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Background: Prostate cancer threatens the life and health of men in China. Desmocollin-2
(DSC2) is a member of DSC family, abnormal expression of which can affect the invasion and
metastasis of tumor cells. The aim of this study was to investigate the role of DSC?2 in prostate
cancer.

Materials and Methods: Regulating DSC2 expression in prostate cancer cells was con-
ducted with transfection. The expression of DSC2, apoptosis-related proteins, cell cycle-
related proteins and E-cadherin (E-cad)/B-catenin pathway was detected by Western blot
analysis. The proliferation, clone formation ability, migration, invasion and apoptosis of
transfected cells were in turn detected by cell counting kit-8 (CCK-8) assay, clone formation
assay, wound healing assay, transwell assay and flow cytometry analysis.

Results: DSC2 expression was increased in prostate cancer cells compared with RWPE-1 cells.
Inhibition of DSC2 promoted the proliferation, clone formation ability, migration and invasion
while suppressed apoptosis of LNCaP cells and PC-3 cells. Inhibition of DSC2 affected the
expression of apoptosis-related proteins and cell cycle-related proteins according to the changes
of apoptosis and proliferation. Furthermore, inhibition of DSC2 up-regulated the expression of p-3-
catenin and EGFR while down-regulated the expression of E-cad. DSC2 overexpression exerted the
opposite effect of inhibition of DSC2 on LNCaP cells and PC-3 cells.

Conclusion: DSC?2 expression was increased in prostate cancer cells. In addition, inhibition
of DSC2 promoted the proliferation, clone formation ability, migration and invasion while
suppressed apoptosis of LNCaP cells and PC-3 cells, which provided the fundamental basis
for treatment of prostate cancer.
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Introduction

Prostate cancer is the most common malignant tumor among men in western countries
such as the United States and the United Kingdom, ranking second only to lung cancer
in the global incidence." Although patients with early stage prostate cancer have a good
prognosis, most of the patients are treated in the middle and late stage. The 5-year
survival rate of patients with advanced stage prostate cancer is less than 30%, and about
90% of the patients die from tumor recurrence and metastasis.” In the past 10 years,
with the change of Chinese people’s western lifestyle, the incidence and death rate of
male prostate cancer in China has been on a continuous and rapid rise.” At present,
prostate cancer has gradually become one of the common tumors affecting the life and
health of men in China.
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Desmosome is a unique intercellular adhesion struc-
ture of epithelial cells, which plays the role of intercel-
lular connection. Desmosome is not only the main
anchoring site of intermediate filaments on the cell sur-
face, but also plays the role in conducting intra-cellular
signaling regulating cell behaviors. Desmosome consists
of two kinds of proteins, one is desmosome cadherin
including desmoglein (DSG) and desmocollin (DSC) and
the other is desmoplakin including desmoplakin and
plakoglobin.* DSC2, a member of DSC family, is
expressed in a variety of normal human tissues, cancer
tissues and cell lines.” DSC2 has an interaction site of
inter-cell adhesion, and structural integrity of tissues and
normal adhesion between cells are damaged when the
tumor occurs. It can be inferred that invasion and metas-
tasis of tumor cells may be related to the abnormal
expression of DSC2.° DSC2 expression is abnormally
down-regulated in pancreatic ductal adenocarcinoma,’
colorectal carcinoma,® urothelial carcinoma’ and lung
cancer.'’

Through GEPIA (http://gepia.cancer-pku.cn/), DSC2

is abnormally expressed in many cancer tissues com-

pared with adjacent tissues. Also, DSC2 expression is
increased in tumor tissues compared with adjacent tis-
sues in many other cancers. DSC2 expression was also
increased in prostate cancer tissues and the lower the
DSC2 expression is, the less conducive the disease-free
survival (DFS) of patients is. Therefore, we aimed to
investigate the role of DSC2 in prostate cancer and
preliminarily explain the significance of its high expres-

sion in tumor tissues.

