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MAMMALIAN TWO-IIYBRID SYSTEM FOR SCREENING FOR
MODULATORS OF THE ACCOMULATION OF METABOLIC
PRODUCTS

CROSS-REFERENCE T RELATED APPLICATIONS
This application clatrms priority to and benefit of USSN 09/687,593, filed on

Oclober 13, 2000 which iz incorporated herein by reference in its entirety for all purposes.

STATEMENT AS TO RIGHTS TO ONVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

[ MNot Applicable 1

FIELD OF THE INVENTION
This invention pertains to the fields of molcoular Kalogy and oncology. Tn
purbicular, this invention provides a novel twvo-hybrid system two-hybrid system to seieen
Tor agents that modulare the ability of a cell to degrade a metabolic product (e.g. cerlain
cancer eells) or to selectively Iill a cell that has & defect in its ability to degrade 2 metabohe

product

BACKGROUND OF THE INVENTION

A wide varicty of diseases are characlerized by the abnormal accuraulation
of ous or wore metabolic products. Such diseases, sometimes referred to as “storage
diseases” arc typically caused by the increased aceumulation of metabolic products {e.g.,
lipids, proteins, complex carhohydrates, ere.) due to either the inactivity of an enzyme that
deprades the praducts or the hyperactivity of an enzyine that creates the products.  Siorage
disease include but are not limited te glycogen storage diserse I, GML pangliosidoses, MPS
TV B {Murquic B}, GM2 gangliosidoses (O, 3, AB, Bl variants), Nismann-Pick disease (A,
B, and C), Metachromatic leuladystrophy {urylsclfatase A and SAP-1 deficient), Krabbe
disease, labry disease, Gaucher disesse, Farber discuse, Wolman discase {cholesterol ester
storage disease), MPS 1 {Hurier and Scheie syndromes), MPS T (Hunter syndrome), MPS
1L A, €, and D (Sanfilippe 4, C, and 1), PS T B (Sanfilippo B), MPS IV A (Muorquio A),
MPS VI fMMaroteaux-Lamy syndrome), MPS VU (beta-glucuronidase deficiency), Multiple

-
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sulfatsse defictency, Mucolipidosis 1 (Sialidosis), Mucolipidosts 10 & I, alpha-
Mannaosidosis, beta-Mannosidosis, Fucosidesis, Sialic acid storage disease,
Gulactosiulidosis, and Aspartylplacosaminuria Cystinosis.

Historically, storage diseases have been trcated by supplementing the
"miissing" enzymatic activity. Thus, for cxample, Cancher's disease can be treated by use of
a glucocerebrosidase targeted ta spleen cells. Similarly, superoxide dismutase can be
targered to the liver as aa anti-oxidant, and so forth.

Such approachss typically have seen limited success. Often the “therapeutic
agent™ must be specifically targetid to a particular oxgan or tissue. Tn addition conststent
delivery of the targeted therapeutic ageor at physiologically relevant concentrations has
proven difficult. In addition, the identification of viable therapeuric agents hay proven

difficult

SUMMARY OF THE INVENTION

This invenuon provides novel approaches to the treatmont {e.g. amelioration
of one or moxe symptoms) of pathological states characterized by the undesired
secumalation of one or mate metabiolic products. Tn addiction, this ipvention provides
effective systers in which to sereen for agents that rodulate the ability of a cell ta
accumulaie andfor degrade a metabolic product.

In preferred embodiments, this invention utilizes a two-hybrid system to
screen for agents that modulate the ability of a ccl] to degrade or to accumulate a metabolic
praduct or {0 selectively kill a cell or to selectively express 2 gene or cDINA in a cell that
has a defact in its ability to degrade or to accumulate a metabolic product. In eue such
cihodirent, this invention provides a method of screeqing tor an agent that modulates the
ability of a cell to uccumulate or to degrade 4 metabolic product. The methed ivolves
providing a mammulian cell comprising a mucleic acid encoding a peptids binding domain
and an effector gene; a first chimeric proiein comprising & nucleic acid binding domain that
binds the peptide binding dorain attached to the metsbolic product or to a ligand that binds
to the metabalic product, and & second chimeri prolein comprising an expression conirol
protein attached 10 the metabolic preduct of tw the ligand that binds to the metabolic product
such that when the first chimeric protein comprises the metabolic product, satd second
chimeric prolein comprises the ligand and when the fiest chimeric protein comprises the

ligand, sad second chimerfe protein comprises the metabolic product. The cell is contucted

2-
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with one or more test apent(s) and alteration of alteration of expression of the effector gene
is detected wherein o difference in the expression of the effector gene 1o the test cell, as
compared o a conirol cell contacted with a lower concentration of test agent ot no test agent
indicates that the test agent(s) modulate the ahility of said cell to accurnulate or degrade the
melabolie product.

T particularly preferred embodiments, the expression control protein is a
transactivator (e.g. VPLG) or a repressor. Particularly preferred ouclels acid binding
proteins inclade, but are not limited to GAL-4, and GAL-4-Y. In cortain smbodiments,
preferred c[féctm: include, but are not Wnited fo, & reporter gone (e.g., chloramphenicol
acetyl transferase (CA'LY, luciferase, b -galactosiclase (b-gal}, alkaline phosphatase, horse
radish peroxidase (JJRP), growth hormooe (GH), greon fluorcscent protean (GEP), 222}, a
cytotoxin {¢.g., thymidine kinase, psendomonas exotoxitt, diphtheria toxin, riejo, abrin,
gte.), and/or an apoptosis inducing {e.g., P53, P73, Bux, Bad, FADD, a caspase geoe, efc.).
Tn various embodiments, the Lgand and metabolic product respectively include, but are not
limited to a beta-catenin and a Tef, a NF-KB and 1-XB, 2 P53 and MDM2, a receptor and its
heteromelic reveptor pariner.

The first andfon the second chimeric protein(s) are expressed from a nucleic
acid In the cell {e.g. under control of an inducible (e.g. ecdysone promoter), tissue-specific,
or constitutive prometer], or the first and/or the second chimeric protein is i protein
transparted inte the well, e.g. by vsing a protein comprising an HIV TAT domain.

Prefemred cells for the practice of the mothods of this invention include, but
are not limited to SW480, SW48, DLD-1, HCT-116, HT29, 293, U-208, T-470, MCE-7,
HeLuy, A342, Hep G2, and/or Jarkat coll.

TIn one particularly preferred embodiment the nucleic acid encodes a GATL-4
binding site, the effector gene is A reporer aene, the first chimeric protein comprises a
BAL-4 nucleic acid binding protein and a beta catenin or 2 Tef; and the second chimeric
profein comprises a VP-16 and beta catentn or 2 Tef. Cue particularly prefersed Tof is Tcf4.

In certain cmbodiments, the cell further comprises a second nucledc actd
encoding the ligand or mctaboliv product eperably Linked te ar inducible promotes (e.g. an
cedysone promoter).

In another embodirment, this invention provides a method of selectively
expressing an effector gene in a coll that acewnulates or degrades a metabalic product. The
method involves providing a esl) campiising a nucleic acid encoding u peptide binding site

3.
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and an elfector gene, a st chimeric prolein comprising a nueleic acid binding protein that
binds the peptide binding domain where the ulucleic acid binding protein i3 attached to the
metubolic product or to a ligand that binds to said metabelic product, and a second chimeric
prolein comprising an cxpression control protein attached to the mefabolic product or toa
ligand that binds to the metabolic product such that when said first chimeric protein
compriscs the metabolic product, said second chimeric protsin comprises the ligand and
when the first chimeric protein comprises the Hgand, said sccond chimeric protein
comprises the metabolic product; whereby the cell, In the absence of the ability to degrade
the metabolic product or the ligand that binds the metabolic product activales or represses
expression of gaid cffector genc. A preferred expression control protein is & transautivator
{e.p. VP14) or a repressor. Preferred nuclefc acid binding proteins, effector gonos, ligands
and metaholic products include, but are not limited fo those described abave.

e first und/or the second chimeric protein(s) are cxpressed from a nucleic
acid in the cell (e g. nrder controf of an indncible (e g. ecdysone promuotar), tissue-apecific,
or constitative prometer), or the fisst andfor the sceond chimeric protein is a protein
transported into the cell, ¢.g. by using a protein comprising un HLY TAT domain.

Preferred cells for the practice of the methods of this invention include, but
ave not Jimited to SW480, SW48, DLL-1, HCT-116, HT29, 293, U-208, T-47D, MCF-7,
TieLa, A549, Hep (72, and/or Jurkat cell.

In one particularly preferiod cmbodiment the nucleic acid encodss a GAL-4
binding site, the effector gene is a reporter gene, the Lizst chimneric protein comprises &

GAL-4 nueleic acid binding protein and a beta catenin or a Tef; and the second chimeric

prolein comprises a VB-16 and beta catenin or a Tef. One partieularly preferred Tef is Tofd.

This invention also provides methods of selectivaly ldiling u cell that
aceumulates a metubolic product e g. certain cancer cells). The methods involve
transfecting the cell with a nucleic acid encoding a peplide binding site and an effector that
is £ cytotoxin or an apoptosis-inducing gene; introducing into the cell a first chimeric
protein comprising a nueleic acid binding protein that binds the peptide binding domain
where said nucleis acid binding protein is attached to said metabolic product or to & hgand
that binds to said netabolic preduet; and introducing into the cell a second chimerie protein
comprising u trangactivator (e.z. VP16) attached to said metabolic product ot to said ligand
that binds to said metabolic product, such that when said first chimeric protein comprises
satd metabolic product, said second chimeric protein comprises said ligand and when said

4
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[irst chinneric protein comprises said ligand, said sceond chimerie protein comprises said
metabolie product. Preterred nucleje acid binding proteins incinde, but are not limited to,
GAL- and GAL-4-Y. In one preferred embodiment, the eftector Is a cytotoxin (e. &
thymidine kinase, pseudomonas exotoxin, diphtheta toxin, ricin, abrin, etc.). In certain
preferred embodiments, the effector ts an apoptosis-inducing gens (e.g. P53, P73; Bax, Bad,
FADD, acaspase (&g Casp3, Cuepd, Apafl, efc.), et In various ernhodiments, the
ligane and metabelic product respectively include, but are not Jimited te a beta-catenin and
a Tef, a NF-kB and 1-kB, a P53 and MDMZ, a reccplor and its heteromclic receptor pariner.

The first andfor the second chimeric protein(s) are expressed trom a nucleic
acid in the cell {z.g. under control of an inducible {e.g. ecdysone promoter), tissue-specific,
or coustitutive promoter), or the first and/or the second chimeric protein is a protein
transported into the cell, £.g. by using a profetn comprising an HIV TAT domain. Suitable
cells include, but are not limited o SW458, SW45, DLD-1, HCT-116,HT29, 293, U-205,
[-47D, MCE-7, Hela, A54%, Hep G2, Tarkat cells, efc. In ons embodiment, the nucleic
soid epcodes a GAl4 binding site, the first chimeric protein comprises a GAL-4 nucleic
acid hinding protein and a beta catenin or a T, and the second chimeric protemn comprises
a VP-16 and beta catenin or a Tet' (e g. Tefd). )

In still anolher embodiment this invention provides vertebrate, preferably
mammalian cells comprising one or mare constructs of this invention. n one smbodiment
the cell is a cell comprising a nucleic acid encoding a peptide binding site and an effecmF
aene, a first chimeric protein compising a nucleic acid binding protein that binds the
peptide binding domain where the nucleic acid binding protein iy artached 1o the metabielic
product or to a ligand that binds to the metabolic product; and a second chimeric pratein
comprising an expression control protein attached to the metabolic product or to the ligand
that binds to the metabolic product such that when the fivst chimeric protein comprises sidd
metabolic product, the second chimeric profein comprises the ligand and when said first
chimeric protein comprises the ligand, the second chimeric protein comprises the metabolic
product. Expression control proteins, first and second nucleic acids, cffcctor gencs, nucleic
acid binding domains, include, but are not mited & those described above.

In still another emnbodiment this invention provides a nucloic acid selected
trom the gronp consisting of: a nucloie acid encoding a chimeric protein comprising 4
nucleic acid binding domain attached to a Tef or to a beta catenin, and a nucieic acid
encoding a transactivator attached to a beta catenin or to a Tef. Particularly preferred

5
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nueleic acids inclode a nucleic acid encoding 1 nucleic acid binding protein attached to 2
Tefd, a nueleic actd encoding a nucleic acid binding pratein attached to a beta catonin, a
nucleic acid encoding a Tef4 attached to a transactivator, and a nucleic acid encoding a beta
catenin attached to a transactivator {e.g. VP16). Preferred nucleic acids include DINAg or
RMNAs znd in certain embodiments, the nucleic acid comprises a vector.

In still another cobodiment this invention provides & kil for screening for an
agent that madulates the ability of 4 cell to acoumulale ot to degrade 4 metabolic product.
Preferred kits commprise & container sontaning # mamrnalian cell comprising a nucleic acid
encoding a protein binding site and an offector gene; a first chimeric protein comprising a
muelete acid binding protein that binds said peptide binding dornain atiached to said
metaholic product or to a ligand that binds to said metabolic product; a second chimeric
protein comprising an expression control protein attached 0 szid metgheltc product or to
said ligand tha binds 1o suid metabolic product such that when said first chimeric protein
comprises suid metubolic product, sald second chimeric protein coraprises said Jigand and
when said first chimeric protein comprises said ligand, said second chimeric protein
comprises said metabolic product.

Tn another embodiment, the kit & container conluining a nucleic acid as
described herein.

Also provided are kits for selectively killing a cell. Such kits include a
container containing a two-hybrid system component selected from the group consisting of
one or more nucleic acids as descabed berein, and/or ane or two chimeric proteins as

desuribed heren,

Definitions.

A "chimeric molecule” is a molecule compriging twa or mose moalecules
typically found separately in their native state that are joined together typically through one
or mare covalent bonds. The molecules may be direetly jained of joined twrough a Linker.
Where the moteeules are hoth polypeptides they azy be joined through a peptide bond ara
peptide linker forming a fusion protein.

A “fusion protein” refers (o 4 polypeptide fonmed by the joining of two or
more polypeptides through a peptide hood formed between the amina terminus of one
polypeptide and the carboryl tezminus of another polypeptide. The fusion protein may be

formed by the chemical coupling of the constituent pelypeptides or it may be expressed as a
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sinale polypeptide from nucleie actd sequence encoding the single contiguuus fusion
protein. A single chain fusion protein is 2 fasion protein having a single contigtous
polypeplide backbone.

A "spacer” or "linker" as used in reference to a fusion protein refers to a
peptide that joins the protcins comprising a fusion protein. Generally a spacer has no
specific binlogical activity other tham to join the proteins ar to preserve sopoc minimumn
distance or other spatial relationship betwsen them, However, the constiluent aminn acids
of a spacer may be selected (o influence some property of the melecule such as the folding,
niet charge, or hydrophabicity of the molecule.

A "spacer” or "linker* as used in reference to 2 chemically conjugated
chimeric molecule refers o any moeleenle that links/joins the constituent molecules of the
chemically conjugated elimeric molecule.

The “metabolic product” refers to a molecule formed as ap intermediate or an
end praduct of a metabolic pathway. The term way also include such products as they may
he subscquently modified by member of a different pathway in a cell. When used as o
domain of a chitneric roolecule in this invention the metabolic product may be a full-
length/Full-size metabelic product ar a fragment thereof suffictent (o be specifically bound
by another molecule.

The phirase "kill or inhibit a cell" refers to the death of a celi of & decreass in
cetlular growth and/or proliferation.

The term "specifically binds", when referring to the interaction of a nucleic
acid binding protein and a nucleic acid binding site or wo proteins o uther binding pairs
refers to a binding reaction which is determinacive of the presence of the ane or other
member of the hinding pair In the presence of a heterogeneous population of molecules
(e.g., proteins and other biologics}. Thus, for example, in the case of a receptor/ligand
binding pair the ligand would specifically andfor preferentially select its receptor from a
complex mixture of melccules, or vice verse. An enzyme would specifically bind to its
substrate, ziz. The binding may be by one ar more of 2 variety of mechanisms mecluding,
but not limited to ionic interacdons, eovalent interactions, hydrophobic inieractions, vin der
YWaals interactions, efc.

The terms "binding patnet”, or a member of a "binding pair”, or "cognate

ligand" refers 1o molecules that specifically bind other molecules to form a binding complex
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JP 2004-511237 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(57)

WO era01 PUTIUSOTEFI S

such as antibody/antigen, lectinfearbohydrate, nusleie acidimacleic acid, receptor/receptor
ligand (e.g. 11.~4 receptor and 1L-4), avidin/biotin, ete.

The term lgand is used to refer to 2 molecule that specitically binds to
another molecule. Commanly a ligand is a soluble molecule, e.g. a hoomone or cytokine,
that binds to o reeeptor. The deeision as to which member of a binding pair is the ligand
and which the "mceplot” {s often a little arbitrary when the hroader sense of receptor is used
(e.2., where there is no implication of fransduction of signal}. In these cases, typically the
smallar of the two members of the hinding pair is called the ligand. Thuz, in a lectin-sugar
interaction, the sugar would be the ligand (even if it is attachei to & much larger mulecule,
recognition is of the succharide).

The lerm “two-hybrid system"” refers to a svstom comprising two chimetie
molecules one of which bears a nucleic acid binding region, the other of which beurs an '
expression conirol element (e.g. a transactivation or repressor domain). The malecules
further a cognate binding pafr such thet one chimeric molecule is capable of specifically
binding to the ather chimeric molecule. The two-hybrid system furiher comprises a nucleic
acid encoding a protein binding site that is spevifically bound by the protein binding
domain on the chimeric molecule thereby anchoring the chimeric molecule to the nucleic
acid. The domain of the chimeric molecule recognizes and binds to its coguate binding
pariner on the second chimeric melecule thereby recruiting that molecule to the nucleic acid
whorchy the expression control element alters (e.g. activates) expression of a gene or cDNA
comprising tive underlying nucleic acid.

