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Abstract

Background: Increasing evidence demonstrated the important roles of circular RNAs

(circRNAs) in human cancer progression, including oral squamous cell carcinoma

(OSCC). The study intentions were to explore the role and molecular mechanism of

hsa_circ_0004390 (circLPAR3) in OSCC progression.

Methods: Expression of circLPAR3 in collected samples and cultured cell lines was

detected with real-time quantitative reverse transcription-polymerase chain reaction

(RT-qPCR). Loss-of-function experiments were performed to determine the effect of

circLPAR3 silencing on OSCC cell proliferation, migration, invasion, apoptosis,

angiopoiesis, and glycolysis. The sponge function of circLPAR3 was predicted by bio-

informatics analysis and validated by the dual-luciferase reporter and RNA pull-down

assays. In vivo experiments were conducted to validate the function of circLPAR3.

Results: A marked increase in circLPAR3 expression was observed in OSCC samples

and cell lines. Furthermore, circLPAR3 could distinguish OSCC samples from paired

non-tumor samples, and patients with high circLPAR3 expression had a poor progno-

sis. Furthermore, circLPAR3 inhibition decreased OSCC growth in xenograft mouse

models. Moreover, circLPAR3 silencing repressed cell proliferation, migration, inva-

sion, angiopoiesis, glycolysis, and induced cell apoptosis in OSCC cells in vitro.

Mechanically, circLPAR3 sponged miR-144-3p to prohibit the inhibiting effect of

miR-144-3p on LPCAT1, thus promoting OSCC progression.

Conclusion: CircLPAR3 exerted a tumor-promoting effect on OSCC growth through

elevating LPCAT1 expression via functioning as a miR-144-3p sponge. This study

supports the possible role of circLPAR3 in the diagnosis, prognosis, and treatment

of OSCC.
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1 | INTRODUCTION

Oral squamous cell carcinoma (OSCC) accounts for more than

90% of all oral malignancies, with a 5-year survival rate under

50%.1 Surgery combined with immune checkpoint inhibitors, che-

motherapy, and radiotherapy is the main treatment strategy for

OSCC.2 Studies have shown that up to 40% of patients have dis-

ease recurrence within 2 years after treatment.3,4 Therefore,

understanding the advancement of OSCC at the molecular level is

indispensable for discovering new therapeutic targets for this

disease.

Circular RNAs (circRNAs) differ from their linear RNA forms in

that they form a closed-loop structure through a reverse splicing

mechanism.5 Their annular structure makes them more stable and

exhibits a longer half-life than their respective linear RNAs.6 In the

beginning, circRNAs were thought to deal with errors in the RNA

splicing mechanism.7 According to recent research, circRNAs may

be involved in many biological processes and may be key regula-

tors of many aspects of cell and tissue homeostasis.8 More

and more research has displayed the vital roles of circRNAs in

tumorigenesis and advancement, including OSCC.9 For instance,

circ-102,450 exerts a repressive effect on OSCC cell invasion and

proliferation.10 Also, circ-IGHG11 and circ-EPSTI112 contribute to

OSCC progression through inducing epithelial-to-mesenchymal

transition.

One of the main mechanisms underlying the regulatory action of

circRNAs is related to the ability of these molecules to act as micro-

RNA (miRNA) sponges.13,14 That is, circRNAs, as competing for

endogenous RNAs (ceRNAs), compete with mRNA to share miRNAs,

thereby regulating gene expression.15 Multiple lines of evidence

have uncovered the deregulation of the circRNA/miRNA/mRNA axis

during OSCC development. Also, circ-FOXO3 sequesters miR-214

and subsequently causes the upregulation of KDM2A, thus promot-

ing the progression of OSCC.16 Furthermore, circ-SEPT9 increases

PKN2 expression through adsorbing miR-1225, thus facilitating

OSCC advancement.17 Therefore, expanding the knowledge of

circRNAs regulating the complex ceRNA network in OSCC will help

solve problems related to the pathogenesis and treatment of these

diseases.

Hsa_circ_0004390 (circLPAR3), located at chr1: 85331067–

85,331,821, is overexpressed in the circRNA expression profile in

OSCC samples.18 A recent report suggested the oncogenic role of

circLPAR3 in OSCC,19 but the role of circLPAR3 and its function as a

miRNA sponge needs to be further explored.

