BRAZILIAN JOURNAL

OF MEDICAL AND BIOLOGICAL RESEARCH
www.bjournal.com.br BIOMEDICAL SCIENCES

Braz J Med Biol Res, August 2012, Volume 45(8) 737-745

doi: 10.1590/S0100-879X2012007500085

Prostate-specific membrane antigen can promote in vivo osseous
metastasis of prostate cancer cells in mice

Liang-Yun Zhao, Xiao-Peng Mao, Kai-Yuan Chao, Sheng-Jie Guo and Shao-Peng Qiu

The Brazilian Journal of Medical and Biological Research is partially financed by

Ministério Ministério B » 2 s —

QCNPq L | ~ PGS N R
reinonacionaise pesenvoviments. 12 Ci€NCia € Tecnologia da Educagdo 'um pais pE 7ToDOS

Gmties Tecnaigiee CAPES GOVERNO FEDERAL

Institutional Sponsors é’;

v -

¢ FAEPA \\‘" .AF’P dssociaco - Explore High - Performance MS
4 Orbitrap Technology
SCI umv:nsmnz DE SA0 PAULO Campus 2 @ SHIMADZU Zi’,é,;fieunl;go In Proteomics & Metabolomics
HCFMRP

Ribeirao Preto Faculdade de Medicina UNICAMP
de Ribeirao Preto

analitica Thermo

analiticaweb.com.br SCIENTIFI

{ﬂl:]m All the contents of this journal, except where otherwise noted, is licensed under a Creative Commons Attribution License



http://www.bjournal.com.br
http://www.bjournal.com.br/
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2012000800008&lng=en&nrm=iso
http://www.fapesp.br/
http://portal.mec.gov.br
http://www.mct.gov.br/
http://www.capes.gov.br/
http://www.brasil.gov.br
http://www.cnpq.br/
http://creativecommons.org/licenses/by-nc/3.0/
http://www.fmrp.usp.br/
http://www.ribeirao.usp.br
http://www.unicamp.br/
http://www.faepa.br/
http://www.usp.br/
http://www.scielo.org/php/index.php
http://www.shimadzu.com.br
http://www.analiticaweb.com.br/emarketing/proteomics/
http://www.afip.com.br/VersaoIngles/Principal.asp

Brazilian Journal of Medical and Biological Research (2012) 45: 737-745
ISSN 0100-879X

Prostate-specific membrane antigen can
promote in vivo osseous metastasis
of prostate cancer cells in mice

Liang-Yun Zhao'*, Xiao-Peng Mao?*, Kai-Yuan Chao3,
Sheng-Jie Guo? and Shao-Peng Qiu?

1Department of Urology, Huangpu Hospital, The First Affiliated Hospital, Sun Yat-Sen University,
Guangzhou, Guangdong, China

2Department of Urology, The First Affiliated Hospital, Sun Yat-Sen University,

Guangzhou, Guangdong, China

SResearch Centre for Clinical Laboratory Standard, Zhongshan School of Medicine,

Sun Yat-Sen University, Guangzhou, Guangdong, China

Abstract

Reports remain insufficient on whether and how prostate-specific membrane antigen (PSMA) can influence in vivo osseous
metastasis of prostate cancer (PCa). In the present study, the authors induced stable expression of PSMA in mouse PCa cell
line RM-1. In vivo osseous metastasis was induced in 37 6-week-old female C57BL/6 mice weighing 22.45 + 0.456 g. RM-1
cells were actively injected into the femoral bone cavity, leading to bilateral dissymmetry of bone density in the femoral bone.
Tumor cells were also detected in bone tissue by pathological examination. The impact on bone density was demonstrated
by the significant difference between animals injected with RM-PSMA cells (0.0738 + 0.0185 g/cm?2) and animals injected with
RM-empty plasmid cells (0.0895 + 0.0241 g/cm?2). The lytic bone lesion of the RM-PSMA group (68.4%) was higher than that of
the control group (27.8%). Immunohistochemistry showed that the expression of both vascular endothelial growth factor (VEGF)
and matrix metalloproteinase-9 (MMP-9) was distinctly higher in the RM-PSMA group than in the control group, while ELISA
and Western blot assay indicated that VEGF and MMP-9 were higher in the RM-PSMA group compared to the control group (in
vitro). Thus, the present study proposed and then confirmed for the first time that PSMA can promote in vivo osseous metastasis
of PCa by increasing sclerotic destruction of PCa cells. Further analyses also suggested that PSMA functions positively on the
invasive ability of RM-1 by increasing the expression of MMP-9 and VEGF by osseous metastases in vivo.
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Introduction