The phuyase "one or more components of the bwo-lybrid systems of this
invention" refers to either or both. of the chimarie molecules oomprising the twoe-hybrid
system and/or the pucleic acid(s) cronding them andfor the nucleic acid comprising the
protein recognition site and effector.

"Transfection” is used heren to mean the delivery of expressible nuclcic astd
tr a target cell, such that the target cell is rendered capable of expressiug said nucleic acid.
It will be understood that the term “nucleic acid" includes both DINA and RNA without
regnrd to molecular weight, and the tenn “cxpression” means any manifestation of the
functional presence of the nucleic acid within the cell, including without limitation, both
transient expression and stable expression.

"Delivery" is used to denote a process by which a desired compound is
transferred 1o a tavget cell such that the desired conpouitd 18 ultimately locared inside the

3
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tarpet cell or in, o on the target cell membrane. Tn many uses of the compounds of the
invention, the destred compound is nat readily taken up by the targer cell and delivery via
lipid aggregates is a reans for getting the desired eompound into the cell. In certain uses.
espectally under in vivo conditions, delivery ta a specific tacget eell type is preferabls and
can be facilitated by compounds of the invention.

The terms "polypeptide”, "peptide” and "protein” are used interchangeably
herein to refer to a polymer of @mino acid residues. The lerms apply to amino aeisl
polymers in which one or maore amino acid residue is an adtifteial chernical analogue of a
eommesponding naturally occurring amina acid, as well as to naturally occurring amine scid
polymers. The term also includes variants on the traditional peptide linkage joining the
armnino acids making up the polypeptide.

The terms “nucleic acid" or "oligenueleotide” refer (o at least two
nucleotides covalently linked together. A nucleic acid of the preseat inventiop 1s preferably
single-stranded or double stranded and will generally eontain phosphodiester bonds,
althuugh in some cases, as outlined helow, nueleic acid analogs are included that niuy huve
alternate backbones, comprising, for example, phosphorumide {Beausage ef al. (1993)
Tetrahedron 49101925} and references \herein; Letsinger {1970} J. Org. Chem. 35:3800;
Sprinzl e7 ai. (1977} Eur. J. Biocherm. 81: 579, Letsinger of al. (J9B6) Muct, Acids Res. 14:
3487; Sawai et al. (L984) Chem. Let. 805, Tetsinger o af. {1988} J. A, Chem. Soc, [10:
4470; and Pauwels ef al. (1986) Cherica Seripta 26: 1419), phosphorothioate (Mag 2t af.
(1991) Nucleic Acids Res. 19:1437; and U.S. Patent No. 3,644,048}, phesphorodithioate
(Briu e al. (1989} 1. Am. Chem. Soc. 111 :2321, O-metbylphosphovcamidite linkages (see
Bekstein, Migonuclectides and Analogues: A Practical Approdach, Oxlord University
Press), and peptide nucleic ecid backbones and linkages (see Bgholm (1992) 1 A Chenm.
Soc. 114:1895; Meier ¢t af. (1992} Chem. Int. Fd. Ergl 31; 1008; Niclscn (1993) Nature,
365: 366; Carlsson et af. (1996) Nanere 380: 207). Other analog nuclete acids include those
with posttive backbones {Denpey er al. (1993) Proc. Natl. Acad Sci. US4 92: 6057; non-
ienic backbones (U.5. Patent Nos. 5,386,023, 5,637 684, 5,602,240, 5,216,141 and
4,469,863; Angew. (1981) Chem. Intl Ed. English 30: 423; Letsinger et al. (1988) J. Am.
Chen, Soc. 110:4470; Letsinger ef af. (1994) Nucleoside & Nuclentide 13:1597; Chapters 2
and 3, ASC Symposium Series 580, "Carbiolivdrate Modifications in Antisense Research”,
Ed Y.8. Sanghui and P. Dan Caok, Mesmaclcr #t al. (1994), Bivarganic & Medicinal
Chein. Leit. 4: 395; Jefls et al. (1994) J. Biomoleculur NME 34:17, Tetrahedron Lett.
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37743 (1996)) and non-ribose backbones, including those described in U.5. Patent Nos.
5.233,033 and 5,034,506, and Chapters ¢ and 7, ASC Symposium Series 380, Carbohydrate
Modifications in Antisense Research, Bd. ¥.5. Sanghui and P. Dan Cook. Nucleic acids
containing one or more carboeyelic sugars arc also included within the definition of nucleic
acids (see Jonkins ef af. (1993), Chem. Soc. Rev. ppl69-176). Several nucleic acid inalogs
are deseribed in Rawls, C & E News June 2, 1997 page 35, These modifications of the
ribose-phosphate backbone may be done to tacilitate the addifion of sdditional moieties
such as labels, or 10 increass the stability und half-life of such molecules in physivlogical
environments.

A “recombinant cxpression cassette™ or simply an “expression cassette” is a
nucleic acid construct, generated recombinantly or synthetically, with nucleic acid elements
that are gapable of effecting crpression of a gene or cDNA in hosts compatible with such
sequences. Expression cassettes jnelude at [cast promoters and aptionally, transeription
termination signals. Typically, the recombinent expression casgette includes a nucleic acid
o be tranceribed (2.8., a nucleic acid enceding @ desired polypepiide), and a prowmoter.
Additonal factors pecessacy of helpful in effecting expression may also be used as
deseribed herem.

The terms "gene” and "cDNA" are typically used interchangeably herein.
Thus, for cxample, a reporter gene can comprise u genomic nuclefc acid {2 g., comprising
introns and exong) or a cDNA. In certain instances, the lerms genomyic DNA and ¢cDNA
will not be used interchangeably. This may be determined frorm the context of the usage.

An " apoptosis inducing gena” tefors 10 2 gene or cDNA implicaled in
apoptosis. Preferred apoptosis genes induce or increase apoptosis when they are activated.
Apoptosis inducing genes include, but ars not limited to P33, P73, Bax, Bud, FADD,
CAEPALCS, 10 ).

A method of “selectively killing" refers to a methed that induces death of a
pacticular cell type move frequently and/or sooner than the death of a different cell type (e.g.
a cell lacking the particular distinguishing feature(s)) of the “argeted” cell.

The term “transactivator” refers to a molecute that induces transcription
and/or upregulates trunseription of # gene or cDNA. The fransuctivator may be a complete
"nutive" moleculs or a dowain of a melecule that is capable of inducing andfor upragufating
transeription of a gene or cDKA,

-10-
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An "expression control domajo” or "expression control protein” is typically a
polypeptide that alters the expression of 2 gene or cDNA. Typical expression control
proteins are n‘ansacmfafcrs (that uptegulate cxpression of a gene or cDNA) of repressars
(that downregulate the expression of a gene or cDNA}.

A "cytotoxin® is an agent (e.g. 4 protcin) that Kills a cell.

An "apuptosis gene” refers 1o a gene whose expression ts involved in an
apoptosis puthway. Such apoptosis genes tnclude, but are not limiied to P33, P73, Bax,
Bad, FADD, & a caspasc genc, efe. ’

The term "test agent” refers to any agent that is to be screened for a desired
activity. The "test composition” can be any molecule or mixture of molecules, opticnally in
a snitable carrier.

The term "small organic molecule” typically refers to molecules of a size
compurable to those organtc meleculus generally used in phanmacenticals. The term
excludes biolagical macromeolccules {g.g., proteins, nucleic acids, efc.). Preferred small
organic molecules range in size up to about 50C{ Da, more preferably up to 2000 Da, und
most preferably up to about 1000 Da.

An "effector molecule” is any molecule whose expression is to be controlled
by the two-hybrd system of this invention. Suitable eftector molecules include, but are not
fimited to cytotoxins, reporier genes, enzymes, apoplosts genes, and the like.

"Reporter genes” are penes o cDINAs that express an easily assayable
(detectable and/or quantifiable) product. Detection of the assayabls product mdicates the
expression and/or [evel of expression of the reporter gene. Reporter genes arc well known
to those of skill in the wrt. They include, but are nol limited fo, genes expressing bacterial
chloramphenicol acetyl transferase {CAT), beta-galactosidase (B-gal), green fluorescent
protein {GFP) and other fluorescent proteins, various bacterial lciferase genss, ¢.g.. the
[uciferase gones encoded by Vibric harveyi, Vibrio fischeri, and Xenorhabdus honinescens,
the tirefly luciterase gens FFlax, sod the like.

The term "modulate” when used with wference to the ability of a cell 10
accumulate or (o degrade a metabalic product.

The terms "peptide binding site” or "protein binding site” refer to 2 nucleic
acid sequence that is recognized andfor bound by a nucleic acid binding protein (e.g. a DNA

binding pratein).

<11-
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A "nocleic acid binding domain® vefers to a protein or a region of a prolein
that recognizes andfor binds to a nucleic acid. A nucleic acid binding protein {e.g., a DNA
binding protein) can be a {ull-length nucleic acic binding protein or a frogment thereof that
binds 1o a nucleic acid.

The term “kit" refers to a collection of materials, more preferably a packaged
collection of materials (preterably related vaaterials) to perform a particular function (e.g. to
TUn & SCTeCNiNg ASSAY, [0 eXpress a protein, to culture a ccll, efc.). A kit may optionally

comprise instructionul materials describing the use of the materials present in the kit.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the concept of gene therapy using B-catenin/Tef4
mammilian two-hybrid system. When colls arc tzansfested with W plasmids encoding
GALAIWT- [-catenin, VP-16/FL-Tcf4 and GAL4-rezpansive clement-driven sutcide gene,
suicide gene expresslon accars ouly tn APC mutated cells,

Figure 2A Figure 2B, and Figure 2C illustrate the two-hyhnd system of this
invention. Figure ZA shows the strueture of the two-hybrid components. The pBIND/WT-
A-catenin plasmid is designed to produce chimera prolein that consists of yeast GALA DNA
binding domuin and wild type- f-catenin. The pBIND/MT-[-catenin plasmid Is designed to
prxfuce the chimera protein consisis of GAL4 DNA binding domain and the GSE-3p
phosphorylation site (2a25-3a48}-dsleted [i-catenin. The pACT/FL-Tefd plasmid is
designed to produce the chimera protein consists of herpes simplex virus VP16 transeription
activation domain and full length Tef4, The pACT/DN-Tcf4 plasmid is designed to
produce the chimerz protain consists of VPLS transcription activation dowdn and B-catenin
binding site (aa2-aa53)-deleted Tefd. Figure 2B illustrates expression of GAL4/P-catenin
and VP16/Tcf4 in SW4B0 Cells. Cells were transfected with pBIND/B-catenin or
PACTHcf4 plasmid and cultured for 24 b, Then expression levels of fusion prateins were
detected [y western blot. Figure 2C illustrates the specificity of two-hybrid system. SW4E0
cells were transfected with various combinations of GAL4 fusicn protein, VP16 fusion
protein and pG9/luc plasmids aud cultured for 24 b, Luciferase activily of each sample was
measured by luminometer.

Figure 3A snd Figue 3B illustrate APC dependent sclective expression and
detecton of two-hybrid component proteins in SW4H colls. Fignre 3A illusmrates APC

dependent selective cxpression of the two-hybrid cufput gene in 8W480 cells. SW480 celis
S1A
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were transfected with various concentration of the pcDNASAPC plasmid in the presence of
pBIND/WT or MT-f-catenin plasmid, pACT/FL-Tcf4 plasnzid and pG3/luc plasoud. Afrer
24 h culture, cells were lysed and luciferase achivity wus measured. Figure 3B illostrates
detection of wo-hybrid component proteing in SW48 cells, SW48( cells were translecied
woth various concenteation of the peDNA/APC plasimid in the presence of pBINDYWT or
MT-{3-catenin plasmid, pACT/FL-Tcf4 plusmid and pGS'Iluc plasmid. Afler 24 b culture,
cells were Jysed and two-hybrid component proteins were detected by westermn blotting.

Figure 4A, Figure 48, und Figure 4C illustrate expression of cytoplasmic 3-
catenin, detcction of (ald fusion pratein degradation products, and selective gene
expression dependent on the APC profile of the turget cetl. Figure 44 shows the expression
levels of cytoplasmic B-catenin and APC in humgn cell lines. SWHRG cells, SW4S cells, T-
208 cells and 293 cells (1.0 x T cells) were lysed willh TE buflet confaining protease
inhibitors (coraptete mini, Boehringer Mannheim), and soluble fraction was collected by
centrifugation. Bach sarople was loaded to 4-20% pradient acrylamide gel und transferred
to nitrocellulose membrane. Separated protein was detected with anti- B-catenin antibody
or ant-APC antibody. Figure 4B illustrates detection of GAL4 fusion proein degradation
praducts. SW480 cclls nnd SW48 cells were transfected with pBIND/WT or M1-B-catenin
plasmid and cultored for 24 b Cells were lysed with 8DS-page sample buffer and loaded to
4-20% gradient poly acrylamide gel. Separated profein was transferred to nitrocellulose
membwane apd GALA protein was defected with anti-GALA antibody. Figure 4C shows
selective oulpul gene expression of two-hybrid system dependent on the APC profile of the
cell Lines. Human cell linas were transfected with various concentrations of pBIND/WT-[3-
catenin plasmid in the presence of pACT/FL-Tof4 and pG5/lue plasmids. Lucifease activity
of sach point was measured after 24 h calture.

Figure 5A, Fipure 5B, and Figure 5C illustrate activation of p33 responsive
luciferase expression and detecBon of p53-EGFP. Frgure 5A shows activation of p33
responsive-luciferase expression by p33-EGED. Tie peDNA/DSI-EGFP was transfected
with p52-Lue, pAP-1-Luc or pCRE-Luc (Stratagene} in the presence of pRITK (Promegy)
1o SWAB0 cells and cultured for 24 h. Cells were harvested and luciterase activity was
mezsured. Figure 5B illustrates detection of p53-BEGFP in SW430 cells, SW480 calls were
co-trumsfected with pRIND/WT-[i-catenin, pACT/FL-Tef4 and pG5/p53-BGFP and cultured
for 24 b, Produced p33-ECGFP was detected by westen blot using anti-p53 antibody.
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Figure 5C shows the results of a cell killing experiment using two-hybrid system. SW450
cells were transfected with pBIND/WT-PB-catenin, pACT/FL-Tcf4 and p35/p53-EGYP, aud
cultured for 48-72 b, Cells were trypsinized and washed with FES. Then, cotls were
suspended in PBS containmg 10 wM propydium iodide. Cell death profile of EGFP pasitive

cells were analyzed by measuting the uptake of propydium icdide using flow cytometer.

DETAILED DESCRIPTION

‘This invention provides nove!l approaches to the treatment (e g amelioration
of vne or more syowptoms} of pathological states characterized by the undesired
sccumulation of one or more metabolic products. [n addiction, this invention pravides
effsctive systems in which to screen for agents that modulate ihe ability of a cell to degrade
or accumnulate o metubolic product (e.z. P-catenin).

In general the methods of this invention ulilize a two-hybrid system, mors
preferably a mammalian two-hybrid system (e.g. Promega Checlk M ate™), A cellis
provided containing constructs forminyg a two-hybrid system. The first conslmiet comprises
a first chimernic protein comprising having 2 nuclere acid binding domain attached to eather
the metabolic product that acenmulates, an enzyme in the metabolic pathway that produces
or degrades the metabolic produet, of to 2 lizand that binds 1o the metabalic product of to
the enzyime. A second construct is provided that is a chimenc protein comprising 2
transactivating domain attached to a cognate binding partner of the metabelic product,
ligand, or enzyme somponent of the first construct. Thus, for example, where the ficst
consttuct comprises the metabolic product attached to the nucleic acid binding dornain, the
second construct camprises a ligand that binds the metabolic product attached ta a
transactivating domain. A third constnet in the cell is a nocleic acid comprising 4 ouclsic
acid sequence capable of being bound by the nocleic acud binding domain of the first
construc! and u gene/cDINA eosoding an effector. The effeetor 15 any nucleic scld or
protein whose transcription and/or ranslation is to be regulated by this ewo-hybrid system.
Thus, for example, in certain prefored embodiments the effector is 2 reporter or a cytotoxia.

In 2 cell that has a reduced ability or no ability (o degrade the metabolic
praduct, the construct bearing the metsbolic product specificaily binds to the construct
bearing the cognate binding partner of that product. The two-protein complex 15 anchored
to the nucleic acid by the compenent bearing the nucleic acid binding domain and the

attuched transactivator domeain upregulates (or in seme embadiments, down-regulates)
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expression of the effector gene. Where the asll 15 able to degrade the metabolic product, the
constuct bearing that produet {s all, or partially, degraded. o complex is formed between
the two constructs transeription andfer translation of the etfector yene is unaffected (e
there is no signal}.

One specific embodiment of this system is itlustrated in Figure 1 which
pertains to functional loss of the Adenomataus Polypesis Coli (APC) gene product
eriginally discovered in fa.‘miliaf Adenowmalous Pelyposis patients (and also found in
vagieties of sporadic cancers including colon cancer). The tumor suppressor APC gene
product iy & member of the Wit signaling pathway. This pathway is believed to play a
aritical and evelutionatily conserved role in directing cell fates during embryogenesis. [n
addition, inappropriate activation of the Wat signal trausduction pathway plays a role in a
variety of human conecers.

