European Archives of Oto-Rhino-Laryngology (2021) 278:3363-3374
https://doi.org/10.1007/500405-021-06607-w

RHINOLOGY q

Check for
updates

LINC01433 targets miR-506-3p to promote the biological progress
of nasopharyngeal carcinoma cells

Mingguang Zhou'® - Zhihuai Dong' - Sunhong Hu' - Mang Xiao'

Received: 15 September 2020 / Accepted: 5 January 2021 / Published online: 21 January 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2021

Abstract

Purpose The current study aimed to investigate the role of long intergenic noncoding 01433 (LINC01433) in the prolifera-
tion, migration and invasion of nasopharyngeal carcinoma (NPC).

Methods Real-time quantitative PCR (RT-qPCR) was performed to determine the expressions of LINC01433 and miR-
506-3p in NPC samples and cell lines. The effects of LINC01433 on cell proliferation, migration and invasion were meas-
ured by CCK-8, wound healing assay and Transwell, respectively. In addition, Pearson correlation analysis, starBase, RNA
immunoprecipitation, luciferase assay, Western blot and functional experiments were conducted to detect and confirm the
relationship between LINC01433 and miR-506-3p.

Results LINC01433 level was noticeably elevated in NPC tissues and cell lines. As the expression of LINC01433 in 5-8F
cells was the highest in NPC cell lines and the expression of LINC01433 in SUNEI cells was the lowest, 5-8F and SUNE1
cells were therefore selected as the target cells for following experiments. Furthermore, miR-506-3p was predicted as the
target of LINC01433, and the two were negatively correlated with each other. Interestingly, overexpression of LINC01433
promoted proliferation, migration and invasion of NPC cells, while miR-506-3p reversed such effects of LINC01433. Moreo-
ver, LINC01433 silencing had the opposite effects to LINC01433 overexpression. Furthermore, miR-506-3p overexpression
inhibited the expressions of MMP2, N-cadherin, p-PI3K and p-Akt, and promoted the expressions of E-cadherin and TIMP-2,
and partially reversed the role of LINC01433 in promoting cancer development.

Conclusion The current findings reveal that LINC01433 regulates NPC cell biological progress through miR-506-3p.
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Introduction pathogenesis of NPC involves [1, 2], but its specific molecu-

lar mechanism is still unclear. Therefore, it is highly neces-

Nasopharyngeal carcinoma (NPC), which is a malignant
tumor that occurs in the head and neck, is characterized
by early metastasis and recurrence [1]. Though the disease
has a low incidence in the world, it has a high incidence
in Southern China [2]. Many currently known factors such
as genetics, environment, virus and diet are involved in the
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sary to study the molecular mechanism of NPC.
Long-chain non-coding RNAs (IncRNAs) located in the
“dark region” of a gene, moreover, IncRNAs are mainly
transcribed by RNA polymerase II [3]. At present, evidence
increasingly showed that IncRNA plays a key regulatory
role in tumorigenesis [4—7]. For example, Geng et al. found
that IncRNA HOX transcript antisense RNA is significantly
higher in hepatocellular carcinoma than in normal tissues,
and that its expression level is closely related to lymph node
metastasis [8]. Zhang et al. showed that overexpression of
IncRNA MALAT-1 promotes cell biological function in
non-small cell lung cancer (NSCLC) [9]. In recent years,
the role of IncRNA in NPC has also been reported [10], for
example, Sun et al. found that the expression of IncRNA
(LET) in tumors was significantly down-regulated in NPC
group, noticeably, LET was closely related to tumor volume
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and tumor lymph nodes [11]. Yang et al. [12] screened 856
IncRNAs at whole-genome level for abnormal expression in
primary NPC and chronic nasopharyngitis by high-through-
put microarray method. Nie et al. [13] found that the expres-
sions of HOTAIR in NPC were markedly upper than that in
non-cancerous nasopharyngeal tissues.

Long intergenic noncoding 01433 (LINC01433) is an
IncRNA located on chromosome 20p13 and contains 840
nucleotides [14]. Research found that LINC01433 could
promote cancer development such as in NSCLC and breast
cancer [15, 16]. LINC01433 is significantly increased in
NSCLC tissues, and upregulation of LINC01433 promotes
the proliferation, migratory and invasive ability of lung can-
cer cells. Recent findings indicated that the many IncRNAs
in the cytoplasms widely participate in transcription regu-
lation through interact on miRNAs or mRNAs [17-19]. It
has been found that LINC01433 expression is up-regulated
in hepatocellular carcinoma cells compared with normal
cells, and that to a certain extent, LINC01433 promotes the
proliferation of hepatocellular carcinoma through regulat-
ing the miR-1301/STAT3 signal pathway [20]. Therefore,
we speculated that LINC01433 also functions in NPC cells
through regulating certain miRNA.

