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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Oral squamous cell carcinoma (OSCC)
accounts for approximately 90% of malignant epithelial tumors
in the oral and maxillofacial region, which is characterized by
a high metastatic potential and an unfavorable prognosis. The
specific process of oral mucosal carcinogenesis and progression
is very complicated.

Methods: Five OSCC patients' cancer tissues and
paracancerous tissues were collected for whole transcriptome
sequencing analysis to screen differentially expressed mRNA,
long-stranded noncoding RNA (IncRNA), and circular RNA
(circRNA) and bioinformatics [gene ontology (GO) enrichment
analysis with genomic database (KEGG) pathway analysis and
transcript enrichment analysis, etc.]. Target molecules closely
associated with oral squamous cell carcinogenesis, migration,
and invasion were identified using a miRNA-circRNA
association network.

Results: We screened 2310 mRNAs differentially expressed
in cancer and paraneoplastic tissues, of which 1019 were
upregulated and 1291 were downregulated; 14216 differentially
expressed IncRNAs, of which 8829 were upregulated and
5387 were downregulated; and 167 differentially expressed
circRNAs, of which 18 were upregulated and 149 were
downregulated. Oral squamous cell carcinoma cells had a higher
level of hsa circ_ 0001847 expression than hok cells (P<0.05).
Reduced hsa circ_0001847 expression inhibited oral squamous
cell carcinoma cell proliferation, migration, and invasiveness
(P<0.05).

Conclusion: Oral tissues contain differentially expressed
mRNAs, IncRNAs, and circRNAs, and these differentially
expressed mRNAs, IncRNAs, and circRNAs may be involved
in the development of OSCC.

Key words. Transcriptome sequencing, oral squamous cell
carcinoma, circRNA, IncRNA, mRNA.

Introduction.

Oral squamous cell carcinoma (OSCC) accounts for
approximately 90% of oral cancers [1], with approximately
300,000 new cases and 140,000 deaths per year [2]. The
prognosis for oral squamous cell carcinoma is unfavorable, with
a greater risk of metastasis and local recurrence [3,4]. Surgical
resection, radiotherapy, and chemotherapy are the most common
treatments for oral squamous cell carcinoma. Despite significant
advances in surgical and radiotherapy techniques, the 5-year
survival rate for patients with oral squamous cell carcinoma
has remained at approximately 50% for the past 30 years [5].
The pathogenesis of OSCC is not fully understood at this time.
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Multiple genes and pathways [6] have been implicated in OSCC
occurrence and progression. To increase the survival rate of
OSCC patients, it is necessary to conduct in-depth research on
the genes related to the formation and progression of OSCC. This
will help identify more accurate early diagnostic indicators and
corresponding prognostic treatments. Investigation of the entire
transcriptome under cell-specific conditions can systematically
reveal the transcriptional-level regulatory rules [7]. Scholars
are currently concentrating on noncoding RNAs (ncRNAs),
microRNAs (miRNAs), long noncoding RNAs (IncRNAs), and
circular RNAs (circRNAs). Several studies have demonstrated
that high-frequency mutant transcripts play crucial roles in cell
cycle regulation, energy metabolism, and signaling pathways.
These transcripts may serve as potential biomarkers for
targeted therapy in clinical malignancies [8-9]. Circular RNAs
(circRNAs) are a class of abundant and diverse ribonucleic acids,
typically formed by selective splicing of pre-messenger RNAs
[10-13]. These circular RNAs have been demonstrated to be
important regulators in various biological processes, including
oncogenesis, stress responses, and inflammation [14]. The
dysregulation of circRNAs has been shown to be a major cause
of the occurrence and development of human cancers, including
oral squamous cell carcinoma (OSCC) [15-17]. Notably, due
to their high stability and abundance, circRNAs are considered
ideal biomarkers for human cancers [18,19].
Epithelial-mesenchymal transition (EMT) primarily refers
to the biological process by which polarized epithelial cells
undergo transformation into mesenchymal cell phenotypes
under specific physiological or pathological conditions, thereby
endowing cells with the ability to metastasize and invade [7].
The phenomenon of EMT has been identified in various human
tumors, including breast cancer, liver cancer, prostate cancer,
and head and neck squamous cell carcinoma. When tumor cells
undergo EMT, the expression of epithelial marker molecules
such as E-cadherin, zonula occluden-1 (ZO-1), and keratins is
downregulated, while the expression of mesenchymal marker
molecules, such as vimentin, fibronectin, and N-cadherin, is
upregulated. The expression of matrix metalloproteinases-2/9
(MMP-2/9), which assist in EMT, is also upregulated, leading to
a loss of cell polarity in epithelial-derived tumor cells, loosening
of cell-cell junctions, and reorganization of cytoskeletal
proteins [8]. Among these changes, the loss of E-cadherin at the
cell membrane is a key marker of EMT in tumor cells [9]. The
reduction or absence of E-cadherin is significantly associated
with tumor grading, invasion, metastasis, and prognosis [10-
12]. Numerous reports indicate that EMT is a critical cause
of recurrence and metastasis in oral squamous cell carcinoma,
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which is of great significance for the enhancement of tumor cell
migration and invasion capabilities.

