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ABSTRACT

Ofsix prostatic carcinoma cell lines examined (ALVA31, DU14S,JCA1,
LNCaP, ND!, and PC3) by flow cytometric analysis, all were found to be
positive for Faa antigen. Furthermore, of the prostate tissue specimens
studied (six cases), all revealed Faa expression in benign and malignant
epithelial cells. The agonistic anti-Faa monoclonal antibody (IPO-4) in
duced apoptosis in only two of six cell lines investigated, PC3 and
ALVA31. PCR analysis indicated that aU cell lines expressed nonnal
transmembrane and death domains of Faa antigen. Using Western blot
analysis, we found abundant expression of p53 in the cytoplasm of two
Faa-resistant cell lines, DU145 and ND!, and did not find p53 in two
Faa-sensitive cell lines, PC3 and ALVA3!. Western blot and PCR analysis
did not show consistent differences between cell lines examined in the
expression of Bcl-2, Bcl-XL, Bcl-X@, and Bak. In contrast, Bax protein was
not detected in two Fm-resistant cell lines, DU!45 and ND!. We also
showed that three Faa-resistant cell lines, DU145, ND!, and JCA!, ex

pressed CD4O,whereas the two Fm-sensitive cell lines, PC3 and ALVA31,
were CD4O negative. Faa-sensitive cell lines were transfected with the
cDNA encoding CD4O,and the CD4O-positivetransfectant became more
resistant to growth inhibition mediated by treatment with TNF-a and

anti-Fm monoclonal antibody. Treatment with cycloheximide converted
the phenotype of resistant cell lines from Fas resistant to Faa sensitive.
Moreover, anti-Fm treatment of both resistant and sensitive cell lines
induced rapid tyrosine phosphorylation or dephosphorylation of multiple
proteins. These results suggest that the apoptotic machinery involved in
DNA fragmentation is already Inplace in Fm-resistant cell lines, and thus,
Faa-mediated apoptosis could be a target for therapeutic intervention.

INTRODUCTION

Apoptosis is the process of programmed cell death in vertebrates
that plays a central role in development and homeostasis (1). Two
receptors from the TNFR3 superfamily, TNFR1 and CD95 (Fas/APO
1), induce receptor-triggered cell death on binding their ligands. The
ligand for TNFR1, TNF, is a pleiotropic cytokine with varied biolog

ical activities. In contrast, expression of the ligand for Fas (FasL) is
mainly found on T lymphocytes, where it mediates the normal dim
ination of autoreactive lymphocytes (2). There is evidence that apop
tosis induced by TNFR I and Fas involves a common mechanism.

Both receptors contain intracellular regions called the DDs, which
provide receptor-triggered signaling (3â€”5).Three cytoplasmic pro
teins that contain DD motifs and bind to the DDs of TNFR1 and Fas
were discovered recently (6â€”9):(a) FADD/MORT1 (6, 7) interacts
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with Fas but not with TNFR1, (b) TRADD (8) binds to the TNFRI but
not to Fas, and (c) RIP (9) binds weakly to both receptors. Moreover,
it was found that FADDIMORT1, TRADD, and RIP interact with
each other using the DD motifs, which may allow â€œcross-talkâ€•be
tween the functional expression of the TNFR1 and Fas (10). Induction
of apoptosis mediated by TNFR1 and Fas involves a family of
cysteine proteases related to the ICE (1 1â€”13).It has been discovered
recently how the Fas-FADDIMORT1 or TNFR1-TRADD-FADD/
MORT1 complexes activate the cell death machinery, including the
ICE-related proteases (14â€”16).A novel member of the ICE protease
family called MACH (14) or FLICE (15), which provides the link
both functionally and physically between receptor complexes and
ICE-related proteases, has been identified (16). Importantly, domi
nant-negative isoforms of MACH were found and they block both
Fas- and TNF-induced apoptosis (14).

Prostate cancer is the most commonly diagnosed human cancer
among males in the United States and was estimated to have been
responsible for about 41,000 deaths in 1996 (17). Prostatic cancer
cells require androgen for growth at early stages, and androgen
withdrawal induces apoptosis in an androgen-dependent prostate can
cer (18). However, during cancer progression, the prostatic cells lose
their dependency on androgen, and androgen ablation become inef
fective, leading to tumor progression and death. It has been shown
recently that apoptosis may be inducible in androgen-independent

human prostatic cancer cells under treatment with different antineo
plastic agents (19â€”25).However, the role of Fas-mediated apoptosis
in human prostatic cancer has not been investigated.

The present work was designed to study Fas-mediated apoptosis in
human prostatic carcinoma cell lines. Our results demonstrate that all
six prostate cell lines examined expressed Fas antigen, and in two of
six cell lines, Fas transduced an apoptotic signal, whereas four cell
lines were found to be resistant to Fas-mediated apoptosis. We also
show that CD4O expression in prostatic cells plays a role in the
resistance of prostate cells to growth inhibition mediated by Fas

ligation. Finally, we show that resistance to Fas-mediated apoptosis is
critically dependent on protein synthesis and that the apoptotic ma
chinery involved in DNA fragmentation is already in place, even in
Fas-resistant cell lines.

