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(7) ABSTRACT

According to the present invention, there is provided an
assay for determining Bax degradation activity in a patient
sample. The assay includes a labeled Bax protein which is
incubated with a protein extract from the sample and a
detector for detecting a signal from the labeled Bax protein,
whereby decreased signals compared to a control indicates
Bax degradation activity. Also provided by the present
invention is a method for assaying a tissue for Bax degra-
dation activity for determining aggressiveness of a tumor,
for screening compounds for inhibitors of Bax degradation
activity and for determining efficacy of proteasome inhibi-
tors to prevent Bax degradation including the steps of
incubating the sample with a labeled Bax protein and
detecting the presence of a label generated signal whereby
decrease signal compared to a control indicates Bax degra-
dation activity. A method for screening potential proteasome
inhibitors and anticancer drugs for efficacy in preventing
Bax degradation activity. A method of determining tumor
grade by measuring the Bax protein level and Bax degra-
dation activity level whereby low or moderate levels of Bax
protein and high levels of Bax degradation activity indicate
a high-grade tumor is also provided.
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BAX DEGRADATION INVOLVEMENT IN
TUMOR SURVIVAL AND PROGRESSION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. Section 119(e) of U.S. Provisional Patent Application
No. 60/186,895, filed Mar. 3, 2000, and U.S. Provisional
Patent Application No. 60/217,264, filed Jul. 11, 2000, both
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to assays for and treatment
of tumors using Bax degradation activity. More specifically,
the present invention relates to the using determinations of
Bax degredation levels for prognosis and treatment of can-
cer.

2. Description of Related Art

Apoptosis, a morphologically distinct form of pro-
grammed cell death, plays a major role in development,
homeostasis, and many diseases including cancer (Song and
Steller, 1999). The process of apoptosis can be divided into
three fundamental steps: initiation, commitment, and execu-
tion (Reed, 1997). The cell death pathway can be initiated by
many stimuli and insults, including deprivation of growth
factors or treatment with radiation, chemotherapeutic agents
or the kinase inhibitor staurosporin (Reed, 1997).

The molecular mechanisms controlling apoptotic com-
mitment are unclear. Results from the most recent experi-
ments have suggested that cellular fate can be determined by
Bcl-2 family proteins that are localized in mitochondria
(Green and Reed, 1998; Adams and Cory, 1998; Gross et al.,
1999). Apoptotic execution is initiated by activation of
effector caspase protease (such as caspase-3) (Thornberry
and Lazebnik, 1998), which in turn cleaves important cel-
lular proteins, including a poly(ADP-ribose) polymerase
(PARP) (Lazebnik et al., 1994), lamin (Lazebnik et al.,
1995), DNA-dependent protein kinase (Song et al., 1996)
and retinoblastoma protein (RB) (An and Dou, 1996); Tan et
al.,, 1997). The active caspase-3 also cleaves a caspase-
activated deoxyribonuclease inhibitor, resulting activation
of the deoxyribonuclease that is responsible for the internu-
cleosomal fragmentation of DNA (Enari et al., 1998), a
hallmark of apoptotic execution (Thornberry and Lazebnik,
1998).

Several members of the Bcl-2 family (such as Bax, Bid
and Bad) promote apoptosis, whereas the other Bel-2 mem-
bers (such as Bcl-2 and Bel-XL) inhibit the cell death
process (Green and Reed, 1998; Adams and Cory, 1998,
Gross et al., 1999). The Bel-2 family proteins also can form
homodimers or heterodimers. The ratio of pro-apoptotic to
antiapoptotic proteins in the Bcl-2 family is involved in
determination of cellular fate (Green and Reed, 1998;
Adams and Cory, 1998; Gross et al., 1999). In addition to
their ratios, the mitochondrial localization of the Bcl-2
family proteins seems essential for their functions. It has
been found that the pro-apoptotic Bcl-2 family members
promote, while the antiapoptotic members block, the release
of cytochrome ¢ from mitochondria to the cytosol (Green
and Reed, 1998; Adams and Cory, 1998; Gross et al., 1999).
Once in cytosol, the released cytochrome c, together with
Apaf-1, binds and activates caspase-9, which in turn cleaves
and activates the effector caspase-3 (Li et al., 1997). The
three-dimensional structures of Bel-XL and Bid suggest that
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these proteins contain domains similar to the pore forming
domains of some type of bacterial toxins (Chou et al., 1999).
When added to synthetic membranes, Bel-2, BelX, and Bax
were able to form ion channels (Schlesinger et al., 1997,
Minn et al., 1997). However, it is unclear whether Bel-2
family proteins also modulate the pore formation in mito-
chondria in vivo to mediate cytochrome c release.

In the absence of a death signal, most of the anti- and
pro-apoptotic Bcl-2 members are localized in separate sub-
cellular compartments. While pro-apoptotic members
mainly remain in cytosol, antiapoptotic members are local-
ized on membranes of mitochondria, endoplasmic
reticulum, and nucleus (Gross et al., 1999; Porter, 1999).
Following a death signal, the pro-apoptotic members
undergo a post-translational modification and/or a confor-
mational change, followed by translocation to membranes of
cellular compartments, especially mitochondria (Gross et
al., 1999; Porter, 1999). For example, during tumor necrosis
factor a- or Fas-induced apoptosis, Bid is first cleaved at its
N-terminus by caspase-8, and the carboxy-terminal frag-
ment of Bid is then inserted into the membrane of mito-
chondria (Li et al., 1998). In the presence of survival factors,
bad is phosphorylated and sequestered in the cytosol by
binding to 14-3-3 proteins. Following a death signal, Bad is
dephosphorylated and then translocated to mitochondria
where it interacts with, and inhibits, Bel-X;, or Bel-2 (Zha
et al., 1996). Upon apoptotic induction, Bax is also trans-
located to the mitochondria although the involved molecular
mechanisms remain unclear. The Bax translocation process
seems to involve its dimerization and conformational change
(Gross et al., 1999), which is promoted by some unidentified
cytosolic factors (Nmura et al., 1999). Moreover, removal of
the amino-terminal 20 amino acids of Bax enabled it to
target mitochondria in vitro in the absence of an activated
cytosol (Goping et al., 1998). Finally, the Bid is able to
induce the oligomerization and insertion of Bax into the
outer mitochondrial membrane during apoptosis (Eskes et
al., 2000).

The ubiquitin/proteasome system plays an important role
in the degradation of cellular proteins. This proteolytic
system includes two distinct steps: ubiquitination and deg-
radation (Antonsson et al., 1997; Chang et al., 1998).
Ubiquitination is the step after which the target protein can
be selectively recognized by the proteasome complex from
other proteins. Ubiquitination requires a reaction cascade.
First, in an energy-dependent reaction, ubiquitin is activated
by, and subsequently linked to, an Ubiquitin-Activating
Enzyme (E1). Second, ubiquitin is passed on from E1 to
Ubiquitin-Conjugating Enzymes (E2) and often subse-
quently to Ubiquitin Ligases (E3). Third, ubiquitin is then
conjugated to the substrate protein, catalyzed by either E2
alone or a combination of E2 with E3. Usually, multiple
ubiquitin molecules are added to the substrate by the same
enzyme cascade. Degradation of such multi-ubiquitinated
proteins occurs on a large 26S proteasome complex in an
ATP-dependent manner. The 26S proteasome complex is
composed of a 20S proteasome (the catalytic core) and a pair
of 700 kDa-proteasome activators (the regulatory subunit)
(Antonsson et al., 1997; Chang et al., 1998).

The ubiquitin/proteasome system is involved in the regu-
lation of apoptosis. It has been found that proteasome
inhibitors, such as tripeptide aldehydes (LLnL or LLnV;
Dimmeler et al., 1999) or lactacystin (a microbial metabo-
lite; Thomas et al., 1996), induce apoptosis in human
leukemia (Krajewski et al., 1994; Mackey et al., 1998) and
other cell lines. It has also been found that proteasome
inhibitors are able to rapidly induce apoptosis in all the
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human cancer cell lines tested, including leukemia, breast,
prostate, lung, bone, brain and head and neck, but not in
human normal fibroblasts and normal breast cells. It was
also reported that proteasome inhibition is sufficient to
overcome apoptotic protection by Bcl-2 or Ber-Abl onco-
protein. Therefore, the proteasome must selectively degrade
one or more cellular proteins that play an important role in
apoptotic commitment. However, nature of the responsible
proteasome target protein(s) remains unknown.

Regulation of apoptosis is deranged in most, if not all,
human cancers (Fisher et al, 1994). Many human cancers are
resistant to induction of apoptosis (Fisher et al, 1994;
Harrison et al., 1995; Milner et al., 1995) at least partially
due to inactivation of the tumor suppressor protein p53
(Milner et al., 1995) or overexpression of the Bel-2 (Reed et
al., 1994) or Ber-Abl oncoprotein (Bedi et al., 1994). Indeed,
higher Bcl-2/Bax ratio correlates with poor therapeutic
responsiveness to radio or chemotherapy in patients with
prostate (Mackey et al., 1998) or B-cell chronic lymphocytic
leukemia (Pepper et al., 1998). Even reduced expression of
Bax alone is associated with poor response rates to radio or
chemotherapy in patients with B-cell chronic lymphocytic
leukemia (Molica et al., 1998), breast (Krajewski et al.,
1995), ovarian (Tai et al., 1998), cervical (Harima et al.,
1998) and pediatric cancers (McPake et al., 1998). In
contrast, increased levels of Bax protein, or increased ratio
of Bax/Bcl-2 protein, have been found to be tightly associ-
ated with increased therapeutic response (Tai et al., 1998;
Harima et al., 1998). Furthermore, it has been suggested that
Bax levels also influence the prognosis of human pancreatic
cancer: patients whose tumors exhibited Bax immunostain-
ing lived significantly longer (12 months) than those whose
tumors were Bax negative (5 months) (Friess et al., 1998).
What determines or regulates Bax levels in human cancer
cells remains unknown.

