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Abstract

The exocrine secretion of the acinar gland cells in the human prostate consists of,
among other components, a serous secretion and prostasomes. The prostasomes are
functionally associated with both reproduction and prostate cancer development and
are capable to raise autoantibodies at various pathologies. Therefore, we are trying
to characterize prostasome antigens by analysing prostasome-producing cell lines of
prostate cancers with the cDNA microarray technique. To obtain one state with syn-
thesis of prostasomes and another state without synthesis, we checked whether the
prostasome differentiation was influenced by the mode of growing the cells, that is,
whether the cells had been growing on a solid support or on a flexible one.
 We studied the expression of prostasomes in the cell lines PC3, DU145 and LNCaP.
We grew the cells with the following methods: Monocellular layers on microbeads,
multicellular spheroids, single cells in suspension cultures, and xenotransplants in
nude rats. The presence of prostasomes was examined by ELISA, immunocytochem-
istry or electron microscopy.
 The results showed that growing the cells on microbeads (solid support) produced
a differentiation of prostasomes, while growing the cells in multicellular spheroids
(flexible support) did not. Thus it should be possible to apply cDNA microarray analy-
ses for characterizing the genes which are active at the cellular expression of prostas-
omes and then deduce the prostasome antigens.

Introduction
The exocrine secretion of the acinar gland cells in the human prostate consists of,
among other components, a serous secretion and small bodies (prostasomes) both
of which are located within storage vesicles in the supranuclear parts of the cells.
The prostasomes are complex structures and exert several abilities, which are asso-
ciated with both reproduction and prostate cancer development (1). This has made
them interesting in our research on immunocontraception (2) and prostate cancer
metastases (3). As a further step in these studies, we have work in progress to find
ways to map the prostasome genes.

The prostasome gene expression can be deduced by, among other methods,
cDNA microarray analyses. In this case, two states of growth of the prostate cells
have to be compared: one state with synthesis of prostasomes and another state
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without synthesis. As yet, though, no culturing technique of prostate cancer cell
lines for achieving this has been reported.

Various cellular differentiation parameters of cultured cells, however, can be
influenced by the mode of growing the cells. For instance, the expression of dif-
ferentiation markers in cultured cells of the choriocarcinoma cell-line BoWo was
influenced by the type of support for the growing cells (4), that is, whether the cells
had been growing on a solid support or on a flexible one. Now, we know that the
cells of prostate cancer lines do produce prostasomes when growing as monolayers
on the solid support of Petri dishes (5) and that these prostasomes have properties
similar to those of seminal prostasomes (6, 7). Therefore, we have checked whether
also the synthesis of prostasomes is dependent upon the type of cell support during
culturing, that is, whether the prostasome differentiation could be influenced by the
mode of growing the cell lines.

We studied the expression of prostasomes in the cell lines PC3, DU145 and
LNCaP. We grew the cells with the following methods: 1. Monocellular layers
on microbeads. 2. Multicellular spheroids. 3. Single cells in suspension cultures.
4. Xenotransplants in nude rats. The presence of prostasomes was examined by
ELISA, immunocytochemistry or by electron microscopy. The use of electron mi-
croscopy was required due to the small size of the prostasomes.

Materials and Methods
Cell lines
The human prostate carcinoma cell lines PC3, DU145 and LNCaP were obtained
from the American Type Culture Collection (Rockville, MD, USA). Cells were
grown in RPMI 1140 cell culture medium containing 5 μg/mL phenol red and sup-
plemented with 10% heat-inactivated fetal calf serum, 1% glutamine, 100 μg/mL
penicillin and 100 ug/mL streptomycin.

Growth on solid support
Growth on microbeads
The cells were grown on Cytodex beads 1, 2 and 3 (Pharmacia Fine Chemicals,
Uppsala , Sweden) in culture dishes (100 mm) of tissue culture plastic (Falcon,
Becton Dickinson) at 37oC in humidified atmosphere of 5% CO2 in air using the
liquid-overlay technique (see later). Cell carpets were obtained after about a week.
The beads were saved by centrifugation. The cells were released by trypsination,
washed twice in PBS and frozen at –70oC.

Frozen prostate cancer cells were thawed and pooled, and the suspension of dis-
integrated cells was centrifuged at 1500 x g for 30 min. The supernatant obtained
was subjected to a second centrifugation at 6000 x g for 20 min. The new superna-
tant containing prostasomes was ultracentrifuged at 100,000 x g for 2 h. The pel-
leted material was suspended in isotonic Tris-HCl buffer, pH7.6, and run through a
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Sephadex G200 column (Amersham Biotech., Uppsala, Sweden) at 6 mL/h, and 2
mL fractions were collected. The isotonic Tris-HCl buffer was the eluant, and the
eluate was read at 260 and 280 nm. The fractions with initially elevated UV absorb-
ances and with a positive reaction on the anti-prostasome mAb 78 were pooled and
ultracentrifuged at 100,000 x g for 2 h. Isotonic Tris-HCl buffer was added to the
pellet, and the resulting mixture was regarded as suspensions of prostasomes.

