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Background: The tumor protein p53-inducible nuclear protein 2 (TP53INP2), an autophagy
protein, is essential for autophagosome formation. The deregulation of autophagy is asso-
ciated with multiple human diseases, including cancer. The present study aims to explore the
role of TP53INP2 in bladder cancer.

Materials and Methods: Quantitative real-time polymerase chain reaction was used to
detect the mRNA level. Relative TP53INP2 protein expression was detected by immunohis-
tochemistry and Western blot. The effect of TPS3INP2 silencing on the proliferation,
migration, and invasion of bladder cancer cells was investigated by CCK-8 detection kit
and transwell assay. In addition, transfection and immunofluorescence were performed.
Results: In this study, we report that high expression of TP53INP2 is correlated with poor
patient survival in bladder cancer. Results demonstrate that the depletion of TP53INP2
inhibits the migration, invasion, and epithelial-to-mesenchymal transition (EMT) of bladder
cancer cells. The underlying mechanism was explored. Results show that the TP53INP2
knockdown suppresses EMT by inhibiting the active non-phosphorylated B-catenin and
decreasing the Snaill levels. Furthermore, the glycogen synthase kinase-3 beta (GSK-3p)
inhibitor IM-12 abrogates the effect of TP53INP2 silencing. Interestingly, the induction of
autophagy partially abrogates the TPS3INP2 knockdown-induced decrease in active [3-cate-
nin and inhibition of migration and invasion in bladder cancer cells.

Conclusion: In summary, our results show that the downregulation of TPS3INP2 inhibits
EMT via the GSK-3/B-catenin/Snaill pathway in bladder cancer. The findings of this study
uncover the novel role of TP53INP2 and offer new insights into bladder cancer clinical
therapy.
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Introduction

Bladder cancer (BC) is the fourth most common cancer in men and is the first cause
of death among human urologic cancers in the United States, which has approxi-
mately 62,380 new cases and 12,520 deaths in 2018." BC is highly recurrent and
progressive. Approximately 50% of patients with nonmuscle-invasive BC (Ta, T1)
experience cancer recurrence and 20% of patients progress to muscle-invasive BC
(MIBC).? Patients diagnosed with MIBC have an unfavorable prognosis and a 5-
year overall survival period of approximately 50%.> Despite the crucial advances in
BC research, the mortality rate of BC remains unchanged in decades due to the lack
of specific targets.*
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Epithelial-to-mesenchymal transition (EMT) is a basic
process by which cells of epithelial lineage lose epithelial
traits and undergo conversion to a mesenchymal lineage,
thereby reducing intercellular adhesion and increasing cell
motility. EMT plays a critical role in normal developmen-
tal processes and confers metastatic properties by promot-
ing the mobility and invasion of cancer cells.” EMT is also
associated with the generation of cancer stem cells, which
may explain BC recurrence and metastasis.’®

The tumor protein p53-inducible nuclear protein 2
(TP53INP2), which is also called diabetes- and obesity-
related gene (DOR), is a bifunctional protein that regulates
transcription and enhances starvation-induced autophagy.
TPS3INP2 is a nuclear protein that regulates thyroid hor-
mone-related gene expression by functioning as a tran-
scriptional coactivator of the thyroid hormone receptor.
TP53INP2 promotes rDNA transcription by facilitating
the assembly of POLR1/RNA polymerase I preinitiation
complex at rDNA promoters.”* Upon starvation and rapa-
mycin treatment, nuclear TP53INP2 directly interacts with
nuclear-deacetylated LC3 and relocates together with LC3
from the nucleus to the cytoplasm. TP53INP2 then inter-
acts with the transmembrane protein VMP1 and contri-
butes to autophagosome formation.”'°
but its
underlying molecular mechanism remains unknown. In

TP53INP2 also regulates cell migration,"

this study, we demonstrated that the downregulation of
TPS3INP2 inhibits migration, invasion, and EMT partly
via the glycogen synthase kinase-3 beta (GSK-3p)/B-cate-
nin/Snaill pathway in BC. Furthermore, the TP53INP2
silencing-induced decrease of active B-catenin and inhibi-
tion of migration and invasion are dependent on

autophagy.

