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Long non-coding RNA LINC01296 acts as a migration and invasion promoter in 
head and neck squamous cell carcinoma and predicts poor prognosis
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ABSTRACT
Long non-coding RNA (lncRNAs) can participate in gene expression regulation. LINC01296 is 
abnormally expressed in different tumors and promotes tumorigenesis and development. 
However, the role of LINC01296 in head and neck squamous cell carcinoma (HNSCC) remains 
not entirely clear. Thus, to explore LINC01296 expression, biological function and potential 
mechanism in HNSCC, we used GEPIA and GEO database. QRT-PCR was used to detect the 
knockout efficiency by LINC01296 inhibition with siRNA. Transwell assay was used to detect the 
migration and invasion capacity of tumor cells. Then enrichment and immunophenotype correla-
tion analyses were carried out to explore the LINC01296 mechanism in HNSCC. To investigate why 
LINC01296 was up-regulated in HNSCC, DNA methylation analysis was performed using the 
DiseaseMeth database. LINC01296 expression was notably up-regulated in HNSCC, which was 
associated with promoter hypomethylation. Also, it was positively correlated with the HNSCC 
pathological stage and patients with higher LINC01296 expression levels had a poor prognosis. 
LINC01296 silencing inhibits HNSCC cell migration and invasion. LINC01296 also participate in the 
HNSCC progression mainly through protein phosphorylation and microtubule-based process 
regulation. Overall, LINC01296 was highly expressed in HNSCC, promoted tumor cells’ migration 
and invasion, and might be a potential diagnostic and prognostic marker in HNSCC patients.
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Introduction

Head and neck carcinoma is one of the most 
common malignant tumors. It can vary with epi-
demiological factors and anatomical location, and 
has significant heterogeneity [1]. About 90% of its 
pathological types are squamous cell carcinomas, 
with strong invasion and high recurrence and 
metastasis rate, and a poor predicted clinical 
prognosis. Also, its local and advanced patient’s 
5-year survival rates were about 69% and 34% 
respectively [2], and in 2018, it represented 
more than 800,000 new cases and more than 
400,000 deaths worldwide [3]. Human papilloma-
virus (HPV) infection is one of its etiological 
factors, especially for the oral squamous cell 
carcinoma(OSCC) [4]. Moreover, about 75% of 
head and neck cancer are related to alcohol and 
tobacco [5–7], and genetic susceptibility, oral 
hygiene and occupational exposure may also be 
risk factors [7].

About 70%~90% of early-stage HNSCC patients 
have a longer survival time after surgical excision or 
radiation monotherapy [1]. Advanced patients 
require surgery, radiochemotherapy, and/or immu-
notherapy the combinations [8]. However, the recur-
rence rate is still around 50%, and may reach up to 
65% in worse cases [1,9], and its median survival was 
only about 10 months [10]. Therefore, it is particu-
larly important to explore the HNSCC occurrence 
and development mechanism, which will be benefi-
cial to identify potential therapeutic targets and 
develop effective treatments, and finally improve 
the patients’ prognosis.

The development of high-throughput sequencing 
technology in the tumor area, allowed the explora-
tion of non-coding RNAs’ (ncRNAs) biological 
functions [11]. An increasing number of long non- 
coding RNAs (lncRNAs) have been discovered, and 
might be used as potential therapeutic targets and 
diagnosis or prognosis biomarkers. LncRNAs are 
ncRNAs with more than 200 nt (nucleotides). 
They are mainly concentrated in the nucleus and 
do not encode proteins [12]. LncRNAs are impor-
tant to the regulation of chromosome, growth, 
development and differentiation [13]. Moreover, 
they can be highly expressed in different cancers, 
including HNSCC [13], regulating tumorigenesis 

and cancer progression through various mechan-
isms. Up to now, the most studied lncRNAs include 
HOTAIR, HOTTIP, UCA1, LET, MEG3, MALAT1, 
H19 and NAG7 [12]. Therefore, exploring the role 
of different lncRNAs in HNSCC would provide new 
opportunities for better therapeutic strategies.

LINC01296–an intergenic lncRNA located on 
chromosome 14q11.2 [14]–can be highly expressed 
in gastric cancer, hepatocellular carcinoma, thyr-
oid cancer, prostate cancer and other cancers, and 
can promote cancer progression [14–17]. On the 
other hand, LINC01296 can be down regulated in 
glioma and inhibit tumor proliferation, migration 
and invasion [18]. Altogether, these studies sug-
gested that LINC01296 can present different 
expression levels in different tumor types, both as 
an oncogene or a tumor suppressor gene.

