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KEYWORDS Abstract Background/purpose: Several long non-coding RNAs (IncRNAs) harbor miRNA in
Carcinoma; their genome. MIR31HG harbors miR-31 in its intron and it is speculated that they are co-
miR-31; expressed in tumors. This study addressed whether frequent miR-31 and MIR31HG co-
MIR31HG; upregulation occurred in oral squamous cell carcinoma (OSCC) and its clinical implications.

Mouth; Materials and methods: Microarray was performed to retrieve dis-regulated IncRNAs from tis-
Oral sue sample. The ectopic gene expression was carried out to specify the phenotypic influences

of selected IncRNA screened from bioinformatic algorithms. The expression of miR-31 and
MIR31HG in tissues or scrapped samples was analyzed using qRT-PCR. The implications of gene
expression as related to metastasis or survival were further dissected.

Results: Microarray identified disrupted transcripts including MIR31HG and other 152 IncRNAs
aberrantly expressed in OSCC tissues. In silico algorithms annotated an eminent involvement
of aberrant transcripts in the regulation of cell cycle, extracellular modulation, adhesion,
and wound healing. The enhancement of proliferation, wound healing, invasion and
anchorage-independent colony formation mediated by MIR31HG was ascertained by ectopic
expression in OECM1 cells. Besides, co-upregulation of miR-31 and MIR31HG was conspicuous
in OSCC tissues. High expression of miR-31 and MIR31HG designated a trend of worse OSCC
prognosis. Interestingly, high MIR31HG expression defined a very poor survival in stage IV dis-
eases. By contrast, high miR-31 expression predicted nodal metastasis in stage |—Ill diseases.
Conclusion: Assessment of miR-31 and MIR31HG expression in OSCC may enable the prognostic
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prediction. The candidate IncRNAs isolated from this work can be further validated as crucial
factors contributing to OSCC pathogenesis.

© 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Introduction

In human, the coding region comprised only 1.2% of the
whole genome." The other part of the non-coding regions
was previously considered as less important although they
make up the majority of genome. The biological function of
the non-coding region and their transcriptome draws
attention in recent years. As the advancement of whole
genome sequencing technology, more and more studies
showed that mutations occurred not only in coding region
but also in non-coding region, moreover around 80% cancer-
related SNPs were found in non-coding region.” According
to size, these non-coding RNA can be divided into two
category, long non-coding RNA (IncRNA; >200 bp) and small
non-coding RNA(<200 bp). Small non-coding RNAs like
microRNAs (miRNA) are thoroughly identified and charac-
terized. And their function in translation repression is also
well studied. However, complicated biologic activity of
INncRNA is still under investigation. Most IncRNAs are tran-
scribed by RNA polymerase IlI, hence their structures are
similar to mRNA. Studies have shown the comprehensive
role of IncRNAs in epigenetic, transcriptional, post-
transcriptional, and translation regulation, as well as
post-translational modification.? The interactive functions
of IncRNA are more complicated than expected.

In Taiwan, the prevalence of areca chewing accounts for
the high incidence of oral squamous cell carcinoma (OSCC)
among male adults. The areca quid mainly consists of betel
leaf, areca nut and slaked lime. These ingredients, espe-
cially areca nut, exert carcinogenesis potential by direct and
indirect genotoxicity.>* The genomic signature of mismatch
repair deficiency has also been identified in areca related
0SCC tissues.’ Recent study also showed that areca induced
whole transcriptome changes associated with diabetes,
obesity and metabolic syndrome in a human monocyte cell
line.® Despites the coding transcriptome change, the
importance of non-coding transcriptome aberrance attracts
more attention in recent days. miRNAs have high specificity
of expression in certain tissues and disease. Studies also
demonstrated that miRNA expression profiles have better
accuracy in disease classification than mRNA.”® Recent
microarray profiling identified a set of 105 miRNAs with
altered expressed in OSCC and gPCR validation revealed that
up-regulation of miR-196a, miR-21, miR-1237 and down-
regulation of miR-204, miR-144 was associated with poor
prognosis of OSCC. The miR-196a/miR-204 ratio served as a
good predictor for disease recurrence and survival.” Our
previous studies have demonstrated the important role of
miR-21 and miR-31 during oral carcinogenesis.'®'" The
upregulation of miR-372/373 was observed correlated to
lymph node metastasis OSCC."? It is worthy noted that in-
teractions between miRNA and IncRNA are demonstrated
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and many lncRNAs function as competing endogenous RNAs
(ceRNA). LncRNA IUR and MEG3 could sponge miR-21 and
neutralize the oncogenic effect of miR-21.">" LncRNA
FER1L4 is a ceRNA to binding with miR-372, which results in
E2F1 up-regulation and proliferative promotion of glioma
cells.” Certain IncRNAs are also identified as host gene for
miRNA. The miR-497 and miR-195 were derived from IncRNA
MIR497HG. The MIR497HG together with miR-497 and miR-
195, were downregulated in bladder cancer, and the
expression of MIR497HG could suppress the progression of
bladder cancer cells.'® Copy number deletion of the MIR99-
AHG gene was observed in lung adenocarcinoma, which led
to the downregulation of its four transcripts: INncRNA
MIR99AHG and the miR-99a/let-7c/miR-125b2 cluster.
Further experiments also confirmed the suppressor role of
MIR99AHG and miR-99a."”