Materials and Methods

Cell Culture and Treatment

The human BC cell lines 5637, EJ, BIU-87, UM-UC-3,
and T24 and the human immortalized uroepithelium cell
line SV-HUC-1 were purchased from the Cell Bank of
Type Culture Collection of Chinese Academy of
Sciences, Shanghai Institute of Cell Biology (Shanghai,
China). The 5637, EJ, and BIU87 cells were maintained
in RPMI-1640 (Gibco). The T24 and UM-UC-3 cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM,
Gibco), and the SV-HUC-1 cells were cultured in the
F-12K medium (Gibco). These media were supplemented
with 10% heat-inactivated fetal bovine serum (FBS,

Hyclone), 100 U/mL penicillin, and 100 pg/mL strepto-
mycin and placed in a humidified incubator with 5% CO,
maintained at 37°C.

Transfection

The EJ and the BIU87 cells were seeded into 6-well plates at
a density of 2 x 10 cells per well. The TP53INP2 siRNA and
the negative control siRNA (siNC) were obtained from
RiboBio (Guangzhou, China). The sense strand sequences
of siRNAs were as follows: siTP5S3INP2-1#, 5'-
GACGAGAGCUGGUUUGUUATT-3";  siTP53INP2-2#,
5'-CCUUACAUGUCUCACACUATT-3"; and siNC, 5'-
UUCUCCGAACGUGUCACGUTT-3". The EJ and the
BIU87 cells were grown to 70-80% confluence and trans-
fected using the Lipofectamine™ 2000 transfection reagent
(Invitrogen, USA) and the Opti-MEM medium (Gibco) in
accordance with the manufacturer’s instructions.

RNA Extraction and Real-Time
Quantitative RT-PCR (qRT-PCR) Analysis

At 48 h after transfection, the total RN A was extracted from
the EJ and the BIU87 cells by using the TRIzol reagent
(Invitrogen). cDNA was synthesized using the Takara
PrimeScript RT Reagent Kit (Takara). For qRT-PCR, 400
ng total RNA was used in the Takara PrimeScript RT
reagent Kit (Takara) following the manufacturer’s instruc-
tions, and PCR was performed in the ABI PRISM 7500
real-time PCR system (Applied Biosystems). The expres-
sion level of B-actin was used as the internal control. All
reactions were performed at least in triplicate. The oligonu-
cleotide sequences of the gRT-PCR primers were
TP53INP2 forward (5-CGGCTGGCTCATCATTGAC-3")
and TPS3INP2 reverse (5-CAGCTCTCGTCCATCAA
GGA-3').

Western Blot

Protein extraction and Western blot were performed as
previously described.'? Antibodies targeting GAPDH
(Abcam, ab8245, 1:1000), B-actin (CST, 4970, 1:1000),
TP531NP2 (Biovision, A1169-100, 1:500), Vimentin
(CST, 5741, 1:1000), E-cadherin (CST, 3195, 1:1000),
N-cadherin (CST, 13,116, 1:1000), B-catenin (CST, 8480,
1:1000), non-phospho (active) B-catenin (CST, 19,807,
1:1000), Snaill (Affinity, AF6032, 1:500), and Histone
H3 (Affinity, AF0863, 1:500) were used with the second-
ary antibody horseradish peroxidase-labeled goat antirab-
bit (CST, 7074, 1:4000) or anti-mouse (CST, 7076,
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1:4000) and incubated at room temperature for 1 h. The
bands
chemiluminescence.

protein were visualized using enhanced

Cell Viability Assay

The effects of siTPS3INP2 on the viability of the EJ and
the BIU87 cells were assessed using the CCK-8 detection
kit (Keygen, Nanjing, China). The cells transfected with
TPS3INP2 siRNA for 72 h were seeded into a 96-well
plate at a density of 3000 cells per well. The cells were
incubated at 37°C for 24, 48, 72, and 96 h. The cells were
then added with the CCK-8 solution and incubated at 37°C
for 2 h. Absorbance was measured at 450 nm.

