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Circular RNA circNEURL4 inhibits cell proliferation and 
invasion of papillary thyroid carcinoma by sponging 
miR-1278 and regulating LATS1 expression
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Abstract: Circular RNAs (circRNA) are found to be closely associated with cancers as their possibility as “sponges” 
to miRNAs, thus liberating the downstream target mRNA. However, deep research is still needed to study the func-
tion of circRNA in papillary thyroid carcinoma (PTC). Here, we sought to explore new circRNA which could play an 
important role in the development of PTC. We filtered candidate circRNAs based on microarray data from public 
database and verified the result using qRT-PCR. We performed CCK8 assay, colony formation assay, apoptosis as-
say, transwell assays, and xenograft experiments to explore the function of selected circRNA on PTC. We predicted 
the miRNA targets of the circRNA and the target gene of miRNA through bioinformatic analysis and validated the 
target by mutant experiments. And by the use of overexpression experiments, knockdown experiments, and the 
functional assays mentioned above, we figured out the pathway behind the selected circRNA. Based on our data, 
we found that circNEURL4 was significantly decreased in the PTC samples and lower expression of circNEURL4 was 
closely associated with a poor prognosis of patients with PTC. Then, we proved that circNEURL4 could inhibit cell 
proliferation and invasion of PTC in vivo and in vitro. Furthermore, we demonstrated that circNEURL4 may binding 
to miR-1278 and thus indirectly improving the expression of LATS1. Our findings revealed that circNEURL4 may 
probably serve as a diagnostic marker to predict PTC patients’ prognosis and a possible therapeutic target to PTC 
via miR-1278/LATS1 axis.
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Introduction

Thyroid cancer is a kind of endocrine-related 
cancers, with a prevalence of about 2.1% in all 
cancer cases [1]. Papillary thyroid carcinoma 
(PTC) is the most common subtype of thyroid 
cancer, accounting for more than 90% of the 
new diagnoses [2]. Patients with PTC have a 
good prognosis based on traditional therapeu-
tic management [3], and the 10-year mortality 
of PTC is less than 5% [4]. However, a small 
fraction of PTC cases present as large size, dis-
tant metastasis, and lymph node metastasis, 
and therefore, has a poor prognosis [5]. Re- 
cently, the incidence of high-risk PTC is increas-
ing [1, 6, 7], calling for the importance of in-
depth studies on the diagnosis and treatment 
of PTC, especially on its metastasis based on 
cell invasion.

Circular RNAs (circRNAs) are transcribed most-
ly from the exon region, form as loops, and 

belong to non-coding RNA (ncRNA) [8, 9]. 
CircRNAs broadly participate in the bio-metabo-
lism and often act as regulators to mRNAs or 
proteins [10, 11]. How circRNAs regulate the 
expression of mRNAs is well studied. CircRNAs 
can perform as “sponges” to competitively bind 
to miRNAs and thus regulate the corresponding 
mRNAs in an indirect manner [12, 13]. It has 
been widely reported that the circRNA-miRNA-
mRNA axis plays a crucial role in different can-
cers [14, 15]. Several studies have shown the 
relationship between circRNA and PTC, for ex- 
ample, circFOXM1 can upregulate the expres-
sion of HMGB1 by competitively inhibiting miR-
1179 and thus promote the progress of PTC 
[16]; circBACH2 acts as an oncogenic RNA 
through binding to miR-139-5p and indirectly 
increasing the expression of LMO4 [17]; circZFR 
contributes to papillary thyroid cancer cell pro-
liferation and invasion by sponging miR-1261 
and facilitating C8orf4 expression [18]; hsa_
circ_0007694 is down-regulated in PTC and 
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can promoted apoptosis and inhibited prolifera-
tion, migration, and invasion in PTC cells [19]. 
Nevertheless, the mechanism of circRNA in 
regulating PTC progress needs further resear- 
ch, and new circRNAs await further explora- 
tion.

In this study, we found that circNEURL4 was  
significantly decreased in the PTC samples and 
cell lines. Furthermore, we demonstrated that 
circNEURL4 may perform as a PTC suppressor 
through competitively binding to miR-1278 and 
thus indirectly improving the expression of 
LATS1. Our findings revealed that circNEURL4 
may probably serve as a diagnostic marker to 
predict PTC patients’ prognosis and a thera-
peutic target to cure PTC via miR-1278/LATS1 
axis.

