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Abstract. – OBJECTIVE: Distant metastasis 
or local recurrence is the leading cause of death 
in some patients with thyroid cancer (TC), a ma-
lignant tumor of the endocrine system. Circular 
RNA circ_0067934 (circ_0067934) has been re-
ported to be connected with the tumorigenesis 
of multiple tumors. However, there are few re-
ports on the role and regulatory mechanisms of 
circ_0067934 in TC. 

MATERIALS AND METHODS: The expression 
levels of circ_0067934, protein kinase C iota 
(PRKCI), microRNA-1304 (miR-1304), and C-X-C 
chemokine receptor types 1 (CXCR1) were de-
tected with quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR). The proliferation, 
apoptosis, migration, and invasion of TC cells 
were evaluated by Cell Counting Kit-8 (CCK8) 
assay, flow cytometry assay, and transwell as-
say, respectively. The relationship between 
circ_0067934 or CXCR1 and miR-1304 was con-
firmed with Dual-Luciferase reporter assay or 
RNA immunoprecipitation (RIP) assay. Protein 
level of CXCR1 was analyzed via Western blot 
analysis. Xenograft assay was executed to ver-
ify the role of circ_0067934 in vivo. 

RESULTS: Circ_0067934 and CXCR1 were en-
hanced and miR-1304 decreased in TC tissues 
and cells. Circ_0067934 downregulation trig-
gered apoptosis and curbed proliferation, mi-
gration, and invasion of TC cells in vitro, as well 
as repressed tumor growth in vivo. Notably, 
circ_0067934 regulated CXCR1 expression via 
sponging miR-1304 in TC cells. Both miR-1304 
silencing and CXCR1 elevation reversed the fa-
cilitation of apoptosis and the retardation of pro-
liferation, migration, and invasion induced by 
circ_0067934 reduction in TC cells. 

CONCLUSIONS: Circ_0067934 downregula-
tion expedited apoptosis and retarded prolifera-
tion, migration, and invasion of TC cells through 
miR-1304/CXCR1 axis. 
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Introduction

Thyroid cancer (TC) is a common malignant 
tumor of the endocrine system, and its morbid-
ity and mortality are on the rise1. According to 
statistics, from 2006 to 2015, the average annual 
growth rate of TC in men and women in the Unit-
ed States was 3.2% and 3.1%, respectively2. It is 
estimated that there will be 52,070 new cases of 
TC in the United States in 2019, including 14,260 
males and 37,810 females2. At present, most pa-
tients with TC have a good prognosis based on 
surgical resection and chemotherapy or radio-
therapy, but some patients still die from distant 
metastasis or local recurrence within 10 years3,4. 
Therefore, it is imperative to find new molecular 
targets in tumorigenesis and progression of TC to 
provide a potential theory for the management of 
TC cases. 

Circular RNAs (circRNAs) are a kind of cova-
lent cyclic endogenous RNAs formed by the cova-
lent attachment of a 3’ splice donor of pre-mRNA 
to the 5’ splice acceptor in the reverse order5. In-
creased researches revealed that circRNAs were 
connected with a variety of physiological and 
pathological processes, such as sponging microR-
NAs (miRNAs), regulating gene expression and 
protein-RNA interactions, and mediating alterna-
tive splicing6. It has been reported that circRNAs 
are promising cancer biomarkers and therapeutic 
targets or drugs7. Circular RNA circ_0067934 
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(circ_0067934) is derived from the human protein 
kinase C iota (PRKCI) gene locus in the 3q26.2 re-
gion of the chromosome8. Circ_0067934 has been 
reported to be related to the tumorigenesis of multi-
ple cancers, such as hepatocellular cancer9, esoph-
ageal squamous cell cancer8, and cervical cancer10. 
Also, previous literature revealed that enhanced 
circ_0067934 expression was associated with poor 
prognosis in TC11. Nevertheless, the biological role 
of circ_0067934 in TC and its related molecular 
mechanisms have rarely been reported. 

MiRNAs (approximately 21 nucleotides) are a 
class of post-transcriptional regulators that regu-
late gene expression and play fundamental roles 
in cell metabolism and differentiation, organ de-
velopment, tumorigenesis, and viral infection12. 
Studies have showed that miRNAs exert roles in 
a range of cancers by acting as tumor suppressors 
or oncogenes13. In addition, it was reported that 
the dysregulation of microRNA-1304 (miR-1304) 
was connected with the occurrence and progres-
sion of papillary thyroid cancer14 and non-small 
cell lung cancer15. However, the role and potential 
molecular mechanisms of miR-1304 in TC need 
to be further elucidated. 

