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Activation of Caspases in p53-induced Transactivation-independent Apoptosis

Chongfeng Gao and Nobuo Tsuchida1

Department of Molecular Cellular Oncology, Tokyo Medical and Dental University, 1-5-45 Yushima,
Bunkyo-ku, Tokyo 113-8549

Though p53-induced apoptosis plays an important role in tumor suppression, the mechanism(s) by
which p53 induces apoptosis is still unclear. To elucidate the p53-induced apoptotic pathway, we
examined the role of p53 transactivation activity and caspase in J138V5C cells carrying a human
temperature-sensitive (ts) p53 mutant (138Ala→→→→Val). The results showed that p53-induced apopto-
sis was not blocked by cycloheximide, which effectively prevented the expression of p53 target
genes, indicating that transactivation was not essential for p53-induced apoptosis in this system.
Western blot analysis showed that PARP, CPP32 and ICH-1 precursors were cleaved during apo-
ptosis. The CPP32-preferential tetrapeptide inhibitor Ac-DEVD-CHO blocked the cleavage of
ICH-1 and PARP precursors, suggesting that CPP32 or some other DEVD-sensitive caspase(s) is
the upstream activator of ICH-1. We also examined the role of the Fas pathway by using Fas and
Fas ligand-neutralizing antibodies. Both antibodies failed to block p53-induced apoptosis, suggest-
ing that the Fas pathway was not essential for p53-induced apoptosis in this system. Taken
together, our results indicate that p53-induced, transactivation-independent apoptosis in Jurkat
cells involves sequential activation of CPP32 or some other DEVD-sensitive caspase(s) and ICH-1,
via a Fas-independent pathway.
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Loss of p53 function is the most frequent event in
tumorigenesis.1) Acting as a gatekeeper, p53 contributes to
tumor suppression by sensing DNA damage and inducing
cell cycle arrest or apoptosis.2, 3) It is well established that
p53 causes cell cycle arrest, at least in part, by transacti-
vating p21waf1/sdi1.4–6) However, the mechanism(s) by which
p53 induces apoptosis is less clear. In some systems, p53
induces apoptosis by sequence-specifically transactivating
the proapoptotic genes, including bax or IGF-BP3.7–10)

p53 also induces apoptosis in the absence of transcrip-
tional activation of target genes.11, 12) Although the under-
lying mechanism is not known, there is evidence that the
SH3-binding domain and the C-terminal domain of p53
protein are necessary for inducing transactivation-inde-
pendent apoptosis.13–15) It is likely that p53 uses trans-
activation or direct protein-protein signaling or both to
initiate apoptosis, depending on the cell types and experi-
mental conditions.

ICE/CED-3 cysteine protease family (termed caspase)
has been implicated in the execution of apoptosis induced
by various stimuli. To date, more than ten members of
the caspase family, including ICE, TX/ICH-2/ICErel-II,
ICErel-III/TY, CPP32/apopain/Yama, Mch2, Mch3/ICE-
LAP3/CMH-1, Mch4, Mch5/MACH/FLICE, Mch6 (ICE-
LAP6) and ICH-1/NEDD-2, have been identified. Caspases
are expressed as proenzymes which are proteolytically
cleaved to produce active enzymes upon apoptotic stimu-

lation.16, 17) The activated caspases can further activate
other procaspases. Therefore, the multiple caspases are
activated sequentially and ultimately cleave cellular protein
substrates, leading to apoptotic morphology.18–20)

