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ABSTRACT: Patients with oral squamous cell carcinoma (OSCC) have a poor prognosis. The molecular mechanism
of OSCC progression remains unclear. The aim of this study was to explore specific prognostic biomarkers of OSCC
at the transcriptome-wide level. A total of 158 differentially expressed long non-coding RNAs (lncRNAs), including
85 cis-acting and 10 trans-acting differentially expressed lncRNAs, were screened in OSCC tissues compared with
adjacent normal tissues. Both cis- and trans-target genes of differentially expressed lncRNAs were enriched in pathways
associated with cancer progression. Additionally, 25 differentially expressed mRNAs were screened. Overlapping
analysis of differential protein-coding genes with the cis- and trans-target genes of differentially expressed lncRNAs
indicated that KIF19 was the only trans-acting gene of differentially expressed lncRNA ‘ENST00000626052’ (named
ENSTa). ENSTa was down-regulated in OSCC tissues and cells, and its low expression corresponded to a poor
prognosis in OSCC. KIF19 was highly expressed in OSCC tissues and cells. Patients with high expression of KIF19
had a poor prognosis. Cellular experiments showed that KIF19 expression and cell proliferation were inhibited in
cells overexpressing ENSTa. However, KIF19 overexpression counteracted the effect of ENSTa overexpression on cell
proliferation. In conclusion, ENSTa regulated the trans-acting KIF19 gene in the inhibition of the progression of OSCC,
thus they could be suggested as novel biomarkers for OSCC.
KEYWORDS: oral squamous cell carcinoma, prognostic biomarker, long-noncoding RNA, trans-acting gene, differential
expression

INTRODUCTION
Oral squamous cell carcinoma (OSCC) is one of the
most common malignant tumors of the oral and maxillofacial region [1, 2]. The prevalence of OSCC is
higher in males than females [3]. OSCC develops
from oral epithelial cells and is associated with high
morbidity and mortality [4]. Common clinical treatments for OSCC include surgery, chemotherapy and
radiotherapy [1, 2]. Neoadjuvant chemotherapy is systemic chemotherapy administered prior to local treatment such as surgery or radiotherapy. Neoadjuvant
chemotherapy can reduce tumor stage, reduce tumor
volume and destroy some metastatic cells [5]. The
efficacy of neoadjuvant chemotherapy in the treatment
of OSCC remains controversial [6]. The outcome of
OSCC treatment remains unsatisfactory with a 5-year
survival rate less than 50% [7, 8]. How to improve the
diagnosis and treatment options for OSCC is an important challenge. Therefore, it is important to explore the
molecular mechanisms underlying the development of
OSCC.
About 75% of genes in the human genome are
transcribed as non-coding RNAs [9, 10]. Long noncoding RNAs (lncRNAs) are greater than 200 bp in
length, which can regulate target gene expression in
cis- or trans-acting [10–14]. Cis-acting refers to regulation of gene expression in the vicinity of lncRNA.
www.scienceasia.org

