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zVAD-fmk, unlike BocD-fmk, does not inhibit caspase-6 acting
on 14-3-3/Bad pathway in apoptosis of p815 mastocytoma cells
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Abstract
In a preliminary study, we found that benzyloxycar-

bonyl-Val-Ala-Asp(OMe)-fluoromethylketone (zVADfmk), unlike Boc-aspartyl(OMe)-fluoromethylketone
(BocD-fmk), at usual dosage could not prevent genistein-induced apoptosis of p815 mastocytoma cells.
This study was undertaken to reveal the mechanism
underlying the incapability of zVAD-fmk in pre venting this type of apoptosis. We observed that
14-3-3 protein level was reduced in genistein-treated
cells and that BocD-fmk but not zVAD-fmk prevented
the reduction of 14-3-3 protein level and the release
of Bad from 14-3-3. We also demonstrated that
truncated Bad to Bcl-xL interaction in genisteintreated cells was prevented by BocD-fmk but not by
zVAD-fmk treatment. Our data indicate that BocDfmk, compared to zVAD-fmk, has a certain preference
for inhibiting 14-3-3/Bad signalling pathway. We also
elucidated that this differential efficacy of BocD-fmk
and zVAD-fmk resulted from the different effect in
inhibiting caspase-6 and that co-treatment of
zVAD-fmk and caspase-6 specific inhibitor sub stantially prevented genistein-induced apoptosis.
Our data shows that caspase-6 plays a role on
Bad/14-3-3 pathway in genistein-induced apoptosis
of p815 cells, and that the usual dose of zVAD-fmk,
in contrast to BocD-fmk, did not prevent caspase-6
acting on 14-3-3/Bad-mediated event.

Keywords: 14-3-3 proteins; benzyloxycarbonylvalylalanyl-aspartyl fluoromethyl ketone; bcl-associated
death protein; caspase 6; genistein; mastocytoma

Introduction
Apoptosis, or programmed cell death, is an essential
physiological process that is required for the normal
development and maintenance of tissue homeostasis. However, apoptosis also is implicated in a wide
range of pathological conditions, including immunological diseases, allergy and cancer (Holtzman et al.,
2000; Zimmermann et al., 2001; Gong et al., 2004;
Du et al., 2006). During apoptosis, cells undergo
specific morphological and biochemical changes,
including cell shrinkage, chromatin condensation,
and internucleosomal cleavage of genomic DNA
(Reed, 2001; Kankaanranta et al., 2002). Apoptosis
has been mainly studied in inflammatory cells such
as eosinophils, neutrophils, lymphocytes and macrophages that participate in the late and chronic stages
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of allergy as a new way to elucidate the pathogenesis
of this disease, although much less is known about the
regulation of mast cell apoptosis in the immediatephase allergic process (Piliponsky et al., 2000).
Although tissue mast cell numbers under normal
conditions are relatively constant from individual to
individual, mast cells must proliferate rapidly and
become activated in various pathological conditions
and processes, including mastocytosis, chronic inflammatory conditions, or allergic diseases. The num ber of mast cells in tissue was demonstrated to be
regulated in part by apoptosis (Metcalfe et al., 1995;
Park et al., 2000).
Pharmacological inhibitors are a convenient method to study the activity of enzymes. Numerous
studies on the physiological functions of caspases
and the regulation of their activity have been being
conducted by employing caspase inhibitor(s). Thus
much of our understanding of caspases is due to the
use of these inhibitors. Currently, each caspase
subtype inhibitors and broad-caspase inhibitors are
commercially available.
zVAD-fmk and BocD-fmk are widely used cell
permeable broad-caspase inhibitors. These broadcaspase inhibitors, in general, prevent apoptosis by
inhibiting the activation of all caspase subtypes.
However, these broad-caspase inhibitors could not
prevent all types of apoptosis. The incapability of
broad-caspase inhibitors in preventing apoptosis
might result from the presence of a certain apoptotic
factor insensitive to caspase inhibitors (Chipuk et al.,
2005). In some apoptosis systems, these inhibitors
could not prevent partial, mostly cytoplasmic, features of apoptosis (McCarthy et al., 1997). Otherwise,
the incapability of these inhibitors in preventing apoptosis might be due to the fact that these inhibitors do
not inhibit all caspases to the same extent. For
example, caspase-2 has been reported to be relatively
resistant to zVAD-fmk since approximately 1,000-fold
more zVAD-fmk was required to inhibit caspase-2
compared with caspase-1 (Ekert et al., 1999).
While we had been undertaking the study on
genistein-induced apoptosis in p815 mastocytoma
cells (Park et al., 2002), we observed that zVAD-fmk
could not prevent the apoptosis (unpublished data).
Thus, we undertook this study to unveil the mechanism underlying the incapability of zVAD-fmk in
preventing apoptosis of p815 cells.