Materials and Methods

Cell Culture

RWPE-1, DU-145, VCaP, LNCaP and PC-3 cells were
obtained from American Type Culture Collection
(Rockville, MD, USA). RWPE-1 cells were cultured in
F-12K medium (Gibco BRL Co. Ltd., USA) containing
L-glutamine. DU-145, VCaP, LNCaP and PC-3 cells were
cultured in RPMI-1640 medium (HyClone, Logan, UT,
USA). All medium must be supplemented with 100 U/
mL penicillin, 100 U/mL streptomycin and 10% fetal
bovine serum (FBS). The cells were routinely cultured in
a saturated humidity incubator at 37°C with 5% CO, and
had digestive transfer culture with 0.05% EDTA.

Cell Transfection

Cells from logarithmic growth stage were inoculated in a 24-
well plate and cultured under conventional condition. Cell
transfection was carried out when the confluence reached
60%-70%. Strictly following the
Lipofectamine 2000, cells were transfected with empty vec-
tor, ShRNA-DSC2-1, ShRNA-DSC2-2, OverExp-DSC2-1
and OverExp-DSC2-2. After transfection for 24 h, RT-qPCR
analysis detected the DSC2 expression to determine the trans-

construction  of

fection effects. Cells in the control group received no

treatment.

RT-gPCR Analysis

Total RNA of prostate cancer cells was extracted according to
the instructions of TRIzol reagent kit (Invitrogen; Thermo
Fisher Scientific, Inc.). After the purity and content of RNA
were evaluated, cDNA was synthesized by reverse transcrip-
tion. cDNA synthesis was performed according to the instruc-
tions of the reverse transcription kit (Takara Biotechnology
Co., Ltd., Dalian, China). Using cDNA as template, the reac-
tion system was conducted according to the RT-qPCR kit
instructions for PCR reaction. PCR reaction procedure is as
follows: 94°C for 30 s, 58°C for 30 s, 72°C for 30 s, a total of
40 cycles. Taking GAPDH as internal reference, relative RNA
expression of DSC2 was calculated with 2**“* method.

Cell Counting Kit-8 (CCK-8)
Transfected cells were collected at 24 h, 48 h and 72 h and
respectively seeded into a 96-well plate with 5000 cells/well
for 24 h culture. Ten microliter CCK-8 solution was added to
each well and then cells were incubated at 37°C for another
4 h. The optical density (OD) value at 450 nm was deter-
mined by the Multiskan FC enzyme micro-plate reader.

Clone Formation Assay

Transfected cells were collected and seeded into a 6-well
plate with 200 cells/well. After conventional culture for
two weeks, the culture was terminated when visible clones
appeared in the 6-well plate. After PBS washing for two
times, the cells were fixed with 4% neutral methanol for
15 min, and then stained with Wright-Giemsa complex
staining solution for 30 min. The cells were slowly washed
by running water and then dried by natural air. The clones

were observed and photographed by microscope.
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Figure | DSC2 protein expression in prostate cancer cells. DSC2 protein expression in RWPE-| cells and prostate cancer cells was detected by Western blot analysis.
#4P<0,001 vs. RWPE-| group. *P<0.05 vs. DU-145 group. “P<0.05 vs. VCaP group. **P<0.01 vs. LnCaP group.
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Figure 2 Plasmids of ShARNA-I and OverExp-| were chosen. (A) The mRNA expression of DSC2 in LNCaP cells was analyzed by RT-qPCR analysis. **P<0.01 and
###P<0.001 vs. Control group. #P<0,01 and ##P<0.001 vs. Vector group. “P<0.05 vs. SARNA-DSC2-1 group. $3p<0.01 vs. OverExp-DSC2-1 group. (B) The mRNA
expression of DSC2 in PC-3 cells was analyzed by RT-qPCR analysis. *P<0.05, **P<0.01 and **P<0.001 vs. Control group. "P<0.05, **P<0.01 and "#P<0.001 vs. Vector

group. P<0.05 vs. S(RNA-DSC2-1 group. **P<0.01 vs. OverExp-DSC2-I group.