Chemokines and their cognate receptors play vi-
tal roles in the immune system via mediating the 
activation and trafficking of immune cells16. C-X-C 
chemokine receptor types 1 (CXCR1) is a member 
of the chemokine family that has been revealed to 
be developed with a variety of cancers17. CXCR1 
was reported to be associated with cisplatin resis-
tance in osteosarcoma18. Also, CXCR1 could in-
crease the chemoresistance of colorectal cancer to 
5-fluorouracil19. Moreover, CXCR1 could promote 
the progression of gastric cancer20. Additionally, 
lymph node metastasis of papillary TC was cor-
related with elevated expression of CXCR121. Nev-
ertheless, it is unclear whether CXCR1 is regulated 
by circ_0067934 and miR-1304 in TC. 

Herein, the expression pattern of circ_0067934 
in TC tissues and cells was probed. Moreover, the 
role of circ_0067934 on TC cells in vitro and in 
vivo was also explored. Moreover, the mechanism 
of the circ_0067934/miR-1304/CXCR1 axis in TC 
cells was investigated, providing possible strate-
gies for the treatment of TC.

Materials and Methods

TC Specimen Collection
The protocol of this research was approved by 

the Ethics Committee of the Anhui Provincial 

Hospital. 50 paired TC tissues and neighboring 
normal tissues were obtained from patients who 
underwent surgery at the Anhui Provincial Hos-
pital. Patients with TC were diagnosed accord-
ing to the American Joint Committee on Cancer 
(AJCC) diagnostic criteria and did not receive any 
treatment before surgical removal of the tumor. 
All participants in the study signed informed con-
sents before surgery. 

Cell Culture
TC cell lines (SW579, TPC-1, FTC-133, and 

IHH4) and normal human thyroid cell line Nthy-
ori3-1 were purchased from BeNa Culture Col-
lection (Suzhou, China). Roswell Park Memorial 
Institute-1640 (RPMI-1640) medium (Invitrogen, 
Carlsbad, CA, USA) complemented with fetal bo-
vine serum (FBS, 10%; HyClone, South-Logan, 
UT, USA), streptomycin (100 μg/mL; Life Tech-
nologies, Grand Island, NY, USA) and penicillin 
(100 U/mL; Life Technologies, Grand Island, NY, 
USA) were applied to culture the cells used in this 
study. An incubator with 5% CO2 at 37°C was uti-
lized to keep the growth of the above cell lines.

Quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR)

Total RNA of cells and TC tissues, as well 
as neighboring normal tissues, were extracted 
through TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). Total RNA (2 μg) was maintained at 
37°C for 15 min with or without RNase R (3 U/μg, 
Epicentre Technologies, Madison, WI, USA) to di-
gest total RNA for the assessment of the stability 
of circ_0067934. Moloney Murine Leukemia Vi-
rus (M-MLV) First Strand Kit from Life Technol-
ogies was executed to synthesize the first-strand 
complementary DNA (cDNA) of circ_0067934, 
PRKCI, and CXCR1. The PARIS kit (Life Tech-
nologies, Grand Island, NY, USA) was applied to 
separate the nuclear and cytoplasmic fractions of 
TC cells to analyze the subcellular localization of 
circ_0067934. MiRNA Reverse Transcription kit 
(Thermo Fisher Scientific, Waltham, MA, USA) 
was used to synthesize cDNA for miR-1304. 
The expression of circ_0067934, PRKCI, miR-
1304, and CXCR1 was evaluated through SYBR 
green PCR master mixes (Thermo Fisher Sci-
entific, Waltham, MA, USA). The primers used 
were displayed as below: circ_0067934: 5’-TAG-
CAGTTCCCCAATCCTTG-3’ (F) and 5’-CA-
CAAATTCCCATCATTCCC-3’ (R); CXCR1: 
5’-CTGACCCAGAAGCGTCACTTG-3’ (F) and 
5’-CCAGGACCTCATAGCAAACTG-3’ (R); 
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PRKCI: 5’-TACGCGCAAGGAACCTCAAG-3’ 
(F) and 5’-CTCGCAACTTGGTCACGTCT-3’ 
(R); glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH):  5’-GACTCCACTCACGGCAAAT-
TCA-3’ (F) and 5’-TCGCTCCTGGAAGATGGT-
GAT-3’ (R) as well as U6 small nuclear RNA (snR-
NA): 5’-GCTCGCTTCGGCAGCACA-3’ (F) and 
5’-GAGGTATTCGCACCAGAGGA-3’ (R). Also, 
the primer of the miR-1304 (cat.no.MS00031395) 
was obtained from Qiagen (Hilden, Germany). 
GAPDH or U6 snRNA was viewed as an internal 
control for circ_0067934, PRKCI, CXCR1, and 
miR-1304, and the expression of circ_0067934, 
PRKCI, miR-1304, and CXCR1 was calculated 
by the 2-ΔΔCt method. 