However, the LINC01296 biological character-
istics and role in HNSCC have not yet been clar-
ified. Therefore, we attempted to evaluate the 
LINC01296 expression, function and potential 
molecular mechanism in HNSCC. We hypothe-
sized that LINC01296 served as an HNSCC onco-
gene and it might represent a promising target for 
HNSCC clinical treatment.

Materials and methods

Data mining

The LINC01296 expression data in HNSCC were 
analyzed with the GEPIA online database (44 nor-
mal and 519 tumors cases) [19]. We retrieved 
LINC01296 expression data in different pathologi-
cal stages, subtypes and prognostics of HNSCC 
patients. Furthermore, we downloaded the 
mRNA expression datasets of HNSCC, nasophar-
yngeal carcinoma (NPC) and OSCC from the GEO 
database [20], then we used the three independent 
datasets (GSE29330, GSE12452 and GSE30784) to 
analyze LINC01296 differential expression.

Cell culture & siRNA transfection

Human HNSCC cell lines (Cal-27 & SCC-9) were 
provided by the Department of Oral and 
Maxillofacial Surgery, Xiangya Hospital. Cal-27 
cells were cultured in the Roswell Park Memorial 
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Institute (RPMI)-1640 medium with 10% FBS, 1% 
penicillin and 1% streptomycin. The incubation con-
ditions were: 5% CO2 and 95% humidity at 37 °C. 
SCC-9 cells were cultured in Dulbecco’s modified 
Eagle medium (DMEM) with 10% FBS,1% penicillin 
and 1% streptomycin. Incubator conditions were the 
same as the former. For gene silencing, cells were 
seeded and cultured overnight, then transfected with 
50 nM LINC01296 siRNA (siRNA 1 and siRNA 2) 
or control (CTR) siRNA using Lipofectamine 3000 
(Invitrogen, CA, USA) in the OptiMEM medium 
(Invitrogen). The siRNAs used in this study were 
synthesized by Sangon Biotech (Shanghai, China).

RNA extraction & qRT-PCR

Total RNA was extracted from Cal-27 and SCC-9 
cells according to the TRIzol reagent (Invitrogen) 
operation instructions. Then, they were reverse 
transcribed into cDNAs. qRT-PCR was accom-
plished by a First Strand cDNA Synthesis Kit 
(Roche, NJ, USA) in a Roche real-time PCR detec-
tion system (LightCycler480, Roche, USA). The 
primers used were: LINC01296, forward: 5´- 
AGTTCCACCAAGTTTCTTCA-3´ and reverse: 5 
´-AGGTTTTGCCAGCATAGAC-3´;β- 
actin (reference gene), forward: 5 
´-TCACCAACTGGGACGACATG -3´ and 
reverse: 5´-GTCACCGGAGTCCATCACGAT-3´.

Transwell cell migration & invasion assays

This experiment was carried out according to pro-
cedures published in our previous research [21].

Enrichment analysis

To understand the LINC01296 biological function 
in HNSCC cells, we used GEPIA2 to detect it’s 
similar genes (http://gepia2.cancer-pku.cn/#simi 
lar) [19]. Then, the Metascape website was used 
for functional enrichment analysis of these genes 
(https://metascape.org/gp/index.html#/) [22].

Immunophenotype correlation analysis

Based on the TCGA data, we explored the rela-
tionship between LINC01296 (Alias: DUXAP9) 

and tumor neoantigen count, tumor mutation bur-
den (TMB) and microsatellite instability (MSI). 
Additionally, we explored the relationship between 
LINC01296 and immune checkpoints and DNA 
damage repair genes in HNSCC. The above ana-
lyses were performed using the Sangerbox online 
tool (http://sangerbox.com/Signin).

DNA methylation analysis

To further explore the LINC01296 overexpression 
causes in HNSCC, we downloaded the TCGA- 
HNSCC cohort DNA methylation data from the 
DiseaseMeth database (http://bio-bigdata.hrbmu. 
edu.cn/diseasemeth/) [23]. The prognosis and 
pathological data of those samples were retrieved 
from the UCSC Xena database (https://xena.ucsc. 
edu/) [24], and compared one by one.

Statistical analysis

The data were analyzed with GraphPad Prism 
Software (CA, USA), the statistical results were 
analyzed as means ± standard error. Student’s 
t tests and analysis of variance were used to com-
pare two groups and multiple comparisons, 
respectively. The Kaplan-Meier method was used 
to draw the survival curve and calculate the overall 
survival (OS). The log-rank test was used to com-
pare the survival curves of the two groups. Log- 
rank p-value < 0.05 indicated that the difference 
was statistically significant.

