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Abstract

Introduction: Laryngeal squamous cell cancer (LSCC) is a highly malignant tumor orig-

inating from the respiratory system. Circular RNAs have been reported to be associ-

ated with the treatment and prognosis of a variety of cancers, including LSCC.

Methods: The expression of circBFAR, miR-31-5p, and collagen type V alpha 1 chain

(COL5A1) in LSCC tissues and cells was detected by quantitative real-time polymer-

ase chain reaction. Cell counting kit 8 and 5-Ethynyl-20-deoxyuridine assays were

used to detect cell proliferation. Wound healing assay and transwell assay were used

to test cell migration and invasion, respectively. The protein expression in LSCC cells

was detected with western blot. The relationships between miR-31-5p and circBFAR

or COL5A1 were identified by dual-luciferase reporter assay, RNA-pull down assay,

and immunoprecipitation assay. The effect of circBFAR on tumor growth in vivo was

detected by tumor xenograft mice experiment. The protein expression of COL5A1

and KI-67 in LSCC tissues was measured by immunohistochemistry assay.

Results: CircBFAR was increased in LSCC tissues and cells, and was related to

advanced clinical stage and overall survival of LSCC patients. The cell viability and

proliferation were inhibited by circBFAR knockdown and silencing of circBFAR

blocked migration and invasion of LSCC cells. CircBFAR knockdown suppressed cell

tube formation, and the protein expression of KI-67, matrix metallopeptidase

2 (MMP2), and vascular endothelial growth factor A (VEGFA) in LSCC cells. MiR-

31-5p was the target of circBFAR, and the inhibitory effects of circBFAR deficiency

on viability, proliferation, migration, invasion, tube formation and the protein expres-

sion of KI-67, MMP2, and VEGFA in LSCC cells were rescued by miR-31-5p downre-

gulation. COL5A1 was negatively regulated by miR-31-5p, and was boosted in LSCC

tissues and cells. COL5A1 overexpression reversed the inhibitory effects of miR-

31-5p on LSCC cells. CircBFAR insufficiency hindered tumor growth in vivo.

Conclusion: CircBFAR, miR-31-5p, and COL5A1 in LSCC progression might provide

novel therapeutic targets for LSCC clinical intervention.
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1 | INTRODUCTION

Laryngeal squamous cell cancer (LSCC) is a malignant tumor occur-

ring in the larynx and is the most common pathological type of

laryngeal cancer.1 With the progress of medical technology includ-

ing surgery, chemotherapy, radiotherapy, and immunotherapy, the

treatment of LSCC has made important progress, but the prognosis

of patients is still poor.2 Therefore, it is very important to under-

stand the pathogenesis of LSCC and find molecular targets for the

treatment of LSCC.

In recent years, circular RNAs (circRNAs) represent a class of

endogenous non-coding RNAs, which are often formed by noncanonical

back-splicing events.3 Most of them have a covalently closed single-

stranded circular structure that is not affected by exonucleases and is

not easily degraded.4 Furthermore, owing to the high stability, abun-

dance, and evolutionary conservation, circRNAs have unique advan-

tages as biomarkers of various human cancers,5,6 containing LSCC.7 For

example, down-regulation of circ_0057481 functioned as a sponge of

miR-200C to inhibit the growth, cell cycle progression, invasion, and

migration potential of laryngeal carcinoma cells and promoted apopto-

sis.8 Circ_0000218 was up-regulated in LSCC cells and negatively regu-

lated the expression of miR-139-3p to promote LSCC cell viability and

inhibit apoptosis.9 Of note, previous studies suggested that circBFAR

frequently acted as a carcinogenic factor by regulating cell proliferation,

invasion, and glycolysis in diverse tumors.10,11 However, the role and

mechanism of circBFAR in the development of LSCC have not been

reported.

MiRNAs are a class of noncoding RNAs that are not directly

involved in protein expression and take part in the progress of

LSCC,12 such as miR-196b and miR-195.13,14 It has been reported

that miR-31-5p inhibited breast cancer cell proliferation and pro-

moted apoptosis.15 Interestingly, miR-31-5p was a form of mature

miR-31, which has been previously validated to suppress LSCC cell

growth and invasion in vitro.16 Therefore, we further explored

whether the regulatory role of circBFAR on LSCC development is

mediated by miR-31-5p.

MiRNAs and mRNAs were enriched in a network and differen-

tially expressed in LSCC.17 Collagen type V alpha 1 chain (COL5A1)

has been reported to be related to clear cell renal cell carcinoma,18

lung adenocarcinoma,19 breast cancer,20 and so forth. COL5A1 was

notably elevated in GC as an oncogene and was positively correlated

with immune infiltration.21 COL5A1 was greatly enhanced in ovarian

cancer cells and tissues, which was positively correlated with prolifer-

ation, migration, and drug resistance of ovarian cancer cells.22 But, the

role of COLA51 in LSCC has not been studied, and the contact of

circBFAR, COL5A1, and miR-31-5p has not been reported.