Cell Transfection
Small interference RNA (siRNA) target-

ing circ_0067934 (si-circ_0067934#1 and si-
circ_0067934#2) and negative control (si-NC) 
were obtained from GenePharma (Shanghai, Chi-
na). MiRNA mimics targeting miR-1304 (miR-
1304) and scrambled mimics control (miR-NC), 
as well as a miR-1304 inhibitor (anti-miR-1304) 
and negative inhibitor control (anti-NC) were 
obtained from GenePharma. The sequence of 
CXCR1 was cloned into pLVX-IRES-Puro (Lv-
NC; Promega, Madison, WI, USA) to construct 
the overexpression vector of CXCR1 (Lv-CX-
CR1). Also, the oligonucleotides or plasmids were 
transiently transfected into TC cells by Lipofect-
amine 2000 reagent (Invitrogen, Carlsbad, CA, 
USA). The sequences were displayed as the fol-
lowing: si-circ_0067934#1 (5’-UGUUGAUUG-
GGAUAUGUUAUU-3’), si-circ_0067934#2 
(5’-CCGAAAUGUUGAUUGGGAUTT-3’) and 
si-NC (5’-GCGCGATAGCGCGAATATA-3’).

Cell Counting Kit-8 (CCK8) Assay
CCK-8 from Dojindo (Dojindo Laboratories, 

Kumamoto, Japan) was utilized to assess the 
proliferation capacity of transfected TC cells. 
In short, transfected TC cells (5×103) were seed-
ed in 96-well plates (Thermo Fisher Scientific, 
Waltham, MA, USA) to cultivate for 24 h, 48 h, 
and 72 h. Then, each well was supplemented with 
CCK-8 (10 μL) at the specified time. 2 h later, the 
Microplate Absorbance Reader (Thermo Fisher 
Scientific, Waltham, MA, USA) was employed 
for the evaluation of the color reaction at 450 nm.

Flow Cytometry Assay
The Annexin V-fluorescein isothiocyanate 

(FITC)/propidium iodide (PI) apoptosis detection 

kit (BD Biosciences, Franklin Lakes NJ, USA) 
was applied to determine the apoptosis of trans-
fected TC cells. In brief, transfected TC cells were 
cultured for 48 h. After washing, transfected TC 
cells (1×105) were resuspended in the binding buf-
fer. Afterward, Annexin V-FITC (10 μL) and PI 
(5 μL) were supplemented to binding buffer with 
transfected TC cells and incubated for 15 min in 
the dark. Lastly, the FACScan flow cytometry 
(BD Biosciences, Franklin Lakes NJ, USA) was 
performed to analyze the apoptosis rate of trans-
fected TC cells. 

Transwell Assay
The transwell assay was executed for analysis of 

the migration and invasion of transfected TC cells. 
Briefly, RPMI-1640 medium supplemented with 
FBS (10%) was added to the lower of the transwell 
chamber (8 μm, BD Biosciences, Franklin Lakes 
NJ, USA) as a chemoattractant. Contemporane-
ously, RPMI-1640 medium containing transfected 
TC cells (2×105) was replenished to the top cham-
ber. After culturing for 48 h, the cells on the upper 
surface of the membrane were eliminated with a 
cotton swab. Following this, the methanol (100%) 
was used to fix the cells on the lower surface of the 
membrane. Moreover, crystal violet (0.25%, Sig-
ma-Aldrich, St. Louis, MO, USA) was utilized to 
stain the migrated cells. In addition, the transwell 
chamber coated with Matrigel matrix (BD Biosci-
ences, Franklin Lakes NJ, USA) was used for the 
execution of the invasion assay. Finally, the migrat-
ed or invaded cells were counted through a light 
microscope (Olympus, Tokyo, Japan). 

Dual-Luciferase Reporter Assay
The circular RNA Interactome database was 

employed for the prediction of the binding sites 
between circ_0067934 and miR-1304. After-
ward, the pGL3-control vector (Promega, Madi-
son, WI, USA) with the sequences of wild type 
circ_0067934 (WT-circ_0067934) (with predicted 
miR-1304 binding sites) and mutant circ_0067934 
(MUT-circ_0067934) were established to check 
on the binding sites between circ_0067934 and 
miR-1304. Also, the TargetScan database was 
carried out to predict the binding sites between 
miR-1304 and CXCR1. Similarly, the sequenc-
es of wild type CXCR1 3’Untranslated Regions 
(UTR) (with predicted miR-1304 binding sites) 
and mutant CXCR1 3’UTR were synthesized 
and inserted into the pGL3-control vector for the 
construction of the Luciferase reporter vectors of 
CXCR1 3’UTR-WT and CXCR1 3’UTR-MUT. 
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After that, TC cells were cotransfected miR-NC 
or miR-1304 and Luciferase reporter vector to 
execute the Dual-Luciferase reporter assay. Even-
tually, the Luciferase activity of the Luciferase 
reporter vector was assessed by the Dual-Lucif-
erase reporter assay kit (Promega, Madison, WI, 
USA). 

