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SUPPRESSOR GENE

The invention relates to members of a family of tumour suppressor genes, (Apoptosis
Stimulating Proteins (ASP)), which encode polypeptides capable of modulating the
activity of p53 and also polypeptides capable of modulating the activity of said ASP
polypeptides.

Tumour suppressor genes encode proteins which function to inhibit cell growth or
division and are therefore important with respect to maintaining proliferation, growth
and differentiation of normal cells. Mutations in tumour suppressor genes result in
abnormal cell-cycle progression whereby the normal cell-cycle check points which
arrest the cell-cycle, when, for example, DNA. is damaged, are ignored and damaged
cells divide uncontrollably. The products of tumour suppressor genes function in all
parts of the cell (eg cell surface, cytoplasm, nucleus) to prevent the passage of
damaged cells through the cell- cycle (ie G1, 8, G2, M and cytokinesis).

A number of tumour suppressor genes have been isolated and sequenced. These
include, by example only, the Retinoblastoma gene (Rb), mutations in which are
linked to cancers such as bone (osteocarcoma), bladder, small cell lung and breast
cancer, as well as retinoblastoma, and theWilms Tumour — 1 gene (WT-1), mutations

in which are linked to nephroblastoma and neurofibromatosis.

The tumour suppressor geve family, MAD (Mothers against dpp (decapentapelgic
gene) and MADR (MAD related genes) have been identified in a number of species.
These genes encode proteins involved in signal transduction pathways required for
serine/threonine receptor signalling. MADR! is essential for signalling of dop
pathway, MADR2 is another MADR and mutations in this gene have been linked
with colorectal cancer (6% of sporadic colorectal cancers). The sequence of the
MADR2 gene, also known as Smad2, is disclosed in WO98/07849.
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Arguably the tumour suppressor gene which has been the subject of the most intense
research is p53. p53 encodes a protein which functions as a transeription factor and is
a key regulator of the cell division cycle. It was discovered in 1978 (Lane and
Crawford, 1979) as a protein shown to bind with affinity to the SV40 large T antigen.
The p53 gene encodes a 393 amino acid polypeptide with a molecular weight of
53kDa.

Genes regulated by the transcriptional activity of pS3 contain a p53 recognition
sequence in their 5 regions. These genes are activated when the cellular levels of p53
are elevated due to, for example DNA damage. Examples of genes which respond to
p53 include, mdm?2 (Momand et al 1992), Bax (Miyashita and Reed, 1995) and PIG-
3 (Polyak et al, 1997). Bax and PIG-3 are involved in one of the most important
functions of p53, the induction of apoptosis. Apoptosis, or programmed cell death, is
a natural process which removes damaged cells. It is of importance with respect to
many cellular processes, including the removal of pre-cancerous cells, cell/tissue

development and homeostasis.

As mentioned above, one of the most important tumour suppression functions of p33
is its ability to induce apoptosis. The ability to up-regulate the expression of some of
the pro-apoptotic genes such as Bax provided some evidence of how p53 induces
apoptosis. However, by comparing the Bax expression in p53(--) and p53(+/+)
transgenic mice and wild-type it is cleat that only in a limited number of tissues was
the expression of Bax regulated by p53 in response to DNA damage. Thus it remains
unclear why the expression of pS3 could only induce the expression of Bax in a cell
type specific manner. It was shown recently that mutation in p33 can change
promoter specificity. Two of the tumour-derived mutant p53 genes were shown to be
defective in transactivation of the Bax promoter but competent to transactivate other
promoters of p53 target genes such as mdm2 and p2lwafl. These observations
suggested that to be able to transactivate genes like Bax is very important for the
tumour suppression function of p53.
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It is known that p53 can induce apoptosis through transcriptional dependent and
independent pathways. In addition, p53 induced-apoptosis can be blocked by the
oncogene bel-2. However, bel-2 does not inhibit the transactivation function of p53.
So far, very little is known about the molecular mechanisms of how bcl-2 inhibits

p53- induced apoptosis.

53BP2 is a p53 binding protein initially discovered by Iwabuchi et af (1994). 53BP2
was isolated in a yeast 2-hybrid screen and was found to consist of 528 amino acids
from the C-~terminus of the protein. It contains a proline rich sequence, four ankryin
repeats and an SH3 domain. Subsequently it was identified as a protein which
interacted with Bel-2 (Naumovski and Cleary, 1996). A longer version of this protein
was isolated and named as bBP2/53BP2. Based on the iz vitro translation data, the
anthors (Naumoviski and Cleaty, 1996) predicted that the bBP2/53BP2 protein

consisted of 1005 amino acids.

In an attempt to understand how the apoptotic function of p33 can be regulated in
vivo, we generated antibodies to 53BP2 and showed that in most of the cells tested,
the expression level of 53BP2 is low. We also observed that the endogenous
bBP2/53BP2 unexpectedly encodes a protein larger than the 1005 amino acids
predicted by Naumovski and Cleary. This protein, ASP-2, consists of 1135 amino
acids.

For the sake of clarity the following nomenclature will be used:

i) the 528 amino acid polypeptide will be referred to as 53BP2 or ASP-2/53BP2
(607-1135)

it) the 1005 amino acid polypeptide will be referred to as bBP2/53BP or ASP-
2/Bbp2 (130-1135)

iif)  the 1135 amino acid polypeptide will be referred to as ASP-2/53BP, or
simply ASP-2 (1-1135).

The numbers in brackets indicate the equivalent amino acids of ASP-2.
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We have shown that the C-terminal half of bBP2/53BP does not have a significant
effect on the activity of p53. However, ASP-2/53BP stimulated the transactivation
function of p53. Most interestingly, ASP-2/53BP can specifically enhance the
transactivation function of p53 on the promoters derived from pro-apoptosis related
genes such as Bax and PIG-3.

Using the cDNA sequence of ASP-2, we did a BLAST search and identified a clone
named as KIAA0771 with significant homology to the nucleic acid sequence
encoding bBP2/BP53 suggesting that the newly identified sequence is a member of a
family of genes which encode apoptosis stimulating proteins (ASP’s). This member
of the family is referred to as ASP-1. Using a PCR —RACE, a techinique known in
the art, we cloned 100bp of ASP-1 cDNA which is 5’-upstream to KIAA0771. The
cloned 100bp sequence was used to carry out a BLAST search, which allowed us to
identify another EST clone (EMBO entry Al625004) which overlaps with the 100bp
sequence but contains a further 700bp 5’-sequence of ASP-1. We obiained the EST
clones Al625004 and KIAA0771 and subcloned both together to generate the full
length clone of ASP-1 ¢cDNA as shown in figure 1B.

We have named the novel nucleic acid sequence ASP-1, (Apoptosis Stimulating
Protein 1), which encodes a polypeptide which has sequence homology to
53BP2/bBP2. The sequence homologies between ASP-1 and ASP-2, at the level of
protein sequence, is shown in Figure 84 . The highest homology between ASP-1 and
ASP-2 is found in the N- and the C-terminal parts of the protein.

The chromosomal locations of these two genes were also identified. ASP-1 is
encoded by a gene located on chromosome 14. The boundaries for 17 exons and
introns are illustrated in figure 1C. Most of the exons and introns are within the
genomic clone under the the EMBO entry AL049840. The promoter region and the
S’end exons and introns are located within the genomic clone EMBO entry
CNS01DTD.
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Additionally we have identified a regulator of ASP-2 which inhibits the p53-
stimulatory effect of ASP-2, We have called this regulator I-ASP. In tumours
expressing ASP-1 and ASP-2, the expression of I-ASP is up-regulated compared to
the matched normal controls. This suggests that the tumour suppression function of
p53 may be positively and negatively regulated by ASP and I-ASP in vivo.

According to a first aspect of the invention there is provided a polypeptide, or part
thereof, comprising:

i) - atleast one ankyrin repeat

ii) an o helical domain;

iii)  a SH3 domain; and

characterised in that said polypeptide is capable of stimulating at least the apoptotic
function of p53.

In a further preferred embodiment of the invention said polypeptide is characterised
by being capable of binding to an antibody, preferably a monoclonal antibody, to at

least one region of the polypeptide of sequence presented in Figure lcor 1d.

In yet a further preferred embodiment of the invention said polypeptide comprises a
binding site capable of binding, and thereby associating, with p53. Preferably said

assoolation is capable of inducing and/or enhancing apoptosis.

In a preferred embodiment of the invention said polypeptide is of mammalian origin,
ideally human.

In a preferred embodiment of the invention said polypeptide is represented by the
amino acid sequence of figure Ic¢ or 1d, which is further modified by deletion,

addition, substitution of at least one amino acid.

According to a second aspect of the invention there is provided a nucleic acid

molecule comprising a DNA sequence selected from :
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i) the DNA sequence as represented in Figure la or 1b;

ii) DNA sequences which hybridise to the sequence presented in Figure 1a or 1b
which encode a tumour suppressor polypeptide according to the invention;
and

i)  DNA sequences which are degenerate as a result of the genetic code to the
DNA sequences defined in (1) and (ii).

In a preferred embodiment of the invention there is provided an isolated nucleic acid
molecule which anneals under stringent hybridisation conditions to the sequence

presented in Figure la or 1b.

In yet a still further preferred embodiment of the invention said nucleic acid molecule
is cDNA.

In yet a still further preferred embodiment of the invention said nucleic acid molecule

is genomic DNA.

In a further preferred embodiment of the invention there are provided isolated

polypeptides encoded by the nucleic acid molecules according to the invention.

According to a third aspect of the invention there is provided a nucleic acid molecule
characterised in that said nucleic acid molecule is part of a vector adapted to facilitate

recombinant expression of the polypeptide encoded by said nucleic acid molecule.

In a further preferred embodiment of the invention said vector is an expression vector

adapted for eukaryotic gene expression.

According to a fourth aspect of the invention there is provided a method for the

production of the polypeptide according to the invention comprising:
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i) providing a cell transformed/transfected with a nucleic acid molecule

according to the invention;

i) growing said cell in conditions conducive to the manufacture of said

polypeptide; and
iif)  purifying/isolating said polypeptide from said cell, or its growth environment

In a preferred embodiment of the invention said said nucleic acid molecule is the

vector according to the invention.

In a preferred method of the invention said vector encodes, and thus said recombinant
polypeptide is provided with, a secretion signal to facilitate purification of said
polypeptide.

In a further preferred embodiment of the invention said vector encodes, and thus
recombinant pelypeptide is provided with an additional amino acid sequence which
facilitates its purification from a cell or cell culture medium. For example 2 His-tag
sequence which allows the binding of the recombinant polypeptide to a mickel
column, or the use of biotinylated recombinant polypeptides which are purified on

avidin columns, each of which are known in the art.

According to a fifth aspect of the invention there is provided an antibody or binding
part thereof, binds to at least a part of the polypeptide of the invention.

In a preferred embodiment of the invention said binding part is selected from the
group consisting of: F(ab’),, Fab, Fv and Fd fragments; antibodies comprising CDR3

regions.
In a preferred embodiment of the invention said antibody is a monoclonal antibody.
In yet a further preferred embodiment of the invention said antibody is hurnanised.

Alternatively, said antibody is a chimeric antibody produced by recombinant
methods to contain the variable region of said antibody with an invariant or constant

region of a human antibody.
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Chimeric antibodies are recombinant antibodies in which all of the V-regions of a
mouse or rat antibody are combined with human antibody C-regions. Humanised
antibodies are recombinant hybrid antibodies which fuse the complimentarity
determining regions from a rodent antibody V-region with the framework regions
from the human antibody V-regions. The C-regions from the human antibody are also
used. The complimentarity determining regions (CDRs) are the regions within the N-
terminal domain of both the heavy and light chain of the antibody to where the
majority of the variation of the V-region is restricted. These regions form loops at the
surface of the antibody molecule. These loops provide the binding surface between
the antibody and antigen.

The production of antibodies is well known in the art. Several laboratory text books
are availalable to the skilled artisan. For example, Antibodies, Lane & Harlow , Cold

Spring Harbour Laboratories.

According to a sixth aspect of the invention there is provided host cells which have
been transformed/transfected, ideally using the vector according to the invention, so
as fo include at least part of the nucleic acid molecule according to the invention, so
as to permit expression of at least patt, or a significant part, such as a functional
fragment, of the polypeptide encoded by said nucleic acid sequence.

Ideally said host cells are eukaryotic cells, for example, insect cells such as cells from
a species Spodoptera frugiperda using the baculovirus expression system. This
expression system is favoured in the instance where post-translational modification
of the polypeptide is required. If such modification is not required a prokaryotic

system may be used.

According to a seventh aspect of the invention there is provided a method for
determining the expression of mRNA and/or the polypeptide according to the

invention.

According to an eighth aspect of the invention there is provided a pharmaceutical or
veterinary composition characterised in that said composition comprises the vector

according to the invention.
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According to a ninth aspect of the invention there is provided a pharmaceutical or
veterinary composition characterised in that said composition comprises the

polypeptide according to the invention.

In a preferred embodiment of the invention said vector and/or said polypeptide

optionally also includes a diluent, carrier or excipient.

According to a tenth aspect of the invention there is provided a method of treatment

comprising:

i) administering to an animal an effective amount of a composition according to

the invention; and

i) monitoring the effect of said therapeutic composition on said animal.
In a preferred method of the invention said treatment is cancer therapy.

In a further preferred embodiment of the invention said animal is human.

In yet a further preferred embodiment of the invention said effect is the induction of

apoptosis,

According to a further aspect of the invention there is provided method to screen for

agents capable of modulating the activity of the polypeptide according to the

invention comprising:

i) providing a cell or cell-line which expresses the polypeptide according to the
invention;

i) exposing the cell to at least one agent to be tested; and

iii)  monitoring the effect of the agent(s) on the activity of the polypeptide.

According to yet a further aspect of the invention there is provided a method to
screen for agents capable of modulating the activity of the polypeptide according to
the invention comprising:

i) providing at least the polypeptide according to the invention;
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i) exposing the polypeptide to at least one agent to be tested; and
iii)  monitoring the binding of said agent(s) by said polypeptide.

According to yet a further aspect of the invention there is provided an ageni(s)

identified by the sereening methods according to the invention.

In a preferred embodiment of the invention said agent is an agonist which promotes

the activity of the polypeptide according to the invention.

In a further preferred embodiment of the invention said agent is an antagonist which
inhibits the activity of the polypeptide according to the invention. Preferably said
agent is a polypeptide.

According to a further aspect of the invention there is provided an antisense nucleic
acid molecule wherein said molecule comprises the antisense sequence of the sense
sequence according to the invention. Preferably said antisense nucleic acid molecule
comprises the antisense sequence represemted in Figure 1b, or part thereof.
Preferably said antisense nucleic acid molecule is the antisense sequence of the sense

sequence comprising nucleotides -253 to 839 of the ASP-2 sequence.

According to a further aspect of the invention there is provided an isolated nucleic

acid molecule selected from the group comprising:

i) the DNA sequence as represented in Figure 10;

ii) DNA  sequences which hybridise to the sequence presented in Figure 10
which encode an inhibitor of the tumour suppressor polypeptide according to
the invention; and

iy ~ DNA sequences which are degenerate as a result of the genetic code to the
DNA sequences defined in (i) and (ii).
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In a preferred embodiment of the invention there is provided an isolated nucleic acid
molecule which anneals under stringent hybridisation conditions to the sequence

presented in Figure 10.

According to a further aspect of the invention there is provided a polypeptide, or part
thereof, comprising:

i) at least one ankyrin repeat;

it) a SH3 domain; and

characterised in that said polypeptide is capable of inhibiting the p53-stimulatory
activity of the polypeptide represented in Figure 1d.

In a preferred embodiment of the invention said polypeptide also comprises a proline

- rich region.

According to a yet further aspect of the invention there is provided a polypeptide, as
represented by the amino acid sequence of Figure 11, which is further modified by
deletion, addition, substifution of at least one amino acid. Preferably said
polypeptide is of human origin.

Aspects and embodiments applicable to ASP-1 or ASP-2 are equally applicable to I
ASP. For example, the creation of expression vectors including I~-ASP DNA; cell-
lines transformed or transfected with nucleic acid molecules encoding I-ASP;
monoclonal antibodies capable of binding to polypeptides encoded by nucleic acid
molecules encoding I-ASP, or homologues thereof; pharmaceutical compositions
comprising nucleic acid molecules encoding I-~ASP; pharmaceutical compositions
comprising I-ASP polypeptides, or homologues thereof, methods of treatment
employing nucleic acid molecules encoding I-ASP or I-ASP polypeptides; methods
to detect the nucleic acid encoding I-ASP, or homologues thereof; methods to detect
the I-ASP polypeptides, ot homologues thereof.

11
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According to a further aspect of the invention there is provided an antisense nucleic
acid molecule wherein said molecule comprises the antisense sequence of the sense
sequence according to the invention. Preferably said antisense nucleic acid molecule
comprises the antisense sequence of the sense sequence represented in Figure 10, or
part thereof. More preferably still said antisense nucleic acid molecule is the

antisense sequence of the sense sequence comprising nucleotides —37-536 of I-ASP.

According to a further aspect of the invention. there is provided a pharmaceutical

composition comprising an antisense molecule according to the invention.

In a preferred embodiment of the invention said antisense nucleic acid is combined
with at least one chemotherapeutic agent. Preferably said agent is an anti-cancer
agent selected from the group comsisting of cisplatin; carboplatin;
cyclosphosphamide; melphalan; carmusline; methotrexate; S-fluorouracil; eytarabine;
mercaptopurine; daunorubicin; doxorubicin; epirubicin; vinblastine; vincristine;
dactinomycin; mitomycin C; taxol, L-asparaginase; G-CSF; an enediyne such as
chalicheamicin or esperamicin; chlorambucil; ARA-C; vindesine; bleomycin; and
etoposide. Other agents that can be combined with the foregoing include agents that
acts on the tumor neovasculature or immunomodulators, Preferably the agent that
acts on the tumor neovasculature is selected from the group comsisting of
combrestatin A4, angiostatin and endostatin, Preferably the immunomodulator is
selected from the group consisting of «-interferon, y-interferon, and tumor necrosis
factor alpha (TNFo).

In a preferred embodiment of the invention said agent is cisplatin.
According to a yet further aspect of the invention there is provided a method for the

preparation of monoclonal antibodies which bind amino acids 1-130 of the sequence

presented in figure 1d comprising the steps of:
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()  immunising an immunocompetent mammal with an immunogen
wherein said immunogen comprises a polypeptide having the amino
acid sequence as represented by amino acids 1-130 of figure 1d ;

(b)  fusing Iymphocytes of the immunised immunocompetent mammal
with myeloma cells to form hybridoma cells;

[©)] screening monoclonal antibodies produced by the hybridoma cells of
step (b);

(d) culturing the hybridoma cells producing monoclonal activity to
proliferate and/or to secrete said monoclonal antibody; and

(e} recovering the monoclonal antibody from the culture supernatant.

In a preferred method of the invention said immunocompetent mammal is a mouse.

In an alternative preferred method A said immunocompetent mammal is a rat.

In a further preferred method of the invention said mammal is transgenic for human
immunoglobulin genes or chromosomal nucleic acids containing human

immunoglobulin genes.

The invention thus involves in one aspect isolated ASP-1, ASP-2 and/or I-ASP
polypeptides, genes encoding those polypeptides, functional modifications and
variants of the foregoing, useful fragments of the foregoing, as well as therapeutics
relating thereto. The expression of these genes affects apoptosis by binding to p53
and related polypeptides.

As used herein with respect to nucleic acids, the term “isolated” means: (i) amplified
in vitro by, for example, polymerase chain reaction (PCR); (i) recombinantly
produced by cloning; (i) purified, as by cleavage and gel separation; or (iv)
synthesized by, for example, chemical synthesis. An isolated nucleic acid is one
which is readily manipulable by recombinant DNA techniques well known in the art.

13
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Thus, a nucleotide sequence COHta.il;lOd in a vector in which 5’ and 3° restriction sites
are known or for which polymerase chain reaction (PCR) primer sequences have
been disclosed is considered jsolated but a nucleic acid sequence existing in its native
state in its natural host is noLA An isolated nucleic acid may be substantially purified,
but need not be. For example, a nucleic acid that is isolated within a cloning or
expression vector is not pure in that it may comprise only a tiny percentage of the
material in the cell in which it resides. Such a nucleic acid is isolated, however, as
the term is used herein because it is readily manipulable by standard techniques
known to those of ordinary skill in the art. An isolated nucleic acid as used herein is

not a naturally occurring chromosome.

As used herein with respect to polypeptides, “isolated” means separated from its
native environment and present in sufficient quantity to permit its identification or
use. Isolated, when referring to a protein or polypeptide, means, for example: (i)
selectively produced by expression cloning or (ii) purified as by chromatography or
electrophoresis.  Isolated proteins or polypeptides may be, but need not be,
substantially pure. The term “substantially pure” means that the proteins or
polypeptides are essentially free of other substances with which they may be found in
nature or iz vive systems to an extent practical and appropriate for their intended use.
Substantially pure polypeptides may be produced by techniques well known in the
art. Because an isolated protein may be admixed with a pharmaceutically acceptable
catrier in a pharmaceutical preparation, the protein may comprise only a small
percentage by weight of the preparation. The protein is nonetheless isolated in that it
bas been separated from the substances with which it may be associated in living

systems, i.e. isolated from other proteins.

One aspect of the invention relates to those nucleic acid sequences which code for
ASP-1, ASP-2 and/or I-ASP polypeptides and which hybridize to the nucleic acid
molecules disclosed herein, preferably consisting of the coding region of the

molecules depicted in Figures 1a, 1b or 10, under stringent conditions.
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Thus, an aspect of the invention is those nucleic acid sequences which code for
ASP-1, ASP-2 and/or I-ASP polypeptides and which hybridize to a nucleic acid
molecule as provided herein, under stringent conditions. The term “stringent
conditions” as used herein refers to parameters with which the art is familiar,
Nucleic acid hybridization parameters may be found in references which compile
such methods, e.g. Molecular Cloning: A Laboratory Manual, J. Sambrook, et al.,
eds., Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York, 1989, or Current Protocols in Molecular Biology, F.M. Ausubel, et al.,
eds., John Wiley & Sons, Inc., New York. More specifically, stringent conditions,
as used herein, refers, for example, to hybridization at 65°C in hybridization buffer
(3.5 x S8C, 0.02% Ficoll, 0.02% polyvinyl pyrrolidone, 0.02% Bovine Serum
Albumin, 2.5mM NaH;PO4(pH7), 0.5% SDS, 2mM EDTA). SSC is 0.15M sodium
chloride/0.015M sodium citrate, pH7; SDS is sodium dodecyl sulphate; and EDTA. is
ethylenediaminetetracetic acid. After hybridization, the membrane upon which the
DNA is transferred is washed at 2 x SSC at room temperature and then at 0.1 - 0.5 X
8SC/0.1 x SDS at temperatures up to 68°C.

There are other conditions, reagents, and so forth which can be used, which result in
a similar degree of stringency, The skilled artisan will be familiar with such
conditions, and thus they are not given here. It will be understood, however, that the
skilled artisan will be able to manipulate the conditions in a manner to permit the
clear identification of homologs and alleles of ASP-1, ASP-2 or I-ASP nucleic acids
of the invention. The skilled artisan also is familiar with the methodology for
screening cells and libraries for expression of such molecules which then are
routinely isolated, followed by isolation of the pertinent nucleic acid molecule and

sequencing.