Nowadays, increasing attention has been paid to the regulatory

mechanism of the circRNAs–miRNAs–mRNAs in disease research.23 It

has been confirmed that circRNAs might function as competing

endogenous RNAs to sequester miRNAs away from target mRNAs.24

In this study, we concentrated on the function and mechanism of cir-

cBFAR in LSCC. The regulation of circBFAR through miR-31-5p and

COL5A1 in the development of LSCC was explored for the first time,

and the diagnostic value of circBFAR/miR-31-5p/COL5A1 axis in

LSCC patients was confirmed.

2 | MATERIALS AND METHODS

2.1 | Clinical tissue samples

This experiment was recognized by the Ethics Committee of Yibin

Hospital of Traditional Chinese Medicine. LSCC tissues and normal

tissues of 68 LSCC patients from Yibin Hospital of Traditional Chinese

Medicine were collected, and all patients voluntarily signed written

informed consent. Meanwhile, morphologically normal mucosa tissues

that were more than 5 cm from the cancerous tissues were used as

adjacent noncancerous tissues. Based on the median value of cir-

cBFAR level, 68 LSCC patients were zoned as high expression group

of circBFAR and low expression group of circBFAR. Once in isolation,

these clinical organizations were refrigerated in liquid nitrogen off-

hand and reserved in a � 80�C refrigerator. The detailed clinical char-

acteristics of patients are described in Table 1.

2.2 | Cell lines

Cell Bank of the Chinese Academy of Sciences (Shanghai, China) furn-

ished the LSCC cell lines (TU177, M4E, AMC-HN-8, and TU686) and

normal nasopharyngeal cell line (NP69). All cells were contained in

Dulbecco's modified Eagle's medium (Gibco, Rockville, Maryland)

which contains 10% fetal bovine serum (FBS; Biological Industries,

Kibbutz Beit Haemek, Israel) with a 37�C cell incubator (Panasonic,

Osaka, Japan) contained 5% CO2.

2.3 | Quantitative real-time polymerase chain
reaction

The RNA in LSCC tissues and cells was acquired with the Trizol

Reagent (TIANGEN, Beijing, China), and cDNA was compounded with

AMV Reverse Transcriptase (Solarbio) and quantified by SYBR Green

Realtime PCR Master Mix (Toyobo Co., Osaka, Japan). Glyceraldehyde

3-phosphate dehydrogenase (GAPDH) and small nuclear RNA

(U6) were chosen as the internal steward genes, and relative RNA

expression was calculated by the 2�ΔΔCt method. BGI (Beijing, China)
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was hired to synthesize primers, and the primer sequences were

shown as follows:

circBFAR: 50-CCAAACCTCAAGAATGCAGGC-30 (sense), 50-CCCTG

CTTCAGCAGTATCCA-30 (antisense);

COL5A1: 50-CTTGGCCCAAAGAAAACCCG-30 (sense), 50-GCGTCC

ACATAGGAGAGCAG-30 (antisense);

SPARC: 50-CATTGCACCACCCGCTTTTT-30 (sense), 50-GATATCC

TTCTGCTTGATGCCG-30 (antisense);

miR-31-5p: 50-GTATGATCTTGGAGTAGGTCA-30 (sense), 50-CTCAA

CTGGTGTCGTGGAG-30 (antisense);

U6: 50-CTCGCTTCGGCAGCACA-30 (sense), 50-AACGCTTCA

CGAATTTGCGT-30 (antisense);

GAPDH: 50-GACAGTCAGCCGCATCTTCT-30 (sense), 50-GCGCCC

AATACGACCAAATC-30 (antisense).

2.4 | Cell transfection

Transfection plasmids: short hairpin-circBFAR (sh-circBFAR), miR-31-5p

mimic/inhibitor (miR-31-5p/anti-miR-31-5p), pcDNA-COL5A1 (COL5A1),

and their negative controls (sh-NC, miR-NC, anti-NC, and vector) were

gained from Nanjing Kebai Biological Technology Co., Ltd (Nanjing,

China). When the confluence of TU177 and AMC-HN-8 cells reached

70–80%, the plasmids were transfected into these cells using Lipofecta-

mine 2000 reagent (Invitrogen, Carlsbad, California). At 48 h after trans-

fection, quantitative real-time polymerase chain reaction (qRT-PCR) was

employed to test the transfection efficiency.

