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Long non-coding RNAs (IncRNAs) are a group of non-protein-coding RNAs which are longer than 200
nucleotides. LncRNAs play important roles in epigenetic modification, transcription and post-transcriptional
regulation, maintenance of normal tissue development and differentiation. LncRNA could serve as a biomarker
for diagnosis and prognosis as well as a molecular target for therapy in oral squamous cell carcinoma (OSCC).
Therefore, we have determined the expression profile of 5-IncRNAs namely UCA1, TUGI1, HOTAIR,
MALATI1, and H19 by quantitative real-time PCR in tumor tissues and adjacent normal tissue of 32 OSCC
patients. To determine the expression, methylation status and genomic alterations in IncRNAs across pan-
cancer, TCGA datasets were analyzed by UALCAN, MEXPRESS and cBioPortal database. Then, we deter-
mined the association between IncRNA expression and clinicopathological attributes of patients by Spearman’s
rank test. Expression of UCAI and TUG! genes was up-regulated in 54.83% and 53.12% OSCC tumors,
respectively. Importantly, expression of MALATI and H19 was down-regulated in tumor tissues of 62.5% and
81.25% respectively of OSCC patients. Except for MALAT1, our experimental data showed concordance with
the TCGA analysis. Expression of HOTAIR in OSCC tumors was positively correlated with tumor volume,
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whereas MALAT1 and H19 negatively correlated with the smoking status of patients.
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1. Introduction

Head and neck cancer (HNC) is the sixth most com-
mon cancer in the world. HNC arises in the oral cavity,
pharynx, larynx, paranasal cavity, nasal cavity and
salivary glands (Bray ef al. 2018). As per GLOBO-
CON 2018 data, the age-standardized rate per 100,000
for cancer of the lip and oral cavity in males is twice in
developing countries compared to developed countries
(Bray et al. 2018). The majority of oral cavity,
oropharyngeal, hypopharyngeal and laryngeal cancers
are squamous cell carcinoma (SCC) in histology and
are referred to as oral squamous cell carcinoma
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(OSCC). OSCC is the most common cancer in Indian
men, accounting for one-sixth of all cancers (Mallath
et al. 2014). The global incidence of OSCC is more
than 350,000 (Bray et al. 2018), out of which
approximately one-fourth of the cases are contributed
by South-central Asia (Mallath et al. 2014). Rapid
advances in diagnosis, early management protocols,
and widespread availability of prognostic markers have
not increased the 5-year survival rate. Depending on
the tumor site and Tumor Node Metastasis (TNM)
staging at the time of diagnosis, the average 5-year
survival rate for OSCC patients is between 40% to 50%
(www.cancer.org). A study from northern India has
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reported the 3-year disease-free survival of 50%, and
the 5-year overall survival (OS) of 42% (Jain et al
2019).

Long non-coding RNAs (IncRNAs) are a group of
non-protein-coding RNAs which are >200 nucleotides
long. Approximately only 2% of the human genome is
transcribed into mRNAs, while the rest of the genes are
transcribed into non-coding RNAs. LncRNAs regulates
epigenetic modification, transcription, post-transcrip-
tional processing and differentiation (Qiu et al. 2019).
They are found to appear in the genome in three major
forms: antisense IncRNAs, intronic IncRNAs, and
intergenic IncRNAs (also termed large intervening non-
coding RNAs or lincRNAs). LncRNAs regulate gene
activity through interactions with chromatin, especially
to suppress gene expression (Zhang et al. 2019a).
Aberrant expression of some IncRNAs has been shown
to be closely correlated with cancer prognosis.