The role of caspase activation in p53-induced apoptosis
has been investigated in several systems.21–23) However,
in these systems, the induction of apoptosis depends on
p53 transactivation activity. It is still unknown whether
p53-induced transactivation-independent apoptosis also
requires caspase activation. Previously, we established
J138V5C cells by transfecting human ts p53 (138Val) into
a human Jurkat T-cell line which contains heterozygous
mutant p53 and expresses no p53 protein.24) This p53 gene
acts as a mutant at 37.5°C, but acts as a wild-type p53
and induces apoptosis at 32.5°C. In the present study, we
observed that cycloheximide, which effectively blocked
de novo protein synthesis, failed to prevent cells from
undergoing apoptosis, suggesting that a transactivation-
independent p53 pathway operates in this system. We
further investigated the role of caspase activation in
p53-induced, transactivation-independent apoptosis. The
results showed that both CPP32 and ICH-1 were activated
upon activation of p53. The activity of CPP32 or some
other DEVD-sensitive caspase(s) was necessary for cleav-
age of the ICH-1 precursor. We also explored whether the
Fas pathway mediated p53-induced activation of caspase
in this system. Although the absence of involvement of
Fas in the p53-mediated apoptosis pathway was reported
in lpr mouse after γ-irradiation,25) there has been no clear
conclusion as to the involvement of Fas in the human
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system, partly due to the sequence difference between
human p53 and mouse p53,26) and also due to different
genetic backgrounds even within the human cells used for
analysis. The inability of Fas and Fas ligand-neutralizing
antibodies to block p53-induced apoptosis suggests that
the Fas pathway is not essential for p53-induced apoptosis
in this system.

MATERIALS AND METHODS

Cell culture and treatment of caspase inhibitor
J138V5C and Jneo were established previously from a
human Jurkat T-cell line.24) The cells were grown in
RPMI1640 medium containing 10% fetal calf serum
(FCS) at 37.5°C for growth, or at 32.5°C for induction of
apoptosis. For inhibitor treatment, Ac-DEVD-CHO (Pep-
tide Institute, Osaka) was added to the culture medium  at
a final concentration of 100 µM and incubated at 37.5°C
for 1 h before temperature shift-down.
DNA fragmentation analysis  DNA was extracted as
previously described.27) Briefly, cells (2×106) were col-
lected and washed with cold phosphate-buffered saline
(PBS). The cell pellets were  suspended in 40 µl of 0.2 M
Na2HPO4/0.1 M citric acid (192:8, v/v) buffer and incu-
bated at room temperature for 60 min. The suspensions
were centrifuged at 2,000g for 30 min, then the superna-
tants were transferred to new tubes and treated with
0.02% Nonidet P-40 and RNase A (1 µg/ml) at 37°C for
30 min. Proteinase K (1 µg/ml) was added and the mix-
ture was incubated at 50°C for 30 min. Aliquots (10 µl)
were loaded on 1.5% agarose gel and electrophoresis was
carried at 5 V/cm for 1 h in 1× TBE [89 mM Tris-borate,
2 mM EDTA (pH 8.0)] buffer. The DNA was stained with
ethidium bromide and visualized under a UV illuminator.
Western blot analysis  Cells cultured at permissive or
non-permissive temperature were collected by centrifuga-
tion at low speed, washed with PBS, and lysed in RIPA
buffer [1× PBS containing 1% Nonidet P-40, 0.5%
sodium deoxycholate and 1% sodium dodecyl sulfate
(SDS)] in the presence of proteinase inhibitors [0.1 µg/ml
phenylmethanesulfonyl fluoride (PMSF) and 0.1 µg/ml
aprotinin) and phosphatase inhibitor (1 mM sodium ortho-
vanadate). DNAs were sheared by passage through 21
gauge needles and centrifuged at 15,000g for 20 min. The
supernatant equivalent to 50 µg total protein was fractionated
on 10% SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to a PVDF filter (Nihon Millipore,
Tokyo) by using a semi-dry electroblotting system. The
membrane was blocked in 1× TTBS [20 mM Tris-HCl
(pH 7.6), 137 mM NaCl and 0.1% Tween-20] containing
5% skim milk and bands were detected with the following
antibodies: anti-PARP (C-2-10) (Enzyme System Prod-
ucts, Dublin, OH), anti-CPP32 (clone 19) (Transduction
Lab., Lexington, KY), ERK-2 (K-23), ICH-1 (H-19) and