2.5 | Cell counting kit 8 assay

A total of 100 μl TU177 and AMC-HN-8 cells were added to the

6-well plate, respectively. After transfection and cultured for a period

of time, the cells were hatched with 10 μl cell counting kit 8 (CCK8)

solution (Shanghai Enzyme-linked Biotechnology Co., Ltd., Shanghai,

China) for 1 h. The absorbance at 450 nm was measured every 24 h.

2.6 | 5-Ethynyl-20-deoxyuridine assay

5-Ethynyl-20-deoxyuridine (EdU) assay was employed to detect the abil-

ity of cell proliferation with the EdU Staining Proliferation Kit (Abcam,

Cambridge, England). In brief, the cells to be detected were stained with

EdU solution for 2–4 h and incubated with 4% paraformaldehyde

(Sigma-Aldrich, St. Louis, Missouri) for 15 min. After being incubated

with Apollo Dye Solution for 30 min, the cells were stained with 40,6-

diamidino-2-phenylindole (DAPI) for 30 min, followed by a photograph

with a fluorescence microscope (Olympus, Tokyo, Japan) for analysis.

2.7 | Wound healing assay

A total of 70 μl cells with a density of 3 � 105 cells/ml were appended

to the ibidi petri dish (ibidi GmbH, Martin Reid, Germany). The healing

plug was removed 24 h later, and fresh medium was added. Initial

scratch images and scratch images after 24 h were taken under the

microscope (Olympus).

2.8 | Transwell assay

.The ability of cell invasion was monitored with the transwell cham-

bers (Coster, Perot, Italy) containing matrigel (BD, Franklin Lakes,

New Jersey). The lower compartment of the 24-well plate was added

with a 500 μl medium which has 10% FBS. The Transwell compart-

ment was placed into the 24-well plate, and 100 μl cell suspension

was cultured for 24 h in the upper compartment. The chamber was

removed and the medium was abandoned. Matrigel and the cells in

the upper chamber were swabbed gently. And the chamber was fixed

with 600 μl 4% paraformaldehyde (Sigma-Aldrich) in a new 24-well

plate for 20–30 min, then the fixative was discarded, and the cells

were dyed with 0.1% crystal violet for 5–10 min, washed tardily with

phosphate buffer saline (Biological Industries) for three times, and

observed with the high-power microscope and took pictures. Then,

migration cells were counted in five random fields of view, and the

mean ± SD was calculated accordingly.

2.9 | Angiogenesis assay

A total of 100 μl matrix gel (BD) was added to a 96-well culture plate

and polymerized at 37�C for 30 min. Cells with a density of 4 � 105

TABLE 1 Correlation between circBFAR expression and clinical
feature in LSCC patients

Clinical feature

circBFAR

n High Low p-value

Age (years) .139

≥60 40 23 17

<60 28 11 17

Smoking status .625

Nonsmoker 30 14 16

Smoker 38 20 18

T stage .143

T1/T2 30 12 18

T3/T4 38 22 16

Clinical stage .029*

I/II 35 13 22

III/IV 33 21 12

Lymph node metastasis .015*

Negative 32 11 21

Positive 36 23 13

Abbreviations: LSCC, laryngeal squamous cell cancer.

*p < .05.
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cells/ml were added to the matrix coating well. After 24 h cultured at

37�C, the tube formation was measured by microscope (Olympus).

2.10 | Western blot

A protein extraction kit (Beyotime Biotechnology, Jiangsu, China) and

BCA Protein Assay Kit (Beyotime Biotechnology) were employed to

extract and quantify protein in TU177 and AMC-HN-8 cells, respec-

tively. SDS-PAGE Kit (Shanghai Guduo Biological Technology Co., Ltd,

Shanghai, China) was used for protein separation. The protein was

transferred into the polyvinylidene fluoride (PVDF) membrane

(Millipore, Billerica, Massachusetts). PVDF membrane was closed with

5% bovine serum albumin (Saibao Biotechnology Co., Ltd., Jiangsu,

China), and then was hatched with the primary antibodies (anti-KI-67

antibody, 1:5000, ab92742; antimatrix metallopeptidase 2 (MMP2)

antibody, 1:1000, ab92536 and antivascular endothelial growth factor

A (VEGFA) antibody, 1:10 000, ab52917; anti-beta actin (β-actin) anti-

body, 1:1000, ab8227; Abcam) and secondary antibodies (1:2000,

ab6721, Abcam), respectively. Immobilon Western Chemiluminescent

HRP Substrate (Merck, Darmstadt, Hesse, Germany) was dropped

onto the PVDF membrane, and the bands were photographed in a gel

imaging analyzer (UVITEC, Cambridge, England).