‘Wnt signaling is rogulated by the presence ar absence of the intracellular
protein B-catenin. A large multiprotein machine (hat incfudes proteins of the APC and Axin
families novmally facilitates the addition of phosphate groups to J-catenin by glycogen
synthase kinasc -3[ (GSE3P). Phosphorylated B-catenin binds to & protein called FTrCR
and is theo modified by the covalent addition of a small protein called ubiquitin. Proteins
tagged with ubiquitin are normally degraded by the proteosome.

Mutated APC is ungble 10 form an APC/ARIn complex. In this case, the 3
catenin is not phosphorylated and ultimately not degraded. Thus, f-catcnin accumulatcs in
the cell. The excess B-calenin accumulates and enters the nuelens, wherc it finds a partner,
a.g.. 2 DNA binding protein of the TCIVLEF family. Tegether they activate new gene
expression programs, 2.5, oncogenic target genes such as eyelin 1. This condition 1=
observed in 4 large number of cancers (¢.g in 80 1o §53% of all eolon cancers).

In one emhodiment, the mathads of thiz invention ate used to selectively kill
cells having a defective APC or to screen for modulators of the Wit pathway leading to -
catenin degradation. A specific embodiment is illustrated in Figure 1, which shows a first
chimeric molecule comprising a nucleic acid binding domain, in this case Gald attached 10 4
Prcatenin. A second chimere wolkecule comprises & Tcell fastor (e, g., Tof-4) att:u:héd o2
transactivator (VP16). The third construct is a nuecleie acid enceding a Gal4d binding domain

and an cffcctor (e g. a thymidine kinase) gene.
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A cell having 2 defective APC will aocumilate B-catenin, (n (s case, the
Cald-fi-catenin construct. The Gal-4-P-ertenin censtruct binds to the Gul4 binding sité an
the nucleic acid. The Tef4- VP10 chimeric molwoule binds to the [-catenin via the f-
catenin/Tofd interaction therchy fuxtaposing the VP16 tansactivator to the nucleie acid
which then induces trangeription of the effector gene. If the effector gene s a cytotoxia the
cell having a defeetive APC is killed. If the effectar is a reporter the resulting signal
identifics the cells a cell comprising a defestive APC. Where the cell {5 contacted with a
test agent and the effector is a repurter, 4 change in signal indicates that the test agent
modnlates zetivity of the Wt pathway in particulir with respect to ths aceumulation of -
catenin.

A cell having a normal APC will degrade [J-catenin (in this case the Gal4-3-
caterin chimeric melecule. The Tef4-VP16 chimeric molecule then is not directed to the
nucleic acicl and there is no alteration tn expression (or non-expression) of the effector gene.
Thus, wherc the effector gene is a cytotoxin, a cell having normal APC and therefore able to
degrade catenin will not express the cvtotoxin and will not be killed. The use of this

system with 4 cytetoxic etfector thus specifically climinates cells huving u defective APC.

L Uses of the niethiads of this invention.

The above-described system, or varants thersof, can be nsed in a wide
variety of contexis to scrcen for agents (e.g. drugs or lead compounds) that modulate (e.g.
increase of decrase) the ability of a eell to accumulate or to degrade a metabolic product.
Tn other cmbodiments the methads described herein can be used to selectively kill or inhibit
sells that sbnormally accumulate or degrade metabolic products and thershy oigigate
symptoms of pathological states characterized by (he abnormal accurulation ¢r degradation

of merabolic products.

A) Screening For modulators of the ability of a cell to accamulabe or to
deprade metabolic praducts.

As indicated ahove, the methads of this invention ure well suited 10 sercening

for un ugent or agents that modulate the ability of u cell o accumulate or to degrade a
metabolic product. Tn preferred embodiments, such assays involve providing a cell, as
deseribed above, contatning the two chimerc proteins (Pinding-domain/metabalite, ligand-

teansactivator} and the nucleic acid comprising an effcctor. Tn one embodiment. the effector
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preferably encodes a reporter gene or another gene that encodes a detectable, but not lethal

product. In this instance, the gene expression i3 detecied. In another embodiment, the gene

cneodes alethal gene product {e.g. P53 or a cytotoxin) and the assay involves measuning the
mumber of viable cells.

The cell is then contucted with the agent or agents of interest and activity of
the reporier gone is delected, Where the reporlur gene shows an expression kvel andfor
uctivity level dilferent that the love! shown i a cell of the same type harboring the same
constructs, but contacted with a different concentration of test agent (or o test agent), the
test agant 13 presumed to have altered the metabolic pathway leading to the accumulation or
degradation of the metabolic product.

The effect of the test agent can be direct, £.g. by binding or degradation of
the metubnlic product or an enx.yme or other ligand that normrally binds to the metabolic
product, or the effect can be indirect, e.g. by binding, degrading, or otherwisc altering a
different component of the pathway that ultimately alters the ability of the cell to
accurmulate or to degrade the metubolic product of intercst. Thus, for example, in the case
of the APC system described abuve, the est agent may alter the cells accurmolation of &-
catenin directly by binding to or otherwise inferacting with APC, uxin, or with Tef.
Altecnatively, the test agent may act indirectly, for example, by altering the phosphorylation
of B-catenio by binding 10 or otherwise altering the activity of GSK3[. This is, of courss,
only one Wlostrative mechanism for indirect action by & possible test agent and mumerous
othor possibilitios also exist. Tn this example, regardless of the mechanism of action of the:
iest agent, 28 long as it aters the accumulation o degradation of B-catenin, it activity will

be detected in the assays of this invention.

L) Scoring the assay.

The assays of this invention gre scored according to standard methods well
knowm to those of skill io the art. Typically the expression level of the reporter geme is
agsayed according to standard methods. Reporter genes are genes of cDNAs that express an
easily assayable {detcctable andfor quantifiable) product. Detcction of the assayable
product indicates the expression and/ox level of expression of the veporter gene. Reporter
genes are well knewn to those of skill in the art. They include, but we pot imited to, genes
expressing bacterial chloramphenical acetyl transferase (CAT), beta-galactosidase (B-gal),
green fluorcscent protoin (GEP} and other fluorescent proteins, various bacterial luciferase
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genes, e.g., the luciferuse genes encoded by Vibrio harveyi, Vibric fischeri, and

Xenorhabdus biainescens, the firefly lucilerase gene FElux, and the ke, The reporter gene -

can be the sole gene under the control of the promoter activated or inhibited by the
ramscription factor (e.g. VIP-16} comprising the "second chimeric molecule) or thers may be
one or ore other genes also under control of the subject promoter (e.g. P33-6GLP).

The assays of this invention are not limifed to the use of repoder genes.
Generally the transcription, translation, or activity of any gene or cDNA can roulinely be
detected. Thus, for example, the transcribed mRNA can be detccted by methods including,
but not limited to, Northet bldts, amplification technigues {¢.g. PCR), and the like
Similarly, the trans]ated protein product can be detected by detecting the characteristic
netivity of the protein or by detecting the protein product itself (e.g. viz Western blot,
capillary electrophoresis, and the like).

Ag indicated nbove, in preferred embodiments, the expression of the
“reporter” gene or cDNA is evaluated with respect to one or tote contrals. Typical
embodiments ulilize 1 negative conirol comprising the test agent(s) at a lower concentraiion
at jo the ahsence of the test agent{s). A differcnce in expression of the “reporter” gene in
the presence of the test agent(s) as compared to the expression of the reporler gene where
the test agent is present al a lower concentration or absent judicates that the test agent has an
netivity oo ike metabolic patlvway being assayed.

Other embodiments, may utilize 4 positive control comprising a cell
adiministered the test agent or, mors preferzhly, a reference agent at a parlicular
concentration. The offect of the fest agent is then measured relutive o the particular
concentration of test agent or reference ugent.

Still other conrols may be walized to assay for the specificity of the activity
of the test agent. Thus, for exarople the test agent may act thorough geveralized activity of
the cell {e.g. by diminishing metabalic rate, cell viability, proliferation rate, growth rate.
ete.) rather than through specific astivity on the pathway of interest. In praferred
cmbodiments it is desired to distinguish between yeneralized activity of the test agent(s) and
specific activily on the metabolic pathway of interest. Tn certain embaodiments, this 15
uceormplished by exprossing one ot both of the chimeric proteins under contral of an
inducible promoier. Thus, for exumple, the Gald-B-calenin chimera may be under control
of a inducible promoter (e.g., ecdysone indueible system ar tetracycline inducible system).
It the test agent still has an effect in the sbsence of induced Gald-P-catema or if varying the
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Jevel cfinducﬁdn of Gald--catenin docs nat altor the effect of the test agent(s) then the test
wgent(s) we presurned 1o act through a nen-specific mechaviso. Conversely, where altering
the expression level of Gal4-ficatenin alters the apparent activity of the test agent(s) the
agent{s) ave presumed ro act specifically on the pathway of interest {in this exampie, the
Wit signaling pathway).

The assays of this invention ure typically scored as pusitive where there js a
difference befwoen the activity seen with the test agent prosent and the (usaally negarive)
control, preferably where the difference is statistically significant (e.g. at greater than 80%,
preferubly greater thun about 90%, more preferably greates than abour 98%, and moat
preferubly greater than about 99% confidence level). Most preferred "positive™ assays show
at least a 1.2 fold, preferably at least a 1.5 fold, more preferably ac least a 2 fuld, and most

preferably at least a 4 fold or even a 10-fold difference fronx the negative control.

Agents for sereening: Combinaterial libraries (e.z., small

organic molecyles)

Virtually any agent van be sereened according to the methods of this

invention. Such agents include, but are not limited to nucleic acids, proteins, sugars,
pulysaccharides, glveoproteins, lipids, and small organic melecules. The term small organic
molecules typically refars to molecules of 2 size compavable to thosc organic molecules
gcnerally used in pharmaceaticals. The term excludes biological macromuolecules {e.g.,
proteins, nucleic acids, efcd. Prefooed small organic molecules range in size up to aboul
A000 Da, more preferably up to 2000 Da, and most preferably up to about 1000 Da.

Conventionally, new chemical entities with useful properties are generated
by identifying a chemical compound {called a "lea] compound™) with some desirable
property or activity, creating variants of the lead compound, and evaluating the property and
activity of those variant compounds. However, the current trend is to shorten the time scale
for all aspects of drug discovery. Because of the ability to tost large numbers quickly and
sfficiently, high throughpur screening (HTS) methods are replacing conventional lead
compound identification methods.

In enc preferred cmbodi.mcﬁt, high throughput screening raethods involve
providing u library containing a large Qumber of potential therapeutic compounds (candidale
compounds}. Such "combinatorial chemical libraries" are then sereened in vne or more

assays, as described herein to identify those library members (particular chemical species or
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subclasses) that display & desired characteristic aclivity. The compounds thus identificd ¢an
scrve aa conventional "lead compoinds” or can themselves bo used a3 potential or actual
thorapeutics.

A combinatorial chemical library is a coflection of diverse chemical
sompounds generated by either chemical synthests or biological synthesis by combining &
numbet of chernical "building blocks” such as reagents. For example. a linear
combinatorial chemical library such as a polypeptide {¢.g., mutein) library is formed by
combining a set of chemival building blocks calied amino acids in every possible way for a
given compound length {i.e., the numbor of amine acids in 4 polypeptide compomd).
Millions of chemical compounds can be synthesized through such combinutorial mixing of
chemical huilding blocks. For example, one commentator has observed Lhat the systematic,
combinatorial mixing of 10€ interchangeable chemicul building blocks results in the
theoretical synthesis of 100 million tetrameric compounds or 10 billion pentameric
compounds (Gallop et al. (1994) 37(9): 1233-1250).

Preparation of combinatorial chemical libraries is well kiiown 1o those of
skill in the art. Such combinatotial chemical libraries include, but are not limited to, peplides
librarice {see, e.g., U.S. Patent 5,010,173, Furka (1991) inf. J. Pept. Prot. Res., 37: 457-493,
Houghton &t al. (1991) Narure, 354: 84-88). Pepuide synthests is by no means the only
approach envisioned and intended for nse with the present invention. Cther chemisiries for
generating chemical diversity Lbraries can also be used. Such chemustrics tnclude, but are
nat Hrrited @o: poptotds (PCT Publication Mo WO 91719733, 26 Dec. 1991), encoded
pepddes (PCT Publication WO 93/20242, 14 Qct, 1993}, random bio-oligomers (PCT
Publication WO 92/00091, 9 Jan. 1992), benzodiacepines (U.S, Pat. No. 5,288,514),
diversomers such as hydantoine, benzodinzepines and dipeptides (Hohbs er al., {1993 Proc.
Naz Acad. Sci. USA 90: 6909-6913), vinylogous pelypeptides (Hagihara &f af. (1992) 1.
Amer, Chem. Soc. 114: 6568}, nonpeptidal peptidomimetics with a Beta-D-Gilucose
scaffelding (Hirschmann ez at., (1992) J. Amer. Chem. Soc, 114 9217-9218), analogous
crganic syotheses of small compound libraries (Chen ef af. {1994) J. Amer. Chem. Soc. 116:
2661}, oligecarbamates (Cho, er al., (18Y3) Science 261:1303), and/or peptidyl
phosphonates (Campbell ef al, (1954} J. Org. Chem. 5%: 658). See, genérally, Gordon et
al., (1594) J. Med. Chamn. 37:1385, nucleic acid librarics {see, e.g., Strategene, Corp.),
peptide nucleic acid librades (see, o g., 11.5. Patent 5,539,083) antibody libraries (se¢, e.2.,
Vaughn ot al. {1996) Nature Biotechnolagy, 14{3): 309-314}, and PCT/US6/10287),
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carbohydrate libtaries {see, e.g., Liang e al. (1996) Science, 274: 1520-1522, and U.S.
Fatent 5,593,853), and small organic molecule libraries {see, ¢.g., benzadiazepines, Bawm
(1993} C&EN, Jan 18, page 33, isoprenoids U.5. Patent 5,569,588, thiazolidinones and
moetathiuzanones U.5. Patent 5,549,974, pyrrolidioes U.S. Patents 5,525,735 and 5,519,134,
morpholine compounds 1.5, Patent 5,506,337, benzodtazepines 5,288,514, and the like).

Devices for the preparation of combinatorial librarics are commercially
svailable (see, £ g, 357 MPS, 390 MPS, Advanced Cham Tech, Lonisville K'Y, Symphaony,
Rainin, Wabum, MA, 4334 Applied Biosystems, Foster City, CA, 9050 Plus, Millipore,
Bedford, MA}.

A number of well known robotic systems have also been developed for
solution pheec chomistries. These systems inchele, but are pot limited to, automated
workstations like the autorated synihesis apparatus developed by Takeda Chemical
Industries, LTD. (Osaka, Tapan) and many robotic systems utilizing robitic arms (Zymeate
I, Zymark Carporation, Hopkincen, Mass.;, Orea, Hewlett-Packard, Palo Alto, Calif.} which
mimi¢ the manual synthetic opetations petformed by # chemist and the Venturs™ platform,
an ultra-high-ﬂlruughg;ut synthestzer that can zom between 576 and 9,600 simultanecus
reactions from starl to fnish (see Advanced ChemTech, Ine. Louisville, KY)). Any of the
gbove devices wre suitable fov use with the present invention. The nature und
implementation of modifications to these devices (if any) so that they can opersle as
disenssed herein will be apparent to persons skilled in the relevant art. Tn addition,
numerous combinatarial librites are themselves commercially available (see, e.g.,
ComiJenex, Princeton, .., Asinex, Moscow, Ru, Tripos, Inc., St. Louis, M0, ChemStar,
Ltd, Moscow, R1J, 313 Pharmacenticals, Exton, BA, Martek Biosciencos, Columbia, MDD,

efe).

3 High Throughput Screening

Any of the assays {or compounds modulating the accumuiation or|
dogradation of metabolic products described herein are amenable to high throughput
screening. Preferred assays detect inereases or decreases in the transeription and/or

translation of 4 reporter gone in responsc to the presence ot a test compound.
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The cells utilized in the methods of this invention nesd not be contacted with
a single test agent ut a time. To lhe contrary, to factlitate high-throughput sereening, a
single cel} may be contacted by at least two, preferably by at least 5,-more. preferably by at
least 10, and maost preferably by at least 20 test compounds. T the cell scores pasitive, it
can be subsequently tested with a subset of the test agents until the agents having the
activity are identified.

' High throughput assays for vartous reporter gene preducts arc well known to
those of skill in the art. Por example, multi-well flucrimeters are commercially available
(e.g., from Perkin-Elmer).

In addition, high throughput sceeening systems ar: commercially available
(see. e.g., Zymark Corp., Hopkinton, MA; Air Technical Industries, Mentor, GLL Beckman
instruments, Inc. Fullerton, CA; Precision Systems, Inc., Matick, MA, erc.). These systems
Lypically automate entire procedures including all sample and reagent pipetting, liquid
dispensing, timed incubatioms, and final rcadings of the microplate in detector(s) appropriale
for the assay. These configurable systems provide high throughput and rapid start up as
well as a high degree of flexibility and customization. The manufacturers of such systems
provide detziled protocols the vartous high throughput. Thus, for example, Zymark Cowp.
provides technicul bulletins describing screening systeras for detocting the modularion of

gene transerption, ligund binding, and the like.

|5 Selectively killing or inhibiting cells showing an ahnormality in a

metabolic pathwiy.

The methods of this invention can alse be used to selectively kill orinhilit a
cell showing an abnormality in wnetabolic pathway, This {s accomplished simply by using
i cyloloxic gene or cDMNA as the effector. Cells able to degrade the metabolic product in
question {e.g. (3-catenin) will also degrude the metubalic product producing the chimeric
molecule and the effector gene will not be transactivated. Conversely, cells unable to
degrade the metabolic product will have a functioning two-hybrid systemn thal transactivates
the cylotoxic eftector thereby killing or inhibiting the cell, The method is thus highly
seleclive for cells showing an abnormality in the metabolic pathway of interest.