In this study, we aimed to determine the mechanism of OSCC
proliferation and invasion at the transcriptome level, determine
which specific key genes are involved in the progression of
OSCC, and construct circRNA-miRNA-mRNA and IncRNA-
miRNA-mRNA association analyses to further validate the
biological mechanism of noncoding RNAs in OSCC to provide
a more reliable theory for the clinical treatment of OSCC. This
will strengthen the theoretical foundation for clinical diagnosis
and treatment.

Materials and Methods.

Subject of research: A total of 10 patients aged 43-75
years old were selected from Yijishan Hospital of Wuhu City,
Anhui Province, from October 2020 to July 2021. This study
was approved by the Ethics Committee of Yijishan Hospital,
Wuhu City, Anhui Province, and all patients or their families
gave informed consent and signed informed consent (Table 1
Clinically relevant information for five patients). The clinical data
and pathological characteristics of 10 patients were collected for
statistical analysis, 5 of which were used for sequencing.
Sampling and sample processing:

Malignant and precancerous tissue were collected from the
patient during surgery (1 cm from the edge of the cancerous
tissue). The standard diameter for cancer was 0.5 cm. Tissue
samples and paracancerous tissue samples were block sliced,
cleaned with PBS solution, sealed in sterile lyophilised tubes,
and promptly stored in a refrigerator at -80 degrees Celsius.

Construction ofalibraryand sequencing of the transcriptome:

Shanghai Cloud Sequence Biotechnology Co. Offered high-
throughput sequencing. According to the manufacturer's
instructions, ribosomal RNA (rRNA) was extracted from the
samples using the NEBNext rRNA Depletion Kit (New England
Biolabs, Inc., Massachusetts, USA). Using the NEBNext®
UltraTM II Directed RNA Library Prep Kit, sequencing libraries
were produced (New England Biolabs, Inc., Massachusetts,
USA). A BioAnalyzer 2100 (Agilent Technologies, USA) was
used for quality control and quantification of the libraries, and
the Illumina Novaseq equipment was used for 150 bp double-
end sequencing.

Table 1. Primers designed for RT-gPCR.

Gene
hsa_circ_ 0001847

Primer sequences
forward primer

reverse primer

hsa_circ_0001722 forward primer
reverse primer
hsa_circ_0083619 forward primer
reverse primer
forward primer
reverse primer
forward primer

reverse primer

hsa_circ_ 0007695
hsa_circ_ 0083619

GAPDH forward primer

reverse primer

Principal sequencing method and content:

Following Illumina NovaSeq 6000 sequencing, double-ended
reads were extracted. Q30 was utilised for quality control, and
cutadapt software (v1.9.3) was used to dejoin and eliminate low-
quality reads to acquire high-quality readings. Utilising cloud-
based sequencing technology, distinct analyses of circRNAs,
IncRNAs, and mRNAs were conducted.

circRNA: High-quality reads were aligned to the reference
genome/transcriptome using STAR [2] software (v2.5.1b), and
circRNA detection and identification were accomplished using
DCC [3] software (v0.4.4). The discovered circular RNAs were
further annotated using the circBase and Circ2Traits databases
[4,5]. Data normalization and screening for differentially
expressed circRNAs were performed using edgeR (v3.16.5)
software [6]. GO and KEGG analyses were also performed on
the genes from which the differentially expressed circRNAs
originated.

