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1  |  INTRODUC TION

Papillary thyroid cancer (PTC) accounts for about 80% of all thyroid 
cancers.1 People aged 30–50 are susceptible to PTC, and the inci-
dence gradually increases with age.2 Currently, the main therapeutic 
methods for PTC are surgical resection, thyroid hormone suppres-
sion, and radioactive iodine therapy. More than 25% of PTC patients 
relapse, and the etiology is complex and still unclear.3  Therefore, 

developing novel treatment strategies is necessary to improve the 
poor outcome.

Circular RNAs (circRNAs) are a type of RNAs and participate in 
the progression of several cancers.4,5 For instance, hsa_circ_102171 
promoted PTC progression.6 Hsa_circ_0137287 suppressed PTC de-
velopment.7 Besides, hsa_circ_0006156 acted as a new marker for 
PTC diagnosis.8 In particular, Yao et al.9 reported that the abundance 
of circ_0058124, circ_0058129, and circ_0060983 was boosted 
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Abstract
Background: Papillary thyroid cancer (PTC) is an endocrine malignancy with a high 
incidence. Circular RNAs (circRNAs) participate in regulating PTC. Here, we analyzed 
the role of hsa_circ_0058129 (circ_0058129) in PTC.
Methods: The expression of circ_0058129, fibronectin 1 (FN1) mRNA, microRNA-
873-5p (miR-873-5p), and follistatin-like 1 (FSTL1) was detected by qRT-PCR and 
western blot. Cell proliferation was analyzed by CCK-8, EdU, and flow cytometry anal-
ysis assays. Cell migration and invasion were evaluated by Transwell assay. The target-
ing relationship of miR-873-5p and circ_0058129 or FSTL1 was identified through 
dual-luciferase reporter assay, RIP assay, and RNA pull-down assay. Xenograft mouse 
model assay was implemented to determine the effect of circ_0058129 on tumor 
formation in vivo.
Results: The circ_0058129 and FSTL1 abundances were increased, while the miR-
873-5p content was decreased in PTC tissues and cells compared with control 
groups. Circ_0058129  shortage inhibited PTC cell proliferation, migration, and in-
vasion. Moreover, miR-873-5p repressed PTC cell malignancy by binding to FSTL1. 
Circ_0058129 targeted miR-873-5p to regulate FSTL1.
Conclusion: Circ_0058129 expedited PTC progression through the miR-873-5p/
FSTL1 pathway.
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in PTC and invasive PTC.  Circ_0058124  has been investigated by 
Yao and his colleagues, and their results showed that the circRNA 
contributes to PTC cell malignancy.9 Additionally, previous data ex-
plained that the parental gene of circ_0058129, fibronectin 1 (FN1), 
participated in thyroid cancer progression.10 Nevertheless, the func-
tion of circ_0058129 in PTC has not been studied yet.

MicroRNAs (miRNAs) are a kind of RNAs that can modulate cell 
functions by combining with genes.11,12 For example, miR-873-5p 
impeded the advancement of colon cancer.13 MiR-873-5p inhibited 
PTC cell migration.14 Besides, miR-873-5p regulated gastric can-
cer development.15  MiR-145 could regulate the cell proliferation 
of PTC.16 MiR-148a inhibited cell growth of PTC.17 Nevertheless, 
the influence of miR-873-5p on PTC progression remains to be 
explored.

Follistatin-like 1 (FSTL1) is a cysteine-rich secretory glycoprotein.18 
FSTL1 serves as a key participant in physiological developments, such 
as growth, immune regulation, and differentiation.19,20  Meanwhile, 
FSTL1 regulates breast cancer cell growth.21 In addition, FSTL1 over-
turned cell invasion in non-small cell lung cancer.22  Nevertheless, 
there are little data on the effect of FSTL1 in PTC.