Immunohistochemistry

For immunohistochemical analysis, 16 bladder cancer
samples and paired adjacent non-tumor tissues were for-
malin-fixed and paraffin-embedded. The immunohisto-
chemical staining of paraffin-embedded bladder cancer
tissue sections using primary antibodies against
TPS3INP2 (Bioworld, BS61399) was performed as pre-
viously described.'® Briefly, after dewaxing, rehydration,
antigen retrieval, and blocking, the sections were incu-
bated overnight at 4°C with the TPS3INP2 antibody.
Color detection was performed by DAB and hematoxylin
counterstaining. Stained tumor and adjacent nontumor tis-
sues were classified into two groups (low and high) in
accordance with the staining intensity of each tissue.

Immunofluorescence

At 24 h following transfection, the cells cultured on
glass coverslips were fixed in 4% paraformaldehyde
for 15 min, permeabilized with 0.01% Triton X-100
for 20 min at room temperature, blocked with 5% goat
serum for 1 h at 37°C, and incubated with primary
antibodies against non-phospho (active) [-catenin
(CST, 19,807, 1:100) and Snaill (Affinity, AF6032,
1:100) overnight at 4°C. The secondary antibodies
were Alexa 488-conjugated goat anti-mouse or anti-rab-
bit IgG (Abcam). 4',6-diamidino-2-phenylindole (10 pg/
mL, 32,670; Sigma-Aldrich) was used to counterstain
the nuclei. Fluorescent images were obtained under a
microscope (Carl Zeiss, Germany) and processed using
Photoshop software (Adobe).

Cell Migration and Invasion Assay
The EJ and the BIU87 cells seeded into 6-well plates were
transfected with siTPS3INP2 or nontarget control for 48 h

and then seeded into the upper chamber of the transwell
system. For the migration assay, the prepared cells were
seeded into the upper chamber with serum-free medium.
The medium of the lower chamber was supplemented with
10% FBS as a chemoattractant. The cells were incubated
for 24 h and fixed with 4% formaldehyde. The cells that
did not migrate through the pores were removed using a
cotton swab. The cells that migrated to the lower surface
of the membrane in the transwell system were stained with
crystal violet. The migrated cells on the underside of the
membrane were counted. For the invasion assay, the upper
chamber of the insert was precoated with 0.1 mL Matrigel
matrix (300 pg/mL, Corning) following the above proce-
dures. Each experiment was conducted in triplicate.
Finally, five representative fields at 100x magnification
were randomly imaged.

Statistical Analysis

All data are presented as mean £ SD of at least three
replicates per group. Statistical analysis was performed to
determine the significance of the difference between
groups by using ANOVA or Student’s ¢-test. All statistical
analyses were performed using the GraphPad/Prism soft-
ware for Windows. p < 0.05 was considered statistically
significant.

Results
TP53INP2 is Overexpressed in the
Human BC Tissue and Cell Lines

To evaluate the involvement of TP53INP2 in BC, we
analyzed the TP53INP2 expression levels in 16 pairs of
BC tissues and adjacent nontumor tissues by using qRT-
PCR. As shown in Figure 1A, the relative expression
levels of TP53INP2 were increased in the BC samples.
Next, we tested the TP53INP2 level in 16 BC tissues and
paired 16 adjacent non-tumor tissues by immunohisto-
chemistry. As presented in Figure 1B, TP53INP2 was
highly expressed in 10/16 (62.5%) BC and 4/16 (25%)
adjacent nontumor tissues (p < 0.05). Subsequently, we
detected the TPS3INP2 expression in the BC cell lines.
Consistently, the TP53INP2 expression was significantly
upregulated in the invasive BC cell lines (EJ, BIU87, UM-
UC-3, and T24 cells) relative to the normal urothelial cell
line SV-HUC-1, but unchanged in the non-invasive blad-
der cancer cell line (5637) (Figure 1C). To further inves-
TP53INP2
correlated with the prognosis of patients with BC, we

