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Abstract. – OBJECTIVE: As a kind of non-cod-
ing RNA, circular RNA (circRNA) plays a regula-
tory role in many tumors. Our intention was to 
investigate the clinical significance, biological 
function, and molecular regulation mechanisms 
of circ_0067934 in laryngeal squamous cell can-
cer (LSCC) progression.

PATIENTS AND METHODS: The expression 
levels of circ_0067934 in LSCC tumor samples 
and cells were determined by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR). 
The associations of circ_0067934 expression 
with clinicopathological features and overall 
survival in LSCC patients were statistically an-
alyzed. The biological function of circ_0067934 
in LSCC cells was analyzed by CCK-8, colony 
formation, EdU, and transwell assays. Dual-Lu-
ciferase reporter assay was conducted to verify 
that circ_0067934 may sponge miR-1324 to reg-
ulate proliferation and migration of LSCC.

RESULTS: Circ_0067934 expression was re-
markably upregulated in LSCC tissues and cells. 
High level of circ_0067934 was significantly re-
lated to tumor size, lymph node status, and dis-
tant metastasis of LSCC. Furthermore, highly 
expressed circ_0067934 could result in notably 
worse survival. In vitro experiments showed that 
down-regulation of circ_0067934 inhibited pro-
liferation and migration of LSCC cells. Mecha-
nism analysis revealed that circ_0067934 regu-
lated LSCC development by sponging miR-1324.

CONCLUSIONS: Circ_0067934 may function 
as an oncogene in LSCC, which provided a fea-
sible prognostic biomarker and therapeutic tar-
get for LSCC.
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Introduction

Head and neck malignant tumors are one of 
the most frequent invasive tumors in the world1. 
Laryngeal cancer (LC) originates from the epi-

thelial tissues of the laryngeal mucosa, account-
ing for about 25% of head and neck malignan-
cies2,3. As the most common type of laryngeal 
cancer, the incidence of laryngeal squamous 
cell carcinoma (LSCC) is not high, but it leads 
to high mortality4. The development of LSCC is 
the result of a variety of factors, such as smok-
ing, alcoholism, papillomavirus infection, and 
poor eating habits5,6. Diagnostic methods for 
early-stage laryngeal cancer are lacking, which 
significantly limit therapeutic efficacy. Patients 
with advanced laryngeal cancer have a wide 
range of surgical resections that affect swallow-
ing, breathing, and pronunciation7,8. Although 
the treatments and diagnostic techniques have 
developed quickly, the 5-year overall survival 
rate of LSCC is still very low7,9. Therefore, the 
molecular mechanism of in-depth study of la-
ryngeal cancer is imminent.

As a novel non-coding RNA, circular RNA 
(circRNA) has a large number of miRNA binding 
sites although it does not have 3’ and 5’ ends10. 
CircRNAs could be new diagnostic biomarkers 
and therapeutic targets for cancer due to its dys-
regulation in different diseases and tissues11-15, 
such as lung cancer, breast cancer, colorectal can-
cer, hepatocellular carcinoma, and gastric cancer. 
Circ_0067934 is a circular RNA molecule of 
170 nucleotides located on chromosome 3q26.216. 
Dysregulation of circ_0067934 has been reported 
in various cancers17-19. However, the potential ef-
fects and molecular mechanisms of circ_0067934 
in LSCC remain unclear.

In this study, we investigated the character-
ization of circ_0067934 in LSCC and adjacent 
normal tissues, and analyzed the clinical value 
of candidate circ_0067934 in LSCC. We also ex-
plored the biological function of circ_0067934 in 
vitro. Circ_0067934 may be a potential biomarker 
for diagnosing and treating LSCC.
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Patients and Methods

Tissues and Cell Lines
40 pairs of tumor tissue and adjacent non-tu-

mor tissue samples were surgically removed from 
LSCC patients treated in the Air Force Hospital 
of the Northern Theater of the People’s Libera-
tion Army from July 2017 to July 2019. None of 
the enrolled patients had preoperative anti-tu-
mor therapies. Sample collection was obtained 
with the consent of the patients and approved 
by Air Force Hospital of the Northern Theater 
of the People’s Liberation Army Ethics Com-
mittee. These samples were stored at –80°C for 
further study. All human LSCC cells (TU212 and 
TU686) and 16HBE (human bronchial epithelial) 
cells were purchased from the American Type 
Culture Collection (ATCC; Manassas, VA, USA). 
These cells were cultured in Roswell Park Memo-
rial Institute-1640 (RPMI-1640) medium (Gibco, 
NY, USA) containing 10% fetal bovine serum 
(FBS, Gibco, NY, USA). They were cultured at 
37°C, 5% CO2.