MATERIALS AND METHODS

Cell Culture. The human prostatic cancer cell lines studied were as fol
lows: primary cell lines: ND! provided kindly by Dr. P. Narayan (26),
ALVA3I provided kindly by Dr. R. C. Ostenson (27), and JCA1 provided
kindly by Dr. J. W. Chiao (28); metastatic cell lines: DU145 (metastasis to
brain), LNCaP.FGC (metastasis to lymph node), PC3 (metastasis to bone), and
the I-cell line Jurkat were obtained from American lype Culture Collection
(Rockville, MD). Cells were cultured in RPM! 1640 supplemented with 100

units/ml penicillin, 100 @.tWmlstreptomycin, 10 mM HEPES, 1 mM sodium

pyruvate, 10% heat-inactivated FCS (Hyclone Laboratories, Logan, UT), 0.1
mM 2-mercaptoethanol, and 2 mt@s L-glutamine. Adherent cells were routinely

seeded at 3X l0@ cells in a 1-75 flask and incubated at 37Â°C in 7% CO2 for

3â€”4days and then subcultured at a 1:10 dilution by trypsinization (0.05%
trypsin/l mM EDTA) for 2-4 mm at room temperature.
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Flow Cytometric Analysis. Mouse mAb LPO-4(IgMic)against human Fas
(CD95) was described previously (29). The anti-CD4O mAb used was 028â€”5
(American Type Culture Collection). Control mouse IgG, 1gM, and PE
conjugated F(ab')2 goat antimouse Abs were purchased from Southern Bio
technology Associates (Birmingham, AL). Viable cells (5 X l0@) were stained

indirectly with mAbs to Fas and CD4O (1â€”10 @g/ml)in 50 @dof PBS
containing 1% BSA and 0.1% sodium azide and second-step PE-conjugated

goat Abs to mouse immunoglobulin. Irrelevant isotype-matched immuno
globulins were used as controls. Stained cells were analyzed by flow cytometry

(FACS 440 instrument; Becton Dickinson) using four-decade logarithmic
amplification. A minimum of 10,000 events for each sample was collected in
list mode.

Immunohistochemistry. Immunohistochemical staining for Fas was per
formed on six cases of prostate using a labeled streptavidin-biotin method.
Frozen sections were cut at 6 pm, fixed in cold acetone, and rinsed. Sections
were covered with primary Abs (1â€”10 @gIml)for 1 h at room temperature,
rinsed, and then covered with second-step biotinylated Abs (LSAB 2 Link Ab,
DAKOCorp.,Carpinteria,CA) for20 mm,rinsed,andcoveredfor 20 mmwith
streptavidin-HRP (DAKO Corp.) and rinsed. Sections were then incubated
with 0.05% diaminobenzidene/O.15% H2O2 and counterstained with 10%
Harris hematoxylin.

DNA Isolation and Analysis. For detection of DNA fragmentation,Un
treated cells and cells after treatment with anti-Fas mAb were collected, and
the DNA was extracted by a modification of the method described by Bomer
et a!. (30). Adherent cells were detached from the flask with 0.05% trypsin-l

mM EDTA; pooled with nonadherent cells; and lysed in 5 mM Tris (pH 7.4),

5 mMEDTA, and0.5%TritonX-lOOfor2 h onice.Aftercentrifugation,the
supematants were transferred to new tubes, pellets were again treated with
lysis buffer, and then pellets and supematants were incubated separately with
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Fig. 2. Immunohistochemical staining of tissue sections of human prostate with
anti-Fas mAb. Both benign (arrow) and malignant epithelial cells exhibit membrane
staining.

200 @g/mlproteinase K (Boehringer Mannheim, Indianapolis, IN) for 1 h at
50Â°C.DNA was extracted both from pellets and supematants with phenol
chloroform-isoamyl alcohol (25:24:1) and precipitated ovemight at â€”20Â°Cin
2 volumes of ethanol and 0.13 M NaC1 with 20 @gof glycogen. Finally,
samples were treated with I mg/ml boiled pancreatic RNase (Sigma Chemical
Co., St. Louis, MO) for 1 h at 50Â°C,the DNA was loaded onto a 2% agarose
gel with 0.3 @g/mlethidium bromide and run in TAE buffer (10 m@iTris, pH

8.0-I nmi EDTA). DNA was extracted from equal numbers of control and
treated cells.

Quantitative DNA Fragmentation Assay. DNA fragmentation was quan

titated as described by Matzinger (3 1). Cells were incubated overnight at
2 x l0@ cells in T-25 flask with 5 ml of RPM! 1640 supplemented with 10%

FCS in the presence of 10 @Ciof [3Hlthymidine, then washed two times,
counted, and cultured for 12, 24, and 48 h in 96-well tissue culture flat
bottomed plates (5â€”10,000cells/well) in the presence of different concentra
tions of TNF-a (R & D Systems, Minneapolis, MN), anti-Fas mAb or irrele

vant 1gM. In separate experiments, cells were treated with cycloheximide
(Sigma Chemical Co.) at 0.25, 2.5, and 25 @.tg/mleither alone or in the presence
of anti-Fas mAb (1 p@g/ml).The incorporated radioactivity was measured by
liquid scincillation counting. All samples were measured in sextuplicate in at
least two independent experiments. DNA fragmentation (killing) was calcu
lated as follows:

% fragmentation (killing)

â€” cpm in untreated groupâ€” cpm in treated group > 100

cpm in untreated group

Proliferation Assay. Cells were seeded at 1000 cells/well in 96-well
flat-bottomed microtiter plates, and anti-Fas mAb or TNF-a in varying con
centrations was added at the time of plating. The plates were incubated at 37Â°C
in 7% CO2 for 32 h and then labeled for 16 h with I pCi/well [3H]thymidine.

Cells were harvested onto glass fiber filter paper, and the incorporated radio
activity was measured by liquid scincillation counting. All samples were
measured in sextuplicate in at least two independent experiments.

Cytotoxicity Assay. To evaluate the number of live and dead cells, un
treated (control) cells and cells treated for 48 h with anti-Fas mAb (1 @.&Wml)
were stained with trypan blue and counted (300 cells from each well) on a
hemocytometer. Cells that showed trypan blue uptake were interpreted as
nonviable, and results were calculated as a percentage of the total cell number
counted. All samples were measured in triplicate in two independent experi
ments.

Detection of Apoptosis by FITC-labeled Annexin V. An apoptosis de
tection kit (R & D Systems) was used to determine the time course of apoptosis

after treatment of prostatic cells and Jurkat with anti-Fas mAb (1 @.tg/ml)
during 6, 12, 24, and 48 h of treatment. In this assay, phosphatidylserine
exposure on apoptotic cells was measured by their ability to bind annexin V.