2 | MATERIALS AND METHODS

2.1 | Patient specimens

A total of 82 samples, including 41 OSCC samples and

41 corresponding non-tumor samples, were obtained at the Changsha

Stomatological Hospital. The written consents were signed by these

participants. The Ethics Committee of Changsha Stomatological Hos-

pital consented to this experiment.

2.2 | Cell culture

The HOK cell line (Sciencell) was cultured in Oral Keratinocyte

Medium (ScienCell). Three cell lines SCC9, SCC4, and SCC25 were

obtained from (ATCC) and maintained in a 1:1 mixture of Dulbecco's

modified Eagle's medium (DMEM) and Ham's F12 medium (ATCC)

supplemented with 400 ng/ml hydrocortisone [Sigma–Aldrich (SA)],

10% fetal bovine serum (Thermo), and 1% penicillin–streptomycin

(SA). Three cell lines UM1 (JCRB), HSC3 (JCRB), and CAL27 (ATCC)

were maintained in DMEM (ATCC) supplemented with 10% fetal

bovine serum (Thermo) and 1% penicillin–streptomycin (SA). The

growth environment of these cells was in an incubator set at 37�C

with 5% carbon dioxide.

2.3 | RNA preparation, complementary DNA
synthesis, and real-time quantitative polymerase chain
reaction (RT-qPCR)

Extraction of total RNA from collected samples and cultured cells

was carried out using the RiboEx TM (GeneAll®) as per the manu-

facturer's instructions. Fractionation of nuclear RNA and cytoplas-

mic RNA from cultured cells was conducted using the active motif's

nuclear extract kit. Following the evaluation of quantity and quality,

the extracted RNA was reverse transcribed using the PrimeScript™

1st Strand cDNA Synthesis Kit (Takara) (for circRNA and mRNA)

or miRCURY LNA™ Universal RT miRNA PCR system (Exiqon)

(for miRNA). Expression levels were measured in triplicate with a

RealQ Plus 2� Master Mix Green (low Rox) (Ampliqon) on the Lig-

htcycler 96 (Roche). Relative fold change was evaluated using

Equation 2�ΔΔCt with GAPDH and U6 as the reference genes.

Primer sequences were listed in Table 1.

TABLE 1 Primer sequences used for RT-qPCR

Genes Primer sequences (50–30)

circLPAR3 Forward (F): 50-CAACGTCTTGTCTCCGCATA-30

Reverse (R): 50-CGACAGTATCAGTGTTGCTCCT-30

LPAR3 F: 50-GAACGTGAGCGGATGTTCA-30

R: 50-AGGCAGAAAAACGTCCCAAC-30

miR-144-3p F: 50-GCGCGCGTACAGTATAGATGA-30

R: 50-AGTGCAGGGTCCGAGGTATT-30

LPCAT1 F: 50-CACAACCAAGTGGAAATCGAG-30

R: 50-GCACGTTGCTGGCATACA-30

β-Actin F: 50-TGGATCAGCAAGCAGGAGTA-30

R: 50-TCGGCCACATTGTGAACTTT-30

U6 F: 50-CTCGCTTCGGCAGCACATA-30

R: 50-CGAATTTGCGTGTCATCCT-30
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2.4 | Actinomycin D and RNase R assays

OSCC cells were grown in a complete medium supplemented with

actinomycin D (100 ng/ml, CST) (a transcription inhibitor) to evaluate

the stability of circLPAR3. OSCC cells-derived total RNA (5 μg) was

digested with or without RNase R (Lucigen) at 70�C for 10 min to vali-

date the circular structure of circLPAR3. Following actinomycin D

treatment, the total RNA was isolated using the RiboEx TM

(GeneAll®). Following RNase R digestion, RNA samples were purified

with the Direct-zolTM kit (Zymo Research). The obtained RNA

samples were subjected to RT-qPCR analysis.

2.5 | Lentiviral transduction of target cells

The lentivirus carrying a short hairpin RNA against circLPAR3 (sh-

circLPAR3#1, sh-circLPAR3#2, or sh-circLPAR3#3) was generated

using the pLKO.1 vector (Addgene) with sh-NC as a control. To gener-

ate lentiviral particles, HEK-293T cells were seeded on 10 cm plates

and co-transected with the lentivirus packaging system (PAX2 and

pMD2.G) and a recombinant lentiviral plasmid using GeneJuice®

transfection reagent (Millipore). The produced lentiviral particles

were added to the culture of target SCC25 and HSC3 cells.