In general homologs and alleles typically will share at least 90% nucleotide identity
and/or at least 95% amino acid identity to the disclosed nucleotide and amino acid
sequences respectively, in some instances will share at least 95% nucleotide identity

and/or at least 97% amino acid identity and in still other instances will share at least
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98% nucleotide identity and/or at least 99% amino acid identity. The homology can
be caloulated using various, publicly available software tools developed by NCBI
(Bethesda, Maryland) that can be obtained through the Internet
(ftp:/nebi.nkm.nib.gov/pub/).

Exemplary  tools include  the  BLAST  system  available at
http://www.ncbinlm.nih.gov, preferably using defanlt settings. Pairwise and
Clustal W alignments (BLOSUMS30 matrix setting) as well as Kyle-Dooalittle
hydropathic analysis can be obtained using the MacVector sequence analysis
software (Oxford Molecular Group). Watson-Crick complements of the foregoing

nucleic acids also are embraced by the invention.

In screening for nucleic acids encoding ASP-1 ASP-2 and/or I-ASP proteins with
sequence homology to the nucleic acids described herein, a2 Southern blot may be
performed using the foregoing conditions, together with a detectable probe (e.g.,
radioactive, chemiluminescent). After washing the membrane to which the DNA is
finally transferred, the probe signal can be detected, such as by placing the membrane
against X-ray film or phosphorimager plates to detect the radioactive signal, or by

processing the membrane to detect chemiluminescent signal.

The invention also jncludes degenerate nucleic acids which include alternative
codons to those present in the native materials. For example, serine residues are
encoded by the codons TCA, AGT, TCC, TCG, TCT and AGC. Each of the six
codons is equivalent for the purposes of encoding a serine residue. Thus, it will be
apparent to one of ordinary skill in the art that any of the serine-encoding nucleotide
triplets may be employed to direct the protein synthesis apparatus, i vifre or in vive,
to incorporate a serine residue into an elongating polypeptide. Similarly, nucleotide
sequence triplets which encade other amino acid residues include, but are not limited
to: CCA, CCC, CCG and CCT (proline codons); CGA, CGC, CGG, CGT, AGA and
AGG (arginine codons); ACA, ACC, ACG and ACT (threcnine codons); AAC and
AAT (asparagine codons); and ATA, ATC and ATT (isoleucine codons). Other

16

JP 2004-525605 A 2004.8.26



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

a7

WO 02/12325 PCT/GB01/03524

10

20

25

30

amino acid residues may be encoded similarly by multiple nucleotide sequences.
Thus, the invention embraces degenerate nucleic acids that differ from the
biclogically isolated nucleic acids in codon sequence due to the degeneracy of the

genetic code.

The invention also provides modified nucleic acid molecules or polypeptides which
include additions, substitutions and deletions of one or more nucleotides or amino
acids. Asused herein, “one or more” means 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more up to a number
that does not substantially change the function of the molecule for those molecules in
which the function is desired to be substantially similar to the original nucleic acid or
polypeptide. A substantial change of function would be, for example, a dominant

negative protein, or a protein which has lost one or more of its functions.

In preferred embodiments, these modified nucleic acid molecules and/or the
polypeptides they encode retain at least one activity or function of the unmodified
nucleic acid molecule and/or the polypeptides, such as p53 binding, antigenicity,
transcriptional activity, etc. In certain embodiments, the modified nucleic acid
molecules encode modified polypeptides, preferably polypeptides having
conservative amino acid substitutions as are described elsewhere herein. The
modified nucleic acid molecules are structurally related to the unmodified nucleic
acid molecules and in preferred embodiments are sufficiently structurally related to
the unmodified nucleic acid molecules so that the modified and unmodified nucleic
acid molecules hybridize under highly stringent conditions known to one of skill in
the art.

For example, modified nucleic acid molecules which encode polypeptides having
single amino acid changes can be prepated. Each of these nucleic acid molecules can
have one, two or three nucleotide substitutions exclusive of nucleotide changes
corresponding to the degeneracy of the genetic code as described herein. Likewise,

modified nucleic acid molecules which encode polypeptides having two amino acid
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changes can be prepared which have, e.g., 2-6 nucleotide changes. Numerous
modified nucleic acid molecules like these will be readily envisioned by one of skill
in the art, including for example, substitutions of nucleotides in codons encoding
amino acids 2 and 3, 2 and 4, 2 and 5, 2 and 6, and so on. In the foregoing example,
each combination of two amino acids is included in the set of modified nucleic acid
molecules, as well as all nucleotide substitutions which code for the amino acid
substitutions. Additional nucleic acid molecules that encode polypeptides having
additional substitutions (i.e., 3 or more), additions or deletions (e.g., by introduction
of a stop codon or a splice site(s)) also can be prepared and are embraced by the
invention as readily envisioned by one of ordinary skill in the art. Amny of the
foregoing nucleic acids or polypeptides can be tested by routine experimentation for
retention of structural relation or activity to the nucleic acids and/or polypeptides

disclosed herein.

The invention also provides isolated fragments of ASP-1, ASP-2 and I-ASP or
complements thereof of sufficient length to represent a sequence unique within the
human genome, and identifying a nucleic acid encoding ASP-1, ASP-2 and I-ASP
polypeptides. These fragments can be considered unique in that a unique fragment is
one that is a ‘signature’ for the larger nucleic acid. A unique fragment, for example,
is long enough to assure that its precise sequence is not found in molecules outside of
the ASP-1, ASP-2 and I-ASP nucleic acids defined above, i.e., that it specifically
identifies the ASP-1, ASP-2 and [-ASP sequences. A unique fragment includes a
sequence of contiguous nucleotides which is not identical to any sequence present in
publicly available databases (e.g., GenBank) as of the filing date of this application,
although certain fragments may contain as a portion of the fragment some previously
known sequence deposited in GenBank. Likewise, complements of publicly knovm
sequences and fragments of the publicly known sequences and complements thereof
can be a portion of, but not all of the unique fragments of ASP-1, ASP-2 and I-ASP.
Thus a unique fragment excludes, by definition, sequences consisting solely of EST
and/or gene sequences deposited in publicly available databases as of the earliest

filing date of the sequences contained in this application. Thus, a unique fragment
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must contain a nucleotide sequence other than the exact sequence of those in
GenBank or fragments thereof. The difference may be an addition, deletion or
substitution with respect to the GenBank sequence or it may be a sequence wholly
separate from the GenBank sequence.

Fragments of ASP-1, ASP-2 and I-ASP nucleic acid molecules, including unique
fragments, can be used as probes in hybridization blot assays (e.g., Southern,
Northern) to identify such nucleic acids, in nuclease protection assays to measure
transcription, or can be used in amplification assays such as those employing PCR.
As known to those skilled in the art, large probes such as 200 250, 300 or more
nucleotides are preferred for certain uses such as Southern and Northern blots, while
smaller frz.ztgments will be preferred for uses such as PCR. Fragmenis also can be
used to produce fusion proteins for generating antibodies or determining binding of
the polypeptide fragments, or for generating immunoassay components. Likewise,
fragments can be employed to produce nonfused fragments of the ASP-1, ASP-2
and/or I-ASP polypeptides such as N-terminal or C-terminal fragments, or the
various protein domains disclosed herein, useful, for example, in the preparation of
antibodies, in immunoassays, and as a competitive binding partners of the ASP-1,
ASP-2 and I-ASP polypeptides and/or other polypeptides which bind to p53 or rel
polypeptides, for example, in therapeutic applications. Fragments further can be used
as antisense molecules, as described herein, to inhibit the expression of ASP-1, ASP-
2 and/or I-ASP nucleic acids and polypeptides, particularly for therapeutic purposes
as described in greater detail herein.

As will be recognized by those skilled in the art, the size of the unigue fragment will
depend upon its conservancy in the genetic code. Thus, some regions of ASP-1,
ASP-2 and I-ASP nucleic acid molecules and their complements will require longer
segments to be wnique while others will require only short segments, typically
between 12 and 32 nucleotides (e.g. 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31 and 32 bases long). This disclosure intends to embrace
each and every fragment of each sequence, beginning at the first nucleotide, the
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second nucleotide and so on, up to 8 nucleotides short of the end, and ending
anywhere from nucleotide number 8, 9, 10 and so on for each sequence, up to the
very last nucleotide (provided the sequence is unique as described above). Many
segments of the ASP-1, ASP-2 and I-ASP nucleic acids, or complements thereof, that
are 25 or more nucleotides in length will be unique. Those skilled in the art are well
versed in methods for selecting such sequences, typically on the basis of the ability of
the unique fragment to selectively distinguish the sequence of interest from non-ASP
and I-ASP nucleic acids. A comparison of the sequence of the fragment to those on
known databases typically is all that is necessary, although in vitre confirmatory

hybridization and sequencing analysis may be performed.

A fragment can be a functional fragment. A functional fragment of a nucleic acid
molecule of the invention is a fragment which retains some functional property of the
larger nucleic acid molecule, such as coding for a functional polypeptide, binding to
proteins (e.g., p53), regulating transcription of operably linked nucleic acids, coding
for immunologically recognized epitopes and the like. One of ordinary skill in the art
can readily determine using the assays described herein and those well known in the
art to determine whether a fragment is a functional fragment of a nucleic acid

molecule using no more than routine experimentation.

As mentioned above, the invention embraces antisense oligonucleotides that
selectively bind to a nucleic acid molecule encoding a ASP-1, ASP-2 and I-ASP
polypeptide, to modulate p53 binding, transcriptional activity or apoptosis, for
example. This is desirable in virtually any medical condition wherein a modulation
of pS3 activity is desirable, such as cancer and conditions involving aberrant

apoptosis.

As used herein, the term “antisense oligonucleotide” or “antisense” describes an
oligonucleotide that is an oligoribonucleotide, oligodeoxyribonucleotide, modified
oligoribonucleotide, or modified oligodeoxyribonucleotide which hybridizes under

physiological conditions to DNA comprising a particular gene or to an mRNA
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transeript of that gene and, thereby, inhibits the transcription of that gene and/or the
translation of that mRINA. The antisense molecules are désigned 50 as to interfere
with transcription or translation of a target gene upon hybridization with the target
gene ot transcript. Those skilled in the art will recognize that the exact length of the
antisense oligonucleotide and its degree of complementarity with its target will
depend upon the specific target selected, including the sequence of the target and the
particular bases which comprise that sequence. It is preferred that the antisense
oligonucleotide be constructed and arranged so as to bind selectively with the target
under physiological conditions, i.e., to hybridize substantially more to the target
sequence than to any other sequence in the target cell under physiological conditions.
Based upen the ASP-1, ASP-2 or J-ASP nucleic acid sequences provided herein, or
upon allelie or homologous genomic and/or cDNA. sequences, one of skill in the art
can easily choose and synthesize any of a number of appropriate antisense molecules
for use in accordance with the present invention. For example, a “gene walk”
comprising a series of oligonucleotides of 15-30 nucleotides spanning the length of a
ASP-1, ASP-2 or I-ASP nucleic acid can be prepared, followed by testing for
inhibition of the corresponding ASP-1, ASP-2 or I-ASP expression. Optionally, gaps
of 5-10 nucleotides can be left between the oligonucleotides to reduce the number of

oligonucleotides synthesized and tested.

In order to be sufficiently selective and potent for inhibition, such antisense
oligonucleotides should comprise at least 10 and, more preferably, at least 15
consecutive bases which are complementary to the target, although in certain cases
modified oligonucleotides as short as 7 bases in length have been used successfully
as antisense oligonucleotides (Wagner et al., Nature Biotechnol. 14:840-844, 1996).
Most preferably, the antisense oligonucleotides comprise a complementary sequence
of 20-30 bases. Although oligonucleotides may be chosen which are antisense to any
region of the gene or mRNA transcripts, in preferred embodiments the antisense
oligonucleotides correspond to N-terminal or 5' upstream sites such as translation
initiation, transcription initiation or promoter sites. In addition, 3-untranslated

regions may be targeted. Targeting to mRNA. splicing sites has also been used in the
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art but may be less preferred if alternative mRNA splicing occurs, In addition, the
antisense is targeted, preferably, to sites in which mRNA secondary structure is not
expected (see, e.g., Sainio et al., Cell Mol. Neurobiol. 14(5):439-457, 1994) and at
which proteins are not expected to bi.nld. Finally, although the ASP-1, ASP-2 and I-
ASP cDNA sequences are disclosed herein, one of ordinary skill in the art may easily
derive the genomic DNA corresponding to these cDNAs. Thus, the present invention
also provides for antisense oligonucleotides which are complementary to ASP-1,
ASP-2 or I-ASP genomic DNA. Similarly, antisense to allelic or homologous

cDNAs and genomic DNAs are enabled without undue experimentation.

In one set of embodiments, the antisense oligonucleotides of the invention may be
composed of “natural” deoxyribonucleotides, ribonucleotides, or any combination
thereof. That is, the 5' end of one native nucleotide and the 3' end of another native
nucleotide may be cavalently linked, as in natural systems, via a phosphodiester
internucleoside linkage. These oligonucleotides may be prepared by art recognized
methods which may be carried out manually or by an automated synthesizer. They

also may be produced recombinantly by vectors.

In preferred embodiments, however, the antisense oligonucleotides of the invention
also may include “modified” oligonucleotides. That is, the oligonucleotides may be
modified in a number of ways which do not prevent them from hybridizing to their
target but which enhance their stability or targeting or which otherwise enhance their

therapeutic effectiveness.

The term “modified oligonucleotide™ as used herein describes an oligonucleotide in -

which (1) at least two of its nucleotides are covalently linked via a synthetic
internucleoside linkage (i.e., a linkage other than a phosphodiester linkage between
the 5' end of one nucleotide and the 3' end of amother nucleotide) and/or (2) a
chemical group not normally associated with nucleic acids has been covalently
attached to the oligonucleotide. Preferred synthetic internucleoside linkages are
phosphorothioates, alkylphosphonates, phosphorodithioates, phosphate esters,
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alkylphosphonothioates, phosphoramidates, carbamates, carbonates, phosphate
triesters, acetamidates, carboxymethyl esters and peptides.

The term “modified oligonucleotide” also encompasses oligomucleotides with a
covalently modified base and/or sugar. For example, modified oligonucleotides
include oligonucleotides having backbone sugars which are covalently attached to
low molecular weight organic groups other than a hydroxyl group at the 3' position
and other than a phosphate group at the 5' position. Thus modified oligonucleotides
may include a 2-O-alkylated ribose group. In addition, modified oligonucleotides
may include sugars such as arabinose instead of ribose. The present invention, thus,
contemplates pharmaceutical preparations containing medified antisense molecules
that are complementary to and hybridizable with, under physiological conditions,
nucleic acids encoding ASP-1, ASP-2 and/or I-ASP polypeptides, together with
pharmaceutically acceptable carriers.

Antisense oligonucleotides may be administered as part of a pharmaceutical
composition. Such a pharmaceutical composition may include the antisense
oligonucleotides in combination with any standard physiologically and/or
pharmaceutically acceptable carriers which are known in the art. The corapositions
should be sterile and contain a therapeutically effective amount of the antisense
oligonucleotides in a unit of weight or volume suitable for administration to a patient.
The characteristics of the carrier will depend on the route of administration.
Physiologically and pharmaceutically acceptable carriers include diluents, fillers,
salts, buffers, stabilizers, solubilizers, and other materials which are well known in

the art.

As used herein, a “vector” may be any of a number of nucleic acids into which a
desired sequence may be inserted by restriction and ligation for transport between
different genetic environments or for expression in a host cell. Vectors are typically
composed of DNA although RNA vectors are also available. Vectors include, but are

not limited to, plasmids, phagemids and virus genomes. A cloning vector is one
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which is able to replicate in a host cell, and which typically is further characterized
by one or more endonuclease restriction sites at which the vector may be cut in a
determinable fashion and into which a desired DNA sequence may be ligated such
that the new recombinant vector retains its ability to replicate in the host cell. In the
case of plasmids, replication of the desired sequence may occur many times as the
plasmid increases in copy number within the host bacterium oz just a single time per
host before the host reproduces by mitosis. In the case of phage, replication may
oceur actively during a lytic phase or passively during a lysogenic phase. An
expression vector is one into which a desired DNA. sequence may be inserted by
restriction and ligation such that it is operably joined to regulatory sequences and
may be expressed as an RNA transcript. Vectors may further contain one or more
marker sequences suitable for use in the identification of cells which have or have not
been transformed or transfected with the vector. Markers include, for example, genes
encoding proteins which increase or decrease either resistance or sensitivity to
antibiotics or other compounds, genes which encode enzymes whose activities are
detectable by standard assays known in the art (e.g., p-galactosidase, luciferase or
alkaline phosphatase), and genes which visibly affect the phenotype of transformed
or transfected cells, hosts, colonies or plaques (e.g., various fluorescent proteins such
as green fluorescent protein, GFP). Preferred vectors are those capable of
autonomous replication and expression of the structural gene products present in the

DNA segments to which they are operably joined.

As used herein, a coding sequence and regulatory sequences are said to be “operably”
joined when they are covalently linked in such a way as to place the expression or
transcription of the coding sequence under the influence or control of the regulatory
sequences. If it is desired that the coding sequences be translated into a functional
protein, two DNA sequences are said to be operably joined if induction of a promoter
in the 5” regulatory sequences results in the transcription of the coding sequence and
if the nature of the linkage between the two DNA sequences does not (1) result in the
introduction of a frame-shift mutation, (2) interfere with the ability of the promoter

region to direct the transcription of the coding sequences, or (3) interfere with the
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ability of the corresponding RNA transcript to be translated into a protein. Thus, a
promoter region would be operably joined to a coding sequence if the promoter
region were capable of effecting transcription of that DNA sequence such that the
resulting transcript might be translated into the desired protein or polypeptide.

The precise nature of the regulatory sequences needed for gene expression may vary
between species or cell types, but shall in general include, as necessary, 5° mon-
transcribed and 5° non-translated sequences involved with the initiation of
transcription and translation respectively, such as a TATA box, capping sequence,
CAAT sequence, and the like. In particular, such 5° non-transcribed regulatory
sequences will include a promoter region which includes a promoter éequenoe for
transcriptional control of the operably joined gene. Regulatory sequences may also
include enhancer sequences or upstream activator sequences as desired. The vectors
of the invention may optionally include 5' leader or signal sequences. The choice and
design of an appropriate vector is within the ability and discretion of one of ordinary
skill in the art.

Expression vectors containing all the necessary elements for expression are
commercially available and known to those skilled in the art. See, e.g., Sambrook et
al., Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor
Laboratory Press, 1989. Cells are genetically engineered by the introduction into the
cells of heterologous DNA (RNA) encoding a ASP-1, ASP-2 and/or I-ASP
polypeptide or fragment or variant thereof. That heterologous DNA (RNA) is placed
under operable control of transcriptional elements to permit the expression of the
heterologous DNA in the host cell.

Preferred systems for mRNA expression in mammalian cells are those such as
peDNA3.1 and pR¢/CMYV (available from Invitrogen, Carlsbad, CA) that contain a
selectable marker such as a gene that confers G418 resistance (which facilitates the
selection of stably transfected cell lines) and the human cytomegalovirus (CMV)

enhancer-promoter sequences. Additionally, suitable for expression in primate or
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canine cell lines is the pCEP4 vector (Invitrogen), which contains an Epstein Barr
virus (EBV) origin of replication, facilitating the maintenance of plasmid as a
multicopy extrachromosomal element. Another expression vector is the pEF-BOS
plasmid containing the promoter of polypeptide Elongation Factor le, which
stimulates efficiently transcription in vitro. The plasmid is described by Mishizuma
and Nagata (Nuc. Acids Res. 18:5322, 1990), and its use in transfection experiments
is disclosed by, for example, Demoulin (Mol. Cell. Biol. 16:4710-4716, 1996). Still
another preferred expression vector is an ademovirus, described by Stratford-
Perricaudet, which is defective for E1 and E3 proteins (/. Clin. Invest. 90:626-630,
1992). The use of the adenovirus as an Adeno.P1A recombinant is disclosed by
Warnier et al., in intradermal injection in mice for immunization against P1A (Znt. J.
Cancer, 67:303-310, 1996).

The invention also embraces so-called expression kits, which allow the artisan to
prepare a desired expression vector or vectors. Such expression kits include at least
separate portions of each of the previously discussed coding sequences. Other
components may be added, as desired, as long as the previously mentioned

sequences, which are required, are included.

The invention also permits the construction of pcDNA3gene “knock-outs” in cells
and in animals, providing materials for studying certain aspects of p53 activity,

apoptosis, and cancer.

The invention also provides isolated polypeptides, which include the disclosed ASP-
1, ASP-2 and I-ASP polypeptides and fragments thereof. Such polypeptides are
useful, for example, alone or as fusion proteins to test and modulate p53 binding, to

modulate apoptosis, to generate antibodies, and as a components of an immunoassay,
A fragment of an ASP-1, ASP-2 or I-ASP polypeptide, in general, has the features

and characteristics of fragments as discussed above in connection with nucleic acids.

As will be recognized by those skilled in the art, the size of a unique fragment will
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depend upon factors such as whether the fragment constitutes a portion of a
conserved protein domain. Thus, some regions of ASP-1, ASP-2 and/or I-ASP
polypeptides will require longer segments to be unique while others will require only
short segments, typically between 5 and 12 amino acids (e.g. 5, 6, 7, 8, 9, 10, 11 and

12 amino acids long).

Fragments of an ASP-1, ASP-2 and/or I-ASP polypeptide preferably are those
fragments which retain a distinct functional capability of the polypeptide. Functional
capabilities which can be retained in a unique fragment of a polypeptide include
binding of p53 or rel, interaction with antibodies, and enzymatic activity. For
example, as exemplified herein, certain fragments of ASP-1, ASP-2 and/or I-ASP
polypeptides can be used as a functional equivalent of full length ASP-1, ASP-2
and/or I-ASP polypeptide in the methods of the invention, including e.g., binding
p53, modulation of apoptosis, etc. Other ASP-1, ASP-2 and/or I-ASP polypeptide
fragments can be selected according to their functional properties. For example, one
of ordinary skill in the art can prepare ASP-1, ASP-2 and/or I-ASP fragments
recombinantly and test those fragments according to the methods exemplified below,
such as binding to a p53 polypeptids. Those skilled in the art also are well versed in
methods for selecting unique amino acid sequences, typically on the basis of the
ability of the unique fragment to selectively distinguish the sequence of interest from
non-family members. A comparison of the sequence of the fragment to those on

known data bases typically is all that is necessary.

The invention embraces variants of the ASP-1, ASP-2 and I-ASP polypeptides
described above. As used herein, a “variant” of a ASP-1, ASP-2 or I-ASP
polypeptide is a polypeptide which contains one or more modifications to the primary
amino acid sequence of the polypeptide. Modifications which create a variant can be
made to a ASP-1, ASP-2 and/or I-ASP polypeptide 1) to reduce or eliminate an
activity of a ASP-1, ASP-2 or I-ASP polypeptide, such as binding to another
polypeptide; 2) to enhance a property of a ASP-1, ASP-2 or I-ASP polypeptide, such

as protein stability in an expression system or the stability of protein-protein binding;

27

JP 2004-525605 A 2004.8.26



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(88)

WO 02/12325 PCT/GB01/03524

15

20

25

30

or 3) to provide a novel activity or property to a ASP-1, ASP-2 or I-ASP polypeptide,
such as addition of an antigenic epitope or addition of a detectable moiety.
Modifications to an ASP-1, ASP-2 or I-ASP polypeptide are typically made to the
nucleic acid which encodes the ASP-1, ASP-2 or I-ASP polypeptide, and can include
deletions, point mutations, truncations, amino acid substitutions and additions of one
or more amino acids or non-amino acid moieties. As used in connection with
variants, “one or more” means 1, 2, 3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28. 29, 30, or more changes. Alternatively,
modifications can be made directly to the polypeptide, such as by cléavage, addition
of a linker molecule, addition of a detectable moiety, such as biotin, addition of a
fatty acid, and the like. Modifications also embrace fusion proteins comprising all or
part of a ASP-1, ASP-2 or I-ASP amino acid sequence.