RNA Immunoprecipitation (RIP) Assay
The Magna RIP kit (Millipore, Bedford, MA, 

USA) was utilized to analyze the interaction be-
tween circ_0067934 and miR-1304. In short, RIP 
lysis buffer supplemented with a protease-inhib-
itor cocktail (Hoffman-La Roche, Basel, Swit-
zerland) and RNase inhibitor (Thermo Fisher 
Scientific, Waltham, MA, USA) were used to 
lyse the TC cells. Then, the RIP buffer harboring 
protein A/G magnetic beads conjugated IgG or 
Ago2 antibody (Millipore, Billerica, MA, USA) 
was supplemented to the lysates of TC cells and 
incubated at 4°C overnight. The enrichment of 
circ_0067934 and miR-1304 in precipitates was 
assessed with qRT-PCR.

Western Blot Analysis
The radio-immunoprecipitation assay (RIPA) 

lysis buffer (Thermo Fisher Scientific, Waltham, 
MA, USA) was used to extract the protein of 
paired TC tissues and neighboring normal tis-
sues, as well as cells. Following this, the sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (10%, SDS-PAGE) was employed to separate 
the extracted total protein. Next, the separated 
protein was transferred onto polyvinylidene di-
fluoride (PVDF; Millipore, Billerica, MA, USA) 
membranes through wet electrophoretic transfer 
method. After immersion in Tris-Buffered Saline 
Tween (TBST) buffer with 5% skim milk for 1 
h, the PVDF membranes were incubated with 
primary antibodies: rabbit anti-CXCR1 (1:500, 
ab14936, Abcam, Cambridge, MA, USA) and rab-
bit anti-GAPDH (1:2500, ab9485, Abcam, Cam-
bridge, MA, USA). GAPDH was regarded as a 
loading control. Then, the membranes were incu-
bated with goat anti-rabbit IgG (1:2000, ab205718, 
Abcam, Cambridge, MA, USA). Finally, the Im-
mobilon TM Western Chemiluminescent HRP 
Substrate (Millipore, Billerica, MA, USA) was 
utilized to visualize the protein bands. 

Xenograft Assay
The animal experiments were approved by the 

Ethics Committee of Anhui Provincial Hospi-
tal. 10 BALB/c nude mice (4-6 weeks old) from 

Shanghai Experimental Animal Center (Shang-
hai, China) were used to execute xenograft assay.

Briefly, SW579 cells were transfected with 
lentivirus-mediated small hairpin RNA target-
ing circ_0067934 (sh-circ_0067934) and neg-
ative control (sh-NC). Then, sh-NC-transfect-
ed SW579 cells or stable lentiviral-mediated 
circ_0067934-reduced SW579 cells were subcu-
taneously injected into the dorsal side of nude 
mice (every 5 mice in a group) to establish the 
mouse xenograft models. The tumor volume 
was measured every 7 days with a digital cal-
iper and calculated with the equation: Volume 
= (length × width2) / 2. After 35 days, the mice 
were euthanized under anesthesia to separate the 
tumor tissues for subsequent experiments (eval-
uation of tumor weight and expression levels of 
circ_0067934, miR-1304, and CXCR1). 

Statistical Analysis
The data of this study were derived from at 

least 3 independent experiments and were shown 
as mean ± standard deviation. Statistical Product 
and Service Solution SPSS 20.0 software (IBM 
Corp., Armonk, NY, USA) and GraphPad Prism 
6.0 (GraphPad, San Diego, CA, USA) were exe-
cuted for statistical analysis. The differences be-
tween two or among more groups were analyzed 
through Student’s t-test or One-way variance 
analysis (ANOVA), and ANOVA was followed 
by Tukey’s post-hoc test. Differences with p < 
0.05 were statistically significant. Kaplan-Meier 
analysis was conducted to evaluate the survival 
rate of TC patients with high or low expression 
of circ_0067934. The relationship between miR-
1304 and circ_0067934 or CXCR1 expression in 
TC tissues was assessed with Pearson’s correla-
tion analysis method. 

