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IDENTIFICATON OF STAT6 MODULATORS USING NCOA-1/STAT6

INTERACTION
Introduction

5 |
The present invention belongs to the field of identification of pharmaceutically active

substances and the use of such substances in therapy, and in particular tumor

diseases and preferably in inflammatory airway diseases.

10 14 dependent signaling plays an important role in tumor diseaseé and In requlation
of immune and/or anti-inflammatory responses in inflammatory airway diseases, for-
exampie asthma. IL-4 regulates immune and anti-inflammatory responses. It
promotes the differentiation of T helper precursors towards the Th2 lineage whilé
inhibiting Th1 development. Furthermore, IL-4 stimulation of B cells triggers .

15 immuhoglobulin class switching to IgE isotype. This recombination is thought -td be
initiated following the transcriptional activation of the germline e'prorﬁoter whicﬁ leads
to the generation of the sterile e transcript. Most of the IL-4 regulated functions are

mediated by the signal transducer and activator of transcription 6 (_STATS).

20 STAT6 belongs to the STAT protein family, which transmit signals from activated
cytokine receptors to the nucleus. Following their cytokine-induced tyrosine '
phosphorylation exerted by Janus kinases (JAKs). STATSs dimerize and mdQe to the
nucleus where they modulate "transcription through specific DNA sequence elements
(Darnell 1997; Darnell et al., 1994; Ihle 1996). So far, seven mammalian STATs have

25 been identified (STAT1, STAT2, STAT3, STAT4, STAT5a. STATSDb, STAT6). They

~ share the same structure of functional domains. The N-terminal portio'n mediates
cooperative binding of multiple DNA -si'tes"(Vinkemeier et al., 1996; Xu et al., 1996).
The region that determine the DNA binding site specificity is located betwéén amino
acids 400 and 500 (Horvath et al., 1995). The SH2 domain mediates association with

30 the activated receptor (Greenlund et al., 1994- Stahl et al., 19995) and dimerization
via reciprocal SH2-phospho-tyrosine interaction (Schindler et al., 1995; Shuai et-al.,

1994). The C-terminal part constitutes the transactivation domain (Darnell 1997: ‘
Hoey and Schindler 1998). While STAT3 and STAT5 are expressed in most Célf

types and activated by a variety of cytokines and growth factors, other STAT proteins
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play specific roles In host defenses (Darnell 1997). STATG6 is activated in response to

IL-4 (Hou et al., 1994) and 1L-13.

STATG6 deficient mice have defects in IL-4 mediated functions including Th2
development, induction of CD23 and MHC class Il expression, immunoglobulin class
switching to Igk, demonstrating the essential role of STAT6 in these IL-4 responsive
iInduced functions (Kaplan et al., 1996; Shimoda et al., 1996). STAT6 binding sites

have been identified in several of [L-4 responsive genes. They are best

characterized in the Ig germline £ promoter, which contains a composite binding
element for STAT6 and the CAAT/enhancer-binding protein (C/EBP) (Delphin and
Stavnezer 1995).

The transactivation domain of STAT6 was characterized as a modular, proline-rich
region in the C-terminus of the protein. The structure of this domain is quite different
from that of the other members of the STAT family (Lu et al., 1997; Moriggl et al.
1997). Two distinct C-terminal transcription activation domains, which cooperate with
each other and themselves, have recently been mapped (Goenka et al., 1999). The

molecular mechanism for this cooperation has not yet been defined.

Activation of transcription in general requires the recruitment of transcriptional co-
activators, which are part of chromatin remodeling complexes possessing histone
acetyl transferase activities and serve a bridge to the basal transcriptional apparatus
(Hampsey and Reinberg 1999). Functionally conserved co-activators CREB binding
protein (CBP) and p300 could be identified to be recruited by STAT6 and required for
transcriptional induction by IL-4 (Gingras et al., 1999). p300/CBP are also recruited
by different classes of transcription factors, including nuclear receptors (NR), AP-1,
P53, p65 subunit of NFKB and STAT1, STAT2 and STAT5 (Goodman et al 2000;
Pfitzner et al., 1998)

The NCoA (nuclear co-activator) family, also called p160- or SRC- (steroid receptor
co-activator) co-activator family were identified as NR (nuclear receptorj binding
proteins, which enhance transcriptional activation by these ligand induced
transcription factors (Xu et al., 1999). Three homologous factors, termed NCoA-
1/SRC-1 (Onate et al., 1995; Kamei et al.1996); NCoA-2/TIF2/GRIP1 (Voegel et al.,
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1996; Hong et al., 1997) and p/CIP/ACTR/AIB1 (Torchia et al., 1997; Chen et al.,

1997; Anzick et al., 1997) have been identified. NCoA factors can also associate

with p300/CBP (Kamei et al., 1996; Yao et al., 19906).

There is a continuous need to provide drugs for treating tumor diseases and
iInflammatory airway diseases. Tumor diseases and symptoms of inflammatory
alrway diseases can be attributed to signaling of IL-4. There is therefore a need for

drugs modulating IL-4 signaling in order to eliminate a basis of said diseases and of

symptoms of inflammatory processes.

Description Of The Invention

In the present invention it is found that the biological activity of STAT6 activating
gene expression in response to IL-4 is strongly enhanced by and is depending on
NCoA-1 (nuclear coactivator 1) in vivo and in vifro as set forth in example 2.
Surprisingly, NCoA-1 interacts directly with STAT6 whereas no other member of the
NCoA co-activator family bind to STAT6. Over-expression of the STATS interacting
domain of NCoA-1 inhibits transactivation by STAT6 in a transdominant manner.

NCoA-1 binds independently to a specific part of the STAT6 transactivation domain.

The identification of the interaction of NCoA-1 with STAT6 provides a basis for a
variety of applications. For example, the present invention provides a method and/or
a test system to determine whether a substance can modulate, i.e. acts as an
Inhibitor or activator of IL-4 dependent signaling. Preferably, said substance can

modulate, i.e. acts as an inhibitor or activator of a biological activity of STATS.

Thereby the present invention also provides pharmaceutical compositions and
methods for treating animals, preferably human beings suffering from a tumor

disease or from an inflammatory airway disease, preferably asthma.
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A "tumor disease” according to the invention is any disease which is accompanied by

a development of a malignant or benignant tumor. A preferred tumor disease of the

Invention is Hodgkin Lymphoma.

The term "biological activity of STAT6" as used hereinafter includes, for example, an
interaction of STAT6 with as well as the binding of STAT6 to factors other than
STAT6 which are necessary to induce transcription. The preferred meaning of the
term "biological activity of STAT6" in the context of the invention is inducing
transcription as a result of IL-4 signaling, the more preferred meaning is the
interaction of STAT6 with and binding to NCoA-1 resulting in forming a complex as a
prerequisite to induce transcription of genes with STAT6 responsive elements,

preferably in a tumor disease or in an inflammatory airway disease.