Expression of oncogenes that deregulate cell proliferation
can also induce apoptosis (White, 1993; Harrington et al.,
1994), indicating that oncogene expression generates a
proapoptotic signal that is present in transformed cells but
absent in normal cells. Indeed, most recently, it has been
found that an apoptosis-promoting complex consisting
caspase-9, Apaf-1 and cytochrome ¢ regulates the process of
oncogene-dependent apoptosis (Fearnhead et al., 1998).
Since caspase-9, Apaf-1 and cytochrome ¢ are also present
in normal cells, it is unclear what is the missing signal in
normal cells that triggers activation of the apoptosis-
promoting complex.

An assay to measure some aspect of Bcl2/Bax ratio in
order to select patents that are most likely to benefit from
radio- or chemotherapy protocols would be useful.

A method for measuring factors that regulate Bax levels
in human cancer would be useful in evalutating the prog-
nosis of a patient with cancer. It would also be useful to
develop an assay or method for determining the efficacy of
prospective chemotherapeutic agents for treating cancer via
altering Bax levels.

SUMMARY OF THE INVENTION

According to the present invention, there is provided an
assay for determining Bax degradation activity in a patient
sample. The assay includes a labeled Bax protein which is
incubated with a protein extract from the sample and a
detector for detecting a signal from the labeled Bax protein,
whereby decreased labeled signals compared to a control
indicates Bax degradation activity. Also provided by the
present invention is a method for assaying a sample for Bax
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degradation activity for determining aggressiveness of a
tumor, for screening compounds for inhibitors of Bax deg-
radation and for determining efficacy of protease inhibitors
to prevent Bax degradation including the steps of incubating
the sample with a labeled Bax protein and detecting the loss
of the labeled Bax protein compared to a control indicates
Bax degradation activity. A method of predicting tumor
aggressiveness by measuring the Bax protein level and Bax
degradation level whereby low or moderate levels of Bax
protein and high levels of Bax degradation activity indicate
a high-grade tumor is also provided

DESCRIPTION OF THE DRAWINGS

The file of this patent contains at least one drawing
executed in color. Copies of this patent with color drawings
will be provided by the Patent and Trademark Office upon
request and payment of the necessary fee.

Other advantages of the present invention are readily
appreciated as the same becomes better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings
wherein:

FIGS. 1A and 1B show that Bcl protein does not undergo
any post-translation or modification during proteasome inhi-
bition;

FIGS. 2A through 2E are photographs showing that
proteasome inhibitor LLNV activates Bax and cytochrome c
dependent apoptosis pathway;

FIG. 3 is a photograph showing proteasome inhibitor
LLNL at high concentration induces Bax and cytochrome ¢
independent apoptosis in normal WI-38 cells;

FIG. 4 is a graph showing lactacystin selectively induces
detachment in apoptosis in human breast cancer versus
normal cells;

FIGS. 5A and 5B are photographs showing BDA levels
predicts both Bax levels and cancer cell sensitivity to
proteasome inhibitor induced apoptosis; and

FIGS. 6A and 6B show photographs showing the flow
cytometry where exponentially grown human Jurkat T cells
were induced to undergo apoptosis by withdrawing serum
for 48 hours.

FIGS. 7A-7H show proteasome inhibitor LLnV induces
Bax accumulation, cytochrome c release and PARP cleavage
in Bcl-2-overexpressing Jurkat T cells. (FIGS. 7A-7C)
Jurkat T cells overexpressing Bcl-2 (0 h) were treated with
50 uM LLnV for up to 8 h, followed by preparation of
cytosol and mitochondrial fractions. Both fractions were
immunoblotted first by an antibody to cytochrome ¢ (Cyto
C, MW 17 kDa; FIG. 7A and FIG. 7C) and then reblotted by
anti-cytochrome oxidase subunit II (COX, MW 26 kDa;
FIG. 7B). Note: 20 ug protein from the cytosol, and 40 ug
protein from the mitochondrial, preparation was used in
each lane. (FIGS. 7D-7G) Whole cell extracts (70 ug per
lane) of the above treated cells were immunoblotted with
specific antibodies to PARP (FIG. 7D), Bax (clone N-20;
FIG. E), Bcl-2 (FIG. 7F), or actin (FIG. 7G). Molecular
masses of PARP, the PARP cleavage fragment (p85), Bax,
Bel-2 and actin are 113, 85, 21, 26 and 40 kDa, respectively.
Positions of protein markers are indicated at right. (FIG. 7H)
Bcel-2-expressing Jurkat cells (Control) were treated with 50
UM LLnV for 8 h, followed by RT-PCR. For the first-strand
c¢DNA synthesis, 0.2 (lanes 1, 4), 0.6 (lanes 2, 5) and 1.8 ug
(lanes 3, 6) of the total RNA were used. The positions of Bax
(538 bp) and G;PDH mRNA (983 bp) are indicated. Lane M
is DNA molecular weight marker.
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FIGS. 8A-8D show proteasome inhibition accumulates
Bax to mitochondria/cytoplasm and increases interaction
between Bax and Bcl-2 proteins. Jurkat cells (0 h; FIG. 8A
and FIG. 8B) or Jurkat cells overexpressing Bel-2 (0 h; FIG.
8C and FIG. 8D) were treated by either 10 4uM lactacystin
(FIGS. 8A-8C), 50 uM LLnV (FIG. 8D), or 50 uM LLM
(FIG. 8A and FIG. 8B) for the indicated hours. (FIG. 8 A and
FIG. 8B) Western blotting with antibodies to PARP and Bax
were performed as described in FIG. 7. (FIG. 8C) Immu-
nohistochemistry (sce MATERIALS AND METHODS).
Localization of Bax protein (green) and nuclei (red) are
shown. (FIG. 8D) Bax immunoprecipitates, prepared by an
agarose-conjugated N-20 Bax antibody, were immunoblot-
ted first with the 6A7 Bax antibody (upper) and then
reblotted with a Bcl-2 antibody (lower).

FIGS. 9A-9F show Bax degradation depends on
ubiquitination, proteasome and ATP. (FIG. 9A) Jurkat cells
(0 h) were treated with either 50 yuM LLnV or 10 uM
lactacystin, followed by preparation of Bax immunoprecipi-
tates (with clone 6A7), which were immunoblotted with an
ubiquitin antibody. Positions of putative ubiquitinated Bax
proteins (p47, p55) are indicated at left. The nature of the
~30 kDa and ~84 kDa remains unclear. (FIG. 9B) The
[**S]-labeled Bax (upper) or Bel-2 (lower) protein (1 ul)
were incubated at 37° C. for 2 h with either buffer Z only
(lane 1) or 100 mg protein extract of MCF-7 cells grown
exponentially (lane 2) or pretreated for 8 h with 50 mM
LLnV (lane 3). (FIG. 9C) The [>*S]-labeled Bax protein (1
ul) was incubated with either buffer Z only (lane 1) or 100
g MCF-7 cell lysate at 37° C. for 4 h, in the presence of an
indicated inhibitor (100 mM; lanes 3-8) or an equal volume
of DMSO (lane 2) in buffer Z. A weak band of ~16 kDa
(indicated by an arrow) is probably an intermediate product
of proteasome-mediated Bax degradation. (FIG. 9D) The
proteasome in MCF-7 whole cell lysate (W lys, lane 1) was
precipitated by using either ultraspin (ULS) or a proteasome
subunit a6 antibody (IP). Both supernatant (lanes 2, 4) and
pellet (lanes 3, 5) fractions were examined by Western blot
assay using antibody to the proteasome a6 subunit (MW 33
kDa). (FIG. 9E) Bax degradation assay was performed as in
FIG. 9B, with addition of buffer Z (lane 1) or 100 ug protein
from MCF-7 whole cell lysate (lane 2), ultraspun superna-
tant (lane 3) or plus the pellet (lane 4), immunodepleted
supernatant (lane 5) or plus a purified 20S proteasome (2
mg; lane 6), or the purified proteasome alone (2 ug; lane 7).
(FIG. 9F) Bax degradation assay was performed as in FIG.
9B, in the absence (lane 3) or presence of 10 mM ATP (lane
2) or 10 mM ATP-y-S (lane 4).

FIGS. 10A-10F show the correlation of decreased Bax
protein levels and increased Bax degradation in advanced
human prostate cancer specimens (marked by increased
Gleason Scores). (FIGS. 10A—C) Whole tissue extracts (100
ug/lane) were immunoblotted with specific antibodies to
PCNA (MW 36 kDa; FIG. A), Bax (N-20; FIG. 10B) or
Actin (FIG. 10C). (FIG. 10D and FIG. 10E) Bax or Bel-2
degradation activity was assayed by incubating an [>°S]-
labeled Bax or Bel-2 protein (1 ul) with either buffer Z only
(lane 1) or 200 ug protein extract prepared from either
prostate adenocarcinomas with different grades (lanes 3-8)
or a benign prostate hyperplasia (as a control; lane 2) at 37°
C. for 4 h in buffer Z. (FIG. 10F) Whole tissue extracts (200
ug) were immunoprecipitated with 6A7 Bax antibody, fol-
lowed by immunoblot with an ubiquitin antibody. Position
of the putative ubiquitinated Bax, p55, is indicated. n/s
indicates a possible non-specific band.

