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ABSTRACT

Long noncoding RNA nuclear paraspeckle assembly transcript 1 (IncRNA NEAT1) is abnormally expressed in
numerous tumors and functions as an oncogene, but the role of NEAT1 in laryngocarcinoma is largely unknown.
Our study validated that NEAT1 expression was markedly upregulated in laryngocarcinoma tissues and cells.
Downregulation of NEAT1 dramatically suppressed cell proliferation and invasion through inhibiting miR-524-5p
expression. Additionally, NEAT1 overexpression promoted cell growth and metastasis, while overexpression of
miR-524-5p could reverse the effect. NEAT1 increased the expression of histone deacetylase 1 gene (HDAC1) via
sponging miR-524-5p. Mechanistically, overexpression of HDAC1 recovered the cancer-inhibiting effects of miR-
524-5p mimic or NEAT1 silence by deacetylation of tensin homolog deleted on chromosome ten (PTEN) and
inhibiting AKT signal pathway. Moreover, in vivo experiments indicated that silence of NEAT1 signally
suppressed tumor growth. Taken together, knockdown of NEAT1 suppressed laryngocarcinoma cell growth and
metastasis by miR-524-5p/HDAC1/PTEN/AKT signal pathway, which provided a potential therapeutic target for
laryngocarcinoma.

INTRODUCTION are the main strategies to improve the survival rate of
laryngocarcinoma patients.

Laryngocarcinoma is the second most common
respiratory neoplasm after lung cancer, and its
incidence is increasing year by year [1-3]. The

pathogenesis of laryngocarcinoma involves genetics

Long noncoding RNAs (IncRNAS) are participated in
various biological activities, including cell proliferation
ability, metastasis, transformation, and apoptosis [9, 10].

and epigenetics [4], among which aberrant histone
acetylation is crucial for partial tumor suppressor
genes inactivation [5-7]. As early symptoms are not
typical, once detected, it is diagnosed at late stage,
which brings great difficulties to clinical treatment [8].
Therefore, effective biomarkers and therapeutic targets

Studies found that tumor development was related
to the aberrant expression of IncRNAs, and IncRNA
nuclear paraspeckle assembly transcript 1 (IncRNA
NEAT1) was upregulated in a variety of tumor tissues,
including breast cancer [11], hepatocellular carcinoma
[12], and lung cancer [13]. We all know that IncRNAs
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are involved in gene expression at both transcriptional
and epigenetic levels and could be a potential
prognostic marker [14-16], but whether NEATL1 plays
a similar role in laryngocarcinoma remains to be
explored.

MicroRNAs (miRNAs) are short-length transcripts
containing 21-23 nucleotides [17, 18]. MiRNAs could
post-transcriptionally induce gene silencing through
their downstream signaling pathways [19, 20].
Accumulating evidence indicated that IncRNAs could
act as miRNA sponges to modulate the downstream
target genes [21, 22]. Therefore, the INCRNA-miRNA-
mRNA functional network might participate in various
biological processes including cancer.

In our study, we firstly analyzed NEAT1 expression in
laryngocarcinoma tissues and cell lines. Then we
investigated the functional roles of NEAT1 in
laryngocarcinoma cells and underlying mechanism of
NEAT1 on cell proliferation and invasion. Our findings
clarify the significance of NEAT1 in laryngocarcinoma
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and could provide insights into the role of NEAT1 in
the progression of laryngocarcinoma.

RESULTS

NEAT1 was upregulated in laryngocarcinoma
tissues and cell lines

To explore the effect of NEATL in laryngocarcinoma,
we detected NEATL1 expression in laryngocarcinoma
tissues and matched peri-carcinomatous tissues.
NEAT1 expression was markedly upregulated in
laryngocarcinoma tissues relative to peri-carcinomatous
tissues (Figure 1A, P<0.01). Furthermore, in contrast
with laryngocarcinoma patient tissues at stage I/Il,
NEAT1 levels were increased in laryngocarcinoma
patient tissues at stage II/1V (Figure 1B, P<0.01). In
addition, we demonstrated that NEAT1 expression
was elevated in human laryngocarcinoma tissues with
in situ hybridization assay (Figure 1C). By comparison
with normal nasopharyngeal epithelial cell line
NP69, the levels of NEAT1 were also elevated in

- *k
5 104
= 8 l
o
s
2 6-
o
s 4
3 p——
o 2
2
s —
0 L) L)
> Stage | /I Stagelll/IV
D
=z
—
g 10_ * K
ke il
» -I
- T
£ 5
@
o
2
© =
E o L) L) L) L) L)
) & ) &
S N &
Q 3V G Q &

Figure 1. NEAT1 was upregulated in laryngocarcinoma. (A) The expression of IncRNA NEAT1 in laryngocarcinoma tissues and normal
adjacent tissues was detected using qPCR. (n=20). (B) QPCR was used to detect the expression of NEAT1 in laryngocarcinoma patients with
different stage tumors. (C) The level of NEAT1 was validated by in situ hybridization histochemistry in tissue biopsies. (D) The levels of NEAT1
in normal nasopharyngeal epithelial cell line (NP69) and laryngocarcinoma cell lines (TU212, SNU899, M2E and SNU46). ** P < 0.01 versus
normal adjacent tissues, or laryngocarcinoma patients with stage I/, or NP69.
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laryngocarcinoma cell lines (Figure 1C, P<0.01). These
findings indicated that NEAT1 could be correlated with
tumorigenesis in laryngocarcinoma.

Downregulation of NEAT1 suppressed laryngo-
carcinoma cell proliferation and invasion

Considering the most observable changes that appeared
in TU212 and M2E cells, they were chosen for the
following experiments. After TU212 and M2E cells
transfected with si-NEAT1, the level of NEAT1 was
prominently decreased (Figure 2A, P<0.01). NEAT1
silence remarkably inhibited cell viability and invasion,

while increased cell apoptosis (Figure 2B-2D, P<0.01).
Moreover, NEAT1 silence dramatically increased the
level of Ac-PTEN, while inhibited the expression of p-
AKT (Figure 2F, P<0.01).