The invention also concerns functional equivalents, like naturally occurring alleles,
derivatives, variants, mutants, and fragments of STAT6 having the ability to interact
with as well as bind to NCoA-1. Particularly preferred in this regard is a fragment of
STAT6 comprising at least amino acid 677 to 847 of STAT6 (SEQ ID NO:2), more
preferred Is a fragment comprising at least amino acids 792 to 847 (SEQ ID NO: 5),
and most preferred is a fragment comprising at least a fragment of SEQ ID NO:5
spanning amino acid 794 to 814 (in the numbering system of SEQ ID NO:5 spanning
amino acid 3 to 23) as depicted in SEQ ID NO:6. Such a fragment may be fused to
another amino acid sequence. For example, such a derivative can be a fusion
polypeptide comprising e.g . part of a glutathione S transferase fused to at least
amino acid 677 to 847 of STAT6, as exemplified in SEQ ID No. 1.

The term “under condition where STAT6 and NCoA-1 are capable of forming a
complex” used hereinafter includes but is not limited to conditions which are set forth

iIn example 1.

The biological activity of NCoA-1 according to the present invention, i.e.,:.enhancing a
biological activity of STAT6 preferably in a tumor disease or in an inflammatory
airway disease is dependent, for example, on interaction of NCoA-1 with STATS6,

preferably direct binding of both proteins.
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The invention also concerns functional equivalents, like naturally occurring alleles,
derivatives, variants for example the homologous human amino acid sequence,
mutants and fragments of NCoA-1 having the ability to interact with as well as to bind
to STATBG. In a preferred embodiment, the present invention relates to a fragment of
NCoA-1 comprising at least amino acid 212 to 463 of NCoA-1 as depicted in SEQ ID
NO: 4. Such a fragment may be fused to an other amino acid sequence. For
example, such a derivative can be a fusion polypeptide comprising e.g . a part of a
thrombin protease cleavage side, a enterokinase side, and a so called histidine tag
(His tag) comprising several histidine residues in a row (Janknecht et al. 1991) fused
to at least amino acid 212 to 462 NCoA-1, as exemplified in SEQ ID No. 3.

In a preferred embodiment, NCoA-1 or a fragment thereof is labeled with a

detectable label, for example fused to a histidine tag.

In one embodiment, the present invention concerns a method which can be
performed in a cellular system as well as in a cell free system for determining
whether a substance is able to modulate the interaction of STAT6 with NCoA-1,
preferably a method for determining whether a substance is an activator i.e.
promotes the interaction of both peptides or an inhibitor i.e. prevents said interaction.
This method is characterized in that STAT6 or fragments or derivatives thereof
having the ability to bind to NCoA-1 are brought into contact with NCoA-1 or
fragments or derivatives of NCoA-1 having the ability to bind to STAT6 under
conditions where STAT6 and NCoA-1 or said fragments or derivatives are capable of
forming a complex, and said complex can be used to induce a measurable readout
Said readout is measured in the absence or presence of the substance of interest
and obtained readouts are compared. Equal readouts determine a substance which
do not modulate the said interaction whereas a readout paralleling higher amounts of
said complex when compared with the readout obtained in the absence of the
substance indicates a substance which can act as an activator accordingj to the
invention. A readout paralleling lower amounts indicates a substance which can act
as an Inhibitor according to the invention. In the present invention measuring a

readout comprises techniques known in the art to detect that STAT6 and NCoA-1 or




10

15

20

25

30

CA 02450179 2003-12-09
WO 03/006995 PCT/EP02/06920

6
fragments or derivatives thereof according to the invention have been interacted

according to the invention. For example direct detection of a formed complex
according to the invention can be performed e.g. via physical methods or binding of
an other molecule which recognizes the complex e.g. antibodies or the like. For said
recognition unlabeled and labeled STAT6, NCoA-1 or fragments or derivatives can
be used, for example one of said interacting polypeptides can be labeled with e.g. a
fused histidine tag, e.g. consisting of at least five consecutive histidine residues, and
recognized by a molecule which specifically binds to the tag e.g. a histidine specific
antibody. Said antibody can be detected by techniques well known in the art e.qg.
using a second antibody which itself is linked e.g. to an enzyme which is capable of
catalyzing a measurable reaction, for example by detecting reaction products like
modified substrates or by-products e.g. like emitting light.

Such a method can comprise steps like:

(a) binding a first polypeptide comprising at least amino acid 677 to 847 of
STATG6 according to SEQ ID NO: 2, more preferably at least amino acid
792 to 847 of STAT6 according to SEQ ID NO: 5, most preferably at
least amino acid 794 to 814 according to SEQ ID NO:6 to a solid carrier
which is present in a vessel or part of that vessel;

(b) adding a substance of interest or a mock control, optionally in a suitable
solvent;

(c) adding a detectably labeled second polypeptide comprising at least
amino acid 212 to 463 of NCoA-1 according to SEQ ID NO: 4, under
conditions enabling both said polypeptides to bind to each other;

(d) removing unbound second polypeptide

() measuring the amount of detectably labeled second polypeptide bound

to the first polypeptide,

or can comprise steps like:

(a) binding a first polypeptide comprising at least amino-acid 212 to 463 of
NCoA-1 according to SEQ ID NO: 4, to a solid carrier whicﬁ is present
in a vessel or part of that vessel;

(b) adding a substance of interest or a mock control, optionally in a suitable

solvent;
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/
(c) adding a detectably labeled second polypeptide comprising at least

amino acid 677 to 847 of STAT6 according to SEQ ID NO: 2, more
preferably at least amino acid 792 to 847 of STAT6 according to SEQ
ID NO: 5, most preferably at least amino acid 794 to 814 according to
SEQ ID NO:6 under conditions enabling both said polypeptides to bind
to each other;

(d) removing unbound second polypeptide

() measuring the amount of detectably labeled second polypeptide bound

to the first polypeptide.

The present invention concerns a test method for determining whether a substance
is an activator or inhibitor of said interaction according to the invention. Since an
interaction of STAT6 with NCoA-1 triggering IL-4 signaling Is involved in a tumor
disease or in an inflammatory airway disease and plays a role in mediating
inflammation, a substance modulating the biological activity of STAT6 and or of
NCoA-1 can be used for treating a tumor disease, preferably Hodgkin Lymphoma or
an inflammatory airway diseases, preferably asthma, or can be used as lead
compound for optimization of the function of the substance in a way that the
optimized substance is suitable for treating tumor disease, preferably Hodgkin

L ymphoma or inflammatory airway diseases, preferably asthma.

The present invention also concerns a test method for determining whether a
substance is an activator or an inhibitor of the interaction of STAT6 with NCoA-1. A
test system useful for performing a method of the invention may comprise a cellular
or a cell-free system. For example, one embodiment of the invention concerns a test
system that is designed in a way to allow the testing of substances acting on the
interaction of STAT6 with NCoA-1 or fragments or variants or derivatives thereof
according to the invention, e.g. using expression of a reporter-gene, e.g. luciferase
gene or the like, as a measurable readout regulated by a STAT6 responsive

element.
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Accordingly, one aspect of the invention relates to a method for

determining whether or not a substance can modulate the binding of Signal
Transducer and Activator of Transcription 6 (

(NCoA-1), comprising:

STATG6) with Nuclear Coactivator 1

(@) contacting STAT6 with NCoA-1 under suitable conditions where
STAT6 and NCoA-1 are capable of forming a complex:

(b) measuring the binding of STAT6 to NCoA-1 in both the absence
and presence of the substance: and

(c) determining the ability of the substance to modulate the
Interaction of STAT6 with NCoA-1 by analyzing the binding of STATS to NCOA-1

in absence of the substance in comparison with the binding in presence of the
substance.
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For pérforming a method of the invention, a test system according to the invention

can be used.