Results

LINC01296 can act as an oncogene or suppressor 
gene in different cancers, but it’s role in HNSCC is 
not clear. In this study, LINC01296 expression 
levels in HNSCC tissues increased and associated 
with patients’ prognoses. Transwell assays indi-
cated that LINC01296 silencing suppresses cells 
migration and invasion. At the molecular level, 
our bioinformatics analysis results suggested that 
HTR2C, TACR3, MCHR2 and GHSR might be 
LINC01296 targets through tumor microenviron-
ment and phosphorylation regulation. 
Additionally, DNA demethylation analysis 
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suggested that LINC01296 overexpression was 
related to promoter hypomethylation.

LINC01296 is highly expressed in HNSCC

To assess LINC01296 expression levels in 
HNSCC, we used the GEPIA online tool to ana-
lyze the TCGA-HNSCC cohort, and HNSCC tis-
sues were compared with the adjacent normal 
tissues. Results showed that LINC01296 expres-
sion was significantly higher in HNSCC tissues 
compared to normal ones (Figure 1(a)). Also, the 
expression in different subtypes showed us the 
same results (Figure 1(e)). Then, we use 
GSE29330, GSE12452 and GSE30784 datasets to 
explore LINC01296 gene differential expression 
(Table 1). Data analysis showed that the 
LINC01296 expression level was significantly 
increased than in normal tissues (Figure 1(b)), 
verifying the above result. In addition, 
LINC01296 expression was upregulated in NPC 
and OSCC tissues (Figure 1(c,d)).

The diagnostic and prognosis value of 
LINC01296 in HNSCC

We investigated the association between 
LINC01296 expression levels and patients’ 
pathological stages. The data showed that the 
LINC01296 expression level was correlated 
with the pathological stage. The LINC01296 
expression level was highest in stage, and was 
positively correlated with pathological grade 
except for stage (Figure 2(a)). We also collated 
the data in GSE29330-HNSCC, GSE12452-NPC 
and GSE30784-OSCC cohorts to analyze the 
LINC01296 diagnostic value in HNSCC, NPC 
and OSCC respectively. As shown in Figure 2 
(b-d), ROC curve indicated that LINC01296 is 
a highly accurate indicator for the diagnosis of 
HNSC, NPC and OSCC, especially for diagnosis 
of HNSC. In addition, the expression level was 
related to patients’ survival. Patients with higher 
LINC01296 expression had a poor prognosis in 
all HNSCC types (Figure 2(e)). The prognosis of 
high LINC01296 expression patients was 

significantly worse than those with low expres-
sion in the Classical HNSCC type (Figure 2(f)). 
The same result was for in the Mesenchymal 
type of HNSCC patients, however, there was 
no statistical significance (Figure 2(g)).

LINC01296 silencing efficacy were measured by 
qRT-PCR

To explore LINC01296 function in HNSCC, two 
siRNAs targeting LINC01296 were designed to 
silence endogenous genes for subsequent experi-
ments. qRT-PCR analyses showed that both 
siRNA1 and siRNA2 had a silencing effect, but 
the siRNA2 efficacy was greater (Figure 3(a,b)). 
Therefore, the next experiments were performed 
using siRNA2.

LINC01296 gene silencing inhibits HNSCC cells 
migration and invasion

The transwell assays were used to explore 
LINC01296 biological function in HNSCC. 
The in vitro experiments showed that the num-
ber of migrating cells in the LINC01296 siRNA 
group was significantly lower compared to CTR 
(Figure 4(a,b)). Cal-27 and SCC-9 cells showed 
consistent results. In addition, LINC01296 
knockdown significantly decreased the invasion 
capacity of these cells (Figure 4(c,d)). These 
results confirmed that LINC01296 can promote 
HNSCC cells migration and invasion.

Gene enrichment analysis

To explore the possible LINC01296 molecular 
mechanism, we used the GEPIA database to 
find the top 300 genes with similar LINC01296 
expression pattern. Then, we used the 
Metascape software for enrichment analysis. 
We found that 7 terms have the most significant 
enrichment: cargo trafficking to the periciliary 
membrane, retina homeostasis, SRC UP. V1 
DN, regulation of phosphatase activity, feeding 
behavior, regulation of growth, regulation of 
microtubule-based process (Figure 5(a)). 
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Further enrichment analysis on key modules 
was applied using the Mcode plug-in of the 
Metascape database. Three modules were 

significantly enriched: regulation of phosphatase 
activity, cargo trafficking to the periciliary 
membrane and feeding behavior (Figure 5(b)). 

Figure 1. LINC01296 was upregulated in HNSCC.
LINC01296 expression data in HNSCC was retrieved from the GEPIA online tool and GEO database. (1A&1B&E) LINC01296 was highly 
expressed in HNSCC tissues; (1 C&1D) LINC01296 was upregulated in NPC and OSCC tissues. *p < 0.01; ** p< 0.01;*** p < 0.001. 
HNSCC: Head and neck squamous cell carcinoma; NPC: nasopharyngeal carcinoma; OSCC: oral squamous carcinoma; GEPIA: Gene 
Expression Profiling Interactive Analysis. 

