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Programmed cell death 4 overexpression enhances sensitivity to
cisplatin via the JNK/c-Jun signaling pathway in bladder cancer
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Abstract. The aim of the present study was to evaluate the
effects of programmed cell death 4 (PDCD4) on cell prolifera-
tion and apoptosis, and to elucidate the potential role of the
Jun N-terminal kinase (JNK)/c-Jun pathway in human bladder
cancer (BCa) cells. Mixed BCa cells were transfected with plas-
mids containing PDCD4 (PDCD4-pcDNA3). The sensitivity
to cisplatin was analyzed using cell viability, invasion/migra-
tion, apoptosis, flow cytometry, wound healing and Transwell
assays at different transfection times. Furthermore, epithelial-
to-mesenchymal transition (EMT) markers were detected by
immunofluorescence staining, and the protein expression of
c-Jun, and phosphorylated Jun N-terminal kinase (p-JNK) and
c-Jun (p-c-Jun, Ser-73) were also tested using western blotting.
It was observed that BCa cell proliferation and invasion and
tumor growth were significantly inhibited, whereas apoptosis
was enhanced in PDCD4-transfected cells treated with cispl-
atin compared with controls. Moreover, the western blotting
and immunofluorescence results demonstrated that PDCD4
upregulated the expression of epithelial cell markers, but
downregulated the expression of mesenchymal cell markers.
Furthermore, overexpression of PDCD4 reduced the protein
levels of p-JNK and p-c-Jun. Taken together, the findings of the
present study indicate that PDCD4 enhances the sensitivity of
BCa cells to cisplatin, partially via regulation of the INK/c-Jun
pathway, and reverses EMT. In conclusion, the results of the
present study suggested that PDCD4, a nuclear/cytoplasmic
shuttling protein with multiple functions, plays an important
role in the development and progression of human BCa.

Introduction

Bladder cancer (BCa) is one of the most prevalent urinary
tract malignancies worldwide (1,2). Effective diagnostic and
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therapeutic methods are available for patients with superfi-
cial disease, and the majority of these patients respond well
to treatment; however, this type of cancer frequently recurs.
Invasive and metastatic BCa remains a lethal malignancy (3,4).
Therefore, novel treatment strategies based on new molecular
networks are urgently needed to improve the poor prognosis of
patients with BCa. Programmed cell death protein 4 (PDCD4),
a tumor suppressor, localizes to the nucleus and is associated
with tumor progression and prognosis in a number of human
cancers (5,6).

Overexpression of PDCD4 has been shown to inhibit cell
proliferation, and downregulation of PDCD4 has been identi-
fied in several cancerous tissues compared with adjacent normal
tissues. PDCD4 plays a major role in a number of biological
processes that may lead to tumor development. A variety of
apoptosis inducers upregulate the expression of PDCD4, thus
affecting multiple signaling pathways (7-9). c-Jun N-terminal
kinase (JNK) is a member of the mitogen-activated protein
kinase (MAPK) family, and its activation is a requirement for
the development of various cancers (10,11). More recently, the
JNK signaling pathway was found to play an important role
in the proliferation and apoptosis of human BCa cells (12-14).
Previous studies (15-17) have demonstrated that PDCD4
gene knockdown may increase the phosphorylation of c-Jun;
hence, the transformation-suppressor function of PDCD4 may
be due to the inhibition of c-Jun activity. Overexpression of
miR-21 significantly promotes cell migration and invasion
by targeting PDCD4 and activating its downstream c-Jun
N-terminal kinase signaling pathway. These data indicate that
PDCD4-related signal transduction through the JNK pathway
may be a novel therapeutic target. However, the number of
studies on PDCD4 and JNK signaling in BCa is limited, and
the specific mechanism of action requires further elucidation.
The aim of the present study was to evaluate the effects of
PDCD4 on cell proliferation and apoptosis, and determine
whether the mechanism of tumor cell inhibition by PDCD4
partially involves activation of the JNK/c-Jun pathway.

