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Abstract: Laryngeal squamous cell carcinoma (LSCC) is a
common malignancy among men in the anatomical posi-
tion of head and neck. Hoarseness, pharyngalgia, and dys-
pnea are common symptoms. LSCC is a complex polygenic
carcinoma that is caused by many factors involving poly-
genic alteration, environmental pollution, tobacco, and
human papillomavirus. Classical protein tyrosine phos-
phatase nonreceptor type 12 (PTPN12) has been extensively
studied to decipher its mechanism as a tumor sup-
pressor gene in various human carcinomas; however,
there is no comprehensive elucidation of the PTPN12
expression and its regulatory mechanisms in LSCC. As
such, we expect to provide new insights for finding new
biomarkers and effective therapeutic targets in LSCC.
Immunohistochemical staining, western blot (WB), and
quantitative real-time RT-PCR (qRT-PCR) were used for
the messenger RNA (mRNA) and protein expression
analyses of PTPN12, respectively. 3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
clone formation, transwell migration, and transwell inva-
sion assays were used to assess the proliferation, migra-
tion, and invasion ability of LSCC cells. Online prediction
and design software tools (http://www.targetscan.org/
and http://www.microRNA.org) were used to predict asso-
ciated miRNA. Studying the targeted regulatory relation-
ship between miR-146b-3p and PTPN12 was based on dual
luciferase reporter gene analysis. qRT-PCR was used to

assess miR-146b-3p expression in LSCC. miR-146b-3p inhi-
bitor and mimic were transfected, followed by qRT-PCR
and WB assays to detect the expression of PTPN12.
The gain and loss functional experiments were used to
investigate the effects of miR-146b-3p transfection on
the proliferation, migration, and invasion of tumor cells.
Online bioinformatics prediction software (https://cn.
string-db.org/ and https://www.genecards.org/) was used
to determine potential downstream target genes of PTPN12.
qRT-PCR and WB analyses were used to assess the mRNA
and protein expression levels of target genes. Our study
showed significantly decreased mRNA and protein expres-
sion levels of PTPN12 in LSCC compared with the adjacent
normal tissues. The lower PTPN12 mRNA expression was
correlated with pathological differentiation, and lower
PTPN12 protein expression was correlated with the TNM
stage in LSCC tissues. The subsequent in vitro functional
analyses showed the inhibitory effect of PTPN12 over-
expression on the proliferation, migration, and invasive-
ness abilities of LSCC cell line. Using online prediction
and design software, miR-146b-3p was searched to
target PTPN12. The miR-146b-3p was expressed at a high
level in LSCC tissues and cell lines. Luciferase reporter
assay exhibited that miR-146b-3p inhibited the luci-
ferase activity of PTPN12 markedly. The functional ana-
lyses showed the tumor-promoting role of miR-146b-3p
on the proliferation, migration, and invasiveness abil-
ities of LSCC cell. Furthermore, co-transfection of cells
with miR-146b-3p and PTPN12 significantly restored the
inhibitory effect of PTPN12 on LSCC cell growth, migra-
tion, and invasiveness. This phenomenon unveiled that
miR-146b-3p regulated the proliferation, migration, and
invasion of LSCC cells by targeting PTPN12. EGFR and
ERBB2 were selected as the downstream-regulation target
genes. Up-regulation of PTPN12 significantly suppressed
EGFR expression. Accordingly, themiR-146b-3pmimic sig-
nificantly up-regulated the EGFR expression. However,
up-regulation of PTPN12 and miR-146b-3p mimic sup-
pressed ERBB2 protein expression but induced its gene
expression. Down-regulation of PTPN12 is associated
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with up-regulation of miR-146b-3p in LSCC. Moreover,
PTPN12 serves as a tumor suppressor gene through regu-
lating the proliferation, migration, and invasion of LSCC
cells. miR-146b-3p/PTPN12 axis is expected to be a novel
therapeutic target in LSCC.

Keywords: PTPN12, Laryngeal squamous cell carcinoma,
migration, invasion, miR-146b-3p

1 Introduction

Laryngeal squamous cell carcinoma (LSCC) is one of the
most common malignancies of head and neck, ranked as
the 11th most common tumor among male malignancies
and 2nd among all respiratory malignancies [1]. With
teenage smoking and tobacco consumption increasing,
the incidence of LSCC has risen and displayed a trend
of younger age than past few decades. There were 184,615
new cases and 99,840 deaths worldwide in 2020 from the
World Health Organization, accounting for 1% of all cancers
diagnosed and 1% of cancer deaths, respectively [2]. Post-
operative recurrence and metastasis were the main causes
of treatment failure or death in LSCC patients [3]. To find
valuable molecular markers for high-risk individuals
screening, risk assessment and prognosis judgment is
an effective intervention to reduce the incidence and
mortality of LSCC.