LncRNA and mRNA: HISAT2 [7] software was used to
align high-quality reads to the human reference genome (UCSC
HG19) (v2.0.4). Using HTSeq [8] software, raw count numbers
at the gene level were acquired as mRNA expression profiles,
and raw count numbers at the transcript level were obtained as
IncRNA expression profiles (v0.9.1). Using edgeR software
(v3.16.5), differentially expressed mRNAs and IncRNAs
were screened to normalize and calculate ploidy changes and
p-values between the two sets of samples. Based on proximity
connections, GO and KEGG pathway analyses of differential
mRNAs and GO and KEGG pathway analyses of target genes
were performed to determine IncRNA target genes.

Gene detection in tissue samples:

Using TRIzol (Thermo Fisher Scientific, Waltham, MA,
USA) reagent, total RNA was isolated from oral squamous cell
carcinoma tissues, paracancerous tissues, and transfected cells.
cDNA was reverse transcribed using a reverse transcription kit,
and qPCR was conducted using an SYBR qPCR kit. The primer
sequences were as follows:

Cell culture and treatment:
The OSCC cell line (WSU-HN30) was routinely cultured

at 37°C in DMEM containing 10% fetal bovine serum. The
logarithmic OSCC cell line (WSU-HN30) was inoculated

5'-GTTCCTCACAGTCAAGCCTCAGAAG-3'
5'-GAGAACAGGAGTTGACGGCAGTG-3'
5'-GCAAGGTAAATGGGAAGTTGGTAGC-3'
5'-CCCTGATAGCTGTGAAAGGTGTCC-3'
5-GGGCTTTGGTTTGAGAGCAACAAG-3'
5'-ATGGCTTGAAGGATTCGGTCTTGAG-3";
5'-CATCAGGAGGAAGAAGCAAGCTCAG-3'
5-AACTGTCCTGGTTTGCTGATATGCC-3'
5'-CTTTCCTCCAACCCAACGGCTTAC-3'
5-ACTTCCTCTTCCAGTCGTCCTTCC-3'
5'-ACAACTTTGGTATCGTGGAAGG-3'
5'-GCCATCACGCCACAGTTTC-3'

Using the 2-Ct technique and GAPDH as the internal reference gene, the relative expression of the target gene was determined.
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into a 6-well plate at a rate of 1x10° cells per well. The hsa
circ_0001847 knockdown plasmid (pSLenti-U6-shRNA(hsa_
circ_0001847)-CMV-EGFP-F2A-Puro-WPRE) and its negative
control plasmid (pSLenti-U6-shRNA(NC2)-CMV-EGFP-F2A-
Puro-WPRE) were constructed and set as the sh-NC group and
sh-hsa circ_ 0001847 group, respectively, and were purchased
from Heyuan Biological Co., LTD. Lentivirus infection was
performed according to the manufacturer’s instructions[JFirst,
the lentiviral infection pre-experiment was conducted to
determine the optimal MOI, and the amount of virus added per
well was calculated (uL) = the number of cells/ titer (TU/mL)
*103 at the time of infection. On the first day, the WSU-HN30
cells in good condition were counted after digestion, and the
cell suspension density was adjusted to 1x10°cells/mL. 2mL cell
suspension was added to each well and inoculated into the six-
well plate. The next day, when the cells were observed to be in
good condition and the cell density reached 30-40%, lentivirus
was added for infection. 12 to 16 hours after virus infection, the
cell status was observed and the fresh medium was replaced.
Remove the medium from the orifice plate and add 2mL of
complete medium to each orifice. After 72~96 hours of virus
infection, the fluorescence expression efficiency of cells can be
observed under fluorescence microscope, that is, the efficiency
of lentivirus infection of target cells.

Wound healing assay:

For wound healing assay, 2 x 10° per well of CAL27 and
WSU-HN30 cells were placed into 6-well plates after various
transfections. Cells were allowed to grow until they achieved
100% confluence. Next, a scratch was made using a 200 pL
pipette tip, and cells were allowed to migrate for additional 24 h.
The images at 0 and 24h were recorded. Relative migratory rate
was calculated by the formula: (sh-hsa_circ_0001847(wound
area)Oh)-(sh-hsa_circ_0001847(wound area)24h)/(sh-
NC(wound area)Oh)-(sh-NC(wound area)24h).