Materials and Methods
Reagents
The following antibodies were obtained commercially; rabbit polyclonal anti-horse cytochrome c,
anti-mouse Bax and AIF, anti-human Bcl-2, Bcl-xL,

Bak, 14-3-3 , CAD and Hsp60, mouse polyclonal
anti-human Bad antibodies were from Santa Cruz
Biotechnology (Santa Cruz, CA); rabbit polyclonal
anti-human caspase-6 was from Cell Signaling
(Beverly, MA); rabbit polyclonal anti-mouse Smac/
112
136
DIABLO, phospho-Bad (Ser ), phospho-Bad (Ser ),
155
and phospho-Bad (Ser ) antibodies were from
Calbiochem (San Diego, CA); monoclonal antiGAPDH (glyceraldehyde-3-phosphate dehydrogenase) antibody was from Chemicon (Temecula, CA);
rabbit polyclonal anti-mouse Bid antibody was from
Pharmingen (San Diego, CA); FITC-conjugated goat
anti-rabbit IgG antibodies were from Vector (Burlingame, CA). Genistein was from Sigma (St. Louis,
MO); staurosporin, lactacystin, and caspase substrates and inhibitors were from Calbiochem (San
Diego, CA); etoposide was from Dong-A Pharmaceutical Co., Ltd (Seoul, South Korea).

Cell culture
The p815 murine mastocytoma cells and rat basophilic leukemia RBL-2H3 cells were purchased from
the American Type Culture Collection (Rockville,
o
MD). P815 cells were maintained at 37 C with 5%
CO 2 in air atmosphere in Dulbecco’s modified
Eagle’s medium with 4 mM L-glutamine, 1.5 g/l
sodium bicarbonate, 4.5 g/l glucose, and 1.0 mM
sodium pyruvate supplemented with 10% fetal
bovine serum. RBL-2H cells were cultured in
RPMI1640 medium with 10% fetal calf serum.
Genistein treatment
Since genistein at 50 M showed the half-maximal
inhibition of viability, this single concentration was
utilized to assess the efficacy of caspase inhibitors.
Administration of caspase inhibitors
Since usual dose of caspase inhibitors is 50 M,
cells treated with genistein were incubated with this
dose of broad-caspase inhibitors for 16 h. To
analyze which caspase subtype is not blocked by
zVAD-fmk in these genistein-treated cells, caspase6, 3, 2 caspase subtype inhibitors, z-VEID-fmk,
z-DEVD-fmk, z-VDVAD-fmk at 50 M were administrated with 50 M zVAD-fmk.
Trypan blue staining and Hoechst staining.
Cells were harvested, washed with phosphate
buffered saline (PBS), and stained with trypan blue
and then counted using a hemacytometer. And cells
and cell suspension were centrifuged, and stained in
4 g/ml Hoechst 33342 and fixed in 4% paraformaldehyde.
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Photomicrography and cell counting
Total cell number, at least 300 cells from each
experiment, was counted under DIC optics and the
cell showing condensed or fragmented nuclei in
Hoechst staining was calculated under epifluorescence optics by a blind observer.

activities were assayed by incubating 30 g of cell
lysates with 8 l of reaction buffer containing 15 M
of each caspase substrate. Release of AFC was
measured after 1 h of incubation at 37oC on a
microplate fluorometer with excitation and emission
wavelengths of 360 and 530 nm.