Transwell Assay

Matrigel was smeared evenly at the bottom of upper chamber
inside, which become a membrane overnight. The next day,
transfected cells for 24 h were collected and re-suspended
with serum-free medium to prepare single-cell suspension.
Two hundred microliter single-cell suspension containing
2x10° cells was added to the upper chamber and 500 pL
DMEM medium containing 10% FBS was added to the
lower chamber. After continuous culture for 24 h, the upper
chamber was taken out and a cotton swab gently wiped cells
at the upper surface of the membrane. The remaining cells
were fixed with 4% paraformaldehyde for 10 min and treated

with crystal violet (10 g/L) staining for 30 min. After drying,
the cells were observed and photographed under the
microscope.

Wound Healing Assay

The cells were collected after transfection for 24 h and
seeded in a 6-well plate for conventional culture. After
cells were fused completely, 10 puL pipette tip was used
to scratch in a straight line vertically in the bottom of
wells. After PBS washing for three times, the cells
were incubated for 24 h. The scratches at 0 h and
24 h were observed and photographed by a microscope.
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Figure 3 DSC2 expression affects the proliferation and clone formation ability of LNCaP cells and PC3 cells. (A) The proliferation of LNCaP cells after transfection was
detected by CCK-8 assay. ¥P<0.01 and *¥P<0.001 vs. Control group. “*P<0.01 and *#P<0.001 vs. Vector group. “**P<0.001 vs. S\RNA-DSC2-1 group. (B) The
proliferation of PC3 cells after transfection was detected by CCK-8 assay. *P<0.05, **P<0.01 and ***P<0.001 vs. Control group. "P<0.01 and "*P<0.001 vs. Vector group.
4P<0.05 and “*“P<0.001 vs. SARNA-DSC2-1 group. (C/D) The clone formation ability of LNCaP cells after transfection was showed by clone formation assay. **P<0.001
vs. Control group. ™#P<0.001 vs. Vector group. ***P<0.001 vs. ShRNA-DSC2-1 group. (E/F) The clone formation ability of PC3 cells after transfection was showed by
clone formation assay. *¥P<0.001 vs. Control group. *P<0.05 and **P<0.01 vs. Vector group. “*“P<0.001 vs. ShNRNA-DSC2-1 group.

Flow Cytometry Analysis

Transfected cells were collected, seeded into a 6-well
plate and cultured for 24 h. After trypsin digestion,
cells were washed with PBS for three times and re-
suspended with 100 puL binding buffer. Each tube was
added with 5 pLL PI and 5 pL Annexin V-FITC to treat
the cells on the ice for 15 min, followed by the addi-
tion of 400 puL binding buffer. Finally, the apoptotic
cell rate was analyzed by flow cytometry within 1 h.

Western Blot Analysis

After transfected cells grew into 90% confluence, med-
ium was removed and 200 pL RIPA lysis buffer was
added to extract the protein on ice for 20 min. The
mixture was transferred to a centrifuge tube which was
centrifuged at 2000 r/min for 10 min to separate the
supernatant. After quantitative analysis by BCA kit
(Abcam, UK), 20 pg protein was uploaded, separated

by 10% SDS-PAGE with electrophoresis. After protein
separation by gel electrophoresis, protein was trans-
ferred to PVDF membrane. Five percent skim milk
sealed the membrane at room temperature for 2
h. Next, PVDF membrane was incubated with primary
antibodies including DSC2, Bax, B-cell lymphoma 2
(Bcl-2), Caspase-3 (Casp-3), c-Caspase-3 (c-Casp-3),
Cyclin DI, 2 (CDK2),
Cyclin B1, CDKI1, pB-catenin, p-B-catenin, Epidermal
growth factor (EGFR)
(E-cad) at 4°C overnight. The following day, after
PVDF membrane was washed with PBS buffer for
three times, PVDF membrane was incubated with

Cyclin-dependent kinase

receptor and E-cadherin

horseradish peroxidase-linked IgG second antibody at
25°C for 2 h. After membrane exposed and developed,
a quantitative gel imaging software Quantity One was
applied to quantify each band in the electrophor-
esis map.
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Figure 4 DSC2 expression affects the invasion and migration of LNCaP cells and PC3 cells. (A) The migration and invasion of LNCaP cells after transfection was
respectively detected by wound healing assay and transwell assay. *P<0.05, ¥P<0.01 and **P<0.001 vs. Control group. *P<0.05, **P<0.01 and *#P<0.001 vs. Vector group.
444p<0,001 vs. SRNA-DSC2-1 group. (B) The migration and invasion of PC3 cells after transfection was respectively detected by wound healing assay and transwell assay.
#P<0,01 vs. Control group. “P<0.01 and *#P<0.001 vs. Vector group. ***P<0.001 vs. S\RNA-DSC2-| group.

