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Background. MicroRNA-576-5p (miR-576-5p) plays an important role in diferent human cancers. However, the biological
function of miR-576-5p in papillary thyroid carcinoma (PTC) is still unclear. In this study, we explored the function and specifc
role of miR-576-5p in PTC. Methods. Expression levels of miR-576-5p in PTC patient tissues and cell lines were determined by
reverse transcription-quantitative polymerase chain reaction (qRT‒PCR). Cell counting using cell counting kit-8 (CCK-8),
wound healing, and Transwell assays were performed to evaluate the efect of miR-576-5p on the proliferation, migration, and
invasion of TPC-1 cells. Expression levels of mitogen-activated protein kinase 4 (MAPK4) and phosphorylation levels of protein
kinase B (AKT), extracellular regulated protein kinase (ERK), and P38 mitogen-activated protein kinase (P38) were detected by
western blotting or immunohistochemistry (IHC). Results. Te expression level of miR-576-5p in PTC tissues and TPC-1 cells was
signifcantly increased. In vitro, overexpression of miR-576-5p promoted the proliferation, migration, and invasion of TPC-1 cells.
In addition, MAPK4 was highly expressed in PTC tissues, and miR-576-5p could upregulate the expression of MAPK4. In-
terestingly, MAPK4 knockdown reversed cell proliferation but not migration and invasion in TPC-1 cells after miR-576-5p was
overexpressed. Moreover, overexpression of miR-576-5p induced activation of the AKTpathway in TPC-1 cells, andMAPK4 gene
knockout reversed this AKT pathway activation. Conclusion. In this study, we found that miR-576-5p was signifcantly over-
expressed in PTC tissues and TPC-1 cells. In addition, miR-576-5p promoted the proliferation of TPC-1 cells by enhancing
expression of MAPK4 and activating the AKT pathway.

1. Introduction

Tyroid cancer (TC) is the most common malignancy of the
endocrine system, and its incidence has increased steadily
over the past decade worldwide [1]. According to diferent
pathological features, thyroid cancer can be divided into
papillary thyroid carcinoma (PTC), follicular thyroid car-
cinoma (FTC), medullary thyroid carcinoma (MTC), and
anaplastic thyroid cancer (ATC) [2, 3]. PTC is the most

common pathological type of TC, accounting for more than
80% of TC cases. PTC is generally considered to be a type of
malignancy with a slow progression and good prognosis, as
the 10-year survival rate is approximately 90% [4]. However,
in some patients, PTC shows aggressive behaviour, resulting
in poor prognosis. Although the overall survival rate im-
proves signifcantly after surgery or radiotherapy, the
prognosis of metastatic PTC is poor [5]. Tus, accurate
preoperative diagnosis and precise treatment for PTC are
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necessary. Te discovery of specifc biomarkers in PTC can
help to evaluate the invasive potential of tumours and guide
surgical strategies or provide new therapeutic targets [6].
Terefore, it is of great signifcance to elucidate the mo-
lecular mechanism by which PTC develops to obtain new
therapeutic targets.

Mutations or abnormalities of microRNAs (miRNAs),
which are a group of small (18–25 nucleotides in length) highly
conserved noncoding RNA molecules that play a key role in
tumorigenesis, development, invasion, and metastasis, may lead
to cancer [7, 8]. A large number of miRNAs, such as miR-622,
miR-214, andmicroRNA-23a, have been found to be involved in
regulating the occurrence and development of papillary thyroid
carcinoma [9–11]. In addition, epigenetic alteration of cell
function in PTC has yet to be fully understood. miR-576-5p has
been found to be upregulated in various cancers, such as
glioblastoma and colon cancer [12, 13], and overexpression of
miR-576-5p has been associated with brain metastasis of co-
lorectal cancer and survival in pulmonary neuroendocrine tu-
mour [14, 15]. Furthermore, it has been proven thatmiR-576-5p
can promote proliferation, migration, and invasion in nonsmall
cell lung cancer cells [16].However, to the best of our knowledge,
the specifc roles and mechanisms of miR-576-5p in PTC have
not yet been explored, and in light of this, we designed this study
and performed a series of experiments to analyse the biological
roles of miR-576-5p and associated mechanisms in TPC-1 cells.