LncRNAs clinically relevant to NPC have been reported,
however, the role and mechanism of LINC01433 in the dis-
ease has not been explored before. Therefore, the current
study intended to further explore the level of LINC01433 in
NPC tissues and cell lines, and explored the mechanism of
action of LINC(01433 and its targeted miRNAs in the regula-
tion of NPC development.

Materials and methods
NPC tissues, cell lines and culture

From March 2018 to September 2019, NPC tissues were
obtained from 45 patients diagnosed with the disease in
Sir Run Run Shaw Hospital, Zhejiang University School of
Medicine. All patients had signed informed consent, and
the study was approved by the Ethics Committee of Sir Run
Run Shaw Hospital, Zhejiang University School of Medi-
cine (ZUE201801022). Human nasopharyngeal epithelial
cell line (NP69, Chinese Academy of Medical Sciences &
Peking Unlon dediol Colilaga) and NPC cell lines (5-8F,
6-10B, SUNEI1 and C666-1, Jennio-bio, Guangzhou, China)
were used in this study.

The cells were cultured in RPMI-1640 medium
(11879020, Gibco, USA) containing 10% FBS (30067334,
ThermoFisher, USA) and containing 4% of penicillin and
streptomycin (SV30010, Hyclone, USA) in a Herocell C1
carbon dioxide incubator (37 °C, 5% CO,). One day after
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the cells were cultured, the original medium was replaced
and the cells were continued to be cultured.

Transfection

The cells were cultured for 12 to 16 h (h). The cells were
transfected using liposome method. PcDNA™3.1®)_control
(V79020), LINCO01433, were purchased from ThermoFisher,
sh-control, and sh-LINCO01433 plasmids were ordered by
GENESEED company (Guangzhou, China), while miR-
506-3p mimic (miR10002878-1-5), mimic negative con-
trol (miRB160401025525-2-1), and miR-506-3p inhibi-
tor (miR20002878-1-5) and inhibitor negative control
(miR2N0000001-1-5) were purchased from RIBOBIO
Company (https://www.ribobio.com/). Cell transfection was
performed in accordance with the protocol of Lipofectamine
3000 Transfection Reagent (L3000015, ThermoFisher,
USA).

Bioinformatics prediction

The target gene of LINC01433 was analyzed by starBase
(http://starbase.sysu.edu.cn/index.php). The target genes
of miR-506-3p were predicted by starBase, miRDB (http://
mirdb.org/), TargetScan7 (http://www.targetscan.org/
vert_72/) and miRWalk (http://mirwalk.umm.uni-heidelberg
.de/) websites. The Cancer Genome Atlas (TCGA) website
(https://www.cancer.gov/about-cancer) was used to analyze
the expressions of target genes in NPC.

RNA immunoprecipitation (RIP)

The binding of LINC01433 to argonaute 2 (Ago2) proteins
was performed on the basis of the RIP kit instructions (RIP-
12RXN, Merck Millipore, USA). Briefly, cell extracts were
incubated with antibodies and magnetic beads at 4 °C over-
night. The above complex was resuspended with RIP-wash
buffer. After separation by proteinase K, RNA was extracted
and then detected by RT-qPCR. RIP antibodies: Ago2
(ab32381, 1:50, Abcam, UK) and IgG (1: 100, ab109489).

Dual luciferase activity assay

The specific sequence of LINC01433-wt and LINC01433-
mut was cloned into pmirGLO luciferase Vectors
(E1330; Promega, CA, USA). To study the relationship
of LINCO01433 and miRNA, SUNE1 and 5-8F cells were
transfected with miR-506-3p mimic, while those transfected
with blank served as control. The luciferase activity was
measured according to Dual-Luciferase Reporter Assay Sys-
tem (Catalog number E1910, Promega, USA). The firefly
luciferase activity of the reporter gene and Renilla luciferase
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reporter gene were measured in a GloMax 20/20 lumines-
cence meter (Promega,, USA).