For trans-acting, lncRNAs regulate the expression of
remote target genes to perform a range of functions in
cells [15]. Cis- and trans-acting of aberrantly expressed
lncRNAs plays an important role in cancer development [16–18]. For example, lncRNA RP11.513I15.6
promotes non-small cell lung cancer progression by
inhibiting HMGA1 expression through cis-acting [17].
RUNX1-IT1 acts as a pro-oncogene in pancreatic cancer
and promotes C-FOS expression by recruiting RUNX1
to the C-FOS gene promoter via trans-acting [18].
Exploring the aberrant lncRNAs with cis- and transacting in OSCC is beneficial for advancing the study
of OSCC developmental mechanisms.
The objective of this research was to investigate
the prognostic signature of OSCC at the transcriptomewide level. Differentially expressed lncRNAs and corresponding target genes with cis- or trans-acting in
OSCC were identified, and the effects of these lncRNAs
and target genes on prognosis and cell proliferation
were analyzed. This study will contribute to the discovery of new biomarkers for diagnosis and treatment
of OSCC.
MATERIALS AND METHODS
Clinical samples
Forty-five patients with OSCC treated from April 2019
to June 2020 in Fourth Affiliated Hospital of Hebei
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Medical University were enrolled in this study. The
clinical characteristics of the 45 patients were shown
in Table S1. All patients were pathologically diagnosed
with OSCC. None of the enrolled patients had received
radiation and had no history of surgery. All of the
45 patients were treated with neoadjuvant chemotherapy followed by surgery. After the patients signed
the written informed consent, OSCC tissue samples
and corresponding normal control tissue samples were
collected. The tissue samples were stored in liquid
nitrogen prior to RNA extraction. Four pairs of OSCC
and normal control tissues from patients undergoing
neoadjuvant chemotherapy were selected for microarray analysis. All of the 45 pairs of samples were used
for qRT-PCR assay. This study was approved by the
Fourth Affiliated Hospital of Hebei Medical University
Ethics Committee.
Microarray analysis
The RNeasy micro kit (Qiagen GmbH, Hilden, Germany) and the RNase-Free DNase set (Qiagen GmBH,
Hilden, Germany) were used for the extraction and
purification of total RNA from 4 pairs of OSCC and
the corresponding control tissue samples. LncRNA
and mRNA expression profiles were detected using
Agilent-078298 human ceRNA array (4 × 180K) according to the manufacturer’s instructions. The chip
was scanned using an Agilent Microarray scanner (Agilent Technologies, Inc., California, USA). The raw data
were normalized by the “Limma” package in the R
software with Quantile algorithm. The normalized
data were screened for differentially expressed genes
and statistical significance. Log2 fold Change ¾ 1
and log2 fold Change ¶ −1 indicated up-regulation
and down-regulation of differentially expressed genes,
respectively; p-values < 0.05 indicated a significant
difference.
Prediction of cis- and trans-target genes of lncRNA
The gene with a distance less than 10 kb from lncRNA
was selected as the cis-target gene. The sequences
with complementarity or similarity in sequence were
selected by blast. Then, the complementary energy between the 2 sequences was calculated using RNAplex.
Sequence with e ¶ −30 was selected as the transtarget gene. Chromosomal distribution of lncRNA and
target genes and interactions were performed by using
TBtools software [19].

Cell culture and transfection
Normal human oral keratinocyte cell line (NOK) was
obtained from Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). OSCC cell lines (CAL27, SCC-9 and SSC-25) were purchased from American Type Culture Collection (ATCC; VA, USA). All of
cells were maintained in Dulbecco’s modified medium
(DMEM; Invitrogen, CA, USA) with 10% fetal bovine
serum (FBS; Invitrogen).
ENSTa and KIF19 sequences were generated and
then cloned into pcDNA3.1 plasmid (Invitrogen) to
obtain the recombinant plasmids (pcDNA3.1-ENSTa
and pcDNA3.1-KIF19). The recombinant plasmids or
pcDNA3.1 plasmid was transfected into CAL-27 and
SCC-9 cells according to the protocol of Lipofectamine
3000 (Invitrogen).
qRT-PCR
Total RNA was extracted from 45 tissue pairs or
OSCC cells using TRIzol reagent (Thermo Fischer,
MA, USA). PrimeScript RT reagent kit with gDNA
Eraser (Thermo Fischer, USA) was used for reverse
transcription. SYBR Green Fast qPCR Mix (Takara,
Dalian, China) was used for qRT-PCR reaction. The
conditions for the reverse transcription reaction were
as follows: 25 °C for 10 min, 50 °C for 45 min and
85 °C for 5 min. The conditions for the qRT-PCR
reaction were 95 °C for 3 min, 95 °C for 10 s, followed by 58 °C for 40 s (40 cycles) and 72 °C for
10 min. The primers used in this study were as follows:
ENSTa: forward, 50 -CGCAGCTTGCACAGAAGGTA-30 ;
reverse, 50 -GAACTGCTGGCGGTTGAATC-30 . KIF19:
forward, 50 -ACCCTCATCGCCCATAAAGTG-30 ; reverse,
50 -TCGAACAGGTAGGACTTCTCC-30 .
GAPDH: forward, 50 -GGAGCGAGATCCCTCCAAAAT-30 ; reverse, 50 GGCTGTTGTCATACTTCTCATGG-30 . GAPDH was selected as the internal control. 2−∆∆Cq method was
applied for the relative expression calculation. All
experiments were replicated 3 times.
Cell proliferation assay
The cell counting kit-8 (CCK-8; Dojindo, Japan) was
used for cell proliferation detection. After transfection,
CAL-27 and SCC-9 cells were seeded into 96-well
plates with 1×104 cells/well. CCK-8 regent (10 µl) was
added into each well after culturing for 0, 1, 2 and 3
days. Then, cells were continuously cultured for 2 h at
37 °C. The absorbance at 450 nm was measured using
a spectrophotometer (BioTek Instruments, CA, USA).