Western blot analysis
Proteins from cells were separated in 10% SDSPAGE gels, transferred to nitrocellulose, and reacted
with each antibody. Immunostaining was performed
using SuperSignal West Pico enhanced chemiluminescence substrate (Pierce, Rockford, IL) and
detected with LAS-3000PLUS (Fuji Photo Film
Company, Kanagawa, Japan).

Statistical analysis
Four independent experiments were carried out. The
mean values were calculated from data obtained
from triplicates of each independent experiment. The
results were tested for statistical significance by the
Kruskal-Wallis nonparametric test. P value less than
0.05 were considered significant.

Confocal microscopy
Cells were cytocentrifuged and fixed in 4% paraformaldehyde, incubated with primary and FITCconjugated secondary antibodies, orderly. Fluorescent images were observed under Zeiss LSM 510
laser-scanning confocal microscope (Göttingen, Germany).

Results

Immunoprecipitation
Cell extracts were incubated with antibodies in
extraction buffer at 4oC overnight. Immunoprecipitated proteins or aliquots containing 500 g-1 mg
protein were separated on SDS-polyacrylamide gels,
and Western blot analysis was performed as
described above.
Caspase subtype activity assay
Caspase substrates, Ac-YVAD-afc, Ac-VDVAD-afc,
Ac-DEVD-afc, Ac-WEHD-afc, Ac-VEID-afc, Ac-IETDafc, Ac-LEHD-afc were used for measuring the
activity of caspase-1, 2, 3, 5, 6, 8, and 9. Caspase

z-VAD-fmk, unlike Boc-D-fmk, was unable to protect
genistein-induced apoptosis in p815 cells
As determined by nuclear morphology and DNA
electrophoresis, BocD-fmk at 50 M prevented
genistein-induced apoptosis of p815 cells. However,
zVAD-fmk at the same dose could not prevent the
same type of apoptosis (Figure 1A and B). To know
whether this phenomenon is stimulus- or cellselective, we treated p815 cells with other apoptosisinducing chemicals such as etoposide, staurosporin,
and lactacystin. The results demonstrated that
zVAD-fmk could not prevent apoptosis of p815 cells
induced by all these chemicals. BocD-fmk, however,
prevented these chemicals-induced apoptosis in
p815 cells. On the other hand, zVAD-fmk as well as
BocD-fmk prevented genistein-induced apoptosis in
another mast cell line RBL-2H3 cells (Figure 2A). As
determined by nuclear morphology and DNA electrophoresis, zVAD-fmk as well as BocD-fmk at 50
M prevented genistein-induced apoptosis of RBL-

Figure 1. zVAD-fmk, unlike BocDfmk, could not protect apoptosis
on genistein-treated p815 mastocytoma cells. Ctrl, control; G,
genistein; Z, zVAD-fmk; B, BocDfmk. *P ＜ 0.05 vs. Ctrl. (A) Cell
death quantification as determined by nuclear morphology after Hoechst staining. (B) DNA
electrophoresis.
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Figure 2. The incapability of zVAD-fmk in blocking apoptosis is p815 cell-selective. (A) Trypan blue exclusion assay. zVAD-fmk
could not prevent apoptosis in p815 cells induced by etoposide (E) at 0.5 g/ml, staurosporin (S) at 0.5 M or lactacystin (L) at 10
M. However, zVAD-fmk prevented genistein induced apoptosis in another mast cell line RBL-2H3 cells. (B) Cell death quantification of RBL-2H3 cells as determined by nuclear morphology after Hoechst staining. (C) DNA electrophoresis of RBL-2H3 cells. Ctrl,
control; G, genistein; Z, zVAD-fmk; B, BocD-fmk. *P ＜ 0.05 vs. Ctrl. A representative data from four independent experiments.

2H3 (Figure 2B and C). These results suggest that
the incapability of zVAD-fmk in preventing apoptosis
is not stimulus-selective but cell-selective.