Real-time quantitative polymerase chain reaction
(RT-qPCR)

The cells and tissues in each group were lysed to extract
total RNAs at 4 °C using Trizol method [21]. The purity and
concentration of RNAs were detected by NanoDrop 2000
UV-Vis (ND-LITE-PR, ThermoFisher, USA). The steps of
RNA reverse transcription into cDNA follow the operation
of MicroRNA Reverse Transcription Kit (4366597, Ther-
moFisher, USA) and PrimeScript RT reagent Kit (RR047A,
TaKaRa, Japan). RT-qPCR was conducted in the Thermo
Fisher Scientific real-time PCR system (QuantStudio 3,
USA). The relative expressions were analyzed using the
2744C method. GAPDH was employed as control for mRNA
and IncRNA, while U6 employed for miRNA. The sequences
of the primers were listed below (5'-3"): LINC01433-F: TGC
CTTTGCTGCTGTATGA, LINC01433-R: CTCCAAAGG
ACAGGCATGA; miR-506-3p-F: GAGTAGAGTCGTATC
CAGTGCAA, miR-506-3p-R: CGTATCCAGTGCGTGTCG
T; GAPDH-F: GTCAGCCGCATCTTCTTTTG, GAPDH-
R: GCGCCCAATACGACCAAATC; U6b-F: CTCGCTTCG
GCAGCACA, U6-R: AACGCTTCACGAATTTGCGT.

CCK-8 assay

The concentration of NPC cells was determined to be 1 x 10*
/mL, and cells were cultured for 24 h. After 24, 48, 72 h of
transfection treatment, 10 pL. CCKS solution (HY-K0301,
MedChemExpress, USA) was added to the cells. After cul-
ture for 2—4 h at 37 °C, cell viability was quantified by OD
value at 450 nm through the SpectraMax iD3 multifunc-
tional microplate reader (Molecular Devices, USA).

Cell migration analysis

The NPC cells were seeded at 1x 10° for 24 h and scratched
using a sterile sampler tip, and the floating cells were
removed by PBS and then cultured for 24 h. Cell migration
images were observed under a microscope (BZ-8100, Key-
ence, Japan). Image-pro Plus 4.1 analysis software (Media
Cybernetics Company, USA) was used to measure the cell
migration and take images.

Transwell

Invasion ability of the NPC cells was measured by 24-well
Transwell (CLS3398, Sigma, Germany). The cells were
seeded at 1x 10° cells/well in the upper chamber pre-coated
by 200 mg/mL Matrigel (354230, BD, USA). The superna-
tant chamber was supplemented with serum-free medium,

while the lower chamber was added to 20% serum medium.
After incubation at 37 °C for 24 h, the cells across the mem-
brane were fixed by 4% paraformaldehyde at ambient tem-
perature for 10 min and stained by 0.1% crystal violet at
ambient temperature for 20 min. Cell number was calculated
from four fields of view.

Western blot

An RIPA lysate (PO013B-100 mL, Beyotime, China) was
used to isolate total proteins from each cell lines, and the
protein concentration was detected by the bicinchoninic
acid (BCA) kit (PC0020-50T, Solarbio LIFE SCIENCES,
China). 30 pg proteins from each cell was separated by 10%
SDS-PAGE and transferred to a methanol-treated nitrocel-
lulose filter membrane (PVDF, Millipore, and USA). The
membrane was incubated with primary antibodies over-
night at 4 °C, the specific antibodies information were as
follows: MMP2 (72 kDa; 1:1000; ab215986; Abcam, UK),
TIMP-2 (24 kDa; 1:1000; ab180630), E-cadherin (97 kDa;
1:50; ab1416), N-cadherin (130 kDa; 1 pg/ml; ab18203),
GAPDH (36 kDa;1:5000; ab8245), p-PI3K (ab182651,
1:1000; 84 kDa), PI3K (ab191606, 1:1000; 85 kDa), p-Akt
(ab38449, 1:1000; 56 kDa), and Akt (ab8805, 1:500,
55 kDa). The target bands were incubated by corresponding
secondary antibody (Anti-rabbit IgG, 1:5000, #7074, CST,
USA; Anti-mouse IgG, 1:5000, #7076, CST, USA) for 2 h
at room temperature. Finally, ECL ultrasensitive luminous
solution (SL1350-100 ml, Coolaber, China) and American
Bio-Rad GelDoc XR + gel imaging system (USA) was used
to detect the signals, and analyze and count gray value of
the bands.

