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ABSTRACT Recently, another mitochondrial apoptosis-inducing factor has been char-
) ] ] acterized (13), which is released from the mitochondria upon alteration of
We hgvg shown prewougly that the pathway; leading to Fas-medlateq the mitochondrial inner transmembrane potential (5).
apoptosis In prostatic carcinoma C.e" lines are intact, becags.e apoplosis o pag (CD95) receptor is a type | transmembrane protein and
can be triggered either by Fas ligation alone in the Fas-sensitive cell lines belongs to the tumor necrosis factor receptor family (4, 14). Fas was
PC3 and ALVA3L1 or by rendering the Fas-resistant cell lines DU145 and . = . ' ST
JCAL Fas-sensitive by combined treatment with anti-Fas monoclonal |d_ent|f|ed asa cell_surface r_eceptor that mediates cell death _after Ilgatlc_m
antibody and cycloheximide (O. W. Rokhlinet al,, Cancer Res.57: 1758 — with agonistic anti-Fas antlqules (15, 16). Becguse fu.nctlonal Fas 15
1768, 1997). In this study, we demonstrate that two of the early events expressed on the surface of (_jlverse _cancgr_cells, it potentially provides an
after Fas ligation are the release of cytochrome from the mitochondria ~ @PProach for the rapid and irreversible killing of tumor cells, althoughg
and activation of caspase-9. We also found that Bid is processed after Fas Methods of proper targeting of the therapeutic Fas ligand specifically t(é;
ligation and thus might activate the mitochondria-dependent apoptotic the Fas receptors on the tumor cells still have to be devised to prevergt
cascade. In a cell-free system, cytochromeinduced caspase-3-like activity deleterious side effects (17). Some of the pathways leading to Fas:
in cytoplasmic extracts from all four cell lines studied, although differ- mediated apoptosis have been characterized in detail. Engagement of Fas
ences in the level of enzymatic activity were observed. Western blot results in the formation of the DISC, a complex of Fas, Fas-associatiné_r
analysis revealed that caspase-7 is activated by cytochromeeat the same  protein with death domain, and pro-caspase-8 (4). Activated caspase-8§s
level in all extracts, whereas expression and activation of caspase-3 variedreleased from the DISC (18) and has been shown to directly activate the
considerably. Cytochromec-activated extracts displayed different abilites  executioner caspases (19). At the same time, caspase-8 has been repogi)ed
in the induction of apoptotic features in isolated nuclei such as morpho- o cleave Bid, a proapoptotic member of the Bcl-2 family, which then &
logical changes and DNA fragmentation. However, differences in nuclear jnduces cyto c release, thus forming a link between Fas-mediated apoﬁ-
apoptotic activity induced by cytochromec did not correlate with the level  {4sis and the mitochondrial pathway (20). In certain cell types, the direcg
of caspase-3 like activity in the different extracts. These results suggest activation of downstream caspases by the DISC appears to be sufﬁcie%t
that the_z mitochondrial pathway is involved_in Fas_-rnediated apoptosis in for the execution of Fas-mediated apoptosis because Bcl-2 does n§t
E;ZSt:;'g_; a;f;?g'g?e (ﬂelr'r;zit;?jthzaébr'\?efgﬂgzgrt; Caf‘iase':. and protect against Fas killing in these cell types (21-23). However, in othe§
P ' poptotic activity. .oy systems, Bcl-2 or Bcl-X was reported to protect against Fas- &
mediated apoptosis (12, 24-27). Thus, depending on the cell type stu%
INTRODUCTION ied, Fas-mediated apoptosis can be dependent or independent on the
mitochondrial pathway, and sometimes the mitochondrial pathway ag
The apoptotic process can be initiated by several different stimukast appears to contribute to Fas-mediated apoptosis by amplifying the
e.g.,growth factor withdrawal (1), DNA damage (2), dysregulation oéffects of caspase-8 on activation of downstream caspases (6, 28, 29)§
the cell cycle (3), or ligation of death receptors (4). These different We have shown previously that in the human prostatic carcinomeg
apoptotic stimuli induce diverse early signaling events (inducticggll lines PC3, ALVA31, DU145, and JCAL, the pathway(s) leading to%
phase), which then converge by activating a common central biaas-mediate.d apOptOSiS is intact (30) PC3 and ALVA31 are sensitive tg
chemical pathway that is responsible for the execution of apoptodf&atment with anti-Fas mAb, whereas DU145 and JCAL are only seng
Mitochondria appear to integrate different proapoptotic pathways afigve under combined treatment with anti-Fas mAb and CHX. CHX is g
are probably a key regulator of apoptosis (5). Several different ag¥cessary to convert DU145 and JCAL1 from Fas-resistant to Fas-sensitige

ptotic stimuli have been reported to induce the release of Gtmm  Pecause 0; ahlabile—don_]inant ingibit:c;{y gotein(s) presumably acting agi
the mitochondria into the cytosol (6), which results in the formation 6P?nafh?)s( gtut d; ?/\Fl):%gﬁlf%rcnise%aeip(eriﬁer?t.s 1o determine whether th %
the "apoptosome, " a dATP-dependent complex between cyto , Apafr'r%'tto_chondrial pathway is involved in Fas-mediated apoptosis of prosg

and procaspase-9 (7). Activated caspase-9 is released from the apgio- -4 cinoma cell lines. Our results indicate that activation of the?