DESCRIPTION OF THE INVENTION

Generally, the present invention provides a method of
Improving cancer diagnosis, prognosis and treatment More
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specifically, the present invention provides a method of
determining Bax degradation by the ubiquitin/proteasome-
dependent pathways, and establishing that Bax degradation
is involved in tumor survival and progression. Bax degra-
dation activity is useful as a prognostic indicator. Levels of
Bax degradation activity also predicts response of tumor
cells to proteasome inhibitor and other anticancer drugs
whose activity is based on levels of Bax and Bax degrada-
tion activity. Accordingly, the present invention can be used
for diagnosis, prevention and treatment of tumors.

By “tumors” as used herein, this term is intended to
include, but is not limited to breast tumors, prostate tumors,
leukemia, lung, cervical, head and neck cancer, and other
tumors known to those of skill in the art to have Bax activity.

By “labels” as used herein, the term is intended to include,
but is not limited to, chemoluminescent labels, fluorescent
labels, radiolabels, enzymatic labels and other such labels
known to those of skill in the art to be useful in assays.

By “patient sample” as used herein the term is intended to
include any type of sample which can contain tumor
samples. This list therefore includes, but is not limited to,
tissues, washing, excretions, fluids including saliva, blood,
urine, tears, sweat, secretions, and other samples known to
those of skill in the art in include tumor samples.

It has been determined that Bax is mainly regulated by the
ATP-, ubiquitin- and proteasome-dependent degradation
pathway. Further, there has been determined a relationship
between Bax degradation activity and cancer progression.
Therefore, increased levels of Bax ubiquitination and deg-
radation correlates with decreased levels of Bax protein as
well as progression of human prostate cancer.

The ubiquitin/proteasome system plays an important role
in the degradation of cellular proteins that are involved in
regulating different cellular processes including apoptosis
(Hochstrasser, 1995; Dou et al., 1999). It is reported herein
that Bax is a direct target protein of the ubiquitin/proteasome
pathway. Inhibition of this pathway by a proteasome inhibi-
tor in Bel-2-overexpressing Jurkat T cells resulted in accu-
mulation of Bax and its ubiquitinated forms, but had no
effect on Bax mRNA level. The increased Bax-
immunofluorescent signals were primarily localized to
mitochondria/cytoplasm, and associated with increased lev-
els of Bax-Bcl-2 interaction. This was followed by the
mitochondrial cytochrome c release and the caspase activa-
tion. Furthermore, correlated to decreased Bax expression,
levels of Bax degradation were significantly increased in
aggressive prostate cancer tissue samples.

Previously, it was reported that proteasome inhibitors
were able to induce apoptosis in human Jurkat cells over-
expressing Bel-2 protein (An et al., 1998). Another group
also reported a similar finding using Bcl-2-overexpressing
prostate cancer cells (Herrmann et al., 1998). In the current
study, the molecular basis for the ability of proteasome
inhibitors to overcome Bcl-2 antiapoptotic function was
investigated. It was demonstrated that Bax, an inhibitor of
Bcel-2, is a direct target of the proteasome (FIGS. 1-3). This
shows that Bax accumulation by proteasome inhibition is
associated with the proteasome inhibitor’s ability to over-
come the Bcl-2 protective function. First, Bax protein levels
were increased prior to release of cytochrome ¢ from mito-
chondria to the cytosol (FIG. 1, E vs. A, C). Second, Bax was
primarily accumulated in cytoplasm during proteasome inhi-
bition; the observation that the increased Bax signals clus-
tered around nuclei suggests accumulation in mitochondria
(FIG. 2C). Third, proteasome inhibition-accumulated Bax
protein was able to interact with Bcl-2 (FIG. 2D). Finally,
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Bcl-2 protein levels remained relatively unchanged during
proteasome inhibition (FIG. 1F).

Compared to cell-free Bax degradation, no or much less
Bcl-2 proteolysis was observed after incubation with a
tumor cell or tissue extract (FIG. 3B, lower vs. upper; FIG.
4E vs. 4D). In addition, the tumor suppressor p53, another
target of the ubiquitin/proteasome pathway (Hochstrasser,
1995; Dou et al., 1999), was much more resistant than Bax
to induction of cell-free degradation (Li, B., Peng, Y., Chen,
J. and Dou, Q. P, unpublished data). It seems that the in vitro
degradation assay preferably detects degradation of Bax
over Bcl-2 and p53.

In the present application, it was also reported that
decreased Bax levels correlated well with increased Bax
degradation in aggressive prostate tumor samples, whereas
no such correlation was found between levels of Bcl-2
protein or Bcl-2 degradation activity and Gleason Scores of
these tumor samples (Table 1 and FIG. 4). Furthermore, all
high-grade tumors expressed low/moderate levels of Bax
protein and high levels of Bax degradation activity, whereas
most of low- and mid-grade tumors contained high levels of
Bax protein and low/moderate levels of Bax degradation
activity. It should be noted that two previous studies using
immunohistochemical assay showed that Bax levels did not
correlate with Gleason grade of prostate cancer (Krajewski
et al., 1994; Mackey et al., 1998).

The data shows that Bax degradation is an important
regulatory mechanism for controlling Bax protein levels,
which plays an important role in advancing prostate cancer.
Discovery of the correlation between proteasome-mediated
Bax degradation and prostate cancer progression has great
clinical significance in diagnosis, treatment and prognosis of
human prostate and other cancers.

Also provided by the present invention is a cell free Bax
degradation assay, method of using the assay and kit con-
taining therein the materials needed for the assay. This assay
is useful for determining the Bax levels, particularly in
cancer cells, which can further predict differential responses
to chemotherapy and/or radiation therapy. This is also useful
in determining a prognosis of a patient’s disease, for
example in prostate cancer. The assay is also useful as a
method of drug screening to find compounds that interact
with Bax and the related pathway. For example, a cell-free
Bax degradation assay was established in which as in
vitro-translated [**S]-labeled Bax protein can be degraded
by a tumor cell protein extract. For example, but not limited
to, a cell-free Bax degradation activity assay was established
in which an in vitro-translated radiolabeled Bax protein is
incubated with a tumor cell protein extract and Bax degra-
dation activity is measured.

Furthermore, a fast screen assay for proteasome inhibitors
was developed. Briefly, whole cell extracts were prepared
from growing human Jurkat T cells, which contain high
levels of the chymotrypsin-like activity of the proteasome.
Protein extract was mixed with fluorogenic proteasome
peptide substrate and 5 microM of a candidate proteasome
inhibitor of the authentic peptide proteasome inhibitor LLL
(as a control). Measurement of peptide substrate after incu-
bation indicates efficacy of proteasome inhibitors.

By performing this assay, multiple compounds can be
screened, and compounds can be obtained that exhibit potent
proteasome inhibitory activity (80-93% inhibition at 5
microM) equivalent to the potency of LLL.

The ability of these compounds to inhibit the proteasome
in tumor cells and the ability of these compounds to induce
tumor growth arrest or cell death/apoptosis was measured.
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For example, but not limited to, human cell lines overex-
pressing Bel-2 protein or Bel-Abl oncogene were incubated
with selected putative proteasome inhibitors of LLL (as a
control), followed by incubation with a peptide substrate.
Peptide substrate products and the accumulation of natural
proteasome target proteins (i.e. p27, p21, and Bax) were
measured. This was done using HL-60, Jurkat T, K562
(overexpressing Bcl-Abl oncogene) and Jurkat T cells over-
expressing Bcl-2 protein, for these in vivo studies.

To measure inhibition of the proteasome activity in vivo,
tumor cells, cultured in 24-well plates, are first incubated for
12 hours with various concentrations of the selected putative
proteasome inhibitors or LLL (as a control), followed by an
additional 2 hour-incubation with a fluorogenic peptide
substrate. After that, cell medium (200 microl) is collected
and used for measurement of free AMCs. The accumulation
of natural proteasome target proteins (i.e., p27, p21 and Bax)
and their ubiquitinated forms is also measured.

A detailed description of the Bax degradation activity
assay and screening assay for proteasome inhibitors is set
forth in the following non-limiting examples and accompa-
nying Figures, included herewith and incorporated by ref-
erence in its entirety.

EXAMPLES

Example 1
Materials and Methods

Materials: Tripeptidyl protease inhibitors,
phosphocreatinine, creatine phosphokinase, ATP, ATP-
gamma-S, ubiquitin and other chemicals were purchased
from Sigma (St. Louis, Mo.). Purified 20S proteasome,
lactacystin and clasto-lactacyctin b-lactone (b-lactone) were
from Calbiochem (La Jolla, Calif). Stocks of proteasome
and protease inhibitors were prepared in DMSO as described
(Dou et al., 1999). Purified mouse monoclonal antibodies to
human Bax (clone 6A7) and PCNA (clone PC-10) were
purchased from Santa Cruz Biotech (Santa Cruz, Calif.); to
human Bcl-2 (clone 2-124) from Dako (Glostrup,
Denmark); to human cytochrome ¢ (clone 7H8.2C12) from
Pharmingen (San Diego, Calif.); to cytochrome oxidase
subunit IT (clone 12¢4-f12) from Molecular Probes (Eugene,
Oreg.); to 20S proteasome subunit a6 (clone HC2) from
Affiniti Research Products (Exeter, UK). Rabbit polyclonal
antibody to human PARP was from Boehringer Manheim
(Indianapolis, Ind.); to human Bax (clone N-20) and actin
(clone C11) from Santa Cruz Biotech.; to human ubiquitin
from Sigma.

Cell Culture and Drug Treatment: Human breast cancer
MCF-7 cells, Jurkat T cells, and Jurkat T cells stably
transfected with pRcCMV vector containing a complete
human bcl-2 cDNA (obtained from Dr. Hong-gang Wang,
Moffitt Cancer Center & Research Institute) were grown in
RPMI 1640 growth medium (An et al., 1998). Treatment of
cell with a proteasome inhibitor was performed as described
(An et al., 1998; Dou et al., 1999).