p21 (C-19) (Santa Cruz Biotechnology Inc., Santa Cruz,
CA). The horseradish peroxidase-conjugated second anti-
body with the ECL detecting system (Amersham, Tokyo)
was used to visualize immunoreactive proteins.
Fas and Fas ligand-neutralizing antibodies analysis
Cells (5×104) were cultured in normal medium or medium
containing apoptotic neutralizing anti-Fas antibody (clone
ZB4) or anti-Fas ligand antibody (clone 4H9) (MBL Inc.,
Nagoya) at a concentration of 500 ng/ml for 1 h. Then the
cells were either transferred to 32.5°C to induce apoptosis
or maintained at 37.5°C as a control. The DNA fragmen-
tation and cell viability were analyzed at different time
points.

RESULTS

p53-induced apoptosis in Jurkat cells does not require
de novo protein synthesis  p53 can exert either transcrip-
tional activation-dependent or -independent activity to
induce apoptosis, depending on the cell types or experi-
mental conditions. To elucidate the pathway by which p53
induces apoptosis in Jurkat cells, we analyzed whether the
translation inhibitor cycloheximide could block p53-
induced apoptosis. As cycloheximide itself induced apo-
ptosis at high concentration in J138V5C cells, we treated

vehicle cycloheximide

37.5 C°

32.5 C°

Fig. 1. p53-induced chromatin condensation in the absence of
translation of p53-responsive genes. J138V5C cells (1×106) were
treated with vehicle or cycloheximide (0.5 µg/ml, Sigma, St.
Louis, MO) for 2 h before the culture was shifted to 32.5°C or
maintained at 37.5°C. After 18 h of temperature shift-down, the
cells were collected. They were fixed in 4% formaldehyde for
30 min, then stained with Hoechst 33342 (10 µM in PBS) and
observed under a fluorescence microscope.
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J138V5C cells with cycloheximide at a concentration of
0.5 µg/ml for 2 h before and during temperature shift-
down for 18 h. The treatment failed to block p53-induced
apoptosis at permissive temperature (32.5°C) as judged
from the appearance of chromatin condensation and
nuclear fragmentation (Fig. 1). At 18 h after temperature
shift-down, 70% of cycloheximide-treated cells and
68.5% of untreated cells showed chromatin condensation
and nuclear fragmentation. More than 90% of cells cul-
tured at non-permissive temperature (37.5°C) were nor-
mal. DNA fragmentation in cycloheximide-treated cells
was as extensive as in untreated cells (Fig. 2, upper
panel). The result of western blotting showed that protein
synthesis from two p53-responsive genes, p21 and mdm2,
was effectively blocked (Fig. 2, bottom panel). These
results strongly suggested that the translation of p53
responsive genes was not essential for p53-induced apo-
ptosis.
Activation of caspase is essential for p53-induced apo-
ptosis  To investigate the involvement of caspases in p53-
induced apoptosis, we first examined the effect of the

CPP32-preferential tetrapeptide inhibitor Ac-DEVD-CHO.
Upon temperature shift-down, J138V5C cells cultured
without inhibitor showed extensive apoptosis as judged by
trypan blue exclusion test and DNA fragmentation analy-
sis. Treatment of cells with 100 µM Ac-DEVD-CHO
effectively prevented the loss of viability and DNA frag-
mentation induced by p53 (Fig. 3). These results indicated
that CPP32 or some other DEVD-sensitive caspase(s) was
essential for p53-induced apoptosis.

H L

CHX

Mdm2

p21

+     −    +     −

Fig. 2. p53 induces apoptosis in the absence of translation of
p53-responsive genes. J138V5C cells (1×106) were treated with
cycloheximide or vehicle at 37.5°C for 2 h then split into two
groups. One was left at 37.5°C (H) and the other was shifted to
32.5°C (L). After 18 h of temperature shift-down, the cells were
collected and examined for DNA fragmentation  (upper panel)
and  protein level of p53-responsive gene products, MDM2 and
p21 (lower panel), as described in “Materials and Methods.”
CHX: cycloheximide.

