Research and Reports in Urology

Dove

ORIGINAL RESEARCH

Caveolin-1 and -2 regulate cell motility in
castration-resistant prostate cancer

Toyoharu Kamibeppu
Koji Yamasaki

Kozue Nakahara
Takahiro Nagai

Naoki Terada

Hiromasa Tsukino
Shoichiro Mukai
Toshiyuki Kamoto
Department of Urology, Faculty of

Medicine, University of Miyazaki,
Kiyotake, Japan

Correspondence: Shoichiro Mukai
Department of Urology, Faculty of
Medicine, University of Miyazaki, 5200
Kihara, Kiyotake, Miyazaki 889-1692,
Japan

Tel +81 985 85 2968

Fax +81 985 85 6958

Email syoichiro_mukai@med.miyazaki-u.

acjp

This article was published in the following Dove Press journal:
Research and Reports in Urology

Background: Caveolin (Cav)-1 and Cav-2 are cell membrane proteins, which are structural
proteins of caveolae and are reported to be positive regulators of cell survival and metastasis in
prostate cancer (PC). In a previous study, we reported that elevated levels of Cav-1 and Cav-2
were significantly associated with PC progression. However, their functions in PC have not yet
been clarified. In this study, we examined the function of Cav-1 and Cav-2 in PC cell invasive-
ness and motility.

Materials and methods: We introduced Cav-1- and Cav-2-specific small interfering into PC3
cells to knock-down (KD) both molecules. We also performed cell proliferation assay, wound
healing assay, migration assay, and invasion assay using PC3 cells and compared the results
between Cav-1-KD, Cav-2-KD, and negative control PC3 cells. In addition, we performed
real-time quantitative PCR (RT-qPCR) and RT? Profiler PCR Array analysis to identify factors
influencing migration.

Results: We observed no significant difference in the proliferative and invasive activities of
Cav-1-KD and Cav-2-KD PC3 cells; however, the cell motility was significantly decreased
compared with negative control PC3 cells. RT-qPCR revealed that the expression of vimentin
and N-cadherin was downregulated in Cav-1-KD PC3 cells. In addition, PCR array revealed a
decreased expression of MGATS, MMP13, and MYCL in Cav-1-KD PC3 and ETV4, FGFR4,
and SRC in Cav-2-KD PC3.

Conclusion: Cav-1 and Cav-2 may positively contribute to the upregulation of castration-
resistant PC cell migration. Cav-induced regulation of several molecules including vimentin,
N-cadherin, MGATS5, MMP13, MYCL, ETV4, FGFR4, and SRC may have an important role
in PC3 cell motility. However, further examination will be required.
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Introduction

Prostate cancer (PC) is the most commonly diagnosed cancer in men and is the sec-
ond leading cause of death due to cancer in men in developed countries.' Localized
PCs are usually treated by radical prostatectomy or radiation. In Japan, 21% of PC
patients present with distant metastases and 19% of PC patients present with locally
advanced disease at diagnosis.? Androgen deprivation therapy (ADT) is a mainstay of
treatment for locally advanced and metastatic PC. ADT is reported to be effective for
3-5 years,>* although medically or surgically castrated PC eventually transforms into
castration-resistant PC (CRPC), and the prognosis of the patients in the CRPC stage is
poor. Advanced CRPC is a multifaceted problem and needs many approach. CRPC is
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associated with several factors, including downregulation of
performance status and presence of bone pain. Bone metasta-
ses will develop in 90% of men with CRPC and can produce
significant morbidity, including pain, pathologic fractures,
spinal cord compression, and bone marrow failure. Biologi-
cal effects are also common, including anemia, weight loss,
fatigue, hypercoagulability, and infection.’ Supportive care
and maintenance of the quality of life remain the priority. We
must build on what is currently available to further improve
the outcome in these poor prognosis patients.

