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gssion, OSCC cells exhibited diminished EMT process and inhibited cell viability,

nclusion: The fundamental findings in this study collectively demonstrate that
1116 silencing may inhibit the progression of OSCC via the miR-136-mediated
FN1 inhibition, highlighting a promising therapeutic strategy for OSCC treatment.
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Introduction

Oral squamous cell carcinoma (OSCC), the 6th most prevalent cancer across the
Unfortunately, OSCC
ranks the highest in relation to cancer mortality rate in comparison with the other

world, accounts for a majority of head and neck cancers.'
carcinomas.” The etiology of OSCC involves both intrinsic factors of smoking,
excessive use of alcohol, as well as betel quid chewing and extrinsic risk factor of
human papillomavirus infection.” > Despite improvements in cancer treatment, the
overall 5-year survival rates (less than 50%) have not significantly improved over
the last few decades.®” The early-stage of OSCC manifests a cure rate of more than

80%, however, cannot be cured in over 70% of the patients in the advanced-stage of
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0SCC.*? Tt is widely accepted that OSCC possesses
a high potential for local invasion and lymph node metas-
tasis (LNM), LNM playing a vital role in predicting the
survival of patients with OSCC, while the underlying
molecular mechanism still remains to be unclear.'
Consequently, it is urgent to investigate the early-stage
detection and the detailed molecular mechanism of OSCC.

Long non-coding RNAs (IncRNAs) are a critical group
of general genes that are essential to various biological
functions.'' Nowadays, several studies have demonstrated
the involvement of IncRNAs in the development and pro-
gression of multiple types of cancers, including prostate,
bladder, and kidney cancers.'*'> Over-expression in
IncRNA LINCO1116 (LINCO1116) was discovered in
prostate cancer by a previous study, which concluded
that the knockdown of LINCO1116 with small interfering
RNA (siRNA) suppressed cell proliferation in prostate
cancer.'® Another study suggested that the
regulation of LINC01116 could inhibit cell proliferation,
migration, and invasion, but contribute to apoptosis in

down-

non-small-cell lung cancer through inhibition of the
Hippo targeting  FAT4."”
Furthermore, IncRNAs function as read-outs of active

signaling pathway by

cellular programs or signals of specific cellular sta
which enables IncRNAs to identify cellular pathologi
including cancer, to be of great prognostic sigs

investigated.
Fibronectin 1 (FN1), bel

tion processes.”’ F
a potential bio

and possibly function as
eutic factor for OSCC treatment.””
#so indicated that miR-338 might
serve as a potential diagnostic marker and therapeutic
target for the treatment of OSCC.** Additionally, there is

a general acceptance that miR-136 functions as a tumor
24,25

A previous study

Suppressor gene in numerous cancers, yet its involve-
ment in OSCC is not fully understood. Therefore, the
mechanism was identified and characterized by which
LINCO1116 and its target miR-136 regulated cell adhesion

and migration regulator FN1. The tumor suppressor

function of miR-136 was represented, as well as the ele-
vated expression of which inhibits cell proliferation, inva-
sion, migration, and reverses epithelial-mesenchymal
transition (EMT). Additionally, tumor growth and LNM
of OSCC are prevented by overexpressed miR-136 or
underexpressed LINC01116 expression. It was revealed
that down-regulated LINCO1116 increased the expression
of miR-136, which was able to inhibit the development of
OSCC, as demonstrated in vitro and in vivo.

Materials and method
Ethical statement

ospital of
accordance

were approved by the Ethics

Co liated Hospital of Zhengzhou
Uni 002) and in accordance with the Guide
for Care and¥se of Laboratory animals published by

0 nstitutes of Health.

crodrray analysis

he expression profile data related to OSCC were screened
ing the Gene Expression Omnibus (GEO) database
(http://www.ncbi.nlm.nih.gov/geo) with “OSCC” serving
as the key word. Each expression profile data were treated
with background correction and normalization by applying
the Affy installation package of the R software.*
Subsequently, the linear model-empirical Bayesian statis-
tical method combined with the moderated ¢-test was
employed to conduct nonspecific screening for expression
profile data for the selection of differentially expressed
IncRNA and miRNAs.?” The miRNAs that bound to the
target gene were detected using the microRNA.org website
(http://34.236.212.39/microrna’home.do), the mirDB web-
site (http://www.mirdb.org/index.html), and the mirDIP
website (http://ophid.utoronto.ca/mirDIP/). Finally, the
miRNAs binding to IncRNA were confirmed using the
RNA22 website (https://cm.jefferson.edu/rna22/).