Herein, we hypothesized that circ_0058129 could regulate 
tumor growth of PTC by interacting with miR-873-5p and FSTL1. 
We investigated the role of circ_0058129 in PTC cell malignancy, 
and determined whether miR-873-5p and FSTL1 were involved in 
the mechanism responsible for circ_0058129-mediated PTC pro-
gression with the hope of providing therapeutic targets for PTC.

2  |  MATERIAL S AND METHODS

2.1  |  Clinical samples

The study was approved by the Ethics Committee of the Cancer 
Hospital of the University of Chinese Academy of Sciences. Seventy 
pairs of PTC tissues and paracarcinoma tissues were congregated 
from the Cancer Hospital of the University of Chinese Academy of 
Sciences. All participants offered the informed consent.

2.2  |  Cell lines

Papillary thyroid cancer cell lines (TPC-1 and SNU-790) and Nthy-
ori 3–1 cells were procured from Cell Bank, Chinese Academy of 
Sciences (CAS). These cells were cultivated in RPMI-1640 medium in 
an incubator with 5% CO2.

2.3  |  QRT-PCR and RNase R assay

RNAs were prepared using Trizol (Sigma-Aldrich). RNase R was uti-
lized to identify the stability of circ_0058129 and FN1 mRNA. Two 
micrograms of RNA was hatched with or without RNase R (3 U/μg, 
TaKaRa) for 30 min. To detect the contents of circ_0058129 and 

mRNA, cDNA was produced utilizing PrimeScript RT Reagent Kit 
(TaKaRa). For miRNA, cDNA was prepared using miR First-Strand 
Synthesis Kit (TaKaRa). The qRT-PCR was performed by SYBR 
Premix Ex Taq II (TaKaRa) and SYBR Green kit (Sigma). GAPDH and 
RNU6 (U6) served as internal controls. The primers are listed in 
Table 1.

2.4  |  Subcellular fractionation location assay

SNU-790 and TPC-1 cells were harvested and incubated with CEB-A 
Mix and ice-cold Cytosol Extraction Buffer-B as per the guidebook of 
Nuclear/Cytosol Fractionation Kit (Amyjet). Then, the supernatant was 
transferred to prechilled tubes. At last, the supernatants containing 
cytoplasmic extract and the pellets (containing nuclei) were lysed, and 
qRT-PCR was used to analyze circ_0058129 expression.

2.5  |  Western blot

The proteins were prepared by the Protein Extraction Kit (Sigma). 
The 30–40  μg protein was separated by 12% SDS-PAGE gels and 
transferred onto PVDF membranes (Sigma). After blocking, the 
membranes were exposed to the following antibodies: anti-FSTL1 
(ab223287; 1:1000; Abcam), anti-E-cadherin (ab40772; 1:10,000; 
Abcam), anti-N-cadherin (ab76011; 1:1,000; Abcam), anti-Vimentin 
(ab92547; 1:1,000; Abcam), and anti-GAPDH (ab9485; 1:2500; 
Abcam). After being incubated with secondary antibodies (ab205718; 
1:2500; Abcam), the membranes were evaluated.

2.6  |  Cell transfection

The small RNAs of circ_0058129 (si-circ_0058129#1, si-
circ_0058129#2, sh-circ_0058129), the controls (si-NC and sh-NC), 
miR-873-5p mimics, miR-873-5p inhibitors, controls, FSTL1, and 

TA B L E  1 Primers for PCR

Name Primers for PCR (5′-3′)

hsa_circ_0058129 Forward TCAAGAAAGTACACCTGTTGTCA

Reverse ACCACCAGTCTCATGTGGTC

FN1 Forward ACAAGCATGTCTCTCTGCCA

Reverse TTTGCATCTTGGTTGGCTGC

miR-873-5p Forward GCCGAGGCAGGAACTTGTG

Reverse GTGCGTGTCGTGGAGTCG

FSTL1 Forward CCACGTGGACCAGTCTGAAT

Reverse GGCCTTAATTGGGGGAAAGGA

U6 Forward CTTCGGCAGCACATATACT

Reverse ACGCTTCACGAATTTGCGTGTC

GAPDH Forward TCCCATCACCATCTTCCAGG

Reverse GATGACCCTTTTGGCTCCC
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pcDNA were attained from Ribobio. Transfection was carried out 
using Lipofectamine 2000 (Sigma).

