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Abstract
CPP32/apopain (Caspase-3), a protease of the Ced-3/ICE
family, is a central mediator in the apoptosis induced by TNF or
anti-Fas. In this study we demonstrate that wortmannin, an
inhibitor of PI-3K, enhances the activation of CPP32 (Caspase-
3) and DNA fragmentation in TNF-treated U937 cells and anti-
Fas-treated Jurkat cells. Caspase-3-like activity, Ac-DEVD-
MCA cleavage activity, is enhanced by wortmannin in the
range of the concentration (1 ± 100 nM) specifically inhibiting
PI-3K. LY294002, another PI-3K inhibitor, also enhances
Caspase-3-like activity, but inhibitors for myosin light chain
kinase and calmodulin dependent kinase do not have any
effect on the Caspase-3-like activity. Wortmannin (1 ± 100 nM)
enhances the processing of Caspase-3 (32K) into active form
(17K) in TNF- or anti-Fas-treated cells, but not in untreated
cells. These observations suggest that inhibition of PI-3K
induces the activation of processing enzyme of Caspase-3 or
increases the susceptibility of Caspase-3 to the processing
enzyme. PI-3K seems to protect the cells from apoptosis by
suppressing the activation of Caspase-3.
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Introduction

Apoptosis is of fundamental importance to biological
processes in embryogenesis, the immune system, and the
nervous system (Ellis et al, 1991). Considerable evidence
suggests that Ced-3/ICE-cysteine proteases (Caspases) are
components of the mammalian cell death pathway (Yuan et

al, 1993; Miura et al, 1993). CPP32/apopain (Caspase-3),
which is most closely related to the CED-3 among Caspases
(Fernandes-Alnemri et al, 1994), is important in apoptosis
induced by anti-Fas or TNF (Tewari and Dixit, 1995; Tewari et
al, 1995); Poly ADP-ribose polymerase (PARP), an enzyme
involved in DNA repair and genome surveillance and integrity,
is one of a potential substrates for Caspase-3 during
apoptosis (Tewari and Dixit, 1995). Inhibition of Caspase-3
activation attenuates apoptosis induced by anti-Fas or TNF
(Tewari et al, 1995). Caspase-3 (32K) is processed into active
form (17K and 12K) during apoptosis induced by anti-Fas or
TNF (Nicholson et al, 1995; Schlegel et al, 1996).

Determination of the molecular mechanism for the
activation of the proteases by the receptors has pro-
gressed recently. Fas and TNFR1 share a homologous
region, appropriately designated the death domain, required
to signal apoptosis (Itoh and Nagata, 1993; Tartaglia et al,
1993). Both receptors interact with a related set of signal-
transducing molecules containing the death domain,
TNFR1-associated death domain (TRADD), Fas-associat-
ing protein with death domain (FADD)/MORT1 and
receptor-interacting protein (RIP) (Cleveland and Ihle,
1995; Hsu et al, 1995; Chinnaiyan et al, 1995; Stanger et
al, 1995; Boldin et al, 1995). The dominant-negative version
of FADD blocks TNF- and anti-Fas-mediated apoptosis,
suggesting that FADD functions as the common signaling
conduit for TNF-and anti-Fas-mediated cell death (Chin-
naiyan et al, 1996b; Hsu et al, 1996). FLICE/MACH/Mch-5
(Caspase-8), a novel cysteine protease of the Ced-3/ICE
family containing a prodomain homologous to FADD,
directly binds with the death effector domain of FADD
(Muzio et al, 1996; Boldin et al, 1996; Fernandes-Alnemri et
al, 1996). Fas or TNFR1 utilizes the adaptor protein FADD
to engage Caspase-8, the apical component of a proteolytic
cascade made up of Caspases.

On the other hand, protein phosphorylation suppresses
the apoptosis of various cells; activation of PKC maintains
CTL cell viability in the absence of IL-2, and a tyrosine
kinase-dependent signal prevents glucocorticoid-induced
apoptosis (Walker et al, 1993). Apoptosis of hematopoietic
cells is suppressed by signaling through the IL-3 and GM-
CSF receptors (Kinoshita et al, 1995). Proteolytic cascade
of Caspases is also involved in the apoptosis induced by
inhibition of phosphorylation signals. For instance, stauro-
sporine, an inhibitor for protein kinase C, induces apoptosis
and activates Caspase-3 at high concentration (Bertrand et
al, 1994; Chinnaiyan et al, 1996a).

PI-3K, which is associated with tyrosine kinase receptor,
is activated by various growth factors such as EGF, insulin,
insulin-like growth factor, PDGF and NGF (Cantley et al,
1991; Baxter et al, 1995). Wortmannin, a specific inhibitor
of PI-3K (Arcaro and Wymann, 1993), inhibits the ability of
NGF to prevent apoptosis of PC12 cells induced by a
withdrawal of serum (Yao and Cooper, 1995). Recently, we
showed that Caspase-3-like activity, cleavage of Ac-DEVD-
MCA, is increased in DRG neurons by a withdrawal of
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serum (Mukasa et al, 1997a). Moreover, wortmannin
enhances Caspase-3-like activity during neuronal differen-
tiation of P19 EC cells induced by retinoic acid (Mukasa et
al, 1997b). Thus PI-3K seems to play a role as negative
regulator for the activation of Caspase-3-like protease in
the apoptosis of neuronal cells. To clarify a biological role
of PI-3K in the apoptosis, we examined the effect of
wortmannin on the apoptosis induced by TNF and anti-Fas.

