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1. Abstract

Background: Papillary thyroid cancer (PTC) is
an endocrine malignancy whose incidence has increased
rapidly worldwide. MAP17 (PDZKIP1) is a small protein
related to tumor progression. The aim of this study was to
investigate the role of MAP17 in PTC and the underlying
molecular mechanism. Methods: Bioinformatics, Western
blotting and immunohistochemistry were used to analyze
the expression of MAP17 in PTC. The gene transcription
was measured by qPCR. Cell viability was determined by
CCK8 assay. Cell growth was measured by clonal for-
mation assay. Cell apoptosis was measured by TUNEL.
Wound healing assay and transwell assay were used to mea-
sure the mobility of cells. The expression of E-cadherin
and N-cadherin was determined by immunofluorescence.
The effect of MAP17 on tumor growth was determined
in animal experiments. Results: The results showed that
MAP17 was up-regulated in PTC, which significantly pro-
moted the growth and motility of PTC cells, but inhibited
cell apoptosis. Besides, overexpression of MAP17 accel-
erated cycloheximide (CHX, a protein synthesis inhibitor)-
induced p53 degradation, while low expression of MAP17
slowed down CHX-induced p53 degradation, suggesting
that MAP17 can regulate p53 stability. Notably, NUMB
exhibited an opposite effect on P53 stability. Interestingly,
p53 overexpression reversed the effects of MAP17 overex-
pression on cell viability, motility, and apoptosis, indicat-
ing that p53 was involved in the progression of PTC. In vivo
studies have shown that tumor growth was positively cor-
related with MAP17 expression and negatively correlated
with p53 expression. Conclusion: Our findings revealed
that MAP17 exhibited carcinogenic effects through inter-
acting with NUMB to reduce the stability of p53, demon-
strating that MAP17 may serve as a potential prognostic
biomarker for PTC treatment.

2. Introduction

Papillary thyroid cancer (PTC) is an endocrinema-
lignancy that occurs in thyroid follicular cells [1]. The in-
cidence of PTC has increased rapidly worldwide over the
last 3 decades. In the United States, the incidence of PTC
increased 3.7-fold from 3.4 per 100000 to 12.5 per 100000
[2]. Most PTC patients have a good prognosis with a low
mortality rate, but cervical lymph node metastasis is rela-
tively common [3, 4]. Although great progress has been
made for detection and treatment of PTC, the diagnostic
accuracy still needs to be improved [5]. Therefore, it is ur-
gently needed to develop alternative diagnostic therapeutic
markers.

MAP17 (PDZKIP1) is an insoluble and non-
glycosylated membrane-associated protein [6], which con-
tains two transmembrane regions and a hydrophobic c-
terminal encoding a postsynaptic density-95 (PSD-95),

discs-large, zona occludens 1 (ZO-1) (PDZ) binding do-
main. MAP17 can interact with multiple proteins contain-
ing PDZ domains (Such as PDZK1) [7, 8]. MAP17 is over-
expressed in various human cancers [9, 10], which is closely
related to tumor progression [8, 9, 11], while MAP17 is
rarely expressed in adenomas, benign tumors, and normal
tissues, and a high proportion (50%–90%) of advanced or
metastatic tumors always express high levels of MAP17,
which is associated with a more dedifferentiated phenotype
[8–10]. DNA methylation arrays showed that overexpres-
sion of MAP17 related to abnormal promoter hypomethy-
lation may promote tumor growth in thyroid cancer. How-
ever, the specific role and underlying molecular mechanism
of MAP17 in thyroid cancer are still unclear.

P53 is one of the most important tumor suppres-
sors in cells, which has been found to occur deletion or mu-
tation inmore than 50%of human tumor cells. A large num-
ber of studies have shown that p53 also plays an important
role in cell metabolism, especially glucose metabolism. In
thyroid cancer, mutations of p53 occured in anaplastic car-
cinoma (AC), which is a rare but highly aggressive form
of thyroid cancer [12]. NUMB can increase the stability of
p53 and reduce p53 ubiquitination degradation [13–15]. In-
terestingly, MAP17 can interact with NUMB to inhibit its
function [16]. However, whether MAP17 can regulate PTC
tumor progression through interacting with NUMB/p53 re-
mains to be investigated.