B

Time (h)

DEVD M

0     18
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Fig. 3. Effect of caspase inhibitor on p53-induced apoptosis. A:
Cells (5×104) were cultured in 24-well plates in the presence (+)
or absence (−) of 100 µM DEVD at 37.5°C for 1 h, then either
shifted to 32.5°C (L) or left at 37.5°C (H). The cell viability was
determined by means of the trypan blue exclusion test at differ-
ent time points. × H+,  H−,  L+,  L−. B: Cells (2×106)
were treated with the caspase inhibitor DEVD as in A. DNA
fragmentation was analyzed before (0) or 18 h (18) after temper-
ature shift-down. p53-induced DNA fragmentation (18−) was
blocked by caspase inhibitors (18+). No DNA fragmentation was
detected in cells cultured at 37.5°C with (0+) or without (0−)
inhibitors.
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To elucidate further which of the caspases was involved
in p53-induced apoptosis, we examined the cleavage of
caspase precursors and caspase substrate by western blot-
ting. ICH-1 is expressed as a 49 kDa proenzyme which is
activated by multi-step cleavages.22) Using an antibody
against the prodomain, we detected the 49 kDa precursor
in cells cultured at 37.5°C. This protein disappeared from
cells cultured at 32.5°C for 6 h (Fig. 4A). CPP32 is syn-
thesized as a 32 kDa precursor which is cleaved to 17
kDa and 12 kDa subunits upon activation.17) Using a mon-
oclonal antibody against the prodomain and 17 kDa sub-
unit of CPP32, we detected a high level of 32 kDa CPP32
precursor in J138V5C cells at non-permissive tempera-
ture. This 32 kDa band decreased and the 17 kDa band
appeared as early as 6 h after temperature shift-down
(Fig. 4B). The 116 kDa nuclear enzyme PARP, a common
substrate for multiple caspases, was almost completely
cleaved to the 85 kDa subunit  at the same time point
(Fig. 4C). These observations suggested that both CPP32
and ICH-1 were activated in Jurkat cells undergoing p53-
induced apoptosis.

To investigate the occurrence of the caspase activation
cascade during p53-induced apoptosis, we examined the
effect of the CPP32-preferential inhibitor Ac-DEVD-CHO
on the activation of ICH-1. We found that Ac-DEVD-

CHO completely blocked the cleavage of ICH-1 and
PARP precursors (Fig. 4D), suggesting that CPP32 or
some other DEVD-sensitive caspase was required for the
activation of ICH-1.
Fas pathway is not essential for p53-induced apopto-
sis  Activation of caspases via the Fas pathway has been
investigated extensively.28) The Fas pathway is essential
for induction of apoptosis by anticancer drugs and myc,
which may also require p53 activation.29–31) Although the
transactivation of p53-responsive genes was not essential
for p53-induced apoptosis, it is possible that p53 might
activate the Fas pathway in a transactivation-independent
way. Based on this consideration, we examined whether
Fas receptor and Fas ligand-neutralizing antibodies could
block p53-induced apoptosis in this system. An agonistic
anti-Fas antibody (CH11) induced apoptosis in J138V5C
cells at non-permissive temperature, indicating that the
Fas pathway is intact in this cell line. An antagonistic Fas
antibody (ZB4) blocked CH11-induced apoptosis. How-
ever, at the same concentration, it failed to block apo-
ptosis induced by ts p53 in this system (Fig. 5).
Morphological change, membrane blebbing and DNA
fragmentation in ZB4-treated cells were all as extensive
as in untreated cells. Furthermore, the anti-Fas ligand
antibody (4H9), which had been shown to block Fas

A
J138V5C

Time (h)