As an atypical member of the MAPK family, the
physiological and pathological functions of mitogen-
activated protein kinase 4 (MAPK4) in tumours have
gradually begun to gain attention. MAPK4 has been shown
to promote breast cancer cell proliferation, migration, and
invasion by activating PI3K/AKTsignalling, the downstream
protein c-JUN, the G1/S cell cycle, and the epithelial-to-
mesenchymal transition (EMT). At the same time, MAPK4
is highly expressed in osteosarcoma and inhibits cell pro-
liferation andmigration by activating the JNK/p38 signalling
pathway. In prostate cancer studies, MAPK4 overexpression
promoted prostate cancer metastasis through HSP27
upregulation. In addition, MAP2K4 can activate the p38
protein and induce prostate cancer epithelial cells to
transform into mesenchymal cells, thus leading to distant
tumour cell metastasis [17, 18]. However, MAPK4was found
to be downregulated in pancreatic adenocarcinoma and
identifed as a tumour suppressor. [19] Despite the difer-
ences in expression in the above studies, the role of MAPK4
in PTC and its relationship with the AKTsignalling pathway
are still unclear.

In this study, we evaluated the efect of miR-576-5p on
the proliferation, migration, and invasion of papillary thy-
roid carcinoma. Additionally, we investigated whether the
MAPK4-AKT signalling pathway mediates the role of miR-
576-5p in promoting tumour proliferation, migration, and
invasion.

2. Materials and Methods

2.1. PTC Tissue Sample Collection. PTC tissues and adjacent
normal thyroid tissues were collected before surgery from
patients diagnosed with PTC who then underwent

thyroidectomy from July 2018 to April 2019 at the Afliated
Hospital of Southwest Medical University. To ensure that
there were sufcient samples for the fnal pathological di-
agnosis, 42 pairs of PTC tissues and normal tissue samples
were collected immediately after thyroidectomy, approxi-
mately 2 g each. Te samples were immediately frozen in
a liquid nitrogen at −180°C and then transferred to a cryo-
genic freezer at −80°C for long-term storage. All samples
were collected with informed consent from the patients and
their families, and relevant ethics documents were signed.
Te experiment was approved by the ethics committee of the
Afliated Hospital of Southwest Medical University.

2.2. Cell Culture. Human thyroid papillary carcinoma cells
(TPC-1) and normal thyroid epithelial cells (Nthy-ori 3-1)
were obtained from Guangzhou Gino Biotechnology Co.,
Ltd. of China. TPC-1 cells were cultured in RPMI 1640
medium (HyClone Company, USA) supplemented with 10%
foetal bovine serum (FBS, Gibco, Termo Fisher Company,
USA) and incubated at 37°C in a humidifed incubator with
5% CO2 (Termo Fisher, USA). Nthy-ori 3-1 cells were
cultured in F-12K medium (Gibco, Termo Fisher Com-
pany, USA) supplemented with 10% FBS (Gibco, Termo
Fisher Company, USA) at 37°C and 5% CO2.

2.3. Cell Transfection. miR-576-5p mimic (5′-AUUCUA
AUUUCUCCACGUCUUU-3′; 50 nmol/L), miR-576-5p
inhibitor (5′-AAAGACGUGGAGAAAUUAGAAU-3′;
100 nmol/L), mimic negative control (NC; 5′-UUUGUA
CUACACAAAAGUACUG-3′; 50 nmol/L), inhibitor nega-
tive control (NC; 5′-CAGUACUUUUGUGUAGUACAAA-
3′; 100 nmol/L), and siRNA-MAPK4(GGCGCTTTGTTG
ACTTCCA; 100 nmol/L) were used in this study. All oli-
gonucleotides were purchased from Ribose Biology Co., Ltd.
(Guangzhou, China). Lipofectamine 2000 (Invitrogen,
USA), which is a multifunctional transfection reagent that
can efectively transfect various cargo into various adherent
and suspension cell lines, was used as the transfection re-
agent. According to the instructions, cells were inoculated
into 12-well plates one day before transfection, and trans-
fection was carried out when the cell density reached 50%.
Te fnal concentration of the miR-576-5p mimic andmimic
negative control was 50 nmol; that of the miR-576-5p in-
hibitor and inhibitor negative control was 100 nmol.
Transfected cells were cultured at 37°C in a humidifed
incubator containing 5% CO2, and the medium was changed
after 24 hours. Ten, the cells were used for experiments.