Puromycin selection was performed 72 hr after transduction to select

available cells.

2.6 | Plasmids, miRNA mimic, and miRNA inhibitor

Generation of the LPCAT1 overexpression plasmid was performed by

inserting the full-length LPCAT1 cDNA into the pcDNA3.1 (+) vector

(Thermo) at EcoRI and NotI sites. MiR-144-3p inhibitor and mimic

synthesized by (Ribobio) were utilized to overexpress and knock down

miR-144-3p, and in-miR-NC or miR-NC was used as controls. Trans-

fection was carried out using TransIT-X2 (Mirus Bio.).

2.7 | Clonogenic assay

A single-cell suspension with a specific number (1 � 103 cells/well)

was grown on 6-well plates for 10 days. Following washing with PBS

(Thermo), the colonies were stained with 0.25% crystal violet (SA).

The colonies (more than 50 cells) were captured and counted using an

IX71 fluorescence microscope (Olympus).

2.8 | 5-ethynyl-20-deoxyuridine (EdU)
incorporation assay

In brief, about 2 � 104 OSCC cells were cultured using the EdU Imag-

ing Detection Kit (KeyGEN) as per the manufacturer's instructions.

Nuclei were then labeled with blue fluorescence (DAPI), and the

F IGURE 1 CircLPAR3 was highly expressed in OSCC. (A–C) RT-qPCR analysis of circLPAR3 expression in OSCC samples (compared to
marching non-tumor samples), OSCC samples in stage III (compared to OSCC samples in stage I + II), and OSCC samples in N1 + N2 stages
(compared to OSCC samples in the N0 stage). (D) ROC analysis assessment of the diagnosis value of circLPAR3. (E) Kaplan–Meier analysis
evaluation of the value of circLPAR3 as a biomarker of prognosis. (F) RT-qPCR analysis of circLPAR3 expression in OSCC cell lines (compared to
the HOK cell line). (G and H) The proportion of circLPAR3 in the cytoplasmic RNA and nuclear RNA of SCC25 and HSC3 cells. (I and J)
Actinomycin D assay analysis of the stability of circLPAR3. (K and L) RNase R assay evaluation of the circular structure of circLPAR3. *p < .05

SU ET AL. 427



positive cells were analyzed Image-Pro Plus 6.0 Software (Media

Cybernetics) after taking pictures with a fluorescence microscope

(Olympus).

2.9 | Transwell assay

Transwell inserts coated with Matrigel were used to analyze invasion,

and transwell inserts without Matrigel were used to analyze migration.

Analysis of cell migration and invasion was performed as previously

described.20 Cells were counted using an inverted microscope

(Olympus).

2.10 | Western blotting

Total protein was extracted using RIPA lysis buffer with protease and

phosphates inhibitor (SA). 20 μg protein extracts were loaded onto

each well of 10% SDS-PAGE. Separated proteins were then trans-

ferred onto a PVDF membrane (Millipore). Following blocking with

5% skim milk powder, the membrane was probed with primary anti-

bodies against PCNA at 1:1000 dilution (ab92552, Abcam), E-cadherin

at 1:10,000 dilution (ab40772, Abcam), Vimentin at 1:1000 dilution

(ab92547, Abcam), Bax at 1:1000 dilution (ab32503, Abcam), Bcl-2 at

1:1000 dilution (ab32124, Abcam), LPCAT1 at 1:1000 dilution

(ab166903, Abcam), and β-actin at a concentration of 1 μg/ml

(ab8224, Abcam). Membranes were then incubated with an appropri-

ate secondary antibody (Abcam). Protein bands were viewed using an

enhanced chemiluminescence detection system with a chemilumines-

cence HRP Substrate (Millipore).

2.11 | Tube formation assay

HUVECs were seeded on Matrigel-coated 24-well plates and incu-

bated with conditioned medium derived from OSCC cells for 6 hr.

F IGURE 2 CircLPAR3 silencing repressed OSCC cell proliferation, migration, and invasion. (A) The interference efficiencies of sh-
circLPAR3#1, sh-circLPAR3#2, and sh-circLPAR3#3 were validated. (B–E) The proliferation, migration, and invasion of control cells and OSCC
cells with sh-NC or sh-circLPAR3#2 were analyzed by clonogenic, EdU, and transwell assays. (F and G) Western blotting analysis of the protein
levels of PCNA, E-cadherin, and Vimentin in the above cells. *p < .05
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Tube formation was quantified with Image-Pro Plus 6.0 Software

(Media Cybernetics) after taking pictures with a microscope (Olympus).