Protein phosphorylation is one of the most common
post-transcriptional modifications participating in signal
transduction, cell regulation, protein interaction, gene
transcription, immune response, and metabolism [4,5].
Protein tyrosine phosphatases (PTPs) regulate the equili-
brium of tyrosine phosphorylation and protein tyrosine
phosphokinases (PTKs), meanwhile, they serve as tumor
inhibitors in many malignancies. This equilibrium is cru-
cial for maintaining the immune system, conversely, dis-
ruption to the balance can produce immune deficiency
diseases, autoimmune diseases, or malignant tumors [6].
PTP non-receptor Type 12 (PTPN12) is a novel tumor sup-
pressor gene participating in many malignancies’ occur-
rence and development [7]. PTPN12 was first found in
intestinal tissues and located on chromosome 7q11.23.
PTPN12 plays an important role in antitumor and cell
physiology [5]. Abnormal activation of PTKs and absence
of PTPN12 have been observed in breast cancer, lung
cancer, and brain malignancies [8–10]. In recent years,
PTPN12 has attracted much attention due to its role in
tumor suppression by restraining PTKs. However, there

is no comprehensive elucidation of the PTPN12 expres-
sion, regulatory mechanism, and its role in LSCC occur-
rence and development.

microRNAs (miRNAs) generated by RNA polymerase
II (Pol II), are a class of endogenous single-stranded non-
coding RNAs with a length of 19–25 nucleotides. In the
last decade, miRNAs changed to be a favored topic for
research due to their diverse functionality. miRNAs play
regulating roles in almost all aspects of solid tumor
biology, such as cell proliferation, invasion, adherence,
metastasis, and apoptosis[11]. In addition to these, aber-
rantly expressed miRNAs were detected in different tis-
sues, distinct tumor types, and tumor stages. Therefore,
some miRNAs have been reported to serve as biomarkers
of diagnosis and prognosis for malignant tumors, which
are becoming vital therapeutic targets for cancer, and
provide new insights for tumor treatment [12]. miRNAs
can also interact with long non-coding RNAs (lncRNAs)
to influence miRNA-induced targeted gene expression, for
instance, let-7c-5p interacts with TMPO-AS1 to the up-reg-
ulates targeted gene STRIP2 expression [13]. miRNAs post-
transcriptionally repress the target messenger RNA (mRNA)
expression by binding of the 3′-untranslational region (3′-
UTR) of target mRNA, eventually leading to mRNA degrada-
tion or gene silencing. Recent accumulating evidence has
uncovered that abnormal expressed miRNAs play essential
roles in many kinds of tumors, such as breast cancer [14],
retinoblastoma [15], and prostate cancer [16]. However, to
date, molecular mechanisms by which miRNA-mediated
PTPN12 affects LSCC initiation and progression are poorly
elaborated.

In our study, we conducted research to investigate
the expression and the role of PTPN12 in the development
of LSCC for the first time. We found that PTPN12 expres-
sion was decreased in LSCC tissues and cell lines and
exerted an inhibitory effect of PTPN12 over-expression
on proliferation, migration, and invasiveness abilities of
LSCC cell lines. Subsequently, we searched for the asso-
ciated miRNA of PTPN12 and further explored its func-
tions in the progression of LSCC. miR-146b-3p, which
directly targets PTPN12, was up-regulated in LSCC tis-
sues, contributing to increased LSCC cell proliferation,
migration, and invasion. Our findings collectively suggest
that PTPN12 is one of the target genes of miR-146b-3p. In
addition, the downstream target genes were predicted in
an attempt to understand the underlying mechanism.
Our studies revealed, for the first time, the mechanism
by which miR-146b-3p regulates PTPN12 expression
in LSCC.
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2 Materials and methods

2.1 Clinical samples collection

LSCC tissues and corresponding adjacent normal tissues
were obtained from 60 surgical patients without any anti-
tumor therapy between 2016 and 2020 in Biobank of
Otorhinolaryngology Head and Neck Surgery of Hebei
Medical University (Shijiazhuang, China). All specimens
were obtained with signed informed consent. All experi-
mental approaches performed were according to the
Helsinki Declaration (as revised in 2013) and ethical stan-
dards. Our study was approved by the Ethics Committee of
the Fourth Hospital of Hebei Medical University (Ethical
Approval Number: 2021KY234). Tissues were divided into two
parts, one part was used for genomic RNA extraction and the
rest part was fixed with 4% neutral formaldehyde solution for
preparation of paraffin sections. According to the American
Joint Committee on Cancer 8th edition staging criteria, patients
were structured into stages I, II, III, and IV [17]. Smokers were
defined as former or current individuals smoking five cigar-
ettes per day for at least 2 years [18]. The patients were all
male, with a median age of 62 years (47–69 years). Patients’
clinical characteristics were detailed in Table 1.

2.2 LSCC cell culture

Human LSCC cell lines TU177 and AMC-HN-8 were pur-
chased from BNBIO (Beijing, China), stored, and subcultured

in the Biobank of Otolaryngology Head and Neck Surgery of
Hebei Medical University. TU177 cells were cultured in a
RPMI-1640 medium (GIBCO, NY, USA), whereas AMC-HN-8
cells were grown in Dulbecco’s modified Eagle’s medium
(Invitrogen, CA, USA). Both were supplemented with 10%
fetal bovine serum (FBS; Invitrogen) in an incubator. The
condition of the incubator was maintained at 37°C with
5% CO2.

2.3 Extraction of total RNA and quantitative
real-time RT-PCR (qRT-PCR)

Total RNA was extracted from LSCC cells, LSCC tissues,
and paired corresponding adjacent normal tissues according
to the instructions and reversed transcribed to cDNA using
the Transcriptor First Strand cDNA Synthesis Kit (Roche,
Vaud, Switzerland). Synthetic cDNA was used as template
and GAPDH was used as internal reference for qRT-PCR
amplification. Primers are listed in Table A1. The qRT-PCR
conditions were as follows: pre-denaturation at 95°C for
10min, denaturation at 95°C for 15 s, annealing at 59°C for
30 s, extension at 72°C for 30 s, a total of 35 cycles, and
extension at 72°C for 7min. The relative expression of
PTPN12 was quantified by the 2−△△Ct [19]. The experiments
were assayed in triplicate.