2.4. RNA Extraction and Reverse Transcription-Quantitative
Polymerase Chain Reaction (RT-qPCR) Analysis. Total RNA
of patient tissues and cell lines was extracted with TRIzol
reagent (Termo Fisher, USA); the nucleic acid quantity,
quality, and purity were determined using a spectropho-
tometer (Nanodrop,Termo Fisher Company, USA) and 1%
agarose gel electrophoresis. Subsequently, 500 ng of RNA
was used for reverse transcription (Catalogue No. 218160;
Chagan Co., Ltd., Hilden City, Germany). Te cDNA
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obtained was used for RT-qPCR using a SYBR green PCR kit
according to the manufacturer’s instructions (product cat-
alogue No. 208054; German Hilden Chagan Co., Ltd.). Raw
materials for miR-576-5p and U6 were purchased from
Chagan Company (product catalogue No. MIMAT0018987;
MS00044996). RT-qPCR was performed using a StepOne-
Plus version 2.2.3 A real-time PCR system (Applied Bio-
systems; Termo Fisher Scientifc, Inc.). Expression of miR-
576-5p was calculated relative to that of U6 using the
comparative threshold method (2−∆∆ct).

2.5. Cell Wound Healing. Cell wound healing was used to
evaluate the migration of TPC-1 cells. Briefy, transfected
TPC-1 cells (5×105 cells/well) were inoculated into 24-well
plates and cultured in serum-free RPMI 1640 medium; the
cell inoculation density was approximately 30%. When the
cells completely covered the bottom of the well, a scratch was
made perpendicular to the bottom of the well to form
a linear wound using a pipette tip. Ten, the scratched cells
were washed with PBS and cultured in serum-free RPMI
1640 medium for 24 hours. Te wound closure distance was
measured by photographing fve randomly selected areas at
the time of injury (time 0) and at 24 hours after injury.

2.6. Transwell Assay. Transwell assays were used to detect
the invasiveness of cells. Briefy, we seeded cells in 24-well
plates without serum medium but containing Matrigel-
coated insert flters (Costar Corning, USA), and then
RPMI 1640 medium with 10% FBS was added to the lower
chamber. Te cells were cultured at 37°C in 5% CO2 for
24 hours, fxed with 4% formaldehyde through a flter for
10 minutes, and stained with 5% crystal violet. We quan-
titatively analysed the cells invading theMatrigel membrane.

2.7. Cell Counting Kit-8 (CCK8) Proliferation Assays. Cell
proliferation was assessed by the CCK8 assay (Japan Co.).
TPC-1 cells (3×10 [3] cells/well) were inoculated into 96-
well plates in a fnal volume of 100 μl and then transfected
with the abovementioned miR-576-5p mimic, inhibitor, and
corresponding NC. Samples were assessed at 24, 48, and
72 hours after transfection. CCK-8 solution (10 μl) was
added to each well and incubated at 37°C for 2 hours.
Absorption was measured at 450 nm to calculate the number
of viable cells.