Statistical Analysis

Data were expressed as meant+ standard deviation
(SD). SPSS version 21.0 was used for statistical ana-
lysis and p<0.05 was considered statistically signifi-
cant. The results were analyzed using the one-way
ANOVA with Tukey’s test.

Results
DSC2 Protein Expression in Prostate

Cancer Cells

DSC?2 protein expression was increased in prostate can-
cer cells compared with RWPE-1 cells. The protein
expression of DSC2 in LNCaP cells was the highest
and in PC-3 cells was the lowest among prostate cancer
cells. Therefore, LNCaP cells and PC-3 cells were cho-
sen for the next study (Figure 1).

Plasmids of ShRNA-I and OverExp-|
Were Chosen

After transfection, DSC2 expression was down-
regulated in LNCaP cells (Figure 2A) and PC-3 cells
(Figure 2B) transfected with ShRNA-DSC2-1/2 and
up-regulated in LNCaP cells (Figure 2A) and PC-3

cells (Figure 2B) transfected with OverExp-DSC2-1/2.
DSC2 expression in LNCaP cells and PC-3 cells trans-
fected with ShRNA-DSC2-1 was lower than that trans-
fected with ShARNA-DSC2-2, and DSC2 expression in
LNCaP cells and PC-3 cells transfected with OverExp-
DSC2-1 was higher than that transfected with
OverExp-DSC2-2. Therefore, plasmids of ShRNA-1
and OverExp-1 were selected.

DSC2 Expression Affects the
Proliferation and Clone Formation Ability
of LNCaP Cells and PC3 Cells

With the extension of transfection time from 24 h to 72 h,
inhibition of DSC2 promoted the proliferation of LNCaP cells.
DSC?2 overexpression did not obviously affect the proliferation
of LNCaP cells while proliferation of LNCaP cells showed
a downward trend (Figure 3A). The proliferation of PC3 cells
was also enhanced by inhibition of DSC2 while inhibited by
DSC2 overexpression from 24 h to 72 h (Figure 3B). Inhibition
of DSC2 increased the clone formation ability while DSC2
overexpression decreased the clone formation ability of
LNCaP cells (Figure 3C and D) and PC3 cells (Figure 3E
and F).
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Figure 5 DSC2 expression affects the apoptosis of LNCaP cells and PC3 cells. (A) The apoptosis of LNCaP cells after transfection was analyzed by flow cytometry analysis.
#5p<0.001 vs. Control group. #P<0.001 vs. Vector group. “**P<0.001 vs. ShRNA-DSC2-1 group. (B) Flow cytometry map of LNCaP cells after transfection. (C) The
apoptosis of PC3 cells after transfection was analyzed by flow cytometry analysis. ***P<0.001 vs. Control group. *#P<0.001 vs. Vector group. 2**P<0.001 vs. S(RNA-DSC2

-1 group. (D) Flow cytometry map of PC3 cells after transfection.

DSC2 Expression Affects the Invasion and
Migration of LNCaP Cells and PC3 Cells

Inhibition of DSC2 promoted the invasion and migration of
LNCaP cells and DSC2 overexpression suppressed the inva-
sion and migration of LNCaP cells. Empty vector transfection
exerted no obvious effect on the invasion and migration of
LNCaP cells (Figure 4A). The invasion and migration of PC3
cells were enhanced in ShARNA-DSC2 group and inhibited in
OverExp-DSC2 group while not obviously changed in vector
group (Figure 4B).

DSC2 Expression Affects the Apoptosis

of LNCaP Cells and PC3 Cells
As shown in Figure 5A and B, inhibition of DSC?2 suppressed
the apoptosis while DSC2 overexpression stimulated the

apoptosis of LNCaP cells. The result of Figure 5C and
D indicated that apoptosis of PC3 cells was restrained by
inhibition of DSC?2 and accelerated by DSC2 overexpression.

