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7) ABSTRACT

A method of predicting whether cells would respond to
therapies which are mediated through Bax-regulated apop-
tosis is disclosed. In one embodiment, the method comprises
the step of: (a) examining the intensity of the expression of
the Bax protein or mRNA in a cell relative to a control, and
(b) based on that intensity level, predicting whether cells
will respond to therapies which are mediated through Bax-
regulated apoptosis, wherein a high Bax level indicates that
one may lower Ku70 levels and increase sensitivity to
apoptosis. [n another embodiment, the invention is a method
of sensitizing cells to cancer therapy, comprising the step of
reducing the cell’s native Ku70 protein level. In another
embodiment the invention is method of treating cell death-
related diseases comprising the step of increasing cellular
Ku70 protein level.
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METHOD OF MODULATING OR EXAMINING
KU70 LEVELS IN CELLS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from U.S. provi-
sional 60/324,292, filed Sep. 24, 2001; U.S. provisional
60/378,585, filed May 8, 2002 and U.S. provisional 60/364,
287, filed Mar. 14, 2002. These provisional applications are
incorporated by reference herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] --

BACKGROUND OF THE INVENTION

[0003] Bcl-2 family proteins are known to regulate a distal
step in an evolutionarily conserved pathway for pro-
grammed cell death and apoptosis, with some members
functioning as suppressors of apoptosis and others as pro-
moters of cell death (Gross, et al., 1999; Reed, 1997b). In
mammalian cells, Bel-2 family proteins are known to con-
trol mitochondria-dependent cell death cascades (Adams
and Cory, 1998; Green and Reed, 1998; Reed, et al., 1998).
Mitochondria release apoptogenic factors during apoptosis
such as Cytochrome ¢, apoptosis-inducing factor (AIF), and
SMAC/DIABLO (Green, 2000). Cytochrome c released
from mitochondria into the cytosol space triggers Apaf-1-
dependent caspase activation leading cells to death (Green,
2000; Zou, et al., 1997). Pro-apoptotic Bel-2 family proteins
such as Bax promote Cytochrome c release from mitochon-
dria (Jurgensmeier, et al., 1998). On the other hand, anti-
apoptotic Bcl-2 family proteins such as Bcl-2 suppress
Cytochrome c¢ release from mitochondria, thereby protecting
cells from apoptotic signals triggered by several stimuli
(Kluck, et al., 1997; Yang, et al., 1997). The relative ratios
of these various pro- and anti-apoptotic members of the
Bel-2 family have been known to determine the sensitivity
of cells to diverse apoptotic stimuli (Oltvai and Korsmeyer,
1994) including chemotherapeutic drugs and radiation,
growth factor deprivation, loss of cell attachment to extra-
cellular matrix, hypoxia (a common occurrence in the cen-
ters of large tumors), and lysis by cytotoxic T-cells (Adams
and Cory, 1998; Green and Reed, 1998; Gross, et al., 1999;
Reed, 1997a).

[0004] Among pro-apoptotic Bel-2 family members, Bax
and Bak play a key role for apoptosis induction. The double
knock out of these genes in mice resulted in the resistance
of the cells to several cell death stimuli known to trigger
mitochondria-dependent apoptosis, such as UV-irradiation,
staurosporin (pan-kinase inhibitor), and some anti-cancer
drugs (Weli, et al., 2001). Bax normally resides in the cytosol
in a quiescent state. Upon receipt of apoptotic stimuli, Bax
translocates into mitochondria (Wolter, et al., 1997), and
promotes Cytochrome c release, possibly by forming a pore
in the mitochondrial outer membrane (Korsmeyer, et al.,
2000; Saito, et al., 2000). On the other hand, anti-apoptotic
family proteins such as Bcl-2 and Bel-XL reside in the
mitochondrial membrane and antagonize the cytotoxic
activity of Bax moved from the cytosol (Adams and Cory,
1998; Green and Reed, 1998; Reed, et al., 1998). Mitochon-
drial translocation of Bax is one of the critical steps for the
induction of apoptosis, however the mechanism is not yet
fully understood.
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[0005] Translocation of Bax from the cytosol to mitochon-
dria is caspase-independent, since caspase-inhibitor pre-
treatment does not interfere with this process (Goping, et al.,
1998). C-terminus hydrophobic residues forming the ninth
a-helix of Bax are reported to be involved in the translo-
cation of Bax to the mitochondrial membrane (Suzuki, et al.,
2000). In addition, some of BH3-only proapoptotic Bcl-2
family members, such as Bid, are reported to stimulate the
membrane insertion of Bax and its oligomerization in mito-
chondria (Cheng, et al., 2001; Wei, et al., 2001). On the other
hand, the N-terminus of Bax functions as a cytosol retention
domain, since the deletion of this region allowed Bax to
accumulate in the mitochondrial membrane in the absence of
apoptotic stimuli (Goping, et al., 1998). These previous
observations suggest the presence of the cytosol retention
factor(s) and apoptotic stimulation activates Bax protein
escape from the factor(s).

BRIEF SUMMARY OF THE INVENTION

[0006] In one embodiment, the present invention is a
method of predicting whether cancer cells would respond to
therapies which are mediated through Bax-regulated apop-
tosis, comprising the step of: (a) examining the intensity of
the expression of the Bax gene in cancer cells relative 1o a
control, and (b) based on the intensity level, predicting
whether the cells will respond to therapies which are medi-
ated through Bax-regulated apoptosis, wherein a high Bax
level indicates that one may lower Ku70 levels and increase
sensitivity to apoptosis. In a preferred embodiment, one
additionally examines the intensity of expression of the
Ku70 gene in a cell, preferably by measuring the amount of
Ku70-specific mRNA.

[0007] In another embodiment, the invention is a method
of increasing the sensitivity of cells to therapy, comprising
the step of reducing the cells’ native Ku70 protein or mRNA
level sufficiently so that the cell becomes more sensitive to
cancer therapy. Preferably, the reduction is through antisense
mRNA methods.

[0008] In another embodiment, the invention is a method
of treating cell death-related discases comprising the step of
increasing cellular Ku70 protein or mRNA level.

[0009] Other objects, features, and advantages are also
part of the present invention. One should review the speci-
fication, claims, and drawings to fully understand the scope
of the present invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0010] FIG. 1. Ku70 shows cytoprotective activity. FIG.
1A: Scheme of Ku70 full-length, Bax-suppressor clones
(clone 1 and 2) obtained by yeast-based functional screening
using pGilda-Bax plasmid for Bax expression as reported
(Xu, et al., 2000). FIG. 1B: Ku70 suppresses Bax-induced
apoptosis in HEK293T cells as well as XIAP. 10° cells were
transfected with 1.0 ug of pcDNA3 (Control) or pcDNA3-
Bax (Bax) together with 0.5, 1.0, or 2.0 ug of pCMV-2B-
Ku70 wt (Ku70 wt) or pcDNA3-Myc-XIAP (XIAP). In
“Bax+Vector” group, 1.0 ug pcDNA3-Bax and 2 ug of
pCMV-2B were used, respectively (Control and Bax+Vec-
tor). All the cells were also co-transfected with 0.5 ug
PEGEFP for the marking of transfected cells. Apoptosis in the
transfected cells was analyzed 24 hours following transfec-
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tion with Hoechst dye staining of the nucleus as described in
Experimental Procedure. FIG. 1C: Time course of the
suppression of Bax-induced apoptosis by Ku70 and XIAP in
HEK293T cells. 10° cells were transfected with 1.0 pg
pcDNA3-Bax and 2.0 ug pCMV-2B (Bax+Vector), pPCMV-
2B-Ku70 wt (Bax+Ku70 wt), or pcDNA3-Myc-XIAP (Bax+
XIAP). In control group, 1.0 ug pcDNA3 and 2.0 ug
pCMV-2B were used (Control). Apoptosis in the transfected
cells was analyzed at 24 hours (Control) or the indicated
time points following transfection. FIG. 1D: The C-termi-
nus of Ku70 suppresses Bax-induced apoptosis in HEK293T
cells. 10° cells were transfected with 1.0 ug pcDNA3-Bax
(Bax) together with 2.0 ug pCMV-2B (Vector), pcDNA3-
Myc-XIAP (XIAP), pCMV-2B-Ku70 wt (Ku70 wt), pCM V-
2B-Ku70, 555 (Ku70,_555), pCMV-2B-Ku70,56_600
(Ku70,95.600)> Or pPCMV-2B-Ku7053 500 (Ku70536 500)- In
control group, 1.0 ug pcDNA3 and 2.0 ug pCMV-2B were
used (Control). The effects of Ku70 wt on Bak-mediated
apoptosis were examined by co-transfection of cells with 1.0
ug pcDNA3-Bak and 2.0 ug pCMV-2B (Vector) or pCMV-
2B-Ku70 wt (Ku70 wt). After 24 hours, apoptotic cells were
counted as described in FIG. 1B. FIG. 1E: Ku70, 55 failed
to suppress Bax-induced apoptosis. 10° cells were trans-
fected with 1.0 ug pcDNA3-Bax together with 0.5, 1.0, or
2.0 ug pCMV-2B-Ku70, ;. In control or vector group, 2.0
#g pCMV-2B and 1.0 ug pcDNA3 or 1.0 ug pcDNA3-Bax
were used, respectively (Control and Bax+Vector). The
number of apoptotic cells was determined as described in
FIG. 1B. FIG. 1F: 10° cells were transfected with 1.0 zg
pcDNA3-Bax together with 2.0 ug pCMV-2B (Bax+Vector)
or pPCMV-2B-Ku70,_s,5 (Bax+Ku70,_s55). In control group,
1.0 ug pcDNA3 and 2.0 ug pCMV-2B were used (Control).
Apoptosis in the transfected cells was analyzed at the
indicated periods following transfection as described in
FIG. 1C.

[0011] FIG. 2A: Ku70 suppressed STS-induced apoptosis
in Hela cells. Hela cells (10° cells) were transfected with 0.5
ug pEGFP and 1.0 ug pCMV-2B (Vector), pCMV-2B-Ku70
(Ku70 wt), pPCMV-2B-Ku70, . (Ku70, s;5), or pPCMV-2B-
Ku70555.600 (KU70556 600)- One day following transfection,
cells were treated with 200 nM STS and the number of
apoptotic cells was counted as described in FIG. 1 after 24
hours of STS treatment. FIG. 2B: Ku70 suppressed UVC-
induced apoptosis. HEK293T cells (10° cells) were trans-
fected with 0.5 ug PEGFP and 1.0 ug pCMV-2B (Vector),
pCMV-2B-Ku70 wt (Ku70 wt), or pCMV-2B-Ku7045¢ <00
(Ku70556.600)- One day following transfection, cells were
exposed to 200 J/m® of UVC-irradiation. After 24 hours,
apoptotic cells were counted as described in FIG. 1. FIG.
2C: Ku70 suppressed Bax-induced Caspase activation.
HEK293T cells (10° cells) were transfected with 1.0 ug
pcDNA3 and 2.0 ug pCMV-2B (Control), 1.0 ug pcDNA3-
Bax and pCMV-2B (Bax+Vector), pCMV-2B-Ku70 wt
(Bax+Ku70 wt), or pCMV-2B-Ku70,45_g00 (Bax+Ku70,4,.
600). Caspase activity was measured one day following
transfection as described in Experimental Procedure. FIG.
2D: Ku70 suppressed STS-induced Caspase activation. Hela
cells (10° cells) were transfected with 1.0 ug pCMV-2B
(Vector), pCMV-2B-Ku70 wt (Ku70 wt), or pCMV-2B-
Ku70,06.600 (Ku70,06_600)- Caspase activity was assessed as
described in Experimental Procedure. FIG. 2E: Ku70 inhib-
ited Cytochrome ¢ release from mitochondria. HEK293T
cells (10° cells) were co-transfected with 1.0 ug pcDNA3
and 2.0 ug pCMV-2B (Control), or 1.0 ug pcDNA3-Bax
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(Bax) and 2.0 pg pCM V-2B (Vector) or pCMV-2B-Ku70 wt
(Ku70 wt). Cytochrome ¢ released from mitochondria into
cytosol was analyzed by subcellular fractionation followed
by Western blot analysis of Cytochrome ¢ (Cyt ¢) as well as
mitochondrial FoF1-ATP-synthase subunit Fla (Fla) as
described in Experimental Procedure.

