British Journal of Cancer (2000) 82(11), 1827-1834
© 2000 Cancer Research Campaign ®
DOI: 10.1054/ bjoc.2000.1149, available online at http://www.idealibrary.com on 1 E%l '

Activation of SAPK/JNK by camptothecin sensitizes
androgen-independent prostate cancer cells to
Fas-induced apoptosis

AP Costa-Pereira*, SL McKennat and TG Cotter

Tumour Biology Laboratory, Department of Biochemistry, University College, Ireland

Summary  We have previously shown that the androgen-independent prostate cancer cells DU145, despite expressing Fas and FasL, were
resistant to anti-Fas-induced apoptosis, and that this resistance could be overcome by pretreating the cells with sublethal doses of
camptothecin. Here, we provide evidence that SAPK/INK activity is required for camptothecin sensitization to anti-Fas-induced apoptosis.
Camptothecin, but not Fas ligation, was shown to activate SAPK/JNK in a time-dependent manner, and to induce c-Jun expression. The
effects were more prominent in cells treated with both camptothecin and anti-Fas. The expression levels of MKP-1, a phosphatase which
regulates SAPK/JNK and which has been implicated in prostate cancer resistance to apoptosis, remained unchanged. Inhibition of caspases
had no effect on the SAPK/INK activation, suggesting that this activation is an upstream event in the Fas-signalling pathway, and is
independent of caspase activity. Antisense oligonucleotides targeted to JNK1 and JNK2 reversed the effect of camptothecin. These results
suggest that stress kinase activation can significantly influence the fate of androgen-independent prostate cancer cells following Fas receptor
ligation. © 2000 Cancer Research Campaign
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Novel topoisomerase | inhibitors are being developed as potentiapoptosis (Hedlund et al, 1998; Costa-Pereira and Cotter,
therapeutic agents for a variety of solid tumours (de Souza et d999).
1997). The topoisomerase | inhibitor camptothecin has been DNA-damaging agents and DNA-reactive chemicals are able to
shown to have substantial activity against a variety of prostatanduce several cellular responses, the most general one being
cancer cell lines in vitro. Recently, 9-aminocamptothecin, astabilization of p53 and subsequent®& cell cycle arrest (Kastan
derivative of camptothecin, has been shown to be active againet al, 1991; Kuerbitz et al, 1992). However, many cancers express
hormone-refractory prostate cancer cells, and it is being tested innautant p53. Thus, additional responses must be used by cytotoxic
phase Il clinical trial (de Souza et al, 1997). Camptothecin haagents to induce apoptosis. Some DNA-damaging agents also
been shown to induce single-strand DNA breaks in the presence ioiduce the activation of stress-activated protein kinases, such as
topoisomerase |, which is the major target for its anti-tumouthe SAPK/IJNK and/or p38MAPK cascades (Dhanasekaran and
effect (Hsiang et al, 1989). Reddy, 1998; Sanchez-Perez et al, 1998). The SAPK/JNK-
The cell surface receptor Fas (CD95/APO-1) belongs to theignalling pathway, which is activated in response to a variety of
nerve growth factor/tumour necrosis factor (NGF/TNF) receptorcytotoxic stresses, involves the sequential phosphorylation of
family, and its main function is believed to be the induction ofMEKK, MKK4 and/or MKK7, and SAPK/INK (Kyriakis and
apoptosis in a variety of cell types (Yonehara et al, 1989; Oehmvruch, 1996). MKK7 has been shown to be induced by pro-
et al, 1992). The Fas/FasL system plays a key role in the developflammatory cytokines and by osmotic stress (Finch et al, 1997).
ment, homeostasis, modulation and function of the immunénterestingly, Fas-induced apoptosis in T-cells was shown to
system (Leibson, 1997). In addition, Fas has been implicated in thevolve MKK7-SAPK/JNK- and MKK6-p38MAPK-signalling
maintenance of immune privilege in tissues such as the brain, eye®dules (Toyoshima et al, 1997). It appears that pro-inflammatory
and testis, presumably by inducing apoptosis in infiltrating inflam-cytokines preferentially activate MKK7, whereas other stresses
matory cells (Griffith et al, 1995). The concept of a ‘Fas counteractivate both MKK4 and MKK7 (Dhanasekaran and Reddy,
attack’ has emerged as a possible mechanism used by tumoursl®@98). Thus, MKK4 and MKK7 seem to be differentially regu-
escape immune surveillance (O’Connell et al, 1996; Villungedated and it raises an interesting possibility that different stimuli
et al, 1997). Recently, it has been shown that the normakcruit MKK4 and MKK7 based on their need to co-stimulate the
epithelium, as well as locally invasive prostate cancers, have tiE88MAPK cascade or not. Phosphorylated and activated
potential to undergo Fas-induced apoptosis, whereas metastaB&APK/INK translocates into the nucleus where it can phosphory-
prostate cancers have a reduced susceptibility to Fas-mediatiede a number of transcription factors, such as c-Jun and ATF-2
(Gupta et al, 1995).
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The importance of SAPK/INK activity in Fas-signalling path- Morphological analysis