some and subsequently initiates a caspase cascade involving theg “pathway in prostatic carcinoma cells induces a cascade th
tloqer caspases caspase-3, caspase-6, and caspgse-? (_8' 9), whigh fes activation of caspase-8, Bid cleavage, cyto c release, and
believed to directly cause many of the observed biochemical and Mty ation of caspase-9. Experiments using a cell-free system indicate

phological changes by cleaving specific substrates such as nucigaf the apoptotic executioner events downstream from cyto ¢ are
lamins, gelsolin, or DFF45 and others (10). Bcl-2 and BelRéve been jntact in PC3, ALVA31, and JCAL.

reported to block cyto c release and thus prevent apoptosis (11, 12).
MATERIALS AND METHODS
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charges. This article must therefore be hereby masdertisemenin accordance with : ; ;
18 U.S.C. Section 1734 solely to indicate this fact. cell lines were cultured as described previously (30). The RPMI 1640 complete

' Supported in part by NIH Grant CA76673. medium (10% FCS) was exchanged at teah before cells were treated with

2To whom requests for reprints should be addressed, at Department of Pathol@ti-Fas mAb (IPO-4). If cells were additionally treated with the caspase
1117 ML, University of lowa, lowa City, IA 52242-1087. Phone: (319) 335-8232; Faxnhibitor zZVAD-fmk, the inhibitor was addk 1 h before anti-Fas mAb was
(319) 335-8916; E-mail: michael-cohen@uiowa.edu. added.

3The abbreviations used are: cyto ¢, cytochran®ISC, death-inducing signaling : ; .y
complex; mAb, monoclonal antibody; CHX, cycloheximide; PMSF, phenylmethylsulfo—h P;eparqtlon ?f Cytosolsl for cyto ¢ Releasel[;/lltocgondrllt? geifyt%splfflor I
nyl fluoride; AMC, aminomethylcoumarin; Ac, acetyl; fmk, fluoromethylketone; z, ben—t e detection o C_yto cre gase Was prepared as described ( ; ). Briefly, cells
zyloxycarbonyl; VAD, Val-Ala-Asp; YVAD, Tyr-Val-Ala-Asp; DEVD, Asp-Glu-val- Were grown for different times in the presence of @§/ml anti-Fas mAb
Asp; VEID, Val-Glu-lle-Asp; CPP32, 32-kDa cystein protease. (IPO-4), harvested, washed, and lysed in ice-cold buffer M [20 HEPES
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(pH 7.5), 10 nm KCI, 1.5 nm MgCl,, 1 mm EGTA, 1 nm EDTA, 1 mm DTT, 4'6-Diamidino-2-phenylindole Staining and DNA Laddering. A total of

250 mv sucrose, 0.1 m PMSF, 2ug/ml pepstatin, 2ug/ml leupeptin, and 2 3 X 10° nuclei from frozen stocks (1.5l of 2 X 10 nuclei/ml) was incubated

wg/ml aprotinin] at about 2< 10° cells per 100ul by homogenization in a for 4 h incytoplasmic extracts at a protein concentration of 7.5 mg/ml in a total

small glass homogenizer with a Teflon pestle (50 strokes on ice). The h@lume of 50ul (800 nucleifrg protein) in the presence or absence ofudd

mogenates were spun at 16,080g for 20 min at 4°C, and the supernatantscyto ¢ and 1 mu dATP. If zZVAD-fmk was used, it was added to the extracts

were used for anti-cyto ¢ Western blot analysis. As a proof for the loading ffst, and then cyto ¢ and dATP were added. After incubation, a sample of

equal amounts of protein, we also performed blots using anti-actin mAb. 5 X 10* nuclei was fixed in 4% PBS-buffered paraformaldehyde solution in the
Western Blotting. Western blot detection of proteins was performed aBresence of 2ug/ml 4'6-diamidino-2-phenylindole (Sigma) and observed

described previously (30). Briefly, 10-20g of proteins were separated onUsing a fluorescence microscope (BH Series; Olympus, New Hyde Park, NY)

4-20% gradient SDS-PAGE and blotted to nitrocellulose membrane (Nové¥, excitation wavelength 350 nm. DNA was prepared by incubation of the

San Diego, CA). Membranes were incubated with the corresponding mofigMaining nuclei in Lysis Buffer [SO m Tris-HCI (pH 8.0), 10 v EDTA,

clonal antibodies: anti-cyto ¢, anti-caspase-3 (Transduction Laboratories, 8z#v0 SPS, and 0.5 mg/ml proteinase K] overnight at 37°C, and precipitation

Diego, CA), anti-actin mAb (Sigma Chemical Co., St. Louis, MO), antiof the DNA by addmg 0.1 volume of B NaOAc and 2 volume_s of ice-cold

caspase-8, anti-caspase-10 (Upstate, Lake Placid, NY), goat polyclonal a@fano!. The dried pellet was dissolved in 20of TE [SO mum Tris-HCI (pH

Bid (R&D Systems, Minneapolis, MN), and rabbit antibody to caspase? 0),1mu FDTA], and RNase A was added at 0.1 mg/ml. After incubation for

(kindly provided by Dr. Yuri Lazebnik, Cold Spring Harbor Laboratory, Coldl h a_t .37 C, the DNA.V\.’aS analy_zed on a 1.5% agarose gel (at 4 V/cm)