Log;0 Fluorescence
Fig. 1. Reactivity of anti-Fas mAb (IPO-4) with human prostatic carcinoma cell lines

was analyzed by flow cytometry. Bound mAbs were detected with PE-labeled goat Abs
to mouse immunoglobulin. Dotted line, control with irrelevant 1gM; solid line, Fas
expression.
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Fig. 3. Ligation of Fas with anti-Faa mAb in
duced DNA fragmentation only in PC3 and
ALVA31 cell lines. Cells were incubated with ir
relevant 1gM or anti-Fas mAb (1 @sWml)for 48 h.
DNA was prepared as described in â€œMaterialsand
Methodsâ€•and analyzed on 2% agarose gel.

Control and treated cells were washed once with cold PBS, resuspended in
binding buffer (R & D Systems), incubated with FITC-conjugated annexin V
and P1for 15mm at room temperature, and immediately analyzed by two-color
flow cytometry. A minimum of 20,000 events was collected for each sample
in list mode.

Western Blot Detection of Proteins. Cells were detached from culture
flasks by trypsin treatment, washed twice in PBS, and lysed in lysis buffer [20
mM Tris-HCI (pH 7.5), 1% Triton X-l00, 0.1% sodium azide, 1 mm phenyl

methylsulfonyl fluoride, 10 @g/mlleupeptin, 10 @Wmlaprotinin, 10 @g/ml
pepstatin, and 1 mM sodium orthovanadate], and equivalent amounts of total
cellular proteins lysates (25 @g)were separated on 4â€”20%gradient SDS
PAGE, and blotted to nitrocellulose membrane (NOVEX, San Diego, CA).
The membrane was incubated with blocking solution (5% nonfat dry milk in
PBS containing 0.1% Tween 20) and then incubated with rabbit Abs against
human Bcl-X (Transduction Laboratories, Lexington, KY); Bax (PharMingen,
San Diego, CA); Fas ligand (Santa Cruz Biotechnology, Santa Cruz, CA); or
P,rP SHPTP1 (HCP), PTP-lB, or SHPTP2ISyp (Upstate Biotechnology, Inc.,
Lake Placid, NY). The anti-Bak antiserum was generated in rabbits using
purified recombinant Bak produced in yeast and used at 1:5000 dilution.
Mouse mAbs were used for detection of p53 and Bcl-2 (Oncogene Science,
Uniondale, NY). The blots were counterstained with biotinylated goat antirab
bit or antimouse IgG and then incubated with streptavidin conjugated with
HRP. The immunoreactive bands were visualized by incubation of the mem
brane with enhanced chemiluminescence detection reagent (Pierce Chemical
Co., Rockford, IL).

Antiphosphotyrosine Immunoblotting. Cells were detached from flasks
by trypsinization and washed with RPMI 1640 containing 1% FCS. After
incubation of 106 cells in a lOO-pJ reaction volume in the same medium at
37Â°Cfor 1, 7, or 20 mm with anti-Fas mAb (2 @g/ml),reactions were
terminated by the addition of 10 ml of ice-cold PBS with 0.1% sodium azide
and I mMsodium orthovanadate. After centrifugation, the pellets were lysed
with lysis buffer as described above, insoluble material was removed by

centrifugation at 14,000 X g for 15 mm, and proteins were resolved by 4â€”20%
SDS-PAGE under reducing conditions and transferred electrophoretically to
nitrocellulose membrane. The membrane was blocked as described above,
proteins were then probed for I h at room temperature with biotinylated
antiphosphotyrosine mAb (0.2 @g/ml,clone 4010; Upstate Biotechnology,
Inc.), and then immunoreactive proteins were detected with streptavidin-HRP
and a chemiluminescence detection system from Pierce Chemical Co.

PCR Analysis for Fm TM and DDs, and for Bcl-XLand Bcl-X@.Total
RNA from cell lines was isolated using a mRNA isolation system from Life
Technologies, Inc. (Gaithersburg, MD). Human heart polyadenylated RNA
was obtained from Clontech Laboratories (Palo Alto, CA). 2.5 @gof heart
polyadenylated RNA, 30 @.tgof LNCaP RNA, and 50 @gof RNA from other
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Fig. 4. Assessment of responses of prostate cell lines to treatment with anti-Fas mAb
(1 @g/ml)for 48 h. A, proliferation assay. Cells were plated at a density of 1000cells/well
in a 96-well flat-bottomed plate; Abs were added at the time of plating. After 32 h of
culture, 1 pCi/well [3H]thymidine was added, and cells were harvested 16 h later. B,
quantitative DNA fragmentation assay. Cells were prelabeled with [3H]thymidine as
described in â€œMaterialsand Methodsâ€•and plated at a density of 7000 cells/well; Abs were
added at the time of plating, and cells were harvested 48 h later. Each column represents
mean values (bars, SD) of six replicates in one of three separate experiments, which gave
similar results.
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Table 1 Effects of anti-Fas Abs on human prostatic carcinoma cell lines estimated by differentmethodsCell

lineMethoda

DU145 PC3 NDILNCaPALVA31JCAIProliferation

assay (% of inhibition) 3 Â±3 64 Â±12 7 Â±4 9 Â±7
DNAfragmentationassay(% of DNAlost;killing) 7 Â±5 51 Â±15 3 Â±3 8 Â±8
Trypanblueexclusion(%ofdeadcells) 4Â±4 26Â±4 3Â±3 5Â±4
DNA electrophoresis (DNA ladder) No Yes No No
Apoptosis detection kit (Annexin V + P1; % of apoptotic and dead cells) 0 55 Â±I 1 0 061

Â±I I
42 Â±8

23Â±5
Yes

73 Â±96

Â±5
6 Â±5
3Â±3

No
0a

@@ expressed as an arithmetic mean Â± SD. Cells were incubated for 48 h with anti-Fas mAb at I p@g/ml, as indicated in â€œMaterials andMethods.â€•