Prostate cancer (PCa) is among the most frequently
diagnosed cancers of the genitourinary system, represent-
ing the second most frequent cause of male malignant
tumors (1). Prostate-specific membrane antigen (PSMA),
an a-transmembrane glycoprotein, has a noticeably higher
expression in prostate carcinoma tissue than in normal and
hyperplastic prostate epithelial tissue (2,3) and its expres-
sion in androgen-independent and metastatic PCa tissues
is further enhanced. This suggests that PSMA is probably
intimately correlated with the degree of malignancy and
metastasis of PCa (4). Thus, it is not surprising that PSMA,
with its high specificity for the prostate, has attracted a

great deal of attention as a target for PCa diagnosis and
therapy.

The measurement of serum PSMAhas been extensively
studied (5). Some studies have focused on immunotherapy
of PSMAbased on the use of combined vaccines, vaccines
with dendritic cells, and on tumor immunity and autoimmunity
(6,7), etc. Some studies have used radioimmunoscintigra-
phy of PSMA to detect PCa recurrence and metastasis (8).
All of these studies have achieved some curative effects,
but the exact mechanism of action and the effects of PSMA
involved in carcinogenesis and PCa tumor progression still
need further, more adequate exploration.
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The high rate of osseous metastases represents the
major mutilation and cause of death due to PCa (9,10). Recent
investigations have proposed that PSMA plays a decisive part
in the growth, invasion and migration of prostate cancer cell
lines (11). Barwe et al. (12) reported that PSMA could promote
the in vitro adhesion of PCa cells to bone marrow matrix and
proposed that PSMA may play an important role in the occur-
rence of osseous metastases in PCa. However, no significant
experiment has yet been reported demonstrating adequately
the function of PSMA.

Some relevant studies have probed into the overexpres-
sion of vascular endothelial growth factor (VEGF) in PCa
celllines of primary and metastatic carcinoma tissue of PCa
patients, leading to the reasonable deduction that VEGF
could play an important role in the osseous metastasis of
PCa (11,13). Itwas also reported that PSMA could promote
tumor angiogenesis by increasing the invasion and migra-
tion ability of blood vessel endothelial cells (14,15). Since
degradation of the basement membrane and extracellular
matrix by matrix metalloproteinase (MMPs) secreted by
invasive tumors is the decisive factor for carcinoma infil-
tration and metastasis, some investigators presume that
PSMA probably functions by regulating the invasiveness
of PCa through its regulatory effect on MMP secretion
(16,17). Regretfully, further detailed investigations of the
direct correlations between PSMA, VEGF and MMPs are
scarce.

Based on these considerations and assumptions, the
objective of the present study was to construct animal mod-
els of in vivo PCa osseous metastasis and, in subsequent
studies, to deal with the in vivo regulation of PCa osseous
metastases by PSMA in order to determine whether and
how PSMA influences the osseous metastases of PCa in
vivo. Using the proposed experiments and tests, we hope to
attain new targets for the prevention, diagnosis and therapy
of PCa osseous metastasis.

Material and Methods

Materials

Eukaryotic expression plasmid pcDNA3.0/PSMA,
pcDNA3.0/empty plasmid, the human PCa cell line
LNCaP, and the mouse PCa cell line RM-1 were preserved
in our laboratory (obtained from the American Type Culture
Collection, USA). C57BL/6 female mice (6 weeks) were

Table 1. Primers and conditions for PCR.
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supplied by the Animal Experiment Center of Sun Yat-Sen
University (China).