Materials and methods

Clinical specimens and ethics statement

Human samples involved in this study were 
managed using protocols approved by the 
Ethical Committee of The Second Hospital of 
Jilin University. Informed consents were ob- 
tained from all patients. 68 pairs of PTC tumor 
samples and matching contralateral normal 
samples were obtained from patients who  
were diagnosed with PTC and had undergone 
surgery at The Second Hospital of Jilin Univer- 
sity. Collected samples were frozen in liquid 
nitrogen and stored at -80°C. Experiments on 
mice were performed with protocols approved 
by the Animal Research Committee of The 
Second Hospital of Jilin University.

Cell culture

The cell lines (KTC-1, IHH-4, BCPAP, TPC-1, and 
Nthy-ori 3-1) were purchased from Lonza 
Pharma & Biotech and cultured in RPMI-1640 
medium (Lonza Pharma & Biotech) containing 
10% fetal bovine serum (Gibco) and 1% penicil-
lin/streptomycin (Invitrogen).

Transfection of plasmid, miRNA mimics, and 
miRNA inhibitors was performed using Lipo- 
2000 according to the recommendations of  
the manufacturer (Thermofisher).

Construction of stable cell lines

Sequence expressed circNEURL4 was intro-
duced into pLV-Puro vector (Hanbio Biotechno- 

logy) to construct pLV-circNEURL4. pLV-circ-
NEURL4 or empty vector was transfected to 
BCPAP or TPC-1 and filtered with puromycin to 
construct stable cell lines as described previ-
ously [20].

Transfection

pLV-circNEURL4, and pLV were purchased from 
Hanbio Biotechnology. miR-1278 inhibitor, NC 
inhibitor, miR-1278 mimics, and miR-NC were 
purchased from Thermofisher Biotechnology. 
Transfection was performed using Lipo2000 
(Thermofisher) according to the protocol of the 
manufacture. 

Analyzing the circRNA microarray data

circRNA microarray data GSE93522 [21] was 
obtained from the GEO database. The data was 
analyzed using the Cluster and TreeView pro-
grams. The most down-regulated circRNA was 
pick up.

Prediction analysis

Prediction of the miRNA targets of circNEURL4 
was done through the web tools CircBank 
(http://www.circbank.cn/), and Circular RNA In- 
teractome (https://circinteractome.irp.nia.nih.
gov/). Prediction of the binding site between 
circNEURL4 and miR-1278 was performed on 
Circular RNA Interactome (https://circinterac-
tome.irp.nia.nih.gov/). Prediction of the binding 
site between LATS1’s 3’UTR and miR-1278 was 
performed on starbase (http://starbase.sysu.
edu.cn/).

RNase R treatment

2 mg total RNA was incubated with or without 3 
U/mg of RNase R (Epicenter Technologies) for 
30 min at 37°C. Then, qRT-PCR was performed 
to detect the expression levels of circNEURL4 
and NEURL4.

CCK8 assays

Cells (5000 cells/well in 96-well plates) were 
adjusted to different treatments for 24-72 h at 
37°C. Then 10 μl CCK-8 reagent (Abcam) was 
added to each well and cultured for another 1 h 
at 37°C. The absorption values were measured 
by a microplate reader (Thermofisher) and were 
used to calculate the cell viability.
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Colony-formation assays

Cells with different treatments were seeded  
at a density of 20 cells/cm2 in 12-wells plates 
and cultured at 37°C for 2 weeks. Then the 
cells were fixed, washed with PBS for 3 times, 
stained with Crystal Violet (Sangon), and pic-
tured and counted using microscopy (Leica).

Apoptosis assays

Cells (5 × 105 cells/well in 6-well plates) were 
adjusted to different treatments for 24 h at 
37°C. Then the cells were digested and stain- 
ed with an Annexin V-FITC/propidine iodide  
(PI) double-staining kit (Abcam). The cells we- 
re then analyzed with FACS using CytoFlex 
(Beckman).

Cell migration and invasion transwell assays 

Cell migration and invasion were measured 
with transwell assays. Cultured cells with 
70-80% confluency were digested for the next 
experiments.

In brief, for cell migration, it was performed by 
cell culture insects invasion chambers which 
that carry membrane with 8 μm pores in 24- 
well plates (Corning). The cell suspensions were 
added into the upper chamber of a transwell 
filter. A serum-free medium was added to the 
upper compartment, and a medium containing 
10% FBS was added into the lower compart-
ment. After incubation at 37°C for 24 h, the 
cells in the lower upper chambers were fixed via 
methanol for 10 min and stained with 0.1% 
crystal violet solution. The cells on the upper-
membranes were removed, and then the cells 
on the lower-membranes were counted under a 
microscope in five randomly chosen fields.

