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Abstract. – Oral squamous cell carcinoma 
(OSCC) is one of the most common and fatal dis-
eases in the head and neck region worldwide. 
To better understand the carcinogenesis and to 
find efficient biomarkers and therapeutic targets 
are still in urgent need. The studies of expres-
sion profile and mechanisms of long non-coding 
RNAs (lncRNAs) develop fast in recent years. 
This molecule form is aberrantly expressing and 
influencing many cellular processes in different 
cancer types. But its expression pattern and as-
sociation with oral squamous cell carcinoma are 
yet to be elucidated. Here we reviewed recent-
ly reported OSCC-related lncRNAs and their re-
lationship with the clinical status of patients. 
Functional mechanisms were also discussed. 
With the emerging knowledge and techniques in 
this area, more efficient biomarkers and thera-
peutic targets are promising in the future.
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Introduction

Oral squamous cell carcinoma (OSCC), in-
cluding oral cavity and oropharyngeal, is among 
the most common cancers arising from the head 
and neck region. About 600,000 new cases arise 
annually worldwide, two-thirds of which occur 
in developing countries, especially in Asia1-3. 
The estimated incidence rate is 48.1 per 100,000 
population per year, and the estimated mortality 
rate in China is 22.1, according to recent data. 
The mortality of males doubled than that of fe-
male4. Oral cavity and oropharyngeal squamous 
cell carcinoma account for approximately 90% of 
all cases3. Approximately 75% of OSCCs are due 

to tobacco smoking and alcohol consumption. 
Other risk factors include: (1) the consumption 
of nitrosamine-rich foods, such as salted fish; 
(2) the chewing of betel quid with or without to-
bacco; (3) viruses infection such as Epstein-Barr 
virus (EBV), or high-risk human papillomavirus 
(HPV), i.e., HPV16 and HPV185. In the past 
two-three decades, the overall prognosis for ad-
vanced-stage OSCC has barely improved, leaving 
the patients and their families with heavy disease 
burden6,7. Nowadays, it is still in urgent need 
of a better understanding of the mechanism of 
carcinogenesis and the looking for effective bio-
markers and therapeutic targets. 

It is estimated that a large portion (>70%) 
locus of the human genome can be transcribed, 
but only 2% could be translated into proteins. 
The majority of transcribed molecules couldn’t 
serve as blueprints for proteins8. Statistics of the 
most recent GENCODE release reveal that only 
34% of the human genome are protein-coding 
genes, the rest are non-coding genes, including 
long non-coding RNAs (lncRNA, >200 nt), small 
non-coding RNAs (<200 nt), and pseudogenes9. 
The human genome has more than 15,000 ln-
cRNA genes, encoding for more than 28,000 
lncRNA transcripts, which consist of nearly 
14% of the total transcripts (GENCODE)9. Small 
ncRNAs, like microRNAs, are well studied and 
proved to have an important role in cancers, in-
cluding oral cancer10-13. However, long non-cod-
ing RNAs have aroused researchers’ interest over 
the last decade14-16. 

Unlike some highly conserved RNAs, such 
as microRNAs (miRNAs), or circular RNAs 
(circRNAs), lncRNAs lack conservation across 
species. Similar to mRNAs, most lncRNAs are 
transcribed by RNA polymerase II and have 
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some mRNA signatures, such as 5´ capping and 
splicing. But they have much fewer functional 
open reading frames (ORFs) than that of mR-
NAs17. LncRNAs can be classified into five cat-
egories by their locations: sense lncRNAs, anti-
sense lncRNAs, bidirectional lncRNAs, intronic 
lncRNAs, and intergenic lncRNAs12,18-20. 

Some lncRNAs are considered bifunction-
al, revealed recently by computational and high 
throughput methods. They have coding func-
tions, as well as non-coding by either small ORFs 
or alternative splicing and/or allele-specific ex-
pression into different isoforms21. This discovery 
refreshed our understanding of the complexity of 
this molecule.

In this review, we focused on recently reported 
lncRNAs that are considered being associated 
with oral squamous carcinoma. We summarized 
the expression profile and their relationship with 
the clinical status of patients. Studies on head and 
neck squamous cell carcinomas, like laryngeal or 
pharyngeal, were not included. Functional mech-
anisms of lncRNAs in OSCCs were discussed.