In general, variants include ASP-1, ASP-2 or I-ASP polypeptides which are modified
specifically to alter a feature of the polypeptide unrelated to its physiological activity.
For example, cysteine residues can be substituted or deleted to prevent unwanted
disulfide linkages. Sinﬁlarly, certain amine acids can be changed to enhance
expression of a ASP-1, ASP-2 or I-ASP polypeptide by eliminating proteolysis by
proteases in an expression system (e.g., dibasic amino acid residues in yeast

expression systems in which KEX2 protease actjvity is present).

Mutations of a nucleic acid which encode a ASP-1, ASP-2 or I-ASP polypeptide
preferably preserve the amino acid reading frame of the coding sequence, and
preferably do not create regions in the nucleic acid which are likely to hybridize to
form secondary structures, such a hairpins or loops, which can be deleterious to

expression of the variant polypeptide.

Mutations can be made by selecting an amino acid substitution, or by random
mutagenesis of a selected site in a nucleic acid which encodes the polypeptide.
Variant polypeptides are then expressed and tested for one or more activities to

determine which mutation provides a variant polypeptide with the desired properties.
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Further mutations can be made to variants (or to nou-variant ASP-1, ASP-2 or I-ASP
polypeptides) which are silent as to the amino acid sequence of the polypeptide, but
which provide preferred codons for translation in a particular host. The preferred
codons for translation of a nucleic acid in, e.g., E. coli, are well known to those of
ordinary skill in the art. Still other mutations can be made to the noncoding
sequences of an ASP-1, ASP-2 or [-ASP gene or cDNA clone to enhance expression
of the polypeptide. The activity of variants of ASP-1, ASP-2 or I-ASP polypeptides
can be tested by cloning the nucleic acid molecule encoding the variant ASP-1, ASP-
2 or I-ASP polypeptide into a bacterial or mammalian expression vector, introducing
the vector into an appropriate host cell, expressing the variant ASP-1, ASP-2 or I-
ASP polypeptide, and testing for a functional capability of the ASP-1, ASP-2 or I-
ASP polypeptides as disclosed herein. For example, a variant ASP polypeptide can
be tested for p53 binding as disclosed in the Examples. Preparation of other variant
polypeptides may favor testing of other activities, as will be known to one of ordinary
skill in the art.

The skilled artisan will also realize that conservative amino acid substitutions may be
made in ASP-1, ASP-2 or I-ASP polypeptides to provide functionally equivalent
variants of the foregoing polypeptides, ie, the variants retain the functional
capabilities of the ASP-1, ASP-2 or I-ASP polypeptides. As used herein, a
“conservative amino acid substitution” refers to an amino acid substitution which
does not alter the relative charge or size characteristics of the protein in which the
amino acid substitution is made. Variants can be ptepared according to methods for
altering polypeptide sequence known to one of ordinary skill in the art such as are
found in references which compile such methods, e.g. Molecular Cloning: A4
Laboratory Manual, ]. Sambrook, et al., eds., Second Edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York, 1989, or Current Protocols in
Mblecular Biology, F.M. Ausubel, et al., eds., John Wiley & Sons, Inc., New York.
Exemplary functionally equivalent variants of the ASP-1, ASP-2 or I-ASP
polypeptides include one or more conservative amino acid substitutions of the amino

acid sequences disclosed herein. Conservative substitutions of amino acids include
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OFY, W OQKREL@AGEST QN ad(@)ED.

Conservative amino-acid substitutions in the amino acid sequence of ASP-1, ASP-2
or I-ASP polypeptides to produce functionally equivalent variants of these
polypeptides typically are made by alteration of a nucleic acid encoding an ASP-1,
ASP-2 or I-ASP polypeptide. Such substitutions can be made by a varety of
methods known to one of ordinary skill in the art. For example, amino acid
substitutions may be made by PCR-directed mutation, site-directed mutagenesis
according to the method of Kunkel (Kunkel, Proc. Nat. Acad Sci. U.S.4. 82: 488-
492, 1985), or by chemical synthesis of a gene encoding an ASP-1, ASP-2 or I-ASP
polypeptide. Where amino acid substitutions are made to a small unique fragment of
an ASP-1, ASP-2 or I-ASP polypeptide, such as a p53 binding site peptide, the
substitutions can be made by directly synthesizing the peptide. The activity of
functionally equivalent fragments of ASP-1, ASP-2 or I-ASP polypeptides can be
tested by cloning the gene encoding the altered ASP-1, ASP-2 or I-ASP polypeptide
into a bacterial or mammalian expression vector, introducing the vector into an
appropriate host cell, expressing the altered ASP-1, ASP-2 or I-ASP polypeptide, and
testing for a functional capability of the ASP-1, ASP-2 or I-ASP polypeptides as
disclosed herein. Peptides which are chemically synthesized can be tested directly
for function, e.g., for binding to p53.

The invention as described herein has a number of uses, some of which are described
elsewhere herein. First, the invention permits isolation of the complete ASP-1, ASP-
2 or [-ASP protein molecules. A variety of methodologies well-known to the skilled
practitioner can be utilized to obtain isolated the ASP-1, ASP-2 or I-ASP polypeptide
molecules. The polypeptide may be purified from cells which naturally produce the
polypeptide by chromatographic means or immunological recognition. Alternatively,
an expression vector may be introduced into cells to cause production of the
polypeptide. In another method, mRNA transcripts may be microinjected or

otherwise introduced into cells to cause production of the encoded polypeptide.
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Translation of mRNA in cell-free extracts such as the reticulocyte lysate system also
may be used to produce polypeptide. Those skilled in the art also can readily follow
known methods for isolating ASP-1, ASP-2 or I-ASP polypeptides. These include,
but are not limited to, immunochromatography, HPLC, size-exclusion
chromatography,  jon-exchanmge  chromatography  and  immunec-affinity
chromatography.

The isolation of the ASP-1, ASP-2 and I-ASP nucleic acid molecules also makes it
possible for the artisan to diagnose a disorder characterized by expression (or relative
lack thereof) of these molecules. These methods involve defermining expression of
the ASP-1, ASP-2 or I-ASP nuclei acids, and/or polypeptides derived therefrom. In
the former situation, such determinations can be carried out via any standard nucleic
acid determination assay, including the polymerase chain reaction as exemplified in

the examples below, or assaying with labeled hybridization probes.

The invention also makes it possible isolate proteins such as p53 and rel by the
binding of such proteins to ASP-1, ASP-2 or I-ASP as disclosed herein. The
identification of the ASP-1, ASP-2 and I-ASP binding activity, also permits one of
skill in the art to modulate protein binding and downstream functions, such as
apoptosis. Additional uses are described herein.

The invention also provides, in certain embodiments, “dominant negative™
polypeptides derived from ASP-1, ASP-2 or I-ASP. A dominant negative
polypeptide is an inactive variant of a protein, which, by interacting with the celtular
machinery, displaces an active protein from its interaction with the cellular
machinery or competes with the active protein, thereby reducing the effect of the
active protein, For example, a dominant negative receptor which binds a ligand but
does not transmit a signal in response to binding of the ligand can reduce the
biological effect of expression of the ligand. Likewise, a dominant negative
catalytically-inactive kinase which interacts normally with target proteins but does
not phosphorylate the target proteins can reduce phosphorylation of the target
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proteins in response to a cellular signal. Similarly, a dominant negative transcription
factor which binds to another transeription factor or to a promoter site in the control
region of a gene but does not increase gene transcription can reduce the effect of a
normal transcription factor by occupying promoter binding sites without increasing

transeription.

The end result of the expression of a dominant negative polypeptide in a cell is a
reduction in function of active proteins. One of ordinary skill in the art can assess the
potential for a dominant negative variant of a protein, and using standard
mutagenesis techniques to cteate ome or more dominant negative variant
polypeptides. For example, given the teachings contained herein of ASP-1, ASP-2
and I-ASP polypeptides, one of ordinary skill in the art can modify the sequence of
the ASP-1, ASP-2 or I-ASP polypeptides by site-specific mutagenesis, scanning
mutagenesis, partial gene deletion or truncation, and the like. See, e.g., U.S. Patent
No. 5,580,723 and Sambrook et al., Molecular Cloning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Laboratory Press, 1989. The skilled artisan then
can test the population of mutagenized polypeptides for diminution in a selected
activity (e.g., p53 binding, modulation of apoptosis) and/or for retention of such an
activity. Other similar methods for creating and testing dominant negative variants of

a protein will be apparent to one of ordinary skill in the art.

The invention also involyes agents such as polypeiﬂilics which bind to ASP-1, ASP-2
or I-ASP polypeptides and to complexes of ASP-1, ASP-2 or I-ASP polypeptides and
binding partners such as p53. Such binding agents can be used, for example, in
screening assays to detect the presence or absence of ASP-1, ASP-2 or [-ASP
polypeptides and complexes of ASP-1, ASP-2 or I-ASP polypeptides and their
binding partners and in purification protocols to isolate ASP-1, ASP-2 or I-ASP
polypeptides and complexes of ASP-1, ASP-2 or I-ASP polypeptides and their
binding partners. Such agents also can be used to inhibit the native activity of the
ASP-1, ASP-2 or I-ASP polypeptides or their binding partners, for example, by
binding to such polypeptides, or their binding partoers or both.
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The invention, therefore, embraces peptide binding agents which, for example, can
be antibodies or fragments of antibodies having the ability to selectively bind to ASP-
1, ASP-2 or I-ASP polypeptides. Aatibodies include polyclonal and monoclonal
antibodies, prepared according to conventional methodology.

Significantly, as is well-known in the art, only a small portion of an antibody
molecule, the paratope, is involved in the binding of the antibody to its epitope (see,
in general, Clark, W.R. (1986) The Experimental Foundations of Modern
Immunology Wiley & Sons, Inc., New York; Roitt, I. (1991) Essential Immunology,
7th Bd., Blackwell Scientific Publications, Oxford). The pFc' and Fe regions, for
example, are effectors of the complement cascade but ate not involved in antigen
binding. An antibody from which the pFc' region has been enzymatically cleaved, or
which has been produced without the pFc' region, designated an F(ab'), fragment,
retains both of the antigen binding sites of an intact antibody. Similarly, an antibody
from which the Fc region has been enzymatically cleaved, or which has been
produced without the Fe region, designated a Fab fragment, retains one of the antigen
binding sites of an intact antibody molecule. Proceeding further, Fab fragments
consist of a covalently bound antibody light chain and a portion of the antibody
heavy chain denoted Fd. The Fd fragments are the major determinant of antibody
specificity (a single Fd fragment may be associated with up to ten different light
chains without altering antibody specificity) and Fd fragments retain epitope-binding
ability in isolation.

* Within the antigen-binding portion of an antibody, as is well-known in the art, there

are complementarity determining regions (CDRs), which directly interact with the
epitope of the antigen, and framework regions (FRs), which maiﬁtain the tertiary
structure of the paratope (see, in general, Clark, 1986; Roitt, 1991). In both the
heavy chain Fd fragment and the light chain of IgG immunoglobulins, there are four
framework regions (FR1 through FR4) separated respectively by three
complementarity determining regions (CDR1 through CDR3). The CDRs, and in
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particular the CDR3 regions, and more particularly the heavy chain CDR3, are
largely responsible for antibody specificity.

It is now well-established in the art that the non-CDR regions of a2 mammalian
antibody may be replaced with similar regions of conspecific or heterospecific
antibodies while retaining the epitopic specificity of the original antibody. This is
most clearly manifested in the development and use of “humanized” antibodies in
which non-human CDRs are covalently joined to human FR and/or Fe/pFe' regions to
produce a functional antibody. See, e.g., U.S. patents 4,816,567, 5,225,539,
5,585,089, 5,693,762 and 5,859,205.

Thus, for example, PCT International Publication Number WO 92/04381 teaches the
production and use of humanized murine RSV antibodies in which at least a portion
of the murine FR regions have been replaced by FR regions of human origin. Such
antibodies, including fragments of intact antibodies with antigen-binding ability, are

often referred to as “chimeric” antibodies.

Fully human monoclonal antibodies also can be prepared, for example, by
immunization of non-human animals transgenic for human immunoglobulin genes.

See, for example, U.S. patents 5,814,318, 5,877,397, 6,091,001, 6,114,598.

Thus, as will be apparent to one of ordinary skill in the art, the present invention also
provides for F(ab"),, Fab, Fv and Fd fragments; chimeric antibodies in which the Fe
and/or FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been
replaced by homologous human or non-human sequences; chimeric F(ab’), fragment
antibodies in which the FR and/or CDRI and/or CDR2 and/or light chain CDR3
regions have been replaced by homologous human or non-human sequences;
chimeric Fab fragment antibodies in which the FR and/or CDR1 and/or CDR2 and/or
light chain CDR3 regions have been replaced by homologous human or non-human

sequences; and chimeric Fd fragment antibodies in which the FR and/or CDRI
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and/or CDR2 regions have been replaced by homologous human or non-human

sequences. The present invention also includes so-called single chain antibodies.

Thus, the invention involves polypeptides of numerous size and type that bind
specifically to ASP-1, ASP-2 or I-ASP polypeptides, and complexes of both ASP-1,
ASP-2 or I-ASP polypeptides and their binding partners. These polypeptides may be
derived also from sources other than antibody technology. For example, such
polypeptide binding agents can be provided by degenerate peptide libraries which can
be readily prepared in solution, in immobilized form or as phage display libraries.
Combinatorial libraries also can be synthesized of peptides containing one or more
amino acids. Libraries further can be synthesized of peptoids and non-peptide

synthetic moieties.

Phage display can be particularly effective in identifying binding peptides useful
according to the invention. Briefly, one prepares a phage library (using e.g. m13, fd,
or lambda phage), displaying inserts from 4 to about 80 amino acid residues using
conventional procedures. The inserts may represent, for example, a completely
degenerate or biased array. One then can select phage-bearing inserts which bind to
the ASP-1, ASP-2 or I-ASP polypeptide. This process can be repeated through
several cycles of reselection of phage that bind to the ASP-1, ASP-2 or I-ASP
polypeptide. Repeated rounds lead to enrichment of phage bearing particular
sequences. DNA sequence analysis can be conducted to identify the sequences of the
expressed polypeptides. The minimal linear portion of the sequence that binds to the
ASP-1, ASP-2 or I-ASP polypeptide can be determined. Omne can repeat the
procedure using a biased library containing inserts containing part or all of the
mijnimal linear portion plus one or more additional degenerate residues upstream or
downstream thereof. Yeast two-hybrid screening methods also may be used to
identify polypeptides that bind to the ASP-1, ASP-2 or I-ASP polypeptides. Thus,
the ASP-1, ASP-2 and I-ASP polypeptides of the invention, or fragments thereof, can
be used to screen peptide libraries, including phage display libraries, to identify and
select peptide binding partners of the ASP-1, ASP-2 or I-ASP polypeptides of the
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invention. Such molecules can be used, as described, for screening assays, for
purification protocols, for interfering directly with the functioning of ASP-1, ASP-2
or I-ASP and for other purposes that will be apparent to those of ordinary skill in the
art.

It will also be recognized that the invention embraces the use of ASP-1, ASP-2 or I-
ASP cDNAs sequences in expression vectors, as well as to transfect host cells and
cell lines, be these prokaryotic (e.g., E. coli), or eukaryotic (e.g., CHO cells, COS
cells, yeast expression systems and recombinant baculovirus expression in insect
cells). Especially useful are mammalian cells such as human, mouse, hamster, pig,
goat, primate, etc. They may be of a wide variety of tissue types, and include primary
cells and cell lines. Specific examples include keratinocytes, peripheral blood
leukocytes, fibroblasts, bone marrow stem cells and embryonic stem cells. The
expression vectors require that the pertinent sequence, i.e., those nucleic acids

described above, be operably linked to a promoter.

The invention also includes transgemic non-human animals. As used herein,
“transgenic non-human animals” includes non-human animals having one or more
exogenous nucleic acid molecules incorporated in germ line cells and/or somatic
cells. Thus the transgenic animal include “knockout” animals having a homozygous
or heterozygous gene distuption by homologous recombination, animals having
episomal or chromosomally incorporated expression vectors, ete. Knockout animals
can be prepared by homologous recombination using embryonic stem cells as is well
known in the art. The recombination can be facilitated by the cre/lox system or other
recombinase systems known to one of ordinary skill in the art. In certain
embodiments, the recombinase system itself is expressed conditionally, for example,
in certain tissues or cell types, at certain embryonic or post-embryonic developmental
stages, inducibly by the addition of a compound which increases or decreases
expression, and the Jike, In general, the conditional expression vectors used in such
systems use a variety of promoters which confer the desired gene expression pattern

(e.g., temporal or spatial). Conditional promoters also can be operably linked to
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ASP-1, ASP-2 or I-ASP nucleic acid molecules to increase expression of these
nucleic acid molecules in a regulated or conditional manner. Trans-acting negative
regulators of ASP-1, ASP-2 or I-ASP activity or expression also can be operably
linked to a conditional promoter as described above, Such trans-acting regulators
include antisense nucleic acids molecules, nucleic acid molecules which encode
dominant negative molecules, tibozyme molecules specific for ASP-1, ASP-2 or I-
ASP nucleic acids, and the like. The transgenic non-human animals are useful in
experiments directed toward testing biochemical or physiological effects of
diagnostics or therapeutics for conditions characterized by increased or decreased
ASP-1, ASP-2 or I-ASP expression. Other uses will be apparent to one of ordinary
skill in the art. '

The invention also contemplates gene therapy. The procedure for performing ex vivo
gene therapy is outlined in U.S. Patent 5,399,346 and in exhibits submitted in the file
history of that patent, all of which are publicly available documents. In general, it
involves introduction in vitro of a functional copy of a gene into a cell(s) of a subject
which contains a defective copy of the gene, and returning the genetically engineered
cell(s) to the subject. The functional copy of the gene is under operable control of
regulatory elements ;xzhich permit expression of the gene in the genetically
engineered cell(s). Numerous iransfection and transduction techniques as well as
appropriate expression vectors are well known to those of ordinary skill in the art,
some of which are described in PCT application WO95/00654. I vivo gene therapy
using vectors such as adenovirus, retroviruses, herpes virus, and targeted liposomes

also is contemplated according to the invention.

The invention further provides efficient methods of identifying pharmacological
agents or lead compounds for agents active at the level of a ASP-1, ASP-2 or I-ASP
modulatable cellular function. In particular, such functions include p53 binding, and
apoptosis. Generally, the screening methods involve assaying for compounds which
interfere with a ASP-1, ASP-2 or I-ASP activity such as p53 binding, ete, although
compounds which ephance ASP-1, ASP-2 or I-ASP activity also can be assayed
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using the screening methods. Such methods are adaptable to automated, bigh
throughput screening of compounds. The target therapeutic indications for
pharmacological agents detected by the screening methods are limited only in that the
target cellular function be subject to modulation by alteration of the formation of a
cornplex comprising a ASP-1, ASP-2 or I-ASP polypeptide or fragment thereof and
one or more natural ASP-1, ASP-2 or I-ASP intracellular binding targets, such as

p53. Target indications include apoptosis.

A wide variety of assays for pharmacological agex-ﬁs are provided, including, labeled
in vitro protein-protein binding assays, electrophoretic mobility shift assays,
immunoassays, cell-based assays such as two- or three-hybrid screens, expression
assays, etc. For example, hybrid screens are used to rapidly examine the effect of
transfected nucleic acids on the intracellular binding of ASP-1, ASP-2 or I-ASP
polypeptides or fragments thereof to specific intracellular targets. The transfected
nucleic acids can encode, for example, combinatorial peptide libraries or antisense
molecules. Convenient reagents for such assays, e.g., GAL4 fusion proteins, are
known in the art. An exemplary cell-based assay involves transfecting a cell with a
nucleic acid encoding a ASP polypeptide fused to a GAL4 DNA binding domain and
a nucleic acid encoding a pS3 domain which interacts with ASP fused to a
transcription activation domain such as VP16. The cell also contains a reporter gene
operably linked to a gene expression regulatory region, such as one or more GAL4
binding sites. Activation of reporter gene transcription occurs when the ASP and p53
fusion polypeptides bind such that the GAL4 DNA binding domain and the VP16
transcriptional activation domain are brought into proximity to enable transcription
of the reporter geme. Agents which modulate a ASP polypeptide mediated cell
function are then detected through a change in the expression of reporter gene.
Methods for determining changes in the expression of a reporter gene are known in

the art.

ASP-1, ASP-2 or I-ASP fragments used in the methods, when not produced by a

transfected nucleic acid are added to an assay mixture as an isolated polypeptide.
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ASP-1, ASP-2 or I-ASP polypeptides preferably are produced recombinantly,
although such polypeptides may be isolated from biological extracts. Recombinantly
produced ASP-1, ASP-2 or I-ASP polypeptides include chimeric proteins comprising
a fusion of a ASP-1, ASP-2 or [-ASP protein with another polypeptide, e.g., a
polypeptide capable of providing or enhancing protein-protein binding, sequence
specific nucleic acid binding (such as GAL4), enbancing stability of the ASP-1, ASP-
2 or I-ASP polypeptide under assay conditions, or providing a detectable moiety,

such as green fluorescent protein or Flag epitope.

The assay mixture is comprised of a natural intracellular ASP binding target such as
P53 or a fragment thereof capable of inferacting with ASP. While natural ASP
binding targets may be used, it is frequently preferred to use portions (e.g., peptides
or nucleic acid fragments) or analogs (i.e., agents which mimic the ASP binding
properties of the natural binding target for purposes of the assay) of the ASP binding
target so long as the portion or analog provides binding affinity and avidity to the
ASP fragment measurable in the assay.

The assay mixture also comprises a candidate pharmacological agent. Typically, a
plurality of assay mixtures are run in parallel with different agent concentrations to
obtain a different response to the various conceutrations. Typically, one of these
concentrations serves as a negative control, i.e., at zero concentration of agent or at a
concentration of agent below the limits of assay detection. Candidate agents
encompass numerous chemical classes, although typically they are organic
compounds. Preferably, the candidate pharmacological agents are small organic
compounds, i.e., those having a molecular weight of more than 50 yet less than about

‘ 2500, preferably less than about 1000 aud, more preferably, less than abont 500.

Candidate agents comprise functional chemical groups necessary for structural
interactions with polypeptides and/or nucleic acids, and typically include at least an
amine, carbonyl, hydroxyl or carboxyl group, preferably at least two of the functional
chemical groups and more preferably at least three of the functional chemical groups.

The candidate agents can comprise cyclic carbon or heterocyclic structure and/or
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aromatic or polyaromatic structures substituted with one or more of the above-
identified functional groups. Candidate agents also can be biomolecules such as
peptides, saccharides, fatty acids, sterols, isoprenoids, purines, pyrimidines,
derivatives or structural analogs of the above, or combinations thereof and the like.
Where the agent is a nucleic acid, the agent typically is a DNA or RNA molecule,

although modified nucleic acids as defined herein are also contemplated.

Candidate agents are obtained from a wide variety of sources including libraries of
synthetic or natural compounds. For example, numerous means are available for
random and directed synthesis of a wide variety of organic compounds and
biomolecules, including expression of randomized oligonucleotides, synthetic
organic oombiuatoﬁal libraries, phage display libraries of random peptides, and the
like. Alternatively, libraties of natural compounds in the form of bacterial, fungal,
plant and animal extracts are available or readily produced. Additionally, natural and
synthetically produced libraries and compounds can be readily be modified through
conventional chemical, physical, and biochemical means.  Further, known
pharmacological agents may be subjected to directed or random chemical
modifications such as acylation, alkylation, esterification, amidification, etc. to

produce structural analogs of the agents.