FAS.MEDIATED APOPTOSIS IN HUMAN PROSTATIC CARCINOMAS

all six cell lines examined were reactive with anti-Fas mAb. The
levels of Fas cell surface expression in the cell lines were approxi
mately the same as in the T-cell line Jurkat (data not shown), which

is extremely sensitive to Fas-mediated apoptosis. Fas immunoreactiv
ity was assessed in a panel of frozen tissue sections of human prostate
from the Department of Surgical Pathology files of the University of

Iowa (Fig. 2). All of the prostate tissues studied (six cases) were found
to express Fas in benign and malignant basal and secretory epithelial
cells. The immunohistochemical findings for all cases showed similar
results. Staining was identified in benign, both basal and superficial,

epithelial cells as well as in malignant cells. In these cases also, almost
all of the cells stained positively with a distinct membranous pattern.
Thus, Fas expression on cell lines reflects the expression of Fas on
human tumors. Fas immunoreactivity was found previously in pros
tate basal cells. However, inflammation-associated Fas induction was

found in luminal and ductal epithelium of the prostate (37).
Anti-Fas Ab Induces Apoptosis in Two of Six Cell Lines Ex

amined. To determine the capability of the Fas molecule to transduce
an apoptotic signal in prostate cells, we tested the ability of agonist
anti-Fas mAb to induce internucleosomal DNA cleavage (Fig. 3). A
DNA ladder indicating internucleosomal DNA cleavage was observed
after incubation with anti-Fas mAb in PC3 and ALVA31 cell lines but
not in DU145, NDI, LNCaP, and JCA1 cell lines. We also examined
the ability of anti-Fas mAb to inhibit the proliferation rate of prostate
cell lines. As can be seen from Fig. 4A, anti-Fas mAb inhibited the
proliferation rate only in PC3 and ALVA31. The quantitative estima

cell lines were used for first-strand cDNA synthesis using standard protocols
(32). Oligonucleotide primers for PCR probes were synthesized by the phos
phoramidite method on an automated DNA synthesizer (model 394; Applied
Biosystems) and purified by PAGE followed by desalting on SEP-PAK C18

cartridges (Waters, Milford, MA). Primers MB-24-27 (CTG1TFCAGGATF
TAAGGTFGGAGATI') and MB-59-26 (GACCCAGAATACCAAGTGCA
GATGTA)flankthe FaaTM regionandaredesignedto amplifyboth normal
Fas transcript (275-bp PCR product) and Fas@TM (234-bp PCR product).
Primers GR14-20 and GR46-26 were described previously (33); these prim
ers flank exon 8 and are designed to amplify both normal (175 bp) and exon
8 deletion Faa transcripts. Primers CDi84 (AGATCTGAATFCGTAAAG
CAAGCGCTGAGGGAG) and CDi85 (AGATCFAAGCTFGAAGAGT
GAGCCCCAGCAGACC) are designed to amplify both Bcl-XL (500 bp) and
Bcl-X@(250 bp). PCR amplification was performed on 2 @lof the cDNA
probes using indicated primers in a hot-start PCR reaction following Perkin
Elmer Corp. protocol.

Transfection of Cells with CD4OConstructs. The mammalian expression
vector used for transfection of human CD4O DNA constructs was pRSV.5(neo)

(34). The human CD4Oconstruct expressed by this vector has been described
previously (35). Transfection of cell lines PC3 and ALVA31 with human
CD4Oconstructs was conducted using electroporation as described previously
(36). 0418-resistant clones were analyzed for surface expression of CD4O
using flow cytometry.

RESULTS

Human Prostastic Carcinoma Cell Lines and Prostate Tissue
Specimens Express Fas Receptor. We screened six human prostatic
carcinoma cell lines for expression of Fas antigen. Fig. 1 shows that

Fig. 5. Flow cytometric analysis of the time
course of apoptosis after treatment of prostatic cells
and the T-cell line Jurkat with anti-Faa mAb (1
pg/mi). Cells were stained with FITC-labeled an
nex.inV and P1. The vertical scale for P1 and the
horizontal scale for FITC are four-decade log
scales from 10Â°to 10â€•.Quadrant markers were
positioned on the negative control (not shown), and
the percentages of positive cells are indicated in the
quadrants. The data for Fas-resistant cell lines,
DUI45,ND1,LNCaP,andJCA1,are shownafter
48 h of treatment. Viable cells, annexinâ€”/PIâ€”;
dead cells, annex.inâ€”/PI+; early apoptotic cells,
anncxin+/PIâ€”; late apoptotic cells, annexin+/
P1+. LNCaP cells are spontaneously producing
apoptotic and dead cells. However, we did not find
any differences between untreated cells and cells
that were treated with anti-Faa mAb.
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of PC3 and ALVA31 and did not affect other cell lines. Using
proliferation and DNA fragmentation assays, we have also found that
PC3 and ALVA31 cell lines were sensitive to TNF-a treatment (see
Fig. 13).