Spring Harbor, NY). Anti-caspase-9 antibodies were monoclonal or rablfentaINing 0.5ug/ml ethidium bromide.

polyclonal (as indicated in the figure legends; PharMingen, San Diego, CA, or

Oncogene, La Jolla, CA). The blots were incubated with a goat antimouse or

goat antirabbit IgG conjugated with horseradish peroxidase, and immunoreBESULTS

tive bands were visualized by incubation of the membrane with SuperSignal . .. 5]
chemiluminescence reagent (Pierce, Rockford, IL). I\Ne have shown previously that PC3 and ALVA31 were sensitive tog

Preparation of Cytoplasmic Extracts. Cytoplasmic extracts for use in the Fas-mediated apoptosis, whereas DU145 and JCA1 were resistarg.
cell-free system were prepared essentially as described (33). Briefly, cells wéYe estimated the response of these cell lines to treatment Wiﬂi
harvested by trypsinization; trypsinization was stopped by adding fetal boviaati-Fas agonistic mAb by different methods including proliferation 2
serum to a final concentration of 50%. Cells were washed once in complggsay, quantitative DNA fragmentation assay, DNA laddering, an
RPMI 1640, twice in ice-cold PBS, once in KPM buffer [SMPIPES (PH  staining with Annexin V. We performed time course experiments g
7.0), 50 mu KCI, 2 mm MgCl,, 1 mv EGTA, 1 mm DTT, 10 pg/ml iy estigating the cell death fio 2 h oftreatment up to 48 h, and these &

cytochalasin B, 0.1 m PMSF, 2ug/ml pepstatin, 2ug/ml leupeptin, and 2 Studies have shown that the differences between cell lines are quag
rg/ml aprotinin]. The cell pellet was resuspended in about 1 volume of KP >

buffer and lysed by three cycles of freezing and thawing in liquid nitrogen.Tﬁgtive: 90-95% of PC3 and ALVA3L were killed after ‘_18 h of 3
lysate was centrifuged at 16,000 g for 20 min at 4°C. The supernatant treatment, whereas DU145 and JCA1 were completely resistant (30

(15-25 mg/ml protein) was stored &af70°C. We have also shown that CHX converted phenotypes of DU145 am%
Isolation of Nuclei. Nuclei were prepared essentially as described prevdCA1 from Fas-resistant to Fas-sensitive. Simultaneous treatment @
ously (34). Briefly, 10um cytochalasin B was added to adherent growingesistant cell lines with CHX and anti-Fas mAb induced DEVDase}
proitate ?ir‘:ili‘otma Cle'_'sth_a”dt incubation -gaj)cgnt:{]ued f°fh30 mit” ((jfor Prefetivity and activated both caspase-8 and caspase-7 (31). In this stud§,
aration or Jurkat nuciel this step was omittea). Cells were harvested, was H : . : P N
twice with PBS and once with I\[l)uclei Buffer [LONnPIPES (pH 7.4), 10 m Wg further lrlvestlgate Wh_ether the ml’Fochonfjrlal pathW&}y Is involvedz
in Fas-mediated apoptosis of prostatic carcinoma cell lines.

KCI, 2 mm MgCl,, 1 mm DTT, 10 ug/ml cytochalasin B, 0.1 m PMSF, 2 . X i
ng/ml pepstatin, Zug/ml leupeptin, and ug/ml aprotinin], and gently lysed Involvement of Bid, cyto ¢, and Caspase-9 in Fas-mediated

with a Dounce homogenizer, and the homogenate was layered over 36q@0ptosis of Prostatic Carcinoma Cell Lines.To determine
sucrose in Nuclei Buffer and pelleted by centrifugation at 80g for 10 min. ~ Whether the cyto ¢ pathway is involved in Fas-mediated apoptosis irg
For the preparation of radioactive-labeled nuclei, ALVA31 cells were haprostatic carcinoma cell lines, PC3, DU145, and ALVA31l were §
vested, and 5< 10° cells were reseeded in 162-€riissue culture flasks in treated with anti-Fas mAb for different times, and cytosol was pre-X
complete RPMI 1640+ 2 uCi/ml [*H]thymidine. After 24 h of incubation, pared by gentle lysis. Western blots revealed increasing amounts &
labeled cells were harvested, and nuclei were prepared as described abovecyg ¢ in the cytosols of PC3 and ALVA31 during anti-Fas treatment,§
. <

degree of labeling was about 1 cpm/nucleus. N “whereas in DU145 an increase of cyto ¢ was observed only undes
Caspase Enzymatic AssaysTo measure caspase activity, cytoplasmiGombined treatment with anti-Fas mAb and CHX (Figh).1 The
extracts were diluted to a protein concentration of 2.5 mg/ml with DiIuti0ﬂ.|Cn:)‘,Jlse of cyto ¢ in the cytosols of PC3 and ALVA31 was already>
Eg_fsi ngtﬁ'aié? ';TnF;r&%ge?tﬁ é)_ﬁe? E:\? hAEE Elso(m ;'r?())’sim ~ observed afte2 h ofanti-Fas treatment when morphologically no cell §
X ' ' ' ' death could be detected. For PC3 we also demonstrate that the

creatine, and 5@.g/ml creatine kinase] and activated withuli cyto ¢ (Sigma) o . 3
and 1 mu dATP (Promega Corp., Madison, WI) in a total volume of 45 pan-caspase-inhibitor zZVAD-fmk prevents cyto c release into theg