Here we demonstrate that inhibition of PI-3K enhances
the activation of Caspase-3, cleavage of Caspase-3, during
apoptosis induced by TNF or anti-Fas.

Results

Wortmannin does-dependently inhibit the PI-3K in U937 cells
and Jurkat cells (Figure 1A) The synthesis of phosphatidyli-
nositol 3-phosphate (PI-3P), a product of PI-3K, was
decreased by wortmannin at 1 nM and completely inhibited
at more than 100 nM. Since wortmannin enhanced the cell
death of TNF-treated U937 cells and anti-Fas treated Jurkat
cells at 100 nM (unpublished observation), we examined the
effect of wortmannin on the cleavage of PARP, a natural
substrate for Caspase-3, in the TNF-treated U937 cells and
anti-Fas-treated Jurkat cells. TNF induced the partial
cleavage of PARP at 50 U/ml and anti-Fas did not induce
the cleavage of PARP at 25 ng/ml. Wortmannin (100 nM)
clearly enhanced the cleavage of PARP in both TNF (50 U/
ml)-treated U937 cells and anti-Fas (25 ng/ml)-treated Jurkat
cells (Figure 1B). These results suggest that inhibition of PI-
3K is closely associated with the activation of Caspase-3-like
protease.

To examine the effects of wortmannin on the activation
of Caspase-3-like protease and apoptosis induced by TNF
or anti-Fas in more detail, Caspase-3-like activity and
Caspase-1-like activity were measured by using a synthetic
peptide of PARP (Ac-DEVD-MCA) and a pro IL-1b (Ac-
YVAD-MCA) as substrates, respectively. Caspase-3-like
activity was dose- and time-dependently increased by both
TNF and anti-Fas (Figure 2A). Caspase-3-like activity
increased in 3 h and achieved a maximum level at more
than 100 U/ml of TNF or 100 ng/ml of anti-Fas. Wortmannin
enhanced Caspase-3-like activity induced by TNF (50 U/ml)
or anti-Fas (25 ng/ml) in a different manner (Figure 2A).
Wortmannin time-dependently enhanced Caspase-3-like
activity of anti-Fas-treated Jurkat cells, while it transiently
increased Caspase-3-like activity of TNF-treated U937 cells
in 3 h. Caspase-3-like activity enhanced by wortmannin
was 2 ± 4-fold greater than the maximum level of Caspase-
3-like activity induced by TNF (200 U/ml) or anti-Fas
(200 ng/ml) alone (Figure 2B). However, wortmannin
(100 nM) alone slightly increased Caspase-3-like activity
in Jurkat cells in 12 h and transiently increased it in U937
cells in 7 h. Thus wortmannin and TNF or wortmannin and
anti-Fas synergistically induced the Caspase-3-like activity.
However, Caspase-1-like activity was not enhanced by
wortmannin.

Wortmannin (1 ± 1000 nM), which specifically inhibits PI-
3K (Figure 1A), dose-dependently enhanced Caspase-3-
like activity in the TNF (50 U/ml)-treated U937 cells or anti-
Fas (25 ng/ml)-treated Jurkat cells (Figure 3A). Corre-

sponding to the increase of Caspase-3-like activity,
wortmannin doses-dependently enhanced DNA fragmenta-
tion induced by TNF (50 U/ml) or anti-Fas (25 ng/ml)
(Figure 3B). Even at 1 nM, wortmannin enhanced
Caspase-3-like activity and DNA fragmentation. At
1000 nM, wortmannin alone slightly, but significantly, has
an ability to induce Caspase-3-like activity and DNA
fragmentation.

Since, however, wortmannin also inhibits myosin light
chain kinase at more than 1000 nM (Nakanishi et al, 1992),
we examined whether inhibition of myosin light chain
kinase or other kinases may enhance the Caspase-3-like
activity in the Jurkat cells treated with anti-Fas. LY294002,
another PI-3K inhibitor, also enhanced Caspase-3-like
activity at the concentration (10 ± 50 mM) inhibiting PI-3K.
ML-9 (myosin light chain kinase inhibitor) as well as KN-93
(calmodulin kinase inhibitor) had no effects on the
Caspase-3-like activity of anti-Fas-treated Jurkat cells at
10 mM (Figure 4). Similar results were obtained in the case
of TNF-treated U937 cells except for the effect of KN-93
(unpublished observation).

Since Caspase-3 (32K) is processed into active form
(17K) during apoptosis induced by anti-Fas (Nicholson et
al, 1995; Schlegel et al, 1996), we examined the
processing of Caspase-3 molecules during apoptosis
enhanced by wortmannin (Figure 6). We prepared cleave-
site directed antiserum against Caspase-3 (anti-p17). Anti-
Caspase-3 (anti-p32) reacted with a band with 32K (p32),
but not an active fragment with 17K (p17), while anti-p17
reacted with p17, but not p32 (Figure 5). These results
show that anti-p17 specifically recognizes the cleavage site
of Caspase-3 only after its cleavage.

The processing of p32 into p17, which was slightly
detected in the TNF (50 U/ml)-treated U937 cells and anti-
Fas (25 ng/ml)-treated Jurkat cells, was dose-dependently
enhanced by wortmannin (1 ± 100 nM). However, the
processing was not detected in the cells treated with
wortmannin (1 ± 100 nM) alone (Figure 6). Wortmannin
induced the processing of Caspase-3 only at high
concentration, more than 1000 nM (unpublished observa-
tion).