Urothelial carcinoma associated 1 (UCAI1) is an
oncogenic IncRNA which was initially discovered in
bladder cancer and a member of the human endoge-
nous retrovirus H family (Fang et al. 2017). UCA1
promotes tumorigenesis mainly via binding to tumor-
suppressive microRNAs (miRNAs), activating several
pivotal signaling pathways and alteration of epigenetic
and transcriptional regulation (Yang et al. 2016; Yao
et al. 2019). It contributes to cancer development via
regulating cell proliferation, apoptosis, migration, and
invasion in diverse tumors, such as breast cancer, col-
orectal cancer, tongue squamous cell carcinoma
(TSCC) and bladder cancer. This suggests that UCA1
may be utilized as a biomarker for the diagnosis and
prognosis of these cancers (Yang et al. 2016; Fang
et al. 2017). Hox transcript antisense intergenic RNA
(HOTAIR) is found to be located within the homeobox
C (HOXC) gene cluster on chromosome 12 (Yu and Li
2015). This when interacts with polycomb repressive
complex (PRC2), enhances the trimethylation of lysine
27 of histone H3 (H3K27), which leads to the repres-
sion of multiple genes (Yu and Li 2015). Another
IncRNA called Taurine Up-regulated Gene 1 (TUG1)
was originally identified as a transcript that is up-reg-
ulated by taurine (Han et al. 2013). It is 7.1-kb in size
and was initially detected in a genomic screen for genes
up-regulated in response to taurine treatment of
developing mouse retinal cells (Zhang et al. 2014).

Metastasis-associated lung adenocarcinoma tran-
script 1 (MALAT1) was originally described as a
prognostic marker of lung cancer metastasis, emerging
evidence has linked this IncRNA to other cancers, such
as breast cancer, prostate cancer, pancreatic cancer,
glioma, and leukemia (Sun and Ma 2019). H19
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IncRNA is associated with diverse cancer types and is
located on human chromosome 11pl15.5 having a
length of 2.3 kb, and consists of 5 exons and 4 introns
(Brannan et al. 1990; Ghafouri-Fard et al. 2020). It was
initially thought to possess tumor-suppressive proper-
ties because of its ability to inhibit tumorigenesis, but
now recent studies have shown that H19 possesses both
tumor promoter and suppressive functions (Lv et al
2014; Zhu et al. 2014; Raveh et al. 2015; Zhang et al.
2017; Lan et al. 2018; Yan et al. 2019; Ghafouri-Fard
et al. 2020). However, the role of H19 in OSCC has not
been studied yet.

LncRNAs could serve as a biomarker for diagnosis
and prognosis as well as a molecular target for
therapy in OSCC. Therefore, in the current study, we
have determined the gene expression profile of
5-IncRNAs namely HOTAIR, UCA1l, TUGI,
MALAT1 and H19 in the tumor and adjacent normal
tissues from OSCC patients. Expression of UCAI,
TUGI and HOTAIR genes was marginally up-regu-
lated in 54.83%, 53.12% and 51.61% OSCC tumors,
respectively. Further, MALAT1 was found to be
down-regulated in 62.5% of OSCC tumors as com-
pared to adjacent normal tissue. Importantly, the
expression of HI9 was down-regulated in tumor
tissues of 81.25% of OSCC patients. Except for
MALATI, our experimental data showed concor-
dance with the TCGA analysis. Up-regulation of
UCA1 in HNSCC was accompanied by demethyla-
tion of its promoter. TCGA analysis also revealed
gene amplification of MALAT1 in 4% of HNSCC
patients.

2. Materials and methods
2.1 Subjects and tissue collection

Patients (N = 32) diagnosed with cancer of the lip,
tongue and oral cavity (ICD-10: C00-08) over the age
of 18 years were enrolled in a prospective study at
Jawaharlal Nehru Cancer Hospital and Research Cen-
tre, Bhopal. Patients who had not received radiotherapy
and/or chemotherapy were enrolled in the study.
Written informed consent was taken from each partic-
ipating subject. Tumor and adjacent normal tissues (at
least 1 cm away from tumor margin) were collected in
microcentrifuge tubes containing 500l RNA later
(ThermoFisher Scientific, Waltham, MA) immediately
after surgical resection. The above protocol was
approved by the Institutional Human Ethics Committee
of AIIMS Bhopal.
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2.2 RNA extraction, reverse transcription
and gRT-PCR

Total RNA extraction, cDNA synthesis and qRT-PCR
were  performed as  described  previously
(Vishwakarma et al. 2017). The following set of
primers were used: MALATI Forward 5'-GACG-
GAGGTTGAGATGAAGC-3' Reverse 5'-
ATTCGGGGCTCTGTAGTCCT-3’; HOTAIR Forward
5'- AAATATGGCGGCGTCTACACGGA-3’ Reverse
5'- TCCAGAACCCTCTGACATTTGCCT-3"; UCAI
Forward 5- GACCCTACCCGGTCATTTATAG-3’
Reverse 5'- CTGATGGGCATGGCTTTATTC-3;
TUGI Forward 5'- CCTCCACTCAGCACAGTTCA-
3’, Reverse 5'- TCCTGGGGTCAAAGACATGC-3;
HI19 Forward 5% ACTCAGGAATCGGCTCTGGAA-
3’, Reverse 5'- CTGCTGTTCCGATGGTGTCTT-3';
GAPDH Forward 5-AATCCCATCACCATCTTC-
CAG- 3’; Reverse 5'-AAATGAGCCCCAGCCTTC-
3’. Relative RNA expression of genes was deter-
mined by AACq method as described previously
(Vishwakarma et al. 2017). GAPDH was used as a
reference gene.