After incubation at 37°C for 45 min, the extracts were incubated for 30 min &/t0S0l (Fig. ). Additionally, we detected activation of caspase-9 in &
room temperature in 2001 Assay Buffer [50 nw PIPES-KOH (pH 7.2), 0.1 anti-Fas-treated PC3 and ALVA3L1, as judged by the decrease of the
mm EDTA, and 10% glycerol] with 2Qum fluorescent substrates: Ac-DEVD- proenzyme band (Fig.B). In DU145, the level of pro-caspase-9
AMC (CPP32 subfamily substrate), Ac-YVAD-AMC (interleukirgionvert- decreased only after combined treatment with anti-Fas and CHX.
ing enzyme subfamily substrate), and Ac-VEID-AMC (caspase-6 substrate; allBid, a proapoptotic Bcl-2 family member, was identified recently as
from Calbiochem, San Diego, CA). Fluorescence was measured with a FL&@ytosolic protein that triggers cyto c release from the mitochondria
fluorimeter (Bio-Tek Instruments, Inc., Burlington, VT). , after proteolytic processing by caspase-8 (35, 36). In this report, we

Radioactive DNA Fragmentation Assay.Radioactive nuclei were pre- sho that caspase-8 is activated and Bid is processed after Fas ligation
pared as described above. Prior to use in the cell-free systeml® nuclei i, prostatic cancer cell lines (Fig. 2). Note that Bid processing was
were distributed in 0.5 ml microcentrifuge tubes and were washed oncejpsanted in the presence of the caspase inhibitor zZVAD-fimk, as
Dilution Buffer. The nuclei were incubated in cytoplasmic extracts (7.5 mg/m -

hown for PC3 (Fig. B).

in the presence or absence of 1@ cyto ¢ and 1 mu dATP in a total volume Th . tati . m ligati f the E i
of 10 ul for 4 h at37°C (650 nuclejLg protein). After incubation, the DNA of us, In prostauc carcinoma cell fines, igation of the -as receptor

the nuclei was harvested on a glass fiber membrane, and the retained rasU/ts in the release of cyto c into the cytosol and in activation of
activity was measured by scintillation counting. Experiments were run fRsPase-9. Bid apparently links activated caspase-8 with the events at
triplicate or pentuplicate for each condition. The percentage of DNA fragmetfe mitochondria that result in the release of cyto c into the cytosol.
tation was calculated as follows: [(cpm of nuclei in pure extraetgcpm of These data suggest that the mitochondrial apoptotic pathway is in-
nuclei in extractst cyto c/dATP)/(cpm of nuclei in pure extracts)] 100.  volved in Fas-mediated apoptosis in prostatic carcinoma cells.
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CYTOCHROME C IN FAS-MEDIATED APOPTOSIS

A induced only 20—-30% DNA fragmentation. cyto c-activated DU145
PC3 ALVA31 extracts did not induce any significant DNA fragmentation. To deter-
. ' L mine whether the inability of DU145 extracts to induce apoptosis in

Cytoc o B 14.3 isolated nuclei was specific for the stimulation of apoptotic activity by
aFas: - + + + + - + + + cyto ¢, we also stimulated cytoplasmic extracts by the addition of
zZVAD-FMK: - - + = e s active recombinant caspase-8. Extracts from PC3, JCAL, and
8

o
N
H

Time,h: 0 2 4 8 ALVA31, but not extract from DU145, induced morphological
changes and DNA fragmentation in nuclei when active recombinant
DU145 caspase-8 was added to the cell-free system (data not shown). In

summary, stimulation of cytoplasmic extracts from ALVA31, PC3,

Cytoc - —-14.3
aFas: - + + + - + + + -
GHIC = = e m s A PC3  ALVA3! DU145
Time,h: 0 2 4 8 0 2 4 8 8 r X ' '
Caspase-8 # ww - B ew o m—— - W — P55
—— e B e _—pi8
B PC ALVA31 DU 145 S PR BT RTITS

f & " l 14 1 CHX: = = = = « « « =« = =« = 4 4 + %U’
Caspase-9 -~ - -_—— - —p46 Time,h: 0 2 4 8 02 48048 4838 §_)
. Q.
anti-Fas: - + + - 4+ + - + + + + - 8
CHX: = = =« = =« =« =« =« = 4+ 4+ + B E
Tme,h:0 4 8 0 4 8 0 4 84 8 8 = PC3 . ALVA31 . Jurkat ; t_z;
Fig. 1. cyto c is released into the cytosol, and caspase-9 is activated after anti-Fas BID == = - - - TEEE—— - 21.5 g\:
treatment. The cell lines PC3 and ALVA31 were treated with anti-Fas mAb (IPO-4, 1 anti-Fas: - 4+ + + + - +++ - ++ + §
rg/ml) for different times, and cytosols were prepared as described in “Materials and 5
Methods.” DU145 was treated with anti-Fas mAb alone or in parallel with anti-Fas mAb ~ ZVAD-FMK: = = = = + = = = = - - - - 8
and CHX (25,ug/ml)._ In PC3, we additionally examined the effect of ;VAD—fn}k on cyto Time,h:0 2 4 8 8 024802438 g
c release after anti-Fas treatment. Equal amountsdp of cytosolic protein were s
separated by SDS-PAGE, and Western blots with anti-cyto ¢ ¥\arfd anti-caspase-9 %
mADb (B) were performed as described in “Materials and Methods.” In PC3 and ALVA31, DU145 ot
monoclonal anti-caspase-9 antibodies were used; in DU145, rabbit polyclonal anti- i
caspase-9 antibodies were used (both from PharMingen). The anti-caspase-9 antibodies BID ehesan e — @& —215 El
(r:i(;%%r;z_egcf only the proenzymeldt 46,000; decrease of this band indicates activation of aFas: - + + + + - 3
CHX: - - - + + + %
Time,h: 0 4 8 4 8 8 s
Fig. 2. Caspase-8 is activated and Bid is processed after anti-Fas treatment. The cél
cyto ¢ Induces Caspase Act|v|’[y in Cyt0p|asmic ExtractsBe- lines PC3 and ALVA31 were treated with anti-Fas mAb (IPO-4ud/ml) for different g