Discussion

PI-3K phosphorylates the D-3 position of the inositol ring of
phosphatidylinositol and produces PI-3P, which is distinct
from the major mono-phosphate form of phosphatidylinositol,
phosphatidylinositol 4-phosphate (Carpenter and Canter,
1990). Considerable evidence suggests that inhibition of PI-
3K is involved in the apoptosis of neuronal cells induced by a
withdrawal of serum or retinoic acid (Yao and Cooper, 1995;
Mukasa et al, 1997b). However, it has not been shown
whether PI-3K regulates the apoptosis induced by TNF or
anti-Fas.

We examined the effects of wortmannin on the PI-3K
activity, Caspase-3-like activity, i.e., cleavage of PARP and
Ac-DEVD-MCA, and DNA fragmentation in the TNFR1- or
Fas-mediated apoptosis. Wortmannin enhances Caspase-
3-like activity and DNA fragmentation in the 1 ± 1000 nM
range of concentration, in which PI-3K activity is specifically

Regulation of the activation of CPP32 by PI-3K
E Fujita et al

290



inhibited (Figures 1 and 3). These results suggest that
wortmannin enhances Caspase-3-like activity and the DNA
fragmentation induced by TNF or anti-Fas by inhibiting PI-
3K. Since, however, wortmannin also inhibits myosin light
chain kinase and PI-4K at more than 1000 nM and 100 nM,
respectively (Nakanishi et al, 1992; Okada et al, 1994), we
examined whether inhibition of myosin light chain kinase
also enhances Caspase-3-like activity induced by anti-Fas.
ML-9, a myosin light chain kinase inhibitor, had no effect on
Caspase-3-like activity induced by anti-Fas (Figure 4), while
LY294002, another PI-3K inhibitor, enhanced it. Thus PI-
3K, but not myosin light chain kinase, must be involved in
the negative regulation of the activation of Caspase-3-like
protease. However, we do not exclude the possibility that

PI-4K, which is inhibited by wortmannin at more than
100 nM (Okada et al, 1994), is also involved in the
inactivation of Caspase-3-like protease, because phospha-
tidylinositol-3,4-bisphosphate, a product of PI-3K and PI-
4K, activates serine-threonine protein kinase Akt, which
inhibits the apoptosis of neuronal cells induced by serum
deprivation (Dudek et al, 1997; Franke et al, 1997).

Many Caspases such as Caspase-3, Mch-3 (Caspase-7)
and Caspase-8, have the ability to cleave Ac-DEVD-MCA.
To examine whether the enhancement of the cleavage of
Ac-DEVD-MCA is due to the activation of Caspase-3
enhanced by wortmannin, we prepared the cleavage site-
directed antiserum against Caspase-3 (anti-p17) (Figure 5A
and B). It is possible to detect the activation of protease by
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Figure 1 Effect of inhibition of PI-3K on the cleavage of PARP induced by TNF or anti-Fas. (A) Effect of wortmannin on the PI-3K activity of U937 cells or Jurkat
cells. After U937 cells or Jurkat cells were incubated with wortmannin (1 ± 1000 nM) for 20 min, PI-3K activity was assayed. Arrowheads indicate origin and arrows
indicate phosphatidylinositol-3 phosphate. (B) Immunoblot analysis of the effect of wortmannin on the cleavage of PARP in TNF-treated U937 cells or anti-Fas-
treated Jurkat cells. Left panel; U937 cells were incubated with or without TNF (50 U/ml) in the presence or absence of wortmannin (100 nM) for 5 h. Right panel;
Jurkat cells were incubated with or without anti-Fas (25 ng/ml) in the presence or absence of wortmannin (100 nM) for 5 h. Lane 1, untreated cells; lane 2,
wortmannin (100 nM); lane 3, TNF (50 U/ml) or anti-Fas (25 ng/ml); lane 4, TNF (50 U/ml) or anti-Fas (25 ng/ml) and wortmannin
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the cleavage site-directed antiserum against target mole-
cules (Saido et al, 1993). Activation of calpain, which is
induced by its autoprocessing, can also be detected by the

antiserum against cleavage site of calpain (Kikuchi and
Imajoh-Ohmi, 1995). Caspase-3 is activated by processing
of the inactive form (32K) into the active form (17K and

A

B

Figure 2 Effect of wortmannin on the Caspase-3-like protease activity of TNF-treated U937 cells or anti-Fas-treated Jurkat cells. (A) Time-dependent activation of
Caspase-3-like and Caspase-1-like proteases by TNF (or anti-Fas) and wortmannin. Left panel; U937 cells were incubated with TNF (50 U/ml) in the presence or
absence of wortmannin (100 nM) for indicated periods. Right panel; Jurkat cells were incubated with anti-Fas (25 ng/ml) in the presence or absence of wortmannin
(100 nM) for indicated periods. Circles, squares and triangles represent cells treated with wortmannin and TNF (or anti-Fas), cells treated with TNF (or anti-Fas)
alone and cells treated with wortmannin alone, respectively. Closed ones and open ones represent Caspase-3-like and Caspase-1-like activities, respectively. (B)
Effect of wortmannin on the dose-dependent activation of Caspase-3-like protease by TNF or anti-Fas. Left panel; U937 cells were incubated with TNF at various
concentrations in the presence or absence of wortmannin (100 nM) for 3 h. Right panel; Jurkat cells were incubated with anti-Fas at various concentration in the
presence or absence of wortmannin (100 nM) for 7 h. Circles and squares represent cells treated with TNF (or anti-Fas) and wortmannin and cells treated with TNF
(or anti-Fas) alone, respectively. Closed ones and open ones represent Caspase-3-like and Caspase-1-like activities, respectively
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12K) during apoptosis induced by anti-Fas (Nicholson et al,
1995; Schlegel et al, 1996). The anti-p17 specifically reacts
with the pentapeptide of cleavage site of Caspase-3 only
after its cleavage (Figure 5A and B). Active fragment (p17)
of Caspase-3 in TNF- or anti-Fas-treated cells was dose-
dependently increased by wortmannin (1 ± 100 nM) (Figure
6A and B), clearly showing that wortmannin enhanced the
processing of Caspase-3 induced by TNF or anti-Fas.