Materials and methods
Cell transfection. In the present study, EJ cells were used,

which have been found to be contaminated by T24 cells,
with the resultant cell line being a mixed BCa type. A large
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number of studies still use these cells for BCa research, and
the contamination does not affect the outcomes of the experi-
ments (18,19). The BCa cells were purchased from the Shanghai
Cell Bank of Chinese Academy of Sciences (Shanghai,
China), and were maintained in RPMI-1640 (HyClone;
GE Healthcare Life Sciences, Logan, UT, USA) supplemented
with 10% (v/v) heat-inactivated fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific Inc., Waltham, MA, USA)
containing 100 x/ml penicillin and 100 mg/ml streptomycin
in a humidified atmosphere of 5% CO, at 37°C. Cells were
harvested following a brief incubation in 0.02% (w/v) EDTA
in phosphate-buffered saline (PBS). The cells were transfected
with plasmids (pDsRed2-N1 and pDsRed2-N1-PDCD4) and
assigned to three groups for the experiments as follows: BCa,
empty vector (mock) and PDCD4 transfection groups.

PDCD4 expression detection. The expression of PDCD4 was
analyzed by reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) analysis and western blotting.
Briefly, at 48 h after transfection, total RNA was extracted
from cells using the Qiagen RNeasy kit (Qiagen, Basel,
Switzerland), and reverse-transcribed with random primers
for complementary DNA (cDNA) synthesis using the Reverse
Transcription System (Promega, Madison, WI, USA). Primers
were designed and synthesied as previously reported (20) and
[-actin was used as a positive control. Each experiment was
performed at least three times.

Total protein extracts were harvested using protein extrac-
tion buffer. Protein concentrations were assessed using a
bicinchoninic acid protein assay kit (Santa Cruz Biotechnology,
Inc., Dallas, TX, USA). Total protein (10 #g) was separated
by electrophoresis on 4-20% SDS-PAGE gels and transferred
to nitrocellulose membranes; the membranes were blocked
with 5% skimmed milk-Tris-buffered saline plus Tween-20
solution for 1 h, followed by incubation at 4°C overnight
with specific primary antibodies against PDCD4 [1:1,000,
(D29C6) XP rabbit mAb, cat. no. 9535P] or human (3-actin
antibody [1:1,000, (D6AS) rabbit mAb, cat. no. 8457s] (both
from Cell Signaling Technology, Inc., Danvers, MA, USA).
Following incubation with peroxidase-conjugated AffiniPure
goat anti-rabbit IgG (1:5,000; cat. no. ZB-2301; ZSGB-Bio Co.,
Ltd., Beijing, China), the bound antibodies were visualized
using an enhanced chemiluminescence reagent (Millipore,
Billerica, MA, USA) followed by Bio-Rad ImageLab™
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). Data are
expressed as the relative density of the protein normalized to
[-actin. The percentages of the increase or decrease of protein
were estimated by comparison to vehicle control (100%).

Cell growth assay. Cells stably transfected with PDCD4 were
plated in 48-well plates at a density of 5x10° cells/well. After
6, 12, 24 and 48 h, the cells were collected, resuspended in
PBS and treated with 2 ug/ml cisplatin for 24 h. The cells were
divided into the following five groups: BCa cells; empty vector
(mock); mock + cisplatin; PDCD4; and PDCD4 + cisplatin.
Cell growth and viability were evaluated by the 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
The controls were treated with an equal volume of the drug
vehicle dimethyl sulfoxide, but the applied concentration did
not affect cell growth. The optical density of each culture
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was read by a Universal Microplate Reader at a wavelength
of 570 nm. The absorbance of the cells and growth inhibition
ratio were calculated.

Wound healing assay. The cells were plated onto 24-well
plates at a density of 5x10%/per well, and were grown for
48 h to a confluence of >90%. BCa cells stably transfected
with PDCD4 at 0, 12 and 24 h were treated with or without
2 pg/ml cisplatin and incubated for 24 h at 37°C under
5% CO,. A wound (cell-free area) was created by manually
scraping the cell monolayer with a 10-ul plastic pipette tip.
Cell debris was removed and the cells were then cultured in
RPMI-1640 containing 1% FBS. Images (magnification, x40)
were captured using a Nikon Eclipse 90i microscope (Nikon
Corporation, Tokyo, Japan). The experiments were repeated
three times.

Cell migration assay. The migratory function of mixed
BCa cells was evaluated using a modified Boyden chamber
(Transwell; Corning Life Sciences, Inc., Tewksbury, MA,
USA) assay with a polycarbonate filter with 8-um pores
placed between the upper and lower chambers. In brief, at
0 and 24 h following transfection, cells were treated with
or without 2 ug/ml cisplatin containing 1% FBS and added
(1x10° cells/100 pl) to the upper chamber. The lower chamber
was filled with complete medium in the presence of 10% FBS.
After a 48-h incubation at 37°C under 5% CO,, cells that had
not migrated were removed, whereas migrated cells were fixed
in 4% paraformaldehyde for 10 min at room temperature and
stained with the Crystal Violet Staining Solution kit (Solarbio,
Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China). The number of migrated cells was counted using a
Nikon Eclipse 90i microscope.