ti-F t t t tri t | into th I times, and cytosols were prepared as described in “Materials and Methods.” DU145 wa&
cause anti-Fas treatment triggers cyto c release into the cytoso » t#¥ted with anti-Fas mAb alone or in parallel with anti-Fas mAb and CHXu@snl).

analyzed the effect of cyto ¢ on cytoplasmic extracts from PCB,PC3, we additionally examined the effect of zZVAD-fmk on the processing of Bid after
DUL4s, ALVASL, and JCAL. Afer incubation of cytoplasmic exZ1T28 Ueemer, S Smouns, (), s prosh Jere sebreed
tracts with 5um cyto ¢ and 1 mu dATP at 37°C for 45 min, We antibody were performed as described in “Materials and Methods.” The anti-Bid anti-
detected caspase-3-like activity in activated extracts from all four cétidies only recognized the full-size Bid bt, ~23,000 in PC3 and ALVA31, often &
ines when using Ac-DEVD-AMC as substrate (Fig. 3). Extracts froffe!f i 1y s i s and. P e resor, e s shon 2 8yt
JCAL displayed levels of DEVDase activity comparable with thoS@ind indicates processing of Bid and supposedly the generation of active Bid. @
from Jurkat, whereas extracts from PC3, ALVA31, and DU145 dis-
played lower activity. cyto c-activated extracts also displayed activity
with Ac-VEID-AMC, a selective substrate for caspase-6 (37), which ]
was about three times lower than DEVDase activity, and we did no& - | [_] control )
detect any activity with the caspase-1 substrate Ac-YVAD-AMC = IR - cytoc/dATP
(data not shown). Thus, we found caspase activity characteristic fom% |
members of the CPP32 subfamily, but activity specific for caspases og 44
the interleukin-B-converting enzyme subfamily was not detected.
cyto c-activated Extracts from PC3, JCAL, and ALVA31, but
not from DU145, Induce Apoptotic Events in Isolated Nuclei.
Subsequently, we examined whether the cyto c-induced caspase ags 21
tivity in the cytoplasmic extracts can mediate apoptotic events in.2 |
isolated cell nuclei. When isolated nuclei were incubated in cyto.®
c-activated cytoplasmic extracts from ALVA31 and JCAL, almost all o
nuclei displayed peripheral chromatin condensation and apoptotic
bodies, whereas activated PC3 extracts induced apoptotic features in

; : ; : Fig. 3. Cyto c/dATP induces DEVDase activity in cytoplasmic extracts. Cytoplasmic
many but not all nuclei. Incubation with DU145 extracts did not resuétxtracts were prepared from untreated prostatic carcinoma cells and incubated for 45 min

in significant morphological changes of the nuclei. DNA fragmentan the absence (control) or presence of cyto c/dATPuf&1 mw) at 37°C. After

tion was quantified by a radioactive DNA fragmentation assay usiritgubation, caspase activity was determined with caspase-3-like fluorogenic substrate
Py . . c-DEVD-AMC). The values were normalized to the value obtained for activated

pr9|ab6|ed nuclei (Flg' 4)' Activated ALVA31 extracts induced StronéUMS extracts. Values shown are the means of four experimeats; SD. DEVDase

DNA fragmentation (60%) in nuclei, whereas PC3 and JCAL extracisivity for Jurkat extracts is shown for comparison.
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80 DISCUSSION

< 707 T cyto cis released from the mitochondrial intermembrane space into
T 601 l the cytosol after the induction of apoptosis by many different stimuli
-% 50 (5, 38). Fas ligation has also been found to result in cyto c release (29,
% 40 T 39), although not in all reports (40—42). Most studies have used
£ hematopoietic cell lines to examine the involvement and mechanisms
8 301 T l = | . of cyto c release in the apoptotic process, whereas there are few
: 2091 | Lf <2 reports concerning cyto c release during apoptosis in epithelial cells.
& 10 |Pc3 2 liear| 2|3 For prostatic carcinoma cell lines, cyto c release has been detected in