DSC2 Expression Affects the Expression
of Apoptosis-Related Proteins and Cell
Cycle-Related Proteins in LNCaP Cells

and PC3 Caells

Inhibition of DSC2 down-regulated the expression of Bax and
c-Casp-3 and up-regulated the Bcl-2 expression while DSC2
overexpression up-regulated the expression of Bax and
c-Casp-3 and down-regulated the Bcl-2 expression in
LNCaP cells (Figure 6A) and PC3 cells (Figure 6B).
Inhibition of DSC2 up-regulated the expression of Cyclin
D1, CDK2, Cyclin B1 and CDK1 while DSC2 overexpression
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Figure 6 DSC2 expression affects the expression of apoptosis-related proteins and cell cycle-related proteins in LNCaP cells and PC3 cells. (A) The expression of Bax, Bcl-
2, Casp-3 and c-Casp-3 in LNCaP cells after transfection was detected by Western blot analysis. *P<0.05, *P<0.01 and **P<0.001 vs. Control group. “*P<0.01 and
###p<0.001 vs. Vector group. “**P<0.001 vs. S(RNA-DSC2-1 group. (B) The expression of Bax, Bcl-2, Casp-3 and c-Casp-3 in PC3 cells after transfection was detected by
Western blot analysis. *P<0.05, **P<0.01 and **P<0.00! vs. Control group. "P<0.01 and #P<0.001 vs. Vector group. ***P<0.001 vs. SNRNA-DSC2-1 group. (C) The
expression of Cyclin DI, CDK2, Cyclin Bl and CDKI in LNCaP cells after transfection was detected by Western blot analysis. ¥*P<0.05, **P<0.01 and ***P<0.001 vs.
Control group. *P<0.05, *P<0.01 and *#P<0.001 vs. Vector group. “**P<0.001 vs. SARNA-DSC2- | group. (D) The expression of Cyclin DI, CDK2, Cyclin Bl and CDKI in
PC3 cells after transfection was detected by Western blot analysis. *P<0.05, **P<0.01 and ***P<0.001 vs. Control group. *P<0.05, **P<0.01 and *#P<0.001 vs. Vector
group. “24P<0.001 vs. SARNA-DSC2-| group.

down-regulated the expression of Cyclin D1, CDK2, Cyclin Dijscussion

Bl and CDKI1 in LNCaP cells (Figure 6C) and PC3 cells  Prostate cancer has now overtaken lung cancer as one of

(Figure 6D). the most common tumors in men.'! In the United States,
there were 164,690 new cases of prostate cancer and

DSC?2 Expression Affects the E_Cad/B_ 29,430 deaths from prostate cancer in 2018."* Due to the
Catenin Si gnaling Pathway lack of effective diagnostic methods in the early stage of

The expression of p-B-catenin and EGER was clevated prostate cancer, many patients in China are diagnosed with

and E-cad expression was reduced by the inhibition of prostate cancer at a later stage, thereby missing the chance

DSC2 and DSC2 overexpression inhibited the expres- of radical cure. To explore the molecular mechanism of the

sion of p-B-catenin and EGFR and promoted the E-cad occurrence and development of prostate cancer, abnormal-
expression in LNCaP cells (Figure 7A) and PC3 cells

(Figure 7B).

ities of related genes will provide new ideas for the treat-

ment of advanced prostate cancer.
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Figure 7 DSC2 expression affects the E-cad/B-catenin signaling pathway. (A) The expression of B-catenin, p-B-catenin, EGFR and E-cad in LNCaP cells after transfection was
determined by Western blot analysis. *P<0.05, *¥P<0.01 and **P<0.001 vs. Control group. *P<0.05, "P<0.01 and *#P<0.001 vs. Vector group. **“P<0.001 vs. ShRNA-
DSC2-1 group. (B) The expression of B-catenin, p-B-catenin, EGFR and E-cad in PC3 cells after transfection was determined by Western blot analysis. *P<0.05, **P<0.01 and
#45p<0.001 vs. Control group. *P<0.05, "P<0.01 and *#P<0.001 vs. Vector group. “**P<0.001 vs. S\RNA-DSC2-| group.

