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Abstract. Oral squamous cell carcinoma (OSCC) is the
most prevalent form of malignant tumour in the oral cavity
and its early detection is critical for improving the prognosis
of affected patients. The present study aimed to isolate and
confirm exosomes derived from the supernatant of the OSCC
cell line CAL‑27 and human oral epithelial cells (HOECs),
analyze long non‑coding RNA (lncRNA) expression profiles
and determine the diagnostic value based on bioinformatics
analyses. The results indicated that the particles isolated from
the supernatant of CAL‑27 and HOECs were either round
or oval, had a size range of 30‑150 nm and were enriched
with ALG‑2 interacting protein X (ALIX) and tumour
susceptibility 101 proteins (TSG101). These characteristics
confirmed that these particles were exosomes. Three lncRNAs
(NR‑026892.1, NR‑126435.1 and NR‑036586.1) were selected
as potential diagnostic biomarkers for OSCC. The expression
levels of the selected lncRNAs were significantly different in
CAL‑27‑exo vs. HOEC‑exo, as well as in whole cells (CAL‑27
vs. HOECs) (P<0.001). The expression levels of the three
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lncRNAs confirmed by quantitative PCR were consistent with
the sequencing data. In conclusion, various lncRNAs were
aberrantly expressed between cancerous and non‑cancerous
exosomes, suggesting that they may serve as biomarkers for
cancer.
Introduction
Oral squamous cell carcinoma (OSCC) accounts for >90%
of oral and maxillofacial cancers and for 3% of all malignant
types of tumour (1). Tissue biopsies and their histological analysis are conventionally the gold standard in diagnosing OSCC
and determining its type and stage based on which to make
clinical management decisions; however, limitations such as
invasive and difficult to perform sampling methods, as well
as and time‑consuming analysis, are primary challenges (2,3).
With the rapid development of molecular biological technology, previous studies have focused on early detection and
sensitive noninvasive biomarkers for OSCC diagnosis (1,4).
Exosomes are microvesicles with a lipid bilayer
membrane; their size ranges from 30 to 150 nm and their
density is 1.13‑1.19 g/ml of sucrose. Exosomes can be identified using the specific membrane marker ALG‑2 interacting
protein X (ALIX) and tumor susceptibility 101 proteins
(TSG101). Studies have indicated that exosomes may be
abundantly released by different cell types into physiological
fluids, such as the peripheral blood, urine and breast milk (5).
Depending on the type, biogenesis and physiological condition of cells, exosomes contain a wide range of proteins, lipids
and nucleic acids, reflecting the characteristics of parental
cells (6). In exosomes, nucleic acids [including microRNAs
(miRNAs/miRs) and long non‑coding RNAs (lncRNAs)] are
protected from rapid degradation by a lipid bilayer membrane
to maintain their stability; they may be transported into
target cells to remain stable and may be regulated over
long distances (7). Therefore, exosomes are regarded as an
entirely new type of cell‑to‑cell communication; their cellular
messengers trigger a variety of physiological and pathological
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responses and achieve cross‑talk to adjacent or distant
cells (8).
lncRNAs are a class of ncRNAs with >200 nucleotides.
Although lncRNAs have been initially considered ‘transcriptional noise’, they have been regarded as emerging regulators
of biological functions and described to have an essential
role in gene expression at multiple levels, such as chromatin
remodelling, X chromosome silencing and transcriptional
activation; they also participate in cell growth, differentiation,
metabolism and oncogenesis (9). Studies have also indicated
that aberrant lncRNA expression is associated with numerous
cancer types, e.g., colorectal cancer, breast cancer and liver
cancer (10). Therefore, differential expression of exosomal
RNA (exo‑RNA), including miRNAs and lncRNAs, may exist
in various cancer types (11,12).
A considerable amount of studies has focused on the aberrant expression of exo‑miRNAs in OSCC (13‑15), but only
a few studies have explored exo‑lncRNAs (16,17). Thus, the
present study aimed to investigate exo‑lncRNA expression
profiles and their detection potential for OSCC through a
bioinformatics analysis.