Table 1. The means and standard deviations of LINC01296 expression levels in HNSCC based on three studies (from GEO database).

Study Country Year Sample type Type

Normal Tumor

Number Mean SEM Number Mean SEM

GSE29330 USA 2011 tissue HNSCC 5 20.38 3.281 13 118.9 23.26
GSE12452 USA 2008 tissue NPC 10 5.81 0.08325 31 6.853 0.1826
GSE30784 USA 2011 tissue OSCC 45 3.241 0.1069 167 5.435 0.1268

SEM: standard error of mean; HNSCC: head and neck squamous cell carcinoma; NPC: nasopharyngeal carcinoma; OSCC: oral squamous cell 
carcinoma. 
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Finally, the LINC01296 function in HNSCC 
may be closely related to four genes: HTR2C, 
TACR3, MCHR2 and GHSR (Figure 5(c)).

LINC01296 is associated with the HNSCC 
immunophenotype

LINC01296 was negatively correlated with the 
neoantigen count (Figure 6(a)). TMB and MSI 
analysis were better guide to clinical immu-
notherapy. The results indicated that 
LINC01296 expression was positively correlated 

Figure 2. LINC01296 upregulation was associated with HNSCC patients’ poor prognosis, and has potential to be a HNSCC diagnostic 
marker.
(a) The correlation between LINC01296 expression and patients’ pathological stage. (2B-D) LINC01296 has high accuracy as an 
HNSCC, NPC, and OSCC diagnostic indicator. (2E-G) HNSCC patients with higher LINC01296 expression had shorter overall survival 
time. 
HR: Hazard rate; AUC: Area under the curve. 
All: all HNSCC patients’ the subtypes of;Classical: Classical HNSCC patient type;Mesenchymal:Mesenchymal HNSCC patient type. 

Figure 3. LINC01296 expression levels of in Cal-27 and SCC-9 cells by qRT-PCR after siRNAs transfections.
The LINC01296 siRNA2 silencing efficacy was better than siRNA1 in both (a) Cal-27 and (b) SCC-9 cell lines. **p< 0.01. 
CTR: Control; siRNAs (siRNA1 and siRNA2) targeting LINC01296;qRT-PCR: quantitative real-time PCR. 
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with the relatively higher mutation and micro-
satellite instability status in HNSCC (Figure 6(b, 
c)). Figure 6(d) presents us that LINC01296 
expression had a close link with immune check-
point genes (BTNL2, VSIR, TNFSF15, 
TNFRSF25) in HNSCC. The results suggested 
that LINC01296 perhaps regulated tumor 
immune response by immune checkpoint regu-
lation. In addition, LINC01296 expression in 
HNSCC was positively associated with the five 
MMR genes (MLH1, MSH2, MSH6, PMS2 and 
EPCAM), especially with MSH2, MSH6, PMS2 
and EPCAM. That suggested that LINC01296 
may play a role in tumors by regulating MMRs 
(Figure 6(e)).

DNA demethylation might explain LINC01296 
up-regulation

We also integrated and analyzed the methylation 
data of the TCGA HNSCC datasets retrieved from 
the DiseaseMeth database and the expression and 
clinical data of the TCGA HNSCC datasets from 
the UCSC Xena database. LINC01296 showed 
hypomethylation level in HNSCC tissues and rela-
tive hypermethylation status in paracancer tissues 
(Figure 7(a)). The methylation level was related to 
the HNSCC patients’ TNM stage. Also, the higher 
TNM stage (stage) had lower methylation levels 
compared to stage (Figure 7(b)). Additionally, the 
methylation level was correlated to tumor size or 
invasion depth, and the methylation levels in T2-4 

Figure 4. LINC01296 knockdown inhibits HNSCC cell migration and invasion in vitro.
Cal-27 (a) and SCC-9 (b) LINC01296-deficient cell migration ability decreased compared to controls. Cal-27 (c) and SCC-9 (d) The of 
LINC01296-deficient cells invasion ability decreased compared to controls. **p< 0.01, ***p < 0.001.CTR: Control. 
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were lower than in T1 (Figure 7(c)). The methyla-
tion level was negatively correlated with the 
LINC01296 expression (Figure 7(d)). Finally, 
patients in the hypermethylated state had 
a longer overall survival time and a better prog-
nosis than those in the hypomethylated one 
(Figure 7(e)).

Discussion

Many studies have given evidence that lncRNAs 
are important for different biological functions 
and diseases occurrence and development, includ-
ing tumors. Thus, lncRNAs, have gradually 
become a promising therapeutic target [25,26]. 
LINC01296, an intergenomic lncRNA located on 
chromosome 14 long arm, was discovered a few 
years ago [14]. As mentioned above, the 
LINC01296 expression has been up-regulated in 
a variety of tumors and was associated with 
patients’ prognoses. However, its biological char-
acteristics in HNSCC are unknown.