Study subjects

A total number of 58 patients (calculated mean age: 55
years, ranging from 29 to 76 years), comprising 36 males
and 22 females, who accepted surgical resection of OSCC
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at the First Affiliated Hospital of Zhengzhou University
from March 2010 to April 2012 were selected as the study
subjects. All patients were confirmed with their focal
property as squamous cell carcinoma by means of post-
operative pathological examination. No patients included
in the current study underwent chemoradiotherapy or
immunotherapy prior to the operation. The 7th edition
AJCC (American Joint Committee on Cancer) staging of
OSCC was applied as reference for carrying out staging of
the obtained tissues.”® According to clinical Tumor Node
Metastasis (TNM) staging, there were 12 cases in stage I,
26 cases in stage II, and 20 cases in stage III. In addition,
according to the squamous cell carcinoma staging method,
24 cases were classified as highly differentiated squamous
cell carcinoma, 7 cases as moderately differentiated squa-
mous cell carcinoma, and 27 cases as poorly differentiated
squamous cell carcinoma. The follow-up lasted approxi-
mately 60 months, and the Kaplan—Meier method was
used for survival analysis. During the follow-up period,
recurrence of tumor or death of the patient was regarded as
the end. If not, the time of the final follow-up was
regarded as the end point. The overall survival (OS) time
was identified as the period from the date of surgery to the
date of death.

Selection and culture of cells
Human oral mucosal epithelial cell

cultured " 1n
Memorial
Institute (RPMI) 1,640
Grand Island, NY, U

°C. Reverse transcription quanti-
gse chain reaction (RT-qPCR) was per-
ine the expression of LINCO1116 to
select cell lines for subsequent experimentation.

formed to dete

Cell treatment

Cell transfection was conducted using Lipofectamine
Transfection Reagent 2000 (11668019, Invitrogen Life
Technology Co., Ltd., Carlsbad, CA, USA). After 6 hrs
of transfection, the cells were further cultured in complete
medium at 37°C for 48 hrs and then harvested.

Next, the cells were divided into the following 6
groups: the blank group (cells without any transfection),
the NC group (cells transfected with empty plasmids), the
siRNA-LINCO1116 group (cells transfected with siRNA-
LINCO1116 plasmids), the miR-136 mimic group (cells
transfected with miR-136 mimics), the miR-136 inhibitor
group (cells transfected with miR-136 inhibitors), and the
siRNA-LINCO01116 + miR-136 inhibitor group (cells co-
siRNA-LINCO1116 and miR-136

transfected with
inhibitors).

Life Technology Co., Ltd., Carlsbad, CA,
A luminometer (GloMax® 20/20, Promega
Biotech Co., Ltd., Madison, WI, USA) was used to detect
cell luciferase activity in accordance with the instructions
of Dual Luciferase Reporter Assay Kit (E1910, Promega
Biotech Co., Ltd., Madison, WI, USA), and the luciferase
activity was calculated as follows: the luciferase activi-
ty=the firefly luciferase activity/the renilla luciferase
activity.

RNA pull-down assay

Cells were transfected with 50 nM biotin-labeled WT-bio-
miR-136 and MUT-bio-miR-136 (Genecreat Biotech Co.,
Ltd., Wuhan, Hubei, China). Subsequently, the cells were
collected and thoroughly rinsed using phosphate buffer
saline (PBS) after 48 hrs and furthermore incubated in
specific lysate buffer (Ambion, Austin, Texas, USA) for
10 mins. Subsequently, the lysates were incubated with
the M-280 streptavidin beads (S3762, Sigma-Aldrich
Corp. St. Louis, MO, USA) that were pre-coated with
Ribonuclease (RNase)-free bovine serum albumin (BSA)
and yeast tRNA (TRNABAK-RO, Sigma-Aldrich Corp.
St. Louis, MO, USA) for 3 hrs at 4°C. The beads were
washed twice using pre-cooled lysate buffer solution, three
times with low-salt buffer solution, and once with high-salt
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buffer solution. The bound RNAs were purified using Trizol
while LINC01116 enrichment was detected by qPCR.

RNA binding protein

co-immunoprecipitation (RIP) assay
A RIP kit (Millipore, Temecula, CA, USA) was employed
to detect the binding of LINCO1116 with argonaute2
(AGO2) protein. Neurons were rinsed with pre-cooled
PBS, with the supernatant removed. The cells were lysed
with an equal volume of RIPA lysis buffer (P0013B,
Beyotime Biotechnology Inc., Shanghai, China) in an ice
bath for 5 mins, and centrifuged at 14,000 rpm for 10 mins
at 4°C with the supernatant collected. A total of 50 pL
magnetic beads were washed, re-suspended in 100 pL. RIP
Wash Buffer and added with 5 pg antibody according to
the experimental groups for binding. The bead-antibody
complex was washed, re-suspended in 900 pL. RIP Wash
Buffer, and added with 100 pL cell extract for incubation
at 4°C overnight. Samples were placed on magnetic
holders to obtain magnetic bead-protein complexes. The
RNA content in samples and input were extracted with the
detachment of proteinase K for subsequent PCR detection.
The antibodies used in RIP were AGO2 (dilution ratio
1:50, ab32381, Abcam, Cambridge, MA, USA), whi
was mixed at room temperature for 30 mins, and Ig

(RNA-FISH)