2.4 Immunohistochemical (IHC) staining

The paraffin sections were dewaxed, dehydrated, repaired
with EDTA Buffer (PH = 9.0) continued for 2.5 min, and
inactivated endogenous peroxidase. The primary anti-
PTPN12 antibody was added (Abcam, Cambridge, UK, dilu-
tion 1:50) to sections and then incubated at 37°C for 3 h.
Biotinylated second antibody and horseradish peroxidase-
labeled working solution were dropped sequentially to
the sections. DAB reagent was used for chromogen detec-
tion. Negative control groups were dropped with PBS
instead of primary antibody. IHC staining results were
evaluated and scored by two experienced pathologists
in a double-blind way. The scores were calculated
according to the percentage of positive cells and the
staining intensity. The cells that present yellow or brown
material in the cytoplasm were defined as positive cells.
In our experiment, the total IHC scores were determined
by summing each staining intensity and extent. Scores
0–2 were considered negative-expression, and scores 3–6
were positive.

Table 1: Expression of PTPN12 mRNA in LSCC and its relationship
with clinicopathological features

Characteristics N Expression level of PTPN12 mRNA

Z P

Age (years)
<60 21 −1.839 0.066
≥60 39

Smoking
No 6 −0.034 0.973
Yes 54

TNM stage
Ⅰ + Ⅱ 29 −1.005 0.315
Ⅲ + Ⅳ 31

Lymph node metastasis
N0 36 −1.430 0.153
N1/2/3 24

Pathological differentiation
Well/moderate 51 −1.990 0.047
Poor 9
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2.5 Western blotting (WB)

PTPN12 protein expression differences were analyzed by
WB in LSCC cells and normal tissues. LSCC cell lines
(AMC-HN-8 and TU177) and five cases of normal tissue
protein extracts were lysed using a radioimmunoprecipi-
tation assay lysis buffer (Elabscience Biotechnology Co.,
Ltd., Wuhan, China) and subjected to ultrasonic shaking.
Each sample was adjusted for equal amounts and masses
and fractionated using 10% SDS-polyacrylamide gel elec-
trophoresis. The transferred membranes were blocked with
5% milk for 1 h and probed with anti-PTPN12 antibodies
(Abcam, Cambridge, UK, dilution 1:100). The bands were
visualized using ECL (Sangon Biotech Co., Ltd., Shanghai,
China), and an anti-β-actin antibody (Abcam, Cambridge,
UK) was used as a control.

2.6 PTPN12 over-expression vector
construction and transfection

The PTPN12 over-expression vector pcDNA3.1-PTPN12 and
an empty pcDNA3.1 vector pcDNA3.1-NC were constructed
by Sangon Biotech Co., Ltd. (Shanghai, China). Cells were
evenly seeded in a six-well plate after digestion and cell
counting. Transfection treatment was performed when
cells were 70–80% confluent. The two plasmid transfections
were performed using Lipofectamine 2000 (Invitrogen, Beijing,
China) according to manufacturer instructions. qRT-PCR
and WB analyses were carried out to calculate transfection
efficiency 24 h post-transfection.

2.7 MTS and clone formation assays

Cell proliferation activity of LSCC cells with PTPN12
over-expression was measured by 3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) and clone formation assays in vitro.
MTS assay was performed as follows: the cells with a
cell concentration of 2,000 cells/100 μl each well were
seeded into 96-well plates, and six replicate holes were
designed for each group. The absorbance optical density
values were evaluated at 490 nm in 0, 24, 48, 72, and 96 h
after cell adherence. Clone formation assay was carried
out as follows: the transfected cells with a density of
3,000 cells per well were seeded into six-well plates cul-
tured for 2 weeks. The plates were fixed in 4% parafor-
maldehyde for 20min and stained with 1% crystal violet

for 20min. The clone formation rate was calculated under
a microscope, and more than 50 cell clones were consid-
ered one colony formation.

2.8 Transwell assay in vitro

For the migration assay, treated cells were seeded onto the
upper chamber at 1 × 105 cells per well, and 600 μl complete
medium supplemented with 10% FBS was added to the
bottom chamber. After 24 h of incubation, the non-migrating
cells on the upper surface were removed and cells that
migrated into the lower surface were fixed, stained, and
then counted in five randomly selected microscopy fields.
In vitro invasion assay was additionally pre-coated with
Matrigel, and the rest of the steps was the same.

2.9 Prediction of associated miRNA of
PTPN12

The candidate-associated miRNAs of PTPN12 were pre-
dicted using TargetScan (http://www.Targetscan.org/)
and Omicsbean (http://www.omicsbean.cn/). Briefly, the
human species was selected and PTPN12 was input into as
the target gene. This identified five miRNAs, including
miR-338-3p, miR-506-3p, miR-194-5p, miR-146b-3p, and
miR-124-3p. Primers of the five miRNAs were designed,
respectively, and checked for their expression in LSCC
cells by qRT-PCR. Primer sequences are listed in Table A1.
cDNA was reverse transcribed from total RNA samples
using Transcriptor First Strand cDNA Synthesis Kit (Roche,
Vaud, Switzerland) according to the manufacturer’s pro-
tocol. The qRT-PCR was performed using GoTaq®qPCR
Master Mix (Promega, USA) according to the manufac-
turer’s manual by GoTaq 2-Step RT-qPCR System. qRT-
PCR was performed as follows: 95°C for 2min; 40 cycles
at 95°C for 15 s, 59°C for 30 s, and 72°C for 30 s. (The
annealing temperature varied for each set of primers.)
The relative expression of miRNAs was quantified using
2−△△Ct with U6 as an endogenous control. The experiments
were assayed in triplicate. The expression levels for both
miRNAs and PTPN12 on 60 paired samples were detected,
and Spearman’s rank correlation was fitted to model the
correlation analysis between miRNAs and PTPN12, and P <
0.05 was considered statistically significant. Only negative
correlations were considered for further analyses. The
miR-146b-3p showed an inverse correlation with PTPN12
expression, and other miRNAs are uncorrelated. Finally,
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miR-146b-3p was selected for subsequent experiments for
its inhibition role in luciferase reporter assay.