RNA Extraction and Quantitative 
Real-Time Polymerase Chain Reaction 
(qRT-PCR)

Total mRNA was isolated from LSCC tissues 
and cell lines by the TRIzol (Invitrogen, Carls-
bad, CA, USA). Complementary deoxyribonu-
cleic acid (cDNA) was synthesized by a reverse 
transcription system. The SYBR green kit (Ribo-
bio, Guangzhou, China) was used for qRT-PCR. 
The expression levels of circ_0067934 and miR-
1324 were detected using an ABI 7500 real-time 
PCR detection system (ABI, Applied Biosystems, 
Foster City, CA, USA). CircRNA levels were 
normalized by glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH). MiRNA levels were nor-
malized by small nuclear U6. Relative expression 
levels were analyzed by the 2-ΔΔCt method. Primer 
sequences used in this study were as follows: 
Circ_0067934, F: 5’-CCATAACCAGCCTTA-
ACGC-3’, R: 5’-GGCTAGGAGGTCCGAAGT-
GA-3’; miR-1324, F: 5’-GCGTGTCGACATCAC-
GAATG-3’, R: 5’-AGGTTGCCGTCAGGAAC-
GA-3’; U6: F: 5’-CTCGCTTCGGCAGCACA-3’, 
R: 5’- AACGCTTCACGAATTTGCGT-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, 
R: 5’-ATCCGTTGACTCCGACCTTCAC-3’.

Cell Transfection
Si-hsa-circ_0067934, hsa-miR-1324 inhibitor, 

and negative control were obtained from Ribobio 

(Guangzhou, China). TU212 and TU686 cells 
were cultured in 6-well plates (Corning, Corning, 
NY, USA) and transfected with Lipofectamine 
3000 (Invitrogen, Carlsbad, CA, USA) based on 
the manufacturer’s requirements.

Cell Counting Kit-8 Assay
The transfected LSCC cells were seeded into 

96-well plates (Corning, Corning, NY, USA). Af-
ter cell culture for 1, 2, 3, and 4 days, cell count-
ing kit-8 reagent (Promega, Madison, WI, USA) 
was added to detect the cell proliferation accord-
ing to the operation manual. The absorbance was 
detected at 450 nm.

Colony Formation Assay
The transfected LSCC cells were uniformly 

placed in 6-well plates (Corning, Corning, NY, 
USA) at 1500 cells/well. After 10 days, each 
dish was washed twice with phosphate-buffered 
saline (PBS; Beyotime, Shanghai, China) and 
stained with 0.1% crystal violet solution (Beyo-
time, Shanghai, China). Colonies containing over 
50 cells were counted.

EdU Assay
The 5-ethynyl-2’-deoxyuridine (EdU) assay 

(Ribobio, Guangzhou, China) was conducted 
to detect cell proliferation viability. Transfect-
ed LSCC cells were seeded into 24-well plates 
(Corning, Corning, NY, USA) with 1 × 104 cells/
well. EdU labeling, cell fixation, Apollo staining, 
and DNA staining were performed according to 
the instructions. Finally, images were obtained 
and analyzed by fluorescence microscopy.

Transwell Assay
About 2 × 105 transfected LSCC cells were 

seeded in the top chamber (Corning, Corning, 
NY, USA) of the insert mixed with serum-free 
medium, and medium supplemented with 10% 
FBS was added as a chemoattractant in the 
lower chamber (Corning, Corning, NY, USA). 
The cells were cultured for 48 h, and those mi-
grating through the substrate to the other side 
of the insert were fixed with methanol at room 
temperature for 5 min, stained with crystal violet 
(Beyotime, Shanghai, China), and counted in 15 
random regions per well.

Dual-luciferase Reporter Assay
Circ_0067934-wt or circ_0067934-mut was 

cloned into a Dual-Luciferase reporter vector 
(GP-mirGLO). 5×103 HEK293T cells were plat-
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ed in a 24-well plate (Corning, Corning, NY, 
USA). Then, the cells were co-transfected with 
the Dual-Luciferase reporter plasmid and miR-
1324 mimics or NC using Lipofectamine 3000 
(Invitrogen, Carlsbad, CA, USA). After 48 h, 
Dual-Luciferase reporter assay system (Promega, 
Madison, WI, USA) was used to measure the rel-
ative Luciferase activity.

