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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 (lncRNA), 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 lncRNAs, 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, lncRNAs, and circRNAs, and these differentially 
expressed mRNAs, lncRNAs, and circRNAs may be involved 
in the development of OSCC.

Key words. Transcriptome sequencing, oral squamous cell 
carcinoma, circRNA, lncRNA, 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. 

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 (lncRNAs), 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 lncRNA-
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 of a library and 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.

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, 
lncRNAs, 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 
lncRNA expression profiles (v0.9.1). Using edgeR software 
(v3.16.5), differentially expressed mRNAs and lncRNAs 
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 lncRNA 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℃ in DMEM containing 10% fetal bovine serum. The 
logarithmic OSCC cell line (WSU-HN30) was inoculated 

Gene Primer sequences
hsa_circ_0001847 forward primer 5'-GTTCCTCACAGTCAAGCCTCAGAAG-3'

reverse primer 5'-GAGAACAGGAGTTGACGGCAGTG-3'
hsa_circ_0001722 forward primer 5'-GCAAGGTAAATGGGAAGTTGGTAGC-3'

reverse primer 5'-CCCTGATAGCTGTGAAAGGTGTCC-3'
hsa_circ_0083619 forward primer 5'-GGGCTTTGGTTTGAGAGCAACAAG-3'

reverse primer 5'-ATGGCTTGAAGGATTCGGTCTTGAG-3';
hsa_circ_0007695	 forward primer 5'-CATCAGGAGGAAGAAGCAAGCTCAG-3'

reverse primer 5'-AACTGTCCTGGTTTGCTGATATGCC-3'
hsa_circ_0083619 forward primer 5'-CTTTCCTCCAACCCAACGGCTTAC-3'

reverse primer 5'-ACTTCCTCTTCCAGTCGTCCTTCC-3'
GAPDH forward primer 5'-ACAACTTTGGTATCGTGGAAGG-3'

reverse primer 5'-GCCATCACGCCACAGTTTC-3'

Table 1. Primers designed for RT-qPCR.

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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downregulated (Figure 1 (a)). The top 10 upregulated genes 
were OASLd, MAGE6, CLG, CPX1, G1P2, CT130, HEL-N1, 
CRD-BP, D2S69E, and PRO940. The top 10 downregulated 
genes were HFE2A, CMH16, SPRYD1, 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, i).
LncRNA differential analysis:

The sequencing results showed that there were 14216 
differentially expressed lncRNAs, 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 lncRNAs 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 
lncRNA 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).

into a 6-well plate at a rate of 1×105 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：First, 
the lentiviral infection pre-experiment was conducted to 
determine the optimal MOI, and the amount of virus added per 
well was calculated (μL) = 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 1x105cells/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 × 105 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 μL 
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)0h)-(sh-hsa_circ_0001847(wound area)24h)/(sh-
NC(wound area)0h)-(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 × 103 cells were seeded into 96-
well plates, followed by the addition of 10 μl 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-μm well inserts, CAL27 and WSU-HN30 cells 
(5×104 for invasion analysis) in 100ul serum-free DMEM were 
plated into the superior chambers, whereas the lower chamber 
was supplemented with 600 μL 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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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.
(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.
(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 RNAs.
(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.
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Figure 4. (http://cn.string-db.org) for specific interaction networks of sequenced genes.

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.
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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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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, e, f, g, h, i).
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 

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) 

Figure 8. Onecut2 targets and binds to miR-3188.
(A) 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



153

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, klf7, and col5a1, 
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-

transcriptome sequencing, the differentially expressed mRNAs, 
lncRNAs, 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/onecut2 axis.

The intricate regulatory interactions between mRNA, lncRNA, 
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, 
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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 
that hsa_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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