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Abstract. Oral squamous cell carcinoma (OSCC) is a common 
and lethal malignancy. Thus, improvement in current knowl-
edge of molecular changes associated with OSCC is urgently 
needed to explore novel avenues of diagnostics and treatment 
of this disease. While aberrant expression of long non-coding 
RNAs (lncRNAs) has been functionally associated with 
certain types of cancer, including lung, breast and prostate 
carcinomas, their expression pattern and biological relevance 
in OSCC is currently unknown. In the present study, the rela-
tive abundance of a collection of lncRNAs in tissue or saliva 
samples from OSCC patients was investigated. It was shown 
that subsets of lncRNAs are expressed across non-tumor, 
tumor and metastatic tissue samples. Some detected lncRNAs 
were shown to be aberrantly expressed in cases of oral cancer 
and metastasis. Moreover, whole saliva contained a detectable 
amount of some lncRNAs, which appeared to be potential 

markers for OSCC. These findings suggest that the detection 
of lncRNAs in saliva may be used as a noninvasive and rapid 
diagnostic tool for the diagnosis of oral cancer.

Introduction

Oral squamous cell carcinoma (OSCC) represents ~3% of all 
malignancies and accounts for >274,000 newly diagnosed 
cancer cases every year worldwide (1). Notably, this number 
has not changed significantly for >50 years (2). Therefore, 
an early detection method for OSCC is needed to increase 
long-term patient survival.

Non-coding RNAs (ncRNAs) are emerging new regulators 
of diverse biological functions, playing an important role in 
oncogenesis and tumor progression. NcRNAs may be grouped 
into two major classes based on their transcript sizes: small 
ncRNAs (<200 bp) and long ncRNAs (lncRNAs) (≥200 bp) 
(3,4). Small ncRNAs comprise a broad range of RNA species, 
many associated with 5' or 3' regions of genes, including the 
well-documented microRNAs (miRNAs) that are detectable in 
the blood, sputum and urine of cancer patients (5-7).

lncRNAs have been found to be dysregulated in a wide 
range of human diseases and disorders, including various 
types of cancer, such as breast (8), colorectal (9), prostate 
cancer (10), hepatocellular carcinoma (11,12), leukemia (13) 
and melanoma (14). Hence, lncRNAs may also be associated 
with oral cancer.

There have been several studies on the aberrant expression 
of miRNAs in OSCC (15,16), which have been suggested to be 
potential biomarkers for disease diagnosis (17,18). However, 
there is no information regarding the expression of lncRNAs 
in OSCC. In this study, we analyzed the expression profiles of 
matched samples of OSCC and nonmalignant tissue using a 
real-time quantitative reverse transcription-polymerase chain 
reaction (RT-qPCR) in cancer-related lncRNAs and identi-
fied an expression signature of selected lncRNAs that were 
predominantly upregulated in the most OSCC samples. Saliva, 
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a local biofluid for oral cancer, has been shown to harbor clin-
ical discriminatory proteomic and transcriptomic biomarkers. 
We tested the hypothesis that lncRNAs are secreted in saliva 
and may be used clinically to detect oral cancer. lncRNAs 
provide novel insights into the general molecular mechanisms 
associated with malignant transformations in oral tissue and 
indicate potential new targets for the diagnosis and treatment 
of OSCC.

Altered expression of lncRNAs has been documented 
in different types of human cancer (19-21) prompting an 
increasing interest in their use as biomarkers for diagnosis and 
prognosis as well as potential therapeutic targets (22,23).

No information regarding the expression of lncRNAs 
in OSCC has been previously published. Hence, we identi-
fied six well-documented lncRNAs associated with cancer 
from previous studies, i.e., MALAT-1 (8,24), HOTAIR (8), 
NEAT-1 (25), HULC (26), MEG-3 (27) and UCA1 (28), as 
samples to evaluate their expression in tissues and saliva from 
OSCC patients.

Materials and methods

Tissue samples. A total of 20 tumor tissue samples were 
obtained from OSCC patients who underwent radical tumor 
resection at the Department of Oral and Maxicallifacial 
Surgery, the Affiliated Stomatology Hospital of Sun Yat-sen 
University (Guangzhou, China) and were used in the experi-
ments. The study was approved by the ethics committee of 
the Institute of Stomatological Research at the university. Of 
the 20 tumor tissue samples, 8 matched samples of tumor and 
adjacent nonmalignant tissue were obtained from 4 OSCC 
patients, as well as 12 samples with/without metastasis. Saliva 
samples (1 ml) were obtained from each patient prior to surgery 
and mixed with 3 ml RNAlater (Ambion, Foster City, CA, 
USA). Fresh tissue samples were obtained from the patients, 
with informed consent, and cut into fragments <0.5 cm in 
any single dimension. The tissues were then immersed into 
2 ml RNAlater. All the saliva and tissue samples were frozen 
30 min following surgery and stored in liquid nitrogen until 
use. Tissue sections from each OSCC sample were reviewed 
and classified by a pathologist. Tumor tissue fragments subse-
quently processed for RNA isolation should contain ≥80% 
neoplastic cells, as determined by hematoxylin and eosin 
(H&E) staining of tissue sections and the adjacent nonmalig-
nant tissues were also validated as no neoplastic cells were 
present. The clinical status of the disease was heterogeneous 
across the patients: seven patients showed metastasis, three 
showed locally advanced disease and six showed localized 
tumors. The anatomopathological data of the OSCC patients 
are listed in Table I.

