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ABSTRACT

A method of 1dentifying a compound that inhibits the sumoylation of Tcf-4 by
proteins of the protein inhibitor of the activated STAT family (for example, PIASy, PIASI,
PIAS3 or PIASxa) 1s described. Also provided are compounds identified by this method;
inhibitors for sumoylation of Tcf-4 by the PIAS family proteins and Tcf-4 desumoylation
agents;, inhibitors of transcriptional activity of Tcf-4 comprising the above-described
inhibitors and/or desumoylation agents; preventives and/or remedies for colon cancer
comprising the above-described inhibitors and/or desumoylation agents or the
transcriptional activity inhibitors; a method of inhibiting the transcriptional activity of
Tct-4 characterized by inhibiting the sumoylation of Tcf-4 by the PIAS family protein

and/or desumoylating sumoylated Tcf-4; and a method of preventing and/or treating colon

Canccer.
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SUMOYLATION INHIBITORS

TECHNICAL FIELD

The present invention relates to a compound or inhibitor that inhibits both the
sumoylation of Tct-4 by a protein of the protein inhibitor of activated STAT (PIAS) family
and the enhanced transcriptional activity of Tcf-4 induced thereby, a desumoylation agent
for Tct-4, and a method for identifying the compound. The present invention also relates to
a preventive and/or remedy for colon cancer and a method for preventing and/or treating
colon cancer that comprises inhibiting the sumoylation of Tcf-4 induced by a PIAS family

protein and/or desumoylating a sumoylated Tcf-4.

BACKGROUND ART

The term “SUMO” is an abbreviation of “small ubiquitin-like modifier”, and
refers to a protein that can be used like a ubiquitin for protein modification. The
conjugation of SUMO with a target protein is termed “sumoylation”. As target proteins of
sumoylation, RanGAP1, PML, IkBa, p53 and the like are known.

Sumoylation is a phenomenon that has recently begun to draw attention, and the
significance of sumoylation has not yet been elucidated (non-patent document 1). Some
enzymes are known to be involved in the process of sumoylation. Such enzymes are
different from those involved in the ubiquitination process (non-patent document 2).

There are at least three types of mammalian SUMOs, SUMO-1, SUMO-2, and
SUMO-3. SUMO-1 is activated by an E1 enzyme (Aos/Uba2), then transferred to an E2
conjugation enzyme (Ubc9), and finally conjugated to a target protein by an E3 ligase
(protein inhibitor of activated STAT (herein after, abbreviated as “PIAS”) (non-patent
documents 3 and 4) or RanBP2 (non-patent document 5)). Sumoylation is reversible, and
desumoylation takes place when, e.g., a SUMO-specific protease is employed (non-patent

document 6). Several SUMO-specific proteases, such as SENP family proteins, are known

in mammals.



CA 02477590 2004-08-25

PIAS, which is the E3 ligase involved in sumoylation, is known to have family
proteins. In mammals, four PIAS family proteins have been identified, PIASy, PIASI,
PIAS3, and PIASxa.

PIAS family proteins are involved in the intracellular signal transduction of
cytokines and the like. For example, PIASy is a transcription factor of the Tct tamily and
sumoylates Lef-1 (Lymphoid enhancer factor 1) which works in the Wnt signaling pathway
(non-patent document 4). Although PIASy suppresses the transcriptional activity of Letf-1,
it does not affect its binding activity to DNA or p-catenin. On the other hand, Axam, which
is identified as an Axin-associated protein, regulates the Wnt signaling pathway negatively
by inducing the degradation of B-catenin (non-patent document 7). Axam is one of the
SENP family proteins, and the regulatory functions of Axam in the Wnt signaling pathway
require the desumoylation activity thereof (non-patent document 8).

PIAS1 and PIAS3 have been identified respectively as auxiliary factors that
inhibit transcription control factors, STAT1 and STAT3, from binding to DNA (non-patent
document 9). PIAS1 sumoylates the p53 tumor-suppressor gene product (non-patent
document 3). PIASxa regulates androgen receptor (AR)-dependent transcription negatively
by binding to AR (non-patent document 10).

As described above, it has been suggested that a target protein is sumoylated by
the PIAS family proteins, which results in the functional alteration of the target protein.
This has led to the PIAS family proteins receiving attention as sumoylation enzymes.

References cited herein are described below.

Non-patent document 1: Saitoh, T., Experimental Medicine (2001), vol. 19, p.112-119.
Non-patent document 2: Muller, S. et al., Nature Reviews Molecular Cell Biology (2001)
2: 202-210.

Non-patent document 3: Kahyo, T. et al., Molecular Cell (2001) 3: 713-718.

Non-patent document 4: Sachdeyv, S. et al., Genes and Development (2001) 15: 3088-3103.
Non-patent document 5: Kirsh, O. et al., EMBO Journal (2002) 21: 2682-2691.

Non-patent document 6: Yeh, E. et al., Gene (2000) 248: 1-14.
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Non-patent document 7: Kadoya, T. et al., Molecular and Cellular Biology (2002) 22:
3803-3819.

Non-patent document 8: Kadoya, T. et al., Journal of Biological Chemistry (2000) 275:
37030-37037.

Non-patent document 9: Liu, B. et al., Proceedings of The National Academy of Sciences
of The United States of America (1998) 95: 10626-10631.

Non-patent document 10: Kotaja, N. et al., Molecular Endocrinology (2000) 14:
1986-2000.

Non-patent document 11: Korinek, B., Science (1997) 275: 1784-1787.

Non-patent document 12: Morin, P.J. et al., Science (1997) 275: 1787-1790.

Non-patent document 13: Vogelstein, K. et al., Cell (1996) 87: 159-170.

Non-patent document 14: Tetsu, O. et al., Nature (1999) 398: 422-426.

DISCLOSURE OF THE INVENTION

In the present invention, concentrated studies have been undertaken with the
following aims: isolating a protein that is sumoylated by a protein of the PIAS family,
regulating the sumoylation thereof, and providing means for controlling diseases resulting
from the functional alteration of the protein caused by sumoylation. The present invention
has been achieved by finding out that Tcf-4, a transcription factor, is sumoylated by PIAS
tamily proteins such as PIASy, PIAS1, PIAS3, and PIASxa, and that the Tcf-4 function is
enhanced by sumoylation.

Accordingly, one aspect of the present invention relates to a method for
identifying a compound that inhibits the sumoylation of Tcf-4 by PIAS, comprising the
steps of: (1) contacting PIAS and/or Tcf-4 with a test compound under conditions allowing
for the interaction of the test compound with PIAS and/or Tcf-4, and (ii) determining
whether the test compound inhibits the sumoylation of Tcf-4 by PIAS, by employing a

system that uses a signal and/or marker capable of detecting sumoylation of Tcf-4 to detect

the presence, absence, or alteration of the signal and/or marker.
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A further aspect of the present invention relates to the above identification
method, wherein PIAS i1s PIASy, PIAS1, PIAS3, or PIASxa.

A still further aspect of the present invention relates to the above identification
method, wherein PIAS 1s PIASy.

A further aspect of the present invention relates to a method for identitying a
compound that inhibits the sumoylation of Tcf-4 by PIAS, comprising the steps of: (1)
using the cells described in (A), (B), (C), or (D), below, and contacting the cells with a test
compound, and (ii) determining whether the test compound inhibits the sumoylation of
Tcf-4 by PIAS, by detecting the sumoylated Tcf-4 or by detecting the presence, absence, or
alteration of a signal and/or marker for detecting sumoylation of Tcf-4, wherein cells (A),
(B), (C), and (D) are as follows:

(A): cells that have co-expressed PIAS, SUMO, and Tcf-4 (to which a signal
and/or marker for detecting sumoylation of Tcf-4 1s introduced),

(B): cells that have co-expressed PIAS, Tcf-4, and SUMO (to which a signal
and/or marker for detecting sumoylation of Tct-4 1s introduced),

(C): cells that have co-expressed PIAS, Tct-4 (to which a signal and/or marker
for detecting sumoylation of Tcf-4 1s introduced), and SUMO (to which the signal and/or
marker 1s introduced), and

(D): cells that have co-expressed PIAS, SUMO, and Tct-4.

A still further aspect of the present invention relates to a method for identifying
a compound that inhibits the sumoylation of Tcf-4 by PIAS, comprising the steps of: (1)
using the cells described in (E) or (F), below, and contacting the cells with a test compound,
and (i1) determining whether the test compound inhibits the sumoylation of Tcf-4 by PIAS
by measuring a fluorescent intensity of the green fluorescent protein (GFP) after adding a
luciferase substrate, wherein cells (E) and (F) are as follows:

(E): cells that have co-expressed a fused protein of Tcf-4 and GFP, a fused
protein of SUMO and luciferase, and PIAS; and

(F): cells that have co-expressed a fused protein of Tcf-4 and luciferase, a
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fused protein of SUMO and GFP, and PIAS.

A turther aspect of the present invention relates to a method for identifying a
compound that inhibits the sumoylation of Tcf-4 by PIAS, comprising the steps of: (i)
bringing PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme, SUMO or
SUMO to which a signal and/or marker for detecting sumoylation of Tcf-4 is introduced,
and a test compound, to contact with Tcef-4 or Tcf-4 immobilized on a solid phase, and (ii)
determining whether the test compound inhibits the sumoylation of Tcf-4 by PIAS, by
detecting the sumoylated Tcf-4, or by detecting the presence, absence, or alteration of the
signal and/or marker.