The molecular mechanism, by which inhibition of PI-3K
enhanced the cleavage of Caspase-3 in the TNF- or anti-
Fas-treated cells, is not yet clear. One of the possible
mechanisms is that inhibition of PI-3K or that of protein
kinase at the downstream of PI-3K stimulates the activity of
the processing enzyme of Caspase-3 in the TNF- or anti-
Fas-treated cells. Caspase-1-like protease and Caspase-3-
like protease are sequentially activated during anti-Fas-
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Figure 3 Dose-dependent effect of wortmannin on the Caspase-3-like activity and DNA fragmentation of TNF-treated U937 cells and anti-Fas-treated Jurkat cells.
(A) Dose-dependent effect of wortmannin on the Caspase-3-like activity. Left panel; U937 cells were incubated with various concentration of wortmannin in the
presence or absence of TNF (50 U/ml) for 3 h. Right panel; Jurkat cells were incubated with various concentration of wortmannin in the presence or absence of anti-
Fas (25 ng/ml) for 7 h. Open squares and circles represent U937 cells and Jurkat cells in the presence of various concentration of wortmannin, respectively. Closed
squares and circles represent the TNF-treated U937 cells and anti-Fas-treated Jurkat cells in the presence of various concentration of wortmannin, respectively.
(B) Dose-dependent effect of wortmannin on the DNA fragmentation. Lanes 1 and 6; without wortmannin, lanes 2 and 7; with 1 nM wortmannin, lanes 3 and 8; with
10 nM wortmannin; lanes 4 and 9; with 100 nM wortmannin; lanes 5 and 10, with 1000 nM wortmannin; lanes 6 ± 10 (left panel), with TNF(50 U/ml); lanes 6 ± 10 (right
panel), with anti-Fas (25 ng/ml)
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Figure 4 Effects of protein kinase inhibitors on the Caspase-3-like activity in
the Fas-treated Jurkat cells. Effects of various kinase inhibitors on the
Caspase-3-like activity in the Jurkat cells treated with anti-Fas (25 ng/ml) for
7 h. Closed circles, closed squares, open circles and open squares represent
anti-Fas treated Jurkat cells in the presence of various concentration of
wortmannin, LY294002, ML-9 (myosin light chain kinase inhibitor) and KN-93
(calmodulin dependent kinase inhibitor), respectively
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Figure 5 Reactivity of cleavage site-directed anti-serum for Caspase-3 (anti-
p17). (A) Fusion protein of p17 and p32 of Caspase-3. To examine whether
anti-p17 specifically reacts with cleaved fragment (p17), but not proCaspase-3
(p32), we prepared fusion protein of p17 and p32 of Caspase-3 as GST and
Histag fusion proteins, respectively. GST-Shh-N (N-terminal portion of sonic
hedgehog) was used as negative control. (B) Immunoblot analysis of anti-p17.
The reactivity of anti-p17 was examined by immunoblot analysis. Anti-p32 was
used for the detection of p32 of proCaspase-3. 1, 4, and 7, Histag-p32; 2, 5,
and 8, GST-p17; 3, 6, and 9, GST-Shh-N. 1 ± 3, Histag-p32 (1 mg), GST-p17
(1 mg) and GST-Shh-N (2 mg) were stained with Coommasie brilliant blue; 4 ± 6,
Histag-p32 (10 ng), GST-p17 (10 ng) and GST-Shh-N (20 ng) reacted with anti-
p17; 7 ± 9, Histag-p32 (10 ng), GST-p17 (10 ng) and GST-Shh-N (20 ng)
reacted with anti-p32
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Figure 6 Dose-dependent effect of wortmannin on the cleavage of Caspase-3 of the TNF-treated U937 cells and anti-Fas-treated Jurkat cells. Effect of
wortmannin on the cleavage of Caspase-3. (A) U937 cells were treated with wortmannin (1 ± 100 nM) in the presence or absence of TNF (50 U/ml) for 3 h. (B)
Jurkat cells were treated with wortmannin (1 ± 100 nM) in the presence or absence of anti-Fas (25 ng/ml) for 7 h. Upper panel and lower panel are immunoblot
analysis using anti-p32 and anti-p17, respectively. Lane 1, untreated cells; lanes 2 and 6, 1 nM wortmannin; lanes 3 and 7, 10 nM wortmannin; lanes 4 and 8,
100 nM wortmannin; Left panel, lanes 1 ± 4 without TNF; lanes 5 ± 8, with TNF; Right panel, lanes 1 ± 4 without anti-Fas; lanes 5 ± 8 with anti-Fas
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induced apoptosis (Enari et al, 1996). Caspase-1 has an
ability to cleave Caspase-3 to its active form in vitro (Tewari
et al, 1995). However, PI-3K inhibitors enhanced the
activation of Caspase-3 without any elevation of Caspase-
1-like activity (Figure 2), suggesting that enhancement of
the cleavage of Caspase-3 by wortmannin is independent
on the activation of Caspase-1-like protease. On the other
hand, Caspase-8, upstream of Caspase-3 in the Fas- or
TNFR1-mediated death signal pathway, has an ability to
process Caspase-3 into active form (Muzio et al, 1996).
Since the cleavage of Ac-DEVD-MCA was slightly, but
significantly, induced by wortmannin alone (Figure 3A),
Caspases with Ac-DEVD-MCA cleavage activity such as
Caspase-8 may be a processing enzyme activated by
wortmannin.