[0012] FIG. 3. Lowering Ku70 protein levels sensitized
cells to apoptotic stimuli. FIG. 3A-E: The inserted Western-
blot results show the confirmation of the down regulation of
Ku70 levels by antisense RNA expression. One million of
HEK293T cells (A and C) or HeLa cells (B, D, and E) were
transfected with 2.0 ug pcDNA3 (Vector) or pcDNA3-
reversed cDNA of Ku70 (antisense (AS) Ku70). Twenty-
four hrs later, cells were collected and the levels of Ku70 as
well as f-Tubulin were examined using total cell lysates (20
ug protein/lane). FIG. 3A: HEK293T cells (10° cells) were
transfected with 2.0 ug pcDNA3 (Vector) or pcDNA3-
antisense Ku70 (ASKu70). One day following transfection,
cells were transfected with 0.5 ug PEGFP and 1.0 ug
pcDNA3 (Vector) or pcDNA3-Bax (Bax). One day follow-
ing the second transfection, the number of apoptotic cells
was determined as described in FIG. 1. FIG. 3B: Hela cells
(10° cells) were transfected with 0.5 ug pEGFP and 2.0 ug
pcDNA3 (Vector) or pcDNA3-antisense Ku70 (ASKu70).
One day following transfection, cells were treated with 200
oM STS for 24 hours. The number of apoptotic cells was
measured as described in FIG. 1. FIG. 3C: HEK293T cells
(10° cells) were transfected with 0.5 yg pEGFP and 2.0 ug
pcDNA3 (Vector) or pcDNA3-ASKu70 (ASKu70). One day
following transfection, cells were exposed to 200 J/m* of
UVC. One day following UVC-irradiation, the number of
apoptotic cells was determined as described in FIG. 1.
FIGS. 3D and E): Hela cells (10° cells) were transfected
with 0.5 ug pEGFP and 2.0 ug pcDNA3 (Vector) or
pcDNA3-ASKu70 (ASKu70). One day following transfec-
tion, cells were treated with anti-Fas antibody (CH-11) or
human recombinant TRAIL at the indicated various concen-
trations for 24 hours. The number of apoptotic cells was
measured as described in FIG. 1. FIG. 3F: Expression
levels of Ku70 and p-Tubulin in MEFs were examined by
Western blotting. Total cell lysates containing 20 g protein
were analyzed in each lane. FIGS. 3G and H: Examination
of sensitivities of Ku70+/- or Ku70-/- MEFs. MEFs
derived from Ku70-proficient (Ku70+/+), Ku70-heterozy-
gous (Ku70+/-) or Ku70-deficient (Ku70-/-) mice were
treated with STS (200 nM) or UVC-irradiation (200 J/m?),
and apoptotic cells were counted at the indicated periods as
described in FIG. 1.

[0013] FIG. 4. Interaction of Ku70 and Bax. FIGS. 4A
and B: Co-immunoprecipitation of endogenous Ku70 and
Bax. HEK293T cells were lysed in the hypotonic buffer
without detergent. Immunoprecipitation was also performed
in detergent free buffer as described in Experimental Pro-
cedure. Immunoprecipitation was performed with (FIG. 4A)
anti-Bax rabbit polyclonal antibody or (FIG. 4B) anti-Ku70
mouse monoclonal antibody as described in Experimental
Procedure. Pre-immune rabbit serum (NRS) and mouse IgG
were used as negative controls. Western blot analyses of
pre-immunoprecipitation (Input) and immunoprecipitated
samples (IP) were performed by anti-Ku70 monoclonal
antibody or anti-Bax polyclonal antibody. (FIG. 4C) Co-
immunoprecipitation of GFP-Bax and Ku70. HEK293T
cells (10° cells) were transfected with 1.0 ug of pEGFP
(GFP), pEGFP-Baxwt (GFP-Baxwt), pEGFP-Bax-AN
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(GFP-BaxAN), pEGFP-Bax-Aa9 (GFP-BaxAa9) or
pEGFP-Bax-Ac2 (GFP-BaxAa2) in the presence of 50 uM
z-VAD-fmk. One day following transfection, cells were
collected and co-immunoprecipitation experiments of GFP-
Bax and endogenous Ku70 were performed as described in
Experimental Procedure. Anti-GFP polyclonal antibody was
used for immunoprecipitation and detection of GFP-fused
proteins, and anti-Ku70 monoclonal antibody for the detec-
tion of Ku70. (FIG. 4D) Co-immunoprecipitation of Flag-
tagged-Ku70 and endogenous Bax. HEK293T cells (10°
cells) were co-transfected with 1.0 g pcDNA3-Bax and 1.0
g pCMV-2B-control vector (Flag-tagged firefly luciferase),
pCMV-2B-Ku70 wt (Flag-Ku70 wt), pCMV-2B-Ku70, ..,
(Flag-Ku70, 555), pCMV-2B-Ku70,46_s00(Flag-Ku70 4,
600) or pCMV-2B-Ku7054 ¢00(Flag-Ku70554 ¢00) in the
presence of 50 uM z-VAD-fmk. Co-immunoprecipitation
was performed as described in FIG. 4C, and Western blot of
Bax was done with anti-human Bax polyclonal antibody.

[0014] FIG. 5A: Ku70 did not suppress Bax-AN-induced
apoptosis. Bax-deficient Du145 cells (10° cells) were trans-
fected by 1.0 ug of pcDNA3-Bax (Bax) or pcDNA3-Bax-
AN (BaxAN), together with 1.0 ug of pCMV-2B (Vector),
pcDNA3-Myc-XIAP  (XIAP), pcDNA3-Bel-2 (Bel-2),
pcDNA3-Bcel-XL (Bel-XL), or pCMV-2B-Ku70 wt (Ku70
wt). All the cells were also co-transtected with 0.5 ug
PEGFP for the marking of transfected cells. Cells in the
control group received 0.5 ug of pEGFP, 1.0 ug of pcDNA3,
and 1.0 ug of pCMV-2B. One day following transfection,
apoptosis was detected as described in FIG. 1. FIG. 5B:
Ku70 did not suppress STS-induced apoptosis in Bax-
deficient cells. Du145 cells (10° cells) were transfected with
1.0 ug pCMV-2B (Vector), pcDNA3-Myc-XIAP (XIAP),
pCMV-2B-Ku70 wt (Ku70 wt), or pCMV-2B-Ku70554 400
(KU70556_600) together with 0.5 ug pEGFP. One day fol-
lowing transfection, cells were treated with 200 nM STS and
the number of apoptotic cells was counted as described in
FIG. 1 after 24 hours of STS treatment. In control group, 1.0
ug of pcDNA3 and pCMV-2B were transfected (Control).
FIG. 3C: Ku70 wt, but not C-terminus of Ku70 suppressed
UVC-induced apoptosis in Bax-deficient cells. Dul45 cells
(10° cells) were transfected with 0.5 ug pEGFP and 1.0 ug
pCMV-2B (Vector), pcDNA3-Myc-XIAP (XIAP), pCMV-
2B-Ku70 wt (Ku70 wt), or pCMV-2B-Ku70s55 600
(KU70456_600)- One day following transfection, cells were
exposed to 200 J/m* of UVC-irradiation. After 24 hours,
apoptotic cells were counted as described in FIG. 1. FIG.
3D: Down regulation of Ku70 did not induce hypersensi-
tivities to STS in Bax-deficient cells. Du145 cells (107 cells)
were transfected with 5.0 ug pEGFP and 20 ug pcDNA3
(Vector) or pcDNA3-antisense Ku70 (ASKu70). One day
following transfection, 10° cells were collected and the
levels of Ku70 as well as f-Tubulin were examined by
Western blotting. Remained cells (10° cells for each group)
were treated with 200 nM STS for 24 hours or re-transfected
with 1.0 ug of pcDNA3 (Vector) or pcDNA3-Bax (Bax). The
number of apoptotic cells was counted as described in FIG.
1. FIGS. 5E and F: Ku70 did not suppress apoptosis induced
by anti-Fas antibody (Clone CH-11) or human recombinant
TRAIL in Hela cells. Hela cells (10° cells) were transfected
with 0.5, 1.0, or 2.0 ug pCMV-2B-Ku70 wt (Ku70 wt). One
day following transfection, cells were treated with 1 ug/ml
anti-Fas antibody or 100 ng/ml TRAIL and the number of
apoptotic cells was counted after 24 hours of anti-Fas
antibody or TRAIL treatment as described in FIG. 1. In
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control group, 2.0 ug pCMV-2B were used (Control). The
cells in vector group received 2.0 ug pCMV-2B and 1 pg/ml
anti-Fas antibody (Fas+Vector) or 100 ng/ml TRAIL
(TRAIL+Vector).

[0015] FIG. 6. Ku70 sequestered Bax from mitochondria.
FIG. 6A: Subcellular localization of Bax and Ku70. HeLa
cells (107 cells) were transfected with 10 ug pCMV-2B
(Control, STS,) or pCMV-2B-Ku70 (STS+Ku70). One day
following transfection, except in the control group (Control),
cells were treated by 200 nM STS (STS). One day after
STS-treatment, cells were collected and subcellular fraction-
ation was performed as described in Experimental Proce-
dure. The levels of Ku70 (Ku70) and Bax (Bax) in each
fraction were analyzed by Western blotting as described in
Experimental Procedure. FoF1 ATP synthase subunit o
(Flo)) and PCNA (PCNA) were used as markers for mito-
chondrial and nuclear fractions, respectively. HM stands for
“Heavy Membrane” fraction containing mitochondria. FIG.
6B: Ku70 overexpression increased the capacity of Bax in
the cytosol. HEK293T cells (107 cells) were transfected with
5.0 ug pcDNA3 and 10 ug pCMV-2B (Control), 5.0 ug
pcDNA3-Bax and 10 ug pCMV-2B (Bax+Vector), or 5.0 ug
pcDNA3-Bax and 10 yg pCMV-2B-Ku70 (Bax+Ku70). One
day following transfection, cells were collected and subcel-
lular fractionation and Western blot analyses of Bax and
mitochondrial FoF1-ATP-synthase subunit Fla (Fla) were
performed as described in Experimental Procedure. FIG.
6C: Caspase-independent disappearance of Ku70 during
apoptosis. Hela cells (10° cells) were treated with 200 nM
STS in the absence (STS) or presence of z-VAD-fmk (STS+
z-VAD). One day following the treatment, cells were col-
lected and fractionated as described in Experimental Proce-
dure. Cytosol fractions (20 ug protein) were separated by
SDS-PAGE and analyzed by Western blotting for Ku70
(anti-Ku70 monoclonal antibody, BD-Pharmingen) and
P-Tubulin  (anti-p-Tubulin ~ monoclonal  antibody,
BD-Pharmingen) levels. The effect of z-VAD-fmk was con-
firmed by its suppression of apoptosis. The percentages of
apoptotic cells were 3+1% in control, 49£4% in STS-treated
cells, and 11£3% in STS- and z-VAD-fmk-treated cells.
FIG. 6D: Lowering Ku70 levels increased mitochondrial
Bax levels, but reduced nuclear Bax levels. Antisense Ku70
RNA was expressed in HEK293T cells as described in FIG.
2. Subcellular fractionation and Western blot analyses were
performed as described in FIG. 6A. FoF1 ATP synthase
subunit o (Fla) and PCNA (PCNA) were used as internal
controls for mitochondrial and nuclear fractions, respec-
tively. FIG. 6E: Subcellular localization of Bax in Ku70-
deficient MEFs. MEFs derived from wild-type (Ku70+/+) or
Ku70-knockout mice (Ku70-/-) were analyzed as described
in FIG. 6A. Anti-mouse Bax antibody was used for Bax
detection of MEFs. Flo. and PCNA were used as internal
controls for mitochondrial and nuclear fractions, respec-
tively. FIG. 6F: Time course of mitochondrial translocation
of Bax in MEFs during apoptosis. MEFs derived from
wild-type (Ku70+/+) or Ku70-deficient (Ku70-/-) mice
were treated with STS (200 nM) and cells were analyzed at
indicated various periods after treatment as described in
FIG. 6A. FoF1-ATP-synthase subunit o (Flct) was used as
a maker of mitochondria-containing heavy membrane (HM)
fraction.