2.12 | Flow cytometry assay

The single-cell suspension with a specific number (3 � 105 cells/well)

was stained with the Annexin V-FITC/PI kit (KeyGEN) according to

the producer's guidelines. The flow cytometer (Becton Dickinson) was

used to detect the cells.

2.13 | Lactate production and glucose
consumption

After culturing for 48 hr, the lactate production and glucose

consumption of transfected OSCC cells were analyzed with a

Glucose Assay Kit (Solarbio, Beijing, China) and Lactate Assay Kit

(Solarbio) based on the manufacturer's instructions.

2.14 | Dual-luciferase reporter assay

OSCC cells were co-transfected with pRL-TK, a luciferase reporter,

and miR-144-3p mimic or miR-NC using GeneJuice® transfection

reagent (Millipore). The luciferase reporters circLPAR3 WT, LPCAT1

30UTR WT, circLPAR3 MUT, and LPCAT1 30UTR MUT were con-

structed using the pmirGLO vector (Promega), respectively. Forty-

eight hours later, luciferase activities were measured using the dual-

luciferase reporter system (Promega), and Renilla activity was used to

normalize firefly activity.

2.15 | RNA pull-down assay with biotinylated
circLPAR3 probe

The Bio-NC, Bio-circLPAR3 WT, and Bio-circLPAR3 MUT probes

(Tsingke, Wuhan, China) were incubated with streptavidin magnetic

beads (Thermo). OSCC cell lysates-derived supernatants were incu-

bated with the magnetic beads obtained in the step above at 4�C

F IGURE 3 CircLPAR3 knockdown restrained angiopoiesis, promoted apoptosis, and decreased glycolysis of OSCC cells. (A and B) The angiopoiesis
and apoptosis of control cells and OSCC cells with sh-NC or sh-circLPAR3#2 were assessed by tube formation and flow cytometry assays. (C and D)
Protein levels of Bcl-2 and Bax in the above cells. (E and F) Analysis of lactate production and glucose consumption in the above cells. *p < 0.05
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overnight, and the bound miR-144-3p in RNA complexes were

detected with RT-qPCR.

2.16 | RNA pull-down assay with biotinylated miR-
144-3p probe

Sonication was performed to treat OSCC cells transfected

with Bio-NC, Bio-miR-144-3p WT, or Bio-miR-144-3p MUT

(Tsingke). The supernatants were incubated with activated

streptavidin beads (Thermo) at 4�C overnight. RNA complexes

were subjected to RT-qPCR analysis after elution from

streptavidin beads.

2.17 | Xenograft assay

Animal experiments were approved by the Animal Ethics Committee

of Changsha Stomatological Hospital. 10 BALB/c male nude mice

(4 weeks old, 15–20 g) (Vital River, Beijing, China) were reared at

specific pathogen-free condition. For the xenograft assay, SCC25

cells (1 � 107) with sh-circLPAR3#2 or sh-NC were subcutaneously

injected into the back of each nude mouse (5 mice per group). Tumor

volume was recorded once a week [(length � width2)/2]. Twenty-

eight days later, the mice were sacrificed and their xenograft tumors

were stripped. The obtained xenograft tumors were fixed with 4%

formaldehyde and then embedded in paraffin. Immunohistochemis-

try (IHC) analysis was carried out as previously described.21 Primary

antibodies included LPCAT1 (ab166903, Abcam) and PCNA

(ab92552, Abcam).

2.18 | Statistical analysis

Results are expressed as the mean ± SD of at least three different

experiments performed in triplicate. Data were analyzed using Stu-

dent's t-test or analysis of variance in GraphPad Prism 8 software

(GraphPad). Values were considered significantly different if p < .05.