Data analysis

The data were shown as the mean + SD, performed by SPSS
20.0 software (USA). Statistics significances between groups
were determined with one-way ANOVA and student’s ¢ test.
Comparison of gene expression between adjacent tissues and
cancer tissues were analyzed using paired #-test. The linear
relationship between LINC01433 and miR-506-3p in NPC
was analyzed by Pearson correlation analysis. P <0.05 had
statistically significant.

Results

LINC01433 was high-expressed in NPC tissues
and cell lines

RT-qPCR was used to detect expression levels of

LINCO01433 in NPC and adjacent tissues. As shown in
Fig. 1a, the results showed that LINC01433 expression
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Fig.1 Expression levels of long intergenic noncoding 01433
(LINCO01433) in NPC clinical specimens and cell lines. a LINC01433
was up-regulated in cancer tissues compared with adjacent tissues
from 45 NPC patients. LINC01433 levels were determined by RT-
qPCR. GAPDH served as housekeeping-gene controls. b LINC01433
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Fig.2 LINCO01433 regulated proliferation, migration and invasion of
NPC cells. a The level of LINC01433 transfection with control or NCc-
control or LINC01433 in SUNEI cells was analyzed by RT-qPCR. b
The level of LINCO01433 transfection with control or sh-control or
sh-LINC01433 in 5-8F cells was analyzed by RT-qPCR. ¢ The pro-
liferation of SUNEI cells transfected with control or NC-control or
LINCO01433 was performed by CCK-8 assay. d The proliferation ability
of 5-8F cells transfected with control or sh-control or sh-LINC01433
was performed by CCK-8 assay. e-g Wound scratch assay in control or
NC-control or LINC01433 transfected SUNEI cells and in control or
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Fig.3 LINCO01433 was nega-
tively correlated with the target
gene miR-506-3p. a RT-qPCR
was used to determine the
levels of seven target miRNAs
in NPC samples. Ap<0.05,
44p<0.01, 444P<0.001 vs.
Adjacent tissue. b StarBase, c,
d RNA immunoprecipitation
and dual luciferase activity

(e, f) were used to identify
miR-506-3p binding sites in
LINC01433 (**'P<0.001

vs. blank, 444P <0.001 vs.
1gG). g Pearson’s correlation
curve revealed the negative
relevance between LINC01433
and miR-506-3p levels (n=45,
r=-0.308, P=0.040). h

The miR-506-3p expression

of SUNEI cells transfected
with control, NC-control or
LINCO01433 was performed by
RT-qPCR. i The miR-506-3p
expression of 5-8F cells trans-
fected with control, sh-control
or sh-LINC01433 was per-

formed by RT-qPCR. RT-qPCR:

quantitative real-time polymer-
ase chain reaction; ***P <0.001
vs. NC-control; # P <0.001 vs.
sh-control
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in NPC was significantly higher than that in adjacent
tissues (P <0.001). In addition, the expression level of
LINCO01433 in NP69 and NPC cell lines was detected, and
showed that the level of LINC01433 in NPC cell lines was

significantly higher than that in NP69 (P <0.001, Fig. 1b).
Among them, the expression of LINC01433 in 5-8F cells
was the highest in the four NPC cell lines, while the
expression of LINC01433 in SUNEI cells was the lowest.

@ Springer



3368

European Archives of Oto-Rhino-Laryngology (2021) 278:3363-3374

A B SUNE1 D 58F
s §
] ] 20 20
% 8 aas -+ Control = Control
s s 15 3 = mimic-control 15 = inhibitor-control
a 4 2 & mimic 3 -4 inhibitor
g e S 10 - LINCO1433+mimic S 1 =+ $h-LINCO1433+inhibitor
2 ;\_: 8 -+ LINC01433 8 -+ sh-LINC01433
E E 0.5 0.5
° ®
2 2
s 3 o4 T r o .
o o« 24h 48h 72h 24h 48h 72h
E Control LINC01433
oh F
SUNE1
g 100
Y
= g w0
b} x g
H 8 g 60
a 2 3
3
£ 40
°
Z 20
g
K
24h x o

420040

Control inhibitor-control inhibitor

SUNE1

inhibitor-control

5-8F

Therefore, 5-8F and SUNEI1 cells were used in the fol-
lowing study.