A test system of the invention may comprises elements well known in the art. Said
10 test system is designed in a way to measure the interaction of STAT6 -with NCoA-1
or fragments or dernivative according to the invention which can be performed by
immobilizing one of the interacting polypeptides on a solid surface preferably on the
bottom of a vessel more preferred on a ELISA plate. The other polypeptide
preferably detectably labeled more preferred labeled with a histidine tag as well as
15 the substance of interest or a mock control, optionally in a suitable solvent is added
under conditions enabling both said polypeptides to bind to each other. Prior to
detect the interaction of said polypeptides according to th-e invention, i.e. prior to the
detection of the formed complex unbouhd polypeptides can be removed to promote
detection of said complex which can be performed by measuring the amount of
20 detectably labeled second polypeptide bound to the first polypeptide. Such a test
system for determining whet'her a substance is an activator or an inhibitor of the
interaction of STAT6 with NCoA-1 can e.g. consist of
(a) STATG6 or fragments or derivatives thereof having the ability to bind to
NCoA-1;
25 (b) NCoA-1 or fragments or derivatives thereof having the ability to bind to
STATOE; |
(c) - avessel wherein said STAT6 or fragments or derivatives thereof may
form a complex with said NCoA-1 or fragments or derivatives thereof;
(d) adevice to measure said complex.
30 A said test system can include a first polypeptide which-comprises at least amino
acld 677 to 847 of STAT6 according to SEQ 1D NO: 2, more preferably at least
amino acid 792 to 847 of STAT6 according to SEQ ID NO: 5, most preferably at least
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amino acid 794 to 814 according to SEQ ID NO: 6 and a second polypeptide

which comprises at least amino acid 212 to 463 of NCoA-1 according to
SEQ ID NO: 4.

In another aspect, the invention relates to a test system for

determining whether a substance is an activator or an inhibitor of the interaction
of Signal Transducer and Activator of Transcription 6 (STATS6)
Co-Activator 1 (NCoA-1), comprising:

with Nuclear

(@) STAT6 or fragments thereof having the ability to bind to NCoA- :

(b) NCoA-1 or fragments thereof having the ability to bind STATS;

(C) a vessel wherein said STAT6 or fragments thereof may form a
complex with said NCoA-1 or fragments thereof: and

(d) a device to measure said complex,

wherein said STATS6 is a polypeptide comprising SEQ ID NO: 6 and
said NCoA-1 is a polypeptide comprising SEQ ID NO: 4.
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The present invention also concerns a substance determinable or determined in a
method according to the invention to be an inhibitor or activator of the Interaction of
STAT6 with NCoA-1 according to the invention. A substance of the present invention
IS any compound which is capablé of activating or preferably inhibiting a function of
said interaction according to the invention. An example of a way to activate or inhibit
a function of said interaction is by binding to one of respective polypeptides with a
higher affinity and thereby blocking binding domain and/or a functional domain of at
least one of said polypeptides, which can be done reversibly or irreversibly,
depending on the nature of the substance applied. The invention also concerns a
said substance of the invention which is e.g. an antibody or an organic or inorganic
compound directly binding to or interfering with said interaction and thereby affecting
STATGE’s biological activity. A preferred substance according to the invention is
peptide 1 (SEQ 1D NO: 6) or an antibody directed against the peptide 1.

To exemplify how the skilled artisan following the teaching of the invention and using
the methods of the invention can easily identify a said substance of the invention the
following examples are disclosed:

As one example of a said substance of the invention the invention discloses a

~ peptide designated as “peptide 17 (SEQ ID NO: 6), which has been identified to

modulate the interaction of STAT6 with NcoA-1 using a method of the invention and
has been determined as inhibitor of said interaction using a method of the invention,
as set forth inExampIe 1a).

As another'example of a said substance of the invention the invention discloses two
polyclonal antibody sera directed against peptide 1. Said sera designated as “AB 13a”
and “AB 1b” had been determined as inhibitor of the interaction of STAT 6 with
NcoA-1 according to the invention respectively, using a method of the invention, as

set forth in Example 1b).

The present invention also relates to a substance of the invention as a medicament,

L.e. for the treatment of a disease. A preferred substance is peptide 1 (SQE ID NO:

- 6), or a substance consisting of at least two functional parts one of which is peptide 1
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according to SEQ ID NO:6 and the other is a molecule not hindering peptide1 from

its inhibitory function, or an antibody directed against said peptide 1, e.g. a mono-

clonal antibody directed against peptide 1 or a polyclonal antibody e.g. AB 1a or AB
1b.

The present invention also relates to the use of a substance of the invention,
preferably peptide 1 or an antibody directed against said peptide 1, e.g. a mono-
clonal antibody directed against peptide 1 or a polyclonal antibody e.g. AB 1a or AB
1b for the treatment of a disease, preferably a tumor disease, more preferably
Hodgkin Lymphoma, or preferably an inflammatory airway disease, more preferably

asthma.

The present invention also relates to the use of a substance of the invention,
preferably peptide 1 or an antibody directed against said peptide 1, e.g. a mono-
clonal antibody directed against peptide 1 or a polyclonal antibody e.g. AB 1a or AB
1b for preparing a pharmaceutical composition for treating a disease, preferably a
tumor disease, more preferably Hodgkin Lymphoma or preferably an inflammatory

alrway disease, more preferably asthma.

Another embodiment of the present invention relates to a pharmaceutical
composition comprising at least one of the substances of to the invention determined
to be an activator or an inhibitor, preferably peptide 1 or an antibody directed against
sald peptide 1, e.g. a monoclonal antibody directed against peptide 1 or a polyclonal
antibody e.g. AB 1a or AB 1b. The composition may be manufactured in a manner
that Is itself known, e.g. by means of conventional mixing, dissolving, granulating,
dragee-making, levigating, powdering, emulsifying, encapsulating, entrapping or

lyophilizing processes.

In order to use substances activating or inhibiting according to the invention as drugs
for treatment for a tumor disease or an chronic inflammatory airway diseése, the
substances can be tested in animal models for example an animal suffering from a
tumor preferably a lymphoma or from an inflammatory airway disorder or a

transgenic animal over-expressing STAT6 and or NCoA-1.
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Toxicity and therapeutic efficacy of a substance according to the invention can be
determined by standard pharmaceutical procedures, which include conducting cell
culture and animal experiments to determine the |1C;,, LD, and ED;,. The data
obtained are used for estimating the animal or more preferred the human dose
range, which will also depend on the dosage form (tablets, capsules, aerosol sprays
ampules, etc.) and the administration route (for example transdermal, oral, buccal,

nasal, enteral, parenteral, inhalative, intratracheal, or rectal).