BocD-fmk, compared to zVAD-fmk, has a certain
preference for inhibiting 14-3-3/Bad pathway.
We next undertook confocal microscopy and western blot assay to seek the subcellular location from
which this differential efficacy of BocD-fmk and
zVAD-fmk are originated. Confocal microscopy
showed that the release of mitochondrial apoptotic
factors was inhibited by BocD-fmk but not by
zVAD-fmk (Figure 3A). Western blot assay on
several Bcl-2 family proteins showed that tBad was
produced in genistein-treated p815 cells. However,

there was no detectable alteration in Bcl-2, Bax or
Bak protein level after genistein treatment. The
production of tBad was prevented by BocD-fmk but
not by zVAD-fmk. Expectedly, neither BocD-fmk nor
zVAD-fmk altered Bcl-2, Bax or Bak protein level
(Figure 3B). tBAD is a more potent inducer of
apoptosis than wild protein. It can induce apoptosis
irrespective of the alteration of Bax, Bak, or Bcl-2
protein and is evidently detectable only in the
mitochondrial fraction (Condorelli et al., 2001).
Therefore, our data suggested that the differential
efficacy of zVAD-fmk and BocD-fmk was originated
upstream of mitochondria.
Since BAD is sequestered in the cytosol bound to
14-3-3 under the control of survival factors, the
release of Bad from 14-3-3 appears to be the
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Figure 3. The differential efficacy of zVAD-fmk and BocD-fmk was originated upstream of mitochondria. (A) Confocal microscopy of cytochrome c (cyt
c), Smac/Diablo (Smac), apoptosis inducing factor (AIF), and caspase-activated DNase (CAD) showing that genistein-induced release of these apoptotic factors from mitochondria was prevented by BocD-fmk but not by zVAD-fmk. Sixteen h after genistein treatment. (B) Western blot assay on
apoptosis-related factors. Sixteen h after genistein treatment. GAPDH as a loading control. zVAD-fmk, unlike BocD-fmk, could not inhibit the sequential events from 14-3-3 to Bcl-xL. Genistein-mediated downregulation of 14-3-3 and Akt was prevented by BocD-fmk but not by zVAD-fmk.

premise of the formation of tBad. Thus, we examined whether the 14-3-3 protein level was
reduced in genistein-treated cells. Our data showed
that 14-3-3 protein and Akt level was reduced in
genistein-treated cells and that BocD-fmk but not
zVAD-fmk prevented the reduction of 14-3-3 and Akt
level (Figure 3B). We next undertook immunoprecipitation assay, which showed that the release of
Bad from 14-3-3 in genistein treated cells was
prevented by BocD-fmk but not by zVAD-fmk. It is
known that phosphorylated Bad on serine residue(s)
embeds in 14-3-3 consensus binding sites, and
dephosphorylated Bad is released from 14-3-3 and
translocated onto mitochondria. Thus, we performed
immunoprecipitation assay using phosphorylation
site-specific antibodies. Our data showed that
phospho-ser 112- and 155-Bads were released from
14-3-3 in genistein-treated p815 cells. Noticeably,
BocD-fmk but not zVAD-fmk prevented the release
of phospho-ser 112- and 155-Bad from 14-3-3
(Figure 4). Bad translocated onto mitochondria is
known to heterodimerize with Bcl-xL to promote the
downstream apoptotic events (Zha et al., 1996). Our

immunoprecipitation assay also demonstrated the
production of tBad and its interaction with Bcl-xL in
genistein treated cells. Noticeably, the interaction
was prevented by BocD-fmk but not by zVAD-fmk
treatment (Figure 4). Aforementioned results indicate
that BocD-fmk, compared to zVAD-fmk, has a
certain preference for inhibiting 14-3-3/Bad pathway.