A still turther aspect of the present invention relates to a method for identifying
a compound that inhibits the sumoylation of Tcf-4 by PIAS, comprising the steps of: (i)
using proteins described in (a) or (b), below, and contacting the proteins with a test
compound, and (i1) determining whether the test compound inhibits the sumoylation of
Tct-4 by PIAS, by detecting the presence, absence, or alteration of a signal and/or marker
tor detecting sumoylation of Tcf-4, wherein proteins (a) and (b) are as follows:

(a): PIAS, E1 SUMOe-activating enzyme, E2 SUMO-conjugation enzyme,
SUMO (to which a signal and/or marker for detecting sumoylation of Tcf-4 is introduced),
and Tct-4 (to which a signal and/or marker for detecting the signal and/or marker
introduced to the SUMO is introduced); and

(b): PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme,
Ict-4 (to which a signal and/or marker for detecting sumoylation of Tcf-4 is introduced),
and SUMO (to which a signal and/or marker for detecting the signal and/or marker
introduced to the Tcf-4 is introduced).

A tfurther aspect of the present invention relates to a method for identifying a
compound that inhibits the sumoylation of Tcf-4 by PIAS, comprising the steps of: (i)
bringing PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme, SUMO
labeled with a radioactive isotope, biotin, or a peptide-tag, and a test compound to contact

with Tef-4 immobilized to a solid phase; and (ii) determining whether the test compound
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inhibits the sumoylation of Tcf-4 by PIAS by measuring the substance used for labeling.

A still turther aspect of the present invention relates to a method for identifying
a compound that inhibits the sumoylation of Tcf-4 by PIAS, comprising the steps of: (i)
bringiﬁg PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme, SUMO
(labeled with europium), Tcf-4 (labeled with a substance radiating secondary fluorescence
upon excitation by fluorescence irradiated by europium), and a test compound to reaction:;
and (11) determining whether the test compound inhibits the sumoylation of Tcf-4 by PIAS
by irradiating light of a wavelength that excites europium and then measuring the
secondary fluorescence intensity.

A turther aspect of the present invention relates to a method for identifying a
compound that inhibits the sumoylation of Tcf-4 by PIAS, comprising the steps of: (i)
bringing PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme, and a test
compound to react with one of the following: a fused protein of Tcf-4 and luciferase as
well as a fused protein of SUMO and green fluorescent protein (GFP), or a fused protein of
Tct-4 and GFP as well as a fused protein of SUMO and luciferase, and (ii) determining
whether the test compound inhibits the sumoylation of Tcf-4 by PIAS by measuring the
tfluorescence intensity of the GFP after adding a luciferase substrate.

A further aspect of the present invention relates to a compound that is obtained
by any one of the above identification methods.

A still further aspect of the present invention relates to a compound that inhibits
the sumoylation of Tcf-4 by PIAS.

A further aspect of the present invention relates to a compound that inhibits the
sumoylation of Tcf-4 by PIASy, PIAS1, PIAS3, or PIASxa.

A further aspect of the present invention relates to a compound that inhibits the

sumoylation of Tcf-4 by PIASy.

A still further aspect of the present invention relates to an inhibitor that inhibits

the sumoylation of Tcf-4 by PIAS.

A further aspect of the present invention relates to an inhibitor that inhibits the
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sumoylation of Tcf-4 by PIASy, PIAS1, PIAS3, or PIASxa.

A turther aspect of the present invention relates to an inhibitor that inhibits the
sumoylation of Tcf-4 by PIASYy.

A still further aspect of the present invention relates to a desumoylation agent
for Tci-4.

A turther aspect of the present invention relates to an inhibitor of transcriptional
activity of Tci-4, comprising any one of the above sumoylation inhibitors and/or the above
desumoylation agent.

A turther aspect of the present invention relates to a method for inhibiting the
transcriptional activity of Tcf-4, comprising inhibiting the sumoylation of Tcf-4 by PIAS,
and/or desumoylating Tcf-4.

A further aspect of the present invention relates to the above method for
inhibiting the transcriptional activity of Tcf-4, wherein PIAS is PIASy, PIAS1, PIAS3, or
PIASXa.

A still further aspect of the present invention relates to the above method for
inhibiting the transcriptional activity of Tcf-4, wherein PIAS is PIASy.

A turther aspect of the invention relates to a preventive and/or remedy for colon
cancer, comprising any one of the above sumoylation inhibitors and/or the above
desumoylation agent, or the above inhibitor of transcriptional activity of Tcf-4.

A further aspect of the present invention relates to a method for preventing
and/or treating colon cancer, comprising inhibiting sumoylation of Tcf-4 by PIAS, and/or
desumoylating Tcf-4.

A further aspect of the present invention relates to the above method for
preventing and/or treating colon cancer, wherein PIAS is PIASy, PIAS1, PIAS3. or
PIASxa.

A still further aspect of the present invention relates to the above method for
preventing and/or treating colon cancer, wherein PIAS is PIASy.

A turther aspect of the present invention relates to a medicinal composition that
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comprises at least one member selected from the group consisting of: any of the above
compounds, any of the above sumoylation inhibitors, the above desumoylation agent, and
the above 1inhibitor of transcriptional activity of Tcf-4.

A turther aspect of the present invention relates to a preventive and/or remedy
for colon cancer that comprises at least one member selected from the group consisting of:
any of the above compounds, any of the above sumoylation inhibitors, the above
desumoylation agent, and the above inhibitor of transcriptional activity of Tcf-4.

A still further aspect of the present invention relates to a method for preventing
and/or treating colon cancer, wherein the method uses at least one member selected from
the group consisting of: any of the above compounds, any of the above sumoylation
inhibitors, the above desumoylation agent, and the above inhibitor of transcriptional
activity of Tcf-4.

A turther aspect of the present invention relates to a reagent kit that comprises
at least one of the following: PIAS and/or Tcf-4; a polynucleotide encoding PIAS and/or a
polynucleotide encoding Tcf-4; or a vector comprising a polynucleotide encoding PIAS
and/or a vector comprising a polynucleotide encoding Tcf-4.

A turther aspect of the present invention relates to the above reagent Kkit,

wherein PIAS is PIASy, PIAS1, PIAS3, or PIASxa.

A still turther aspect of the present invention relates to the above reagent kit,

wherein PIAS is PIASy.

BRIEF DESCRIPTION OF THE DRAWINGS |

FIG. 1A and FIG. 1B illustrate that the conjugation of SUMO-1 to Tcf-4 was
accelerated by PIASy. In FIG. 1A, conjugation of SUMO-1 to TCF-4 was carried out using
cells in which their respective genes had been transfected and was detected by Western
Blotting using an anti-Myc antibody. In the figure, “WT” refers to a wild-type PIASy, and
“CA” refers to a PIASy wherein cysteines (C) at positions 342 and 347 in the amino acid

sequence of PIASy were substituted by alanines (A). In FIG. 1B, conjugation of SUMO-1
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to TCF-4 was carried out using cells in which the respective genes had been transfected.
After lysis of the cells, Myc-Tcf-4 was immunoprecipitated with an anti-Myc antibody, and
the recovered protein was detected by Western Blotting using an anti-Myc antibody and an
anti-HA antibody.

FIG. 2 1llustrates that PIASy by itself accelerates the transcriptional activity of
Tct-4, and also promotes the B-catenin- or Wnt-3a-dependent transcriptional activity of
Ict-4. The transcriptional activity of Tcf-4 was measured using a firefly luciferase gene as
a reporter gene. In the figure, the longitudinal axis indicates relative luciferase induction,
expressed as a fold increase of the luciferase activity. The values in the figure are the
amount of each plasmid added (ug).

FIG 3 1illustrates that SUMO-1 accelerates the p-catenin-dependent
transcriptional activity of Tcf-4. The values in the figure are the amounts of the respective
plasmids added (ug).

FIG. 4 1llustrates that acceleration of the B-catenin-dependent transcriptional
activity of Tcf-4 is inhibited by Axam, which has desumoylation activity, but is not
inhibited by an Axam mutant that does not have desumoylation activity. In the figure,
“WT” refers to wild-type Axam, and “CS” refers to an Axam mutant in which cysteine (C)
at position 547 in the amino acid sequence was substituted by serine (S), and “72-588”,
“72-400”, and “381-588” refer to deletion-type Axam mutants.

FIG. 5 1s a schematic diagram showing the structures of human PIASy, human
Tct-4, Axam, and various mutants of Axam.

FIG. 6 illustrates that PIASy accelerates the conjugation of SUMO-1 to Tcf-4 in
vitro, but that PIASyCA does not conjugate SUMO-1 to Tcf-4. The values shown on the
lett side represent the molecular weights.

FIG. 7 1llustrates that any of PIASy, PIAS1, PIAS3, and PIASxa accelerates the
conjugation of SUMO-1 to Tcf-4.

DETAILED DESCRIPTION OF INVENTION
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The present invention claims the benefit of priority of Japanese Patent
Application No. 2002-55796 and No. 2002-271527, which are incorporated herein by
reference.

Technical and scientific terms used herein have the meanings as understood
generally by those skilled in the art, unless otherwise defined. Reference is made herein to
a variety of methods that are well-known to those skilled in the art. Data from publications
and the like that discloses such cited well-known methods are deemed completely
incorporated herein in their entirety by reference.