Transcriptome Studies of 
LncRNAs in OSCC

To get the landscape of lncRNAs expression in 
the whole genome scale, several studies have been 
done using different techniques, such as microar-
ray or RNA-sequencing. Gibb et al22 first described 
the lncRNA expression profile in the human oral 
mucosa. They performed Serial Analysis of Gene 
Expression (SAGE) on 6 normal oral mucosa and 
10 biopsies of oral premalignant lesions and report-
ed the expression of 325 long non-coding RNAs in 
oral mucosa, suggesting lncRNAs contribute to 
the transcriptome of the oral mucosa. Up to 60% of 
the detected lncRNAs were found to be aberrantly 
expressed in oral premalignant lesions. Conway 
et al23 compared 19 HPV negative patients’ tri-
os: normal oral mucosa, dysplasia, and OSCC 
using RNA-sequencing data. The results showed 
that several antisense RNA transcripts were dys-
regulated at different points in the pathological 
process and could be carcinogenic candidates, 
including a HOTAIR (HOX transcript antisense 
RNA) transcript and some antisense HOX genes. 
Gao et al24 re-annotated microarray data using a 
web server called ncFANs, and found 8 differen-
tially expressed lncRNAs in tongue squamous cell 
carcinoma (TSCC)25. Jia et al26 analyzed lncRNA 
microarray in nine paired samples of TSCC vs. 
matched non-malignant tongue tissues, and miR-
26a and lncRNA MEG3 expressions were found 

reduced in TSCC. Yang et al27 analyzed the RNA-
Seq data from NCBI, and the results showed that 
52 lncRNAs were significantly differentially ex-
pressed compared to control. Then, they verified 
three highly expressed genes by RT-PCR. Zhu 
et al28 compared oral cancer and paired normal 
oral mucosa from 6 patients using microarrays, 
and 934 lncRNAs were found upregulated, and 
1119 were significantly downregulated in OSCC. 
Feng et al29 performed transcriptome analysis be-
tween oral squamous cell carcinoma and healthy 
oral mucosa using four different microarray data 
sets, including more than 400 cases. Using the 
criteria of FDR < 0.01, they found that 658 ln-
cRNA transcripts were significantly differentially 
expressed. Among them, 36 lncRNAs showed 
more than a 2-fold change. They also verified three 
lncRNAs, which showed the highest fold change 
(LOC441178, HCG22, and C5orf66-AS1) with RT-
PCR. 

Bioinformatical Analysis of LncRNAs
In the genome-wide screening of lncRNAs of 

interests, some online bioinformatical software 
was developed to accelerate our insight into the 
whole picture of this area. NcFANs is a web 
service for functional annotation of human and 
mouse lncRNAs using open-accessed microar-
ray data in data banks like Gene Expression 
Omnibus (GEO)24,30,31. The re-annotation of the 
existing data provides researchers a new ap-
proach to look into different aspects of numerous 
high-throughput genomic experiments. Terai et 
al32 reported a computational prediction interface 
of RNA-RNA interactions, which can be used in 
lncRNA functional prediction. The Database for 
Annotation, Visualization and Integrated Dis-
covery (DAVID) is another bioinformatics re-
source that can be used in the gene functional 
classification or clustering33. Co-lncRNA is a 
web-based server that allows users to identify 
pathways that may be affected by co-expressed 
protein-coding genes (CEGs) of a single or multi-
ple lncRNAs34. TANRIC, an open-access tool for 
investigating the function and clinical relevance 
of lncRNAs in cancer, provides the expression 
profiles of lncRNAs in large patient cohorts of 20 
cancer types. The source includes the cancer ge-
nome atlas (TCGA), cancer cell line encyclopedia 
(CCLE), and other independent datasets35. Along 
with those open-access, high-throughput, can-
cer-related resources like TCGA, GEO, etc., these 
tools have boosted the genome-wide research of 
lncRNAs a lot.
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The Aberrant Expression of 
LncRNAs in OSCC and their 
Associations with Clinical Features

The expression pattern and functional mech-
anism of one certain lncRNA screened by 
high-throughput methods have drawn research-
ers’ interests and been intensively studied. Some 
researchers have also assessed their association 
with clinical or pathological status. A series of 
lncRNAs were found to have the potential to 
serve as biomarkers for diagnosis or prognosis, 
and the prediction of treatment responses. Here 
we summarized individual aberrantly expressed 
lncRNAs in OSCC clinical cohort studies, and 
their links to clinical features (Table I).