The other possible mechanism is that wortmannin
increases the susceptibility of Caspase-3 to the processing
enzyme. Since wortmannin alone did not induce the
cleavage of Caspase-3 at 1 ± 100 nM, inhibition of PI-3K
may not directly activate the processing enzyme. Recently
it has been shown that Ced-4, upstream of Ced-3 and
downstream of Ced-9, has a complex with not only Ced-9
and Ced-3 but also their mammalian homologues Bcl-2 and
Caspase-3 or -8 (Chinnaiyan et al, 1997; Wu et al, 1997).
Bcl-2 and Bcl-xL suppress the activation of Caspase-3 and
apoptosis induced by staurosporine (Chinnaiyan et al,
1996a; Armstrong et al, 1996). Survival factor IL-3
phosphorylates BAD and causes the loss of its death-
promoting effects by inhibiting heterodimerization with Bcl-
xL (Zha et al, 1996; Wang et al, 1996). Thus PI-3K may
block the susceptibility of Caspase-3 to the processing
enzyme by regulating the phosphorylation of Bcl-2 family
proteins and making a complex with Caspase-3, Bcl-2 and
Ced-4.

Further study about the molecular mechanism of PI-3K
regulating the activation of Caspase-3 remain to be studied.

Materials and Methods

Detection of cell death

U937 cells and Jurkat cells were cultured in RPMI-1640 medium
containing 10% FCS in the CO2 incubator at 378C. Cells were
incubated with wortmannin (100 nM) (Sigma, St. Louis, MO) in the
presence or absence of TNF (Dainihonseiyaku, Osaka, Japan) or anti-
Fas (MBL, Nagoya, Japan) for 5 h. Cell viability was determined by
trypan blue exclusion. Values represent the average viability from
three independent wells (+s.d.) and are normalized to the percentage
of viable cells remaining in the untreated cultures. Two independent
experiments showed similar results.

Isolation of fragmented DNA

U937 cells and Jurkat cells were respectively cultured with TNF and
anti-Fas in the presence or absence of wortmannin at various
concentrations (1 ± 1000 nM). Cells were harvested, washed once with
PBS, and used for DNA isolation. DNA isolation was accomplished
according to the method described by Pringent et al (1993) with some
modification. Four hundred ml of lysis buffer (20 mM Tris-HCl, pH 7.4,
20 mM EDTA and 1% Triton X-100) was added to 26106 cells and
suspended. Lysis was allowed to proceed on ice for 10 min and the

mixture was centrifuged for 10 min at 15 000 r.p.m. The supernatant
was digested with 50 mg/ml RNase A at 378C for 1 h. This was
followed by a Proteinase K digestion at 50 mg/ml, at 378C for 1 h. After
phenol-chloroform extraction, the DNA was precipitated by adding 2.5
vol. of 100% ethanol and CH3COONa (0.3 M at final concentration).
DNA ladders could be visualized on 1.8% agarose gel.

Caspase-3-like and Caspase-1-like activity

U937 cells and Jurkat cells were respectively incubated with TNF and
anti-Fas at various concentrations in the presence of various kinase
inhibitors such as wortmannin, LY294002 (Funakoshi, Tokyo), ML-9
and KN-93 (Seikagaku Co., Tokyo) for indicated periods. After
incubation, cells were washed two times with PBS, and the cell
pellets were lysed in PBS containing 0.2% Triton X-100 on ice for
10 min. After centrifugation at 10 0006g for 5 min, the cell extracts
(50 mg protein) were incubated with 10 mM Ac-DEVD-MCA (Peptide
Institute, Osaka), synthetic peptide of PARP, or Ac-YVAD-MCA
(Peptide Institute, Osaka), synthetic peptide of pro IL-1b, in the
incubation buffer (50 mM Tris-HCl pH 7.5, 1 mM DDT) for 20 min in
order to measure Caspase-3-like or Caspase-1-like activities,
respectively. The reactions were halted by the addition of 10% SDS.
The fluorescence was measured at 380 nm for excitation and at
460 nm for emission.