Transfection of PSMA into RM-1 cells

PSMA cDNA was subcloned into the pcDNA3.0 vector.
As reported previously (18), the constructed plasmid DNA
was purified from transformed DH5-a bacteria and stably
transfected into RM-1 cells using the Lipofectin 2000 reagent
(Invitrogen, Life Technologies, USA). Cells were selected
with the antibiotic G418 (400 mg/mL) until discrete colonies
appeared. Colonies were isolated and expanded for detec-
tion of PSMA expression. Under controlled conditions, RM-1
cells were transfected with the pcDNA3.0 plasmid alone.
RM-1 cells not transfected with any plasmid were kept and
used as control.

RNA extraction and RT-PCR

RNAwas isolated from cells, and PSMA mRNA expres-
sion was detected by RT-PCR. In brief, total RNA was
isolated from all cell lines (RM-1, LNCaP) using TRIzol
Reagent (Invitrogen, USA) according to manufacturer
instructions. Total RNA was mixed with the oligo(dT) 20
primer and incubated at 65°C for 5 min. cDNA was then
synthesized using Superscript lll (Invitrogen) at 50°C for
50 min, followed by heating at 85°C for 5 min.

PSMA cDNA was synthesized and cloned from RM-1
and LNCaP cell lines by RT-PCR. The primers and condi-
tions for PCR [PSMA and m-glyceraldehyde 3-phosphate
dehydrogenase (NGAPDH)] are indicated in Table 1. In brief,
the forward PSMA primer was 5-TCTGCTCGCGCCGAG
ATGTG-3, thereverse primerwas 5'-ATTTTATAAACCACC
CGAAG-3’, and the product size was about 148 bp. The
forward primer of MGAPDH was 5’-CCCATGGCAAATTCC
ATGGCACCG-3', the reverse primer was 5-GTCATGG
ATGACCTTGGCCAGGGG-3', and the product size was
about 344 bp. PCR amplification was carried out with the
platinum Taq DNA polymerase high fidelity (Invitrogen) in
a total reaction volume of 25 pL containing 2 pL synthe-
sized cDNA, 2 uL each of the specific primer pair, 2.5 yL
10X Taq buffer, 17.5 uL sterilized water, and 1 yL dNTP. A
total of 35 cycles was completed with the following profile:
cycle 1, 94°C for 3 min; cycles 2 through 34, 94°C for 30
s, 55°C for 30 s, and 72°C for 2 min. The final reaction
was extended for 10 min at 72°C. The PCR products for
PSMA and mGAPDH were analyzed by 1.5% agarose gel

Objective Forward primer (5'-3’)

Reverse primer (5’-3’)

Annealing Size of PCR

gene temperature (°C) products (bp)
PSMA TCTGCTCGCGCCGAGATGTG ATTTTATAAACCACCCGAAG 55 148
mGAPDH CCC ATG GCAAAT TCC ATG GCACCG GTC ATG GAT GAC CTT GGC CAG GGG 58 344

PSMA = prostate-specific membrane antigen; mMGAPDH = m-glyceraldehyde 3-phosphate dehydrogenase.
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electrophoresis in TAE buffer and visualized by ethidium
bromide staining.

Western blot detection of PSMA expression

For Western blot analyses, crude cell lysates were
isolated from cells with ice-cold radioimmunoprecipitation
assay (RIPA) lysis buffer. In brief, the protein concentrations
were estimated by the bicinchoninic acid (BCA) assay (BCA
assay kit, Nanjiing KeyGen, China) with ultraviolet spec-
trophotometry at 260 nm wavelength. About 40 ug protein
was run on a 10% SDS-polyacrylamide gel and blotted
onto a polyvinylidene difluoride (PVDF) membrane. After
blocking for 3 h with 5% skim milk in Tris-buffered saline
Tween (TBST), PSMA (YPSMA-1, Abcam, USA) antibody
(1:1000 dilution) and B-actin antibody (1:1000 dilution) were
applied to PVDF membranes, followed by overnightincuba-
tion at 4°C. The membranes were then washed with TBST
and treated with horseradish peroxidase-conjugated goat
anti-mouse IgG antibody (1:2000 dilution). After washing
with TBST again, the membrane was developed with ECL
Western blotting detection reagents (Pierce, USA).