2.8. Immunohistochemistry (IHC) andWestern Blot Analysis.
Analysis of MAPK4 expression in formalin-fxedparafn-
embedded tissue 4 μm sections was performed by IHC,
and expression of MAPK4 was examined by using an anti-
MAPK4 antibody (1 : 50, ab2011501; Abcam company,
Cambridge, Massachusetts). For western blotting, total pro-
tein was extracted from TPC-1 cells or PTC tissues using
RIPA bufer (Beyotime Institute of Biotechnology, China).
Te total protein lysates were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred to a polyvinylidene fuoride (PVDF) membrane.
After that, the membranes were blocked at room temperature

for 2 hours using skim milk and then incubated with primary
antibodies (anti-MAPK4_1 :1000; anti-PCNA_1 :1000; anti-
p-AKT_1 :1000; anti-AKT_1 :1000; anti-p-ERK_1 :1000;
anti-ERK_1 :1000; anti-p-P3_1 :1000; anti-P38_1 :1000; anti-
GAPDH_1 : 2000) overnight at 4°C. Te next day, the PVDF
membrane was washed three times with PBST and then in-
cubated at room temperature for 1 hour with 1 : 3000 diluted
antirabbit IgG (Beyotime Institute of Biotechnology, China;
cat: A0208) and 1 : 3000 diluted antimouse IgG (Beyotime
Institute of Biotechnology, China; cat: A0216). Protein bands
were detected using Enhanced Chemiluminescence Detection
Reagent (Bio-Rad Laboratories, Inc., Hercules, CA, USA.) and
quantitatively analysed by Photoshop image software.

2.9. Animal Studies. Twelve male BALB/c nude mice (3-
4 weeks old) with similar body weights were obtained from
Chongqing Tengxin company and randomly divided into 4
groups, 3 in each group. A total of 5×106 transfected TPC-1
cells (miR-576-5p mimic, miR-576-5p mimic NC, miR-576-
5p inhibitor, and miR-576-5p inhibitor NC) were injected
subcutaneously into the armpits twice a week for 4 weeks
until euthanasia under anaesthesia. Tumour size was mea-
sured with a calliper, and the tumour volume (V) was
calculated according to the formula V � (L xW2)/2. After 4
weeks, the tumour was removed, weighed, and quickly
stored at −80°C for further analysis [20]. According to the
programme approved by the ethics committee of Southwest
Medical University, animal experiments and use are in
accordance with the guidelines for animal experiments
and use.

2.10. Statistical Analysis. All values are presented as the
mean± standard deviation (n� 3) and were processed by
GraphPad Prism 6 (GraphPad, CA, USA). Diferences be-
tween more than two groups were analysed by one-way
ANOVA. Student’s t-test was used to evaluate diferences
between the two groups. P< 0.05 was considered to be
a signifcant diference.

3. Results

3.1. miR-576-5p Is Upregulated in PTC Tissues and TPC-1
Cells. To investigate miR-576-5p in tissues and cell lines,
its expression in 42 pairs of human PTC tissues and
adjacent normal tissues was detected by RT-qPCR. Te
results demonstrated that miR-576-5p expression was
signifcantly upregulated in PTC tissues compared with
adjacent normal tissues (Figure 1(a)). Te median ex-
pression level of miR-576-5p (4.28) was taken as the cut-
of value, and 42 PTC patients were divided into a low
expression group (n � 24) and a high expression group
(n � 18) according to the cut-of value of miR-576-5p. It
should be noted that the expression level of miR-576-5p
correlated with age (P< 0.05), TNM stage (P< 0.01), and
lymph node metastasis (P< 0.01) (Table 1). Moreover,
miR-576-5p was signifcantly overexpressed in TPC-1
cells compared with Nthy-ori 3-1 cells (Figure 1(b)).
Tese data indicate that expression of miR-576-5p is
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increased in tissues and TPC-1 cells, suggesting that
miR-576-5p may play an important role in the occur-
rence and development of PTC.