A pharmaceutical composition containing at least one substance of the invention as
an active ingredient can be formulated in conventional manner. Methods for making
such formulations can be found in manuals, e.g. "Remington Pharmaceutical
Science”. Examples for ingredients that are useful for formulating at least one
substance according to the present invention are also found in WO 99/18193, which

IS hereby incorporated by reference.

In a further aspect the invention concerns a method for treating a tumor disease
according to the invention or for treating an inflammatory airway disease according to
the invention. Such method comprises administering to a being, preferably to a
human being, in need of such treatment a suitable amount of a pharmaceutical
composition comprising at least one substance determined to be an activator or
inhibitor by a method according to the invention for determining whether a substance
is an activator or an inhibitor of the interaction of STAT6 with NCoA-1 according to
the invention, preferably peptide 1 or an antibody directed against said peptide 1,

e.g. a monoclonal antibody directed against peptide 1 or a polyclonal antibody e.g.
AB 1a or AB 1b. .

In an other embodiment the invention relates to a method for selectively modulating
interaction of STAT6 with NCoA-1 according to the invention comprising
administering a substance determined to be an activator or inhibitor said interaction,
preferably peptide 1 or an antibody directed against said peptide 1, e.g. a
monoclonal antibody directed against peptide 1 or a polyclonal antibody e.g. AB 1a
or AB 1b.
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The following example 1 is meant to illustrate the present invention, however, shall

not be construed as limitation. However, the Example 1 describes most preferred

embodiments of the invention.

Examples
Example 1: STAT6/NCoA-1-ELISA

The following is an illustration of how an interaction of STAT6 with NCoA-1 can be

performed in order to identify a substance which can modulate said interaction.

Solutions:

Coating buffer: 1xPBS pH 7.2

Blocking buffer: 1xPBS pH 7.2, 5% BSA, 0.1% Tween 20

Washing buffer: 1xPBS pH 7.2, 0.1% Tween 20

Substrate solution: dissolve a phosphate citrate buffer tablet (Sigma) in 100 ml water
to obtain 0.05 M phosphate citrate buffer pH 5,5. Dissolve a tablet of o-
Phenylendiamine dihydrochloride (Sigma) in 30 ml of phosphate citrate buffer in the

dark. Prior to use add 30 pl of 30% H,0.,.

Recombinant proteins:

GST-STAT6 aa 677-847 and His-tagged NCoA-1 aa 212-463 are expressed in E.

~ coli, purified by affinity-chromatografie and dialyzed against 1xPBS according to the

art.

Sequences of recombinant proteins:

GST-STAT6 aa 677-847 protein, SEQ ID NO:1
His-tagged NCoA-1 aa 212-463, SEQ ID NO: 3

*Trade-mark
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Antibodies:

1. Antibody: Penta-His, Quiagen (Cat. No. 34660)

2. Antibody: Sheep anti Mouse lg, HRP linked, Amersham Pharmacia (Cat. No.
NA931)

Plate preparation:
- transfer 500 ng of GST-STAT6 amino acid 677-847 in 100 ul coating buffer to an

ELISA plate. Seal the plate and incubate overnight at 4 °C.

- wash the wells 3 times with washing buffer (200 ul) with incubating the wash
solution for 5 minutes. After the last wash, remove any remaining washing buffer.

- block the plates by adding 200 ul of blocking buffer. Incubate at room temperature
for 2 hours.

- wash the wells 3 times with washing buffer (200 ul) (see above).

- add substance of interest or mock control in a volume of 100 ul in washing buffer
- add 250 ng of His-tagged NCoA-1 amino acid 212-463 in a volume of 100 ul in
washing buffer. incubate for 1 hour at room temperature under constant agitation.

- wash the wells 3 times with washing buffer (200 ul) (see above).

- add the detection antibody (Penta-His Antibody, Qiagen, dilution 1:2000, in
blocking buffer) in a volume of 100 pl. Incubate for 1 hour.

- wash the wells 3 times with washing buffer (200 ul) (see above).

- add the secondary antibody (Sheep-Anti-Mouse-Antibody, HRP-linked, Amersham
Pharmacia, 1:2000, in blocking buffer) in a volume of 100 ul. [ncubate for 1 hour.

- wash the wells 5 times with washing buffer (200 pl) (see above). Add 100 pl of
substrate solution to each well. Incubate for 6 minutes in the dark. Stop the reaction
by adding of 100 pl 1 N H,SO,. Determine the optical density of each well within 15

minutes, using an ELISA reader set to 450 nm.

The obtained signal gives a measure of the amount of NCoA-1, which has bound to
the STAT6. This is shown in table 1.
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Tab. 1. His-NCoA-1 (aa 212-463) bound to GST-STAT6 (aa 677-847) in an ELISA

|Added 1. Antibody
IPartner
protein |
His-NCoA-1 |a-Penta-His
1(212-463)
His-NCoA-1 (o-Penta-His
(212-463)

- loc-Penta-His
l - lo-Penta-His
IHis—NCoA-‘l | -
(212-463)
His-NCoA-1| -
(212-463)

|

2. Antibody

]

Extinction
493 nm

|

ca-mouse-HRP

a-mouse-HRP

a~-mouse-HRP

loc-mous.ef-HRP

a~-mouse-HRP

a-mouse-HRP

I 0,795

e

0,097

0,006
0,005
0,006

0,005

ls. d.

0,036

0,036

I0,000

0,001

0,000

0.001

500 ng of E. coli expressed and affinity purified GST-STAT6 TAD (amino acid, aa
677-847) is coated to 96 well ELISA-plates as indicated. After incubation with 250 ng
of E.coli expressed, affinity purified His-NCoA-1 (aa 212-463), bound protein is

detected by mouse anti-His-antibody and peroxidase coupled sheep anti-mouse-

antibody as indicated. In line 2, 4 and 6 no GST-STAT6 TAD (aa 677-847) is coated.
In line 3 and 4 no His-NCoA-1 (aa 213-462) is added. In line 5 and 6 no anti-His-

antibody is added. Conversion of peroxidase substrate O-phenylenediamine is

measured at 492 nm. The average of three independent experiments with standard

If the assay Is carried out in the presence of test substances, the ability of which to

disturb the interaction between STAT6 and NCoA-1 shall be determined, the signals

In the presence of the test compounds can be compared to the control value e.g. in

Assay.
o, coated
o protein
1. |GST-STATG
(677-847)
2. ~
3. IGST-STAT6
(677-847)
4, | -
5. |GST-STAT6
(677-847)
8 | -
5
Description of table 1:
10
15 deviations (s.d.) are shown.
20

the absence of a test substance as exemplified in Example 1a) and 1b).
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Example 1 a): Inhibitor according to the invention: Peptide 1:

The following exemplify how the teaching of the invention leads to a substance

according to the invention.