2.3 Analysis of The Cancer Genome Atlas (TCGA)

UALCAN (http://ualcan.path.uab.edu/) is a user-
friendly, comprehensive and interactive web resource for
analyzing TCGA OMICS data (Chandrashekar et al.
2017). It allows to prepare plots and graphs depicting
gene expression, DNA methylation, correlation among
genes and survival analysis of cancer patients (Chan-
drashekar et al. 2017). UALCAN has clinicopathologi-
cal and OMICS data from patients with 31 different
cancer types/subtypes. It has data from 50 mucosae from
healthy subjects and primary tumors from HNSCC
patients (N = 528). The UALCAN database was used
with the set conditions for filtering and data mining to
compare gene expression and methylation between
normal mucosa and primary tumors from HNSCC
patients as well as pan-cancer. LncRNA expression has
been shown as the number of transcripts per million total
transcripts. Beta values indicate the level of DNA
methylation ranging from 0 (unmethylated) to 1 (fully
methylated). Beta values in the range of 0.7 to 0.5 indi-
cate hypermethylation, whereas beta values between 0.3
to 0.25 indicates hypomethylation of DNA.

To correlate the IncRNA expression with clinico-
pathological features of HNSCC patients, MEX-
PRESS, a web-based bioinformatics tool (http://
mexpress.be) (Koch et al 2015) was used.
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MEXPRESS has gene expression data along with
clinicopathological features for 612 HNSCC patients.

cBioPortal (http://chioportal.org/) is a publicly acces-
sible cancer genomics portal to explore, visualize and
analyze multidimensional cancer genomics data (Gao
et al. 2013). The portal contains genomic sequencing
datasets from 1478 HNSCC patients from six previously
published studies (Gao et al. 2013). Genomic alterations
in the UCA1, TUGI1, HOTAIR, MALAT1 and H19
IncRNA genes were analyzed by cBioportal.

The “Kaplan-Meier plotter” (KM plotter) is a widely
used database for the real-time meta-analysis of published
cancer microarray datasets to identify biomarkers related
to survival (Gyorfly et al. 2013). KM plotter contains the
cancer datasets from The Cancer Genome Atlas (TCGA),
the Gene Expression Omnibus (GEO) and Cancer
Biomedical Informatics Grid (caBIG). The association
between gene-specific IncRNA expression and overall
survival (OS) was analyzed by the KM plotter. Currently,
gene expression and survival data from 1927 patients for a
follow-up period of 20 years is available from TCGA lung
cancer datasets (Gyorffy et al. 2013).

2.4 Statistical analysis

Statistical analysis was performed as described previously
(Vishwakarma et al. 2017) using SPSS 21.0 software
(IBM, Armonk, New York). Demographic and patient
clinical history including age, gender, tobacco chewing,
type of tobacco/betel nut consumed, history of smoking,
alcohol consumption, site of tumor, tumor volume, TNM
staging, lymph node ratio (LNR), lympho-vascular inva-
sion (LVI) and perinodal extension (PNE) were recorded
into the SPSS database. Mean fold change in individual
IncRNA expression was determined and the difference in
the mean fold change of gene expression among the
groups and the association of fold change in IncRNA
expression with clinicopathological attributes was ana-
lyzed as described previously (Vishwakarma et al. 2017).
Further, to determine the correlation among different
IncRNAs expression in OSCC, gene expression data were
categorized as up-regulation or down-regulation for each
gene, then analyzed by chi-square test.