2.10 Transfection of miRNA mimic and
miRNA inhibitor

LSCC cells were cultured by antibiotics-free medium 1
week prior to transfection. NC, miR-146b-3p mimic, and
miR-146b-3p inhibitor were purchased from genepharma
(Shanghai, China) and diluted as the instruction indi-
cated. The remaining steps were identical to the transfection
assay. Transfection efficiency was measured by qRT-PCR
analyses 24 h post-transfection. Cells were sequentially
termed miR-146b-3p mimic, miR-146b-3p inhibitor, and
miR-NC (served as a negative control).

2.11 The expression of PTPN12 after
transfected with miR-146b-3p inhibitor
and mimic used qRT-PCR and WB assay

qRT-PCR amplification steps were the same as previously
described. Harvested cells were washed with pre-cooled
PBS and lysed with RIPA buffer on ice for 30min, and
then the mixture was broken with an ultrasound shaker
for full lysis followed by heating for 5 min at 99°C. Protein
samples from equal amount were separated by pre-formed
separating glue and concentrated glue (80V, 30min. 120V,
1 h), transferred onto polyvinylidene difluoride membranes,
and blocked with 5% non-fat milk. Membranes with anti-
PTPN12 (Abcam, Cambridge, UK, dilution 1:1,000) antibody
or ACTB monoclonal antibody were incubated overnight at
4°C on shaker and then incubated with horseradish perox-
idase-labeled goat anti-rabbit secondary antibody at room
temperature for 1 h. At last, stripes were detected by ECL
chemiluminescence.

2.12 Luciferase plasmid construction and
Dual-luciferase reporter assay

Specific binding sites of the miR-146b-3p identify PTPN12
3′-UTR were acquired from the online software (http://
www.targetscan.org/), and subjected to PCR amplifica-
tion. Next, the pmirGLO PTPN12 3′-UTR wild-type vector
and mutant-type vector (mutagenic primer were designed
using NEBaseChanger™ V1.2.8, http://nebasechanger.neb.
com/) were constructed by Sangon Biotech followed by
plasmid extraction according to the protocol. Luciferase

reporter gene plasmids and NC, miR-146b-3p mimic, and
miR-146b-3p inhibitor were transfected into AMC-HN-8
and 293T cells with Lipofectamine 2000. Two days post-
transfection, the firefly and renilla luciferase activities
were detected separately by a Dual-Luciferase Reporter
Assay System (Promega, USA) on a microplate reader
(TECAN, Switzerland). The ratio of firefly luciferase/
Renilla luciferase was calculated as the promoter activity.

2.13 The gain and loss functional
experiments of miR-146b-3p

For the proliferation, migration, and invasion assay, the
experiment steps were identical to the procedures described
previously.

2.14 The functional experiments in LSCC
cells co-transfected by pcDNA3.1-
PTPN12 and miR-146b-3p mimic

The MTS and transwell assay were performed to evaluate
the synergistic effect of PTPN12 and miR-146b-3p, the
functional experiment steps were identical to the proce-
dures described previously.

2.15 Prediction of downstream target genes
of PTPN12

We utilized online bioinformatics prediction software
STRING database (https://cn.string-db.org/) and GeneCards
database (https://www.genecards.org/) to determine poten-
tial downstream target genes of PTPN12. EGFR and ERBB2
that were common between the two databases were selected
as the downstream-regulation target genes.

2.16 The qRT-PCR and WB analyses were
performed to evaluate the mRNA and
protein expression levels of EGFR and
ERBB2

The qRT-PCR and WB analyses were used to assess the
mRNA and protein expression levels of EGFR and ERBB2
in AMC-HN-8 cell with PTPN12 and miR-146b-3p over-
expression. Primer sequences are listed in Table A1.
The experiment steps were identical to the procedures
described previously.
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2.17 Statistical analysis

SPSS21.0 (IBM-SPSS Inc., Chicago, IL, USA)was used for
statistical analysis. Data were expressed as mean ± stan-
dard, and Student’s t-test or Wilcoxon rank-sum was per-
formed to analyze the differences between groups. The rela-
tionship between expression level and clinical parameters
was verified by an independent-sample t test. All tests were
two-sided with P < 0.05 considered statistical significance.