Caveolins (Cavs) are well-known principal components
of caveolae, which are involved in cellular process includ-
ing endocytosis, lipid homeostasis, and signal transduction
as physiological functions.®’ Caveolae are mainly expressed
in fibroblasts, vascular endothelial cells, adipocytes, and
epithelial cells.® The Cav family is composed of three iso-
forms, namely, Cav-1, Cav-2, and Cav-3.5% Although Cav-1
and Cav-2 are expressed in various tissues, Cav-3 has been
reported to be expressed in skeletal tissue, cardiac myocytes,
and smooth muscle cells.5® All three Cavs show basic struc-
tural motif of N-terminal Cav-1 scaffolding domain (CSD),
transmembrane domain, and C-terminal domain.*® Cav-1
is a 22 kDa protein composed of 178 amino acids and has
been most sufficiently investigated in Cav family.*”* Cav-1
reported to be expressed predominantly in terminally dif-
ferentiated cells including adipocytes, endothelial cells, and
smooth muscle cells.* The role of Cav-1 in cholesterol traf-
ficking and homeostasis is reported to be one of the major
physiological functions.®”

The function of Cavs in cancer is controversial because
the activity is reported to differ by cancer cell types.'*!"
Downregulation of Cav-1 was reported in the carcinomas of
breast,'? colon,'* ovary,'* and sarcoma;" the locus encoding
Caveolin-1 and Caveolin-2 genes is reported to be deleted in
several cancer cells.!® In contrast, overexpression of Cav-1 was
observed in prostate,'”2° pancreas,?** colon,? breast,** and
esophagus carcinoma?® and increased expression of Cav-2 was
observed in esophageal carcinoma,?*?’ urothelial carcinoma,?®
and several cancer cell lines including glioma, cervical cancer,
lung adenocarcinoma, and breast cancer.” In addition, promo-
tion of chemoresistance in gastric cancer and lymph nodes
metastasis in non-small-cell lung cancer by Cav-1 was also
reported.?** Interestingly, downregulation of Cav-1 led to the
conversion of androgen-insensitive metastatic mouse PC cells
(malignant phenotype) to androgen-sensitive phenotype.’!

In the previous work, we reported that plasma concen-
tration of Cav-1 and Cav-2 was increased in CRPC patients
compared with androgen-sensitive PC patients.!” According

to the results, we analyzed the function of Cav-1 and Cav-2
in CRPC cell line PC3.

Materials and methods

Cell culture

Three androgen-independent PC cell lines (PC3, DU145, and
22Rv1), a androgen-dependent PC cell line (LNCaP), and
Hela cell line were obtained from American Type Culture
Collection (ATCC) (Manassas, VA, USA), cultured in 10 cm
in diameter cell culture dishes with DMEM (Thermo Fisher
Scientific, Waltham, MA, USA) containing 10% (v/v) FBS
(Thermo Fisher Scientific) at 37°C in a humidified atmo-
sphere of 5% CO.,.

RNA extraction and real-time qRT-PCR
analysis

Total cellular RNA was extracted from cells using an RNA
Mini kit (Ambion, Paisley, OR, USA). For qRT-PCR, 3 pg of
total RNA was reverse transcribed with a mixture of oligo(dT)
and random primers and processed for each PCR reaction as
described previously.'” The primers used for real-time qRT-
PCR were as follows:

Cav-1 forward, 5’-TTCTGGGCTTCATCTG GCAAC-
3’; reverse, 5'-GCTCAGCCCTATTGGTCCACTTTA-3’
(93 bp);

Cav-2 forward, 5'-CACCCTCAGCTGTCTGCACAT-3;
reverse, 5’-GGCAGAACCATTAGGCAGGTCTT-3’
(66 bp);

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
forward, 5'-GCACCGTCAAGGCTGAGAAC-3’; reverse,
5-TGGTGAAGACGCCAGTGGA-3" (138 bp);

Androgen receptor (AR) forward, 5'-TCCATT-
GCCCACCAAAGACTA-3’; reverse, 5-GCAAATCTG-
GCCTGTCACCTC-3’ (150 bp);

E-cadherin forward, 5-AAGTGCTGCAGCCAAAGA-
CAGA-3’; reverse, 5'-AAATTGCCAGGCTCAAT-
GACAAG-3’ (84 bp);

N-cadherin forward, 5'-CGAATGGATGAAA
GACCCATCC-3"; reverse, 5'-GCCACTGCCTTCATAGT-
CAAACACT-3’ (171 bp);

Vimentin forward, 5'-AACCTGGCCGAGGA-
CATCA-3’; reverse, 5"-TCAAGGTCAAGACGTGC-
CAGA-3’ (134 bp);

Hepatocyte growth factor activator inhibitor type 1
(HAI1) forward, 5'-GGTGACACGGATGTCAGGGTA-3’;
reverse 5’-CACTGTCAGCTGGAACAGGTAGG-3’
(93 bp);
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Hepatocyte growth factor activator inhibitor type
2 (HAI2) forward, 5'-GACGGAAACAGCAATAAT-
TACCTGA-3’; reverse, 5'-TTGAACATATCGCTG-
GAGTGGTC-3’ (170 bp);