3. Results
3.1 Clinicopathological features of subjects

A total of 32 OSCC patients who were undergoing
surgical resection of tumor were enrolled in the study.


http://ualcan.path.uab.edu/
http://mexpress.be
http://mexpress.be
http://cbioportal.org/

145 Page 4 of 15

All the tumors were histopathologically proven cases
of OSCC. The median age of the subjects was 45 years
(2372 years), and a majority of patients (81.25%)
were male. Two-third of the subjects had a history of
tobacco/betel nut chewing (78.12%). Approximately,
one-fourth (25%) of the subjects had a history of
smoking or alcohol consumption. Buccal mucosa was
the most common (59.4%) site for oral cancer in the
subjects, followed by tongue (18.7%) (table 1). Clini-
copathological features of OSCC patients are shown in
table 2.

3.2 Expression of UCAI and TUGI IncRNA
was up-regulated in OSCC patients

In our study, higher levels of RNA expression for
UCAL1 and TUGI was noted in the tumors of OSCC
patients compared to normal adjacent tissue (fig-
ure 1A-D). Expression of UCA1 and TUGI was also
found to be up-regulated in the tumors compared to
adjacent normal tissues from 54.83% and 53.12%
OSCC patients, respectively (figure 1). Importantly,
more than 30% increase in the mean expression of
UCA1 was observed in the tumors, compared to nor-
mal tissues (figure 1B). No consistent pattern was
observed for HOTAIR expression. Half of the OSCC
patients enrolled in the study showed down-regulation,
whereas in almost similar numbers up-regulation of
HOTAIR IncRNA was noted (figure 1E-F).

Table 1. Demographic details of OSCC patients (N = 32)

m

Parameters Number Frequency
Median Age (yr) 45 (23-72)

Age group

<50 21 65.60
>50 11 34.40
Gender

Male 26 81.25
Female 06 18.75
Smoking status

Yes 09 28.12
No 23 71.87
Drinking status

Yes 08 25.00
No 24 75.00
Tumor chewing status

Yes 25 78.12
No 07 21.87
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3.3 MALATI and H19 are down-regulated
in OSCC patients

In our study, decreased RNA expression for MALAT1
and H19 was noted in the tumors of OSCC patients
compared to normal adjacent tissue. The expression of
MALATI and H19 was down-regulated in tumor tissues
of 62.5 % and 81.25 % respectively (table 3) of OSCC
patients (figure 2). More than 30% decrease (P< 0.05)
in the mean expression of MALATI was observed in the
tumors, compared to normal tissues (figure 2B).
Notably, OSCC tumors showed 80% decrease
(p=53x10"") in the mean expression of HI19
IncRNA, compared to adjacent normal tissues
(figure 2D).

3.4 TCGA Analysis

The expression of various IncRNAs in the HNSCC
patients was analyzed by the publicly available

Table 2. Clinico-pathological features of OSCC patients
(N = 32) mRNA expression profile of IncRNAs in OSCC
tumors

Parameters Number Frequency
Tumor Site

Buccal Mucosa 19 59.4
Tongue 6 18.1
Gingivo-buccal sulcus 3 9.4
Lip 2 6.3
Alveoli 1 3.1
Hard Palate 1 3.1
TNM Over-all staging

Stage-1 2 6.25
Stage-11 10 31.25
Stage-I1I 0 0
Stage-IV 20 62.5
TNM Staging (Combined)

Stage-1+11 12 37.5
Stage-I1I4+-1V 20 62.5
Tumor volume

<4cm3 13 41.93
>4cm3 18 58.06
Lymph node ratio

<0.1 21 65.62
>0.1 11 34.37
Lympho-vascular invasion

Yes 2 6.66
No 30 93.75
Perinodal extension

Yes 18 56.25
No 14 43.75
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Figure 1. (A-—F) Fold change in the expression of UCA1, TUG1 and HOTAIR IncRNA in tumors compared to adjacent
normal tissues. Relative change in the expression of UCA1 (A), TUG1 (C) and HOTAIR (E) IncRNA in tumors, compared to
normal tissues was determined by qRT-PCR. Fold change in IncRNA expression is presented in log scale. Mean fold change
in expression of UCA1 (B), TUGI (D) and HOTAIR (F) IncRNA was calculated by subtracting mean ACq of normal from
mean ACq of tumours from all OSCC patients. Difference in means of ACq of tumor vs normal was calculated by

independent sample t-test.