ways is still controversial, with evidence for and against its

. . . . . Cells were harvested and cytospun onto slides. Cells were then
involvement (Goillot et al, 1997; Juo et al, 1997; Lenczowski et al, tained using the Rapi-Diff Il kit (LanganBack, Ireland), which is

1997). Although DU145 cells are resistant to anti-Fas-mediated

. = . o . .
cytotoxicity, the cells retain the cellular components of the apop9onSIStS of a fixing solution (100% methanol), an acid dye which

. ; . stains the nucleus (Eosin Y, 0.1% wl/v; formaldehyde phosphate
totic machinery necessary to undergo death triggered by Fas, . . .

. . .dibasic, 0.4% w/v; potassium phosphate monobasic, 0.5% w/v),
the resistance can be overcome by pretreating the cells wit

sublethal doses of camptothecin. This effect is independent c?fnd a basic dye which stains the cytoplasm (methylene biue-poly-

. . . hrom, 0.4% w/v; azure A, 0.4% w/v; sodium phosphate dibasic
receptor expression, as levels were the same in resistant and sensi-—, ' ! ! . !
P b 4% wlv; potassium phosphate monobasic, 0.5% w/v). Cell

tized cells (Costa-Pereira and Cotter, 1999). Other cytotoxic druqﬁ,]or holoay was assessed by light microscobv. using breviousl
(e.g. topoisomerase Il inhibitors, non-classical alkylating agents P 9y y 19 PY: 9p y

RNA transcription inhibitors) have also been shown to sensitizg’aflned criteria, such as membrane blebbing, cell shrinkage and

DU145 cells, although to a lesser extent (Uslu et al, 1997; Costé:-hromatm condensation (Wyllie et al, 1980).
Pereira and Cotter, 1999). Since different modes of action sensitize

DU145 cells to anti-Fas-induced apoptosis, a common ‘stressAestern blot

activated pathway’ is likely to be targeted. Here, we pl’O\lidP\Nhole cell lysates were prepared by solubilizing &d€lls in
evidence that camptothecin, but not anti-Fas, strongly and persiE- . .
Ol of RIPA buffer (50 mm Tris—HCI, pH 7.4; 150 m sodium

tently activated SAPK/INK in DU145 cells. Furthermore, we . ) ) o . .
show that activation of SAPK/INK, and induction of c-Jun expres-Chlorlde (NaCl); 1m EGTA; 0.25% viv sodium deoxycholate;

sion correlate with apoptosis. Antisense oligonucleotides targetel}iiu?ﬁ d(\e/'/vo’\ipn_njoiohlern:;/lri(()a(tjrzl;/rlzuIc;)rktlg?]\;&lmf?l?:rtiﬁ;ez'h;n;%OdrwS

to JNK1 and JNK2 reversed camptothecin sensitization to anti-

L h 2 L -
Fas-mediated apoptosis, suggesting a key role for SAPK/INK iantlpaln, 1.0ug mI— aprotinin; 1.QJg_ ml _chymo_statln,
. . . .1ug mtt leupeptin; 4.Qug mt?! pepstatin) and incubating cells
Fas-mediated apoptotic cell death in DU145 cells. ; . . ; .
on ice for 1 h. Prior to electrophoresis, cells were diluted in

2 x SDS (sodium dodecyl sulphate) gel-loading buffer (1860 m

MATERIALS AND METHODS Tris—HCI, pH 6.8; 200 m dithiothreitol (DTT); 4.0% w/v SDS;
0.2% w/v bromophenol blue; 20% v/v glycerol) and boiled for 15
Cell lines and reagents min. Proteins were separated in a 10% (w/v) polyacrylamide gel

and blotted onto Trans-Blot nitrocellulose membrane. After
mocking, the membrane was incubated with the primary antibody
of interest (anti-c-Jun, 259 mF%; anti-SAPK/JINK, 1ug mi?) for

The metastatic prostate cancer cell line DU145 was obtained fro
American Type Culture Collection (Rockville, MD, USA).