3.2. miR-576-5p Promotes the Migration, Proliferation, and
Invasion of TPC-1 Cells. Next, to investigate the role of miR-
576-5p in PTC, a series of functional experiments were carried
out by transferring miR-576-5p mimic, inhibitor, and corre-
sponding negative controls into TPC-1 cells. Te results from
the CCK8 assay showed that upregulation of miR-576-5p
promoted the proliferation of TPC-1 cells but downregulation of
miR-576-5p inhibited cell proliferation (Figure 2(a)). At the
same time, the expression level of the proliferation-related
protein PCNA was increased after transfecting the miR-576-
5p mimic and signifcantly decreased in TPC-1 cells with
inhibited expression of miR-576-5p (Figures 2(b) and 2(c)). In
addition, the results from cell wound healing and Transwell
assays all showed that upregulation ofmiR-576-5p promoted the
migration and invasion of TPC-1 cells and miR-576-5p
downregulation inhibited these processes, as shown in Figures
2(d)–2(g). Tese insights show that miR-576-5p may play an
important role in the proliferation, migration, and invasion of
TPC-1 cells.

3.3. miR-576-5p-Induced Proliferation, Migration, and In-
vasion in TPC-1 Cells Is Dependent on AKT Signalling
PathwayActivation. It has been demonstrated that both the
MAPK and phosphatidylinositol 3-kinase (PI3K)/AKT sig-
nalling pathways regulate the oncogenic transformation,
growth, and survival of cancer cells [21]. Te key proteins of
the two signalling pathways, including AKT, ERK, and P38,
were detected to evaluate the efects of miR-576-5p on TPC-
1 cell behaviours. Compared with the control group of miR-
576-5p mimic, the level of phosphorylated AKT was sig-
nifcantly increased in miR-576-5p mimic-transfected TPC-
1 cells, and the opposite efects were induced by its inhibitor.
No obvious expression changes in ERK or P38 were found

(Figure 3). Tese results suggest that miR-576-5p regulates
the function of TPC-1 cells through the AKT signalling
pathway, at least in part.

3.4. MAPK4 Downregulation Mediates miR-576-5p-Induced
AKT Activation and Cell Proliferation in TPC-1 Cells.
Emerging evidence indicates that MAPK4 regulation of
the AKT signalling pathway may be involved in the
pathogenesis of tumours, such as lung adenocarcinoma,
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Figure 1: miR-576-5p was signifcantly upregulated in PTC tissues and TPC-1 cells. (a) Relative expression levels of miR-576-5p in PTC
tissues and corresponding adjacent normal tissues were detected by RT-qPCR. (b) Relative expression levels of miR-576-5p in the PTC cell
line TPC-1 and in the normal thyroid follicular epithelial cell line Nthy-ori 3-1 were detected by RT-qPCR. ∗∗P< 0.01.

Table 1: Correlation between clinicopathological features and
miR-576-5p expression in 42 patients with PTC.

Characteristics n High
expression

Low
expression

P

value
Sex 0.367

Male 12 5 7
Female 30 13 17

Age, years 0.023
<55 28 10 18
≥55 14 8 6

Extrathyroidal
extension 0.131

Yes 22 11 11
No 20 7 13

TNM staging 0.008
I-II 26 9 17
III-IV 16 9 7

Lymph node
metastasis 0.007

Yes 24 13 11
No 18 5 13

Multifocality 0.166
Yes 19 7 12
No 23 11 12

Tumour size, cm 0.103
<2 31 12 19
≥2 11 6 5
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colon cancer, and prostate cancer [18]. Based on these
fndings, we preliminarily hypothesized that miR-576-
5p-induced functional changes in TPC-1 cells may occur
through the MAPK4-AKT signalling axis. To test this
hypothesis, expression of MAPK4 was frst observed in
clinical PTC specimens, and western blot results showed
that the level of MAPK4 expression in PTC tissues was
signifcantly higher than that in adjacent normal thyroid
tissues, and similar data were found by IHC (Figures 4(a)
and 4(b)). Moreover, IHC showed MAPK4 to be mainly
expressed in the cytoplasm of thyroid cells. Interestingly,
there were diferences in tumour size, with rates of
MAPK4 positivity in PTC (>1 cm), PTC (<1 cm), and
normal thyroid tissues of 63.31%, 25.78%, and 9%, re-
spectively (Figures 4(c) and 4(d)). Tese results suggest
that MAPK4 is overexpressed and may play an important
role in the development of PTC and may be related to the
size of tumours.