LINC01433 regulated proliferation, migration
and invasion of NPC cells

The level of LINC01433 was significantly increased after
transfection of LINCO01433 overexpressed plasmid in

@ Springer

sh-LINC01433

5-8F
go
£ w0
c
2 60
" e
8 g w0
®
2 20
k|
]
¢ o
SUNE1
LINC01433+mimic LINC01433 S
R _ <
e
<
2
]
8
g
£
g 2
~ s
&

sh-LINC01433+inhibitor

"'f.yg;‘“f.__‘_,;
i

7
s ,.@‘-"-"g:
Tl

2 ot p

Relative invasion rate (%)

SUNEI cells (P <0.001, Fig. 2a). Moreover, sh-LINC01433
was transfected into 5-8F cells, and we found that
LINCO01433 level were significantly reduced (P <0.001,
Fig. 2b). Overexpression of LINC01433 increased the prolif-
eration of SUNEI cells (P <0.05, Fig. 2c), while down-regu-
lation of LINC01433 inhibited the proliferation of 5-8F cells
(P<0.05, Fig. 2d). Wound healing experiments revealed that
wound healing of cells transfected with LINC01433 overex-
pressed plasmid was faster than the SUNEI cells transfected
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«Fig.4 MiR-506-3p partly reversed the regulation of LINCO01433
on the proliferation, migration and invasion of nasopharyngeal car-
cinoma cells. a, b The expression of miR-506-3p in miR-506-3p
mimic+LINCO01433 group was significantly lower than that of
mimic group, and the expression of miR-506-3p in miR-506-3p
inhibitor +sh-LINC01433 group was significantly higher than that
of inhibitor group. ¢ The proliferation ability of SUNEI cells trans-
fected with control, mimic control, mimic, LINC01433+ mimic
or LINCO01433 was performed by CCK-8 assay. d The proliferative
ability of 5-8F cells transfected with control, inhibitor control, inhibi-
tor, sh-LINC01433 +inhibitor or sh-LINC01433 was performed by
CCK-8 assay. e-g Wound healing assay in control or mimic con-
trol or mimic or LINCO01433+mimic or LINC01433 transfected
SUNEI cells and in control or inhibitor control or inhibitor or sh-
LINCO01433 +inhibitor or sh-LINC01433 transfected 5-8F cells was
shown. Scale bars =200 pm. h—j Transwell invasion assay in control
or mimic control or mimic or LINC01433 + mimic or LINC01433
transfected SUNEI cells and in control or inhibitor control or inhibi-
tor or sh-LINCO01433 +inhibitor or sh-LINC01433 transfected 5-8F
cells was shown. Scale bars=50 pm. Each experiment was repeated
three times (RT-qPCR: quantitative real-time polymerase chain reac-
tion; CCK-8: cell counting kit-8; *P <0.05, **P <0.01, ***P <(.001
vs. control; P <0.001 vs. mimic control; “"P<0.01, """P<0.001 vs.
mimic; 2P <0.05, 24P <0.001 vs. LINC01433 + mimic; 4P <0.05,
A44p<0.001 vs. inhibitor control; Y2 <0.05 vs. inhibitor; *P <0.05,
P <0.001 vs. sh-LINC01433 + inhibitor)

with NC-control, and the migration rate of 5-8F cells trans-
fected with sh-LINC01433 were significantly lower than
those transfected with sh-control (P <0.01, Fig. 2e—g). At
the same time, Transwell analysis revealed that overexpres-
sion of LINCO01433 promoted cell invasion, while the inva-
sion ability of sh-LINC01433 transfected cells was reduced
(P<0.001, Fig. 2h—j).

LINC01433 was negatively correlated
with the target gene miR-506-3p

To further study the regulatory mechanism of LINC01433 in
NPC, the potential miRNA binding site of LINC01433was
predicted by starBase, and the results showed that there are
seven possible target genes for LINC01433 (including miR-
506-3p, miR-4428, miR-1301-3p, miR-5047, miR-3605-5p,
miR-2116-3p, miR-124-3p). Then we further examined the
levels of these seven miRNAs in NPC samples, and found
that miR-506-3p was most abnormally expressed in NPC tis-
sues (P <0.05, Fig. 3a). StarBase predicted that there was a
binding site between LINC01433 and miR-506-3p (Fig. 3b),
and then conducted RIP and dual luciferase reporter gene
experiments to further validate the prediction that miR-
506-3p directly targets LINC01433 in SUNEI1 and 5-8F
cell lines (Fig. 3c—f). Pearson correlation analysis showed a
negative correlation between LINC01433 and miR-506-3p
in NPC (r=- 0.308, P=0.040, Fig. 3g). At the same time,
the results showed that overexpression of LINC01433 reduce
the miR-506-3p expression in SUNEI cells, while silencing

LINCO01433 could increase the miR-506-3p expression in
5-8F cells. (P <0.001, Fig. 3h—i).