This study investigated the expression of MAP17
in PTC and the influence of abnormal expression ofMAP17
on the progression of PTC. Our results showed that MAP17
was highly expressed in PTC, which was closely related to
cell growth, motility and apoptosis. In vivo studies have
confirmed that MAP17 overexpression significantly pro-
motes tumor growth. Our findings suggest that MAP17
may serve as a potential target for PTC treatment.

3. Material and methods

3.1 UALCAN analysis

A tool named UALCAN (http://ualcan.path.uab.
edu/index.html) is generally used for TCGA data mining
analysis to retrieve the expression of multiple genes in tu-
mors as well as the relationship of the expression with prog-
nosis [17]. In this study, the transcriptional expression of
MAP17 (also known as PDZK1IP1) in PTC and normal thy-
roid tissues were analyzed using UALCAN, with a cut-off
p value of 0.01.

3.2 Gene expression profiling interactive analysis
(GEPIA) database

GEPIA (http://gepia.cancer-pku.cn/index.html),
developed by Peking University, is an interactive analysis
website containing abundant RNA sequencing expression
data from TCGA and GTEx. GEPIA has various specific
roles, such as tumor/normal differential expression analy-

http://ualcan.path.uab.edu/index.html
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sis, and analysis based on cancer type or pathological stage
[18]. In this study, MAP17 (also known as PDZK1IP1) was
analyzed by multi-gene comparison module. In addition,
the single gene analysis module of GEPIA was used to
explore the relationship between MAP17 expression and
pathological stage.

3.3 Collection of tissue samples and
immunohistochemistry

A total of 50 PTC tissues and para-cancerous nor-
mal tissues from patients with PTC were collected during
surgery procured from People’s Hospital, People’s Hospital
of Hangzhou Medical College. The expression of MAP17
in PTC tissues and para-cancerous normal tissue was as-
sessed by immunohistochemistry. In brief, the tissues were
embedded in paraffin, and incubated with anti-MAP17 anti-
body (ab156014, 1:250, Abcam, Cambridge, UK). MAP17
staining was observed under a microscope. All analyses
were conducted in triplicate.

3.4 Cell culture

PTC cell lines (HTh-7, KHM-5M, CAL62, KTC-
1 and TPC-1) and normal human normal thyroid HTori-3
cell line were purchased from the Cell Bank of the Shang-
hai Chinese Academy of Sciences (Shanghai, China). Cells
were cultured in high-glucose DMEM (Hyclone; Thermo
Fisher Scientific, Waltham, MA, USA) containing 10%
FBS and 1% antibiotic-antimycotic in an incubator at 37
◦C with 5% CO2.

3.5 Western blotting

The levels of MAP17, p53, β-actin, and NUMB
were assessed by western blotting. Briefly, cells or tis-
sues were lysed, and then protein concentration was deter-
mined by BCA assay. 20 µg of each sample was separated
by SDS-PAGE, and then transferred to PVDF membranes.
The membranes were then probed with primary antibod-
ies MAP17 (ab156014, 1:1000, Abcam, Cambridge, UK),
p53 (ab26, 1–5 µg/mL, Abcam, Cambridge, UK), β-actin
(#4970, 1:1000, Cell Signaling Technology, Danvers, MA,
USA), and NUMB (#2756, 1:1000, Cell Signaling Technol-
ogy, Danvers, MA, USA) at 4 ◦C overnight, and then in-
cubated with the appropriate secondary antibodies at room
temperature for 1 h. After exposing to DAB, the mem-
branes were visualized. All analyses were conducted in
triplicate.

3.6 MAP17 overexpression and knockdown

For overexpression, MAP17 was overexpressed
using adenovirus system. Briefly, constructs (MAP17-
overexpressing (MAP17) and negative control (NC)) were
inserted into an adenovirus-packaging plasmid. After that,
the above adenovirus were packaged in HEK293A cells
[19]. CAL62 and TPC-1 cells were seeded into 24-well
plates, achieving to a cell density of about 2 × 105, and
then 5 × 1010 PFU/mL adenovirus (2 µL) was added into

the 24-well plate, and the fresh complete culture medium
was replaced after 4–8 h. WB analysis was performed 48
h later. For knockdown, MAP17 was knocked down with
shRNAs. In brief, shRNAs specific MAP17 (shMAP17#1
and shMAP17#2) and negative control shRNA (shNC)
were designed and synthesized by Bersinbio (Guangzhou,
China). Then, shRNAs were transfected into CAL62 and
TPC-1 cells using Lipofectamine 2000. After 48 h post
transfection, follow-up analysis of the cells was performed.