Materials and methods
Cell isolation and culture. Human oral epithelial cells (HOECs)
were isolated and used in accordance with the ethical standards
established in the Declaration of Helsinki. The present study
was approved by the ethics committee of the School/Hospital of
Stomatology at Lanzhou University (Lanzhou, China). HOECs
were isolated and cultured as previously described (18‑20).
Normal oral mucosa was sampled and pooled between March
and June 2018 from 10 patients (4 females and 6 males) who
had surgery for cleft lip reconstruction (age range, 0.3‑1 years;
mean age, 0.78 years) and did not have any tumours. Informed
consent forms were signed by the patients' parents prior to
their participation in the study. The specimens were washed
using sterile PBS containing penicillin and streptomycin.
After the connective tissue was removed, the specimens were
cut into small 2 mm x 1 mm pieces and incubated in Dispase II
(Merck Millipore) at 4˚C for 18 h. The epithelial layer was
mechanically separated, digested with 0.25% trypsin/0.02%
EDTA (Thermo Fisher Scientific, Inc.) at 37˚C for 7 min
and vigorously mixed. The mixture was collected in a tube
and centrifuged at 100 x g for 7 min at 4˚C. The supernatant
was carefully removed, and the cells were resuspended in
an EpiGROTM Human Epidermal Keratinocyte Expansion
Medium (Merck Millipore). The cell line CAL‑27 was
obtained from the American Type Culture Collection and
cultured in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% (v/v) fetal bovine serum (FBS; both
Gibco; Thermo Fisher Scientific, Inc.). Once the cells grew in
a stable manner, they were washed with PBS and the CAL‑27
medium was replaced with DMEM supplemented with 10%
(v/v) exosome‑depleted FBS (System Biosciences). All of the
supernatants were collected and maintained for 2 days at 4˚C
for further analysis.
Exosome isolation. As described in a previous study by
our group, the general approach of isolating exosomes
from the cell culture supernatant was based on differential
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ultracentrifugation. Once the volume of the collected
supernatant reached 100 ml, all the following operations were
performed at 4˚C: The supernatant was first centrifuged at
300 x g for 10 min, then at 2,000 x g for 10 min and finally at
10,000 x g for 30 min to discard the pellets (cells, dead cells
and cell debris). The supernatant was then ultracentrifuged
at 100,000 x g for 70 min at 4˚C to produce a sediment and
concentrate the exosomes. The pellet was resuspended in PBS
and collected in a centrifuge tube. The sample was centrifuged
at 100,000 x g for 70 min at 4˚C and the supernatant was carefully
removed by using a pipette. The pellet after centrifugation was
washed with PBS, whilst the pellet containing the exosomes
was resuspended in 100 µl PBS and maintained at ‑80˚C for
further analysis.
After the particles were isolated from CAL‑27 and
HOECs, the morphological characteristics and phenotype of
the particles were identified using the procedures described
below.
Western blot analysis. The particles were thawed and treated
with radioimmunoprecipitation assay buffer (Beyotime
Institute of Biotechnology) and protease inhibitor cocktail
(Beyotime Institute of Biotechnology) in accordance with the
manufacturer's protocols. Subsequently, 2X SDS‑PAGE loading
buffer (Sigma‑Aldrich; Merck KGaA) was added, followed by
heating to 95˚C for 5 min. The proteins were separated using
10% SDS‑PAGE and transferred onto nitrocellulose (NC)
membranes (Beyotime Institute of Biotechnology). The NC
membranes were blocked with 5% skimmed milk powder at
room temperature for 1.5 h, washed thrice with TBS‑Tween
(0.1% Tween‑20), by using an orbital shaker and incubated
with primary antibodies at 4˚C overnight. The following
primary antibodies were used: Rabbit monoclonal anti‑ALIX
(1:1,000 dilution; cat. no. F‑2609; System Biosciences) and goat
monoclonal anti‑TSG 101 (1:1,000 dilution; cat. no. K‑1711;
System Biosciences). Subsequently, the NC membranes
were incubated with horseradish peroxidase‑conjugated
secondary goat anti‑mouse antibody (1:5,000 dilution;
System Biosciences) and rabbit anti‑mouse antibody (1:5,000
dilution; System Biosciences) at room temperature for 1 h.