Assay of PI-3K

PI-3K activity was assayed according to the procedure as described
previously (Arcaro and Wymann, 1993). U937 and Jurkat cells were
incubated with wortmannin (Sigma, St. Louis, MO) at various
concentration (1 ± 1000 nM) and were lysed with lysis buffer (20 mM
Tris-HCl pH 7.5, 1 mM MgCl2, 1 mM CaCl2, 137 mM NaCl, 1 mM
Na3VO4, 1% NP-40, 10% glycerol, 1 mM PMSF, 10 mg/ml leupeptin).
After centrifugation at 13 0006g for 10 min, supernatant was
incubated with anti-PI-3K (p85) (MBL, Nagoya) at 48C overnight.
Immuno-complex was precipitated with a mixture of protein G and A,
and suspended with 20 ml of 20 mM HEPES buffer (pH 7.4). The
immuno-complex was incubated in the reaction buffer (20 mM Tris-HCl
pH 7.5, 10 mM MgCl2, 10 mM ATP, 200 mg/ml phosphatidylinositol,
200 mg/ml phosphatidylserine, 1 mCi g-[32P]ATP) at 258C for 10 min
and then subjected to thin layer chromatography. Thin layer plate
(Merck, Darmstadt, Germany) was developed with chloroform/
methanol/25% ammonia/H2O (86: 76: 10: 14). After development,
thin layer plate was exposed to Fuji image analyzer.

Preparation of anti-p17

The antiserum against p17, active fragment (17K) of Caspase-3, was
prepared according to a manual for the preparation of a cleavage site-
directed antibody against calpain (Saido et al, 1993; Kikuchi and
Imajoh-Ohmi, 1995). Anti-p17 was raised by injecting a synthetic
pentapeptide of the cleavage site of human Caspase-3, GIETD,
conjugated with KHL into rabbits. Anti-p17 antibody was purified by
peptide affinity column chromatography. The cDNA fragments
encoding the p32 (inactive form of Caspase-3) and p17 were amplified
by PCR using the following primers, respectively: p32, 5'-GACATATG-
GAGAACACTGAAAACTC-3' and 5'-GACATATGTTAGTGATAAAAA-
TAG; p17 , 5 ' -ATGGGAATATCCCTGGACAAC-3 ' and 5 ' -
CTAGTCTGTCTCAATGCCACA-3'. The PCR products were then
cloned into the pCRII vector using the TA cloning kit (Invitrogen, San
Diego, CA). Complement DNAs of p32 and p17 were subcloned in-
frame into the NdeI and EcoRI site of the bacterial expression vectors of
pET15 (Novagen, Madison, WI) and pGEX-4T-2 (Pharmacia Biotech,
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Inc. Milwaukee, WI) for the preparation of Histag-p32 and GST-p17
fusion proteins, respectively. GST-p17 and Histag-p32 were purified by
Glutathione and Nickel affinity column chromatography according to
the manufacture's protocol, respectively. Purified fusion proteins were
used for examining this specificity of anti-p17 by immunoblot analysis.
GST-fusion protein of N-terminal region of rat sonic hedgehog (Shh-N)
was used as a negative control (Urase et al, 1996).

Immunoblot analysis

Cleavage of PARP and Caspase-3 was examined by immunoblot
analysis. U937 cells and Jurkat cells were respectively incubated with
TNF and anti-Fas in the presence or absence of PI-3K inhibitors for
indicated period. For the extraction of Caspase-3, the cell pellets were
lysed in PBS containing 0.2% Triton X-100 on ice for 10 min. For the
extraction of PARP, the cell pellets were lysed with PBS containing 1%
SDS and sonicated. After centrifugation at 10 0006g for 5 min, the
cell extracts (40 mg protein) were subjected to the SDS acrylamide
(12% or 15%) gel electrophoresis and immunoblot analysis using anti-
p32 (Transduction Laboratories, Lexington, KY), anti-p17 and anti-
PARP. The reactivities with anti-PARP, anti-p32 and anti-p17 on the
filters were detected by peroxidase-conjugated goat anti-mouse and
anti-rabbit immunoglobulin (ABC kit, Vector Lab., Burlingame, CA),
respectively.

Acknowledgements
We are grateful to Dr. Guy Poirier (CHUL Research Center) for a
generous gift of anti-PARP antibody. This work was supported in part by a
grant from the Human Science Foundation for HIV and Cell Death,
Research Grants 2A-1, 2A-5, and 3A-1 for Nervous and Mental Disorders
from the Ministry of Health and Welfare of Japan and by Grants-in-Aid for
Scienti®c Research on Priority Areas (Nos. 0229105 and 03263228) from
the Ministry of Education, Science and Culture of Japan.

References

Arcaro M and Wymann MP (1993) Wortmannin is a potent phosphatidylinositol 3-

kinase inhibitor: the role of phosphatidylinositol 3,4,5-triphosphate in neutrophil

responses. Biochem. J. 296: 297 ± 301

Armstrong RC, Aja T, Xiang J, Gaur S, Krebs J, Hoang K, Bai X, Korsmeyer SJ,

Karanewsky DS, Fritz LC and Tomaselli KJ (1996) Fas-induced activation of the

cell death related protease CPP32 is inhibited by ICE family protease inhibitors

and by Bcl-2. J. Biol. Chem. 271: 16850 ± 16855

Baxter RN, Cohen P, Ullrich A, Downes CP and Doza YN (1995) Phosphotyrosine

residues in the nerve-growth-factor receptor (Trk-A). Their role in the activation of

inositolphospholipid metabolism and protein kinase cascades in phaeochromo-

cytoma (PC12) cells. Eur. J. Biochem. 234: 84 ± 91

Bertrand R, Solary E, O'Conner P, Kohn KW and Pommier Y (1994) Induction of a

common pathway of apoptosis by staurosporine. Exp. Cell Res. 211: 314 ± 321

Boldin MP, Mett IL, Varfolomeev EE, Chumakov I, Shemer-Avni Y, Camonis JH and

Wallach D (1995) Self-association of the death domains of the p55 tumor

necrosis factor (TNF) receptor and Fas/APO1 prompts signaling for TNF and
Fas/APO1 effects. J. Biol. Chem. 270: 387 ± 391