0 = response to stimuli such as staurosporine (43), phosphatidylinositol

Cell Line

3’-kinase inhibitors (44), anticancer drugs, and tumor necrosis fac-
Fig. 4. cyto c-activated extracts induce DNA fragmentation in isolated nuclei. Preltor-a (45). However, it also has been reported that certain drugs
D e e e, yer 2 neUPffiduce apoptosis in PC3 but do not trigger cyto c refease, suggesting
c/dATP for 3—4 h at 37°C. After incubation, the nuclei were harvested through a glddat Cyto ¢ release is an inducer-dependent phenomenon (45).
o s e s o e pclos ot rimencl vrtors o 1, SLudy, e examined whether oto o is imvolved in Fas-
lhinif&trii(;r:ggrs (\;\;erZiSei. éy compa’:rison of the values obtaFi)ned in stimulated aﬂed_lated apoptosis Of. hum.an prostatic _carcmoma C?” lines and in-
nonstimulated extracts, the percentage of nuclear fragmentation was calculated. Y@&tigated the cyto c signaling pathway in these cell lines. We foun
presented values in this diagram are the means of eight (PC3), seven (DU145), tvat after Fas ligation, cyto c is released into the cytosol in PC3 andg
(JCAL), and six (ALVA31) independent experimentsars, SD. The fragmentation a1 \/A31 (Fig. 1A). cyto ¢ could be detected in the cytosol as early as§
activity of actlvat_ed Jurkat extracts as a positive reference control was only determlrﬁ L . . . ‘_‘i
once for comparison. after Fas ligation. We have shown previously that in the Fas-g
sensitive prostatic carcinoma cell lines PC3 and ALVA3L1, apoptoticz
features such as phosphatidylserine exposure and DNA fragmentatich
. ) . occur after at leas h of treatment with agonistic anti-Fas mAb (30).
and JCAL with cyto c or active caspase-8 induced nuclear apoptotiggitionally, we have demonstrated that in PC3 cells, activation o
activity, whereas DU145 extracts were inactive. _ caspase-8 occurs between Mahh ofanti-Fas treatment, and acti-
No Evidence Was Found for an Inhibitory Factor in DU145 yation of caspase-7 occurs afté h of treatment (31). Detection of
Extracts. As shown, cyto c-activated extracts from the Fas-resistajpcreased cyto c levels in the cytosol affeh of Fadligation indicates
cell line DU145 did not induce nuclear apoptotic events in the cellhat cyto c release is one of the early events in Fas-mediated apoptosdis
free system. We performed experiments to determine whether {Reprostatic carcinoma cell lines. We did not detect cytosolic cyto c&
presence of an inhibitory factor might be responsible for this lack gfcrease in the Fas-resistant cell line DU145 after treatment with anti-Fag
activity. We added extract from DU145 to cyto c-activated extractsAb, but cyto ¢ release was observed after 4—8 h of combined treatmeét
from PC3 and ALVA3L. The ability of PC3 and ALVA31 extracts toof DU145 with anti-Fas mAb and CHX (FigA). Because cyto c release
induce nuclear morphological changes and DNA fragmentation afiar Fas-mediated apoptosis is considered to be mediated by activat
cyto ¢ stimulation was not inhibited by the addition of DU145 cytoeaspase-8 (20, 36), this time course is consistent with our previou
plasmic extract, but as expected, v of the CPP32 subfamily finding that caspase-8 is activated after orl h of combined treatment
peptide-inhibitor zDEVD-fmk inhibited morphological changes angith anti-Fas mAb and CHX (31). These results also support our hypoths
DNA laddering (Fig. 5). esis that the putative inhibitory factor(s), which is responsible for Fa%"
In the presence of CHX, DU145 becomes sensitive to Fas-mediatedistance in DU145, acts at the apex of the cascade, presumably at tie
apoptosis (30). Thus, we examined whether extracts from CHX-treatedel of caspase-8 activation (31). S
DU145 cells can induce DNA fragmentation upon cyto ¢ stimulation. Recent studies of Fas-mediated apoptosis have implicated thg
Extracts from CHX-treated DU145 did not induce DNA fragmentationleavage of Bid by caspase-8, resulting in the translocation of th&
(data not shown). Thus, there is no evidence for the existence of an
inhibitory factor(s) in DU145 extracts that might be responsible for the
inactivity of DU145 extracts in the cell-free system. PC3 ALVA31
Activation Status of Caspases in cyto c-stimulated Extracts. M T M
cyto c treatment induced caspase activity in the cell extracts from all
four cell lines, although there were differences in the level of activity
(Fig. 3). Furthermore, remarkable differences in the nuclear apoptotic
activity were also detected in the cytoplasmic extracts from the four
different cell lines (Fig. 4) which, however, did not correlate with the
differences in caspase activity. Therefore, the activation status of
individual caspases was determined. Western blotting revealed that
caspase-9 was activated in all extracts when cyto ¢ and dATP were

unofioee,

=

ueo/b1o"s|eu.

ZRio9s

8LESYT/IDL

0

$20Z 4890100 1 uo 1senb Aq

added (Fig. 6). We detected comparable expression and activation of ~ CYt0 C/dATP: -+ + 4+t s++++
caspase-7 in all activated extracts (Figh).7In contrast, levels of zZDEVD-fmk, uM: - =0110 - - =0110-
pro-caspase-3 and its activated pl7 subunit varied considerably in T
extracts from the different cell lines (FigBY. High levels of the p17 +375ug +375ug
subunit were detected in JCAL extracts, moderate levels in PC3 and in DU145 DU145
ALVA31 extracts, and DU145 extracts displayed the lowest level of extract extract

active caspase-3. . . . Fig. 5. DU145 extract does not inhibit DNA laddering activity of PC3 and ALVA31
We could not detect activation of caspase-8 and caspase-10 indkcts. Jurkat nuclei were incubated for 3-4 h at 37°C in cyto c-activated cytoplasmic

extracts, but we have evidence for the activation of caspase-G,GéESaCtS (375ug protein) from PC3 or ALVA3L1 in the presence or absence of DU145