Primary antibodies used in this study were anti-Fas IgM, clon h at room temperature, followed by the relevant secondary
Ch-11 (Upstate Biotechnology, Waltham, MA, USA); anti-JNK1, horseradish  peroxidase (HRP)-conjugated antibody. The

C-17 (Santa Cruz); anti-c-Jun/AP-1, Ab-1 (Oncogene Research . .
Products, MA, USA): and anfi-actin (Sigma, Poole, UK). The membrane was probed with enhanced chemiluminescence (ECL)

caspase inhibitor benzyloxycarbonyl-Val-Ala-Asp-fluoromethyl (Amersham) and exposed to Kodak X-OMAT LS film (Sigma).

ketone (z-VAD) was purchased from Enzyme System Products
(Livermore, CA, USA). Cell culture reagents were purchased fronMeasurement of SAPK/INK activity
Gibco-BRL (Paisley, UK), protein gel electrophoresis reagents ) . ) ) )
from BioRad (Hertfordshire, UK) and the SAPK/INK assay kit SAPK/JNK kinase aptmty was_measured using a non-_radloactlve
from New England BioLabs (UK) Ltd. (Hertfordshire, UK). kit _(New En_gland Biolabs) wh_lch employs an N-terminal c-Jl_m
The phosphorothioate oligonucleotides used in this study Wer@spn_proteln bound to glutathione sepharose beads to selectively
purchased from Genosys (UK). Cytotoxic drugs were from SigmaPrecipitate SAPK/INK from cell lysates.
and all other reagents were obtained from BDH (Cork, Ireland).
Preparation of cell lysates
DU145 (1x10°) were plated in 6-well plates and cultured for 24 h.
Cells were treated with either camptothecin (100 ng) panti-Fas
Cells were cultured in RPMI-1640 medium containing 5% (v/v)!gM (200 ng mt?), or both. At the appropriate times, after a wash
fetal calf serum, 2m L-glutamine, supplemented with peni- With cold phosphate buffered saline (PBS), f0®f 1 x lysis
cillin-streptomycin (101U mf, 10pg mt) and fungizone buffer (20 mu Tris, pH 7.4; 150 m NaCl; 1 v EGTA; 1 mu
amphotericin B (2.519 mF). Cells were grown at 3C in a  EDTA; 1% v/v Triton X-100; 2.5m sodium pyrophosphate;
humidified 5% carbon dioxide atmosphere and were routinelyt mv [B-glycerolphosphate; 1m NaVO,; 1ug mi* leupeptin;
subcultured every 4 days. Cell density and viability were assessddmM PMSF) was added to cells and the plate was incubated on ice
by trypan blue exclusion, using a haemocytometer. for 5min. The cells were scraped off the plate, transferred to
microcentrifuge tubes and sonicated 4 times for 5s. Cells were
then centrifuged at 14 000 rpm for 10 min atC4and the
supernatants were stored at 2C0
Cells were plated in 24-well plates and treatment with anti-Fas

; .
IgM (200 ng mtt) was carried out for 24 h. Whenever used, CytO'SAPK/JNK ‘immunoprecipitation’

toxic drugs (100 ng mi camptothecin, 2.fig mf* anisomycin), . GSH-c-Jun fusion protein (2g) was added to protein sample

were added 5 min prior to anti-Fas IgM. z-VAD was added 5 min . . o
prior the addition of cytotoxics. (250ug) and incubated overnight at°G. Samples were

Cell culture

Fas-induced cell death
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Figure 1  Anisomycin causes an early and persistent activation of SAPK/INK, and sensitiszes DU145 cells to anti-Fas in a manner analogous to camptothecin.
(A) SAPK/JINK activity is evident 1 h following treatment with anisomycin (2.5 ug mi), and remains elevated at least until 12 h post-treatment. As an additional
control for initial protein concentration, B-actin was assessed in supernatant extracts. (B) Cells were treated with camptothecin (100 ng mI*), or anisomycin

(2.5 pg mi?), and concomitantly incubated with anti-Fas IgM (200 ng mi2), for 24 h, and apoptosis levels were assessed by morphological analysis. The data
(from three independent microscopic fields) represents mean apoptosis * standard error of the mean. (C) Typical cellular morphology of (A) untreated DU145

cells, and cells treated with (B) anti-Fas IgM, (C) camptothecin, (D) camptothecin plus anti-Fas; (E) anisomycin; and (F) anisomycin plus anti-Fas. The results
shown are representative of at least three independent experiments

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(11), 1827-1834
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microcentrifuged at 14 000 rpm for 1 min &4 The pellets were 5 1h 8h
washed twice with 500l of 1 x lysis buffer, followed by two 1 2 3 4 5 6 7 8
washes with 50Q1 of 1 x kinase buffer (25 m Tris, pH 7.5; 5 mu
B-glycerolphosphate; 2m DTT; 0.1mv NaVO, 10mu  P3 ®-c-aun _
Kinase assay