3.7 CCK8 assay

Cell viability or the effects of MAP17 on prolif-
eration were determined using CCK8 assay. CAL62 and
TPC-1 cells at a density of about 4 × 103 cells/well were
seeded on the 96-well plates, and cultured overnight at 37
◦C with 5% CO2. Whereafter, 10 µL CCK8 was added,
and the cells were incubated for another 24 h. Optical den-
sity (OD) for each well was determined at 450 nm using
microplate reader (Infinite® 200 PRO, Tecan).

3.8 Clone formation assay

After transfection, CAL62 and TPC-1 cells (400
cells/well) in the logarithmic phase were seeded in 6-well
plates and incubated at 37 ◦C with 5% CO2 for 14 days.
Medium in each plate was refreshed every 3 days. After
that, the cells were fixedwith 4%paraformaldehyde (1mL),
and stained with 0.1% crystal violet. The colonies were
photographed under a microscope and counted.

3.9 Terminal deoxynucleotidyl transferase
deoxyuridine triphosphate (dUTP) nick end labeling
(TUNEL) staining

Apoptosis was determined by TUNEL staining us-
ing In Situ Cell Death Detection Kit (Roche). CAL62 and
TPC-1 cells were inoculated into 24-well plates at a den-
sity of about 2 × 104 cells/well, and then incubated. Af-
ter infection or transfection, the cells were fixed with 4%
paraformaldehyde solution (100 µL), and then exposed to
TUNEL reaction mixture (50 µL) in dark, followed by in-
cubation of 1 h. After that, fluorescence labeled DNA were
visualized using fluorescence microscopy (Leica, Wetzlar,
Germany).

3.10 Wound healing assay

CAL62 and TPC-1 cells were plated in 24-well
plates and cultured until monolayers formed. Themonolay-
ers were subjected to mitomycin C at 75 µg/mL to suppress
cell self-replication. The monolayer was scratched using a
200 µL sterile pipette tip, and subsequently washed twice
with warm PBS. After the cells were cultured at 37 ◦C for
48 h and 0 h post injury, the scratches were visualized using
Nikon ECLIPSE TE2000-U inverted microscope.

3.11 Transwell assay

Invasion was determined by transwell assay.
CAL62 and TPC-1 cells were serum-starved for 24 h, and
then inoculated into upper chambers coated with Matrigel
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(BD Biosciences, Bedford, MA, USA) at a density of 2 ×
104. The lower chambers were filled with 500 µL of 1640
RPMI containing 10% FBS, followed by incubation at 37
◦C for 24 h. Then, the cells on the dorsal side of the lower
chamber were fixed with 100% methanol and stained with
0.1% crystal violet. The crystal was dissolved in DMSO,
and theODvalue at 570 nmwasmeasuredwith amicroplate
analyzer.

3.12 Immunofluorescence staining

The levels of E-cadherin and N-cadherin were
detected by immunofluorescence staining. CAL62 and
TPC-1 cells grown in 96 well plates were washed with
PBS, fixed with 4% paraformaldehyde, and sealed with 5%
BSA/PBS for 30 min. The cells were then incubated with
primary antibodies of E-cadherin (1:200, #3195, Cell Sig-
naling Technology, Danvers, MA, USA) and N-cadherin
(1:200, #13116, Cell Signaling Technology, Danvers, MA,
USA). Thereafter, the cells were stained with fluorescein
isothiocyanate or Cy3 linked secondary antibody, and im-
aged by cellomics ArrayScanHCS reader (Thermo Science,
Waltham, MA, USA).

3.13 Animal modeling and randomization

Female BALB/c nude SPF mice (6 weeks of age,
18–22 g in weight) were provided by Vital River (Beijing,
China). Animals were kept at room temperature of 18–25
◦C, with a 12-hour light/dark cycle and free access to food
and water. TPC-1 cells were cultured in vitro and infected
with adenovirus overexpressingMAP17 or transfected with
shNC or shRNA#2, respectively. Then, infected or trans-
fected TPC-1 cells (3.5× 106 cells per mouse) were subcu-
taneously injected into female BALB/c nude mice. Tumor
bearing mice were randomly divided into four groups (10
mice per group): NC group, MAP17 group, shNC group
and shRNA#2 group. Tumor size was measured once every
3 days. Thirty days after injection, the mice were executed
by cervical dislocation. The tumor was removed, and the
weight was measured, and immunohistochemical analysis
was performed.

