 min at ambient temperature in the dark. Next, the
cells were rinsed with PBS and photographed, with the
numbers of cells counted under an Olympus BX43F
fluorescence microscope (Olympus, Tokyo, Japan).

Transwell assay

Transwell assays were performed with transwell
inserts (Costar, Cambridge, MA, USA) to detect the
migrative and invasive abilities of PTC cells. About
5x10* cells were suspended in 200 pL of serum-free
medium and loaded into the upper chamber of the
transwell insert, and the lower chamber was added with
600 pL of medium containing 10% FBS. After 24h of
culture at 37°C, the chamber was subsequently removed
and cells in the upper chamber were gently wiped off
with a cotton swab. Next, the cells on the lower surface
of the filter were fixed with 4% paraformaldehyde for 10
min and subsequently stained with 0.1% crystal violet
solution for 15 min. Rinsed twice with PBS, the cells
were air-dried, and five fields of the filter were randomly
taken under an inverted microscope (magnification
200x) for photographing and counting. Inserts with
Matrigel (1:10; BDBiosciences, FranklinLakes, NJ,
USA) were used for invasion assays, but inserts without
Matrigel were used for migration assays.

Dual-reporter luciferase gene assay

Wild-type (WT) luciferase vectors (circ_0003892
WT, LASP1 WT) and mutant (MUT) luciferase vectors
(circ_0003892 MUT, LASP1 MUT) were constructed by
Prome%a (Madison, WI, USA). IHH-4 and TCP-1 cells
(1x10° cells) were plated into 48-well plates and
subsequently cultured for 24h at 37°C. Circ_0003892
WT/MUT or LASPIWT/MUT were accordingly co-
transfected into IHH-4 and TCP-1 cells with miR-326
mimics or their negative controls by Lipofectamine®
3000 (Invitrogen). Ultimately, the luciferase activity was
detected 48h after transfection by the Dual-luciferase
reporter gene assay System (Promega).

RNA immunoprecipitation (RIP)

RIP assays were conducted with the Magna RIP
RNA-binding protein immunoprecipitation kit

(Millipore, Billerica, MA, USA) according to the
manufacturer’s instructions. IHH-4 and TCP-1 cells
were lysed by RIP lysis buffer. 100 pL of whole cell
extract was incubated with magnetic beads conjugated
with anti-Argonaute 2 (Ago2) antibody (Millipore) or
negative control mouse IgG antibody (Millipore) for 8h
at 4°C. The beads were immersed in RIP wash buffer,
and the immunoprecipitate was subsequently treated
with proteinase K for 30 min at 55°C. Ultimately, the
immunoprecipitated RNA was extracted and the
enrichment of circ_0003892 and miR-326 in the
immunoprecipitate was probed by qRT-PCR.

Western blot assay

Total cellular protein was extracted by RIPA lysis
buffer (Sigma-Aldrich, Burlington, Massachusetts,
USA), with the concentration determined by the
bicinchoninic acid (BCA) kit (Thermo, Rockford, IL,
USA). The protein samples (20 pg / lane) were separated
via sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and then transferred onto
polyvinylidene fluoride membranes (Millipore, Bedford,
MA, USA), which was blocked with 5% skimmed milk
for 1h at room temperature, and then washed three times
in tris buffered saline tween (TBST). The proteins were
incubated with anti-LASP1 antibody (ab156872, 1:1000,
Abcam, Shanghai, China) and anti-GAPDH antibody
(ab9485, 1:1500, Abcam, Shanghai, China) overnight at
4°C. After rinsing with TBST, the proteins were
incubated with Goat Anti-Rabbit IgG (ab205718,
1:5000, Abcam, Shanghai, China) for 1h at ambient

Table 1. The correlation between clinicopathological features and
expression of circ_0003892 in papillary thyroid carcinoma.

Pathological Numbers Circ_0003892 expression
Parameters (n=56) High (n=28) Low (n=28)
Age (years)

<45 23 12 11

=45 33 16 17
Gender

Male 30 17 13

Famale 26 11 15
Tumor size (cm)

=3 cm 30 20 10

<3cm 26 8 18
Extrathyroidal invasion

Present 27 18 9

Absent 29 10 19
Nodular Goiter

Negative 31 16 15

Positive 25 12 13
TNM stage

I+ 30 13 17

I+ 1v 26 15 11

*Presents a statistical difference less than 0.05.
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temperature. Ultimately, the proteins were visualized and
imaged by an enhanced chemiluminescence (ECL) kit
(Promega), with GAPDH as an internal reference.