A variety of other reagents also can be included in the mixture. These include

reagents such as salts, buffers, neutral proteins (e.g., albumin), detergents, etc. which

may be used to facilitate optimal protein-protein and/or protein-nucleic acid binding. -

Such a reagent may also reduce nou-specific or background interactions of the
reaction components. Other reagents that improve the efficiency of the assay such as
protease, inhibitors, nuclease inhibitors, antimicrobial agents, and the like may also

be used.
The mixture of the foregoing assay materials is incubated under conditions whereby,

but for the presence of the candidate pharmacological agent, the ASP-1, ASP-2 or I-
ASP polypeptide specifically binds the cellular binding target, a portion thereof or
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analog thereof. The order of addition of components, incubation temperature, time of
incubation, and other perimeters of the assay may be readily determined. Such
experimentation merely invelves optimization of the assay parameters, not the
fundamental composition of the assay. Incubation temperatures typically are between
4°C and 40°C. Incubation times preferably are minimized to facilitate rapid, high
throughput screening, and typically are between 0.1 and 10 hours.

After incubation, the presence or absence of specific binding between the ASP-1,
ASP-2 or I-ASP polypeptide and one or more binding targets is detected by any
couvenient method available to the user. For cell free binding type assays, a
separation step is often used to separate bound from unbound components. The
separation step may be accomplished in a variety of ways. Conveniently, at least one
of the components is immobilized on a solid substrate, from which the unbound
components may be easily separated. The solid substrate can be made of a wide
variety of materjals and in a wide variety of shapes, e.g., microtiter plate, microbead,
dipstick, resin particle, etc. The substrate preferably is chosen to maximum signal to
noise ratios, primarily to minimize background binding, as well as for ease of

separation and cost.

Separation may be effected for example, by removing a bead or dipstick from a
reservoir, emptying or diluting a reservoir such as a microtiter plate well, rinsing a
bead, particle, chromatographic column or filter with a wash solution or solvent. The
separation step preferably includes multiple rinses or washes. For example, when the
solid substrate is a microtiter plate, the wells may be washed several times with a
washing solution, which typically includes those components of the incubation
mixture that do not participate in specific bindings such as salts, buffer, detergent,
non-specific protein, etc. Where the solid substrate is a magnetic bead, the beads
may be washed one or more times with a washing solution and isolated using a

magnet.
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Detection may be effected in any convenient way for cell-based assays such as two-
or three-hybrid screens. The transeript resulting from a reporter gene transcription
assay of ASP-1, ASP-2 or I-ASP polypeptide interacting with a target molecule
typically encodes a directly or indirectly detectable product, e.g., B-galactosidase
activity, luciferase activity, and the like. For cell free binding assays, one of the
components usually comprises, or is coupled 1o, a detectable label. A wide variety of
labels can be used, such as those that provide direct detection (e.g., radioactivity,
luminescence, optical ot electron density, etc). o indirect detection (e.g., epitope tag
such as the FLAG epitope, enzyme tag such as horseradish peroxidase, etc.). The
label may be bound to a ASP-1, ASP-2 or I-ASP binding partner, or incorporated into
the structure of the binding partner.

A variety of methods may be used to detect the label, depending on the nature of the
label and other assay components. For example, the label may be detected while
bound to the solid substrate or subsequent to separation from the solid substrate.
Labels may be directly detebted through optical or electron density, radioactive
emissions, nonradiative energy transfers, etc. or indirectly detected with antibody
conjugates, strepavidin-biotin conjugates, etc. Methods for detecting the labels are
well known in the art.

The invention provides ASP-1, ASP-2 or I-ASP-specific binding agents, methods of
identifying and making such agents, and their use in diagnosis, therapy and
pharmaceutical development. For example, ASP-1, ASP-2 or I-ASP-specific
pharmacological agents are useful in a variety of diagnostic and therapeutic
applications, especially where disease or disease prognosis is associated with
improper utilization of a pathway involving ASP, e.g., apoptosis, etc. Novel ASP-1,
ASP-2 or I-ASP-specific binding agents include ASP-1, ASP-2 or I-ASP-specific
antibodies and other natural intracellular binding agents identified with assays such
as two hybrid screens, and non-natural intracellular binding agents identified in

sereens of chemical libraries and the like.
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In general, the specificity of ASP-1, ASP-2 or I-ASP binding to a binding agent is
shown by binding equilibrium constants. Targets which are capable of selectively
binding an ASP-1, ASP-2 or I-ASP polypeptide preferably have binding equilibrium
constants of at least about 10" M, more preferably at least about 10* MY, and most
preferably at least about 10° M. The wide variety of cell based and cell free assays
may be used to demonstrate ASP-1, ASP-2 or [-ASP-specific binding. Cell based
assays include one, two and three hybrid screens, assays in which ASP-1, ASP-2 or I-
ASP-mediated transcription is inhibited or increased, etc. Cell free assays include
ASP-1, ASP-2 or I-ASP-protein binding assays, immunoassays, etc. Other assays
useful for screening agents which bind ASP-1, ASP-2 or I-ASP polypeptides include
fluorescence resonance energy transfer (FRET), and electrophoretic mobility shift

analysis (EMSA).

Various techniques may be employed for introducing nucleic acids of the invention
into cells, depending on whether the nucleic acids are introduced in vitro or in vivo in
a host. Such techniques include fransfection of nucleic acid-CaPO4 precipitates,
transfection of nueleic acids associated with DEAE, transfection with a retrovirus
including the nucleic acid of interest, liposome mediated transfection, and the like.
For certain uses, it is preferred to target the nucleic acid to particular cells. In such
instances, & vehicle used for delivering a nucleic acid of the invention into a cell
(e.g., a retrovirus, or other virus; a liposome) can have a targeting molecule attached
thereto. For example, a molecule such as an antibody specific for a surface
membrane protein on the target cell or a ligand for a receptor on the target cell can be
bound to or incorporated within the nucleic acid delivery vehicle. For example,
where liposomes are employed to deliver the nucleic acids of the invention, proteins
which bind to a surface membrane protein associated with endocytosis may be
incorporated into the liposome formulation for targeting and/or to facilitate uptake.
Such proteins include capsid proteins or fragments thereof tropic for a particular cell
type, antibodies for proteins which undergo internalization in cycling, proteins that
target intracellular localization and enhance intracellular half life, and the like.

Polymeric delivery systes also have been used successfully to deliver nucleic acids
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into cells, as is known by those skilled in the art. Such systems even permit oral

delivery of nucleic acids.

‘When administered, the therapeutic compositions of the present invention are
administered in pharmaceutically acceptable preparations. Such preparations may
routinely contain pharmaceutically acceptable concentrations of salt, buffering
agents, preservatives, compatible carriers, supplementary immune potentiating agents
such as adjuvants and cytokines and optionally other therapeutic agents, such as

chemotherapeutic agents.

The therapeutics of the invention can be administered by any conventional route,
including injection or by gradual infusion over time. The administration may, for
example, be oral, intravenous, intraperitoneal, intramuscular, intracavity,
subeutaneous, or transdermal. When antibodies are used therapeutically, a preferred
route of administration is by pulmonary aerosol. Techniques for preparing aerosol
delivery systems containing antibodies are well known to those of skill in the art.
Generally, such systems should utilize components which will not significantly
impair the biological properties of the antibodies, such as the paratope binding
capacity (see, for example, Sciarra and Cutie, “Aerosols,” in Remington’s
Pharmaceutical Sciences, 18th edition, 1990, pp 1694-1712: incorporated by
reference). Those of skill in the art can readily determine the various parameters and
conditions for producing antibody aerosols without resort to undue experimentation.
‘When using antisense preparations of the invention, slow intravenous administration

is preferred.

The compositions of the invention are administered in effective amounts. An
“effective amount™ is that amount of a composition that alone, or together with
further doses, produces the desired response. In the case of treating a particular
disease, such as cancer, the desired response is inhibiting the progression of the
disease. This may involve only slowing the progression of the discase temporarily,

although more preferably, it involves halting the progression of the disease
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permanently. This can be monitored by routine methods or can be monitored

according to diagnostic methods of the invention discussed herein.

Such amounts will depend, of course, on the particular condition being treated, the
sevetity of the condition, the individual patient parameters including age, physical
condition, size and weight, the duration of the treatment, the nature of concurrent
therapy (if any), the specific route of administration and like factors within the
knowledge and expertise of the health practitioner. These factors are well known to
those of ordinary skill in the art and can be addressed with no more than routine
experimentation. [t is generally preferred that a maximum dose of the individual
components or combinations thereof be used, that is, the highest safe dose according
to sound medicai judgment. It will be understood by those of ordinary skill in the art,
however, that a patient may insist upon a lower dose or tolerable dose for medical

reasons, psychological reasons or for virtually any other reasons.

The pharmaceutical compositions used in the foregoing methods preferably are
sterile and contain an effective amount of ASP-1, ASP-2 or I-ASP or nucleic acid
encoding ASP-1, ASP-2 or I-ASP for producing the desired response in a unit of
weight or volume suitable for administration to a patient. The response can, for
example, be measured by determining the signal transduction enhanced or inhibited
by the ASP-1, ASP-2 or I-ASP composition via a reporter system as described herein,
by measuring downstream effects such as gene expression, or by measuring the
physiological effects of the ASP-1, ASP-2 or I-ASP composition, such as regression
of a tumor, decrease of disease symptoms, modulation of apoptosis, etc. Likewise,
the effects of antisense ASP-1, ASP-2 or I-ASP molecules can be readily determined
by measuring expression of the individual genes in cells to which an antisense
composition is added. Other assays will be known to one of ordinary skill in the art

and can be employed for measuring the level of the response.

The doses of ASP-1, ASP-2 or I-ASP polypeptide or nucleic acid administered to a

subject can be chosen in accordance with different parameters, in particular in
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accordance with the mode of administration used and the state of the subject. Other
factors include the desired period of treatment. In the event that a response in a
subject is insufficient at the initial doses applied, higher doses (or effectively higher
doses by a different, more localized delivery route) may be employed to the extent

that patient tolerance permits.

In general, doses of ASP-1, ASP-2 or I-ASP are formulated and administered in
doses between 1 ng and 1 mg, and preferably between 10 ng and 100 pg, according to
any standard procedure in the art. Whete nucleic acids encoding ASP-1, ASP-2 or I-
ASP or variants thereof are employed, doses of between 1 ng and 0.1 mg generally
will be formulated and administered according to standard procedures. Other
protocols for the administration of ASP-1, ASP-2 or I-ASP compositions will be
known to one of ordinary skill in the art, in which the dose amount, schedule of
injections, sites of injections, mode of administration (e.g., intra-tumoral) and the like
vary from the foregoing. Administration of ASP-I, ASP-2 or I-ASP compositions to
mammals other than humans, e.g. for testing purposes or veterinary therapeutic
purposes, is carried out under substantially the same conditions as described above.
A subject, as used herein, is a mammal, preferably a human, and including a

non-human primate, cow, horse, pig, sheep, goat, dog, cat or rodent.

When administered, the pharmaceutical preparations of the invention are applied in
pharmaceutically-acceptable  amounts and in  pharmaceutically-acceptable
compositions. The term “pharmaceutically acceptable” means a non-toxic matetial
that does not interfere with the effectiveness of the biological activity of the active
ingredients. Such preparations may routinely contain salts, buffering agents,
preservatives, compatible carriers, and optionally other therapeutic agents. When
used in medicine, the salts should be pharmaceutically acceptable, but non-
pharmaceutically acceptable salts may conveniently be used to prepare
pharmaceutically-acceptable salts thereof and are not excluded from the scope of the
invention. Such pharmacologically and pharmaceutically-acceptable salts include,
but are not limited to, those prepared from the following acids: hydrochloric,
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hydrobromic, sulfuric, nitric, phosphoric, maleic, acetic, salicylic, citric, formic,
malonic, succinic, and the like. Also, pharmaceutically-acceptable salts can be
prepared as alkaline metal or alkaline earth salts, such as sodium, potassium or

calcium salts.

ASP-1, ASP-2 or I-ASP compositions may be combined, if desired, with a
pharmaceutically-acceptable carrier. The term “pharmaceutically-acceptable carrier”
as used herein means one or more compatible solid or liquid fillers, diluents or
encapsulating substances which are suitable for administration into a human, The
term “carrier” denotes an organic or inorganic ingredient, natural or synthetic, with
which the active ingredient is combined to facilitate the application. The components
of the pharmaceutical compositions also are capable of being co-mingled with the
molecules of the present invention, and with each other, in a manner such that there
is no interaction which would substantially impair the desired pharmaceutical
efficacy.

The pharmaceutical compositions may contain suitable buffering agents, including:
acetic acid in a salt; citric acid in a salt; boric acid in a salt; and phosphorie acid in a

salt.

The phammaceutical compositions also may contain, optionally, suitable
preservatives, such as: benzalkonjum chloride; chlorobutanol; parabens and

thimerosal.

The pharmaceutical compositions may convenjently be presented in unit dosage form
and may be prepared by any of the methods well-known in the art of pharmacy. All
methods include the step of bringing the active agent into association with a carrier
which constitutes one or more accessory ingredjents. In general, the compositions
are prepared by umiformly and intimately bringing the active compound into
association with a liquid carrier, a finely divided solid carrier, or both, and then, if

necessary, shaping the product.
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Compositions suitable for oral administration may be presented as discrete units,
such as capsules, tablets, lozenges, each containing a predetermined amount of the
active compound. Other compositions include suspensions in aqueous liquids or

non-aqueous liquids such as a syrup, elixir or an emulsion.

Compositions suitable for parenteral administration conveniently comprise a sterile
aqueous or non-aqueous preparation of ASP-1, ASP-2 or I-ASP polypeptides or
nueleic acids, which is preferably isotonic with the blood of the recipient. This
preparation may be formulated according to known methods using suitable dispersing
or wetting agents and suspending agents. The stetile injectable preparation also may
be 2 sterile injectable solution or suspension in a non-toxic parenterally-acceptable
difuent or solvent, for example, as a solution in 1,3-butane diol. Among the
acceptable vehicles and solvents that may be employed are water, Ringer’s solution,
and isotonic sodium chioride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose any
bland fixed oil may be employed including synthetic mono-or di-glycerides. In
addition, fatty acids such as oleic acid may be used in the preparation of injectables.
Carrier formulation suitable for oral, subcutaneous, intravenous, intramuscular, etc.
administrations can be found in Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, PA.

In another aspect of the invention, ASP-1, ASP-2 or I-ASP palypeptides or nucleic
acids are used in the manufacture of a medicament for modulating apoptosis. The
medicament can be placed in a vial and be incorporated into a kit to be used for
treating a subject. In certain embodiments, other medicaments which modulate the
same responses or which favorably affect the ASP-1, ASP-2 or I-ASP compositions
can also be included in the same kit, such as chemotherapeutic agents. The kits can
include instructions or other printed material on how to administer the ASP-1, ASP-2

or I-ASP compositions and any other components of the kit.
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An embodiment of the invention will now be described, by example only, and with.

reference to the following examples and figures and table;

Figure la represents the DNA sequence of ASP-1; Figure 1b represents the DNA
sequence of ASP-2; Figure 1c represents the protein sequence of ASP-1; and Figure
1d represents the protein sequence of ASP-2; Figure le is a genomic map of ASP-1;

Figure 2a represents a northern blot of ASP-1 mRNA; Figure 2b represents a
northern blot of ASP-2 mRNA; Figure 2¢ represents a northern blot of ASP-1 and
ASP-2 mRNA including an actin mRNA loading control;

Figure 3a represents a Coomassie stained SDS polyacrylamide gel of recombinant
GST-53BP; Figure 3b represents a western blot showing the specificity of
monoclonal antibody DX54.10 for ASP-2; Figure 3¢ represents a western blot
showing the detection of endogenous ASP-2;

Figure 4a represents a western blot showing the interaction of ASP-2 with p53;
Figure 4b represents part of the DNA sequence of the ASP-2/bBP2 plasmid; Figure
4e shows the difference in molecular weight between ASP-2 and ASP-2/bBP2;

Figure 5a represents the stimulation of various p53 specific promoters in the presence
of combinations of p53, ASP-1 and ASP-2; Figure 5b represents the stimulation of
P53 transactivation by ASP-1 and ASP-2;

Figure 6 represents the stimulation of the PIG-3 promoter by ASP-1 and ASP-2
including a western blot showing expression of various truncated ASP polypeptides;

Figure 7a represents the synergistic effect of ASP-1 and ASP-2 on the apoptotic
function of p53; Figure 7b shows the synergistic effect of ASP-2 on the apoptotic
function of p53; Figure 7c represents the dominant negative effect of the C-terminal
half of ASP-2 on the apoptotic function of p53; Figure 7d represents the synergistic
effect of ASP-2 on the apoptotic function of p53, p73 and p63;
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Figure 8A is a homology comparison of ASP-1, ASP-2 and I-ASP. Saos2 cells were
transfected with either vector, p53 (Sug), I—ASP. (10ug) or pS3+ I-ASP and then
incubated for 16hrs. The cells were lysed in NP40 lysis buffer and 1000 pig of lysate
subject to an immunoprecipitation performed with polyclonal antibodies to I-ASP
bound to Protein G beads. The presence of p53 was detected by western blotting of
the immunocomplexes using rabbit polyclonal p53 antibody CM1, Figure $B. Saos2
cells were transfected with either ASP-1 (8pg) or ASP-2 (4pg), I-ASP (Sug) and p53
(50ng). 40 ul of the corresponding lysates were run on a 10% gel, ASP-1 was
detected with V5 antibody, ASP-2 with DX.5410, I-ASP with mouse anti I-ASP
antibody, p53 with DO1 and PCNA with anti-PCNA antibody, Figure 8E.; Figure
8C shows the induction of p53 induced apoptosis by ASP-1 and ASP-2 and the
inhibition of p53-induced apoptosis by [-ASP; Figure 8D shows the activation of p33
responsive promoter, Bax by ASP-1 and ASP-2 and inhibition of transactivation by I-
ASP.

Figure 9A represents the percentage of cells with sub-G1 DNA content (apoptotic
cells) in transfected Saos-2 cells expressing pS3 (lpg/l0 om dish) or
p53181C(1.6ug/10 cm dish) or p53181L (2ug/10 com dish) in the presence or
absence of either ASP-1( 10pg/10 cm dish ) or ASP-2(10ug/10 cm dish). Figure 9B
shows histograms representing the transcriptional activity of either p53 or two of its
mutants and the influence of either ASP-1 or ASP-2 (8 and 4 pg, respectively) as
indicated, by the ability of p53(50-75 ng) ) or p53181C (500g) or p53181L (50ng) to
transactivate the Bax-luc reporter in Saos-2 cells. The fold activation is obtained by
the activity of the various p53 constructs in the presence of ASP-1 or ASP-2 over the
activity of the promoter in the presence of the various p53 constructs aloe. Figure
9C shows western blots using 40ul of the respective transactivation Iysates and the
proteins detected with anti p53 (DO1), anti ASP-2 (DX.5410), and anti V5 ASP-1.

Figure 10 represents the DNA sequence of [-ASP;

Figure 11 represents the protein sequence of I-ASP;
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Figure 12 shows that the apoptotic function of p53 is highly regulated by ASP family
members in vive. Wild type pS53 expressing cell lines U208 and MCF-7 were
transfected with plasmids expressing proteins as indicated together with a cell surface
marker CD20 (A-E). The transfected cells were gated and analysed by FACS. The
bar graphs represent the percentage of transfected cells with sub-G1 DNA content,
characteristic of apoptosis. The plasmids expressing antisense RNA of ASP-1, ASP-2
and [-ASP are labelled as a-ASP-1, 0~ASP-2 and o-J-ASP respectively. The viral
oncoprotein E6 of human HPV16 is indicated as E6. In figures 12B and 12D, the
cells were transfected with the plasmids as indicated. Subsequently, the transfected
U208 and MCF-7 cells were incubated with medium containing cisplatin at
concentrations of 5 and 3pg/ml respectively. 30 hours later, cells were harvested and
analysed as above. For F and G, both U20S and MCF-7 cells were transfected with
plasmids expressing proteins as indicated. The co-expression of ASP or p53 and
endogenous Bax or mdm2 were visualised after cell fixation, by double
immunofluoresence labelling as indicated in figure 12G. For figure 12F, 200 U208
or MCF-7 cells transfected either with vector alone or ASPP plasmids were
examined for the overexpression of endogenous Bax protein. The bar graphs

represent the mean value of at least three independent experiments;

Figure 13A illustrates 2 model describing the interaction of ASP family members
with p65 , kB and p33; figure 13B is a graphical representation of the induction of
apoptosis in Saos cells by the expression and co~expression of vector encoded ASP-
2, IkB, and p53; figure 13C and 13D is a graphical representation of the ability of IkB
affectr the transactivation function of p53 on Bax and mdm?2 promoters in the

presence and absence of ASP-2;

Figure 14A is a graphical representation of the ability of wild-type p65 and deletion
mutant Ap65 to transactivate a NFkB reporter plasmid; Figure 14B is a graphical
representation. of the induction of apoptosis in cells expressing and co-expressing

53, ASP-2, p65 and Ap65
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Figure 15A is a graphical illustration of the ability of Bel-2 to inhibit the stimulating
effect of ASP-1 and ASP-2 on p53HI175-L-induced apoptosis; Figure 15B is a
graphical illustration of the inability of Bel-XL to inhibit the stimulating effect of
ASP-1 and ASP-2 on p53 H175-L -induced apoptosis; and Figure 15C illustrates the
ability of Bel-2 to inhibit p53-induced apoptosis by ASP-1 and ASP-2;

Figure 16 A illustrates the enhancing effect of I-ASP on the transfoming function of
E7; Figuwre 16B illustrates the enhancing effect of T-ASP on cell resistance to

cisplatin; and

Table 1 represents a summary of mRNA expression of ASP-1, ASP-2 and I-ASP in
40 pairs of normal and tumour matched RNA samples derived from Grade I and IT
breast tumours expressing wild-type p53.

Example 1

To understand how the ASP family functions in vive, we investigated the tissue
distribution of ASP-1 and ASP-2 using northern blot hybridization. As shown in
figure 2a and 2b, both ASP-1 and ASP-2 mRNA were expressed in all the human
tissues tested with a single transcript at the size of 5.5 to 5kb respectively. However
the expression level of ASP-1 and ASP-2 varies. The highest expression levels of
ASP-1 and ASP2 were detected in heart, skeletal muscle and kiduney. Interestingly,
there is a small difference between the expression pattern between ASP-1 and ASP-2.
For ASP-1, the highest expression level is in heart, significantly higher than that seen
in the kidney and the skeletal muscles. In contrast the expression level of ASP-2 in
heart, skeletal muscle and kidney is similar. In addition a relatively high level

expression of ASP-1 was also seen in human liver tissues.
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Example 2

Knowing that there is a specific tissue distribution pattern of ASP family members at
their mRNA levels, it was important to investigate how their expression is controlled
at the protein level. We used a GST-fusion protein to generate antibodies to ASP-2.
The coding region spanning amino acids 698-1135 of ASP-2 was subcloned into the
EcoR1 site of the bacterial expression plasmid pGEX 2TK. The 74 KDa GST-ASP-2
(698-1135) protein was produced as shown in figure 3A. The GST-53BP2 protein
was used to immunise rabbits (Eurogentec, Belgium) and mice. The immunised
serum derived from the rabbits and the mice were tested using the cell lysates of
Saos-2 cells transfected with a expression plasmid of ASP-2 fragment, pCMV Bam
neo ASP-2/53BP2 (607-1135). The plasmid was constructed by inserting a PCR
fragment of ASP-2 containing the epitope tag of 9E10 at the BamHI restriction site.
Using the Saos-2 Iysate transfected with ASP-2 expression plasmid pCMYV Bam neo
ASP-2/53BP2 (607-1135) or the control vector, the specificity of the rabbit
polyclonal antibody pAbASP-2/77 and the mouse monoclonal antibedies DX54-10
and DX54-7 was confirmed. As shown in figure 3B, the mouse monoclonal antibody
DX54.10 did not cross react with GST protein and could recognise transfected ASP-2
expression proteins in Saos-2 cells. DX54.10 only recognised transfected ASP-2
proteins and GST-ASP-2 protein and not GST-p27 fusion protein and is therefore
specific to ASP-2.