3.14 Immunohistochemistry

The expression of Ki67, MAP17 and p53 in tu-
mor tissues was determined using immunohistochemical
staining as previously described [20]. In brief, tissue sec-
tions were dewaxed with xylene and hydrated with differ-
ent concentration gradients of ethanol. The sections were
then immersed in a pH 6.0 sodium citrate buffer and boiled
for 30 min. Sections were incubated at 37 ◦C with anti-
Ki67 (#9449, 1:200, Cell Signaling Technology, Danvers,
MA, USA), anti-MAP17 (ab156014, 1:200, Abcam, Cam-
bridge, UK) and anti-p53 (ab32389, 1:100, Abcam, Cam-
bridge, UK), followed by observation under light micro-
scope (Olympus Corporation, Tokyo, Japan).

3.15 Statistical analysis

Data are presented as means ± SD and analyzed
with SPSS (version 19.0, Chicago, IL, USA). Comparisons
were carried out using Student’s t test (two groups) and
analysis of variance (three groups or above). p < 0.05 was
deemed as statistically significant difference.

4. Results

4.1 The expression of MAP17 was increased in patients
with PTC

We first analyzed the expression of MAP17 in
PTC using GEPIA database and UALCAN database. The
expression of MAP17 was increased in PTC (Fig. 1A,B),
and the level of MAP17 increased over with lymph node
metastasis (Fig. 1C). Besides, the expression of MAP17 in
tall papillary thyroid carcinoma was the highest (Fig. 1D).
In addition, tumor tissue samples and para-cancerous tis-
sue samples from patients with PTC were collected during
the surgery, and MAP17 expression was detected by PCR,
immunohistochemistry and Western blotting. MAP17 ex-
pression was increased at both mRNA (Fig. 1E) and pro-
tein levels in tumor tissues compared with adjacent tissues
(Fig. 1F–G). Overall, these evidences consistently indicated
that the expression ofMAP17was increased in patients with
PTC.

4.2 MAP17 promoted the growth of PTC cells and
inhibited cell apoptosis in vitro

We investigated the expression and role ofMAP17
in PTC in vitro. The expression of MAP17 in Htori-3 cells
and PTC cell lines (HTH-7, CAL62, KHM-5M, TPC-1 and
KTC-1) was determined by Western blotting. As shown in
Fig. 2A, MAP17 expression in PTC cell lines was signif-
icantly increased compared with that in Htori-3 cells, and
CAL62 and TPC-1 cells were selected for further study. To
further explore the effect of MAP17 on PTC cells, MAP17
was overexpressed or knocked down in CAL62 and TPC-
1 cells, respectively. As shown in Fig. 2B, the levels of
MAP17 in CAL62 and TPC-1 cells were significantly in-
creased after the cells were infected with adenovirus over-
expressing MAP17, while decreased after the cells were
transfected with shRNA (shRNA#1 and shRNA#2), indi-
cating that MAP17 had been successfully overexpressed or
knocked down in this study. In addition, the effects of ab-
normal MAP17 expression on the growth and apoptosis of
CAL62 and TPC-1 cells were determined by clone forma-
tion assay and TUNEL staining, respectively. As shown
in Fig. 2, the overexpression of MAP17 significantly in-
creased cell viability of PTC cells (Fig. 2C), and promoted
the growth of PTC cells (Fig. 2D), as well as inhibited the
apoptosis of PTC cells (Fig. 2E), while the low expression
of MAP17 showed opposite effects. These results indicated
that MAP17 promoted the growth of PTC cells and inhibit
cell apoptosis in vitro.
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Fig. 1. The expression of MAP17 was increased in patients with PTC. (A–D) MAP17 expression was analyzed in GEPIA database and UALCAN
database (∗p< 0.05, ∗∗∗p< 0.001 vs. Normal group). (E) The expression of MAP17 in PTC tissues and adjacent tissues was detected by RT-qPCR. (F)
The expression of MAP17 in PTC tissues and adjacent tissues was detected by immunohistochemistry. (G) The expression of MAP17 in PTC tissues and
adjacent tissues was detected by western blotting. (∗∗∗p < 0.001 vs. Normal group).