Next, we verifed whether MAPK4 is involved in miR-
576-5p-induced functional changes in vitro. As shown in
Figures 5(a) and 5(b), expression of MAPK4 was signif-
cantly reduced in cells transfected with siRNA-MAPK4.

CCK8 results showed that the proliferation ability of siRNA-
MAPK4-transfected TPC-1 cells was signifcantly lower than
that of siRNA-NC-transfected cells. Moreover, upregulation
of miR-576-5p obviously reversed the efect of silencing
MAPK4 on the proliferation of TPC-1 cells (Figure 5(c)).
Unexpectedly, there was no efect on the migration or in-
vasion of TPC-1 cells after silencingMAPK4, suggesting that
MAPK4 may not participate in this process (Figures 5(d)–
5(g)). Tese results indicate that MAPK4 is involved in
modulating the proliferation but not the migration and
invasion of TPC-1 cells and that this process is regulated by
miR-576-5p.

Additionally, the regulatory relationship between
MAPK4 and miR-576-5p in TPC-1 cells was investigated.
MAPK4 expression was signifcantly upregulated after miR-
576-5p mimic transfection and downregulated after miR-
576-5p inhibitor transfection (Figures 6(a) and 6(b)). As
expected, silenced expression of MAPK4 resulted in upre-
gulation of PTEN protein levels and downregulation of p-
AKT protein levels. At the same time, upregulation of miR-
576-5p reversed the efect of MAPK on PTEN and p-ATK
(Figures 6(c) and 6(d)).
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Figure 2: Overexpression of miR-576-5p promotes the proliferation, migration, and invasion of TPC-1 cells. (a) A CCK-8 assay was
performed to evaluate cell proliferation. (b, c)Te proliferation-related protein PCNA was evaluated by western blotting. (d, e)Te efect of
miR-576-5p on the migration of TPC-1 cells was examined by wound healing assays. (f, g)Te efect of miR-576-5p on the invasion of TPC-
1 cells was examined by transwell assays. ∗P< 0.05; ∗∗P< 0.01.
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Figure 3: miR-576-5p correlated positively with phosphorylated AKT. Phosphorylation of AKT, ERK, and P38 was examined in TPC-1 cells
by western blotting. ∗P< 0.05.
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PTC and normal thyroid tissue by western blotting and immunohistochemistry. ∗P< 0.05; ∗∗P< 0.01.
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3.5. miR-576-5p Promotes Tumour Growth In Vivo. To
evaluate whether miR-576-5p promotes tumour growth in vivo,
we conducted animal experiments.Te results showed that after
upregulation of miR-576-5p, the growth rate of tumours was
signifcantly increased. At the same time, after downregulation
of miR-576-5p, the tumour growth rate was signifcantly de-
creased (Figure 7(a)). Four weeks later, the mice were killed, and
the tumours were removed and weighed. Te results showed
that after upregulating miR-576-5p, the tumour size and weight
were signifcantly increased. At the same time, after down-
regulating miR-576-5p, the tumour size and weight decreased
signifcantly (Figures 7(b) and 7(c)). In addition, we detected
expression of miR-576-5p in the tumour tissues, and the results
showed that expression of miR-576-5p in the miR-576-5p
mimic group was signifcantly higher than that in the miR-576-
5p mimic NC group, but miR-576-5p expression in the miR-
576-5p inhibitor group was signifcantly lower than that in the
miR-576-5p inhibitor NC group (Figure 7(d)). Tese results
indicate that miR-576-5p can promote tumour growth in vivo.