The timing of apoptosis events induced by anti-Fas mAb was
estimated using an apoptosis detection kit (Fig. 5). The resistant cell
lines, DU145, ND!, LNCaP, and JCA1, did not reveal any sign of
apoptosis events even after treatment with anti-Fas mAb for 48 h. At
the same time, early events of apoptosis in PC3 cells and Jurkat,
which was used as a reference Fas-sensitive cell line, occurred at 6 h
(annexin + , P1â€”),and actual manifestation of cell death, as demon
strated by the appearance of P1+ cells, became apparent at 24 h. The
differences between the two sensitive prostate cell lines, PC3 and
ALVA31, in the timing of apoptosis events is worth noting. There
were no obvious apoptotic cells in ALVA31 cultures after 6 h of
treatment with anti-Fas mAb, whereas 35% early apoptotic PC3 cells
were found at this time. ALVA31 cells exhibited 17% apoptotic cells
after 12 h of treatment (Fig. 5). DNA laddering was also detected after
12 h of treatment in both PC3 and ALVA31, but from the electro
phoresis pattern, it was hard to quantitate differences between PC3
and ALVA31. Quantitative differences between these two cell lines

â€”.45wasrevealedbyDNAfragmentationassay.After12,24,and48hof
treatment, 12, 20, and 38% apoptotic cells were found, respectively, in
ALVA31, and 27, 42, and 54%, respectively, in PC3. These differ
ences may reflect the presence of distinct signaling pathways in PC3

â€”97andALVA31cellsinFas-mediatedapoptosis.Theeffectsofanti-Fas
mAb on six human prostatic carcinoma cell lines evaluated by five

â€”66differentmethodsaresummarizedinTable1.Thesedataclearly
indicate that only two of the six cell lines investigated are sensitive to

â€”45Fas-mediatedapoptosis.
All Prostate Cell Lines Express Identical TM and DDs of Fas

Antigen. There was no correlation between sensitivity to anti-Fas

â€”31 mAb effects and cell surface expression of Fas antigen (Fig. 1 ; Table

1). It has previously been reported that some Fas-positive cell lines are
resistant to apoptosis induction (33). One of the mechanisms of

Fas-mediated apoptosis resistance is the expression of a truncated
Fas receptor lacking the intracellular death-signaling domain

FAS.MEDIATED APOPTOSIS IN HUMAN PROSTATIC CARCINOMAS

Fig. 6. Fas@TM and FasExo8Del expression
analysis by RT-PCR in prostate cell lines. The
175-bp bands corresponding to the normal exon 8
Fas transcript were found in all cell lines. The low
levels of Fas@TM (234 bp) were found in prostate
cells. The PCR products were separated on an 7%
acrylamide gel.

275 bp
234 bp â€”

tion of apoptosis by DNA fragmentation assay (Fig. 4B) again showed

that only PC3 and ALVA31 were sensitive to Fas-mediated killing.
Cell death was also assessed by trypan blue dye exclusion (Table 1),
and these data indicated that anti-Fas treatment resulted in cell death
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Fig. 7. Expression of PTPs in prostate cell lines. Cellular protein lysates were resolved
by 4â€”20%SDS-PAGE under reducing conditions; transferred to a nitrocellulose mem
brane; and detected by Abs to PTP-lB, Syp/SHPTP2, and HCP. The molecular mass of
intact HCP is 64 kDa. The lower bands seem to represent the degradation products of
HCP.
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7, all prostate cell lines expressed approximately the same levels of
,â€” PTP-lB and Syp/SHPTP2, but HCP was not detected in the JCA1 cell

< line.Thiscell linewasfoundtoberesistanttoFas-mediatedapoptosis
0 (Table1),andtheresistancemaybeexplained,atleastpartly,bythe
__) absence of HCP in JCA1 cells.

Western Blot Analysis of Bcl-2, Bak, Bax, Bcl-X, and p53 in
â€” 66 Prostatic Carcinoma Cells. Susceptibility to apoptosis is modulated

by the Bcl-2 family of proteins and the tumor suppressor gene p53
(42). Apoptosis is inhibited by Bcl-2 and Bcl-XL and promoted by

â€” 45 Bcl-X5, Bak, and Bax. Moreover, p53 is a direct transcriptional

activator of the box gene, and increases in Bax expression was
!@ 4 accompanied by decreases in the levels of Bcl-2 (43).

â€” 5.) I We have examined by Western blot analysis the presence of p53,

Bak, Bax, Bcl-X, and Bcl-2 in prostate cell lines. Abs, which were

â€”31 usedforp53detection,donotdiscriminatebetweenmutantand
wild-type forms of p53 (clone Ab-6; Oncogene Science). As shown in

â€” 2 1 Fig. 8, the prominent bands of p53 were revealed in the cytoplasm of

I DU145 and ND!. PC3 and ALVA31 were found to be completely

â€” 14 negative for p53, and weak bands of p53 were detected in LNCaP and

JCA1. The abundant expression of p53 in the cytoplasm of DU145
and ND1 indicates that these cells express the mutant forms of p53

@ . â€” 45 because normal p53 protein has a very short half-life. The mutated

form of p53 has been described in DU145 (44, 45), but p53 in ND1
cells has not investigated previously. PC3 has been reported as hem
izygous for chromosome Vip, and the single copy of the p.53 gene
contains a frameshift mutation (44, 45). Consistent with these data, we
did not find p53 in PC3. ALVA31 was also found to be negative for
p53 by Western blot analysis, but the status of the p.53 gene in these
cells has not been described. There are contradictory data about p53
expression in LNCaP (44, 45). We have detected a weak p53 band in
LNCaP, which may indicate that the wild-type p53 gene is expressed
in these cells as described earlier (44). In JCA1, a weak band of p53

â€” 21 was also found.

I Western blot analysis did not reveal the presence of Bcl-2 in

â€” 45 DU145, but other cell lines did not show consistent differences in the

expression of Bcl-2, Bcl-X, and Bak. PCR analysis has also shown
â€” 3 1 that prostate cell lines expressed approximately the same levels of

Bcl-XL and Bcl-X5 isoforms (data not shown). In contrast, Bax
â€” 2 1 protein was not detected in DU145 and ND1, whereas Bax is cx

pressed in the other cell lines. It has been shown recently that PC3 and
LNCaP expressed Bcl-2 and Bax, but DUI45 did not (46). We
confirmed these data and, in addition, detected Bax expression in
ALVA31 and JCA1 cells but not in the ND1 cell line.

Thus, there is a correlation between expression of Bax and sensi
tivity of prostatic cell lines to Fas-mediated apoptosis. Fas-resistant
cell lines, DU145 and ND!, did not express Bax, whereas Fas
sensitive cell lines, PC3 and ALVA31, expressed Bax. However, the
expression of the proapoptotic protein Bax was also found in the
Fas-resistant cell lines LNCaP and JCAI.