Statistical Analysis
All values were presented as means ± SD 

(standard deviation). Unpaired Student’s t-test 
was used to compare the effects of different 
treatments. p < 0.05 indicated the statistically 
significant. All analyses of data were conducted 
with GraphPad Prism 7.0 (GraphPad Software, 
San Diego, CA, USA).

Results

Circ_0067934 Was Overexpressed in 
LSCC Tissues and Cells

Circ_0067934 expressions in LSCC tis-
sues and cell lines were detected by qRT-PCR. 
Circ_0067934 expression was significantly high-

er in LSCC tissues than in adjacent non-tumor 
tissues (Figure 1A). Similarly, the expression of 
circ_0067934 in LSCC cells was markedly high-
er than that of 16HBE (Figure 1B). To unveil the 
clinical role of circ_0067934 in LSCC, patients 
were divided into different subgroups according 
to the median value. As Table I suggested, high 
level of circ_0067934 was relevant to larger tu-
mor size, stronger lymph node metastasis, and 
distant metastasis. In addition, LSCC patients 
with high level of circ_0067934 showed lower 
survival rates (Figure 1C). Overall, our data 
presented that circ_0067934 might participate 
in LSCC progression as a potential prognostic 
biomarker.

Circ_0067934 Knockdown Inhibited 
Proliferation and Migration In Vitro

To enquiry the effect of circ_0067934 in vitro 
on the biological function of LSCC cells, cell 
transfection was performed. Si-circ_0067934 was 
transfected into the TU212 and TU686 cell lines, 
respectively, and the efficiency of transfection 
was determined using qRT-PCR (Figure 2A). 
First, to verify the role of circ_0067934 on pro-
liferation, CCK-8 assay, colony formation, and 

Figure 1. Circ_0067934 was upregulated in LSCC tissues and cells. A, Expression level of circ_0067934 in LSCC tissues and 
para-carcinoma tissues detected by qRT-PCR. B, Expression level of circ_0067934 in LSCC and normal cell lines detected by 
qRT-PCR. C, Survival curve analysis by Kaplan-Meier method. *** p < 0.001.
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EdU assays were performed. Viability of TU212 
and TU686 cells was significantly reduced after 
circ_0067934 knockdown (Figure 2B). As shown 
in Figure 2C, the colony formation numbers of 
LSCC cells with knockdown of circ_0067934 
were observably dropped. Similarly, the propor-
tion of EdU-positive cells remarkably decreased 
after knockdown of circ_0067934 (Figure 2D). 
Besides, transwell assay was applied to validate 
the effect of circ_0067934 on cell migration. Af-
ter inhibiting the expression of circ_0067934 in 
LSCC cells, the number of migratory cells was 
significantly reduced (Figure 2E). These results 
suggested that circ_0067934 contributed to cell 
proliferation and migration in vitro.

Circ_0067934 May Be a Sponge for 
MiR-1324

Circ_0067934 could promote cell proliferation 
and migration in LSCC. However, the molecular 
mechanism of this phenomenon remains un-
known. The binding sites between circ_0067934 
and miR-1324 were predicted by TargetScan 
(Figure 3A). To further verify this regulatory 
relationship, the Dual-Luciferase reporter assay 
was performed. Overexpression of miR-1324 
suppressed Luciferase activity of circ_0067934 
wt-3’UTR, rather than the mut-3’UTR (Figure 
3B). Further, miR-1324 expression in LSCC 
tissues was significantly lower than in adjacent 
normal tissues (Figure 3C). The expression level 

of miR-1324 in LSCC tissues was negatively 
correlated with that of circ_0067934 (Figure 
3D). Similarly, the expression level of miR-1324 
in the LSCC cell lines was also significantly 
lower than 16HBE (Figure 3E). The above find-
ings proved that circ_0067934 could sponge 
miR-1324.

MiR-1324 Mediated the Functional 
Effects of Circ_0067934

To investigate whether circ_0067934 could reg-
ulate cell proliferation and migration by modu-
lating miR-1324, we reversed the expression of 
miR-1324 in si-circ_0067934 group (Figure 4A). 
Knockdown of miR-1324 repaired the effects of si-
circ_0067934 on cell proliferation and migration 
of TU212 and TU686 cells (Figure 4B, 4C, 4D, 
and 4E). Considering these results, it is suggested 
that circ_0067934 could promote proliferation and 
migration of LSCC cells by sponging miR-1324.

Discussion

LSCC remains the leading cause of tumor-re-
lated death worldwide. Although new detective 
and therapeutic methods are constantly emerging, 
the prognosis of LSCC is unsatisfactory20. Con-
sequently, it is worthwhile and significant to find 
out new molecular markers for early diagnosis 
and treatment of LSCC.