Since the monoclonal antibody is very specific to ASP-2 in the transfected Saos-2
cells, it allowed us to investigate the expression of the endogenous ASP-2 for the first
time. To be sure that the reactive band to the antibody is indeed the endogenous ASP-
2, the anti-ASP-2 monoclonal antibody DX54.10 supernatant was treated with either
GST protein attached to glutathione beads or GST-53BP2 (698-1135) protein
attached to glutathione beads. The beads were incubated with the supernatant for one
hour on a rotating wheel. After such time the beads were recovered and discarded.
Beads were replaced with fresh beads a total of three times. Figure 3C shows that
transfected ASP-2/53BP2 fragment (607-1135) and a specific protein band were
recognised by the antibody derived from the supernatant incubated with the GST
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beads but not the ones incubated with GST-ASP-2 beads. These results demonstrated
that the recognised protein in the total cell lysates derived from 293 cells and Tero
cells were indeed the endogenous ASP-2 and the monoclonal antibody DX54-10 was

very specific to this protein.
Example 3

Using the anti-ASP-2 antibodies described above, we initially tested whether the
interaction between p53 and ASP-2 occurred in vive using exogenously expressed
proteins. Expression plasmids were transfected into Saos-2 cells and an
immunoprecipitation was performed using the anti-ASP-2 antibody DX54.10 or a
control antibody pAb423 (an antibody to SV40 large T-antigen). Western blot
analysis of the immunocomplexes of p53 and ASP-2 showed for the first time that
these proteins interact in vivo (Figure 4A). This interaction was specific because the
contral antibody did not pull down. either p53 or ASP-2. As shown in figure 44, there
was a discrepancy between the migration of endogenous ASP-2 and the transfected
ASP-2 (also known as bBP2(130-1135)) proteins on SDS PAGE. One explanation
for this could be found from the original sequence of bBP2 (Naumovski and Cleary,
1996). The nucleotide sequence shows that there are two potential ATG codons in
53BP2/bBP2 cDNA at nucleotide position 571 and 757. The 757 codon was shown
to be the preferred start site by in vitro coupled transcription-translation. This
predicts a protein of 1005 amino acid residues in size. Therefore an expression
plasmid of 53BP2/bBP2 was constructed using the nucleotide 757 as start site
(Naumovski and Cleary, 1996). However based on the result shown in figure 4a, it is
clear that the actual protein translation start site is not 757 codon in vivo. Using the
5’end of bBP2 sequence to carry out the BLAST search, we discovered that the
sequence of bBP2 at the 412 to 514bp has very high homology to vector sequence
(EMBO entry of bBP2/53BP2). We re-sequenced this region of ASP-2/bBP2 plasmid
and we have demonstrated that this region of sequence does not exist in the sequence
which is shown in figure 4B. Since there was a stop codon within the region of 412-
514bp of bBP2 sequence in the data base but this part of the sequence does not exist,
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it allowed us to predict that the start site of ASP-2 is definitely upstream of 757. By
comparing with the part of the mouse ASP-2 we obtained (which we carried out by
screening the cDNA library with the human ASP-2 cDNA), we believe that the start
site for ASP-2 is at the 246bp of the new ASP-2 ¢cDNA sequence. This would make
the ASP-2 protein 1135 amino acids long which would account for the unexpectedly

large endogenous protein.

To investigate this further, 53BP2/bBP2 ¢cDNA which contains both ATG start sites
(241 and 757) was subcloned into a mammalian expression plasmid pcDNA3. The
resulting plasmid, pcDNA3-ASP-2/53BP2(1-1135) was transfected into Saos-2 cells
and the expression of both endogenous and exogenous ASP-2 was detected by anti-
ASP-2 antibody DX54-10. As shown in figure 4C, the ASP-2 expressed from the
pecDNA3-ASP-2(1-1135) migrated to the same molecular weight as that of
endogenous ASP-2. From this result, we conclude that the endogenous ASP-2 uses
the first ATG and the full length ASP-2 should consist of 1135 amino acids. From
the results shown here and below, it became necessary to clarify the clone names
which correspond to the actual sequences themselves. We thus used the name of
ASP-2 to represent the full length protein which contains 1135 amino acids. We used
ASP-2/bBP2 and ASP-2/53BP2 to represent the proteins which contains 130-1135

and 607-1135 amino acids respectively.

In addition to the endogenous ASP-2, the ASP-2/bBP2 could also interact with p53
in vivo (figure 4A).

Example 4

P53 is a transcription factor which transactivates a growing number of target genes

" including mdm-2, Bax and cyclin G. ASP-2/53BP2 on the other hand was originally

isolated as an inhibitor of p53 because it can inhibit the DNA binding activity of p53
in vitro by binding to the central DNA binding region of p53 (Iwabuchi et al., 1993).
So, with respect to p53, ASP-2/53BP2 could be the cellular equivalent of the large T-
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antigen of SV40 DNA tumour virus. One would then predict that ASP-2 should have
oncogenic activity. However, the behaviour of ASP-2/bBP2 demonstrated that it
confers growth suppression rather than promoting activity (Naumovski and Cleary,
1996). This discrepancy could be due to the fact that the original clone of ASP-
2/53BP2 only contains the C-terminal portion of the protein. It is possible that full
length ASP-2 protein would have a different effect on pS3 from its C-terminal
fragment ASP-2/53BP2. We also do not know what effect ASP-1 would have on the

activities of p53.

To determine the effect of ASP family members would have on the activities of p33,
we first studied p53-dependent transcriptional activity in transient reporter assays.
Cells null for p53 were transfected with five p53 reporter plasmids: mdm-2, Bax,
cyclin G and p21Waf-] all derived from the promoters of p53 target genes and PG, a
synthetic promoter construct linked to the expression of the luciferase gene. In vitro
DNA binding assays and the study of mutant p53 transactivation functions have
divided some of the known p53 binding sites into two groups (Ludwig et al., 1996).
Bax-like sites are usually weak for p53 transcription stimulation while the mdm2-like
sites can be stimulated by p53 very effectively. Interestingly, co-expression of ASP-1
or ASP-2 together with pS3 resulted in a 10-50 fold stimulation of the Bax
promoter. In contrast to the Bax promoter, co-expression of either ASP-1 or ASP-2
with p53 only showed a very modest stimulation of the promoter activity of mdm?2
and cyclin G (figure 5A). ASP-2/53BP2 failed to stimulate mdm2 and cyclin G
promoters while a slight stimulation on p2Iwafl and PG synthetic promoters was

seen.

The ability of ASP-2/53BP2 to specifically stimulate the promoter activity of Bax but
not mdm2 showed for the first time that the promoter specificity of p53 can be
regulated in cells. Since Bax is one of the p53 target genes which is pro-apoptotic, we
therefore asked whether the ASP family members can specifically stimulate the
transactivation of other p33 target genes also known to be invelved in promoting

apoptosis. One such gene is PIG-3. Using the transient transfection reporter assays
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shown in figure 5a, we were able to show that both ASP-1 and ASP-2 can
specifically stimulate the promoter activity of PIG-3.

It was shown recently that the transactivation function of pS3 can be co—actiﬁa‘rzd by
a general transcription co-activator p300/CBP. Thus it was of interest to us to
determine whether the ASP family members act like the p300/CBP-like protein
which is not specific to p53 and can stimulate a large number of transcription factors.
One of the transcription factors we tested was E2F1. Like p53, the transactivation
function of E2F1 can be stimulated by the co-expression of p300/CBP. However, the
co-expression of ASP-1 or ASP-2 with E2F1 failed to stimulate its transactivation
function on a few known reporter promoters, including cyclin A, b-myb and the
synthetic promoter 3xwt (figure 5B). This result strongly suggests that ASP-1 and
ASP-2 stimulate the transactivation function of p53 specifically. Since the general
transcription co-activators p300/CBP can bind to and stimulate the transcriptional
activity of both p53 and E2F1, this result also implies that both ASP-1 and ASP-2
can stimulate the transactivation function of p53 independently of p300/CBP.

Example 5

Knowing that the co-expression of the ASP can specifically stimulate the
transactivation function of p53, it was important for us to identify the minimal region
of ASP required for such activity. We therefore tested the three different versions of
ASP-2 for their effects on the transactivation function of p53. As expected, the co-
expression of full length ASP-2 (1135aa) was able to further stimulate the
transactivation function of p53 about 7 fold. Interestingly under the same conditions,
the co-expression of ASP-2/bBP2 (1005aa) only stimulated the transactivation
function of p53 about 2-fold. In addition, the co-expression of ASP-2/53BP2(607-
1135) reduced the transactivation function by about 50%, (Figure 6). Failure to
stimulate the transactivation function of p53 by ASP-2/bBP2 was not due to the lack
of expression (figure 6A, lower panel). Thus, ASP-2/bBP2 which lacks only the
first 130 amino acids of ASP-2 failed to stimulate the transactivation function of p53
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significantly. These data suggested that full-length protein (1-1135a2) was required
for ASP-2 to enhance the transactivation function of p53. The reduced transactivation
function of p53 by ASP-2/53BP2 suggest that ASP-2/53BP2 can act as a dominant
negative mutant to inhibit the action of endogenous ASP-2 on p33.

Example 6

Knowing that ASP-1 and ASP-2 can specifically stimulate the transactivation
function of p53 on the promoters of Bax and PIG-3, it was anticipated that when co-
expressed ASP-1 or ASP-2 would be able to synergize with p53 to induce apoptosis.
It was also hypothesised that if the pro-apoptotic function of ASP-1 and ASP-2 was
via their abilities to stimulate the transactivation. function of p53, it would have very
little effect on the apoptotic function of Bax itself. These hypotheses were tested in
Saos-2 cells which are null for p53 and also express a relatively low level of ASP-2,
The amount of p53 used in the experiments was determined by fitration so that it
caused about 17% of transfected cells to undego apoptosis. Apoptosis was identified
by the expression of the co-transfected cell surface marker CD20, Inferestingly, the
expression of ASP-1 or ASP-2 alone resulted in a lower level of apoptosis, consistent
with the observation that either ASP-1 or ASP-2 alone could enhance Bax promoter
activity slightly, possibly due to the effect of ASP-1 and ASP-2 on p73 and p63. Co-
expression of p53 with ASP-1 or ASP-2 however resulted in a significant increase in
the number of cells that die of apoptosis. Approximately 50% of the transfected cells
now die of apoptosis (Figure 7A). This synergistic effect in enhancing apoptosis was
specific to p53 since co-expression of either ASP-1 or ASP-2 with E2F1 resulted in
only an additive increase in the percentage of cells that die of apoptosis (figure 7B).

We also used the ASP-2 mutant, ASP-2/53BP2 to test the hypothesis that ASP can
stimulate the apoptotic function of p53 by enhancing the transactivation finction of
p53. ASP-2/53BP2 was shown to inhibit ASP-2 stimulation of p53 transactivation
function of p53 of the Bax promoter. Therefore it was anticipated that the apoptatic
function of p53 would not be enhanced if both ASP-2 and ASP-2/53BP2 were co-
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expressed with p33. This indeed proved to be the case. When ASP-2 and p53 were
co-expressed 50% of the cells were apoptotic. However when p53, ASP-2 and ASP-
2/53BP2 were all co-expresssed, only 30% of cells were apoptotic. Thus, ASP-2 can
only enhance the apoptotic function of p53 by increasing its transactivation function
(figure 7C).

We also studied the effect of ASP on the apoptotic function of p53 family members,
p73 and p63. The results are shown in figure 7D. The co-expression of either ASP-1
or ASP-2 enhances the apoptotic function of all the members of p53 family. These

results indicate that the ASP family could be a novel tumour supppressor family.

Example 7

A recently isolated sequence, rel. Associated Inhibitor (RAT) was identified as a p65
rel A binding protein which contains 315 amino acids. It has a sequence homology to
the C-terminal half of ASP-1 and ASP-2 (figure 8A). It is like the ASP-2 mutant,
53BP2/ASP-2(600-1128) in the following characteristics. RAI does not have the o~
helical domain of ASP-1 or ASP-2 but it does contain the proline rich region, the
ankryin repeats and the SH3 domain. The p53 contact residues of ASP-2 are also
conserved in RAL To investigate the activity of RAI which we have named I-ASP,
we cloned the coding sequence into a mammalian expression vector pcDNA3. We
also synthesised a peptide (RLQPALPPEAQSVPELEE) found in I-ASP which does
not have sequence similarity to ASP-1 and ASP-2. A mouse antibody specific to this
unique I-ASP peptide did not cross react with either ASP-1 or ASP-2 (data not
shown). Using this mouse anti-I-ASP specific antibody to immunoprecipitate the
transfected I-ASP in Saos-2 cells, we were able to demonstrate that I~ASP can also
interact with p53 (figure 8B). Like the ASP-2 mutant, S3BP2/ASP-2 (600-1128), the
expression of I-ASP did not induce apoptosis on its own. When I-ASP was co-
expressed with p53, it had a small inhibitory effect on the apoptotic function of p53.
The most significant effect of I-ASP on the apoptotic function of pS3 was observed

when ASP-1 or ASP-2 were co-expressed. In agreement with our prediction, the co-
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expression of I-ASP inhibited the enhanced apoptotic function of pS3 effected by
ASP-1 and ASP-2 (figure $C). Similarly, co-expression of I-ASP together with ASP-
1 or ASP-2 was able to completely abolish the ability of both ASP-1 and ASP-2 to
stimulate the transactivation function of p53 on the Bax promoter (figure 8D). The
co-expression of I-ASP did not significantly alter the expression levels of either p53
or ASP (figure 8E). These results indicated that in vive the pro-apoptotic function of
ASP-1 and ASP-2 may be regulated by the natural inhibitor I-ASP. Thus the balance
between the expression levels of ASP-1, ASP-2 and I-ASP may determine cell fate,

ie whether a cell lives or dies.

Example 8

Recent studies have demonstrated that some apoptotic-defective mutants of p53 can
transactivate the promoters of many pS3 target genes including mdm?2 and p2Iwafl
but not the pro-apoptotic genes such as Bax, PIG-3 and IGF-BP3. Among all the p53
mutants studied, two of them, 181L and 181C were of particular interest. The
mutation of pS3 at residue 181 has been reported in many human tumour types
including breast carcinoma and cervical cancer. From the crystal structures of p53
and 53BP2, the residue 181 of p53 was identified as one of the contact sites within
p53 for 53BP2 but this residue was not a contact site for DNA. In agreement with the
prediction from the crystal structure results, previous studies have shown that both
181L and 181C can bind to DNA and transactivate many promoters of p53 target
genes such as mdm?2 and p2lwafl. Interestingly, however, both mutants have
reduced ability to induce apoptosis or suppress transformation. Since the interaction
of ASP and p53 can specifically enhance the apoptotic function of p$3, we postulated
that the reduced apoptotic function of 181L and 181C may be due to some kind of
defect in these two p53 mutants to co-operate with ASP to induce apoptosis.
Therefore we examined the effect of ASP on the apoptotic function of the two p53
tumour-derived mutants, 1811, and 181C. As shown in. figure 94, the co-expression
of ASP-1 or ASP-2 failed to enhance the apoptotic function of either of the pS3

mutants, even though within the same experiments, the co-expression of ASP
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enhanced the apoptotic function of wild type p33 significantly. Subsequently, we also
examined the effects of ASP on the transactivation function of the p53 mutants,
Consistent with the observation that mutation of residue 181 can impair the ability
of ASP 1o activate the apoptotic function of p53, the co-expression of ASP-1 or ASP-
2 was unable to stimulate the transactivation function of the mutant pS3, 181C an
the Bax gene promoter. The effect of ASP on the p53 mutant 1811 was also similar
(figure 9B). The inability of ASP to stimulate the activities of pS3 mutants, was not
due to the lack of protein expression (figure 9C). All these results indicate that the
failure of ASP-1 and ASP-2 to stimulate the transactivation function of the two p53
mutants on pro-apoptotic genes may provide the molecular mechanism by which
these two mutant p53 molecules were defective in inducing apoptosis. This may also
explain why the mutation of this site of p53 was selected for in some of the human
tumours. The results shown bhere also demonstrates the importance of the co-

activation function of ASP on the tumour suppression function of p53.

Example 9

All four of the identified 53BP2 contact residues on p53 were found to be mutated in
human. tumours. Knowing that the expression of ASP-1 and ASP-2 can increase the
apoptotic fimction of p53 significantly, it was predicted that the expression levels of
ASP-1 and ASP-2 would be down-regulated in human tumours expressing wild type
p53. Consistent with this, the down-regulation of ASP-2 expression has been found
in one case of highly malignant human breast carcinoma in a gene array analysis. To
provide further in vivo evidence, we used a semi-quantitative RT-PCR technique to
stndy the expression levels of both ASP-1 and ASP-2 in a panel of paired normal and
tumour RNA samples derived from 40 breast cancer patients. It is important to note
that all 40 of the breast carcinomas express wild type p53. The expression levels of
ASP-1 and ASP-2 were frequently down regulated in human breast carcinomas
(Table 1 and representative data in figure 9D). Among the 40 carcinoma samples, 24
expressed ASP-1 and 9 expressed ASP-2. Interestingly, it was also noted that 8/9
tumours with reduced expression of ASP-2 also had a reduced expression of ASP-1.
This expression pattern suggested that the selective pressure of down regulating the
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expression of ASP-1 is higher than that of ASP-2. This is consistent with the fact that
in the 40 breast carcinomas tested, the frequency of significantly reduced (greater
than 75% reduction in the signal) or lack of expression of ASP-1 was higher than that
detected for ASP-2, 60% and 22.5% respectively. Since the results were obtained by
comparing the expression levels of ASP-1 and ASP-2 between normal tissue and
carcinomas derived from the same individuals, it demonstrated that there is a
selective advantage for the tumour cells to lose the expression of ASP-1 and ASP-2.
These results agree with the above observation that the ASP-binding-impaired-p33
mutants, 181L and 181C, can not induce apoptosis efficiently even in the presence of
ASP. This is consistent with the notion that the ASP family of proteins would have a

tumour suppressing role in human breast carcinomas.

In contrast to ASP-1 and ASP-2, the expression level of I-ASP was generally low in
the normal and human breast tumour tissue samples tested. However, overexpression
of I-ASP was detected in 8 of the tumour tissues compared to their normal paired
controls (Table 1 and figure 9D). The most striking phenomenon was the correlation
of the normal expression of ASP-1 and ASP-2 with the overexpression of I-ASP. 7
of the [-ASP overexpressing turnours did not have any down regulation of ASP-1 and
ASP-2 expression (Table 1). This result supports the arguement for the biological
importance of I-ASP as the natural inhibitor of ASP-1 and ASP-2 in vive.

Example 10

To study the roles that endogenous ASP family members play in regulating
apoptosis induced by endogenous p53, we introduced ASP-1 or ASP-2 into the cell
lines U208 and MCF7 which express wild-type p53. When expressed in these cells
ASP-1 and ASP-2 induced apoptosis (figure 124). The viral oncoprotein E6, which
is derived from human papilloma virus and which can bind and specifically target
p53 for degradation, inhibited the apoptosis induced by ASP-1 or ASP-2,
demonstrating that ASP-1 and ASP-2 can induce p53-dependent apoptosis,
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We also studied the dominant negative function of 53BP2 and I-ASP in inhibiting
apoptosis induced by endogenous p53 in response to DNA damage. Before exposure
to cisplatin, U208 and MCF7 cells were transfected with plasmids encoding HPV16
E6, 1-ASP, or 53BP2. The percentage of transfected cells dying of apoptosis in
response to the treatment with cisplatin was then determined by FACS analysis
(figure 12B). Treatment with cisplatin induced over 20% of the transfected cells to
die of apoptosis. The expression of E6 reduced the percentage of apoptotic cells to
below 15% suggesting that cisplatin induces p53-dependent apoptosis in U20S cells.
In agreement with this, expression of I-ASP or 53BP2 was able to inhibit cisplatin-
induced apoptosis to a similar extent as E6. These resuits suggest that the apoptotic
function of endogenous p53 can be regulated by the expression of ASP family

members.

To demonstrate further that endogenous ASP family members do play significant
roles in regulating the apoptotic function of p53, we used an antisense approach. We
cloned fragments from the 5’ends of the ASP-1, ASP-2 and I-ASP ¢DNAs into a
mammalian expression vector in an antisense orientation and tested the ability of the
aﬁtisense RNA to specifically inhibit the protein synthesis of ASP family members in
vitro (data not shown). Expression of antisense ASP-1 only inhibited apoptosis
induced by ASP-1 but not by ASP-2. Similarly, expression of antiserise ASP-2 only
inhibited apoptosis induced by ASP-2 but not ASP-1. The specific effect of antisense
ASP-1 and ASP-2 was further supported by the observation that co-expression of
antisense ASP-1 or ASP-2 did not influence apoptosis mediated by Bax under the
same conditions (figure 12C). Hence it allowed us to investigate the role of
endogenous ASP-1 and ASP-2 in regulating the apoptotic function of endogenous
P53 in response to DNA damage. U208 and MCF-7 cells were transfected with the
various expression plasmids prior to the treatment with cisplatin. FACS analysis
showed that around 20-30% of control transfected cells undergo apoptosis.
Expression of E6 reduced the percentage of apoptotic cells to half, indicating that
cisplatin can induce apoptosis through both p53 dependent and independent pathways
in these cells. Expression of antisense RNA. of ASP-1 or ASP-2 inhibited cisplatin-
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induced apoptosis to the same extent as E6 (figure 12D), similar to the effects seen
with 53BP2 and I-ASP. This suggests that endogenous ASP-1 and ASP-2 play
important roles in regulating the apoptotic function of p53 in response to DNA

damage.

We suspect that the stimulatory effect of the endogenous ASP-1 and ASP-2 on p53
induced apoptosis in response to cisplatin may be under-estimated due to high levels
of I-ASP detected in these cells (data not shown) which could prevent ASP-1 and
ASP-2 from enhancing the apoptotic function of p53. To study the anti-apoptotic role
of I-ASP, both U20S and MCF-7 cells were transfected with antisense I-ASP.
Antisense 1-ASP induced p53-dependent apoptosis that was abrogated by the co-
expression of E6. Removal of the anti-apoptotic function of I-ASP by antisense I-
ASP also enhanced the apoptotic function of ASP-1 and ASP-2 (figure 12E). Unlike
antisense ASP-1 and ASP-2, the expression of antisense I-ASP did not inhibit
cisplatin-induced apoptosis. A small increase in apoptotic cells was consistently
detected (figure 12D). Those results demonstrated that ASP-1 and ASP-2 specifically
stimulate the apoptotic function of p53 in vivo. Endogenous I-ASP functions as an
inhibitor of ASP and can block apoptosis induced by endogenous p33.