EGFR forward, 5-TTGCCAAGGCACGAGTAA-
CAAG-3'; reverse, 5-CCACTGTGTTGAGGGCAATGA-
3’ (200 bp);

SNAIL forward, 5'-GACCACTATGCCGCGCTCTT-3';
reverse, 5-TCGCTGTAGTTAGGCTTCCGATT-3’ (69 bp);

SNAIL2 forward, 5’-TTTCCAGACCCTGGTT-
GCTTC-3’; reverse, 5'-CTCAGATTTGACCTGTCTGC
AAATG-3".

Real-time qRT-PCRs were performed using a Thermal
Cycler Dice Real-Time System II (Takara Bio, Shiga, Japan).
Reaction mixtures (25 pL) containing 2 pL. of cDNA tem-
plate, 1 uL of each sense and antisense primers, and 1xX SYBR
Premix Ex Taq II (Takara Bio) were amplified as follows:
95°C for 30 seconds and 40 cycles at 95°C for 5 seconds,
60°C for 30 seconds, and a final dissociation stage (95°C for
15 seconds, 60°C for 30 seconds, and 95°C for 15 seconds).
GAPDH was used as an internal control. The results were
evaluated using the Thermal Cycler Dice Real-Time System
software program. The AA=" algorithm was used to analyze
the relative changes in gene expression.

Protein extraction immunoblot analysis
The cells were washed twice with ice-cold PBS followed by
the addition of 1.5 mL of 10% trichloroacetic acid on ice.
The degenerated cells were scraped and collected into micro-
centrifuge tubes and centrifuged at 14,000 rpm at 4°C for
3 minutes. The pellet was dissolved in an extraction solution
consisting of 7 M urea, 2% Triton-X-100, and 5% 2-mercap-
toethanol. The extracted protein was analyzed by immunoblot
analyses. The reaction samples were mixed with SDS-PAGE
sample buffer and heated for 15 minutes at 75°C. SDS-PAGE
was performed under reducing conditions using 4—12% gra-
dient gels. After electrophoresis, the sample proteins were
transferred electrophoretically to Immobilon membranes
(EMD Millipore, Billerica, MA, USA). After blocking the
nonspecific binding site with 5% nonfat dry milk in 50 mM
Tris-HCI (pH 7.5), 150 mM NaCl, and 0.05% Tween 20, the
membranes were incubated with primary antibody in buffer
containing 1% BSA at 4°C overnight followed by four washes
with the buffer and incubation with peroxidase-conjugated
secondary antibody diluted in the buffer with 1% BSA for
1 hour at room temperature. The labeled proteins were visu-
alized with chemiluminescence reagent (PerkinElmer Inc.,
Waltham, MA, USA).

Knock-down (KD) of Cav-Il and Cav-2 in
PC3 cells

Twenty-four hours before siRNA transfection, PC3 cells in
the logarithmic phase were inoculated in six-well plates at
5x10* cells/well. siRNA (20 nM final concentration) was
mixed with Lipofectamine RNAIMAX (Thermo Fisher Sci-
entific) in serum-free medium (Opti-MEM; Thermo Fisher
Scientific), then incubated for 20 minutes at room tempera-
ture, and added to the cells. Transfection was carried out for
48 hours using the Cav-1-specific siRNA (Silencer Select
siRNA Lot # ASOORPF7; Thermo Fisher Scientific), Cav-
2-specific siRNA (Silencer Select siRNA Lot # ASOORPF6;
Thermo Fisher Scientific), and negative control (NC) siRNA
(Silencer Select siRNA Lot # ASO00AAR; Thermo Fisher
Scientific). Then, we prepared Cav-1-KD PC3, Cav-2-KD
PC3, and si-Negative PC3 cell lines.

Invasion and migration assay
Twenty-four hours from transfection, Cav-1-KD PC3, Cav-
2-KD PC3, and si-Negative PC3 cell lines were used for both
cell migration and cell invasion assay. Cell migration assay
was performed utilizing Culturex 96 well Cell Migration
Assay Kit including boyden chamber consisting of polyeth-
ylene terephthalate membrane with 8 um pores (Trevigen
Inc., Gaithersburg, MD, USA), according to manufacturer’s
instructions. Briefly, each cell was serum starved for 20 hours
and 25,000 cells were seeded to top chamber. After 72 hours
culture, cell dissociation solution and Calcein-AM (fluores-
cent dye) were added and incubated for 1 hour at 37°C in
CO, incubator. Then, the top chamber was removed and the
plate was read at 485 nm excitation and 520 nm emission.