For cell invasion, the upper chambers were 
coated with Matrigel (BD Biosciences) before 
adding the cell suspensions.

Nuclear/cytosol fractionation

The separation of nuclear and cytosol RNA was 
performed using PARIS™ Kit (Thermofisher). 
Briefly, 1 × 107 cells were disrupted with 1mL 
cell fractionation buffer on ice for 10 min. Then 
samples were centrifuged for 5 min at 4°C with 
500 g. The pellet was the nuclear part and the 
supernatant was the cytoplasmic lysate. The 
nuclear pellet was homogenized by 500 μl cell 
disruption buffer on ice. Next, 500 μl cytoplas-

mic and nuclear lysate were mixed with 500 μl 
2 × lysis/binding solution and 500 μl ethanol 
respectively. Then, the samples were drawn 
through filter cartridges and washed 2 times. 
Finally, RNA was eluted with 40-60 μL of ~95°C 
elution solution.

RNA extraction and qRT-PCR

Total RNA was extracted with TRIzol (Invitro- 
gen) according to the manufacturer’s protocol. 
miRNA Reverse Transcription Kit (Qiagen) was 
used for the synthesis of miRNA cDNA library 
and PrimeScript™ RT reagent Kit (Takara) was 
used for the synthesis of miRNA cDNA library. 
SYBR Green PCR Master Mix (Applied Biosy- 
stems) was used in a CFX96 Real-Time System 
thermocycler (Bio-Rad), and the RNA levels of 
the target genes were normalized to those of 
GAPDH (for mRNA) or U6 (for miRNA). All the 
primers’ sequences were listed in Table 1.

Western blot analysis

The procedure of western blot was the same as 
the previous paper [22]. All the primary and 
secondary antibodies were purchased from 
Abcam. An ECL detection kit (Thermofisher) 
was used to develop the bands. The pictures 
were captured by ChemiDoc XRS Plus (BioRad). 
The primary antibodies used are listed as  
follows: E-cadherin, N-cadherin, and GAPDH 
(Abcam).

Luciferase reporter assay

WT or mutant binding site sequences of circ-
NEURL4 or LATS1’s 3’UTR (Figures 4D, 6A)  
was introduced to pmirGLO (Promega). Plas- 
mids containing WT or mutant binding site were 
co-transfected with miR-1278 mimics (Gene- 
Pharma) to BCPAP or TPC-1 using Lipofectamine 
3000 (Invitrogen). 48 h post the transfection, 
cells were analyzed for luciferase activity using 
the Dual-Glo® Luciferase Assay System (Pro- 
mega) and a MicroLumatPlus LB96V luminom-
eter (Berthold). Relative luciferase activity was 
calculated as firefly luciferase activity/Renilla 
luciferase activity.

RNA pulldown assay

The RNA pulldown assay was carried out as  
previously described [23]. In brief, BCPAP and 
TPC-1 cells were quantitated and treated with 1 
ml of cell lysis buffer for 72 h. Before the cells 
were rotated overnight at 4°C, 1.5 μl of RNase 
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inhibitor, 10 μl of streptavidin agarose beads, 
and 500 pM probe of circNEURL4 (Thermofi- 
sher) were added to BCPAP and TPC-1 cells. 
Total RNAs were then subjected to qRT-PCR 
analysis.

RNA binding protein immunoprecipitation (RIP)

The MagnaRIP RNA-Binding Protein Immuno- 
precipitation Kit was used to perform the Ago2 
immunoprecipitation assay. Transfected cells 
were lysed with RIPA lysis buffer (150 mM NaCl, 
20 nM Tris-HCl (PH 7.5), 1% NP-40, 2.5 mM 
sodium pyrophosphate, 1 mM Na2EDTA, 1 mM 
EGTA, 1% sodium deoxycholate, 1 μg/ml leu-
peptin, 1 mM Na3VO4, and 1 mM beta-glycero-
phosphate) for 30 min on ice. The cell suspen-
sion was then centrifuged at 14000 rpm for 15 
min. After the addition of 2 μl of AGO2 antibody 
(Abcam) and 10 μl of beads (Thermofisher), the 
supernatant was rotated overnight at 4°C. The 
mixture was washed with lysis buffer. RNA ex- 
traction was performed using Trizol reagent 
and then subjected to qRT-PCR analysis.

Xenografts in mice

Male nude mice (6-8 weeks, purchased from 
Cyagen) were subcutaneously injected with 1 × 
106 cells on the oxter. The length and width of 
tumor xenografts were measured weekly, and 
the tumor volume was calculated using the fol-
lowing formula: volume (cubic millimeters) = 
0.5 × width2 × length. Five weeks post-injec-
tion, t the tumors were collected and weighed.