The antisense nucleic acid molecules were derived from the cDNAs of ASP-1, ASP-
2 and I-ASP and were amplified by PCR on the respective plasmid clones using
primers spanning the following nucleotide regions (relative to the initial ATG): -74
to 923; -253 to 839 and -37 to 536 for ASP-1, ASP-2 and I-ASP respectively. The
amplified segments were purified with the QIAquick PCR purification kit (QIAGEN)
and ligated in the pcDNA3.1/V5-His TOPO vector (Invitrogen) according to the
manufacturer's instructions. The plasmids containing antisense DNA of ASP-1, ASP-
2 and [-ASP were produced by means of the QIAGEN plasmid purification kit

according to manufacturers instructions.
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Example 11

It has been well documented that p53 and p65RelA of NF kappaB play very
important roles in regulating apoptosis in response to stress. However, very little is
known about how these two apoptotic pathways can work together ir vivo. Attempts
had been made towards the understanding of whether there is a cross-talk between
p53 and NF-kappaB. The first evidence came from the recent observation that p53
can induce the DNA binding activity of p65 Rel A. Most importantly Ikb, the
inhibitor of p65 Rel A, can inhibit the apoptotic function of p53. However it was not
clear how p33 can induce the DNA binding activity of p65 and how Ikb can inhibit
the apoptotic function of p53. ’

Interestingly, it was discovered very recently that both ASP-2 and I-ASP can interact
with p65 rel A, a component of NF-kappaB, in a yeast hybrid assay. I-ASP can also
inhibit the trapsactivation function of p65, although less effectively than Ikb. The
region required for ASP-2 and J-ASP to interact with rel A p65 is very similar as that
required for p53. Therefore it is possible that there might be some competition
between p53 and p65 rel A to interact with ASP-2 and I-ASP. Since ASP family
members happen to be the common partner between p53 and p65, we speculated that
ASP family members may connect the apoptotic function of p53 and NF-kappaB. In
this working model (figure 13A), p53 may induce the DNA binding activity of p65
by interacting with the nuclear I-ASP and allow p65 to bind DNA. In addition, Ikb
could inhibit p53-induced apoptosis by binding to p65 and releasing I-ASP. The
increased nuclear concentration of I-ASP can then interact with p53 and prevent
ASP-2 or ASP-1 to stimulate the transactivation function of p53. If this hypothesis is
correct, one would expect that the expression of Ikb should have a profound effect on

p53 - induced apoptosis in the presence of ASP-1 or ASP-2.
The results shown in figure 13B are consistent with this notion. In the Ikb-expressing

cells, 7.2% of the cells die of apoptosis compared to 4.6% of cells transfected with in
vector alone transfected cells. The effect of Ikb on p53-induced apoptosis was also
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minimal since the percentage of apoptotic cells detected in p53 versus p53+Ikb
expressing cells were 12% and 11% respectively. This could be due to the very low
level of ASP-1 and ASP~-2 expression in Saos-2 cells, In agreement with the results
shown before, the co-expression of ASP-2 produced a significant enhancement of
p53 induced apoptosis. The percentage of apoptotic cells in p53+ASP2 transfected
cells was 30%. Interestingly, it is under this setting, the co-expression of Ikb showed
the most profound effect. The co-expression of Ikb was able to reduce the amount of
apoptotic cells induced by p53 and ASP-2 from 30% to 16%. This result suggested
that Ikb could inhibit p53-induced apoptosis by preventing ASP-2 to stimulate p53
function. Similar results were also obtained when kb was co-expressed with pS3 and

ASP-1.

We have shown that ASP-2 can enhance the apoptotic function of p53 by specifically
stimulating the transactivation function of p53 on the promoters of pro-apoptotic
genes such as Bax. Thus we also investigated the effect of Ikb on the transactivation
function of p33 on the Bax and mdm?2 promoters in the presence or absence of ASP2,
see Figures 13C and D. As shown previously, co-expression of ASP-2 and p53
stimulated the transactivation function of p53 by about 8-fold. Under the same
conditions, the expression of Ikb did not show any detectable inhibition on the Bax
promoter reporter activity suggesting that Ikb does not inhibit the transeriptional
activity of Bax promoter non-specifically in Saos-2 cells. The co-expression of 50ng
of Ikb with p53 only showed a very little inhibition on the transactivation function of
p53. However, when Ikb, ASP-2 and p353 were co-expressed, Ikb was able to inhibit
the ASP-2 mediated stimulation of p53 transactivation function dramatically (figure
13D).

‘We have shown that ASP-1 and ASP-2 can specifically stimulate the transactivation
function of p53 on the Bax promoter but not the mdm2 promoter. Hence, if Ikb was
indeed inhibiting the transactivation function of p53 via ASP-2 specifically, it would
1ot be able to show a significant inhibition on the promoter activity of mdm2. Under
the same conditions, we also tested the ability of Ikb to inhibit the transactivation
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function of p53 on the mdm?2 promoter activity. As shown in figure 13D, the co-
expression of ASP-2 had very little effect on the transactivation function of p53 on
the mdm2 promoter. Most importantly, Ikb bardly inhibited the transactivation
function of p53 on the mdm?2 promoter even in the presence of ASP-2. The results
shown here suggest for the first time that kb may inhibit the apoptotic function of
p53 by preventing ASP-1 or ASP-2 from stimulating the transactivation function of
p53.

To further investigate the role of the ASP family in connecting with the p53 and the
NFkb pathway, we also studied the effect of the ASP-2 and p65 relA interaction on
the apoptotic function of p53. Based on the working model in figure 134, the
p65/ASP interaction may facilitate the nuclear entry of ASP protein, thus allowing
the p53/ASP interaction and the release of nuclear I-ASP to bind to the nuclear p65.
The residues 176-406 of p65 binds to ASP-2 and I-ASP.

As a transoription factor, p65 can transactivate many target genes. Since p53-induced
apoptosis requires p65 and is also correlated with the increased DNA-binding activity
of NFkB, it suggested that the DNA-binding activity of p65 may be essential to co-
operate with p53 to induce apoptosis. Being able to bind both p53 and p65 places the
ASP family of proteins in a central role. One possibility is that ASP binding to p65
may be the mediator for the p53 induced DNA binding activity of p65. However, the
co-expre_ssion of p53 failed to induce the transcriptional activity of p65 on its
reporter. The co-expression of pS3 and ASP-2 also failed to show any significant
effect on the transactivation function of p65. This result suggested that ASP was not
the messenger which delivers the signals from p33 to p65. Nevertheless, ASP could
enable p65 to co-operate with p53 to induce apopiosis. We tested whether the action
of ASP needed the DNA-binding activity of p65 NFkB. One hundred amino acids of
p65 were removed from the N-terminus which contains the DNA binding region of
p65. The Ap65 construct thus generated was transcriptionally inactive when tested
on the NFkb reporter plasmid. If the ASP-p65 interaction is the mediator of p53 and
NFkB pathways, Ap65 would have similar effect on the apoptotic function of p53 as
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the full-length p65. Otherwise, Ap65 would be inactive since it is defective to
transactivate any of its target genes (figure 14A). The result shown in figure 14B
showed that not only both p65 and Ap65 stimulated the apoptotic function of p53 in
the presence of ASP2, but that Ap65 was even more active than p65 in enhancing
the apoptotic function of pS3. This may due to the fact that Ap65 is more nuclear than
p65. The data obtained from Ap65 argue strongly that p65 can influence the apoptotic
function of p53 independent of the DNA-binding activity of p65. Hence, the

interaction of ASP-2-p65 could be the mechanism of action.

Example 12

The anti-apoptotic function of the Bcl-2 oncoprotein has been well established.
Interestingly, p53-induced apoptosis can be inhibited by Bcl-2. Furthermore, Bel-2
can also interact with ASP-2. However, nothing is k.nowﬁ about the biological
consequences of this interaction. How Bel-2 inhibits p53-induced apoptosis is also
not known. Using the experimental systems mentioned above, we investigated
whether Bel-2 inhibits p53-induced apoptosis by preventing ASP-1 and ASP-2 from
stimulating p53.

There is increasing evidence to suggest that p53 induces apoptosis through both
transcriptional dependent and independent pathways, We have shown that ASP-1 and
ASP-2 stimulate the apoptotic function of p53 by specifically enhancing the DNA
binding and transactivation function of p53 on promoters of apoptotic genes such as
Bax and PIG3. We were also interested in investigating whether ASP can enhance
the apoptotic function of p53 independently of its transactivation function. Apoptosis
was induced in Saos-2 cells by the expression of wild type p53 or a transcriptioanlly
inactive p53, pS3H175-L, a mutant p53 which is targeted to mitochondria by a leader
sequence and which is known to induce apoptosis independent of the transactivation
function of p33. Tn agreement with previous reports, the apoptotic fimetion of wild
type p53 was stimulated by the expression of ASP-1 and ASP-2. However, the co-
expression of ASP-1 and ASP-2 failed to enhance the apoptotic function of
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pS3H175-L. Most importantly, only wild type p53-induced apoptosis was inhibited
by the co-expression of Bel-2. Under the same conditions, co-expression of Bel-2
failed to inhibit apoptosis induced by p53H175-L (figure 15A). Such selective
inhibition of p53-induced apoptosis was not seen with Bel-XL, another inhibitor of
apoptosis in the Bel-2 family (figure 15B). The close association between the ability
of ASP to stimulate and the ability of Bcl-2 to inhibit the apoptotic function of p33
suggests that Bcl-2 inhibits p53-induced apoptosis by preventing ASP from
stimulating p53. This was confirmed by the data shown in figure 3C that Bcl-2 very
effectively prevented ASP-1 and ASP-2 from enhancing the apoptotic function of
p53.

Example 13

So far we have shown that I-ASP can inhibit p33-induced apoptosis in various cell
lines and that its expression level is up-regulated in breast carcinoma cells in vivo.
All these data suggest that I-ASP could be an omcogene. Since the tumour
suppression function of p53 is best linked to its ability to induce apoptosis, it is likely
that inhibition of p53-induced apoptosis can remove the turour suppression function
of p53. To test the oncogenic function of I-ASP, rat embryo fibroblasts (REFs) were
transfected with plasmids expressing I-ASP and the oncoprotein, E7. The expression
of I-ASP enhanced the transforming function of E7 significantly (figurel64). This

demonstrated that I-ASP is indeed an oncogene.

As most of the chemotherapy drugs are DNA-damage agents and induce apoptosis
via p53-dependent pathways, we reasoned that the ability of I-ASP to inhibit p53-
induced apoptosis may make cells more resistant to the cytotoxic effect of
chemotherapy drugs such as cisplatin. MCF-7 cells (a human breast cancer cell line)
were transfected with an I-ASP-expressing plasmid. The cellular resistance to the
cytotoxic effect of cisplatin were compared between I-ASP-expressing and non-
expressing I~ASP MCF-7 cells. The results in figure 16B shows that the expression
of I-ASP can enhance the cellular resistance by about 2.5 fold. Such an increase in
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cellular resistance to cisplatin is biologically very significant with respect to cancer
treatment. Hence, the high level of expression of I-ASP not only explains why wild
type p53 is not functional in some of the human tumour cells. It may also predict the
tumour response fo treatments. Finally, using I-ASP overexpressing cells may allow
the future identification of a more effective chemotherapy drugs.
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Table 1. mRNA expression of ASPP in wild type p53 expressing human breast tumour
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Tomour AsP1 ASP2 T-ASP
1 2 + -
2 [ + -
3 [3 + -
4 [3 + -
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8 + + ~
9 13 [ -
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11 ¥ + N
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17 + + T~
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23 [] + -
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26 + W+ -
27 ¥ ¥ N
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30 [ + -
31 + 5 -
) + + £y
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35 + + -
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38 + + o
39 ¥ + -
40 £ + L\
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CLAIMS

1. An isolated polypeptide comprising:

i) at least one ankyrin repeat;

if) an ¢ helical domain; and

1ii) a SH3 domain;
characterised in that said polypeptide is capable of inducing at least the apoptotic
function of p53.

2. An isolated polypeptide according to claim 1 wherein said polypeptide is
characterised by being capable of binding to an antibody to the intact native protein.
3. An isolated polypeptide according to claim 1 or 2 which comprises a

sequence contained in amino acid sequence 1-130 of figure 1d.

4. An isolated polypeptide according to any of claims 1-3 wherein said
polypeptide is of mammalian i origin, ideally human.

5. An isolated polypeptide according to any of claims 1-4 wherein said amino
acid sequence represented in Figure 1d is further modified by deletion, addition,

substitution of at least one amino acid.

6. An isolated nucleic acid molecule comprising a DNA sequence selected from:
@) the DNA sequence as represented in Figure 1a or 1b;
(1) DNA sequences which hybridise to the sequence presented in Figure
1a or 1b and which encode a polypeptide according to any of Claims 1-5; and
(iii)  DNA sequences which are degenerate as a result of the genetic code to

the DNA. sequences defined in (i) and (if).

7. An isolated nucleic acid molecule according to Claim 6 which anneals under

stringent hybridisation conditions to the sequence presented in Figure 1a or 1b.
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9. An isolated mucleic acid sequence according to Claim 6 or 7 wherein said

nucleic acid molecule is cDNA.

10.  An isolated nucleic acid molecule according to Claim 6 or 7 wherein said

nucleic acid molecule is genomic DNA.

11. A vector comprising the nucleic acid molecule according to any of Claims 6-

10.

12. A vector according to Claim 11 wherein said vector is adapted to facilitate

recombinant expression of the polypeptide according to any of Claims 1- 5.

13.  Anisolated polypeptide encoded by the nucleic acid molecule according to
any of Claims 6-10.

14. A cell which has been transformed/transfected with the nucleic acid according
to any of claims 6-10 or the vector according to Claim 11 or 12.

15. A method for the production of the polypeptide according to any of Claims 1-

5 comprising:

@) providing a cell transformed/transfected with the nucleic acid
molecule according to any of claims 6-10;
(i)  growing said cell in conditions conducive to the manufacture of said

polypeptide; and
(i)  purifying said polypeptide from said cell, or its growth environment.

16. A method according to claim 15 wherein said nucleic acid molecule is the

vector according to claims 11 or 12.
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17. A method according to Claim 16 wherein said vector encodes a secretion

signal to facilitate purification of the polypeptide according to any of claims 1-5.

18.  An antibody, or binding part thereof, directed to at least part of the
polypeptide according to any of Claims 1-5.

19. An antibody according to Claim 18 wherein said antibody is a monoclonal

antibody.

20. An antibody according to Claim 19 wherein said antibody is a humanised,

non-human antibody.

21. A pharmaceutical composition characterised in that said composition

comprises the vector according to Claim 11 or 12.

22. A pharmaceutical composition characterised in that said composition

comprises the polypeptide according to Clatms 1-5.

23. A pharmaceutical composition according to Claim 21 or 22 which also

includes a diluent, carrier or excipient.

24. A method of treating cancer comprising administering to an animal an
effective amount of the polypeptide according to any of Claims 1-5 or the vector of
Claim 11 or 12.

25. ' A method according to Claim 24 wherein said animal is human.

26. A method according to Claim 24 or 25 wherein said method induces

apoptosis.
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27.  The polypeptide according to any of claims 1-5 or the vector according to

claim 11 or 12 for use as a pharmaceutical.

28.  Use of the vector according to Claim 11 or 12 for the manufacture of a

medicament for use in the treatment of cancer.

29.  Use of the polypeptide according to any of Claims 1-5 for the manufacture of

a medicament for the treatment of cancer.

30, A method to screen for agents capable of modulating the activity of the

polypeptide according to claims 1- 5 comprising:

i) providing a cell which expresses the polypeptide according any of Claims 1-
55

i1) exposing the cell to at least one agent to be tested; and

ili)  monitoring the effect of the ageni(s) on the activity of the polypeptide.

31, A method to screen for agents capable of modulating the activity of the
polypeptide according to any of claims 1 — 5 comprising:

i) providing the polypeptide according any of claims 1-5;

ii) exposing the palypeptide to at feast one agent to be tested; and

iii)  monitoring the binding of said agent(s) by said polypeptide.

32,  Agent(s) identified by the methods of claims 30 or 31.

33. Agent(s) according to claim 32 wherein said agent is an agonist which

promotes the activity of the polypeptide according to claims 1- 5.

34. Agent(s) according to claim 32 wherein said agent is an antagonist which
inhibits the activity of the polypeptide according to claims 1-5.

35. Agent(s) according to any of claims 32-34 wherein the agent isa polypeptide.
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36.  Anisolated nucleic acid molecule selected from the group comprising:

i) the DNA sequence as represented in Figure 10;

i) DNA  sequences which hybridise to the sequence presented in Figure 10
which encode an inhibitor of the tumour suppressor polypeptide according claims 1-
5; and

iii)  DNA sequences which are degenerate as a result of the genetic code to the
DNA sequences defined in (i) and (ii).

37.  Anisolated nucleic acid molecule which anneals under stringent hybridisation

conditions to the sequence presented in Figure 10.

38.  Anisolated palypeptide comprising:

iv) at least one ankyrin repeat;

V) a SH3 domain; and

characterised in that said polypeptide is capable of inhibiting the p53 stimulatory
activity of the polypeptide according to any of claims 1-5.

39.  An isolated polypeptide according to claim 38 wherein the polypeptide

further comprises a proline rich region.

40.  An isolated polypeptide, as represented by the amino acid sequence of Figure
11, which is further modified by deletion, addition, substitution of at least one amino

acid.

41.  Anisolated polypeptide according to any of claims 38-40 wherein the
polypeptide is of human origin. ’

42, An assay to detect the presence of the polypeptide according to any of claims

1-5 or any of claims 38-41 comprising:

i) providing a sample to be tested;
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if) providing conditions suitable for the detection of the polypeptide by an agent;
and

iii)  detecting the presence of the polypeptide by the agent.

43. An assay according to claim 42 wherein the sample is a tissue sample.

44, An assay according to claim 43 wherein the tissne sample is breast tissue.

45, An assay according to any of claims 42-44 wherein the agent is an antibody.

46. An assay according to claim 45 wherein the assay is an immunoassay.

47. An assay to detect the presence of the nucleic acid according to auny of claims 6-

10, or claims 36 or 37 comprising:

i) providing a sample to be tested;
ii) providing conditions conditions suitable for the detection of the nucleic acid
by an agent;

iif) detecting the presence of the nucleic acid by the agent.
48. An assay according to claim 47 wherein the sample is a tissue.
49. An assay according to claim 48 wherein the tissue sample is breast tissue.

50. An assay according to any of claims 47-49 wherein the agent is a nucleic acid

capable of hybridising to said nucleic acid.

51. An assay according to claim 50 wherein the nucleic acid is at least one

oligonucleotide.

52. An assay according to claim 51 wherein the assay is a polymersase chain reaction

assay.
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53. A pharmaceutical composition comprising an antibody capable of binding to the
polypeptide according to any of claims 38-41.

54. A pharmaceutical composition according to claim 53 wherein the antibody is a
monoclonal antibody.

55. Use of an antibody capable of binding to the polypeptide as represented in Figure
11, or homologue thereof, for the manufacture of a medicament for the treatment

of cancer.
56. Use of an antibody according to claim 55 wherein the cancer is breast cancer.

57. An antisense nucleic acid molecule comprising an antisense sequence(s) of a

sense sequence(s) according to any of Claims 6-10.

58. An antisense nucleic acid molecule according to claim 57 comprising an
antisense sequence of a sense sequence represented in Figure la or 1b, or part

thereof.
59. An antisense nucleic acid molecule according to Claim 37 or 58 wherein said
antisense sequence comptises nucleotides ~253-839 of a sequence represented in

Fig 1b, or part thereof.

60. An antisense nucleic acid molecule comprising an antisense sequence(s) of a

sense sequence(s) according to Claim 36 or 37.

61. An antisense nucleic acid molecule according to Claim 60 comprising an

antisense sequence of a sense sequence represented in Figure 10, or part thereof. .
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62. An antisense nucleic acid molecule according to Claim 60 or 61 wherein said
antisense sequence comprises nucleotides —37-536 of the sequence represented in

Figure 10, or part thereof.

63. A pharmaceutical composition comprising an antisense molecule according to

any of Claims 57-62.
64. A vector comprising a nucleic acid molecule according to Claim 36 or 37.

65. A screening method for the identification of agents with cell-growth inhibitory
activity comprising:
i) providing a polypeptide encoded by the nucleic acid selected from the
following group;
a) anucleic acid according to Claim 36 or 37
b) nucleic acids which hybridise to the sequences of (a) above which
encode an inhibitor of the tumour suppressor polypeptide
according claims 1-5
¢) nucleic acid sequences which are degenerate as a result of the
genetic code to the sequences defined in (a) and (b) above;
i) providing at least one candidate agent;
iif)  providing a preparation forming a combination of (i) and (ii);
iv) detecting or measuring the cell growth inhibitory activity of the agent; and
optionally
v) testing the effect of the agent on the growth and/or cell division of a selected
cell type.

66. A method according to claim 65 wherein said polypeptide is encoded by the

nucleic acid sequence represented in Figure 10.

67. A method according to claim 65 or 66 wherein said polypeptide is expressed
by acell.
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68. A method according to claim 67 wherein said cell is a cancer ceil.

69. A method according to any of claims 65-68 wherein said polypeptide is over-

expressed.

70. A method according any of claims 65-69 wherein said cell is
transformed/transfected with the nucleic acid according to claim 36 or 37 or the

vector according to Claim 64.

71. A combined pharmaceutical preparation comprising at least one antisense
nucleic acid molecule according to any of Claims 60-62 and a chemotherapeutic

agent.

72 A preparation according to Claim 71 wherein said chemotherpeutic agent is

an anti-cancer agent selected from the group consisting of: cisplatin; carboplatin;
cyclosphosphamide; melphalan; carmusline; methotrexate; S-fluorouracil; cytarabine;
mercaptopurine; daunorubicin; doxorubicin; epirubicin; vinblastine; vincristine;
dactinomycin; mitomyein C; taxol; L-asparaginase; G-CSF; an enediyne such as
chalicheamicin or esperamicin; chlorambucil; ARA-C; vindesine; bleomycin; and

etoposide

73 A preparation according to Claim 72 wherein said agent is cisplatin.

74. A combined pharmacentical preparation comprising the composition

acccording to Claim 53 or 54 and a chemotherapeutic agent.

75. A preparation according to Claim 74 wherein said chemotherpeutic agent is
an anti-cancer agent selected from the group consisting of: cisplating carboplatin;
cyclosphosphamide; melphalan; carmusline; methotrexate; 5-fluorouracil; cytarabine;

mercaptopurine; daunorubicin; doxorubicin; epirubicin; vinblastine; vincristine;
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dactinomycin; mitomycin C; taxol; L-asparaginase; G-CSF; an enediyne such as
chalicheamicin or esperamicin; chlorambucil; ARA-C; vindesine; bleomyecin; and

etoposide.

76. A method for the preparation of monoclonal antibodies which bind amine
acids 1-130 of the sequence presented in figure [d comprising the steps of:

a) immunising an immunocompetent mammal with an immunogen wherein
said immunogen comprises a palypeptide having the amino acid sequence
as represented by amino acids 1-130 of figure 1d ;

b

=

fusing lymphocytes of the immunised immunocompetent mammal with
myeloma cells to form hybridoma cells;

C

<

sereening monoclonal antibodies produced by the hybridoma cells of step
®)
d

=

culturing the hybridoma cells producing monoclonal activity to proliferate
and/or to secrete said monoclonal antibody; and

€,

N

recavering the monoclonal antibody from the culture supernatant.

77. A method according to claim 76, wherein said immunocompetent mammal is a
mouse.
78. A method according to claim 76, wherein said immunocompetent mammal is a

rat.