[0016] FIG. 7A: Subcellular localization of Bax and
Ku70. HEK293T cells (10 cells) were transfected with 10
g pCMV-2B (Control, UV, and UV+z-VAD) or pCMV-2B-
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Ku70 (UV+Ku70). One day following transfection, except
in the control group (Control), cells were exposed to UVC-
irradiation in the absence (UV or UV+Ku70) or the presence
of 50 uM z-VAD-fmk (UV+z-VAD). One day following
UVC-irradiation (200 J/m®), cells were collected in lysis
butfer (200 ul) and subcellular fractionation was performed
as described in Experimental Procedure. HM stands for
“Heavy Membrane” fraction enriched with mitochondria.
The effect of z-VAD-fmk was confirmed by its suppression
of apoptosis. The percentages of apoptotic cells were 2+2%
in control, 42+5% in UV-treated cells, and 9+1% in UV- and
z-VAD-fmk-treated cells. FIG. 7B: Ku70 suppresses the
relocalization of Bax during apoptosis. HEK293T cells were
transfected with pCMV-2B-vector (Control and UV+z-
VAD) or pCMV-2B-Ku70 (UV+Ku70). Except “control”
cells were treated by UVC-irradiation (200 J/m?). One day
after UVC-irradiation, cells were fixed and the double
staining of Ku70 and Bax were performed as described in
Experimental Procedure. Control Group: Ku70 is detected
both in the cytosol and the nucleus. Large proportion of Bax
distributes in the cytosol and Bax is also detected in the
nucleus. UV+z-VAD Group: Ku70 in the cytosol disap-
peared. Bax staining pattern changes from cytosolic distri-
bution to punctuated mitochondria-like one. UV+Ku70
Group: Ku70 overexpression increased Ku70-signals both in
the cytosol and the nucleus. Ku70 suppressed Bax translo-
cation and Bax remains in the cytosol. Ku70 (536-609),
which does not have DNA-repair function, also inhibited
Bax relocalization induced by UVC-irradiation (not shown).

[0017] FIG. 8. Expression levels of Ku70 and Bax in
fourteen cancer cell lines, and the reduction of Ku70 levels
by antisense Ku70 RNA expression. FIGS. 8A and B:
Expression levels of Ku70 and Bax in cancer cells were
analyzed by Western blotting. Cell lysates (20 ug protein)
were applied to each lane. Hela cells were used as the
“standard” cell line. The cancer cell lines used are glioma
cells (U87-MG, T98-G, U373-MG, U251-MG, SNB-19, and
A-172), HeL.a cells, hepatoma (Hep3B), colon cancer cells
(HCT-116), fibrosarcoma cells (HT-1080), prostate cancer
cells (LNCaP and Du145), and breast cancer cells (MCF-7
and MDA-MB-468). FIG. 8C: Antisense Ku70 reduced
Ku70 levels without the significant change in the levels of
cell death regulators. U87-MG (glioma cell line) and
HT-1080 (fibrosarcoma) were transfected with the plasmid
encoding antisense Ku70 RNA (reversed Ku70 cDNA is
subcloned in the vector to express antisense Ku70 RNA)
(“AS Ku707) or the vector plasmid (pcDNA3 vector) (“Con-
trol”). One day following the transfection, cells were col-
lected and the levels of Ku70 and cell death regulator Bel-2
family proteins (Bax, Bcl-2, and Bel-XL) were examined by
Western blotting.

[0018] FIG. 9. Reduction of Ku70 levels by antisense
Ku70 RNA enhances the mitochondrial translocation of Bax
in cancer cells. FIGS. 9A and B: Cancer cells were trans-
fected with the plasmid encoding antisense Ku70 RNA
(pcDNA3-antisense Ku70) (“AS Ku70”) or the vector plas-
mid (pcDNA3) (“Control”). One day following the trans-
fection, cells were treated by 20 uM etoposide for 24 hours
and cells (107 cells) were collected in the lysis buffer (200
ul). Subcellular fractionation was performed to collect the
fractions of the cytosol (“Cytosol”) and the heavy membrane
(“HM”). The heavy membrane faction contains mitochon-
dria. The 20 ug protein samples of the total cell lysates and
the cytosol fraction were analyzed by Western blotting for
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the levels of Ku70 and Bax, respectively. The proportion of
20 ug protein samples in the total cytosol fraction was
calculated and the same proportion of the samples from the
total heavy membrane fractions were used for Western
analysis of Bax levels. Please see detail in “the method
section”. The cell lines examined were: glioma cells (U87-
MG, T98-G, U373-MG, U251-MG, SNB-19, and A-172),
HelLa cells, hepatoma (Hep3B), colon cancer cells (HCT-
116), fibrosarcoma cells (HT-1080), prostate cancer cells
(LNCaP), and breast cancer cells (MCF-7 and MDA-MB-
468).

[0019] FIG. 10. Antisense Ku70 RNA enhances etopo-
side-induced apoptosis in cancer cell. FIG. 10A-L: Cancer
cells (the name of cell lines is indicated in each graph) were
transfected with the plasmid encoding antisense Ku70 RNA
(pcDNA3-antisense Ku70) (“AS Ku70”) or the vector plas-
mid (pcDNA3) (“Control”). All cells were also co-trans-
fected with the plasmid encoding Green Fluorescent Protein
(GFP) (pEGFP plasmid) for the detection of the transfected
cells by GFP expression. One day following the transfection,
cells were treated by 20 uM etoposide for 48 hours. The
percentages of apoptotic cells were counted in GFP-express-
ing cells by staining the nucleus with Hochst-dye on day 1
and 2 of the culture. The cell lines examined were: glioma
cells (U87-MG, T98-G, U373-MG, U251-MG, SNB-19, and
A-172), HeLa cells, hepatoma (Hep3B), colon cancer cells
(HCT-116), fibrosarcoma cells (HT-1080), prostate cancer
cells (LNCaP), and breast cancer cells (MCF-7 and MDA-
MB-468).

[0020] FIG. 11. Antisense Ku70 RNA enhances cisplatin-
induced apoptosis in cancer cell. FIG. 11A-L: Cancer cells
(the name of cell lines is indicated in each graph) were
transfected with the plasmid encoding antisense Ku70 RNA
(pcDNA3-antisense Ku70) (“AS Ku70”) or the vector plas-
mid (pcDNA3) (“Control”). All cells were also co-trans-
fected with the plasmid encoding Green Fluorescent Protein
(GFP) (PEGFP plasmid) for the detection of the transfected
cells by GFP expression. One day following the transfection,
cells were treated by 20 uM cisplatin for 48 hours. The
percentages of apoptotic cells were counted in GFP-express-
ing cells by staining the nucleus with Hochst-dye on day 1
and 2 of the culture. The cell lines examined were: glioma
cells (U87-MG, T98-G, U373-MG, U251-MG, SNB-19, and
A-172), HeLa cells, hepatoma (Hep3B), colon cancer cells
(HCT-116), fibrosarcoma cells (HT-1080), prostate cancer
cells (LNCaP), and breast cancer cells (MCF-7 and MDA-
MB-468).

[0021] FIG. 12. Antisense Ku70 RNA enhances doxoru-
bicin-induced apoptosis in cancer cell. FIG. 12A-L: Cancer
cells (the name of cell lines is indicated in each graph) were
transfected with the plasmid encoding antisense Ku70 RNA
(pcDNA3-antisense Ku70) (“AS Ku70”) or the vector plas-
mid (pcDNA3) (“Control”). All cells were also co-trans-
fected with the plasmid encoding Green Fluorescent Protein
(GFP) (PEGFP plasmid) for the detection of the transfected
cells by GFP expression. One day following the transfection,
cells were treated by 1 uM doxorubicin for 48 hours. The
percentages of apoptotic cells were counted in GFP-express-
ing cells by staining the nucleus with Hochst-dye on day 1
and 2 of the culture. The cell lines examined were: glioma
cells (U87-MG, T98-G, U373-MG, U251-MG, SNB-19, and
A-172), HeLa cells, hepatoma (Hep3B), colon cancer cells
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(HCT-116), fibrosarcoma cells (HT-1080), prostate cancer
cells (LNCaP), and breast cancer cells (MCF-7 and MDA-
MB468).

[0022] FIG. 13. Antisense Ku70 RNA enhances the sup-
pression of cancer cell growth by anti-cancer drug. FIG.
13A-D: Two glioma cell lines (A and B: U87-MG, C and D:
T98-G) were transfected with the plasmid encoding anti-
sense Ku70 RNA (pcDNA3-antisense Ku70) (“Etposide+
AS Ku70”) or the vector plasmid (pcDNA3) (“Etoposide+
Vector”). One day following the transfection, etoposide (20
uM) was added to the culture and the cells were culture for
three week. In the “Control” group, cells were transfected
with the vector plasmid and cultured without etoposide.
After the incubation, cells were stained by heamatoxyline to
visualize the colonies on the culture dish (A and C). The
number of the colonies in the same area in each plates was
counted and the percentages of them (the number in the
control group is designated as 100%) were shown in B and
D. FIG. 13E: A glioma cell line (T98G) were transfected
with the plasmids encoding antisense Ku70 (pcDNA3-anti-
sense Ku70) and Green Fluorescent Protein (pEGFP). One
day after the following plasmid transfection, cells were
treated by etoposide (20 uM) for 24 hours and the nuclei of
the cells were stained by Hochst-dye (FIG. 13E left panel).
The transfected cells (green cells in the right panel) show
typical apoptotic nuclei (nuclear fragmentation) (right
panel).

[0023] FIG. 14. Reduction of Ku70 levels does not
increase cell killing activities of anti-cancer drugs in Bax-
deficient cells (Du145). FIG. 14A: The expression levels of
Ku70 and Bax in Dul45 cells. Bax-deficient prostate cancer
cell line, Du145, were transfected with the plasmid encoding
antisense Ku70 RNA (“AS Ku70”) or the vector plasmid
(“Control”). One day following the transfection, cells were
treated by etoposide (20 uM). One day after the addition of
etoposide into the culture, cells were collected and subcel-
lular fractionation was performed as described in FIG. 9.
Total cell lysates (20 ug protein) were subjected to Western
blotting of Ku70 (upper panel). Bax leveles in the samples
of the fractions of the cytosol (“Cytosol”) and the heavy
membrane (“HM”) were analyzed by Western blotting
(middle and lower panels). FIG. 14B-E: Dul45 cells were
transfected with the plasmid encoding antisense Ku70 RNA
(“AS Ku70”) or the vector plasmid (“Control”). All cells
were also co-transfected with the plasmid encoding Green
Fluorescent Protein (GFP) (PEGFP plasmid) for the detec-
tion of the transfected cells by GFP expression. One day
following the transfection, etoposide (20 uM), cisplatin (20
uM), doxorubicin (1 uM), or TRAIL (100 ng/ml) was added
to the culture, and cells were culture for 48 hours. The
percentages of apoptotic cells were counted in GFP-express-
ing cells by staining the nucleus with Hochst-dye on day 1
and 2 of the culture. FIG. 14F: TRAIL does not induce the
mitochondrial translocation of Bax. T98-G (glioma cell line)
and Hep3B (hepatoma cell line) cells were cultured for 24
hours in the absence (“Control”) or the presence (“TRAIL”)
of 100 ng/ml TRAIL. After the culture, cells were collected
and subcellular fractionation was performed as described in
FIG. 2. The samples of the cytosol fraction (20 ug protein)
(“Cytosol”) and the equivalent proportion of heavy mem-
brane fraction (“HM”) were subjected to Western analysis of
Bax.
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[0024] FIG. 15. Antisense Ku70 RNA does not affect
TRAIL-induced apoptosis in cancer cells. FIG. 15A-L:
Cancer cells (the name of cell lines is indicated in each
graph) were transfected with the plasmid encoding antisense
Ku70 RNA (pcDNA3-antisense Ku70) (“AS Ku70”) or the
vector plasmid (pcDNA3)(“Control”). All cells were also
co-transfected with the plasmid encoding Green Fluorescent
Protein (GFP) (PEGFP plasmid) for the detection of the
transfected cells by GFP expression. One day following the
transfection, cells were treated by 100 ng/ml TRAIL for 48
hours. The percentages of apoptotic cells were counted in
GFP-expressing cells by staining the nucleus with Hochst-
dye on day 1 and 2 of the culture. The cell lines examined
were: glioma cells (US7-MG, T98-G, U373-MG, U251-
MG, SNB-19, and A-172), HeLa cells, hepatoma (Hep3B),
colon cancer cells (HCT-116), fibrosarcoma cells (HT-
1080), prostate cancer cells (LNCaP), and breast cancer cells
(MCF-7 and M DA-MBA468).