F IGURE 4 The sponge function of circLPAR3 to miR-144-3p was validated. (A) Schematic diagram of the binding sites between circLPAR3
and miR-144-3p. (B) The transfection efficiencies of miR-144-3p mimic (relative to miR-NC) and miR-144-3p inhibitor (relative to in-miR-NC).
(C and D) Dual-luciferase reporter assay analysis of the luciferase activity of the circLPAR3 WT or circLPAR3 MUT reporter in miR-144-3p-
overexpressing OSCC cells. (E) Enrichment of miR-144-3p by Bio-NC, Bio-circLPAR3 WT, or Bio-circLPAR3 MUT probe was assessed. (F and G)
Expression of miR-144-3p in OSCC samples (compared to marching non-tumor samples) and cells (compared to the HOK cell line). (H) Effect of
miR-144-3p knockdown on miR-144-3p expression in circLPAR3-knockdown OSCC cells. *p < .05
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3 | RESULTS

3.1 | CircLPAR3 was highly expressed in OSCC
and might become diagnostic and prognostic
biomarkers for OSCC

To explore the function of circLPAR3 in OSCC, we analyzed

circLPAR3 expression in OSCC samples and cell lines. RT-qPCR

showed an overt upregulation of circLPAR3 in OSCC samples when

compared to corresponding normal samples (Figure 1A). Moreover,

tumor samples in stage III had higher levels of circLPAR3 compared

to tumor samples in stage I + II (Figure 1B). Also, higher levels of

circLPAR3 were observed in OSCC samples in N1 + N2 stages than

those in the N0 stage (Figure 1C). ROC analysis showed the mean-

ingful value of circLPAR3 in distinguishing between OSCC samples

and normal samples (AUC = 0.8996) [0.6974–0.8685] (Figure 1D).

Kaplan–Meier analysis exhibited a worse prognosis in patients with

high circLPAR3 expression (Figure 1E). We also observed that

circLPAR3 was overexpressed in OSCC cell lines relative to the HOK

cell line, and two OSCC cell lines SCC25 and HSC3 with the highest

circLPAR3 level were used for functional analysis (Figure 1F).

Nucleplasmic separation assays exhibited that circLPAR3 was dis-

tributed in both nucleus and cytoplasm and more localized in the

cytoplasm, and the distribution of circPAR3 in SCC25 and HSC3 cells

was similar (Figure 1G,H). Actinomycin D and RNase R assays

exhibited that circLPAR3 had a longer half-life and anti-RNase R

digestion when compared with linear LPAR3 transcript, indicating

that the circular PAR3 transcript was more stable (Figure 1I-L). Col-

lectively, these results manifested that circLPAR3 might be associ-

ated with OSCC advancement.

F IGURE 5 CircLPAR3 interacted with miR-144-3p to regulate proliferation, migration, invasion, angiopoiesis, and glycolysis of OSCC cells.
(A–D) The proliferation, migration, and invasion of OSCC cells with sh-NC, sh-circLPAR3#2, sh-circLPAR3#2+in-miR-NC, or sh-circLPAR3#2+in-
miR-144-3p were analyzed. (E and F) Protein levels of PCNA, E-cadherin, and Vimentin in the above cells were detected. (G and H) The
angiopoiesis and apoptosis of the above cells were determined. (I and J) Protein levels of Bcl-2 and Bax in the above cells were analyzed. (K and L)
The lactate production and glucose consumption of the above cells. *p < .05
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3.2 | Inhibition of circLPAR3 reduced OSCC cell
proliferation, migration, and invasion

We constructed SCC25 and HSC3 cell lines with stable knockdown of

circLPAR3 to further explore the function of circLPAR3. The interfer-

ence efficiencies of three shRNAs targeting the junction sites of

circLPAR3 (sh-circLPAR3#1, sh-circLPAR3#2, and sh-circLPAR3#3)

were exhibited in Figure 2A, and sh-circLPAR3#2 caused a lowest

circLPAR3 level was used for further analysis. Colony formation and

EdU assays exhibited that circLPAR3 knockdown repressed OSCC cell

proliferation (Figure 2B,C). Transwell assay showed that the migratory

and invade abilities of circLPAR3-knockdown OSCC cells were lower

(Figure 2D,E). Also, PCNA and Vimentin protein levels were decreased

in circLPAR3-knockdown cells, but E-cadherin protein levels were ele-

vated (Figure 2F,G). Together, these results suggested that circLPAR3

promoted OSCC cell proliferation, migration, and invasion.