UALCAN database, which contains information
regarding clinicopathological attributes of patients
along with gene expression and DNA methylation in
the normal and primary tumors from a variety of cancer
types (Chandrashekar et al. 2017). As shown in fig-
ure 3A, a significant increase in the UCA1 IncRNA
expression was found in the primary tumors from

HNSCC patients compared to normal tissue. The
increase in UCA1 expression in tumor tissue was
accompanied by the hypomethylation of its promoter
(figure 3B). We also analyzed the expression of UCA1
IncRNA expression across various cancer types. The
expression of UCA1 was higher in most of the tumors
compared to corresponding normal tissues. Among
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Table 3. RNA expression profile of Inc RNA’s in OSCC
tumors] mRNA expression profile of Inc RNA’s in OSCC
tumors

Name of Change in gene Proportion of
S.No. Inc RNA  expression in tumors patients
1 MALAT1  Down-regulation 62.5%
2 HOTAIR  Up-regulation 51.61%
3 UCA1 Up-regulation 54.83%
4 TUGI1 Down-regulation 53.12%
5 HI19 Down-regulation 81.25%

Fold change in IncRNA expression in tumors compared with
adjacent normal tissue of the same patient was calculated by the
delta-delta Cq method
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various cancer types, urothelial carcinomas, cholan-
giocarcinoma, colon adenocarcinoma, rectum adeno-
carcinomas exhibited the highest expression of UCA1
(figure 3C). Similarly, the expression of TUGI
IncRNA was found to be increased by almost 2-folds in
the HNSCC tumors compared to normal tissues.
However, no apparent difference was noted in the
methylation status of TUG1 promoter in the tumors, as
compared to normal tissue (figure 4A—B). Most of the
cancer types showed the increased expression in
tumors except renal clear cell carcinoma, thymomas,
thyroid carcinoma and uveal melanomas (figure 4C).
The TCGA analysis showed increased expression of
HOTAIR in the HNSCC tumors compared to normal
tissue and it was associated with its promoter
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Figure 2. (A-D) Fold change in the expression of MALAT1 and H19 IncRNA in tumors compared to adjacent normal
tissues. Relative change in the expression of MALATI (A) and H19 (C) in tumors, compared to normal tissues was
determined by qRT-PCR. Fold change in the IncRNA expression is presented in log scale. Mean fold change in expression of
MALAT1 (B) and H19 (D) IncRNA was calculated by subtracting mean ACq of normal from mean ACq of tumors from all
OSCC patients. Difference in means of ACq of tumor vs normal was calculated by independent sample t-test.
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Figure 3. TCGA analysis of UCA1 IncRNA. (A-B) UCA1 IncRNA expression and methylation was analyzed in the
normal oral mucosa (N = 44) and primary tumors from HNSCC (N = 520) patients from the publicly available UALCAN
database. (C) UCAI1 IncRNA expression was analyzed in the pan-cancers (normal tissues and primary tumors) from the

publicly available UALCAN database.

methylation (figure 5SA-B). Among various cancer
types, esophageal carcinoma, glioblastoma multiforme,
sarcoma and breast cancer showed the highest expres-
sion (figure 5C). The TCGA analysis showed the
increased expression of MALAT1 in the HNSCC
tumors compared to normal tissues (figure 6A). As
compared to normal tissue, no difference was noted in
the promoter methylation of MALAT1 IncRNA in the
tumors (figure 6B). Unlike UCA1l, TUGI and
HOTAIR; MALAT1 was differentially expressed in the
different cancer types (figure 6C). Among various tis-
sues, the esophagus showed the highest expression of
MALAT1 (figure 6C). Few cancer types including
breast cancer, esophageal carcinoma, sarcoma, thy-
moma and uveal melanoma showed the decreased
expression of MALAT1 (figure 6C). Consistent with
our experimental data, expression of H19 IncRNA was

decreased (75%) in the HNSCC tumors compared to
normal tissue (figure 7A); however, it does not corre-
late with the methylation status of its promoter (fig-
ure 7B). Similar to MALAT1, H19 IncRNA is also
differentially expressed in various cancer types
(table 3). Cervical cancer, cholangiocarcinoma,
HNSCC, kidney chromophobe, renal clear cell carci-
noma, hepatocellular carcinoma, pancreatic, prostate,
pheochromocytoma, thyroid and uveal melanomas
exhibited the decreased expression of HI9 IncRNA
(figure 7C).