A mode of embodiment of the present invention may be described in more
detail hereafter. The following detailed description is illustrative and merely explanatory,
and 1t dose not limit the scope of the present invention.

In the present invention, it has been found that the sumoylation of
transcriptional factor Tcf-4 is accelerated by PIAS family proteins such as PIASy, PIASI,
PIAS3, or PIASxa, and that the sumoylation enhances the Tcf-4 function. Tcf-4 is a
DNA-binding protein belonging to the Tcf family. Tcf-4 is located downstream of the Wnt
signaling pathway, and acts as a transcriptional factor by binding to B-catenin.
p-catenin-dependent enhancement of the transcriptional activity of Tcf-4 was increased
synergistically by PIASy. Wnt signal-dependent enhancement of the transcriptional activity
of Tct-4 was also increased synergistically by PIASy, where the Whnt signal shows the
enhancing effect on the signal by suppressing the degradation of B-catenin. In addition, it
has been found that the B-catenin-dependent enhancement of the transcriptional activity of
Ict-4 was inhibited by an Axam protein with desumoylation activity (non-patent document
7 and non-patent document 8), which revealed that the enhancement of the Tcf-4 function
results from sumoylation. Although these results were obtained by use of PIASy, it is

believed that the transcriptional activity of Tcf-4 can be similarly enhanced by PIASI,

PIAS3, and PIASxa, since PIAS1, PIAS3, and PIASxa also provide sumoylation to Tcf-4.
Therefore, it is found that an enhanced function of Tcf-4, e.g. its transcriptional

activity, can be downregulated by inhibiting Tcf-4 sumoylation and/or by desumoylating

-10-
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sumoylated Tcf-4. A signal transduction system via B-catenin/Tcf-4 is believed to be
involved 1n cell proliferation. Accordingly, suppression of Tcf-4-associated cell
proliferation can be achieved by inhibiting Tcf-4 sumoylation and/or by desumoylation of
sumoylated Tct-4.

Tct-4 1s expressed in normal as well as neoplastic intestine epithelial tissues,
and 1n all colon cancer cell lines examined (non-patent document 11). Further, the
following have been reported: that transcriptional activity due to the B-catenin/Tcf complex
1s constantly activated in many cases of colon cancer (non-patent document 11); that a
B-catenin/Tct signal is activated by mutation of the B-catenin or tumor suppressor gene
APC (Adenomatous poliposis coli)(non-patent document 12 and non-patent document 13)
in colon cancer; and that in colon cancer cells, $-catenin regulates the expression of cyclin
D1, which is associated with cell cycle progression (non-patent document 14).

Since there seems to be a close relationship between enhancement of
transcriptional activity in the B-catenin/Tcf signal transduction system and colon cancer, it
1s believed that colon cancer can be treated by means of inhibiting the transcriptional
activity of Tct-4 by inhibiting Tcf-4 sumoylation and/or by desumoylating sumoylated
Tct-4.

Based on the above findings, according to the present invention the following
can be provided: an inhibitor of Tcf-4 sumoylation by PIAS; a desumoylation agent for
sumoylated Tcf-4; an inhibitor of transcriptional activity of Tcf-4 comprising the
sumoylation 1nhibitor and/or the desumoylation agent; a preventive and/or remedy for
colon cancer comprising the sumoylation inhibitor and/or the desumoylation agent or the
inhibitor of transcriptional activity; a method for inhibiting the transcriptional activity of
Ict-4 comprising inhibiting Tcf-4 sumoylation by PIAS and/or desumoylating sumoylated
Ict-4; and a method for preventing and/or treating colon cancer comprising inhibiting
Tct-4 sumoylation by PIAS and/or desumoylating sumoylated Tcf-4.

In the present invention, the term “PIAS” refers to a protein belonging to the

PIAS family proteins. In the present invention, the E3 ligase that associates with Tcf-4

-11-
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sumoylation may be any PIAS, preferably PIASy, PIAS1, PIAS3, or PIASxa, and more
preferably PIASy. Also, two or more PIAS proteins may be used as the E3 ligase.

In the present invention, the term “SUMO” includes all members of the SUMO
family, such as SUMO-1, SUMO-2, and/or SUMO-3.

Herein, the term “inhibitor of transcriptional activity of Tcf-4” refers to a
substance that ultimately inhibits Tcf-4-associated transcriptional activity by acting in
some manner on a transcriptional activation apparatus including Tcf-4, where the apparatus
comprises, €.g., binding of Tcf-4 to a specific DNA sequence or binding of Tcf-4 to another
factor that carries out transcription in association with Tcf-4.

According to the present invention, based on the above information, there is
provided a method for identifying a compound that inhibits the sumoylation of Tcf-4 by
PIAS. A compound that inhibits the sumoylation of Tcf-4 by PIAS can be identified by
selecting conditions allowing for the interaction of PIAS and/or Tcf-4 with a test
compound, contacting PIAS and/or Tcf-4 with the test compound under such conditions,
and then detecting the sumoylation of Tcf-4.

Detection of Tcf-4 sumoylation can be conducted by introducing into the above
identification method a system that uses a signal and/or marker capable of detecting Tcf-4
sumoylation, and then detecting the signal and/or marker. Such signal and/or marker may
be used by introducing the signal and/or marker to SUMO and/or Tcf-4. Regarding SUMO,
any SUMO may be used as long as it belongs to the SUMO family. SUMO-1 is preferably
used. The term “signal” as used herein refers to a substance that is directly detectable by
its physical or chemical properties, and the term “marker” refers to a substance that is
indirectly detectable when its physical or biological properties are used as an indicator.
Examples of a signal include luciferase, green fluorescein protein (hereinafter, abbreviated
as GFP), europium, and a radioactive isotope (1251, 3H, MC, 33 S, etc). Examples of a
marker include a reporter gene (such as the chloramphenicol acetyltransferase (CAT) gene),
a tag for detection (such as 6xHis-tag, Myc-tag, EE-tag, Express-tag, V5-tag), or a known

substance such as biotin. A signal or marker is not limited to the above examples, and any

-12-
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substance may be used as long as 1t makes 1t possible to detect the sumoylation of Tcf-4 by
PIAS. Methods for detecting such signals or markers are well known to those skilled in the
art.

Sumoylated Tcf-4 may be also detected using, e.g., an anti-Tcf-4 antibody.
When Tct-4 has been previously moditied with another protein or peptide, sumoylated
Tct-4 can be detected using an antibody for the protein or peptide in question. Sumoylation
of Tct-4 1s detectable, e.g., by detecting the difference in molecular weight between
sumoylated Tct-4 and non-sumoylated Tcf-4 utilizing variations in their respective
mobilities 1n electrophoresis, using a known protein detection method such as Western
Blotting.

Sumoylation of Tcf-4 may also be measured using the transcriptional activity of
Tct-4 as an indicator, since the sumoylation of Tcf-4 enhances the transcriptional activity
thereof. The transcriptional activity of Tcf-4 can be measured by a known method for
measuring the activity of a transcriptional factor using a reporter gene, e.g. a reporter
plasmid having DNA with a Tcf-recognizable nucleotide sequence in its upstream
(hereinafter, also referred to as a “Tcf-responsive type plasmid™).

A compound 1nhibiting the sumoylation of Tcf-4 can be obtained according to
the above 1dentification method by comparing an amount of Tcf-4 sumoylated under
conditions in which a test compound is not present with an amount of Tcf-4 sumoylated
under conditions in which the test compound is present, and selecting the test compound
with respect to the amount that decreases. Such comparison is carried out by detecting the
presence, absence, or alteration of a signal and/or marker capable of detecting sumoylation
of Tct-4. Alternatively, such a comparison can be conducted by measuring the difference in
molecular weight between sumoylated Tcf-4 and non-sumoylated Tcf-4 using a known
method, such as Western Blotting.

The 1dentification method can be carried out utilizing a well-known

pharmaceutical screening system. PIAS, Tcf-4, and SUMO used in the identification

method may be the following: products in cells that have expressed PIAS, Tcf-4, and
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SUMO by genetic engineering techniques; synthetic products in a cell-free system;
chemically synthesized products; products prepared from cells or from any biological
samples; or products that are further purified from the foregoing. Further, as long as
sumoylation of Tct-4 by PIAS 1s not inhibited, PIAS, Tcf-4, and SUMO may be those to
which another protein or peptide (such as glutathione S-transferase (GST), luciferase, GFP,
B-galactosidase, Fc fragments of immunoglobulin such as IgG, His-tag, Myc-tag, EE-tag,
Express-tag, V5-tag, or Flag-tag) 1s ligated directly or indirectly via a linker peptide to the
N-terminus side or C-terminus side of PIAS, Tct-4, or SUMO by using genetic engineering
techniques. Examples of test compounds include compounds derived from chemical
libraries or natural products, or compounds obtained by drug designing based on the
three-dimensional structures of PIAS and Tcf-4.

Any of the following systems can be used as the above 1dentification method: a
system where PIAS, Tcf-4, and SUMO are expressed in cells by genetic engineering
techniques to induce sumoylation in the cells (in situ system), or a system where PIAS,
Tet-4, and SUMO are employed to induce sumoylation in vitro. In order to induce
sumoylation 1n vitro, further addition of an E1 SUMO-activating enzyme and/or an E2
SUMO-conjugation enzyme other than PIAS, Tcf-4 and SUMO is preferred.