Kyoto encyclopedia of genes and genomes (KEGG)
enrichment

Statistical analysis

KEGG enrichment was carried out by the Fisher exact
test in the PANTHER classification system and clusterProfiler package of R. The criteria for selection were
that the number of differentially expressed genes in a
term was not less than 2 and p-values < 0.05.

Statistical analysis was performed using GraphPad
Prism 7.0. Differences among groups were compared
by Student’s t-test or one-way ANOVA. Kaplan-Meier
method and log-rank t-test were applied for prognostic
analysis using R based on The Cancer Genome Atlas
www.scienceasia.org
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(TCGA) database. p-values < 0.05 were considered
statistically significant.
RESULTS
Screening of differentially expressed lncRNAs and
functional analysis of their target genes
The microarray detected a total of 158 differentially
expressed lncRNAs (Fig. 1a). Heat map of the 158
differentially expressed lncRNAs was shown in Fig. 1b.
To gain insight into the function of differentially expressed lncRNAs, the cis- and trans-target genes of differentially expressed lncRNAs were predicted. There
were 85 cis- and 474 trans-target genes of the differentially expressed lncRNAs. KEGG analysis showed that
the cis-target genes were mainly enriched in Ras signaling pathway, PPAR signaling pathway, focal adhesion
and MAPK signaling pathway, etc (Fig. 1c). The transtarget genes were enriched in the pathway related to
cancer cell apoptosis, autophagy and mTOR signaling
pathway (Fig. 1d).
Distribution of differentially expressed lncRNAs
with cis- and trans-acting on chromosomes
The distribution of 158 differentially expressed lncRNAs on chromosomes was analyzed. Differentially expressed lncRNAs were distributed on the X, Y and 1–22
chromosomes (Fig. 2a). There were 85 differentially
expressed lncRNAs with cis-acting distributed on all
chromosomes except the Y chromosome (Fig. 2b). A
total of 10 lncRNAs with trans-acting were located on
chromosomes 2, 6, 11, 12, 16, 17 and 19 (Fig. 2c).
However, the trans-target genes were present on all
chromosomes except for Y chromosome (Fig. 2c).
Overlapping analysis of cis- and trans-target genes
of differentially expressed lncRNAs and
protein-coding genes
A total of 25 353 mRNAs were detected by microarray,
of which 25 mRNAs differed significantly in OSCC tissues compared with normal tissues (Fig. 3a,b). There
was no intersection between cis-target genes of differentially expressed lncRNAs and protein-coding genes
(Fig. 3c). Only one of the trans-regulatory genes,
KIF19, was overlapped with the differential proteincoding gene (Fig. 3c). Hence, we focused on KIF19
and its cis-acting lncRNA (ENSTa).
Prognostic and expression analysis of ENSTa and
KIF19
Based on data from TCGA, the effect of KIF19 and ENSTa expression on disease-free survival (DFS) of OSCC
patients was analyzed using Kaplan-Meier curves. Patients from TCGA database were grouped into highand low-expression group according to the quartiles.
High expression of ENSTa had a positive impact on
the prognosis of OSCC patients (Fig. 4a) whereas the
high expression of KIF19 had a negative impact on
www.scienceasia.org
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the prognosis of OSCC patients (Fig. 4b). The expression of ENSTa and KIF19 in 45 pairs of tissues
was detected. ENSTa was significantly down-regulated
in OSCC tissues, while KIF19 was significantly upregulated (Fig. 4c-d). Similarly, the expression of ENSTa in OSCC cells was notably lower than that in NOK
cell (Fig. 4e). However, KIF19 expression in OSCC
cells was obviously higher than NOK cell (Fig. 4f).
Effect of ENSTa and KIF19 on OSCC cells
The expression of ENSTa in ENSTa overexpressing
cells was significantly higher than that in control cells
(Fig. 5a). KIF19 expression was down-regulated in
CAL-27 and SCC-9 cells transfected with pcDNA3.1ENSTa, which verified the trans-acting between ENSTa
and KIF19 (Fig. 5b). In addition, KIF19 expression was
significantly elevated after overexpression of KIF19 in