ICH-1

ERK-2

0     48      0      6     12     18     24 kDa

−49

−42

Jneo

B J138V5C

Time (h)

ERK-2

0      3      6      12     18 kDa

−42

−32

−17

CPP32

D
Time (h)

PARP

ICH-1

0      0    18     18
kDa

−116

−49

−85

DEVD +      −      +        −

C
J138V5C

Time (h)

PARP

0      6      12   18     24    36 kDa
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Fig. 4. Western blot analysis showing the activation of caspases. Cleavage of ICH-1 (A), CPP32 (B) and PARP (C). D: Ac-DEVD-
CHO blocked the cleavage of ICH-1 and PARP. Western blotting was performed as described in “Materials and Methods.” Time (h)
represents the time period after temperature shift-down.
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ligand-induced apoptosis, also failed to block p53-induced
apoptosis (Fig. 6). These results suggested that the Fas
pathway was not essential for p53-induced apoptosis in
this system.

DISCUSSION

Overexpression and activation of human ts p53 without
other stimuli induce apoptosis in Jurkat cells. The previ-
ous experiment showed that several p53-responsive genes
were up-regulated upon temperature shift-down.24) How-
ever, the level of bax protein, one of the p53-responsive
gene products, did not change significantly before and
after temperature shift-down.32) It has been reported that
the temperature-sensitive p53 143Ala mutant can transac-
tivate several p53 target genes, but not apoptosis-associ-
ated bax and insulin-like growth factor-binding protein 3
gene promoter.8) In addition, as shown in this study, the
apoptosis was not prevented by a concentration of cyclo-
heximide which effectively blocked the de novo synthesis
of proteins, suggesting that transactivation activity was
not essential for apoptosis. Although it is not known
whether the translation of all known and unknown p53
target genes was blocked to the same extent under our
experimental conditions, the result that the number of

apoptotic cells showed no significant difference in the
presence of cycloheximide, as measured by Hoechst
33342 staining, further supported the possibility that
transactivation-independent apoptosis was the major event
in the present system. This result is consistent with and
extends the earlier findings that UV induces p53-depen-
dent apoptosis in the absence of protein synthesis,11) and
that transcriptionally inactive p53 mutants retained the

Fig. 5. Effect of Fas-neutralizing antibody on p53-induced apo-
ptosis. A: Fas-neutralizing antibody (ZB4) blocked apoptosis
induced by anti-Fas antibody (CH11) in J138V5C cells. Cells
(5×104) were preincubated with ZB4 (500 ng/ml) before treat-
ment with CH11 (400 ng/ml). The cell viability was analyzed
by means of the trypan blue exclusion test at 24 h after the treat-
ment with CH11. B: ZB4 failed to block p53-induced apoptosis.
Cells were pretreated with ZB4 as in A, then either transferred
to 32.5°C or maintained at 37.5°C for 4 days. The cell viability
was analyzed by means of the trypan blue exclusion test.
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Time (h)
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H        L

+   −    +   −

Fig. 6. Fas and Fas ligand-neutralizing antibodies failed to
block p53-induced morphological change and DNA fragmenta-
tion in Jurkat cells. A: Cells (5×104) were cultured in normal
medium (a, b), or medium containing 500 ng/ml ZB4 (c) or 400
ng/ml 4H9 (d) for 1 h. They were transferred to 32.5°C (b, c, d)
or maintained at 37.5°C (a) for 24 h before the phase-contrast
photomicrographs were taken (magnification 10×40). B: Cells
treated (+) or untreated (−) with ZB4 or 4H9 were transferred to
32.5°C (L) or maintained at 37.5°C (H) for 24 h before DNA
fragmentation analysis.
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ability to induce cell death.12) The different apoptotic path-
ways induced by p53 in different systems may result from
the difference in cell types. The p53 species employed
may also be a contributing factor. In spite of the high
homology, there are important structural and functional
differences between different species of p53.33, 34) For
example, the murine p53 shares only 40% homology
with human p53 in its SH3-binding domain (amino acid
residues 62–91), which is important for p53-induced
apoptosis.13)