Further, to analyze the genomic alterations in the
IncRNA, the TCGA data were analyzed by cBioPortal
(Gao et al. 2013). As shown in supplementary figure 1,
genomic alterations are uncommon in UCA1, TUGI,
HOTAIR and H19, but gene amplification in MALAT1
was noted in 4% HNSCC primary tumors
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Figure 4. TCGA analysis of TUG1 IncRNA. (A-B) TUG1 IncRNA expression and methylation was analyzed in the normal
oral mucosa (N = 44) and primary tumors from HNSCC (N = 520) patients from the publicly available UALCAN database.
(C) TUGI IncRNA expression was analyzed in the pan-cancers (normal tissues and primary tumors) from the publicly

available UALCAN database.

(supplementary figure 1D). We also analyze the TCGA
data for the relative abundance of IncRNA expression
in the normal and HNSCC tumors. As shown in sup-
plementary table 2, H19 was the most abundantly
expressed IncRNA in oral mucosa followed by TUGI.

3.5 Correlation of IncRNA expression profile
in OSCC tumors

To determine the correlation of IncRNA expression
among each other in OSCC tumors, gene expression
data were divided into two categories (down-regulation
or up-regulation in tumors in comparison to normal
tissues) for each IncRNA. Correlation between two
genes was determined by the Pearson Chi-square test.
The most significant negative correlation was observed
between MALAT1 and HOTAIR (Pearson Chi-Square
4.8, R=0.387; P=0.028). However, MALATI

showed positive correlation with TUG1 (Pearson Chi-
Square 7.0; R = — 0.469; P = 0.008). No significant
association was observed among other IncRNAs stud-
ied in this research paper.

3.6 Correlation of IncRNA expression
with clinicopathological features

HOTALIR is a prognostic marker, and its overexpression
correlates with poor survival of breast cancer patients.
Therefore, to determine the clinical significance of
IncRNAs in OSCC, correlations between fold-change
in IncRNA expression in tumors and clinicopatholog-
ical attributes (sex, age, tobacco chewing, smoking
status, alcohol consumption, tumor site, TNM staging,
tumor volume, LNR, PNE and LVI) were analyzed by
Spearman’s rank test. In the present study, expression
of HOTAIR positively correlated with tumor volume
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Figure 5. TCGA analysis of HOTAIR IncRNA. (A-B) HOTAIR IncRNA expression and methylation was analyzed in the
normal oral mucosa (N = 44) and primary tumors from HNSCC (N = 520) patients from the publicly available UALCAN
database. (C) HOTAIR IncRNA expression was analyzed in the pan-cancers (normal tissues and primary tumors) from the

publicly available UALCAN database.

(rho (p) = 0.366, p = 0.043). Patients with tumor vol-
ume of >4 cm’ had higher expression of HOTAIR.
Interestingly, fold change in the expression of
MALATI (p=—0.496, p=0.004). and HI9
(p=—0.439, p=0.012) was negatively correlated
with smoking status of OSCC patients. In our study, we
have seen down-regulation of both the IncRNAs in the
tumors, compared to normal tissue. Smokers are more
likely to have low expression of both the IncRNAs.
Using a publicly available database MEXPRESS, we
also analyzed the correlation between IncRNA
expression and clinicopathological features. RNA
expression of UCA1 was significantly associated with
neoplasm histological grade (p = 2.69 x 107°), clini-
cal metastasis (p = 0.022), HPV-16 status (p = 0.016),
pathological node (p = 0.041), gender (p = 0.003) and
also with alcohol history (figure 8). The expression of
H19 RNA was found to be highly significant with
HPV-status (p = 0.002) and with the clinical stage

(p =0.007) (figure 8). The RNA expression of
HOTAIR was significantly negatively correlated with
the number of positive lymph nodes found by IHC
(r = — 0.191) whereas positively correlated with the
age at initial pathological diagnosis (r = 0.117) and
also found to be significant with tumor stage
(p = 0.039) (figure 8). The expression of MALATI1
and TUG1 was found to be significantly correlated with
copy number r=0.163 and r= 0.455 respectively
(figure 8).