An example of the in situ system includes a system that uses the cells described
in (A), (B), (C), or (D) below, brings the cells to contact with a compound, and then detects
the sumoylated Tcf-4, or detects the presence, absence, or alteration of a signal and/or
marker for detecting Tcf-4 sumoylation, wherein cells (A), (B), (C), and (D) are as follows:

(A): cells that have co-expressed PIAS, SUMO, and Tcf-4 to which a signal

and/or marker for detecting sumoylation of Tcf-4 is introduced;

(B): cells that have co-expressed PIAS, Tcf-4, and SUMO to which a signal

and/or marker for detecting sumoylation of Tcf-4 is introduced;

(O): cells that have co-expressed PIAS, Tcf-4 to which a signal and/or marker

for detecting sumoylation of Tcf-4 is introduced, and SUMO to which the signal and/or

marker 1s introduced; and
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(D): cells that have co-expressed PIAS, SUMO, and Tcf-4.

For the above cells, cells that are generally used for gene transfection can be
preterably used. More preferably used are animal cells, and even more preferably used are
human colon cancer cells.

As a specific system thereof, a compound that inhibits the sumoylation of Tcf-4
by PIAS can be 1dentified by the following method: providing cells that have expressed
PIAS, Myc-tagged Tct-4, and SUMO; contacting the cells with a test compound;
conducting electrophoresis after a common pretreatment of the cells; and detecting bands
corresponding to the sumoylated Tcf-4 by Western Blotting using an anti-Myc antibody
(see Example 1).

It 1s also possible to identify a compound that inhibits the sumoylation of Tcf-4
by PIAS as well as the transcriptional activity of Tcf-4, by the following method: providing
cells that have expressed HA-tagged Tcf-4, PIAS, SUMO, and B-catenin, through a
Tct-responsive type plasmid; contacting the cells with a test compound; and detecting a
signal and/or marker derived from the Tcf-response type plasmid (see Example 2).

In the case of a method using Renilla luciferase and GFP, cells that
constitutively express a fused protein of GFP and Tcf-4 (GFP-Tcf-4) as well as a fused
protein of Renilla luciferase and SUMO (Renilla-SUMO) are employed. When a Renilla
luciterase substrate 1s added to cells in a state where Renilla-SUMO has been conjugated
to GFP-Tct-4 by sumoylation by PIAS, light generated by the luminous reaction of the
Renilla luciferase irradiates onto the Tcf-4-linked GFP, whereby the GFP emits secondary
fluorescence. Measurement of the secondary fluorescence intensity enables the
quantification of Tcf-4 sumoylation in the cells. Thus, by contacting the cells with a test
compound, and then measuring the fluorescence intensity of GFP after a specified period
of time, 1t 1s possible to determine the level of Tcf-4 sumoylation. This method is highly
useful, since it is possible to prevent an increase in the existing background in a
GFP-Tct-4/Renilla-SUMO system by applying, e.g., an ecdyson-inducing expression

system so as to control Renilla-SUMO expression. This method, using a combination of a
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fused protein of Tcf-4 and Renilla luciferase (Renilla-Tct-4) as well as a fused protein of
SUMO and GFP (GFP-SUMO), may be used 1n a similar manner to the method described
above. The luciferase 1s not limited to Renilla luciferase, and any known luciferase may be
used. In these 1dentification methods, the combination of substances to be fused with Tct-4
and SUMO 1s not limited to GFP and Renilla luciferase, and any combination of
substances may be used as long as a signal emitted by one of the substances, for example,
fluorescence or the like, acts on the other substance to cause the emission of a signal that is
different from the initial signal, such as, for example, fluorescence of a different
wavelength.

An example of the in vitro system includes a system in which PIAS, El
SUMO-activating enzyme, E2 SUMO-conjugation enzyme, SUMO or SUMO to which a
signal and/or marker for detecting sumoylation of Tcf-4 is introduced, and a test compound,
are contacted with Tcf-4 or Tcf-4 immobilized to a solid phase, and sumoylated Tcf-4 is
then detected, or the presence, absence, or alteration of the signal and/or marker is detected.
PIAS, Tet-4, SUMO, E1 SUMO-activating enzyme, and E2 SUMO-conjugation enzyme
may be the following: synthetic products in a cell-free system; chemically synthesized
products; products prepared from cells which have expressed those products by genetic
engineering techniques, products from any biological samples; or products that are further
purified from the foregoing.

Examples of a signal and/or marker to be introduced to SUMO include a
radioactive i1sotope, biotin, peptide tag, and the like. Radioactive isotopes that can be used
herein include '*’I, °H, '*C, and *°S. Peptide tags that can be used herein include Flag-tag,
HA-tag, Myc-tag, EE-tag, Express-tag, and V5-tag. Introduction of these signals and/or
markers to SUMO can be performed by a known method.

Detection of the above signal and/or marker is possible by a conventional
method. A radioactive isotope, for example, may be detected by measuring the
radioactivity with a commercially available measuring apparatus. Biotin can be detected by,

e.g., binding biotin to streptavidin that has been labeled with alkaline phosphatase (AP) or
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horseradish peroxidase (HRP), adding a substrate for the AP or the HRP, and measuring the
enzymatic activity. A peptide tag can be detected by using an antibody to the peptide tag
that is labeled with AP or HRP, binding the antibody to the peptide tag, adding a substrate
for the AP or the HRP, and measuring the enzymatic activity. As the substrate for AP or
HRP, a substrate that 1s generally known to those skilled in the art may be used.

Examples of a solid phase that may be used herein include, but are not limited
to, a commercially available multi-well plate, agarose or Sepharose beads, or SPA beads.
Tcf-4 can be immobilized onto a solid phase by a conventional method. For example, when
using a fused protein of Tcf-4 and His-tag, a solid phase pre-coated with nickel 10n 1s used,
and then Tcf-4 is immobilized on the solid phase. When using a fused protein of Tcf-4 and
GST, glutathione 1s used for the coating of the solid phase. It 1s also acceptable to use a
commercially available glutathione-coated multi-well plate or beads. In cases where Tcf-4
1s used without being fused with a protein or peptide, or where immobilization to a solid
phase is not performed via a protein or peptide fused with Tcf-4, Tct-4 can be immobilized
on the solid phase by pre-coating the solid phase with an anti-Tcf-4 antibody, or by using
commercially available agarose beads or Sepharose beads that are pre-coated with an
anti-Tcf-4 antibody.

As specific methods, methods that use SPA beads, glutathione-Sepharose beads,
and a multi-well plate are described below. However, the present invention 1s not limited to

these methods.

In a method using SPA beads, human PIAS, Ubc9, Aosl/Uba2, GST-fused
Tet-4, and SUMO are expressed, e€.g., by genetic engineering techniques (Escherichia coli
or infection of Baculovirus to insect cells), purified, and used. SUMO is labeled with a
radioactive isotope, e.g., '“’I. These purified proteins and a test compound are mixed, to
conduct sumoylation of Tcf-4. Glutathione-coated SPA beads (Amersham Corp.) are added
to the reaction solution, and the solution is allowed to stand. During this period, the
GST-Tcf-4 binds to the glutathione-coated SPA beads, and the '“I-labeled SUMO then

binds to the GST-Tcf-4, whereby the SPA beads are irradiated by radiation emitted by '*I,
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resulting in the emission of scintillation tlorescence. By measuring this fluorescence, the
amount of Tcf-4 sumoylation can be quantified. Since the inhibition of sumoylation would
lower the measured values, this method enables the detection of a compound that inhibits
sumoylation.

In a method using glutathione-Sepharose beads, human PIAS, Ubc9,
Aosl/Uba2, GST-fused Tcf-4, and SUMO are expressed, e.g., by genetic engineering
techniques (Escherichia coh or infection of Baculovirus to insect cells), purified, and used.
SUMO is labeled with a radioactive isotope, e.g., '“’I. These purified proteins and a test
compound are mixed, to conduct sumoylation of Tcf-4. Glutathione-Sepharose beads
(Amersham Corp.) are added to the reaction solution. After stirring, the beads are washed,
to collect the beads to which GST-Tct-4 has bound. A liquid scintillator is then added to the
collected glutathione-Sepharose beads to measure the amount of '“I-SUMO conjugated to
Tct-4. Since 1nhibition of sumoylation by a test compound would lower the radioactivity in
comparison with a case in which the test compound is not used, this method enables the
detection of a compound that inhibits sumoylation.

In a method using a multi-well plate, human PIAS, E1 SUMO-activating
enzyme, E2 SUMO-conjugation enzyme, SUMO, and a fused protein of Tcf-4 and His-tag
(His-Tcf-4) are expressed, e.g., by genetic engineering techniques (Escherichia coli or
infection of Baculovirus to insect cells), purified, and used. SUMO is labeled with a
radioactive isotope, e.g., '*’I. His-Tcf-4 is immobilized on, e.g., a Ni -coated 96- or
384-well plate. A test compound, E1 SUMO-activating enzyme, E2 SUMO-conjugation
enzyme, '’I-SUMO, and PIAS are added to each well, and a sumoylation reaction 1s
performed. After the reaction, the plate is washed, and the amount of 1231.SUMO
conjugated to His-Tct-4 1s measured. Since inhibition of sumoylation by using a test
compound would lower the radioactivity in comparison with a case in which the test

compound 1s not used, this method enables the detection of a compound that inhibits

sumoylation.