The membranes were visualized using Immobilon Western
Chemiluminescent HRP Substrate (cat. no. WBKLS0100;
EMD Millipore) on a Bio‑Rad gel imaging system (Gel Doc™
XR+; Bio‑Rad Laboratories, Inc.).
Transmission electron microscopy. Isolated particles were
resuspended in PBS and 20 µl of the mixture was loaded onto
Formvar‑coated 200‑mesh copper electron microscopy grids
at room temperature for 10 min. Excess liquid was drained
by touching the grid edge against a piece of filter paper.
Counterstaining was performed by floating the grid on a drop of
3% phosphotungstic acid solution (pH 6.8) at room temperature
for 5 min. Excess liquid was drained and the grid was dried for
several minutes at room temperature. Microphotographs were
obtained using an HT7700 transmission electron microscope
(Hitachi).
Particle size analysis. The particles isolated from 100 ml
collected supernatant were thoroughly resuspended in 1 ml
PBS. The size distribution of the particles was determined
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Figure 1. Exosome identification. (A) Western blot analysis of exosome markers (samples with different exposures); (B) transmission electron microscopy
images of exosomes (magnification, x30,000; scale bar, 200 nm); (C) Zetasizer Nano ZS analysis of the mean size of exosomes (~100 nm). ALIX, ALG‑2
interacting protein X; TSG101, tumor susceptibility 101; HOEC, human oral epithelial cell; exo, exosome; d, diameter.

using a Zetasizer Nano ZS (Malvern) in accordance with the
manufacturer's protocols.
High‑throughput lncRNA sequencing. Following the
manufacturer's protocol, the total RNA of exosomes was
extracted using the Total Exosome RNA and Protein Isolation
kit (Invitrogen; Thermo Fisher Scientific, Inc.). The total
RNA of exosomes was used for lncRNA library preparation
and sequencing, which was performed at RiboBio Co., Ltd.,
where the total RNAs from CAL‑27‑exo and HOEC‑exo
were reverse‑transcribed and their ends were repaired and
amplified through PCR. The PCR products were sequenced
using the Illumina HiSeq 2500 (Illumina, Inc.). Raw data
were initially filtered in terms of low‑quality reads, ribosomal
RNA contamination and reads containing >10% uncertain
nucleotides. Subsequently, clean reads were generated and
mapped with the reference genome by using TopHat 2 for the
subsequent analysis (21).
Bioinformatics analysis. After the sequencing data were
obtained, Auddics was used as a classic procedure to identify
differential RNA expression. The target genes of lncRNAs
were predicted using GENCODE (https://www.gencodegenes.
org/), the European Molecular Biology Laboratory‑European
Bioinformatics Institute (https://www.ebi.ac.uk/), lncRNAdb
(http://www.lncrnadb.org/) and the gene database from the
National Center for Biotechnology Information (https://www.
ncbi.nlm.nih.gov/) according to their cis or trans mecha-

nism to systematically uncover the functions of lncRNAs.
Their comprehensive functions were analysed using Gene
Oncology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) (http://www.genome.jp/). Furthermore,
the |log2 (fold‑change)|>2, significance level (P<0.05) and
cancer‑associated pathways of lncRNA‑targeted genes were
set to select the candidate lncRNAs and evaluate their diagnostic potential.