There were more than 20 lncRNAs reported to 
be upregulated in OSCC, individually. But only a 
few were reportedly downregulated and correlat-
ed with patient outcomes. Overall survival (OS) 
is an important parameter that has been evaluated 
in cancer treatment, so most authors would assess 
it in their researches. In our summary, HOTAIR, 
MALAT1, H19, NEAT1, DLEU1, KCNQ10OT1, 
ANRIL, AFAP1-AS1, PDIA3P, CCAT2, and 
MIR31HG were all upregulated in OSCC, and the 
higher expression levels were related to a poorer 
OS rate. HOTAIR is among the most intensively 
studied lncRNAs, and its role as a biomarker has 
been assessed by different researchers. HOTAIR 
overexpression was not only related to unfavor-
able prognosis but also related to advanced tumor 
stage and the presence of metastases36-39. UCA1 
overexpression was related to OSSC progression 
via WNT/β-catenin signaling pathway and is 
demonstrated to promote metastasis40. FOXC1 
was a cancer-associated coding gene, and its 
overexpression contributes to poor survival in pa-
tients with breast cancer, OSCC, and hepatocel-
lular carcinoma. LncRNA FOXCUT expression 
was positively correlated with FOXC1 in OSCC, 
and both of them were overexpressed in OSCC 
patients41. Some researchers have found a few 
lncRNAs that were associated with different ther-
apeutic responses, such as chemotherapy. For in-
stance, Arunkumar et al42 checked the expression 
of lnc-RoR in patients based on their therapeutic 
response category, and the results showed that 
patients with stable disease (SD) and progressive 
disease (PD) expressed higher levels of lnc-RoR 
than the patients with complete response (CR) 
and partial response (PR). It reveals that lnc-RoR 
was overexpressed in the majority of samples 
resistant to chemotherapy and/or radiotherapy. 
UCA1 was found to be overexpressed in cisplatin 

(CDDP) chemo-resistance OSCC cells and the 
mechanism study found that UCA1 accelerated 
cell proliferation, increased CDDP chemo-resis-
tance, and restrained apoptosis partly by interact-
ing with miR-18443.

Maternally expressed gene 3 (MEG3) encodes 
a lncRNA produced by various normal tissues, 
which plays the role of a tumor suppressor. The 
loss of this RNA expression causes cell growth 
and proliferation in human cancers. It was found 
to be downregulated in OSCC compared with 
paired normal tissue in two independent studies, 
and Jia et al26 also reported the high expression 
level was associated with poor prognosis. GAS5 
was also reported to be downregulated in OSCC, 
both in vivo and in vitro27, but the clinical out-
comes were not assessed in the study.

Except for tissue biopsy, body fluid detection 
techniques have been emerging recently. Liquid 
biopsy is a test of material, such as plasma, se-
rum, and saliva that supposed to contain circu-
lating tumor cells or circulating cell-free tumor 
DNA (ctDNA) coming from tumor apoptosis or 
necrosis. It has some advantages compared with 
traditional biopsy, and that makes it a promising 
test in clinical usage. For example, the access of 
samples is continuous and easier, making it pos-
sible to monitor a patient’s status dynamically44,45. 
Tang et al46 tested lncRNAs in tissue and saliva 
samples from OSCC patients, and found subsets 
of lncRNAs expressed across non-tumor, tumor, 
and metastatic tissue samples. Some lncRNAs, 
such as MALAT1 and HOTAIR, can be detected 
in the saliva samples and could be a potential 
diagnose markers for OSCC. Three lncRNAs 
(lincRNA-p21, GAS5, and HOTAIR) in plasma 
were studied in head and neck cancer patients, 
including OSCC, and GAS5 was found to be a 
marker for treatment response. GAS5 levels in 
patients with PR or PD status were significantly 
higher compared with patients with CR status47.