2.7  |  Cell proliferation assay

After transfection, PTC cells (2.0 × 103/well) were plated in 96-well 
plates. CCK-8 (Sigma) was used to incubate the cells in accordance 
with the commands. Besides, the Cell-Light™ EdU kit (Sigma) was 
implemented to evaluate cell proliferation. In simple terms, PTC cells 
with transfection (6.0 × 104/well) were seeded in 24-well plates and 
incubated with EdU (50 μM) for 2 h. The cells were exposed to 4% 
formaldehyde for 0.5 h and hatched with 2 mg/ml glycine for 10 min. 
The cells were exposed to Apollo solution (Sigma) and DAPI (Sigma). 
Lastly, the images were achieved by microscopy.

2.8  |  Flow cytometry assay

Papillary thyroid cancer (1 × 106) cells were cultivated in six-well plates. 
A PI Flow Cytometry Kit (Abcam) was utilized to assess PTC cells, 

referring to the procedure. The cells were exposed to 75% ethanol and 
treated with PI for 0.5 h. These cells were evaluated by flow cytometry.

2.9  |  Transwell assay

Papillary thyroid cancer cells were assessed by a transwell with 
polycarbonate membrane (8  μm pore; BD Bio-sciences). In brief, 
4 × 105 transfected PTC cells, suspended in 100 µl DMEM deprived 
of serum, were planted into the top chamber. Then, the inferior 
chamber of the transwell was added with 500 µl of DMEM and 10% 
FBS. Next, the cells on the inferior membrane were stained, and cell 
migratory ability was analyzed under a microscope. The equivalent 
model was used to detect cell invasive ability with the chamber pre-
coated with matrigel (BD Biosciences).

2.10  |  Dual-luciferase reporter assay

The combinative sequence of miR-873-5p and circ_0058129 or 
FSTL1 was predicted by circinteractome and targetscan. Then, 

F I G U R E  1 Circ_0058129 was enhanced in PTC tissues. (A) The schematic illustration showed the generation of circ_0058129. (B 
and C) The abundance of circ_0058129 was detected by qRT-PCR. (D and E) RNase R treatment assay analyzed the circular structure of 
circ_0058129. (F and G) Subcellular fractionation location assay demonstrated that circ_0058129 was mainly located in the cytoplasm of 
SUN-790 and TPC-1 cells. *p < 0.05
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wild-type and mutant hsa_circ_0058129 or FSTL1 were manu-
factured by Ribobio Co., Ltd. with the use of pmirGLO vec-
tor (Promega), named as circ_0058129-WT, FSTL1 3’UTR-WT, 
circ_0058129-MUT, and FSTL1 3’UTR-MUT. At last, luciferase 
activity was quantified.

2.11  |  RIP assay

A Magna RIP kit (Sigma) was utilized to implement RIP assay accord-
ing to the previous method.23 qRT-PCR was implemented to validate 
the contents of miR-873-5p, circ_0058129, and FSTL1.

F I G U R E  2 Circ_0058129 knockdown inhibited PTC progression. SUN-790 and TPC-1 cells were transfected with si-NC, si-
circ_0058129#1, or si-circ_0058129#2. (A) The circ_0058129 content was measured by qRT-PCR. (B–D) The cell proliferation and (E and F) 
cell mitotic cycle were examined by CCK-8, EdU, and flow cytometry analysis. *p < 0.05
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2.12  |  RNA pull-down assay

Biotinylated miR-873-5p (bio-miR-873-5p) and bio-miR-NC were 
provided by Sangon. SNU-790 and TPC-1 cells were transfected 
with bio-miR-873-5p and bio-miR-NC and cultured for 48  h. The 
cells were incubated in a specific lysis buffer for 10 min and then in-
cubated with streptavidin-coupled beads (Invitrogen) for 4 h. At last, 
qRT-PCR was used to analyze circ_0058129 enrichment.