Statistical analysis

All of the experiments were performed in triplicate.
The statistical analysis was performed with SPSS 23.0
statistical analysis software (SPSS Inc., Chicago, IL,
USA), with data expressed as “mean + standard
deviation”. The comparison between two groups was
analyzed by Student's t test and the comparison among
multiple groups performed by one-way analysis of
variance followed by Tukey’s post-hoc test. The
relationships between circ_0003892 expression and
clinicopathological parameters of the PTC patients were
analyzed by the chi-square test. Statistically, P<0.05 is
meaningful.

A

Results

Circ_0003892 expression is raised in PTC tissues and
cell lines

GSE93522 dataset was downloaded from Gene
Expression Omnibus (GEO) database and analyzed, and
we observed that circ_0003892 expression was up-
regulated in PTC tissues (Fig. 1A,B). Besides, qRT-PCR
showed that circ_ 0003892 expression was remarkably
up-regulated in PTC tissues and cell lines as against that
of adjacent tissues or human thyroid follicular epithelial
cells Nthy-ori 3-1 (Fig. 1C,D). Notably, circ_ 0003892
was mainly distributed in the cytoplasm of IHH-4 and
TCP-1 cells (Fig. 1E). Chi-square test showed that the
high expression of circ_0003892 was associated with
larger tumor size and extrathyroidal invasion of PTC
patients (Table 1). Collectively, circ_0003892 may
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Fig. 1. Circ_0003892 expression is up-regulated in PTC tissues and cell lines. A. Volcano plots show the expression differences of circRNAs in the
dataset GSE93522 (cutoff criteria: log2 | fold change [>2, and P<0.05), with down-regulated circRNAs marked in blue and up-regulated circRNAs
marked in red. Black represents circRNAs without significant change. B. Differentially expressed circRNAs in PTC tissues (PTC1-PTC6) and normal
tissues (N1-N6) were plotted by a heatmap. C, D. gqRT-PCR was used to detect circ_0003892 expression in PTC tissues and cell lines. E.
Nucleocytoplasmic separation assay was used to detect the subcellular localization of circ_0003892 in PTC cells. All of the experiments were

performed in triplicate. *P<0.05, **P<0.01 and ***P<0.001.
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Fig. 2. Circ_0003892 promotes the proliferation of PTC cells. A. After transfection of NC or circ_0003892-OE into IHH-4 or TCP-1 cells, the expression
of circ_0003892 in IHH-4 or TCP-1 cells was detected by qRT-PCR. B, C. The effect of overexpression of circ_0003892 on the proliferation of IHH-1
and TCP-1 cells was detected by CCK-8 and EdU assays. D. Transwell assay was used to detect the effect of overexpression of circ_0003892 on the
migration and invasion of IHH-1 and TCP-1 cells. All of the experiments were performed in triplicate. *P<0.05 and **P<0.01
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function in the development of PTC.

Circ_0003892 promotes the viability, migrative and
invasive capabilities of PTC cells

We then transfected IHH-4 and TCP-1 cells with
circ_0003892 overexpression plasmid (circ_0003892-
OE) or its negative control (NC) to construct an in vitro
model of high circ_ 0003892 expression, and qRT-PCR
verified that the transfection was successful (Fig. 2A).
CCK-8 and EdU assays showed that overexpression of
circ_0003892 significantly promoted the proliferation of
IHH-4 and TCP-1 cells (Fig. 2B-D). Transwell assay

IHH-4
circ_0003892-OE

Migration

Invasion

TCP-1

Migration

Invasion

Relative number of cells

Relative number of cells

showed that circ_0003892 overexpression promoted the
migrative and invasive abilities of PTC cells (Fig.
3A,B). Collectively, circ_0003892 may be a tumor
promoter in PTC progression.