Caspase family members are expressed as proenzymes,
which are cleaved and activated during the apoptotic
process.16, 17) Apoptosis induced by a given stimulus in a
particular cell type may involve a selective activation of
several caspases. It has been shown that p53-induced
transactivation-dependent apoptosis involves activation of
caspases. CPP32 seems to be a common mediator of apo-
ptosis.21–23, 35) In this study, we observed that the CPP32-
preferential inhibitor Ac-DEVD-CHO effectively pre-
vented p53-induced apoptosis, suggesting that CPP32 or
some other DEVD-sensitive caspase(s) was required for
p53-induced apoptosis in this system. The cleavage of
CPP32 precursor to the 17 kDa active subunit further con-
firmed the essential role of CPP32 for p53-induced trans-
activation-independent apoptosis. Jurkat cells express a
high level of ICH-1, and activation of ICH-1 has been
shown to be involved in Fas and tumor necrosis factor
(TNF) α induced-apoptosis in Jurkat cells.36) The ICH-1
precursor was also cleaved during p53-induced apoptosis
in our case, suggesting that the activation of ICH-1 is a
common event in Jurkat cells undergoing apoptosis
induced by various stimuli. The activation of CPP32 and
ICH-1 preceded the morphological change and DNA frag-
mentation, which were relatively early events in p53-
induced apoptosis in this system. These results demon-
strated that caspases were also essential for p53-induced,
transactivation-independent apoptosis. The sequential acti-
vation of CPP32-like caspases and ICH-1 had been sug-
gested in Jurkat cells which underwent Fas and TNF-
induced apoptosis.36) As the CPP32-preferential peptide
inhibitor Ac-DEVD-CHO, but not Ac-YVAD-CHO (data
not shown), blocked the cleavage of ICH-1 precursor, we
suggest the sequential activation of CPP32 or other
DEVD-sensitive caspase(s) and ICH-1 in p53-induced
apoptosis. This would be in agreement with the report that

ICH-1 was a substrate for CPP32 in vitro.18) To our
knowledge, this is the first report showing that caspase is
essential for p53-induced transactivation-independent apo-
ptosis.

p53 may mediate the activation of caspase through
transcriptional activation of bax in some systems.22) How-
ever, in our system, apoptosis was induced by p53 in the
absence of protein synthesis from p53 transcriptional tar-
get genes, suggesting that p53-induced apoptosis in this
system is not initiated by up-regulated bax protein. This
result also suggests that induction of other p53-responsive
genes such as Fas, IGF-BP3 and p85 is not required for
p53-induced apoptosis.10, 37) The Fas/Fas ligand pathway
is another route leading to activation of caspase.28) To
clarify whether p53 may activate Fas/FasL through a
pathway other than transcriptional activation, we blocked
the Fas pathway with Fas and Fas ligand-neutralizing
antibodies: both antibodies failed to block p53-induced
morphological change, DNA fragmentation and loss of
cell viability. The Fas death pathway was triggered by the
binding of Fas ligand to Fas receptor. Both the Fas-neu-
tralizing antibody (ZB4) and Fas ligand-neutralizing anti-
body (4H9) effectively blocked the activation of the Fas
pathway in this and other systems.38) These data indicated
that p53-induced apoptosis does not involve the activation
of the Fas pathway. This result is consistent with and
extends the previous report that cells from Fas-deficient
lpr mice were still sensitive to γ-irradiation-induced, p53-
dependent apoptosis,25) although γ-irradiation may have
additional effects on apoptosis other than via the p53-
dependent pathway. Taken together, our results indicate
that p53-induced transactivation-independent apoptosis
involves sequential activation of CPP32 or some other
DEVD-sensitive caspase(s) and ICH-1, which is not medi-
ated by the Fas pathway.
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