1t 15 nuted that this approach s not only useful i the treatment of traditional 7
“diseases of aceumulation”, but also in the treatmient of various cancers chavacterized by the

accumulation of 2 metabolic product.
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Asused hercin, 2 cytatoxic gene or cDNA refers to u gene or cDNA that
when expressed results in cell death or renders the cell susceptible to killing by another
reagent. Thus, for cxample, expreseion of 4 herpes vins thymidine kinase gene will render
a cell susceptible ia the drug gangeyelovir wluch will cause the selective kiliing af any cell
roducing the

Suitable eytotonic genes include, but are not limited to genes for cytotoxing
such as Pyuedomonas exotoxin, Diphiheria toxin, ricin, abrin, thymidine kinase, apoptosis
genes, and genes involved in an apaptosis related pathway (2.g. P33, P73, Bax, Bad, FADD,
caspases, erc.). Tn certain embogiments, the gene is un unti-upoptotic gene such as Bel2 or
MDM2, gre.

I Bxample 1 herein, the method is tlostrated for the sslective killing of cells
having a defective APC. A two-hybrid system comprising Gal4-f-catenin aod Tef-VP16
chimeric molecules is used to transactivate an effector comprising a P53 ora th genc. As
flustratad in the Fxample, te method provides highly specific killing of APC-defective
cells.

The mcthed is not lintited to the in virro use. To the contrary, the chimeric
malecules, or nucleic acids comprising the chimeric malecules, can be delivered to cells in
wivp (2.4, using gene therapy delivery methads as doseribedt hereiny where they provide
highly effsctive killing of the defective cellfs). Ihe methods thus offer 2 means to freat 4

large number of cancers and other diseases of accumulation.

) Sclectively compensating for metabolic defects.

Instead of killing the subject cells, the methods of this inventon can alsa be
used to selectively compensate for one or more metabolic defects. In this instance, the
effector is & gene ur cONA that encodes the protein (e.g. an enzyme) for which the cell i
deficient. When the two-hybrid system is inserted into a cell that is defteient for the desired
aclivity, the two-hybrid systern tums on the offector theceby initiating the desired metabolic
activity {e.z. degrading ihe particular metabolic product).

m Ihstrative pathologies suitalle for inlervention using the metheds of
this invention,

The methods of this invention can be used to assay for agents having activily

in cssentially sny congdition characterized by the accumulation of a metabolic product.
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Similarly, the methods can be used to seleatively kill cells that show a degradation defect.
Thus, the methods of this invention are uscful in the treaiment of diseuses of accumulation
ar in sereening for a2enrs that ave also useful in the treatment of diseases of accunmlation.

Diseases of accurpulation {storage discases) are well known to those of skill
in the art and include, Buf are not Hnmted to Storage disease include but are not limited to
glycogen sturage discase [, GM1 gangliosidoses, MPS 1V B (Morguio 1), GM2
gangliosidoses (0, B, AB, BJ variants), Niemann-Pick disewse (A, B, and C},
metachromatic lenkodystrophy (arylsulfataze A and SAP-1 deficient), Krabbe discase,
Faley disease, Gaucher disease, Farber disease, Wolman disease (sholesterol ester storage
disease), MPS 1(Hurler and Scheie syndromes), MPS I (Hunter syndrome), MPS IDA, C,
and D (Sanfilippo A. C, and I, PS I3 (Sanfllippo B}, MPS IV A (Morquio A), MPS V1
(Maroteaux-Lamy syndrome), MPS VI {beta-glacurenidase deficiency), Multiple
sulfatase deficiency, Mucolipidosis T (Sialidosis), Mucolipidosis 1l & I, alpha-
Mannasidesis, beta-Mamnosidosis, Tucosidosis, Salle acid storage disease,
Galactosialidosis, Aspartylglucosaminuria Cystinosis.

The etiolugy of such storage discases is relatively well understood. Thus,
identification of metabolic product(s) and Jigands for use in two-tiybrid systcm. relevant to
the disease is relutively straightforward. For example. in Gauchers discasc defective gones
for ulucoverbrosidase result in the accumulation of glucosyleerumides in macrophages. Use
of the two-hyhrid system of this invention with gleosyleeramide, ot another component of
the same pathway with an effector that I8 a cytotaxin will selectively kil cells showing the
Gauchers phenotype, while use of an effector that is a glucocersbrosidass selectively
replaces the missing activity Jn those cells in nesd nf such activity. Similady, Krabbe
disense is a lethal demelinating condition caused by a deficiency of galactosyleeramidase
{GALC) enzyme activity. This leads to accumulation of cersbroside and psycosine. Use of
gither metabolic product in & two-hybrid system and galactosylesramidase enzyme as the
effectar, according to the methods of this invention provides a system that selectively
replaces the desired metabolic activity in cells in need of such activity.

The methods of this invention are also uselul in the treatment of a number of
cancers or for seresning for therapeutic agents uselul in the treatment of a wumber of
cancers, For example defective APC is observed in a large number of cancers (e.g. in 80 to

85% of all colon cancers). In addition, viral activation of Wi-I causes mammary tumess in
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mice and mulations that make B-catenin refractory to destauction wx: found in a wide variety
of cancers (see, e.g., Polakis (1999 Curr. Gpin. Gene. Dev., 9: 15).

iI. Cemponents of the methods of thig invention.,

A)  The tirst apd second chimeric molecules.

The methods of this invention utilize a mammalian two-hybed system
involving a first chimeric molecule having & nucleic acid binding domain and a second
chimeric molecule having a rogolatory domain (e.g. a transactivator or a repressor). The
firet chimeric melecule preferably comprises o domain that is the metabolic product of
interest (e.g. [-catenin} while the second chimeric molecule comprises a domain that is &
ligand, enzyme, ete. (ol binds the metabolic product domain comprising the first chimeric
molecule. The ligand and the metaboltc product are interchangeable. That is, the first
chimeric molecule muy comprise the ligand and the sccond chimeric molecule may
comptise the metabolic product.

T the APC system illustrated in example 1, the first chimeric molecule
comprises a Gald domain und a §-catenin domain, while the sceond chiteric molecule
comprises & Tefd domain 2nd a VP16 domain. The components cun be xeversed, so the fivst
chimerie molecule comprises Gald and Tefd, while the second chimerie molecule compnses
B-catenin und VP (6. In addition, the [igand need not be Tcfd. Essentially any molecule in
the Wt patfuway that binds to B-catenin is suftuble. Thus, for example, Tefd may be
substituted with Tef1, Tef3, Lefl, or other members of the Tef family. Other molecules
involved in the Wnt signaling pathway include, but are not limited to axin, disheveled,
GSE3B. B-FrCP, casein kinases 1£ and 1, prowein phosphatase 24, and FRAT (freguently
rearranged in advanced T cell lyphomug).

The two-hybrid systenes sed in (bis jovention thus comprise: 1} A
metabolic praduct (or fragment thereof), 2) A ligand that birds to the metabolic preduct or
frugment thereof, 3) A regulatory (expression control) domain, and 4) A nucleic acid
bindipg domain. The nucleic acid binding domain and the regnlatory domain arc on

different chimeric melecules.
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%) ‘The metabolic product.

Selection of the metabolic produet {or fragment thereof) for nss in the 1wo-
hybrid system according to the methads of this invention is a funcrion of the particular
metabolic pathway or pathology of interest. As illustrated in example 1, one metabolie
product uselul For the Wnt signaling pathway is 3-catenin,

In the case of Gaucher's disease which is characterized by the inactivation of
alucocerebrosidase resulting in the accumuladon of glucosyleoamide in macrophages,
glucosylceramide or the glucocerebrosidase provide effective targets {metabolic products or
enwymes) for uge in the methods of this invention. Similarly, Krabbe's divease, a lethal
demyslinating coudition is caused by a deficiency of galactosyleeramidase (GALC) enzyme
activity leading to the accumulation of cerebroside and psychosine, Again, both the
accumnlated metabolic products and/or the deficient enzyme and/or other molecules in the
samne metabolic pathway provide gond targets for wse in the methods of this invention.

Using the teaching provided horein, one of skill may readily determine other
metubolic products for use in the two-hybrid systems for ussays and (herapeutics accoring

ta the metheds of this invention.

2 'he ligand that hinds to the nretahelic product.

The ligand tlrat binds the metabalic product may be a naturally occurning
molecule found in the etaholic pathway that produces or degrades the merabolic product.
Alternatively, the ligand uscd to bind the metabolic product of interest need nof be a ligand
found in the pathway that normally produces the metabolic product. Any ligand that hinds
the'metabolic praduct, and more preferably that specifically binds the metabelic product is
suitable. Thus, for example the systern llustrated in example 1 vtilizes a member of the
TCE/LER family. The TCF fami)y members are known to bind to 3-catenin, but are not
believed Lo be participants in the pathway that produces or degrades B-catenin.

The ligand need not even be a naturally-occwring molecule, Thus, for
example, where a ligand is necded for a particular molecule (e.g. plucesyleeramide in
Gaucher's disease), one can be readily generated using any of a menber of known
technologies (¢.g. phage display or other methods of directed evolution. The use of phage
display libraries 1o idenfify single chain polypeplides that. specifically bind a particular
molecule with high affinity is well knowa to those of skill in the axt (see, e.g., MeCafferty er
al. {1990) Nare, 348: 532-554; Hoogenbaom e al. {1991) Nucleic Acids Res. 19: 4133-
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4137, Masks er al, (199]1) J. Mol Bigl. 222: 381-397; Marks e al. ((993). Bio/Technology,
100 779-783; Grifliths er af. (1993) EMB( J. 12: 725-734; Clackson ef ol. (1991) Nature.
352: H24-628).

3 The expression centiol proteinfdomain.

One of the chimeric molecules used in the two-hybrid systems of this
invention copiprises an expression control (regulatory) domain. The expression control
dooain is typically & polypeptide that aiters the expression of a gene ar cDINA. Typical
cxpression control proteins are transactivators (that upregulate expression of a gene or -
cDNA) or repressors {that downregulate the expression of a gene or cDNA).

While in one particularly preferred embodimeni, the expression control
protein is VP16, in prefermed embodinents, any TATA box binding domatn of 2 known
fransactivating protein can replace VP16, Other suitable transactivators will be known to
those of slall in the art. Various transactivators include, but are nat linited to, BE2B-4 (U.S,
Patent £,045,999), human transetiption Tacter (see U.S. Patent 4 6,001,971}, transcription
factor Tslet-Brain 1 (IB1) (U.S. Patent 5,880,261), TFIIB wanscription {actor from Candidu
elbicans (U5, Patent 5,863,762}, DPL (.S, Patent 3,863,757 ), DP-3 (U.S. Patent
5,859,199, Liver ensiched transcription factor (1.8, Patent 5,842 485), RMA polymerase
travseriptiva factor (TS, Patent 5,792,634}, transcription fastoc APRF (acate phase
wsponse factor) (115 Patent 5,719,042}, cell-type specific transeription factor {U.5. Patent
5,710,023 }, p300 transgeription fagtor (U.S. Patent 3,658.784), human vranscription factoer
IIA (U5, Parent 5,652,117}, S-11 wanscription factor (U.S. Patent 5,196,303), and the like.

While in prefened embodiments, this invention utilizes an expression contl
domain that is 1 transactivator, in certain embediments, a control elerment is used that is a
repressor of gene or cDINA transeription, Varjous transcription repressors are known to
thase of slkill in the art. These include, but are not limited to Kruppel-like factor (0.5,
Patent 6,077,933), tetracycline repressor {U.S. Patents 5,972,650 and 5,917,122), ETS2
repressor (LS. Patent 3,856,123}, papillomavirus E2 transuctivation repressor (U.S. Patent
5,595,884), the CI434 gepressor, plasmids (ULS. Patent 5,147,788}, and the like.

4 Ihe nucleis acid binding domain
Virally uny nucleic acid binding protein or the binding domain therein may

be used in the two-hybrid systerns of this invention. The binding protein preferably binds to
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a particular nucleic acid sequences wath sufficient affinity that an attached transaclivator is
able to upregulate cxpression of an appropriately pasitionsd gens or cDNA. Whils lhe Geld
domain provides a well characterized and parmiculsr preferted embodiment, many other
nucieic acid binding molecules are known o those of skill in the art. Yor example, U.5.
Patents 6,010,849 and 5,578 444 provide assays {or the ready identification of (typically
non-protein} nuclcic acid binding molecules and alse provide a number of illustrative
molecules.

Other nueleic acid hinding proteins comprise vartous transactivators and are
often characterized by the presence of i zine-finger mofif, Suitable pucleic acid binding
proteins and assays for identifying these and other nucleic acid bindhing proteins are well
known to those of skill in the wt. Thus, for example, U.S. Patent 6,066,452 teaches
methods for simulinneously selesing binding sitc sequences for mulriple DNA. binding
proteins. 1J.5. Patent 6,07,988 discloses method of designing zinc finger biading
polypeptides for bindiug to a particular target sequerve and lists & number of suitable zine
fnger palypeptides. 1.5, Patent 5,773,583 discloses a pumber of "Fgr" prateins that bind to
specific DNA sequences.

Using the teaching provided herein, ather suitahle nucleic acid Binding
proteins/binding domains can be readily determined by ene of erdinary skill in the wt

without undue exporimentation.

51 Preparation of the chimeric molecules.

Tie chimeric molccules comprising the two-lrybrid systems of this invention
may be chemically conjugated domains, of, wheee the domains are linked by an wming acid
or peptide linker the chimeric molecules may be recombinantly expressed [usion proteins.
Where the chirtetic molecules are chemically conjugated, the chimeric molecule is
delivered to the cell. Where the chimeric molecules ace fusion proteins either the fusion
protein itself is delivered to the cell ur a nucleic acid encoding the fusion protein 1s
transfected into the cell whete it produces the desired fusion proteings).

Means of chemically conjugating molecules are well knawn (o those of skill.
Pulypoptides typically contain varety of functional groaps; e.g., carboxylic acid (COOH) or
free amine (-INH;) groups, which are avuailable for 1eaction with a suitable Functional group
on an effector molecnle to bind the effector therela. Alterpatively, the components

comprising the chimeric molecule(s) (e.g. Gald and B-catenin} may be derivatized to expose
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of attach additional reactive funcrional groups. The dertvatization may jnvalve attachment
of any of a number of linker molernles such as those available frem Pierce Chemical
Company, Rockford Mlinois.

A “linker", as used herein, is a meoleculs that is vsed to join the two domains
of the chimeric melecule(s) to each other. In preferred crbodiments, the linker is capable
of forming covalent bonds to both the domains. Suitable linkers are well known to those of
gkill in the art sud include, but are not limited to, stratght or branched-chain carbon linkess,
heterocyehic carbon Linkers, or peptide linkers. In certsin coibodiments, the linkers may be
joined to amino acids comprising the domains through their side groups {2.¢., through a
disulfide linkage to cysteine). However, in a preferred embocdiment, the linkers will be
Jeined to the alpha carbon umine and carboxyl groups of the teroninal amine acids. The
linker may be bilunctional, having ane functional group reactive with a substitusnt on the
first domain {e.g. Gald) and « different functional geoup reactive with 4 substitueat on the
second domain (e.g. Pocatenin). Altematively, the two domains may be deivatized to react
wirth a "mono-functional” linksr (see, e.g., 11.5, Patent No. 4,671,958 and 4,659,839 (ot
pracedures to generate reactive groups on peptides).

Tn a particularly preferred embodiment, the chimeric maolecules of this
invention are fusion proteins. The fusion protein can be chemically synthesized using
standard chemicul peptide synthesis techniques, or, more preterably, recombinantly
expressed. . Where buth molecules arc relatively short the chimeric molecule may he
chenically synthesized as a single contiguous polypeptide. Solid phase synthesis in which
the C-terminel amino acid of the sequence is atlached (o an ingoluble support followed by
sequential addition of the remaining amino acids in the sequence is a preforred method for
tho chemical synthesis of the polypeptides of this invention. Techmigues or solid phage
synthesis ure described by Barany and Mexrifield, Sofid-Phase Pepiids Synthesis; pp. 3-284
in The Peptides: Analysis, Syathesis, Riclogy. Vol. 20 Special Methody in Peptide Synthesis,
Pyt A., Merrifield, e ¢l J. Am. Chem. Soc., 85: 2149-2156 (1963), und Stowart et of.,
Solid Phase Peptide Synthesis, 2nd ed. Plerce Chem. Co., Rockford, [11. (1984).

In a most prefernred cimbodiment, the chimeric molecules of the present
imvention are syothesizod using recombinant DNA methadolegy. Geverally this invelves
ceeating a DNA soquence that encodes the fusion protein, placing the DINA in an cxpression
cagsette under the control of a particular promoter, and expressing the chimeric (fusion)
pratein in a host cell,

,2?,
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DNA encoding the fsion pratein(s) used in the methods of this invention
may be prepared by any suitable method, including, for example, cloning and restriction of
appropriare seguences or ditect chemical synthesis by methuds such as the phosphotriester
method of Narung ef al, (1979) Merk. Engymol. 68: 90-99; the phosphadiester methad of
Brown ef al. (1979) Meth. Erzymol. 68: 109-1511 the diethylphosphoramidite method of
Beancage ef af. (1981) Tetra Lan, 22: 1859-1862; and the solid support methed of TS5,
Patent Mo. 4,458,066,

Chemical synthesis produces a single stranded oligonucleotide. This may be
converted mto double stranded DINA by hybridization with & complementary sequence, or
by polymerization with a DNA polymerase using the single strand as « template. One of
skill would recognize that while chermical synthesis of DNA is limited to sequences of about
100 to 500 bases, longer sequences may be abtained by the ligation of sharter sequences.