NEAT1 bound to miR-524-5p and inhibited its
expression

NEATL could increase the acetylation level of PTEN,
and HDAC1 was reported to mediate PTEN acetylation
[23, 24], hence, we wanted to investigate the relationship
between NEAT1 and HDACL. Through Starbase and
miRBase, miR-34a, miR-874-3p and miR-524-5p were
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Figure 2. Downregulation of NEAT1 suppressed laryngocarcinoma cell proliferation and invasion. (A) The transfection efficiency
was detected after transfection with si-NEAT1 for 24 h in TU212 and M2E cells. (B, C) Cell proliferation of TU212 and M2E cells were detected
using CCK-8 assay after transfection with si-NEAT1 for 0, 24, 48 and 72 h. (D) Apoptosis rates of TU212 and M2E cells after transfection with
si-NEAT1 were detected using Flow cytometry. (E) Transwell assay was used to evaluate cell invasion ability after transfection with si-NEAT1
for 48 h. (F) Western blot analysis was used to detect the protein expression levels of PTEN, Ac-PTEN, AKT and p-AKT after transfection with

si-NEAT1. ** P < 0.01 versus Scramble.
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selected as underlying targets of NEAT1 and HDACL.
These miRNAs expression in laryngeal carcinoma tissues
were assessed with RT-gPCR, and miR-524-5p level
was minimally expressed in laryngeal cancer tissues
(Supplementary Figure 1). Furthermore, miR-524-5p
level was noticeably reduced in laryngocarcinoma tissues
and laryngocarcinoma patients at stage I11/IV as compared
with adjacent normal tissues and laryngocarcinoma
patients at stage I/Il, respectively (Figure 3A, 3B,
P<0.01). Meanwhile, there was a prominently negative
correlation between NEAT1 and miR-524-5p expression
in laryngeal cancer tissues by Spearman’s correlation
analysis (R?=0.6044, P=0.0011, Figure 3C). The binding

sites between NEATI 3'-UTR and miR-524-5p were
shown in Figure 3D. MiR-524-5p mimic signally
decreased the luciferase activity of the NEAT1-WT
plasmid, but not NEAT1-Mut plasmid (Figure 3E,
P<0.01). In addition, RIP assay suggested that NEAT1
and miR-524-5p were preferentially enriched in Ago2
pellet in comparison with IgG control group after
immunoprecipitation in the lysates (Figure 3F, P<0.01).
miR-524-5p level in laryngocarcinoma cell lines was
also decreased compared with normal nasopharyngeal
epithelial cell line (Figure 3G, P<0.01). After TU212 and
M2E cells transfected with si-NEAT1, miR-524-5p level
was observably elevated (Figure 3H, P<0.01).
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Figure 3. NEAT1 bound to miR-524-5p and inhibited its expression. QPCR was performed to analyze the levels of miR-524-5p in
human laryngocarcinoma tissues and normal adjacent tissues (A) and laryngocarcinoma patients with different stage tumors (B). (C)
Spearman’s correlation analysis was used to evaluate the expression relationship between NEAT1 and miR-524-5p. (D) The predicted binding
sites of NEAT1 and miR-524-5p. (E) The luciferase reporter gene assay was conducted to confirm the target relationship between NEAT1 and
miR-524-5p. (F) RIP assay was conducted to examine miR-524-5p endogenously associated with NEAT1. (G) The level of miR-524-5p in normal
nasopharyngeal epithelial cell line and laryngocarcinoma cell lines. (H) The expression of miR-524-5p in TU212 and M2E cells after
transfection with si-NEAT1. ** P < 0.01 versus NC-mimic, Anti-IgG, normal adjacent tissues, laryngocarcinoma patients with stage I/Il, NP69 or

Scramble.
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NEAT1 promoted laryngocarcinoma cell growth
through sponging miR-524-5p

To investigate the relationship between NEAT1 and
miR-524-5p, a series of rescue studies were conducted.
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Figure 4. NEAT1 promoted laryngocarcinoma growth and metastasis via sponging miR-524-5p. (A) TU212 and M2E cells were
transfected si-NEAT1 or/and miR-524-5p inhibitor, and the transfection efficiency was detected using gPCR. (B, C) CCK-8 assay was performed
to analyze cell proliferation. (D) Apoptosis rates in each group were detected using Flow cytometry. (E) The invasion ability was evaluated
using Transwell invasion assay. (F) Western blot analysis was used to detect the protein levels of PTEN, Ac-PTEN, AKT and p-AKT. * P < 0.05,
** P <0.01 versus Scramble and NC-inhibitor or Scramble and miR-524-5p inhibitor.
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protein level of Ac-PTEN (Figure 4F, P<0.01), however,
miR-524-5p inhibitor blocked the inhibiting effects of
NEATL silence on cell viability, invasion and the protein
level of p-AKT, and the promotive effects on miR-524-
5p levels, cell apoptosis and the protein level of Ac-
PTEN. Moreover, overexpression of NEATL reduced
miR-524-5p expression (Figure 5A, P<0.01) and TU212
cell apoptosis (Figure 5D, P<0.01), promoted cell
proliferation (Figure 5B, P<0.01) and invasion (Figure
5C, P<0.01), while miR-524-5p mimic blocked the
inhibitory effects of NEAT1 overexpression on miR-524-
5p expression and TU212 cell apoptosis, and the
promotive effects on cell proliferation and invasion.

HDAC1 was a target gene of miR-524-5p

The binding sites between miR-524-5p and HDAC1
were showed in Figure 6A. Luciferase activity of
co-transfection with HDAC1-WT and miR-524-5p
mimic observably decreased compared with that in
co-transfection with HDACL1-WT and NC-mimic
(Figure 6B, P<0.01). The mRNA levels of HDACL1 in

laryngocarcinoma tissues and laryngocarcinoma patients
at stage IlI/IV were upregulated by comparison with
adjacent normal tissues and laryngocarcinoma patients at
stage I/l (Figure 6C, 6D, P<0.01). The expression of
HDAC1 mRNA and protein in laryngocarcinoma cell
lines was also upregulated in relative to NP69 cells
(Figure 6E, 6F, P<0.01). Moreover, in contrast with
Scramble and NC-inhibitor group, the level of HDAC1
MRNA and protein was suppressed in si-NEAT1 and
NC-inhibitor group, while elevated in Scramble and
miR-524-5p inhibitor group, and silencing NEAT1 could
neutralize the promotion effect of miR-524-5p inhibitor
on HDAC1 level (Figure 6G-6J, P<0.01).