79. A method according to any of claims 76-78, wherein said mouse is transgenic for
human immunoglobulin genes or chromosomal nucleic acids containing human

immunoglobulin genes.
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GAGCCCCGCATCOCECCECRAGLTECCGCUTCEUTGELEECUEEGEC A
ACGECGGCEGEAGLECGECCTTS GECCEEAGCECTEEECACRGCT

COGCECEGAGCETCCTETCAGECGECEECCGAGHEUGTCECEERETCTCCCT
GCGATGATCCCGATGATATTARCTGTITTCTTGAGCAACARTGARCAGATTTT
AACRAGAARGTTCCTATARCACCGGARACARCCTGTCGAGATGTTGTAGARTTT
TGCARGEAACCT GCAGCTGCCATTTAGCTGARGTIGT .
AATGAACGTCCCATACCCTTTGATCATATCRATGTACGAACATCTTCAGATRTG
GEETCCACCCREGEARGRAGTGARRTTTTTCCTTCGACACGREGACTCCCCA
CTGAGRACACGTGARCAAGGTGCCCETCACACCCARGAGCARCGRACTCAG
ACRAATGTAATARATGTACCTGGACRTARACGTACTEGARTATGEEET TGEET
ATCCACGTGTAGRACTTACCCICTCAGAGCTCCARGATATGGCAGCTAGGCA
ACACCRGCAGATTGAARRATCAGCAGCAGATGTTGETTEGCCAAGGRACAGCET
TTACATTTICTRARGUARCAGGAGCCCCETCAGCAGCAGTCTATTTCTGRAR
ATGAAARGCTTCAGAARTTGRAAG AGTTGARGCCCAGGAGRACRAGT
TCARGARAATTCGTGCRA" BAGTCGACTACAGCARARTCATGA
ACGEUAATCTGTICTCCTCRAATACARAGGTTCAGTGCCATGTTCCAGCARAR
GRAGCAGGAAGTACREACTGCARTTTTARGGETTGATCAGC TTAGTCAGCEA
TIGGARGATTT BAS ARRCTGAATGGETTCCAGTCTTACARTGGCA
BATTCACCGGACCAGCGECEETGCAGETARRAA TGTACCARGRACTAC
AGATTCGTAARCCRACTTAACCAGGRACARAATTCARARCTTCAGCAGCAGAA
GGAACTCTTRAATARGCGCARCATGGRAGETEGCCATCGATGGACRAGLGARTC
AGTGAACTGCHTGRACGTCTCTATGECAARAAANTTCAGCTGRACCGTGTGA
ATGECACGTCATCACCACAGTCCCCICTGAGCACRTCEEECAGRGTCELTET
TETGCECCCCTTATRTCCAGE T TCCTAGTGCCGGRAGCT TTCCTETECTEOGGE
ACCCTATRARGCCCCAGTCTCTCAGTATTGCCTCAARTGCTGCTCATGGAAGA
TCCABATCCOCTAATCGATEGAAACTGECIARCATTARAACAGRATTCTAGCT
CTTCCETGARRCCAGTGCAGGTECCCGETGCAGACTEEARGEATCCGACCET
TGETCRAGCAGGGCACTGTCTCCAGCCAGCOTETGCCCTTICTCA
GCACTGBEACCCACEHAGRAGCCEGECATCGAGATTGETARRGTECCACCTC
CCATCCCE GTAGECAACCAGCTECCTCCARGCTATGEGACATACCCARG
TCCTACACCTCTGEETCCTGEETCGACAAGCTCCCTCGARRCGAGEARGERA
GECRGCTIECUCAGECCCASTECAGGUCTGCCAAGTCGRACAGAGECCCACCT
TGCTGCUCGCCACAGELAGCACCCUCCAGCCAGECTCCICACARCAGATTCA
GUAGAGGATTTCCETACCGCCARCTCCCACGTACCCGUCAGCRGEACCACCT
GCATTTCCAGCTGGGEGACAGCARGUCTGARCTCCCACTGACAGTGGCCATTA
GECCTTTCCTGECTEATAAAGEETCRAGGUCACAGTCTCLL. <
CCAGACAGTGAATTCAAGTTCCATATACTCCATETACCTCCAGCARGCTACA
CCACCTARGARTTACCAGCCGECACGCACACAGCECCTTARATARGTCACTTA
BAGCAGTETATGETAAGCCCGTTTTACCTTCEGETTCAACCTCTCCATCGLCE
CTECCETTTCTTCACGGRTCACTETCCACGRECACRCCACAGCCTCRGCCACC
TTCAGRARGTACTEAGAAAGAGCCTGAGTAGGATGRLCCCBLTGCCCCCETA
GATGGCAGCACCETGECACRGCLIGCCACGECCACTTAGCCCCACCARGCTCA
CGCCCRTCETECATTCGCCACTGCECTACCAGAGTGATGCAGACT
CCTCCGUAGGAAGCTEECCARCLLGCLCOGRCCCCTGARARRGLECAGCTCC
ATCACAGAGCCCGAGEECCCCEECGRGCCCARCATCOAGARGCTRCTETACT
AGCGCTTCRACACCCTGECCEETERCATGGAGECTACCCCTTTCTACCAGCT
CAGCCCCTCCCAGGACTTCRTGEGCACCTTGGUCGATCTGERCAATGEAARC
ACCARTGCCAATGEAARCCTGGAAGAGCTCCCCCCTGCCCAGCCCACAGLCT
CACPCCCLECTCAGCLTEOCCCETCATCAGATGCCARTGRATARTCGAGTTACCT
TCCCCCEAACCAGRGGAGLTCATCTGTCCCCARACCACCTCACCARRCTECCE
AGCCGECAGRGEACARTRACARCARCCTGGCCACGETCCCCACCALGERGE
AGATCCCGAGTCUTEIGGUIGRGECCCCATCTCCAGGRGARGAGCAGRTCCC
TCCAGCACCTCTICCCCCTECCACCCACCCTCCTECCACCTUCACGRACARGE
CGACCAACT TGAAGARGCCCARCTCGRAGCGEACGEEGCACCEECTGAGRG
TCCEETTTARCCCCCIGECACTGUICCTRGACECETCTCTEGRAGGAGAGTTC
GRTCTGETEC GATCATCTATGAGGHTGGARGATCCCAGCAAGCCCARCG
ATGRRGECATCACCCTUACTAECACRACRCUGTCTGCGUCGGCCACCATCACAT
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Figure la continued 2748

CGTGARGTTCCTGCTEGATTTTCETCTCAACGTCARTECTCGCTGATAGTGATT
GATGGACGCCGUTHCACTGUGCTGCCTCTTETRACRGCGTTCACCTUTGCARA

CRGCTGGTH CTGCGTGCCECCATTTTTEGCCTCARCCATARGCEACATTG
BAACTCUEGCRE: GTH T BGGCTACATCCAGIGCTC
CCAGTTTCTATATGGEETGCAGGRRAA CECTETCATGAACRAA TG

GCGTATGCTCIETGECACTACCAGECCCACARCACTGACGAGCTGTCCTTCC
BCGAAGGEEACGCCCTCACCATCCTGAGECCCAAGRACGAARGCGRGACTE
AGTGGTEGTECHCTCEUCT TEEAGACCEGHAGEECTATGTCCCCAARAACCT
GCTGEGECTGTATCCRCEGATCARRCCCCEACAGCGRRCACTCECCTIGRACT
CCTTPTGGAGCACCECATGETCTTGUCAGCTACCAGGAGCCACTTARGAGAT
TATTGTGCTCTITTTCCACGABRGCTGCRGCTAGARRATGETCT TRAATEETGCT
CACTTTAGCAGRCAGCETCCACARTCTGAATCCTACAETTTCCAGGTGAGGT
CCTTECTCCAGTTTECCCATTAACTGCEAGAGRTACTITCECCTCCARGGACT
GAATTTTGCCRATTACTATAARTCCARATARATACCCACTTTCABRACACCCA
CCCOTCTTRCCRTTARGARGTCCCATRACCCCCGRTTGETTGCCAGTGARGAC
AGRAGCTCTTACTGACTTGGUCCCRAGGUCATURCCCCCTCCAGCAGTGARL
ACTETCCECCECTETGRAGECCTGUTCCCCTRCERCCECCUTGLCCLCCGTTAL
CGAATCGGACACTCATCCT T TCTCACKCT TCCCACACATGATCCT TCTTCCCTT
CRTTACCAA CTCTGTATGCARACRTGTCCAGTGITGCTGCCCAGTE
TETATGCCTCCCAGTACCCACTCTECTCGGCCGCCTTEERGETTCCECTTCCT
GITCCAGTTCACCT AARGGCTGATTGY GLAGCCCCAGCACTGTGEUTGGACT
GCCGCGCCACERGCACTCAGGACCCUTRAGACCARGTGRACAACTCGGREAGT
CTCAGCATATACTCTTCTCCTCCGRTCTCACAGUCTETCATGCTECTCAGTGT
GGITCTCACCCCTECARGCTCARATTCAGT TCCCTGARTGGRAGTCAGETGCTE
GRGGCCETEECACUEGAGGETCETTCEECTTECEECTCEGEETGEACTEGT
GTCAGGECAGACCRGEGCCAGCTAGACEEEELTCTITGCIGCCTGARGGAT

GECAGACGCCTGETGTL A GCCACUAAGGAGCAGCAGUTGEGE
C TEEEETCAGEEECCACCCCTCTCTGCCEATOTCCCTECCTERE
CTGECTETGABGCCACCTTIETCCC CCAGUCTCARGGCA, G

CTTCACTGRGGTGTGAATTCTACGTACAGECT TTTTATATACCAARAGTATTT
TTTGACTAGACCATTCARAGCTACCCGARCTATE T TGERAATTTTT T TETTCE
CATTAAAATACAGGCCCTYAGGCTCTATT TTICATCTATGAGTCGTGTCTAAT
TTATGTARARATGTETGTACAGACTCACTBATGCAGCACTGTAGUCCATCACC
TTGCGAGCACTGRCTETACATAGTCTECTGAAGBAAAGTGRACGCCCTTGTAG
AGCAGCCCGACCACAGEAGCATGECOGOTGCCAGCCCAGACGETECTGACEE
TGTGTAARTGTGCACRATARACCCGTCTCACCCCEE

JP 2004-525605 A 2004.8.26



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 02/12325 PCT/GB01/03524
Figure 1b 3748
GTCRCGRECETCGARGAGACRARGCCGLGTC CCGECCGEEECEE

GGGAGCCCGEGRCTTETTGETGCCCCRECCCGCGUEGRAEGECCCTTCERACT
CGLECECCECCGUTECCECCGLCGCCECCTOGCAACAGETCLEREELERCLTC
GCTCTCCECTCCCCTCCCCCECATCCECEACCCTCCEEEECACCTCAGUTOEG
CCEEEGCCECAGTCTGGCCACCCGCTTCCATGCGCTTCEGGTCCARGATGAT
GCCGATGTTICTTACCGTGTATCTCAGTABCARATGAGCAGCACTTCACAGAAG
TTCCAGTTACTCCAGRARCRATATCURGRGACETGETGCATCTGTGCARAGR
\BCCCCECCAGAGTEATTECCATTTGECTGAAGTGTECTGTGGCTCTGRACGT
CCAGTTGCGGATARTGAGCGRATGTTTGATRTTCTTCAACGATTTGGRAGTCA
GRAGGAACGRAGCTTCGCTTCTTCCTTCETCATGRACGCCCCCCTEECAGGEAC
ATTGIGRGTGEACCAAGATCTCAGGATCCAAGTTTAAARAGARATGGTGTAA
BAGTTCCTGETGARTATCCAACRAAGGAGARCEGTGTTAATAGTCCTAGGAT
GGATCTGACTCTTGCTGARCTTCAGGABATGGCATCTCECCRGCAGCAACAG
ATTEARGCCCRGCARCAATTECTCECARCTARGEGARCAGCGCTTARRGTTTT
TCARBCARCARGATCAGCGACAACAGCAACRAGTTECTGAGCAGGAGRAAL
TTRRAAGCCTAARAGARRTAGCTGACRATCAGCRAGUTAAGCTAARRAARG
TERGACCACTTARAGCCCACGTGEAACAGAAGAGACTRAGCANTGEGRARC
TTGT ATTGABCAGATCRAATART TIGTTCCAGCAARAACAGAGGEA
GCTCETCCTIGECTGTETCARAAGTAGRAGARCTGACCAGECAGCTAGAGARTG
CTCAAGARCGGCAGGATCGACRGCCACCATGACAATTAGTCTECAGTGELTG
AGCTTGATCCCCTCTATARGEAGCTECAGCTARGA AAATTGAATCABGA
GCRGRATGCCARGCTRCARCAACAGAGGGAGTGT ITEARTARGCGTARTTCA
GAAGTGECAGTCATGGATRAGCGTGI TRATGAGCTGAGEGACCGGUTETGEA
BGRAGRAGECAGCTCTACAGCAAARAGAAARTCTACCAGTTTCATCTGATGE
BABRTCTTCCCCAGCARGCTECETCAGCCCCARGCCETGTEGCTGCAGTAGGT
CCCTATATCCAGTCATCTACTATGCCTCEGATGCCCTCARGGCCTGRATTGLT
GGTEAAGCCAGCTOTGUCCEAT GG TTCCTTEGTCATTCAGECT TCAGAGEER
CCEATGARAATACAGRCACTECCCRACATCAGATCTGSGELTEL T TCACARA
CTABAGCCTCTARARTCCATCCACTTCGCCCTGATTGEAGTCCTTCARATGTA
GATCTTTTCCCARGCCARAGRCTCTGLTTCTGTACC TCARAGUACTGGEARTGE
TCTCEATCARGTTGATCGATGEA TTCCECT ey A
AGTGCETCCETTCTCARTG Y I TGATGCAGTAGACCAGTCCRAPGLCCCACCTY
CCTTTGGTACTCTGAGGARGRACCAGRGCAGTGAAGATATCTIGCGGGATGC
TCAGETTGCARATARRARTGTGECTARRGTACCACCTCCTOTTCCTACAARA
CCARAACAGATTAATTTGCCTTATTTTGGACARRCTAATCRGCCACCT TCAGA
CATTARAGCCAGACGEARAGTICTCAGCAGTTGTCARCACTTCTICCGTCCATGE
GRACTAAARCCAARAACCAGCAGGECAGCAGCCGAG) CTGCTATCTCCCA
GCATACCTTCGRTTGECCARGACCAGACCCTTTCTOCAGGTTCTAAGCRAGA
AAGTCCACCTGCTGCTECCETCCEGCCCTT TACTCCCOAGCCT TCCARAGACA
CCTTACTTCCACCCTTCAGARRACCCCAGACCGTEGCAGCARGTTCAATATAT
TCCATETATACGUAACAGCRGGUGCCAGCARRARACT TCCAGCRGECTGTEE
AGRGCGCETTGACCRAGACTCATACCAGAGGECCACACTITTCARGTGTATA
TCGTARGCCTETAATTCCTGCTGCCCAGRATCARCAGCAGCACCCAGAGARS
ATTTATTCCAATAGCCAGGGCAAGCCTGGCAGTCCAGARCCTGARACAGAGE
CTGTTTCTTCAGT TCAGGAGAACCATCARAACCABAGARTTCCTCRGCCACT
CAGCCCRACTARRTTACTGCCTTTCITATCTAATCCTTACCGARACCAGAGTG
ATGCTGACCTAGBAGCCT TACGARAGRAACTETCTAACCCACCAAGGCTTCT
AARGARAACGTAGTTCTATTACAGAGCCAGAGGGTCCTAATGGECCAARTATT
CAGAAGCTTTTATATCAGAGGACCACCATACCGGCCATGGAGACCATCICTE
TCCCRTCATACCCATCCRAGTCAGCTTCTETERCTCCCAGCTCAGRBAGCCCA
GTAGAAATCCBGARTCCATATT TACATGTGGAGCCIGAARAGGAGRTEETCT
CTCTG CCTGRATTATTGTCCCCAGAL 1¢ AATGCCAGTACAGA
GARCAGTGACATECCRACCTCCTTCTCCAGGCCTTEATTATGAGCCTGAGGGA
GTCCCAGRCARCAGCCCARATCTCCAGARTARCCCAGRAGRACCARRTCCA
CAGGCTCCACATSTGCTTGATGTGTACCTGEA TACCCTCCATACCCAC
CCCCACCATACCCRTCTGGRL CTGAREGGOC AGACTCGGTGAG
CATGCGCCCGCTTGARATCACCEEGCAGETCTCTCTECCTCCTGETARARGG
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ACARACTTECGTAARNACTGGCTCAGAGCETATCSCTCATEGAATGAGGETGA,
AATTCRASCCCCCTIGCTTTACTGCTAGATTCETCTLT GGGAGRATTTGAC
CYTGTACAGAGAATTATT TATGAGGTTGATGACCCARGCCTGCCCARTEATS
RAGGCATCACGGUTCTTCACARTGC IR TG TCT SCAGGCCACACAGAARTCET
TRRGTTCCTGGTACAGT T TGETCTARATGTARATCCTGCTGATAGTGATGEAT
GOACTCCATTACATTETGC TGCCTCAT GTAACARCGTCCAAGTC TG TAAGTTT
TTGETGEAGTCAGEAGCCECTETGT TTGCCATGACCTACAGTGACATGCAGA
CTGCTECAGATAAGTGCGAGCAARTGGAGGRAGGCTACACTCAGTGLTCCCA
ATTTCTTTATGGRGTTCAGE, TCEGCATAATCARTAAAGEGAGTCATT
TATGCGCTTTGCGAT TATGRACCTCAGRATCAT GATEAGCTCCCCATGARAG
AAGGACRCTGCATGRCARTCATCCACAGGGAAGACGABGATGABATCGAAT
GOTGETGEECECECCTTAATGATAAGGAGGGRTATET TCCACGTRACTTGCT
GECACTCTACCCARGAATTAARCCARGACARAGGAGCTTGGCCTHARACTIC
CACACRGARTTTTAGTCAATGARGAA T P ARTCTCTGT TARGAAGRAGTAATE
COATTATTTTTCECARRRRT TTCACRRGRACTTAT T T T AATGACAATGTAGCTT
GARAGCGATGAAGABRTGTCTCTAGAAGAGAATGA TTGARGAATTCAC
CATTAGAGGACATTTAGCGTCATGARATABAGCATCTACGTCAGCAGGCCAT
ACTGTETTGGGECAR TETCCCETETAGCACTCAGATARGTATACAGCGA
CARTCCTGTT T TCTACARGAR TCCTG TCTAGTARATAGRATCAT TTATTGGEC
GTTE AATCAGCTCTCTGICCTGTTGAGTET T TTCACCAGCTGCTCCTAR
ARCCAGTCCTCOTGCCRAGARRGGACCAGTGCCETCACATCECTGTCTCTEATTS
TCCCCEECACCACCAGECCTTGEGECTUACTGAAGGCTCERAGGCACTECAC
ACCTIGTATAT TETCAGTCARGARCE T TAGT IRCT TG TCAGTGARCAATARCT
TTATTATATGAGTTTTTGTAGCATC TTAAGAAT TATACATATC PITCABATATT
GAAACTAAGCTACAGTACCAGTRATTAGATGTAGEATCTT GTTTGTAGGCTG
AATTTTAATCTGTAT T TAT TG T CT T TG TATCTCAGAAATTAGAAACTTGCTAC
AGACTTACCCGTAATATT TGTCARGETCATAGCTEACT T TARAAACAGTTGTA
ATARACTTTTTGATGCT