MIR31HG, a host gene of an important oncomir miR-31,
was found in both nucleus and cytoplasm under normal
condition, but MIR31HG and miR-31 were exported to
cytoplasm following oncogene B-RAF induction. MIR31HG
is upregulated in oncogene induced senescence and
negatively regulates tumor suppressor p16.'® MIR31HG
could also targets HIF1A and p21 and promote cell cycle
progression in head and neck cancer cells.'® However, the
expression of MIR31HG was negatively correlated to
overall survival of lung adenocarcinoma, but it was a
favorable prognostic factor in gastrointestinal cancer.?’
In this study, we identified the expression profile of
IncRNA in areca-related oral carcinogenesis. The expres-
sion and clinical implications of MIR31HG in OSCC were
also investigated.

Materials and methods

Subjects

The primary OSCC tumors and their paired non-cancerous
matched tissue samples were derived from 40 patients
(Table 1). Samples were collected after obtaining written
informed consent. The study was approved by IRB com-
mittee of National Yang-Ming University Hospital and Taipei
Mackay Memorial Hospital with approval numbers NYMUH
2014A002 and 17MMHIS053/18MMHIS176, respectively.

Swabbed samples were collected from lesion and normal
looking control mucosa from OSCC patients in National
Yang-Ming University Hospital or Taipei MacKay Memorial
Hospital with IRB approval numbers of NYMUH2019A013 and
18MMHIS187e, respectively. A Libo specimen collection
swab (Cat No. 30221.3, Iron Will, New Taipei City, Taiwan)
was used to achieve scrapped cells. The detailed sampling
procedures and analysis followed the protocols established
in previous study.?!
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Table 1  Clinical parameters of OSCC samples.

n = 40

Age (mean =+ SEM) 57.53 £+ 1.58
Gender (male/female) 36/4

Areca chewing 30

Tobacco smoking 30

T1-3 15

T4 25

NO 26

N-+ 14

Stage I-IIl 12

Stage IV 28
Follow-up (mean + SEM, days) 2810 + 227.1
Death 10

Alive 30

LncRNA microarray

Total RNA was amplified by a Low Input Quick-Amp Labeling
kit (Agilent Technologies, Santa Clara, CA, USA) and labeled
with Cy3 (CyDye, Agilent Technologies) during the in vitro
transcription process. The Cy3-labled cRNA was fragmented
to an average size of about 50—100 nucleotides by incu-
bation with fragmentation buffer at 60 °C for 30 min. Cor-
responding fragmented labeled cRNA was then pooled and
hybridized to Agilent SurePrint G3 Human Gene Exp V3
8 x 60K Microarray (Agilent Technologies) at 65 °C for 17 h.
After washing and drying by nitrogen gun blowing, micro-
arrays were scanned with an Agilent microarray scanner
(Agilent Technologies) at 535 nm for Cy3. Scanned images
were analyzed by Feature extraction10.5.1.1 software
(Agilent Technologies), an image analysis and normalization
software were used to quantify signal and background in-
tensity for each feature.