Cell culture conditions w;
were placed on the b
were cultured with
confluence was e
experiment. (4 2

the cells w @ L] X PBS for 5 mins, fixed with
4% paraform¥ de at room temperature for 10 mins,

followed by 1x P
Next, the cells in ead

rinsing three times, 5 mins each time.
well were added with 1 mL of pre-
cooled permeable fluid, stored at 4°C for 5 mins, and
rinsed again 3 times with 1x PBS, 5 mins each time.
Probe detection was as follows: the cells in each well
were added with 20 pL of pre-hybridization solution,
followed by a blockade of the cells for 30 mins at 37°C.
After discarding the pre-hybridization solution from each
well, the cells were added with an appropriate amount of
hybridization solution containing probes and hybridized

overnight at 37°C avoiding exposure to light. The cells
in each well were washed 3 times by applying cleaning
lotion I at 42°C (5 mins each time), followed by an addi-
tional cleaning process using lotion II and cleaning lotion
IIT under the same conditions (1% PBS rinsing was then
conducted at room temperature for 5 mins). DNA staining
was as follows: the cells were stained with 4',6-diamidino-
2-phenylindole (DAPI) dye for 10 mins avoiding exposure
to light and rinsed three times with 1x PBS, 5 mins each
time. Sealing was as follows: under dark conditions, the

coverslips were fixed on cell slide usjg ounting med-

) of each well was measured with an
th of 450 nm using a microplate reader
Fisher Scientific, San Jose, California,
cell viability curve was plotted with time point
the abscissa and the OD as the ordinate. Each experiment
as repeated 3 times to obtain the mean value.

Scratch test

After 48 hrs of transfection, a marker pen was used to
draw a horizontal line across the well at an interval of
approximately 0.5—1 cm at the back of the 6-well plate.
Approximately 5 lines were marked across each well.
Nearly 5x10° cells were added and allowed to settle on
the plate overnight. The following day, with the help of
a ruler, scratches were created using a pipette tip perpen-
dicular to the horizontal lines at the back of the plate
without tilting. The cells were rinsed 3 times with PBS
to remove cellular debris prior to the addition of serum-
free medium. Then, the cells were placed in an incubator
with 5% CO, in air at 37°C. Photos were collected and
observed at the 0 hr and 48 hrs.

Transwell assay

After 48 hrs of transfection, the Matrigel gel (YB356234,
YU BO Biological Technology Co., Ltd., Shanghai, China)
stored at —80°C was collected and thawed into liquid at 4°C
overnight. Moreover, 200 pL. Matrigel gel (356235, Haoran
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Biological Technology Co., Ltd., Shanghai, China) was
diluted in 200 pL serum-free medium at 4°C. Next, 50 pL
of mixture was added to the apical chambers of Transwell
plate and placed in an incubator for 2-3 hrs. Afterwards, 200
uL cell suspension was added to the apical chamber of each
well, while 800 pL conditioned medium containing 20%
FBS was added to the basolateral chamber. Following incu-
bation for 20-24 hrs at 37°C, the Transwell plate was
removed, rinsed twice using PBS, immersed in formalde-
hyde for 10 mins, and washed 3 times. The cells were
stained with 0.1% crystal violet at room temperature for 30
mins, rinsed twice with PBS, and the remaining cells on the
upper surface were wiped off using a cotton swab. After
drying, 5 fields were randomly selected with cells counted
using an inverted microscope (Leica, Wetzlar, Germany) and
the average was obtained. This experiment was repeated 3
times to obtain the mean value.

RT-qPCR
After 48 hrs of transfection, cells of each group were har-
vested for further experiments. Trizol (Biosentech

Biotechnology Co., Ltd., Beijing, China) was used to extract
total RNA content from the cells and tissues, with thg

nd target genes were ampli-
imers of genes were

designed, synthesized by Shanghai Sangon Biotech
Company (Shanghai, China) (Table 1). RT-qPCR amplifica-
tion system (20 pL) included a 2.0 puL genome template, 10
pL SYBR Premix Ex Taq (DRR041S, Takara Biomedical
Technology (Beijing) Co., Ltd., Beijing, China), 0.5 pL
forward primers, 0.5 pL reverse primers, and 7 pL sterilized
ddH,O.  Glyceraldehyde-3-phosphate
(GAPDH) was wused as the internal reference for
LINCO1116 and target genes, while U6 served as the internal
reference for miR-136. Subsequently, a Real-Time PCR
System (4485694, Thermo Fishg

dehydrogenase

ientific, San Jose,

clative expression level
ent was repeated 3 times

ested from each group after transfection for
with PBS, and re-suspended. The super-
patant was obtained after centrifugation and the RIPA
&Y buffer (PO013B, Beyotime Biotechnology Inc.,
Shanghai, China) was added at a concentration of
107 cells/mL, followed by the addition of an appropriate
amount of phenylmethylsulfonyl fluoride (PMSF). Cells
were mixed gently, re-suspended, incubated on ice, and
centrifuged at 4°C for 10 mins (12,000 rpm), with the
supernatant obtained, which was regarded as the total
protein content of cells. The protein concentration was
measured using a bicinchoninic acid (BCA) protein quan-
tification kit (Beyotime Biotechnology Inc., Shanghai,