Relative expression levels of the selected lncRNAs. The
relative expression of the selected lncRNAs was assessed
using reverse transcription‑quantitative (RT‑q)PCR to further
validate the data from the high‑throughput lncRNA
sequencing. The total RNAs were extracted from the cells and
exosomes using an RNeasy Mini kit (Qiagen GmbH) and the
Total Exosome RNA and Protein Isolation kit (Invitrogen;
Thermo Fisher Scientific, Inc.), respectively. The RNAs were
treated with RNase‑free DNase I (Takara Bio, Inc.) to remove
any DNA contamination and eluted in 25 µl RNase‑free
ultrapure water. The relative lncRNA expression was
determined using PrimeScript™ RT Master Mix (Perfect
Real Time; Takara Bio, Inc.) and SYBR‑Green™ Premix Ex
Taq™ II (Tli RNaseH Plus; Takara Bio, Inc.) on a 7500
sequence detector system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). PCR was performed in a mixture
(20 µl) containing 2 µl of complementary DNA template,
10 µl 2X SYBR‑Green PCR Mix, 0.4 µl Rox II and 0.8 µl each
of sense and antisense primers. RT‑qPCR was performed in
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Figure 2. Hierarchical clustering and volcano plots of differentially expressed ncRNAs and lncRNAs between HOEC‑exo and CAL‑27‑exo. (A) Hierarchical
clustering analysis of differentially expressed ncRNAs; each column represents a sample and each row indicates an lncRNA. The colour indicates the value
of log10 (RPKM+1). (B) Volcano plot of differentially expressed ncRNAs; the abscissa refers to the fold‑change of ncRNA and lncRNA expression in different
samples and the ordinate corresponds to the significance of the differential expression of the ncRNAs and lncRNAs. (C) Hierarchical clustering analysis of
differentially expressed lncRNAs; each column represents a sample and each row indicates an lncRNA. The colour indicates the value of log10 (RPKM+1).
(D) Volcano plot of differentially expressed lncRNAs; the abscissa refers to the fold‑change of ncRNA and lncRNA expression in different samples and the
ordinate corresponds to the significance of the differential expression of the ncRNAs and lncRNAs. Red dots denote significant upregulation of ncRNAs and
lncRNAs and green dots represent significant downregulation of ncRNAs and lncRNAs. HOEC, human oral epithelial cell; lncRNA, long non‑coding RNA;
exo, exosome; RPKM, Reads Per Kilobase per Million mapped reads.

triplicate for each sample. GAPDH was used as the control
and the specificity of the PCR products was estimated from
the melting curve. The following primer sequences used for
qPCR were synthesized by Tsingke Biological Technology
Co.,
Ltd.:
NR_026892.1
forward,
5'‑GGTCTACCAGTTGCACAG ATT‑3' and reverse,
5'‑CAGAGAAAGAAGGTGGG AGTTAG‑3'; NR_036586.1
forward, 5'‑CCAACATGGGC TCTCAATACA‑3' and
r eve r s e, 5'‑ CAC CATAC C T G G CACA TACA A‑3';
N R _ 1 2 6 4 3 5. 1 f o r w a r d , 5 ' ‑ G T C T G A C A T C C A

GAGCCAATAC‑3' and reverse, 5'‑AGGCCTAACCATGTT
TCCTTAC‑3'; and GAPDH forward, 5'‑GGTGAAGGTCGG
AGTCAACGG‑3' and reverse, 5'‑GAGGTCAATGAAGGG
GTCATTG‑3'. The relative expression of each lncRNA was
calculated using the 2‑ΔΔCq method (22).
Statistical analysis. Data were presented as the mean ± SD
(n=3). GraphPad Prism version 6.0 (GraphPad Software, Inc.)
was used for all of the calculations. An unpaired Student's t‑test
was applied to examine the differences in lncRNA expression
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Figure 3. GO terms and KEGG pathway analysis with respect to the target genes of lncRNAs. (A‑C) GO annotation in the categories (A) biological process,
(B) cellular component and (C) molecular function. (D) KEGG pathways. GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; lncRNA,
long non‑coding RNA.

obtained via RT‑qPCR. P<0.05 was considered to indicate a
statistically significant difference.
Results
Exosomes from CAL‑27 and HOEC culture supernatant.
The particles isolated from the supernatant of CAL‑27 and
HOEC were verified by detecting the expression of ALIX and
TSG101, which are known markers of exosomes (23) (Fig. 1A).