MiR-506-3p partly reversed the regulatory effects
of LINCO1433 NPC cells

Rescue experiments were performed to determine the reg-
ulatory relationship between LINC01433 and miR-506-3p
(Fig. 4a, b). The expression of miR-506-3p in miR-506-3p
mimic + LINC01433 group was evidently lower than that
of mimic group (P <0.001), and the miR-506-3p expres-
sion in miR-506-3p inhibitor + sh-LINC01433 group was
evidently higher than that of inhibitor group (P <0.05,
Fig. 4a, b). MiR-506-3p mimic inhibited the proliferation
of SUNEI cells, whereas down-regulating miR-506-3p
promoted the proliferation of 5-8F cells (P <0.05, Fig. 4c,
d). Wound healing experiments showed that miR-506-3p
mimic inhibited SUNE]1 cell migration (P <0.001), miR-
506-3p inhibitor promoted 5-8F cell migration (P < 0.05),
and miR-506-3p reversed the role of LINC01433 on cell
migration (P <0.001, Fig. 4e—g). Furthermore, Tran-
swell analysis indicated that miR-506-3p mimic inhib-
ited cell invasion (P <0.001), and that cell invasion of
mimic + LINC01433 group was significantly higher
than that of mimic group (P <0.001). Silencing of miR-
506-3p promoted cell invasion (P <0.05, Fig. 4h-i), and
the inhibitory ability of inhibitor + sh-LINC01433 group
was markedly reduced compared with the sh-LINC01433
group (P <0.001, Fig. 4h—j).

LINC01433 targeted miR-506-3p to regulate
the expressions of EMT- and PI3K/Akt-related
proteins in NPC

In the SUNEI cell line, as shown in Fig. 5a, b, up-regu-
lation of miR-506-3p inhibited the expressions of MMP2
and N-cadherin and promoted the expressions of TIMP-2
and E-cadherin (P <0.001). Moreover, the expres-
sions of MMP2 and N-cadherin were increased and the
expressions of TIMP-2 and E-cadherin were reduced in
mimic + LINCO01433 group compared with mimic group
(P<0.05, Fig. 5a, b). In contrast, in the 5-8F cell line, down-
regulation of miR-506-3p promoted MMP2 and N-cadherin
expressions and inhibited TIMP-2 and E-cadherin expres-
sions (P <0.05, Fig. 5c, d). Moreover, the levels of MMP2
and N-cadherin were reduced and the expressions of TIMP-2
and E-cadherin were increased in cells transfected with sh-
LINCO01433 (P <0.05, Fig. 5c, d). As shown in Fig. Se-g,
miR-506-3p down-regulated the level of p-PI3K and p-Akt,
while LINCO01433 could reverse the action of miR-506-3p
mimic and promoted PI3K and Akt activation (P <0.05).
Down-regulation of miR-506-3p promoted the level of
p-PI3K and p-Akt, while sh-LINC01433 could reverse the
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Fig.5 LINCO01433 targeted miR-506-3p to regulate the expres-
sions of EMT- and PI3K/Akt- related proteins in NPC. a, b The lev-
els of MMP2, TIMP-2, E-cadherin, and N-cadherin in SUNE1 cells
transfected control, mimic control, mimic, LINCO01433+ mimic
or LINCO1433 were detected by Western blot. ¢, d The levels of
MMP2, TIMP-2, E-cadherin, N-cadherin in 5-8F cells transfected
control, inhibitor control, inhibitor, sh-LINC01433+ inhibitor or
sh-LINCO01433 were detected by Western blot. e—g The levels of
p-PI3K, PI3K, p-Akt, and Akt in SUNEI cells transfected control,