Flow cytometry and apoptosis assay. The Annexin V-FITC/PI
apoptosis detection kit was used according to the manufactur-
er's instructions, as previously reported (21). Briefly, cells were
transfected at 12 and 24 h, then treated with or without 2 yg/ml
cisplatin and incubated for a further 24 h at 37°C under 5% CO,
in 6-well plates. The cells (1x10°) were collected and suspended
in 500 gl binding buffer, and 5 1 Annexin V-FITC and 5 ul
PI were added to each sample and incubated for 15 min in the
dark. The cell surface phosphatidylserine was quantitatively
estimated in apoptotic cells by using the Annexin V/FITC
apoptosis detection kit according to the manufacturer's instruc-
tions (Roche Diagnostics, Indianapolis, IN, USA). Data were
detected using FACScan flow cytometry (FACS LSRFortessa;
BD Biosciences, Franklin Lakes, NJ, USA). Triplicate experi-
ments with triplicate samples were performed.

Epithelial-to-mesenchymal transition (EMT) markers and
immunofluorescence staining analysis. E-cadherin, vimentin
and N-cadherin were detected by cell immunofluorescence
techniques to investigate the EMT signaling pathway-related
markers. Briefly, cells in each group under different conditions
were seeded on coverslips in 6-well plates (1x10°/well) for 24 h,
fixed in 4% paraformaldehyde for 30 min and washed three
times with PBS. The slips were permeabilized for 10 min with
0.1% Triton X-100 and washed three times with PBS, and the
cells were then blocked with 10% normal goat serum for 30 min.
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Figure 1. Overexpression of programmed cell death 4 (PDCD4) in bladder
cancer (BCa) cells were examined by reverse transcription-polymerase
chain reaction (RT-PCR) and western blotting. (A) RT-PCR; (B) Western
blotting. PDCD4 mRNA and protein expression were significantly higher
in PDCD4-transfected cells compared with empty vector (mock) group. The
data are present as mean + standard deviation. “P<0.01 compared with the
BCa group.

The cells were incubated overnight at 4°C with primary anti-
bodies against E-cadherin (1:50 dilution; sc-7870), vimentin
(1:200, ab92547; Abcam) and N-cadherin (1:50, sc-7939),
followed by incubation for 1 h in the dark with fluorescein
isothiocyanate-conjugated and tetraethyl rhodamine isothio-
cyanate goat anti-rabbit secondary antibody (ZSGB-Bio Co.,
Beijing, China). Fluorescent images were captured with a
Nikon Eclipse 90i microscope. The staining results were
analyzed with the Image-Pro Plus 6 image-analyzing system
(Media Cybernetics, Inc., Rockville, MD, USA).

Western blotting. To further investigate the potential role of
PDCD4 in BCa cells and the possible underlying mechanism,
western blotting was performed to analyze the protein expres-
sion of JNK signaling pathway and EMT markers. Blots
were probed with specific primary antibodies: c-Jun (1:1,000,
no. 9165), p-JNK (1:1,000, no. 4668) and p(Ser-73)-c-Jun
(1:1,000, no. 9261/no. 3270) (Cell Signaling Technology,
Beverly, MA, USA), E-cadherin, vimentin, N-cadherin and
matrix metalloproteinase-9 (MMP-9). The peroxidase-conju-
gated AffiniPure goat anti-rabbit IgG secondary antibody
was added, followed by incubation at 37°C for 1 h. The bound
antibodies were visualized using an enhanced chemilumines-
cence reagent (Millipore) followed by analysis with Bio-Rad
Image Lab™. Data are expressed as the relative density of the
protein normalized to (-actin. The percentages of increase or
decrease of the protein level were estimated by comparison to
vehicle control (100%).
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Figure 2. Effect of programmed cell death 4 (PDCD4) overexpression and
cisplatin sensitivity analysis. Overexpression of PDCD4 significantly sup-
pressed the growth of bladder cancer (BCa) cells compared with mock cells.
When the cells were treated with 2 yg/ml cisplatin, the growth inhibition
ratio was obviously lower in the PDCD4 group compared with that in the
group without treatment. The data are presented as mean + standard devia-
tion. "P<0.05 compared with the BCa group; “P<0.05 compared with the
mock + cisplatin group.