Circ_0003892 sponges miR-326 in PTC cells

To expound the molecular mechanism of
circ_0003892 in PTC progression, Circinteractome
database was searched and a binding site between miR-
326 and circ_0003892 was predicted (Fig. 4A). Dual-
luciferase reporter gene assay suggested that miR-326
overexpression significantly repressed the luciferase
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= NC B circ_0003892-OF of the experiments were
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activity of circ_0003892 WT, but that of circ_0003892
MUT was not obviously impacted (Fig. 4B). RIP assay
showed that both circ_0003892 and miR-326 were
significantly enriched in anti-Ago2 group compared with
that of the IgG group (Fig. 4C). qRT-PCR showed that
miR-326 expression was dramatically inhibited in both
PTC tissues and cell lines relative to those in the tissue
or human thyroid follicular epithelial cells Nthy-ori 3-1
(Fig. 4D,E). Pearson's correlation analysis suggested that
circ_0003892 was negatively correlated with miR-326
expression in PTC tissues (Fig. 4F). These data suggest
that circ_0003892 may exert its function by decoying
miR-326 in PTC progression.

Circ_0003892 functions by targeting miR-326

To further elucidate the functional relationship
between circ_0003892 and miR-326 in PTC, we
transfected NC, miR-326 mimics, circ_0003892-OE, and
circ_0003892-OFE + miR-326 mimics into [HH-4 and
TCP-1 cells, respectively. MiR-326 mimics and mim-NC
were transfected into IHH-4 and TCP-1 cells

respectively, and the efficiency of transfection was
verified via qRT-PCR (Fig. 5A). qRT-PCR showed that
up-regulation of circ_0003892 inhibited miR-326
expression in IHH-4 and TCP-1 cells, while transfection
with miR-326 mimics reversed this effect (Fig. 5B).
gRT-PCR showed that transfection of miR-326 mimics
promoted miR-326 expression in IHH-4 and TCP-1
cells, while miR-326 mimics had no significant effect on
the expression of circ_0003892 (Fig. 5C). CCK-8, EdU
and transwell assays showed that the co-transfection of
miR-326 mimics greatly alleviated the promoting effect
of circ_0003892 overexpression on the growth,
migration and invasion of PTC cells (Fig. 5D-F).
Collectively, circ_0003892 promotes malignant
biological behaviors of PTC cells by targeting miR-326.

Circ_0003892 accelerates PTC progression by targeting
the miR-326/LASP1 axis

To elucidate the downstream mechanism of miR-
326, TargetScan database was searched, and a binding
site between the LASP1 3'-UTR and miR-326 was found

A
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(Fig. 6A). Dual-luciferase reporter gene assay proved
that overexpression of miR-326 significantly inhibited
the luciferase activity of LASP1 WT, but had no
significant effect on that of LASP1 MUT (Fig. 6B). Up-
regulation of circ_0003892 increased LASP1 mRNA and
protein expression in IHH-4 and TCP-1 cells, while up-
regulation of miR-326 reversed this effect (Fig. 6C,D).
gRT-PCR suggested that LASP1 mRNA expression was
remarkably up-regulated in PTC tissues compared with
that of normal tissues (Fig. 6E). What’s more, Pearson's
correlation analysis suggested that LASP1 mRNA
expression was negatively associated with miR-326
expression, but was positively associated with
circ_0003892 expression in PTC tissues (Fig. 6F,G).

Discussion

Increasing numbers of circRNAs have been reported
in mammalian cells through high-throughput sequencing
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technology and bioinformatics (Li et al., 2020).
Reportedly, there are many differentially expressed
circRNAs in PTC tissues (Lan et al., 2018a,b). As
reported, circ_0007694 expression is reduced in PTC
tissues, and circ_0007694 overexpression promotes the
apoptosis and inhibits the proliferative, migrative and
invasive abilities of PTC cells (Long et al., 2020).
Circ_0137287 expression is underexpressed in PTC
tissues and cell lines, and the low expression of
circ_ 0127287 1is associated with aggressive
clinicopathological features of PTC, extrathyroid
extension, lymph node metastasis, advanced T stage, and
larger tumor size, etc. (Lan et al., 2018a,b). In addition,
circ_0008274 expression is increased in PTC tissues and
cell lines, and circ_0008274 accelerates the growth and
invasion of PTC cells via modulating the AMPK/mTOR
signaling pathway (Zhou et al., 2018). Here we
demonstrated that circ_0003892 expression was raised in
PTC tissues and cell lines, which was associated with
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detected by qRT-PCR. B. NC, miR-326 mimics, circ_0003892-OE and
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expression of circ_0003892 in IHH-4 and TCP-1 cells after transfection
was detected by qRT-PCR. D, E. The proliferation of IHH-4 and TCP-1
cells after transfection was detected by CCK-8 and EdU assays. F. The
migration and invasion of IHH-4 and TCP-1 cells after transfection were
detected by transwell assay. All of the experiments were performed in
triplicate. *P<0.05, **P<0.01, and ***P<0.001.
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extrathyroidal invasion and larger tumor size in PTC
patients. Considering that circRNA is stable and can be
easily detected in tumor tissues and body fluids,
circ_0003892 is promising to be a biomarker for the
diagnosis and prognosis evaluation of PTC patients,
which remains to be validated with a larger cohort of
patients (Wang et al., 2016). Additionally, we confirmed
that circ_0003892 overexpression promoted the
proliferative, migrative and invasive abilities of PTC
cells. Collectively, circ_0003892 partakes in the
progression of PTC and may be a tumor promoter.
MiRNAs have important functions in modulating