5 Peptide 1 is a potent inhibitor for the interaction of STAT6 and NCoA-1
Figure 8 A) depicts the structure of i) human STATS, ii) GST-STAT6 fusion protein
(GST stands for Glutathion S Transferase), Amino acid position, DNA binding
domain (DBD), SH2 domain, TAD and the cytokine-dependent phosphorylation site
(Y) are indicated. iii) peptides derived from the trans-activation domain (TAD):
10 peptide1 (amino acid 794 to 814, SEQ ID NO: 6), peptide 2 (amino acid 817 to 830),
and peptide 3 (amino acid 830 to 847), and iv) depicts the designation of polyclonal

rabbit anti-sera raised against said peptides respectively (AB 1a, AB 1b; AB 2a, AB
2b; AB 3a, AB 3b). '

15 In B) results of a pull-down assay are given: ,
4 ug GST or GST-STAT6-TAD fusion protein purified from E. coli, are bound to 20 pl
gIutathione-Sepharose*and are incubated with 1.5 ul [**S]-labeled NCoA-1 in the |
presence of 100 ug peptide 1, or peptide 2, or peptide 3 respectively, as indicated.
Material bound to the glutathione-Sepharosé" is recovered from the binding reaction,

20 extensively washed and analyzed by SDS-PAGE and fluorography (lanes 2-6). Input.
control in lane 1 reflects 10 % of the total amount of *S -labeled NCoA-1 used in the
experiments. Results reveal less binding of GST-STAT6-TAD with NCoA-1 in
presence of peptide 1(SEQ ID NO: 6) whilst presence of peptide 2 or peptide 3 does

not alter the binding capacity of GST-STAT6-TAD with NCoA-1 significantly.
25

In C) results of an ELISA-Assay (performed according to Example 1) are given:
8 pl His-tagged NCoA-1 amino acid 212-462 (SEQ ID NO: 3) from bacterial crude
lysate, which corresponds to 250ng bound protein, are immobilized on nickel-coated
ELISA plates in 100 ul coating buffer. 11,2 nmole of peptide 1, or peptide 2, or

30 peptide 3 are added respectively as indicated. After 1 h incubation, 500 ng purified
GST-STAT6-TAD are added to each reaction sample. Bound GST-STAT6-TAD Is
detected by an anti-GST-HRP linked antibody. As a control incubation is performed
without any additional peptide (lane 4), or without immobilized His-tagged NCoA-1

*Trade-mark
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(lane 5), or with the anti-GST-HRP linked antibody alone to control background

binding (lane 6). Results parallel those obtained in B).

Example 1 b): Inhibitor according to the invention: Antibody AB 1a, AB 1b
The following exemplify how the teaching of the invention leads to a substance

according to the invention.

10 Antisera raised against peptide 1 inhibit the interaction of STAT6 with NCoA-1.
Figure 9 A) gives results of a pull down assay: '
4 ug GST or GST-STAT6-TAD fusion protein, bound to 20 ul glutathione-Sepharose'f

are incubated with 1.5 yl [*S]-labeled His-tagged NCoA-1 fusion protein, comprising
residues 213 to 462 (SEQ ID NO: 3). In probes 4 to 10 binding reaction is carried out
15 in the presence of 10 yl poly-clonal rabbit anti-sera raised against a unrelated
peptide (lane 4), or raised against the peptide 1 (lane 5 and 6: AB 1a, AB 1b), or the
peptide 2 (lane 7 and 8: AB 2a, AB 2b), or the peptide 3 (lane 9 and 10: AB 3a, AB
' 3b) as indicated. Bound proteins are analyzed ‘by SDS-PAGE and ﬂubrography
(lanes 2-10). As control, 10 % of the [”S]—Iabeledprotein used in the experiments is
20 analyzed in parallel (lane 1). Results indicate less binding of said STATS6 fusion
protein with said. NcoA-1 fusion protein in tﬁe presence of anti-sera AB 1a or AB 1b

raised against the peptide 1. Remaining sera leave the protein interaction unaltered.

In B) results of an ELISA-Assay (performed according to Example 1) are given:

25 0,5 gl GST-STAT6-TAD fusion protein from bacterial crude lysate, which
corresponds to 100 ng bound protein, are immobilized on plates which are coated
with GST antibodies. Poly-clonal rabbit anti-sera raised against the peptide 1 (AB-1a,
AB-1b), or the peptide 2 (AB-2a, AB-2b), or the peptide 3 (AB-3a, AB-3b) are added
in a 1:1000 dilution in blocking buffer. After 1 h incubation 250 ng His-tagged-NCoA-

30 1 fusion protein comprising amino acids 213 to 462 (SEQ ID NO: 3) puriﬁed from E.
cali. is added. Bound His-NCoA-1 is detected by Penta His antibody and a

subsequent secondary antibody (HRP linked sheep anti mouse antibody). As control,

*Trade—mark
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the binding of secondary antibody to the plates is analyzed in parallel. Results

parallel the findings of A).

5 Example 1 c): Further Characterisation of the STAT6 NcoA-1 interaction

Point mutations in the LXXLL motif of STAT6-TAD abolish the interaction with

NCoA-1 in vitro |
Figure 10 A) show sequence of the peptide 1 (SEQ ID NO: 6) and its LXXLL motif.

10 Alanin mutations introduced into the sequence are labeled by asterisk.
In B) results of a GST-pull-down assay are given:
4 pg GST or GST fusion proteins containing residues 642 to 847 of wildtype STAT6
(WT) or mutant STAT6 (mut; amino acid position 802 and 805 both L are mutated to

A) are incubated with 1.5l [*°*S]-labeled NCoA-1 fragment, comprising residues 213

15 to 462 (SEQ ID NO: 4) and incubated with 20l qutathione-Sepharosef Material

' bound to glutathione-Sepharosg is separated by SDS-PAGE. Radiolabeled protein is
detebted by fluorography. Results reveal nearly no binding of said mutated STATG6
protein with said NcoA-1 protein indicating amino acid at position 802 and 805 to be
essential for interaction of both proteins. '

20 In C) controls are carried out showing that comparable amounts of said prqte‘ins are
used in B): A quarter of each reaction is separately analyzed by SDS-PAGE and
subsequent coomaséie staining for the detection of GST and GST-STAT6 fusioh

proteins (WT and mut) as indicated.

20

Point mutations in the LXXLL motif decrease expression of Eotaxin-3 in 2931

cells.

Figure 11 A) show the results of a transfection experiment and subsequent semi-

quantitative analysis of Eotaxin-3 induced by [L-4 treatment:

30- 293T cells are transfected with expression vector encoding wildtype (WT, lane 3, 4).
or mutant STAT6 (mut; mutations see above: lane 4, 5), or empty expression vector
(mock, lane 1, 2). Cells are induced with IL-4 for 16 hours (+) or left untreated (-) as

indicated. Total RNA Is prepared and expression level of Eotaxin-3 and GAPDH is
*Trade-mark .