4. Discussion

Recently, a large number of miRNAs have been reported to
be involved in the genesis, development, and prognosis of
PTC [22–24]. In this study, we observed high expression of
miR-576-5p in PTC tissues and TPC-1 cells. We regulated
expression of miR-576-5p in TPC-1 cells in vitro and in vivo
and found that upregulation of miR-576-5p can promote the
proliferation, migration, and invasion of TPC-1 cells as well
as the growth of tumours in vivo. Additionally, miR-576-5p
resulted in upregulated expression of MAPK4 and enhanced
AKTactivity in TPC-1 cells. Finally, we confrmed that miR-
576-5p-induced cell proliferation is mediated by the
MAPK4-AKT signalling pathway in TPC-1 cells.

miR-576-5p has been reported to be associated with
certain chronic infammatory diseases, such as osteoar-
thritis, pertussis, systemic lupus erythematosus, non-
alcoholic fatty liver disease, and tuberculosis [25–29].
Furthermore, miR-576-5p is upregulated in patients with

MAPK4

GAPDH

Blank siRNA-NC siRNA-
MAPK4

(a)

T
e e

xp
re

ss
io

n
of

 M
A

PK
4

0.0

0.5

1.0

1.5
**

Blank siRNA-NC siRNA-MAPK4

(b)

O
D

45
0 

va
lu

e

0

1

2

3

4

Blank
siRNA-NC
siRNA-MAPK4

miR-576-5p mimic
miR-576-5p mimic
+siRNA-MAPK4

*

**

**

24 h 48 h 72 h

(c)

0 h

24 h

Blank siRNA-NC siRNA-MAPK4 miR-576-5p mimic miR-576-5p mimic
+siRNA-MAPK4

(d)

Re
lat

iv
e m

ig
ra

tio
n 

le
ve

l

0.0

0.2

0.4

0.6

0.8

1.0 **

Bl
an

k

siR
N

A-
N

C

siR
N

A-
M

A
PK

4

m
iR

-5
76

-5
p 

m
im

ic

m
iR

-5
76

-5
p 

m
im

ic
+s

iR
N

A-
M

A
PK

4

(e)

Blank siRNA-NC siRNA-MAPK4 miR-576-5p mimic miR-576-5p mimic
+siRNA-MAPK4

(f )

N
um

be
r o

f m
ig

ra
tio

n
ce

lls
0

200

400

600

800
**

Bl
an

k

siR
N

A-
N

C

siR
N

A-
M

A
PK

4

m
iR

-5
76

-5
p 

m
im

ic

m
iR

-5
76

-5
p 

m
im

ic
+s

iR
N

A-
M

A
PK

4

(g)

Figure 5: MAPK4 knockout inhibited the proliferation of TPC-1 cells. (a, b) MAPK4 expression in TPC-1 cells transfected with siRNA-
MAPK4 and siRNA-NC. (c–g) Te efect of MAPK4 on the proliferation, migration, and invasion of TPC-1 cells was examined by CCK8,
wound healing, and transwell assays. ∗P< 0.05; ∗∗P< 0.01.
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colorectal cancer with brain metastases, glioblastoma,
neuroendocrine tumours of the lung, and colon cancer
[12–15]. Tese studies suggest that miR-576-5p correlates
with tumorigenesis, distant metastasis, and overall survival
of cancers and plays a key role in the function of cancer cells.
Upregulated miR-576-5p promotes the migration and in-
vasion of oesophageal squamous cell carcinoma (ESCC) by
inhibiting expression of nuclear receptor interacting protein
(NRIP1) [30]. It has been confrmed that miR-576-5p ac-
celerates the invasion of various human melanoma cell lines
[31]. Additionally, miR-576-5p is involved in regulating the
proliferation of oesophageal cancer cells [32]. Consistent
with previous studies, we found miR-576-5p to be highly
expressed in PTC tissues and TPC-1 cells, and over-
expression of miR-576-5p promoted the proliferation, mi-
gration, and invasion of TPC-1 cells.