Bioinformatic analysis

The Venn diagram and gene annotation analysis of micro-
array data were performed using web-based resources
(https://metascape.org/gp/index.html#/main/step1).2?
From microarray data, we selected genes with expression
change more than and less than two folds for further
analysis. Venn diagrams represent the overlapping of genes
between samples whereas circoplots demonstrate their
relationships. The cluster analysis was also performed using
a web-based heatmap visualization and analysis tool clus-
tergrammer.?> The non-supervised cluster analysis was
performed on 153 overlapping IncRNAs and also the top 50
dysregulated IncRNAs.

Cell culture, plasmid construction and phenotypic
assays

The OECM1 OSCC cell line was cultured as previously
described.?* The lentiviruses containing MIR31HG transcript
cloned in the pLV-EF1a-GFP vector and control virus are
gifts from Professor Shu-Chun Lin. OECM1 was infected with
virus and selected to achieve stable cell sublines with
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MIR31HG expression.?® Cell proliferation, wound closure,
transwell invasion and anchorage-independent colony for-
mation assays, and were carried out according to previously
published protocols.?*2

Quantitative polymerase chain reaction (qPCR)
analysis

TagMan miRNA assay kits and gPCR probes obtained from
Apply Biosystems (Waltham, MA, USA) were used to quan-
tify the expression of MIR31HG and miR-31 using GAPDH or
RNUG6B as internal controls.?*?* The Cat. No. of each probe
was Hs01107339_gl, 002279, Hs00266705_gl and 001093,
respectively. —ACt is the difference in threshold cycle
number across the test gene and the internal control.
—AACt indicates the difference in —ACt across the test and
the control group. 2724t designates the fold change in
gene expression relative to control.?*

Statistics

Mann—Whitney tests, t-tests, two-way ANOVA test, linear
correlation analysis and Kaplan—Meier survival analysis
were performed. A receiver operating characteristic (ROC)
curve was used to acquire area under curve (AUC), sensi-
tivity and specificity of variables to evaluate separation
power.”

Results

Gene expression profile from areca-associated
0SCCs

To determine the gene expression profile of areca-related
OSCC, normal and cancer tissue pairs from three patients
were utilized for microarray analysis. The Agilent SurePrint
G3 Human Gene Exp V3 8 x 60K Microarray could detect
30,600 lncRNAs and 26,100 coding genes. Among three
cases, two were stage | tumors and one was stage |V disease
with lymph node metastasis in neck (Fig. 1A). The gene
expression level from normal to tumor were analyzed and
genes with more than or less than two-fold changes were
counted. The Venn diagram demonstrated the overlap of
counted genes between three cases and around 2050
common genes were identified in all three cases (Fig. 1B).
Case 1 and case 2 are stage | disease and they shared more
common genes than either one comparing to case 3
advanced tumor. The discrepancies were also noted in
Circos plot (Fig. 1C). Gene ontology (GO) analysis per-
formed on 2050 common genes annotated the most signif-
icant involved pathway was cycle related. It was followed
by extracellular matrix related, cell adhesion pathways or
responses to wounding, which were important pathways
during carcinogenesis (Fig. 1D).

IncRNA expression profile from areca-associated
0SCCs

The microarray comprised 30600 IncRNAs and only IncRNA
with more than or less than two-fold expression change
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Gender Age TNM Site
Case 1 M 56 T1NOMO Mouth floor
Case 2 M 53 T1NOMO Tongue
Case 3 M 44 T2N2bMO Tongue

R-HSA-1640170: Cell Cycle
G0:1903047: mitotic cell cycle process
R-HSA-1474244: Extracellular matrix organization
M5884: NABA CORE MATRISOME
G0:0030155: regulation of cell adhesion
M5885: NABA MATRISOME ASSOCIATED
GO0:0097435: supramolecular fiber organization
WP2446: Retinoblastoma gene in cancer
GO:0009611: response to wounding
GO cell
R-HSA-390522: Striated Muscle Contraction
GO0:0048729: tissue morphogenesis
hsa04512: ECM-receptor interaction

0:0055001: muscle cell
M129: PID PLX]1 PATHWAY
R-HSA-73886: Chromosome Maintenance
GO0:0008285: neg, gulation of cell I proli
GO:0071396: cellular response to lipid
GO:0001501: skeletal system development
GO:0045859: regulation of protein kinase activity