@ Springer

SUNE1

Control
mimic-control
mimic
LINC01433+mimic
LINC01433

DREBED

N-cadherin

5-8F

=3 Control

m inhibitor-control

ER inhibitor

22 sh-LINC01433+inhibitor

SUNE1
=3 Control
o mimic-control
E3 mimic
22 LINC01433+mimic
B3 LINC01433
priok | (<4 0:)
piox [ ] (05 kD:)
B pa [ -] (56 kDa)
vt [ ———| (5 02)
carors [ 02
Control =3 Control
inhibitor-control o m inhibitor-control
inhibitor ﬁ ER inhibitor
sh-LINC01433+inhibitor ,E 3 sh-LINC01433+inhibitor
sh-LINC01433 ° [ sh-LINC01433
o

p-PI3K/PI3K

p-Akt/Akt

mimic control, mimic, LINC01433+mimic or LINCO01433 were
detected by Western blot. h—j The levels of p-PI3K, PI3K, p-Akt,
and Akt in 5-8F cells transfected control, inhibitor control, inhibi-
tor, sh-LINCO01433 +inhibitor or sh-LINC01433 were detected
by Western blot (***P <0.001 vs. control; ##p <0.001 vs. mimic
control; "P<0.05, ""P<0.001 vs. mimic; “P<0.05, 24P <0.01,
AAAP £0.001 vs. LINC01433 + mimic; 44 4P <0.001 vs. inhibitor
control; "YP<0.01, YVYP<0.001 vs. inhibitor; P <0.001 vs. sh-
LINCO01433 + inhibitor)



European Archives of Oto-Rhino-Laryngology (2021) 278:3363-3374

3371

Fig.6 Prediction of down- A
stream target genes of miR-
506-3p. a The starBase (http://
starbase.sysu.edu.cn/index.php),
miRDB (http://mirdb.org/), Tar-
getScan7 (http://www.targetscan
.org/vert_72/) and miRWalk
(http://mirwalk.umm.uni-heide
Iberg.de/) websites were used

to predict the target mRNAs of
miR-506-3p. b 63 mRNAs were
targeted by miR-506-3p and
abnormally expressed in NPC,
as visualized by Venn diagram

miRDB

(0.6%)
166 2

(.2%) (0.2%)

Starbase

action of miR-506-3p inhibitor and inhibited PI3K and Akt
activation (P <0.01, Fig. 5h—j).

MiR-506-3p may alter biological characteristics
of NPC cells via target genes

We used different databases for bioinformatics analysis, and
found 462 genes that were predicted to be commonly tar-
geted by miR-506-3p in different databases (Fig. 6a). Sub-
sequently, these 462 target mRNAs were intersected with the
NPC differentially expressed genes analyzed in TCGA, and
63 mRNAs were obtained (Fig. 6b, Supplemental Tablel).

Discussion

LncRNAs were initially defined as by-products of RNA
polymerase II transcription and has no biological functions
[8, 13, 22]. However, studies have increasingly shown that
IncRNA is involved in tumorigenesis, development, inva-
sion, metastasis and other biological processes [22-24].
Therefore, the role of LINC01433 in NPC was investigated
in current study.

Recently, efforts have been made on determining the rela-
tionship between IncRNA and NPC cell proliferation, inva-
sion and metastasis [12, 22, 23, 25-28]. For example, Zhang
et al. compared some abnormal expressions of IncRNAs in
primary NPC and metastatic NPC, and found that HOTAIR
and H19 were up-regulated in metastatic NPC, and that the
expressions of HOTAIR and H19 may be associated with
metastasis of NPC [25]. LINCO01433 is a tumor-associated
IncRNA, and study observed that LINC01433 is involved
in regulation of cancer development [15, 16, 20]. Study
observed that LINC01433 promotes the biological func-
tion and chemotherapy resistance of gastric cancer cells,
and its mechanism may stabilize the YAP to play a carci-
nogenic role by enhancing the interaction between USP9X
and YAP [29]. The present study showed that the mRNA
level of LINCO01433 in NPC tissues was noticeably higher,

TargetScan7

(0.8%)
6 189
(1.4%)
8573
(63.5%)

0.7%)

Database TCGA

2167

(82.4%)

miRWalk

similarly, the expression level in NPC cells was also notice-
ably increased than that in human nasopharyngeal epithelial
cell lines. Moreover, up-regulation of endogenously high-
expressed LINC01433 greatly enhanced biological function
of SUNEI cells. Our results may demonstrate that the role
of LINCO01433 in NPC cell lines may be similar to that in
gastric cancer cells [29].