In vitro quantification of VEGF protein by
enzyme-linked immunosorbent assay (ELISA)

RM-1, RM-1 transfected with PSMA, and RM-1 trans-
fected with empty plasmid cells (2 x 10° cells/well each)
were plated onto six-well plates in RPMI-1640 containing
5% FCS. The cells were allowed to grow for 48 h until they
were about 60-70% confluent. The growth medium was then
removed and replaced with fresh RPMI-1640 containing
1% FCS. The cells were incubated for a further 24 h until
about 80% confluence was attained. The medium was then
harvested and filtered for the measurement of secretory
VEGF. The remaining cells were collected and the viable
cells were counted. VEGF presentin the growth mediumwas
measured using a Quantakine Human VEGF ELISAkit ac-
cording to manufacturer instructions (R&D Systems, USA).
The concentration of VEGF was measured as picograms
per milliliter (pg/mL) in the growth medium and the results
were then calculated as picograms of secreted VEGF per
cell. Each experiment was performed three times and the
mean concentration of VEGF secretion was presented as
the final result. The standard deviation (SD) of the means
was used as error bars.

Western blot detection of MMP-9 expression (in vitro)

For Western blot analyses, crude cell lysates were
isolated from cells using ice-cold RIPA lysis buffer. In brief,
protein concentrations were estimated by BCA assay with
ultraviolet spectrophotometry at 260 nm wavelength. About
40 pg protein was run on a 10% SDS-polyacrylamide gel
and blotted onto a PVDF membrane. After blocking for
3 h with 5% skim milk in TBST, goat anti-mouse MMP-9
(Beijing Biosynthesis, China) antibody (1:200 dilution) or
B-actin antibody (1:1000 dilution) was applied to PVDF
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membranes, followed by overnight incubation at 4°C. The
membranes were then washed with TBST and treated with
horseradish peroxidase-conjugated mouse anti-goat 1gG
antibody (1:2000 dilution). After washing with TBST again,
the membrane was developed with the ECL Western blot-
ting detection reagents (Pierce).

Construction of an animal model of PCa osseous
metastasis and determination of bone densitometry

Ten mice were allocated to each cell line and the experi-
ment was repeated twice. In brief, RM-1 cells (transfected
with PSMA or with empty plasmid) were plated and cultured
to the exponential growth phase, then trypsinized, enumer-
ated, and resuspended to a final concentration of 25 x 10°
cells/mLin RPMI-1640 containing 1% FBS and 10 g/L BSA.
Suspensions of RM-1 cells (20 pL) were injected by insertion
of a27-gauge needle through the mouse skin directly into the
cavity of the right femoral bone of C57BL/6 mice (6 weeks
old) anesthetized with 3% carbrital (Sigma, USA) based on
weight (60 mg/kg). RPMI-1640 medium (20 yL) was injected
into the cavity of the left femoral bone for control. When
dissymmetry of bilateral lower limb action was observed,
bone density was determined under anesthesia using the
Discovery AS/N 82239 bone density tester (Hologic, USA).
If osseous metastasis was confirmed, the animals were
dissected for further pathologic examination.

Pathologic and immunohistochemical examination

In this phase, tissue sections were taken from both
femoral bones of the dissected animals. Once identified,
4-um sections were cut from the appropriate blocks and
mounted on slides for evaluation. In brief, 4-um paraffin-
embedded tissue sections were deparaffinized in xylene
following de-xylene, stained with HE and mounted on slides
with resin for evaluation.