Statistical analysis. Statistical analyses were performed with
one-way analysis of variance followed by the Bonferroni test
or t-test when appropriate, using the SPSS statistical software,
version 10.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate statistically significant differences. Data
of continuous variables are presented as the mean + standard
deviation.

Results

Overexpression of PDCD4 in BCa cells. To provide direct
evidence that PDCD4 inhibits the proliferation of BCa cells, we
introduced recombinant pDsRed2-N1 plasmids that carry the
full-length PDCD4 cDNA, as well as parental vector controls
into the cells, which express only low levels of endogenous
PDCD4. RT-PCR and western blot analysis revealed that cells
transfected with the PDCD4 expression plasmid exhibited
stronger PDCD4 expression compared with the control cells
(P<0.05; Fig. 1). These results indicate that the recombinant
pDsRed2-N1-PDCD4 plasmid promoted PDCD4 expression
in BCa cells.

PDCD4 overexpression inhibits cell viability and improves
sensitivity to cisplatin. Following transfection, the effect of
PDCD4 on cell growth was further investigated. The results
revealed that, when the cells were treated with 2 yg/ml cisplatin
for 24 h, overexpression of PDCD4 significantly inhibited the
viability of BCa cells compared with cells without treatment
(P<0.05; Fig. 2). Our results indicated that enforced expression
of PDCD4 was associated with cisplatin sensitivity in BCa
cells.

PDCD4 overexpression inhibits cell migration and invasion.
The migration and invasion properties of cells in each group
under different conditions were evaluated. As demonstrated
in Fig. 3, the migration of cells was significantly inhibited in
the PDCD4 group compared with the mock group at 12 and
24 h, as measured by the wound healing assay. Similarly,
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Figure 3. Cell migration detected by wound healing assay. Overexpression of programmed cell death 4 (PDCD4) significantly inhibited the migration of
bladder cancer (BCa) cells at 12 and 24 h (magnification, x40). The data are presented as mean + standard deviation. "P<0.05 compared with the BCa group;

"P<0.05 compared with the mock + cisplatin group.

invasion, as assessed by the Transwell assay, was also mark-
edly suppressed in the PDCD4 group compared with the mock
group at 24 h (P<0.05; Fig. 4). Furthermore, after PDCD4-
transfected cells were treated with cisplatin, their migration
and invasion ability were clearly lower compared with those
in the mock + cisplatin and PDCD4 groups. These results
indicated that, in addition to its cytotoxic effect, PDCD4 over-
expression increased the sensitivity to cisplatin in BCa cells.

PDCD4 overexpression induces BCa cell apoptosis. To evaluate
the effect of PDCD4 overexpression on BCa cell apoptosis, the
cells in each group under different conditions were stained with
Annexin V/FITC and analyzed by flow cytometry. As shown
in Fig. 5, the percentage of apoptotic cells gradually increased
after 12 and 24 h of treatment with cisplatin (P<0.05). Of note,
there was a more prominent elevation of the positive ratio in
PDCD4 cells compared with mock cells when they were treated
with cisplatin (P<0.05).

PDCD4 overexpression inhibits the expression of EMT markers.
In order to investigate the mechanism underlying the inhibi-
tory effect of PDCD4 on BCa cells, the EMT transition signal
pathway-related markers were detected by cell immunofluores-
cence techniques and western blotting.

As shown in Fig. 6, the immunofluorescence techniques
revealed that the expression of E-cadherin was significantly
decreased, whereas that of vimentin and N-cadherin was
significantly increased when the cells were treated with
cisplatin for 24 h in the PDCD4 + cisplatin group compared
with the mock + cisplatin group.

The western blotting results also demonstrated that the
protein expression of E-cadherin and the EMT-associated
protein MMP-9 was upregulated, but vimentin and N-cadherin
were downregulated when the cells were treated with cisplatin
for 24 h in the PDCD4 + cisplatin group compared with the
mock + cisplatin group (P<0.05; Fig. 7).

These results revealed that overexpression of PDCD4
enhances the efficiency of EMT inhibition when the cells are
treated with cisplatin.