3 Results

3.1 PTPN12 expression is down-regulated in
LSCC tissues and cell lines

The PTPN12 mRNA expression level was significantly lower
in LSCC tissues compared to paired paracancerous tissues
(P < 0.01) (Figure 1a and b). Correlation analysis between
PTPN12 expression and clinicopathological features indi-
cated that PTPN12 mRNA expression level was lower in
patients with poor differentiation than that with well/mod-
erate differentiation (P < 0.05) (Table 1). Immunohistochem-
istry showed that the PTPN12-positive protein expression
frequencies were 33.3% (20/60) and 81.7% (49/60) in LSCC
tissues and paired adjacent normal tissues, respectively,
which were significant (P < 0.01) (Figure 1c) (Table 2).
In LSCC patients, PTPN12-positive protein expression was
significantly associated with the TNM stage (P = 0.018)
(Table 3). The same decreasing tendency of mRNA expres-
sion was observed in AMC-HN-8 and TU177 cells using
qRT-PCR (Figure 1d). “Pool” was defined as an average
expression of 20 cases corresponding to adjacent normal
tissues. WB (Figure 1e) analysis confirmed decreased
PTPN12 protein expression in LSCC cell lines and elevated
PTPN12 protein expression in normal tissues. AMC-HN-8
was chosen for the subsequent research object due to its
lower expression of PTPN12.

3.2 Overexpression of PTPN12 inhibits LSCC
cell proliferation, migration, and
invasion abilities

Considering the decreased expression of PTPN12 in LSCC
tissues and cell lines, AMC-HN-8 was transfected with
pcDNA3.1-PTPN12 and pcDNA3.1-NC. The overexpression
efficiency was verified by qRT-PCR and WB. As shown in
Figure 2a and b, the relative expression of PTPN12 was
significantly increased following PTPN12 overexpression.

MTS and clone formation results showed that PTPN12
overexpression led to marked inhibition of tumor cell
proliferation capacity in vitro (Figure 2c and d). In the
transwell migration assay, LSCC cell overexpressing PTPN12
showed a reduced migratory capacity compared to the con-
trol group (Figure 2e). As shown in Figure 2f, LSCC cell
invaded through artificial membranes in the pcDNA3.1-
PTPN12 group was apparently lower.

3.3 miR-146b-3p is up-regulated and
negatively correlates with PTPN12 in
LSCC tissues

To determine the effect of miRNAs on PTPN12 expression,
qRT-PCR was performed in LSCC tissues and paired normal
tissues. The result revealed that the expression of miR-146b-
3p in LSCC tissues was significantly higher for LSCC tumor
tissues versus normal tissues (Figure 3a), whereas miR-124-
3P, miR-194-5P, and miR-338-3P were highly expressed in
normal tissues, and no differential expression was observed
for miR-506-3P (Figure A1). Pearson correlation analysis
indicated a significant inversely correlation between miR-
146b-3p and PTPN12 expression (R2 = 0.4024, P < 0.01)
(Figure 3b). As shown in Figure 3c, the expression of miR-
146b-3p in AMC-HN-8 and TU177 cells was significantly
higher using qRT-PCR. qRT-PCR analyses of AMC-HN-8
and TU177 cells indicated a significant down-regulation of
PTPN12 uponmiR-146b-3p overexpression (Figure 3d). Like-
wise, a marked up-regulation of PTPN12 expression fol-
lowing miR-146b-3p knockdown was observed (Figure 3e).
Furthermore, a similar result was observed by WB experi-
ment in AMC-HN-8, which was consistent with the qRT-PCR
data (Figure 3f). All the results above demonstrated that
up-regulation of miR-146b-3p may be linked to LSCC
progression.

3.4 PTPN12 is a direct target of miR-146b-3p
in LSCC cells

To verify the role of the PTPN12 3′-UTR in miR-146b-3p
targeting, we constructed pmirGLO-PTPN12-3′-UTR-WT
and pmirGLO-PTPN12-3′-UTR-Mut luciferase reporter
plasmids with the miR-146b-3p-binding site (Figure 4a).
AMC-HN-8 cell and 293T cell were co-transfected with con-
trol empty vector, PTPN12-3′-UTR-WT or PTPN12-3′-UTR-
Mut and miR-146b-3p mimic or miR-146b-3p inhibitor.
As can be seen in Figure 4b, compared with the NC group,
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Figure 1: PTPN12 expression in LSCC tissues and cell lines. (a). Relative expression of PTPN12 mRNA in LSCC tiusses and paired para-
cancerous tissues. (b). Comparison of the relative expression of PTPN12 mRNA between tumor tissues and paired adjacent normal tissues.
(c). PTPN12 protein expression in LSCC tissues and paired paracancerous tissues from two patients. (d). Relative expression of PTPN12
mRNA in two laryngeal cancer cell lines. The Pool represents mean expression level of PTPN12 mRNA in 20 para-cancer normal tissues. (e)
The protein expression levels of PTPN12 in LSCC cells and five normal tissue samples. Data are presented as the mean ± SD. Student*s t-test
was used for P value assessment. *P < 0.05, **P < 0.01.
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the luciferase activity was significantly decreased in AMC-
HN-8 and 293T cells co-transfected with PTPN12-3′-UTR-WT
and miR-146b-3p mimic, whereas the activity was signifi-
cantly increased in cells co-transfected with PTPN12-3′-
UTR-WT and miR-146b-3p inhibitor.