Statistical analysis

Data are shown as the mean ± S.E.M. Analyses 
of significant differences between groups were 

was the most downregulated circRNA in the 
PTC samples (Figure 1A). circNEURL4 (hsa_cir-
cRNA_0041821) was derived from the NEURL4 
gene with the location on chr17:7225183-
7225329, and the spliced mature sequence 
length of circNEURL4 is 146 bp. We verified the 
discovery in PTC tissues and cell lines. The rela-
tive expression of circNEURL4 was dramatically 
decreased in PTC tissues compared to their 
matching contralateral normal samples (n=68) 
(Figure 1B). We then analyzed the relationship 
between the expression level of circNEURL4 
and the PTC patients’ clinical characters (de- 
tailed information of each patient is shown in 
Table 2). Interestingly, patients with advanced 
stages (III+IV) had a significantly lower circ-
NEURL4 expression than patients with early 
stages (I+II) (Figure 1C). Moreover, patients 
with lymph node metastasis showed lower circ-
NEURL4 expression (Figure 1D). We then sepa-
rated the PTC tissue samples into two groups 
based on their circNEURL4 expression. One 
with a higher circNEURL4 expression than the 
median expression of the whole PTC tissue 
samples was separated into circNEURL4-high 
group and one with a lower circNEURL4 expres-
sion was separated into circNEURL4-low group. 
The circNEURL4-low group had a great worse 
survival curve (Figure 1E). These data mani-
fested that the PTC patients had a lower expr- 
ession of circNEURL4 and circNEURL4 expres-
sion level had a close relationship with the 
patients’ prognosis.

Similarly, compared to the normal thyroid cell 
line Nthy-ori 3-1, all the PTC cell lines (KTC-1, 
IHH-4, BCPAP, and TPC-1) showed a lower ex- 
pression level of circNEURL4, of which BCPAP 
and TPC-1 were more obvious than the other 

Table 1. Primer sequences for qRT-PCR
Gene Primer sequence (5’-3’)
circNEURL4 Forward primer: ATGCTCATGGCCTTGTCTTCA

Reverse primer: CTAGAGTGACGTTCTTGCCG
miR-1278 Forward primer: GGCTCTGGCTCCGTGTCTT

Reverse primer: CAGTGCAGGGTCCGAGGTATT
miR-521 Forward primer: ATGCCGCGCTCTTTCCTCGTC

Reverse primer: TCAGCGGGGACATCCTGAGC
U6 Forward primer: CAAATTCGTGAAGCGTTCCATA

Reverse primer: AGTGCAGGGTCCGAGGTATTC
GAPDH Forward primer: GCACCGTCAAGGCTGAGAAC

Reverse primer: ATGGTGGTGAAGACGCCAGT

performed by Statistical Product and Ser- 
vice Solutions (SPSS) 21.0 using two-tailed 
Student’s t-tests or Tukey’s test. P<0.05 
was considered statistically significant.

Results

Expression of circNEURL4 was decreased 
in PTC tissues and cell lines

We analyzed the circRNA microarray data  
of PTC samples from the NCBI database 
(GSE93522), which contains six PTC tumors 
and six matching contralateral normal sam-
ples. We found that hsa_circRNA_0041821 
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two (Figure 1F). So we chose BCPAP and TPC-1 
for our subsequent in vitro experiments. RNase 
R treatment also confirmed that circNEURL4 
belonged to circRNA.

Based on the above data, we hypothesized that 
circNEURL4 may play a role in the tumorigene-
sis of PTC.

circNEURL4 inhibits the growth, migration, and 
invasion of PTC cells

The cell lines (BCPAP-circNEURL4 and TPC-1-
circNEURL4) that could stably over-express 
circNEURL4 were constructed (Figure 2A). The 
effects of circNEURL4 on PTC cells were deter-

mined. Firstly, overexpression of circNEURL4 
decreased the cell proliferation (Figure 2C)  
and inhibited colony-formation (Figure 2C). 
Secondly, overexpression of circNEURL4 in- 
creased apoptosis in PTC cells (Figure 2D), 
revealing inhibition effects of circNEURL4 on 
tumor proliferation and survival in PTC cells.