2.13  |  Xenograft models

The animal assay was approved by the Animal Care and Use 
Committee of the Cancer Hospital of the University of Chinese 
Academy of Sciences. All mice were purchased from Beijing Vital 
River Laboratory Animal Technology Co., Ltd. TPC-1 cells with 
sh-circ_0058129 or sh-NC were injected into the mice (age: 
6 weeks, weight: 18–22 g, n = 6/group). The volume of the form-
ing tumors was measured according to the formula that vol-
ume  =  length  ×  width2  ×  0.5. After 27  days, the tumor materials 
were harvested for further investigation.

2.14  |  IHC assay

The tumor sections were exposed to 4% paraformaldehyde (Sigma) 
and embedded into paraffin. These slices were incubated with 

anti-FSTL1, anti-E-cadherin (ab40772; 1:10,000; Abcam), anti-N-
cadherin (ab76011; 1:1,000; Abcam), and anti-Vimentin (ab92547; 
1:1,000; Abcam), followed by incubating with a secondary antibody 
(ab150113, Abcam) for 1 h. These sections were stained with a DAB 
kit (Sigma). Results were analyzed according to the percentage of 
stained cells and intensity of immunostaining as instructed.24

2.15  |  Statistical assay

All data were obtained from at least three independent duplicate 
tests. The difference was analyzed by Pearson's correlation analysis, 
Student's t test, or ANOVA using GraphPad Prism 7. p < 0.05 was 
considered statistically significant.

3  |  RESULTS

3.1  |  Circ_0058129 content was augmented in PTC

Firstly, circ_0058129 was located on chr2:216271849–216296687 
and consists of exons 4–18 of the FN1 gene (Figure 1A). Circ_0058129 
abundance was augmented in PTC tissues (n  =  70) and cells 
(Figure 1B,C) compared with the controls. As displayed in Figure 1D,E, 
the FN1 mRNA level was abridged by RNase R, although circ_0058129 
was not altered. Additionally, we found that circ_0058129 was mainly 
located in the cytoplasm of SNU-790 and TPC-1 cells (Figure 1F,G). 

F I G U R E  3 Circ_0058129 absence subdued PTC progression. SUN-790 and TPC-1 cells were transfected with si-NC, si-circ_0058129#1, 
or si-circ_0058129#2. (A and B) Cell migration and invasion were analyzed by transwell assay. (C and D) The abundances of E-cadherin, N-
cadherin, and Vimentin were checked by western blot analysis. *p < 0.05
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The results demonstrated that circ_0058129 might be involved in PTC 
progression.

3.2  |  Circ_0058129 absence repressed the 
development of PTC cells

Circ_0058129 abundance was reduced in PTC cells by si-
circ_0058129#1 and si-circ_0058129#2 (Figure  2A). Moreover, 
circ_0058129 absence reduced cell proliferation (Figure  2B–D). In 
addition, si-circ_0058129#1 and si-circ_0058129#2 induced PTC cell 
arrest at the G0/G1 phase (Figure 2E,F). Subsequently, circ_0058129 
absence repressed migration and invasion of PTC cells (Figure 3A,B). 
E-cadherin, N-cadherin, and Vimentin were key factors related 
to cell migration and invasion. Herein, si-circ_0058129#1 and si-
circ_0058129#2 transfection conspicuously abridged the N-cadherin 
and Vimentin contents but enlarged E-cadherin in SNU-790 and TPC-1 
cells (Figure  3C,D). Among them, si-circ_0058129#2  had a stronger 
effect on the process of cells, so it was selected for subsequent tests.