DETAILED DESCRIPTION OF THE
INVENTION

[0025] We performed yeast-based functional screening of
cell death suppressor genes and cloned the Ku70 gene from
both human and mouse cDNA libraries. The sequence of the
Ku70 gene may be found in GenBank at accession no.
NM__ 001469 and is also found in Chan, et al., 1989 and
Reeves and Sthoeger, 1989. Chan, et al., 1989 and Reeves
and Sthoeger, 1989 are incorporated by reference herein.

[0026] Our screening system was developed based on cell
death-inducing activity of human Bax protein in budding
yeast. Bax is a cyto-destructive member of Bcl-2 family
proteins known to be a key protein group to regulate cell
suicide called programmed cell death or apoptosis. The
DNA sequence of the Bax gene is found in GenBank at
accession no. 122473 and m Oltvai, et al., 1993, Oltvai, ¢t
al. is incorporated by reference herein.

[0027] Our observations described below suggest the pres-
ence of new physiological function of Ku70, namely anti-
cell death function by suppressing the activity of Bax. Our
new findings provide new strategies to use Ku70-related
biochemical products to treat cell death-related diseases,
such as cancer and ischemia-induced cell death in nervous
and cardiovascular systems, and as a diagnostic tool.

[0028] One important character of Ku70-related products
(genes, oligonucleotides, and peptides) is low risk of side
effects. Increase of Ku70 level itself has no toxic activity to
the cells, and it protects cells from death, therefore this type
of treatment will not have immediate damage to the tissue.
Lowering Ku70 levels can be expected to sensitize the cells
to naturally occurring DNA-damage, however other DNA-
repair proteins seem to compensate the loss of Ku70, since
complete deletion of Ku70 gene in mice doe not cause lethal
effects. In fact, antisense mRNA treatment did not induce
apoptosis itself, but only sensitize the cells to cell death
treatment such as anti-cancer drugs. This character of Ku70-
related treatment may serve new way of chemotherapy and
radiation therapy to the patient.

[0029] In addition, Ku70 is evolutionary conserved pro-
tein from yeast to human, and is expressed ubiquitously in
the human body. Therefore, Ku70-related treatment to regu-
late cell death may be applied to the many types of health
problems in many tissues.
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[0030] Increase of Ku70 Level

[0031] In one embodiment of the present invention, the
newly discovered anti-Bax activity of Ku70 can be used for
the treatment of cell death-related diseases. As described
above, increase of cellular Ku70 protein level by gene
transfer methods encoding Ku70 confers resistance to cyto-
toxic stimuli to the cells. These strategies may be directly
applied, for example, to rescue the cells susceptible to death
during the reperfusion treatment after ischemia in the brain
and heart. Since HIV-induced lymphocytes death has been
reported to involve Bax (Ferri, et al., 2000), similar method
may be utilized to rescue HIV-infected lymphocytes. We
envision that increase of cellular Ku70 protein level will
confer resistance to cytotoxic stimuli to cells at both the
cellular and organ/tissue level. Therefore, one may choose to
treat a population of cells or may choose to treat a patient.

[0032] Ku70 protein levels in cells or tissues can be
increased by the commonly used methods in gene therapy,
such as by directly injecting an expression plasmid encoding
the Ku70 protein or infecting with virus vectors (both DNA
and RNA virus types) encoding Ku70 to the target cells,
tissue, or organs. One would wish to modulate the Ku
protein level to a sufficient amount such that resistance to
cytotoxic stimuli may be measured, as demonstrated below
in the Examples.

[0033] Although the mechanism of Ku70 proteolysis has
not been elucidated, treatment of cells or tissues by the
inhibitors of Ku70-proteases may be a preferred method in
the future. In addition, one might also use methods to
increase the levels of the transcription factors that initiate
Ku70 gene expression. The increase of these factors may be
achieved by gene therapy methods using expression plas-
mids or the virus vectors encoding their genes.

[0034] We envision that the method described above
would be particularly useful in treating cells and cell popu-
lations, such as stem cells, platelets or white blood cells, that
are to be stored for an indeterminate period of time and, thus,
at risk for cell death. In this embodiment, the invention is a
method of treating solid organs or cells, such as blood cells,
platelets, or ischemic cells or tissues, either in vitro or in
vivo, to increase Ku70 levels, thru Ku70 mRNA delivery
alone or with a vector, Ku70 protein delivery, or up-regu-
lation of the Ku70 gene, to prolong survival of the cells or
organ during periods of stress such as hypoxia or apoptosis.

[0035] One of skill in the art may obtain a Ku70-encoding
sequence in numerous ways using the references for the
Ku70 sequence described above. Most typically, Ku70
¢DNA can be obtained by RT-PCR using mRNA from
human cells such as HeLa cells. Ku70 is ubiquitously
expressed in human cells, so most human cells can be the
source of Ku70 mRNA. Appropriate primers may be
designed from the sequences described above.

[0036] By “cell death-related diseases,” we mean degen-
erative diseases including development failure (abnormal
shape or the function of the organs due to the genetic
mutation, virus infection, or toxins); ischemia induced tissue
damage in the brain (stroke), the heart (heart attack), the
kidney, and other organs; re-perfusion induced tissue dam-
age after stroke, heart attack, or renal blood flow failure;
cold and heat stress-induced tissue damage; UV-exposure-
induced tissue damage; infection-induced tissue damage by
virus, bacteria, or other parasitic organisms; toxin-induced
tissue damage; and aging.
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[0037] Decrease in Ku70 Level

[0038] In another embodiment of the present invention,
decrease of a cells’ native Ku70 level, for example by
antisense mRNA methods, sensitizes the cell to the death
stimuli. This method can be utilized to improve the effi-
ciency of anti-cancer treatment, such as the chemotherapy
with SULINDAC and CISPLATIN or X-ray-irradiation, as
these treatments are known to activate Bax-mediated cell
death pathway. These observations suggest that methods to
decrease Ku70 levels in cancer cells can be used (1) to
enhance the effectiveness of chemotherapy and radiation
therapy to eliminate malignant cancer cells and (2) to lower
the doses of anti-cancer drugs for patients reducing the risk
of side-effects of these drugs.

[0039] Our Examples below demonstrate that antisense
Ku70 RNA was effective in increasing the sensitivity of cells
to anti-cancer drugs in glioma cells, colon cancer cells,
prostatic cancer cells, fibrosarcoma, and cervical cancer
cells. These results clearly indicate that the method(s)
described herein and other methods, both those used in our
laboratory and those used by other workers, of decreasing
Ku70 protein level will be applicable to numerous types of
cancer cells.

[0040] One of skill in the art would understand that there
are a variety of molecular biological methods to decrease a
particular protein level in either a patient or an individual’s
cells. Most typically, one would decrease Ku70 levels by
transfecting or injecting a plasmid or a virus (RNA or DNA
viruses) that expresses antisense Ku70 RNA (effective anti-
sense RNA, such as reversed full-length Ku70 RNA, or
short interference RNA (siRNA)). Injecting oligonuceotide,
DNA-zyme or RNA-zyme that inhibit Ku70 gene transcrip-
tion. Silencing factor of Ku70 transcription has not been
identified neither, however, the gene therapies increasing the
silencing factor may be also possible. Other methods may
include the use of antisense oligonucleotides, DNA-zymes,
RNA-zymes, and RNA, that inhibits transcription of Ku70
protein from mRNA. The Ku70 proteases and its enhancer

can be also useful to decrease Ku70 protein level in cancer
cells.

[0041] One would identify a human cancer patient and use
molecular biological techniques known to one of skill in the
art to decrease the cancer cell populations native Ku70
levels. For example, in a patient with colon cancer, one
would attempt to treat the colon cancer cells with antisense
Ku70 RNA so that a decrease in the cells’ native Ku70
protein level can be measured. We envision that any
decrease in the cells’ native Ku70 level will enhance treat-
ment with chemotherapy agents described above.

[0042]

[0043] We have also found that the examination of Ku70
and Bax levels in cancer cells, preferably the combined
examination, can predict the effectiveness of commonly
used anti-cancer treatments to induce cell death in cancer
cells. This method would be useful to predict the effective-
ness of cancer therapy or to design a strategy of cancer
therapy.

[0044] We found that when the levels of Ku70 protein or
RNA are high in cancer cells with normal levels of Bax,
these cells are resistant to anti-cancer treatments stimulating
Bax-mediated cell suicide signals, treatments such as CIS-

Examination of Ku70 and Bax Levels
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PLATIN, ETOPOSIDE, and UV/X-ray treatments. Lower-
ing Ku70 by antisense Ku70 RNA in the cancer cells
expressing high levels of Ku70 and Bax sensitizes these
cells to anti-cancer treatments. However, in cancer cells with
low levels of Ku70 and/or Bax, such as U373-MG (glioma),
A172 (glioma), and HCT116 (colon cancer), lowering Ku70
levels is less effective to increase the sensitivity to anti-
cancer drugs. Therefore, the combined examination of the
expression levels of Ku70 and Bax mRNA or protein levels
is a useful method to predict the effectiveness of commonly
used anti-cancer treatments that stimulate Bax-mediated
signals and anti-cancer therapy methods (i.e. lowering Ku70
levels in cancer cells).

[0045] Therefore, in one embodiment, the present inven-
tion comprises examining the intensity of the expression
level of the Bax and/or Ku70 genes (at either the RNA or
protein level) in a cell and predicting whether cells might
respond to therapies which are mediated through Bax-
regulated apoptosis. “High” and “low” protein levels typi-
cally correspond to band intensity in a Western blot type gel
system and are relative to commonly used cell lines, such as
Hela cells. In a preferred version of the invention, one would
compare a test tumor sample to the same cell type to
determine whether the Bax and/or Ku70 levels are “high” or
“low”. For example, if one is examining a glioma cell tumor,
one would preferably compare Bax and/or Ku70 RNA or
protein levels in the glioma cell lines listed in FIG. 8.

[0046] A preferred embodiment of the comparison method
is as follows: Typical methods to examine the levels of Ku70
and Bax protein and mRNA include measuring mRNA
levels by DNA-chip, RT-PCR, Northern-Blot analysis, and
variations of these technologies, and measuring protein
levels by Western blot, dot blot, FACS, immunohistochem-
istry, and variations of these methods.

[0047] If the Bax level is high in cells, one can predict that
lowering Ku70 levels may result in increased sensitivities to
apoptosis. By examining the Bax level and/or the Ku70 level
in a specific tumor, one can determine whether the expres-
sion of either can be lowered. Lowering the expression of
Ku70 via chemotherapy and/or an antisense RNA molecule
results in the hypersensitivities to cancer therapy stimulating
Bax-mediated apoptosis.

[0048] If the cancerous cell type is one which already has
a low expression level of Bax and Ku70, then we predict that
drugs which work through Bax-mediated apoptosis, such as
CISPLATIN and ETOPOSIDE, would not be effective
against that tumor and be contraindicated. However, if Bax
and Ku70 are high in a particular tumor, then a chemo-
therapy which works by decreasing the expression of Ku70
levels will be an appropriate choice.