Functional Mechanisms of 
LncRNAs in OSCCs

LncRNAs are reported to be regulators in 
many cellular processes in variate cancer types. 
They act at epigenetic, transcriptional, and 
post-transcriptional levels. Most lncRNAs are 
found located in the cell nucleus, exhibiting 
comparatively lower expression levels to cod-
ing mRNAs. The functional mechanisms of 
lncRNAs partially depend on their locations 
within the cells. For example, nuclear-located 
lncRNAs act as scaffolds for chromatin-modify-
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Table I. Aberrantly expressed lncRNAs in OSCC and their association with clinical features. 

    Status in Related
  Tumor  literature (tumor clinical
 LncRNA site Comparing group vs. control) features Ref.

HOTAIR OSCC 50 OSCC and adjacent normal control Upregulated OS 68
 OSCC 76 OSCC and adjacent normal tissue Upregulated Metastasis,  39
    OS, DFS,  
    histological  
    differentiation 

MALAT1 TSCC 127 TSCC/adjacent normal control Upregulated Metastasis 69
 OSCC 54 OSCC/10 non-tumor control Upregulated OS 70

MEG3 TSCC 76 TSCC/adjacent normal control Downregulated Tumor size, cancer 26
    progression, OS 
 OSCC 83 OSCC tumor samples, as well Downregulated NA 71
  as the corresponding normal tissues   
 OSCC 45 OSCC and normal control Downregulated TNM stage 56

H19 OSCC 42 OSCC and matched control Upregulated TNM stage,  66
    nodal invasion, 
    OS 

NEAT1 OSCC 30 OSCC and adjacent non-tumor tissues Upregulated TNM stage, OS 54

UCA1 TSCC 124 TSCC and adjacent normal mucosal tissues Upregulated Metastasis, TNM stage 40
 TSCC 94 TSCC/adjacent normal control Upregulated metastasis 72
 OSCC 30 OSCC tumor tissues and their  Upregulated Tumor progression 43
  corresponding normal tissues  and chemo-resistance 

FOXCUT OSCC 23 OSCC/adjacent normal control Upregulated NA 41

DLEU1 OSCC 29 samples of primary OSCC tissue and  Upregulated OS 73
  17 adjacent normal tissue   

Lnc-p23154 OSCC 49 OSCC and adjacent non- tumor tissue Upregulated Metastasis 74

KCNQ1OT1 TSCC 3 chemo-sensitive tissues and 3  Upregulated Chemo-sensitivity, 75
  chemo-insensitive tissues from TSCC   Gleason score, 
  patients, 95 adjacent normal tissues and   T stage, lymph 
  102 TSCC tissues  node status, OS 

AC007271.3 OSCC 80 OSCC cases and 70 controls Upregulated Clinical stage 76

CILA1 TSCC 155 TSCC and adjacent normal Upregulated Metastasis,  77
    chemo-sensitivity,  
    disease stage, poor 
    prognosis 

FTH1P3 OSCC 134 OSCC tissues and adjacent  Upregulated TNM stage, OS 78
  non-cancer tissues 

ANRIL OSCC 130 Oral cancer tissues and  Upregulated Pathological node, 79
  corresponding normal tissues  TNM stage, OS 

LINC00511 TSCC 20 TSCC tissues and corresponding  Upregulated NA 80
  adjacent tissues   

AFAP1-AS1 TSCC 103 pairs of human TSCC tissues and  Upregulated OS 81
  corresponding adjacent normal tongue   
  mucous tissues   

Table Continued
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ing complexes and cause chromatin reprogram, 
imprinting, and histone modification. They can 
also combine with target genes and their pro-
moters, upregulate transcription of enhancers, 
and influence epigenetic events via transcrip-
tion-dependent mechanisms, such as DNA 
methylation, along with directly influencing the 
transcription machinery. Aside from regulating 
all aspects of gene expression, lncRNAs are also 
involved in the regulation of mRNA splicing, 
degradation, protein activity, and post-transcrip-
tional control. They can function as scaffolds for 
higher-order complexes, signaling molecules via 
exosomes, and vehicles for increased genetic di-
versity48-51[11]. The expression patterns of them 
are highly tissue-specific9. 