0 5 10 15 20 25 30 35 40
-10g10{P)

case 2

Figure 1  Microarray analysis of OSCC tumors. (A) The clinical parameters of cases. (B) Venn diagram to show the genes aberrantly expressed for at least two folds. (C). Circos
plot to show the higher similarity between case 1 and case 2 in the gene dis-regulation, which separates from those in case 3. (D) GO annotation to show the disrupted
pathways.
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Figure 2 The dis-regulation of IncRNAs in microarray analysis. (A) Venn diagram to show the IncRNAs aberrantly expressed for at least two folds. (B) Circos plot to show the
higher similarity and interaction in the IncRNA dis-regulation between case 1 and case 2, comparing to case 3. (C) Heatmap of cluster analysis according to 153 IncRNAs commonly
present in three tumors. The similarity between case 1 and case 2 is still higher than case 3. Blue, Down-regulated; red. Up-regulated.
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IncRNA

Down-regulated Up-regulated

MAPT-AS1
LINC01564
LINC01120
ANKRD20A11P
MIR133A1THG
WEDC21P
LOC101927354
DSG1-AS1
LINC00948
FAM155A-IT1
LINC00944
HCG22
ANKRD20A12P
LOC400958
FTLP10
LINCO1372
CYP4F29P
MEG3

STPG2-AS1
LOC101928894
TMPRSS11BNL

MGC39584
C50RF66-AS1

CCNT2-AS1

LOC729506

ANKRD20A5P
LOC100506526
INHBA-AS1
LINC00417
LOC100505811
PWRN1
SPRR2C
CASC15
ANKRD20A9P
LOC441178

HAGLROS
KRT42P
LOC101928710
LINC00460
APCDD1L-AS1
LOC344887
LOC101559451
LOC100240735
MGC16025
LOC100506100
LINC00704
KIAA0125
LINC00911
LOC100506895
MIR31HG

Figure 3 The top 50 dis-regulated IncRNAs. (A) Heatmap of cluster analysis. (B). The illustration of aberrant IncRNAs. Blue, Down-regulated; red. Up-regulated.
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from normal to tumor counterpart were selected. There are
478 altered IncRNAs identified in case 1, 677 in case 2, and
481 in case 3. A total of 153 common [ncRNAs existing in
three cases were showed in Venn diagram (Fig. 2A). The
Circo plot analysis revealed the pattern of correlation be-
tween 3 cases and the IncRNA expression profile are more
similar between case 1 and case 2, which resembles the
profile of the whole gene set as mentioned above (Fig. 2B).
The heatmap demonstrated the up-regulated (red) and
down-regulated (blue) IncRNAs from normal to tumor. Non-
supervised cluster analysis confirmed the different
expression profile between case 3 and the remains
(Fig. 2C). Moreover, if we select the top 50 dys-regulated
IncRNAs among three cases, down-regulated [ncRNAs
outnumber the up-regulated ones (Fig. 3A). Most of dysre-
gulated IncRNAs are RNA genes but some belong to pseu-
dogenes and some are miRNA host genes. Among up-
regulated IncRNAs, for example, LOC344887, KIAA0125
were reported correlated with oncogenic activity and
stemness.”®?” Interestingly, the non-supervised cluster
analysis identified MIR31HG as significant up-regulated
IncRNA among top 50 dysregulated IncRNA (Fig. 3B).

MIR31HG influences the oncogenicity of OECM1 cell

To determine the phenotype exerted by MIR31HG, OECM1
0OSCC cell line, an areca-chewing related cell line, was
selected for MIR31HG overexpression experiments. Lenti-
virus carrying MIR31HG expression construct was intro-
duced into OECM1 cells through infection. The high

infection efficiency was noted in the selected subline
(Fig. 4A), and this subline had a stable and robust MIR31HG
expression (Fig. 4B). Proliferation assay demonstrated the
growth advantage in MIR31HG expression cells (Fig. 4C).
Enhanced migration ability was also noted in wound heal-
ing assay and invasion assay (Fig. 4D and E). Anchorage-
independent colony formation assay revealed the
increased in vitro oncogenic potential as related to
MIR31HG expression (Fig. 4F). The results suggest an
oncogenic role of MIR31HG in OSCC, and the expression
profile of MIR31HG and its hosted miR-31 in OSCC tissue
was further studied thereafter.