Alternatively, subsequences may be cloned and the appropriate subsequences
cleaved using appropriate restriction enzymes. The fragmenta muy then be ligated to
produce the desired DMA sequence.

In @t preferred embodiment, DINA encoding (ugion proteing of the present
invention is using DINA amplification methods such as polymerase chain reaction (PCR).
Thus, for example, as {llustrated in Example 1, & human B-catenin cDMA is PCR amplificd
with the Baml [{ linker and coned into a Ban HI site of pBIND. The human Tof4 cONA
with Fam BT linker is PCR amplified and cloned into the Bam Bl site of pACT.

A linker may be inuoduced intw the chimeric molscules, &.9., between the
nucleic acid hinding domain and the mefabolic product or between the ligand and the
transactivator. The linker is used to sepurate the two domains comprising the chimeric
molecule by a distance sulficient ko ensure that, in a prefecred embodimen, ench domuin
praperly folds into its secondary and tertiary stuuetures. Preferred peptide linker sequences
adapt a flexible exteaded confermation, do not exhibit a propensity for developing au
ordered socondary stucture that could imteract with the functionat GM-CSF and G250
domains. Typical amine acids in flexible protein regions include Gly, Asn and Ser.
Virtually any permutation of amina acid scquences cantaining Gly, Asn and Ser would be
expected 1o satisfy the above eritcria for a linker soquence. Other near neutral aming acids,
such as Thr and Ala, also may be used in the linker sequence. Still olher amoino acid

sequences that may be used as linkers are disclosed in Marates et al. (1985}, Gene 40: 39-
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46; Murphy ef al. (1986) Proc. Nut'. Acad Sci. USA §3: 8258-G2; 11.8. Pat. No. 4,035,233;
and 5. Pat. No. 4,731,180

The length of the peptide Enker sequence may vary without significantly
affecting the biological activity of the tusicn protein. In one prefered embodiment of the
present invention, a peptide linker sequence length of about 2 aming acids is used ta provide
4 suitable sepwation of functioual protein domaing, although longer finker sequences also
may be used. The linker sequence may be from | to 30 amino acids in length. In the most
preferred aspects of the present invention, the linker sequence is from about 1-20 amino
acids in length. In the specific embodiments disclesed herein, the linker sequence is from
ahout 2 to about 13 amino acids, and is advantageously from about 2 to about 10 amino
acids. Peptide linker sequences not necessarily required in the fusion proteins of this
invention.

Generally bo linker will have no specific biolagical activity other im to
join the proteins or to preserve some minimum distance or other spatial relationship
between them. However, the constituent amine acids of the spacer may be selected to
influence some property of the molecule such as the folding, net charge, or hydrophabicity.

Where it is desired to recombinantly express either of the two chimerie
molecules cotnprising the two-hybrid systems of this invention, the G250, the GM-CSI, or
the G250-GM-CSF fusion protein, the nucleic acid sequences encading the desired protein
are typically operably linked to suitable transeriptional or trauslational regulatory elements. The
regulatory elements typicslly include & wassertptional promoter, an optional operator sequence fo
control transeciption, a sequence encoding suituble mBNA ribosemal binding sitcs, and sequences
that control the termination of transcxiption &nd translation. The ability to replicute iua host, vsually
canferred by an arigin of rephication, and a selection senc to facilitate recognition of transformauts
may additionally be incorperated.

The nucleie acid sequences encading the fusion proteins may be cxpressed in
a variety ol host cells, including E. coli and other bacterial hosts, and most preferably
enkaryotic host cclls including but not limited to yeast, insect cells, and mammalian cells.
The ecombinant protein gene will be operably linked to appropnate expression control
sequences for sach host. )

The plasmids of the invention can be transferred wito the chosen host cell by

well-known methods such ag ealeinm ehloride transformation Tor £ codl and caleinm
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_phosphate treatment or electroporation for mammalian cclls. In vivo transfection can be

accomplished using standard gene therapy methods, e.g. as described herein.

BExnmples of these teclmigues and instructions sufficient to direct persons of
skill through many cloning excreises arc found in Berger and Kimmel, Guide to Molecular
Clonipg Technigues, Methods in Engymology 152 Acadomic Press, Inc., Sun Diego, CA
(Berger); Sambrook er o, (1989) Melecular Cloning - A Laboratory Manral (Znd ed.) Vol.
1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor Press, NY, (Sambrook e al.);
Current Protocoks in Molecular Biology, T M. Ausubel ef ol eds., Current Protacels, a
joint venture between Greene Publishing Assoctates, Tnc. and JTohn Wiley & Sons, Inc.,
(1994 Supplement) {Ausubel); Cashion ef al., 118, patent number 5,017,478; and Carr,
Huropean Patent No. (0,246,864,

. Examples of techniques sufficient to direet persons of skill thwough in vitro
amplification methods are found in Berger, Sumbrook, and Ausubel, as well as Mullis ef al.,
(1987) U.S. Patent No. 4,683,202; PUR Protocols A Guide to Methods and Applications
{Inmig et af. eds) Acudemic Press Inc. San Diego, CA (1990) {Innis); Amheim & Levinson
{October 1, 1950} C&EN 30-47, The Jourmal Of NIH Research (19913 3: 81-84; (Kwoh et
al. (1989) Proc. Natl. Aced. Sci. T7SA 86: 1173; Guatelli ez al. (1990) Proc. Narl. Acad. Sci.
1/SA 87, 1874; Lomell ef of. (1989} J. Clin. Chem., 35: 1826; Landegren et al.. (1988)
Science, 241: 1077-1080; Van Brunt (1990) Biotechnology, 8: 291-294; Wu and Wallace,
{1989} Gene, 4: 500; and Burringer o1 al. (1990) Genz, 8% L17.

€)  The nucleie acid,

The nucleic acid component af the two-hybrid systems of this invention is
produced according to standard methods. Typically, the nucleic acid conpriscs a binding
domain recagnized by a nucleic acid binding molecule (e.g. (GALA) and an expression
cassetie eomprising one or mare genes or cDNAs. The expression cassette positioned with
respect o the protein binding site such that a two-hybrid complex bound to the binding site
cam effect wanseription of the gene or cDNA comprising the expression cassetie.

Methods of producing such a nucleic acid are well known to thase of skill in

the art and are illustrated in Example 1 hepein.
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D) The Cells

Vartually any celf ean harbor the two-hybrid systems of this invention.
Preferred cells, however, are eukaryotic cells and cven more preferred cells are mammalian
cells and rost preferred eells are human cells. The eells can include cells in long term
cultnre {e.g. HeLa cells, CHO cells, SW480 cells, $W48 cclls, DLD-1, HCT-116, AT29,
293 cells, G-208, T-47D, MCE-7, AS49, Hep G, Jagkat cells, and the like. The cells can
also include acute {unpassaged) ceils and cells iz vive.

The cells may be tansfected with nucleic acids enceding the chimeric
raolzeules comprising the two-hybrid components of this invenlion or the chimeric
molecules may be dirsctly introduced into the cells {e.g. via microinjection, lipid
encapsulation, HIV TAT protein mediated Lunsfer, eic.). In particu]‘;n‘, it is noted that the
human immunodeficiency virus TAT preteio (HIV- TAT}, when fused to considerably Larger
proteins results in delivery of the biclogically active protein cven acrass the blood brain
barrier (sze, a.g., Schwarze et al. (1999) Setence, 283: 136Y-1.572, und references ited
therein).

The cells alse preferably include (be nucleic acid encoding the protein
binding sits and an effecter molecule according to the methads of this inveation.

Depending on the embodiment, the cells muy comprise one or yuore
components ol the two-hybrid systews of this invention. "Thus the cell can incfude either or
both chimeric molecules andfor nucleic acids encoding either or both of the chimeric

molecules and/ot the mucleic acid comprising the binding site and the effector gene.

HL.  Placing the constructs into a cell.

The chimeric molecules can be introduced direetly into the cells, or where
the chimeric molecules are fusion proteins, the nucleic acids encoding the proteing can be
introduced into the cells according to stundird methods know o these of skill in the art

Where the cells are acule or in culture, standard methods of ex viva
transfection may be utilized. Thess nclude, but are not limired ta, microinjection, biolistic
tranefer, lipid-mediuted transler, dendrimer-mediated transfer, electroporation, calcium
phosphate transfection, and the like.

‘Where the chimeric molecules themszlves are to be introduced into the cell,

standard methods for transferting pharmaceuticals into cells may be used. Such methods
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include, but ace not limited 1 liposome encapsulation, mictoinjection, the use of HIV TAT

domains to faci litate transfer, and the like.

A)  Constructs for expression of components of the iwo-hyhrid system.

1n order to express the chimeric molecules (o.g. Gald-B-catenin, Tef4-VPLG,
Gald-Tetd, B—ciitcnm-\fl—‘lﬁ, eic.}, the gene/cDNA encoding the chimeric maolecule is
typically placed in an expression cassette. The expression cassalte typically corprising
regulatory rmachinery (¢.g. eukaryotic promoter, initiation site, stap site, eic.} sufficient to
direct expression of the pene and/or cONA. Using the sequence information provided
hepein expression cassettes suitable for the expression

The gene/cDNA is typically placed under the control of (i.e., operably linked
10} a promoter that dirscts transcription of the subject nucleic acid, The promoter may be
constitutive or inducible. Where tissue-specific expression is desived the promoter may be
tissue-spacific promoter.

A wide varety of tissoe-specific prameters may be utilized within the
context of the preseol invention. Representative cxamples of such promotsrs include, but
are not limited to liver-specific prometars such as phosphoenolpyruvate carboxylkinase
("PEPCK") {Fraixogiou ¢¢ af., (1988) J. Biol Chem. 263: 17798-808; Benvenisty ef 4l.,
(1989) Proc. Natl. Acad. Sci. USA 86: 1118-1122; Vaulont a2 f. (1989) Mol. Cell. Bial. 9:
4408-4415); B cell specilic promoters such as the TgG promoter; breast carcinoma or
hepatocellular carcinoma specifie promoters such as Carcinoembryomic Antigen promoter
(CEA) (Schrewe at al. (1990 Mol. and Cell. Biol. 10: Z738); pancreatic acinar cell specific
promaters such as the clastase prormoter (SWitt er af. (198%) Genes Davelop. 3: 687-96);
breast epithelial specific prometers such as the cusein promoter (Doppler et al. (1989) Proc.
Natl. Acad. Sci. TI5A 86:104-108); erythoid specifie-transcription promatars which are
active in erythroid sells, such as the porphohilinogen deaminase prometer {Mignotte et al.
(L990) Proe. Nawl. Acad. Sei. USA 86: 6438-6452); o or B-globin specific promoters (van
Assendelft ex al. (19897 Celf 56:969-977; Forresler ef al. (1989) Proc. Narl. dcad Jeoi. U84
86 :5439-5443); promoters which regulate skeletal mascle such as the myo-I binding site
(Burden (1949} Narure 341: 716, Weintraub ot al. (1989) Proc. Nail, Acad. S¢i. USA 82
5434.5438); promotess which are specific for .beta. cells of the pancraase, such ag the
insulin promoter (Ohlsson ef al. {1988) Proc. Notl Aced, Sci. USA 85: 4228-4231; Karlsson
et al. {198%) Mol. Celi. Biol. 9: 823-827); promoters which are specific for the pituitary
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gland, such as the growth hormone factor pramater (Ingraham ef el (1988) Cell 55: 519-
529; Bodner ¢f al. (1988) Cell 55:305-518}; promoters which are specific for melunosomes,
such as the tyrasine hydroxylase proroter: liver-specific promoters such as the albumin
promoter and the alphafetoprotein promater (Feuerman ef al. (1989} Mol Cell. Bial. 9:
4204-4212; Camper and Tilghman {1989} Genes Develop. 3: 537-546); breast carcinoma
specific promoters such a3 the HER2/neu pramater {Tal er af. (1987) Mol. and Cell. Biol. T:
2597); liver-specific promoiers such as the alcohol dehydrogenase promoter (Felder (1989)
Proc. Natl. Acad. Sci. USA 86: 5902-5907); T-vell speeific promoturs such as the T-oell
reseptor promoter (Anderaon et al. (1988) Proc. Narl. Acad. Sci. USA 85: 355)-3554;
Winote and Baltimaore (1989) ZMR /. §:729-733); bone-specific promoters such as the
ostevcalcin prometer (Markose e af. (1990) Proc. Nyl Aced. Sei IS4 87 FHOL-1705;
MecDonnell e al. (1989} Mol Cell. Biol. % 3517-3323: Kerner ez af. (1989) Proc. Naz.
Acad. Sci, USA 86: 4455-4559} the IL-2 promater, 1L-2 receptor promater, the whey (wap)
promater, and the MHC Class I promeler, and the like. -

The constructs may, oplionally, icclude flanking sequences complementary
to 4 region of the host genomic DNA to failitale integration of the cassette into the host
genome {e.g. through homologons recombination as described below). In addition or
alternatively, the flanking sequences may optionally comprise one or more reconabinase
recognition sites (¢.g. LoxP or ELP) 1o facilitate integration of the expression casselte

through the vsc of & recombinase (¢.g. Cre)

B) _ Jin vive transfection.

In certain preferred embodiments, the two-hybrid systewos of this invention
are introduced into cells e vive to sclectively kill cells showing metabolic defects {e.g.
certam cancer cells) or to intraduce & particular enzymatic activity in a cell where such
activity iz ditinished or lacking. While in some erbodiments, the chimeric melecules are
introducad into the cells "dirsctly” (e.g. not recombinantly cxpressed;, £.g., usitrg an HIV
TAY [usion protein {see, e.g., Schwarze ef al (1999) Science, 2851 15601372, and
references cited therein), in preferred erabadirmnents, the chimeric molecules ure
recombinantly expressed fusion proteins, Both proteins can be expressed from a single
nueleic weid or from sepurate nucleic actds, Similarly the nucleic acid encoding the protein
binding site and the effector cDNA can be a compenent of the mucleie acidis) encoding the

chimeric melecules or it can be a separate nueleie acid, Typically, the nucleic acid(s)
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encoding the chimeric molecule(s) and/or the nucleic acid comprising the binding site and
the eflector are introduced into the eells using standard methods of "gene therapy”.

Several appeoaches for introducing nucleic acids into cells in vive, ax vive
and in vifre have been used. These includs lipid o liposome based gene delivery (WO
96/183372; WO 93/24640, Mawnigo and Gould-Togerite (1988} BioTechniques 6(7): 682-
691; Rose U.S. Pat No. 5,279,833; WO 91/06309, and Felgner ¢f al. (1987} Proc. Nal.
Acad, Sci. ISA 84: 7413-7414) and replication-defective retcoviral vectors hatboring
therapentic polynucleatide sequence(s) us pait of the retrovirel genome (see, ¢.g., Miller er
al, (1990) Mol Cell. Bial. 10:4239 (1990); Kolberg (1992} S NIH Res. 4: 43, and Cornetta
et af. (1991) Hum. Gene Ther. 2: 215).

Por a review of gene therapy procedures, see, 4.¢., Andarson, Seience (1992)
256: 808-213; Mabel and Felgner {1993} TIRTECH 11: 211-217; Mitani and Caskey (1993)
TIRFECH 11 162-166; Mulligan {1993) Science, 926-932; Dillon {1993) FIHFECH 11:
167-175; Miller (1992) Narare 357: 455-460; Van Brunt (1938) Biotechnology 6(10): 1149-
1154; Vigne {1995} Restarative Nourolugy and Neuroscienes 8 35-36; Kremer and
Permicaudet (1995} Dritish Medical Bultefin 31(1) 31-44; Haddada ez ol. (1995} in Current
Topics in Micrabiclogy and immunology, Doerfler and Bihm (eds) Springer-Verlsg,
Heidelberg Germany, and Yu of al.,, (1994) Gene Therapy, 1:13-26.

Widely used retroviral vestors include those based upen murine leukemia
virus (MuLV?, gibbon ape leukemia virug ((aLl.V), Simian Immunodeficiency virs (SIV),
hmnzn immunodeficiency vinus (IIV), alphavirus, and combinations thereof (see, eg.,
Buchscher ef af. (1992} J, Viral. 66(5) 2731-2739; Johann et al. (1992 J. Virol. 66
(53:1635-1640 (1992); Sommerlelt ef @l., (1990) Virel. 176:58-59; Wilzon et al. (1589) J.
Virol. §3:0374-2378; Miller et af., J. Virol, 65:2220-2224 (1991}, Wong-Stuzl et af,,
PCT/USO4/05700, and Rosenburg and Fauei (1993} in Furdamental innunology, Third
Edition Paul {ed) Raven Press, Lid., New Y ork aud the references therein, and Yu f al.
(1994) Gene Therapy, supra; 1.S. Patent 6,008,533, and (ko like).

The vectors are optionally pseudotyped to extend the host runge of the vector
to cells which are not infecled by the retravitus correapanding o the vector. For example,
the vesicular stomatitis virus envelope glycoprotein (VSV-G) has been vsed 1o canstruct
VEV-G-preudotyped HIV vectors which can infect hematopotetic stem cells (Naldini ef al.
({1996} Science 272263, and Akkina ef al. {1996} J Virel T0:25813.