RT‑qPCR of six lncRNAs in OSCC tissue and saliva samples. 
The OSCC tissue and saliva samples were thawed from the 
liquid nitrogen before use. The tissues were retrieved from 
RNAlater with sterile forceps. Excess RNAlater solution was 
blotted away with an absorbent lab wipe. Saliva samples were 
centrifuged at 20,000 x g for 5 min at 4˚C and the supernatants 
were discarded. Total RNA from tissue and saliva samples 
were extracted using TRIzol (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instructions.

Reverse transcription reactions were performed using 1 µg 
total RNA with the PrimeScript® RT reagent kit (Takara Bio, 
Shiga, Japan) using random hexamer primers. Real-time PCR 
was then performed using the SYBR® Premix Dimer Eraser 
kit (Takara Bio). Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) was evaluated as a housekeeper gene for the qPCR 
reaction using the commercial PCR primers (Takara Bio). 
Each test was performed in triplicate and the 2-ΔCt method 
was used to calculate the expression of each lncRNA in all the 
tissue and saliva samples. All the reactions were performed on 
a Bio-Rad CFX-96 real-time PCR system (Bio-Rad, Hercules, 
CA, USA) according to the manufacturer's instructions. The 
experiments were in strict compliance with the Minimum 
Information about Quantitative Real-Time PCR Experiments 
(MIQE) guidelines. The nucleotide sequence of the qPCR 
primers are listed in Table II.

Statistical analysis and algorithm of figure generation. The 
difference in tissue lncRNA expression among the patients 
was analyzed using the Mann-Whitney U test concerning 
clinical parameters such as median age, gender and lymph 
node metastasis. For paracarcinoma-carcinoma paired tissues, 
the difference in lncRNA expression was evaluated with a 
Wilcoxon matched-pairs signed-ranks test. All the statistical 
analyses were performed with STATA 10.0 (StataCorp LP, 
College Station, TX, USA). P<0.05 was considered to indicate 
a statistically significant difference. The lncRNA expression 
heat-maps shown in Figs. 1A and 2A were generated by 
matrix2png (http://chibi.ubc.ca/matrix2png/bin//matrix2png.
cgi). Rows of each gene expression matrix were normalized to 
have mean zero, variance one.

Results

lncRNA expression in cancer and matched adjacent non‑tumor 
tissue samples. We firstly compared the expression profiles 
from four OSCC samples with those from their matched 
adjacent non-tumor tissue samples. We found that most of the 
selected transcripts (4/6) were upregulated in tumors relative 
to matched adjacent nonmalignant tissue (Fig. 1A and B). One 
gene, MEG-3, was downregulated in cancer compared with 
its adjacent nonmalignant tissue (Fig. 1A and B). However, 
we analyzed a gene (MALAT-1) identified by Ji et al (24), 
which did not have a significantly different expression 
between primary tumors and matched adjacent nonmalignant 
tissues (Fig. 1B). An increased expression of the lncRNA 
MALAT-1 was firstly observed in metastatic non-small cell 
lung cancer (24), followed by endometrial stromal sarcoma of 
the uterus (29) and in six additional types of cancer, including 
hepatocellular carcinoma, breast, pancreas, lung, colon and 
prostate cancer (30).

lncRNAs expression in nonmetastatic and metastatic cancer 
tissue samples. Next, we focused on the expression of these 
genes in metastatic tumors compared with nonmetastatic 
tumors. Higher expression levels in the metastatic compared 
with the nonmetastatic group were confirmed in 3 (HOTAIR, 
NEAT-1, UCA) of the 6 transcripts analyzed by qPCR 
(Fig. 2A and B) and the expression of MEG-3 was found to be 
decreased in the nonmetastatic tissues, which was consistent 
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with data from primary cancer compared with nonmalignant 
tissue, suggesting that the expression levels of these lncRNAs 
increased following tumor development and progression. 
These analyses demonstrated the reliability and the validity 
of the procedure, since most of these transcripts have been 
described as cancer- or metastasis-associated genes. For 
instance, increased expression of lncRNA HOTAIR has previ-
ously been shown to be associated with metastasis in breast 
cancer patients, having a unique association with patient prog-
nosis (8). Subsequently, HOTAIR expression level has been 
found to correlate with metastasis in colorectal carcinoma (9). 