. . tract (375ug protein) or in the presence or absence of zDEVD-fmk (0.1 angwi1)0
IUdged by the decrease of the correspondlng proenzyme bands Fincubation, genomic DNA was isolated from the nuclei and separated on 1.5%

cyto ¢ stimulation (data not shown). agarose gels. DNA was detected with ethidium bromide.
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0 5 (35), apoptosis-inducing factor (13), and the DNA fragmentation

<t ~— < factor ICAD (inhibitor of caspase-activated DNase; Ref. 46). It has
8 5 6 Z become clear that the apoptotic pathways acting in the cytoplasm
a a ) < function independently from the nucleus, and thus cell-free systems

I T T T 1 appear to be appropriate model systems that represent at least part of
PA6 — - — — the apoptotic machinery and signaling mechanisms (47—49).

Caspase-9 We used a cell-free system to determine whether cyto c can trigger

p35— - apoptotic activity in the cytosol of the prostatic cancer cell lines.

Cyto ¢dATP: =+ =+ = + = + Incubation of isolated nuclei together with cyto c-activated extracts

Fig. 6. Caspase-9 is activated by cyto c/dATP in all cytoplasmic extracts examinéfpm PC3, JCAL, and ALVA31 re_S'UIted in nuclear apoptotic feature_s
Cytoplasmic extracts (75g protein) were incubated in the presence or absence of cy®UCh as characteristic morphological changes and DNA fragmentation

c/c:ATlP (Spm/l ”tN) at 37°CI foij 63 mint. A;tgrsin;xgaéifa, ezqotf)?l)amognxtﬂtﬂofgtatl (Fig. 4). Thus, in these cell lines, the pathways leading from cyto ¢
cytoplasmic protein were loaded onto - —20%), an estern blots w . . .
performed using antibodies against caspase-9 (Oncogene). This antibody recognizeg@gase to the execution of nuclear apoptosis appear to be intact. The

proenzyme band &, 46,000 and the active form &, 35,000. degree of DNA fragmentation induced by activated extracts from the
different cell lines varied considerably. Caspase-3-like activity was

essential for the induction of DNA fragmentation in isolated nuclei

truncated Bid to the mitochondria, where it induces the release of qﬂ@cause we found its complete inhibition by ZDEVD-fmk (Fig

¢ (20, 36.)' In thls_rep_ort, we demonstr_ate that Bid is processed a " However, the level of caspase activity in a certain cell extract Wasg
Fas-mediated activation of caspase-8 in PC3, DU145, and ALVA
In PC3, Bid cleavage and cyto c release can be inhibited by t

caspase inhibitor zVAD-fmk (Fig.Aand Fig. B). The primary target

t correlated with the degree of DNA fragmentation induced by thisg
Stract. For example, cyto c-activated JCAL extracts exhibited a higlg
) T .2~ level of active caspase-3 (FigBy and displayed high DEVDase

of zZVAD-fmk presumably is the inhibition of caspase-8 activatio ctivity (Fig. 3) but induced only moderate DNA fragmentation in

e e e " Sl (i, &), whereas ALVASL extacs nduced srong DNA s
gcy ' ntation activity but had much lower levels of active caspase-38

result suggesis that after Fas ligation and activation of F:aspase-S, I%lijs, additional factors other than just the level of activated caspase-8
is cleaved by caspase-8, and the resulting truncated Bid triggers cyto 3

. . ; ear to influence the capacity of cytoplasmic extracts to induc
c release from the mitochondria into the cytosol of prostatic car pp pactty yiop %

noma cell lines. However, it cannot be entirely ruled out th;fPNtA ;?Slgigtﬁlg:tigngﬁtﬁgltl-tfrzii fai/rs\txsghave been unable to dete
caspase-8 first activates downstream caspases such as caspasé-?$

which then induces cyto c release by activating cytosolic factors otr?ecrt'_vamd caspgse-S In extracts from PC3 and DU145 treated wit
than Bid, as was reported recently (29) anti-Fas or anti-Fas/CHX in culture (31). However, we report here
After éyto c release into the cytosol, caspase-9 is activated by tﬁrtu’@t cell-fre_e actiyation of cytoplasmic extracts with cyto ¢ (Fig) 7 ®
formation of the apoptosome (7), and by this the executioner phaseaBl‘_1 also with active recombinant caspase-8 _(no_t sht_)wn) does result 8
apoptosis is initiatedg.g., by the activation of caspase-7, as has beeiftivated caspase-3. Because caspase activation in cell-free systegs
reported previously in Fas-mediated apoptosis of prostatic carcinofParently recapitulates the selectivity observed in treated intact cell§
cell lines (31). In fact, we were able to detect the processing 9), our cell-free experiments might indicate that caspase-3 is act%
caspase-9 after Fas ligation (Figg)L vated during Fas-mediated apoptosis in PC3 and DU145 on a Iovg:;s
Cell-free systems have been successfully applied previously in {gyel that can be detected under cell-free conditions but not in extracts

. . ... ©
dissection of biochemical mechanisms during the apoptotic proce5@M anti-Fas-treated cells because of a lack of detection sensitivityg
such as the identification and characterization of the “apoptosome’consistent with previous studies (31, 43), the cell-free experimentsg

show that caspase-7 is expressed at similar levels and is activated &t

o

a high level in all prostate carcinoma cells examined (Fiy). &nd &

//:dny woy

Bo/B1

|01}48/S8.I0!