Overexpression of HDACL1 reversed the inhibitory
effects of miR-524-5p overexpression and NEAT1
silence on cell proliferation and invasion

TU212 cells were transfected with miR-524-5p mimic,
si-NEAT1 or/and pcDNA-HDACL1. The results suggested
that overexpression of miR-524-5p or silence of NEAT1
inhibited HDAC1 protein expression (Figure 7A, 7E,
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invasion. (A) The level of miR-524-5p was analyzed after TU212 cells transfected with pcDNA-NEAT1 or/and miR-524-5p mimic. (B) Cell
proliferation was detected with CCK-8 assay. (C) Transwell assay was used to evaluate cell invasion ability. (D) Apoptosis rates of TU212 cells.
* P<0.05, ** P<0.01 versus Vector and NC-mimic or Vector and miR-524-5p mimic.
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Figure 6. HDAC1 was a target gene of miR-524-5p. (A) The binding sites between miR-524-5p and HDAC1. (B) The relative luciferase
activity in HEK-293T cells co-transfected with HDAC1-WT or HDAC1-Mut and with miR-524-5p mimic or NC-mimic. The mRNA levels of HDAC1
in laryngocarcinoma tissues and normal adjacent tissues (n=20) (C), laryngocarcinoma patients with different stage tumor (D) and
laryngocarcinoma cell lines (E). (F) The protein expression of HDAC1 in laryngocarcinoma cell lines. (G-J) The mRNA and protein levels were
detected with gPCR and Western blotting after TU212 and M2E cells transfected with si-NEAT1 or/and miR-524-5p inhibitor. * P < 0.05,
** P <0.01 versus NC-mimic, normal adjacent tissues, laryngocarcinoma patients with stage I/1l, NP69 or Scramble and NC-inhibitor.
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P<0.01), cell viability (Figure 7B, 7C, P<0.01) and 524-5p overexpression and NEAT1 silence on the

invasion (Figure 7C, 7G, P<0.01), while promoted cell protein level of HDAC1 (P<0.01), cell viability
apoptosis (Figure 7D, 7H, P<0.01). However, HDAC1 (P<0.01) and invasion (P<0.01), and the promotive
overexpression blocked the inhibitory effects of miR- effect on cell apoptosis (P<0.01).
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of TU212 cells. * P < 0.05, ** P < 0.01 versus Vector and NC-mimic, Scramble and Vector, NC-mimic and pcDNA-HDAC1, and Scramble with
pcDNA-HDAC1.
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NEAT1 promoted laryngocarcinoma cell proliferation
and invasion via reducing histone acetylation

TU212 and M2E cells were transfected with pcDNA-
NEAT1 or/and si-HDAC1. The mRNA level of HDAC1

(Figure 8A), cell proliferation (Figure 8B, 8C), invasion
cell number (Figure 8E) and the protein levels of
HDACL1 and p-AKT (Figure 8F, 8G) were enhanced
after transfection with pcDNA-NEAT1, while reduced
after cells transfected with si-HDAC1 (P<0.01). Cell
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Figure 8. NEAT1 promoted laryngocarcinoma cell proliferation and invasion by inhibiting histone acetylation. (A) TU212 and

M2E cells were transfected with pcDNA-NEAT1 or/and si-HDAC1, and the mRNA level of HDAC1 was detected using gqPCR. (B,

C) Cell

proliferation was assessed with CCK-8 assay in TU212 and M2E cells. (D) Apoptosis rates were detected using Flow cytometry. (E) The
invasion ability was evaluated using Transwell invasion assay. (F, G) Western blot was used to detect the protein expression levels of HDAC1,
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apoptosis rate (Figure 8D), the levels of Ac-H3, Ac-H4,
and Ac-PTEN protein (Figure 8F, 8G) in pcDNA-
NEAT1 and Scramble group were reduced (P<0.05),
while increased after transfection with si-HDACL
(P<0.01). Moreover, silence of HDAC1 reversed the
promotive effects of NEAT1 overexpression on cell
proliferation (P<0.01), invasion (P<0.01) and the
protein levels of HDAC1 (P<0.05) and p-AKT (P<0.05)
and inhibitory effect of apoptosis (P<0.01), the protein
expression of Ac-H3, Ac-H4, and Ac-PTEN (P<0.05).

Silence of NEAT1 suppressed tumor growth

TU212 cells were implanted into BALB/c mice by
subcutaneous injection to investigated NEAT1 silence
on the growth of tumor. Compared with shRNA group,
silence of NEAT1 reduced tumor size and weight
(Figure 9A-9C, P<0.05). Furthermore, downregulation
of NEAT1 could reduce NEAT1 level (Figure 9D,
P<0.05) and the expression of p-AKT and HDACL1
(Figure 9F, P<0.05) in tumor tissues, while increase
miR-524-5p expression (Figure 9E, P<0.05) and Ac-
PTEN level (Figure 9F, P<0.05).

DISCUSSION
Dysregulation IncRNAs are recognized as tumor

biomarkers in a variety of tumors [25, 26]. Therefore,
finding disease-related biomarkers can effectively
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identify diseases. The occurrence and development
of laryngocarcinoma were associated with many
IncRNAs. For example, upregulation of long noncoding
RNA TUG1 contributed to decreasing apoptosis, and
increasing invasion and cytoskeleton rearrangement
[27], high level of IncRNA PCAT19 elevated laryngo-
carcinoma cell proliferation and tumorigenesis [28].
Our research indicated that INncRNA NEAT1 was
dramatically upregulated in laryngocarcinoma tissues
and cell lines, suggesting that NEAT1 took part in the
occurrence of laryngocarcinoma.

Mounting evidence shows that NEAT1 is associated
with numerous diseases. For example, high expression
NEAT1 accelerated glucose-induced mouse mesangial
cell proliferation and fibrosis [29], silencing NEAT1
inhibited 1-Methyl-4-phenylpyridinium (MPP+) induced
neuronal injury [30]. In acute-on chronic liver failure,
overexpression of NEAT1 decreased the ubiquitination
level of TRAF6 and inflammatory response [31]. In
our study, silencing NEAT1 could suppress TU212
and M2E cell proliferation and invasion, which
might be similar to the effect of NEAT1 in the
literature. Therefore, NEATL1 could be an oncogene in
laryngocarcinoma.