ENSTa overexpressing cells (Fig. 5b). As shown in
Fig. 5c,d, ENSTa overexpression resulted in decreased
cell proliferation. However, overexpression of KIF19
reversed the inhibitory effect of ENSTa overexpression
on proliferation of CAL-27 and SCC-9 cells (Fig. 5c-d).
DISCUSSION
OSCC is highly malignant with high metastasis and
recurrence rates [4, 20]. The 5-year survival of OSCC
is less than 50% [7, 8]. Exploring the molecular mechanisms regulating the progression of OSCC has positive
implications for improving clinical treatment strategies. In this study, transcriptional profiles of OSCC
and adjacent normal tissues were analyzed, and 158
differentially expressed lncRNAs and 25 differentially
expressed mRNAs were identified.
LncRNAs can regulate target gene expression at
multiple levels such as epigenetic, transcriptional and
post-transcriptional levels. According to the relative
position of lncRNAs and target genes on chromosome,
the interaction between lncRNAs and target genes can
be divided into cis- and trans-acting. Cis- and transacting of lncRNAs play an important role in cancer
progression [16–18]. In this study, we predicted cisand trans-acting genes of 158 differentially expressed
lncRNAs and found that there were 85 differentially
expressed lncRNAs regulating 85 target genes in cis,
and 10 differentially expressed lncRNAs regulated 474
target genes in trans. Cis-target genes were enriched
in Ras signaling pathway, PPAR signaling pathway,
focal adhesion and MAPK signaling pathway. Transtarget genes were enriched in apoptosis, autophagy
and mTOR signaling pathway. The enrichment pathways of both cis- and trans-target genes were closely
related to the progression of OSCC. Interestingly, the
Y chromosome was devoid of both cis- and transacting differentially expressed lncRNAs as well as the
corresponding target genes.
To further understand the role of abnormally expressed lncRNAs in OSCC, we conducted an overlap-
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Fig. 1 Screening of differentially expressed lncRNAs and functional analysis of their target genes. (a) Volcano plot of all
detected lncRNAs. Red, up-regulated lncRNAs in OSCC tissue vs. adjacent normal tissue. Blue, down-regulated lncRNAs in
OSCC tissue vs. adjacent normal tissue. (b) Heat map of the differentially expressed lncRNAs. (c) The top 30 KEGG pathways
of cis-target genes. (d) The top 30 KEGG pathways of trans-target genes.
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Fig. 2 Chromosomal distribution of differentially expressed lncRNAs. (a) Chromosome distribution of all differentially
expressed lncRNAs (n = 158). (b) Chromosomal distribution of differentially expressed lncRNAs with cis-acting (n = 85).
(c) Chromosomal distribution of differentially expressed lncRNAs with trans-acting (n = 10).
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mRNAs. (b) Heat map of differentially expressed mRNAs. (c) Venn diagram for overlapping analysis of differentially expressed
protein-coding genes and cis- or trans-target genes of differentially expressed lncRNAs.
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Fig. 5 Validation of trans-acting between ENSTa and KIF19, and the effect of ENSTa and KIF19 on cell proliferation.
(a) Relative expression of ENSTa in CAL-27 and SCC-9 cells with/without ENSTa overexpression. (b) Relative expression
of KIF19 in CAL-27 and SCC-9 cells. (c,d); Cell proliferation of CAL-27 (c) and SCC-9 (d) cells. NT, untransfection group; NC,
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ping analysis of cis- and trans-target genes of differentially expressed lncRNAs and differentially proteincoding genes. The results showed that KIF19 was a
trans-acting gene of differentially expressed lncRNA
(ENSTa), which was highly expressed in OSCC tissues and cells. KIF19 is a member of the kinesin
superfamily proteins (KIFs) family. KIFs is a family of
molecular motors with a total of 45 members, which
can be divided into 14 subclasses [21]. Members