Immunohistochemistry was performed by indirectimmu-
noperoxidase staining as described in our previous reports
(19-21). In brief, immunoglobulin G (IgG) was applied as a
control slide to a matched set of slides. The 4-um paraffin-
embedded tumor sections were deparaffinized in xylene,
rehydrated in graded alcohol (100, 95, 70, and 50%), and
immersed in methyl alcohol containing 0.01% H2O2 for 10
min. Sections were allowed to air dry and were then blocked
with 10% normal goat serum in PBS, pH 7.4, for VEGF and
MMP-9 determination at room temperature (RT) for 1 h.

The sections were then washed three times in PBS.
Goat anti-mouse VEGF or goat anti-mouse MMP-9 in 5%
blocking serum (1:100) was added, followed by overnight
incubation at4°C. After the incubation period, sections were
kept at 37°C for 20 min before being washed three times in
PBS. Biotinylated anti-goat/rabbit IgG antibody (GK500705,
Gene Tech, China) was added to the sections followed by
incubation for 30 min at RT. Sections were then stained with
Dolichos biflorus agglutinin (DBA) solution for 5 min after
being washed three times again in PBS. Distilled water was
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then used to wash the sections, which were counterstained
with hematoxylin for 5 min. Next, the slides were washed
in distilled water, dipped in dilute ammonium hydroxide,
washed in distilled water again, and finally mounted in crystal
mounting solution for microscopic evaluation.

The extent of positivity was determined by immunohis-
tochemical staining as follows: brown-yellow, light brown or
buff staining of the cell membrane and cytoplasm indicated
positive expression of VEGF (or MMP-9). VEGF (or MMP-9)
expression was identified by the summation of stain intensity
and positive cell rates. According to 5 randomly observed
fields magnified 400X on each slide, the expression of
VEGF (or MMP-9) was defined as negative (5% positive
cells), weakly positive (5-25% positive cells), and strongly
positive (225% positive cells).

Statistical analyses

All statistical analyses were performed using the SPSS
11.5 software (SPSS, Inc., USA) and Microsoft Excel 2003.
The results were analyzed by two- or three-way analysis of
variance or the Student t-test. The differences in expression
VEGF between PSMA-transfected RM-1 cells, negative
control cells and RM-1 cells were determined by one-way
ANOVA. The level of significance was set at P < 0.05 in
all analyses.

Results

PSMA mRNA transcripts in cell lines

In Figure 1A, RT-PCR demonstrates that the transcripts
of PSMA cDNAwere detected in LNCaP (the positive control)
and PSMA-transfected RM-1 cells, whose size appears to
be in good agreement with the expected 148 bp, but not
in negative control cell lines. The 344-bp RT-PCR product
bands, size of MGAPDH cDNA, were detected in all cell
lines (lanes 3-6 marked at 344 bp).

Stable expression of the PSMA protein in transfected
RM-1 cells

The YPSMA-1 monoclonal antibody (mAb) is used to
detect PSMAboth inimmunofluorescence and Western blot
experiments. In Western blot assay, as shown in Figure 1B,
PSMA protein (MW 100 kDa, as expected) was detected
in PSMA-transfected RM-1 cells (Figure 1B, lane 1) and
LNCaP cells (Figure 1B, lane 4, the positive control), but
not in negative control cell lines. The B-actin protein (MW
43 kDa) was detected in all cell lines.

In vitro quantification of the VEGF protein in PCa cells

As shown in Figure 2A, using ELISA we also found
that the stable transfectants (PSMA) obviously promoted
VEGF protein secretion (25.4 + 1.2 pg/cell), compared to
RM-1 cells (15.6 £ 0.45 pg/cell) and negative control cells
(15.2 + 0.96 pg/cell), with a significant difference by one-
way ANOVA (f = 122.16, P < 0.01). These results further
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indicate the association between PSMA and VEGF secretion
in prostate cancer cells.