Then, we explored the effects of circNEURL4  
on PTC tumor formation in vivo. 1 × 106 TPC-1-
circNEURL4 cells or TPC-1-vector cells were 
subcutaneously injected into nude mice, nam-
ing as circNEURL4 group or control group. The 
tumor volumes were measured every seven 
days, and the tumors were collected and 
weighed 35 days post the injection. Nude mice 

Figure 1. circNEURL4 is down-regulated in PTC samples and cell lines. A. circNEURL4 is down-regulated in the 
PTC samples from GSE93522. B. The relative expression level of circNEURL4 in PTC samples and their matching 
contralateral normal samples using qRT-PCR (n=68). C. The relative expression level of circNEURL4 in PTC patients 
with early stages (I+II) (n=35) or advanced stages (III+IV) (n=33) dectected by qRT-PCR. D. The relative expression 
level of circNEURL4 in PTC patients with metastasis (n=37) or without metastasis (n=31) dectected by qRT-PCR. E. 
PTC samples were separated into circNEURL4-high group and circNEURL4-low group with the median expression 
of circNEURL4 as a cut-off. The survival curve was drawn in the two groups. F. The relative expression level of circ-
NEURL4 in KTC-1, IHH-4, BCPAP, TPC-1, and Nthy-ori 3-1 dectected by qRT-PCR. G. The relative expression level of 
circNEURL4 and NEURL4 in BCPAP or TPC-1 with or without the treatment of RNase R. Data were presented as the 
mean ± SME. Two-tailed paired t-test, *P<0.05; ***P<0.001.
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Figure 2. circNEURL4 inhibits the growth and promote the apoptosis of PTC cells. A. The relative expression level of circNEURL4 in BCPAP-circNEURL4, TPC-
1-circNEURL4, BCPAP-vector, and TPC-1-vector dectected by RT-qPCR. B. CCK8 assays of BCPAP-circNEURL4, TPC-1-circNEURL4, BCPAP-vector, and TPC-1-vector. 
Absorbances were measured at 24 h, 48 h, and 72 h post cell seeding. C. Pictures and statistical results of colony-formation assays using BCPAP-circNEURL4, TPC-
1-circNEURL4, BCPAP-vector, and TPC-1-vector. D. Flow graph and statistical results of apoptosis assays using BCPAP-circNEURL4, TPC-1-circNEURL4, BCPAP-vector, 
and TPC-1-vector. E. Tumor volumes of nude mice injected with TPC-1-circNEURL4 or TPC-1-vector 7, 14, 21, 28, 35 days post-injection. F. Tumor weights of nude 
micenjected with TPC-1-circNEURL4 or TPC-1-vector 35 days post-injection. Statistical results were presented as the mean ± SME. Two-tailed paired t-test, *P<0.05, 
**P<0.01, ***P<0.001.
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Figure 3. circNEURL4 inhibits migration and invasion of PTC cells. A. Pictures and statistical results of migration assays using BCPAP-circNEURL4, TPC-1-circ-
NEURL4, BCPAP-vector, and TPC-1-vector. B. Pictures and statistical results of invasion assays using BCPAP-circNEURL4, TPC-1-circNEURL4, BCPAP-vector, and 
TPC-1-vector. C. Western Blot and statistical results showing the expression of E-cadherin and N-cadherin in BCPAP-circNEURL4, TPC-1-circNEURL4, BCPAP-vector, 
and TPC-1-vector. GAPDH was used as an internal reference. Statistical results were presented as the mean ± SME. Two-tailed paired t-test, **P<0.01.
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in the circNEURL4 group showed obviously 
slower growth rates and lighter tumor weights 
(Figure 2E, 2F).

We further detected whether circNEURL4 af- 
fects the migration and invasion of PTC cells 
using transwell assays. The results indicated 
that circNEURL4 could distinctly reduce the 
migration and invasion of both BCPAP and 
TPC-1 cells (Figure 3A, 3B). It is well known th- 
at the migration or invasion of cancer cells is 
always accompanied by an increased expres-
sion of N-cadherin and a reduced expression of 
E-cadherin [24-26]. Our results showed that the 

expression in the cytoplasm and nuclear 
respectively using qRT-PCR in BCPAP and TPC-
1, representing nearly 80% circNEURL4 located 
at the cytoplasm (Figure 4A). So we proposed 
that circNEURL4 might probably function as 
“sponges” to miRNAs. And then, we filtered 
miR-1278 and miR-521 as the potential targets 
of circNEURL4 by circBank and Circular RNA 
Interactome (Figure 4B). We then performed 
circRIP assay and the results revealed that only 
miR-1278 could be remarkably enriched by a 
circNEURL4-specific probe (Figure 4C). To fur-
ther explore the relationship between circ-
NEURL4 and miR-1278, we detected the bind-