Western blot analysis and Immunoprecipitation: Whole
cell extract (An et al., 1996), whole tissue extracts (Loda et
al., 1997), and cytosol and mitochondria fractions (Fang et
al., 1998) were prepared as described. The enhanced chemi-
luminescence Western blot assay was performed as
described previously (An et al., 1996). To perform a coupled
immunoprecipitation-Western blot assay, a whole cell or
tissue extract (200 microg protein) was first precleared by
incubating with protein A plus protein G agarose beads
(Calbiochem) at 4° C. for 2 hours. The collected supernatant
was then incubated for at least 3 hours with either 10 ml of
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agarose beads conjugated with the N20 Bax antibody (Santa
Cruz Biotech), or the 6A7 Bax antibody, followed by
incubation with protein A/protein G beads at 4° C. over-
night. The washed Bax immunoprecipitates were boiled in
SDS sample buffer and used for Western blotting with
antibodies to Bax, Bcl-2 or ubiquitin.

In vitro Bax Degradation Assay: Human Bax-a cDNA
subcloned into pcDNA; was a gift from Dr. Hong-gang
Wang. Human full length of bel-2-a cDNA was cloned from
Jurkat T cells and subcloned into pcDNA3.1(-) as
described+. Both bax and bcl-2 plasmids were used for
coupled in vitro transcription/translation (Promega;
Madison, Wis.) in the presence of [>°S]methionine
(Amersham Pharmacia Biotech; Piscataway, N.J.). Protein
extracts were prepared from either MCF-7 cells or prostate
tumor tissues in buffer Y (50 mM Tris-HC], pH 7.4, 250 mM
NaCl, 1% Triton X-100, 0.1% SDS, 1 mM EDTA), and used
for Bax (or Bcl-2) degradation assay. Briefly, 1 microl of
[**S]-labeled Bax (or Bel-2) protein was incubated at 37° C.
for 2—4 hours with 100-200 microg protein extract in buffer
Z (50 mM Tris-HCIL, pH 7.4, 5 mM MgCl,, 3 mM DTT, 10
mM ATP, 10 mM phosphocreatine, 10 microg/ml creatine
phosphokinase, 10 microg/ml aprotinin, 10 microg/ml
leupeptin, 10% glycerol and 2 microg/ml ubiquitin). After
incubation, the samples were subjected to gel electrophore-
sis and autoradiography. Under the cell-free assay
conditions, the calpain-mediated Bax cleavage activity was
blocked by omission of calcium and addition of the protease
inhibitor leupeptin (Wood et al, 1998). To deplete the
proteasome, MCF-7 cell lysates were either immunoprecipi-
tated with the 20S proteasome subunit a6 antibody or
ultracentrifugated at 100,000xg for 6 hours. The
proteasome-enriched pellet fraction was resuspended in
buffer Y.

EXAMPLES

Immunocytochemistry and Reverse Transcriptase-
Polymerase Chain Reaction (RT-PCR): Immunocytochem-
istry was performed with the rabbit polyclonal Bax antibody
(N20) and an FITO-labeled goat anti-rabbit antibody
(Southern Biotech.; Birmingham, Ala.), followed by
counter-staining nuclei with propidium iodide (Sigma)
(Bossy-Wetzel et al., 1998). To perform RT-PCR, total RNA
was isolated from Jurkat T cells by an Advantage RT-for-
PCR kit (Clontech; palo Alto, Calif.). The primer pairs used
for amplification of BAX mRNA (538 bp) were forward
(SEQ. ID. NO. 1) 5CAGXTXTGAGATCATGAAGACA-3'
and reverse (SEQ. ID. NO. 2)
5'-GCCCATCTTCTTCCAGATGGTGAGC-3' (Wang et al,
1995). PCR was conducted by using a MasterTag DNA
polymerase kit (Eppendorf Scientific; Westbury, N.Y.), fol-
lowed by agarose gel analysis. All results were normalized
to G,PDH mRNA (983 bp; Clontech).

Results

Proteasome inhibitors are able to accumulate Bax protein
and subsequently induce cytochrome c-dependent apoptosis
in Jurkat T cells overexpressing Bcl-2 protein. It was first
determined whether cytochrome c release is associated with
proteasome inhibition-induced apoptosis in Bcl-2 express-
ing cells. Treatment of Bcl-2-overexpressing Jurkat cells
with the tripeptidyl proteasome inhibitor LLnV for 6 to 8
hours increased the level of cytosolic cytochrome ¢, accom-
panied by a decrease in the level of the mitochondrial
cytochrome ¢ (FIG. 7A and FIG. 7C). The increased cyto-
solic cytochrome ¢ was not due to a contamination from the
mitochondria preparation because expression of cytochrome
oxidase (COX), an enzyme that is localized in mitochondria
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(Barrell et al., 1979), was detected only in the membrane-
bound, but not the cytosolic, fraction (FIG. 7B). Release of
cytochrome ¢ in LLnV-treated Bel-2 cells was associated
with induction of apoptosis, as demonstrated by cleavage of
PARP (FIG. 7D). This data suggests that proteasome
inhibition-induced apoptosis in Bcl-2-overexpressing cells
is associated with cytochrome c release.

To show that Bax is a direct target protein of the ubiquitin/
proteasome pathway, Bax protein levels were measured in
the same experiment by Western blot assay. The level of Bax
protein (Bax/p21) was increased after LLnV treatment for 1
hour or longer (FIG. 7E). In contrast, Bax mRNA level
remained unchanged during proteasome inhibition (FIG.
7H). The LLnV treatment also increased levels of several
Bax-related, high molecular weight polypeptides (FIG. 7E;
also see FIG. 8D, upper), suggesting Bax posttranslational
modification. Little changes were observed in levels of the
overexpressed Bcl-2 protein in these cells (FIG. 7F).
Therefore, LLnV treatment of Bcl-2 expressing cells
increased the Bax protein level and the Bax/Bcl-2 ration,
which is associated with the ability of this proteasome
inhibitor to overcome Bcl-2-mediation protection from apo-
ptosis.

LLnV inhibits not only the proteasome activity but also
some cysteine proteases, such as calpain and cathepsin B
(Rock et al., 1994). To confirm that Bax accumulation and
subsequent apoptosis induction are due to inhibition of the
proteasome activity, a specific proteasome inhibitor
(Fenteany et al., 1995), lactacystin, and LLM, a strong
inhibitor of calpain and cathepsin but a very weak inhibitor
of the proteasome (Rocket al., 1994), were used. Treatment
of Jurkat T cells with 10 microM lactacystin induced Bax
accumulation and PARP cleavage (FIG. 5B and FIG. 8A,
lanes 1-3). In contrast, LLM at 50 microM had no such
effects (FIG. 5B and FIG. 5A, lanes 4, 5, vs. 1). Therefore,
inhibition of the proteasome, but not a cysteine protease,
pathway results in Bax accumulation and apoptosis induc-
tion.

Cellular localization of Bax protein accumulated was
determined by a proteasome inhibitor by immunofluorescent
staining. In untreated Bel-2-overexpressing Jurkat cells, Bax
protein was primarily expressed in the cytoplasm (FIG. 5C,
upper). Treatment with LLnV or lactacystin (FIG. 5C,
upper). Treatment with LLnV or lactacystin (FIG. 8C,
lower) markedly increased the cytoplasmic Bax-
immunofluorescent signals, which was consistent with the
results obtained from Western blotting (FIG. 7E and FIG.
5B). The increased Bax signals remained largely in clusters
in cytoplasm around nuclei (FIG. 5C), suggesting accumu-
lation of Bax protein in mitochondria.

In order to determine the functional significance of pro-
teasome inhibition-accumulated Bax protein in Bcl-2-
overexpressing cells, the interaction between Bax and Bel-2
proteins was measured by a coupled immunoprecipitation-
Western blot assay. Bax immunoprecipitates were prepared
from untreated and LLnV-treated Bcl-2-expressing cells
using a polyclonal Bax antibody, followed by immunoblot
with monoclonal antibodies to Bax and Bcl-2, respectively
(FIG. 5D, upper and lower, respectively). LLnV treatment
significantly increased levels of both Bax/p21 and the Bax-
bound Bcl-2 protein (FIG. 5D, upper and lower). The nature
of a band of ~46 kDa, detected by the Bcl-2 antibody in Bax
immunoprecipitates (FIG. 5D, lower), remains unknown.
LLnV also dramatically increased levels of multiple bands
in a range of 30 to 60 kDa, most of which were detected by
the antibody to Bax, but not to Bcl-2 (FIG. 8D, upper vs.
lower), indicating that most of them contain only Bax
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protein (also see FIG. 9A). The data demonstrates that
proteasome inhibitor-accumulated Bax protein is able to
interact with Bcl-2, which correlates to release of mitochon-
drial cytochrome ¢ and inhibition of the Bcl-2 antiapoptotic
function.

Bax Degradation is Dependent on Ubiquitin, Proteasome
and ATP.

If Bax is a direct target of the ubiquitin/proteasome
pathway, inhibition of the proteasome activity should accu-
mulate ubiquitinated forms of Bax protein. To investigate
this possibility, protein extracts of Jurkat T cells treated with
lactacystin or LLnV were immunoprecipitated with a mono-
clonal Bax antibody, followed by Western blot assay using
a polyclonal ubiquitin antibody. Several polypeptide bands
including a p55 and a p47 were detected in the untreated cell
lysate (FIG. 9A, lane 1). Treatment with lactacystin for 4
hours, or with LLnV for 8 hours, significantly increased both
p55 and p47 levels (FIG. 9A), suggesting that they are
probably poly-ubiquitinated forms of Bax.