4.3 MAP17 promoted the migration, invasion and
epithelial-mesenchymal metastasis (EMT) of PTC cells

In addition, we further investigated the effect of
abnormal MAP17 expression on the motility of CAL62 and
TPC-1 cells. As shown in Fig. 3A,B, the overexpression of
MAP17 significantly promoted the invasion and migration
of PTC cells, while the low expression of MAP17 inhib-
ited the invasion and migration of PTC cells. Furthermore,
immunofluorescence analysis showed that MAP17 overex-
pression significantly increased the level of N-cadherin, but
decreased the level of E-cadherin. The low expression of
MAP17 showed an opposite effect, indicating that MAP17
promoted the process of EMT (Fig. 3C). In summary, these
results showed that MAP17 promoted the motility of PTC
cells.

4.4 MAP17 reversed NUMB-mediated p53 stabilization

Studies have shown that NUMB could inhibit
p53 ubiquitination, and enhance the stability of p53, and
MAP17 could physically interact with NUMB. Therefore,
this study investigated the effect of MAP17 on NUMB me-
diated p53 stabilization. As shown in the Fig. 4A–B, RT-
qPCR showed that the abnormal expression of MAP17 had

no significant effect on the transcription of p53, but signif-
icantly decreased the p53 expression in CAL62 and TPC-1
cells, while MAP17 knockdown significantly increased the
protein level of p53 (Fig. 4A,B). After MAP17 was overex-
pressed or knocked down in TPC-1 cells, TPC-1 cells were
subjected to the protein synthesis inhibitor cycloheximide
(CHX) for 0, 0.5, 1 and 2 h, respectively. Western blot-
ting showed that in the presence of CHX, the overexpres-
sion of MAP17 accelerated the degradation of p53, while
the knockdown of MAP17 slowed the degradation of p53
(Fig. 4C). Furthermore, CAL62 or TPC-1 cells were in-
fected with adenovirus overexpressing MAP17 or NUMB,
either alone or in combination. The results showed that
MAP17 overexpression significantly promoted p53 degra-
dation in CAL62 or TPC-1 cells, while NUMB overex-
pression significantly inhibited p53 degradation in CAL62
or TPC-1 cells (Fig. 4D). Further study showed that p53
degradation was significantly slowed in CAL62 or TPC-
1 cells after co-infection with adenovirus overexpressing
MAP17 and NUMB. Notably, NUMB did not affect the ex-
pression of MAP17 (Fig. 4E). Taken together, these results
suggested that MAP17 reversed NUMB-mediated p53 sta-
bilization.
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Fig. 2. MAP17 promoted the growth of PTC cells and inhibited cell apoptosis in vitro. (A) The expression of MAP17 in Htori-3 cells and PTC cell
lines (HTH-7, CAL62, KHM-5M, TPC-1 and KTC-1) was detected by western blotting (∗∗∗p < 0.001 vs. Htori-3 cells). (B) CAL62 and TPC-1 cells
were infected with adenovirus containing MAP17, or transfected with shRNAs (shRNA#1 or shRNA#2). (C) Cell viability was measured by CCK 8
assay. (D) Cell growth was measured by clone formation assay. (E) Cell apoptosis was measured by TUNEL staining (∗∗p< 0.01, ∗∗∗p< 0.001 vs. NC
group or shNC group) (* indicates p < 0.05, i.e., there was statistically significant difference).

4.5 MAP17 promoted the growth and metastasis of
PTC cells by p53

Previous results in this study showed that MAP17
accelerated p53 degradation, thereby reducing p53 levels
in cells. Therefore, to investigate whether p53 is involved
in the progression of the tumor in this study, TPC-1 cells
were infected with adenovirus containing MAP17 or p53
to overexpress MAP17 or p53, respectively. Cell viabil-

ity was examined by CCK8 assay, while cell growth was
measured by clone formation assay. As shown in Fig. 5A
and B, MAP17-induced low expression of p53, which sig-
nificantly improved the viability of TPC-1 cells, and pro-
moted cell growth, but p53 overexpression exhibited the op-
posite effect. However, the co-transfection of MAP17 and
p53 significantly reversed the promotional effect ofMAP17
overexpression on the growth of TPC-1 cells. Similarly,
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Fig. 3. MAP17 promoted the migration, invasion and epithelial-mesenchymal metastasis of PTC cells. CAL62 and TPC-1 cells were infected with
adenovirus containing MAP17, or transfected with shRNAs (shRNA#1 or shRNA#2). (A) Cell migration was measured by wound healing assay. (∗p <

0.05, ∗∗p < 0.01, ∗∗∗p < 0.001 vs. NC group or shNC group). (B) Cell invasion was measured by transwell assay. (C) The levels of E-cadherin and
N-cadherin were measured by immunofluorescence assay. (∗∗p < 0.01, ∗∗∗p < 0.001 vs. NC group or shNC group).