3.5 The impact of miR-146b-3p on the
proliferation, migration, and invasion of
LSCC cells

To ascertain the functional consequences of altered miR-
146b-3p expression, we examined the effect of loss or
gain of function in AMC-HN-8 cells due to its higher
expression of miR-146b-3p. Transfected with miR-146b-
3p mimic or inhibitor and verified transfection efficiency
were performed. The qRT-PCR results indicated that in com-
parison with mimics NC and inhibitor NC, the miR-146b-3p

expression was significantly up-regulated in mimic and
down-regulated in the inhibitor group (Figure 5a and b).
Functional miR-146b-3p experiments were designed into
three groups: NC, miR-146b-3p mimic, and miR-146b-3p
inhibitor. The MTS assay indicated that in the miR-146b-3p
inhibitor group, LSCC cell proliferation capability started to
decrease from 48h, and significant inhibition was observed
in 72 and 96h (Figure 5c). In transwell migration and invasion
assays, miR-146b-3p inhibitor cells displayed diminished
migration and invasion abilities compared to NC and miR-
146b-3p mimic groups (Figure 5d and e). Conversely, overex-
pressingmiR-146b-3phad an opposite result (Figure 5d and e).

3.6 Synergism between miR-146b-3p and
PTPN12

To further investigate the synergism, we also performed
co-transfecting experiments, which were divided into
three groups named pcDNA3.1-NC, pcDNA3.1-PTPN12,
and pcDNA3.1-PTPN12 + miR-146b-3p mimic. Our results
revealed that overexpression of PTPN12 markedly inhib-
ited the proliferation, migration, and invasion abilities of
AMC-HN-8 (Figure 6a–d), whereas the inhibitory effects were
partially recovered by co-transfection with pcDNA3.1-PTPN12
+ miR-146b-3p mimic.

3.7 Prediction of potential downstream
target genes of PTPN12

The prediction results showed that EGFR and ERBB2 were
the potential downstream targets of PTPN12 (Figure 7a
and b). Overexpression of PTPN12 down-regulated the
mRNA expression levels of EGFR and ERBB2 (P = 0.000)
in AMC-HN-8, as detected by the qRT-PCRmethod (Figure 7c).
Meanwhile, their expression levels showed obvious ele-
vation after overexpression of miR-146b-3p. The protein
expression levels of EGFR were consistent with the
mRNA levels, as evidenced by the WB analysis; how-
ever, the protein and mRNA expression of ERBB2 was
inconsistent (Figure 7d).

4 Discussion

PTPs, also known as PTP-PEST (proline, glutamic acid,
serine, and threonine), act as an inhibitor of protein tyr-
osine kinase signaling pathway and involves multiple

Table 2: PTPN12-positive protein expression frequency in LSCC
tissues

Tissues N PTPN12-positive protein expression

n (%) χ2 P

Tumor 60 20 (33.3) 28.679 0.000
Normal 60 49 (81.7)

Table 3: Expression of PTPN12 protein in LSCC and its relationship
with clinicopathological features

Characteristics n (%) Expression level of PTPN12 protein

χ2 P

Age (years)
<60 10(47.6) 2.976 0.765
≥60 10(25.6)

Smoking
No 4(66.7) 1.875 0.171
Yes 16(29.6)

TNM stage
Ⅰ + Ⅱ 14(48.3) 5.640 0.018
Ⅲ + Ⅳ 6(19.4)

Lymph node metastasis
N0 9(25.0) 2.813 0.094
N1/2/3 11(45.8)

Pathological differentiation
Well/

moderate
16(31.4) 0.147 0.701

Poor 4(44.4)
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tumor inhibition [20]. PTPN12, mapped to chromosome
7q11.23, is a member of the PTP family and is expressed in
multiple cell types. This study provides the first descrip-
tion of the expression and clinical significance of PTPN12
in LSCC and provides evidence suggesting that PTPN12

functions as a tumor suppressor in the development and
progression of LSCC. Then, we further investigated the
upstream regulatory miRNA of PTPN12. We conclude
that miR-146b-3p targets PTPN12 and functions as an
oncogene in LSCC. Recent investigations have indicated

Figure 2: The biological function of AMC-HN-8 overexpressing PTPN12 in vitro. (a). PTPN12 overexpression efficiency was verified by qRT-PCR
analysis in AMC-HN-8 cells after transfection with pcDNA3.1-PTPN12 or pcDNA3.1 empty vector. (b). PTPN12 overexpression efficiency was
verified by WB analysis in AMC-HN-8 cells after transfection with pcDNA3.1-PTPN12 or pcDNA3.1 empty vector. (c). The MTS assay was used
to determine the cell proliferation ability. PTPN12 overexpression led to marked inhibition of tumor cell proliferation capacity than cell
transfected with the pcDNA3.1 empty vector at the indicated time points. (d). A colony formation assay was carried out to analyse the cell
proliferation ability. Cells transfected with pcDNA3.1-PTPN12 had decreased colony formation. (e–f). Transwell migration and invasion
assays demonstrated that overexpressing PTPN12 notably decreased cell migration ability and invasion ability compared with control cells.
Data are presented as the mean ± SD of three independent experiments. **P < 0.01.
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that PTPN12 exerts its role as a tumor suppressor by
regulating various signaling pathways in multiple can-
cers. For instance, in breast cancer, PTPN12 inhibits the
malignant transformation of human mammary normal
epithelial by down-regulation of growth factor receptor
signaling pathway. Approximately 23% of breast cancer
patients exhibit low or no expression of PTPN12, particu-
larly in triple-negative breast cancer patients, which pre-
dicts a poor prognosis [21]. A study shows that the
expression of PTPN12 is much lower in non-squamous
cell lung cancer tissues than in normal lung tissues;
high expression of PTPN12 predicts longer disease-free
survival and overall survival [22]. To investigate the
potential effect of PTPN12 in LSCC, first, we determined

the differential expression levels of PTPN12 in LSCC tis-
sues and corresponding adjacent normal tissues. We
found that PTPN12 is down-regulated in LSCC tissues
and cell lines, and its low expression was correlated
with the advanced TNM stage in LSCC tissues, suggesting
that the down-regulation of PTPN12 may contribute to the
progression of LSCC.