Figure 4. circNEURL4 binds to miR-1278 and they were antagonists to each other. A. The relative expression level 
of circNEURL4 in the nuclear and cytoplasm of BCPAP-circNEURL4, TPC-1-circNEURL4, BCPAP-vector, and TPC-
1-vector dectected by qRT-PCR. GAPDH was used as the reference of cytoplasm, U6 was used as the reference of 
nuclear. B. Vein graph showing the prediction of the miRNA targets of circNEURL4. C. The relative expression level 
of miR-1278 and miR-521 in BCPAP and TPC-1 using a circNEURL4-specific probe or oligo probe by RNA pull-down 
assays. D. Schematic representation of the predicted binding site of miR-1278 to circNEURL4 (circNEURL4-WT), 
and the mutant circNEURL4 designed by us (circNEURL4-MUT). E. The relative expression level of miR-1278 show-
ing the efficiency of transfection dectected by qRT-PCR. F. The luciferase activity was determined using the Dual-
Luciferase Reporter System. G. Relative RNA enrichment of circNEURL4 and miR-1278 in Ago2 RIP compared to 
IgG RIP. H. The relative expression level of miR-1278 in BCPAP-circNEURL4, TPC-1-circNEURL4, BCPAP-vector, and 
TPC-1-vector dectected by qRT-PCR. I. The relative expression level of miR-1278 in PTC samples and their matching 
contralateral normal samples using qRT-PCR (n=68). J. Correlation test showing negative correlation of miR-1278 
and circNEURL4 in PTC patients’ samples. Statistical results were presented as the mean ± SME. Two-tailed paired 
t-test, **P<0.01, ***P<0.001.

Table 2. Correlation between circNEURL4 expression and 
clinicopathological parameters of PTC patients

Characteristics Number
circNEURL4 expression

PHigh Low
34 34

Age (years) 0.625
    <45 38 20 18
    ≥45 30 14 16
Gender 0.622
    Male 40 21 19
    Female 28 13 15
Tumor size (cm) 0.331
    ≤3 30 18 14
    >3 38 16 20
TNM grade 0.002*
    I-II 35 24 11
    III-IV 33 10 23
Lymph Node Metastasis 0.028*
    NO 31 20 11
    YES 37 14 23
Nodular Goiter 0.145
    Negative 36 21 15
    Positive 32 13 19
*P<0.05.

expression of E-cadherin was in- 
creased and the expression of N- 
cadherin was decreased in cells 
with overexpression of circNEURL4 
(Figure 3C), confirming the inhibi-
tion effects of circNEURL4 on the 
migration and invasion of PTC 
cells.

Thus, we proved that circNEURL4 
had exciting effects on PTC cells’ 
growth, migration, and invasion, 
raising the problem of what’s the 
mechanism behind the pheno- 
menon.

circNEURL4 binds to and regu-
lated expression of miR-1278 
negatively

circRNAs mostly function in the 
cytoplasm as “sponges” to miRNAs 
[12, 13], and some circRNAs func-
tion in the nuclear by interacting 
with the genome DNA [27]. Here, 
we examined the location and 
mechanism of circNEURL4 on PTC 
cells. We detected circNEURL4 
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ing site between circNEURL4 and miR-1278 
and designed a mutant sequence of circ-
NEURL4 (Figure 4D). We used miR-1278 mim-
ics and detected the efficiency of the transfec-
tion (Figure 4E). Cotransfection of circNEURL4-
WT (reporter plasmids containing wild type 
binding site of circNEURL4 to miR-1278) and 
miR-1278 mimics showed an obvious reduction 
of relative luciferase activity, whereas cotrans-
fection of circNEURL4-MUT (reporter plasmids 
containing mutant binding site of circNEURL4 
to miR-1278) and miR-1278 mimics showed no 
change of luciferase activity to the control 
(Figure 4F), indicating that miR-1278 could 
directly bind to circNEURL4 and down-regulate 
its expression. Subsequent RIP assay illustrat-
ed that miR-1278 degraded circNEURL4 
through an Ago-dependent manner (Figure 4G). 
Besides those above, we detected the expres-
sion of miR-1278 in BCPAP-circNEURL4 and 
TPC-1-circNEURL4 cell lines compared to their mat- 
ching control cell lines and found that circ-
NEURL4 could also down-regulate miR-1278’ 
expression (Figure 4H). Thus, we proved that 
circNEURL4 could directly bind to miR-1278 
and they were antagonists to each other.

