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Abstract
Several laboratories have reported on the apoptotic potentials
of human prostate cancer (PC) cell lines in response to
crosslinking of Fas (CD95/APO-1) with agonistic anti-Fas
antibodies. We have re-evaluated the apoptotic potentials of
seven human PC cell lines using the natural Fas ligand (FasL)
in place of agonistic antibody. First, PC cell lines were tested in
a standard cytotoxicity assay with a transfected cell line that
stably expresses human FasL. Next, we developed an
adenoviral expression system employing 293 cells that stably
express crmA, a poxvirus inhibitor of apoptosis, to analyze the
effects of FasL when expressed internally by the PC cell lines.
Our data suggest that the apoptotic potentials of these cell
lines were greatly underestimated in previous studies utilizing
agonistic anti-Fas antibodies. Lastly, adenoviral-mediated
expression of FasL prevented growth and induced regression
of two human PC cell lines in immunodeficient mice. These
preliminary in vivo results suggest a potential use for
adenovirus encoding FasL as a gene therapy for PC.
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Introduction

Fas (CD95/APO-1) is a transmembrane glycoprotein that is
related to the receptors for tumor necrosis factor and nerve
growth factor.1,2 Upon being cross-linked with agonistic anti-
Fas antibodies or Fas ligand (FasL),3 Fas initiates a complex
signal transduction pathway that, in sensitive cell types,
ultimately ends in apoptotic cell death.4 The Fas/FasL
pathway is probably best recognized for its role in the
downregulation of expanded clonal T lymphocyte popula-
tions. In this system, Fas is upregulated within a few hours of T
cell activation.5,6 Several days later, Fas becomes functional
and if the cells continue to be stimulated through the antigen
receptor, FasL is also upregulated and the majority of
activated cells undergo apoptosis, allowing the immune
system to return to its normal resting size and repertoire.4

In addition to regulating immune responses, Fas and its
ligand are likely to play a role in other systems as well. For
example, the testes and placenta, both of which are known
to be immune-privileged tissues, express FasL.7,8 Addition-
ally, Fas and FasL have been found to be coexpressed in a
few epithelial tissues that are marked by apoptotic cell
turnover, such as the uterus and prostate.8 ± 10 Both of
these tissues are steroid-dependent and undergo apoptosis
within 24 ± 48 h after hormone depletion.11,12 Interestingly,
the apoptosis that occurs in response to steroid depletion
has recently been shown to require sufficient Fas
expression.13,14 These data support a role for the Fas
signaling pathway in the normal renewal of the uterine and
prostatic epithelium.

In addition to the in vivo data above, several laboratories
have recently demonstrated a potential role for Fas-
dependent apoptosis in human prostate cancer (PC) cell
lines.15 ± 17 Although Fas expression has proved to be a
common feature of the cell lines studied, contradictory
results were reported with regards to their apoptotic
potentials.15 ± 17 This may be due to the use of different
agonistic anti-Fas antibodies among laboratories, or to the
different experimental conditions that were employed.

Preliminary data in our laboratory suggested that the
apoptotic potential of at least one PC cell line was markedly
increased when the cells were coincubated with a
transfected leukemia cell line that stably expresses human
FasL. For this reason, we began re-evaluating the
sensitivities of the seven PC cell lines used previously17

to determine if the use of agonistic IgM anti-Fas antibodies
commonly under-estimated or mis-estimated the apoptotic
potential of these cells. We next developed an adenoviral
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method of gene transduction to study the effects of FasL
when expressed internally by the PC cells. This system
was optimized by the use of 293 cells that were stably
transfected with DNA encoding the poxvirus crmA protein18

to provide them with resistance to FasL-mediated
apoptosis, thus increasing the efficiency of virus produc-
tion. Lastly, we present preliminary in vivo evidence for a
potential gene therapy approach for PC using recombinant
adenovirus encoding FasL.