Effects of Protein Synthesis Inhibition on Fas-mediated Apop
tosis. The role of protein synthesis in Fas-mediated apoptosis was
tested by exposing prostate cells for 48 h to the anti-Fas mAb alone or
in the presence of varying concentrations of cycloheximide. As shown
in Fig. 9, cycloheximide itself did not induce apoptosis or induced

only low levels of apoptosis in the range of the concentrations used.
Most importantly, treatment with cycloheximide converted the phe
notype of DU145, ND1, and JCA1 from Fas resistant to Fas sensitive.
Cycloheximide did not affect Fas sensitivity of PC3 cells, but in the
case of the other Fas sensitive cell line, ALVA31, cycloheximide
treatment increased Fas-mediated killing. LNCaP was found to be the
only cell line that remained Fas-resistant in the presence of cyclo
heximide.

The observation that the phenotype of prostate cells may be con

FAS-MEDIATED APOPTOSIS IN HUMAN PROSTATIC CARCINOMAS
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Fig. 8. Expression of p53, Bax, Bcl-X, Bcl-2, and Bak in prostate cell lines. Cellular
protein lysates were resolved by 4â€”20%SDS-PAGE under reducing conditions. trans
ferred to a nitrocellulose membranes, and detected by corresponding Abs.

(Fas@co8Del; Ref. 33). Resistance might also be due to the presence
of soluble forms of Fas, which are produced by alternative splicing
and do not contain the TM domain (Fasi@TM; Refs. 38â€”40). To
determine whether FasExo8Del and Fas@TM forms of the Fas recep

tor were expressed in these cell lines, mRNA transcripts were ana
lyzed by RT-PCR (Fig. 6). As can be seen in Fig. 6, we did not find

elevated levels of transcripts for soluble Fas in prostate cells. We have
also found the expected PCR product (175 bp), representing the
normal transcript from exon 8, in all prostate cell lines examined.
Thus, the differences between prostate cell lines in Fas-mediated
sensitivity to apoptosis could not be explained by differences in the

structure of the Fas DD or by the elevated levels of soluble Fas
molecules. Therefore, the simple presence of Fas does not account for
different cellular responses to Fas ligation.

Expression of PTPs in Prostate Cell Lines. It has been reported
recently that the level of expression of HCP is correlated with Fas
mediated apoptosis in human and mouse lymphoid cell lines (41). By
Western blot analysis, we have investigated the expression of HCP, as
well as PTP-lB, and SH-PTP-2/Syp (Syp/SHPTP2). As shown in Fig.
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C)
C

Fig. 9. Effect of cycloheximide (CHK) on Fas-mediated apoptosis,
estimated by quantitative DNA fragmentation assay. Cells were prela
beledwith(3H]thymidineasdescribedinâ€œMaterialsandMethodsâ€•and
cultured for 48 h. Cycloheximide was either given alone (0) or
together with 1 sag/nd ofanti-Fas mAb (a), which was added 2 h later
after CHX. Lines with arrows, level of killing by anti-Fas mAb alone.

Fig. 10. Fas ligation induces or reduces the
tyrosine phosphorylation of multiple proteins both
in Faa-resistant (DU145 and JCA1) and Fas-sensi
tive (PC3 and ALVA31) cell lines. Cells were
incubated for the indicated times with anti-Faa
mAb (2@ and proteins from cell lysates were
resolved on 4â€”20%SDS-PAGE under reducing
conditions, transferred to nitrocellulose membrane,
and immunobloued with biotinylated 4610 an
tiphosphotyrosine mAb.

verted from Fas-resistant to Fas-sensitive under cycloheximide treat
ment suggests that the resistance to Fas-mediated apoptosis is criti
cally dependent on protein synthesis and that the apoptotic machinery
involved in DNA fragmentation is already in place. This has led to the
important conclusion that the intrinsic propensity to undergo Fas
mediated apoptosis could be a target for therapeutic intervention.

CYCLOHEXIMIDE, @tgI m I

Fas Ligation Induces the Tyrosine Phosphorylation of Multiple
Proteins Both in Faa-sensitive and Resistant Cell Lines. To exam
inc whether tyrosine kinases become activated after Fas ligation, two
Fas-resistant cell lines, DU145 and JCA1, and two Faa-sensitive cell
lines, PC3 and ALVA31, were incubated for varying times with
anti-Fas mAb and then examined by antiphosphotyrosine immunoblot

0 1 7 20 0 1 7 200 1 7 20 0 1 7 20 Minutes
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FAS-MEDIATED APOPTOSIS IN HUMAN PROSTATIC CARCINOMAS

high levels of CD4O expression were seen in three cell lines, DU145,
ND1, and JCAI, which were resistant to Fas-mediated apoptosis
(Table 1). On the other hand, CD4O expression was not found in two
Fas-sensitive cell lines, PC3 and ALVA31 (Fig. 1 1). To investigate

whether expression of CD4O could prevent Fas-mediated apoptosis,
the Fas-sensitive cell lines PC3 and ALVA31 were transfected with
the cDNA encoding human CD4O. As shown in Fig. 11, transfected
cells expressed CD4O at high levels, especially PC3 transfectants, and
this expression was found to be stable during 40 passages in culture.
The ability of anti-CD4O mAb to affect the proliferation rate and
apoptosis in PC3 and ALVA3I CD4O-positive transfectants was com
pared to CD4O-negative mock transfectants, transfected with expres
sion vector alone. The results shown in Fig. 12 indicate that anti
CD4O mAb was able to partially inhibit the proliferation rate of
CD4O-positive transfectants, but no significant levels of apoptosis
could be detected in these cell lines under anti-CD4O mAb treatment.
The level of growth inhibition in PC3 was found to be two times
higher compared to ALVA31, which may be related to higher expres
sion of CD4O in PC3 transfectants (Fig. 11). Unlike CD4O transfec
tants, the growth inhibition in â€œnaturallyâ€•CD4O-positive cell lines,