The High or Low group was cut off by the median expression level of Circ_0067934.

Table I. Expression of circ_0067934 according to patients’ clinical features.

		                                                     Circ_0067934 expression

	 Factors	 High	 Low	 p-value

Gender			 
    Male	   8	 11	 0.749
    Female	 12	   9	
Age (years)			 
    ≥ 50	 13	   8	 0.113
    < 50	 7	 12	
Tumour size (cm)			 
    > 5	 15	   7	 0.011*
    ≤ 5	   5	 13	
Lymph node metastasis			 
    Yes	 16	   6	 0.001*
    No	   4	 14	
Distant metastasis			 
    Yes	 14	   5	 0.004*
    No	   6	 15	
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Important roles of circular RNAs in tumor de-
velopment have been identified21,22. Nevertheless, 
the function of circ_0067934 in LSCC is still 
unclear. Circ_0067934 is a circular RNA mole-
cule of 170 nucleotides, which is generated from 
chromosomal region 3q26.216. In this study, it was 
first ascertained that circ_0067934 expression 

was markedly overexpressed in LSCC tissues 
and cells. High level of circ_0067934 was related 
to tumor size, lymph node metastasis, distant 
metastasis, and poor prognosis, suggesting that 
circ_0067934 may contribute to LSCC develop-
ment and progression. To find out the biological 
function of circ_0067934 in LSCC, circ_0067934 

Figure 2. Circ_0067934 knockdown inhibited proliferation and promotes apoptosis in vitro. A, Analysis of circ_0067934 
expression level in TU212 and TU686 cells after transfection by qRT-PCR. B, Cell counting kit-8 assay indicated that 
knockdown of circ_0067934 inhibited proliferation. C, Effects of circ_0067938 on cell proliferation were detected by colony 
formation assay (original magnification, ×40). D, Effects of circ_0067938 on cell proliferation were detected by EdU assay. 
(original magnification, x100) E, Transwell assay indicated that knockdown of circ_0067934 inhibited migration (original 
magnification, ×100). *p < 0.05, **p < 0.01.
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expression was knocked down in the LSCC cell 
lines. The experimental data revealed that knock-
down of circ_0067934 inhibited cell proliferation 
and migration. Circ_0067934 may be an onco-
gene in LSCC.

Later, the downstream mechanism of 
circ_0067934 was analyzed and explored. MicroR-
NAs (miRNAs) are small noncoding RNAs, with 
about 22 nucleotides23. It has been showed that 
circRNAs can participate in tumor progression by 
regulating miRNAs. Of note, circTP63 could pro-
mote lung squamous cell carcinoma progression 
by regulating miR-873-3p26. Also, circ_0058124 
could promote papillary thyroid cancer progres-

sion and metastasis by modulating miR-218-5p27. 
With bioinformatic analysis and Dual-Luciferase 
reporter assay, circ-0067934 was detected to act 
as a molecular sponge for miR-1324. MiR-1324 is 
reported to inhibit cell proliferation and metastasis 
in hepatocellular carcinoma28. We demonstrated 
for the first time that miR-1324 was down-regu-
lated in LSCC tissues and cells, and knockdown 
of miR-1324 promoted cell proliferation and mi-
gration. These results revealed that circ_0067934 
could promote LSCC cell growth and migration by 
modulating the expression of miR-1324. In sum-
mary, our findings suggested that circ_0067934 
may be an effective marker for LSCC.

Figure 3. MiR-1324 may be a potential target of circ_0067934. A, Binding sites of circ0067934 and miR-1324. B, 
Overexpression of miR-1324 decreased the luciferase activity of wt 3’-UTR of circ_0067934, while alteration of miR-1324 had 
no effect on the luciferase activity of mut 3’-UTR of circ_0067934 in HEK293T. C, Expression level of miR-1324 in LSCC 
tissues and para-carcinoma tissues detected by qRT-PCR. D, Pearson correlation between circ_0067934 and miR-1324 levels. 
E, Expression level of miR-1324 in LSCC and normal cell lines detected by qRT-PCR. **p < 0.01.
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Conclusions

We first demonstrated that circ_0067934 ex-
pression was upregulated in LSCC tissues and 
may be a negative prognostic factor. More-
over, circ_0067934 was implicated in LSCC 
cell proliferation and migration, suggesting that 
circ_0067934 could be an effective therapeutic 
target for LSCC.
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