PCT/GB01/03524
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APHPAAAAASPRPGRRARRRERGLRRRPERWAQLGAERPYRRRPRASRTLPAMMPMILT
VELSNNEQILTEVPITPETTCRIOVVEFCKEPGEGSCHL AEVWRGNERPIPEDHMM Y EHLGH
WGOPRREEVKFFLRHEDSPTENSEQGGRQTQEQRTQRNVINVPGDKRTEYGYGYPRVELT
LSELQDMAARQQQQIENQQQMLVAKEQRLHFLKQQERRQQQSISENEKLOKLKERVEA
OENKLKKIRAMRGQVDYSKIMNGNLSAEERFSAMEQEKK QEVOTAILRVDQLSQQLED
LKKGKLNGFQSYNGKLTGPAAVELKRLYQELQIRNQLNQEQNSKLOQQQKELLNKRNME
VAMMDKRISELRERL Y GKKIQLNRVNGTSSPQSPLSTSGRVAAVGPYIQVPSAGSFPYLG
DPIKPQSLSIASNAAHGRSKSANDGNWPTLKQNSSSSVKPYQVAGADWKDPSVEGSVKQ
GTVSSQPYPFSALGPTEKPGIEIGKVPPPIPGVGKQLPPSYGTYPSPTPLGPGSTSSLERRKE
GSLPRPSAGLPSRQRPTLLPATGSTPQPGSSQQIQQRISVPPSPTYPPAGPPAFPAGDSKPEL
PLTVAIRPFLADKGSRPQSPRKGPQTVNSSSTY SMYLQQATPPKNYQPAAHSALNKSVKA
VYGKPYLPSGSTSPSPLERLHGSLSTGTPQPQPPSESTEKEPEQDGPAAPADGSTVESLERP
LSPTKLTPIVHSPLRYQSDADLEALRRKLANAPRPLKKRSSITEPEGPGGPNIQKLLYQRF
NTLAGGMEGTPFYQPSPSQDFMGTLADYDNGNTNANGNLEELPPAQPTAPLPAEPAPSS
DANDNELPSPEPEELICPQTTHQTAEPAEDNNNNVATVPTTEQIPSPV AEAPSPGEEQVPP
APLPPASHPPATSTNKRTNLKKPNSERTGHGLRVRFNPLALLLDASLEGEFDLVQRITYEV
EDPSKPNDEGITPLHNAVCAGHHHIVKFLLDFGYNVNAADSDGWTPLHCAASCNSVHLC
KQLVESGAAIFASTISDIETAADKCEEMEEGYIQCSQFLY GVQEKLGYMNKGVAYALWD
YEAQNSDELSFHEGDALTILRRKDESETEWW WARLGDREGY VPKNLLGLYPRIKPRQRT
LASTSFWSTAWSCQLPGAT*EIVLFSRKAAARKWS*WCSL*QTASTMHLQFPGEALSPY
CPLTGRGTFASKD*LPITINPNKYPLSKHPPLLPLRSPITPGWLPVKTEALTDLAPRPSPPP
AVNTVRRCEACSPATALPPVTESDTHPFSHFPHMILLPFITKGASVWK HVQCCCPVCMPP
STHSARPPWGFRFLFQFT*RLIVQAQHCGWTAAPRAPGPLRPSDNWESLSTYSSPPISQPY
MLLSYVLTPASSNSVP*MESGAGGRGSGGWLGLGLGVDWCEGRPGPGRRGCLVPEGW
QTPGVRRGRHQUGAAAGAEELGSGATPLCRSPCLGWL*GHLCPRPSLK ARRALH*GVNCT
YRLFTYQKYFLTRPFKATRTMLEIFFFLIKIQALRL YFSCMSRYV*FM*KCVYRLTDAAL*P
TLEH*LYIVW*RKVNALVEQPDHRSMAAASPDAADA VAMCTINPSHP
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VTISVEETKPRQGARPORGSPGLVGAPARAEGPSDPRAAAAAAAASQQVRAASLSAPLPR
IRDPPGHLSSAGAAVWPPASMRFGSKMMPMFLTVYLSNNEQHFTEVPVTPETICRDYVD
LCKEPGESDCHLAEYWCGSERPY ADNERMFDVLORFGSQRNEVRFFLRHERPPGRDIVS
GPRSQDPSLEKRNGVKYPGEYRRKENGVNSPRMDLTLAELGEMASRQQQQIEAQQQLLA
TKEQRLEFLKQQDQRQQQQVAEQEKLKRLKEIAENQEAKLKKVRALKGHVEQKRLSNG
KLVEEIEQMNNLFQQKQRELVLAYSKVEELTRQLEMLKNGRIDSHHDNQSAVAELDRL
YKELQLRNKLNQEQNAKLQQORECLNKRNSEVAVMDKRVNELRDRLWKKKAALQQK
ENLPVSSDGNLPQQAASAPSRVAAVGPYIQSSTMFRMPSRPELLVEPALPDGSLYIQASE
GPMEKIGTLPNMRSGAASQTKGSKIHPVGPDWSPSNADLFPSQGSASYPQSTGNALDQVD
DGEVPLREKEXKKVRPFSMFDAVDQSNAPPSFGTLRRKNQSSEDILRDAQVANKNVAKVEP
PVPTKPKQINLPYFGQTNQPPSDIKPDGSSQQLSTYVPSMGTKPKPAGQQPRYLLSPSIPSY
GQDQTLSPGSKQESPPAAAVRPFTPQPSKDTLLPPFRKPQTVAASSIYEMYTQOQAPGKN
FQRAVOSALTKTHTRGPHFSSVY GKPVIAAAQNQQOHPENIY SNSQGKPGSPEPETEPVS
SVQENHENERIPRPLSPTKLLPFLSNPYRNQSDADLEALRKKLSNAPRPLKKRSSITEPEGR
NGPNIQKLLYQRTTIAAMETISVPSYPSKSASVTASSESPYEIQNPYLHVEPEREVVSLVPE
SLSPEDVGNASTENSDMPAPSPGLDY EPEGVPDNSPNLONNPEEPNPEAPHVLDVYLEEY
PPYPPPPYPSGEPEGPGEDSVSMRPPEITGQVSLPPGKRTNLRKTGSERIAHGMRVKFNPL
ALLLDSSLEGEFDLVQRIYEVDDPSLPNDEGITALHNAVCAGHTEIVKFLVQFGVNVNA
ADSDGWTPLHCAASCNNVQVCKFLVESGAAVFAMTY SDMQTAADKCEEMEEGYTQCS
QFLYGVQEKMGIMNKGVIYALWDYEPQNDDELPMKEGDCMTITHREDEDEIEWWWAR
LNDKEGYVPRNLLGLYPRIKPRORSLAMNFHTEF*SMEN*SLLRRENTIFGKNFTRLILMT
M*LESDEECL*KRMKD*RIHH*RTFSVMK*SIYVSRPYCVGAKVSRYALRYWYSDNPVFY
KNPV*#IGSFIGQLGNQLSVLLSVFSSCS*TSPPARKDQCRHIAVSDCPRHQOALGLTEGSK
ALHTLYIVSEER*LVVSEQ*LY YMSFCSILRUHMFEILKLSYSTSN*M*NLVCRLNFNLYLL
SFVSQKLETCYRLTRNICQDHS*L*KQLHTF*C
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1 GCAGCCGCAT CGACCCAGCG TTCAGACGCS GGCAGCTACC GGCGCTCGCT GGGCTCCGCG
61 GGGCCGTCGG GCACTTTGCC TCGCAGCTGEG CAGCCCGTCA GCCGCATCCC CATGCCCCCC
121 TCCAGCCCCC AGCCCLGCGG GGCCCCGCGC CAGCGTCCCA TCCCCCTCAG CATGATCTTC
181 AAGCTGCAGA ACGCCTTCTG GGAGCACGGG GCCAGCCGCG CCATGCTCCC TEGGTCCCCT
241 CTCTTCACCC GAGCACCCCC GCCTAAGCTG CAGCCCCAAC CACAACCACA GCCCCAGCTA
301 CAATCACAAC CACAGCCCCA GCTGCCCCAA CAGCCCCAGA CCCAACCCCA AACCCCTACC
361 CCAGCCTCCC ACATCCGCAT CCCCAACAGA CATGGCCCCC TGTGAACGAA GGACCCCCCA
421 AACCCCCCAC CGAGCTGGAG CCTGAGCCGG AGATAGAGGG GCTGCTGACA CCAGTGCTGG
4Bl AGGCTGGCGA TGTGGATGAA GGACCCTGTA GCAAGGCCTC TCAGCCCCAC GAGGCTGCAG
541 CCAGCACTGC CACCGGAGGC ACAGTCGGTG CCCGAGCTGE AGGAGGTGGC ACGGGTGTTG
601 GCGGAAATTC CCCGGCCCCT CAAACGCAGG GGCTCCATGG AGCAGGCCCC TGCTGTGGCC
661 CTGCCCCCTA CCCACAAGAA ACAGTACCAG CAGATCATCA GCCGCCTCTT CCATCGTCAT
721 GGGGGGCCAG GGCCCGGGGG GCGGAGCCAG AGCTGTCCCC CATCACTGAG GGATCTGAGG
781 CCAGGGCAGG GCCCCCTGCT CCTGCCCCAC CAGCTCCCAT TCCACCGCCC GGCCCCATCC
841 CAGAGCAGCC CACCAGAGCA GCCGCAGAGC ATGGAGATGC GCTCTGTGCT GCGGAAGGCG
901 GGCTCCCCGE GCAAGGCCCG CCGCGCGCGE CTCAACCCTE TGGTGCTCCT CCTGGACGCG
961 GCGCTGACCG GGGAGCTGGA GGTGGTGCAG CAGGCGGTGA AGGAGATGAA CGACCCGAGC
1021 CAGCCCAACG AGGAGGGCAT CACTGCCTTG CACAACGCCA TCTGCGGCGC CAACTACTCT
1081 ATCGTGGATT TCCTCATCAC CGCGGGTGCC AATGTCAACT CCCCCGACAG CCACGGCTGG
1141 ACACCCTTGC ACTGCGCGGC GTCGTGCAAC GACACAGTCA TCTGCATGGC GCTGGTGCAG
1201 CACGGCGCTG CAATCTTCGC CACCACGCTC AGCGACGGCG CCACCGCCTT CGAGAAGTGC
1261 GACCCTTACC GCGAGGGTTA TGCTGACTGC GCCACCTACC TGGCAGACGT CGAGCAGAGT
1321 ATGGGGCTGA TGAACAGCGG GGCAGTGTAC GCTCTCTGGG ACTACAGCGC CGAGTTCGGG
1381 GACGAGCTGT CCTTCCGCGA GGGCGAGTCG GTCACCGTGC TGCGGAGGGA CGGGCCGGAG
1441 GAGACCGACT GGTGGTGGGC CGCGCTGCAC GGCCAGGAGG GCTACGTGCC GCGGAACTAC
1501 TTCGGGCTGT TCCCCAGGGT GAAGCCTCAA AGGAGTAAAG TCTAGCAGGA TAGAAGGAGG
1561 TTTCTGAGGC TGACAGAAAC AAGCATTCCT GCCTTCCCTC CAGACCTCTC CCTCTGTTIT
1621 TIGCTGCCTT TATCTGCACC CCTCACCCTG CTGGTGGTGG TCCTTGCCAC CGGTICTCTG
1681 TICTCCTGGA AGTCCAGGGA AGAAGGAGGG CCCCAGCCTT AAATTTAGTA ATCTGCCTTA
1741 GCCTTGGGAG GTCTGGGAAG GGCTGGAAAT CACTGGGGAC AGBAAACCAC TTCCTTITTGC
1801 CAAATCAGAT CCCGTCCAAA GTGCCTCCCA TGCCTACCAC CATCATCACA TCCCCCAGCA
1861 AGCCAGCCAC CTGCCCAGCC GGGCCTGGGA TGGGCCACCA CACCACTGGA TATTCCTGGG
1921 AGTCACTGCT GACACCATCT CTCCCAGCAG TCTTGGGGTC TGGGTGGGAA ACATTGGTCT
1931 CTACCAGGAT CCCTGCCCCA CCTCTCCCCA ATTAAGTGCC TTCACACAGC ACTGOTTTAA
2041 TGTTTATAAA CAAAATAGAG AAACTGGTTT AATGTTTATA AACAAAATAG AGAAACTTTC
2101 GCTTATAAAT AAAAGTAGTT TGCACAGAAA TGAAAAAAAA AAAAAAAAAA AAAAAA
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Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

SEQUENCE SEARCH, EMBL, EPO-Internal, WPI Data, PAJ, BIOSIS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

ISSN: 0950-9232
entire document, in particular cited
passages
page 5182, left-hand column, 1ine 9 -page
5183, left-hand column, Tine 8; figures
1A,BA,6
page 5184, right-hand column, line 12 -
Tine 18
page 5185, paragraphs 2-4

figures 1A,4,5A

—/—

Gategory ° | Citation of docurmen( wah mdiation  wher appropriate, of the relevant passages Relevant o claim No.
X YANG JIAN-PING ET AL: "NF-kappaB subunit 1,2,4-7,
p65 binds to 538P2 and inhibits cell death 9-17,30,
induced by 538P2." 5
ONCOGENE , 47-52,
vol. 18, no. 37, pages 5177-5186, 57,58
XP001027267

m Further docarments are listed i the continuation of box C. . Patent famlly members are Isted in annex.

< Speci o5 of dllsd docuiments -

Spectal categories of cl *T* later document published after the international flling dale
or priority date and not in conflict with the application but
diled to understand the princlple or theory underlying the
invention

*X* document of particular relevance; the claimed invention
0t be considered novel or cannot be considered 1o

=

document defining the genera! sfale of the art which is not
considered to be of particular relevance

earlier document but published on or after the international
filing date

il

other means

*P* dogument published prior to the internationat filing date but
Taterthan the priority date claimed

"L document which may thiow doubls on priorly dlaim(s) o involve an inventive step when the document is taken alone
‘which is cited to establish the publication cate of another ¥+ document of pari . imed inventi
, : i particular relevance; the claimed inventian
citation or other special reason (as specified) cannot be considared 1o involve an invenlive step when the
*0* document referring to an oral disclosure, use, exhibltion or document Is combined with one or more other such docu—

ments, such combination being obvious to a person skilled
in the art.

*&" docurnent member of the same patent famiy

Date of the actual completion of the international search

14 June 2002

Date of mailing of the infernational search report

16/08/2002

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NI ~ 2280 HV Rijswik
Tel. (+31-70) 340-2040, Tx. 31 657 epo rl,
Fax: (+31-70) 340-3018

Authorized officer

Brenz Verca, S

Fonm PCT/ISA210 (second sheel) (July 1992)
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Int ional Application No

PCT/6B 01/03524

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citatlon of document, with indication,where appropriate, of the relevan! passages

Relevant to claim No.

X

IWABUCHI KUNIYOSHI ET'AL: "Stimuiation of
p53-mediated transcriptional activation by
the p53-binding proteins, 53BP1 and
53BP2."

JOURNAL OF BIOLOGICAL CHEMISTRY,

vol. 273, no. 40,

2 October 1998 (1998-10-02), pages
26061-26068, XP002189291

ISSN: 0021-9258

entire document, in particular cited
passages

page 26065, right-hand column, Tine 1
—-page 26066, left—hand column, Tine 26;
figure 4B

NAUMOVSKI L & CLEARY M L: "The
p53-binding protein 53BP2 also interacts
with Bc12 and impedes cell cycle
progression at G2/M"

MOLECULAR BIOLOGY OF THE CELL, BETHESDA,
MD, US,

vol. 16, no. 7, 1 July 1996 (1996-07-01),
pages 3884-3892, XP002095578

ISSN: 1059-1524

cited in the application

page 3887, right-hand column, Tast
paragraph -page 3888, left-hand column,
paragraph 1; figure 6

page 3886, right-hand column, paragraphs

2,3

page 3888, left-hand column, paragraph 2;
figure 7

WO 99 15657 A (NANDABALAN KRISHNAN
:CURAGEN CORP (US); YANG MEIJA (US);
SCHULZ VI) 1 April 1999 (1999-04-01)

SEQ ID No: 1 and 2

page 47, line 18 — line 19; claims
14-17,19,20,36-41,84; figure 1

WO 00 20587 A (LUDWIG INST CANCER RES)
13 April 2000 (2000-04-13)

see SEQ ID No:25

page 95 -page 96; claims 57,61,64,68;
example 1

-f—

1,2,4,5,
13

1,2,4-7,
9-20,30,

42752,
57,58

1,2,4-7,
9-20,
22-25,
27,29,
42-52,
57,58,63

Form PCT/ISA/210 (centinuation of second sheet) (July 1982)
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Ints nal Application No

PCT/GB 01/03524

DOCUMENTS CC TO BE RELEVANT

Calegory *

Citation of document, with indication,where appropriate, of the relevant passages

Relevant fo claim No.

P,X

NAGASE T ET AL: "PREDICTION OF THE CODING
SEQUENCES OF UNIDENTIFIED HUMAN GENES. XI.
THE COMPLETE SEQUENCES OF 100 NEW CDNA
CLONES FROM BRAIN WHICH CODE FOR LARGE
PROTEINS IN VITRO"

DNA RESEARCH, UNIVERSAL ACADEMY PRESS, JP,
vol. 5, 1998, pages 277-286, XP002940462
ISSN: 1340-2838
coding sequence KIAAQ771

figures 1,3; tables 1,2
-& DATABASE EMBL ‘Online!
17 November 1998 (1998-11-17)
NAGASE ET AL: "PREDICTION OF THE CODING
SEQUENCES OF UNIDENTIFIED HUMAN GENES. XI.
THE COMPLETE SEQUENCES OF 100 NEW CDNA
CLONES FROM BRAIN WHICH CODE FOR LARGE
PROTEINS IN VITRO"
retrieved from EBI
Database accession no. AB018314
XP002189294
the whole document

DATABASE EMBL ‘Online!

26 April 1999 (1999-04-26)

STRAUSBERG R.: "NCI_CGAP_GC6 Homo sapiens
cDNA clone IMAGE:2236894 3’ similar to
SW:P532_Human Q13625 p53-binding protein
53Bp2"

retrieved from EBI

Database accession no. AI625004
XP002189295

the whole document

LOPEZ CHARLES D ET AL: "Proapoptotic
p53~interacting protein 53BP2 is induced
by UV irradiation but suppressed by p53."
MOLECULAR AND CELLULAR BIOLOGY,

vol. 20, no. 21, November 2000 (2000-11),
pages 8018-8025, XP002189292

ISSN: 0270-~7306

Materials & Methods section paragraphs 2,
3and 6

page 8022, right-hand column, 1ine 23
-page 8023, right-hand column, Tine 5;
figures 1,2

WO 01 53312 A (CHEN RUI HONG ;GOODRICH
RYLE (US); HYSEQ INC (US); WANG DUNRUI
(US) 26 July 2001 (2001-07-26)

SEQ ID No: 651, 4223

claims 1,3,6-9,14,15

SEQ ID No: 2437

claims 10,12,13,19,20; example 4

—f—

1,2,4-7,
9-13

1,2,4-7,
-15

18-20,
47-52

Fom PCTASA/210 (continuation of second sheet) (July 1992)
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C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory ° | Citation of dacurment, with indication,where appropriale, of the relevant passages Relevant to claim No.

E WO 01 57190 A (CAO YICHENG ;CHEN RUI HONG 1,2,4-7,
(US); GOODRICH RYLE (US); HYSEQ INC (US) 9-14,
9 August 2001 (2001-08-09) 18-20

SEQ ID No: 483
claims 1,6-9
SEQ ID No: 2451
claims 1,6-9
SEQ ID NO: 1467

claim 20
SEQ ID No: 3435
claim 20
A DATABASE EMBL ‘OnTine! 36-52,
27 April 1999 (1999-04-27) 60-62,64

YANG J.P, ET AL: "IDENTIFICATION OF A
NOVEL INHIBITOR OF NUCLEAR FACTOR-KAPPA B,
RELA-ASSOCIATED INHIBITOR"

retrieved from EBI

Database accession no. AF078036
XP002202190

the whole document

A -& YANG J P ET AL: T"IDENTIFICATION OF A 38-41
NOVEL INHIBITOR OF NUCLEAR FACTOR-KAPFA B,
RELA-ASSOCIATED INHIBITOR"

JOURNAL OF BIOLOGICAL CHEMISTRY, AMERICAN
SOCIETY OF BIOLOGICAL CHEMISTS, BALTIMORE,
MD, US,

vol. 274, no. 22, May 1999 (1999-05),
pages 15662-15670, XP002927619

ISSN: 00219258

see entire document, in particular cited

passages
figure 2A

A WO 00 32628 A (ONO PHARMACEUTICAL CO 36-56,
;OKAMOTO TAKASHI (JP)) 60-62,
8 June 2000 (2000-06-08) 64-75

-& EP 1 146 054 A

17 October 2001 (2001-10-17)

paragraph ‘0014! - paragraph ‘0016!;
claims 1,3,4
A MORI T ET AL: "Aberrant overexpression of
53BP2 mRNA in lung cancer cell Tines"

FEBS LETTERS, ELSEVIER SCIENCE PUBLISHERS,
AMSTERDAM, NL,

vol. 465, no. 2-3,

14 January 2000 (2000-01-14), pages
124-128, XP004260774

ISSN: 0014-5793

the whole document

Form FGTASA210 (continuation of second sheet) (July 1962)
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Intdilfional Application No
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C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Gategory | Gitalion of document, valh indicalion, where appropriale, of Ine relevant passages

Relevant to claim No.

T SAMUELS-LEV YARDENA ET AL: "ASPP proteins
specifically stimulate the apoptotic
function of pb3."

MOLECULAR CELL,

vol. 8, no. 4, October 2001 (2001-10),
pages 781-794, XP002202189

ISSN: 1097-2765

the whole document

Form PCT/SA/21D {continuation of sacond sheet) (July 1992)
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rnational application No.

INTERNATIONAL SEARCH REPORT PCT/GB 01/03524

Box1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

Although claims 24-26 are directed to a method of treatment of the human body,
the search has been carried out and based on the alleged effects of the
compound.

2. ]E Claims Nos.: 3, 32-35 59 76-79
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningfu! Interational Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.:

because they are dependent clairms and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of il fion is lacking (Conti ion of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search lees were timely paid by the applicant, thls International Search Report covers ail
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required addltlonal search fees were timely paid by the applicant. Cons.equenﬂy, this Intemationat Search Report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fess.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998)

JP 2004-525605 A 2004.8.26



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(197)

International Application No. PCTAB 01 03524

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 21(

Continuation of Box 1.2

Claims Nos.: 3, 32-35 59 76-79

The claim numbering is deficient: claim number 8 is missing in the set of
claims on file. Concerning the other claims, the numbering used by the
Applicant is applied in the search report.

With regard to the sequence 1isting in electronic form, the Search
Authority found that SEQ IDs No: 6 and 7 do not comply with WIPO standard
ST.25, Annex C of the Administrative Instructions under the PCT,
paragraphs 17, 22 and 37. Said sequence identifiers correspond to
polypeptides not disclosed in the originally filed application and
consequently are excluded from search under A17(2) PCT. A meaningful
search with regard to polypeptides ASP-1 and ASP-2 was carried out on the
basis of the written sequences originally disciosed in figures lc and 1d,
respectively.

Claim 3 lacks clarity within the meaning of Article 6 PCT because it
refers fo a sequence contained in amine acid sequence 1-130 of figure 1d
of the appiication. However, there is no numbering in figure 1d and it is
not clear where the start codon of ASP-2 is Tocated in said figure, since
the depicted sequence appears to be generated by the translation of the
entire polynucieotide of figure 1b (SEQ ID No:2), including regions
around the ORF encoding the ASP-2 polypeptide. Indeed, according to the
description (p. 3 Tine 20; p.55, Tines 17-18) ASP-2 should be a protein
of 1135 aa, thus considerably shorter than the sequence depicted in
figure 1d. Since the position of the sequence window of 130 amino acids
mentioned in the claim cannot be clearly identified, the ciaim is not
searchable.

The same applies to claim 59: the "region comprising nucleotides -253-839
of a sequence represented in fig. 1b or part thereof" cannot be
identified, therefore the claim was exciuded from search.

Similarly, claims 76 -79 refer to amino acids 1-130 of figure 1d and
cannot be searched for the reasons mentioned above.

Claims 32-3b relate to not nearly characterized
agents/agonists/antagonists identified by the screening methods of claims
30-31 and thus to an extremely large number of possible compounds for
which support within the meaning of Article & PCT and disclosure within
the meaning of Article 5 PCT is not to be found, except for the inhibitor
polypeptide I-ASP mentioned in the application, which is the subject
matter of other claims. In the present case, the claims so lack support,
and the application so lacks disclosure within the meaning of Articles 5
and 6 PCT, that a meaningful search over the whole of the claimed scope
is not possible, the search was restricted to polypeptide I-ASP (SEQ ID
No: 4, figure 11).

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an

page 1 of 2
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International Application No. PCT/AB 01 03524

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.

page 2 of 2
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’ﬁienal Application No

PCT/GB 01/03524

r Patent document Publication Patent family ‘ Publication
cited in search report date member(s) date

WO 9915657 A 01-04-1999  US 5977311 A 02-11-1999
: AU 9321898 A 12-04-1999

CA 2303405 Al 01-04-1999

EP 1017808 A2 12-07-2000

JP 2001517439 T 09-10-2001

Wo 9915657 A2 01-04-1999

WO 0020587 A 13~04-2000 AU 6505599 A 26~04-2000
EP 1117791 A2 25-07-2001

Wo 0020587 A2 13-04-2000

WO 0153312 A 26-07-2001 AU 2292401 A 31-07-2001
AU 2591801 A 31-07-2001

AU 2593601 A 31-07-2001

AU 2595501 A 31-07-2001

AU 2596501 A 31-07-2001

AU 2598301 A 31-07-2001

AU 2728401 A 31-07-2001

AU 2734401 A 31-07-2001

AU 2734801 A 31-07-2001

Al 2738501 A 31-07-2001

AU 3265701 A 31-07-2001

Wo 0153312 Al 26-07-2001

Wo 0153453 A2 26-07-2001

Wo 0153326 Al 26-07-2001

Wo 0153454 A2 26-07-2001

WO 0153455 A2 26-07-2001

WO 0153456 A2 26-07-2001

Wo 0153466 Al 26-07-2001

Wo 0152616 A2 26-07-2001

Wo 0153500 Al 26-07-2001

Wo 0153515 Al 26-07-2001

WO 0153485 Al 26-07-2001

AU 5362001 A 30-10-2001

Wo 0179446 A2 25-10-2001

W0 0157190 A 09-08-2001 AU 2591801 A 31-07-2001
AU 3128801 A 14-08-2001

AU 3297101 A 07-08-2001

AU 3300301 A 07-08-2001

AU 3329301 A 14-08-2001

AU 3484701 A 14-08-2001

AU 3484801 A 14-08-2001

AU 3486501 A 14-08-2001

AU 3494401 A 14-08-2001

AU 3665801 A 14-08-2001

AU 3666001 A 14-08-2001

AU 3666301 A 14-08-2001

AU 3672101 A 14-08-2001

AU 4314201 A 14-08-2001

WO 0153326 Al 26-07-2001

WO 0155334 A2 02-08-2001

Wo 0155335 A2 02-08-2001

Wo 0157255 Al 09-08-2001

WO 0157260 Al 09-08-2001

WO 0157175 A2 09-08-2001

WO 0157261 Al 09-08-2001

WO 0157262 Al 09-08-2001

Fomn PCT/ASA/210 (patent family annex) (July 1982)
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WO 0157190 A2 09-08-2001
WO 0032628 A 08-06-2000 EP 1146054 Al 17-10-2001
WO 0032628 Al 08-06-2000
JP 2000224993 A 15-08-2000
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