In vitro expression of the MMP-9 protein in PCa cells

In Figure 2B, Western blot assay revealed that MMP-9
protein (MW 78 kDa) was detected in PSMA-transfected
RM-1 cells (Figure 2B, lane 1), negative control cells (Figure
2B, lane 2) and RM-1 cells (Figure 2B, lane 3). The expres-
sion of MMP-9 in PSMA-transfected RM-1 cells was higher
than in negative control cells. The B-actin protein (MW 43
kDa) were detected in all cell lines.

A

200 bp ———=

100 bp —— = —— PSMA

500 bp —I_b.
300bp —J |

GAPDH
344 bp

B
1.2

N B
|

w

4 5 6

i) ‘

=2 W
W 100kDa PSMA protein

5 S 8 B | = 43 kDa B-actin protein

Figure 1. PSMA mRNA transcripts by RT-PCR and PSMA/B-actin
expression by Western blot. A, Lane 1 = 100-bp DNA marker;
lane 2 = negative control; lane 3 = cDNA in RM-1 cells; lane 4 =
cDNA in LNCaP cells; lane 5 = cDNA in RM-empty plasmid; lane
6 = cDNA in RM-PSMA cells. a, PSMA mRNA transcripts were
detected only in RM-PSMA and LNCaP cells, but not in other
carcinoma cells. b, nGAPDH cDNA was detected in each cell. B,
Lane 1 = RM-PSMA protein; lanes 2 and 5 = RM-1 protein; lanes
3 and 6 = RM-empty plasmid protein; lane 4 = LNCaP protein.
PSMA = prostate-specific membrane antigen; GADPH = glycer-
aldehyde 3-phosphate dehydrogenase.
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Osseous metastasis modeling and bone
densitometry detection

Ten mice were allocated to each cell line and the ex-
periment was repeated twice. Two weeks after the injec-
tion of RM-1 cell lines into the mouse femoral bone cavity,
dissymmetry of bilateral lower limb action was observed
in all the 37 surviving mice (three mice, 2 injected with
empty-plasmid-transfected RM-1 cells and 1 injected with
PSMA-transfected RM-1 cells, died of extreme anesthesia).
Differences in bone density between the two femoral bones
were then confirmed under anesthesia (Figure 3). Thus,
the animal model of osseous metastasis employed in the
present study proved to be successful.

Furthermore, as shown in Table 2, the osteolytic lesions of
the PSMA-transfected RM-1 group were distinctly greater than
those of the empty-plasmid-transfected RM-1 group (68.4 to
27.8%), with a statistically significant difference shown by the
chi-square test (x2 =6.112, P = 0.013, P < 0.05).

The bone density differed significantly between animals
injected with PSMA-transfected RM-1 cells (0.0738 £0.0185
g/cm?) and animals injected with empty-plasmid-transfected
RM-1 cells (0.0895 + 0.0241 g/cm?2), as determined by the
t-test (t=2.237,P=0.032, P <0.05). Pathologic examination
of all animals injected with RM-1 PCa cells revealed that
numerous tumor cells were destroying bone tissue inside
the femoral bone cauvity.

Infection with PSMA promotes the
expression of VEGF on PCa
osseous metastasis tissue

Nineteen mice injected with PSMA-
transfected RM-1 cells and 18 mice
injected with empty-plasmid-transfected
RM-1 cells survived the experiment. As
shown in Figure 4D, immunohistochem-
istry demonstrated that expression of
VEGF became observably higher in the
group receiving PSMA-transfected cells
than in the group receiving empty-plas-
mid-transfected cells. The chi-square
test (x2 = 9.926, P = 0.002, P < 0.05)
specifically revealed strong positive
VEGEF staining (225% positive cells) in
the group receiving PSMA-transfected
cells (16/19, 84.21%) compared to the
control group (6/18, 33.33%).