LncRNAs could compete the binding sites of miRNAs
to regulate miRNA-mediated downstream mMRNA
repression [32, 33]. TUGL1l reduced miR-145-5p
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expression to upregulate RhoA/rho associated coiled-coil
containing protein kinase (ROCK) in laryngocarcinoma
[27], and INcRNA PCAT19 promoted the proliferation of
laryngocarcinoma cells via modulation the expression of
miR-182 [28]. But there was still no report about miR-
524-5p in laryngocarcinoma. MiR-524-5p was reported
to act as a cancer suppressor gene in multiple tumors,
including gastric cancer [34], papillary thyroid cancer
[35], melanoma [36], breast cancer [37], colorectal
carcinoma [38], osteosarcoma [39]. In this study, we
found that miR-524-5p expression was reduced in
laryngocarcinoma tissues and cell lines. MiR-524-5p
overexpression could inhibit laryngocarcinoma cell
proliferation and invasion, which is consistent with
previous studies. Moreover, NEAT1 overexpression
blocked the inhibiting effects of miR-524-5p, suggesting
that NEAT1 might participate in the biological process of
laryngocarcinoma by inhibiting miR-524-5p.

MiRNAs have the ability to regulate gene expression by
reducing or increasing mRNA translation. Our results
demonstrated that miR-524-5p could target and
suppress HDAC1 level. As a key enzyme for de-
acetylation histones, HDACL could regulate the level of
multiple genes [40]. Histone modification is one of the
most common mechanisms to regulate transcription
levels [41, 42]. Post-translational histone acetylation is
significant to transcriptional process, and when the
balance between acetylation and deacetylation is
broken, tumorigenesis may occur by activation
oncogenes or repression anti-cancer genes [43]. HDAC1
participated in tumorigenesis and development by
regulating the acetylation of PTEN on Lys*% site [44].
Our results showed the similar results. Acetylation of
PTEN was enhanced when HDACL expression was
inhibited, but whether the specific acetylation site was
also at Lys*%? site remains to be further explored.

In summary, NEAT1 was highly expressed in
laryngocarcinoma tissues and cell lines. Silence of
NEAT1 increased the acetylation of PTEN through the
miR-524-5p/HDAC1 axis and suppressed cell
proliferation and invasion. Therefore, NEAT1 may
serve as a potential biomarker for laryngocarcinoma and
provide a experimental basis for early diagnosis of
laryngocarcinoma.

MATERIALS AND METHODS
Bioinformatics analysis

The starBase (http://starbase.sysu.edu.cn/index.php)
was conducted to predict target miRNAs downstream
of IncRNA NEAT1. The miRBase website
(http://www.mirbase.org/) were performed to predict
downstream target proteins of miR-524-5p.

Patients and tissue specimens

Tissue samples from 20 patients who (average age
49+4.62 years old; 7 females and 13 males) were
diagnosed with laryngocarcinoma at the Affiliated
Hospital of Henan Polytechnic University, the Second
People’s Hospital of Jiaozuo (Jiaozuo, China) from
April 2017 to March 2018. All patients had got the
informed consent, and the research was permitted by
the Ethics Committee of the Affiliated Hospital of
Henan Polytechnic University, the Second People’s
Hospital of Jiaozuo. Laryngocarcinoma tissues and
matched adjacent normal tissues were removed and
frozen at -80° C.

Cell culture

Laryngocarcinoma cell lines (TU21, SNU899, M2E and
SNU46), HEK-293T cells and normal nasopharyngeal
epithelial cell line NP69 were cultured in RPMI-1640
medium (Gibco, MD) containing with 100 U/mL
penicillin (Sigma, USA), 10 % fetal bovine serum
(FBS, Hyclone, USA) and 100 pg/mL streptomycin
in a constant temperature incubator at 37° C with
5% CO..

Cell transfection

TU212 and MZ2E cells were transfected with
overexpression plasmid of NEAT1 (pcDNA-NEAT1)
or/fand miR-524-5p mimic, pcDNA-NEAT1 or/and si-
HDACI, si-NEAT1 or/fand miR-524-5p inhibitor, si-
NEAT1 or/and HDAC1 overexpression plasmid
(pcDNA-HDAC1) through lipofectamine 3000. After
48 h, cells were collected for subsequent studies.

CCK-8 assay

TU212 and ME2 cells were collected and prepared into
cell suspension (4x10* cells/mL), 100 uL of cell
suspension was added into 96-well plate and pre-
cultured for 24 h. After transfection for 0, 1, 2, 3 days,
CCK-8 solution (10 pL/well) was added, and then
incubated at 37° C for 2 h. The absorbance values at
450 nm were analyzed by using a microplate reader
(Molecular Devices, USA).

Transwell assay

After TU212 and ME2 cells were digested, they were
washed with serum-free medium for 3 times and
prepared into cell suspension. 100uL of cell suspension
was added into the upper layer of Transwell chamber,
600uL conditioned medium containing 20 % FBS was
added to the lower chamber and incubated in a 37° C
incubator. After 24h, Transwell was taken out, washed
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twice with PBS, fixed with 4% paraformaldehyde for 20
min, and stained with crystal violet (0.1%) for 15 min.
The upper surface cells were gently wiped off with
cotton balls, and the invasion cells were observed and
counted under the microscope.

Cell apoptosis

TU212 and ME2 cells were collected into a suitable
centrifuge tube, 1000g centrifuged for 5 minutes,
discarded the supernatant, resuspended the cells with
PBS and counted the cells. Then, Annexin V-FITC
binding solution, Annexin V-FITC and Pl were added
into the centrifuge tube, gently mixed, stained at room
temperature for 20 min. Finally, cells were detected
with a flow cytometry (BD Biosciences, USA).

Luciferase reporter gene assay

The wild-type (WT-type) or mutant type (Mut-type) of
NEAT1 and HDAC1 binding to miR-524-5p was
cloned into pGL3 Basic vector (Promega, USA). For
reporter assays, HEK-293T cells were inoculated into
24 well plates and cultured for 24 h, after which the
reporter plasmids and miR-524-5p mimic were co-
transfected into cells. After 48 h, the substrate was
added and luciferase activity was measured with Dual-
Luciferase Reporter Assay System (Promega, USA).

Tumor xenograft experiments

Ten female BALB/c nude mice at 4-6 weeks of age
(weighting: 16-23 g) were bought from Animal
experimental center of Zhengzhou  University
(Zhengzhou, China). Mice were randomly divided into
two groups (n=5 mice per group): shRNA group and
NEAT1 shRNA group. All mice were injected
subcutaneously with 1x107 TuU212 cells. Mouse
volumes were measured weekly. After 5 weeks, tumor
tissues were removed and weighed. The tumor tissues
were snap-frozen in liquid nitrogen for further study.
Animal experiments were performed in accordance with
the Animal Use and Care Ethics Committee of the
Affiliated Hospital of Henan University of Technology
(Jiaozuo, China).