A

biological behaviors such as cell growth, differentiation
and apoptosis (Wang et al., 2019). MiR-326 is a miRNA
that is vital in modulating cancer progression (Liu et al.,
2017; Liang et al., 2018; Pan et al., 2019). In prostate
cancer tissues, miR-326 expression is inhibited, which is
closely associated with poor patient prognosis (Liang et
al., 2018). In endometrial cancer, miR-326 expression is
reduced and miR-326 can inhibit the viability, migration,
invasion, and epithelial-mesenchymal transition of
endometrial cancer cells by targeting TWIST1 (Liu et
al., 2017). CircRNAs can exert their functions by
decoying miRNA (Zhu et al., 2019). For example,
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circ_0011290 enhances the viability, growth, and
inhibits apoptosis of PTC cell via adsorbing miR-1252
and upregulating FSTL1 expression (Hu et al., 2020).
Here we found that circ_0003892 competitively binds
with miR-326 and negatively regulates miR-326
expression. We proved that miR-326 overexpression
counteracted the promoting effects of circ_0003892
overexpression on the proliferative, migrative and
invasive capabilities of PTC cells. These results suggest
that circ_0003892 may target miR-326 to promote the
progression of PTC.

LIM and SH3 domain-containing proteins, as
reported, are elevated in multiple human malignancies
and are involved in a wide range of cellular processes,
including tumor growth, metastasis and chemoresistance
(Zhong et al., 2018). LASP1 was originally screened out
from a cDNA library of breast metastases (Mihlan et al.,
2013). Although LASP1 protein is lowly expressed in
normal human tissues, there is a high expression of
LASP1 protein in some types of cancer (such as head
and neck squamous cell carcinoma, glioma and PTC)
(Gao and Han, 2017; Liu et al., 2018; Chen et al., 2020).
In head and neck squamous cell carcinoma, LASP1
expression is upregulated, which is associated with a
poor patient prognosis; LASP1 promotes the
proliferation, invasion, and colony formation of cancer
cells through direct interaction with HSPA1A (Chen et
al., 2020). Depletion of LASP1 restrains the viability
and migration in vitro and tumorigenicity in vivo of
glioma cells (Liu et al., 2018). In thyroid cancer tissues,
LASP1 expression is upregulated, and silencing of
LASP1 inhibits the malignancy of thyroid cancer cells
(Gao and Han, 2017). In this study, we identified a
potential binding site between miR-326 and LASP1 3'-
UTR. Furthermore, we confirmed that miR-326 can
target LASP1. In addition, circ 0003892 up-regulated
LASP1 expression in PTC cells through sponging miR-
326. Collectively, the circ_000389/miR-326/LASP1
regulatory axis may be pivotal in the progression of
PTC.

In summary, circ_ 0003892 expression was increased
in PTC tissues and cell lines. Mechanistically,
circ_0003892 enhanced the proliferative, migrative and
invasive abilities of PTC cells by regulating the miR-
326/LASP1 axis. Our study identified circ_0003892 as a
key circRNA that promotes the development of PTC.
Circ_0003892 may be a promising biomarker or
therapeutic target, and should be the focus of future
studies into the molecular mechanism of PTC
progression.
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