MAP17-induced low expression of p53 significantly inhib-
ited apoptosis in TPC-1 cells, while p53 overexpression
showed the opposite effect. However, the co-transfection
of MAP17 and p53 significantly reversed the inhibitory ef-
fect of MAP17 overexpression on the apoptosis of TPC-1
cells (Fig. 5C). Furthermore, MAP17-induced low expres-
sion of p53 significantly promoted the mobility of TPC-1
cells, while p53 overexpression showed the opposite effect.

However, the co-transfection of MAP17 and p53 signifi-
cantly reversed the promotional effect of MAP17 overex-
pression on the mobility of TPC-1 cells (Fig. 5D–E). Taken
together, these results suggested that MAP17 promoted the
growth and metastasis of PTC cells through degrading p53.
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Fig. 4. MAP17 reversed NUMB-mediated p53 stabilization. CAL62 and TPC-1 cells were infected with adenovirus containing MAP17, or transfected
with shRNAs (shRNA#1 or shRNA#2). (A) The expression of p53 in cells was detected by RT-qPCR. (B) The expression of p53 in cells was detected
by western blotting. (C) TPC-1 cells were infected with adenovirus containing MAP17, or transfected with shRNA#2, and then subjected to the protein
synthesis inhibitor cycloheximide (CHX) for 0, 0.5, 1 and 2 h, respectively. The expression of p53 and MAP17 in cells was detected by western blotting.
(D) CAL62 or TPC-1 cells were infected with adenovirus overexpressing MAP17 or NUMB, either alone or in combination. The expression of p53,
NUMB and MAP17 in cells was detected by western blotting (∗∗p < 0.01, ∗∗∗p < 0.001 vs. NC + Control group or NC + NUMB group). (E) CAL62
or TPC-1 cells were infected with adenovirus overexpressing alone or in combination with NUMB, and then subjected to CHX for 0, 0.5, 1 and 2 h,
respectively. The expression of p53 and MAP17 in cells was detected by western blotting.

4.6 Knockdown of MAP17 inhibited tumor growth in
vivo

TPC-1 cells over-expressing and low-expressing
MAP17 were injected subcutaneously into BALB/c nude
mice, and tumor volume and weight were measured. As
shown in Fig. 6A–C, MAP17 overexpression significantly
promoted tumor growth, while MAP17 knockdown sig-
nificantly inhibited tumor growth. Besides, immunohis-
tochemistry showed that MAP17 overexpression signif-
icantly promoted the expression of Ki67, but inhibited
the expression of p53 in tumor tissues. On the contrary,
MAP17 knockdown got an opposite result (Fig. 6D). Taken
together, these results suggested that knockdown ofMAP17
inhibited tumor growth in vivo.

5. Discussion

In recent years, the incidence of PTC has in-
creased globally, but the mortality rate is decreasing [21,
22]. Therefore, novel molecular markers are essential for
risk stratification and personalized management of PTC
[23]. Previous studies have revealedmultiple potential PTC
markers, such as miRNAs (miR-136, miR-21, and miR-
127) [19], lncRNA SLC26A4-AS1 [24], and Lactate De-
hydrogenase A [25]. Fortunately, in this study, we identi-
fied a novel potential molecular marker for PTC treatment,
i.e., MAP17. Bioinformatics analysis demonstrated that
MAP17 was highly expressed in PTC, which was further
confirmed by in vitro and in vivo studies. Specifically, the



785

Fig. 5. MAP17 promoted the growth and metastasis of PTC cells by p53. TPC-1 cells were infected with adenovirus containing MAP17 or p53 to
overexpress MAP17 or p53, respectively. (A) Cell viability was examined by CCK8 assay. (B) Cell growth was measured by clone formation assay. (C)
Cell apoptosis was measured by TUNEL staining. (D) Cell migration was measured by wound healing assay. (E) Cell invasion was measured by transwell
assay (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001 vs. NC + Vector group or MAP17 + Vector or NC + p53 group).

high expression of MAP17 was associated with excessive
proliferation and reduced apoptosis in PTC cells, as well
as tumor growth. Consistently, the carcinogenic effects of
MAP17 have also been demonstrated in non-small cell lung
cancer and breast cancer [26, 27]. Collectively, it suggested
that MAP17 may serve as a potential prognostic marker for
PTC.