Infection with PSMA promotes the
expression of MMP-9 in PCa
osseous metastasis tissue
Nineteen mice injected with PSMA-transfected RM-1
cells and 18 mice injected with empty-plasmid-transfected
RM-1 cells survived the experiments. As shown in Figure
5D, immunohistochemistry demonstrated that the expres-
sion of MMP-9 was noticeably higher in the group injected

www.bjournal.com.br

741

Secretory VEGF (pg/cell) >

RM-empty-plasmid RM-PSMA

(os]

<+—— 78 kDa MMP-9 protein

-e—— 43 kDa B-actin protein

Figure 2. Expression of VEGF, MMP-9, and B-actin protein in
cell lines. A, Quantification of VEGF protein by ELISA; *P < 0.01
for RM-PSMA cells compared to RM-1 cells and negative control
cells (one-way ANOVA). B, Western blot assay of MMP-9: lane
1 = MMP-9 protein in RM-1 cells; lane 2 = MMP-9 protein in
empty-plasmid-transfected RM-1 cells; /lane 3 = MMP-9 protein
in PSMA-transfected RM-1 cells. VEGF = vascular endothelial
growth factor; MMP-9 = matrix metalloproteinase-9; PSMA =
prostate-specific membrane antigen.

Figure 3. Radiologic detection and assays of femoral bone density. A, X-ray of an
animal with prostate-specific membrane antigen-transfected RM-1 cells in the right
femoral bone (osteolytic lesion in the area delimited by the box); B, X-ray of an animal
injected with empty-plasmid-transfected RM-1 in the right femoral bone (osteoblastic
lesions in the area delimited by the box).

with PSMA-transfected cells. As observed for VEGF, a
strong positive expression of MMP-9 (=225% positive cells)
was detected in the group injected with PSMA-transfected
cells (14/19, 73.68%), significantly higher than in the
group injected with empty-plasmid-transfected cells (4/18,

Braz J Med Biol Res 45(8) 2012
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22.22%), as shown by the chi-square test (x2 = 9.799,
P =0.002, P <0.05).

Discussion

In this study, radiographic imaging examination
(bone density test) and pathologic examination
were combined to demonstrate the successful
induction of osseous metastasis in an animal

Liang-Yun Zhao et al.

findings support our hypothesis that the osteolytic function
of PCa cell lines (RM-1) would be promoted by PSMA in
the presence of in vivo osseous metastasis.

Prostate cancer commonly tends to produce bone
metastases, which frequently lead to significant mutilation

Table 2. Sclerotic lesions and lytic lesions in osseous metastasis of pros-
tate cancer.

model. In the animals injected with RM-1 cells, a

reduction of osteolytic lesions and an increase of Cell lines Sclerotic lesions Lytic lesions Total Lytic rate (%)
osteoblastic lesions were observed, with stable RM-empty plasmid 13 5 18 27.8
expression of PSMA. The bone density of the RM-PSMA 6 13 19 68.4

empty-transfected RM-1 cell group was higher than
that of the RM-PSMA-transfected cell group. These

PSMA = prostate-specific membrane antigen.

— e
» o

ury
N

Number of samples showing positive reaction to VEGF
N [} o0} 8

N

RM-empty-plasmid

B Strong positive

I Weakly positive

RM-PSMA

Figure 4. Immunohistochemistry of vascular endothelial growth factor (VEGF) in an osseous metastasis of prostate cancer. A,
Negative (positive cells <5%, scale bar = 25 ym); B, weakly positive (scale bar = 25 ym); arrows point to positive cells (positive
expression of VEGF stained brown-yellow in cell membrane and cytoplasm); C, strongly positive (scale bar = 25 ym); arrows
point to positive cells (positive expression of VEGF stained brown-yellow in cell membrane and cytoplasm); D, number of
samples showing positive reaction to VEGF. PSMA = prostate-specific membrane antigen.
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Figure 5. Immunohistochemistry of matrix metalloproteinase-9 (MMP-9) in an osseous metastasis of prostate cancer. A,
Negative (positive cells <5%, scale bar = 25 ym); B, weakly positive (scale bar = 25 um); arrows point to positive cells (positive
expression of MMP-9 stained brown-yellow in cell membrane and cytoplasm); C, strongly positive (scale bar = 25 ym); ar-
rows point to positive cells; D, number of samples showing positive reaction to MMP-9 (positive expression of MMP-9 stained

brown-yellow in cell membrane and cytoplasm). PSMA = prostate-specific membrane antigen.