An example of another in vitro system that can be used herein is a system using
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the proteins described in (a) or (b) below, wherein the proteins are contacted with a test
compound, followed by detection of the presence, absence, or alteration of a signal and/or
marker for detecting sumoylation of Tcf-4, wherein proteins (a) and (b) are as follows:

(a): PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme,
SUMO (to which a signal and/or marker for detecting sumoylation of Tcf-4 1s introduced),
and Tcf-4 (to which a signal and/or marker for detecting the signal and/or marker
introduced to SUMO is introduced); and

(b): PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme,
Tcf-4 (to which a signal and/or marker for detecting sumoylation of Tcf-4 is introduced),
and SUMO (to which a signal and/or marker for detecting the signal and/or marker
introduced to Tcf-4 1s introduced).

As a specific method, a method using europium-labeled SUMO
(europium-SUMO), and a fused protein of Tcf-4 and XL.665 (XL665-Tcf-4) is exemplified.
Human PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme,
XL665-Tcf-4, and SUMO are expressed, e.g., by genetic engineering techniques
(Escherichia coli or infection of Baculovirus to insect cells), purified, and used. SUMO 1is
labeled with europium by a conventional method. A test compound, XL665-Tct, El
SUMO-activating enzyme, E2 SUMO-conjugation enzyme, europium-SUMO, and PIAS
are added to each well, and a sumoylation reaction 1s carried out. After the reaction, light
of 337 nm is irradiated into the wells so as to induce fluorescence emission from europium,
and then a secondary fluorescence (665 nm), which 1s emitted from XL665 as a result of
the exposure to the europium fluorescence, i1s measured and the amount of
europium-SUMO conjugated to XL665-Tcf-4 1s determined. Since inhibition of
sumoylation by the test compound would lower the secondary fluorescence intensity in

comparison with a case in which the test compound is not used, this method enables the

detection of a compound that inhibits sumoylation.

As another specific method, a method using a fused protein of Tcf-4 and Renilla

luciferase (Renilla-Tct-4) as well as a fused protein of SUMO and GFP (GFP-SUMO) is
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exemplified. Human PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme,
Renilla-Tcf-4, and GFP-SUMO are expressed, e.g., by genetic engineering techniques
(Escherichia coli or infection of Baculovirus to insect cells), purified, and used. A test
compound, Renilla-Tcf-4, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme,
GFP-SUMO, and PIAS are added to each well of a plate, and a sumoylation reaction 1is
carried out. After the reaction, a luciferase substrate 1s added to the well to induce a
luminous reaction, and the fluorescence from the excited GFP that results from the
luminous reaction 1s measured, to allow detection of the amount of SUMO conjugated to
Tct-4. Since 1nhibition of sumoylation by the test compound would lower the luminescent
intensity in comparison with a case in which the test compound is not used, this method
enables the detection of a compound that inhibits sumoylation.

A method using a combination of a fused protein of Tcf-4 and GFP (GFP-Tct-4)
as well as a fused protein of SUMO and Renilla luciferase (Renilla-SUMO) may be also
applied similarly to the above method.

Each of the specific examples of identification methods described above
1llustrates an aspect of the present identification method, and the present identification
method 1s not limited to these examples. Any method that can detect the conjugation of
SUMO to Tctf-4 resulting from an interaction of PIAS with Tcf-4 is included in the scope
of the present invention.

A compound obtained by the above method can be used as an inhibitor of
sumoylation of Tcf-4 by PIAS, and an inhibitor of transcriptional activity of Tcf-4 by
inhibiting the sumoylation of Tcf-4 by PIAS. Examples of such a compound include a
compound that inhibits the interaction of PIAS with Tcf-4, and a compound that inhibits
the activity of PIAS for Tcf-4 sumoylation. For example, a peptide or oligopeptide
comprising an amino acid sequence of a region in which the two proteins interact with
each other may be exemplified. The peptide or oligopeptide can be identified by designing
the peptide or oligopeptide on the basis of the amino acid sequence of PIAS or Tcf-4,

synthesizing the peptide or oligopeptide by a known peptide synthesizing method, and
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testing the peptide or oligopeptide according to the above method to determine whether the
thus-obtained peptide or oligopeptide inhibits the binding of PIAS and Tct-4 as well as the
sumoylation of Tcf-4 by PIAS. Further, an antibody that inhibits the interaction of PIAS
with Tcf-4 may be exemplified as one of the above compounds. The antibody can be
obtained, for example, using a peptide or oligopeptide (comprising an amino acid sequence
of a region in which the two proteins interact with each other) as an antigen, by using
antibody preparation methods well-known 1n the art.

A compound inhibiting the expression and/or function of PIAS is also included
in the scope of the present invention, since the sumoylation of Tcf-4 by PIAS may be
inhibited as a result thereof. Identification of a compound that inhibits PIAS expression
can be performed using a well-known screening system for inhibitors of protein expression.
As an example of a compound that inhibits the expression of PIAS, an antisense
oligonucleotide of the PIAS gene may be exemplified. The antisense oligonucleotide can
be obtained by selecting an oligonucleotide that specifically inhibits the expression of the
PIAS gene, from oligonucleotides designed on the basis of the nucleotide sequence of the
PIAS gene, using an expression system of the PIAS gene. Identification of a compound
that inhibits PIAS function may be performed by the above identification method using
PIAS, by selecting a substance that inhibits a function thereof, such as sumoylation
activity.

[t has been clarified in the present invention that sumoylated Tcf-4 can havé an
enhanced transcriptional activity, and therefore it is further expected that a desumoylation
agent, which releases SUMO from sumoylated Tcf-4, is useful for suppression of the
transcriptional activity of Tcf-4 as well as for prevention and/or treatment of a disease that
depends on enhanced transcriptional activity of Tcf-4, such as colon cancer. Examples of a
desumoylation agent include Axam, which has desumoylation activity and which will be
described hereafter in the Examples, or a deletion mutant thereof that retains the same
activity.

The thus selected compound, the inhibitor of Tcf-4 sumoylation by PIAS, the
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desumoylation agent for sumoylated Tcf-4, and the inhibitor of transcriptional activity of
Tcf-4 comprising the inhibitor and/or the desumoylation agent, may be used as a reagent
by using it alone or in combination. Such a reagent 1s useful for research concerning, e.g.,
sumoylation or a B-catenin/Tct-4 signal transduction system.

The compounds selected above, the inhibitor of Tcf-4 sumoylation by PIAS, the
desumoylation agent of sumoylated Tcf-4, and the inhibitor of transcriptional activity
comprising the inhibitor and/or the desumoylation agent, can be formulated as a medicinal
composition upon selection after consideration of the balance between biological
usefulness and toxicity. Such compounds, an inhibitor of Tcf-4 sumoylation, a
desumoylation agent for Tcf-4, and an inhibitor of transcriptional activity of Tct-4, may be
used alone or in combination.

The above compounds, the inhibitor of Tcf-4 sumoylation, the desumoylation
agent for Tcf-4, the inhibitor of transcriptional activity of Tcf-4, and the medicinal
composition can be applied to prevention and/or treatment of a cell proliferation-induced
disease such as cancer. Furthermore, since it has been reported that Tcf-4 1s activated 1n
colon cancer, the above medicinal composition is useful for prevention and/or treatment of
colon cancer.

In terms of the formulation, the inhibitor of Tcf-4 sumoylation by PIAS, the
desumoylation agent of sumoylated Tci-4, the inhibitor of transcriptional activity
comprising the inhibitor and/or the desumoylation agent, and the medicinal composition,
are preferably formulated in combination with suitable pharmaceutical carriers. Such a
formulation comprises a therapeutically effective amount of the above compounds, the
above inhibitor of sumoylation, the above desumoylation agent, the above inhibitor of
transcriptional activity, and/or the above medicinal composition, as well as a
pharmaceutically acceptable carrier or vehicle. Examples of a carrier include physiological
saline, buffered physiological saline, dextrose, water, glycerol, ethanol, and a mixture
thereot. However, 1t 1s not limited thereto. The formulation may be selected according to

an administration route, and such formulation 1s well-known to those skilled in the art.
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The above inhibitor of sumoylation, the above inhibitor of transcriptional
activity, the above desumoylation agent, and the above medicinal composition can be used
alone or in combination with other compounds that are therapeutically etfective.

In terms of the mode of administration, it may be either systemic administration
or local administration. One preferred mode of systemic administration 1s injection, €.g., an
intravenous injection. Other injection routes, such as subcutaneous, intramuscular, or
intraperitoneal injection, may also be used. Another mode of administration may be oral
administration, so long as an enteric formulation or a capsule formulation can be suitably
formulated. In addition, transmucosal administration or percutaneous administration,
which comprises using a penetrant such as bile salt, fusidic acid, or other surfactants, may
also be used. In a local administration, forms such as salve, paste, or gel, may be used.

Suitable dosage ranges can be determined according to the following: the
effectiveness of the above inhibitor of sumoylation, the above desumoylation agent, the
above inhibitor of transcriptional activity, and the above medicinal composition; the
administration route thereof; the characteristics of the formulation; the symptomatic
conditions of a subject; and the judgment of a doctor in attendance. Specifically, a suitable
dosage may fall, e.g., within a range of 0.1 to 100 pug per 1 kg of the body weight of a
subject. However, the dosage may be altered by means of common conventional
experiments for optimization of a dosage that are well-known 1in the art.