The pellet was then resuspended inub@ x kinase buffer supple-

mented with 24@um ATP and incubated for 30 min at 3D

The reaction was terminated with @63 x SDS sample buffer B 1h sh
(187.5 mu Tris—HCI, pH 6.8; 6% w/v SDS; 30% v/v glycerol,

magnesium chloride (MggQ). p 33 @-c-Jun

150 mm DTT, 0.3% w/v bromophenol blue). Samples were boilec = . 2 - . S . =
for 5 min and then microcentrifuged for 2 min. Samples were the,,

run on a 10% (w/v) SDS polyacrylamide gel.

B-Actin

Western immunoblotting and detection of proteins B-actin
The membrane was blocked with blocking buffex(IBS; 0.1%
Tween-20; 5% wi/v non-fat dry milk) for 1 h at room temperature,

; ; ~ [T : Figure 2 Camptothecin, but not anti-Fas, strongly and persistently activates
and then incubated with a phOSphO SpeCIfIC c-Jun antlbOdSAPKIJNK in DU145 prostate cancer cells. (A) SAPK/INK activity was

(1/1000 dilution in 1x TBS, 0.05% v/v Tween-20; 5% w/v BSA) measured on extracts of untreated cells (lanes 1 and 5), and of cells treated
at £C, overnight. The membrane was incubated with anti-rabbitwith anti-Fas (200 ng mi) (lanes 2 and 6), camptothecin (100 ng mi™) (lanes

. . 3 and 7), or both (lanes 4 and 8) for 1 (lanes 1-4), or 8 h (lanes 5-8).
HRP-conjugated antibody (1/2000) for 1 h, at room temper&"tl""'SAPK/JNK activity is evident 1 h after treatment with camptothecin and anti-

and probed with PhototopddRP Western blot detection kit (New Fas, and it increases in a time-dependent manner. Although anti-Fas fails to
Enaland BioL for X re to K k X-OMAT LS film activate SAPK/JINK, it potentiates camptothecin-induced SAPK/INK activity.
.g and Bio abs) before e posure to oda 0 S (B) Endogenous expression of SAPK/INK is not altered by treatment with
- camptothecin, anti-Fas, or bot
(Sigma) hecin, anti both

Inhibition of SAPK/JNK activity by antisense

. . homologous desensitization of immediate early (IE) gene induction
olinucleotides

and stress kinase activation (Hazzalin et al, 1998). Indeed, in DU145
The antisense (AS) sequences were chosen based on their abilitpstate cancer cells anisomycin induces an early and persistent acti-
to eliminate steady target RNA > 95% (Bost et al, 1997). Twovation of SAPK/INK (Figure 1A). There is some controversy in the
antisense sequences against the two major forms of SAPHKiterature as to whether or not SAPK/INK activity can influence
JNK (JNK1 and JNK2) were chosen with sequence€Ts Fas-induced apoptotic signalling pathways. We have recently shown
CTCTGTAGGCCCGC TTGG-3and 3-GTCCGGGCCAGGCC- that DU145 cells were highly resistant to anti-Fas IgM treatment.
AAAGTC-3'. The sequences of the control (NS) oligonucleotidesThis resistance was overcome by pretreating the cells with sublethal
were 3-CTTTCCGTTGGACCCCTGGG-3and B-GTGCGCG-  doses of camptothecin. To address the question of whether camp-
GAGCCCGAAATC-3. Cells were harvested by trypsinization, tothecin was sensitizing DU145 cells to anti-Fas via a mechanism
washed twice with warm PBS, then resuspended in electroporavhich involved activation of SAPK/INK, we elevated the activity of
tion buffer (control samples, PBS only; AS-treated samples, PBSAPK/INK using anisomycin and assessed cell sensitivity to Fas
containing 2um JNK1 AS and 2u4M JNK2 AS; NS-treated ligation. Cells were treated for 24 h with equally sublethal doses of
samples, PBS containingp@ JNK1 NS and 2um JNK2 NS) at  anisomycin (2.51g mi?) and anti-Fas (200 ng i, and apoptosis
1 x 107/0.8 ml, and incubated at room temperature for 10 min. Thdevels were compared with those induced by concomitant treatment
oligonucleotides were delivered by electroporation (0.15 mV,of cells with camptothecin (100 ng ™)land anti-Fas IgM. Figure
960 mF) using a Gene Pulser (BioRad). Following incubation orlB and IC shows that anisomycin potentiated anti-Fas-induced
ice for 14 min, cells were washed twice with cold PBS,apoptosis to exactly the same extent as camptothecin, suggesting
resuspended in complete media (RPMI-1640; FCS, 5%.uwv/v; that elevation of SAPK/INK activity can sensitize DU145 prostate
GIn,\\ 2 mv), supplemented with antibiotics. Cells were thencancer cells to anti-Fas-induced apoptosis. Anisomycin has been
plated in 6-well plates and cultured for 24 h, after which periodreported to activate both SAPK/INK and p38MAPK. We repeated
treatments with anti-Fas (200 ngland camptothecin (100 ng our Fas sensitization experiments in the presence of a specific
ml-Y) were carried out. At the appropriate times, protein extractp38MAPK inhibitor SB203580 (Juo et al, 1997). Inhibition of this
and cytospins were prepared, and analysed as previouskinase had no effect on sensitization to Fas-mediated apoptosis (data
described. not shown).