Cell invasion was estimated using a 96-well BME (base-
ment membrane extract) Cell Invasion Assay Kit (Trevigen
Inc.) in accordance with the manufacturer’s protocol. In brief,
each cell was serum starved for 20 hours and 25,000 cells
were seeded to top invasion chamber, which was coated by
BME solution. The chamber was incubated at 37°C in CO,
incubator for 72 hours. Next, cell dissociation solution and
Calcein-AM were added. After incubation for 1 hour, the
top chamber was removed and the plate was read at 485 nm
excitation and 520 nm emission.

Using standard curves, measured relative fluorescence
units were converted in to cell number to determine the
percentage of migration or invasion cells.

Wound healing assay
Twenty-four hours after transfection, Cav-1-KD PC3, Cav-
2-KD PC3, and si-Negative PC3 cell lines were used for

Research and Reports in Urology 2018:10

submit your manuscript

137

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kamibeppu et al

Dove

wound healing assay. Cells were harvested at 80% conflu-
ency and resuspended at 5x10° cells/mL. A total of 500 uL
of cell suspension was added to a 24-well plate, into which
a wound field insert was placed (CytoSelect 24-Well Wound
Healing Assay; Cell Biolabs, Inc., San Diego, CA, USA).
After 24 hours incubation, wound field insert was carefully
removed and the wound field area was measured at start and
4 hours. The percent closure was determined as follows:
percentage of closure (%) = migrated cell surface area/total
surface area xX100. The closure rate of each cell line was
compared using Mann—Whitney U test.

MTS assay

Twenty-four hours after transfection, Cav-1-KD PC3, Cav-
2-KD PC3, and si-Negative PC3 cell lines were incubated,
after which cell proliferation was measured by MTS assay
(Promega Corporation, Fitchburg, WI, USA). Cell pro-
liferation was measured at 0 hours, 24 hours, 48 hours,
and 72 hours. Responses to all treatments were assayed in
triplicate, and results were expressed as the mean of three
separate experiments.

PCR array

To determine the molecules affected by Cav-1 and Cav-2
expressions, which promotes PC3 cell motility, RT? Profiler
PCR Array system (Catalog No PAHS-028Z; Qiagen NV,
Venlo, the Netherlands) was used. According to the manu-
facturer’s protocol, cDNA from Cav-1-KD PC3, Cav-2-KD
PC3, and si-Negative PC3 was mixed with RT?2 SYBR® Green
qPCR Master Mix (Catalog No 330529; Qiagen NV) and H,O.
Subsequently, 25 pL of the mixture was placed into each well
of the PCR array (96-well plate was used). The three steps
of the cycling program were 96°C for 15 seconds, 55°C for
40 seconds, and 72°C for 30 seconds. The process was repeated
for 40 cycles. The threshold cycle changes (delta Ct) denote the
difference in Ct for the gene of interest based on the Ct level
of B-actin within the sample. Relative expression intensity was
obtained by calculating 2-delta Ct for each sample from both
stroke and normal participants for further Student’s #-test analy-
sis. Changes in mRNA expression were compared between
each cell line, and the results were reported as fold change:
twofold or greater change was considered significant change.

Statistical analysis

Statistical analysis was performed using SPSS statistics, Ver-
sion 22 (IBM Corporation, Armonk, NY, USA). Significance
was set at P<0.05.

Results
Expression of Cav-| and Cav-2 in PC cell

lines

We investigated the expression of Cavs’ mRNA and protein
in human PC cell lines by real-time real-time quantitative
PCR (RT-qPCR) and immunoblot analysis. High expres-
sion of Cav-1 was observed in PC3; however, LNCap and
22Rv1 were not expressed (Figure 1A and B). Expression
of Cav-2 was confirmed in DU145 and PC3, whereas Cav-2
was not expressed in LNCap and 22RV1 (Figure 1A and B).
Increased expression of AR was observed in LNCap. 22RV 1
is an androgen-independent PC cell line; however, weakly
expressed AR (Figure 1A and B). These results suggested
that Cav-1 and Cav-2 were expressed androgen-independent
CRPC cells and may correlate with the downregulation of AR.