For enzyme-linked immunosorbent assay (ELISA), plates were coated with the
prepared prostasomes diluted in 100 mM NaHCO3, pH 9.5 (coating buffer), for 2 h
at 37º C. The plates were blocked overnight at 4º C with coating buffer containing
3% BSA, then washed 3 times with 200 μL PBS-0.05% Tween 20 (PBS-T) and
incubated with either a monoclonal mouse anti-prostasome antibody or a polyclo-
nal hen anti-prostasome antibody, both biotin conjugated, for 2 h at 37º C. After 3
washings with 200 μL of PBS-T, the plates were incubated with Streptavidin-alka-
line phosphatase conjugate (1:500 in PBS) at 37º C for 1 h and then washed 3 times
with 200 μL of PBS-T. Finally, 200 μL of alkaline phosphatase substrate solution
(1mg/mL p-nitrophenyl phosphate in 1M diethanolamine, 0.5 mM MgCl2, pH 9.8)
were added and the plates were incubated for 25 min at room temperature in the
dark. The reaction was stopped by 50 μL of 5M NaOH. Absorbance was measured
at 405 nm in an ELISA reader system (Spectra Max 250, Molecular Devices, Sun-
nyvale, CA, USA).

Growth on flexible support
Multicellular spheroids 
Liquid-overlay technique was used to obtain the spheroids (8–10). In short, tissue
culture dishes were coated with 0.5 mL of 1% agarose (Sigma, St Louis, USA)
that was boiled in sterile RPMI-1640 without serum. Cells of PC3 or DU145 were
plated in RPMI-1640 supplemented with 10% fetal calf serum and 10 mM HEPES
(Sigma). Since the cells could not attach onto the agarose layer of the culture dishes,
the cells adhered onto each other and formed cell-clumps, that is, multicellular
spheroids. The spheroids were fed every 3 days. The size of the cell spheroids in-
creased over time and reached, after about two weeks, a diameter of approximately
1 mm. By then, the cell spheroids were fixed in formalin or Bouin´s solution for
2 h. The specimens were embedded without delay according to the conventional
techniques for immunocytochemistry or electron microscopy.

Single-cell suspension cultures
Single cells were noted in the culture medium of Petri dishes. These cells were
embedded in paraffin, using small tubes, for conventional immunostaining with the
DAB technique.

Xenotransplants
Cells from monolayer cultures of PC3, DU145 or LNCaP in Petri dishes, were
scraped from the tissue culture dishes, washed free of growth medium, and injected
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s.c. into the flank region of nude rats. When the tumours were palpable, they were
dissected free after various times to obtain tumours of various sizes. The specimens
were processed for immunostaining or electron microscopy.

Immunocytochemistry
The following protocol, rinsings excluded, was used for immunostaining.

1. Blocking with 3% BSA and 1% normal horse serum in PBS for 30 min
2. Primary antibody, being undiluted mouse monoclonal IgG1 mAb78 supernatant

for 60 min
3. Secondary antibody, being biotinylated horse anti-mouse IgG, diluted 1:200

(Sigma) for 60 min
4. Alkaline phosphatase complex (Dako Pat) for 30 min
5. Substrate Vector Red or DAB for appropriate times

Positive controls were sections of human prostate gland and negative controls were
obtained by omitting the primary antibody.

Figure 1. Apical parts of normal prostate epithelial cells. The cytoplasm is filled with numerous stor-
age vesicles containing small vesicles and dark bodies, i.e. prostasomes. Mag. 9000 X.
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Results
Ultrastructure of normal prostate cells
Electron microscopy of normal prostate epithelium shows that the apical parts of
the cytoplasm are filled with numerous storage vesicles containing small, dark bod-
ies, i.e. prostasomes (Fig. 1).

Growth in Petri dishes 
The general morphology of the growing monolayers were similar to earlier reports
(11–13). At confluence, the cultures showed a continuous carpet of cells, but even-
tually small grape-like groups of cells appeared on the monolayers.

Trypsinized monolayers of PC3, DU145 and LNCaP cells, prepared as cytospin
specimens and immunostained with monoclonal anti-prostasome antibody, demon-
strated that most cells expressed prostasomes and secretion but that scattered cells
or small groups of cells did not show any prostasomes.

Growth on microbeads
PC3 cells grown on three types of Cytodex beads were tested by ELISA for the
presence of secretion. Binding of anti-prostasome antibody was demonstrated in

Figure 2. A cell from the prostate cancer cell line PC3 growing at the periphery of a multicellular
spheroid. The vacuoles are remnants of dissolved lipid granules, and no storage vesicles containing
prostasomes are visible. Mag. 6000 X.
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preparations from cells grown on Cytodex 2 and 3, with Cytodex 3 having the high-
est absorbance value (1.45) compared to Cytodex 2 (0.38). Preparations from cells
grown on Cytodex 1 beads did not show any significant increase in absorbance
value compared to negative controls.