Preparation of a pharmaceutical may be carried out by well-known formulating
procedures in accordance with the physical properties of the substance employed, for
example, peptides, proteins, oligonucleotides, antibodies, or compounds. Specifically,
formulations such as powdered drugs, pills, tablets, capsules, aqueous solutions, liposomal
formulations, fat emulsions, clathrates (such as those of cyclodextrin), and the like can be
used.

Powdered drugs, pills, capsules, or tablets can be prepared using, for example,
an excipient such as lactose, glucose, sucrose, or mannitol; a disintegrant such as starch or

sodium arginate; a lubricant such as magnesium stearate or talc; a binder such as
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polyvinylalcohol, hydroxypropyl cellulose, or gelatin; a surfactant such as fatty acid ester;
and a plasticizer such as glycerin, or the like. For preparation of a tablet or capsule, a solid
pharmaceutical carrier 1s used.

A suspension can be prepared using water; saccharides such as sucrose, sorbitol,
or fructose; glycols such as PEG; and oils.

Injectable solutions can be prepared using a carrier comprising a saline solution,
a glucose solution, or a mixture of the salt water and glucose solution.

Inclusion into a liposome formulation may be conducted in the following
manner: by dissolving the substance of interest in a solvent (e.g., ethanol) to make a
solution, adding a solution of phospholipids dissolved in an organic solvent (e.g.,
chloroform), removing the solvent by evaporation and adding a phosphate buftfer thereto,
agitating the solution and then subjecting 1t to sonication followed by centrifugation to
obtain supernatant, and finally, filtrating the supernatant for recovering a liposome.

Fat emulsion can be prepared in the following manner: by mixing the substance
of interest, an o1l ingredient (vegetable o1l such as soybean oil, sesame oil, olive oil, or
MCT), an emulsifier (such as phospholipid), and the like; heating the mixture to make a
solution; adding water of a required quantity; and then emulsifying or homogenizing by
use of an emulsifier (homogenizer, e.g., a high pressure jet type, an ultrasonic type, or the
like). The fat emulsion may be also lyophilized. For conducting lipid-emulsification, an
auxiliary emulsifier may be added, and examples thereof include glycerin or saccharides
(e.g., glucose, sorbitol, fructose, etc.).

Inclusion into a cyclodextrin formulation may be carried out in the following
manner: by dissolving the substance of interest in a solvent (e.g., ethanol); adding a
solution of cyclodextrin dissolved in water under heating thereto; chilling the solution and
filtering the precipitates; and drying under sterilization. At this time, the cyclodextrin to be

used may be appropriately selected from among those having different void sizes (a, B, or y

type) in accordance with the bulkiness of the substance.

The present invention also provides a reagent kit, comprising at least the
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following: PIAS and/or Tcf-4; a polynucleotide encoding PIAS and/or a polynucleotide
encoding Tcf-4; or a vector comprising a polynucleotide encoding PIAS and/or a vector
comprising a polynucleotide encoding Tcf-4. The reagent kit can be used in the above
identification methods. PIAS and Tcf-4 may be any of the following: products in cells that
have expressed PIAS or Tcf-4 by genetic engineering techniques; synthesized products in a
cell-free system; chemically synthesized products; products prepared from the cells or any
biological samples; or products that are further purified from the foregoing. Further, as
long as sumoylation of Tcf-4 by PIAS 1s not inhibited, Tct-4 and PIAS may be those to
which another protein or peptide (such as glutathione S-transferase (GST), luciferase,
green fluorescent protein (GFP), B-galactosidase, immunoglobulin F¢ fragments like IgG,
His-tag, Myc-tag, or Flag-tag) 1s ligated directly or indirectly via, e.g., a linker peptide to
the N-terminus side or C-terminus side of PIAS or Tcf-4 by, e.g., genetic engineering
techniques. A polynucleotide encoding PIAS or Tcf-4 may be prepared from a human
cDNA library by known genetic engineering techniques. A vector comprising a
polynucleotide that encodes PIAS or Tcf-4 1s obtained by inserting the above
polynucleotide into a suitable expression vector DNA (such as a vector derived from a
bacterial plasmid) by known genetic engineering techniques. The reagent kit may further
comprise materials necessary for the above identification methods; a signal and/or marker
for detecting the interaction of PIAS with Tcf-4, such as Tcf-4 sumoylation by PIAS; a
signal and/or marker for detecting the enhanced function of Tcf-4 by PIAS; SUMO, or
another protein- or peptide-modified SUMO; a polynucleotide encoding SUMO; a vector
carrying the polynucleotide; or a buffer and the like. In terms of preparation thereof, it is
sufficient to use a well-known means for the preparation suitable for each substance to be

used.

Examples

The present invention may be described more particularly in the following

examples, but the present invention is not limited to these examples.
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Plasmids used in the following examples were constructed first.

A cDNA coding for human Tcf-4 having a Myc-tag was inserted into a protein
expression vector for mammalian cells, to construct a Myc-Tct-4 expression plasmid.

A cDNA coding SUMO was inserted into a protein expression vector with an
HA-tag sequence for mammalian cells, to construct an HA-SUMO expression plasmid.

A cDNA coding PIASy having a Flag-tag was inserted into a protein expression
vector with a cytomegalovirus promoter for mammalian cells, to construct a Flag-PIASy
expression plasmid. A plasmid containing mutated cDNA for substitution of cysteines (C)
at positions 342 and 347 in the amino acid sequence of PIASy with alanines (A)
(PIASyCA) was also constructed.

A cDNA coding for B-catenin (whose GSK-3B phosphorylation site at the
N-terminus was substituted with alanine, and which had an HA-tag) was inserted into a
vector pUCI19-EFla at the Kpnl/Sall site thereof, to construct an HA-B-catenineSA
expression plasmid.

cDNAs (FIG. 5) coding for Axam (non-patent document 8) or the deletion
mutants thereof were inserted into protein expression vectors for mammalian cells, to

construct their respective expression plasmids.

Example 1
(Detection of SUMO-1 conjugation to Tcf-4)

Human embryonic kidney 293 cells (hereinafter, abbreviated as HEK293 cell)
were seeded in the amount of 3 x 10° cells in a 35 mm-diameter dish, and incubated for 24
h. After incubation, the cells were transfected with 1 ug of the Myc-Tcf-4 expression
plasmid, 0.25 pg of the HA-SUMO-1 expression plasmid, and 0.02 ug of the Flag-PIASy
expression plasmid according to the combinations shown in FIGs. 1A and 1B, using
LipotectAMINE 2000 manufactured by GIBCO BRL Corp. Gene transfection was
similarly performed using the Flag-PIASyCA expression plasmid in place of the

Flag-PIASy expression plasmid. Transfection was performed according to the
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manufacturer’s instructions. After the gene transfection, cells were incubated for 40 h,
followed by treatment with 10% trichloroacetic acid (TCA) containing 2 mM dithiothreitol
(DTT), to give a sample for electrophoresis. Tcf-4 with Myc-tag that was expressed in the
cells was detected by Western Blotting using an anti-Myc antibody (FIG. 1A).

The HEK 293 cells, which were transtected with each gene by the same manner
as described above to express proteins, were lysed by adding RIPA buffer (10 mM
Na-phosphate buffer, pH 7.2, 150 mM NaCl, 1% Na-deoxycholate, 1% Triton X-100, 0.1%
SDS, 1 mM DTT, 1 mM phenylmethylsulfonyl fluoride(PMSF), 1 pg/ml aprotinin and
leupeptin, 1 mM NaF, 0.4 mM Na-orthovanadate, and 10 mM N-ethylmaleimide) to make
a cell lysate. To the lysate containing a total protein content of 200 pg, was added an
anti-Myc antibody, which had been used in the Western Blotting procedures, and the
reaction was carried out for 2 h. After that, ProteinA beads (Amersham Pharmacia Biotech
Corp.) were added to immunoprecipitate the anti-Myc antibody-bound Myc-Tcf-4 protein.
Then, the recovered protein was detected by Western Blotting using an anti-Myc antibody
and an anti-HA antibody (FIG.1B).

As a result, 1n the presence of Tct-4, SUMO-1, and PIASy in HEK 293 cells, a
shift 1n mobility due to conjugation of SUMO-1 to Tct-4 was detected (FIG. 1A). It 1s
believed that the shift in mobility results from the sumoylation of Tcf-4, because the
change was not observed for inactive-form PIASyCA without SUMO activity, and
conjugation of SUMO-1 with HA-tag was confirmed in the shifted band (FIG. 1B).

Accordingly, it was revealed that sumoylation of Tcf-4 1s accelerated by PIASYy.

Example 2
(Detection of PIASy effects on transcriptional activity of Tcf-4)

HEK 293 cells were seeded in the amount of 3 x 10° cells in a 35 mm-diameter
dish and incubated for 24 h. After incubation, the cells were transfected with a

Tet-responsive type plasmid (0.5 pug) inserted using Lipofect AMINE 2000. At this time, a

Wnt-3a expression plasmid (0.5 pg), a PIASy or PIASyCA expression plasmid, and an
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HA-B-catenineSA expression plasmid, were simultaneously added to some of the cells,
according to the combinations and quantities (ug) shown in FIG 2. After the transfection
with plasmids, incubation was performed for 40 h, and then the activity of firefly luciferase
derived from the Tcf-responsive type plasmid, which was generated in the cells, was
detected by a lumiphotometer manufactured by Futaba Medical Corp. (Tokyo), wherein
PicaGene manufactured by Toyo Beanet Co. was used as a substrate. An error ascribable to
a difference iIn transfection effectiveness was corrected by measuring the activity of
pME18S/lacZ-derived B-galactosidase (FIG. 2).