236-

JP 2004-511237 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(86) JP 2004-511237 A 2004.4.15

WO era01 PUTIUSOTEFI S

Adeno-aseociated viru.s {AAV}-based vectors are also used to trimsduce cells
with tavget oucleic acide, e g, in the in vitra production of nucleic acids and peptides, and in
in vivo and ex vive gone therapy procedures. See, Wester ol (1987) Virclogy 160:38-47;
Carter e af. {1989) U.S. Palent No. 4,797,368; Catter ¢t ol WO 13/24647 (1593); Kotin
{1954) Human Gene Therapy 57793-801; Muzyezka (1994) L. Clin. Juvsr. 94:1351 for an
overview of AAV vectors. Constyuction of recombinant AAV vectors are descrtbed in a
number of publications, including, Lebkowski, 115, Pat. No. 5.173,414; Tralsclun e af.
(1985) Mol Cell. Biol 3(31):3251-3260; Tratschin, et af, (1984} Mol. Cell. Biol, 4
2072-208(; Hermenat and Muzyczka (1084} Froc, Natl Acad. Sci. LISA, 81: 6466-6470;
McLaughlin ez al. (1988} and Samalski er al. (1989) J. Virol, 63:03822-3828. Cell lines
that can be transformed by tAAY include those described in Lebkawski ar . (1988) Mol
Cefi. Bial,, 8:39858-3996. Other suitable viral vectors include herpes vimus, lentivirus, and

yupeiniy virs.

n Retroviral transfection systems.

In one particularly preferred embodiment, retrovimuses (v.g. lentiviruses) are
used to transfect the target cell(s) with nucleje acids enceding the various compunents to the
twa-hybrid systems of s fvention. Rerroviruses, in particular lentiviruses (e.g. LLV,
SIV, efc.) are particulatly well suited for this application hecause they are capable of
infecting a non-dividing cell. Methods of using reroviruses for nucleic acid iransfection are
known o those of skill in the arl (e, 2.2., LS. Patent 6,013, 576).

Retroviruses are RMA viruses whergin the viral genome is RNA. When &
host cell is infected with a retrovirus, the genomic RMA is reverse wanscribed into a DNA
intermediate which is integrated very efficiently inte the chromosomal DNA of infected
cells. This integrated DNA intermediate iz referred to as & provirus. Transeription of the
provirus and assembly into infectious virus occurs in the presence of an appropriate helper
virus or in a cell [ing containing sppropriate sequences enabling encapsidation without
coincident production of a contaminating belper vitus. In preferred embodiments, a helper
virus need nol be utilized for the production of the recombinant retryvires since the
sequences for encapsidation can be provided by co-travsfection with appropriate vectars.

The retroviral genome and the proviral DA have three gencs: the gag, the
01, and the env, which ate flanked by rwo long terminal repeat (UTR) sequences. The gag

gene encodes the internal structural {matnx, capsid, and nucleacapsid) proteins; the pof
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gene encodes the RNA -directed DNA polymecase (reverse transcriptase) and the env gene
encodes viral envelope glycoproteins. The 5' and 3' LTRs serve fo promote transcription
and palyudenylation of the vidon ENAs. The LTR contains all ather cis-acting sequences
necessary for viral replication. Lentivituses have additional genes including vii, vpr, 1ai,
rev, v, nef, and ypx (in BIV-1, HIV-2 andfor STV).

Adjacent to the 5' LTR. are sequences necagsary for reverse transcription of
the genome (the tRNA primer binding site) and for efficient encapsidation of viral RNA
into particles (the Psi site). ¥ the sequences necessary for encapsidation (or packaging of
retroviral RNA into infectious virtons) are missing from the vical penome, the result is o cis

defect which prevents encapsidation of genomic RNA. However, the resulting mutant is

* siill capable of directing the synthosis of all virion proteins.

In ane preferred embodiment, the invention provides a recombinant
retrovirus capable of infecting & non~dividing cell. ‘The recombinant retrovirus comprises a
viral GAG, 4 viral POL, 2 viral ENV, a heterologous nucleio acid sequence operably linked
o 4 regulutory nucleic acid sequence, and cis-acting nucleic acid sequences necessary for
pavkaging, reverse transeription ayd integration, as described above. It should be
understood that the recombinant reteovitus of the invention is capable of infecting dividing
cells as well as non-dividing cells.

In preferred embodiments, the recombinant retrovins is therefore genetically
medified in such a way that some of the structural, infections genes of the native vitus (.5,
anv, gug, poly have heen removed and replaced inatead with a nucleic acid sequence tw be
delivered to a target non-dividing ccll {e.z., a sequence encoding various components of the
two-hybrid systems of this invention). After infection of a cell by the virus, the viyus inyjects
itz nucleic acid into the cell und the retrovirus genetic matetial may om occasion integrate
into the host cell genome. Whether integrated or episomnal, the transferred relrovirus genelic
material is then transcribed and translated inte the various compenents of the iwo-hybrid
system of this invention within the host ceil. Methods of muking and using lentiviral

vectors ave discussed in detail in ULS. Patent 6,013,518, 5,932,467, and ihe like.

2) Adengviral vector systems.
In angther preferred embodiment, one or more components of the two-hybrid
systems of this invention are expressed in an adenoviral vector suitable for gene therapy.

The use of adenoviral vectors is described in detail in WO 26/25507. Particularly prefemred
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adenoviral vectors are described by Wills e al. (1994) Hum. Gene Therap. 3: 1079-1088,
Typically, adenoviral veciors contain 4 deletion in the adenovirus early region 3 and/or
early region 4 and this deletion may include a deletion of some or al! of the protein [X gene.
In one embodiment, the adenovital vectors tnclude deletlons of the Ela and/or E1b
sequences.

A number of different adenovirel vectors have been optimized for gene
transfer. One such adenoviral vector is described in ULS. patent 6,020,191, This vestor
comprises a (2VV promoter to which a transgens may be aperably linked and further
contains an Bl deletion and a partial deletion of 1.6 kb from the E3 region. Thisisa
replication defective vector containing a deletion in the El region into which a transgene
(.g. the [} subunit gene) and its expression conirol sequences can be inseried, preferably the
CMV promoter contained in this vector. It further contains the wild-type adenovirus E2 and
E4 regions. The vector contains a deletion in the E3 region which encompusses 1549
nucleotides from xdenovirus nucleotides 29292 to 30840 (Roberts ef al. (1986} Adenovirus
DINA, in Developmenty in Molecudar Virclogy, W, Doerfler, ed., 8: 1-51). These
modifications to the BI region in the vectar result in the following; (a} all the dowastream
splice acceptor sites in the E3 region are deleted and only mRNA a would be synthesized
from the E3 promoter (Uollefson ef af. (1996) J, Viral 70:2 206-2306, 1694; Tollefson ef a!f.
{1596) Virology 220: 152-162,); (b) the E3A poly A site has been deleted, but the E3B poly
A site has been vetained; (c) the E3 gpl%K (MHC [ binding protein) gene has besn retained;
and (d} the E3 11.6K (Ad death protein) gene has been deleted.

Such adenoviral vectors can utilize adenavitus genamic sequences from any
adenovirus serotypes, including but not limited to, adenovirus serotypes 2, 3, and all other
preferably non-oncogenic serolypes.

In one preferred embediment, the cytomegalovitus (CMVY) immediate early
promoter (Boshart er al. (1985) Cell 41: 521-530} 15 nused o control expression of the
chimerie molecules comprising the Ewo-hybrid systems of this invention. The CMY
promoter is positioned 5 to the transgene(s) in a transcription unit. Portions of the full-
length promoler can be tested for their ability to allow persistent expression of the
transgene.

Polyadenylation signals which may he positioned at the 3’ end of the
transgene in inclade, but are not limited to, those derived from bovine growth hormone
(BGH) and SV40.
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In one embodiment, o create the recombinant adenaviral vectors of the
invention which contain a transcription unit {expression cussette} encoding a component af
ihe two-hybrid systems described herein. o plasmid containing the transeription unit inserted
into an adenovirss genomic frapment is co-fransfected with a linearized viral genome
derived from an adeneviral vector of interest into a reeipient ocll under conditions whereby
hernolegous weombination oceurs between the genontie fragient and the virus. Praferably,
the transeription unit is engineered inio the sile of an E1 deletion. As & result, the
franscription onit enceding « desired transgene is inserted mio te adenovinl genome at the
site in which it was cloned into the plasmid, creating a recombinant adencviral vector.
Foltowing the homologous recombinaiion, the vecior genome is encapsidated inte virons as
evidenced by the [otmation of viral plagues. Preparation of replication-defective vector
stacks can be accomplished using celf lines that complemert viral ganes deleted from the
veetor, e.2., 293 or A549 cells containing the deleled adenovirus El genomic sequences.
After amplification of plagues in suitable complementing cell lines, the virases can be
recovered by freeze-thawing and subsequently purified using cesiun ehloride
ceniitfugalion, Altematively, virus purification can be performed using chromatagraphic
techniques {e.g., as set forth in Intecnationa) Application No. PCT/US96/13872.

Titers of replication-defective adenoviral vector stocks can be determined by
plague formation in a complementing cell Jine, e.g., 293 cells. For exumple, end-peint
dilution using an antibody to the adenoviral hexon protein may be used to quantitate virs

production {Armentane et 4l (195) Hum. Gene Ther. 6:1343-1353),

3 Non-viral transfection.

Alone, or in combination with viral vectors, a number of non-viral vectors
are alsp useful for transfeeting cells with the nucleic acid constructs described herein.
Suitable non-viral vectors include, but are not Kionted to, plasmids, cosinids, phagemids,
{iposomes, waler-oil emulsions, polethylene imincs, biolistic pellets/beads, and dendiimers,

Liposomes were first described in 1963 as a model of cellular membranes
and quickly wete appiied to the delivery of substances to cells. Liposomes entrap DNA by
one ef two rmechanisms which has resulted in their classification as elther cationic
liposomes or pH-senzitive lipesomes. Cationic Hposomss are positively charged liposones
which joteract with the negalively charged DNA. molecules 1o form a stable complex.

Catjonie liposemes typically consist of a positively charged Tipid and & cu-lipid. Commonly
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uged co-lipids include dioleoyl phosphatidylethenolamine (DOFE) or dioleoyl
phosphatidylsheline OPC). Co-lipids, also called helper lipids, we in most cases requiced
for stabilization of [ipusome complex. A vawety of positively charged lipid formtdations
are commercially available and many other are under developraent. Two of the most
freyuently cited cationic lipids are [ipofectumine and Upofectin, Lipofectn ts a
eommercially available catienic Lipid first eported by Phil Felgner in 1987 w deliver genes
to colls in culture. Lipofectin is a mixture of N-[1-(2, 3-dioleylayx) propyl]-N-N-N-
imethyl ammania chlottde (DOTMA) wad DOFPE.

DA uad lipofectin or lipefectamine interact spontanconsly to form
coinplexes that have & 1009 loading efficiency. In otier words, essentially all of the DINA
13 complexed with the lipid, provided enough Lipid is available. It is assumed that the
nepative charge of the DNA molecule interacts with the positively charged groups of the
DOTMA. The lipid:DiNA ratic and overall lipid concentrations used in ferming these
complexes are extremely importaat for efficieni gene transfer and vary with application.
Lipofectin has been used (o deliver linour DNA, plasinid DNA, and RNA to a variety of’
cells in culture. Shortly after its introduction, it was shown that lipofectin could be used to
deliver gemes i vive. Following intravenaus administration of Epofectio-DINA complexes,
both the lung and liver showed marked affinity for uptake of these complexes and transgene
expreszion. Injection of these complexes into other tissues has had varying results and, for:
the mast part, are much less efficient than lipofectin-mediated gene transfer into 2ither the
Jung or the liver,

PH-sensitive, or negatively-charged liposomes, ¢ntrap DMA rather than
complex with it. Since both the DIVA and the lipid are sirilady chacged, repulsion cather
than complex formation occurs, Yet, some DNA, does manage to get entrapped within the
aqueous interior of these liposomres. In some cases, these liposomes ure destabilized by low
pH and hence the term pH- sensitive. To date, cattonic liposomes huve been much more
afficient at gene delivery both i vive and i witro than pil-sensitive liposomes. pli-sensiive
lipogomes have the potential to be much more efficient at in vive RINA delivery than their
cufionic counterpans and should be able to do so with reduced toxicity and interference
from serwm protein.

I anather approach dendrimers complexed to the DNA have been used to
transfect cells. Such dendrimers include, but arc not limited to, “starburst” dendrimers and
various dendrimer polycations.
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Dendrimer polyeations aze three dimensional, highly ordered oligomeric
and/or polymerie compounds typically formed oa & care melecule or designated initiator by
Teiterstive reaction sequences adding the oligomers and/or polymers and providing an auter
surfuce that is posgitively changed. These dendrimers may be prepared as disclosed in
PCT/USE3/02052, and UL5. Pat. Nos. 4,507,466, 4,558,120, 4,568,737, 4,387,329,
4,631,357, 4,694,004, 4,713,975, 4,737,550, 4,871,779, 4,857,599

Typically, the dendrimer polycations coxpprize a core malecule upon which
palvmers are added. The polymers may be oligomers or palymers which comptise terminal
groups capable of scquiring a positive charge. Suitable core molecules comprisc at Jeast
two reactive rosidues which can be utilized for the binding of the core molecule to the
eligomers andfar polymers. Examples of the reactive residues are liydroxyl, ester, amino,
imino, imido, halide, carboxyl, carbox yhalide mileimide, dithiopyridyl, and sulfhydryl,
ameng others. Preferred core molecules are aromenia, tris-(2-aminoethylamine, lysine,
omithine, pettacrythritol and ethylenediamine, among others. Combinations of these
residues are also suitable as are ather ieactive residues.

Oligomers and polymers suitable for the preparation of the dendrimer
polycations of the invention are pharmaceutivally-acceplubie oligomers and/or polymers
thit are well accepled in the body. Exumples of these ure polyamidoamines derived [rom
the reaction of an alkyl cster of an cf-cthylenically unsaturated carboxylic acid or an ot,-
ethylenically unsatueated amide and an alkylene palyamine or a polyalkylene polyamine,
among others. Preferred are methy( acrylate and eibylenediamine. The polymer is
preferably covalentiy bouad to the core molecule.

The terminal groups that may be atfuched to the oligomezs and/or polyimers
should bz capable of acquining u positive charge. Exumples of these are asoles and primary,
secondary, tertiary and quaternary aliphatic and aromatic anines and azoles, which may be
substituted with 8 or O, guanidinium, and combinations thereof. The terminal catiotic -
groups are preferably attached in a covalent manner to the oligomers and/or polymers.
Prefered terminal cativnic groups are amines and guanidinitm. However, others may also
be utilized. The terminal catfonic groups may be present in a proportion of about 18 to
100% of all termins] groups of the oligomer and/or polymer, and mers preferably about 50
0 100%.

The dendrimer polycation may alse comprise 0 to aboat 90% terminal
eactive residuss other then the cationic groups. Suitable terminal teactive residues other
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than the terminal cationie groups ave hydroxyl, eyans, cadboxyl, sulfhydeyl, amide and
thinether, among others, and combinations thereof. Hawever athers may also be utilized.

The dendrimer polycation is generally and preferably non-covalenily
assaciated with the polynucleotide. This permits an easy disassaciation or disassembling of
the composition once 1L is deltversdinto the ¢oll. Typleal dondamer polycation suitable for
ust hersin hive a molecular weight rmmging from aboal 2,000 to 1,008,000 Da, and mote
preferably about S,ijf) o 500,000 Da. However, other molccule weights awe also suitable.
Preforred dendrimer polycations have a hydrodynamic radius of about 11 to 60 A, and
more preferably about 135 t0 55 A. Other sizes, however, ate also suitable, Methods for the
preparation and use of dendrimers in gene therapy are well known to those of skill in the art
avd describe in detail, for example, in U.S, Patent 5,661,025

‘Where appropriate, two or more types of vectors can be used together. For
example, a plasmid voctor may be used in conjunction with liposomes. Tn the casc of non-
vital vectors, nucleic acid may be incorporated into the non-viral vectors by any suitable
mpans known in the art. For plasmids, this typically involves ligating the construct into a
suitable restriction site. For vectors such as [iposomes, waler-oil emulsions, polyethylene
arnines and dendrimers, the vector and construct may be associated by mixing under

suitable conditions known in the act.

D)  Exvive genc therapy,

The metheds of this invenbion are not restricied to the treatment of cells in
vive. Thus, in certain embodiments, this invention contemplate ex vive tansfection of cells
with twao-hybrid systems designed to supplement a partieular enzymatic activity where such
is lacking.

Fx vive eoll transformation tor diagnostics, research, or for pens therapy
(¢.g., viare-infusion of the transtormed cells into the host organisrn) is well known to those
of skill in the wit. In a preferred embodiment, cells are isolated from the subject oTganism,
transfected with the constructs of this invention and, optionally, re-infused back into the

subject organtsm (e.g., patient).

VI, Kits
In stll another embediment, this invention provides kits for prectics of the

methods deseribed heredn, In ¢ertain embodiments the kits comprise a nucleic acid
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encoding one or both of the chimerie moleenles used in the two-hybrid systems of this
invention. Thus, for example, in the cose of the APC two-hybrid system desceribed in
example 1, the kit may comprise a nucleic acid encoding & Gald-B-catenin, and/ar a Tef-
VP16, undlor a Gal4-T¢cf, and/or 2 f-catenin-VP16. Certain Kits may eomprise the chimeric
molecules themselves (¢.g. the fusion proteins). "The kits may alternutively or additionally
include a nucleic acid encoding a pelypeptide binding site and an effector gene. The
nucleic acids may be provided as components of vectars (e flanked by appropriate
restriclion sitos and/ox PCR. primer hinding sites). The nucleic acid constructs encoding the
chimeric molecules rnay contain the “fusion gene” under the contrel of a constitufive, an
inducible, or a tissuc specific promater. Such promoters are well known to those of skill in
the art.