In situ hybridization (ISH) assay

Biotin labeled NEAT1 ISH probe (Boster, Wuhan,
China) was used to detect NEAT1 expression in
laryngeal cancer tissues. Tissue samples were fixed with
4 % paraformaldehyde, dehydrated and incubated with
probe working solution at 37° C overnight, after
hybridization completed, glass slides were washed with
ultrapure water and then air dried for microscopic

examination, and the positive signal was brown after
staining reaction.

Reverse transcription-quantitative PCR (RT-qPCR)

Total RNA was extracted by using Trizol (Invitrogen,
USA) RNA was reversely transcribed to cDNA with
M-MLYV reverse transcriptase kit (Applied Biosystems,
USA). RT-gPCR was conducted with SYBR Premix
Ex Taq Kit (Takara, China) and the following
procedure were applied: 4 min at 96° C, 95° C for 10 s
of 39 circles, and 30 s at 60° C. Primers sequences
were shown as follow: NEAT1 (forward 5°-TGT CCC
TCG GCT ATG TCA GA-3’; reverse 5’-GAG GGG
ACG TGT TTC CTG AG-3’); miR-524-5p (forward
5’- ACA CTC CAG CTG GGC UAC AAA GGG
AAG CAC-3’; reverse 5°-CTC AAC TGG TGT CGT
GGA GTC GGC AAT TCA GTT GAG GAG AAA
GT-3”); HDAC1 (forward 5°-CTA CTA CGA CGG
GGA TGT TGG-3’; reverse 5°-GAG TCA TGC GGA
TTC GGT GAG-3").

RNA immunoprecipitation (RIP)

Lysis buffer was used to lyse cells after transfection for
48 h. For detection of acetylated tensin homolog deleted
on chromosome ten (PTEN), lysates were incubated
with 3 pg of primary PTEN antibodies at 4° C, followed
by the addition of protein G-Sepharose beads overnight.
Finally, IP elutes were detected with Western blotting.
Acetylated PTEN was detected using acetyl-lysine
antibody. For RNA RIP, cell lysates were incubated
with magnetic beads conjugated with Ago2 (1:50
dilution) or IgG (Millipore, USA). IgG was acted as
negative control. Purified RNA was assayed with RT-
gPCR.

Western blotting

Tissues and cells were lysed with RIPA lysis buffer
(Beyotime, Shanghai, China). Samples were added to an
equal volume of 2 x SDS loading buffer, and
centrifuged at 12000 g for 1 min, and 10 pL of sample
was added to the sample cell for electrophoretic
separation. The membrane was washed with TBS for 5
min after the blots transferred to PVDF membranes,
blocked in 5% milk, and then incubated with primary
antibodies against PTEN (1:500 dilution, ab170941,
Abcam, Cambridge, UK), protein kinase B (AKT,;
1:1000 dilution, ab8805, Abcam), phosphorylated AKT
(p-AKT; 1:1000 dilution, ab38449, Abcam), acetyl-
histone 3 (Ac-H3; 1:500 dilution, 8172T, Cell Signaling
Technology, USA), histone 3 (H3; 1:500 dilution,
4499S, Cell Signaling Technology), acetyl-histone 4
(Ac-H4; 1:500 dilution, 13944S, Cell Signaling
Technology), histone 4 (H4; 1:500 dilution, 13919S,
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Cell Signaling Technology). Then, the membranes were
incubated with secondary antibody (1:500 dilution,
a32733, Abcam). The bands were visualized with ZF-
388 gel imaging system (Sanli, China).

Statistical analysis

All data were statistically analyzed with GraphPad and
presented as mean + SEM. Student’s t-test was
performed to analyze the difference between two
groups, and one-way analysis of variance was
conducted for multiple groups. A p-value of <0.05 was
regarded significant.

AUTHOR CONTRIBUTIONS

JJ. Z. participated in the study design and performed the
experiments. P. W. prepared the figures and wrote the
manuscript. YL. C. collected, analyzed and proofread
the data. JJ. Z. drafted and revised the manuscript. All
authors have approved the final version of the
manuscript.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.
FUNDING

The joint and collaborative project of Henan Medical
Science and  Technology  Research  Program
(NSFRF170708; 2018020997).

REFERENCES

1. Zhao F, Huang W, Ousman T, Zhang B, Han Y, Clotaire
Dz, Wang C, Chang H, Luo H, Ren X, Lei M. Triptolide
induces growth inhibition and apoptosis of human
laryngocarcinoma cells by enhancing p53 activities and
suppressing E6-mediated p53 degradation. PLoS One.
2013; 8:80784.
https://doi.org/10.1371/journal.pone.0080784
PMID:24244715

2. Wang S, Wu J, Song Y, Zhong H. Expression of
endothelin-1 in laryngocarcinoma tissues and its
clinical significance. Oncol Lett. 2016; 11:3366—-68.
https://doi.org/10.3892/01.2016.4406
PMID:27123118

3. MaH,DuX, Zhang S, Wang Q, Yin Y, Qiu X, Da P, Yue H,
Wu H, Xu F. Achaete-scute complex homologue-1
promotes development of laryngocarcinoma via
facilitating the epithelial-mesenchymal transformation.
Tumour Biol. 2017; 39:1010428317705752.
https://doi.org/10.1177/1010428317705752
PMID:28618959

10.

11.

12.

Jiang LY, Lian M, Wang H, Fang JG, Wang Q. Inhibitory
Effects of 5-Aza-2'-Deoxycytidine and Trichostatin A in
Combination with p53-Expressing Adenovirus on
Human Laryngocarcinoma Cells. Chin J Cancer Res.
2012; 24:232-37.
https://doi.org/10.1007/s11670-012-0232-6
PMID:23359343

Marioni G, Ottaviano G, Lovato A, Franz L, Bandolin L,
Contro G, Giacomelli L, Alessandrini L, Stramare R, de
Filippis C, Blandamura S. Expression of maspin tumor
suppressor and mTOR in laryngeal carcinoma. Am J
Otolaryngol. 2020; 41:102322.
https://doi.org/10.1016/j.amjot0.2019.102322
PMID:31732312

Gordon JA, Stein JL, Westendorf JJ, van Wijnen Al.
Chromatin modifiers and histone modifications in bone
formation, regeneration, and therapeutic intervention
for bone-related disease. Bone. 2015; 81:739—45.
https://doi.org/10.1016/j.bone.2015.03.011
PMID:25836763