tigate whether expression levels were
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Notes: (A) The relative expression quantities of TP53INP2 in |6 pairs of bladder cancer tissues and paired adjacent nontumor tissues were detected using qRT-PCR. (B) IHC staining of
TP53INP2 in 16 BC tissues and paired |6 adjacent non-tumor tissues obtained from patients with bladder cancer. Scale bar; 50 um. (C) The TP53INP2 expression levels were detected
in the human normal urothelial cell line SV-HUC-1 and in five types of human bladder cancer cell lines, including 5637, EJ, BIU87, UM-UC-3, and T24, via qRT-PCR. (D) Overall survival of
the 402 bladder cancer patients was analyzed in accordance with the TP53INP2 expression level in the TCGA database by GEPIA. *#¥* p < 0.001; * p < 0.05.

Abbreviations: qRT-PCR, real-time quantitative PCR; IHC, immunohistochemistry; BC, bladder cancer; TCGA, the cancer genome atlas; GEPIA, gene expression profiling

interactive analysis; ns, no statistical significance.

searched The Cancer Genome Atlas (TCGA) database by
using Gene Expression Profiling Interactive Analysis
(GEPIA) and found that the high TPS3INP2 expression
was correlated with the poor prognosis of patients with BC
(Figure 1D)."*

TP53INP2 Plays a Role in the Migration

and Invasion of BC Cells

To investigate the role of TP53INP2 in BC cells, we knocked
down TP53INP2 in two BC cell lines, namely, BIU87 and EJ
(Figure 2A). Subsequently, we examined the role of
TP53INP2 in the proliferation, migration, and invasion of
BC cells by conducting cell viability and transwell assays.
However, as shown in Figure 2B, when TPS53INP2 was
silenced, the growth of the BIU87 and EJ cells remained
unchanged. However, the TP53INP2 knockdown significantly
inhibited cell migration and invasion (Figure 2C and D).

TP53INP2 Downregulation Inhibits EMT via
the B-Catenin/Snail | Pathway in BC Cells

EMT plays an important role in the invasion and metas-
tasis of many tumor types.” We speculated that TP53INP2
knockdown affected EMT and contributed to the reduction
of BC cell migration and invasion. We examined the effect
of TPS53INP2 knockdown on EMT. As
Figure 3A, TPS3INP2 knockdown increased the
E-cadherin level and decreased the Snaill, N-Cadherin,
and Vimentin levels. These results suggested that
TP53INP2 knockdown inhibited the EMT of BC cells.
We then investigated the molecular mechanism by which
TP53INP2 knockdown inhibited EMT in BC cells. TPS3INP2
activates f-catenin through the sequestration of GSK-3f into

shown in

late endosomes in an autophagy-dependent manner.'> The
Wnt/B-catenin pathway plays a key role in EMT. Thus, we
hypothesized that the GSK-3p/B-catenin pathway was
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Figure 2 Effects of TP53INP2 knockdown on the proliferative, migrative, and invasive capabilities of bladder cancer cells.

Notes: (A) TP53INP2 siRNA were transiently transfected into the BIU87 and EJ human bladder cancer cells. The cells were incubated for 48 h and subjected to qRT-PCR,
and Western blot was performed to detect the efficiency of interference. (B) The CCK-8 assay was conducted to detect cell viability. (C, D) The transwell assay was
performed to detect the changes in bladder cell migrative and invasive capabilities after interference in TP53INP2. Scale bar; 50 um. #*** p < 0.001; ** p < 0.01; * p < 0.05.
Abbreviations: qRT-PCR, real-time quantitative PCR; CCK-8, cell counting kit-8.

involved in the EMT regulated by TP53INP2. Interestingly,
we found that TP53INP2 knockdown decreased the level of
the non-phospho active B-catenin but not total P-catenin

(Figure 3B).