DU145, ND1, and JCA1, was not detected (not shown).
To investigate the functional relevance of CD4O expression in

TNF-a and Fas-mediated growth inhibition and apoptosis, we studied
the responses of PC3 and ALVA31 CD4O transfectants to dose
dependent treatment with TNF-a and anti-Fas mAb. As shown in Fig.
13, A and B, CD4Oâ€”positivetransfectants become two to four times
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Fig. I 1. Flow cytometric analysis of CD4Oexpression by prostate cell lines and PC3
andALVA31celllinestransfectedwiththehumanCD4OcDNA.Boundanti-CD4OmAb
was detected with PE-labeled goat Abs to mouse immunoglobulin. Dotted line, control
with isotype-matched irrelevant immunoglobulins; solid line, CD4O expression.

analysis. Anti-Fas treatment of both resistant and sensitive cell lines
induced the rapid tyrosine phosphorylation or dephosphorylation of
multiple proteins (Fig. 10). These effects occurred within 1 mm and

for some proteins returned toward baseline by 20 rain. It was impos
sible to distinguish between sensitive and resistant cell lines by
phosphotyrosine protein profiles. Consistent with cycloheximide
treatment, these data indicate that Fas resistance is an active process
that provides a foundation for pharmacological treatment.

Expression of CD4O in Prostate Cell Lines and Investigation of
CD4O Transfectants. Fas antigen belongs to the TNF/nerve growth

factor receptor family, which includes, along with other receptors, the
B-lymphocyte receptor CD4O (47). Interaction of CD4O ligand on T
cells with the CD4O receptor on B cells mediates the clonal expansion
of antigen-responsive B cells (48), which allows them to avoid Fas
mediated apoptosis (49). In contrast, CD4O ligation was found to
induce apoptosis in transformed cells of mesenchymal and epithelial
origin (50). We have investigated the presence of CD4O on the surface
of prostate cells by flow cytometric analysis. As shown in Fig. 11,

0.
C.)

2 3 40 1 2 3

Log10 Fluorescence

9
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Fig. 12. Assessment of response of mock (control) cells transfected with vector only
and CD4O-positivetransfectants to treatment with anti-CD4OmAb (I @g/ml).Prolifera
tion and quantitative DNA fragmentation assays were performed as indicated in the legend
to Fig. 3. Data are means of three separate experiments; bars. SD.
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Table 2 Characteristics of human prostatic carcinoma cell linesCell

lineDU145ND1JCA1LNCaPALVA31PC3Surface

expression of Faa(CD95)++++++Fas-mediated
apoptosisâ€”â€”â€”â€”++Presence

of FaaDD++++++P@l'PsHCP++â€”+++SHPTP2/Syp++++++FTP-lB++++++Bcl-2

familyBcl-2â€”+++++Bak++++++Bcl-X5++++++BcI-XL++++++Baxâ€”â€”++++p53++Ã·â€˜+++â€˜++â€”â€”CD4O+++-â€”â€”Induction

of tyrosine phosphorylation after Fas ligation+ND+ND++a

Abundantexpressionof p53in cytoplasm.

0.02 0.2 2

TNF-cs, ng/mI
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Fig. 13. Assessment of response of mock (Contr) and
CD4O-positive transfectants to treatment with TNF-a (A
and C) and anti-Faa mAb (B and D). Proliferation (A and B)
and quantitative DNA fragmentation (C and D) assays were
performed as described in the legend to Fig. 3, and results
were calculated as described in â€œMaterialsand Methods.â€•A,
for PC3, the differences between control and CD4O-positive
transfectants are significant at P < 0.05 at all TNF-a
concentrations used; for ALVA31, the differences are sig
nificant only at 0.02 and 0.2 ng/ml. B, for PC3, the differ
ences are significant only at 2 and 20 ng/ml anti-Faa mAb;
for ALVA31, the differences are significant at all anti-Faa
mAb concentrations used. C and D, the differences are not
significant. Data are representative of three separate exper
iments. 0. ALVA3I-Contr; i@,ALVA31-CD4O;0, PC3-
Contr; @,PC3-CD4O.
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more resistant compared to CD4O-negative control mock-transfectants
to growth inhibition effects by TNF-a and anti-Fas mAb. Interest
ingly, the proliferation rate of CD4O-positive cells was even enhanced
by treatment with low concentrations of TNF-a and anti-Fas mAb,
whereas in control cells these effects were not observed. However, the
differences in sensitivity to TNF-a and Fas-mediated apoptosis were
not found to be significant between CD4O-positive and control cells
(Fig. 13, C and D). These results indicate that CD4O expression can
promote the resistance of prostate cells only to growth inhibition

mediated by TNF-a and Fas but not to TNF-a- and Fas-mediated
apoptosis.

DISCUSSION

Cytotoxic chemotherapy, which is targeted at rapidly proliferating

neoplasms, does not significantly improve survival in patients with
metastatic prostate cancer (51). An understanding of the basis of
resistance to apoptosis will provide valuable information about mech
anisms that determine the resistance of prostate tumor cells to che
motherapeutic treatment and will contribute toward pharmacological
intervention development. The data presented here and summarized in
Table 2 demonstrate that Fas receptor is expressed on human prostatic
carcinoma cell lines, and prostate cancer tissue specimens. Treatment
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of these cell lines with agonistic anti-Fas mAb resulted in apoptotic
death in two of six cell lines examined, whereas four cell lines were
resistant to Fas-mediated apoptosis. It has recently been shown (52)
that surface expression of Fas could not be identified on PC3 and
LNCaP cell lines, likely due to the cloning procedures used in their
studies. However, after introduction of Fas cDNA into these cell lines,
Fas-mediated apoptosis could be induced in PC3; LNCaP remained
resistant. These results are similar to ours. It is important to point out
that there was no correlation between androgen dependence of the cell
lines and their ability to undergo Fas-mediated apoptosis. Among five
androgen-independent cell lines, two were Fas sensitive and three
were Fas resistant. The phenotype of these cell lines was not changed
when they were grown in androgen-free (charcoal-stripped) media.
LNCaP, the only androgen-dependent cell line studied, was resistant
to Fas-mediated apoptosis, and its phenotype could not be altered
when grown in charcoal-stripped media (data not shown).