The exosomes had a round or oval shape and a membrane
structure (Fig. 1B). The size of most particles ranged from
30 to 150 nm and the cumulative percentages of the particle
diameter interval for CAL‑27 in the ranges of 0‑30, 30‑150 and
>150 nm were 0, 89.6 and 10.4%, respectively, and those for
HOEC were 0, 87.8 and 12.4%, respectively (Fig. 1C). These
observations confirmed that the particles isolated from the
supernatant were exosomes.
ncRNA and lncRNA expression in exosomes. The sequencing
data identified 28,437 ncRNAs in CAL‑27 and 29,254 ncRNAs
in HOECs. By using the parameters difference multiple (|log2
(fold‑change)|>1), false discovery rate (FDR)<0.001 and
P<0.05, a total of 101 differentially expressed ncRNAs between
CAL‑27‑exo and HOEC‑exo were identified. Amongst them,
42 ncRNAs were upregulated, whereas 59 ncRNAs were downregulated (Fig. 2A and B). Of the 101 ncRNAs, 52 differentially
expressed lncRNAs were identified with 23 upregulated
lncRNAs and 29 downregulated lncRNAs (Fig. 2C and D).

Functional enrichment analysis of the target genes of differ‑
entially expressed lncRNAs. GO annotation in the categories
biological process, cellular component and molecular function
was performed. A total of 1,549 GO terms in the biological
process category (P<0.05), 227 GO terms in the cellular
component category (P<0.05) and 320 GO terms in the
molecular function category (P<0.05) were identified. The
top 10 GO terms of each category are presented in Fig. 3A‑C,
respectively; ‘cell’ and ‘cell part’ were the most prominent
terms in the cellular component category, while terms in
the molecular function and biological process categories
were mainly associated with cellular processes, binding
functions and catalytic activity. KEGG pathway analysis
identified 50 pathways (P<0.05). The top 10 KEGG pathways are presented in Fig. 3D. The target genes of lncRNAs
were mainly associated with the regulation of the ‘PI3K/Akt
signaling pathway’, ‘Jak/STAT signaling pathway’, ‘pathways
in cancer’ and ‘apoptosis’. These data confirmed that exosomal
lncRNAs may be involved in cell metabolism and oncogenesis
in general.
Selection and functional prediction of candidate lncRNAs.
After 52 differentially expressed lncRNAs were screened, the
expression levels of 12 lncRNAs were identified to match |log2
(fold‑change)|>2, FDR<0.001 and P<0.05. These 12 lncRNAs
were further filtered if their target genes were involved in
tumour‑associated pathways and 3 lncRNAs (i.e., NR‑026892.1,
NR‑126435.1 and NR‑036586.1) were ultimately selected as the
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Figure 4. Network of three lncRNA‑miRNA interactions. (A) NR_026892.1, (B) NR_126435.1 and (C) NR_036586.1. Red squares represent lncRNAs, blue
circles correspond to mRNAs and pink lines refer to the target interaction of lncRNA‑miRNA. lncRNA, long non‑coding RNA; miRNA/miR, microRNA;
hsa, Homo sapiens.

Figure 5. Relative expression levels of NR‑026892.1, NR‑126435.1 and NR‑036586.1 in (A) exosomes (n=3), (B) cells (n=3) and (C) sequencing data (n=1).
HOEC, human oral epithelial cell; exo, exosome; lncRNA, long non‑coding RNA.

potential biomarkers of exo‑lncRNAs. The lncRNA‑miRNA
interactions were also predicted to elucidate the functions of
NR‑026892.1, NR‑126435.1 and NR‑036586.1 (Fig. 4A‑C,
respectively). The network revealed that NR‑026892.1
interacted with 23 miRNAs, whilst NR‑126435.1 and
NR‑036586.1 interacted with 2 miRNAs each.
Relative expression levels of the three candidate lncRNAs in cells
and exosomes. RT‑qPCR analysis confirmed that the expression of the selected lncRNAs in CAL‑27‑exo was significantly
different from that in HOEC‑exo (P<0.001), and there were also
significant differences between CAL‑27 and HOECs (P<0.001).
The relative expression levels of NR‑026892.1 in CAL‑27‑exo
and CAL‑27 were approximately half of those in HOEC‑exo
and HOECs, respectively (1.002±0.04328 vs. 0.4784±0.02827
in the cell group and 1.002±0.0451 vs. 0.5022±0.05389 in the
exosome group), and the differences were significant (Fig. 5A
and B). Conversely, the relative expression levels of NR‑126435.1

and NR‑036586.1 were markedly higher in CAL‑27‑exo and
CAL‑27 than in HOEC‑exo and HOECs, respectively (Fig.