Survival outcome for HNSCC either is not available
in a web-based bioinformatic public database such as
KM Plotter, PrognoScan or sample size is very low,
thus, to determine the prognostic role of IncRNA,
Kaplan-Meier curves were plotted for the IncRNA
expression with overall survival of non-small cell lung
cancer (NSCLC) patients. As shown in supplementary
figure 2, MALAT1 and TUGI1 were significantly
associated with the overall survival of NSCLC patients.
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database. (C) MALAT1 IncRNA expression was analyzed in the pan-cancers (normal tissues and primary tumors) from the

publicly available UALCAN database.
4. Discussion

On the Indian subcontinent, cancers of the lip and oral
cavity, histologically called oral squamous cell carci-
noma (OSCC) are the leading cause of cancer-related
death among men in India. LncRNA may serve as a
biomarker for diagnosis and prognosis for OSCC. In
the present study, we have found that UCALI is up-
regulated in 60% of OSCC tumors as compared to
normal adjacent tissue. The up-regulation of UCAI
IncRNA expression in OSCC tumors observed in our
study was in accordance with the HNSCC TCGA
dataset (figure 3). Consistent with our findings, others
have shown that UCA1 is up-regulated in TSCC tissues
and was closely correlated with metastasis and TNM
staging (Fang et al. 2014; Yang et al. 2016; Zhang
et al. 2019b). Furthermore, the up-regulation of UCA1
in OSCC tumors might be due to the demethylation of

its promoter, as it seems to be hypermethylated in the
normal mucosa. UCA1 modulates TGFp1-induced
epithelial-mesenchymal transition and invasion of
tongue cancer cells through JAGI1/Notch signaling
(Zhang et al. 2019b). The up-regulated UCA1 pro-
motes cancer progression by regulating the mTOR or
Wnt signaling pathway and the higher UCA1 expres-
sion was associated with poor prognosis of TSCC
patients (Xu et al. 2017; Zhang et al. 2019b). TUGI is
known to be up-regulated in various types of cancer,
and in the present study, up-regulation of TUG1 seen in
OSCC tumors is also in accordance with TCGA anal-
ysis (figure 4). TUG1 IncRNA has been shown to
promote OSCC progression through up-regulating
formin-like 2 (FMNL2) by sponging miR-219 (Yan
et al. 2017).

HOTAIR was known to be one of the first IncRNAs
reported to be involved in the development of cancer
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UALCAN database.

(Yu and Li 2015). It has been demonstrated in in-vitro
studies that HOTAIR can promote cancer cell prolif-
eration, invasion and metastasis, while it is known to
inhibit apoptosis. While in in-vivo studies also, espe-
cially in murine xenograft models, it has been found
that HOTAIR-knockout can reduce tumor growth.
Thus, HOTAIR has been suggested as a potential
oncogene (Yu and Li 2015). It is also an independent
prognostic marker of metastasis in estrogen receptor-
positive primary breast cancer. HOTAIR is overex-
pressed in various types of cancers (figure 5), and its
overexpression is associated with metastasis and poor
survival rates and correlates positively with DNA
methylation in primary breast cancer (Gupta et al
2010). Here, in our study, no consistent pattern was
observed for HOTAIR expression in OSCC tumors as
compared to adjacent normal tissue. More than 40% of
patients had a 10-fold increase in the HOTAIR

expression. The TCGA dataset analysis showed the
increased expression of HOTAIR in the HNSCC
tumors, but the increase in the expression was not
correlated with methylation of its promoter. Signal
transducer and activator of transcription 3 (STAT3), a
transcription factor, which is overexpressed in HNSCC
has been shown to induce the expression of HOTAIR
through EZH2 phosphorylation (Sun et al. 2018). A
previous study showed that HOTAIR expression was
correlated with tumor size, TNM stage, and prognosis
of OSCC patients. A study had shown the presence of
HOTAIR in saliva samples from OSCC patients with
primary tumors. This suggests that the detection of
IncRNAs in saliva can be used for clinical non-invasive
and rapid diagnosis of OSCC (Tang et al. 2013).
MALATT1 is highly conserved in mammals and is
also referred to as noncoding nuclear-enriched abun-
dant transcript 2 (NEAT2). It is involved in
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Figure 8. Correlation of RNA expression of UCAI, H19, HOTAIR, MALATI and TUGI1 IncRNA with clinico-
pathological features of HNSCC patients (n = 612) (A—E) RNA expression with different clinico-pathological features was
analyzed in the HNSCC (normal tissues and primary tumors) from the publicly available MEXPRESS database.