Consistent with previous studies, MEG-3 expression was also 
downregulated in the metastatic compared with the nonmeta-
static group (Fig. 2B).

Correlation of lncRNA expression with gender and age. We 
compared the expression of lncRNA in different gender and 
age groups. No statistically significant difference in gene 
expression was found between males and females. Similarly, 
no statistically significant difference was found between the 
younger and elder patients, after the classification of patients 
in different age groups based on the median age (50 years; data 
not shown).

Detection of lncRNA in salivary samples of OSCC patients. 
It has been previously shown that a subset of the salivary 
mRNAs can be used as biomarkers for oral cancer detection 
(31,32). To discover whether lncRNAs are present in salivary 
fluid, whole saliva was used for lncRNA identification.

Table I. Anatomopathological data from OSCC patients.

Patient no. Gender Age (years) Histological subtype Pathological staging Lymph node metastasis

  1 F 55 Right tongue cancer T1N0M0 No
  2 M 53 Left tongue cancer T2N1M0 Yes
  3 F 65 Left tongue cancer T1N0M0 No
  4 F 22 Left tongue cancer T2N1M0 Yes
  5 M 41 Right tongue cancer T3N1M0 Yes
  6 F 61 Gingival carcinoma T2N0M0 No
  7 M 38 Left tongue cancer T2N0M0 No
  8 M 56 Carcinoma of left cheek T2N1M0 Yes
  9 M 57 Carcinoma of left cheek T2N1M0 Yes
10 F 39 Right tongue cancer T2N0M0 No
11 M 61 Left tongue cancer T2N0M0 No
12 M 51 Left tongue cancer T2N1M0 Yes
13 M 45 Left tongue cancer T2N0M0 No
14 F 42 Right tongue cancer T2N0M0 No
15 F 36 Left tongue cancer T2N0M0 No
16 M 49 Right tongue cancer T2N1M0 Yes

OSCC, oral squamous cell carcinoma; M, male; F, female.

Table III. Positive ratio of gene in saliva samples from OSCC 
patients.

lncRNA Primary tumor (%) Lymph node metastasis (%)

HOTAIR 2/5 (40) 3/4 (75)
HULC 0/5 (0) 0/4 (0)
MALAT-1 5/5 (100) 4/4 (100)
MEG-3 0/5 (0) 0/4 (0)
NEAT-1 0/5 (40) 0/4 (100)
UCA1 0/5 (0) 0/4 (0)

OSCC, oral squamous cell carcinoma.

Table II. Nucleotide sequence of primers for lncRNA qPCR.

lncRNA Sequence

HOTAIR F: 5'-CAGTGGGGAACTCTGACTCG-3'
HOTAIR R: 5'-GTGCCTGGTGCTCTCTTACC-3'
HULC F: 5'-TCATGATGGAATTGGAGCCTT-3'
HULC R: 5'-CTCTTCCTGGCTTGCAGATTG-3'
MALAT-1 F: 5'-TAGGAAGACAGCAGCAGACAGG-3'
MALAT-1 R: 5'-TTGCTCGCTTGCTCCTCAGT-3'
MEG-3 F: 5'-GCCAAGCTTCTTGAAAGGCC-3'
MEG-3 R: 5'-TTCCACGGAGTAGAGCGAGTC-3'
NEAT-1 F: 5'-TGGCTAGCTCAGGGCTTCAG-3'
NEAT-1 R: 5'-TCTCCTTGCCAAGCTTCCTTC-3'
UCA1/CDUR F: 5'-CATGCTTGACACTTGGTGCC-3'
UCA1/CDUR R: 5'-GGTCGCAGGTGGATCTCTTC-3'

lncRNA, long non-coding RNAs; qPCR, quantitative polymerase 
chain reaction.



TANG et al:  SALIVARY lncRNA AND OSCC764

In a pilot experiment, 1 ml salivary samples obtained from 
patients with OSCC (n=9), in which there were 4 patients 
with lymph node metastasis, were examined using qPCR for 
the presence of lncRNAs. Samples with a triplicate lncRNA 
qPCR result of Ct<40 were considered to be positive. Of 
the lncRNAs investigated, MALAT-1 was present in all the 
participants, while the mRNA expression was not significantly 
different between metastatic and nonmetastatic samples. 
However, HOTAIR was detected in 5/9 patients, 3 were posi-
tive of the 4 patients with lymph node metastasis, which is 

higher compared with those without metastasis. There was 
no detectable expression for the other lncRNAs investigated 
(Table III). Taken together, these data indicate that whole 
saliva contains detectable amounts of certain lncRNAs which 
may be potential markers for OSCC diagnosis.