3.3 | Silencing of circLPAR3 repressed
angiopoiesis, induced apoptosis, and decreased
glycolysis in OSCC cells

Further tube formation assays showed that circLPAR3 silencing

decreased the number of tube formations (Figure 3A). Cell apoptosis

analysis showed that knockdown of circLPAR3 caused more OSCC

cell apoptosis (Figure 3B). Moreover, Bax protein levels were elevated

and Bcl-2 protein levels were reduced in circLPAR3-inhibiting cells

(Figure 3C,D). In addition, there was a marked decrease in lactate pro-

duction and glucose consumption in circLPAR3-silencing cells

(Figure 3E,F). Together, these findings suggested that circLPAR3 pro-

moted angiopoiesis and glycolysis of OSCC cells.

3.4 | CircLPAR3 served as a miR-144-3p sponge

Because circLPAR3 was more localized in the cytoplasm, we further

explored the function of circLPAR3 as a miRNA sponge. Circular RNA

Interactome prediction showed that circLPAR3 might function as a

miR-144-3p sponge (Figure 4A). To test their relationship, miR-

144-3p mimic and inhibitor were, respectively, transfected into OSCC

cells to overexpress and silence miR-144-3p (Figure 4B). Further lucif-

erase assays exhibited that miR-144-3p overexpression reduced the

luciferase activity of the circLPAR3 WT reporter but not the circLPAR3

MUT reporter (Figure 4C,D). Biotin-labeled circLPAR3 probing showed

that circLPAR3 was significantly pulled down by the Bio-circLPAR3 WT

probe instead of the Bio-circLPAR3 MUT probe (Figure 4E). Also, miR-

144-3p was underexpressed in OSCC samples and cell lines (Figure 4F,

G). Co-administration of miR-144-3p inhibitor and sh-circLPAR3

F IGURE 6 LPCAT1 acted as a miR-144-3p target. (A) Schematic diagram of the binding sites between LPCAT1 and miR-144-3p. (B and C)
Dual-luciferase reporter assay evaluation of the luciferase activity of the LPCAT1 30UTR WT or LPCAT1 30UTR MUT reporter in miR-144-3p-
overexpressing OSCC cells. (D) The enrichment of LPCAT1 in the Bio-NC, Bio-miR-144-3p WT, or Bio-miR-144-3p MUT group. (E and F) The
mRNA and protein levels of LPCAT1 in OSCC samples (compared to marching non-tumor samples). (G) The levels of LPCAT1 protein in OSCC
cells (compared to the HOK cell line). (H) Effect of LPCAT1 overexpression inhibition on LPCAT1 protein levels in miR-144-3p-overexpressing
OSCC cells. (I) Impact of miR-144-3p knockdown on LPCAT1 protein levels in circLPAR3-knockdown OSCC cells. *p < .05
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impaired the increase in miR-144-3p expression in OSCC cells caused

by sh-circLPAR3 alone (Figure 4H). Collectively, these results

manifested that circLPAR3 acted as a miR-144-3p sponge.

3.5 | CircLPAR3 regulated proliferation, migration,
invasion, angiopoiesis, and glycolysis of OSCC cells
through interaction with miR-144-3p

To identify whether circLPAR3 interacts with miR-144-3p to mediate

OSCC cell proliferation, migration, invasion, angiopoiesis, and glycolysis,

rescue experiments were performed. CircLPAR3 silencing-mediated

repression on OSCC cell proliferation, migration, and invasion was miti-

gated after co-transfection with miR-144-3p inhibitor (Figure 5A–D).

The changes of PCNA, E-cadherin, and Vimentin protein levels in

circLPAR3-inhibiting cells were partly reversed after miR-144-3p

knockdown (Figure 5E,F). The silencing of miR-144-3p overturned the

reduction in tube formation and the elevation in apoptosis in OSCC

cells prompted by circLPAR3 knockdown (Figure 5G,H). Also, the

impacts of circLPAR3 inhibition on Bcl-2 and Bax protein levels were

reversed by miR-144-3p silencing (Figure 5I,J). Furthermore, the

reduced lactate production and glucose consumption in

circLPAR3-knockdown cells were weakened after miR-144-3p inhibitor

introduction (Figure 5K,L). Collectively, these results exhibited that

circLPAR3 regulated proliferation, migration, invasion, angiopoiesis, and

glycolysis of OSCC cells via interaction with miR-144-3p.