Through data mining, we found that 
LINC01296 was also up-regulated in HNSCC, 

and was associated with a poor pathological 
stage. This result suggested that LINC01296 
might be an oncogene in the HNSCC pathogen-
esis. In addition, LINC01296 had high diagnostic 
accuracy in HNSCC, the expression level of 
LINC01296 was associated with the HNSCC 
patients’ survival. Patients with high expression 
levels had shorter overall survival than those with 
low expression levels. Therefore, LINC01296 has 
potential as a diagnostic and prognostic HNSCC 
marker. Our study was consistent with the 
research of Wang K et al and Yu X et al [27,28]. 
This suggested that LINC01296 might be 
a prognostic pan-cancer marker, although it 
requires further validation in large samples.

Subsequent in vitro experiments showed that 
LINC01296 silencing could significantly inhibit 
the HNSCC cells’ migration and invasion, which 
showed the significance of further study 
LINC01296. These LINC01296 functions in 
tumor cells also were also observed in some 
other researches [16,29–32].

Phosphorylation is a protein post-translational 
modification that can be involved in 

Figure 5. Function enrichment of similar genes expressed in HNSCC.
(a&b) Metascape analysis of the most significantly enriched similar genes functions. (c) The protein interaction network diagram 
shows the enrichment of four key genes. 
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pathophysiological events such as cell signal trans-
duction, nerve activity, muscle contraction, cell 
proliferation and differentiation, and regulate cell 
growth, differentiation and apoptosis [33]. 
Increasing studies have shown that lncRNAs can 
bind to key signaling pathways’ signal mediators, 
such as protein kinases and receptors, and influ-
ence the signal cascade reaction process by kinase 
activity regulation. Its regulation of enzyme activ-
ity regulation mechanisms mainly include [34]: 1) 
Acting as a protein molecular chaperone: pro-
motes enzyme conformational changes and 

regulates the activity through interaction with sub-
units; 2) Acting as an allosteric regulator: bind to 
the allosteric site to regulate activity; 3) Acting as 
a synergistic agent: bind a variety of enzymes and/ 
or regulatory factors together to mediate effector 
or substrate synergistic effects; 4) LncRNAs can 
attach to the target protein surface, prevent the 
upstream signal pathway to recombine the target 
protein and prevent post-transcriptional modifica-
tions; 5) LncRNA can mediate the repositioning of 
binding proteins as a transporter. Wang J et al. 
found that the LOC441461 carcinogenic role of in 

Figure 6. LINC01296 is associated with the HNSCC immunophenotype.
(a)The correlation between LINC01296 (Alias: DUXAP9) and neoantigen count; (b&c) The relationship between LINC01296 expression 
and TMB, MSI in 33 cancers; (d)The relationship between LINC01296 and immune checkpoint genes in HNSCC; (e) The relationship 
between the LINC01296 expression of five important Mismatch repair (MMR) related genes (MLH1, MSH2, MSH6, PMS2 and EPCAM). 
*p< 0.05, **p< 0.01, ***p< 0.001.TMB: tumor mutation burden; MSI: Microsatellite Instability; 
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colorectal cancer development was related to MLC 
and LIMK1 phosphorylation of via RhoA/ROCK 
signaling pathway [35].The lncRNA, NBR2, 
increased AMPK kinase activity under stress con-
ditions, affected protein expression in tumor cells, 
and promoted tumor development [36]. 
LINC01296 can participate in tumor development 
by regulating phosphorylation. Zhang L et al. 
showed that LINC01296 can regulate liver cancer 
growth through Mir-26a /PTEN signaling pathway 
[16]. Wang ZL et al showed that the LINC01296/ 
Mir-143-3p /MSI2 axis regulated thyroid cancer 
development of through the AKT/STAT3 signaling 
pathway [15]. Additionally, researches have shown 
that LINC01296 can regulate MUC1 through the 
PI3K/AKT pathway and is involved in colorectal 
cancer progression [37]. Our study showed for the 
first time that the LINC01296 is important in 
HNSCC, but the specific mechanism remains to 
be further studied.