In the HEK 293 cells, the reporter activity was enhanced by expression of
B-catenin or Wnt-3. PIASy solely enhanced the reporter activity, and also synergistically
increased the f[-catenin- or Wnt-3-dependent reporter activity. On the other hand,
inactive-form PIASyCA without sumoylation activity suppressed an increase of
B-catenin-dependent reporter activity. Thus, 1t was revealed that PIASy solely enhances the
transcriptional activity of Tcf-4 and also that PIASy synergistically increases the B-catenin-

or Wnt-3-dependent transcriptional activity of Tct-4.

Example 3
(Effects of PIASy, SUMO-1, or Axam on [-catenin-dependent transcriptional activity of
Tct-4)

HEK293 cells were seeded in the amount of 3 x 10° cells in a 35 mm-diameter
dish and incubated for 24 h. After incubation, the cells were transfected with a
Tct-responsive type plasmid (0.5 pg), a pME18S/lacZ (0.5 ng), a Myc-Tcf-4 expression
plasmid (0.1pg), and an HA-B-cateninSA expression plasmid (30 ng) using
LipofectAMINE 2000. At that time, PIASy, SUMO-1, and Axam protein (in some cases, a
mutant thereof) with desumoylation activity were simultaneously added in the amount of
0.5 pg. After incubation for 40 h, the activity of firefly luciferase derived from the
Tct-responsive type plasmid, which was generated in the cells, was detected by a

lumiphotometer manufactured by Futaba Medical Corp. (Tokyo), wherein PicaGene
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manufactured by Toyo Beanet Co. was used as a substrate. Also, an error ascribable to the
difference in transfection effectiveness was corrected by measuring the activity of
pME18S/lacZ-derived -galactosidase (FIGs. 3 to 5).

SUMO-1 synergistically accelerated the [(-catenin-dependent transcriptional
activity of Tcf-4 (FIG. 3). Accordingly, it is considered that sumoylation 1s involved in the
enhancement of transcriptional activity of Tcf-4.

A full-length Axam protein with desumoylation activity showed suppression of
the B-catenin-dependent transcriptional activity of Tcf-4 (FIG. 4 and FIG. 5). In contrast, a
mutant in which cysteine (C) at position 547 in the amino acid sequence of Axam had been
substituted with serine (S) (a mutant exhibiting no desumoylation activity), did not
suppress the (-catenin-dependent transcriptional activity of Tcf-4. Among the mutants of
Axam in which amino acid residues were deleted at the N-terminal side, Axam (72-400)
increased the B-catenin-dependent transcriptional activity of Tcf-4, while Axam (72-588)
and Axam (381-588) showed suppression of the activity although their levels were weaker
than that of the full-length Axam.

From the above results, 1t was revealed that the acceleration of sumoylation
induces enhancement of the transcriptional activity of Tcf-4, and in contrast, the
acceleration of desumoylation induces suppression of the transcriptional activity of Tcf-4.
Therefore, the transcriptional activity of Tcf-4 can be suppressed by inhibiting Tcf-4
sumoylation, which enables the prevention and/or treatment of colon cancer, since it is

reported that Tct-4 1s activated in colon cancer.

Example 4
(Detection of SUMO-1 conjugation to Tcf-4 in vitro)

cDNA coding for human Tcf-4 with GST-tag was inserted into a Baculovirus
vector to construct a vector, and then GST-Tcf-4 was produced using Sf9 cells.
GST-Aos1/His6-Uba2 (E1) was similarly produced using Sf-9 cells. SUMO-1GG (G
denotes glycine), His6-Ubc9 (E2), MBP-PIASy (WT), and PIASy (PIASyCA: C342,
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347A)E3) were produced by Escherichia coli, after each cDNA had been inserted into a
protein expression vector, respectively.

0.3 ng of GST-Tct-4 , 0.5 nug of GST-Aosl/His6-Uba2 (El1), 0.5 pg of
His6-Ubc9 (E2), and 10 pg of GST-SUMO-1GG were mixed in a sumoylation buffer
solution (50 mM of Tris-HCI bufter, pH 7.5, 1 mM of MgCl,, 2 mM of DTT, 5 mM of
adenosine triphosphate (ATP)) to react at 30°C for 3 h. After that, the Tcf-4 protein was
detected by Western Blotting using an anti-Tcf-4 antibody. However, a shift in mobility
ascribable to the conjugation of SUMO-1 to Tct-4 was not detected. When 0.1 pg or 0.2 pg
of MBP-PIASy was further added thereto and the Tcf-4 protein was detected similarly, a
shift in the mobility was observed. However, a shift in mobility was not detected when

MBP-PIASyCA that does not have binding ability to Ubc9 (FIG. 6) was added. These

findings proved that Tcf-4 1s sumoylated by PIASy 1n vitro.

Example 5
(Detection of SUMO-1 conjugation to Tcf-4 by PIAS)

A human Tcf-4 expression plasmid, a Flag-PIAS3 expression plasmid, an
HA-PIASI expression plasmid, and an HA-PIASxa expression plasmid were constructed
using a recombinant DNA technique. Similarly to Example 1, these plasmids, together with
an HA-SUMO-1 expression plasmid, were transfected in HEK 293 cells. After incubation,
the cells were treated with 10% TCA to give a precipitate. The precipitate was subjected to
electrophoresis to detect the sumoylation of Tcf-4 using an anti-Tcf-4 antibody, anti-Flag
antibody, and anti-HA antibody (FIG. 7).

As a result, in the presence of Tcf-4 and SUMO-1 in the HEK 293 cells, a shift
in mobaility due to PIASy, PIAS1, PIAS3, and PIASxa was detected (FIG. 7, lanes 4 to 7).
This shift in mobility results from the conjugation of SUMO-1 to Tcf-4. It has thus been

proved that the sumoylation of Tcf-4 is accelerated by not only PIASy, but also by PIASI,
PIAS3, and PIASxa.

-30-



CA 02477590 2004-08-25

INDUSTRIAL APPLICABILITY

In the present invention, it has been found that transcriptional factor Tcf-4 is
sumoylated by PIAS, such as PIASy, PIAS1, PIAS3, or PIASxa, and that the sumoylation
enhances the Tct-4 function. It is. known that Tcf-4 1s a transcriptional factor that i1s located
downstream of a [3-catenin signal, and that it is activated in colon cancer. Thus, inhibiting
the sumoylation of Tct-4 by PIAS or desumoylating sumoylated Tcf-4 can suppress the
enhanced transcriptional activity of Tcf-4, which may allow the prevention and/or
treatment of colon cancer. The present invention 1s therefore extremely useful for

preventing and/or treating colon cancer, and for research concerning sumoylation or a

B-catenin/Tct signal transduction system.
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What 1s claimed 1is:

1. A method for identifying a compound that inhibits sumoylation of Tcf-4 by a
protein inhibitor of activated STAT (PIAS), comprising the steps of: (i) contacting PIAS
and/or Tct-4 with a test compound under conditions allowing for the interaction of the test
compound with PIAS and/or Tcf-4; and (ii) determining whether the test compound
inhibits the sumoylation of Tcf-4 by PIAS, by employing a system that uses a signal and/or
marker capable of detecting sumoylation of Tcf-4 to detect the presence, absence, or

alteration of the signal and/or marker.

2. The method for identifying a compound according to claim 1, wherein the protein

inhibitor of activated STAT (PIAS) is PIASy, PIAS1, PIAS3, or PIASxa.

3. The method for 1dentifying a compound according to claim 1, wherein the protein

inhibitor of activated STAT (PIAS) is PIASy.

4, A method for identifying a compound that inhibits sumoylation of Tcf-4 by a
protein inhibitor of activated STAT (PIAS), comprising the steps of: (i) contacting the cells
described m (A), (B), (C), or (D) below with a test compound; and (ii) determining
whether the test compound inhibits the sumoylation of Tcf-4 by PIAS, by detecting
sumoylated Tct-4 or by detecting the presence, absence or alteration of a signal and/or
marker for detecting sumoylation of Tcf-4; wherein cells (A), (B), (C), and (D) are as
follows:

(A) cells that have coexpressed PIAS, small ubiquitin-like modifier (SUMO),
and Tct-4 to which a signal and/or marker for detecting sumoylation of Tcf-4 is introduced:

(B) cells that have coexpressed PIAS, Tcf-4, and SUMO to which a signal

and/or marker for detecting sumoylation of Tcf-4 is introduced:
(C) cells that have coexpressed PIAS, Tcf-4 to which a signal and/or marker

for detecting sumoylation of Tcf-4 is introduced , and SUMO to which the signal and/or
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marker 1s introduced; and

(D) cells that have coexpressed PIAS, SUMO, and Tcf-4.

5. A method for identifying a compound that inhibits sumoylation of Tcf-4 by a
protein inhibitor of activated STAT (PIAS), comprising the steps of: (i) contacting the cells
described in (E) or (F) below with a test compound; and (ii) determining whether the test
compound mhibits the sumoylation of Tcf-4 by PIAS, by measuring a fluorescence
intensity of a green fluorescent protein (GFP) after adding a luciferase substrate: wherein
cells (E) and (F) are as follows:

(E) cells that have coexpressed a fused protein of Tcf-4 and GFP, a fused
protein of small ubiquitin-like modifier (SUMO) and luciferase, and PIAS; and

(F) cells that have co-expressed a fused protein of Tcf-4 and luciferase, a

tused protein of SUMO and GFP, and PIAS.