Cell-counting kit 8 (CCK-8) assay:

A CCK-8 assay (Sigma, St. Louis, MO) was used to detect
cell proliferation. In brief, 1.5 x 103 cells were seeded into 96-
well plates, followed by the addition of 10 ul CCK-8 after 48
h. Subsequently, an additional 2 h incubation at 37 °C and 5%
CO2 was needed. The 450 nm absorbance was detected using a
microtiter plate reader.

Transwell assay:

Cell invasion was analyzed with Matrigel-coated (BD
Biosciences, Franklin Lakes, NJ) in 24-well Transwell
chambers with 8-um well inserts, CAL27 and WSU-HN30 cells
(5x10* for invasion analysis) in 100ul serum-free DMEM were
plated into the superior chambers, whereas the lower chamber
was supplemented with 600 pL DMEM with 10% serum. 24h
upon incubation, migrated or invasive cells were spotted with
0.1% crystal violet, and examined under a microscope (Nikon,
Tokyo, Japan) with at least 5 random fields.

Results.

Differential mRNA analysis: As shown in Figure 1, the
high-throughput sequencing analysis identified a total of 2310
differentially expressed mRNAs in cancer and paraneoplastic
tissues, of which 1019 were upregulated and 1291 were
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downregulated (Figure 1 (a)). The top 10 upregulated genes
were OASLd, MAGES6, CLG, CPX1, G1P2, CT130, HEL-N1,
CRD-BP, D2S69E, and PRO940. The top 10 downregulated
genes were HFE2A, CMH16, SPRYDI1, COX6AH, ARPP,
STARS, CK3, ASD3, CHASM, and ADH-2.

The 20 most significantly enriched KEGG pathways were
chosen for information on calcium signalling pathways,
adrenergic signalling in cardiac myocytes, salivary secretion,
drug metabolism-cytochrome P450, metabolic effects of
cytochrome P450 on xenobiotics, allograft rejection, and Th17
cell differentiation, among others. Figure 1 (b,c)

A GO enrichment analysis was conducted on 2310 genes with
differential expression. The results indicated that 2091 genes
were involved in biological processes, with 855 upregulated
and 1236 downregulated in expression. 259 genes were
involved in cellular components, with 106 upregulated and
153 downregulated in expression. 268 genes were involved in
molecular functions, with 99 up regulated and 169 downregulated
in expression. Figure 1 (d, e, f, g, h, 1).

LncRNA differential analysis:

The sequencing results showed that there were 14216
differentially expressed IncRNAs, of which 8829
were upregulated, including ENST00000509399,
ENST00000439156, ENST00000425399, ENST00000498524,
ENST00000474728 and ENST00000552602, and 5387
were  downregulated, including = ENST00000562218,
ENST00000497809, ENST00000609976, ENST00000546583,
ENST00000584611, and ENST00000368527, (Figure 2 (a)).

The KEGG pathway enrichment results indicated that the
major cellular pathways involved in differential IncRNAs are
the phospholipase D signalling pathway, the oxytocin signalling
pathway, the Fc epsilon RI signalling pathway, the GnRH
signalling pathway, choline metabolism in adrenergic signalling
cancer in cardiac myocytes pathway, and other related pathways.
See Figure 2 (b,c).

GO enrichment analysis of 14216 differentially expressed
IncRNA target genes revealed that 1893 genes were involved
in biological processes, 1372 of which were upregulated and
521 of which were downregulated. Of the 339 genes involved
in cellular components, 219 genes were upregulated and 120
were downregulated; of the 327 genes involved in molecular
functions, 198 were upregulated and 129 were downregulated.
There were 198 upregulated genes and 129 downregulated
genes. The results were shown in Figure 2 (d,e,f,g,h,i).

Variance examination of circular RNA:

Sequencing revealed 167 differentially expressed circRNA;
18 were upregulated, including hsa circ_ 0017586, hsa_
circ_0083619, and hsa_circ_0021570; 149 were downregulated,
including hsa circ 0005615, hsa circ 0009061, and others.
hsa_circ_0008832, etc. Figure 3 (a).

KEGG pathway enrichment results indicated that differentially
expressed circRNAs were involved in cellular pathways
associated with the B-cell receptor signalling pathway, MAPK
signalling pathway, T-cell receptor signalling pathway, ErbB
signalling pathway, natural killer cell-mediated and other
related pathways. Figure 3 depicts the GO enrichment data for
the shared differential circRNA Figure3 (b,c).
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Figure 1. mRNA differential analysis.