Results

Expression Pattern and Characterization 
of Circ_0067934 in TC Tissues and Cells

To probe into the expression pattern of 
circ_0067934 in TC, qRT-PCR was executed for 
the detection of the level of circ_0067934 in 50 
paired TC tissues and neighboring normal tis-
sues. The results exhibited that circ_0067934 
was aberrantly reinforced in TC tissues in com-
parison to that in the neighboring normal tissues 
(Figure 1A). Moreover, the relationship between 
circ_0067934 expression and TC severity (based 
on AJCC grade) was analyzed using qRT-PCR. 
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We found that augmented circ_0067934 expres-
sion was connected with the high AJCC grade 
(stage III and IV) and lymph node metastasis 
(Figure 1B and 1C). Besides, the survival rate of 
TC patients with high expression of circ_0067934 
and low expression of circ_0067934 was ana-
lyzed by the Kaplan-Meier analysis. The results 
displayed that the prognosis of TC patients with 
higher circ_0067934 expression level was worse 
(p = 0.0268) (Figure 1D). Furthermore, the ex-
pression level of circ_0067934 in TC cell lines 
(SW579, TPC-1, FTC-133, and IHH4) was fur-
ther detected. The results of qRT-PCR implied 
that circ_0067934 expression level was sig-
nificantly elevated in 4 TC cell lines compared 
with the Nthy-ori3-1 cells. Also, the expression 
of circ_0067934 was relatively high in SW579 
and TPC-1 cells compared to other TC cell lines 
(Figure 1E). In addition, the expression of PRK-
CI mRNA and circ_0067934 in RNase R-treat-
ed SW579 and TPC-1 cells was assessed with 
qRT-PCR. As presented in Figure 1F and 1G, the 
circ_0067934 was resistant to RNase R, whereas 
the liner PRKCI was dramatically reduced after 
RNase R treatment. Additionally, the cytoplas-
mic and nuclear fractions of SW579 and TPC-1 
cells, as well as qRT-PCR, were utilized to ana-
lyze the subcellular localization of circ_0067934. 
The results exhibited that circ_0067934 was 
significantly enriched in the cytoplasm fraction 
of both SW579 and TPC-1 cells, indicating that 
circ_0067934 was mainly distributed in the cy-
toplasm (Figure 1H and 1I). Collectively, these 
data suggested that circ_0067934 was principally 
localized in the cytoplasm, and the high expres-
sion of circ_0067934 was connected with AJCC 
grade, lymph node metastasis, and survival rate 
in patients with TC. 

Circ_0067934 Depletion Boosted 
Apoptosis and Constrained Proliferation, 
Migration, and Invasion of TC Cells 
In Vitro

To explore the biological role of circ_0067934, 
we assessed the expression level of PRKCI 
mRNA and circ_0067934 in SW579 and TPC-1 
cells transfected with si-NC, si-circ_0067934#1 
or si-circ_0067934#2. The results of qRT-PCR 
implied that circ_0067934 was apparently re-
duced in SW579 and TPC-1 cells transfected 
with si-circ_0067934#1 and si-circ_0067934#2 
compared to the si-NC group, while there was no 
prominent change in PRKCI mRNA (Figure 2A 
and 2B). It was indicated that si-circ_0067934#1 

and si-circ_0067934#2 could be utilized for sub-
sequent loss-of-function experiments. Results 
of CCK-8 assay revealed that the proliferation 
capacity of SW579 and TPC-1 cells transfected 
with si-circ_0067934#1 or si-circ_0067934#2 
was conspicuously impeded compared with the 
si-NC group (Figure 2C and 2D). Moreover, flow 
cytometry assay demonstrated that the apopto-
sis of SW579 and TPC-1 cells transfected with 
si-circ_0067934#1 or si-circ_0067934#2 was 
strikingly higher than that of the si-NC group 
(Figure 2E). In addition, transwell assay dis-
played that the migration and invasion capacities 
of SW579 and TPC-1 cells transfected with si-
circ_0067934#1 or si-circ_0067934#2 were dra-
matically blocked vs. the control group (Figure 2F 
and 2G). From the above results, the downregula-
tion of circ_0067934 could trigger apoptosis and 
repress proliferation, migration, and invasion of 
TC cells and the si-circ_0067934#1 was selected 
for subsequent exploration. 

Circ_0067934 Served as a Sponge of 
MiR-1304 in TC Cells In Vitro

In order to investigative how circ_0067934 
works, the circular RNA Interactome database 
(https://circinteractome.nia.nih.gov) was uti-
lized for the prediction of the potential target 
of circ_0067934. As presented in Figure 3A, 
circ_0067934 held potential binding sites for 
miR-1304. Then, we constructed the Luciferase 
reporter vectors (WT-circ_0067934 and MUT-
circ_0067934) to validate the predicted binding 
sites. Results of Dual-Luciferase reporter assay 
implied that the activity of WT-circ_0067934 in 
both SW579 and TPC-1 cells transfected with miR-
1304 was strikingly lower than that in the control 
group, but there was no evident difference in the 
activity of MUT-circ_0067934 (Figure 3B and 
3C). Subsequently, we conducted the RIP assay 
to verify the relationship between circ_0067934 
and miR-1304 further. The results exhibited that 
circ_0067934 and miR-1304 were specially gath-
ered in Ago2-containing beads relative to those 
harboring control IgG antibody (Figure 3D and 
3E). Furthermore, the expression of miR-1304 
in TC cells was detected using qRT-PCR. Com-
pared with the Nthy-ori3-1 cells, the expression 
of miR-1304 was markedly reduced in SW579 and 
TPC-1 cells (Figure 3F). Moreover, the expression 
of miR-1304 was evidently reinforced in SW579 
and TPC-1 cells transfected with circ_0067934#1 
(Figure 3G). Also, we discovered that miR-1304 
was apparently downregulated in 50 TC tissues 
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in contrast to neighboring normal tissues (Figure 
3H). Pearson correction analysis revealed that the 
relationship between circ_0067934 and miR-1304 
expression was negatively correlated in TC tis-
sues (Figure 3I). In sum, these results indicated 
that circ_0067934 could negatively regulate miR-
1304 expression in TC cells.