Results and Discussion

PC cell lines show enhanced sensitivity to hFasL
versus agonistic antibody

Prostate cancer cells were labeled with 51Cr and were co-
incubated for 18 h at various effector-to-target ratios with
either K562-hFasL or K562-neo. Each of the seven PC targets
was tested simultaneously in cytotoxicity assays to allow for
direct comparison of their apoptotic potentials. L1210-Fas
cells served as positive controls since they are highly
sensitive to Fas crosslinking.24 As shown in Figure 1A,
K562-hFasL induced lysis of L1210-Fas in a dose dependent
fashion whereas no specific lysis was detected when K562
cells transfected with neomycin phosphotransferase alone
were used as effectors. When used as a target, the PC cell
line ALVA-31 behaved similarly (Figure 1B), with cell lysis
reaching 63% at an effector to target (E : T) ratio of 10 : 1. A
summary of the results with all eight target cell lines is
presented in Table 1. The cell lines are listed in order of
descending apoptotic potentials as observed in the cytotoxi-
city assay. Also presented in Table 1, are the results from
previous studies using an agonistic mouse IgM anti-hFas
antibody.17 These results demonstrate a markedly enhanced
activity of membrane-expressed hFasL versus agonistic anti-
Fas antibody.

An interesting feature of the prostate is that it is believed to
escape immune surveillance to some extent `because it lacks
afferent lymphatics and because of the immunosuppressive
properties of seminal fluid'.31 In fact, the normal prostatic
epithelium has been found to co-express Fas and FasL, as
indicated by studies with both mouse9,10 and human8

prostatic tissue. Therefore, it may be more relevant to test
the sensitivities of the PC cell lines to internally expressed
FasL through transgene methods of gene expression, rather
than to FasL-expressing effector cells. Given that FasL
expression was expected to induce apoptosis, we chose to
develop an adenoviral system of gene transduction rather
than to establish stably transfected cell lines or to rely on the
limited efficiency of transient transfection methods. Adeno-
virus entry has been shown to be highly efficient in cells that
express the integrin family of adhesion molecules32,33 and
this is a common feature of many PC cell lines.34,35

Construction of recombinant adenovirus encoding
FasL and propagation in 293-crmA cells

cDNA encoding mFasL was inserted into the E1 region of a
replication deficient human adenovirus 5 construct under the
control of the CMV immediate early promoter. Initial attempts

Figure 1 The dose-dependent lysis of (A) L1210-Fas or (B) ALVA-31 target
cells by K562 human leukemia cells stably transfected with hFasL. Lysis was
measured using a 51Cr-release assay after an 18 h coincubation of target and
effector cells. Each value represents the mean of triplicate samples+S.D.
Spontaneous 51Cr release was 22% for L1210-Fas and 27% for ALVA-31

Table 1 Speci®c lysis of human prostate cancer cell lines by K562-FasL
transfectants at a 10:1 effector to target ratio. A comparison with cell lysis
achieved using an anti-Fas IgM antibody in previous studies*

Target
cell line

% Lysis by
K562-Fasl (+S.D.)

% Lysis by anti-Fas
IgM antibody

L1210-Fas
ALVA-31
TSU-Pr1
PPC-1
JCA-1{
LNCaP
DU 145{
PC-3

80+10
63+5
52+13
48+1
47+6
27+3
21+2
19+5

(not determined)
28%

undetectable
10%
10%

undetectable
undetectable
undetectable

*Previously published data.17 {JCA-1 and DU 145 showed slight but statistically
signi®cant lysis by the vector-transfected K562 clone (14+1, and 4+0.2%,
respectively)
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to propagate the virus in the 293 cell line resulted in early
death of the cells before significant viral titers could be
obtained (data not shown). Greatly reduced viral titers were
also reported by Muruve et al.36 in a similar attempt. We
suspected that 293 cells may be undergoing apoptosis
before significant viral replication occurred. To test this
hypothesis, 293 cells were analyzed for Fas expression by
flow cytometric immunofluorescence (Figure 2A). The mean
Fas fluorescence was 4.9-fold greater than nonspecific
fluorescence. This value is relatively high compared to
other cell lines that we have tested using the same method,
and is similar to the level of Fas expressed by CEM cells.17

Subsequent cytotoxicity experiments indicated that 293 cells
are extraordinarily sensitive to the lytic effects of K562-

hFasL (Figure 2B), with complete lysis occurring at an E : T
ratio of 10 : 1. Together, these data support the hypothesis
that 293 cells were undergoing FasL-mediated apoptosis
during our attempts to produce Ad-mFasL virus. To
overcome this problem, 293 cells were stably transfected
with a plasmid encoding the cowpox virus caspase inhibitor
crmA which inhibits FasL and TNF-mediated apoptosis.18

The resulting 293-crmA transfectants were almost entirely
resistant to K562-hFasL (Figure 2C) allowing us to
effectively propagate adenoviruses encoding mouse and
human FasL.