5A‑C). For NR‑126435.1, the overexpression was more marked
in CAL‑27‑exo vs. HOEC‑exo than in CAL‑27 vs. HOEC
(1.001±0.02648 vs. 27.77±0.3024 in the exosome group and
1.009±0.09347 vs. 7.358±0.6427 in the cell group). NR‑036586.1
was upregulated by nearly 100‑fold in the exosomes of CAL‑27
vs. HOEC and nearly 7‑fold at the cellular level (104.4±3.544
vs. 1.001±0.03821in the exosome group and 7.104±0.4076
vs. 1.001±0.033 in the cell group). The RT‑qPCR results were
consistent with the sequencing data, which suggested that the
results of the exosomal lncRNA sequencing were credible.
Discussion
Despite advances in treatment, the 5‑year survival rate of
patients with OSCC remains <50% due to the lack of early
diagnosis. To improve this situation, more sensitive and accu-
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rate biomarkers should be developed for the early detection
of OSCC. According to The Cancer Genome Atlas, cancer
initiation and progression are likely a result of the interaction of environmental factors and genetic alterations (24,25).
Evidence has demonstrated that lncRNAs modulate diverse
processes in tumour progression, metastasis and suppression (26). Hence, a tumour may be detected in its early stage
based on the evaluation of lncRNA expression levels in tissues.
However, this procedure is limited due to the invasiveness of
tissue collection. Of note, exosomal lncRNAs have a differential abundance in exosomes that may reflect the characteristics
of parental cells (5), distinguishing certain exosomal lncRNAs
as potential cancer markers.
Tumour exosomes (TEXs) have been extensively studied
as novel biomarkers for the early detection and prognosis of
cancer, as they may exist stably in the circulatory system.
Signaling molecules, including RNAs and proteins, from
exosomes may be targeted to cells; these cells may then produce
various factors that are able to promote tumour proliferation,
invasion and migration (27). TEX‑lncRNA has an important
utility in early cancer detection (28,29).
Various OSCC cell lines, including OSC‑4, SCC1, SCC2,
SCC4, SCC9, CAL‑27, UM1 and UM2, have been established.
Continuously established OSCC cell lines have become
important research tools to gain a better understanding of the
pathogenesis of this disease and search for efficient therapeutic
strategies. Amongst the cell lines mentioned above, CAL‑27
is frequently used and regarded as a representative cell line in
the field of OSCC. Jiang et al (30) selected CAL‑27 to build
OSCC models for in vitro and in vivo studies. While the in
vitro studies have revealed satisfactory results, in vivo studies
have demonstrated abnormal growth patterns of CAL‑27
xenografts, with vesicles slowly growing at the surface and
deeper areas of tumours. Jiang et al (30) concluded that certain
established cell lines are not suitable for building OSCC
models for in vitro and in vivo studies, as their growth patterns
differ from one another. Therefore, CAL‑27 cells were chosen
to be used in the present study.
In the present study, KEGG analysis suggested that
lncRNA‑associated target genes were mostly enriched to the
PI3K/Akt signalling pathway, which is a classic signalling
pathway of cancer. Previous studies suggested that this pathway
may be activated by numerous types of cellular stimuli or
toxic insults and may regulate fundamental cellular functions,
including transcription, translation, proliferation, growth
and survival (31‑35). Once activated, Akt may control key
cellular processes by phosphorylating substrates involved in
proliferation, metastasis and invasion. Therefore, differentially
expressed lncRNAs may be involved in this cancer‑associated
pathway.
The function of lncRNAs is similar to that of miRNAs,
which are able to regulate the expression of neighboring
target genes (36,37). The present study indicated that certain
lncRNAs are significantly associated with their target genes
and that those lncRNAs exert their function through their
predicted target genes.
lncRNAs and target genes may interact in cis and trans
forms. The target genes obtained by using the cis model must
meet two criteria: i) Genes should be located in the range
of 10 kb upstream and downstream of three significantly

and differentially expressed exo‑lncRNAs; ii) a significant
co‑expression trend should be observed in three exo‑lncRNAs.