10

15

20

25

30

CA 02450179 2003-12-09
WO 03/006995 PCT/EP02/06920

18
analysed by RT-PCR. Resulis reveal decreased expression of Eotaxin-3 after [L4

stimulation in cells transfected with mutant STAT6 when compared with WT STAT6
indicating amino acid at position 802 and 805 to be essential for Eotaxin-3
expression after IL4 stimulation.

B) Amounts of secreted Eotaxin-3 from supernatants of cultured cells are determined
in an ELISA type assay after transfection of 293 T cells as described in A but induced
with IL-4 for 48 hours (lane 2, 4, 6) or left untreated (lane 1, 3, 5). The average
values with standard deviations of three independent experiments are given.

Results parallel the findings of A).

In C) controls are carried out showing that comparable amounts of WT and mut
STAT6 are produced in the respective transfected cells in B): Cells from B are lysed
and analyzed by SDS-PAGE and Western-Blot (WB) using antibody anti-STAT6-AB

or anti-B-Actin-AB as indicated.

Example 2: IL-4 signaling inducing STAT 6 dependent transcription is enhanced by
NCoA-1

The following proves NCoA-1 as an important factor in 1L-4 signaling

NCoA-1 enhances the IL.-4 induced transcription by STATG6

Previous studies characterized the transactivation domain (TAD) of STAT6 (Lu et al.,
1997; Morigg! et al., 1997) and identified autonomously trans-activating elements
(Goenka et al., 1999). We have recently found that the activity of the STAT6 TAD is
enhanced by the coactivators p300/CBP and observed an interaction of STAT6 with
p300/CBP in vivo (Gingras et al., 1999). The region between amino acids 1850 to
2176.was characterized as the STATG6 interacting domain in p300/CBP. This domain
also-mediates the interaction of p300/CBP with the NCoA family of nucléar receptor
coactivators (Yao et al., 1996), which together form a large coactivator complex. In

order to investigate whether the SRC/NCoA coactivators are involved in the
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transactivation by STATBG, transient transfection assays in the |L-4-responsive liver

cell line HepG2 are carried out.

Cells are transfected with a luciferase reporter construct possessing multimerized
STATG6 response elements and expression vectors encoding STAT6 and the
coactivators NCoA-1, NCoA-2 and p/CIP respectively (Fig. 1). After transfection the
cells are treated with IL-4 or left untreated. Induction with |L-4 leads to a sixfold
enhancement of basal reporter gene expression (Fig. 1, lane 1 and 2). This induction
Is further enhanced up to threefold when NCoA-1 is co-transfected (lane 3 and 4),
whereas cotransfection of p/CIP or NCoA-2 respectively has no effect (lane 5 to 8).
These results indicate that NCoA-1 is a coactivator of STAT6, whereas the
other members of the NCoA family NCoA-2 and p/CIP, seem not to be involved
in fransactivation by STATS6.

NCoA-1 strongly enhances the transactivation potential of the C-terminal
tansactivation domain of STAT6

To enlighten the mechanism by which NCoA-1 enhances STAT6-mediated
transactivation, we investigate, whether NCoA-1 is directly targeted to STAT6 TAD.
We determine the capacity of STAT6 TAD, when fused to the GAL-4 DNA binding
domain (GAL4-DBD), to induce an appropriate luciferase reporter in the presence or
absence of overexpressed NCoA-1. Previous studies already characterized the
activity of STAT6 TAD in similar settings (Goenka, et al., 1999; Lu et al., 1997;
Moriggl et al., 1997). Two GAL4 fusion proteins, possessing either the main
transactivation function of STAT6 (amino acids 677 to 791) and the extreme C
terminus of STAT6 (amino acids 792 to 847) (Fig. 2A) are used to investigate,
whether NCoA-1 is recruited to these domains.

The various GAL4-STAT6 TAD constructs and a luciferase reporter construct
containing three GAL4 response elements in its promoter region are transiently
transtected into HepG2 with or without cotransfection of the coactivator NCoA-1.
Expression of the isolated GAL4-DBD does not result in a significant. enhancement of
the luciferase reporter gene activity, which is also not effected by cotransfection of
NCoA-1 (Fig. 2B, lane1 and 2). GAL4-STATG6 (677-791) strongly induces the reporter
gene expression (lane 3). Cotransfection of NCoA-1 leads to a slight enhancement
(lane 4). GAL4-STATG6 (792-847) does not significantly induce the reporter gene
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activity, indicating that this domain has a minor transactivation potential when fused

to the GAL4 DBD. Surprisingly, cotransfection'of NCoA-1 strongly enhances the
transactivation function of the extreme C terminal domain of STATG to a level as high
as the main transactivation domain of STAT6 (compare lane 6 and 4).

To validate this finding and to exclude that the strong effect of NCoA-1 on the
transactivation activity of GAL4-STATG6 (792-847) is cell-type specific, we repeat the
experiments in the pre-B-cell line Ba/F3-lL.-4R (Fig. 2C). Again, GAL4-DBD alone
has no significant transactivation capacity and this is not changed by coexpression of
NCoA-1 (Fig. 2C, lane 1 and 2). GAL4-STATG6 (677-791) strongly induces reporter
gene activity (lane 3), but in contrast to our results in HepG2 cells this is not further
enhanced by coexpression of NCoA-1 (lane 4). GAL4-STATG6 (792-847) does not
show significant transactivation activity by itself (lane 5). In the presence of
cotransfected NCoA-1, GAL4-STATG (792-847) strongly enhances the transcription
(lane 6). The results from these experiments confirm that NCoA-1 serves as a
coactivator of the STAT6 transactivation domain. The strong coactivation effect on
the far C-terminal part of the STAT6 TAD, which has very low autonomous
transactivation activity, suggest that NCoA-1 is recruited to this domain. Whereas the
cell type specific effect of NCoA-1 on the main transactivation domain of STATG (aa
677-791) might be due to an indirect recruitment of NCoA-1 to this domain by cell

specific factors.

NCoA-1 and STATG6 interact in vivo. The interaction depends on the presence
of the far C-terminal region of STAT6.

Transfection experiments illustrate that NCoA-1 strongly enhanced the
transactivation potential of the far C-terminal STAT6 TA, suggesting a direct
interaction between NCoA-1 and this region. To prove a likely interaction between
STAT6 and NCoA-1 in vivo co-immunoprecipitation experiments are carried out.

293T cells are transfected with expression vectors encoding full length STATS,

"STATG lacking amino acids 792-847 respectively and NCoA-1. Whole cell extracts

-are prepared and co-immunoprecipitation experiments are performed wi;[h the

indicated antibodies. Immunoprecipitates are analyzed by Western blotting with
NCoA-1 and STATG6 specific antisera. L.arge amount of NCoA-1 is precipitated with
NCoA-1-specific antibodies (Fig. 3, lane 3 and 7). Unrelated antibodies do not
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precipitate NCoA-1 at all (lane 4 and 8). STAT6-specific antibodies co-

immunoprecipitate nearly as much NCoA-1 as that is precipitated with the NCoA-1-

specific antibodies. This is only observed when full length STAT6 is cotransfected

into the cells. When the truncated form of STAT6A792 is present in the cells, no
NCoA-1 could be co-immunoprecipitate at all (compare lane 2 and 6), although equal
amounts of wild type and truncated STAT6 is precipitated in both reactions (compare
lane 10 and lane 12). In summary, these experiments clearly indicate that NCoA-1
and STAT6 strongly interact in vivo and that this interaction occurs presumably
through the far C-terminal region STATG.