(a) Volcano map of differentially expressed mRNAs.
(b) Scatter plot of KEGG pathway enrichment of differentially upregulated expressed mRNAs.
(c) Scatter plot of KEGG pathway enrichment of differentially downregulated expressed mRNAs.
(d) Graphical representation of the GO enrichment classification for upregulated expressed genes: biological processes.

(e) Graphical representation of the GO enrichment classification for down-regulated expressed genes: biological processes.
(f) A statistical plot of the GO enrichment categorization for all upregulated expressed genes: cellular fractions.

(g) A a statistical plot of the GO enrichment categorization for all downregulated expressed genes: cellular fractions.
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(h) GO enrichment categorization statistics for all upregulated expressed genes: molecular function.

(i) GO enrichment categorization statistics for all upregulated expressed genes: molecular function.
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Figure 2. LncRNA differential analysis.
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(a) Volcano map of differentially expressed long noncoding RNAs.
(b) Scatter plot of KEGG pathway enrichment of differentially upregulated expressed long noncoding RNAs scatter plot.

(c) Scatter plot of KEGG pathway enrichment of differentially downregulated expressed long noncoding RNAs scatter plot.
(d) Graphical representation of the GO enrichment classification for upregulated expressed genes: biological processes.
(e) Graphical representation of the GO enrichment classification for downregulated expressed genes: biological processes.
(f) A statistical plot of the GO enrichment categorization for all upregulated expressed genes: cellular fractions.

(g) A statistical plot of the GO enrichment categorization for all downregulated expressed genes: cellular fractions.

(h) GO enrichment categorization statistics for all upregulated expressed genes: molecular function.

(i) GO enrichment categorization statistics for all upregulated expressed genes: molecular function.
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Figure 3. circRNA differential analysis.

(a) Volcano map of differentially expressed circular RNASs.

(b) KEGG pathway enrichment of differentially upregulated expressed circular RNA scatter plot.

(c) KEGG pathway enrichment of differentially downregulated expressed circular RNA scatter plot.

(d) Graphical representation of the GO enrichment classification for upregulated expressed genes: biological processes.
(e) Graphical representation of the GO enrichment classification for downregulated expressed genes: biological processes.
(f) A statistical plot of the GO enrichment categorization for all upregulated expressed genes: cellular fractions.

(g) A statistical plot of the GO enrichment categorization for all downregulated expressed genes: cellular fractions.

(h) GO enrichment categorization statistics for all upregulated expressed genes: molecular function.

(i) GO enrichment categorization statistics for all upregulated expressed genes: molecular function.

148



ATL2

GDI2

RARS1

£

5052

PPP3CC

b & ——
(=)
\ LV
SNX13 CYP24A1

b3

VAMP3

QSERL

PDK1

@

-, BRCAL
P Y

CDK14

SETD3

FXR1

usaPz__

. RNF13

Figure 4. (http://cn.string-db.org) for specific interaction networks of sequenced genes.

hsa_circ_0083619

hsa_circ_0001722

0 0
o 2.04 ns o 1.5
3 3 ns
S 1.5 5 | '
B ‘% 1.0-
» (]
2 1.0 2
g g
%) @ 0.5
-~ -
) o
@ 0.0- S 0.0-
e PT CT @ PT CT
hsa_circ_0000567 hsa_circ_0001847
[72] [72])
© 8-+ © 154
> he >
2 i %k ¥k %k
S 67 2 4ol
2 s
a o
2 a4 =
o2 %
-3 ©  5-
[}]
27 =
- ©
s o =
¢ . « PT CT

PT

CT

Figure 5. Expression differences of hsa-circRNA-0001847.

Expression of hsa_circ_0001847, hsa_circ_0001722, hsa_circ_0083619, hsa_circ_0007695, hsa_circ_0083619 in cancer tissues and adjacent

tissues.

149

levels

ive expression

Relat

hsa_circ_0001847

8_
3% %k k
6_ |
% %k Xk %k
-
4_
2_
0- |
O M D
O R
NP



>
@]

B

1.5
* * El sh-NC
2 5 20- — ,
g; E-Cadherin 3 B3 sh-hsa-circ-0001847
= ® 0N~
e 1_0_ 2 S
'% % N-Cadherin gg
g £ )
@ o )
_§§ 0.5+ Vimiten g§
E -
K ° MMP9 .g é
5
%0~ GAPDH &
\kc‘ ,\‘b""\ E-cadherin N-cadherin Viminten =~ MMP9
&
o
Y
o
&
o
D .
sh-NC sh-hsa-circ-0001847 i &
© % 3k %k k
=
© 1.0
o
=
©
2
5 0.5
c
=
2
0.0-
A
«\;o s
) QQ
09
&
,0‘
e‘b
PN

Figure 6. hsa-circRNA-0001847 affects the EMT process.