Here are some examples of lncRNAs’ func-
tional mechanisms. Li et al52 found that ln-
cRNA ROR would promote tumor chemo-re-

sistance by suppressing the P53 signaling path-
way. LOC401317 was reported to affect cell 
cycle by increasing p21, as well as decreasing 
cyclin D1 and cyclin E1 expression, and pro-
mote apoptosis through the induction of poly 
ADP-ribose polymerase (PARP) and caspase-3 
cleavage53. MiRNA sponging is a major route 
of lncRNA functional mechanism, which is 
repeatedly reported. LncRNA NEAT1 was 
found to promote cancers by regulating miR-
107/CDK6, or miR-365/RGS20 pathways54,55. 
MEG3 was reported to play an antitumor effect 
by inducing miR-26a or miR-2126,56. HOTAIR 
promotes cancer metastasis as a molecular 
scaffold, which targets the histone modification 
complexes PRC2 and LSD1, and reprograms 
chromatin states. It also represses E-cadherin 
expression by binding to EZH2 and H3K27me3 
with the E-cadherin promoter37,39. 

OSCC: oral squamous cell carcinoma; TSCC: tongue squamous cell carcinoma; NA: not available in the literature; OS: overall 
survival; DFS: disease free survival; RFS: recurrence free survival.

Table I (Continued). Aberrantly expressed lncRNAs in OSCC and their association with clinical features. 

    Status in Related
  Tumor  literature (tumor clinical
 LncRNA site Comparing group vs. control) features Ref.

CEBPA-AS1 OSCC 60 pairs of OSCC tissues and matched Upregulated Poor differentiation,  82
  paraneoplastic normal tissues  lymph node metastasis 
    and high clinical stage 

PDIA3P OSCC 58 OSCC and non-tumor adjacent tissues Upregulated OS 83
  or from patients with reshaping of    
  gingival tissues   

AC132217.4 OSCC 30 OSCC tissues and normal tissues Upregulated Metastasis 84

CCAT2 OSCC 62 OSCC tissues and adjacent normal tissue Upregulated Poor differentiation,  85
    higher T stage, and  
    clinical stage, OS 

LncHIFCAR/ OSCC 15 OSCC tumors and the surrounding  Upregulated Age, advanced 86
MIR31HG   non-cancerous mucosa tissues  tumor grade, OS,  
    RFS 

TUG1 TSCC 27 TSCC tissues and adjacent normal tongue  Upregulated NA 87
  tissues 

LINC00668 OSCC 50 OSCC and normal oral mucosal tissue Upregulated NA 88

HAS2-AS1 OSCC 96 OSCC tissues and paired normal mucosa Upregulated Lymph node metastasis 28

LINC-RoR OSCC 60 OSCC and 8 adjacent normal tissues Upregulated Tumor recurrence and  42
    poor therapeutic 
    response 

LACAT1 OSCC 78 OSCC tumor tissues and adjacent tissues Upregulated Pathology stage, OS 89
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Conclusions and Challenges
LncRNA expression contributes significantly 

to the whole transcriptome. Gibb et al19 have 
shown that altered expression of lncRNAs can be 
used as biomarkers for diagnosis and prognosis, 
as well as potential therapeutic targets. It is rea-
sonable to consider that lncRNAs may provide 
the new biomarkers and therapeutic targets in 
the clinic. Most of the listed lncRNAs in this ar-
ticle have some potential to serve as biomarkers 
in diagnosis, prognosis, or treatment response 
prediction. Moreover, the restoration of these 
aberrantly expressed lncRNAs is reportedly to 
affect cell proliferation, apoptosis, and cell cycle, 
e.g., HOTAIR, or MEG3 in OSCC cell lines26,57. 
It makes them potential therapeutic targets in 
the future. However, the challenge of the clinical 
utility of these lncRNAs still exists. Except for 
several well-studied lncRNAs like HOTAIR58-60, 
NEAT154,55,61, UCA140,62,63, or H1964-67, most of 
them lack validation from a second group. And 
the study cohorts are relatively small and in need 
of expansion. Besides, our understanding of ln-
cRNAs’ functions in various cellular processes 
is still in the beginning. More efforts should be 
taken to explore their fundamental functions and 
elucidate the actual role which lncRNAs play in 
OSCC carcinogenesis and development.
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