Gene Forward primer (5'-3') Reverse primer (5'-3’)
miR-136 GGGACUCCAUUUGUUUUGAU CAGTGCGTGTCGTGGAGT
LINCOII16 TTCAAGTGCGTCCGGGTTT CCTGCCGATTCCCCATTCC

ué CCAGCCCATGATGGTTCTGAT GGCTGGTAAGGATGAAGG

FNI CGGTGGCTGTCAGTCAAAG AAACCTCGGCTTCCTCCATAA
Vimentin CGCCAGATGGGTGAAATGG ACCAGAGGGAGTGAATCCACA
N-cadherin ACAGTGGCCACCTACAAAGG CCGAGATGGGGTTGATAATG
E-cadherin CCCACCACGTACAAGGGTC CTGGGGTATTGGGGGCATC
MMP-9 TGTACCGCTATGGTTACACTCG GGCAGGGACAGTTGCTTCT
GAPDH ACAGTCCATGCCATCACTG AGTAGAGGCAGGGATGATG

Abbreviations: RT-qPCR, reverse transcription quantitative polymerase chain reaction; miR-136, microRNA-136; FNI, fibronectinl; E-cadherin, epithelial cadherin;
N-cadherin, neural cadherin; MMP-9, matrix metalloprotein 9; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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China). Then, 20 pg of the cell total protein was separated
by 10% sodium dodecyl sulfate polyacrylamide gel elec-
(SDS-PAGE) and then transferred onto
a polyvinylidene fluoride (PVDF) membrane. The mem-

trophoresis

brane was blocked for 1.5 hrs using 5% skim milk powder
that was prepared using Tris-buffered saline Tween
(TBST). Next, the membrane was incubated with diluted
primary antibodies as follows: rabbit anti-human FNI1
polyclonal antibody (ab2413, dilution ratio of 1:1,000),
rabbit anti-human E-cadherin (ab40772, dilution ratio of
1:10,000), rabbit anti-human N-cadherin (ab18203, dilu-
tion ratio of 1:1,000), rabbit anti-human Vimentin
(ab45939, dilution ratio of 1:1,000), rabbit anti-human
matrix metalloprotein 9 (MMP-9) (ab73734, dilution
ratio of 1:1,000), and rabbit anti-human GAPDH polyclo-
nal antibody (ab9485, dilution ratio of 1:2,500). The mem-
brane was then incubated with the corresponding
secondary antibody horseradish peroxidase (HRP)-labeled
goat anti-rabbit IgG (ab6721, dilution ratio of 1:10,000) at
room temperature for 2 hrs. All aforementioned antibodies
were purchased from Abcam (Cambridge, MA, USA).
Moreover, the membrane was immersed in chemilumines-
solution (NCI4106, Shanghai
Ltd.,
China) for coloration and further photographed usin
SmartView Pro 2000 (UVCI-2100, Majo i

cence (ECL) reaction
Huiying Biological technology Co.,

in an SPF-grade ba

Henan, Ching
water for e clious
or ultraviolet 1on. The nude mice were maintained at

25°C with the afelocity of 20 cm’/s and 55% relative
humidity. SubsequeMly, the nude mice were indiscrimi-

eriliZed using high temperature

nately divided into 6 groups, with 5 mice in each group.
Cells form each group presenting with good growth
conditions state were treated with 0.25% trypsin detach-
ment and rinsed 3 times with PBS. PBS was then used to
re-suspend cells to produce a single cell suspension. Then,
100 pL cell suspension (1x10° cells) were inoculated sub-
cutaneously on the back of nude mice using a No. 6
needle, and the tumor volume was measured every 3

days after subcutaneous inoculation until the 24th day.

The measurement formula was as follows: tumor
volume=(lengthxwidth?)/2. The tumor growth curve was

subsequently plotted accordingly.

Hematoxylin-eosin (HE) staining

The adjacent lymph nodes of tumor-bearing neoplasms
of nude mice were dissected, fixed, embedded with par-
affin, sliced into sections at a thickness of 4 um, and

dewaxed with xylene. The dehydration process was con-

mins, 100% ethanol for 2 min
80% ethanol for 1 min, a

:1), toluene (I), xylene (II), 1 min/time].
utral gum-mounted sections were observed
nd photographed under an inverted microscope (XSP-
A, Optical Instrument Factory, Shanghai, China).