 
MiR-1304 Inhibition Overturned 
Circ_0067934-Reduction-Mediated 
Proliferation, Apoptosis, Migration, 
and Invasion of TC Cells 

Considering the above results, we further 
probed into whether circ_0067934 exerted its 
role via regulating miR-1304 expression. In the 
first place, the expression of miR-1304 in SW579 
and TPC-1 cells transfected with anti-NC or an-
ti-miR-1304 was detected through qRT-PCR. 
Compared to the control group, the expression of 
miR-1304 in SW579 and TPC-1 cells transfected 
with anti-miR-1304 was drastically restrained, in-
dicating that anti-miR-1304 could be used in sub-
sequent studies (Figure 4A). Afterward, the effects 
of miR-1304 inhibition on proliferation, apopto-
sis, migration, and invasion of circ_0067934-re-
duced SW579 and TPC-1 cells were further ex-
plored. CCK-8 assay presented that the repression 
of proliferation of SW579 and TPC-1 cells caused 
by circ_0067934 downregulation was reversed 
by miR-1304 deletion (Figure 4B and 4C). Fur-
thermore, flow cytometry assay uncovered that 
downregulated miR-1304 expression recovered 
the facilitation of apoptosis of SW579 and TPC-
1 cells following circ_0067934 restraint (Figure 
4D). Also, transwell assay showed that the repres-
sive effects of circ_0067934 knockdown on mi-
gration and invasion of SW579 and TPC-1 cells 
were abolished by miR-1304 suppression (Figure 
4E and 4F). Taken together, these data indicated 
that circ_0067934 mediated proliferation, apopto-
sis, migration, and invasion of TC cells by regu-
lating miR-1304 expression. 

CXCR1 Acted as a Target of MiR-1304 
in TC Cells In Vitro

Based on the above results, we further inves-
tigated whether circ_0067934 could serve as a 
competing endogenous RNA of miR-1304 to reg-
ulate the expression of the target of miR-1304 in 
TC cells. Firstly, the TargetScan database (http://
www.targetscan.org/vert_72/) was carried out to 
predict the target of miR-1304. As presented in 
Figure 5A, CXCR1 3’ UTR contained putative 
miR-1304 binding sites. Afterward, we estab-

lished the Luciferase reporter vectors of CXCR1 
3’UTR-WT and CXCR1 3’UTR-MUT for the 
verification of the binding sites between CXCR1 
and miR-1304. Subsequently, Dual-Luciferase 
reporter assay implied that miR-1304 upregula-
tion strikingly reduced the Luciferase activity of 
CXCR1 3’UTR-WT compared with the control 
group, while the Luciferase activity of CXCR1 
3’UTR-MUT was not affected (Figure 5B and 
5C). Moreover, the mRNA and protein levels of 
CXCR1 in TC cells were detected with qRT-PCR 
or Western blot analysis. The results revealed that 
CXCR1 mRNA and protein levels were dramat-
ically upregulated in SW579 and TPC-1 cells in 
comparison to the Nthy-ori3-1 cells (Figure 5D 
and 5E). Furthermore, the effects of miR-1304 
on CXCR1 mRNA and protein expression were 
assessed. Results of qRT-PCR and Western blot 
analysis indicated that the expression levels of 
CXCR1 mRNA and protein were apparently re-
duced in miR-1304-elevated SW579 and TPC-
1 cells, but CXCR1 mRNA and protein levels 
were distinctly augmented in miR-1304-inhibited 
SW579 and TPC-1 cells (Figure 5F-5H). Besides, 
qRT-PCR and Western blot analysis manifested 
that a distinct upregulation of CXCR1 mRNA 
and protein was existed in TC tissues compared 
to that in the neighboring normal tissues (Figure 
5I and 5J). Pearson correction analysis exhibited 
a negative correlation between CXCR1 mRNA 
and miR-1304 expression in TC tissues (Figure 
5K). Therefore, these results proved that miR-
1304 negatively regulated CXCR1 expression in 
TC cells. 

CXCR1 Augmentation Recovered 
Circ_0067934-Knockdown-Mediated 
Proliferation, Apoptosis, Migration and 
Invasion in TC Cells In Vitro