Monti B. Histone post-translational modifications to
target memory-related diseases. Curr Pharm Des.
2013; 19:5065-75.
https://doi.org/10.2174/1381612811319280005
PMID:23448462

Yuan Y, Li GY, Ji M, Zhang Y, Ding YP, Qi XC. Suppressor
of cytokine signaling 1 (SOCS1) silencing and Hep-2
sensitizing dendritic cell vaccine in laryngocarcinoma
immunotherapy. Eur Rev Med Pharmacol Sci. 2019;
23:5958-66.

https://doi.org/10.26355/eurrev_201907 18342
PMID:31298347

Gao W, Weng T, Wang L, Shi B, Meng W, Wang X, Wu
Y, Jin L, Fei L. Long non-coding RNA NORAD promotes
cell proliferation and glycolysis in non-small cell lung
cancer by acting as a sponge for miR-136-5p. Mol Med
Rep. 2019; 19:5397-405.
https://doi.org/10.3892/mmr.2019.10210
PMID:31059060

Chen T, Qin S, Gu Y, Pan H, Bian D. Long non-coding
RNA NORAD promotes the occurrence and
development of non-small cell lung cancer by
adsorbing MiR-656-3p. Mol Genet Genomic Med.
2019; 7:e757.

https://doi.org/10.1002/mgg3.757 PMID:31207175

Quan D, Chen K, Zhang J, Guan Y, Yang D, Wu H, Wu' S,
Lv L. Identification of IncRNA NEAT1/miR-21/RRM2 axis
as a novel biomarker in breast cancer. J Cell Physiol.
2020; 235:3372-81.

https://doi.org/10.1002/jcp.29225 PMID:31621912

Li Y, Ding X, Xiu S, Du G, Liu Y. LncRNA NEAT1 Promotes
Proliferation, Migration And Invasion Via Regulating

WWWw.aging-us.com

24862

AGING


https://doi.org/10.1371/journal.pone.0080784
https://pubmed.ncbi.nlm.nih.gov/24244715
https://doi.org/10.3892/ol.2016.4406
https://pubmed.ncbi.nlm.nih.gov/27123118
https://doi.org/10.1177/1010428317705752
https://pubmed.ncbi.nlm.nih.gov/28618959
https://doi.org/10.1007/s11670-012-0232-6
https://pubmed.ncbi.nlm.nih.gov/23359343
https://doi.org/10.1016/j.amjoto.2019.102322
https://pubmed.ncbi.nlm.nih.gov/31732312
https://doi.org/10.1016/j.bone.2015.03.011
https://pubmed.ncbi.nlm.nih.gov/25836763
https://doi.org/10.2174/1381612811319280005
https://pubmed.ncbi.nlm.nih.gov/23448462
https://doi.org/10.26355/eurrev_201907_18342
https://pubmed.ncbi.nlm.nih.gov/31298347
https://doi.org/10.3892/mmr.2019.10210
https://pubmed.ncbi.nlm.nih.gov/31059060
https://doi.org/10.1002/mgg3.757
https://pubmed.ncbi.nlm.nih.gov/31207175
https://doi.org/10.1002/jcp.29225
https://pubmed.ncbi.nlm.nih.gov/31621912

13.

14.

15.

16.

17.

18.

19.

20.

miR-296-5p/CNN2 Axis In Hepatocellular Carcinoma
Cells. Onco Targets Ther. 2019; 12:9887-97.
https://doi.org/10.2147/0TT.5228917 PMID:31819486

Yu PF, Wang Y, Lv W, Kou D, Hu HL, Guo SS, Zhao YJ.
LncRNA NEAT1/miR-1224/KLF3 contributes to cell
proliferation, apoptosis and invasion in lung cancer.
Eur Rev Med Pharmacol Sci. 2019; 23:8403-10.
https://doi.org/10.26355/eurrev_201910 19151
PMID:31646570

Chen ZJ, Zhang Z, Xie BB, Zhang HY. Clinical significance
of up-regulated IncRNA NEAT1 in prognosis of ovarian
cancer. Eur Rev Med Pharmacol Sci. 2016; 20:3373-77.
PMID:27608895

Toraih EA, Alghamdi SA, El-Wazir A, Hosny MM,
Hussein MH, Khashana MS, Fawzy MS. Dual
biomarkers long non-coding RNA GAS5 and microRNA-
34a co-expression signature in common solid tumors.
PLoS One. 2018; 13:e0198231.
https://doi.org/10.1371/journal.pone.0198231
PMID:30289954

Ge X, Xu B, Xu W, Xia L, Xu Z, Shen L, Peng W, Huang S.
Long noncoding RNA GAS5 inhibits cell proliferation
and fibrosis in diabetic nephropathy by sponging miR-
221 and modulating SIRT1 expression. Aging (Albany
NY). 2019; 11:8745-59.
https://doi.org/10.18632/aging.102249
PMID:31631065

Kong Y, Huang T, Zhang H, Zhang Q, Ren J, Guo X, Fan
H, Liu L. The IncRNA NEAT1/miR-29b/Atg9a axis
regulates IGFBPrP1-induced autophagy and activation
of mouse hepatic stellate cells. Life Sci. 2019;
237:116902.
https://doi.org/10.1016/].1fs.2019.116902
PMID:31610195

Sun L, Liu M, Luan S, Shi Y, Wang Q. MicroRNA-744
promotes carcinogenesis in osteosarcoma through
targeting LATS2. Oncol Lett. 2019; 18:2523-29.
https://doi.org/10.3892/0l.2019.10530
PMID:31452740

Tong L, Ao Y, Zhang H, Wang K, Wang Y, Ma Q. Long
noncoding RNA NORAD is upregulated in epithelial
ovarian cancer and its downregulation suppressed
cancer cell functions by competing with miR-155-5p.
Cancer Med. 2019; 8:4782-91.
https://doi.org/10.1002/cam4.2350

PMID:31250987

Ma X, Li D, Gao Y, Liu C. miR-451a Inhibits the
Growth and Invasion of Osteosarcoma via Targeting

21.

22.

23.

24.

25.

26.

27.

28.