Piao et al. show that expression of PTPN12 is nega-
tively correlated with tumor size, pathologic grading,
TNM stage, and tumor recurrence in bladder transitional
cell carcinoma. In addition, inhibition expression of PTPN12
remarkably enhances the proliferative, migratory, and inva-
sive capacities of bladder carcinoma cells both in vitro and
in vivo [23]. Consistent with the previous results, over-

Figure 3: The correlation of PTPN12 expression and miR-146b-3p expression. (a). Relative expression of miR-146b-3p in LSCC tiusses and
paired paracancerous tissues. (b). Pearsons correlation analysis was performed to explore the correlation between the expression of
PTPN12 and miR-146b-3p. (c). Relative expression of miR-146b-3p in two laryngeal cancer cell lines. The Pool represents mean expression
level of miR-146b-3p in 20 para-cancer normal tissues. (d–e). qRT-PCR was carried out to analyse the relative expression of PTPN12 in LSCC
cells transfected with miR-146b-3p mimic and inhibitor. (f). WB was carried out to analyse the PTPN12 protein expression in AMC-HN-8 cell
transfected with miR-146b-3p mimic and inhibitor. **P < 0.01.
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expression of PTPN12 led to an inhibition of proliferative,
migratory, and invasive capacities in the LSCC cell line.
These results indicated that PTPN12may play essential roles
in modulating LSCC carcinogenesis, migration, and inva-
sion. Based on these results, it can be concluded that
PTPN12 may function as a tumor suppressor gene.

miRNAs are short non-coding RNAs that are linked in
a variety of post-transcriptional regulations, leading to
the translational inhibition or destabilization of the target
mRNA by binding to its 3′-UTR region. As a growing number
of cancer-related miRNAs are identified, numerous studies
have been performed due to their dual roles as oncomiRNAs
or anti-tumor genes. The regulatory mechanism of miRNAs
on tumor can be delineated as follows. Dysregulation of key
enzymes Drosha and Dicer in miRNAs maturation is related
to tumorigenesis. Studies indicate that oncogene c-Myc reg-
ulates the expression of Drosha by binding to drosha,
leading to the inhibition ofmiRNAs, which promotes tumor-
igenesis [24]. Dysregulated miRNA acted as a tumor sup-
pressor gene. This mechanism is verified by studies about
miR-34 family and cancers. miR-34a plays an inhibitory role
by targeting Bcl-2 and SIRT1 and down-regulating their
expression in breast cancer [25]. Due to their target genes
weremainly focused on EMT,miR-200 family are associated
with tumor metastasis, for instance, zinc-finger E-box-
binding homeobox 1 (ZEB1) and transforming growth
factor β1 (TGFβ1) [26,27]. Dysregulation of miRNAs with
oncogenic function. Dysregulation of miR-21, miR-155,

and miR-221 contributes to tumor development and pro-
gression [28,29]. In search of miRNAs that regulate
PTPN12, we used online software and co-analyzed the
expression changes in candidate miRNAs and PTPN12
expressions. The miR-146b-3p was selected for its
inverse correlation with PTPN12 expression and its inhi-
bition role in a luciferase reporter assay.

The role of miR146b-3p is controversial, and it may
play various roles in different tumors. In cervical cancer,
miR-146b-3p serves as oncogene by promoting cervical
cancer cell proliferation, migration, and invasion capaci-
ties [30]. Elevation in miR-146b-3p acts as an indepen-
dent predictor of central lymph node metastases in
papillary thyroid carcinoma [31]. Our studies are the first
to demonstrate the tumor-promoting effects of miR146b-3p
in LSCC. Elevated miR146b-3p expression was found in
LSCC tissues and PTPN12 was identified as a target mRNA.
Furthermore, inhibition of miR-146b-3p suppressed LSCC
cell proliferation, migration, and invasion. The tumor-pro-
moting effect of miR146b-3p could be restored by the over-
expression of PTPN12 in LSCC cells. Our results show an
essential role of miR-146b-3p in LSCC pathogenesis and
provide an emerging effective target in LSCC therapy.

PTPN12 and downstream proteins interaction ana-
lysis was predicted based on STRING and GeneCards,
EGFR and ERBB2 were selected for targets of PTPN12.
The ErbB/HER protein kinase family contains four structu-
rally associated receptor tyrosine kinases including ErbB-1/

Figure 4: MiR-146b-3p directly targets PTPN12 in LSCC cell. (a). pmirGLO-PTPN12-3′-UTR-WT and pmirGLO-PTPN12-3′-UTR-Mut luciferase
reporter plasmids with the miR-146b-3p binding site. (b). Luciferase activity was significantly decreased in AMC-HN-8 and 293 T cells co-
transfected with PTPN12-3′-UTR-WT and miR-146b-3p mimic in vitro. **P < 0.01.
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HER1/EGFR, ErbB-2/HER2, ErbB-3/HER3, and ErbB-4/HER4
[32]. EGFR is overexpressed in bladder, breast, head and
neck, non-small-cell lung, and prostate cancers, indicating
that EGFR is involved in the malignant biological behavior
of tumor cells [33–36]. ERBB2 is expressed at a low level and
almost undetectable in normal tissues [37], but it is found to
be overexpressed in multiple tumors, such as breast cancer,
ovary carcinoma, prostate carcinoma, and non-small-cell

lung cancer [38–40]. ERBB2 initiates downstream MAPK/
ERK kinase signaling by forming heterodimers with ERBB1.
The MAPK/ERK signaling pathway has been extensively stu-
died due to its involvement in tumorigenesis, proliferation,
evasion, angiogenesis, apoptosis, adhesion, and malignant
transformation. In the present study, we found that up-reg-
ulation of PTPN12 significantly suppressed EGFR expression,
and miR-146b-3p mimic significantly up regulated the EGFR