Incapability of zVAD-fmk in preventing
genistein-induced apoptosis in p815 cells is primarily
due to the insufficient inhibition of caspase-6 acting
on Bad/14-3-3 pathway
Our final goal was to explore whether this differential
efficacy of BocD-fmk and zVAD-fmk results from the
different effect in inhibiting specific caspase subtype(s). Thus we undertook caspase subtype assay
to search the caspase subtype(s) involved in genistein-treated p815 cells. The assay showed that caspase-6 and -3 were highly activated after genistein-treatment (Figure 5A). We also tested the efficacy of BocD-fmk and zVAD-fmk in preventing
caspase subtypes activation, and observed that
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we could not observe the differential efficacy of
BocD-fmk and zVAD-fmk in preventing caspase-6
activation (Figure 5A).
Depending on these results, we deliberately
assumed that the incapability of zVAD-fmk in preventing apoptosis is primarily due to the insufficient
inhibition of caspase-6. Further, we observed that
co-treatment of caspase-6 inhibitor with zVAD-fmk
prevented not only the genistein-induced downregulation of 14-3-3, Akt, and Bad but genisteininduced production of tBad and its interaction with
Bcl-xL (Figure 5C). Next, we examined whether
zVAD-fmk and BocD-fmk showed the differential
effect on 14-3-3 expression level also in apoptosis of
p815 cells induced by lactacystin, etoposide, and
staurosporin. zVAD-fmk, unlike BocD-fmk, also failed to prevent the reduction of 14-3-3 protein level in
these types of apoptosis (Figure 6). On the other
hand, we could not observe the differential efficacy
of zVAD-fmk and BocD-fmk on 14-3-3 protein level
in genistein-induced apoptosis of another mast cell
line RBL-2H cells (Figure 6). Therefore, the incapability of zVAD-fmk in preventing the downregulation of 14-3-3 appears to be cell-selective phenomenon.
Figure 4. The reduced interaction between 14-3-3 and Bad by genistein was prevented by BocD-fmk but not by zVAD-fmk. Immnoprecipitation assay. Western blot assay using phosphorylation site-specific
antibodies showed that interaction between 14-3-3 and Bad phosphorylated at Ser112 or Ser155 was decreased in genistein-treated p815
cells. The decrease of this interaction was prevented by BocD-fmk but
not by zVAD-fmk. tBad was interacted with Bcl-xL in genistein-treated
p815 cells. This interaction was prevented by BocD-fmk but not by
zVAD-fmk.

zVAD-fmk inhibited caspase-6 activity to a lesser
degree than BocD-fmk whereas BocD-fmk and
zVAD-fmk inhibited other caspase subtypes to the
same degree (Figure 5A). We next asked whether
co-treatment of zVAD-fmk and caspase-6 inhibitor
could prevent genistein-induced apoptosis of p815
cells. Our experiment elucidated that co-treatment of
zVAD-fmk and caspase-6 specific inhibitor substantially prevented genistein-induced apoptosis. For
this experiment, caspase-2 and -3 specific inhibitors
were also employed since caspase-2 was known to
be relatively zVAD-fmk-resistant (Ekert et al., 1999)
and furthermore, caspase-2 plays a key part in
premitochondrial apoptotic event and caspase-3 was
observed to be highly activated in this apoptosis
system. On the contrary to caspase-6 inhibitor,
co-treatment of these inhibitors with zVAD-fmk could
not evidently prevent apoptosis (Figure 5B). On the
other hand, caspase-6 was not substantially activated in genistein-treated RBL-2H3 cells and thus

Discussion
Mast cells are granule-containing secretory cells that
play a pivotal role in immediate-type allergic and
inflammatory reactions by releasing chemical mediators such as histamine, prostaglandins, and cytokines. The mediators for degranulating mast cells
have a critical function in the pathology of allergic
reactions, induce tissue remodeling, and increase
venular permeability and smooth muscle contraction
in the bronchi and various other tissues (Hart, 2001;
Bachert, 2002). The critical role of apoptosis in
regulating cell numbers is now well recognized
(Simon et al., 1999).
Since the number of mast cells in tissue was
demonstrated to be regulated in part by apoptosis
(Metcalfe et al., 1995; Park et al., 2000), induction of
mast cell apoptosis may promote therapeutic efficiency for any mast cell proliferative condition. As a
matter of fact, the antiinflammatory or antiallergic
effect of a certain drug was demonstrated to depend
on its apoptosis-inducing effect (Fuller et al., 1995;
Park et al., 2001; 2002; Kim et al., 2003).
It has been known that Bad/14-3-3 pathway plays
an important role in various type of apoptosis (Zha et
al., 1996; Masters et al., 2001). However, its involvement in apoptosis of mast cells has not been
elucidated before. We here first demonstrated that
this Bad/14-3-3 pathway is involved in apoptosis of
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Figure 5. zVAD-fmk, unlike BocD-fmk, could not inhibit caspase-6 acting on 14-3-3/Bad pathway. (A) Caspase activity assay on p815 cells showed
that caspase-6 substrate was mostly digested (upper panel) compared to the assay on RBL-2H3 cells (lower graph). A representative data set is
presented. (B) Cell death was determined by trypan blue exclusion assay. Cells co-treated with zVAD-fmk and zVEID-fmk showed the significantly
decreased viability compared to zVAD-fmk-treated cells. (C) Co-treatment of zVEID-fmk with zVAD-fmk prevented the genistein-induced downregulation of 14-3-3, Akt, and Bad, and genistein-induced production of tBad and its interaction with Bcl-xL.