The Snaill zinc-transcription factor is a key regulator
of EMT that can be phosphorylated by GSK-3p. GSK-3f3
phosphorylates Snaill at two consensus motifs: phosphor-

ylation of the second motif causes Snaill to localize in the
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cytoplasm, whereas phosphorylation of the first motif
causes Snaill to undergo degradation by B-TrCP-mediated
ubiquitination.'®!” The sequestration of GSK-3f into a
late-endosomal compartment causes [-catenin cytosolic
accumulation and subsequent nuclear translocation.'®
Therefore, we tested whether TPS53INP2 knockdown
affected the subcellular localization of B-catenin and
Snaill. As expected, TP53INP2 knockdown increased the
amount of active B-catenin and Snaill in the cytoplasm
(Figure 3C-E).

GSK-3p Inhibition Abrogates the
TP53INP2 Knockdown-Mediated EMT
Inhibition

We then determined whether GSK-3f was required for the
TP53INP2 knockdown-mediated inhibition of EMT. As
shown in Figure 4A—C, the administration of IM-12, an
inhibitor of GSK-3p, abrogated the reduction of migration
and invasion caused by TP53INP2 knockdown in the
BIU87 and EJ cells. In addition, the TP53INP2 knock-
down-induced decrease in non-phospho (active) p-catenin
and Snaill were blocked by IM-12 (Figure 4D). The
TPS53INP2 knockdown-induced EMT suppression was
also abrogated by the administration of IM-12, indicating
that the effect on EMT mediated by TP53INP2 knock-
down was dependent on GSK-3 (Figure 4D).

Autophagy Induction Partially Abrogates

the Effect of TP53INP2 Knockdown

Autophagy is involved in EMT regulation.'” TP53INP2
contributes to basic autophagy by regulating autophago-
some formation.'®*® As shown in Figure 5A, TP53INP2
knockdown decreased the conversion ratio of LC3B from
type I to type II. We subsequently determined whether
TP53INP2 knockdown-induced EMT inhibition affected
by autophagy. We found that the induction of autophagy
with rapamycin partly rescued the decrease in active -
catenin induced by the TP5S3INP2 knockdown (Figure 5B).
Rapamycin also blocked TP53INP2 knockdown-induced
inhibition of migration and invasion (Figure 5C).

Discussion

The Wnt/B-catenin pathway plays a crucial role in devel-
opment, tissue regeneration, and stem cells and cancers.”'
In the absence of Wnt signal (off state), the cytoplasmic -
catenin forms a complex with Axin, casein kinase 1
(CK1), GSK-3p, and adenomatous polyposis coli protein

(APC), thereby mediating the phosphorylation of B-cate-
nin. CK1 and GSK-3 sequentially phosphorylate -cate-
nin at N-terminal Ser and Thr residues, resulting in its
ubiquitylation and proteasomal degradation by the SCFP~
TrCP ubiquitin ligase. Upon exposure to the Wnt ligand (on
state), GSK-3p is displaced from the APC/Axin complex
through endosome sequestration.'® The APC/Axin com-
plex is then inactivated, and the hypophosphorylated f-
catenin is stabilized by escaping degradation. The stabi-
lized B-catenin translocates to the nucleus and binds to
TCF/LEF-1 transcription factors to transactivate the
expression of Wnt response genes.”” The Wnt/p-catenin
pathway plays a key role in EMT. Several key transcrip-
tion factors regulating the E-cadherin expression, such as
Twist, Snaill, and ZEBI, are direct or indirect transcrip-
tional targets of the Wnt pathway.>® In the current study,
we have demonstrated that TP53INP2 is overexpressed in
BC tissues and predicts the poor prognosis of patients with
BC. The TP53INP2 knockdown inhibits the invasion,
migration (Figure 2C and D), and EMT (Figure 3A and
B) of BC cells by decreasing the expression of non-phos-
pho (active) B-catenin and Snaill.