6. A method for identifying a compound that inhibits sumoylation of Tcf-4 by a
protein inhibitor of activated STAT (PIAS), comprising the steps of:(i) bringing PIAS, E1
SUMO-activating enzyme, E2 SUMO-conjugation enzyme, small ubiquitin-like modifier
(SUMO) or SUMO to which a signal and/or marker for detecting sumoylation of Tcf-4 is
introduced, and a test compound, to contact with Tcf-4 or Tcf-4 immobilized on a solid
phase; and (i1) determining whether the test compound inhibits the sumoylation of Tcf-4 by
PIAS, by detecting sumoylated Tcf-4 or by detecting the presence, absence, or alteration of

the signal and/or marker.

7. A method for identifying a compound that inhibits sumoylation of Tcf-4 by a
protein 1nhibitor of activated STAT (PIAS), comprising the steps of:(i) using proteins
described 1n (a) or (b) below and contacting the proteins with a test compound; and (ii)
determining whether the test compound inhibits the sumoylation of Tcf-4, by detecting the

presence, absence, or alteration of a signal and/or marker for detecting sumoylation of
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Tct-4; wherein proteins (a) and (b) are as follows:

(a) PIAS, E1 SUMOe-activating enzyme, E2 SUMO-conjugation enzyme,
small ubiquitin-like modifier (SUMO) to which a signal and/or marker for detecting
sumoylation of Tetf-4 is introduced, and Tcf-4 to which a signal and/or marker for detecting
the signal and/or marker introduced to the SUMO is introduced; and

(b) PIAS, E1 SUMO-activating enzyme, E2 SUMO-conjugation enzyme,
Tct-4 to which a signal and/or marker for detecting sumoylation of Tcf-4 is introduced, and
SUMO to which a signal and/or marker for detecting the signal and/or marker introduced

to the Tct-4 1s introduced.

8. A method for identifying a compound that inhibits sumoylation of Tcf-4 by a
protein inhibitor of activated STAT (PIAS), comprising the steps of:(i) bringing PIAS, E1
SUMO-activating enzyme, E2 SUMO-conjugation enzyme, small ubiquitin-like modifier
labeled with a radioactive isotope, biotin or a peptide-tag, and a test compound to contact
with Tct-4 immobilized to a solid phase; and (ii) determining whether the test compound

inhibits the sumoylation of Tcf-4 by PIAS by measuring the substance used for labeling.

9. A method for identifying a compound that inhibits sumoylation of Tcf-4 by a
protein inhibitor of activated STAT (PIAS), comprising the steps of:(i) bringing PIAS, El
SUMO-activating enzyme, E2 SUMO-conjugation enzyme, small ubiquitin-like modifier
labeled with europium, Tcf-4 labeled with a substance that radiates secondary fluorescence
upon excitation by fluorescence irradiated by europium, and a test compound to reaction:
and (11) determining whether the test compound inhibits the sumoylation of Tcf-4 by PIAS,
by irradiating light of a wavelength that excites europium and then measuring the

secondary tluorescence intensity.

10. A method for identifying a compound that inhibits sumoylation of Tcf-4 by a

protein inhibitor of activated STAT (PIAS), comprising the steps of: (i) bringing PIAS, El
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SUMO-activating enzyme, E2 SUMO-conjugation enzyme, and a test compound to react
with a fused protein of Tcf-4 and luciferase as well as a fused protein of small
ubiquitin-like modifier (SUMO) and a green fluorescent protein (GFP), or with a fused
protein of Tcf-4 and GFP as well as a fused protein of SUMO and luciferase; and (11)
determining whether the test compound inhibits the sumoylation of Tcf-4 by PIAS, by

measuring the fluorescence intensity of the GFP after adding a luciferase substrate.

11. A compound obtained by the method for identifying a compound according to any

one of claims 1 to 10.

12. A compound that inhibits sumoylation of Tcf-4 by a protein inhibitor of activated
STAT.
13. A compound that inhibits sumoylation of Tcf-4 by a protein inhibitor of activated

STATy (PIASY), PIAS1, PIAS3, or PIASxa.

14. A compound that inhibits sumoylation of Tcf-4 by a protein inhibitor of activated

STATy (PIASY).

15. An inhibitor of sumoylation of Tcf-4 by a protein inhibitor of activated STAT.

16. An inhibitor of sumoylation of Tcf-4 by a protein inhibitor of activated STATy
(PIASYy), PIAS1, PIAS3, or PIASxa.

17. An inhibitor of sumoylation of Tcf-4 by a protein inhibitor of activated STATy
(PIASY).

18. A desumoylation agent for Tcf-4.
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19. An 1nhibitor of transcriptional activity of Tcf-4, comprising the sumoylation
inhibitor according to any one of claims 15 to 17 and/or the desumoylation agent according

to claim 18.

20. A method for inhibiting transcriptional activity of Tcf-4, comprising inhibiting

sumoylation of Tcf-4 by protein inhibitor of activated STAT and/or desumoylating Tcf-4.

21. The method for inhibiting transcriptional activity of Tcf-4 according to claim 20,
wherein the protein inhibitor of activated STAT (PIAS) is PIASy, PIAS1, PIAS3, or
PIASxa.

22. The method for inhibiting transcriptional activity of Tef-4 according to claim 20,

wherein the protein inhibitor of activated STAT (PIAS) is PIASYy.

23. A preventive and/or a remedy for colon cancer, comprising the sumoylation
inhibitor according to any one of claims 15 to 17, and/or the desumoylation agent

according to claim 18, or the inhibitor of transcriptional activity according to claim 19.

24. A method for preventing and/or treating colon cancer, comprising inhibiting

sumoylation of Tct-4 by a protein inhibitor of activated STAT and/or desumoylating Tcf-4.

25. The method for preventing and/or treating colon cancer according to claim 24,
wherein the protein inhibitor of activated STAT (PIAS) is PIASy, PIAS1, PIAS3, or
PIASxa.

26. The method for preventing and/or treating colon cancer according to claim 24,

wherein the protein inhibitor of activated STAT (PIAS) is PIASYy.
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27, A medicinal composition, comprising at least one member selected from the group
consisting of: the compound accordihg to any one of claums 11 to 14, the sumoylation
inhibitor according to any one of clatms 15 to 17. the desumoylation agent according 1o
¢lait 18, and the inhiibitor of iranscnptional activity according to cidain 19,

3 A preventive and/or remedy tor c-élon cancer. comprising at least one member
selected from the group consisting of: the éompoulld according to any one of clatms 11 10
14, the sumoylation inhibitor acecording to any oné oi claims 15 to 17, the desumovlation

avent according to claim 18, and the inhibitor of transcriptional activity according to claim

19,

79, A method for preventing and/or wreating colon cancer. wherein the method uses at
cast one member selected from the group consisting of: the compound according to any
one of claims 11 to 14. the sumoylation inhibitor according to any one of claims 15 to 17,

the desumoylation agent according to claim 18, and the inhibitor of transcriptional activity

aocnreding to claumn 19

W A reagent kit, comprising at least one of the following: a protein inhibitor of
activated STAT (PIAS) andfor Tef-4; or a poiymucleotide encoding PIAS and/or a
polynucleotide encoding Tef-4: or a vector comprising a polynucleotide encoding PIAS

and/or a vector comprising a polynucleotide encoding Tei-+.

31 The reagent kit according to claim 39, wherein the protein inhibttor of activated

STAT (PLAS) s PIASy, PIASI, PIAS3, or P1ASXa.

32, The reagent kit according 1o ciaim 30, wherein the proten inhibitor of activated

STAT (PIAS)is PIASY

27,
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| Amendment under Art.34

33. (add) A method for inhibiting transcriptional activity of Tcf-4, comprising

desumoylating Tct-4 sumoylated by a protein inhibitor of activated STAT (PIAS), wherein
the desumoylating of Tct-4 1s carried out by using Axam or an Axam mutant that has

desmoylation activity.

34, (add) The method for inhibiting transcriptional activity of Tcf-4 according to
claiam 33, wherein the Axam mutant that has desmoylation activity is a deletion mutant
comprising the amino acid residues from the position 72 to the position 588 or the amino
acid residues from the position 381 to the position 588 in the amino acid sequence of

Axam.

35. (add) A method for preventing and/or treating colon cancer, comprising
desumoylating Tct-4 sumoylated by a protein inhibitor of activated STAT (PIAS), wherein
the desumoylating of Tcf-4 is carried by using Axam or an Axam mutant that has

desumoylation activity.

36. (add) A deletion mutant of Axam comprising the amino acid residues from the
position 72 to the position 588 or the amino acid residues from the position 381 to the
position 588 in the amino acid sequence of Axam, wherein the deletion mutant has a
function to inhtbit the sumoylation of Tcf-4 by a protein inhibitor of activated STAT

(PIAS).

37. (add) An 1nhibitor of transcriptional activity of Tcf-4, containing the deletion

mutant according to claim 36.

38. (add) A method for preventing and/or treating colon cancer, containing the

deletion mutant according to claim 36.
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Fig.2
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Fig.3
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Fig.4
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Fig.5
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