Through GEPIA, we observed the expression of DSC],
DSC2, DSC3 and DSC4 in prostate cancer tissues and normal
tissues and found that DSC?2 expression between tumor tissues
and normal tissues was significantly different, thereby choos-
ing DSC2 to be investigated in this study. DSC2,
a transmembrane protein, was connected with the other three
kinds of DSC to ensure the integrity of myocardial structure
and function, and also participates in cell signal transmission
and apoptosis.> Heuser et al'* knocked out DSC2 gene in
zebrafish model, and observed arrhythmia, myocardial con-
tractility damage and myocardial cell edema. The lipid droplet,
vacuolar degeneration, mitochondrial swelling and cristae dis-
appearance was showed in P19 cells with silencing of DSC2
and silencing of DSC2 also promoted the apoptosis of P19
cells."> DSC2 expression was evaluated in 308 cases of eso-
phageal squamous cell carcinoma and increased DSC2 expres-
sion was related to poor prognosis.'® From GEPIA database,
DSC?2 expression was increased in prostate cancer tissues
compared with normal tissues. However, prostate cancer
patients with relative low expression of DSC2 have poorer
DFS. In this study, inhibition of DSC2 promoted the prolifera-
tion, clone formation ability, migration and invasion while
suppressed the apoptosis of LNCaP cells and PC3 cells.
Although DSC2 expression was demonstrated to be increased
in prostate cancer cells which was consistent with the result
from GEPIA database, inhibition of DSC2 promoted the pro-
liferation, clone formation ability, migration and invasion

while suppressed the apoptosis of prostate cancer cells. We
suspect that the above phenomenon may be explained by the
phenomenon that prostate cancer patients with relative low
expression of DSC2 have poorer DFS.

It was found that DSC could regulate the B-catenin signal-
ing pathway, change the proliferation and invasion of tumor
cells, and promote the disease progression of malignant
tumors. Kolegraff et al'’® demonstrated that down-regulation
of DSC?2 activated the EGFR/Akt pathway, which caused the
accumulation of phosphorylated B-catenin in the nucleus and
phosphorylated B-catenin could activate the downstream target
genes, resulting in the abnormal proliferation and invasion of
tumor cells. Fang et al'® found that DSC2 interference reduced
the DSC2/y-catenin complex, which led to the increase of y-
catenin in cytoplasm. y-catenin competed with B-catenin for
E-catenin binding, which increased the amount of free B-
catenin in the cell and nucleus, thus promoting the activation
of the downstream target genes of B-catenin and the occurrence
and development of malignant tumors. EGFR is associated
with tumor cell proliferation, angiogenesis, tumor invasion,
metastasis, and inhibition of apoptosis.'*2° Research indicated
that EGFR overexpression was associated with the develop-
ment of castration resistant prostate cancer (CRPC) in
patients.”’ WAP four-disulfide core domain 2 (WFDC2) inhib-
ited the prostate cancer metastasis by suppressing EGFR
signaling.?? Spautin-1 treated the prostate cancer by the inhibi-
tion of EGFR signaling.”® E-cad is a member of the cadherin

submit your manuscript

11460

Dove

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Jiang and Wu

family and widely exists in various epithelial cells.**
Decreased expression of E-cad would reduce the adhesion of
cytoskeleton system, make tumor cells more easily dispersed,
and accelerate their invasive growth to the surrounding
tissue.”> The decreased E-cad promoted the prostate cancer
chemoresistance via Notch signaling.?® In this study, inhibition
of DSC2 up-regulated the expression of p-f3-catenin and EGFR
and down-regulated E-cad expression in LNCaP cells and PC3
cells, which was reversed by DSC?2 overexpression.

In conclusion, DSC2 expression was increased in pros-
tate cancer cells. Moreover, inhibition of DSC2 promoted
the proliferation, clone formation ability, migration and
invasion while suppressed the apoptosis of LNCaP cells
and PC3 cells, which was reversed by DSC2 overexpres-
sion. GEPIA shows that patients with lower DSC2 expres-
sion have poor DFS. These data suggest that DSC2 may
serve as a predictor for patient outcomes and provide the
fundamental basis for treatment of prostate cancer.
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