3.3  |  MiR-873-5p bound to circ_0058129

As shown in Figure  4A, miR-873-5p potentially bound to 
circ_0058129. The abundance of miR-873-5p was boosted by 
miR-873-5p mimic (Figure 4B), showing the high efficiency of miR-
873-5p overexpression. The luciferase activity was inhibited in 
circ_0058129-WT and miR-873-5p group in PTC cells versus the 
miR-NC groups (Figure  4C,D). Besides, the RIP assay uncovered 
the binding relationship of miR-873-5p and circ_0058129 in TPC-1 
and SNU-790 cells (Figure 4E,F). As shown in Figure 4G, bio-miR-
873-5p dramatically enriched circ_0058129 compared with the 
bio-miR-NC group. Furthermore, miR-873-5p content was reduced 
in PTC tumor tissues (n = 70) and cells (TPC-1 and SNU-790) com-
pared with the control groups (Figure 4H,I). The abundance of miR-
873-5p was reduced by anti-miR-873-5p (Figure 4J), suggesting the 
success of miR-873-5p knockdown. Moreover, miR-873-5p was 
amplified by si-circ_0058129#2, but it was declined by anti-miR-
873-5p (Figure  4K). These data demonstrated that circ_0058129 
bound to miR-873-5p.

F I G U R E  4 Circ_0058129 sponged miR-873-5p. (A) Circ_0058129-associated miRNAs were identified by circinteractome. (B) The content 
of miR-873-5p was detected by qRT-PCR after transfection of miR-873-5p or miR-NC. (C–G) The binding relationship of circ_0058129 and 
miR-873-5p was identified by dual-luciferase reporter, RIP, and RNA pull-down assays. (H and I) The content of miR-873-5p was examined 
by qRT-PCR in PTC tissues, normal tissues, Nthy-ori3-1 cells, SNU-790 cells, and TPC-1 cells. (J) The efficiency of miR-873-5p depletion was 
determined by qRT-PCR. (K) The effects of circ_0058129 knockdown and miR-873-5p depletion on miR-873-5p expression were analyzed 
by qRT-PCR. *p < 0.05
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3.4  |  Circ_0058129 knockdown repressed PTC cell 
processes via miR-873-5p

Firstly, circ_0058129 absence weakened the cell proliferation, 
whereas this influence was lessened by anti-miR-873-5p (Figure 5A–
C). In addition, si-circ_0058129#2 induced PTC cell arrest at the 
G0/G1 phase, but this effect was remitted by anti-miR-873-5p 
(Figure 5D,E). The absence of circ_0058129 weakened the cell mi-
gration and invasion; nevertheless, these impacts were diminished 
by anti-miR-873-5p (Figure 5F,G). Furthermore, anti-miR-873-5p re-
served circ_0058129 absence-induced dysregulation on N-cadherin, 
Vimentin, and E-cadherin in PTC cells (Figure 5H,I). Thus, these find-
ings explained the circ_0058129/miR-873-5p axis regulated PTC cell 
malignancy.

3.5  |  MiR-873-5p targeted FSTL1 in PTC cells

The binding sites of miR-873-5p in FSTL1 3’UTR were shown in 
Figure 6A. The luciferase activity of FSTL1 3’UTR-WT was hampered 

by miR-873-5p, but there was no alteration in the luciferase activity 
of FSTL1 3’UTR-MUT and miR-873-5p group (Figure 6B,C). The RIP 
assay uncovered the association of miR-873-5p and FSTL1 in TPC-1 
and SNU-790 cells (Figure  6D,E). Furthermore, FSTL1  level was 
boosted in PTC tumor tissues and cells (Figure 6F–H). FSTL1 abun-
dance was improved after FSTL1 transfection (Figure 6I). Besides, 
FSTL1 was restrained by miR-873-5p upregulation, whereas the 
effect was attenuated by increasing FSTL1 expression (Figure 6J). 
Therefore, all data manifested that miR-873-5p targeted FSTL1.