RESULTS Camptothecin, but not anti-Fas, strongly and
persistently activates SAPK/INK in DU145 cells
Anisomycin potentiates anti-Fas-mediated cytotoxicity

in a manner analogous to camptothecin To address the question of whether camptothecin was sensitizing

the DU145 cells to anti-Fas by activating the SAPK/JNK cascade,
Anisomycin has previously been shown to act exactly like eells were treated with anti-Fas (200 ng-3nl camptothecin
signalling agonist in eliciting highly specific and virtually complete (100 ng mtY), or both, for varying periods of time, and the kinase

British Journal of Cancer (2000) 82(11), 1827-1834 © 2000 Cancer Research Campaign



Untreated Anti-Fas Camp. Camp.+Anti-Fas

c-Jun

B-actin

Figure 3  The c-Jun protein expression in DU145 cells increases after
treatment with camptothecin. Protein extracts of untreated cells, and cells
treated with anti-Fas (200 ng ml-*), camptothecin (100 ng mI), or
camptothecin and anti-Fas, for 24 h, were run on a 10% (w/v) SDS-PAGE.
B-actin was also probed for to ensure equal protein loading

Untreated Anti-Fas Camp.  Camp.+Anti-Fas

MKP-1

B-actin

Figure 4 MKP-1 expression in DU145 cells. Expression was determined in
untreated cells, and in cells treated with anti-Fas (200 ng mi~t), camptothecin
(100 ng mi-%), or with both for 24 h. -actin was probed to ensure equal
protein loading of the gel

Camptothecin sensitizes DU145 cells to anti-Fas via SAPK 1831

p 35 ®-c-Jun

p33 ®-C—Jun

B-actin

Figure 5 Inhibition of caspases has no effect on SAPK/INK activation by
camptothecin and anti-Fas. SAPK/INK activity was measured in untreated
(lane 2) DU145 cells, and cells treated with camptothecin (100 ng ml-*) and
anti-Fas (200 ng mI) in the presence of z-VAD (50 uw), for 12 h (lane 1).
As a control, B-actin was assessed in supernatant fractions

pathways (Magi-Galluzzi et al, 1997). In addition, it has been
shown that MKP-1 is often overexpressed in prostate cancers anc
that it inhibits apoptosis in human prostate tumours (Magi-
Galluzzi et al, 1997). Moreover, SAPK/IJNK enzymatic activity
seems to be inversely related to MKP-1 expression (Magi-Galluzzi
et al, 1998). To determine whether camptothecin sensitization was
mediated via inhibition or down-regulation of MKP-1, cells were
treated as described above and the expression of MKP-1 assesse