Statistical analysis

All collective data were analyzed using the SPSS 21.0
statistical software (IBM Corp, Armonk, NY, USA).
Measurement data were expressed as meantstandard
deviation. The Student #-test was used to compare data
between two groups. One-way analysis of variance
(ANOVA) was employed for comparisons among multi-
ple groups. Enumeration data were represented by the
number of cases, and the difference analysis was per-
formed using the chi-square test. The data normality test
was conducted using the Kolmogorov—Smirnov method
and the data with normal distribution among multiple
groups were compared by applying the one-way
ANOVA, with Tukey’s post hoc test conducted. The
data with skewed distribution were tested using the non-
parametric test of Kruskal-Wallis. Values at different
time points were compared using repeated measures
ANOVA. A value of p<0.05 was considered to be sta-
tistically significant.
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Results 5p, hsa-miR-200b-3p, hsa-miR-217, hsa-miR-613, hsa-miR

High expressi on of LINCOI116 and FNI| -296, hsa-miR-27a-3p, and hsa-miR-136-5p w.ere potential

lat ith . f miRNAs targeted by FN1, by means of the microRNA.org
cor.re ates _WI poor prognosis o website, the miRDB website, and the mirDIP website (Figure
patients with OSCC 1D). Finally, the RNA22 website was used to determine that
According to the differential analysis of the expression pro- only LINC01116 could possibly bind to miR-136 and reg-
file data GSE30784, the results displayed that LINCOIT16  yjate the expression of FN1. After RT-qPCR detection on 58
and FN1 were highly expressed in OSCC (Figure 1A). In  ¢ages (OSCC tissues and adjacent tissues), it was found that

addition, heat map analysis of the expression profile data  the expression of LINCO1116 and FN1 was noticeably
GSE74530 and GSE37991 further confirmed the presence  jncreased while that of miR-136 signiﬁcantly decreased in

of high expression of LINC01116 and FN1 in OSCC (Figure  0SCC tissues compared with theggs
1B and C). Besides, hsa-miR-144-3p, hsa-miR-1271-5p, hsa-  |E_G) (all p<0.05). The cg
miR-429, hsa-miR-27b-3p hsa-miR-200c-3p, hsa-miR-96-
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Figure 1 LINCOI 118 FNI are highly expressed while miR-136 is repressed in OSCC and related to poor prognosis. (A) The heat map of the microarray data GSE30784.
(B) The heat map of the nicroarray data GSE74530. (C) The heat map of the microarray data GSE37991. The abscissa referred to the sample number, and the ordinate referred
to names of differentially expressed genes. The upper right histogram represented the color gradation, the color changing from top to bottom indicated the expression value in
the microarray data from high to low, each rectangle corresponded to the expression of one sample, each column showed the expression of all genes in each sample, and the
left dendrogram revealed the cluster analysis results of the different genes in different samples, the uppermost bar indicated the sample type, and the upper right block indicated
the sample color reference. (D) The microRNA.org website, miRDB website, and mirDIP website were used to predict the intersection of the miRNA of FNI. (E) RT-qPCR
was used to determine the expression of LINCOI 116 in 58 cases of OSCC tissues and adjacent tissues (*p<0.05 vs adjacent tissues). (F) RT-qPCR was used to determine the
expression of FN1 in 58 cases of OSCC tissues and adjacent tissues (*p<0.05 vs adjacent tissues). (G) RT-qPCR was used to determine the expression of miR-136 in 58 cases of
OSCC tissues and adjacent tissues (¥p<0.05 vs adjacent tissues). (H) The correlation analysis between the expression of LINCOI116 and FNI in OSCC tissues demonstrated
a positive correlation. (I) The correlation analysis between the expression of LINCOI | 16 and miR-136 in OSCC tissues demonstrated a negative correlation. (J) The survival
analysis related to LINCOI | 16 expression in patients with OSCC indicated that higher expression of LINCO1 116 was associated with poor prognosis. (K) The survival analysis
related to FNI expression in patients with OSCC indicated that higher expression of FN| was associated with poor prognosis. n=58; the data were measurement data and
expressed as meanzstandard deviation. The t-test was used for comparison between two groups. *p<0.05 vs adjacent tissues.

Abbreviations: FNI, fibronectin|; miR-136, microRNA-136; OSCC, oral squamous cell carcinoma; RT-qPCR, reverse transcription quantitative polymerase chain reaction.
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LINCO01116 and FN1 (Figure 1H) and a negative correlation
between the expression of LINC01116 and miR-136 (Figure
1I). In order to further investigate the relationship between
the expression levels of LINC01116 and FN1 with the prog-
nosis of OSCC patients, we determined the expression of
LINCO01116 and FN1 in tumor and adjacent tissues. Detailed
information was collected from patients with OSCC.
Kaplan—Meier analysis showed a poor overall survival rate
of OSCC patients with high expression of FNI1 or
LINCO01116 (p<0.05) (Figure 1J and K). Based on the afore-
mentioned findings, it could be concluded that high expres-
sion of LINCO01116 and FN1 found in OSCC was closely
associated with poor prognosis.