A thus appears to be the dominant executioner caspase in these cell Iinés.
—PC3 DUMS JCA1 ALVA3I However, high levels of active caspase-7 are obviously not sufficieng
to confer nuclear apoptotic activity because, for instance, stimulateé;
e :-: .‘ _': DU145 extracts possess high levels of activated caspase-7 but do nt
- — — Caspase-7 induce oligonucleosomal DNA fragmentation in isolated nuclei. 5
p20— -~ a - &b - The inability of cytoplasmic DU145 extracts to trigger nuclear §
apoptotic events in the cell-free system was shown to not be specifig
Cyloc/dATP: . 4+ - + - + - + for a certain signaling pathway because neither cyto ¢ nor caspase8
was found to induce nuclear apoptotic events in cytoplasmic extracts
B from DU145. In contrast, caspase-8 induced strong nuclear apoptotic
- PE3 .DUN5._JOAT ALVASL Jurkal activity in extracts from PC3, JCA1, and ALVA31 (data not shown).
Mixing experiments did not show any evidence for the presence of an
P32- i - - @ .‘ inhibitory factor in DU145 extracts (Fig. 5). Thus, the inactivity of
Caspase-3 DU145 extracts in the cell-free system has to be attributed to a deficiency
of an activity. Because DU145 cells do undergo DNA fragmentation
p17- — - - .. when cultured in the presence of anti-Fas mAb and CHX, the inactivity
CHOGHATP, = + = + = # = % = + observed in the cell-free system might be an artifact. Alternatively, the

nuclear apoptotic activity in DU145 depends on a factor(s) that is in place

Fig. 7. Western blot analysis of caspase-3 and caspase-7 in cyto c-activated cytopigger induction of apoptosis in Iiving cells but not after induction of
mic extracts. Cytoplasmic extracts ({8 protein) were incubated in the presence or . | . A d hat indeed
absence of cyto c/dATP (&m/1 mm) at 37°C for 90 min. After incubation, equal amounts apoptosis In cytoplasmic extracts. recent study suggests that indee

(20 ug) of total cytoplasmic protein were loaded onto SDS-PAGE (4-20%), and Westeiiere might be differences between the activation processes occurring in
blots were performed using antibodies against caspagete¢ognizes pro-caspase-7 atfregted intact cells and in cell-free systems (49).

p35 kDa and active p20 subunit) and caspasB:3€cognizes pro-caspase-3 at p32 kDa . . . .

and active p17 subunit). For the caspase-3 blot, Jurkat extracts were loaded for com .all-n Condusjlon{ our F’ata suggest that in prostatic carcmoma cell
ison. ines, Fas ligation triggers a cascade that leads from activated
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caspase-8 over the processing of Bid to the release of cyto c into #eLi, F., Srinivasan, A, Wang, Y., Armstrong, R. C., Tomaselli, K. J., and Fritz, L. C.
cytosol and activation of caspase-9. The release of cyto ¢ is an ea”yCell-speuflc induction of apoptosis by microinjection of cytochrome c: Bcl-xL has

. . - . . . activity independent of cytochronwrelease. J. Biol. Chen272: 30299-30305, 1997.
event in Fas-mediated apoptosis in prostatic carcinoma cell llr%s. Srinivasan, A., Li, F., Wong, A., Kodandapani, L., Smidt, R., Jr., Krebs, J. F., Fritz,

because it can be observed as eady2ah after Fas ligation. The | c., wu, J. C., and Tomaselli, K. J. Bcl-xL functions downstream of caspase-8 to
results from the cell-free system suggest that the apoptotic executionetinhibit Fas- and tumor necrosis factor receptor 1-induced apoptosis of MCF7 breast

signaling pathway(s) induced by cyto c is usually in place and com- carcinoma cells. J. Biol. Chen73: 4523-4529, 1998.

. . . _ _ _ T4 Armstrong, R. C., Aja, T., Xiang, J., Gaur, S., Krebs, J. F., Hoang, K., Bai, X.,
prises the activation of caspase 9, caspase 7, and caspase 3. “% tr@ors;mc—:yer, S. J., Karanewsky, D. S., Fritz, L. C., and Tomaselli, K. J. Fas-induced

Ce"'free_ syst_e_m, caspase-3-like aCtiVitY is essential _for the n_U_Clear activation of the cell death-related protease CPP32 is inhibited by Bcl-2 and by ICE
apoptotic activity of extracts exerted on isolated nuclei, but additional family protease inhibitors. J. Biol. Chen271: 16850—16855, 1996.
factors other than just the level of active executioner caspases ap@8akuwana, T., Smith, J. J., Muzio, M., Dixit, V., Newmeyer, D. D., and Kornbluth, S.

: i ; ; Apoptosis induction by caspase-8 is amplified through the mitochondrial release of
to influence the capability to induce DNA fragmentation. cytochromec. J. Biol. Chem.273: 16589-16504, 1998,

29. Bossy-Wetzel, E., and Green, D. R. Caspases induce cytoclragiease from mito-
chondria by activating cytosolic factors. J. Biol. Che&V4: 17484—17490, 1999.
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