Militello G, Weirick T, John D, Déring C, Dimmeler S,
Uchida S. Screening and validation of IncRNAs and
circRNAs as miRNA sponges. Brief Bioinform. 2017;
18:780-88.

https://doi.org/10.1093/bib/bbw053

PMID:27373735

Shan G, Tang T, Xia Y, Qian HJ. Long non-coding RNA
NEAT1 promotes bladder progression through
regulating miR-410 mediated HMGB1. Biomed
Pharmacother. 2020; 121:109248.
https://doi.org/10.1016/j.biopha.2019.109248
PMID:31734579

Qian YY, Liu ZS, Yan HJ, Yuan YF, Levenson AS, Li K.
Pterostilbene inhibits MTA1/HDAC1 complex leading
to PTEN acetylation in hepatocellular carcinoma.
Biomed Pharmacother. 2018; 101:852-59.
https://doi.org/10.1016/j.biopha.2018.03.022
PMID:29635894

Lin YH, Tsui KH, Chang KS, Hou CP, Feng TH, Juang HH.
Maspin is a PTEN-Upregulated and p53-Upregulated
Tumor Suppressor Gene and Acts as an HDAC1
Inhibitor in Human Bladder Cancer. Cancers (Basel).
2019; 12:10.
https://doi.org/10.3390/cancers12010010
PMID:31861435

Zhang XN, Zhou J, Lu XJ. The long noncoding RNA
NEAT1 contributes to hepatocellular carcinoma
development by sponging miR-485 and enhancing the
expression of the STAT3. J Cell Physiol. 2018;
233:6733-41.

https://doi.org/10.1002/jcp.26371

PMID:29219178

Zhou LZ, Cui YX, Wang WZ, Wu J, Sun Z, Ma SY. FFAR4
promotes cell proliferation and migration and servers
as a potential biomarker for clinicopathological
characteristics and prognosis in laryngocarcinoma. Eur
Rev Med Pharmacol Sci. 2019; 23:7438-44.
https://doi.org/10.26355/eurrev_201909 18853
PMID:31539131

Zhuang S, Liu F, Wu P. Upregulation of long noncoding
RNA TUG1 contributes to the development of
laryngocarcinoma by targeting miR-145-5p/ROCK1
axis. J Cell Biochem. 2019; 120:13392-402.
https://doi.org/10.1002/jcb.28614

PMID:30916820

Xu S, Guo J, Zhang W. IncRNA PCAT19 promotes the
proliferation of laryngocarcinoma cells via modulation
of the miR-182/PDK4 axis. J Cell Biochem. 2019;
120:12810-21.

TRIM66. Technol Cancer Res Treat. 2019; . .

18:1533033819870209. https://doi.org/10.1002/jcb.28552 PMID:30868666

https://doi.org/10.1177/1533033819870209 29. Huangs, Xu Y, Ge X, Xu B, Peng W, Jiang X, Shen L, Xia

PMID:31434545 L. Long noncoding RNA NEAT1 accelerates the
www.aging-us.com 24863 AGING


https://doi.org/10.2147/OTT.S228917
https://pubmed.ncbi.nlm.nih.gov/31819486
https://doi.org/10.26355/eurrev_201910_19151
https://pubmed.ncbi.nlm.nih.gov/31646570
https://pubmed.ncbi.nlm.nih.gov/27608895
https://doi.org/10.1371/journal.pone.0198231
https://pubmed.ncbi.nlm.nih.gov/30289954
https://doi.org/10.18632/aging.102249
https://pubmed.ncbi.nlm.nih.gov/31631065
https://doi.org/10.1016/j.lfs.2019.116902
https://pubmed.ncbi.nlm.nih.gov/31610195
https://doi.org/10.3892/ol.2019.10530
https://pubmed.ncbi.nlm.nih.gov/31452740
https://doi.org/10.1002/cam4.2350
https://pubmed.ncbi.nlm.nih.gov/31250987
https://doi.org/10.1177/1533033819870209
https://pubmed.ncbi.nlm.nih.gov/31434545
https://doi.org/10.1093/bib/bbw053
https://pubmed.ncbi.nlm.nih.gov/27373735
https://doi.org/10.1016/j.biopha.2019.109248
https://pubmed.ncbi.nlm.nih.gov/31734579
https://doi.org/10.1016/j.biopha.2018.03.022
https://pubmed.ncbi.nlm.nih.gov/29635894
https://doi.org/10.3390/cancers12010010
https://pubmed.ncbi.nlm.nih.gov/31861435
https://doi.org/10.1002/jcp.26371
https://pubmed.ncbi.nlm.nih.gov/29219178
https://doi.org/10.26355/eurrev_201909_18853
https://pubmed.ncbi.nlm.nih.gov/31539131
https://doi.org/10.1002/jcb.28614
https://pubmed.ncbi.nlm.nih.gov/30916820
https://doi.org/10.1002/jcb.28552
https://pubmed.ncbi.nlm.nih.gov/30868666

30.

31

32.

33.

34.

35.

36.

37.

proliferation and fibrosis in diabetic nephropathy
through activating Akt/mTOR signaling pathway. J Cell
Physiol. 2019; 234:11200-207.
https://doi.org/10.1002/jcp.27770

PMID:30515796

Xie SP, Zhou F, Li J, Duan SJ. NEAT1 regulates MPP*-
induced neuronal injury by targeting miR-124 in
neuroblastoma cells. Neurosci Lett. 2019; 708:134340.
https://doi.org/10.1016/j.neulet.2019.134340
PMID:31228597

Xu 'Y, Cao Z, Ding Y, Li Z, Xiang X, Lai R, Sheng Z, Liu Y,
Cai W, Hu R, Wang H, Xie Q. Long Non-coding RNA
NEAT1 Alleviates Acute-on-Chronic Liver Failure
Through Blocking TRAF6 Mediated Inflammatory
Response. Front Physiol. 2019; 10:1503.
https://doi.org/10.3389/fphys.2019.01503
PMID:31920708

Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A
ceRNA hypothesis: the Rosetta Stone of a hidden RNA
language? Cell. 2011; 146:353-58.
https://doi.org/10.1016/j.cell.2011.07.014
PMID:21802130

Sun Q, Li Q, Xie F. LncRNA-MALAT1 regulates
proliferation and apoptosis of ovarian cancer cells by
targeting miR-503-5p. Onco Targets Ther. 2019;
12:6297-307.

https://doi.org/10.2147/0TT1.5214689 PMID:31496733

Zhu CY, Meng FQ, Liu J. MicroRNA-524-5p suppresses
cell proliferation and promotes cell apoptosis in gastric
cancer by regulating CASP3. Eur Rev Med Pharmacol
Sci. 2019; 23:7968-77.
https://doi.org/10.26355/eurrev_201909 19013
PMID:31599422