by Western blot analysis (Figure 4). Neither camptothecin, nor

anti-Fas had any effect on MKP-1 expression, indicating that
activity was measured as described in Materials and Methodsamptothecin’s effect was independent of MKP-1 expression
Camptothecin strongly and persistently activated SAPK/JNKlevels.
(Figure 2A). Anti-Fas treatment alone failed to induce SAPK/INK,
but it potentiated the activation induced by camptothecin. Th o S .
endogenous levels of SAPK/INK (Figure 2B) remained%:amptothecm-ln.duced actlvgtlon .Of SAPK/INK is an
unchanged, indicating that camptothecin and anti-Fas have n%ostream eventin the Fas-signalling pathway
effect on SAPK/JINK expression levels. Fas signalling has been shown to involve sequential activation of
caspases (Enari et al, 1996; Logthorne et al, 1997). We have previ-
ously shown that camptothecin and anti-Fas-induced apoptosis
involved caspases, as apoptosis could be blocked by the caspas
pan-inhibitor z-VAD (Costa-Pereira and Cotter, 1999). To investi-
c-Jun is an inducible transcription factor which directs changes ajate whether inhibition of caspase activity influenced campto-
gene expression in response to multiple extracellular stimulithecin-induced SAPK/INK activation, cells were treated with
Transcription ot-junmRNA rises after exposure to cytokines and camptothecin (100 ng m), and anti-Fas (200 ng ™l in the
cytotoxic stresses (Ham et al, 1995; Leppa et al, 1998). Howeveasresence of z-VAD (5Qm) and the activity of SAPK/INK was
the activity of c-Jun can also be modulated at the protein levetletermined as previously. Although z-VAD completely blocked
Indeed, a number of regulatory phosphorylations occur on SerGnti-Fas-mediated cytotoxicity, it had no effect on camptothecin-
and Ser73, and Thr91 and/or Thr93 within thens-activation  induced SAPK/JINK activity (Figure 5). These results suggest that
domain of c-Jun. These phosphorylations result in the stabilizatioBAPK/IJNK activation is not caspase-dependent, and that
of c-Jun, as well as enhancedns-activation and DNA-binding SAPK/INK activation is not a secondary effect of the death
activity (Smeal et al, 1992; Léppa et al, 1998). Importantly, c-Juiinduced by anti-Fas. Furthermore, the results indicate that
has been shown to be activated during the initiation of apoptosisamptothecin-induced activation of SAPK/JNK is upstream from
induced by radiation and chemotherapy in the prostate (Furuya améspases and, thus an early event in the Fas-signalling pathway.
Isaacs, 1993). Here, we show that treatment with camptothecin,
but not with anti-Fas, induced c-Jun expression (Figure 3)SAPK/JNK activity is absolutely required for the

providing further evidence for an important role of SAPK/INK . L .
cascade in camptothecin-mediated anti-Fas-induced apoptosis |Irhduct|on of apoptosis in DU145 cells by camptothecin

and anti-Fas
prostate cancer cells.

Expression of c-Jun is induced by camptothecin, but
not by anti-Fas

Experiments thus far have demonstrated that the induction of
stress kinase activity parallels camptothecin sensitization of
DU145 cells to anti-Fas-induced apoptosis. Moreover, the induc-
tion of SAPK/INK by anisomycin mimicked the effects mediated

The mitogen-activated protein kinase phosphatase 1 (MKP-1) isy camptothecin. In order to establish whether SAPK/INK activity

induced by several oncogenes in the Ras-dependent pathway anibispecifically required for the sensitization to Fas-mediated apop-
can inactivate both the MAPK (ERK1/ERK2), and the SAPK/INKtosis we have used phosphorothioate antisense oligonucleotides

Expression of MKP-1 remains unchanged following
treatment with camptothecin and anti-Fas

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(11), 1827-1834
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Untreated Fas + Camp After electroporation in the presence gii of INK1 AS and

2um of JNK2 AS, cells were allowed to recover for 24 h, and
were then treated with anti-Fas (200 ng=jnl camptothecin

il 2 3 4 (100 ng mtY), or both for 24 h. As a control, cells were electropo-
rated in the presence of NS, or in the absence of oligonucleotides.
Inhibition of SAPK/INK by AS oligonucleotides dramatically
reduced the apoptosis of DU145 cells induced by concomitant
treatment with camptothecin and anti-Fas. Apoptosis levels were
comparable to those induced by treatment with camptothecin
alone (Figure 6B). Treatment of cells with NS oligonucleotides
had no significant effect on camptothecin sensitization of DU145
prostate cancer cells to anti-Fas-induced apoptotic cell death, thus
suggesting that inhibition of apoptosis is specific to SAPK/INK
inhibition. These results strongly support a key role for
SAPK/JNK in Fas-signalling in DU145 prostate cancer cells.

AS NS AS NS

p35 ®—c—Jun

p 33 ®—c—Jun

B-actin

100 =

. No oligonucleotide
[] +as DISCUSSION

IHl Although there is still some controversy in the literature about the
E NS T relevance of SAPK/INK activation in the cell death pathway(s)
induced by Fas, activation of Fas itself has been shown to activate
SAPK/JINK even when this activity is not essential for apoptosis
(Lenczowski et al, 1997). In this case, cells were sensitive to Fas
alone and did not require a secondary signal for sensitization.
DU145 cells express both Fas and FasL, but are resistant to
anti-Fas-mediated apoptosis, unless pretreated with sublethal
doses of a cytotoxic drug, such as camptothecin (Costa-Pereira and
Cotter, 1999). Here, we show that treatment of DU145 prostate
cancer cells with anti-Fas failed to activate SAPK/INK.
Concomitant treatment of cells with camptothecin and anti-Fas,
however, strongly and persistently activated SAPK/JNK, which
correlated well with cell death. In addition, anisomycin, a strong
Untreated Anti-Fas Camp. Camp.+Anti-Fas activator of SAPK/INK, synergized with anti-Fas to the same