The median relative expression of LINCO01116 in
OSCC tissues was determined to be 1.3475, which served
as a reference to divide the 58 patients into the 2 following
groups: patients with highly expressed LINCO1116 and
patients with poorly expressed LINC01116. Based on clin-
ical pathological data, it was noticed that high expression

Table 2 Correlation analysis of LINCOI | 16 expression and the clinico

level of LINCO1116 was correlated with TNM staging,
tumor diameter, and LNM (all p<0.05), but no significant
correlation was identified in age, gender, degree of differ-
entiation, and depth of invasion (all p>0.05) (Table 2).

TSCCa and Tca83 cell lines display
highest LINCOI | 16 expression

The selection process was performed based on the expression
of LINCO1116 in OSCC cell lines and human OMECs. The
ith the human
NT, and
Wssion of

results are shown in Figure 2: compgi

order of

e not significantly
and Tca83 cell lines

Clinicopathological features Cases (n) LINCOI 11 p
Poorly expressed (n)

Age p=0.785
260 years old 21 I 11
<60 years old 37 18 18

Gender p= 0.588
Male 17 19
Female 12 10

Tumor diameter p=0.016
24 cm 23 16 7
<4 cm 35 13 22

Degree of differentiation p=0.792
High + Moder: 15 16
Low 27 14 13

Depth of inv. p=0.134
THT2 43 19 24
T3/T4 15 10 5

Lymph node metastasis p=0.009
NO 41 16 25
NI/N2 17 13 4

TNM staging p=0.006
|-l stage 38 14 24
Il stage 20 15 5

Notes: n=58; the data were enumeration data and expressed as the number of cases; the difference analysis was performed with the chi-square test. p<0.05 represented

statistically significant difference.
Abbreviation: TNM, Tumor Node Metastasis.
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Figure 2 TSCCa and Tca83 OSCC cell lines exhibit relatively higher LINCOI 116
expression. The data were measurement data and expressed as meantstandard
deviation. This experiment was repeated 3 times to obtain the mean value. Data
between two groups were compared by independent sample t-test. *p<0.05 vs
human OMECs, **p< 0.01.

Abbreviations: OSCC, oral squamous cell carcinoma; OMECs, oral mucosal
epithelial cells.
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B

LINCOI 16 can bind to miR-136 and FN|

is a target gene of miR-136

As the results of bioinformatics and dual-luciferase repor-
ter gene assay indicated (Figure 3), the presence of
a binding relationship between LINC01116 and miR-136
was evident, and miR-136 targeted FN1. In comparison to
the NC group, miR-136 mimic was found to markedly
inhibit the luciferase activity of LINCO1116-wt (p<0.05),
but did not exert the same effects on LINCO1116-mut
(p>0.05), suggesting that LINCO1116 could competitively
group, miR-136

bind to miR-136. In comparison

mirSVR score: -0.7706

PhastCons score: 0.5637

miRNA: hsa-miR-136-5p

1

| |
ACTCCATTTGTTTTGATGATGGA

23

NC
miR-136 mimic

|

FN1-wt FN1-mut

-

0.0

Luciferase activity

LINCO1116
1.5
NC

m miR-136 mimic
1_0_ T =1
0.5
0.0 T T

LINCO1116-wt  LINCO01116-mut

Figure 3 LINCOI | 16 can bind to miR-136, which targets FNI. (A) Binding sites of miR-136 and FNI. (B) Binding sites of miR-136 and LINCOI | |6. (C) Measurement of
luciferase activity to verify the relationship of miR-136 and FNI. (D) Measurement of luciferase activity to verify the relationship of miR-136 and LINCOI | [ 6. The data were
measurement data and expressed as meanzstandard deviation. This experiment was repeated 3 times to obtain the mean value. The t-test was used for comparison between
two groups. ¥p<0.05 vs the LINCOI | 16-wt + NC group; #p<0.05 vs the FNI-wt + NC group.

Abbreviations: FNI, fibronectinl; miR-136, microRNA-136; wt, wild type; NC, negative control.
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LINCOI I 16 competitively binds to
miR-136

In order to further verify the interaction between
LINCO01116 and miR-136, RNA-pull down and RIP assay
were performed. The results indicated that (Figure 4A and
B): after detecting the enrichment of LINCO01116 using RT-
gPCR, LINCO1116 enrichment in the WT-bio-miR-136
group was significantly increased in comparison to the
MUT-bio-miR-136 group (p<0.05). In addition, anti-AGO2
antibody was found to precipitate LINCO1116, indicating
that LINCO1116 was capable of forming a complex with
AGO2. The results demonstrated that the complex of
LINCO01116 with AGO2 could competitively bind to miR-
136 and reduce the dissociative degree of miR-136.

LINCOI 116 is located in the cytoplasm of
OSCC cells

Subsequently, FISH assay was employed to detect the dis-
tribution of LINC01116 in OSCC cells. The results revealed

[$)]
1

Relative expression of LINC01116 >

oup; %p<0.05 vs IgG.

control.

LINCO1116

DAPI

(Figure 5) that LINCO1116 was primarily expressed in the
cytoplasm and only a minimal amount was expressed in the
nucleus. The red part represented LINC01116 and the blue
part represented the nucleus, indicating that LINCO1116 was
evidently localized to the cytoplasm.