Multicellular spheroids 
Electron microscopy of the spheroid-like structures demonstrated that none of the
cell lines of PC3 (Fig. 2), DU145 (Fig. 3) or LNCaP cells contained storage vesicles
with prostasomes.

Suspension cultures of single cells
Immunostaining of paraffin-embedded cells demonstrated that some cells contained
secretion, while others did not.

Xenotransplants
Most of the mice inoculated subcutaneously with cells of the prostate cancer lines
PC3, DU145 or LNCaP developed tumours. The tumours consisted of lobular

Figure 3. Part of the cytoplasm of a cell from the cancer cell line DU145 growing in the periphery of
a multicellular spheroid. The surface of the spheroid is observed to the left, and an intercellular space
to a neighbouring cell is noticed at the right side of the picture. The cytoplasm contains the ordinary
organelles and inclusions but no storage vesicles with prostasomes. Mag. 13,000 X.
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groups of cells surrounded by strands of host connective tissue, which in addition
formed a capsule around the tumour. No storage vesicles containing prostasomes
were observed in the cells of the transplanted cell lines.

Discussion
The apical parts of the normal prostate epithelium contain numerous storage vesi-
cles with secretion and prostasomes. Also cell lines of prostate cancers, grown on
the solid support of Petri dishes, are known to produce prostasomes (5). In the
present experiments, we grew the prostate cell lines on the solid support of Sepha-
dex microbeads and found that the cells also then were expressing prostasomes.
However, when the cells were growing in multicellular spheroids or as xenographs
and thus being offered only the flexible support of their cell neighbours, we could
not demonstrate any prostasomes. Thus, the prostasome differentiation of the can-
cer cell lines PC3, DU145 and LNCaP is influenced by the mode of growth of the
cells.

Cells growing in culture dishes, prepared by the cytospin technique and then im-
munostained contained secretion and prostasomes, although some single cells did
not (5). We assume that these cells had been squeezed-out from confluent monolay-
ers and by loosing the solid support of the Petri dish, the cells ceased to make pros-
tasomes. Consequently, studies of paraffin-embedded single cells from the cells
suspended in the culture medium showed that some cells contained secretion while
others did not. Thus, there is a gradual slowing down of the secretory activity, when
the cells loose their attachment to a solid support and begin living as free-floating
cells or as aggregated cells in cell spheroids.

Xenotransplants of cancer cell lines grown in immune-deficient mice or rats are
often considered as counter-parts to poorly differentiated metastases of prostate
cancers (14,15). However, poorly differentiated prostate cancer cells in metastases
contain cells which still have the ability to produce prostasomes (16, 17), but our
xenotransplants did not demonstrate any prostasomes-containing cells. Thus, the
influence of the mode of growth on the expression of the differentiation markers
studied has to be considered when planning experiments involving prostate cancer
cell lines.

Differentially expressed genes related to prostate cancer have been studied in
prostate cancer cell lines with various aims (for references, see 18). For instance,
by comparing two LNCaP cell lines, one androgen-dependent and the other andro-
gen-independent, the gene expression changes during prostate cancer progresssion
could be evaluated (19, 20).

Our results disclose that the genes coding for the prostasome synthesis are differ-
entially expressed due to their mode of growth, that is, prostasomes are expressed
by cells growing on solid supports but not on flexible supports. Thus, for exemple,
by comparing a cancer cell line grown on microbeads (solid support) with the same
cell line grown as multicellular spheroids (flexible support), it should be possible
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to study the expression of prostasome genes and co-expressed genes by cDNA
microarray screening.

Additional methods to deduce the prostasome gene expression are also avail-
able, for instance, mass spectrometry and screening of cDNA libraries. Each of
these techniques has its drawback and advantage. Thus, mass spectrometry requires
preparation of the prostasomes with the risk of loosing some prostasome compo-
nents during the procedures. Screening of cDNA libraries can be time consuming,
but the method defines the genes, which correspond to existing monoclonal anti-
prostasome antibodies. cDNA microarray studies are based on whole cells contain-
ing unaffected prostasomes and can offer a broad list of genes active at the cellular
expression of prostasomes.

Since we have shown that prostasomes can raise autoantibodies both at immuno-
logical infertility and in patients with metastasizing prostate cancer, well-character-
ized prostasome antigens would be a valuable tool in our current research. It seems
that cDNA microarray analyses of prostasome genes followed by protein mappings
(www.proteinatlas.org) offer a way to obtain specific prostasome polypeptides
which can be used, for instance, in studies of anti-prostasome autoantibodies.
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