Apoptotic cells %

Figure 6  Inhibition of SAPK/INK activity by antisense oligonucleotides _extent as camptothecm, suggesting that SAPK/JNK _aCtlva_tlon was

targeted to JNK1 and JNK2. (A) The activity of SAPK/INK was assessed in indeed required for DU145 cells to undergo anti-Fas-induced

g«)?"s Vyhi%h had been elijOKpﬁrsat(?d in tge prdei?nlce 02 JINK AS (lanes 1 and apoptosis. Moreover, camptothecin, but not anti-Fas, induced
, or in the presence o anes 2 and 4). In order to activate . o .

SAPK/JINK cells were treated with camptothecin (100 ng ml?) and anti-Fas expression of c-Jun, indicating that camp.tothecm not only mOdu-

(200 ng mI-Y), for 8 h (lanes 3 and 4). As a control, B-actin was assessed in lates the SAPK/INK cascade by mediating the phosphorylation

supernatant fractions. (B) Inhibition of SAPK/INK activity by INK1 and JNK2 and activation of SAPK/INK (which, in turn, will presumably

antisense oligonucleotides reverses camptothecin sensitization of DU145 . .
cells to anti-Fas-induced apoptosis. Cells were electroporated in the absence activate c-Jun), but also modulates the pathway at the protein

of oligonucleotides (m); or in the presence of SAPK/INK As (=); or level by inducing c-Jun expression. MKP-1 expression levels have
SAPK/INK NS (), and subsequently treated for 24 h with anti-Fas ; _ ;
(200 ng mI-9). camptothecin (100 ng mI-3). or both. Apoptosis levels were been report(_ad to be elevated in prostate cancer. M}_(P 1 protein
assessed as described in Figure 1A. The data (from three independent levels remained constant after treatment of cells with campto-
microscopic fields) represents mean apoptosis + standard error of the mean thecin, suggesting that modulation of SAPK/JNK activity by

d th Its sh tative of three ind dent i t S . .
and the results shown are representative of three independent experiments camptothecin is independent of MKP-1. It remains possible,