Efficiency of adenovirus gene transduction in PC
cells

To be sure that adenovirus-mediated gene expression could
be achieved efficiently in the PC cells, each cell line was
transduced with 100 p.f.u./cell Ad-EGFP for 1 h. After 24 h of
further incubation, the cells were analyzed for fluorescence by
flow cytometry (Table 2). The transduction efficiency was high
in six of the seven cell lines, with greater than 90% of the cells
expressing EGFP. LNCaP was the only cell line that showed
relatively poor adenoviral gene transduction, as measured by
both the per cent positive cells (61%), and the relatively low
fluorescence intensity obtained (13-fold brighter than control
cells). Similar transduction efficiencies were obtained with
each of the cell lines using a multiplicity of infection of
10 p.f.u./cell (data not shown). These data indicated that
adenoviral transduction would be feasible in at least six of the
seven PC cell lines.

Effects of Ad-mFasL transduction on PC cell
growth

To determine how the PC cell lines would respond to internally
expressed FasL, the growth of cell monolayers was measured
for 1 week after transduction with either Ad-mFasL or Ad-
EGFP as a control. As shown in Figure 3, ALVA-31 cells that
were treated with Ad-EGFP show logarithmic growth as they
approach confluency. A phase contrast photomicrograph was
taken at day 4 post-infection and is shown to the right of the
growth curve in Figure 3. Ad-EGFP treatment did not increase
apoptosis above basal levels as confirmed by the lack of
nuclear fragmentation apparent after staining cells with
propidium iodide and Hoechst 33342 and observing under a
fluorescent microscope (data not shown). In contrast, ALVA-

Figure 2 (A) Flow-cytometric analysis of Fas expression by 293 cells.
Surface Fas expression was detected using an FITC-conjugated mouse IgG1
anti-human Fas antibody (black peak). Nonspecific fluorescence was
estimated using an isotype-matched control antibody directed against a
non-mammalian protein (gray peak). (B) Specific lysis of 293 cells or (C) 293-
crmA transfectants by K562-hFasL as measured by the 51-Cr-release assay.
Each value represents the mean of triplicate determinations+S.D.
Spontaneous 51Cr release was 41% for 293 cells and 32% for 293-crmA
transfectants

Table 2 Ef®ciency of Ad-EGFP expression in seven PC cell lines. EGFP
¯uorescence was measured both by the per cent positive cells and the fold
increase in mean ¯uorescent intensity as compared to untreated cells

Fold increase in

Cell line % Positive cells mean ¯uorescence

ALVA-31
JCA-1
PPC-1
DU 145
TSU-Pr1
PC-3
LNCaP

99.6
98.7
98.1
97.2
93.2
92.2
61.2

118
172
235
813
55

129
13

Adenoviral-mediated expression of Fas ligand
TE Hedlund et al

177



31 cells that were treated with Ad-mFasL were nearly
completely apoptotic within 24 ± 48 h (Figure 3) and the few
remaining cells failed to resume exponential growth over the
course of this assay. Similar results were obtained with
recombinant adenovirus encoding human FasL (data not
shown). These data support the cytotoxicity results, suggest-
ing that ALVA-31 cells are far more sensitive to the natural
FasL protein than they are to agonistic anti-Fas antibody.
Furthermore, this cell line appears to be more sensitive to
internally expressed FasL than to that presented by K562-
hFasL.