In certain embuodiments, the kits comprise a cell (e.g. a mammalian cell,
more preferably @ human cell) comprising one or more of the components of a two-lyhrid
systemn as described horein.

The kits may optienally include any reagents and/or apparatus o facilitate

practice of the /ethods deseribed herein. Such reagents include, but are not limited to

buffees, instrumentation (e.g. bandpass filter), resgents for detesting a signal from a reporter

gene, trunsfection reagents, cell lines, vectors, and Lhe Hke.

In addition, the kits may include instrastional materials containing directiong
(i.e, protogols) for the practice of the methods of this tnvention. Preferred instuctional
materials provide protacels wiilizing the kit contents for sereening for modulators of a cells
ability t, zccumulate or to degrade & metubolic product, avdfor for methods of selectively
killing a cell that is hag an sbnormal melabolic pathway, and/or for methads of sclectively
expressing an enzymatic aclivity ko supplement & cell having said activity diminished or
non-existant 2¢ deseribed borein, While the instructional materials typteally comprise
written or printed materials they are not limited to such. Any medium copable of storing
such instructions and comnaunicating them to an end user is coniernplated by this invention.
Such media include, but are not limited to electronic storage media (e.g., magnetie discs,
tapes, cartridges, chips), optical media (2.g., CD ROM), and the [ilee. Such media may

include addrcsses to internet siics that provide such instructional materials.
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EXAMPLES
The following examples are offered to ilustrate, but not 1o imit the claimed

invention.

Lxsmple 1:
Apuvlied wse of manumalian two-livbeid svstem for APC-mutated colon cancer
therapeutics

Accumalation of f-catenin {n eytoplasm is onc of the crucial events found in
adenomatous polypesis coli (APC) gene-mutated colon vancer cells. The mutated APC
gene produces wuneated form of APC protein that lacks the affinity to B-catenin protein,
‘The accumulation of -caterdn protein is cansed by f-catenin avoiding from degradstion
mechanisms via the ublquitin-proteasome pathrway, which requires phosphorylation of B-
catenin/ APC complex by glycogen synthase kinase 35 (GSK:30). In this sxample, we
describe a novel gene-therapy system that sefectively kills APC mutated-vell. This system
is made of mammalian two-hybrid system that consists of GALA/B-catenin, VP16/Tcf4 and
the suicide gene generaled output gene DNA congtruct. This system is designed to works
anly when accumulation of GAL4/B-catenin occurs. In APC-mutated human coflon cancer
ell Jine SW480, accumulation of GAL4/B-catenin in the presence of VP16/TCF4 protems
caused a high expression level of the output gene. In eontrast, in other humun cell lines that
have APC wild type such us SW48, degradation of GALA4/P-catenin was chserved and
expression Jevels of the output gene was kept low.  Addition of the wild type APC
expresaion ptasinid with the two-hybrid constructs in SW480 cells resulted in the reduction
of the putput gene expression levels as well as the rednction of GAL4S and intact B-catenin
levels. Replacement of ibe output gene from the ceporter gene o the suicide genc mads this
two-hybrid system possible w kil) $W4R0 cells. We exchanged the firefly luciferase cDMNA
of the pG5 plastmd to the p§3-EGFP cDNA, and transfected te SW480 cells in the presence
af pther two-hybrid components. About 80% of EGFP-positive cells were dead in the p53-
EGFP tranefected cells, while only 20% of BGFP-positive cells were dead in the control
BGEP transfected cells. We believe (bis sysiem is applicable for broader uses in gene

therapy targeling diseases that invalve protein degradation disorders.
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Introduction

Mutation of the adenomatous polyposis coli {APC) tumor suppressar gene,
which wag found in Familial Adenomatous Polyposis {FAP) patients (Kinzler ¢ of. {1981}
Science, 253: 661-665; Nishisha er af. (1991) Science, 253: 663-669), had also frequently
been found in speradic colorectal cuncer patients {Sparks ot al. {1998) Cancer Res., 58:
1130-1134). Functional studies of APC revealed that wild type APC protein provides an
oplimal environment for glycopen synthuse kinase-36 (GSK-3[) w phosphorylate 3-
catenin, which was originally found as a companent of cell adhesion molecules (Rubinfeld
ot ul. {1996) Seizmee, 272 1023-1026, and acosleratss the degradation of cytoplasmic fi-
catenin viz the ubiguitin-proteasame pathiway (Aberls ef al. (1997) EMBO J., 16: 3797-
3804; Winston ef al. (1999) Genes D, 13: 270-283). The functional loss of APC by
genetic mutation in colorectal cancer hence causcs the accumulation of B-catenin
Muncmitau ef af. (1995) Proc. Narl, Acad. Sei., USA, 92: 3046-3050). The fact that sround
0% of colorectul cancer ¢ells have dysfunctional APC (Sparks et al. {1998) Cancer Res.,
58: 1130-1134) and that others have soe mutations in the GSE-3p phesphorylation site of
B-catenin, which also stabilizes [i-catenin protein in the cells (Munemitsu e al. {1996) Mel.
Cell. Biol., 16: 4088-4094), implies accumulation of B-catenin in cytoplusm is one of the
crucial events for celarectal caneer formation. Moreover, in the gene manipulated mice
mode], both APC-mutated mice (Shibala er al. (1997) Science, 278: 120-123) and P-catenin-
mutated mice (Harada (1999) EMB(O J., 18: 5931-3942) formed intestinal polyps. These
mutations are obzerved at the eary stage of celen cancer development even before rag or
P53 mutation (Laurent-Puig er ol (1999) Bur. J. Cancer Prav., §: Suppl 1 539-47). Recent
studics have reported flat accumulated fi-catenin in colorectal cancer forms complex with
transcription factor T cell factor 4 (Tofd) (Korinek ef al. (1997) Scignce, 275 1784-1787;
Morin 2r @l (1997 Science, 275: 1787-1790) and intensifies the Teflef-1-dependent
oacogenic penes expression such as cyelin D1 (Tetsu and McCormick (1999) Nature, 398:
422-426, c-myc (He ef al (1998) Science, 281: 1509-1512) und peroxisome proliforator-
activated receptor & (He er al. (1999} Cell, 99: 3353-345).

The veust two-hybrid system has been used as one of the most convenient
tools ta study protein-profein interactions or w identify the interacting partners for certain
proteins (Puog ef al. (19913 Mol. Cell. Biol, 11: 954-962). This system congists of

basically three components. The first component is the fusion protein that contains the

T
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DNA binding domuin of a transcription factor. The second companent i2 the fusivn protein
that contains the transcxption activation dorain of a transcription factor. The third
component is the output gene expression eonstruct that frag the consensus sequence for the
first component and is follewed by the transcription activation site, such as TATA box, for
the second component. As the first component, the yeast GATA TINA binding domain is
widely used, und as the second component, the herpes simplex virus VP16 transcription
activation damain is widely used. A few years after this yeast two-hybrid system was
developed, it was modified for mammalian celis by replacing promoter regions of the fusion
prolein expression plasmids (Pearon et al. (1992} Proc. Nuth. Acad. Sci., US4, 89: 7958-
7962}, This modification made it possible te study the functional binding of two proteins i
mammalinn cells by measuring the eutput gene expression.  Tn this paper, we imtroduce a
unique application of the mammalian two-hiybrid systerm. We used [3-catenin and Tef4 as
binding moedules for two-hybrid system with the combination of the cell deuth inducing

gene output, #nd performed a selective coll killing study vsing APC mutant cells (Figure 1)

Materials and Methods

Lells.

All the humaun concer cell lines used here were obtained from the American
Type Colture Collection (Rogkyille, MD). Human colon cancer cell lines SW480 and
$W42 wore maintained in Leivovitz's 1-15 medium (Life Technalagies Inc., Gailhershurg,
WD) supplemented with 10% heat-inaativatad FRS (Life Technologies Inc)ina 0.8% CO,
incubator at 37 *C. The human esteosurcema cell ling U2-08 and smbryonic kidney colt
line 293 were aintained in REMIL640 medium (Life Technologies Ing) supplementod with
105 FBS in a 5% CO; incubator at 37 °C.

Dlasmids.
The pBIND, pBIND/I, pACT and pGSLuc plasmids were puichased from
Promega (Madison, WI). The ppa3-BGEP was purchased from Clontech {FPalo Alto, CA).
The GALA Fusion B-catenin expression plasmid. pBINIY/P-catenin, and VP16 fusion Tef4
expreasion plastoids, pACT/Tef4, were prepared as fullowed. The human B-catenin cDNA
with Tam HI Linker was prepared with PCR and cloned into Bam HI site of pBIND. The
hurnan Tef4 cDINA with Barm HI linler was prepared with PCR wnd cloned into Bam Hl site
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of pACT. The peDNA3/p33-EGFP was prepared by generating Xpa 1 and Xba 1 fragment
of the pp53-EGEP, into Kpn 1/ Xba site of pcDNA3.L (Tnvitrogen, Carlshud, CA). The
PGS/pI3-BOFP plagmid was constructed by inserting the pS3-EGEP cDNA fragment of
ppS3-EGFP to Bel I and Hind I site of pGSLue. The pGSAEGRP plasmid was constructed
Dby delcting p53 cDNA from the pGS5/p53-EGEP plasmid. The p53-Luc, pAP-1-Luc and
pCRE-Lue plasmids wers purchased from Stratagene (La Jolla, CA).

Cells grown to 50-80% contluency were trypsinized and washed twice with
phazphate buffer saline (PBS}, and Iysed in TE buffer (10 m Tris. 1 mM EDTA}
conteining protease inhibitors {Complere Mini™, Bochringer Mannheim). Cell lysate
samples were separated with 4-20% acrylamide lincar gradisnt SDS-FAGE gel (Bio-Rad,
Cambridze, MA), transferred onto nitrocellulose memtiane, incubated with primacy
antibodies, horseradish peroxydase-conjugated secondary antibadies, and detectad with
Enhanced Chemiluminescence (ECL) 5\ { Amersham Pharmacia Bictech, Uppsala,
Sweden). Aot B-catenin (5c-7199), GALA (sc-577), VP16 {sc-7546), p53 (sc-126}
antibodies were purchused from Santa Cruz Biotechaology (Santa Cruz, CA). Anti-APC
(OP44) antibody was from Calbiochem Novabiochem (Sandiego, CA). Anti-Tcl4 antibudy
wie obtained from Upstate Biotechnology Inc. (Lake Placid, NY). Horseradish-conjugated

anti-mouse or ant rabbit IpG anlibadies were from Amersham Pharinacia Biotech.

Twe-hybrid assay.

The pBIND/[-catenin, pACT/Tef4 and pGHlue plasmids were co-
transtected t5 cells using TransFasi™ (Promega) according to the manulasturer's
recommended protocol. Briefly, aclle wers seeded in 24-well plates ar a density of 5 x 10
cells/well and cultured for 24 h. Total 1 pgfwell of plasmids were transfected and cultured
for another 24k, Fimally, lucifcrase activity was meusuzed with @ commerstally available it
(Promega). The transfection efficiency was normalized by resila luciferase activity, which

was simultencously expressed from the pROD plasmids.

FACS analysis.
The pG3/p33-BGEP or pGH/LGEP plasmid was co-transfecied with
PBIND/WT-f-catenin and pACT/FL-Tuf4 plasmids to SW480 cells. Adler 48-72 1
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incubation, cells were rypsinized and washed twice with PBS. Cells wete suspended in
PBS conteining 10 M propydium iodide, and analyzed on 2 FACEcan flow cytometer
{Becton Dickinson, San Jose, CAY. Cell viability profile of BEGFP-positive cells were
anatyzed by the uptake of propydiom lodide.

Results

Functional expression of two-hvbrid proteins in colon cancer ecll line.

We constructed four fusion protein expression-plasmids, pBIND/WT-{I-
catgnin, pEINDMMT-B-catenin, pACT/FL-Tcf4 and pACT/DN-Tefd, which express
GALAMWT-B-catenin, GALAMT-B-catenin, VP16/FL-Tetd und VPIG/DN-Tcld
respeetively (Figure 2A). GALAWT-[-cutenin Is a fusion prole.m that consists of the DNA
binding domaiv of veast GATA protein and full length human B-catenin. GALHMT-B-
catenin bas 2 truncated forn of B-catenin, which lacks GSE-3[ recognition site. VP16/FI.-
"Tof4 is a Tusion protein whick consists of the wanseyiption aetivation demain of herpes
simplex vizod VP16 and full langth human Terd. VELE/DN-Tef4 has a truncated form of
Tef4, which lacks the B-catenm binding site. We wansfected pBENDYWT-B-catentn,
PRINOMT-Bcatenin, pACT/FL-Tef4 or pACTAIN-Tcf4 to SWAS) cells and detected
thase fusion protein expression levels using immunebtotiing. Expressed GALA/B-catenin
fusion proteins were recognized by both anti-GALZ and aati-B-catenin antibodies, ag well 48
VPL6/Tef4 proteins, which were recognized by both anti-VP 16 and anti-Tef4 antibodies
(Tigure 2B). The co-lransfection of pBINDYWT-0-catenin, pACI/FL-Tof4 and pl33/Luc
led to an expression of the eutput gene, firefly luciferase, (Figure 2C). This output gene
expressiom level was strictly controlled by the expression of the GAL4/B-catenin and
VEILA/FL-Tefd combination, as the replacement of pBINDYWT-B-catenin plasmid to
PBIND/Id or pACT/HEL-Tcf4 plasmid to pACT/DN-Tef4 failed to raise the firefly lucilerase

activity.

Regulation of B-catenin/Tcfd two-hybrid system by APC,

Ag thase fusion proteing properly manipulate the outpul gene expression
levels, we noxl cxamined whethor the GALA/WT-[3-eatenln protein was degradable. ng well
as intact wild type [J-catenin protein, dependent on the APC profile. First, co-transfection of

the wild type APC expression plasmid with pBINDIWT or MT-B-catepin, pACT/FL-Teld
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and pa35/Luc in SW4E0 cells was examined. Addition of APC in .r_he PRIND/WT--catenin
system; resalted in a deastic decregse of firetly luciferase activity, whereas pBIND/MT-B-
calemin system was nol affecled by A.PC expression (Fignre 3A). Mext, the protein Ievels of
GAL4/(-catenin and VP 16/Tefd were detected in the same condition as reporter gene assay.
Az 4 pogitive control experiment, the pcDNA3/myc- P-catenin was co-transfected with the
peDNAJAPC plasmid. In the presence of APC protein, both GALA/WT-[-catenin and myc-
tagged WT-8-catenin protein levels were reduced, whereas neither GAL4/MT-[-catenin not
miyt-tagged MT-P-catenin prowein kevels were changed (Figure 38). Neither VP16/Tefd nor
imact Tcfd protein levels were affected by APC cxpression.

In order to contiom these results, we performesd the twa-hybrid assay vsing
human esteoszrcoma LU-208 and human embryonic idocy 293 cells, which were suppose
1o express wild type APC. We examined the expression levels of cytoplastmic B-catenin and
APC first (Figure 4A). Both T-208 and 293 showed low levels of cytoplusmic B-cutenin.
These twa cell lines also showed an APC band at the expected molecular size. These results
indicated that the degradation mechanism of B-catenin worked properly in these cefl lines.
SW480, which is known 35 an APC mutated cell line, did not show an APC band at the
expected size. SW43, which is known as a B-cateain mutated-ccl? line, exhibited high
levels of Pcatenin despite of having wild type APC. Figure 4B shows the expression levels
of GALASHT or MT-f-catenin proteins in SW430 cells and SW4E cells. Thers was 2
specific lower band observed ouly in SW4E cells that expressed GALAWT-[-catenin which
implied GALA/WT--catenin but not GALAMT-B-catenin was degraded in APC wiid type
cell line. Al of the cell lines examined that lave wild type APC showed lower cutput geae
expression levels than SW480 cells (Figure 4. Mereover, SW42 cells showed similar
amount of the output gene expression levels to SW420 cells, when transfected with the two-
hybrid systern using (JALAMT-f-catenin {data not shown). These results implied that APC

profile of the colls was a very important factor to contre] the eutput gene expression levels,

As we figured out that this two-hybrid system scleetively worlied under

dysfunctional APC existing environment, we decided to replace the output gene from
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luciferase to p53-EGFP. First we expressed pS3-BGEP in SW420 cells in the presence of
p33 respousive elernent-driven luciferase plasmid to examine wheer the p33-EGFP fusion
pratein was functionally the same as wild type p533. Transfected p33-BGFP selectively
activated the p53 respansive element-driven luciferuse, while negative coutrol lacZ did not
activate p53 responsive element-driven luciferase (Figure 5A). The p33-EGFP expression
was observed as green ght under the fluarescent microscope {data not shown), and also
racognized as 80 kDa protein by unt-p33 antibody (Figure 5B). Tho viability of thase p53-
COIT expressing exlls was analyzed by flowcytometary vsing the propydium tedids
incosporation method. The two-hybrid plasmids-transfected cells were harvested after 48 h
or 72 h incubation. About 20% of the p(35/p53-EGFP plasmid-transfectec cells survived,
whilc about 80% of the pG5/EGFP-transfected cells survived (Figuee 5C). In this
experiment, pliS/EGFP transfected cells showed a higher intensity of GFP bght than
pG5/p53-BUEP wanstected cells (data not shown), Prabably, pS3-BGFP expressing cclls
started dying before the expression levels of p§3-RGEP reached those as high as BGFP.