Discussion

lncRNAs are a novel class of RNA molecules, >200-nucleotide 
long, with no protein-coding capacity (33). It has been found 

Figure 1. Long non-coding RNA (lncRNA) expression in cancer and matched adjacent non-tumor tissue samples. (A) Specific PCR primers were designed for 
6 lncRNA genes that had been described to be associated with cancer or metastasis. Real-time quantitative reverse transcription-polymerase chain reaction 
(RT-qPCR) was performed on oral squamous cell carcinoma (OSCC) and their matched adjacent non-tumor tissue samples. The heat-map depicts the expres-
sion of the six lncRNAs in primary OSCC compared with non-tumor tissue. (B) Average gene expression in the non-tumor samples was set as 1 to allow easier 
comparisons between different genes. Most of the selected transcripts (4/6) were upregulated in tumors compared with matched adjacent nonmalignant tissue. 
One gene, MEG-3, was downregulated in cancer compared with its adjacent nonmalignant tissue. There was no significant difference in lncRNA expression 
between cancer and its adjacent nonmalignant tissue.

  A   B

Figure 2. Long non-coding RNA (lncRNA) expression in nonmetastatic and metastatic cancer tissue samples. (A) Heat-map depicts expression of the 
6 lncRNAs in metastatic compared with non-metastatic tissue samples. (B) Average gene expression in the non-metastatic samples was set as 1 to allow 
easier comparisons between different genes. Expression of lncRNA (HOTAIR, NEAT-1 and UCA1) was significantly higher in the samples that subsequently 
metastasized compared with the non-metastatic samples. By contrast, MEG-3 was downregulated in the metastatic samples. 

  A   B
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that several lncRNAs are able to control transcriptional altera-
tion, implying that the difference of lncRNA profiling between 
normal and cancer cells is not merely the secondary effect of 
cancer transformation and lncRNAs are strongly associated 
with cancer progression (19). Thus, differential expression of 
lncRNAs may be profiled to aid cancer diagnosis, prognosis 
and select potential therapeutics.

In this study, we firstly confirmed that a subsets of lncRNAs 
were differentially overexpressed or underexpressed between 
tumor and matched adjacent non-tumor tissues. Specifically, 
HOTAIR, NEAT-1 and UCA1 were expressed at higher levels 
in tumors that subsequently metastasized than in others while 
expression of MEG-3 was downregulated. It is notable that we 
found no association between the expression of these lncRNAs 
with patients' gender and age, suggesting that lncRNA is a 
potential independent risk factor and diagnostic biomarker of 
OSCC.

Previous studies showed that salivary mRNAs can be used 
as biomarkers for oral cancer and the combined measurement 
of seven different mRNAs showed a specificity and sensitivity 
for oral cancer discrimination (18,31).

However, in the present study, only HOTAIR was detected 
in saliva with a statistically significant difference compared 
with the other lncRNAs investigated, particularly in samples 
from patients with lymph node metastasis. Metastasis is known 
to be the main cause of mortality from OSCC (34). Therefore, 
HOTAIR may potentially be used to predict patient survival. 
Furthermore, a large amount of samples need to be examined 
to determine the diagnostic value of HOTAIR in OSCC. 
In this study, despite the fact that MALAT-1 was detected 
in saliva, no significant difference between metastatic and 
nonmetastatic tissues was observed. This is in contrast to the 
well-documented lncRNA MALAT-1 association with metas-
tasis. A possible reason for this is that the samples examined 
in this study were from different ethnic origin compared with 
the samples from other studies.

Comparable to, although on average less than, that of 
mRNAs, most lncRNAs have an extremely high stability 
(half-life >16 h), especially intergenic and cis-antisense 
RNAs, which are more stable compared with those derived 
from introns (35). Similar to intergenic and antisense 
RNA, HOTAIR may be a appropriate marker for OSCC. 
Gibb et al (36) reported that the most abundantly expressed 
lncRNA in normal oral mucosa was NEAT-1. However, in our 
experiments there was no detectable amount of NEAT-1 in 
saliva. It has been noted that NEAT-1 is one of the least stable 
lncRNAs (35). This may explain why there is no detectable 
expression in saliva despite the abundant amount of NEAT-1 
in metastatic tissues.

In conclusion, we have shown that certain lncRNAs are 
present in whole saliva. One of these lncRNAs, HOTAIR, is 
differentially expressed in the saliva of the OSCC metastatic 
patients compared with that of primary cancer controls. These 
findings suggest that the detection of lncRNAs in saliva may 
be used as a noninvasive and rapid diagnostic tool for the 
diagnosis of oral cancer. Gibb et al (36) recently reported 
the first lncRNA expression map for the human oral mucosa. 
Furthermore, screening a large cohort of saliva from OSCC 
patients would determine the usefulness of differentially 
expressed lncRNAs as potential oral cancer biomarkers.
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