2.11 | Dual-luciferase reporter assay

Firstly, the sequences containing the predicated miR-31-5p bind-

ing sites of circBFAR and COL5A1 were obtained by PCR and then

introduced into psiCHECK-2vector (Promega, Madison, Wiscon-

sin), generating circBFAR-WT and COL5A1-30untranslated region

(UTR)-WT. The mutant constructs (circBFAR-MUT and COL5A1-

30UTR- MUT) were obtained by a QuikChange II site-directed

Mutagenesis kit (Agilent Technologies, Inc., Santa Clara, Califor-

nia). The TU177 and AMC-HN-8 cells were transfected with

circBFAR-WT, circBFAR-MUT, COL5A1-30UTR-WT, and

COL5A1-30UTR-MUT and miR-31-5p mimics (miR-31-5p) or miR-

NC, respectively. After being transfected for 48 h, Dual-Luciferase

Reporter Gene Assay Kit (Yeasen Biotechnology, Shanghai, China)

was employed to detect the luciferase activity in every group.

2.12 | RNA-pull down assay

Bio-labeled circBFAR (Bio-circBFAR) or its negative control (Bio-NC;

Sangon Biotech, Shanghai, China) were hatched with lysate cells. Then

the complex was bound to the magnetic beads, and the RNA content

in the complex was segregated and detected by qRT-PCR.

F IGURE 1 The expression of circBFAR was increased in laryngeal squamous cell cancer (LSCC) tissues and cells. (A,B) The expression level of
circBFAR in LSCC tumor tissues (n = 68) and normal tissues (n = 68) was detected by quantitative real-time polymerase chain reaction (qRT-
PCR). (C) Receiver operating characteristic curve analysis of circBFAR for diagnostic potentiality in LSCC. (D) Relationship between circBFAR
expression level and clinical stages in LSCC patients. (E) The overall survival rate in LSCC patients with high circBFAR expression (n = 34) and
patients with low circBFAR expression (n = 34) was evaluated using Kaplan–Meier overall survival curve. (F) The expression level of circBFAR in
normal cell line NP69 and LSCC cell lines (TU177, M4E, AMC-HN-8, and TU686) was detected using qRT-PCR assay. *p < .05. All cellular
experiments were independently repeated three times, and the data were presented in the format of mean ± SD. AUC, area under the curve;
NC, negative controls
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2.13 | RNA immunoprecipitation assay

A total of 100 μl TU177 and AMC-HN-8 cells were split with RNA

immunoprecipitation (RIP) lysis buffer and cultured in RIP buffer

which containing magnetic beads coupled with anti-Ago2 (Abcam) or

anti-immunoglobin G (IgG) (Abcam). After co-culture with protease K,

the content of circBFAR and miR-31-5p in the precipitate was

detected by qRT-PCR.

2.14 | Immunohistochemistry assay

Tumor tissue was fixed with paraformaldehyde (Sigma-Aldrich) and

embedded with paraffin (Sangon Biotech), followed by cutting into

4 μm sections. The slices were treated with diluted COL5A1 (1:100,

ab189285; Abcam) and KI-67 antibody (1:100, ab15580; Abcam) and

the secondary antibody (1:1000, ab150077; Abcam), respectively. The

samples were dyed with diaminobenzidine (Sigma-Aldrich) and

observed under a microscope (Olympus).

2.15 | Tumor xenograft mice model construction

A total of 12 nude mice from Vital River Laboratory Animal

Technology (Beijing, China) were randomly divided into two groups,

with 6 mice in each group. In total, 3 � 106 AMC-HN-8 cell suspen-

sion was blown evenly and subcutaneously injected into mice. The

size of the tumor was measured every 7 days, according to the

formula: volume = length � width2/2. The mice were slain pain-

lessly after 35 days, and the mass of the tumor was weighed. The

Animal Welfare and Research Ethics Committee of Yibin Hospital

of Traditional Chinese Medicine agreed with all animal experiments

in this study.

2.16 | Statistical analysis

SPSS 17.0 (IBM, Chicago, Illinois) was engaged to analyze the data,

and images were made with GraphPad Prism 8.0 software (GraphPad

Inc., LaJolla, California). Data were manifested as mean ± SD.