To further study the proteasome activity that degrades
Bax protein, a cell-free Bax degradation assay was devel-
oped by using an in vitro-translated, [>°S]-labeled Bax
protein as substrate (FIG. 9B, upper, lane 1). The Bax
degradation activity is present in protein extracts prepared
from exponentially growing MCF-7 (FIG. 9), K562, VA-13,
WI-38, Jurkat T or HL-60 cells. The labeled Bax was almost
completely degraded by a MCF-7 cell extract after 2 to 4
hours incubation at 37° C. (FIG. 9B, upper, and FIG. 9C,
lanes 2 vs. 1). In contrast, no or little decrease in the level
of a labeled Bcl-2 was detected after in vitro incubation
(FIG. 9B, lower, lanes 2 vs. 1). When MCF-7 cells were
pretreated with the proteasome inhibitor LLnV, the cell-free
Bax degradation activity was inhibited (FIG. 9B, lanes 3 vs.
2). The Bax degradation process was also blocked by a
10-minute preincubation of the cell extract with the tripep-
tide proteasome inhibitor LLL, LLnV or LLnL, but not with
the tripeptide cysteine protease inhibitor LLM (FIG. 9C,
lanes 5-8 vs. 2). In addition, Bax degradation activity was
blocked by b-lactone (Lactone), the active product of lac-
tacystin (Fenteany et al, 1994), but not by lactacystin itself
(Lact) (FIG. 9C, lanes 3, 4 vs. 2), suggesting failure of
lactacystin to covert to b-lactone under the cell-free condi-
tions. However, Bax degradation activity was not inhibited
by several other protease inhibitors, including leupeptin,
aprotinin, N-ethylmaleimide, phenylmethylsulfonyl
fluoride, benzamidine, tosyl-L-lysine chloromethyl ketone,
acetyl-YVAD-chloromethyl ketone, and acetyl-DEVD-
fluoromethyl ketone. The effects of proteasome depletion on
the cell-free Bax degradation (FIG. 9D and FIG. 9E) were
determined. An ultracentrifugation of the MCF-7 whole cell
lysate (W lys) resulted in precipitation of the proteasome
(ULS pel), as judged by Western blot assay using a specific
antibody to the proteasome subunit a6 (FIG. 9D, lanes 1-3).
The proteasome-depleted supernatant (ULS lys) had also
lost its Bax degradation activity, which was reconstituted by
addition of the pellet fraction (pel) (FIG. 9E, lanes 2—4). The
proteasome complex in the MCF-7 cell lysate was also
successfully immunodepleted by using the proteasome a6
antibody (FIG. 9D, lanes 4, 5), associated with loss of Bax
degradation activity, which could be recovered by addition
of a purified 208 proteasome (prot) (FIG. 9E, lanes 5, 6).
Addition of the purified proteasome alone was not sufficient
to degrade Bax protein (lane 7), which is consistent with the
idea that Bax ubiquitination is required for its degradation.

The cell-free Bax degradation assay was performed in the
presence of ATP, suggesting requirement for ATP. Indeed,
Bax was not degraded if ATP was omitted or replaced by
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ATP-gamma-S, a non-hydrolyzable analog of ATP (FIG. 9F,
lanes 3, 4 vs. 2). Taken together, both in vivo and in vitro
studies have demonstrated that Bax is regulated by an ATP-
and ubiquitin-dependent, proteasome-mediated degradation
pathway.

Decreased levels of Bax protein correlate with increased
levels of Bax degradation in advanced human prostate
cancer. If constant degradation of the apoptosis inducer Bax
by the proteasome is a cancer cell survival mechanism, the
levels of Bax degradation activity should be increased in
aggressive cancers. Bax protein expression and Bax degra-
dation activity were analyzed in frozen specimens of pros-
tate adenocarcinomas. 38 cases of prostate tumor samples
were obtained, which include 22 cases with Gleason Scores
3—6 (low grade), 10 cases with Gleason Score 7 (moderate),
and 6 cases with Gleason Scores 8-10 (high grade). In a
selected subset of tumor samples (16 cases; Table 1 and FIG.
10), progression to prostate cancer (marked by increased
Gleason Scores) was confirmed by increased levels of
PCNA expression (FIG. 10A), an indicator of cell prolifera-
tion (Harper et al., 1992). Levels of Bax/p21 protein was
observed to be high in low-grade tumors, decreased in
mid-grade tumors and further decreased in high-grade can-
cers (Table 1 and FIG. 10B). Furthermore, the low-grade
prostate tumors containing high levels of Bax protein dis-
played low levels of Bax degradation activity while the
high-grade tumors with reduced Bax expression had
enhanced proteolytic activity for Bax (Table 1 and FIG.
10D). These data suggest a tight correlation among
decreased Bax protein expression, increased Bax degrada-
tion activity and increased Gleason Scores in this subset of
prostate cancer samples.

A correlation between Bax levels and Bax degradation
activity, or tumor grade and Bax levels, or tumor grade and
Bax degradation activity was searched for in all the samples.
All 8 low-Bax-containing cases expressed high (38) or
moderate (35) levels of Bax degradation activity, whereas
most of 17 high-Bax-containing cases had low (%7) or
moderate (%17) levels of Bax degradation activity (Fisher’s
exact test, p<0.05). Furthermore, all 6 high-grade tumors
expressed low (%) or moderate (%6) levels of Bax protein,
whereas 17 out of 32 low- and mid-grade tumors contained
high levels of Bax protein and only few of these cases (¥52)
expressed low levels of Bax protein (p<0.05). Finally, all 6
cases of high-grade tumors contained high levels of Bax
degradation activity, and most low-grade tumors contained
low (852) or moderate (*752) levels of Bax degradation
activity (p<0.05). In contrast to Bax, no correlation was
observed between levels of Bel-2 protein and Gleason
Scores of prostate cancer (Table 1). Furthermore, the levels
of Bcl-2 degradation activity were only slightly increased in
high-grade tumors (FIG. 10E).

To try to examine whether levels of Bax ubiquitination are
also increased in advanced prostate cancers, Bax immuno-
precipitates were prepared from different prostate tumor
samples, followed by Western blotting using an ubiquitin
antibody. Levels of a p55 were undetected in low-grade
prostate tumor samples (Gleason Scores 3, 5), slightly
increased in a grade-7 sample, and significantly increased in
a grade-9 tumor specimen (FIG. 10F). The increased p55
levels were detected in several different high-grade prostate
tumor samples. The data are consistent with increased levels
of Bax ubiquitination and degradation during progression of
prostate adenocarcinoma.

Discussion

In the present application, it is reported that: (i) protea-

some inhibition results in Bax accumulation prior to release
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of cytochrome ¢ and induction of apoptosis, which is asso-
ciated with the ability of proteasome inhibitors to overcome
Bel-2-mediated antiapoptotic function; (ii) Bax is regulated
by an ATP/ubiquitin/proteasome-dependent degradation
pathway; (iii) decreased levels of Bax protein correlate with
increased levels of Bax degradation in advanced human
prostate cancer and further correlate with increased Gleason
score in prostate cancer.

Previously, it was reported that proteasome inhibitors
were able to induce apoptosis in human Jurkat cells over-
expressing Bel-2 protein (An et al., 1998). Another group
also reported a similar finding using Bcl-2-overexpressing
prostate cancer cells (Herrmann et al., 1998). In the current
study, the molecular basis for the ability of proteasome
inhibitors to overcome Bcl-2 antiapoptotic function was
investigated. It was demonstrated that Bax, an inhibitor of
Bcel-2, is a direct target of the proteasome (FIGS. 7-9). The
following arguments shows that Bax accumulation by pro-
teasome inhibition is associated with the proteasome inhibi-
tor’s ability to overcome the Bcl-2 protective function. First,
Bax protein levels were increased prior to release of cyto-
chrome ¢ from mitochondria to the cytosol (FIG. 7E vs. FIG.
7A and FIG. 7C). Second, Bax was primarily accumulated
in cytoplasm during proteasome inhibition; the observation
that the increased Bax signals clustered around nuclei sug-
gests accumulation in mitochondria (FIG. 8C). Third, pro-
teasome inhibition-accumulated Bax protein was able to
interact with Bel-2 (FIG. 8D). Finally, Bcl-2 protein levels
remained relatively unchanged during proteasome inhibition
(FIG. 7F). The studies are consistent with the reported
functional role of Bax and Bcl-2 proteins in forming ion-
channels in mitochondria membrane where they regulate
cytochrome ¢ leakage into cytosol during apoptosis
(Antonsson et al., 1997; reviewed in Green et al., 1998;
Gross et al., 1999). It has been found that dephosphorylated
Bad and cleaved Bid are able to interact with Bcl-XL or
Bcl-2 in mitochondria and overcome their antiapoptotic
function (Green et al., 1998; Gross et al., 1999). Whether
proteasome inhibitors also induces dephosphorylation of
Bad and cleavage of Bid in the systems remains to be
investigated.