In the trans model, target genes acquire the sequences of
candidate exo‑lncRNAs and differentially express mRNAs
first. These sequences are then screened by consecutively
using blast (e<1x10‑5) and RNAplex (G<20) (38,39).
NR_126435.1, one of the selected lncRNAs, is located
on chromosome 4 and its target genes are associated with
fibroblast growth factor 5 (FGF5) and von Hippel‑Lindau
tumour suppressor (VHL). FGF5, identified as an oncogene,
belongs to the FGF family. FGF family members are able to
promote mitogenesis and cell survival, which are involved
in various biological processes, including embryonic
development, cell growth, angiogenesis, tissue repair, tumour
growth and progression. FGF5 expression is markedly
upregulated in patients with cancer (40,41). VHL is able to
form a multimeric complex that functions in the ubiquitination
and degradation of hypoxia‑inducible‑factor (HIF). Exosomes
derived from hypoxic OSCCs promote the migration and
invasion of normoxic OSCCs via HIF‑1α and HIF‑2α (13,42).
The interaction between NR_126435.1 and its target genes, e.g.,
FGF5 and VHL, implied that NR_126435.1 may participate
in oncogenesis. NR_126435.1 was overexpressed in CAL‑27
and CAL‑27‑exo (fold‑change >6, P=0.0006). NR‑026892.1 is
located on chromosome 4 and its target genes are associated
with multiple coagulation factor deficiency 2 (MCFD2),
which is a marker of testicular germ cell tumours (43). Studies
have demonstrated that MCFD2 promotes OSCC metastasis
by regulating the expression levels of lectin, mannose
binding 1 and galectin 3 binding protein. Hence, MCFD2
may be a promising novel therapeutic target in patients with
metastatic OSCC (44). In the present study, the network of
lncRNA‑miRNA interactions revealed that NR‑026892.1
interacted with 23 miRNAs. These miRNAs also have a
role in numerous types of cancers. For instance, miR‑485‑5p
is a potential tumour suppressor in different cancer types
and its overexpression may inhibit SCC25 proliferation by
PAK1 (45). miR‑9500 is able to reduce the expression levels of
Akt1 and affect tumourigenesis and metastasis (46). miR‑637
acts as a tumour suppressor in pancreatic cancer cells (47).
miR‑149‑3p targets Akt1 and induces cell apoptosis (48). In
previous studies, Akt1, as a serine/threonine‑protein kinase,
was demonstrated to have anti‑proliferative and anti‑migratory
effects and functioned as an oncogene in multiple types of
cancer (46). These results suggested that NR‑026892.1 may
participate in cancer metastasis. NR_036586.1 is located in
chromosome 2 and its target gene is associated with period
circadian regulator 2 (PER2), whose gene polymorphisms may
be closely linked to certain types of cancer. Downregulation of
PER2, which is a promising predictor of OSCC, may contribute
to the tumourigenesis and development of OSCC; PER2 may
also regulate its anti‑carcinogenic biological function by
interacting with several signalling pathways, including the
P53/cyclin dependent kinase inhibitor 2A, PIK3CA/AKT and
caspase 8 pathways (49). Therefore, similar to NR_126435.1,
NR_036586.1 might be prone to tumourigenesis.
In conclusion, to the best of our knowledge, the present
study was the first to report that TEX‑lncRNA may contribute
to the early detection of OSCC based on bioinformatics analysis outcomes. NR‑026892.1, NR‑126435.1 and NR‑036586.1
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may be explored as future detection tools through rigorous
verification and mechanistic investigation. Further studies are
warranted to conclusively determine whether the three candidate lncRNAs may be considered useful OSCC biomarkers.
Therefore, in further studies by our group, exosomes will be
isolated from pathological samples of OSCC and adjacent
tissues and from salivary/blood specimens of patients with
oral premalignant lesions and OSCC in the near future.
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