F IGURE 2 CircBFAR knockdown suppressed cell proliferation and angiogenesis in laryngeal squamous cell cancer (LSCC) cells.
(A) quantitative real-time polymerase chain reaction was performed to detect the efficiency of sh-circBFAR#1 and sh-circBFAR#2 in TU177 and
AMC-HN-8 cells. (B) Cell counting kit 8 assay was used to test cell viability of TU177 and AMC-HN-8 cells after sh-circBFAR#1 transfection.
(C) 5-Ethynyl-20-deoxyuridine assay was conducted to evaluate the effect of sh-circBFAR#1 on cell proliferation. (D) The ability of transfected
cells to migrate was detected by the wound healing assay. (E) The effect of sh-circBFAR#1 on cell invasion was tested by transwell assay.
(F) Effects of sh-circBFAR#1 on tube formation in TU177 and AMC-HN-8 cells were measured using tube formation assay. (G) Effects of
sh-circBFAR#1 on protein expression of KI-67, MMP2, and VEGFA in TU177 and AMC-HN-8 cells were assessed using western blot assay
(*p < .05). All cellular experiments were independently repeated three times, and the data were presented in the format of mean ± SD. MMP2,
matrix metallopeptidase 2; vascular endothelial growth factor A
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Kaplan–Meier survival analysis and log-rank test were applied to analyze

the overall survival of LSCC patients. The diversities of data were tested

with a one-way analysis of variance or Student's t-test. A p-value < .05

indicated significant difference between data. The receiver operating

characteristic (ROC) curve analysis was conducted to assess the area

under the curve (AUC) values for circBFAR in LSCC samples.

3 | RESULTS

3.1 | CircBFAR was highly expressed in LSCC
tissues and cells

In order to explore the function and regulatory mechanism of cir-

cBFAR in the progression of LSCC, we first detected the expression

of circBFAR in LSCC. The results showed that circBFAR was signifi-

cantly promoted in LSCC tissues (Figure 1A,B). Then the sensitivity

and specificity were evaluated by ROC curve analysis, and the results

of ROC exhibited that the AUC of circBFAR was 0.9898 (Figure 1C).

And the high expression of circBFAR was related to the advanced

clinical stage in LSCC patients (Figure 1D). The overall survival of the

low circBFAR expression group (n = 34) was higher than the high

expression group (n = 34) in LSCC patients (Figure 1E). Meanwhile,

our data showed that circBFAR expression was associated with clini-

cal stage and lymph node metastasis (Table 1). Moreover, we also dis-

covered that circBFAR expression was significantly upregulated in

LSCC cell lines relative to NP69 cells (Figure 1F). These data indicated

that circBFAR was increased in LSCC cells and patients, and high

expression of circBFAR might be an independent prognostic factor for

the prediction of clinical outcomes in LSCC sufferers.

3.2 | Knockdown circBFAR inhibited the
proliferation, migration, and invasion of LSCC cells
and angiogenesis

In vitro function experiments were performed to detect the role of cir-

cBFAR in LSCC cells. QRT-PCR was used to detect the transfection

efficiency of circBFAR in TU177 and AMC-HN-8 cells, and the results

showed that the expression of circBFAR was dramatically inhibited in

TU177 and AMC-HN-8 cells after sh-circBFAR#1 or sh-circBFAR#2

transfection, and sh-circBFAR#1 showed the best transfection

F IGURE 3 MiR-31-5p was a target of circBFAR. (A) The binding sequence between circBFAR and miR-31-5p was predicted by
circinteractome. (B,C) Quantitative real-time polymerase chain reaction (qRT-PCR) was performed to detect the expression of miR-31-5p in
laryngeal squamous cell cancer tissues and cells. (D) The transfection efficiency of miR-31-5p mimics in TU177 and AMC-HN-8 cells was
examined using qRT-PCR assay. (E) Dual-luciferase reporting assay was performed to verify the targeting relationship between circBFAR and

miR-31-5p in TU177 and AMC-HN-8 cells. (F) RNA-pull down assay was employed to analyze the interaction between circBFAR and miR-31-5p.
(G) RNA immunoprecipitation assay was conducted for the enrichment of Ago2 on miR-31-5p and circBFAR in TU177 and AMC-HN-8 cells
(*p < .05). All cellular experiments were independently repeated three times, and the data were presented in the format of mean ± SD.
NC, negative controls
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efficiency (Figure 2A). CCK8 assay was performed to assess the cell

viability, and the results exhibited that the cell viability of TU177

and AMC-HN-8 cells was reduced by sh-circBFAR#1 (Figure 2B).

EdU assay exhibited that the proliferation was markedly retarded

in TU177 and AMC-HN-8 cells transfected with sh-circBFAR#1

(Figure 2C). Wound healing results displayed that sh-circBFAR#1

repressed cell migration of TU177 and AMC-HN-8 cells

(Figure 2D). And the ability of invasion in TU177 and AMC-HN-8

cells was tested by transwell, and the data showed that the inva-

sion was reduced by sh-circBFAR#1 (Figure 2E). After TU177 and

AMC-HN-8 cells were transfected with sh-circBFAR#1, the tube

formation was remarkably retarded (Figure 2F). And circBFAR

knockdown in TU177 and AMC-HN-8 cells exceptionally blocked

the marker protein expression of KI-67, MMP2 and VEGFA

(Figure 2G). In a word, the silence of circBFAR in LSCC cells inhib-

ited cell growth and angiogenesis.