[0049] Some examples of predictions: If Bax levels are
low and Ku70 levels are low, then treating with drugs that
lower Ku70 will not change cells’ sensitivity to treatment. If
Bax levels are high (or at least at normal level) and Ku70
levels are high (or at least at normal level), then treating with
drugs that lower Ku70 will enhance the effectiveness of
Bax-mediated cancer killing. If Bax levels are high and
Ku70 levels are low, then treating with drugs which lower
Ku70 level may not work to increase the killing of cancer
cells.

Feb. 3, 2005

EXAMPLES
[0050]

Bax.

[0051] We report here that Ku70, a subunit (70 kDa) of
Ku-complex comprising Ku70 and Ku80 (80 kDa subunit),
has a function to prevent mitochondrial translocation of Bax
in normal cells. Ku70 localizes both in the cytosol and the
nucleus. Ku70/Ku80-complex has been known to play
important roles in DNA-repair in the nucleus (Khanna and
Jackson, 2001; Walker, et al., 2001). We found that cytosolic
Ku70 binds Bax and inhibits the mitochondrial translocation
of Bax. The C-terminus of Ku70, which cannot form a
complex with Ku80, interacts with Bax and is sufficient to
rescue cells from Bax-mediated apoptosis. In addition, the
N-terminus of Bax is required for the interaction with Ku70,
which is consistent with the previous finding that the N-ter-
minus of Bax is the cytosol retention domain (Goping, et al.,
1998). The present data suggests that Ku70 plays a cyto-
protective role as an inhibitor of Bax in the cytosol in
addition to its previously known roles in DNA repair.

[0052] Ku70 was Identified as a New Bax-Suppressor in
Yeast-Based Functional Screening

I. Ku70 Prevents Mitochondrial Translocation of

[0053] We performed a search for Bax inhibitors using a
yeast-based functional screening system (Xu, et al., 2000,
Xu and Reed, 1998), and cloned human Ku70 as a potential
Bax suppressor protein. Ku70 is the 70 kDa subunit of Ku
antigen, a heterodimeric complex composed of Ku70 as well
as Ku80 protein (Walker, et al., 2001). Ku70 has been
localized to both the cytosol and nucleus (Fewell and Kuff,
1996). Ku is expressed ubiquitously in mammalian cells,
and plays an essential role in nonhomologous DNA double-
strand break (DSB) repair (Walker, et al., 2001) (Khanna and
Jackson, 2001). The heterodimerization domains between
Ku80 and Ku70 are localized to amino acids 1-115 and
430482 in Ku70 (Wang, et al., 1998) (FIG. 1A).

[0054] We constructed yeast expression cDNA libraries
using mRNA from HeLa cells and mouse brain tissue.
Yeast-based functional screening of Bax inhibitors was
performed as previously reported (Xu, et al., 2000; Xu and
Reed, 1998), and two individual clones were identified as
Bax suppressors encoding amino acids 323-609 (clone 1;
Hela cell library) and 496-609 (clone 2; mouse brain
library) of Ku70 (FIG. 1A). Human Ku70 mutant con-
structs, together with full-length human Ku70, were made
corresponding to the mouse sequence of clone 2, and tested
for its ability to inhibit Bax activity in mammalian cells
(FIG. 1). Full-length Ku70 suppressed Bax-induced apop-
tosis (FIGS. 1B and C) and Caspase activation (FIG. 2C) in
HEK?293T cells as efficiently as XIAP, a potent cytoprotec-
tive protein that inhibits Caspase activity (Deveraux, et al.,
1997). Ku70 also attenuated Staurosporine (STS) induced
apoptosis (FIG. 2A) and Caspase activation (FIG. 2D) in
HeLa cells, and in UVC-irradiation-induced cell death in
HEK293T cells (FIG. 2B). Interestingly, the Ku70 mutant
construct encoding amino acids 496-609 of Ku70 (Ku70,q,.
609), which was equivalent to “Bax-inhibitor clone 2” and
lacked Ku80-binding domain, retained the cytoprotective
activities against Bax-, STS-, and UVC-induced cell death
(FIGS. 1D, 2C, and 2D). In addition, deletion of the
C-terminal 74 amino acids of Ku70 (Ku70,_s5) resulted in
loss of Ku70’s cytoprotective activity against Bax-expres-
sion and STS, whereas this C-terminal region of Ku70
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(Ku70555.600) Was sufficient to block Bax-, STS-, UVC-
induced apoptosis (FIGS. 1D-F, 2A, and 2B). Taken
together, the C-terminal region of Ku70 appears to be
required for Ku70’s cytoprotective function. Among pro-
apoptotic Bcl-2 family members, Bax and Bak play a key
role in apoptosis induction, as evident by the fact that double
deletion of these genes in mice resulted in the resistance of
derived cells to several cell death stimuli known to trigger
mitochondria-dependent apoptosis (Wei, et al., 2001). In this
regard, Ku70 could not suppress Bak-induced cell death in
HEK293T cells, suggesting that Ku70 specifically controls
Bax-mediated apoptotic signaling (FIG. 1D).

[0055] Cytochrome c release from mitochondria induced
by Bax-expression was attenuated by Ku70 expression
(FIG. 2E). Ku70 also blocked Cytochrome ¢ release from
mitochondria in STS-treated HeLa cells and in UVC-irra-
diated HEK293T cells (data not shown). These results
indicate that Ku70 suppresses cell death at an early step in
apoptosis, the signals upstream of mitochondrial Cyto-
chrome ¢ release.

[0056]

[0057] To confirm the cytoprotective role of endogenous
Ku70, we examined the effects of antisense-Ku70 RNA
expression in HEK293T and HeLa cells. Antisense Ku70
c¢DNA was subcloned into the pcDNA3 mammalian expres-
sion vector and it significantly reduced the Ku70 protein
level in HEK293T and HelLa cells as shown in FIG. 3A-E.
The expression of antisense Ku70 RNA in these cells
resulted in hypersensitivity to Bax-mediated apoptosis
induced by Bax-expression, STS or UVC-irradiation (FIG.
3A-C). Furthermore, mycoplasma-free, SV40-transformed
mouse embryonic fibroblasts (MEFs) derived from Ku70-
deficient mouse also showed increased sensitivities to apo-
ptotic stimuli, such as STS and UVC-irradiation, in contrast
to genetically matched Ku70-proficient MEFs (FIG. 3F-H).
On the other hand, antisense Ku70 RNA treatment did not
change the sensitivities of HeLa cells to “Death Receptor-
mediated apoptosis”, such as Fas- and TRAIL-induced apo-
ptosis (FIGS. 3D and E), suggesting that the hypersensi-
tivities to Bax-mediated apoptosis induced by Ku70-
deficiency (FIG. 3A-C) were not due to the non-specific
cellular damage. These results suggest that Ku70 has a
physiological role as an inhibitor of apoptosis.

[0058] Ku70 Interacts with Bax

[0059] We found that endogenous Ku70 and Bax co-
immunoprecipitate each other (FIGS. 4A and B, Supple-
mental data-A-D), suggesting that Ku70 interacts with Bax.
Co-immunoprecipitation experiments of endogenous Ku70
and Bax were performed in the Chaps-based buffer for total
cell lysates (Supplemental data C and D) and detergent free
buftfer for cytosol fraction (FIGS. 4A and B, Supplemental
data A and B), according to the previous report showing the
effects of the detergents used in the buffer for immunopre-
cipitation (Hsu and Youle, 1998). Previous studies showed
that the presence of certain types of detergent, except Chaps,
causes artifact interaction of the proteins among Bcl-2
family proteins in co-immunoprecipitation experiments
(Hsu and Youle, 1998). Therefore, the interaction experi-
ments in this study were performed either in Chaps-based
buffer or detergent free buffer.

[0060] For the identification of the binding domain of Bax
with Ku70, we examined the binding activities of several

Endogenous Ku70 Plays Cytoprotective Roles
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deletion mutants of Bax fused with GFP in total cell lysates
(FIG. 4C). Endogenous Ku70 was pulled down by GFP-
tagged-Bax (full-length) as well as by deletion mutants of
the second a-helix (containing “death-inducing” BH3
domain) (Gross, et al., 1999; Reed, 1997b), and the ninth
o-helix (transmembrane domain, mitochondria targeting
domain) (Suzuki, et al., 2000) but not by the mutants lacking
N-terminus sequences (53 amino acids) prior to the second
o-helix (BaxAN). These results suggest that the N-terminus
of Bax is required for its interaction with Ku70. We also
examined whether the C-terminus of Ku70, which retains
cytoprotective activity, has the activity to bind Bax. Flag-
tagged Ku70, Ku70,44_600, and Ku70554 600, but not Ku70,_
s35, bound to Bax, suggesting that the Bax-binding domain
localized in the C-terminus of Ku70 (FIG. 4D). Further-
more, Ku70 did not suppress apoptosis-inducing activity of
BaxAN in the cells lacking endogenous Bax (Dul45, Bax-
deficient prostate cancer cell line) (FIG. 5A) (Rampino, et
al., 1997). These results suggest that the N-terminus of Bax
and the C-terminus of Ku70 are required for the interaction
of Bax and Ku70.

[0061] C-terminus of Ku70 does not Suppress Apoptosis
in Bax-Deficient Cells

[0062] To examine whether Ku70 inhibits cell death sig-
nals other than Bax-mediated signals, we examined the
anti-apoptotic activity of Ku70 in Bax-deficient cells (a
prostate cancer cell line, Dul45) (Rampino, et al, 1997)
(FIGS. 5B and C). STS is known to trigger mitochondria-
dependent cell death pathway through proapoptotic Bel-2
family proteins such as Bax and Bak, since the double
knockout of Bax and Bak conferred the cells resistant to STS
(Wei, et al., 2001). Thus, STS is expected to induce apop-
tosis through pro-apoptotic Bel-2 family proteins other than
Bax, such as Bak, in Bax-deficient cells (Rampino, et al,,
1997; Wei, ¢t al., 2001). Ku70, which protected Bax-ex-
pressing cells (HEK293T and HeLa cells) from STS (FIGS.
1 and 2), did not suppress STS-induced apoptosis in this
Bax-deficient cell line (FIG. 5B). Since full-length Ku70
has an activity to enhance UV-damaged DNA-repair, full
length Ku70 (Ku70 wt) overexpression can attenuate UVC-
irradiation-induced cell death regardless of Bax expression
(FIG. 5C). In contrast, the Ku70 mutant expressing only the
C-terminal 74 amino acids of Ku70 (Ku70 (536-609)),
which does not have Ku80-binding domains, did not rescue
Bax-deficient cells from UVC-irradiation-induced cell death
(FIG. 5C). This mutant could attenuate STS- and UVC-
induced apoptosis in Bax-expressing cells (HEK293T and
HeLa cells) (FIGS. 1 and 2). Furthermore, down regulation
of Ku70 did not induce hypersensitivity to STS in Bax-
deficient cells (FIG. 5D), although the reduced Ku70 level
by antisense Ku70 RNA in Bax-deficient cells was low
enough to enhance Bax-overexpression-induced apoptosis
(FIG. 5D). These results suggest that the anti-apoptotic
activity of Ku70 depends on the expression of Bax. In
addition, Ku70 overexpression did not suppress apoptosis
induced by the “extrinsic” cell death stimuli, such as Fas and
TRAIL in HeLa cells, which can induce apoptosis without
mitochondrial Cytochrome c release (Ashkenazi and Dixit,
1998) (FIGS. 5E and F). As shown in FIG. 1B, Ku70 could
not inhibit Bak-overexpression induced cell death. Taken
together, these results support the hypothesis that Ku70
suppresses cell death by inhibiting Bax-mediated apoptotic
signals.
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[0063] Ku70 Inhibits the Mitochondrial Translocation of
Bax

[0064] Next, we examined the subcellular localization of
Bax and Ku70 during apoptosis (FIGS. 6 and 7). As
previously reported, Bax translocates from the cytosol to
mitochondria (Heavy Membrane fraction) in response to
apoptotic stimuli (Wolter, et al., 1997), and Bax was also
detected in the nucleus (Hoetelmans, et al., 2000, Mandal, et
al., 1998; Nishita, et al., 1998; Salah-eldin, et al., 2000).
Ku70 suppressed the mitochondrial translocation of Bax
induced by STS-treatment (FIG. 6A) and UVC-irradiation
(FIG. 7). On the other hand, Ku70 was detected both in the
cytosol and the nucleus under normal conditions as reported
(Fewell and Kuff, 1996), but not in mitochondria-enriched
fraction (Heavy Membrane (HM) fraction) (FIGS. 6 and 7).
The elevation of Ku70 levels also suppressed the accumu-
lation of Bax in mitochondrial fraction caused by overex-
pression of Bax proteins whereas it increased the relative
proportion of Bax in the cytosol (FIG. 6B). These results
suggest that Ku70 has a role in sequestering Bax from
mitochondria, thus protecting cells from death.