The tumor microenvironment is a complex 
environment in which tumor cells live. It is mainly 
composed of different extracellular matrices and 
stromal cells. Tumor microenvironment compo-
nents can interact with tumor cells to promote 
tumor development and progression [38]. Ayano 

Kondo et al. showed that the lncRNA-JHDM1D- 
AS1 was up-regulated under nutrient starvation in 
the tumor microenvironment by regulating angio-
genic factors expression and triggering inflamma-
tion around the tumor microenvironment, thus 
accelerating tumor growth and promoting malig-
nancy [39]. Based on our enrichment and correla-
tion analyses in our study, we found that the 
LINC01296 function might be closely related to 
‘HTR2C, TACR3, MCHR2 and GHSR’ genes, and 
to immune checkpoint genes, BTNL2, VSIR, 
TNFSF15 and TNFRSF25. Therefore, we hypothe-
sized that LINC01296 can affect immune cells’ 
function to regulate the behavior of tumor cells, 
influencing tumor microenvironment, and finally 
participating in tumor progression. This provided 
a direction and foundation for further researches. 
These factors may also contribute to provide direc-
tions for therapeutic strategies that combine tar-
geted inhibitors with immune checkpoint 
blockade. However, the specific signaling pathways 
involed remains to be further studied.

DNA methylation is a common epigenetic gene 
expression regulation mechanism. Our methyla-
tion analysis suggested that LINC01296 up- 
regulation might be caused by hypomethylation 

Figure 7. LINC01296 DNA hypomethylation in HNSCC.
(a)The methylation level in tumor and normal tissues; (b&c) The methylation level in TNM and T stages; (d) Correlation between 
LINC01296 and gene methylation; (e) Hypermethylation HNSCC patients had a longer overall survival. *p< 0.05, ***p< 0.001. 
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in its promoter region. In addition, dynamic 
changes in DNA methylation level are associated 
with tumor cells’ development, and hypermethyla-
tion patients had better prognoses. Therefore, the 
data indicated that not only the LINC01296 
expression level but also the methylation level of 
its promoter region can act as HNSCC prognostic 
markers.

Limitation

Our study also has limitations such as the absence 
of in vitro experiments to validate downstream 
targets and explore LINC01296 the exact molecu-
lar mechanism in HNSCC. Moreover, our findings 
were not validated in animal experiments. Hence, 
additional studies are required to confirm our 
findings.

Conclusion & future perspective

Overall, our study reported for the first time that 
LINC01296 is upregulated in HNSCC. Moreover, 
LINC01296 overexpression can promote HNSCC 
cells migration and invasion. This study lays 
a good foundation to our further researches. 
Further studies on mechanisms and pathways 
are necessary to verify the LINC01296 potential 
as a HNSCC prognostic marker. Altogether, 
these will promote the development of new 
HNSCC prognostic markers and therapeutic 
targets.

Highlights

(1) LINC01296 expression was upregulated in 
HNSCC tissues.

(2) The LINC01296 upregulation was asso-
ciated with HNSCC patients’ poor 
prognosis.

(3) LINC01296 silencing suppressed HNSCC 
cells migration and invasion in vitro.

(4) There were significant positive correlations 
between LINC01296 expression and TMB, 
MSI, MMRs.

(5) The LINC01296 overexpression was related 
to promoter hypomethylation.

(6) LINC01296 can be a good HNSCC diagnos-
tic and prognostic biomarker.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Availability of data and materials

The data supporting the findings reported in this study are 
available from the corresponding author upon reasonable 
request.

Authors’ contributions

Jing Wu and Jun Cao mainly performed the experiments and 
analyzed the data. Jing wu and Hua Chen wrote the paper. 
Jingjing Li and Xiaoyu Li helped analyze the data. Jun Cao 
and Min Qi carried out the experiment design and manu-
script drafting. All authors edited and approved the final 
manuscript.

List of abbreviations

HNSCC: head and neck squamous cell carcinoma; NPC: 
nasopharyngeal carcinoma; OSCC:oral squamous carcinoma; 
RPMI: Roswell Park Memorial Institute; DMEM:Dulbecco’s 
modified Eagle’s medium; FBS:fetal bovine serum; siRNA:; 
qRT-PCR:quantitative real-time polymerase chain reaction; 
GEO:gene expression omnibus; GEPIA:Gene Expression 
Profiling Interactive Analysis; TCGA:The Cancer Genome 
Atlas; HR:Hazard rate; AUC: Area under the curve; CTR: 
Control; TMB: tumor mutation burden; MSI: Microsatellite 
Instability; MMR: Mismatch repair; MMRs: Mismatch repair 
system.

Funding

The study was supported by Shenzhen Longhua District 
Medical and Health Institution District Level Scientific 
Research Project (number: 2021124) and Construction 
Funds of Key Medical Disciplines in Longhua District, 
Shenzhen (Contract grant number:MKD202007090212).

References

[1] Chow L, Longo DL. Head and neck cancer [J]. N Engl 
J Med. 2020;382(1):60–72.

[2] Serafini M, Lopez-Perez L, Fico G, et al. 
Transcriptomics and Epigenomics in head and neck 
cancer: available repositories and molecular signatures 
[J]. Cancers of the head & neck. 2020;5(1):2.