LINCOI I 16 silencing or miR-136
over-expression reduces cell viability of
OSCC cells

Furthermore, CCK-8 assay was utilized to detect changes
in cell proliferation brought abo
miR-136. The results showed (
viability and proliferation

Tca83 cell lines were
and 72 hrs of cell ¢

ity of cells in the miR-
und to be promoted significantly

T
19G AGO2

, argonaute?; RIP, RNA-binding protein co-immunoprecipitation; ANOVA, analysis of variance; MUT, mutant; NC, negative

Figure 5 LINCOI | [6 expression is located in cytoplasm of OSCC cells, as revealed by FISH assay (%400).
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at 48 hrs and 72 hrs, and the proliferation of cells was
accelerated (all p<0.05). Subsequently, the relative viabi-
lity of cells in the miR-136 mimic and siRNA-LINCO01116
groups was inhibited while the proliferation of cells was
slowed down (all p<0.05). There were no significant dif-
ferences in the proliferation rate of cells in siRNA-LINC
01116+ miR-136 inhibitor group when compared to the
blank and NC groups (all p>0.05). The results indicated
that LINCO1116 silencing or miR-136 over-expression
could inhibit the proliferation of OSCC cells.

LINCOI I 16 silencing or miR-136

over-expression inhibits cell invasion and
migration of OSCC cells

An investigation was conducted in relation to LINCO1116
and miR-136 and their respective effects on invasion and
migration of OSCC cells. Based on the results in Figure 7, the
changing tendency of invasion and migration of the TSCCa
and the Tca83 cell lines was consistent. No significant differ-
ences were found in cell migration and invasion among the
blank group, the NC group, and the siRNA-LINCO1116 +
miR-136 inhibitor group (all p>0.05). In comparison to the
blank and NC groups, at 48 hrs, the cell migratiggea

RT-gPCR and
investigate these

-+ siRNA- LINC01116

-+ miR-136 mimic

i - miR-136 inhibitor

_,_ SIRNA-LINC01116
+ miR-136 inhibitor

o

results (Figure 8) showed that the altering tendency on
expression of EMT-related genes in the TSCCa cell line
and the Tca83 cell line was consistent. No significant
differences were found regarding the expression of EMT-
related genes between the blank group and the NC group
(all p>0.05). In comparison to the blank and NC groups,
higher expression of miR-136 and E-cadherin while lower
expression of LINC01116, FN1, Vimentin, N-cadherin and
MMP-9 were noted in the siRNA-LINCO01116 and miR-
136 mimic groups (p<0.05). The miR-136 inhibitor group

exhibited the opposite changing dency (all p<0.05).

(all p>0.05). The
silencing of
could exert |

(Figure 9) that the tendency of tumor growth and number
of LNM in TSCCa cell line and Tca83 cell line was
consistent. No obvious changes were present in tumor
growth and number of LNM between the blank and NC
group (all p>0.05). In contrast to the blank and NC groups
at the 9th day after inoculation of OSCC cells, the tumor
growth rate and the number of LNM were found to be
significantly reduced in the miR-136 mimic and siRNA-
LINCO1116 groups (all p<0.05), but elevated in the miR-
136 inhibitor group (all p<0.05). There were no noticeable
differences regarding tumor growth rate or number of
LNM in the siRNA-LINCO01116 + miR-136 inhibitor

Tca83

o

3

-+ siRNA- LINC01116
-+ miR-136 mimic
—+ miR-136 inhibitor

s
/ SiRNA- LINCO1116
JS
3

+ miR-136 inhibitor
Oh 24 h 48 h 72h

OD value (450 nm)
) N
o o

o
o

Figure 6 LINCOI 116 silencing or miR-136 over-expression inhibits the cell viability of OSCC cells. (A) Cell viability in TSCCa cell line. (B) Cell viability in Tca83 cell line.
The data were measurement data and expressed as meanistandard deviation. This experiment was repeated 3 times to obtain the mean value. The repeated measures
ANOVA was used to analyze the value comparison at different time points. *p<0.05 vs the blank and NC groups.

Abbreviations: miR-136, microRNA-136; OSCC, oral squamous cell carcinoma; CCK-8, Cell Counting Kit-8; ANOVA, analysis of variance; NC, negative control.
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Figure 7 LINCOI | |6 silencing or miR-136 over-expression inhibits the cell migration and invasion of OSCC cells. (A) Representative images of cell migration in each group
of TSCCa cell line. (B) Representative images of cell invasion in each group of TSCCa cell line. (C) Migration distance in each group of TSCCa cell line. (D) The number of
invasive cells in each group of TSCCa cell line. (E) Representative images of cell migration in each group of Tca83 cell line. (F) Representative images of cell invasion in each
group of Tca83 cell line. (G) Migration distance in each group of Tca83 cell line. (H) The number of invasive cells in each group of Tca83 cell line. The data were
measurement data and expressed as meantstandard deviation. This experiment was repeated 3 times to obtain the mean value. One-way ANOVA was used for the
comparisons among multiple groups. *p<0.05 vs the blank and NC groups.