Te MAPK and PTEN/AKT signalling pathways play
central roles in promoting cell proliferation [21, 33]. Many
studies have shown that miRNAs regulate the proliferation,
migration, and invasion of PTC through the MAPK and
PTEN/AKT signalling pathways. For example, miR-150-5p
promotes PTC cell proliferation and survival by activating

the ERK signalling pathway [34]. miR-20b plays an in-
hibitory role in papillary thyroid carcinoma by regulating
the MAPK/ERK signalling pathway[35]. Overexpression of
miR-31 can signifcantly inhibit the proliferation, invasion,
and migration of PTC cells by regulating the extracellular
AKTsignalling pathway [36]. Additionally, miR-486 inhibits
cell proliferation, invasion, and migration by down-
regulating TENM1 expression and afecting the ERK and
AKT signalling pathways and epithelial-to-mesenchymal
transition in papillary thyroid carcinoma [37]. We also
verifed whether MAPK and/or PTEN/AKT are involved in
the proliferation, migration, and invasion of TPC-1 cells
with the participation of miR-576-5p and found that among
key MAPK and AKT pathway components, only AKT
protein expression changed with miR-576-5p knockdown.
Tese data clearly confrm that the AKT pathway, and not
MAPK signalling, is involved in miR-576-5p-induced cell
functional regulation in PTC.

MAPK4 was initially identifed as a negative regulator of
proliferation in noncancer cells such as preadipocytes and
multiple myeloma cell lines [38]. Recently, research on
MAPK4 in the feld of tumours has received increasing
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attention. In osteosarcoma-derived U2OS and ovarian
carcinoma-derived ES-2 cells, decreased MAPK4 mRNA
translation mediates the prometastatic efect of IGF2BP1,
suggesting that MAPK4 acts as a tumour suppressor [39].
Conversely, MAPK4 is regarded as a tumour promoter in
some cancers, such as lung adenocarcinoma, colon cancer,
and prostate cancer [18]. Furthermore, the transcript levels
of MAPK4 are upregulated by the oncogenic K-ras gene in
lung adenomas [40]. A proliferative efect of MAPK4 was
also observed in prostate cancer PC3 cells [18]. It seems that
MAPK4 may exert diferent efects on diferent tumours,
with anti- or pro-oncogenic efects. In our study, we verifed
that MAPK4 was overexpressed in PTC tissues. Addition-
ally, we found that MAPK4 could promote the proliferation
of papillary thyroid cancer cells and mediate the efect of
miR-576-5p on the proliferation of TPC-1 cells.

As mentioned above, miR-576-5p is defnitely involved
in the regulation of the function of PTC cells, as induced by
MAPK4. To investigate a possible interaction between miR-
576-5p and MAPK4, miR-576-5p gain- and loss-of-function

experiments in TPC-1 cells were performed. Our data
showed that overexpression of miR-576-5p led to upregu-
lation of MAPK4 and that inhibiting miR-576-5p prevented
it. Tese fndings confrm that miR-576-5p directly or in-
directly activates MAPK4 to promote cell proliferation in
PTC, though the detailed regulatory mechanisms need to be
further confrmed.

It was shown that the MAPK4 and AKT signalling
pathways are related in a variety of tumours. Wang et al.
suggested that MAPK4 promotes the progression of both
lung cancer and bladder cancer through activation of the
AKT signalling pathway [18]. Similar to the above
studies, as expected, silenced expression of MAPK4
resulted in upregulation of PTEN protein levels and
downregulation of p-AKT protein levels. At the same
time, upregulation of miR-576-5p reversed the efect of
MAPK on PTEN and p-ATK. Together, these data
suggest that miR-576-5p regulates cells through the
MAPK4-AKT pathway, but there is no evidence of direct
regulation between miR-576-5p and MAPK4. Whether
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Figure 7: miR-576-5p promotes tumour growth in vivo. (a) Tumour volume was measured weekly after injection of transfected TPC-1 cells.
(b) After the mice were killed, the tumour tissue was imaged. (c)Te tumour weight was measured after the mice were killed. (d) Expression
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other mechanisms are involved in miR-576-5p-mediated
functional changes in thyroid carcinoma cells remains to
be further explored.

In summary, our study showed that expression of miR-
576-5p was signifcantly increased in PTC tissues and TPC-1
cells. Furthermore, we found that miR-576-5p can promote
the proliferation of TPC-1 cells by enhancing expression of
MAPK4 and activating the downstream AKT signalling
pathway. Te direct target gene of miR-576-5p will be the
focus of our future research.
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