[3] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer 
statistics 2018: GLOBOCAN estimates of incidence and 

BIOENGINEERED 5617



mortality worldwide for 36 cancers in 185 countries [J]. 
CA Cancer J Clin. 2018;68(6):394–424.

[4] Tumban E, Current A. Update on human 
papillomavirus-associated head and neck cancers [J]. 
Viruses. 2019;11(10):922.

[5] Lee Y, Li S, Chen Y, et al. Tobacco smoking, alcohol 
drinking, betel quid chewing, and the risk of head and 
neck cancer in an East Asian population [J]. Head 
Neck. 2019;41(1):92–102.

[6] Cohen N, Fedewa S, Chen A. Epidemiology and demo-
graphics of the head and neck cancer population [J]. 
Oral Maxillofac Surg Clin North Am. 2018;30 
(4):381–395.

[7] Mehanna H, Paleri V, West C, et al. Head and neck 
cancer–Part 1: epidemiology, presentation, and preven-
tion [J]. BMJ (Clin Res Ed). 2010;341:c4684.

[8] Yan F, Knochelmann H, Morgan P, et al. The evolution 
of care of cancers of the head and neck region: state of 
the science in 2020 [J]. Cancers (Basel). 2020;12 
(6):1543.

[9] Forster M, Devlin M. Immune checkpoint inhibition in 
head and neck cancer [J]. Front Oncol. 2018;8:(310.

[10] Sacco A, Cohen E. Current treatment options for 
recurrent or metastatic head and neck squamous cell 
carcinoma [J]. J Clin Oncol. 2015;33(29):3305–3313.

[11] Schmitz S, Grote P, Herrmann B. Mechanisms of long 
noncoding RNA function in development and disease 
[J]. Cell Mol Life Sci. 2016;73(13):2491–2509.

[12] Guglas K, Bogaczyńska M, Kolenda T, et al. lncRNA in 
HNSCC: challenges and potential [J]. Contemp Oncol 
(Pozn). 2017;21(4):259–266.

[13] Bhan A, Soleimani M, Mandal S. Long noncoding RNA 
and Cancer: a new paradigm [J]. Cancer Res. 2017;77 
(15):3965–3981.

[14] Qin Q, Yin Z, Li Y, et al. Long intergenic noncoding 
RNA 01296 aggravates gastric cancer cells progress 
through miR-122/MMP-9 [J]. Biomed Pharmacothe. 
2018;97:450–457.

[15] Wang ZL, Wang C, Liu W, et al. Emerging roles of the 
long non-coding RNA 01296/microRNA-143-3p/MSI2 
axis in development of thyroid cancer [J]. Biosci Rep. 
2019;39(11). DOI:10.1042/BSR20182376.

[16] Zhang L, Hu J, Hao M, et al. Long noncoding RNA 
Linc01296 promotes hepatocellular carcinoma develop-
ment through regulation of the miR-26a/PTEN axis [J]. 
Biol Chem. 2020;401(3):407–416. .

[17] Wu J, Cheng G, Zhang C, et al. Long noncoding RNA 
LINC01296 is associated with poor prognosis in pros-
tate cancer and promotes cancer-cell proliferation and 
metastasis [J]. Onco Targets Ther. 2017;10:1843–1852.

[18] Wu D, Han X, Wen X, et al. Long Non-Coding RNA 
LINC01260 inhibits the proliferation, migration and 
invasion of spinal cord glioma cells by targeting 
CARD11 via the NF-κB signaling pathway [J]. Cell 
Physiol Biochem. 2018;48(4):1563–1578.

[19] Tang Z, Li C, Kang B, et al. GEPIA: a web server for 
cancer and normal gene expression profiling and 

interactive analyses [J]. Nucleic Acids Res. 2017;45 
(W1):(W98–W102.

[20] Barrett T, Wilhite S, Ledoux P, et al. NCBI GEO: 
archive for functional genomics data sets–update [J]. 
Nucleic Acids Res. 2013;41(D1):D991–5.

[21] Wu J, Chen Z, Zhang L, et al. Knockdown of 
LINC01116 inhibits cell migration and invasion in 
head and neck squamous cell carcinoma through 
epithelial-mesenchymal transition pathway [J]. J Cell 
Biochem. 2020;121(1):867–875.

[22] Zhou Y, Zhou B, Pache L, et al. Metascape provides a 
biologist-oriented resource for the analysis of 
systems-level datasets [J]. Nat Commun. 2019;10 
(1):1523.

[23] Xiong Y, Wei Y, Gu Y, et al. DiseaseMeth version 2.0: 
a major expansion and update of the human disease 
methylation database [J]. Nucleic Acids Res. 2017;45 
(D1):D888–D95.