[0065] Ku70 levels decrease significantly during apoptosis
in Western blot analysis (FIG. 6A). Importantly, only cyto-
solic Ku70 levels decreased, and nuclear Ku70 levels
remained constant during apoptosis (FIGS. 6A and 7A) as
previously observed (Yang, et al., 2000). This change was
not affected by Caspase inhibitor treatments (FIGS. 6C and
7A). Fragmented Ku70 with a smaller molecular weight was
not detected during STS- and UVC-irradiation-induced apo-
ptosis (Supplemental data H). The disappearance of immu-
noreactive Ku70 on the Western blot may be due to the
proteolysis or the post-translational modification of Ku70
causing the loss of immunoreactivity of this protein. Since
Ku70 binds and inhibits the mitochondrial translocation of
Bax, the disappearance of immunoreactive-Ku70 in the
cytosol fraction may be one of the early caspase-indepen-
dent events in apoptosis that causes the dissociation of Ku70
from Bax.

[0066] Consistent with the hypothesis that Ku70 is a
cytosol retention factor of Bax, increased Bax protein asso-
ciation with mitochondria was observed both in Ku70-
antisense RNA-expressed cells and in Ku70-/~-MEFs
(FIGS. 6D and E). Furthermore, mitochondrial translocation
of Bax during STS-induced apoptosis occurred earlier in
Ku70-/-MEFs (FIG. 6F). However, the dissociation of
Ku70 from Bax may not be sufficient for the apoptotic level
of Bax accumulation in mitochondria. Although lowering
Ku70levels itself increased Bax association with mitochon-
dria, substantial amount of Bax remained in the cytosol
under these conditions (FIGS. 6 and E).

[0067] Bax levels in the nucleus was increased by Ku70-
overexpression (FIGS. 6A and 7A), but was decreased by
the down regulation of Ku70 (FIG. 6D). In addition, Ku70-
deficient cells did not show detectable Bax in the nuclear
fraction (FIG. 6E). These results suggest that Ku70 is
required for the nuclear localization of Bax. Since Ku70 and
Bax interact with each other, Ku70’s nuclear localization
signal (Koike, et al., 2001) may play roles for the nuclear
transport of Bax.

[0068]

[0069] Ku70 has been recognized as a subunit of Ku-
protein complex comprised of two subunits (Ku70 and

Discussion
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Ku80) that plays an important role in non-homologous DNA
double-strand brake repair (Khanna and Jackson, 2001;
Walker, et al., 2001). The heterodimerization of Ku70 and
Ku80 is a prerequisite for DNA end-joining activity (Khanna
and Jackson, 2001; Walker, et al., 2001). It has been reported
that Ku80 binding domains on Ku70 (609 amino acids) are
localized in amino acids of 1-115 and 430-482 (Wang, et al.,
1998). The present study showed that the C-terminal 74
amino acids of Ku70, which do not have Ku80-binding
domains, are sufficient for the inhibition of Bax-mediated
apoptosis (FIGS. 1 and 2). These results suggest that Ku70
has the Bax-inhibitor activity independent from the previ-
ously recognized DNA-damage repair function. Consistent
with this hypothesis, it has been reported that fibroblasts
derived from Ku70-deficient mice become hypersensitive to
several anti-cancer drugs that does not induce DNA-damage
(Kim, et al., 1999). We also observed that Ku70-deficient
cells showed increased sensitivity to STS-treatment that
induces apoptosis regardless of DNA-damage (FIG. 3). This
phenotype of Ku70-deficient cells may be explained by the
anti-Bax activity of Ku70. In addition, increased neuronal
cell death in the developing brain of Ku70-deficient mice
may be partly explained by the abnormal activation of Bax
due to the absence of Ku70, since Bax plays a key role in
neuronal apoptosis during the development (Deckwerth, et
al., 1996; Kim, et al., 1999).

[0070] Previously, the presence of “cytosol retention”
signal in the N-terminus of Bax has been suggested by in
vitro experiments (Goping, et al., 1998), which is consistent
with our observation that N-terminus of Bax is required for
Ku70 to inhibit the mitorchondrial localization of Bax
(FIGS. 4 and 6). Although the present data suggest that the
N-terminal 53 amino acids of Bax is required for Ku70
binding, it is not yet clear whether this N-terminus region is
the binding domain of Ku70, since the binding of N-terminal
portion of Bax and Ku70 could not be examined due to the
difficulty of the expression of this peptide. The possibility
remains that Ku70 binds to the portion other than N-termi-
nus of Bax. The deletion of N-terminal amino acids may
modify the conformation required for the interaction with
Ku70, and therefore Ku70 may not be able to bind to Bax.
At present, our data with a series of Bax-deletion mutants
suggest that C-terminal transmembrane domain, 2°¢ o.-helix
(BH3 domain) (FIG. 4), and putative channel formation
domain (a-helix 5 and 6) (not shown) are not required for
Ku70-binding to Bax. Further biochemical analysis of the
interaction of Bax and Ku70 using purified protein will be
required to examine the character of the interaction.

[0071] The present data suggest that cytosolic Ku70 has an
activity to interfere with the mitochondrial translocation of
Bax (FIGS. 6 and 7). However, the absence of Ku70 was
not sufficient for the apoptotic level of Bax translocation
from the cytosol to mitochondria, when there is no apoptotic
stresses (FIGS. 6D and E). These results suggest the pres-
ence of other factors activated by apoptotic stimuli that
enhance Bax relocation. One possibility is that Ku70 may
not be the only cytosol retention factor of Bax. Dissociation
of multiple cytosol retention factors from Bax may be
required for the complete relocation of Bax from the cytosol
to mitochondria. Another possibility is the presence of the
factors that are actively trafficking Bax into the mitochon-
drial membrane. In this regard, the C-terminal ninth a-helix
of Bax, which is not required for Ku70/Bax interaction, has
been reported to play a role in mitochondrial targeting
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(Suzuki, et al., 2000). The combination of factors regulating
cytosol retention with the N-terminus and the mitochondrial
targeting of the C-terminus of Bax may set the threshold for
apoptosis induction through Bax. In addition to this system,
BH3 domain proteins such as Bid will also play critical
roles, for example, in activation of Bax after its translocation
to mitochondria (Wei, et al., 2001).

[0072] Bax levels in the nucleus were increased by Ku70-
overexpression (FIGS. 6A and 7A), and were significantly
reduced by lowering Ku70 levels (FIGS. 6D and E). These
results suggest that Ku70 is required for the nuclear local-
ization of Bax. Ku70/Bax complex may be targeted to the
nucleus via Ku70’s nuclear localization signal. Although
most of the studies about the subcellular localization of Bax
focus on the partitioning of Bax in the cytosol and mito-
chondria, it has been known that Bax also exists in the
nucleus (Hoetelmans, et al., 2000; Mandal, et al., 1998;
Nishita, et al., 1998; Salah-¢ldin, et al., 2000). However, the
biological activity of Bax in the nucleus is not understood.
From the viewpoint of Ku70’s DNA-repair function, Bax
may be an inhibitor of Ku70 when it resides in the nucleus.
The C-terminal portion of Ku70, where Bax binds, is also
reported to be a target of radiation-induced proapoptotic
protein (called Clusterine, XIP8, TRPM-2, or SGP-2) (Yang,
et al., 2000). Bax may co-operate together with these factors
to suppress DNA-damage repair in the nucleus.

[0073] Cytosolic Ku70 levels decreased significantly dur-
ing apoptosis when Ku70 levels were examined by Western
blot (FIGS. 6A, C, and 7A) and immunohistochemistry
(FIG. 7B). This change was not affected by caspase-inhibi-
tor. These results imply that caspase-independent Ku70
proteolysis occurs in the early phase of apoptosis. Since
Ku70 suppresses the mitochondrial translocation of Bax,
dissociation of Ku70 from Bax may be one of the critical
steps in the activation process of Bax. However, the decrease
of Ku70 levels in Western blot and immunohistochemistry
does not necessarily indicate the proteolysis of this protein.
For instance, the post-translational modification of Ku70
that abolishes the immunoreactivity of Ku70 protein may be
the reason for the disappearance of Ku70. Decrease of Ku70
levels in Western blot analysis was detected only in the
cytosol but not in the nuclear fraction, suggesting that
putative Ku70-protease(s) or -modifier(s) exist in the cytosol
but not in the nucleus. Caspase-independent proteolytic
pathways have been implicated to play roles in apoptosis,
such as ubiquitin/proteosome- and calpain-mediated pro-
teolysis (Johnson, 2000), and one of these proteolytic
mechanisms may be involved in the mechanism of Ku70
disappearance during apoptosis.

[0074] In summary, we found that Ku70 interacts with
Bax, and inhibits mitochondrial translocation of Bax. We
also found that nuclear localization of Bax requires Ku70.
Our data suggest that Ku70 has a physiological role in the
regulation of apoptosis in addition to the previously known
roles in DNA-damage repair. Several anti-cancer drugs are
known to stimulate Bax-mediated apoptotic signals. Irregu-
lar high expression levels of Ku70 in cancer cells have been
reported (Wilson, et al., 2000; Zhao, et al., 2000). The
elevated Ku70 levels may confer cancer cells resistance to
anti-cancer drugs triggering Bax-mediated apoptosis. On the
other hand, rapid reduction of Ku70 levels occurs in the
early phase of ischemia-induced tissue damage (Kim, et al.,
2001). This Ku70 proteolysis may enhance Bax-mediated
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cell death in the damaged tissue by ischemia. The regulation
of Ku70 levels in the cells may alter the sensitivity of the
cells to the stresses that trigger intrinsic cell death signals.

Experimental Procedure

[0075] Plasmid

[0076] The plasmids pGilda-Bax, pcDNA3-Bax (human),
pcDNA3-Myc-XIAP, pcDNA3-Bcl-2  (human), and
pcDNA3-BeIXL (human) have been described (Deveraux,
et al., 1997, Matsuyama, et al., 1998b). Yeast expression
plasmid libraries of cDNAs from HeLa cells (pJG4-5 vector,
In Vitrogen) and mouse brain (PYES vector, In Vitrogen)
were constructed using directional cDNA synthesis kit
(Stratagene) according to the manufacturer’s manual. The
plasmid vectors pCMV-2B and pEGFP were purchased from
Stratagene and Clontech, respectively, and human full length
of Ku70 and the deletion mutants of Ku70 were subcloned
into BamH1 and Sall sites of pCMV-2B vector, and the
deletion mutants of Bax were subcloned into EcoR1 and
Xhol sites of PEGFP plasmid. The full length Ku70 ¢cDNA
was prepared by RT-PCR using HeLa cell cDNA. The
mutant constructs of Ku70 and Bax described in this article
were prepared by 2°¢ step PCR mutagenesis method (Mal-
suyama, et al., 1998a).

[0077] Yeast Methods

[0078] Yeast strain (EGY48) used for this study has been
described previously (Matsuyama, et al., 1998b). Yeast-
based functional screening of Bax-supressors was per-
formed using pGilda-Bax as the Bax-expression plasmid
according to the previously described method (Xu, et al,,
2000; Xu and Reed, 1998).