Biological role of Cav-1 and Cav-2 in PC3

cell line

In response to the previous result of increased Cav-1-2
expression in PC3 cell line, we performed transient KD of
Cav-1 and Cav-2 for the cells and we analyzed the biologi-
cal activity. Twenty-four hours after transfection, decreased
expression of Cav-1 and Cav-2 mRNA and proteins was
confirmed by RT-qPCR (Figure 2A). Of interest, expression
of Cav-1 was slightly downregulated in Cav-2-KD PC3 cells.
Similar phenomenon was observed in our previous study;!”
however, we could not clarify the exact mechanism with this
study. We also confirmed that the absence of homologous
sequence between Cav-1 and Cav-2-siRNA. The cells were
then submitted to MTS assay, cell migration, wound healing
assay, and cell invasion assay. No significant difference in cell
growth was observed in any cell line (Figure 2B); however,
cellular migratory activity was significantly decreased in
both Cav-1-KD PC3 and Cav-2-KD PC3 cell lines compared
with si-Negative PC3 (Figure 2C). In addition as shown in
Figure 2D, significant downregulation of cell motility was
observed in Cav-1-KD PC3 and Cav-2-KD PC3 cell lines by
wound healing assay. In contrast, downregulation for inva-
sive capability was faint in both cell lines without statistical
significance (Figure 2E).

Downregulation of CAVs for cell motility
The downregulation of cell motility in Cav-1-KD and
Cav-2-KD PC3 suggested that these cells had undergone
a mesenchymal—epithelial transition (MET) in vitro. To
better understand this change, we assessed the expression
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Figure | (A) RT-qPCR analyses of Cav-1, Cav-2, and AR in four PC cell lines (LNCaP, 22RvI, DU 145, and PC3) and cervical cancer cell line (Hela, as a positive control of
Cav-| and Cav-2). The relative abundance of Cav-1, Cav-2, and AR was shown as ratios with corresponding GAPDH. (B) Immunoblot analyses of the same cell lines. Ratios
to the corresponding o-tubulin (Cav-I/o-tubulin, Cav-2/0i-tubulin, and AR/o-tubulin) were shown.

Abbreviations: AR, androgen receptor; Cav, caveolin; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; PC, prostate cancer; RT-qPCR, real-time quantitative PCR.

of MET-related molecules in these cells. Following siRNA-
mediated loss of Cav-1, the level of vimentin mRNA
was downregulated (Figure 3). In addition, expression of
N-cadherin was slightly decreased. However, no significant
difference of E-cadherin, SNAIL, SNAIL2, HAI1, and HAI2
expressions was observed (Figure 3).

Next, we examined the expression of 84 molecules
related to cancer metastasis using the RT? Profiler PCR Array
system. As a result, significant downregulation of mannosyl
(alpha-1,6)-glycoprotein beta-1,6-N-acetyl-glucosaminyl-
transferase (MGAT) 5, matrix metallopeptidase 13 (MMP13),
and V-myc myelocytomatosis viral oncogene homolog 1,
lung carcinoma derived (MY CL) was observed in Cav-1-KD
PC3 cells (Table 1). In contrast, the expression of MYCL
and ETV4 (Ets variant 4) was significantly downregulated
in Cav-2-KD PC3 cells compared with control. In addition,

fibroblast growth factor receptor 4 (FGFR4) and V-src sar-
coma viral oncogene homolog (SRC) were downregulated
in Cav-2-KD PC3 cells; however, statistical significance
was not achieved. In spite of the downregulation of MYCL,
upregulation of MYC was observed in both Cav-1-KD and
Cav-2-KD PC3 cells.