What’s more, we found that miR-1278 was 
highly expressed in our PTC samples (Figure 
4I), with a negative correlation with the expres-
sion of circNEURL4 (Figure 4J).

Inhibition of miR-1278 decreases the growth, 
migration, and invasion of PTC cells

We had proved that circNEURL4 could bind to 
miR-1278 and their antagonism to each ot- 
her in vitro and in vivo, so we wonder if inhibi-
tion of miR-1278 could have similar effects  
on PTC compared to the overexpression of 
circNEURL4.

miR-1278 was highly expressed in the PTC cell 
lines (KTC-1, IHH-4, BCPAP, and TPC-1) com-
pared to the normal thyroid cell line Nthy-ori 
3-1, of which BCPAP and TPC-1 were most obvi-
ous (Figure 5A). Therefore, BCPAP and TPC-1 
were chosen for subsequent experiments. Af- 
ter inhibiting miR-1278 expression in BCPAP 
and TPC-1 cells (Figure 5B), the cell viability 
and colony-formation were decreased (Figure 
5C, 5D), and the apoptosis was increased (Fi- 
gure 5E). Moreover, transwell assays manifest-
ed that inhibition of miR-1278 could notably 
reduce PTC cell lines’ migration and invasion 

(Figure 5F, 5G), accompanying with the in- 
creased expression of E-cadherin and reduced 
expression of N-cadherin (Figure 5H).

miR-1278 directly targets LAST1

To explore the downstream target gene that 
was liberated from miR-1278 by circNEURL4, 
we predicted the targets of miR-1278 through 
starbase and filtered out LATS1, a well-known 
cancer suppressor [28-30], as the potential 
candidate (Figure 6A). Cotransfection of LAT- 
S1-3’UTR-WT (reporter plasmids containing 
wild type binding site at LATS1’s 3’UTR to miR-
1278) and miR-1278 mimics showed an obvi-
ous reduction of relative luciferase activity, 
whereas cotransfection of circNEURL4-MUT 
(reporter plasmids containing mutant binding 
site at LATS1’s 3’UTR to miR-1278) and miR-
1278 mimics showed no change of luciferase 
activity to the control (Figure 6B, 6C). Tr- 
ansfection of miR-1278 mimics to BCPAP and 
TPC-1 significantly diminished the expression 
of LATS1 (Figure 6D), whereas transfection of 
miR-1278 mimics to BCPAP and TPC-1 signifi-
cantly up-regulated the expression of LATS1 
(Figure 6E). These data revealed that miR- 
1278 could directly bind to and suppress 
LATS1.

circNEURL4 regulates PTC through circ-
NEURL4/miR-1278/LAST1 axis

With the validation of the direct binding of circ-
NEURL4 to miR-1278 and miR-1278 to LATS1, 
we finally ought to prove the anti-tumor effect 
of circNEURL4/miR-1278/LATS1 axis in PTC 
cells.

We first detected the expression of LATS1 in 
three experimental groups: vector group (BC- 
PAP or TPC-1 transfected with empty vector), 
circNEURL4 group (BCPAP or TPC-1 transfected 
with pLV-circNEURL4), and circNEURL4/miR-
1278 group (BCPAP or TPC-1 transfected with 
pLV-circNEURL4 and miR-1278 mimics). Wes- 
tern Blot results showed circNEURL4 group  
had an increased expression of LATS1 relative 
to vector group, nevertheless, circNEURL4/
miR-1278 group had a reduction in LATS1’s 
expression relative to circNEURL4 (Figure 7A), 
indicating that overexpression of circNEURL4 
could up-regulate LATS1’s expression while 
additional miR-1278 could diminish the en- 
hancement of circNEURL4 on LATS1.
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Figure 5. Inhibition of miR-1278 decreases the growth, migration, and invasion of PTC cells. A. The relative expression level of miR-1278 in KTC-1, IHH-4, BCPAP, 
TPC-1, and Nthy-ori 3-1. B. The relative expression level of miR-1278 in BCPAP and TPC-1 transfected with miR-1278 inhibitor or NC inhibitor. C. CCK8 assays of 
BCPAP and TPC-1 transfected with miR-1278 inhibitor or NC inhibitor. Absorbances were measured at 24 h, 48 h, and 72 h post cell seeding. D. Pictures and statisti-
cal results of colony-formation assays using BCPAP and TPC-1 transfected with miR-1278 inhibitor or NC inhibitor. E. Flow graph and statistical results of apoptosis 
assays using BCPAP and TPC-1 transfected with miR-1278 inhibitor or NC inhibitor. F. Pictures and statistical results of migration assays using BCPAP and TPC-1 
transfected with miR-1278 inhibitor or NC inhibitor. G. Pictures and statistical results of invasion assays using BCPAP and TPC-1 transfected with miR-1278 inhibitor 
or NC inhibitor. H. Western Blot and statistical results showing the expression of E-cadherin and N-cadherin in BCPAP and TPC-1 transfected with miR-1278 inhibi-
tor or NC inhibitor. GAPDH was used as an internal reference. Statistical results were presented as the mean ± SME. Two-tailed paired t-test, *P<0.05, **P<0.01, 
***P<0.001.
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Moreover, compared to the circNEURL4 group, 
circNEURL4/miR-1278 group showed increas- 
ed cell viability and colony formation (Figure 
7B, 7C); littler apoptotic cells (Figure 7D); en- 
hanced migration and invasion accompanying 
with reduced expression of E-cadherin and 
increased expression of N-cadherin (Figure 
7E-G). These data confirmed the antagonis- 
tic function of miR-1278 to circNEURL4, and 
deeply confirmed the regulatory axis of circ-
NEURL4/miR-1278/LATS1.