(A) Lentiviral transfection was used to knock down hsa-circRNA-0001847, and RT-PCR was used to verify the transfection efficiency.
(B) Western blot (WB) experiments revealed that the knockdown of hsa-circRNA-0001847 inhibits the EMT process.

(C) Quantitative analysis of the grayscale image from the WB experiment.

(D) After knocking down hsa-circRNA-0001847, a scratch assay was conducted to assess the migration ability of tumor cells.

(E) Quantitative bar chart of the scratch assay results.
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Figure 7. hsa-circRNA-0001847 targets and binds to mir-3188.

(A) Differential expression of mir-3188 in cancerous and normal tissues.

(B) Validation of successful transfection with mir-3188.

(C) Compared to the NC group, transient transfection with mir-3188 leads to increased expression of hsa-circRNA-0001847.
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Figure 8. Onecut? targets and binds to miR-3188.

(4) Electrophoresis image showing the input and pulldown of miRNA, as well as the input and pulldown of the NC (negative control).

(B) Analysis chart indicating that the enrichment of onecut2 with miR-3188 is the most significant

A total of 659 genes were involved in biological processes,
with 210 being upregulated and 449 being downregulated; 84
genes were involved in cellular components, with 29 being
upregulated and 55 being downregulated; and 206 genes were
involved in molecular functions, with 26 being upregulated and
180 being downregulated. There were 206 molecular function-
related genes, of which 26 were upregulated and 180 were
downregulated. Figure 3 (d, ¢, f, g, h, 1).

Investigation of the relationships between circRNA and
microRNA:

circRNA is known to have a highly stable ring structure and
is often used as a miRNA sponge regulatory gene expression.
We interpreted the sequencing files and inputted the 18
differentially expressed circRNAs from the sequencing files
into the inquiry website (http://cn.string-db.org). One of them,
hsa_circ_0001847 (circ-UBAP2), was found to have the most
connections with other circRNA in this specific interaction
network, which attracted our attention. In addition, in order to
narrow the research scope, we screened 5 circRNAs with high
cross occurrence rates of BP, CC and MF in GO functional
analysis in sequencing files. They are hsa circ 0083619
(circ-PPP3CC), hsa_circ_0001722(circ-CDK14), hsa_
circ_0007695(circ-SOS2),  hsa circ_0000567(circ-SETD3),
hsa_circ_0001847(circ-UBAP2), which verified its differential
expression in cancerous and para-cancerous tissues, found that,
in contrast, The expression of hsa circ_0001847(circ-UBAP2)
was relatively stable (Figure 4), so the target circRNA of this
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experimental study was determined to be hsa circ 0001847.
Through sequencing files, we learned that circRNA has a
strong correlation with microRNA in cancer. Figure 3 (b),
such a significant difference has aroused our attention, and
subsequent experiments are carried out based on this as a
breakthrough. We selected the top 5 microRNA with the
strongest correlation with hsa circ 0001847 in the sequencing
file and constructed the circRNA-microRNA interaction
regulatory network diagram. The data show that circRNAs and
microRNA have complex regulatory linkages, and circRNAs
correspond to several microRNA and microRNA interact with
many circRNAs. circRNAs is known to have a highly stable
ring structure and is often used as a miRNA sponge regulatory
gene expression. We interpreted the sequencing files and input
the 18 differentially expressed circRNAs in the sequencing files
into the inquiry website (http://cn.string-db.org) (Figure 4).
One of them, hsa circ 0001847 (hsa circUBAP2 057), was
found to have the most connections with other circRNAs in this
specific interaction network, which attracted our attention. In
addition, in order to narrow the research scope, we screened 5
circRNAs with high cross occurrence rates of BP, CC and MF
in GO functional analysis in sequencing files. They are hsa
circ_0083619 (circ-PPP3CC), hsa_circ_0001722(circ-CDK14),
hsa_circ_0007695(circ-SOS2), hsa_circ_0000567(circ-
SETD3), hsa circ_0001847(circ-UBAP2), which verified its
differential expression in cancerous and para-cancerous tissues.
In contrast, the expression of hsa circ 0001847(circ-UBAP2)



was relatively stable. Therefore, hsa circ_0001847 was chosen
as the gene of interest for the further study (Figure 4).