We did not find a correlation between sensitivity to Faa-mediated
apoptosis and expression of Faa antigen on cell lines; all six cell lines
examined expressed similar levels of cell surface Fas (Fig. 1). Faa
receptor contained the normal DD and transcript levels for soluble Faa

were not elevated (Fig. 6). Thus, the differences between cell lines in
sensitivity to Faa-mediated apoptosis could not be explained by dif

ferences in the structure of the Fas receptor. We have also investigated
the expression of three PTPs, HCP, VFP-1B, and Syp/SHPTP2, and
found that HCP was not expressed in the Faa resistant cell line JCA1
(Fig. 7). Therefore, the resistance of the JCA1 prostate cell line may
be explained by the absence of HCP, as has been described for
lymphoid cell lines (41). However, three other Faa-resistant cell lines,
DU145, ND!, and LNCaP, expressed the same levels of HCP as two
Faa-sensitive cell lines, PC3 and ALVA31.

The Bcl-2 family consists of several members that are homolo
gous to each other but have opposing effects on cell death (53).
Bcl-2 and Bcl-XL are known to be death repressors, whereas Bax,
Bcl-X@, and Bak are death promoters. It has been also shown that
wild-type but not mutant p53 is a direct transcriptional activator of
the bax gene, and increases in Bax expression were accompanied
by decreases in the levels of Bcl-2 mRNA and protein (43). The
expression of Bcl-2 and Bax was reported previously in PC3 and
LNCaP, but DU145 was found to be negative for both Bcl-2 and
Bax (46). Overexpression of Bcl-2 in the androgen-dependent cell
line LNCaP protected these cells from apoptosis induced by an
drogen withdrawal and serum starvation (54). Consistent with
published results (46), we did not find Bcl-2 in DU145. However,
the other cell lines, both Fas sensitive and Fas resistant, expressed
approximately the same levels of Bcl-2. Moreover, we did not find

significant differences between cell lines examined in the expres
sion of Bcl-X and Bak. In contrast, Bax protein was not detected
in the DU145 and ND! cell lines but was found to be expressed in
other cell lines. Thus, Fas-resistant cell lines, DU145 and ND1,
expressed mutant forms of p53 and did not express Bax, whereas
Fas-sensitive cell lines, PC3 and ALVA31, did not contain p53 and

expressed Bax (Table 2). These results indicate that p53 and Bax
expression may play an essential role in Faa-mediated apoptosis in
some prostate carcinoma cell lines. Expression of these proteins,
however, might be not sufficient for Fas-mediated apoptosis in
other cell lines, because Bax was also found in the Fas-resistant
cell lines LNCaP and JCA1. It remains to further investigate the
role of p53 and Bax in Faa-mediated apoptosis in prostate tumor
cells.

We have detected that three Faa-resistant cell lines, DU145, ND!,
and JCA1, expressed CD4O,whereas two Faa-sensitive cell lines, PC3
and ALVA31, were CD4O negative. Faa-sensitive cell lines were
transfected with the cDNA encoding CD4O and were then treated with

agonistic anti-CD4O mAb 028â€”5, anti-Faa mAb, and TNF-a. Anti

CD4O mAb was able to inhibit the growth of CD4O-positive transfec
tants but did not induce apoptosis in these cell lines (Fig. 12).
CD4O-positive transfectants became more resistant compared to con
trol cells to growth inhibition effects after treatment with TNF-a and
anti-Faa mAb. However, they did not become more resistant to
apoptosis induced by TNF-a and anti-Faa mAb treatment (Fig. 13).
These results indicate that CD4O expression in Faa-sensitive cell lines
was to some extent able to protect them against growth inhibition
effects mediated by TNF-a and anti-Faa mAb.

The presence of regulatory proteins, which seemed to be responsi
ble for resistance to Fas-mediated apoptosis, was revealed in experi
ments in which cell lines were treated with anti-Faa mAb in the
presence of cycloheximide. Treatment with cycloheximide converted
the phenotype of DU145, ND!, and JCA1 cells from Fas resistant to
Faa sensitive. These results indicate that the Fas resistance is depend
ent on the presence of labile proteins that determine resistance to
Faa-mediated killing. We have also found that anti-Faa treatment of
both resistant and sensitive cell lines induced rapid tyrosine phospho
rylation or dephosphorylation of multiple proteins. These data indicate
that Faa can tranduce signals in both Faa-resistant and Fas-sensitive
cell lines. Thus, the apoptotic machinery involved in DNA fragmen
tation is already in place in both resistant and sensitive cells. The
outcome of treatment may therefore be dependent on the presence of
cell line-specific regulatory proteins that inhibit Faa-mediated apop
tosis. It has recently been discovered that MACH, a novel member of
the ICE proteaae family, consists of several isoforms, including dom
inant-negative isoforms that were able to block both Faa- and TNF
mediated apoptosis (14). The resistance of prostate cells might be
dependent on the expression of such dominant-negative regulatory
proteins. It remains to be determined what the involvement of the
FADD/MORT1, TRADD, RIP, MACH/FLICE, and other members of
the ICE protease family in TNF- and Fas-mediated apoptosis in
prostate cells is. The apoptotic mechanisms in prostate cells remain

largely unknown. However, our results indicate that the apoptotic
machinery in Faa-resistant cells is already in place, and this shows

promise that the intrinsic propensity to undergo Faa-mediated apop
tosis could be a target for therapeutic intervention.
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