transcriptional and post-transcriptional regulation
(Hutchinson et al. 2007). In our study, we found a
significant down-regulation of MALAT1 in OSCC
tumors compared to adjacent normal tissue. Consistent
with our data clinical correlation data with OSCC
patients, TCGA analysis on publicly available data
showed that HOTAIR expression was associated with
tumor stage whereas MALAT1 was negatively corre-
lated with smoking status of the HNSCC patients. The
role of MALAT1 in cancer progression and metastasis
is controversial. In the early studies, MALAT1 has
been shown to promote cellular proliferation by regu-
lating the activity of the E2F1 transcription factor, and
then thereby enhances tumorigenesis (Tripathi et al
2013). Exogenous expression of MALAT1 has also
been shown to induce STAT3 expression in OSCC cells
(Henson et al. 2009). On the other hand, several studies

showed that the expression of MALAT1 is down-reg-
ulated in glioma (Cao et al. 2016), colorectal cancer
(Barbagallo et al. 2018) and breast cancer (Xu et al.
2015; Kim ef al. 2018; Kwok et al. 2018; Sun and Ma
2019). Importantly, inactivation of the Malatl gene in a
transgenic mouse model of breast cancer, without
altering the expression of its adjacent genes, promotes
lung metastasis (Kim et al. 2018). The TCGA analysis
showed increased expression of MALATI in the
HNSCC tumors and it was also accompanied by gene
amplification in 4% of HNSCC patients. Consistently,
gene amplification in MALAT1 has been reported in
esophageal cancer (Hu et al. 2015). Mechanistically,
the MALAT1 IncRNA binds and inactivates the pro-
metastatic transcription factor TEAD, preventing
TEAD from associating with its co-activator YAP and
target gene promoters (Kim et al. 2018). Furthermore,
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MALATT1 levels inversely correlate with breast cancer
progression and metastatic ability (Hsu er al. 2016;
Kim et al. 2018). Down-regulation of MALAT1 indu-
ces EMT via the PI3K-AKT pathway in breast cancer
cells (Xu et al. 2015).

H19 IncRNA is an oncofetal, a maternally expressed
and paternally imprinted 2.7 kb gene (Raveh et al
2015). Its role in tumor initiation and progression has
long been a subject of controversy, it is actively
involved in all stages of tumorigenesis and is expressed
in almost every human cancer (Raveh et al. 2015).
However, this is the first report showing the expression
of H19 IncRNA in OSCC. Here, we have shown that
expression of H19 was down-regulated in tumor tissues
of 84.3% of OSCC patients, which is in accordance
with our TCGA dataset analysis. H19 is also found to
be down-regulated in papillary thyroid carcinoma
(PTC) tissues as well as in PTC cell lines compared to
controls. Decreased H19 expression was correlated
with lymph node metastasis. Furthermore, H19 over-
expression reduced PTC cell proliferation and migra-
tion. It also inhibited the expression of tumor necrosis
factor receptor 2 (Lan ef al. 2018). The TCGA analysis
across pan-cancer showed that the expression of H19 is
down-regulated in several cancer types (figure 7).
Down-regulation of H19 in OSCC tumors may not be
due to alteration in the methylation status of its pro-
moter, rather it could be due to other epigenetic
mechanisms (Nordin et al. 2014). Two SNPs, 1s217727
and 152839701 in H19 were found to be associated with
the risk of OSCC. Further, 152839701 C>G inhibited
the transcription activity and was correlated with the
decreased expression of downstream gene MRPL23-
AS1 that was down-regulated in OSCC (Yuan et al.
2018). However, the mechanism by which the down-
regulation of H19 promotes oral carcinogenesis is not
known.

The Indian subcontinent represents one of the major
contributors to oral cancer cases; however, only a few
studies have compared the expression of IncRNAs with
oral cancer in the Indian subcontinent. In a study, Linc-
RoR has been shown to be overexpressed in undiffer-
entiated oral tumors and showed a strong association
with tumor recurrence and poor therapeutic response
(Arunkumar et al. 2017). The same group has also
shown that OIP5-AS1 IncRNA is overexpressed in oral
tumors and in tumors of epithelial origin from the
TCGA database (Arunkumar et al. 2018). As only
limited data is available in the International Consortium
for IncRNA expression in OSCC from India patients,
further studies are warranted to ascertain their prog-
nostic role in OSCC.
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