Discussion

In this study, we demonstrated that KD of Cav-1 or Cav-2
caused decreased cell migration and decreased vimentin
expression in Cav-1-KD PC3 cells, which may suggest the
involvement of cells in the process of MET. Contrary to MET,
a shift of epithelial feature toward mesenchymal phenotype
may be observed during the progression of cancer. This pro-
cess is referred to as the epithelial-to-mesenchymal transition
(EMT). EMT enhances the motility of cancer cells, and this
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Figure 2 (A) Expression of Cav-l and Cav-2 was confirmed by RT-qPCR and immunoblot analyses in wild-type PC3 (parent), Cav-1-KD PC3, Cav-2-KD PC3, and si-
Negative-transfected PC3 cell lines. (B) Effect of Cav-1 and Cav-2 expressions on the growth of PC3 cells is analyzed. The cell viability was examined by MTS assay. Each
point represents mean * SD for six wells. These assays were repeated two times with different batches of transfected cells, and each sample was performed in triplicate.
Cell growth of Cav-1-KD and Cav-2-KD PC3 cells was faintly downregulated at 48 hours; however, there is no statistical significance compared with si-Negative PC3 cells.
(C) Result of cell migration assay is shown. PC3 cell motility was significantly downregulated by KD of Cav-I and Cav-2. Values are means * SD of triplicate experiments.
*P<0.05, Mann—Whitney U test. (D) The result of wound healing assay reveals downregulation of cell motility of PC3 cells by KD of Cav-| and Cav-2. Values are mean + SD
of triplicate experiments. *P<0.05, Mann—Whitney U-test. (E) The result of invasion assay is shown. Invasive activity of PC3 cells was slightly downregulated in both Cav-1-KD
and Cav-2-KD PC3 cells; however, statistical significance was not observed.

Abbreviations: Cav, caveolin; KD, knock-down; PC, prostate cancer; RT-qPCR, real-time quantitative PCR; si-Negative, negative control siRNA.
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Figure 3 RNA expression of EMT-related molecules was analyzed by RT-qPCR.

Notes: Expression of vimentin was decreased in Cav-1-KD PC3 cells. N-cadherin expression was also slightly decreased in the cells; however, no significant difference of
E-cadherin, SNAIL, SNAIL2, EGFR, HAII, and HAI2 expressions was observed.

Abbreviations: Cav, caveolin; EMT, epithelial-to-mesenchymal transition; HAII, hepatocyte growth factor activator inhibitor type |; HAI2, hepatocyte growth factor
activator inhibitor type 2; KD, knock-down; PC, prostate cancer; RT-qPCR, real-time quantitative PCR; si-Negative, negative control siRNA.

Table | Expression of molecules related to cancer metastasis in Cav-1-KD and Cav-2-KD PC3 cells, identified by RT? Profiler PCR
Array system

Gene Gene name Fold change Fold change
symbol Cav-1-KD Cav-2-KD
MGATS Mannosyl (alpha-1,6-)-glycoprotein beta-1,6-N-acetyl-glucosaminyltransferase —2.03*% -1.77
MMPI3 Matrix metallopeptidase |3 (collagenase 3) —2.13% 1.12
MYC V-myc myelocytomatosis viral oncogene homolog (avian) 2.06* 2.55%
MYCL V-myc myelocytomatosis viral oncogene homolog |, lung carcinoma derived (avian) -2.31* —2.68%
ETV4 Ets variant 4 —1.65 —2.39%
FGFR4 Fibroblast growth factor receptor 4 —-1.64 —-1.95
SRC V-src sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog (avian) —-1.54 -1.95
Note: *Twofold or greater change was considered significant.
Abbreviations: Cav, caveolin; KD, knock-down; PC, prostate cancer.
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is considered necessary for cancer invasion.*> A number of
molecular mechanisms of EMT have been reported.’ These
mechanisms usually involve growth factors, cytokines with
their specific receptors, and downstream signaling molecules.
Cav-1 is also reported to be implicated in EMT in the progres-
sion of prostate,® bladder,** hepatocellular,® and pancreatic
cancer.’® Liang et al** demonstrated that elevated Cav-1
expression in bladder cancer was tightly correlated with
cancer cell migration and invasion. In this study, the author
also revealed that the KD of Cav-1 reduced the expression of
Slug and the ectopic expression of Cav-1-promoted EMT by
upregulating Slug expression. In another study, Cav-1 protein
expression in pancreatic cancer was analyzed by IHC.* As a
result, expression of Cav-1 protein was significantly increased
in pancreatic cancer compared with normal tissue.* In addi-
tion, cancer cell migration and metastasis were increased in
pancreatic cancer cells with elevated expression of Cav-1.
The cancer cells show typical morphological changes in EMT
with decreased E-cadherin expression. In colorectal cancer,
overexpression of Cav-1 was correlated with a decreased
expression of E-cadherin, which may indicate that Cav-1
was a negative regulator of E-cadherin in the progression
of colorectal cancer.’” Vimentin is recognized as a canoni-
cal mesenchymal marker, which is a member of the type
III intermediate filament protein family.*®** Vimentin is an
important component of cellular cytoskeleton and is reported
to play a significant role in maintaining cell-shape, integrity,
cell adhesion, and migration.*®* Increased expression of
vimentin has been reported in the invasive phenotype of
several malignant tumors, including prostate, gastrointestinal,
breast, lung, cervical cancer, and renal cell carcinoma,*3° and
to be associated with increased capacity for cell motility and
invasiveness in the process of EMT.3** Our results suggested
that KD of Cav-1 may contribute to the suppression of cell
migration through the downregulation of vimentin, which
suggests that the cells may be involved in the initial process
of MET; however, we could not confirm increased expression
of E-cadherin in this study.