and mortality. It is generally accepted that PCa osseous
metastases are predominantly osteoblastic but with un-
derlying osteolytic lesions. Histomorphologic studies and
radiographs have confirmed that both bone formation and
bone breakdown are present within PCa osseous metas-
tases (22,23).

Osteoblastic lesions generally predominate in the earlier
phase, but the occurrence and increase of osteoblastic
lesions have been clinically observed in PCa patients with
osseous metastases with the aggravation of the disease.
Some earlier studies even reported a marked increase
of PSMA expression in PCa recurrence and metastasis
(4,21).

www.bjournal.com.br

This PCa process was simulated and confirmed in our
study. With the methods described above, animal models
of PCa osseous metastasis were constructed, providing
a new platform for PCa-relevant research. We assumed
that the rate of hormone-resistant PCa cells, highly PSMA
expressing, would increase in patients with recurrent and
metastatic PCa. The occurrence and increase of osteolytic
lesions could then be induced since in vivo bone invasion
and breakdown were higher than the proliferation and calci-
fication of these PCa cells. Itis not merely hypothetical that
animal models could be consistent with clinic processes in
PCa diagnosis and treatment.

As mentioned above, the adhesion, migration and

Braz J Med Biol Res 45(8) 2012
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invasion of PCa cell lines are definitely important factors
influencing PCa osseous metastases. Some recent reports
also focused on the influence of PSMA on the in vitro biologi-
cal function of PCa cell lines. Barwe et al. (12), Ghosh and
Heston (15), and Rajasekaran et al. (13) suggested that
PSMA promote in vitro adhesion and migration of PCa cell
lines. However, few studies have examined and delineated
regulation and/or mechanism involved.

The development of a neovascular network, also known
as angiogenesis, has been proved to be importantin the de-
velopment and metastasis of a variety of human solid tumors
(24,25). Tumor cells can secrete a variety of angiogenesis
factors that promote neovascularization. Angiogenesis fac-
tors thus probably control neovascularization by regulating
the proliferation and migration of vascular endothelial cells,
both of them critical steps in tumor neovascularization.
In 1993, Stetler-Stevenson et al. (26) reported a positive
correlation between increasing levels of VEGF and tumor
metastasis, which now has been generally accepted as the
strongest angiogenesis factor. Some other investigations
have demonstrated the abilities of invasion and metasta-
sis of a variety of PCa cell lines (27). These studies have
shown that VEGF, a growth factor autocrined by tumor
cells, can promote division growth and inhibit apoptosis of
tumor cells (28,29).

The present study proposed and confirmed that PSMA
has a significant correlation with VEGF expression in the
RM-1 PCa cell line, in agreement with reports by Ochida
et al. (30) and Chen et al. (31). Chen et al. (31) reported
that the level of VEGF expression is positively correlated
with Glean score and proposed that the pathologic grade
of PCa and VEGF could promote the migration of PCa cells
in osseous metastases, which appear to have a higher
expression of VEGF than PCa in situ (also in 24,32,33).
Our results, based on immunohistochemical analyses of
animal models and on ELISA, support the findings of the
above studies, proposing that PSMA promotes the migra-
tion of the RM-1 PCa cell line in vivo by increasing the
expression of VEGF.

With respect to MMPs, our results regarding both in vitro
RM-1 cells and in vivo PCa osseous metastases in a mouse
model indicate that the expression of MMP-9 in RM-1 cell
lines was enhanced by PSMA. They may also suggest that
the degradation of the basement membrane and extracellular
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