[0079] Cell Culture and Apoptosis Detection

[0080] HEK293T cells, HeLa cells, and mouse embryonic
fibroblasts (MEF) were cultured in DMEM supplemented
with 10% fetal bovine serum (FBS). Transfection of the
plasmids was performed by SUPERFECT (Quiagen)
according to the manufacturer’s manual. Apoptosis was
induced by pcDNA3-human Bax (Bax-encoding plasmid)-
transfection, Staurosporin (STS)-treatment, UVC-irradia-
tion, anti-Fas-antibody-treatment (clone CH11), and human
recombinant TRAIL-treatment (BD-Pharmingen). The
amount of the plasmids, the concentration of STS, Fas-
antibody, and TRAIL, and the energy of UVC-irradiation are
as described in the figure legends. Apoptosis in the trans-
fected cells were analyzed as follows: Plasmid encoding
EGFP (0.5 ug of PEGFP) was transfected to all the groups
to mark the transfected cells. One day following transfection
of the plasmids listed in the figure legends or treatment of
the cells with staurosporin (STS) or UVC-irradiation, cells
were stained with Hoechst dye and cells with apoptotic
nuclei were counted in GFP expressing cells under fluores-
cent microscope as previously reported (Wei, et al., 2001).
Each point in the figures showing percentages of apoptosis
represents the meantSE of three experiments. Caspase
activities of cells were measured by detecting the cleavage
of fluorogenic substrate of caspase (DEVD-afc) as previ-
ously described (Deveraux, et al., 1997).

[0081]

[0082] One day following the transfection of the plasmids
or the treatment of the cells with STS or UVC-irradiation,

Cytochrome ¢ Detection
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cells were re-suspended in 200 ul of homogenization buffer
(250 mM Sucrose, 20 mM HEPES, pH 7.5, 10 mM KCl, 1.5
mM MgCl,, 1 mM EDTA, 0.1 mM phenylmethylsulfonyl
fluoride), and separation of the cytosol and heavy membrane
fraction (containing mitochondria and ER) were performed
as previously reported (Goldstein, et al., 2000; Wang, et al.,
1996). Cytosolic fraction of 20 ug protein and 1 ul of
membrane fraction (out of total 50 ul) were analyzed by
Western-blot with Cytochrome ¢ antibody (BD-Pharmingen
dilution 1:1000).

[0083]

[0084] Co-immunoprecipitation of endogenous Ku70 and
Bax: 107 cells of HEK293T cells were lysed in 200 ul of
“Chaps-based buffer” (150 mM NaCl, 10 mM Hepes, pH7.4,
1% Chaps) or “detergent-free hypotonic buffer” (hypotonic
(5 mM NaCl) phosphate buffered saline, pH 7.4) containing
protease inhibitors (100 times dilution of Protease Inhibitors
Cocktail; SIGMA) according to the previously reported
method (Hsu and Youle, 1998). For the experiments in
“detergent free” condition, the cytosol fraction was used and
NaCl was added to prepare the isotonic condition before
immunoprecipitation as previously reported (Hsu and Youle,
1998). Immunoprecipitation was performed as follows
according to the previous methods (Hsu and Youle, 1998,
Matsuyama, 1998a). After precleaning of 600 ul of the
sample with 50 ul of Protein G-Sepharose at 4° C. for 1 hour,
immunoprecipitations were performed by incubating 200 ul
of lysates with 20 ul of Protein G-Sepharose preabsorbed
with 2 ug of anti-Bax polyclonal antibody or 2 ug of
anti-Ku70 monoclonal antibody at 4° C. for 2 hours. After
extensive washing in the buffer, beads were boiled in 40 ul
of Laemmli buffer and 20 ul of the eluted proteins were
subjected to SDS-PAGE immunoblot analysis. Normal rab-
bit serum (NRS) and mouse IgG were used as negative
controls. Western Blot analysis of pre-immunoprecipitation
(20 ug protein) (Input) and immunoprecipitated samples (IF)
were performed by anti-Ku70 monoclonal antibody (BD-
Pharmingen) or anti-Bax polyclonal antibody (BD-Pharm-
ingen). Co-immunoprecipitation of GFP-Bax and Ku70:
Co-immunoprecipitation of GFP-Bax and Ku70. HEK293T
cells (10° cells) were transfected with 1.0 ug pEGFP (GFP),
pEGFP-Bax (Bax), pEGFP-BaxAN (BaxAN), pEGFP-
BaxAa2 (BaxAa2), or pEGFP-BaxAa9 (BaxAa9) in the
presence of 50 uM z-VAD-fmk. One day following trans-
fection, cells were collected in Chaps-based buffer and
co-immunoprecipitation experiments of GFP-Bax and
endogenous Ku70 were performed. Anti-GFP polyclonal
antibody (2 ug for 200 ul sample) (Invitrogen) for immu-
noprecipitation (12% SDS-PAGE), and anti-Ku70 mono-
clonal antibody (BD-Pharmingen) for the detection of Ku70
(10% SDS-PAGE). BaxAN (deletion of amino acids 1-53),
BaxAa2 (deletion of amino acids 33-71), and BaxAa9
(deletion of amino acids 170-192) were prepared using 2™
step PCR-mutagenesis methods as reported (Matsuyama, et
al., 1998a). Co-immunoprecipitation of Flag-tagged-Ku70
and endogenous Bax: HEK293T cells (10° cells) were co-
transfected with 1.0 ug pcDNA3-Bax and 1.0 ug pCMV-
2B-control vector (Flag-tagged firefly luciferase), pCMV-
2B-Ku70 wt (Flag-Ku70 wt), pCMV-2B-Ku70, .. (Flag-
Ku70, 555), pCMV-2B-Ku70,44 ¢0o(Flag-Ku70,56 605) OF
PCMV-2B-Ku70s55_s00(Flag-Ku70455_600) 1n the presence
of 50 uM z-VAD-fmk. Co-immunoprecipitation was per-
formed with anti-Flag monoclonal antibody (2 ug for 200 ul

Immunoprecipitation
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sample), and Western-blot of Bax (15% SDS-PAGE) was
done with anti-human Bax polyclonal antibody (BD-
Phramingen).

[0085]

[0086] One day after the treatment, cells were homog-
enized (Teflon homogenizer) with 200 ul of ice-cold homog-
enization buffer (250 mM Sucrose, 20 mM HEPES, pH 7.5,
10 mM KCl, 1.5 mM MgCl,, 1 mM EDTA, 0.1 mM
phenylmethylsulfonyl fluoride). Subcellular fractionation
was performed as reported (Hoetelmans, et al., 2000),
together with the confirmation of each fraction with appro-
priate marker proteins (nucleus fraction; PCNA by anti-
human PCNA antibody (Oncogene), mitochondria contain-
ing heavy membrane fraction; F1-ATPase co-subunit by
anti-Flo subunit antibody (Molecular Probe). For total cell
lysates, samples were prepared with ice-cold lysis buffer
(containing 50 mM NaCl, 25 mM Hepes (pH 7.4), 1 mM
EDTA, 1 mM EGTA, 1 mM PMSEF, 10 ug/ul E-64, and 1%
Triton X-100). In the experiments of FIGS. 6A, B, D-F, and
7A, samples containing 20 ug of protein from total cell
lysates or cytosol fraction were subjected to Western-blot
analysis of Ku70 and Bax. The pellets of the fractions of
heavy membrane and nuclear were dissolved in 50 ul of
SDS-PAGE sample buffer, and the same proportion of the
volume equal to that of the cytosol samples out of its total
volume was used for Western-blot analysis.

[0087]

[0088] HEK293T cells (10° cells) were transfected with
1.0 ug pCMV-2B (Control and UV+z-VAD) or pCMV-2B-
Ku70 (UV+Ku70). One day following transfection, except
in the control group (Control), cells were exposed to UVC-
irradiation in the absence (UV+Ku70) or the presence of 50
UM z-VAD-fink (UV+z-VAD). Twelve hours after UVC-
irradiation (200 J/m?), cells were fixed with 4% paraform-
aldehyde in PBS for 10 minutes. Aspirate 4% paraformal-
dehyde and wash cells twice with PBS. Cells were
permeablized with 0.5% Triton X-100 in PBS for 5 minutes
and then incubated in 0.05% Tween-20 in PBS for 5 minutes
at room temperature. Fixed cells were pre-incubated for 30
minutes in PBS containing 5% BSA at 37° C. before
immunostaining. Cells were double stained with anti-Bax-
monoclonal antibody (Pharmingen, dilution 1:50) and anti-
Ku70-polyclonal rabbit antibody (Santa-Cruz, dilution 1:50)
following with the detection of FITC-labeled anti-rabbit IgG
(Jackson ImmunoResearch, dilution 1:100) and TexasRed-
labeled anti-mouse IgG (Jackson ImmunoResearch, dilution
1:100). Microscopic analysis was performed by the confocal
microscope (BioRad).

[0089] II. Antisense Ku70 RNA Increased the Efficiency
of Bax-Stimulating Anti-Cancer Drugs.

[0090] We found that Ku70 has a new physiological
function as a Bax inhibitor. Since Ku70 is an inhibitor of
Bax, the reduction of Ku70 levels by antisense Ku70 sen-
sitized HeLa cell and 293 cells to Bax-mediated cell death,
as shown in FIG. 3. The commonly used anti-cancer drugs
such as ETOPOSIDE, CISPLATIN, and DOXORUBICIN
are known to induce cell death in cancer cells by activating
Bax-mediated cell suicide pathway (Reed, 1996; Reed,
1998; Zhang, et al., 2000). Therefore, the reduction of Ku70
levels in cancer cells are expected to improve the efficiency
of these anti-cancer drugs to eliminate the malignant cells.

Subcellular Fractionation

Confocal Microcope Image
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The following data show the evidences that the reduction of
Ku70 actually increases the sensitivity of several types of
cancer cells to the anti-cancer drugs.

[0091] Our data show that the effectiveness of antisense
Ku70 RNA depends on the expression levels of Ku70 and
Bax in the cells. In this study, antisense Ku70 RNA was
expressed by plasmid transfection that encodes the reversed
Ku70 ¢cDNA. The expression levels of Bax and Ku70 in
Hel a cells are used as the standard levels to diagnose the
levels of these proteins in other cancer cells, because HelLa
cells are the first human cell line and have been a commonly
used model cell in molecular biology.

[0092] Antisense Ku70 RNA significantly increased the
efficiency of Bax-stimulating anti-cancer drugs to eliminate
cancer cells in the cells expressing standard levels of Bax
and Ku70. However, antisense Ku70 has no or less effects in
cells with no or less expression of Bax, respectively, because
the anti-apoptotic role of Ku70 comes from the inhibition of
Bax.

[0093] On the other hand, Ku70 levels in cancer cells are
also important factor. Antisense Ku70 show less effect in
inducing hypersensitivities to anti-cancer drugs in cancer
cells with a low level of Ku70 because Bax in these cells is
already almost free from Ku70’s inhibition. These observa-
tions suggest that the examination of the levels of Ku70 and
Bax in cancer cells can predict the effectiveness of antisense
Ku70 to increase the efficiency of cancer cell killing by
Bax-stimulating anti-cancer drugs.

[0094] FIGS. 8A and B show the protein expression levels
of Bax and Ku70 in glioma cells (U87-MG, T98-G, U373-
MG, U251-MG, SNB-19, and A-172), Hel a cells, hepatoma
(Hep3B), colon cancer cells (HCT-116), fibrosarcoma cells
(HT-1080), prostate cancer cells (LNCaP and Dul45), and
breast cancer cells (MCF-7 and MDA-MB-468). Since
HelLa cell is the first human cell line and has been the most
commonly used model cell in molecular biology, the expres-
sion levels of Bax and Ku70 in HeLa cells are used as the
standard levels to diagnose the levels of these proteins in
other cancer cells. Although most of the cell lines (nine out
of thirteen) examined in FIG. 8 expressed standard levels of
Bax and Ku70, two glioma cells (U373-MG and A-172), one
colon cancer cells (HCI-116), and one prostate cancer
(Dul145) show different phenotypes. Ku70 levels are low in
two glioma cells (U373-MG and A-172), and Bax levels are
low in one colon cancer cells (HCT-116) and one prostate
cancer cells (Dul453).