3.6 | LPCAT1 was a miR-144-3p target

To explore the molecular mechanism by which miR-144-3p mediates

OSCC cell malignant behaviors, bioinformatics analysis (starbase) was

F IGURE 7 MiR-144-3p curbed proliferation, migration, invasion, angiopoiesis, and glycolysis of OSCC cells via targeting LPCAT1. (A–D)
Assessment of the proliferation, migration, and invasion of OSCC cells with miR-NC, miR-144-3p, miR-144-3p+pcDNA, or miR-144-3p+LPCAT1.
(E and F) Detection of protein levels of PCNA, E-cadherin, and Vimentin in the above cells. (G and H) Analysis of the angiopoiesis and apoptosis
of the above cells. (I and J) Evaluation of protein levels of Bcl-2 and Bax in the above cells. (K and L) Measurement of lactate production and
glucose consumption in the above cells. *p < .05
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performed. We discovered that miR-144-3p might target LPCAT1

(Figure 6A). Also, administration of miR-144-3p mimic decreased the lucif-

erase activity of the LPCAT1 30UTRWT reporter but did no effect on the

LPCAT1 30UTR MUT reporter (Figure 6B,C). Moreover, LPCAT1 was

overtly enriched by the Bio-miR-144-3p WT probe but not the Bio-miR-

144-3p MUT probe (Figure 6D). Furthermore, LPCAT1 mRNA and pro-

tein levels were higher in OSCC samples than the control samples

(Figure 6E,F). Higher levels of LPCAT1 protein were also obtained in

OSCC cells (Figure 6G). As expected, the inhibitory effect of miR-144-3p

mimic on LPCAT1 expression was reversed by LPCAT1 overexpression

(Figure 6H). In addition, circLPAR3 silencing decreased LPCAT1 expres-

sion, but this decrease was overturned by miR-144-3p inhibition

(Figure 6I). These results exhibited that circLPAR3 regulated LPCAT1

expression through functioning as a miR-144-3p sponge.

3.7 | MiR-144-3p repressed proliferation,
migration, invasion, angiopoiesis, and glycolysis of
OSCC cells via targeting LPCAT1

Whether miR-144-3p mediates OSCC cell malignant behaviors via

negatively regulating LPCAT1 expression was further investigated.

The results exhibited that miR-144-3p mimic repressed cell

proliferation, migration, and invasion, but these effects were whit-

tled after LPCAT1 overexpression (Figure 7A–D). Exogenetic expres-

sion of miR-144-3p increased E-cadherin protein levels and

repressed PCNA and Vimentin protein levels, but these changes

were reversed by LPCAT1 upregulation (Figure 7E,F). In addition,

miR-144-3p overexpression restrained angiopoiesis, induced apo-

ptosis, elevated Bax protein levels, and decreased Bcl-2 protein

levels, while these alterations were overturned by exogenous

expression of LPCAT1 (Figure 7G–J). In addition, overexpression of

LPCAT1 weakened the decrease in lactate production and glucose

consumption in OSCC cells mediated by miR-144-3p upregulation

(Figure 7K,L). In sum, miR-144-3p exerted an anti-tumor activity

though targeting LPCAT1 in OSCC.

3.8 | CircLPAR3 silencing repressed OSCC growth
in vivo

SCC25 cells carrying sh-circLPAR3#2 were inoculated into nude mice

to investigate the function of circLPAR3 in OSCC in vivo. The results

of subcutaneous tumorigenesis experiments showed that the

circLPAR3-silencing nude mice exhibited smaller tumor volume and

lighter tumor weight than the control group (Figure 8A,B). Also,

F IGURE 8 CircLPAR3 promoted OSCC growth in vivo. (A) The tumor growth curves of sh-NC and sh-circLPAR3#2 groups.
(B) Representative images of xenograft tumors and the average tumor weight in sh-NC and sh-circLPAR3#2 groups. (C–F) Relative levels of
circLPAR3, miR-44-3p, LPCAT1 mRNA, and LPCAT1 protein in tumor samples from sh-NC and sh-circLPAR3#2 groups. (G) IHC analysis of the
number of LPCAT1/PCNA-positive cells in tumor samples from sh-NC and sh-circLPAR3#2 groups. *p < .05
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SCC25 cells carrying sh-circLPAR3#2-derived xenograft tumors had

lower levels of circLPAR3 and LPCAT1, as well as higher levels of

miR-144-3p than the control group (Figure 8C–F). IHC staining

showed that the number of LPCAT1/PCNA-positive cells was less in

the circLPAR3-knockdown group than that in the control group

(Figure 8G). Taken together, the above results suggested that

circLPAR3 silencing reduced OSCC growth in vivo.