Given that miR-1304 could negatively regu-
late CXCR1 expression, we next explored the 
relationship between CXCR1 and circ_0067934 
in TC cells. In the first, the mRNA and protein 
expression levels of CXCR1 in SW579 and TPC-
1 cells transfected with Lv-NC or Lv-CXCR1 
were analyzed with qRT-PCR or Western blot 
analysis. We observed that the mRNA and pro-
tein expression levels of CXCR1 were distinctly 
increased in SW579 and TPC-1 cells transfect-
ed with Lv-CXCR1 relative to the control group 
(Figure 6A and 6B). Subsequently, the si-NC, 
si-circ_0067934#1, si-circ_0067934#1+Lv-NC 
or si-circ_0067934#1+Lv-CXCR1 was individu-
ally transfected into SW579 and TPC-1 cells to 
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probe into cell proliferation, apoptosis, migra-
tion, and invasion. CCK-8 assay revealed that 
reinforced CXCR1 expression could rescue the 
inhibition of proliferation of SW579 and TPC-1 
cells caused by decreasing of circ_0067934 (Fig-
ure 6C and 6D). Flow cytometry assay indicated 
that CXCR1 elevation overturned the change of 
cell apoptosis induced by circ_0067934 downreg-
ulation (Figure 6E). Also, transwell assay implied 
that the enhancement of CXCR1 could abolish 
circ_0067934-exhaustion-mediated repression 
of migration and invasion of SW579 and TPC-1 
cells (Figure 6F and 6G). Together, these results 
suggested that circ_0067934 mediated the prolif-
eration, apoptosis, migration, and invasion of TC 
cells via CXCR1.

 
Circ_0067934 Regulated CXCR1 
Expression Via Sponging MiR-1304 
in TC Cells 

Considering that circ_0067934 played its 
role in TC cells through miR-1304 and CXCR1, 
we further speculated that circ_0067934 could 
regulate CXCR1 expression by sponging miR-
1304. To verify this speculation, the mRNA and 
protein expression levels of CXCR1 in SW579 
and TPC-1 cells transfected with si-NC, si-
circ_0067934#1, si-circ_0067934#1+anti-NC or 
si-circ_0067934#1+anti-miR-1304 were detected 
by qRT-PCR or Western blot analysis. The re-
sults showed that the mRNA and protein expres-
sion levels of CXCR1 were drastically reduced in 
circ_0067934-inhibited SW579 and TPC-1 cells, 
while this downregulation was abrogated by the 
repression of miR-1304 (Figure 7A-7D). There-
fore, these data proved that circ_0067934 could 
regulate CXCR1 expression by binding to miR-
1304 in TC cells. 

Circ_0067934 Silencing Retarded Tumor 
Growth In Vivo

To further probe into the role of circ_0067934 
in TC, we injected stable lentiviral-mediat-
ed circ_0067934-decreased SW579 cells or 
sh-NC-transfected SW579 cells into nude mice for 
the establishment of the mouse xenograft models. 
The size of tumor was measured in each group 
every 7 days. As displayed in Figure 8A and 8B, 
the size and weight of the tumor were remarkably 
reduced in the sh-circ_0067934 group compared 
with the sh-NC group. Moreover, the results of 
qRT-PCR proved that circ_0067934 was striking-
ly downregulated and miR-1304 was significant-
ly enhanced in the tumor of mice injected with 

sh-circ_0067934 than the control group (Figure 
8C). Also, qRT-PCR and Western blot analysis re-
vealed that the expression of CXCR1 mRNA and 
protein were evidently inhibited in lentiviral-me-
diated sh-circ_0067934 group in comparison with 
the sh-NC group (Figure 8D and 8E). Above all, 
these results indicated that circ_0067934 silenc-
ing could suppress TC tumor growth in vivo. 

Discussion

Great progress has been made in the diagnosis 
and treatment of TC, but tumor recurrence and 
metastasis, as well as drug resistance and se-
vere toxicity during treatment, are inevitable22,23. 
Hence, it is indispensable to develop new molecu-
lar targets and therapeutic approaches for the im-
provement of the prognosis of TC.

Aurtors24-26 revealed that circRNAs exerted 
a key regulatory role in tumor progression, in-
cluding TC. Circ_0067934 was reported to be an 
oncogene in various cancers10,27,28. For instance, 
enhanced circ_0067934 expression was correlat-
ed with lymph node metastasis, advanced stage, 
and poor prognosis in cervical cancer patients, 
and circ_0067934 silencing impeded the colo-
ny formation, invasion, migration, proliferation, 
and epithelial-mesenchymal transition (EMT) 
of cervical cancer cells10. Xia et al8 revealed that 
circ_0067934 was strikingly elevated in esoph-
ageal squamous cell cancer tissues and cells, 
and downregulated expression of circ_0067934 
clogged the progression of cell cycle and re-
pressed the migration and proliferation of esoph-
ageal squamous cell cancer cells. The previous 
study claimed that a conspicuous augmentation 
of circ_0067934 was discovered in TC tissues 
and cells and circ_0067934 inhibition suppressed 
the migration, proliferation, and invasion of TC 
cells11. Consistent with several data of the above 
studies, we discovered that circ_0067934 was up-
regulated in TC tissues and cells and upregulated 
circ_0067934 was correlated with AJCC grade, 
lymph node metastasis, and survival rate in pa-
tients with TC. Moreover, circ_0067934 knock-
down induced apoptosis and blocked prolifera-
tion, migration, and invasion of TC cells in vitro, 
as well as repressed tumor growth in vivo. There-
fore, the results in this research disclosed that 
circ_0067934 exerted a carcinogenic role in TC. 