Validation of MIR31HG expression in OSCCs

Among 40 OSCC patients enrolled for tissue study 75% (30/
40) patients had areca chewing habits (Table 1). The
expression of MIR31HG and miR-31 were determined by
gPCR. A significantly up-regulated in MIR31HG expression
from normal to tumor were found, and the upregulation of
miR-31 expression was more conspicuous (Fig. 5A and B).
Correlation analysis also showed a significantly positive
correlation between MIR31HG and miR-31 expression
(Fig. 5C). In a series of brushing samples from 10 OSCC
patients, the expression of MIR31THG was significantly up-
regulated from normal to tumor counterpart (Fig. 5D).
The qPCR results were in line with IncRNA microarray
findings, which substantiate the expression of MIR31HG
could be a biomarker like miR-31 being previously detected
in OSCC.
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Figure 4 Exogenous MIR31HG expression in OECM1 cells. (A) Both cell subline with ectopic MIR31HG expression and control cell

subline exhibit green fluorescence (x200). VA, vector alone control. OE, MIR31HG expression. (B) MIR31THG expression drastically
increases in OE relative to VA. (C—F) OE cells exhibit an increased proliferation (in C), wound closure rate (in D), invasion (in E) and
anchorage-independent colony formation ability (in F) relative to VA cells. ns, not significant; *, p < 0.05, **, p < 0.01 and ***,

p < 0.001. Mann—Whitney test or two-way Anova test.
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gPCR analysis. (A—B) Analysis of OSCC tissue pairs. (A, B) Before—after plots of miR-31 and MIR31HG, respectively. Y

axis, —ACt. (C). Linear correlation analysis according to —AACt. (C) Analysis of MIR31HG expression in swabbed samples. Bar chart,
mean + SE. (A, B, D) Paired-t-test. N, normal control; T, OSCC. *, p < 0.05 and ****, p < 0.0001.

Prognostic value of MIR31HG and miR-31
expression in OSCCs

We assessed the prognosis value of MIR31HG and miR-31 in
our patients who had been followed for an average of 2810
days (Table 1). Among them, 10 subjects were dead during
follow-up. Initially, the ROC analysis was performed with
the classification variable as survival to yield a cut-off
value, which could discriminate the expression states of
MIR31HG or miR-31 into high or low. The Kaplan—Meier
analysis revealed a trend that patients with higher
MIR31HG expression had poor survival, however, the dif-
ferences was not statistically significant (Fig. 6A). Similar
trend was found in miR-31 expression (Fig. 6B). Further
dissection revealed that patients had both high MIR31HG
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and high miR-31 expression exhibiting worsened survival
(Fig. 6C). Moreover, in stage IV patients, the expression of
MIR31HG seemed to be a potent prognosis marker (Fig. 6D).

The neck nodal metastasis prediction is a critical issue in
OSCC treatment. We performed ROC analysis to determine
whether MIR31HG or miR-31 expression could predict nodal
metastasis. Interesting, miR-31 has an AUC of 0.65 to di-
agnose nodal metastasis, which is much better than
MIR31HG (Fig. 7A and B). Of note, in stage I—Ill diseases
that neck dissection is sometimes optional, the prediction
of nodal metastasis appeared useful as that miR-31
expression could significantly distinguish the nodal metas-
tasis among stage |—lll patients (Fig. 7C). The findings
warranted a future clinical application in terms of miR-31
expression.
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Discussion