[24] Goldman MJ, Craft B, Hastie M, et al. Visualizing and 
interpreting cancer genomics data via the Xena plat-
form [J]. Nat Biotechnol. 2020;38(6):675–678.

[25] Peng W, Koirala P, Mo Y. LncRNA-mediated regula-
tion of cell signaling in cancer [J]. Oncogene. 2017;36 
(41):5661–5667.

[26] Kumar MM, Goyal R. LncRNA as a therapeutic target 
for angiogenesis [J]. Curr Top Med Chem. 2017;17 
(15):1750–1757.

[27] Wang K, Zhang M, Wang C, et al. Long noncoding 
RNA LINC01296 harbors miR-21a to regulate colon 
carcinoma proliferation and invasion [J]. Oncol Res. 
2019;27(5):541–549.

[28] Yu X, Pang L, Yang T, et al. lncRNA LINC01296 
regulates the proliferation, metastasis and cell cycle of 
osteosarcoma through cyclin D1 [J]. Oncol Rep. 
2018;40(5):2507–2514.

[29] Wan Y, Li M, Huang P. LINC01296 promotes prolif-
eration, migration, and invasion of HCC cells by tar-
geting miR-122-5P and modulating EMT activity [J]. 
Onco Targets Ther. 2019;12:(2193–203.

[30] Wang B, Liang T, Li J. Long noncoding RNA 
LINC01296 is associated with poor prognosis in 
ESCC and promotes ESCC cell proliferation, migration 
and invasion [J]. Eur Rev Med Pharmacol Sci. 2018;22 
(14):4524–4531.

[31] Jiang M, Xiao Y, Liu D, et al. Overexpression of long 
noncoding RNA LINC01296 indicates an unfavorable 
prognosis and promotes tumorigenesis in breast cancer 
[J]. Gene. (217-24 2018;675: 217–224.

[32] Zhang D, Li H, Xie J, et al. Long noncoding RNA 
LINC01296 promotes tumor growth and progression 
by sponging miR-5095 in human cholangiocarcinoma 
[J]. Int J Oncol. 2018;52(6):1777–1786.

[33] Singh V, Ram M, Kumar R, et al. Phosphorylation: 
implications in Cancer [J]. Protein J. 2017;36(1):1–6.

[34] Lin C, Yang L. Long noncoding RNA in cancer: wiring 
signaling circuitry [J]. Trends Cell Biol. 2018;28 
(4):287–301.

5618 J. WU ET AL.

https://doi.org/10.1042/BSR20182376


[35] Wang J, Lu T, Kung M, et al. The long noncoding RNA 
LOC441461 (STX17-AS1) modulates colorectal cancer cell 
growth and motility [J]. Cancers (Basel). 2020;12(11):3171.

[36] Liu X, Xiao Z, Han L, et al. LncRNA NBR2 engages 
a metabolic checkpoint by regulating AMPK under 
energy stress [J]. Nat Cell Biol. 2016;18(4):431–442.

[37] Liu B, Pan S, Xiao Y, et al. LINC01296/miR-26a/ 
GALNT3 axis contributes to colorectal cancer progres-
sion by regulating O-glycosylated MUC1 via PI3K/ 

AKT pathway [J]. J Exp Clin Cancer Res. 2018;37 
(1):316.

[38] Arneth B. Tumor microenvironment [J]. Medicina 
(Kaunas). 2019;56(1).

[39] Kondo A, Nonaka A, Shimamura T, et al. Long non-
coding RNA JHDM1D-AS1 promotes tumor growth 
by regulating angiogenesis in response to nutrient star-
vation [J]. Mol Cell Biol. 2017;37(18). DOI:10.1128/ 
MCB.00125-17.

BIOENGINEERED 5619

https://doi.org/10.1128/MCB.00125-17
https://doi.org/10.1128/MCB.00125-17

	Abstract
	Introduction
	Materials and methods
	Data mining
	Cell culture & siRNA transfection
	RNA extraction & qRT-PCR
	Transwell cell migration & invasion assays
	Enrichment analysis
	Immunophenotype correlation analysis
	DNA methylation analysis
	Statistical analysis

	Results
	LINC01296 is highly expressed in HNSCC
	The diagnostic and prognosis value of LINC01296 in HNSCC
	LINC01296 silencing efficacy were measured by qRT-PCR
	LINC01296 gene silencing inhibits HNSCC cells migration and invasion
	Gene enrichment analysis
	LINC01296 is associated with the HNSCC immunophenotype
	DNA demethylation might explain LINC01296 up-regulation

	Discussion
	Limitation
	Conclusion & future perspective
	Highlights
	Disclosure statement
	Availability of data and materials
	Authors’ contributions
	List of abbreviations
	Funding
	References