Liu H, Chen X, Lin T, Chen X, Yan J, Jiang S. MicroRNA-
524-5p suppresses the progression of papillary thyroid
carcinoma cells via targeting on FOXE1 and ITGA3 in
cell autophagy and cycling pathways. J Cell Physiol.
2019; 234:18382-91.
https://doi.org/10.1002/jcp.28472 PMID:30941771

Nguyen MT, Lin CH, Liu SM, Miyashita A, Ihn H, Lin H,
Ng CH, Tsai JC, Chen MH, Tsai MS, Lin IY, Liu SC, Li LY,
et al. miR-524-5p reduces the progression of the BRAF
inhibitor-resistant melanoma. Neoplasia. 2020;
22:789-99.

https://doi.org/10.1016/j.ne0.2020.10.009
PMID:33142243

Jin T, Zhang Y, Zhang T. MIiR-524-5p Suppresses
Migration, Invasion, and EMT Progression in Breast
Cancer Cells Through Targeting FSTL1. Cancer Biother
Radiopharm. 2020; 35:789-801.

38.

39.

40.

41.

42.

43.

44,

https://doi.org/10.1089/cbr.2019.3046
PMID:32298609

LiX, LiZ, ZhuY, Li Z, Yao L, Zhang L, Yuan L, Shang Y, Liu
J, Li C. miR-524-5p inhibits angiogenesis through
targeting WNK1 in colon cancer cells. Am J Physiol
Gastrointest Liver Physiol. 2020; 318:G827-39.
https://doi.org/10.1152/ajpgi.00369.2019
PMID:32174132

Chen H, Cheng C, Gao S. microRNA-524-5p inhibits
proliferation and induces cell cycle arrest of
osteosarcoma cells via targeting CDK6. Biochem
Biophys Res Commun. 2020; 530:566-73.
https://doi.org/10.1016/j.bbrc.2020.07.092
PMID:32747087

Morales CR, Li DL, Pedrozo Z, May HI, Jiang N,
Kyrychenko V, Cho GW, Kim SY, Wang ZV, Rotter D,
Rothermel BA, Schneider JW, Lavandero S, et al.
Inhibition of class | histone deacetylases blunts cardiac
hypertrophy  through  TSC2-dependent  mTOR
repression. Sci Signal. 2016; 9:ra34.
https://doi.org/10.1126/scisignal.aad5736
PMID:27048565

Stillman B. Histone Modifications: Insights into Their
Influence on Gene Expression. Cell. 2018; 175:6-9.
https://doi.org/10.1016/j.cell.2018.08.032
PMID:30217360

Wang Y, Liu H, Liu X, Zhang X, Wu J, Yuan L, Du X, Wang
R, Ma Y, Chen X, Cheng X, Zhuang D, Zhang H. Histone
acetylation plays an important role in MC-LR-induced
apoptosis and cycle disorder in SD rat testicular cells.
Chemosphere. 2020; 241:125073.
https://doi.org/10.1016/j.chemosphere.2019.125073
PMID:31683423

Zhao Q, Li S, Li N, Yang X, Ma S, Yang A, Zhang H, Yang
S, Mao C, Xu L, Gao T, Yang X, Zhang H, Jiang Y. miR-
34a Targets HDAC1-Regulated H3K9 Acetylation on
Lipid Accumulation Induced by Homocysteine in Foam
Cells. J Cell Biochem. 2017; 118:4617-27.
https://doi.org/10.1002/jcb.26126

PMID:28485501

Ikenoue T, Inoki K, Zhao B, Guan KL. PTEN acetylation
modulates its interaction with PDZ domain. Cancer
Res. 2008; 68:6908-12.
https://doi.org/10.1158/0008-5472.CAN-08-1107
PMID:18757404

WWWw.aging-us.com

24864

AGING


https://doi.org/10.1002/jcp.27770
https://pubmed.ncbi.nlm.nih.gov/30515796
https://doi.org/10.1016/j.neulet.2019.134340
https://pubmed.ncbi.nlm.nih.gov/31228597
https://doi.org/10.3389/fphys.2019.01503
https://pubmed.ncbi.nlm.nih.gov/31920708
https://doi.org/10.1016/j.cell.2011.07.014
https://pubmed.ncbi.nlm.nih.gov/21802130
https://doi.org/10.2147/OTT.S214689
https://pubmed.ncbi.nlm.nih.gov/31496733
https://doi.org/10.26355/eurrev_201909_19013
https://pubmed.ncbi.nlm.nih.gov/31599422
https://doi.org/10.1002/jcp.28472
https://pubmed.ncbi.nlm.nih.gov/30941771
https://doi.org/10.1016/j.neo.2020.10.009
https://pubmed.ncbi.nlm.nih.gov/33142243
https://doi.org/10.1089/cbr.2019.3046
https://pubmed.ncbi.nlm.nih.gov/32298609
https://doi.org/10.1152/ajpgi.00369.2019
https://pubmed.ncbi.nlm.nih.gov/32174132
https://doi.org/10.1016/j.bbrc.2020.07.092
https://pubmed.ncbi.nlm.nih.gov/32747087
https://doi.org/10.1126/scisignal.aad5736
https://pubmed.ncbi.nlm.nih.gov/27048565
https://doi.org/10.1016/j.cell.2018.08.032
https://pubmed.ncbi.nlm.nih.gov/30217360
https://doi.org/10.1016/j.chemosphere.2019.125073
https://pubmed.ncbi.nlm.nih.gov/31683423
https://doi.org/10.1002/jcb.26126
https://pubmed.ncbi.nlm.nih.gov/28485501
https://doi.org/10.1158/0008-5472.CAN-08-1107
https://pubmed.ncbi.nlm.nih.gov/18757404

SUPPLEMENTARY MATERIALS

Supplementary Figure

- Normal
Laryngocarcinoma
: -
o 1.5
"
0
E * k * % —
a — —
x _
5 1.0
7]
<
=z
o
0.5
o L T
2 T
-
5
; 0.0~ T T T
Q 2>
bl:b b‘f)Q :bbl
@' ov &
& e &
~ K\
¢ &

Supplementary Figure 1. The levels of miR-874-3p, miR-524-5p and miR-34a in tumor tissues and paracancer tissues of the
larynx were detected with qPCR.
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