Effect of PDCD4 overexpression on protein levels of the JNK
signaling pathway. We analyzed the protein expression levels
of JNK, c-Jun, p-JNK and p-c-Jun Ser73 by western blotting.
As demonstrated in Fig. 8, the protein levels of INK and c-Jun
were increased in the mock and PDCD4 groups compared
with the BCa group (P<0.05), with no significant difference
(P>0.05) between the mock and PDCD4 groups. The expres-
sion of p-JNK and p-c-Jun Ser73 was obviously increased in
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Figure 4. Cell invasion detected by Transwell analysis. Overexpression of programmed cell death 4 (PDCD4) significantly inhibited the invasion of bladder
cancer (BCa) cells at 24 h (magnification, x100). The number of cells was expressed per high-power field (hpf, 0.2 mm?) The data are presented as mean + stan-
dard deviation. "P<0.05 compared with the BCa group; “P<0.05 compared with the mock + cisplatin group.
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Figure 5. Cell apoptosis by flow cytometry. Cells were stained with Annexin V/FITC and then analyzed by flow cytometry. The percentage of apoptotic cells
gradually increased following treatment for 12 and 24 h in the cisplatin group. This increase of the positive ratio was more prominent in programmed cell
death 4 (PDCD4) + cisplatin group cells compared with empty vector (mock) cells. (A) 12 h, (B) 24 h. The data are presented as mean + standard deviation.
“P<0.05 compared with the bladder cancer (BCa) group; “P<0.05 compared with the mock + cisplatin group.
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Figure 6. Epithelial-to-mesenchymal transition-related markers detected by immunofluorescence analysis. The expression level of E-cadherin was signifi-
cantly upregulated, but vimentin and N-cadherin were significantly downregulated when the cells were treated with cisplatin for 24 h in the programmed
cell death 4 (PDCD4) + cisplatin group compared with the mock + cisplatin group. (A) E-cadherin. (B) Vimentin. (C) N-cadherin (magnification, x200).
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DAPI, 4',6-diamidino-2-phenylindole.

the mock and PDCD4 groups compared with the BCa group
(P<0.05); moreover, the expression of p-JNK and p-c-Jun

Ser73 was significantly decreased in the PDCD4 group
compared with the mock group (P<0.05). Taken together, these
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Figure 7. Protein expression of epithelial-to-mesenchymal transition-related markers detected by (A) western blotting. Programmed cell death 4 (PDCD4)
overexpression inhibited the protein expression of epithelial-to-mesenchymal transition-related markers in bladder cancer (BCa) cells. (B) A comparison of
the protein levels of the epithelial-to-mesenchymal transition-related markers. The data are presented as mean + standard deviation. "P<0.05 compared with
the BCa group; “P<0.05 compared with the mock group. MMP, matrix metelloproteinase.
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Figure 8. Effect of programmed cell death 4 (PDCD4) overexpression on the protein levels of the Jun N-terminal kinase (JNK)/c-Jun signaling pathway.
(A) The protein levels of JNK and p-JNK, (B) protein levels of c-Jun, and p-c-Jun (Ser73). (C) A comparison of the protein levels of the INK/c-Jun signaling
pathway. The data are presented as mean + standard deviation. "P<0.05 compared with the bladder cancer (BCa) group; “P<0.05 compared with the mock group.
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findings demonstrated that the enhancement in the sensitivity
of cells to cisplatin is partially mediated via regulation of the
JNK/c-Jun pathway.

Discussion

To the best of our knowledge, the present study is the first to
demonstrate that PDCD4 overexpression in BCa can inhibit
cancer cell proliferation and invasion and tumor growth, and
enhance sensitivity to cisplatin, possibly through activation
of the JNK/c-Jun signaling pathway, further suppressing the
EMT process.

PDCD4 is a tumor suppressor gene that is involved in
cell apoptosis, transformation and invasion, as well as tumor
progression (22). Targeted inhibition of PDCD4 significantly
enhanced cancer cell migration and invasion in hepatocellular
carcinoma (23). More recently, PDCD4 has been shown to
suppress BCa progression, and increased PDCD4 expression
efficiently sensitized muscle-invasive BCa cells to cisplatin
chemotherapy and suppressed cell invasiveness (24). However,
the mechanisms underlying PDCD4-induced apoptosis have
yet to be fully elucidated. Modulation of the JINK1/2 signaling
pathway by PDCD4, particularly c-Jun/AP-1-dependent
transcription through the downstream MAP4K1/JNK/AP-1
signaling pathway, suggests that this is a novel upstream target
of this signaling cascade (25). Increased c-Jun phosphorylation
was positively correlated with clinical grade in BCa tissues,
and deregulation of c-Jun has been reported in several different
types of cancer, including its overexpression in BCa (26).
Mitochondria-related apoptosis in human BCa cells is also
associated with activation of the JNK signaling pathway (27).
In the present study, we found that cell proliferation, invasion
and tumor growth were significantly inhibited, whereas cell
apoptosis was enhanced in the PDCD4 transfection group
compared with the mock group in BCa cells when they
were treated with cisplatin. More importantly, we found that
PDCD4 overexpression reduced the protein levels of p-JNK
and p-c-Jun. Collectively, the findings of our study suggest
that PDCD4 potentiates the antitumor activity of cisplatin
against human BCa cells by inhibiting cell proliferation and
invasion and promoting apoptosis, partly via activation of the
JNK/c-Jun pathway.