Boldin MP, Goncharov TM, Goltsev YV and Wallach D (1996) Involvement of MACH,

a novel MORT1/FADD-interacting protease, in Fas/APO-1- and TNF receptor-

induced cell death. Cell 85: 803 ± 815

Cantley LC, Auger KR, Carpenter C, Duckworth B, Graziani A, Kapeller R and Soltoff

S (1991) Oncogenes and signal transduction. Cell 64: 281 ± 302

Carpenter CL and Canter LC (1990) Phosphoinositide kinase. Biochemistry 29:

11147 ± 11156

Chinnaiyan AM, O'Rourke K, Tewari M and Dixit VM (1995) FADD, a Novel death

domain-containing protein interacts with the death domain of Fas and initiates

apoptosis. Cell 81: 505 ± 512

Chinnaiyan AM, Orth K, O'Rourke K, Duan H, Poirier GG and Dixit VM (1996a)

Molecular ordering of the cell death pathway: bcl-2 and bcl-xL function upstream

of the CED-3-like apoptotic proteases. J. Biol. Chem. 271: 4573 ± 4576

Chinnaiyan AM, Tepper CG, Seldin MF, O'Rourke K, Kischkel FC, Hellbardt S,

Krammer PH, Peter ME and Dixit VM (1996b) FADD/MMORT1 is a common

mediator of CD95(Fas/APO1)- and TNF-receptor-induced apoptosis. J. Biol.

Chem. 271: 4961 ± 4965

Chinnaiyan AM, O'Rourke K, Lane BR and Dixit VM (1997) Interaction of CED-4 with
CED-3 and CED-9: A molecular framework for cell death. Science 275: 1122 ±

1126

Cleveland JL and Ihle JM (1995) Contenders in FasL/TNF death signaling. Cell 81:

479 ± 482

Dudek H, Datta R, Franke TF, Birnbaum MJ, Yao R, Cooper GM, Segal RA, Kaplan

DR and Greenberg ME (1997) Regulation of Neuronal survival by the serine-

threonine protein kinase Akt. Science 275: 661 ± 665

Ellis RE, Yuan J-Y and Horvitz HR (1991) Mechanisms and functions of cell death.

Ann. Rev. Cell Biol. 7: 663 ± 698

Enari M, Talanian RV, Wong WW and Nagata S (1996) Sequential activation of ICE-

like and CPP32-like proteases during Fas-mediated apoptosis. Nature 380:

723 ± 726

Fernandes-Alnemri T, Litwack G and Alnemri ES (1994) CPP32, a novel human

apoptotic protein with homology to Caenorhabditis elegans cell death protein

Ced-3 and mammalian interleukin-1b-converting enzyme. J. Biol. Chem. 269:

30761 ± 30764

Fernandes-Alnemri T, Armstrong RC, Krebs J, Srinivasula SM, Wang L, Bullrich F,

Fritz LC, Trapani JA, Tomaselli KJ, Litwack G and Alnemri ES (1996) In vitro
activation of CPP32 and Mch3 by Mch4, a novel human apoptotic cysteine

protease containing two FADD-like domains. Proc. Natl. Acad. Sci. USA 93:

7464 ± 7469

Franke T, Kaplan DR, Cantley LC and Tokert A (1997) Direct regulation of the Akt

proto-oncogene product by phosphatidylinositol-3,4-bisphosphate. Science

275: 665 ± 668

Hsu H, Xiong J and Goeddel DV (1995) The TNF receptor 1-associated protein

TRADD signals cell death and NF-kB activation. Cell 81: 495 ± 504

Hsu H, Shu H-B, Pan M-G and Goeddel DV (1996) TRADD-TRAF2 and TRADD-

FADD interactions define two distinct TNF receptor 1 signal transduction

pathways. Cell 84: 299 ± 308

Itoh N and Nagata S (1993) A novel protein domain required for apoptosis: mutational

analysis of human Fas antigen. J. Biol. Chem. 268: 10932 ± 10937

Kikuchi H and Imajoh-Ohmi S (1995) Activation and possible involvement of calpain,

a calcium-activated cysteine protease, in down-regulation of apoptosis of human

monoblast U937 cells. Cell Death Differ 2: 195 ± 199

Kinoshita T,Yokota T, AraiK and Miyajima A (1995) Suppression of apoptotic death in

hematopoietic cells by signaling through the IL-3/GM-CSF receptors. EMBO J.

14: 266 ± 275
Miura M, Zhu H, Rotello R, Hartwieg EA and Yuan J (1993) Induction of apoptosis in

fibroblasts by IL-1b-converting enzyme, a mammalian homolog of the C.elegans

cell death gene ced-3. Cell 75: 653 ± 660

Mukasa T, Urase K, Kimura I, Momoi YM and Momoi T (1997a) Specific expression of

CPP32 in sensory neurons of mouse embryos and activation of CPP32 in the

apoptosis induced by a withdrawal of NGF. Biochem. Biophys. Res. Commun.

231: 770 ± 774

Mukasa T, Kohroku Y, Tsukahara T, Kimura I, Momoi YM and Momoi T (1997b)

Wortmannin enhances CPP32-like activity during neuronal differentiation of P19

embryonal carcinoma cells induced by retinoic acid. Biochem. Biophys. Res.