The cellular and cell-free studies have demonstrated that
Bax is degraded via an ATP-/ubiquitin-dependent protea-
some pathway (FIGS. 7-9). Treatment of cells with the
proteasome inhibitor lactacystin (Fenteany et al., 1994) or
LLnV (Rock et al., 1994) accumulated Bax protein (but not
Bax mRNA) and the ubiquitinated forms of Bax (FIG. 7E.
FIG. 8B, and FIG. 9A), whereas the cysteine protease
inhibitor LLM (Rock et al., 1994) had no effect (FIG. 8B).
In addition, Bax degradation activity was inhibited in cel-
lular and cell-free assays by a proteasome inhibitor LLnV,
LLL, LLaL or b-lactone, but not by the cysteine protease
inhibitor LLM (FIG. 9B and FIG. 9C). Furthermore, cell-
free Bax degradation was prevented by removal of the
proteasome via ultracentrifugation or immunodepletion,
which can be reconstituted by addition of the proteasome-
enriched pellet fraction or a purified 20S proteasome (FIG.
9D and FIG. 9E). Finally, the cell-free Bax degradation
process required ATP (FIG. 9F). All the above features of
Bax degradation are similar to those of previously identified
target proteins of ubiquitin/proteasome degradation pathway
(Hochstrasser et al., 1995; Dou et al., 1999). Most recently,
one group reported that Bax/p21 protein levels were
increased when Hela or Saos-2 cells were treated with a
proteasome inhibitor (Chang et al., 1998). However, appli-
cants did not provide direct evidence for Bax as a target
protein for the ubiquitin/proteasome pathway in their sys-
tems. Such direct evidence has been provided in the current
studies.
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Most recently, it has also been found that Bel-2 is spe-
cifically degraded after stimulation of human endothelial
cells with tumor necrosis factor-alpha (Dimmeler et al.,
1999). Compared to cell-free Bax degration, no or much less
Bcl-2 proteolysis was observed after incubation with a
tumor cell or tissue extract (FIG. 9B, lower vs. upper; FIG.
10E vs. FIG. 10D). In addition, the tumor suppressor p53,
another target of the ubiquitin/proteasome pathway
(Hochstrasser et al., 1995; Dou et al., 1999), was much more
resistant than Bax to induction of cell-free degradation (Li,
B., Peng, Y., Chen, J. and Dou, Q.P., unpublished data). It
seems that the in vitro degradation assay preferably detects
degradation of Bax over Bcl-2 and p53.

Under cell-free conditions, in addition to proteasome-
mediated degradation, Bax can also be cleaved by a calcium-
dependent calpain activity (Wood et al., 1998). However, the
following arguments suggest that the calpain-mediated Bax
cleavage is not a major mechanism for regulation of Bax in
the cell systems. First, the calpain cleavage product of Bax,
Bax/p18 fragment, was not observed in exponentially grow-
ing Jurkat T cells (FIG. 7E, lane 1), suggesting that under in
vivo conditions either Bax is not cleaved by the calpain or
B ax/p18 is further cleaved or degraded. Second, treatment
of Jurkat cells with the calpain inhibitor LLM, which
blocked cell-free Bax cleavage to the pl18 fragment (Wood
et al., 1998), neither increased Bax/p21 levels nor induced
apoptosis (FIG. 8A and FIG. 8B). Third, Bax/p18 was not
detected during the process of proteasome inhibitor-induced
apoptosis (FIG. 7E), although it was found in cells treated
with an anticancer drug (Thomas et al., 1996). This differ-
ence is probably due to different apoptosis stimuli used. In
any case, the results have demonstrated that inhibition of the
proteasome, but not calpain, activity is responsible for the
accumulation of Bax protein.

In the present application, it was also reported that
decreased Bax levels correlated well with increased Bax
degradation in aggressive prostate tumor samples, whereas
no such a correlation was found between levels of Bcl-2
protein or Bel-2 degradation activity and Gleason Scores of
these tumor samples (Table 1 and FIG. 10). Furthermore, all
high-grade tumors expressed low/moderate levels of Bax
protein and high levels of Bax degradation activity, whereas
most of low- and mid-grade tumors contained high levels of
Bax protein and low/moderate levels of Bax degradation
activity. It should be noted that two previous studies using
immunohistochemical assay showed that Bax levels did not
correlate with Gleason grade of prostate cancer (Krajewski
et al., 1994; Mackey et al., 1998). This was probably due to
that immunohistochemistry detected a mixture of Bax/p21
and ubiquitinated Bax while Western blotting was able to
separate Bax/p21 from its modified forms.

The p55 band, found in both Jurkat T cells treated with a
proteasome inhibitor (FIG. 9A) and high-grade prostate
cancer tumor samples (FIG. 10F), can be recognized by
antibodies to both Bax and ubiquitin proteins, suggesting
that it is probably a poly-ubiquitinated form of Bax. This
needs to be conformed by further investigation using cells
expressing a tagged ubiquitin.

Human cancer biologic behavior must be controlled by
complex molecular mechanisms. In addition, Bax is also
regulated through multiple signal transduction pathways.
The data suggest that Bax degradation is an important
regulatory mechanism for controlling Bax protein levels,
which plays an important role in advancing prostate cancer.
Discovery of the correlation between proteasome-mediated
Bax degradation and prostate cancer progression should
have great clinical significance in diagnosis, treatment and
prognosis of human prostate and other cancers.
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Example 2

A proteasome inhibitior at low concentrations induces
programmed cell death (apoptosis) preferentially in multiple
human cancer and transformed cell lines, including those
overexpressing Bel-2 or Ber-Abl oncoprotein. The protea-
some inhibition-induced cancer cell apoptosis is tightly
associated with accumulation of the pro-apoptotic Bax pro-
tein to mitochondria, and consequent release of cytochrome
¢ into cytosol. In contrast, the same proteasome inhibitor
treatment of human normal cells fails to accumulate Bax,
and consequently fails to induce cytochrome c-dependent
activation of apoptotic pathway, although the proteasome
inhibitors at much higher concentrations were able to induce
Bax- and cytochrome c-independent apoptotic death in
human normal fibroblasts.

Putative roles of retinoblastoma protein in apoptosis (Dou
et al., 1995). Most recent studies suggest that the tumor
suppressor RB protein plays a regulatory role in apoptosis.
During the onset of apoptosis, the hyperphosphorylated
form of RB (p120/hyper) is converted to a hypophosphory-
lated form (p115/hypo), which is mediated by a specific
protein-serine/threonine phosphatase activity (Dou et al.,
1995). Accompanied by the internucleosomal fragmentation
of DNA, the newly formed p115/hypo/RB is immediately
cleaved by a caspase activity (An et al., 1996; Fattman et a.,
1997). By contrast, the unphosphorylated form of RB (p110/
unphos) remains uncleaved during apoptosis (Dou et al.,
1995). Further studies suggest that p110/unphos/RB func-
tions as an inhibitor of apoptosis. Therefore, a balance
between RB phosphatases and kinases and consequent RB
phosphorylation status can be important for the determina-
tion of cellular fate.

Proteasome inhibitors overcome Bcl-2 protective function
and selectively induce apoptosis in transformed, but not
normal, human fibroblasts (An et al., in press). It is reported
that a novel dipeptidyl proteasome inhibitor, CEP1612, at
low concentrations rapidly induces apoptosis in human
Jurkat T cells overexpressing Bcl-2 and also in all human
prostate, breast, tongue and brain tumor cell lines were
tested to date, without exception. Other proteasome
inhibitors, including tripeptidyl aldehyde and lactacystin,
have similar effects. In contrast, etoposide, a standard anti-
cancer drug, fails to kill these cells when employed under
the same conditions. The apoptosis-inducing abilities of
CEP1612 and its analogous compounds match precisely
their order for inhibition of the proteasome chymotrypsin-
like activity. CEP1612-induced apoptosis is p53-
independent, inhibitable by a tetrapeptide caspase inhibitor,
and associated with accumulation of the cyclin-dependent
kinase inhibitors p21 and p27. Furthermore, CEP1612 selec-
tively accumulates p27 and induces apoptosis in simian
virus 40-transformed, but not the parental normal, human
fibroblasts.

Proteasome inhibition leads to significant reduction of
Ber-Abl expression and subsequent induction of apoptosis in
K562 human chronic myelogenous leukemia cells (Dou et
al., 1999). Proteasome plays a role in regulating Ber-Abl
function. It is demonstrated by using a variety of inhibitors
that inhibition of the proteasome, but not cysteine protease,
activity is able to activate the apoptotic cell death program
in K562 cells, which can be blocked by a specific caspase-
3-like tetrapeptide inhibitor. Western blot analysis using
specific antibodies to c-Abl and Ber proteins show that
treatment of K562 cells with a proteasome inhibitor results
in significant reduction of Ber-Abl protein expression,
which occurs several hours before the onset of apoptotic
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execution. Levels of c-Abl/p145 and Ber/pl60 proteins,
however, remain essentially unaltered at that time.
Furthermore, reduced Ber-Abl expression is reflected in
significantly attenuated Bcr-Abl-mediated protein tyrosine
phosphorylation.

Proteasome inhibitors overcome Bcl-2- and Ber-Abl-
mediated protection through accumulating Bax and subse-
quently inducing cytochrome c-dependent apoptosis (Li et
al, 1999). The molecular mechanisms responsible for how
proteasome inhibition induces apoptosis in cells overex-
pressing Bcl-2 or Ber-Abl oncoprotein have been investi-
gated. It was found that inhibition of the proteasome activity
in Bcl-2- and Ber-Abl-overexpressing cell lines accumulates
the pro-apoptotic Bax protein to mitochondria, and conse-
quently induces release of cytochrome c into cytosol and
activation of caspase-mediated apoptotic pathway. Consis-
tent with the hypothesis that Bax is a direct target of the
proteasome, treatment with a proteasome inhibitor increased
levels of several polypeptides that contain ubiquitinated
Bax, but such a treatment did not increase the levels of Bax
mRNA. The data demonstrate that inhibition of the
ubiquitin/proteasome-mediated Bax degradation is sufficient
to overcome Bcl-2- and Ber-Abl-mediated protective func-
tion from apoptosis.