3.3 | CircBFAR targeted miR-31-5p in LSCC cells

For the purpose of probing the regulatory mechanism of circBFAR in

LSCC, we first predicted the target of circBFAR with circinteractome

(https://circinteractome.nia.nih.gov), and the binding sites between

miR-31-5p and circBFAR were shown in Figure 3A. And we found the

expression of miR-31-5p was striking hindered in LSCC tissues and

cells (Figure 3B,C). Then the transfection efficiency of miR-31-5p was

detected, and miR-31-5p was conspicuously boosted in TU177 and

AMC-HN-8 cells with miR-31-5p overexpression (Figure 3D). The

data of the dual-luciferase reporting assay presented that the lucifer-

ase activity in miR-31-5p and circBFAR cotransfection group was

notably confined (Figure 3E). And RNA-pull down assay and RIP assay

also proved the targeting relationship between circBFAR and miR-

31-5p (Figure 3F,G). In sum, these data exhibited that miR-31–3p was

regulated by circBFAR in LSCC cells.

F IGURE 4 Anti-miR-31-5p reversed the effects of sh-circBFAR#1 on TU177 and AMC-HN-8 cells. (A) The expression of miR-31-5p was
measured by qRT-PCR after transfection with anti-NC and anti-miR-31-5p in TU177 and AMC-HN-8 cells. (B–F) The effects of cell viability,
proliferation, migration, invasion, and tube formation after transfection with sh-NC + anti-NC, sh-circBFAR#1 + anti-NC, and sh-
circBFAR#1 + anti-miR-31-5p in TU177 and AMC-HN-8 cells. (G) Effects of sh-NC + anti-NC, sh-circBFAR#1 + anti-NC, or sh-
circBFAR#1 + anti-miR-31-5p on protein expression of KI-67, MMP2, and VEGFA in TU177 and AMC-HN-8 cells were analyzed using western
blot assay (*p < .05). All cellular experiments were independently repeated three times, and the data were presented in the format of mean ± SD.
MMP2, matrix metallopeptidase 2; NC, negative controls; VEGFA, vascular endothelial growth factor A
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F IGURE 5 Collagen type V alpha 1 chain (COL5A1) was negatively regulated by miR-31-5p. (A) Targets of miR-31-5p were analyzed by
starbase, Targetscan, miRDB, and GEPIA-up (200). (B) The expression levels of SPARC and COL5A1 in TU177 and AMC-HN-8 cells after miR-

31-5p overexpression were detected using quantitative real-time polymerase chain reaction (qRT-PCR) assay. (C) The binding sites between
COL5A1 and miR-31-5p were predicted. (D) Dual-luciferase reporting assay was performed to verify the targeting relationship between miR-
31-5p and COL5A1 in TU177 and AMC-HN-8 cells. (E) The expression of COL5A1 in TU177 and AMC-HN-8 cells after miR-31-5p
overexpression was detected by western blot. (F) The expression of COL5A1 protein in TU177 and AMC-HN-8 cells after anti-miR-31-5p
transfection was determined using a western blot assay. (G) The expression of COL5A1 in TU177 and AMC-HN-8 cells after sh-NC + anti-NC,
sh-circBFAR#1 + anti-NC or sh-circBFAR#1 + anti-miR-31-5p was transfected was measured using western blot assay. (H) The expression of
COL5A1 in the head and neck squamous cell carcinoma of the TCGA database was analyzed. (I–K) The expression of COL5A1 in LSCC tissues
and cells was tested using qRT-PCR, immunohistochemistry, and western blot assay (*p < .05). All cellular experiments were independently
repeated three times, and the data were presented in the format of mean ± SD. LSCC, laryngeal squamous cell cancer; NC, negative controls
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3.4 | miR-31-5p knockdown could partially reverse
the effects of sh-circBFAR#1 on LSCC cells

The inhibition efficiencies of anti-miR-31-5p in TU177 and AMC-

HN-8 cells were first detected, and the results showed that anti-miR-

31-5p had a better inhibition effect (Figure 4A). Sh-circBFAR#1

repressed cell viability of TU177 and AMC-HN-8 cells, while anti-

miR-31-5p cotransfection reversed this effect (Figure 4B). And we

confirmed that the inhibitory effect of sh-circBFAR#1 on proliferation

was abolished by anti-miR-31-5p introduction (Figure 4C). And miR-

31-5p knockdown partially overturned the suppressive impacts of cir-

cBFAR downregulation on migration and invasion in TU177 and

AMC-HN-8 cells (Figure 4D,E). Silence of circBFAR limited the tube

formation in TU177 and AMC-HN-8 cells, while this effect was abro-

gated after miR-31-5p knockdown (Figure 4F). We also found that

anti-miR-31-5p relieved the inhibitory effects of sh-circBFAR#1 on

the protein expression of KI-67, MMP2, and VEGFA in TU177 and

AMC-HN-8 cells (Figure 4G). In summary, the inhibitory effects of

sh-circBFAR#1 on LSCC cells were restored after anti-miR-31-5p was

cotransfected.