The short-term growth curves of other PC cell lines after
adenoviral transduction are shown in Figure 4. The cell
line PPC-1 behaves similarly to ALVA-31 in that FasL
transduction nearly obliterates the entire population of
cells, and positive growth is not detected over the course
of the assay. FasL transduction was to varying extents
less effective on JCA-1, PC-3 and TSU-Pr1 cell growth in
this in vitro assay. Interestingly, TSU-Pr1 is far more
sensitive to FasL when it is presented by the K562-hFasL
transfectant than when it is internally expressed. The
reasons for this difference are not clear. However, two
explanations are possible. First, TSU-Pr1, like certain other
prostate cancers,37 ± 39 may produce high amounts of
matrix metalloproteinases resulting in the production of
soluble FasL which is not functional.40 ± 42 Second, TSU-
Pr1 may not efficiently trimerize FasL into its functional
form.43 Investigation of these possibilities will be the focus
of future studies. The PC cell lines DU 145 and LNCaP
yielded inconsistent results in the short-term growth
assays with repeated trials (data not shown). For these
reasons, we are currently unable to draw any conclusions
regarding the sensitivities of these two cell lines to
internally expressed FasL; however, recent results
reported by Liu and colleages44 suggest that these cell

lines constitutively secrete soluble FasL which could
interfere with FasL-mediated apoptosis following transduc-
tion.

Preliminary studies on the effects of Ad-FasL on
prostate tumor growth in vivo

Although the ALVA-31 cell line appeared to be quite
sensitive to apoptotic induction by Ad-mFasL, it was not
clear if the few remaining cells would actually be capable of
regenerating over a longer period of time, and if the cells
would behave similarly in an in vivo environment after FasL
transduction. To address these issues, a preliminary
experiment was initiated to compare the growth of ALVA-
31 cells with and without Ad-mFasL after 6 weeks of growth
intradermally in Nu/Nu mice. Untreated ALVA-31 cells
produced tumors in nine of 12 injection sites. However,
ALVA-31 cells that were infected with Ad-mFasL (10 p.f.u./
cell) prior to injection failed to produce tumors in any of four
sites. Also of interest in this preliminary set of experiments
was the observation that the established control tumors
could not be eradicated entirely by later injection of Ad-
mFasL virus (107 p.f.u./tumor). Although localized apoptosis
was apparent in tissue sections near the injection sites (data
not shown), the virus may not have been sufficiently
dispersed within the tumor to cause significant regression.
This preliminary experiment raised several other important
questions. For example, was the lack of tumor growth due
specifically to FasL expression, or would the same effect be
observed with Ad-EGFP? Also, what are the in vivo effects of
Ad-FasL in a prostate tumor cell line that appeared resistant
in vitro? To address these issues, a second set of
experiments was carried out in mice using the PC cell line
TSU-Pr1, whose growth was not inhibited by either Ad-EGFP
or Ad-FasL in vitro.

Figure 3 Growth of ALVA-31 cells after adenoviral gene transduction of mFasL or EGFP. Cell monolayers were harvested at the designated time points for DNA
quantitation to measure changes in growth. Each value represents the mean of triplicate samples+S.E. To the right of each condition is a phase-contrast image of
ALVA-31 cells as they appeared at Day 4 of the growth assay
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TSU-Pr1 cells were pre-infected with Ad-EGFP or Ad-
mFasL as described above for the ALVA-31 cell line, and
cells were injected intradermally into Nu/Nu mice. After 9
days, when control tumors were established, four control
tumors were injected with Ad-EGFP or Ad-mFasL virus.
One animal was then sacrificed 24 h later for histologic

analysis. Calipers were used to measure the length and
width of each tumor at days 9 and 18. The remaining
animals were sacrificed after a total of 18 days. As shown
in Table 3, there was no significant difference between the
mean sizes of control and Ad-EGFP-infected TSU-Pr1
tumors either at day 9 or 18. In contrast, Ad-FasL tumors
were significantly smaller and no change in tumor size was
detected between days 9 and 18. Histologic analyses of
these tumors revealed several surprising findings. First, Ad-
FasL-treated tumors, although small, appeared viable ruling
out the possibility that scar tissue had completely replaced
the tumor cells. Second, both Ad-FasL- and Ad-EGFP-
treated tumors had extensive neutrophil infiltration (data not
shown). This suggests that the initial infiltration of
neutrophils is induced nonspecifically by adenoviral
infection of tumor or other cells in the dermis. Further-
more, this infiltration is not in itself responsible for the
regression/rejection of tumors in Ad-FasL-treated mice, as
the tumors injected with Ad-EGFP were as large and as
viable as control tumors. It was observed, however, that the

Figure 4 Growth of four prostate cancer cell lines after adenoviral transduction of EGFP or mFasL. The experimental design follows that described for Figure 3

Table 3 The effects of Ad-FasL on growth of TSU-Pr1 cells in nude mice. Cells
were untreated (control), or pre-infected with Ad-EGFP or Ad-FasL. For
comparison, several established control tumors were injected at day 10 with
free Ad-EGFP or Ad-FasL virus

TSU-Pr1
pretreatment

Day 9
Mean tumor
area+S.E.