The transactivation domain of STAT6 interacts with NCoA-1, but not with
NCoA-2 and p/CIP in vitro. '

To further characterize the interaction of STAT6 and NCoA-1 and to determine the
speciﬁcity, GST-pull-down experiments are performed. The three related members of
the NCoA/SRC-1 family are tested for interaction with the STAT6 TAD. Therefore the
transactivation domain of STATG is fused to GST and equal amounts of GST and
GST-STAT6-TAD are incubated with in vitro synthesized, [*>S}-labeled coactivators.
NCoA-1 strongly binds to GST-STAT6 TAD (Fig.4, lane 7). In contrast, NCoA-2 and
p/CIP fail to interact with STAT6 TAD (lane 8, 9). No binding is observed with GST
alone (lane'4, 5, 6). These findings are consistent with the transient transfection
experiments shown in Fig.1, where NCoA-1, but not NCoA-2 and p/CIP enhances
transactivation by STAT6. Taken together, NCoA-1 specifically interacts with STAT6

and serves as a coactivator for STATG.

The far C-terminal part of the STAT6 transactivation domain interacts with
NCoA-1 in vitro

We further characterize the region in the STAT6 transactivation domain responsible
for interaction. Therefore various GST-STAT6 fusion constructs representing the
whole TAD (amino acids 677 to 847), the main N-terminal TAD (amino acids 677 to
791) and the far C-terminal region (amino acids 792 to 847), which strongly respond
to NCoA-1, are investigated for interaction with NCoA-1 (Fig. 5A). Similar amounts of

the different GST-STAT6 fusion proteins are applied as confirmed by Coomassie
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staining (Fig 5C). As expected, NCoA-1 strongly interacts with GST STAT6

containing the whole TAD (Fig. 5B, lane 2). The same strong interaction is observed
with GST fusion protein representing only the far C-terminal part of STAT6 TAD (lane
4), whereas the GST fusion representing the N-terminal STAT6 TAD fail to bind to
NCoA-1 (lane 3). This result confirms our assumption that a direct interaction
between NCoA-1 and the far C-terminal part of the STAT6 TAD is responsible for the

potent coactivator function of NCoA-1.

The transactivation domain of STATG6 interacts directly with amino acids 212 to
462 of NCoA-1

NCoA-1 contains several structural and functional domains (Fig. 6A). To investigate,
which domain in NCoA-1 mediates the interaction with STAT6, we test various
fragments of NCoA-1 for interaction with STATG in pull-down experiments (Fig. 6A).
We use GST STATG fusion protein comprising residues 677 to 847 to analyze the
binding to various fragments of in vitro translated labeled NCoA-1. We observe
specific interaction of an N-terminal fragment spanning amino acids 1 to 781 (Fig.
6B, lane 11) and the full length NCoA-1 protein (lane 15) with GST-STAT6 TAD, but
no interaction with GST alone (lanes 6-10). The fragments containing the nuclear
receptor interaction domain (lane 12), the CBP/p300 interaction domain (lane 13)
and the C-terminal transactivation domain (lane 14) fail to interact. To further narrow
down the STATG binding site in NCoA-1, we dissect the N-terminal region of NCoA-1
and test different fragments in pulldown experiments (Fig. 6A). The divided parts (1-
361 and 361-571) of the shortest N-terminal interacting fragment (1-571) fail to
interact with STAT6 TA (Fig. 6C, lane 6 and 9), indicating that the binding side is
somehow in between. The minimal fragment of NCoA-1, that is still able to interact
with GST STAT6 possess the region from amino acids 213 to 462 which comprises
the Per-Armt-Sim (PAS) domain B and part of the serine/threonine rich domain (lane
18). Further deletion of the N-terminus (313-462, lane 21) or the C-terminus (1-361,
lane 6),abolish the binding. Strong interaction is also observed when GST STATG is
incubated with purified Histidin-tagged NCoA-1 (212-462) (data not shoWn),
confirming that the interaction between NCoA-1 and STAT®6 is direct and does not

depend on additional proteins
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The N-terminal region of NCoA-1 acts as a dominant negative for

transcriptional activation by STAT6

To confirm the relevance of the interaction with NCoA-1 for STAT6 transactivation,

we investigate whether overexpression of the N-terminal domain of NCoA-1 (Fig. 7A)
5 could influence the transcriptional capacity of STAT6. Therefore we express the N-

terminal fragment or, as a control, the nuclear receptor interaction domain (NID) of

NCoA-1 in Ba/F3-IL-4R cells and analyze their effect on the activity of the STAT6

responsive lge-TK luciferase reporter-gene. Upon induction of IL-4 a strong
stimulation of the luciferase reporter gene is observed (Fig. 7B, lane 1 and 2).

10 Coexpression of the N-terminal NCoA-1 construct containing the STATS6 interaction
region abolishes this stimulation (lane 3, 4). In contrast, coexpression of the

fragments harboring the NID does not show any marked effect on the STAT6-

mediated stimulation (lane 5, 6).

15

Description of figures 1 to 7 (those of figures 8-11 are given in Example 1
20 respectively)

Fig. 1. NCoA-1, but not NCoA-2 and pCIP, enhances the IL-4 induced
transcription by STATS.

HepG2 cells are transfected with N4(STAT-RE)3 TK LUC reporter plasmid (2 png),

25 STATGE expression vector (25 ng), NCoA-1, NCoA-2, p/CIP or empty expression
vectors (200 ng) along with SV40-LacZ expression plasmid (25 ng) as a transfection
control, as indicated. Transfected cells are either treated with IL-4 (10 ng/ml) for 16
hours (striped bars) or left untreated (filled bars). Cell extracts are prepared and
luciferase activities are determined. The relative luciferase activities are 'nb’-f'malized

30 to B-galactosidase activities. Average values are given from 3 independent

experiments with standard deviations.
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Fig. 2. The transactivation potential of the far C-terminal transactivation
domain of STAT6 is strongly enhanced by NCoA-1.
(A) Structure of human STAT6 and the fusion proteins of the GAL4-DNA binding
domain (DBD) with the STATG6 transactivation domain (TAD) are shown. The GAL4-
5 DBD (amino acids 1 to 147) is fused to different regions of STAT6 TAD. Amino acid

(aa) position, DBD, SH2 domain, TAD and the cytokine-dependent phosphorylation

site (Y) are indicated. (B) The reporter plasmid (GAL4-RE)3TK LUC (2 ug),
expression plasmids encoding the GAL4-DBD or GAL4-DBD-STAT6-TAD fusion
proteins (50 ng), NCoA-1 or empty expression plasmid (400 ng) and SV40-LacZ

- 10 expression plasmid (25 ng), are transfected into HepG2 cells as indicated. (C) Ba/F3
cells are transfected with the reporter plasmid (GAL4-RE)3TK LUC (5 ng), the
plasmids encoding the GAL4-DBD or GAL4-DBD-STATG-TAD fusion proteins (50
ng), NCoA-1 (500 ng) or empty expression plasmid and SV40-LacZ expression

plasmid (1 pg) as indicated. (B and C) Relative luciferase activities are determined

15 and normalized against B-galactosidase activities. The average of three in'dependent

experiments with standard deviations are shown.