3.5 | COL5A1 was a target of miR-31-5p in LSCC
cells

The binding between miR-31-5p and COL5A1 or SPARC was predicted

though starbase (https://starbase.sysu.edu.cn/), Targetscan (http://www.

targetsc.an.org/vert_72/), miRDB (http://www.mirdb.org/), and GEPIA-up

(200, http://gepia.cancer-pku.cn/index.html) (Figure 5A). Subsequently,

we detected the changes in the expression levels of SPARC and COL5A1

after the overexpression of miR-31-5p in TU177 and AMC-HN-8 cells

and found that the expression of SPARC did not change, while the

expression of COL5A1 was greatly decreased, indicated that COL5A1

might be the target of miR-31-5p (Figure 5B). And the binding sites

between miR-31-5p and COL5A1 were shown in Figure 5C. The lucifer-

ase activity was substantially repressed in COL5A1-30UTR-WT and

F IGURE 6 Collagen type V alpha 1 chain (COL5A1) overexpression reversed the effects of miR-31-5p in TU177 and AMC-HN-8 cells.
(A) The expression of COL5A1 was measured after transfection with vector or COL5A1 in TU177 and AMC-HN-8 cells. (B to G) The effects of
miR-31-5p on cell viability, proliferation, migration, invasion, tube formation, and the protein expression of KI-67, matrix metallopeptidase
2 (MMP2), and vascular endothelial growth factor A (VEGFA) after transfection with miR-NC + vector, miR-31-5p + vector or miR-

31-5p + COL5A1 in TU177 and AMC-HN-8 cells were analyzed using cell counting kit 8 assay, 5-ethynyl-20-deoxyuridine assay, wound healing
assay, transwell assay, tube formation assay, and western blot assay (*p < .05). All cellular experiments were independently repeated three times,
and the data were presented in the format of mean ± SD
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miR-31-5p cotransfection group, while the luciferase activity in

COL5A1-30UTR-MUT and miR-31-5p cotransfection group did not

change obviously (Figure 5D). And COL5A1 was negatively regulated by

miR-31-5p in TU177 and AMC-HN-8 cells (Figure 5E,F). We also discov-

ered that the expression of COL5A1 was blocked by sh-circBFAR#1 in

TU177 and AMC-HN-8 cells, and the effect was abolished after anti-miR-

31-5p cotransfection (Figure 5G). We found that COL5A1 was highly

expressed in head and neck squamous cell carcinoma in the TCGA

database (Figure 5H). And we discovered that COL5A1 was prominently

elevated in LSCC tissues and cells (Figure 5I–K). In a word, COL5A1 was

negatively regulated by miR-31-5p in LSCC cells.

3.6 | Overexpression of COL5A1 partially
recuperated the inhibitory effects of miR-31-5p
on LSCC cells

The expression of COL5A1 was abnormally reinforced in TU177 and

AMC-HN-8 cells with COL5A1 transfection (Figure 6A). And the

function rescue experiments uncovered that miR-31-5p inhibited cell

viability and proliferation in TU177 and AMC-HN-8 cells, and

COL5A1 cotransfection abated these effects (Figure 6B-C). And over-

expression of miR-31-5p constrained cell migration and invasion, and

the effects were ameliorated after COL5A1 was cotransfected

(Figure 6D,E). The tube formation was inhibited by miR-31-5p, and

this effect was weakened by COL5A1 overexpression (Figure 6F). The

protein expression of KI-67, MMP2, and VEGFA in TU177 and AMC-

HN-8 cells was suppressed by miR-31-5p, and COL5A1 cotransfec-

tion ameliorated these effects (Figure 6G). In brief, the inhibitory

effects of miR-31-5p on LSCC cells were reverted by COL5A1

overexpression.