Commun. 232: 192 ± 197

Muzio M, Chinnaiyan AM, Kischkel FC, O'Rourke K, Shevchenko A, Ni J, Scaffidi C,

Bretz JD, Zhang M, Gentz R, Mann M, Krammer PH, Peter ME and Dixit VM

(1996) FLICE, a novel FADD-homologous ICE/CED-3-like protease, is recruited

to the CD95 (Fas/APO-1) death-inducing signaling complex. Cell 85: 817 ± 827

Nakanishi S, Kakita S, Takahashi I, Kawahara K, Tsukuda E, Sano T, Yamada M,

Kase H and Matsuda Y (1992) Wortmannin, a microbial product inhibitor of

myosin light chain kinase. J. Biol. Chem. 267: 2157 ± 2163
Nicholson DW, Ali A, Thornberry NA, Vaillancourt JP, Ding CK, Gallant M, Gareau Y,

Griffin PR,LabelleM, Lazebnik YA,Munday NA, RajuSM, Smulson ME, YaminT-

T, Yu VL and Miller DK (1995) Identification and inhibition of the ICE/CED-3

protease necessary for mammalian apoptosis. Nature 376: 37 ± 43

Regulation of the activation of CPP32 by PI-3K
E Fujita et al

296



Okada T, Kawano Y, Sakakibara T, Hazeki O and Ui M (1994) Essential role of

phosphatidylinositol 3-kinase in insulin-induced glucose transport and

antilipolysis in rat adipocytes. J. Biol. Chem. 269: 3568 ± 3573

Pringent P, Blanpied C, Aten J and Hirsch F (1993) A safe and rapid method for

analyzing apoptosis-induced fragmentation of DNA extracted from tissues or

cultured cells. J. Immunol. Methods 160: 139 ± 140

Saido TC, Tsuchiya T, Suzuki K and Kawashima S (1993) Spatial resolution of fodrin

proteolysis in postischemic brain. Biol. Chem. 268: 25239 ± 25243
Schlegel J, Peters I, Orrenius S, Miller DK, Thornberry NA, Yamin T-T and Nicholson

DW (1996) CPP32/apoptosis is a key interleukin 1b converting enzyme-like

protease involved in Fas-mediated apoptosis. J. Biol. Chem. 271: 1841 ± 1844

Stanger BZ, Leder P, Lee T-H, Kim E and Seed B (1995) RIP: A novel protein

containing a death domain that interact with Fas/APO-1 (CD95) in yeast and

causes cell death. Cell 81: 513 ± 523

Tartaglia LA, Ayres TM, Wong GH and Goeddel DV (1993) A novel domain within the

55kd TNF receptor signals cell death. Cell 74: 845 ± 853

Tewari M and Dixit VM (1995) Fas- and TNF-induced apoptosis is inhibited by the

poxvirus crm A gene product. J. Biol. Chem. 270: 3255 ± 3260

Tewari M, Quan LT, O'Rourke K, Desnoyers S, Zeng Z, Beidler DR, Poirier GG,

SavesenGS and DixitVM (1995) Yama/CPP32b,a mammalianhomologof CED-

3, is a CrmA-inhibitable protease that cleaves the death substrate poly(ADP-

Ribose) polymerase. Cell 81: 801 ± 809

Urase K, Mukasa T, Igarashi H, Ishii Y, Yasugi S, Momoi YM and Momoi T (1996)

Spatial expression of sonic hedgehog in the lung epithelium during branching

morphogenesis. Biochem. Biophys. Res. Commun. 225: 161 ± 166

Walker PR, Kwast-Welfeld J, Gourdeau H, Leblanc J, Neugebauer W and Sikorska M

(1993) Relationship between apoptosis and the cell cycle in lymphocytes: roles

of protein kinase C, tyrosine phosphorylation, and AP1. Exp. Cell Res. 207: 142 ±

151

Wang H-G, Rapp UR and Reed JC (1996) Bcl-2 targets the protein kinase Raf-1 to
mitochondria. Cell 87: 629 ± 638

Wu D, Wallen HD and Nunez G (1997) Interaction and regulation of subcellular

localization of CED-4 by CED-9. Science 275: 1126 ± 1128

Yao R and Cooper GM (1995) Requirement for phosphatidylinositol-3 kinase in the

prevention of apoptosis by nerve growth factor. Science 267: 2003 ± 2006

Yuan J-Y, Shaham S, Ledoux S, Ellis HM and Horvitz HR (1993) The C.elegans cell

death gene ced-3 encodes a protein similar to mammalian interleukin-1b-

converting enzyme. Cell 75: 641 ± 652

Zha J, Harada H, Yang E, Jockel J, Korsmeyer SJ (1996) Serine phosphorylation of

death agonist BAD in response to survival factor results in binding to 14-3-3 not

Bcl-xL. Cell 87: 619 ± 628

Regulation of the activation of CPP32 by PI-3K
E Fujita et al

297


	Wortmannin enhances activation of CPP32 (Caspase-3) induced by TNF or anti-Fas
	Abstract
	Introduction
	Results
	Discussion
	Materials and Methods
	Detection of cell death
	Isolation of fragmented DNA
	Caspase-3-like and Caspase-1-like activity
	Assay of PI-3K
	Preparation of anti-p17
	Immunoblot analysis

	Acknowledgements
	References