MAP17 is a small protein related to tumor pro-
gression that regulates inflammation and tumor progression
[28]. Studies have shown that MAP17 has potential prog-
nostic roles in tumors, such as lung cancer, especially in
lung adenocarcinoma [28]. Besides, MAP17 overexpres-
sion enhanced stem cell characterization of cells, and pro-
moted microsphere formation and stem cell-related gene
transcription by interacting with NUNB [16]. However,
MAP17 is still poorly studied in PTC. Preciously, Sandra
Rodríguez-Rodero et al. [29] found that abnormal overex-

pression of MAP17 promoter associated with hypomethy-
lation may promote tumor growth in thyroid cancer. As
supplementary, in this study, it was found that the level
of MAP17 was significantly up-regulated in PTC, which
was further verified by the analysis of the GEPIA database
and the UALCAN database. Besides, we also found that
overexpression of MAP17 significantly promoted the pro-
gression of PTC. Indeed, it was considered that the carcino-
genic effect of MAP17 was achieved mainly by activating
the Notch pathway [30], which changed the phenotype of
cancer stem cells [16]. Inconsistently, in our study, it was
found that MAP17 exhibited carcinogenic effects through
interacting with NUMB to reduce the stability of p53.

MAP17was found to be physically combined with
NUMB, leading to a mislocalization of NUMB, thereby ac-
tivating the Notch pathway [16]. Interestingly, NUMB was
found to bind to and stabilize p53, thereby exhibiting a sup-
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Fig. 6. Knockdown of MAP17 inhibited tumor growth in vivo. TPC-1 cells over-expressing and low-expressing MAP17 were injected subcutaneously
into BALB/c nude mice. Tumor bearing mice were randomly divided into four groups (10 mice per group): NC group, MAP17 group, shNC group and
shRNA#2 group. (A) Tumors. (B) Tumor volume. (C) Tumor weight. (D) The expression of Ki67, MAP17 and p53 were measured by immunohisto-
chemistry (∗∗∗p < 0.001 vs. NC group or shNC group).

pressive effect on tumor [13]. However, methylation can
uncouple NUMB from p53, thereby increasing p53 ubiq-
uitination and degradation. In this study, we found that
abnormal expression of MAP17 significantly reduced the
protein level of p53, but has no effect on the transcription
of p53 in vitro. To further clarify the mechanism of ac-
tion between MAP17 and p53, cells were subjected to syn-
thesis inhibitor CHX for various hours. After CHX treat-
ment, the protein levels of p53 and MAP17 in TPC-1 cells
were significantly reduced, indicating that CHX success-
fully inhibited the protein synthesis of p53 and MAP17 in
TPC-1 cells. Interestingly, overexpression of MAP17 en-
hanced the inhibitory effect of CHX on p53 protein synthe-
sis, while MAP17 knockdown counteracted the inhibitory
effect of CHX on p53 protein synthesis. Furthermore, we
found that overexpression of NUMB reversed the reduction
of p53 protein levels mediated by MAP17. As expected,
we found that compared with overexpression of MAP17
alone, simultaneous overexpression of MAP17 and NUMB
not only maintained the stability of p53, but NUMB also
bound to a part of MAP17, thereby reversed the inhibitory

effect of MAP17 on p53 synthesis. In addition, our study
further confirmed that p53 is involved in the carcinogenic
effects of MAP17. It was found that the reduction of p53
induced by MAP17 significantly promoted cell growth and
motility, and inhibited cell apoptosis, which was signifi-
cantly reversed by forced overexpression of p53, indicating
that p53 is involved in the carcinogenic effects of MAP17.

6. Conclusions

In this study, the expression ofMAP17 in PTCwas
measured in vitro and in vivo, and the effects of MAP17 on
PTC were measured from in vitro studies and animal ex-
periments. The results showed that MAP17 expression was
increased in PTC, which is associated with poor prognosis
of patients with PTC, cell growth and motility, as well as tu-
mor growth. MAP17 knockdown inhibited the proliferation
and motility of PTC cells and promoted apoptosis. Taken
together, our results suggested that MAP17 exhibited car-
cinogenic effects by interacting with NUMB to reduce the
stability of p53.
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