3.7 | Silencing of circBFAR inhibited the growth
of LSCC in vivo

To confirm the role of circBFAR in vivo, tumor xenograft mice models

were constructed. The results displayed that the volume and weight

F IGURE 7 Silence of circBFAR could inhibit the tumor growth of laryngeal squamous cell cancer in vivo. (A) The tumor volume was measured
every 7 days. (B) Tumor weight was detected in each group at the ending point. (C) The protein expression level of KI67 and collagen type V
alpha 1 chain (COL5A1) in the sh-circBFAR#1 group was measured. (D) The expression of circBFAR, miR-31-5p, and COL5A1 was examined in
each group by qRT-PCR. (E) The expression of COL5A1, KI-67, matrix metallopeptidase 2 (MMP2), and vascular endothelial growth factor A
(VEGFA) in tissues was detected by western blot. *p < .05
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of tumor tissues in the sh-circBFAR#1 group were effectively ham-

pered compared with the sh-NC group (Figure 7A,B). And the data of

immunohistochemistry speculated that the protein expression of KI67

and COL5A1 in the tissues of sh-circBFAR#1 group was robustly

curbed (Figure 7C). The expression of circBFAR and COL5A1 in the

sh-circBFAR#1 group was decreased, while miR-31-5p was increased

in the sh-circBFAR#1 group when compared with the sh-NC group

(Figure 7D). The results of western blot indicated that the protein

expression of COL5A1, KI-67, MMP2, and VEGFA in the sh-cir-

cBFAR#1 group was impeded with respect to the sh-NC group

(Figure 7E). In a word, circBFAR knockdown inhibited the growth of

LSCC tumor in vivo.

4 | DISCUSSION

LSCC is the second most common malignancy of the head and neck,

the prognosis is poor in advanced patients.25 In this study, we clarified

the mechanism of circBFAR in LSCC, which might provide a new tar-

get for the treatment and prognosis of LSCC.

A variety of circRNAs have been uncovered to be involved in the

development of LSCC,26–28 and we studied the function of circBFAR

in LSCC. Guo et al.29 found that circBFAR was upregulated as an

oncogene in patients with pancreatic ductal adenocarcinoma (PDAC),

which was pertinent to tumor node metastasis and poor prognosis of

PDAC patients. We found that circBFAR was conspicuously expedited

in LSCC tissues and cells, and was associated with advanced clinical

stage and overall survival of LSCC patients. The data of function

experiments exhibited that circBFAR knockdown markedly restrained

cell viability, proliferation, migration, invasion, and tube formation in

LSCC cells. And the protein expression of KI-67, MMP2 and VEGFA

in LSCC cells was robustly suppressed by sh-circBFAR#1. At the same

time, silence of circBFAR retarded tumor growth in vivo. In brief, the

downregulation of circBFAR blocked the development and tumor

growth of LSCC in vitro and in vivo.

It's reported that circRNAs, stable transcripts with a host of miRNA-

binding sites, could act as sponges of miRNAs.24,30 In this study,

miR-31-5p was foretold to be the downstream gene of circBFAR though

circinteractome, and the results of dual-luciferase reporter assay, RNA-

pull down assay, and RIP assay indicated that circBFAR could sponge

miR-31-5p in LSCC cells. MiR-31-5p was a subtype of miR-31, and our

data manifested that miR-31-5p was evidently hindered in LSCC tissues

and cells. It has been confirmed that miR-31 upregulation might hinder

the growth and invasion of LSCC.16 Similarly, our results proved that the

inhibitory effects of circBFAR downregulation on viability, proliferation,

migration, invasion, and angiogenesis in LSCC cells were overturned by

anti-miR-31-5p. Consistently, decreased miR-31-5p reversed the suppres-

sion of circBFAR absence on the protein expression of KI-67, MMP2, and

VEGFA in LSCC cells. In sum, circBFAR served as a sponge of miR-31-5p

in LSCC cells, and anti-miR-31-5p cotransfection rescued the effects of

sh-circBFAR#1 in LSCC cells.

COL5A1 was forecasted to be one of the target genes of miR-31-5p

and was negatively regulated by miR-31-5p. We also suggested that

COL5A1 was conspicuously augmented in LSCC. CircBFAR downregula-

tion repressed COL5A1 expression in LSCC cells, and anti-miR-31-5p

cotransfection ameliorated this effect. What's more, the prohibitive

effects of miR-31-5p on cell viability and proliferation were neutralized

by COL5A1 addition, and overexpression of miR-31-5p in TU177 and

AMC-HN-8 cells hampered the cell migration, invasion and tube forma-

tion, and these effects were abated by COL5A1 overexpression. The pro-

tein expression of KI-67, MMP2, and VEGFA was blocked by miR-31-5p,

and the inhibitory effects were recuperated after COL5A1 was cotrans-

fected. In a word, circBFAR regulated the development of LSCC through

miR-31-5p/COL5A1 axis.

5 | CONCLUSION

In this study, it was an unprecedented finding that circBFAR was

enhanced in LSCC tissues and cells, and was concerned with the

growth and prognosis of LSCC. The data of function rescue experi-

ments disclosed that circBFAR regulated the progression of LSCC

through the miR-31-5p/COL5A1 axis as an oncogene.
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