Here we report that TP53INP2 was significantly upre-
gulated in the invasive BC lines (BIU87, EJ, UM-UC-3,
and T24) but unchanged in the non-invasive bladder can-
cer cell line (5637) (Figure 1C), which indicated that the
overexpression of TP5S3INP2 might be specifically corre-
lated to the invasive capability of BC. We then knocked
down TPS53INP2 by siRNA and found that TP53INP2
silencing can inhibit the invasive and migratory capabil-
ities and EMT of BC cells. The key to canonical Wnt
signaling is GSK-3p inhibition, which results in hypopho-
sphorylated or nonphosphorylated B-catenin, which has
stability.”* TP53INP2
through the sequestration of GSK-3p into late endosomes

increased activates [-catenin
in an autophagy-dependent manner.'> We then speculate
that the GSK-3p/B-catenin pathway may be involved in the
EMT regulated by TPS53INP2. Interestingly, we have
found that the TP53INP2 knockdown decreases the level
of non-phospho (active) B-catenin (Figure 3B) and relo-
cates active B-catenin from the nucleus to the cytoplasm
(Figure 3C). However, in contrast with a previous study,'”
the current study has revealed thatTP53INP2 knockdown
does not decrease the level of total B-catenin. This result
can be explained by the short-term knockdown of
TPS3INP2, which decreases GSK-3B sequestration. This
result leads to a decrease in non-phospho (active) -cate-
nin but does not significantly change the total B-catenin
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levels. Moreover, GSK-3B can phosphorylate Snaill and
marks it for degradation.”” In the current study, the
TP53INP2 knockdown decreased the level of Snaill and
increased the amount of Snaill in the cytoplasm
(Figure 3B and D). Furthermore, the inhibition of GSK-
38 by IM-12 abrogates the TP53INP2 knockdown-
mediated inhibition of EMT. These observations suggest
that the TP53INP2 knockdown inhibits EMT through the
GSK-3p/B-catenin/Snaill pathway.

Autophagy, which is a cellular self-degradative process
removing damaged organelles and misfolded proteins and
mobilizing intracellular nutrient resources, plays a key role
in cell survival under stress conditions.>® Although autop-
hagy induction triggers a molecular switch from a
mesenchymal phenotype to an epithelial-like one in glio-
blastoma cellular models®” and EMT promotes autophagy
of potentially metastatic cancer cells through immune sur-
veillance escape of potentially metastatic cancer cells,?®
the relationship between EMT and autophagy is still a
matter of debate. TP5S3INP2 contributes to basic autop-
hagy by regulating autophagosome 10.20
TP53INP2 knockdown inhibits the autophagy caused by

bortezomib.”” In the current study, we demonstrated that

formation.

TPS3INP2 silencing inhibits autophagy. And we have
investigated whether the TP53INP2 knockdown induces
the inhibition of EMT affected by autophagy. As expected,
the induction of autophagy with rapamycin has partially
rescued the TP53INP2 knockdown-induced decrease in

active B-catenin and inhibition of migration and invasion

in BC cells (Figure 5B and C). This finding suggests that
TPS3INP2 knockdown-induced inhibition of EMT is
dependent on autophagy and unveils the role of
TP53INP2 in autophagy/EMT crosstalk.

Conclusion

Our results uncover the new role of TPS3INP2 in EMT
regulation. We have demonstrated that the TP53INP2
knockdown inhibits migration, invasion, and EMT via
the GSK-3f/B-catenin/Snaill pathway in BC (Figure 6).
Our findings show that TP53INP2 can serve as a promis-
ing new target in BC therapy.
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