however, that alterations of MKP-1 activity may be involved in

the modulation of SAPK/INK.
targeted to JNK1 and JNK2 to block the SAPK/INK pathway. We have previously shown that activated caspases were required
Cells were electroporated in the presence of antisense (A)r this cytotoxicity (Costa-Pereira and Cotter, 1999). However,
oligonucleotides, or non-sense (NS) oligonucleotides, as describachibition of caspase activity by the pan-inhibitor z-VAD had no
in Materials and Methods, and allowed to recover for 24 heffect on SAPK/INK activation following concomitant treatment
The activity of SAPK/INK was measured in untreated cells and inf cells with camptothecin and anti-Fas, suggesting that
cells treated with camptothecin and anti-Fas (8 h). Figure 6/A8APK/INK activation was not caspase-dependent. The results also
shows that concomitant treatment of DU145 cells with camptoindicate that SAPK/JNK activation is not a secondary effect of the
thecin, and anti-Fas strongly activates SAPK/INK in cells treatedeath induced by camptothecin and anti-Fas, and that camp-
with NS, but not in cells treated with the AS, indicating that the AStothecin-induced activation of SAPK/INK is thus an upstream and
oligonucleotides were causing a specific inhibition of SAPK/INKearly event, which is important for Fas signalling in these cells.
activity. A slight induction of SAPK/JNK activity was noted in  Antisense oligonucleotides targeted to JNK1 and JNK2
untreated cells, suggesting that electroporation causes some stresgersed camptothecin’s effect(s), indicating that the SAPK/INK
to the cells. This is, however, not comparable to the activatiocascade plays a critical role in Fas-mediated apoptotic cell death in
induced by treatment with camptothecin and anti-Fas. DU145 prostate cancer cells. These cells are resistant to apoptosis
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induced by anti-Fas treatment, even at high concentrations (e.gt al (1999) have more recently shown that Bcl-2 is phosphoryl-
1.5ug mt?, data not shown). The fact that anti-Fas antibodies faibted by a cascade involving ASK1 which has also been implicated
to induce apoptosis in DU145 cells and to activate SAPK/INKjn Fas signalling (Chang et al, 1998). Persistent activation of
and the fact that camptothecin, a cytotoxic drug which has beeBAPK/INK by camptothecin may, therefore, induce apoptosis by
shown to activate SAPK/JINK, sensitizes the cells to Fas-mediategliciting different, but complementary, cellular responses. It
cytotoxicity, together with the AS data, strongly suggest thatemains possible that activation of SAPK/INK by camptothecin
SAPKI/JINK plays an important role in Fas-signalling pathway(s) inmay induce, via c-Jun or other transcription factors, the transcrip-
these cells. tion of genes important for apoptosis. More likely, however, is the
Other groups have reported that cells which are sensitive tpossibility that SAPK/IJNK may directly phosphorylate existing
apoptosis, or have seen sensitized to apoptosis, can activate strpssteins which regulate cell fate, such as Bcl-2, or Bcler
kinases downstream of caspases (Juo et al, 1998). MEKK1 hasdeed unidentified proteins.
been shown to be cleaved and activated by a caspase, which maynterestingly, MKK4/SEK1 has been identified as a candidate
then be responsible for SAPK/INK activation (Xu and Cobbtumour suppressor gene (Teng et al, 1997; Su et al, 1998) and mor:
1997). In our system we have evidence of this also, as in cellgcently as a candidate prostate cancer metastasis suppressor ge
which had been induced to undergo apoptosis (Fas and camptncoded by human chromosome 17 (Yoshida et al, 1999). Loss of
thecin), SAPK/JNK activation was higher than in cells which weretumour suppressor and/or metastasis suppressor genes are impo
alive but had elevated SAPK/JINK activity due to the presence dfant events in the progression towards a malignant phenotype. It is
camptothecin alone. Our data, however, demonstrates that in Fasmpting to speculate that, by activating SAPK/INK, campto-
resistant cell line SAPK/INK plays a more important role in thethecin is mimicking a cellular defence mechanism, which has been
upstream regulation of Fas sensitivity, as its activation wasost during tumour progression.
required for sensitization to Fas, and was upstream of caspaseWe have characterized here a pathway which may enable
activation. Another report regarding Fas-insensitive cell lines alsprostate cancer cells to escape immunological Fas-induced death
indicated the presence of an inhibitor upstream of caspasémsiportantly, SAPK/INK has been shown to act upstream in the
(Rokhlin et al, 1998). It is notable that the TRAIL/Apo-2 ligand Fas-signalling pathway(s). If loss of sensitivity to Fas signalling is
can also activate SAPK/INK by both caspase-dependent arsthown to play a direct role in the progression of prostate cancer,
-independent pathways (Muhlenbeck et al, 1998). then restoring the cells’ susceptibility to Fas ligation will be of
The nature by which SAPK/JINK sensitizes cells to Fas remainsbvious importance for future medical intervention in prostate
to be established. Frost and colleagues (1999) have suggested tbamcer patients. These results may, thus, provide us with clues for
drug-mediated sensitization to Fas killing may be due to altera better understanding of prostate cancer progression, and for the
ations in pre-existing proteins, and that this phenomena is indepedevelopment of new strategies for the management and treatmen
dent of de novo protein synthesis. Activation of a kinase such asf the disease.
SAPK/INK by cytotoxic drugs may lead to phosphorylation and
activation of activator proteins and/or inhibition of inhibitory
proteins, independently of Fas and of caspases, in paralle
signalling cascades. This would presumably release the inhibitiomhis work has been supported by grant PRAXIS XXI/BD/5857/95
in Fas-mediated apoptosis signalling pathways. from the Foundation for Science and Technology (Fundagéo para a
Fas can activate at least two independent pathways: the FaSiéncia e a Tecnologia), Lisbon, Portugal and the Health Research
FADD-caspase 8 axis, which leads to a caspase cascade and apdpard, Ireland. The authors would like to thank Emma Creagh for
tosis, and the more recently described Fas-Daax-ASK1 axis, whiahany helpful discussions.
leads to the activation of SAPK/INK and/or p38MAPK cascades
(Chang et al, 1998). Chang and colleagues (1998) provide
evidence for a critical role of ASK1 in SAPK/INK activation and REFERENCES
apoptosis induced by Fas binding of Daax, and suggest that tiBest F, McKay R, Dean N and Mercola D (1997) The JUN kinase/stress-activated
Daax-ASK1 axis provides a mechanism for caspase-independent protein kinase pathway is require_d for epidermal growth factor stimulation of
acivation of SAPKIINK by Fas and other stmul, Thus,the i, 9011 e 28 s estoma e el 22 o
bition in Fas signalling could also be at the level of Daax-ASK1. apoptosis signal-regulating kinase 1 (ASK1) by the adapter protein Daax.
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