Many researches9,10 have stated that circ_0067934 
could exert its biological function as a sponge 
of miRNA. For example, Hu et al10 reported that 
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Figure 6. CXCR1 reversed the effects of circ_0067934 knockdown on TC cells. A, and B, The CXCR1 mRNA and protein 
expression of in SW579 and TPC-1 cells transfected with Lv-NC or Lv-CXCR1 were analyzed with qRT-PCR or Western blot 
analysis. C-G, SW579 and TPC-1 cells were transfected with si-NC, si-circ_0067934#1, si-circ_0067934#1+Lv-NC or si-
circ_0067934#1+Lv-CXCR1. C, and D, The proliferation of SW579 and TPC-1 cells was evaluated with CCK8 assay. E, The 
apoptosis rate of SW579 and TPC-1 cells was assessed using flow cytometry assay. F, and G, Transwell assay was performed 
to determine the migration and invasion of SW579 and TPC-1 cells. *p < 0.05.

circ_0067934 could directly interact with miR-
545 in cervical cancer cells. Hence, we predicted 
that circ_0067934 might be a sponge of miR-1304 
using a circular RNA Interactome database. Li et 
al15 revealed that miR-1304 was specially down-
regulated in non-small cell lung cancer tissues 
and cells and miR-1304 enhancement facilitated 
cell apoptosis and restrained cell colony formation 
and viability in non-small cell lung cancer cells. 
Pan et al14 claimed that the reduction of miR-1304 
caused by circRNA circ_0025003 upregulation 
could repress cell apoptosis and expedite cell pro-
liferation, invasion, and migration in papillary TC 

cells. In this study, we also proved that miR-1304 
was apparently decreased in TC tissues and cells. 
Moreover, miR-1304 was negatively regulated by 
circ_0067934 and silenced expression of miR-1304 
could reverse the effects of circ_0067934 inhibi-
tion-mediated cell proliferation, apoptosis, migra-
tion, and invasion in TC cells. Some our results 
were consistent with the above studies, indicating 
that miR-1304 played an anti-tumor role in TC. 

Afterward, we further demonstrated that 
CXCR1 was a target of miR-1304 by Dual-Lucif-
erase reporter assay. Moreover, we discovered that 
CXCR1 was overexpressed and inversely correlat-
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Figure 7. Circ_0067934 bounds to miR-1304 to regulate CXCR1 expression in TC cells. A-D, The mRNA and protein levels 
of CXCR1 in SW579 (A and B) and TPC-1 (C and D) cells transfected with si-NC, si-circ_0067934#1, si-circ_0067934#1+anti-
NC or si-circ_0067934#1+anti-miR-1304 were detected by qRT-PCR or Western blot analysis. *p < 0.05.

Figure 8. Inhibition of circ_0067934 constrained tumor growth in vivo. A, Tumor volume was measured every 7 days with 
a digital caliper for 35 days. B, Circ_0067934 silencing reduced tumor weight in nude mice. C, QRT-PCR was conducted to 
evaluate the expression of circ_0067934 and miR-1304 in xenograft tumors. D, and E, QRT-PCR and Western blot analysis 
were performed to assess the mRNA and protein expression of CXCR1 in xenograft tumors. *p < 0.05.
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ed with miR-1304 expression in TC tissues. Fur-
thermore, both the promotion of apoptosis and the 
repression of proliferation, migration, and invasion 
of TC cells caused by circ_0067934 knockdown 
were recovered by CXCR1 enhancement. Besides, 
Chen et al29 claimed that the poor overall survival 
of metastatic renal cell cancer was associated with 
high expression of CXCR1. Li et al30 proved that 
CXCR1 overexpression accelerated cell invasion 
and migration in gastric cancer cells. Moreover, up-
regulation of miR-215-3p targeting CXCR1 could 
increase colorectal cancer sensitivity to 5-fluoro-
uracil19. Also, Fang et al31 pointed out that the met-
astatic ability of papillary TC could be boosted by 
the interaction of CXCR1/2 and CXCL8. In agree-
ment with the above reports, the results in this re-
search stated that CXCR1 was an oncogene in TC. 
Additionally, we proved that circ_0067934 could 
regulate CXCR1 expression via binding to miR-
1304 in TC cells by Western blot analysis. From 
all these data, we concluded that circ_0067934 
silencing downregulated CXCR1 expression via 
sponging miR-1304, thus expediting apoptosis and 
repressing proliferation, migration, and invasion of 
TC cells. 

Conclusions

Circular RNA circ_0067934 was augmented 
in TC tissues and cells. Notably, the downregu-
lation of circ_0067934 contributed to apoptosis 
and impeded proliferation, migration, and inva-
sion of TC cells via sponging miR-1304 and re-
ducing CXCR1 expression. Hence, this research 
contributed to better comprehending the molec-
ular mechanism of TC progression, providing a 
promising circRNA-targeted therapy for TC.
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