EMT is a complex and reversible process characterized
by the loss of intercellular cohesion and epithelial makers.
Recent studies reported that EMT promotes cell migration
and invasion in multiple types of cancer, and it is crucial
for the invasiveness and metastasis of BCa (17,28). EMT is
characterized by the acquisition of a mesenchymal pheno-
type and loss of epithelial cell polarity, includes conversion
of epithelial cells to a fibroblastoid phenotype, and involves
downregulation of the epithelial-specific protein E-cadherin
and upregulation of the mesenchymal-specific proteins
N-cadherin and vimentin, increasing migration through the
extracellular matrix (29). This switch leads to loss of the
affinity for neighboring epithelial cells and development
of affinity for mesenchymal cells, resulting in increased
migration and invasion (9). It has been demonstrated that
the association between the MMP family and EMT plays
an important role in different types of cancer, such as lung,
ovarian, liver and breast cancer (30-33), and knockdown of
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PDCD4 may lead to EMT, changes in adhesion, and promo-
tion of migration and metastasis. These data indicated that
both PDCD4 and EMT play important roles in the progres-
sion of cancer; however, the mechanisms underlying the
interaction between PDCD4 and EMT signaling pathways has
not been fully elucidated. Recent studies also demonstrated
that the development and progression of BCa are associ-
ated with the involvement of both EMT and MMPs (34).
MMP-2 and MMP-9 are involved in the metastatic spread
of various tumors, including transitional cell carcinoma and
BCa (35,36). We herein demonstrated that PDCD4 + cisplatin
significantly downregulated the protein expression levels of
epithelial marker E-cadherin and MMP-9, while upregu-
lating the mesenchymal markers vimentin and N-cadherin
compared with the mock + cisplatin group. Based on these
results, it was hypothesized that PDCD4 may enhance the
sensitivity of BCa cells to cisplatin via inhibition of the
MMP-related EMT process. Suppression of cell migration,
invasion and adhesive ability caused by EMT may be medi-
ated via inhibition of JNK-related pathways (37,38). INKs
increase circulating tumor cell survival and tissue homing,
promote cell attachment to the endothelium, stimulate EMT
to facilitate tumor cell extravasation, and enhance the secre-
tion of endothelial barrier disrupters (39). Reversing EMT
to inhibit gastric cancer cell metastasis and suppressing the
expression of MMP-9 and MMP-2 may be mediated via
the JNK and extracellular-regulated kinase signaling path-
ways (40). Of note, the present study also demonstrated that
PDCD4 overexpression markedly reduced the protein levels
of p-JNK and p-c-Jun. Taken together, our data suggest that
PDCD4 increases the antitumor activity of cisplatin against
human BCa cells through activation of the JNK/c-Jun
pathway and further suppression of the EMT process.

Modulating immune inhibitory pathways has been a
major recent breakthrough in cancer treatment. Checkpoint
blockade antibodies targeting cytotoxic T-lymphocyte
antigen 4 and programed cell-death protein 1 (PD-1) have
demonstrated acceptable toxicity (41). The discovery of PD-1
and its ligand 1 (PD-L1) has introduced a modern era of cancer
immunotherapy. Blocking the PD-1 pathway using monoclonal
antibodies against PD-1 or PD-L1 may therefore revamp the
immune response against tumor cells (42). Several anti-PD
agents have been approved for BCa therapy. Our current data
may be able to be incorporated and used together with these
novel agents, and the results of the present study may help
design new checkpoint blockade therapies targeted at PDCD4
in the future.

In summary,our results suggest that PDCD4, a nuclear/cyto-
plasmic shuttling protein with multiple functions, plays an
important role in the development and progression of human
BCa. The mechanism underlying the increased sensitivity of
BCa cells to cisplatin may be mediated via the JNK/c-Jun
signaling pathway, further reversing the MMP-related EMT
process.
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