FIG. 1A shows that Bel-2 protein does not undergo any
post-translational modification during proteasome inhibi-
tion. Jurkat T cells overexpressing Bcl-2 (lanes 1-6) or
vector (lanes 7-12) were treated with 50 microM LLnV for
up to 24 hours, followed by Western blot assay using an
anti-Bcl-2 antibody.

FIG. 1B shows that no Bcl-2 degradation activity was
detected in growing cancer cells. Exponentially grown Jur-
kat T cells (untreated) were treated with 50 mM LLnV for
8 hours, followed by preparation of whole cell extracts. The
prepared extracts (100 microg protein/reaction), or a sample
buffer, were incubated with 0.7 microl of [**S]-labeled, in
vitro-translated Bel-2 protein at 37° C. for 4 hours, followed
by electrophoresis and autoradiography.

Human cancer cells selectively degrade the proapoptotic
Bax protein, but not the antiapoptotic Bcl-2 protein. In
contrast to Bax (Li et al., 1999), proteasome inhibition did
not induce any apparent post-translational modifications on
Bcl-2, including phosphorylation, ubiquitination and pro-
teolytic cleavage (Figure X, panel A). To confirm that, a
cell-free degradation assay was developed using a [>°S]-
labeled, in vitro-translated Bax or Bcl-2 as a substrate. When
incubated with a whole cell extract of growing Jurkat T cells,
the level of labeled Bax was dramatically decreased (similar
to FIG. 4A, lower panel, lanes 2, 4 vs. 1). This decrease is
not due to Ca**-dependent, calpain-mediated Bax cleavage
(see Wood et al., 1998) since not only Ca** was not added
but also a calpain inhibitor LLM was used in the cell-free
system. In contrast to Bax, the level of the labeled Bcl-2 was
unchanged after in vitro incubation (Figure X, panel B, lanes
2 vs. 1). When cells were pretreated with the proteasome
inhibitor LLnV, the Bax degradation activity in the cell
extract was inhibited (similar to FIG. 4A, lower panel, lanes
3 vs. 2 and lanes 5 vs. 4). However, LLnV pretreatment had
no effects on levels of labeled Bcl-2 after in vitro incubation
(Figure X, panel B, lanes 3 vs. 2). The data suggests that
selective degradation of the proapoptotic Bax, but not the
antiapoptotic Bcl-2, protein is a novel survival mechanism
used by human cancer cells.

Proteasome inhibitors activate Bax- and cytochrome
c-dependent apoptosis pathway preferentially in trans-
formed human fibroblasts. Normal human fibroblasts are
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more resistant to proteasome inhibitor-induced apoptosis
than transformed and cancer cells (An et al., in press). This
is probably due to inability of the normal cells to accumulate
Bax protein in response to proteasome inhibition, and con-
sequently failure to release cytochrome c. To test this
hypothesis, both SV40-transformed and normal WI-38 cells
were treated with 50 microM LLnV for up to 24 hours,
followed by measurement of PARP cleavage, cytochrome ¢
release and Bax accumulation. Both cleavage of PARP and
release of cytochrome ¢ were detected in the transformed
cells at 8 hours after LLnV treatment (FIGS. 1A, 1B, lanes
1-7). In contrast, only after 24 hours treatment, low levels
of p85/PARP fragment and cytosolic cytochrome ¢ were
detected in normal WI-38 cells (FIGS. 1, A, B, lanes 8-14).
Bax levels were dramatically increased prior to release of
cytochrome ¢ in the transformed cells after treatment with
LLnV, but not DMSO (FIG. 1C). The levels of Bax/p21 were
increased at as early as 4 hours and remained high after-
wards. The level of a band of ~70 kDa was dramatically
increased after 6 hours and remained very high afterwards.
The level of another band of ~47 kDa increased at 4 hours,
further increased between 6 and 12 hours, and then
decreased (FIG. 1C). The p70 and p47 bands can contain
ubiquitinated forms of Bax since similar polypeptides were
detected by antibodies to both Bax and ubiquitin (Li et al.,
1999). Furthermore, proteasome inhibition also increased
the half-life of Bax protein in the transformed human
fibroblasts, as demonstrated by the increased level of
immunoprecipitated, °S-labeled Bax protein (FIG. 1D,
lanes 2 vs. 1). In another experiment, after 14 hours treat-
ment with LLnL at up to 200 microM, normal WI-38 cells
neither release cytochrome ¢ nor accumulate Bax (FIGS. 2B,
20C), although they underwent apoptosis as judged by PARP
cleavage (FIG. 2A). Therefore, although unable to activate
the Bax- and cytochrome c-dependent apoptotic pathway in
response to a low concentration of a proteasome inhibitor,
normal cells are capable of undergoing Bax- and cyto-
chrome c-independent apoptosis in response to a proteasome
inhibitor at higher concentrations. In contrast to Bax, levels
of the cdk inhibitor p21 in the normal cells were significantly
increased by the LLnL treatment (FIG. 2D), supporting the
idea that p21 is a proteasome target (Blagosklonny et al.
1996). The data demonstrate that regulation of Bax in
normal human fibroblasts is different from that of p21,
which is LLnL inhibitable.

FIG. 2 shows that proteasome inhibitor LLnV activates
Bax- and cytochrome c-dependent apoptosis pathway pref-
erentially in SV-40 transformed human fibroblasts. SV40-
transformed (VA-13) and normal WI-38 cells were treated
with 50 microM LLnV or DMSO (letter D) for up to 24
hours, followed by measurement of PARP cleavage (A),
cytochrome c release (B) and Bax accumulation (C; also see
FIG. 2). Panel D, exponentially grown VA-13 cells were
pretreated with 50 microM LLnV or DMSO for 1 hour,
washed with methionine-free medium, and then incubated
for 30 minutes in methionine-free medium plus 50 microM
LLoV (or DMSO). This was followed by replacing fresh
methionine-free medium containing 150 microCi/ml of
[**S]-methionine, 10% dialyzed FBS and 50 microM LLnV
(or DMSO). Cells were further incubated for 6 hours,
followed by preparation of [*>S]-labeled protein lysates and
Bax immunoprecipitates (6A7, PharMingen). The labeled
Bax bands are indicated. FIG. 2E shows that whole cell
extracts were prepared from exponentially grown VA-13,
WI-38 or MCF-7 cells, followed by Western blotting (with
anti-Bax antibody) or in vitro Bax degradation assay (Li et
al., 1999). Bax-alpha subcloned into pcDNA3 was used for
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coupled in vitro transcription/translation in the presence of
[*°S]methionine. For Bax cleavage assay, the whole cell
extracts were prepared. The [**S]-labeled Bax (0.7 microl)
was incubated with 50 microg protein in assay buffer
(containing 50 microM LLM and no Ca**) for 4 hours at 37°
C. Following incubation, the samples were subjected to SDS
gel electrophoresis and autoradiography.

Toward the goal of understanding why inhibition of the
proteasome activity in normal human fibroblasts fails to
accumulate Bax protein (FIG. 2, D vs. C), basal levels of
Bax and Bax degradation activity were compared in both
normal and transformed WI-38 cells. It was found that the
Bax level was slightly lower in the normal than the trans-
formed cells (FIG. 1E, top panel, lanes 2 vs. 1). This is
probably due to a slightly higher level of Bax degradation
activity in normal than in the transformed cells (FIG. 1E,
lower panel, lanes 2 vs. 1). The slightly higher BDA activity
in the normal cells should not be responsible for failure of
these cells to accumulate Bax because these cells are still
unable to accumulate Bax even after exposed to a protea-
some inhibitor at much higher concentrations (FIG. 2C).
Therefore, although the Bax degradation pathway is intact in
normal human WI-38 cells, addition of a proteasome inhibi-
tor somehow cannot block degradation of Bax and
consequently, cannot trigger cytochrome c-dependent apo-
ptosis.

Proteasome inhibitors selectively induce apoptosis in
human breast cancer, but not normal, cells. Treatment with
the specific proteasome inhibitor lactacystin (FIG. 3) or
LLnV selectively induced cellular detachment of human
breast cancer (SK-BR-3, MDA-MB-468), but not normal
(MCEF-10A), cells. Cells of both human breast cancer lines
became detached in a lactacystin-concentration-dependent
manner (FIG. 3). No detachment was induced in the normal
human breast cells MCF-10A after treatment with lactacys-
tin for 48 hours (FIG. 3) or even 72 hours. Proteasome
inhibition-induced detachment of breast cancer cells is due
to apoptosis (An et al., in press).

Levels of BDA predict levels of Bax and consequently
influence sensitivity of human cancer cells to proteasome
inhibitor-induced apoptosis. Basal level of Bax protein in
SV40-transformed WI-38 cells (VA13) was several-fold
higher than that of human breast cancer MCF-7 cells (FIG.
1E, top panel, lanes 1 vs. 3). This is due to a much lower
level of BDA in VA13 cells than in MCF-7 cells (FIG. 1E,
lower panel, lanes 1 vs. 3). This conclusion is further
confirmed by using increased amounts of protein extracts of
each cell line in the cell-free BDA assay (FIG. 4A, top
panel). The BDA activity is inhibited when cells of each line
were pretreated with the proteasome inhibitor LLnV; a
greater inhibition was observed in VA-13 than in MCF-7
cells (FIG. 4A, lower panel), consistent with the observation
that the BDA level in VA-13 cells was lower. In addition, in
response to LLnV treatment, VA-13 cells rapidly accumu-
lated Bax protein and subsequently induced apoptosis, as
measured by PARP cleavage (FIG. 4B, lanes 1-5). In
contrast, when MCF-7 cells were treated under the same
conditions, Bax levels were not increased; PARP was
cleaved only after 24 hours treatment, which is Bax-
independent (FIG. 4B, lanes 6-9). Therefore, although
highly preliminary, it appears that levels of BDA determine
levels of Bax and consequently affect responsiveness of
human cancer cells to proteasome inhibition-induced apop-
tosis.