Fig. 3. NCoA-1 coimmunoprecipitaes with STAT6.
293T cells are transtected with expression vector encoding full length or truncated

20 STATO6 along with NCoA-1 expression vector. Whole cell extracts are prepared and
immunoprecipitated with STAT6-specific antibody, NCoA-1-specific antibody or
unrelated antibody. All samples are analyzed by SDS-PAGE and Western biotting
with antiserum against NCoA-1 (upper pannel) and STAT6 (lower pannel). An aliquot

of the cell lysate corresponding to 1 % of the material used for the assay is analyzed

25 in parallel (lanes 1, 5, 9 and 11).

Fig. 4. The tfransactivation domain of STAT6 specifically interacts with NCoA-1

in vitro.
GST or GST-STAT6 -TAD fusion protein are purified from E. coli, bound-to
30 - glutathione—Sepharose*and_ incubated with NCoA-1, NCoA-2 or p/CIP respectively,
transcribed and translated in vitro in the presence of (*°S)methionine. Material bound

to the glutathione-Sepharosg'is recovered from the binding reaction, washed
-~ *Trade-mark
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extensively, and analysed by SDS-PAGE and fluorography (lanes 4-9). Input control

(35

in lanes 1-3 reflects 10 % of thie total amount of S)methionine labeled protein

used in the experiments.

5 Fig. 5. STAT6 contacts NCoA-1 via the far C-terminal part of its transactivation

domain.

(A) Structure of human STAT6 and the GST-STAT6 TAD fusion proteins. (B) NCoA-1
is labeled with (*°S)methionine by in vitro translation and incubaied with glutathione-
Sepharosg bound GST or GST-STATS6 fusion proteins as indicated. Specifically

10 bound material is eluted from the glutathione—-Sepharose*and resolved by SDS-
PAGE. An aliquot of the reticulocyte lysate corresponding to 10 % of the material
used for the assay is analyzed in parallel (lanes 1). Radioactive labeled protein is
visualized by fluorography. (C) To control the amount of GST fusion proteins in the
reaction Coomassie staining is performed. '

15

Fig. 6. The N-terminal part of NCoA-1 mediates.interaction with STATG.
(A) Schematic representation of the NCoA-1- constructs. The full-length NCoA-1 and
a series of NCoA-1 deletion mutants are shown. Basic helix-loop-helix (bHLH), Per-

20 Arnt-Sim domain (PAS), nuclear receptor interaction domain (NID), CBP interaction

- domain(CID)/activation domain 1 '(AD1), activation domain 2 (AD2) are indicated.

The amino acid numbers for each construct are shown. NCoA-1 fragments binding to
STATG are represented with striped rectangl'es, non binding fragments with white
rectangles. (B) and (C) NCoA-1 and a series of NCoA-1 fragments are /n vitro

25 translated in the presence of (358)methionine‘ and incubated with GST alone or GST-
STAT6-TAD fusion proteins bound to glutathione---Sephr:arose,’:r as indicated.
Precipitated proteins are washed, eluted and resolved by SDS-PAGE. Aliquots of the
in vitro translated NCoA-1 deletion mutants Corresponding to 10 % of the matenal
used for the interaction assay are analyzed in parallel (B lanes 1-5, C Iar;es

30 1,4,7,10,16, 19). Radioactive labeled protein is visualized by fluorography:.

*Trade—-mark
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Fig. 7. The N-terminal region of NCoA-1 has a dominant negative effect on

transcriptional activation by STATS6.

(A) Structure of NCoA-1. Depicted are functional and structural domains basic helix-
loop-helix (bHLH), Per-Arnt-Sim domain (PAS) and nuclear receptor interaction
domain (NID). (B) Ba/F3 cells are transfected with 200 ng of STAT6 expression

vector, 3 ug of expression vector encoding the indicated fragments of NCoA-1 or

empty vector, along with 5 pg of Ige-TK LUC reporter plasmid and 1 pg of SV40-LacZ
expression vector. 4 hours after transfection cells are treated with IL-4 or left
untreated. 20 hours after transfection cells are harvested and luciferase activities are
determined and normalized against p-galactosidase activities. The values represent

the averages from three independent experiments.
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CLAIMS:

1. A method for determining whether or not a substance can modulate

the binding of Signal Transducer and Activator of Transcription 6 (STAT6) with
Nuclear Coactivator 1 (NCoA-1), comprising:

(@) contacting STAT6 with NCoA-1 under suitable conditions where
STAT6 and NCoA-1 are capable of forming a complex:

(b) measuring the binding of STAT6 to NCoA-1 in both the absence
and presence of the substance: and

(c) determining the ability of the substance to modulate the

substance.

2. The method according to claim 1, wherein the substance can
activate the binding.

3.
the binding.

The method according to claim 1, wherein the substance can inhibit

4. The method according to claim 3, wherein the STAT6 is a

polypeptide comprising SEQ ID NO: 2.

S. The method according to claim 3, wherein the STAT6 is 3

polypeptide comprising SEQ ID NO: 2 fused to another amino acid sequence.

6. The method according to claim 5, wherein the STATS s a

polypeptide comprising SEQ ID NO: 1.
/. The method according to claim 3, wherein the STAT6 is a
polypeptide comprising SEQ ID NO: 5
8. The method according to claim 3, wherein the STAT6G is a
polypeptide comprising SEQ ID NO: 6.
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9. The method according to claim 8, wherein the NCoA-1 IS a

polypeptide comprising SEQ ID NO- 4.

10. The method according to claim 8, wherein the NCoA-1 IS a

polypeptide comprising SEQ ID NO: 4 fused to another amino acid sequence.

11. The method according to claim 10, wherein the NCoA-1is a

polypeptide comprising SEQ ID NO- 3.

12. The method according to claim 5, wherein the STAT6 IS linked to a
detectable label.

13. The method according to claim 10, wherein the NCoA-1 is linked to 3
detectable label.

(@) STAT6 or fragments thereof having the ability to bind to NCoA-1 ;
(b) NCoA-1 or fragments thereof having the ability to bind STATG;

(C) a vessel wherein said STATS or fragments thereof may form a
complex with said NCoA-1 or fragments thereof: and

wherein said STAT6 is 3 polypeptide comprising SEQ ID NO: 6 and
sald NCoA-1 is g polypeptide comprising SEQ ID NO: 4.
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10.

The test system according to claim 15, wherein the STAT6 is a
polypeptide comprising SEQ ID NO: 5.

17. The test system according to claim 15, wherein the STAT6 is a

polypeptide comprising SEQ ID NO: 2.
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