Elevated Expression of hsa-circRNA-0001847 in OSCC:

To investigate the correlation between the expression of
hsa-circRNA-0001847 and the occurrence of OSCC, we
employed RT-PCR to assess the expression levels of hsa-
circRNA-0001847 in both normal and OSCC cells. Our findings
revealed a significant upregulation of hsa-circRNA-0001847 in
OSCC tissues and cell lines, with particularly high expression
observed in the WSU-HN30 cell line (Figure 5).

Knocking down hsa-circRNA-0001847 restricts the migratory
and invasive capabilities of OSCC:

By using lentiviral transfection to knock down hsa-
circRNA-0001847, we verified the transfection efficiency with
RT-PCR (Figure 6A) and then conducted cellular function
assays and WB experiments to explore the impact of hsa-
circRNA-0001847 on the proliferative, migratory, invasive,
and EMT capabilities of OSCC. The WB experiments showed
that compared to the sh-NC group, the expression of E-cadherin
increased, while the expression of N-cadherin, Vimentin,
and MMP9 decreased, indicating that (Figure 6B-C). The
scratch assay revealed that the migration rate of the sh-hsa-
circRNA-0001847 group was lower compared to the sh-NC
group (Figure 6D-E). In summary, our results demonstrate that
the knockdown of hsa-circRNA-0001847 inhibits the migratory
and invasive capabilities of OSCC.

hsa-circRNA-0001847 targets mir-3188:

The miRNA sponge is one of the major functions of circRNAs.
Utilizing circBank [25] and RNAhybrid, we identified that hsa-
miR-3188 is a potential target of hsa-circ-0001847. To explore
the relationship between hsa-circRNA-0001847 and miR-3188,
we first verified the transfection success after transfecting miR-
3188 (Figure 7A). Subsequently, we examined the expression of
hsa-circRNA-0001847 following the transfection of miR-3188
and found that the expression of hsa-circRNA-0001847 was
upregulated upon the addition of miR-3188 mimics (Figure 7B),
indicating a positive correlation between the two. In addition
to this, we conducted miRNA-pulldown assays, and the results
also confirmed that hsa-circRNA-0001847 can function by
adsorbing miR-3188 (Figure 7C).

hsa-circRNA-0001847 regulates the expression of onecut2 by
competitively binding to mir-3188:

CircRNAs are known to function as miRNA sponges, and we
utilized circBank and RNAhybrid to identify potential targets
of hsa-circ-0001847, discovering that hsa-miR-3188 could be
one such target. To further investigate the relationship between
hsa-circRNA-0001847 and miR-3188, we performed a miRNA
pulldown assay, which confirmed that hsa-circRNA-0001847
can interact with miR-3188 by adsorption (Figure 8). Moreover,
we conducted experiments with spock1, cxcr2, kIf7, and col5al,
predicted target genes of miR-3188, and found that miR-3188
does indeed have a targeting relationship with these genes.

Discussion.

Noncoding RNAs have a crucial regulatory role in
many biological processes. In this study, based on whole-
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transcriptome sequencing, the differentially expressed mRNAs,
IncRNAs, and circRNA in cancer and paracancerous tissues
of five OSCC patients were simultaneously analyzed. Two-
by-two association analysis was used to investigate the related
transcriptional regulatory mechanisms. Hsa-circRNA-0001847
is significantly overexpressed in OSCC, suggesting its potential
research value in the initiation and progression of OSCC, and
it may emerge as a potential diagnostic and therapeutic target
for OSCC. Knockdown of hsa-circRNA-0001847 inhibits the
proliferation, migration, invasion, and EMT of WSU-HN30
and CAL27 cells. Furthermore, we utilized PCR and miRNA
pulldown assays to confirm the targeting relationship between
hsa-circRNA-0001847 and miR-3188, as well as the targeting
relationship between miR-3188 and onecut2. This study
reveals that hsa-circRNA-0001847 influences the invasion and
metastasis of oral squamous cell carcinoma by regulating the
miR-3188/onecut? axis.