Abbreviations: miR-136, microRNA-136; ANOVA, analysis of variance; NC, negative control.
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tion attesting that cell
inhibited by down

Discus

OSCC [Jor health issue globally and
patients with a poor 5-year survival
rate.’* Cul i

examination arq@eonsidered to be the diagnostic means of
choice to obtain valuable time to prepare for subsequent
treatment of patients plagued by oral cancer.*' Owing to
this reason, the 5-year survival rate of patients diagnosed
90%, while leaving 30% of the
This

explains the importance of improvement of early detection

at early stages exceeds
patients at the late stage to potentially survive.*?

techniques and follow-up innovative therapies to improve
the quality of life of OSCC patients.**** In addition, LNM

REEED e o@e C
E-cadherin i tee @D @GN = &
Vimentin e @ e s gy

N-cadherin ) - e - L1 ]

E-cadherin M @b G GNP = =
Vimentin S g e = WD W

N-cadherin s = sws «« S =

GAPDH.““.'

TSCCa
I Blank
. NC
mm siRNA-LINCO1116
Bl miR-136 mimic
 miR-136 inhibitor
5 I siRNA- LINC01116 + miR-136 inhibitor

has been identified to be involved in OSCC bringing about
Several studies have further
demonstrated that the process of EMT is correlated with

undesirable survival rates.>*

a decrease in epithelial differentiation and increase in the
mesenchymal phenotype, indicating a key step in OSCC
progression and metastasis.>> >’ Furthermore, LINC01116
has recently been reported to be involved in multiple
carcinomas, such as prostate carcinoma and non-small
cell lung carcinoma.'®!” Additionally, over-expression of
FN1 was found in frequent clinical samples obtained from
patients with OSCC together with LNM.** Based on the
literature review and well-designed experiments, the cur-
rent study tested a hypothesis that LINC01116 potentially
plays an important role in the process of OSCC.

Initially, analyses of GEO datasets revealed the abun-
dant expression of LINC01116 and FN1 in OSCC tissues
while that of miR-136 was reciprocal, which was success-
fully verified. In addition, the current experiment demon-
strated that LINCO01116 could competitively bind to miR-
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Figure 9 LINCOI | 16 silencing or miR-136
The tumor growth rate in each group of,

under-expres OSCC when compared to healthy indi-

viduals and patiS@m in remission.”® A study concerning
lung adenocarcinom®erified that miR-136 might serve as
a tumor-suppressor to EMT as well as prometastatic traits
through Smad2 and Smad3, indicating a novel perspective
for potential therapeutic approaches.* Similar findings
were discussed in another study, which concluded that
FN1 down-regulation can be a pivotal marker of OSCC
progression to predict lymphatic dissemination for patients
with OSCC at a relatively early stage,*” which might assist

in explaining the results presented below.

Additionally, the current study elucidated that down-
regulation of LINCO1116 could augment the expression of
miR-136 and E-cadherin, while suppressing that of FNI,
Vimentin, N-cadherin, and MMP-9. Subsequently, the chan-
ging tendency caused by miR-136 inhibitors was just on the
contrary. All the aforementioned factors functioned in tan-
dem to suppress LNM and EMT in OSCC. E-cadherin,
N-cadherin, Vimentin, and MMP-9 are widely known as
genes related to the process of EMT and play a pivotal role
in tumor metastasis, and were thereby implored in the
current study.*' Hereinto, E-cadherin was a calcium-
dependent transmembrane glycoprotein in the epithelial tis-
sue and was essential to cell adhesion molecule as well as
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R0

miR-136 \
Pz,

LINCO1116
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\a
' Vimentin/N-cadherin]

EMT

metastasis

cells, corresponding to inhibited the expression of E-cadherin and promoted the expression of Vimentin,
Abbreviations: OSCC, oral squamous cell carcinoma; miR-136, microRNA-136; FNI, fibronectinl;

N-cadherin, neural cadherin; EMT, epithelial-mesenchymal transition.

signal transduction in prevention against tumor cell adhe-
sion through the formation of protein complexes attached to
the actin cytoskeleton in association with the formation of
B-catenin.** As a cytoskeletal protein, high expression of

mous cell carcin
E-cadherin aue

at LINCO1116 silencing or miR-
136 over-expN@ion could inhibit EMT and LNM of OSCC

tumor in nude

Conclusion

In conclusion, LINC01116 silencing or miR-136 over-
expression was demonstrated to inhibit OSCC cell pro-
liferation, migration and invasion, EMT, and LNM via
the LINCO1116/miR-136/FN1
(Figure 10). Moreover, such regulatory mechanism can

modulation of axis

be expected to serve as a promising target for the

gnical values in OSCC therapy.
future Studies should be more performed
population, so as to support its promising

the treatment of OSCC patients.
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