Discussion

Nowadays, increasing pieces of evidence sug-
gest that circRNA plays a crucial role in the 

development of PTC [16-19]. However, most cir-
cRNAs that have been detected are oncogenic 
to PTC, indicating more researches are needed. 
Our research focused on the down-regulated 
circRNAs in the PTC samples, proposing to find 
a circRNA that could inhibit the development of 
PTC. Based on the public database, we filtered 
circNEURL4 as the most appropriate candidate 
for our subsequent research. We confirmed this 
finding in our PTC samples And then, proved its 
inhibitive effects on the growth, migration, and 
invasion of PTC cells. Furthermore, we reported 
that circNEURL4 could directly binding to miR-
1278 and miR-1278 could directly interact wi- 
th LATS1, illustrating the regulatory function  
of circNEURL4/miR-1278/LATS1 axis. Our da- 

Figure 6. miR-1278 directly targets LATS1. A. Schematic representation of the predicted binding site of miR-1278 
in the 3’UTR of LATS1 mRNA (LATS1-3’UTR-WT), and the mutant LATS1 3’UTR designed by us (LATS1-3’UTR-MUT). 
B. The luciferase activity was determined using the Dual-Luciferase Reporter System in BCPAP. C. The luciferase 
activity was determined using the Dual-Luciferase Reporter System in TPC-1. D. Western Blot and statistical results 
showing the expression of LATS1 in BCPAP and TPC-1 transfected with miR-1278 mimics or miR-NC. GAPDH was 
used as an internal reference. E. Western Blot and statistical results showing the expression of LATS1 in BCPAP 
and TPC-1 transfected with miR-1278 inhibitor or NC inhibitor. GAPDH was used as an internal reference. Statistical 
results were presented as the mean ± SME. Two-tailed paired t-test, *P<0.05, **P<0.01, ***P<0.001.
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ta was the first one that showed the rela- 
tionship between circNEURL4 and cancer. We 
found circNEURL4 could comprehensively af- 
fect the progress of PTC, including its growth, 
migration, and invasion. It will be very interest-
ing to explore circNEURL4’s effect on other can-
cers. Whether its function is widely applicable 
or specific to PTC is unknown.

miR-1278 has been reported to participate in 
the development of other cancers, for example, 
it can interact with LINC00294 to promote glio-
ma cells’ proliferation [31], and it is found in a 
circRNA/miRNA/mRNA regulatory network in 
renal cell carcinoma [32]. Our finding is the first 
report that miR-1278 performs as a PTC en- 
hancer, expanding its research in cancers.

LATS1 is one of the core components belonging 
to the Hippo pathway and has been well stud-
ied to be a suppressor to different cancers, for 
example, lung cancer and hepatocellular carci-
noma [28-30]. LATS1 is widely involved in cell 
metabolism, including cell proliferation and 
apoptosis [28]. Nevertheless, LATS1 has not 
been uncovered to be related to PTC. Our data 
revealed that LATS1 could negatively regulate 
the progress of PTC, confirming its role as a 
cancer suppressor.

Our finding showed that decreased expression 
of circNEURL4 was closely associated with a 
poor prognosis of patients with PTC and could 
inhibit the growth, migration, and invasion of 
PTC cells, shedding lights on the importance  
of circNEURL4/miR-1278/LATS1 axis in regu-
lating PTC, and the potential as a target in cli- 
nical diagnosis and treatment.
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