Day 18
Mean tumor
area+S.E.

Control
Ad-EGFP
Ad-mFasL
Injected Ad-EGFP
Injected Ad-mFasL

9.7+1.9
12.6+2.3
2.3+0.9

±
±

21+10.3
27.5+4.3
2.3+0.9
31+3.9
23+9.2
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neutrophils in the Ad-FasL-treated tumors often appeared
apoptotic (data not shown). Thus, it is plausible that once
the neutrophils are recruited in response to adenoviral
infection, they undergo apoptosis in response to FasL,
produced perhaps by dermal cells, and may potentiate a
greater inflammatory response that indirectly suppresses
TSU-Pr1 growth. Further experimentation will be necessary
to better define the role of neutrophils in mediating the
rejection/regression of tumor cells that are not intrinsically
sensitive to Ad-FasL mediated apoptosis.

Perspective

During the course of the current study, Arai and colleagues45

addressed similar questions regarding the effects of FasL
expression on the growth of colon cancer cell lines in mice.
Overall, their findings strongly support the therapeutic
potential of FasL transgene expression in causing the
regression of tumors. Furthermore, their data suggest that
this favorable response is not only observed in cell lines that
undergo apoptosis in response to FasL expression in vitro. In
fact, tumor regression also occurs in a Fas-negative (and
FasL-insensitive) cell line, regression is associated with a
marked infiltration by neutrophils, many of which appear
apoptotic. These results are at least in partial agreement with
our preliminary findings in prostate cancer cells. Whether or
not this effect is directly due to the actions of neutrophils, it
follows that this type of gene therapy might be most useful for
the treatment of slow-growing cancers, such as those of
prostatic origin. It has been estimated that the doubling times
of late stage prostate cancers is typically near 2 years.46

Therefore, a therapeutic strategy that can even modestly
extend this doubling time, could extend a patient's life by a
number of years, especially if initiated soon after diagnosis.

The data presented in the current study indicate that
several human PC cell lines are significantly more sensitive
to FasL-mediated apoptosis than was originally reported
with the use of agonistic anti-Fas antibodies. Furthermore,
the majority of these cell lines respond best to FasL when it
is expressed internally via the adenoviral system. This
method of internal expression may better represent what
occurs in the prostate in vivo since the prostatic epithelium
has been shown to coexpress Fas and FasL.8 ± 10 Our
preliminary in vivo experiments, in conjunction with the
recent findings of Arai et al.45 suggest therapeutic potential
for FasL transgene expression in treating cancer patients.
Given the prevalence of prostate cancer and the limited
effectiveness of available therapies, further research in this
area seems warranted

Materials and Methods

Nontransfected cell cultures

The human PC cell lines, LNCaP, ALVA-31, TSU-Pr1, JCA-1, PPC-
1, PC-3 and DU 145 were obtained and maintained as described
previously.17 K562, a human erythroid leukemia cell line20 and 293,
a human embryonic kidney cell line transformed by the E1 region of
the adenovirus 5 chromosome21 were purchased from the American

Type Culture Collection (Rockville, MD, USA) and were maintained
in RPMI 1640 (Gibco, Grand Island, NY, USA) supplemented with
7.5% heat-inactivated FBS (Hyclone, Logan UT, USA) and 2 mM L-
glutamine (Gibco) at 378C in 95% air and 5% CO2.