In recent years, miRNAs play important roles in main-
taining normal cell functions, while dysregulation of
expressions of miRNAs will lead to tumor progression and
cancer incidence [30, 31]. Evidence indicated that miR-
506 is abnormally expressed in various tumors [32-35].
The expression of miR-506 in cervical cancer cell line
was observably lower than that in normal tissues [36]. Liu
et al. [37] demonstrated that miR-506 regulated cell pro-
liferation and senescence through CDK4 and CDK6. Sun
et al., showed that miR-506 was down-regulated in human
breast malignant and breast cancer cell lines. In addition,
Zhang et al. [38] found that miR-506 was down-regulated
in NPC cell lines and tissues, which is consistent with our
findings. Though the expression pattern of miR-506 in pan-
creatic cancer, gastric cancer, ovarian cancer and other can-
cers has been previously reported, but its role is different
[32, 39]. To our knowledge, this is the first discovery that
miR-506-3p targeted LINC01433 and up-regulation of miR-
506-3p attenuated NPC cell biological function, and par-
tially reversed the cancer-promoting effects of LINC01433.
Besides, miRNA can regulate cell biology characteristics by
target mRNA. For instance, Liang et al. [40] revealed that
miR-506 attenuated tumor growth and metastasis though
down-regulating LHX?2. We identified that 63 mRNAs were
targeted by miR-506-3p and abnormally expressed in NPC.
What has caught our attention is that among the 63 down-
stream targets of miR-506-3p, DEPDCI1 is overexpressed
in nasopharyngeal carcinoma and is associated with cancer
progression [41]. Therefore, our next study will try to verify
whether LINCO01433 can up-regulate DEPDCI1 by inhibiting
the expression of miR-506-3p, and ultimately lead to the
development of NPC.
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EMT, MMP, and MMP tissue inhibitors (TIMP) are
known to play key roles in tumor cell invasion and metas-
tasis [42—45]. E-cadherin and N-cadherin are two protein
markers indicative of EMT [46]. Scholars have found that
the expression of E-cadherin is down-regulated to different
extent in malignant tumors, and up-regulation of N-cad-
herin can promote the transformation of tumor epithelial
cells into stromal cells with an invasive phenotype and is
easy to metastasize. The findings suggested that E-cad-
herin and N-cadherin expressions and the degree of tumor
stage, metastasis, aggressiveness and prognosis are closely
related [47-49]. MMP and metalloproteinase inhibitor
(TMP) function together to regulate the homeostasis of
ECM and integrity of the basement membrane [45]. Fur-
thermore, TIMP-2 could inhibit soluble MMP and mem-
brane type MMP [50]. MMP2 and TIMP-2 are key factors
for tumor metastasis and invasion [43, 45], specifically,
MMP?2 promotes tumor metastasis, while TIMP-2 inhib-
its tumor metastasis [51]. Four tumor-associated markers,
namely, MMP2, TIMP-2, E-cadherin, and N-cadherin,
were studied in the present study, and the data showed
that overexpression of miR-506-3p inhibited tumor cells
migration and invasion, partially reversed the promotion of
tumor growth by LINC01433, and the results are consist-
ent with previous studies [15]. In addition, LINC01433
also showed high expression in breast cancer cells, and
more interestingly, down-regulation of LINC01433 inhib-
ited the proliferation, migration and EMT of breast cancer
cells [16]. This experiment proved that LINC01433 is a
tumor-promoting gene. However, scholars have discovered
that the mechanism of LINCO01433 in breast cancer cells is
activated through the miR-2116-3p/MYC axis [16], which
also shows that LINC01433 may play a role through mul-
tiple regulatory pathways. The PI3K/Akt pathway plays
a vital role in regulating various cell functions, and has
become a major focus of academic attention [52]. Thus, we
also tested the PI3K/Akt pathway protein and found that
LINCO01433 activated the PI3K / Akt pathway by down-
regulating miR-506-3p. Of course, whether LINC01433/
miR-506-3p acts on PI3K/Akt pathway through target gene
DEPDCI needs further study.

Conclusion

In conclusion, LINC01433 regulates the biological charac-
teristics of NPC cells through miR-506-3p, indicating that
LINCO01433 has a pro-carcinogenic effect on NPC progres-
sion. These findings provide better understandings on the
molecular mechanism of NPC.
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