The intricate regulatory interactions between mRNA, IncRNA,
and circRNA are strongly linked to the onset and progression of
OSCC. After creating the OSCC miRNA-circRNA regulatory
network and examining its topology, hsa circ_ 0001847
was identified as a crucial node in this study. The functional
enrichment and survival partitioning of these critical nodes and
their associated RNAs were further analysed. According to the
findings of this study, hsa_circ_0001847 may influence tumour
growth by binding to miRNAs and influencing downstream
genes, according to the findings of this study. By the synergistic
activation of SHP2/PLK1 signalling, the hsa circ 0001971/
miR-186 and hsa circ 0001847/miR-296 signalling pathways
boost oral squamous cell proliferation. [10] In addition, hsa-
miR-571, hsa-miR-3188, hsa-miR-548s, hsa-miR-4511, hsa-
miR-22-3p, hsa-miR-4649-3p, hsa-miR-4425, hsa-miR-3611,
hsa-miR-3173-5p hsa-miR-3928-3p, hsa-miR-370-3p, hsa-
miR-3182, hsa-miR-4445-5p, hsa-miR-4715-5p, hsa-miR-
6799-3p, hsa-miR-4708-3p, hsa-miR-516b-5p, hsa- miR-6769a-
3p, hsa-miR-6777-3p, hsa-miR-6815-3p, hsa-miR-8081, hsa-
miR-3926, hsa-miR-455-3p, and hsa-miR-943 for a total of 21
microRNAs, were also mentioned in hsa_circ_0001847-related
interaction network, where hsa-miR-3188 was associated with
tumour cell proliferation, apoptosis, migration and the MAPK
pathway [11].

Because of their stable structure, high expression abundance,
and tissue-specific and highly conserved features, circRNAs,
a subclass of circular RNAs, are becoming the latest hotspot
for research in the field of noncoding RNAs [12,13]. Among
the differentially expressed circRNAs screened in this
investigation, hsa_circ_0083619[14], hsa_circ_ 0001722 [15],
and hsa circ 0001847 [16] have been demonstrated to be
closely associated with the development of oral squamous
cell carcinoma. In our screening process, due to the higher
stability and differential expression of hsa_circ_0001847, hsa_
circ_ 0001847 was chosen for in-depth analysis in this work,
and the results indicated that the level of hsa circ_0001847 was
higher in cancer tissues than in paracancerous tissues (P<0.05),
which was consistent with the literature [16]. Wang et al. [16]
discovered that the expression of hsa circ 0001847 was higher
in glioma tissues than in normal tissues (P<0.05) and that the
decreased level of hsa_circ_0001847 inhibited cell proliferation,



migration, and invasion, increased apoptosis, and slowed tumour
growth in vivo. Hence, hsa_circ_0001847 possesses the potential to
serve as a pharmacological target. In addition, some circRNAs, such
as circRNA UBAP2 [17], and others, such as circRNA MAPK1
[18], have been demonstrated to exert oncogenic effects in OSCC.
Many previously unknown differentially expressed circRNAs were
also found in our study, and their regulation mechanisms for OSCC
require additional validation.

The results of the whole transcriptome multiplex association
analysis in this study and the current investigation suggested
thathsa circ 0001847 may be regulated by associated miRNAs,
altering the expression of downstream target genes and playing
a role in the process of cancer proliferation and invasion. In
this study, the relative expression of hsa circ 0001847 in
cancer and paracancerous tissues of three OSCC patients was
also evaluated. The results indicated that the level of hsa
circ 0001847 in cancer tissues of these three patients was
substantially higher than that in paracancerous tissues (P<0.05).

Using second-generation sequencing technology, the whole
transcriptome of tumour and paracancerous tissues from five
patients with OSCC was sequenced in this work. An in-depth
investigation led to the selection of hsa circ 0001847, a critical
gene that may be strongly associated with OSCC proliferation,
invasion, and migration. Additional topological analysis of the
miRNA-circRNA multiple association network demonstrated
that hsa circ 0001847 may be regulated by related miRNAs,
hence affecting the expression of downstream target genes and
the incidence of OSCC.

Conclusion.

Irisin is a multifunctional myokine secreted by adipocytes,
cardiac myocytes, and skeletal muscle, possibly mediating a
wide range of metabolic processes including insulin resistance,

muscle endurance, endothelial function, inflammatory and
immune reactions and bone osteoblast activity [9].
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