[0095] FIG. 8C demonstrates that antisense Ku70 RNA
down-regulates Ku70 level specifically in the cells without
non-specific effects on the levels of other proteins regulating
apoptosis such as Bax, Bcl-2, and Bel-X.

[0096] Bax is a cell death-inducing protein. However, it
resides in the cytosol as a quiescent protein in the normal
condition. Upon the apoptotic stimuli, Bax translocates into
mitochondria and stimulates mitochondria to release apop-
togenic factors to induce cell suicide. We found that Ku70
binds Bax in the cytosol and prevents its mitochondrial
translocation. Therefore, the reduction of Ku70 by antisense
Ku70 can enhance the mitochondrial translocation of Bax in
the cells stimulated by apoptotic stimuli including Bax-
activation anti-cancer drugs.

[0097] FIG. 9 shows that the reduction of Ku70 levels by
antisense Ku70 enhances the mitochondrial translocation of
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Bax stimulated by etoposide, one of the commonly used
anti-cancer drugs. The plasmids encoding antisense Ku70 or
the vector control were transfected to the cells, and then cells
were treated by Bax-stimulating anti-cancer drug, ETOPO-
SIDE. One day after ETOPOSIDE treatment, cells were
collected and subcellular fractionation was performed, and
Bax levels in the fractions of the cytosol and mitochondria
(heavy membrane: HM in the figure) were determined by
Western blotting. In most types of cancer cells examined,
antisense Ku70 treatment enhanced the translocation of Bax
from the cytosol fraction to the mitochondria fraction.
However, the cancer cell line with low levels of Ku70 (two
glioma cell lines: U373-MG and A-172) or Bax shows (one
colon cancer cell line: HCT-116) smaller difference between
control and antisense Ku70 treated group.

[0098] The effects of antisense Ku70 to increase the
efficiency of anti-cancer drugs to kill cancer cells are shown
in FIGS. 10-13. Twelve cancer cell lines are transfected with
the plasmid encoding antisense Ku70 or the vector control.
One day following the transfection, cells were treated by
three Bax-stimulating anti-cancer drugs; ETOPOSIDE (20
uM) (FIG. 10), CISPLATIN (20 uM) (FIG. 11), or DOXO-
RUBICIN (1 uM) (FIG. 12). The percentages of apoptotic
cells were measured at 24 and 48 hours after the addition of
anti-cancer drugs in the medium (FIGS. 10-12). Antisense
Ku70 treatment showed significant increase of the killing
activity of the cancer cells by these anti-cancer drugs in nine
cancer cell lines (FIGS. 10-12). These nine cancer cell lines
are A: glioma cell line U87-MG, B: glioma cell line T98-G,
D: glioma cell line: U261-MG, E: glioma celiline SNB-19,
G: hepatoma cell line Hep3B, I: prostate cancer cell line
LNCaP, J: fibrosarcome cell line HI-1080, K: Breast cancer
cell line MDA-MB-468, and L: breast cancer cell line
MCF-7. However, antisense Ku70 treatment induced only
slight effects to increase the killing efficiency of anti cancer
drugs in three cancer cell lines that has low levels of Ku70
or Bax (see FIG. 8 also for Ku70 and Bax levels). These cell
lines are C: glioma cell line U373-MG, F: glioma cell line
A-172, and H: colon cancer cell line HCT-116. These results
suggest that the levels of Ku70 and Bax can be the diag-
nostic markers to predict the effectiveness of antisense Ku70
to increase the efficiency of anti-cancer drugs to eliminate
cancer cells.

[0099] FIG. 13 shows the effects of antisense Ku70 in
increasing the activity of etoposide to suppress cancer cell
growth in the long term culture (three weeks). Two glioma
cell lines (U87-MG and T98-G) were transfected with the
plasmid encoding antisense Ku70 or the vector control. One
day after the transfection, 20 uM etoposide was added to the
culture and the growth activity (cell dividing activity) was
examined by measuring the number of the colonies formed
on the plates during three weeks culture after etoposide
addition to the culture. FIGS. 13A and C showed the picture
of the colonies on the plates stained with hematoxylane.
FIGS. 13B and D shows the relative number of the colonies
formed in the etoposide-treated cells transfected with vector
control plasmid (ETOPOSIDE+vector) and antisense Ku70
encoding plasmid (ETOPOSIDE+AS Ku70) of Antisense-
Ku70 treatment significantly enhanced the suppression of
the cancer cell growth by etoposide in two glioma cell lines
(A and B: U87-MG, C and D: T98-G). These results are
consistent with the observations that antisense Ku70 treat-
ment increase the efficiency of cancer cell killing by anti-
cancer drugs in two days culture (FIGS. 10-12).
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[0100] FIG. 13E shows the example of apoptotic cells in
antisense Ku70 treated cells. A glioma cell line (T98G) was
transfected with the plasmids encoding antisense Ku70 and
Green Fluorescent Protein (GFP). The transfected cells (i.c.
antisense Ku70 RNA expressing cells) can be detected by
green fluorescence under the microscope (FIG. 13E right
panel). One day after the following the plasmid transfection,
cells were treated by ETOPOSIDE (20 uM) for 24 hours and
the nuclei of the cells were stained by Hochst-dye (FIG. 13E
left panel). The cells expressing antisense Ku70 RNA (green
cells in the right panel) show typical apoptotic nuclei
(nuclear fragmentation) (right panel).

[0101] Since Ku70 suppresses apoptosis by inhibiting Bax
activity, the regulation of Ku70 levels does not change the
sensitivity of Bax-deficient cells to the apoptosis-inducing
anti-cancer drugs. FIG. 14 shows the evidences that anti-
sense Ku70 treatment does not induce hypersensitivities of
Bax-deficient cells (prostate cancer cell Dul45, see also
FIG. 10 for the expression level of Bax) to anti-cancer
drugs. Antisense Ku70 expression reduced Ku70 levels in
Du145 (FIG. 14A upper lane). Bax could not be detected the
fractions of the cytosol and mitochondria as reported (Ram-
pino, et al., 1997) (FIG. 14A middle and lower lanes).

[0102] Bax-deficiency in Dul45 is known to be due to the
frame shift mutation in the promoter region of Bax gene in
the chromosome (Rampino, et al., 1997). In this Bax-
deficient prostate cancer cells, antisense Ku70 treatment did
not increase the cell killing activity by ETOPOSIDE (20
uM) (FIG. 14B), CISPLATIN (20 uM) (FIG. 14C), and
DOXORUBICIN (1 uM) (FIG. 14D). These results suggest
that the levels of Bax in the cells can be a diagnostic marker
to predict the effectiveness of antisense Ku70 to induce
hypersensitivities of cancer cells to anti-cancer drugs. The
anti-cancer drugs examined (ETOPOSIDE, CISPLATIN,
and DOXORUBICIN) are known to induce DNA-replica-
tion failure in the cancer cells that trigger mitochondria-
dependent apoptosis pathway. In mitochondria-dependent
cell death pathway, two cell death-inducing proteins, Bax
and Bak, play a key role (Wei, et al., 2001). In Bax-deficient
cells, Bak is known to stimulate mitochondria-dependent
apoptosis pathway (Wei, et al., 2001). Therefore, the anti-
cancer drugs examined in Bax-deficient prostate cancer cells
(Du145, FIG. 14) probably kill the cells by activating Bak.
Since Ku70 does not inhibit Bak (FIG. 1), the reduction of
Ku70 levels by antisense Ku70 could not increase the
effectiveness of these drugs to kill cancer cells.

[0103] Recently, a cytokine named TRAIL (Tumor Necro-
sis Factor-Related Apoptosis-Inducing Ligand) was reported
to show cancer cell killing activity (Gura, 1997). There are
two major pathways in apoptosis, one is mitochondria-
dependent pathway and the other is receptor-mediated path-
way (Green and Reed, 1998). Bax plays role in the mito-
chondria-dependent pathway, and the receptor mediated
pathway can induce cell death without Bax. TRAIL induces
cell death mainly through receptor mediated pathway, there-
fore it does not stimulate Bax. In fact, we confirmed that
TRAIL treatment did not induce the mitochondrial translo-
cation of Bax in cancer cells (glioma cell line T98G and
hepatoma cell line Hep3B) as shown in FIG. 14F. There-
fore, enhancement of Bax activity by the reduction of Ku70
levels through antisense Ku70 RNA expression does not
induce hypersensitivities of cancer cells to TRAIL (FIG. 15:
all twelve cancer cell lines). Antisense Ku70 expression did
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not increase cell killing activity of TRAIL in Bax-deficient
cell (prostate cancer Dul45, FIG. 14E), neither. These
results are consistent with the hypothesis that Ku70 protects
cells from apoptosis by inhibiting Bax-mediated cell death
pathway.

[0104] In summary, the present data suggest that the
reduction of Ku70 levels in cancer cells by antisense Ku70
RNA expression is an effective method to increase the
efficiency of cancer cell killing by commonly used anti-
cancer drugs such as ETOPOSIDE, CISPLATIN, and
DOXORUBICIN. These anti-cancer drugs are known to
stimulate Bax-mediated apoptosis pathway, therefore, the
lowering of Ku70 levels may be effective to increase the
efficiency of other anti-cancer drugs stimulating the similar
apoptosis pathway. The presented data also suggest that the
evaluation of the levels of Ku70 and Bax in cancer cells may
be a diagnostic markers to predict the effectiveness of
antisense Ku70 (antisense RNA, antisense oligonucleotides,
DNA-zyme and RNA-zyme based antisense technologies)
to induce hypersensitivities of cancer cells to the anti-cancer
drugs stimulating Bax-mediated cell death signals. The
newly identified anti-Bax activity of Ku70 may provide the
strategies to develop the methods to eliminate cancer cells.
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We claim:

1. A method of predicting whether cancer cells would
respond to therapies which are mediated through Bax-
regulated apoptosis, comprising the step of:

(a) examining the intensity of the expression of the Bax
gene in cancer cells relative to a control, and

(b) predicting whether the cells will respond to therapies
which are mediated through Bax-regulated apoptosis,
wherein a high Bax level indicates that one may lower
Ku70 levels and increase sensitivity to apoptosis.

2. The method of claim 1 wherein one additionally
examines the intensity of expression of the Ku70 gene in the
cells.

3. The method of claim 2 wherein one examines the Bax
and Ku70 protein level.

4. The method of claim 2 wherein one examines the Bax
and Ku70 mRNA level.

5. A method of sensitizing cells to cancer therapy, com-
prising the step of reducing the cells’ native Ku70 protein
level sufficiently so that the cell is more sensitive to cancer
therapy.

6. The method of claim 5 wherein the reduction is through
antisense mMRNA methods.

7. The method of claim 5 wherein the cells are selected
from the group consisting of glioma cells, colon cancer cells,
prostatic cancer cells, fibrosarcoma cells, and cervical can-
cer cells.

8. The method of claim 5 wherein the reduction is through
inhibiting Ku70 gene transcription.

9. The method of claim 5 wherein the reduction is through
the use of reversed full-length Ku70 RNA.

10. The method of claim 5 wherein the reduction is
through the use of a plasmid encoding antisense Ku70 RNA.

11. The method of claim 5 wherein the reduction is
through the use of a viral vector encoding antisense Ku70
RNA.

12. A method of treating cell death-related diseases com-
prising the step of increasing cellular Ku70 protein level in
cells sufficiently so that the cells are more resistant to
cytotoxic stimuli.

13. The method of claim 12 wherein the increase is via the
introduction and expression of heterologous DNA sequences
encoding Ku70 within the cells.

14. The method of claim 12 wherein the cells are selected
from the group consisting of platelets, white blood cells and
stem cells.

15. The method of claim 12 wherein the cells are part of
an organ.

16. The method of claim 12 wherein the cells are within
a human patient.
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