Bax phosphorylation in vitro. Recent evidence indicates
that phosphorylation triggers ubiquitin/proteasome-
dependent degradation of several proteins (Ciechanover et
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al., 1998), including the transcription factor NF-kB (Verma
et al., 1995), inhibitor of NF-kB (IkB; Verma et al., 1995),
cyclin D1 (Diehl et al., 1997), cyclin E (Won et al., 1996),
and the cdk inhibitor p27 (Vlach et al., 1997). Bax phos-
phorylation triggers its ubiquitin/proteasome-dependent
degradation. If so, growing cancer cells that contain high
levels of Bax degradation activity (Li et al., 1999 and FIGS.
1, 4) should also contain a Bax kinase activity. Indeed, an
unlabeled Bax protein, prepared via in vitro transcription/
translation using unlabeled amino acids, was phosphorylated
after incubation at 37° C. for 1 hour with [gamma->*P]ATP
and a protein extract of exponentially grown HL-60 or
Jurkat T cells (FIG. 5B, lanes 1, 2). The phosphorylated
protein migrated to a position of ~21 kDa, supporting the
idea that it is phosphorylated Bax. Apoptotic cells contain-
ing a higher level of Bax and a lower level of Bax degra-
dation activity should also contain a low level of the Bax
kinase activity. To test that, a protein extract was prepared
from apoptotic Jurkat T cells (FIG. 5A, right vs. left panels),
and incubated with the unlabeled Bax in the presence of
[gamma->*P]ATP. No Bax phosphorylation was observed
from this experiment (FIG. 5B, lanes 3 vs. 2). Therefore, it
is possible that growing cancer cells contain high levels of
both Bax kinase activity and Bax degradation activity, both
of which should be decreased when cancer cells undergo
apoptosis. The data support the hypothesis that Bax phos-
phorylation is important for its proteolytic degradation.

FIG. 6A shows the flow cytometry. Exponetially grown
human Jurkat T cells (Exp) were induced to undergo apo-
ptosis by withdrawing serum for 48 hours (Apopt.), fol-
lowed by flow cytometry analysis. Apoptotic population was
increased by 30% as indicated. FIG. 6B shows in vitro Bax
phosphorylation assay. Aliquots of cells from A were used to
make whole cell extracts (Dignam et al., 1993) (lanes 2, 3).
The prepared extracts (50 microg protein/reaction) were
incubated with 2 microl of an unlabeled, in vitro-translated
Bax protein and 10 microCi [gamma->*PJATP at 37° C. for
1 hour, followed by electrophoresis and autoradiography
(Dou et al., 1993). The phosphorylated Bax is indicated.
Lane 1 was from a protein extrat of exponentially grown
HL-60 cells.

Example 3

Previously it was reported that proteasome inhibitors have
the ability to induce tumor cell death (apoptosis). This
example screens for potent proteasome inhibitors in vitro
and in vivo from any compound drug library, more specifi-
cally in this example, the NCI Diversity Set was screened.

A proteasome activity assay was developed using a
96-well plate. Briefly, whole cell extracts were prepared
from growing human Jurkat T cells, which contain high
levels of the chymotrypsin-like activity of the proteasome.
In each well of a 96-well plate, 10 microg protein extract
was mixed with 20 microM fluorogenic proteasome peptide
substrate and 5 microM of a putative proteasome inhibitor,
in this example, the NCI Diversity Set drug to be examined
or 5 microM of the authentic peptide proteasome inhibitor
LLL (as a control) in 100 microliter of assay buffer. The
mixture was incubated for 1 hour at 37° C., followed by
direct measurement of released products (AMCs groups)
using a Wallac Victor 2 plate-reader using Umbelliferone
setting (355 nm/460 nm).

By performing this assay, all the ~2,000 compounds of the
NCI Diversity Set were screened, and 14 compounds were
obtained that exhibited potent proteasome inhibitory activity
(80-93% inhibition at 5 microM) equivalent to the potency
of LLL.
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Next, the ability of these 14 compounds to inhibit the
proteasome in tumor cells and the ability of these com-
pounds to induce tumor growth arrest or cell death/apoptosis
was measured.

HL-60, Jurkat T, K562 (overexpressing Bcl-Abl
oncogene) and Jurkat T cells overexpressing Bcl-2 protein
are used for these in vivo studies.

To measure inhibition of the proteasome activity in vivo,
tumor cells, cultured in 24-well plates, are first incubated for
12 hours with various concentrations of the selected putative
proteasome inhibitors or LLL (as a control), followed by an
additional 2 hour-incubation with a fluorogenic peptide
substrate. After that, cell medium (200 microliter) is col-
lected and used for measurement of free AMCs. The accu-
mulation of natural proteasome target proteins (i.c., p27, p21
and Bax) and their ubiquitinated forms is also measured.

Growth arrest of tumor cells is measured by flow cytom-
etry. Apoptotic cell death is measured by TUNEL, cyto-
chrome c release, PARP cleavage and trypan blue incorpo-
ration.

Throughout this application, various publications, includ-
ing United States patents, are referenced by author and year
and patents by number. Full citations for the publications are
listed below. The disclosures of these publications and
patents in their entireties are hereby incorporated by refer-
ence into this application in order to more fully describe the
state of the art to which this invention pertains.

The invention has been described in an illustrative
manner, and it is to be understood that the terminology
which has been used is intended to be in the nature of words
of description rather than of limitation.

Obviously, many modifications and variations of the
present invention are possible in light of the above teach-
ings. It is, therefore, to be understood that within the scope
of the described invention, the invention can be practiced
otherwise than as specifically described.

TABLE 1

Correlation between Bax/p21 protein levels or degradation activities
and tumor grade in human prostate adenocarcinomas

Bax
Tumor Grade Bax Protein  Degradation Bcl-2 Protein
Tumor #  (Gleason Score) Level Activity Level
1 3 +++ + +++
2 5 +++ + N/A
3 5 +++ + +++
4 6 +++ + N/A
5 6 +++ + ++
6 6 +++ + +
7 6 +++ ++ ++
8 7 +++ ++ ++
9 7 ++ ++ +++
10 7 + ++ +++
11 7 + ++ +
12 7 + +++ +
13 8 + +++ +
14 9 + +++ +
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TABLE 1-continued

Correlation between Bax/p21 protein levels or degradation activities
and tumor grade in human prostate adenocarcinomas

Bax
Tumor Grade Bax Protein Degradation Bcl-2 Protein
Tumor #.  (Gleason Score) Level Activity Level
15 9 + +++ ++
16 10 + +++ ++

Protein levels were assessed by immoblot:

+++, detected of a very strong signal (high);

++, detected of a strong signal (moderate);

+, detected of a weak signal (low),

N/A, not available.

The intensity of the immunoblotting signals for Bax/p21 or Bcl-2 levels
was normalized by comparison to actin levels in each sample. Bax degra-
dation activity was assessed by comparison to buffer only control after 4 h
incubation:

+, <30% degradation (low);

++, 30-60% degradation moderate); »60% degradation (high).
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 2
<210> SEQ ID NO 1
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<221> NAME/KEY: Artificial sequence
<222> LOCATION: (1)..(25)
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 1
cagctctgag cagatcatga agaca 25
<210> SEQ ID NO 2
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<221> NAME/KEY: Artificial sequence
<222> LOCATION: (1)..(25)
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 2
gcccatcttc ttccagatgg tgagce 25
Plowman, J. Dykes, D. J., Hollingshead, M., Simpson- What is claimed is:
Herren, L., and Alley, M. C. Human tumor xenograft 1. A method for assaying a sample for Bax protein
mod.els in NCI drug development. In: B. A Telcher.(e.d.), degradation activity, said method comprising:
Anticancer Drug Development guide: Preclinical 65

Screening, Clinical Trials, and Approval. Totowa, N.J.:
Humana Press. Inc 1997.

a) incubating a labeled Bax protein with a protein extract
prepared from said sample; and
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b) detecting the level of label present in the sample,
wherein a decreased signal is indicative of increased
Bax degradation activity.

2. The method according to claim 1, wherein the incu-
bated Bax protein is subjected to size fractionation following
step (a).

3. The method according to claim 2, wherein said size
fractionation comprises gel electrophoresis.

4. The method according to claim 1, wherein said sample
is from an animal.

5. The method according to claim 4, wherein said sample
is a sample of bodily fluids or tissues.

6. The method according to claim 4, wherein said animal
is a human.

7. The method according to claim 1, wherein said Bax
protein is incubated with said protein extract in step (a) for
2 to 4 hours.

8. The method according to claim 1, wherein said Bax
protein is incubated with said protein extract in step (a) at
37° C.

9. The method according to claim 1, wherein said protein
extract comprises proteasome.
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10. The method according to claim 1, wherein said Bax
protein is labeled with a label that provides a detectable
signal.

11. The method according to claim 10, wherein said label
is selected from the group consisting of a chemiluminescent
label, a fluorescent label, a radiolabel, and an enzymatic
label.

12. The method according to claim 10, wherein said label
is a radiolabel.

13. The method according to claim 12, wherein said
radiolabel is detected by autoradiography.

14. The method according to claim 13, wherein said
radiolabel is S or *?P.

15. The method according to claim 1, wherein said level
of degradation of said Bax protein is determined by the
binding of an anti-Bax antibody to Bax protein following
step (a).

16. The method according to claim 1, wherein said sample
comprises tumor cells or cancer cells.

17. The method according to claim 9, wherein said
proteasome is purified 20S proteasome.
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