mast cells. Therefore, we assume that Bad/14-3-3
pathway could be a therapeutic target for modulating
mast cell proliferating conditions.
To date, it has not been fully elucidated which type
of caspase subtype is involved in 14-3-3 to Bad

interaction during apoptosis. Only two elaborate
studies previously reported that caspase-3 played
an important role in 14-3-3 activity. A study elicited
that caspase-3 facilitated the release of Bad from
14-3-3 and induced its interaction with Bcl-x(L) (Won
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tion on the incapability of zVAD-fmk in preventing
caspase-6 activity is noteworthy. Our data indicate
that we should be very cautious in determining the
type and concentration of broad-spectrum caspase
inhibitors to investigate caspase activity.
Our data also indicate that we should avoid
misusing the term caspase-independent cell death
(CICD). Although CICD, in the strict sense, occurs
when a signal that normally engages apoptosis fails
to activate caspase, the term CICD has also been
used to describe the cell death which was not
blocked by broad-caspase inhibitors (Talanian et al.,
1997; Jones et al., 1999). However, considering that
these inhibitors do not inhibit all caspases to the
same extent, the term CICD should be tactfully
adopted.
Figure 6. Several apoptosis-inducing drugs also downregulated 14-3-3
expression in p815 cells, and this downregulation was prevented by
BocD-fmk but not by zVAD-fmk. G: genistein (50 M), L: lactacystin
(10 M), E: etoposide (0.5 g/ml), S: staurosporin (0.5 M). No alteration in 14-3-3 expression level was observed in genistein treated
RBL-2H3 cells, and there was no differential efficacy of zVAD-fmk and
BocD-fmk on 14-3-3 protein level in this cell.

et al., 2003). Another study showed that caspase-3
was involved in the release of Bax from 14-3-3
(Nomura et al., 2003). However, our data indicate
that caspase-6, which plays in general as an
executioner caspase, is the main caspase subtype
acting on Bad/14-3-3 pathway in apoptosis of p815
cells. The involvement of casapse-6 in 14-3-3/Bad
pathway has not been documented to date. Only a
recent study reported that the caspase-6 inhibitor
zVEID-fmk potently suppressed Akt ubiquitination
and degradation, providing the indirect evidence of
the involvement of casapse-6 in 14-3-3/Bad signalling pathway (Medina et al., 2005). In fact, it has not
been fully delineated which subtype of caspases
acts on each signaling event of various types of
apoptosis. Therefore, our novel observations may
provide further insights into understanding this issue.
However, it remains also an open question through
which exact molecular mechanism caspase-6 acts
on Bad/14-3-3.
We here raised another important issue about the
efficacy of zVAD-fmk. zVAD-fmk inhibited caspase-6
activity to a lesser degree than BocD-fmk. To date,
there has been no report demonstrating that
zVAD-fmk at usual dose could not prevent apoptosis
because of its incapability in inhibiting caspase-6
activity and subsequent Bad/14-3-3 pathway. The
understanding of caspase substrate specificities is
useful in attempts to design selective inhibitors of
individual caspases. Therefore, our novel observa-
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