Stably transfected cell lines

(1) K562-hFasL and K562-neo: human K562 chronic myelogenous
leukemia cells were transfected with plasmids encoding human FasL
and neomycin phosphotransferase (K562-hFasL) or with a plasmid
encoding neomycin phosphotransferase alone (K562-neo) as
described elsewhere.22 (2) 293-crmA: a modified calcium phosphate
precipitation technique23 was used to transfect 293 cells with a
pcDNA3-crmA construct18 generously provided by Dr. V. Dixit
(Genentech Inc., South San Francisco, CA, USA). Stable transfec-
tants, resistant to agonistic anti-Fas antibody-mediated apoptosis,
were selected with Geneticin (Gibco) and pooled. (3) L1210-Fas:24

this transfected mouse lymphocytic leukemia cell line expresses high
levels of mouse Fas and was kindly provided by Dr. P. Golstein
(Marseilles, France). All transfected cell lines were routinely cultured
in the presence of 600 mg/ml active Geneticin, using the medium and
conditions described for nontransfected cells.

Adenovirus constructs and viral ampli®cation

Ad5dl327CMV-EGFP (Ad-EGFP) encodes a humanized, enhanced,
red-shifted jellyfish green fluorescent protein25 (Clontech Labora-
tories, Palo Alto, CA, USA) under the control of the CMV major
immediate early promoter (J. Schaack et al ., submitted).
Ad5dl327CMV-mFasL (Ad-mFasL) was generated as follows. In
brief, mouse FasL cDNA was generated by RT ± PCR7 and inserted
into the pACCMV plasmid encoding the left end of the Ad5
chromosome but in which the CMV immediate early promoter
replaces the E1 region.26 Recombinant virus was generated as
described previously27 by transfecting 293-crmA cells with a mixture
of pACCMV-mFasL and Ad5dl327Bstb-gal DNA-Terminal protein
complex prepared from purified virions and digested with Bst-B1
which cleaves uniquely 3' of the LacZ coding sequence. The
transfected cells were incubated until the development of a strong
cytopathic effect and freeze-thawed to release virus. Dilutions of the
cell lysate were used to infect 293-crmA cells, which were then
overlaid with medium containing Noble agar (Difco, Detroit, MI, USA).
After plaques developed, the cells were stained with neutral red
(Baxter) and X-gal (Boehringer Mannheim, Indianapolis, IN, USA).
Plaques that were clear in the presence of X-gal, and thus likely to be
recombinants, were picked and grown in 293-crmA cells. Lysates of
the plaque-infected cells were used to infect 293-crmA cells. Viral
DNAs were isolated28 and restriction analysis used to select
recombinant viruses encoding mFasL. Recombinant adenovirus
encoding human FasL (Ad-hFasL) was generated using a similar
strategy.

Adenovirus transduction of PC cells and growth
assays

Cell monolayers were trypsinized and washed once with standard
growth medium. For each cell line, 3.26105 cells (control) or 2.46105

cells (Ad-EGFP or Ad-mFasL transduced) were placed into each of
three conical Eppendorf tubes. Cells were pelleted by centrifugation,
and supernatants were removed by aspiration. The pellets were
resuspended in 500 ml of either plain medium (negative control), or
500 ml of medium containing approximately 10 or 100 p.f.u./cell of Ad-
mFasL or Ad-EGFP. Cells were incubated for 1 h in a 378C water bath
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with periodic mixing and were then washed twice with medium. The
final cell pellets were resuspended in 16 ml medium (control cells) or
12 ml medium (Ad-mFasL and Ad-EGFP transduced cells). Each
sample was then aliquotted into quadruplicate wells (1 ml each) of
three 24-well tissue culture plates. To quantify the amount of DNA in
the initial number of cells plated (i.e. Day 0), 1 ml aliquots of the
negative control were placed in four Eppendorf tubes. Cells were
pelleted, supernatant was aspirated, and the cell pellets were lysed in
0.25 ml 0.5 M NaOH. Cell lysates were then frozen at 7208C until all
time points were collected. The remaining cultures were incubated at
378C. Tissue culture medium was replaced every 48 h, and cells were
harvested at the designated time points by aspirating the medium and
lysing the monolayers in 0.5 M NaOH (0.25 ml/well), and freezing at
7208C. The DNA contents of the monolayers were quantified by
Hoechst 33258 fluorescence19,29 using a Dynex Fluorolite 1000
fluorescence plate reader (Dynex Technologies, Inc., Chantilly, VA,
USA). DNA concentrations were calculated as the mean+S.D. for
triplicate determinations.