4 | DISCUSSION

The current study highlighted the regulatory action of the circLPAR3/

miR-144-3p/LPCAT1 axis in OSCC advancement and increased our

knowledge of the tumor-promoting function of circLPAR3.

Recent studies have uncovered the oncogenic of circLPAR3 in

several tumors. Researchers reported that circLPAR3 exerted a

tumor-promoting impact through upregulating MET via binding to

miR-198 in ovarian cancer22 and esophageal squamous cell cancer.23

Cheng et al. indicated that circLPAR3 sponged miR-433/miR-375 and

elevated HMGB1 expression, resulting in ESCC growth.24 Fu et al.

suggested that circLPAR3 was overexpressed in OSCC samples and

cell lines, and circLPAR3 silencing decreased xenograft tumor growth

and facilitated cell apoptosis, restrained cell proliferation, stemness,

and migration through repressing HMGB2 by liberating miR-643.19

Consistent with the results of Fu et al., our data exhibited that

circLPAR3 had higher levels in OSCC samples and cell lines, and

circLPAR3 downregulation reduced xenograft tumor growth in vivo

and induced cell apoptosis, repressed cell proliferation, and reduced

migration in OSCC cells in vitro. In addition, we also discovered that

circLPAR3 could distinguish between OSCC samples and normal sam-

ples, and OSCC patients with high circLPAR3 expression had a worse

prognosis. Furthermore, our findings exhibited that circLPAR3 silenc-

ing decreased cell invasion, angiopoiesis, and glycolysis in OSCC cells.

These results highlighted the diagnostic, prognostic, and therapeutic

importance of circLPAR3 in OSCC tumorigenesis.

Cytoplasmic circRNAs can absorb miRNAs to modulate gene

expression in carcinogenesis.25 Intriguingly, we discovered that

circLPAR3 could facilitate OSCC cell proliferation, migration, invasion,

angiopoiesis, and glycolysis through sequestering miR-144-3p and

elevating LPCAT1 expression.

It has been reported that miR-144-3p plays an anti-tumor activity

in many human tumors such as cervical cancer,26 pediatric Wilms'

tumor,27 lung cancer,28 glioblastoma,29 and esophageal squamous cell

cancer.30 In OSCC-related studies, miR-144-3p had lower levels in

OSCC samples and cells, and miR-144-3p overexpression restrained

OSCC cell malignant behaviors through targeting EZH231,32 or

ERO1L.33 In this study, miR-144-3p was also underexpressed in OSCC

samples and cells, and the sponge ability of circLPAR3 to miR-144-3p

was validated by luciferase and RNA pull-down experiments. More-

over, miR-144-3p knockdown partly overturned the repressive

impacts of circLPAR3 silencing on OSCC cell proliferation, migration,

invasion, angiopoiesis, and glycolysis, suggesting that circLPAR3 medi-

ated OSCC progression through interacting with miR-144-3p.

LPCAT1, a cytosolic enzyme, catalyzes the conversion of

lysophosphatidylcholine into phosphatidylcholine in phospholipid metab-

olism.34 Carcinogenic properties of LPCAT1 have also been described in

human malignancies, such as lung adenocarcinoma35 and castration-

resistant prostate cancer.36 A previous report showed that LPCAT1

could facilitate OSCC cell invasiveness and proliferation via increasing

the biosynthesis of platelet-activating factors.37 In addition, HOXA-AS3

promoted OSCC cell proliferation via LPCAT1.38 Our data showed an

overt elevation in LPCAT1 expression in OSCC samples and cells.

LPCAT1 was then verified as a miR-144-3p target and circLPAR3 could

regulate LPCAT1 expression via sponging miR-144-3p. LPCAT1 over-

expression weakened miR-144-3p mimic-mediated inhibition on OSCC

cell proliferation, migration, invasion, angiopoiesis, and glycolysis. These

findings manifested that circLPAR3 promoted OSCC advancement via

upregulating oncogene LPCAT1 through adsorbing miR-144-3p.

In summary, circLPAR3 could adsorb miR-144-3p to block the

inhibiting impact of miR-144-3p on LPCAT1, leading to promoting

OSCC progression. This study supports the oncogenic role of

circLPAR3 in OSCC and illustrates the importance of circLPAR3 in the

diagnosis, prognosis, and treatment of OSCC.
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