Although the biological functions of IncRNA are not very
diverse, their abundance in transcriptome warrants the
potential role in carcinogenesis. Our IncRNA microarray
results revealed a panel of dysregulated lncRNAs with
novelty. Among up-regulated IncRNAs, HAGLROS is a STAT3-
induced IncRNA that contributes to the malignant progres-
sion of gastric cancer.?® HAGLROS could sponge miR-152
and up-regulate ROCK1 expression in osteosarcoma.?’ In
lung cancer, LINCO0460 promotes epithelial—mesenchymal
transition and cell migration.*° LINCOO460 also enhances
bladder carcinoma cell proliferation and migration by
modulating miR-612/FOXK1 Axis.>" KRT42P is a pseudogene
with unknown function. LOC100506100, LOC101928710,
LOC101559451, LOC100240735 and MGC16025 are all
uncharacterized IncRNAs. Intriguingly, LOC100506100 is the
IncRNA most profoundly up-regulated in our samples. The
down-regulated IncRNAs outnumber the up-regulated
INcRNAs in our data, which might imply that more IncRNA
may drive suppressive influences. Study has shown that
approximately 60% of the protein-coding genes are targeted
by miRNA, whereas 70% protein coding genes are targeted
by IncRNA.3? Since [ncRNA could act as miRNA sponge, the
interplay between coding RNAs and non-coding RNAs is far
more complicated than expected.

In the perspective of biomarker detection, up-regulation
molecule is a better candidate than down-regulation ones.
We thus focus on the IncRNAs which were up-regulated in
cancer tissues and identify MIR31HG as an important
oncogenic IncRNA. MIR31HG genome located on 9p21 and
the gene locus is chr9:21,439,475-21,591,766(GRCh38/
hg38) consisting of 152,292 nucleotides. The 2166 bp
MIR31HG transcript composed of four exons is identified
later on a non-coding RNA. In RNAseq analysis, MIR31HG is
abundant in gastrointestinal tract compared to other part
of human body,*® whereas it seems that the survival pre-
diction of MIR31HG may vary according to cancer type.*
Our data signifies that MIR31HG expression might corre-
late with overall survival of OSCC patients, especially in
late-stage disease. Similar result has been noted in laryn-
geal SCC that MIR31HG overexpression represents poor
prognosis, and MIR31HG could negatively target p21 to
facilitate the progression of cell cycle.' Our in vitro results
showed the enrichment in cell proliferation after MIR31HG
expression. Furthermore, since our annotations of micro-
array data revealed that cell cycle related pathway are the
most involved ones, the findings on proliferative enhance-
ment together with the promotion on other phenotypes
mediated by MIR31HG expression is compatible with in
silico prediction. Through the alternative splicing, MIR31HG
transcript comprises 4 exons, and miR-31 is localized in
intron 1. It is speculated that these two non-coding tran-
scripts could be generated together in cells. In colorectal
carcinoma samples, a strong correlation between miR-31
and MIR31HG was shown (Spearman’s r > 0.80).>° Both miR-
31 and MIR31HG have been known up-regulated in oral
precancerous lesions.?’”?> In our OSCC patient cohort, the
co-upregulation of them was also demonstrated (Spear-
man’s r > 0.3). Since bioinformatics studies predicted that
approximately 20% of intronic miRNAs target host mRNA
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transcripts in a feedback loop,*® miR-31 and MIR31HG might
share the coordinative modulation in oncogenesis.

Although the power in survival prediction is not as good
as MIR31HG, miR-31 expression seems to correlated more
with neck nodal metastasis. Distinct gene expression profile
among nodal positive and nodal negative cases was re-
ported.®” Similar result was preliminarily noticed in our
microarray data. Only case 3 has nodal metastasis.
Although case 2 and case 3 are all tongue cancers, cluster
analysis of gene expression profile separated case 3 from
case 1 and case 2. Most importantly, our data showed that
miR-31 expression could predict the nodal metastasis in
stage I-IIl patients (AUC:0.8, sensitivity 100%, specificity
78%). The findings could assist the therapeutic decision for
neck lymph node dissection in early-stage patients. Novel
downstream target of MIR31HG such as LBH has been
identified recently,”> whereas, the upstream promoter
control of MIR31HG could be as complicated as downstream
effects. Previous study has shown that EGF up-regulates
miR-31 through the C/EBPp signal cascade.*®* MIR31HG
could also be negatively regulated by miR-193b.° However,
the regulatory mechanism of and MIR31HG and miR-31co-
upregulation in areca-related OSCC needs further elucida-
tion. The interactive roles that MIR31HG and miR-31 co-
plays in OSCC pathogenesis require specification. To reso-
lute the functions of uncharacterized IncRNAs may bestow
novel mechanistic insights in neoplastic process.
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