51Cr-release assay for cytotoxicity

The original assay30 was modified as follows. PC cell lines were
removed from culture flasks by incubating at 378C in a trypsin-free
chelating solution (135 mM NaCl, 5 mM KCl, 20 mM HEPES, and
1.5 mM EDTA, pH 7.4). For each target cell line, 106 cells were
pelleted and resuspended in 1 ml RPMI 1640 supplemented with 7.5%
FBS and 10 mM HEPES buffer. Cells were labeled with 100 mCi 51Cr
as sodium chromate (ICN Pharmaceuticals Inc., Irvine, CA, USA) in
this medium for 1 h at 378C. Unincorporated 51Cr was removed by
washing twice in 10 ml medium, incubating for 1 h in fresh medium at
378C, and washing again. Five thousand radiolabeled target cells in
100 ml were placed in each well of a round-bottomed 96-well tissue
culture plate. Effector cells (K562-hFasL or K562-neo) were added at
10 : 1, 1 : 1, or 0.1 : 1 ratios to the target cells, also in a volume of 100 ml
per well. The plates were incubated for 16 ± 20 h at 378C after which
the cells were pelleted by centrifugation and 100 ml of cell-free
supernatant were transferred to separate tubes for quantification of
radioactivity using a gamma counter. Per cent specific lysis was
calculated using the following formula: (e7s/m7s)6100, were e, s
and m equal the amount of radioactivity released from PC cells
incubated with effector cells (experimental lysis), with 100 ml medium
instead of effector cells (spontaneous lysis), or with 100 ml 1% Triton
X-100 (maximum lysis), respectively. Results are presented as the
mean+S.D. for triplicate samples.

Flow cytometric quanti®cation of Fas receptor
expression

Cell monolayers were harvested at 50 ± 60% confluency using the
trypsin-free chelating solution described for 51Cr-release experiments.
The cells were washed once with PBS, pH 7.4, and once with the
blocking solution (PBS with 5% goat serum and 0.1% sodium azide).
56105 cells were placed in 1.5 ml microcentrifuge tubes, pelleted and
resuspended in 200 ml of blocking solution containing either 2 mg/ml
FITC-conjugated mouse IgG1 anti-human Fas receptor (clone DX2,
Pharmingen, San Diego, CA, USA), or 2 mg/ml FITC-conjugated
isotype control (clone DAK-G01, Dako Laboratories, Carpenteria, CA,
USA). Samples were gently mixed and incubated at room temperature
for 15 min, protected from light. Cells were washed once with PBS,
fixed with 1% formaldehyde in PBS for 5 min, washed again with PBS
and resuspended in 0.5 ml PBS for fluorescence analysis (University
of Colorado Cancer Center Flow Cytometry Core, UCHSC).

Prostate tumor growth in athymic nude mice

ALVA-31 and TSU-Pr1 cells were incubated alone (controls) or with
recombinant adenoviruses (10 p.f.u./cell) for 60 min as described for
the growth assays. The cells were washed twice with tissue culture
medium and once with PBS. Cell pellets were resuspended in PBS to
yield a concentration of 36106 cells per 100 ml (TSU-Pr1) or 26106

cells per 100 ml (ALVA-31). For each PC cell line, four male Nu/Nu
mice (National Cancer Institute, Bethesda, MD, USA), 6 ± 8-weeks-old,
were injected intradermally with 100 ml of the cell suspensions in a
total of five sites per mouse including both shoulders, both hips, and
the center of the back. Each mouse, therefore, harbored three control
tumors, one transduced with Ad-mFasL, and one transduced with Ad-
EGFP.

When control tumors were approximately 0.5 cm in size
(approximately 10 days later), two control tumors per mouse were
injected in the centers with 50 ml free Ad-mFasL or Ad-EGFP virus
(56108 pfu/ml) to determine if regression or rejection could be
initiated in an already established tumor. One mouse was then
sacrificed 24 h later to histologically examine the tumors. Tumor sizes
were measured using calipers. Two to six weeks after the start of the
experiment, the remaining mice were sacrificed and the excised
tumors were fixed in formalin and embedded in paraffin. Tissue
sections were then stained with hematoxylin and eosin (Histology
Laboratory, Department of Surgical Pathology, UCHSC). Histologic
analyses were completed with the assistance of two objective and
trained Pathologists, Drs. John Ryder and Rosina DeCampo
(Department of Pathology, UCHSC).
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