3.6  |  MiR-873-5p inhibited PTC cell malignancy 
through FSTL1

MiR-873-5p curbed SNU-790 and TPC-1 cell proliferation, but this 
effect was abolished by FSTL1 (Figure 7A–C). The miR-873-5p mim-
ics induced PTC cell arrest at the G0/G1 phase, while this effect 
was rescued after FSTL1 overexpression (Figure  7D,E). Moreover, 
miR-873-5p weakened the cell migration and invasion; neverthe-
less, these consequences were restored when FSTL1 expression 

F I G U R E  5 Circ_0058129 expedited PTC via miR-873-5p. SUN-790 and TPC-1 cells were transfected with si-NC, si-circ_0058129#2, anti-
miR-NC, and anti-miR-873-5p alone or jointly. (A–E) Cell proliferation was analyzed by CCK-8, EdU, and flow cytometry analysis. (F and G) 
Cell migration and invasion were investigated by transwell assays. (H and I) The abundances of E-cadherin, N-cadherin, and Vimentin were 
examined by western blot. *p < 0.05
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was increased (Figure 7F,G). Besides, FSTL1 curbed the influences of 
miR-873-5p on N-cadherin, Vimentin, and E-cadherin levels in PTC 
cells (Figure 7H,I). Taken together, these data demonstrated that the 
miR-873-5p/FSTL1 pathway regulated PTC cell malignancy.

3.7  |  FSTL1 was adjusted by the circ_0058129/
miR-873-5p pathway

Follistatin-like 1  level was weakened by si-circ_0058129#2, while 
anti-miR-873-5p diminished the effect (Figure 8A). Moreover, miR-
873-5p was negatively correlated with circ_0058129 (Figure  8B) 
and FSTL1 (Figure 8C) in PTC tissues. In addition, circ_0058129 was 
positively correlated with FSTL1 in PTC tissues (Figure 8D).

3.8  |  Circ_0058129 absence impeded tumor 
growth in vivo

As shown in Figure  9A–C, the sh-circ_0058129 repressed tumor 
volume and weight. Furthermore, the abundances of circ_0058129 

and FSTL1 were decreased, although the miR-873-5p level was in-
creased in the sh-circ_0058129  group compared with the sh-NC 
group (Figure 9D–F). IHC assay showed that the FSTL1, N-cadherin, 
and Vimentin contents were lower, but E-cadherin was higher in the 
sh-circ_0058129 group than in the sh-NC group (Figure 9G). These 
consequences pointed out that circ_0058129 absence repressed 
xenograft tumor growth via miR-873-5p/FSTL1 axis in vivo.

4  |  DISCUSSION

Currently, the therapeutic approach of PTC includes surgery and ra-
dioactive iodine therapy.25,26 Although the majority of PTC patients 
have a good prognosis, some patients are still stuck owing to tumor 
recurrence and metastasis.27 Meanwhile, there is no effective treat-
ment for locally advanced or severely metastatic PTC patients.28 As 
reported, there were many differentially expressed circRNAs in PTC 
tissues. Herein, our research revealed the role of circ_0058129 in 
PTC progression.

Some circRNAs were vital for PTC progression. For example, 
Ding et al. reported that high expression of hsa_circ_0015278 

F I G U R E  6 MiR-873-5p targeted FSTL1. (A) The schematic illustration showed the combinative sites of miR-873-5p and FSTL1. (B–E) 
The association of miR-873-5p and FSTL1 was analyzed by dual-luciferase reporter assay and RIP assay. (F–H) The content of FSTL1 was 
detected by qRT-PCR and western blot analysis in PTC tissues, normal tissues, Nthy-ori3-1 cells, SNU-790 cells, and TPC-1 cells. (I and J) The 
abundances of miR-873-5p and FSTL1 in PTC cells were detected by western blot. *p < 0.05
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was associated with extrathyroidal invasion, pathological node 
stage, and reduced relapse rate.29 Hsa_circ_102002 facilitated 
PTC cell migration and epithelial–mesenchymal transition.30 Hsa_
circ_0025033 contributed to PTC cell proliferation in vitro and in 
vivo.31 Our results showed that the circ_0058129 absence inhibited 
the proliferation, migration, and invasion of PTC cells for the first 
time. Furthermore, our in vivo study discovered that knockdown 
of circ_0058129 impaired tumor growth. There has been growing 
information uncover that circRNAs influence cancer development 
by binding to miRNAs. For example, hsa_circ_102002 targeted miR-
488-3p and hsa_circ_0025033 combined with miR-1179 to modu-
late PTC cell malignancy.30,31 Herein, we found that circ_0058129 
promoted PTC development by regulating miR-873-5p.