Figure 5: The biological function of miR-146b-3p in vitro. (a and b). Transfection efficiency was verified by qRT-PCR analysis in AMC-HN-8 and
TU177 cells transfected with miR-146b-3p mimic and inhibitor. (c). The MTS assay was used to determine the cell proliferation ability. The
miR-146b-3p inhibitor led to marked inhibition of tumor cells proliferation capacity than cells transfected with the miR-146b-3p mimic at the
indicated time points. (d and e). Down-regulated miR-146b-3p expression dramatically decreased the ability of LSCC cell migration ability
and invasion ability in vitro. Data are presented as the mean ± SD of three independent experiments. *P < 0.05, **P < 0.01.
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expression. However, ERBB2 was in fact the opposite; up-
regulation of PTPN12 and miR-146b-3p mimic suppressed its
expression at protein levels,whichwas shown inconsistencies
with its mRNA expression levels. The inconsistency between
mRNA and protein expression may be due to posttran-
scriptional regulation or a delay in protein expression.
This provided further evidence that miR-146b-3p mimic
can act as an oncogene in LSCC through the regulation
of EGFR expression. Conversely, PTPN12 acts as a tumor

suppressor gene through the regulation of EGFR expres-
sion. However, further experiments are required to rigor-
ously test these hypotheses.

5 Conclusions

In conclusion, the down-regulation of PTPN12 is asso-
ciated with the up-regulation of miR-146b-3p in LSCC.

Figure 6: Synergistic effect of miR-146b-3p and PTPN12 on biological behavior of laryngeal cancer cell. (a). Growth curve of AMC-HN-8 after
cotransfected with miR-146b-3p mimic and pcDNA3.1-PTPN12 was determined by MTS assay. (b). A colony formation assay of AMC-HN-8 cell
after cotransfected with miR-146b-3p mimic and pcDNA3.1-PTPN12. (c). Migration assay and (d). Invasion assay of AMC-HN-8 cell after
cotransfected with miR-146b-3p mimic and pcDNA3.1-PTPN12. Data are presented as the mean ± SD of three independent experiments.
*P < 0.05, **P < 0.01.
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Moreover, PTPN12 serves as a tumor suppressor gene by
regulating the proliferation, migration, and invasion of
LSCC cells. miR-146b-3p/PTPN12 axis is expected to be a
novel therapeutic target in LSCC.
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Appendix

Table A1: Primer sequences of related genes for qRT-PCR

Gene Application Primer sequence

PTPN12 qRT-PCR F: 5′-ACACCAAGTCCTACAACAC-3′
R: 5′-GTCACAGCACCATCAGAG-3′

GAPDH qRT-PCR F: 5′-GAAGCTCGTCATCAATGGAAA-3′
R: 5′-CCACTTGATGTTGGCAGGAT-3′

U6 RT 5′-CGAGCACAGAATCGCTTCACGAATTTGCGTGTCAT-3′
qRT-PCR F: 5′-GACACGCAAATTCGTG-3′

R: 5′-GTGCAGGGTCCGAGGT-3′
miR-338-3p RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATGCTGGA-3′

qRT-PCR F: 5′-GTGCAGGGTCCGAGGTATT-3′
R: 5′-GCCGGTTGTTTTAGTGACTACGACCT-3′

miR-506-3p RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCATTCCGT-3′
qRT-PCR F: 5′-GTGCAGGGTCCGAGGTATT-3′

R: 5′-GCCGAGATGAGTCTTCCCACGGAATG-3′
miR-194-5p RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACATTGTC-3′

qRT-PCR F: 5′-GTGCAGGGTCCGAGGTATT-3′
R: 5′-GCCGAGGTGTACCTCAACGACAATGT-3′

miR-146b-3p RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCAGAA-3′
qRT-PCR F: 5′-GTGCAGGGTCCGAGGTATT-3′

R: 5′-GCCGGGTCTTGACTCAGGTGTCCCGT-3′
miR-124-3p RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATTCCGTG-3′

qRT-PCR F: 5′-GTGCAGGGTCCGAGGTATT-3′
R: 5′-GCCGCCGTAAGTGGCGCACGGAAT-3′

EGFR qRT-PCR F: 5′-CAGCGCTACCTTGTCATTCAG-3′
R: 5′-TCATACTATCCTCCGTGGTCA-3′

ERBB2 qRT-PCR F: 5′-CGCTTTTGGCACAGTCTACA-3′
R: 5′-TCCCGGACATGGTCTAAGAG-3′

PTPN12 affects the malignant progression of LSCC  17



Figure A1: Relative expression of miR-124-3p in LSCC tiusses and paired paracancerous tissues. (b). Relative expression of miR-194-5p in
LSCC tiusses and paired paracancerous tissues. (c). Relative expression of miR-338-3p in LSCC tiusses and paired paracancerous tissues.
(d). Relative expression of miR-506-3p in LSCC tiusses and paired paracancerous tissues. *P < 0.05, **P < 0.01.
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