of the KIFs family have highly conserved motor domains. KIFs family is not only involved in the transport of proteins and mRNA in cells, but also plays
a key role in the spindle movement and the maintenance of chromosome stability during cell division
[22–26]. KIFs family regulates the development of
many cancers such as oral cancer, prostate cancer
and liver cancer [26, 27]. KIF20B promotes tongue
cancer progression by promoting the cell prolifera-
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tion. Tongue cancer patients with high KIF20B expression have a poor clinicopathological outcome [26].
Up-regulation of KIF4A mRNA expression resulted in
shorter overall survival time in prostate cancer [27].
KIF2C/4A/10/11/14/18B/20A/23 promote the proliferation of hepatocellular carcinoma cells, and high
expression of these members leads to poor prognosis [28]. KIF19 is a member of the kinesin-8 subclass
and is associated with ciliary vascular motility and vascular depolymerization [29]. Deficiency of KIF19 is associated with hydrocephalus, female infertility and autosomal dominant polycystic kidney disease [29, 30].
In recent years, KIF19 expression has been found to
be associated with a cancer [31]. Li et al found that
hepatocellular carcinoma patients with high expression of KIF19 had longer overall survival time [31].
To our best knowledge, the role of KIF19 in OSCC
has not been reported. In this study, we found that
KIF19 was highly expressed in OSCC tissues and cells.
KIF19 was associated with a poor prognosis in OSCC
patients. Furthermore, the down-regulation of KIF19
expression after ENSTa overexpression in OSCC cells
was demonstrated by cellular level experiments, thus
validating the trans-acting between ENSTa and KIF19.
However, the more detailed regulatory mechanism
between ENSTa and KIF19 still needs to be further
explored.
In conclusion, a novel lncRNA, ENSTa, was identified, and its trans-acting differential protein encoding
gene, KIF19, was screened out. ENSTa and its transtarget gene, KIF19, had a significant prognostic impact
in OSCC. Subsequently, the trans-acting between ENSTa and KIF19 was verified by cellular assays. ENSTa
inhibited OSCC cell proliferation, while KIF19 promoted OSCC cell proliferation. This study innovatively
identified 2 potential biomarkers of OSCC, ENSTa and
KIF19, and found a trans-acting between them, which
is expected to provide new bio-targets for OSCC.
Appendix A. Supplementary data
Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasia1513-1874.
2022.047.
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Appendix A. Supplementary data
Table S1 Clinical characteristics of the 45 OSCC patients enrolled in this study.
Characteristic

Number of cases

Age
< 60 years
¾ 60 years

25
20

Gender
Male
Female

21
24

Tumor stage
I–II
III–IV

29
16

Lymph node metastasis
Yes
No

14
31
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