MiR-873-5p participated in the progression of triple-negative 
breast cancer (TNBC), glioma, and gastric carcinoma.32–34  MiR-
873-5p curbed papillary thyroid cancer cell invasion by interfering 
C-X-C motif chemokine ligand 16 (CXCL16).14 MiR-873-5p regulated 
cell growth and metastasis in TNBC via MYC proto-oncogene, bHLH 

transcription factor (MYC).32 In addition, miR-873-5p curbed cell 
growth and stimulated cell apoptosis in glioma cells through zinc 
finger E-box binding homeobox 2 (ZEB2).35 Moreover, miR-873-5p 
regulated gastric cancer advancement via SEC11 homolog A, signal 
peptidase complex subunit (SPC18).36  These results revealed that 
miR-873-5p was important to cancer development. Herein, we re-
ported that miR-873-5p controlled the advancement of PTC. We 
also uncovered miR-873-5p inhibited cell growth through interac-
tion with FSTL1. These data corroborated that miR-873-5p played a 
key part in the advancement of PTC.

Follistatin-like 1 played a vital character in the temozolomide 
resistance of glioblastoma.37  Moreover, FSTL1 could regulate im-
mune cell infiltration in gastric cancer.38 FSTL1 enhanced chemo-
resistance in breast cancer cells.39 FSTL1 could stimulate colorectal 
cancer cell metastasis.40 In addition, FSTL1 reduced the cisplatin 
resistance of epithelial ovarian cancer.41 In this work, FSTL1 was 
boosted in PTC tissues and cells. MiR-873-5p blocked cell growth, 
and this influence was diminished by FSTL1. We also explained that 

F I G U R E  7 MiR-873-5p adjusted PTC via FSTL1. SUN-790 and TPC-1 cells were transfected with miR-NC, miR-873-5p, miR-873-5p, 
and FSTL1 alone or jointly. (A–E) Cell proliferation was analyzed by CCK-8, EdU, and flow cytometry analysis. (F and G) Cell migration 
and invasion were investigated by transwell assays. (H and I) The abundances of E-cadherin, N-cadherin, and Vimentin were examined by 
western blot. *p < 0.05
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F I G U R E  8 Follistatin-like 1 content was adjusted by circ_0058129 and miR-873-5p. (A) The abundance of FSTL1 was quantified by 
western blot. (B) Circ_0058129 was negatively correlated with miR-873-5p (R = −0.63) in PTC tissues. (C) FSTL1 was negatively correlated 
with miR-873-5p (R = −0.49) in PTC tissues. (D) FSTL1 was positively correlated with circ_0058129 (R = 0.58) in PTC tissues. *p < 0.05

F I G U R E  9 Circ_0058129 knockdown diminished tumor growth. (A–C) Tumor growth was detected. (D–F) The circ_0058129, miR-873-
5p, and FSTL1 contents were quantified by qRT-PCR or western blot in the forming tumor tissues from sh-circ_0058129 or sh-NC group. (G) 
The FSTL1, E-cadherin, N-cadherin, and Vimentin levels were detected by IHC assay in the primary tumors from TPC-1. *p < 0.05
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miR-873-5p depletion rescued the effect of circ_0058129 absence 
on FSTL1 level in PTC cells.

In brief, the research demonstrated that circ_0058129 and 
FSTL1 contents were increased and miR-873-5p level was de-
creased in PTC tissues and cells. Additionally, our study uncovered 
that circ_0058129 absence inhibited cell proliferation, migration 
and invasion in PTC cells via miR-873-5p/FSTL1 axis. This regulatory 
network needed to be corroborated by clinical assays in the future. 
These data might provide innovative ideas for PTC management.
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