In contrast, the result of PCR array revealed the
downregulation of MGATS, MMP13, and MYCL in
cav-1-KD PC3 cells. MGATS, which belongs to the
glycosyltransferase family, is reported to be a major enzyme
involved in the regulation of glycoprotein oligosaccharide
biosynthesis.***! It has been reported that overexpression of
MGATS resulted in the loss of contact inhibition, increased
cell motility and morphological transformation in epithelial
cells, and enhanced metastasis in breast cancer cells.**4!
MMP13 is well known as a member of the collagenase

subfamily of MMPs with the potential to degrade
extracellular matrix components.*> In cancer, MMP13 is
reported to be positively associated with local invasion,
cell migration, vascular infiltration, and metastasis.* MYC
is a major cell regulator in many processes including cell
cycle entry, ribosome biogenesis, and metabolism.*44
Deregulation of MYC associated with tumor aggressiveness,
metastatic potential, therapeutic resistance, and poor patient
outcome has been reported in various cancers.** MYCL
was reported to correlate with the progression of small
cell lung cancer.* With the exception of increased MYC
expression, these data support our migration assay results;
however, further examination will be required to clarify the
exact functional mechanism of Cav-1 in the progression
of PC.

Cav-2 was discovered as a 20 kDa protein co-purified
with adipocyte-derived caveolar membranes.” Cav-2-encoded
gene is located on human chromosome 7q31.1.7 Cav-2
can form a stable hetero-oligomeric complex of 14-16
molecules into a large macromolecular complex, which
defines caveolar architecture at the plasma membrane.®’” In
the physiological condition, Cav-2 is reported to express and
play with Cav-1.%" In cancer, increased Cav-2 expression has
been documented in esophageal carcinoma and urothelial
carcinoma, as well as in the cell lines of glioma, cervical
cancer, lung adenocarcinoma, and breast cancer.” Its function
in cancer progression varies by cancer cell line.” We were
unable to identify the exact focus of this phenomenon by
RT-qPCR of EMT-related molecules in Cav-2-KD PC3
cells. However, several candidate molecules were detected
in PCR array. ETV4 is a transcription factor belonging to
the ETS-oncogene family.*s Overexpression of ETV4 was
reported to be associated with advanced and more aggressive
forms of tumor with worse prognosis.*® In addition, ETV4
positively correlates with cancer cell motility, invasiveness,
EMT, and tumorigenesis.* Activated SRC and FGFR4 are
also reported to influence cancer cell proliferation, migration,
and invasion through the specific signaling axis.*”* From the
above, downregulated cell motility in Cav-2-KD PC3 cells
may be caused by decreased expression of ETV4, SRC, or
FGFR4.** Therefore, we are considering additional analysis
to clarify the mechanism.

In PC, it has been reported that ADT directory induces
EMT® and that decreased E-cadherin expression is observed
in CRPC.*® These data suggested that EMT would be
upregulated in CRPC. In contrast, increased expression of
Cav-1 in CRPC has been reported and several reports indi-
cate Cav-1-induced progression of EMT.? Therefore, inverse
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expression of AR and Cav-1 may have an important role in
CRPC progression through EMT.

Conclusion

KD of Cav-1 and Cav-2 downregulates the cell motility of
PC3 cells. Expression of vimentin was decreased in Cav-
1-KD PC3 cells. In addition, analysis of PCR array revealed
decreased expression of MGATS, MMP13, and MYCL in
Cav-1-KD PC3 and ETV4, FGFR4, and SRC in Cav-2-KD
PC3. Cav-induced regulation of these molecules may have
an important role in PC3 cell motility. Cav-1 and Cav-2
may positively contribute to the upregulation of CRPC cell
migration.
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