Discuyssion

Gene therapy as an approach for cancer therapy is relatively new.
Previously, inefficient or non-specific delivery methods have proven problematic for such
approaches (Verma and Somia (1997} Neture, 389: 239-242). In ordet to compensate for
insufficicnt delivery efficiency, unique specified sclectivity toward cancer cells is desired.
For instance, tissue specific promoter-driven suicide gene expression 15 one of the ideas to
provent darnage to non-cancer cells (Vandier ei ol (1968) Cancer Rey., 38 4377-4580)

In this paper, we suggest two novel concepls that ¢en tmprove the selectivity
of gene therapy. One is to target the cancer cell-specific protein-degradation disorder, and
the other is te use the mammalian twa-hybrid system ta contro] suicide pene exprosston.
Accunmulation of B-catenin in eytoplasm occurs in most of the colon cancer cells, and about
80% of those ate caused by dystunctional APC (Kinzler and Vogelstein (19963 Cedl, 87:
159-170). Our system fakes advantage of the Fact that (3-catenin ig not degraded quiskly in
APC-mutated cells. Even as 2 GALA fusion protein, GATAMWT--catenin piotein was
scuvenged via the APC-dependent degradation pathway (Figure 3B). The important lact in
thig event s that the B-catenin irn this system shauld not neccssarily be a full-Tength wild
type protein, as [ar as it can activate quiput gene expression and can be degradable via the

APC-dependent pathway. The minimum conmrponent of the -catenin protein for this two-
_51.
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hybrid systern is the phosphorylation site for GSK-3, binding domain for APC ani Tcfd.
The C terminus part, after the Jast armadillo domain of P-vatenin, might not be necessary as
thiz part is considered to have a transcription activation fanction. It will also malke the
systern move efficient if the affintty of GALA/WT-R-catein cun be prefernble to APC but net
to B-cadherin by deleting or mutating some part of armadillo structure. As far as the
VPI6/Tcf4, the N terminus fi-catenin binding domain is the only necessary domain from
Tcf4 protein for the two-hybrid system. This truncation of DMA binding domain may
reduce the possibility of unnecessery gene expression by VP16/Tcld recognizing Tef
coasensis sequence jn the niclei. At lzast, co-lrmsfection of pACT/FL-Tcf4 and Top Flash
(Korinek &1 al. (1997) Scierice, 275: 1784-17587) plasmids did not induce any signiftcant Tel’
consensus seguence based gene ransactivation (data not shown).  Ancther possible event
that may accur is that oveg-expression of VPLH/Tef4 doos not cuuse unwanted goue
activation because the Tefd on the DINA without B-cutenin forms 2 camplex with groucho
{Rocse ef al. {1998) Nahue, 305: 608-612) and would rather work as & target gene
supprassor than gene transcription activator. Additionally, it is possible to improve the
selectivity of thig therapy method for colon cancer celly by using a promoter that has a
functional Tcf4 responaive element for the cxpression of GALA fugion protein aad VP16
fusion protein, so that the expression levels of those proteins would be selectively higher in
colon cancer cells. The cyclin DI (Tetsy and McCormick (1999) Nutwre, 398: 422-426) or
c-mye (He et al. (1998} Science, 281: 1509-1312) promoters may be good candidates for
this purpose.

As a safer protocol, instead of infroducing all compancnts at one time, the
VPLBFL-Tcf4 and pGSp53-EGFP constructs should be introduced [irst with some marker
expression plasmid such as blue flucrescence protein (BFF) using methods such as
infectious RNA with GeneGun {Mandl er af. {15998) Nar Med., 4: 1438-1440} or adenovirus
delivery system to ohtain encugh expression levels of VPLGFL-Tef4. After confirming
expression levels of the first scts of genes, GALA/WT-B-catenin should be introdused hy
using the method that you can manipulate the expression levels of out put gene, Le. using
“T'cfd responsive element-driven promater. In order to perform guicker expression of
GALA-P-catenin protein than gene delivery, using TAF-tag fusion protein alse seems to he
a fascinating optian (Nagahara et al. (1998) Nat Med., 4: 1449-1452). 11 f3 a vory jmportant

advaatage of the two-hybrid systetn {or gene therapy that the expression leve] of the cutpur
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gene is manageablc by the umount of GAL4/WT-f3-catenfn 12 prevent the side effect on
patienis. And as far as the expreesion levels of output gene is tightly regulated, the choice
for the output gencs can be broader, i 2, pS3, Bux, herpes simplex virus thymidine kinase
{(HSV-TK), caspases, and 80 on.

From a broader point of view, this systein may be applicable to other
digesses than colon C?ll‘lCC.I, as far as the diseases involves a protein degradation disorder and
the abnormally accumnulated protzin bas an interacting partter. Morgover, if the two-hybrid
purt may work as a bio-sensor for a speeific signal transduction and detect the svent fo wivi,
ie. increase of blood glucose concentration, the gene Which modulates tho event can be
chosen as an output gene, i.8. insulin or insulin receptor fox diabctes patients.

Tt is understoad that the examples and embodiments described hercin are for
illustrative purposes only and that varjous modifications or changes in light thereof will be
supgestad to parsons skilled in the art and are to be included within the spirt and purvicw of
this application and scope of the appended claims.  All publivations, patents, and patent
applications cited hevein are hereby incorporatesd by reference in their entirety for all

PULPasEs.

JP 2004-511237 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(103)

WO era01 PUTIUSOTEFI S

CLAIMS
What is claimed is:

1. A method of screening for an agent that modulates the ability of a cell
to accwmulate or to degrade a metabolic product, said method comprising:
(i) providing o mermalfan cell comprising:

u nucleic ucid encoding a peptide binding site and-an effector
gene;

# firgt chimeric protein comprising a nucleic acid binding
domain that binds said peptide binding site attached to said metabolic product ortoa
ligand that binds to said metabolic product; and

a second chimeric protein compgising an expression contral
protein attached to said metabolic product ot to said ligund that binds to said
metzholic product such that when said frvst chimeric protein comprises said
metaholic product, said second chimeric protein contprises said ligand and when
suid (iest chimeric protein comprises said ligand, said second chitmeric proteln
comprises suid metabolic product;

(i} contacting said cell with o test sgent; and

(ifi} detecting un alleration of expression of said effector gene
wherein a difference in the expression of said effector gene in said test cell, as compared to
a control cell cpnlacted with a lovier concentration of test agent o no tost agent indicates
that said test ageni modulates the ability of said cell to accumulate or degrade said

metabolic product.

2. The method of ¢laim 1, wherein said expression control protein is a
transactivator.

3. The method of ¢laim 2, wherein said transactivator is VPLS.

4. The method of elaim {, wherein said expression control protein is a
FEPIESIOr,

3. The method of claim 1, wherein said nucleic acid binding protein is
selected from the groop consisting of GAL-4, and GAL-4-Y.

-54-
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6. Themetbod of claim |, wherein said effector is ecleeted from the

group consisting of a repatter gene, a eytotoxin, and an apoptosis gene.

7. The method of claim 1, wherein said reporter gene is sclected from
the group consisting of chlosamphenicol acety] transforase (CAT), luciferase, b -
palactosidase (b-gal), alkatine phosphatase, horse radish peroxidase (HRP), growth

hormone (GH), and green fluorescent protein (GFP).

8. The method of claim 1, wherein sald effector encodes a cylotoxin
selected fram the group eonsisting of thymidine kinuse, pseudomonas exotosin, diphtheria

texin, ricin, and abrin,

2. The methed of claim 1, whersin said apoptosis gene is selected from

the proup consisting of P53, P73, Bux, Bad, FADD, and a caspase.

10. The method of claim 1, wherzin said ligand and metabolic product
respectively are selected from the group consisting of heta-catenin and a Tef, a NF-xB and

1-kB, 2 P33 und MDM2, 1 receptor and its heteromelic receptor partner.

11. The method of claim 1, wherein said frst chimeric protein is

enprossed from a nueleie actd in said cell.

12 The method of claim 1, wherein said seeond chimeric protefn is

cxpressed from a nucleic actd in said cell.

13, The method of ¢lahm 1, wherein said first chimeric profein is 8

protein transported into said cell.

14, The method of claim I, wherein said first chimeric proteio is a

protein transported into said celi.

15. The method of claim 1, wherein said first chimeric protein or sard

secony chimeric protein comprises an FIV TAT domait.

16, The method of claim 1, wherein said cell 1o a cell selected from the
group consisting of SW480, SW48, DLD-1, HCT-116, TIT2%, 203, U-208, T-47D, MCF-7,
Hela, A549, Hep G2, and a Jarkat cel),
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17.  The methed of claim 1, wherein
said noeleic acid encodes u GAL-4 binding site, and said
cffectar genc is a repatter gene;
said first climwaic protein comprises a GAL-4 nucleic acid
binding protein and a bele catenin or a Tef;
said second chimerie protein comprises a VP-16 und beta

cutenin or a Tof.
18,  The method of claim |7, wherein said Tof is Tefd.

19.  The method of claim §, wherein said ecll comprises a nucleic acid
encoding said first or said second chimeric protein under control of 2 tissue specilic or an

indugible promeoter.

20. The methed of claim 19, wherein sad promoter is un ecdysone

promaer.

21.  The melhed of clain: 1, wherein said cell further comprises a second
nucleic acid encoding said ligand or metabolic product operably linked te an indacible

pramoter.

22, A method of selectively expressing an 2ffector gene in a cell that
accumulates or degrades a metabolic product, said method comprising:
providing a cell comprising:

amucleic acid encoding a peptide binding sits und an elfector
gene;

a first chimeric protein cornprising a nucleic acid binding
protein that binds said peptide binding site where szid nucleic acid binding protein is
altached to said metabolic product or to a ligand that binds to said metabolic
praduct;

a second chimeric protein comprising an exprassion control
protein altached to said inetabolic product or to said ligund that binds 10 sad
metaholic product such that when said first chimeric protein compiises said

metabalic product, said second climeric proteit compriscs said ligand and when
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saiel first chimetie protein commprises sald ligand, said second chimerie protein
comprises said metabolic product;

whereby said cell, in the absence of the ability to degrade said metabolic product or said

ligand that binds said metabelic product activales or represses expression of saud effector

gene.

3. The method of claim 22, wherein said expression control prolein s 2

transactivator.
24.  The methoed of claim 23, wherein soid transactivator js VP16

25.  The methed aof clair 22, wherein said expression control protein is a

TEPILSSOL.

26. The methed of ¢laim 22, whereir said nucleic 2<id binding prolein ls

selected [rom the group consisting of CAL-4, and GAL-4-Y.

27. The method of claim 22, wherein said effector is selected from the

group consisting of a reporter gene, & cyiotesin, and an wpopuesis-inducing gene.

28.  The method of claim 27, wherein said reporier gene is selected from
the group consisting of ¢hloramphenicol acetyl ransfarase (CAL), luciferase, b -
ealactosidase (b-gal}, alkaline phosphatase, horsc radish peroxidase (HRP), growth

hormone (GH), and green fluarescent protein (GFP)L

29.  The method of claim 27, wherein gaid effector encodes 4 cytotoxin
selected from, the group consisting of thymidine kinase, pseudomemas exotoxin, diphtheria

toxin, ticin, and abrin.

30.  The method of claim 27, wherein said apoptosis gene is selected from

the group consisting of P53, P73, Bax, Bad, FADD, and a caspuse.

31. The methed of claim 22, wherein said ligand and metabolic preduct
respectively are selected from the group consisting of beta-catenin and a Tef, a NI-xB and

K13, 4 P33 and MDM2, a1eceptor and its helerorelic receptor puriner.
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32, The method of claim 22, wherein said first chimeric proteino is

expressed from 4 nucleic acid in said cell.

33, The method of claim 22, wherein suid lirst chimeric protein is

expressed from a nucleic acid in said cell.

34, The methed of claim 22, wherein said first chimeric protein is a

protein transported inio said cell.

35.  The method of claim 22, wherein said first chimeric protein is &

protein transported into said cell.

36, The method of claim 22, wherein satd First chieric protein or sald

second chimeric protein compriges un HIV TAT domain.

37 The method of claim 22, wherein
said nucleic acid encodes a GAL-4 binding site, and said
effector gene is a reporter gene;
said fitst chimeric protein comprises a GAL-4 nucleic acid
binding protein and a beta catenin or a Tef;
said sccorkd chimeric protein comprises u VP-16 amd bets

catenin or a Tef.
38 The method of claim 37, wheeein said Tef is Tofd.

39, The method of claim 1, wherein said test agent is a small organic

motecule.

4). A mcthed of sclectively killing a cell that accumulates o metabolic
praduct, said methed comprising:
transfecting suid cell with o nucleic acid encoding a peptide binding
site and an slfector that {5 4 cytotoxin of an apoptasis-inducing genc;
inttoducing into said cell a first ehimeric protein comprising a nucleic
acid binding protein that binds said peptide binding site where said nucleic avid binding
protein iz attached to said metabolic product or to a ligand that binds to said metabolic

preduct; and
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introducing into said eell a second chimeric protein comprising 4
transactivator attached to said metabolic product o to said ligand that binds o said
metabolic product, such that when said first chimeric protein copaprises snid metabolic
product, said second chimeric protein comprises said ligand and when said first chimoric
protoin compriscs said ligand, said second chimeric protein comprises said metabalic

product.
41, The method of claim 40, wherein s#id transactivator is V6.

42, The method of ¢lairo 40, wherein said nucleic acid binding protein is
selected from the group consisting of GAL-4, and GAL-4-Y.

43, The method of claim 40, wherein said effector is'a cytotoxin.

44, The method of claim 43, wherein said effector is 4 cylotoan selected
fram the group consisting of thymidine kinase, pseudomonas exotoxin, diphtheria toxin,

ricin, und abrin,

45, The method of claim 40, wherein said effector is an apoprosis-

toducing gene.

46,  The methed of claim 45, wherein effector is an apoptosis-indueing

gene selected from the group consisting of P53, P73, Bax, Bud, FADD, and a cuspase.

47, The method of claim 40, wherein said ligand and metabolic product
respectively are selected from the group consisting of beta-cotenin and aTcf, a NF-xl and [-

KB, a P53 and MIDM2, a receptor and its heteromelic receptor partner..

48. The method of claim 40, wherein said first chimeric protein is

expressed from a nueleic acid in said cell.

49, The methed of claim 40, wharein said first chimeric protein is

sxpressed from a nucleic acid in said cell.

50.  The method of claim 40, wherein said {irsi chimeric protein is 4

protein. transported into said cell.
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51, The method of claim 40, wherein said First climeric protein is a

protein transpacted into said cell.

52. The method of claim 40, wherein said first chimeric protein or suid

second chimeric proteia comprises an HIV TAT domain.

53.  The method of claim 40, wherein suid cell is a cell selecred from. the
group consisting of SW480, W48, DLD-1, BCT-116,HT29, 293, U-208, T-47D, MCF-7,
HeLa, 4549, Hep G2, and a Jurkat cell.

54.  The method of claim 40, wherein said ecll is 2 cancer cell.

55, The method of claim 40, wherein
gaid nucleic acid encodes a GAJL-4 binding site;
said tirst chimeric protein compriscs 2 GATL-4 nucleic acid
binding protein wixd a beta catenio o a Tef;
said second chimerie protein comprises a VP-16 and beta

catenin or a Tcf,

56, ‘I'he method of claim 55, whersin said Tcf is Tef4.

5$7.  The method of claim 34, wherein safd cancer cell is a cell from &
cancer selected from the group consisting of a coloreetul cancer, a lung cancer, a breast

sunuer, o prostale cancer, 4 thioal eancer, o skin cancer, and an ovarian cancer.

S8 A method of treatment of a cancer suid method comprising the

method of any one of claims 40 through 55.

59. The methad of claim 62, wherein saicl cancer [s selected from the
goup consisting of & colorectal cancer, a lung cancer, a breast cancet, a prostate cancer, a

throat cancer, & skin cancer, and an ovarian cancer.

60. A cell comprising:
anucleic acid encoding & peptide binding site and an effector
gene;
a first chimeric proein comprising 4 nucleic acid binding
protein that binds said peptide binding site where said nucleic #cid binding protein is
G-
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attached to szid metabolic product or to a ligand that binds to said metabolic
product; and

a second chimeric protein comprising an expression contrsl
pratein altached to said metabolic preduct or to said ligand that binds to smd
metabalic product such that when said first chirneric protein compriscs said
metabalic product, said second chimeric profein comprises said ligand and when
said first ¢himeric protein comprises said Jigand, suid second chimeric protein

comprises said metabolic product.
6i.  The cell of claim 60, wherein said expression contral pratein is 8
transactivator,

62. The cell of cluinn 63, whatein said transactivator is VP16,

G3.  The cell of claim 60, wherein satd expression control protwin is &

Tepresior,

64.  The cell of vlaim 60, wherein said nucleic acid binding protein 1s

selected from the group consisting of GAL-4, and GAL-4-Y

65.  Theccll of cluim 60, wherein sald cffector is sclected from the group

consisting of a reparter gene, o cytotoxin, and an apoptosis-inducing gene.

66.  Thecell of claim 60, whercin sald reporter gene js sslected from the
group eonsisting of from the group consisting of ehlaramphenicol acety) transferasc (CAT),
luciferase, b -galaclosidase (b-gal), alkaline phasphatase, horse radish peroxidase (HRP),

erowth hormene (GH), and green {luorescent protein (GFP).

67.  The cell of claim 60, wherein said ffector encodes a cytotozin
selected from the group consisting of thymidine kinase, psoudomonas exotoxin, diphtheria

toxin, ricin, and abrin.

68 The cell of claim 60, wherein said apoptosis-inducing gene is selected

from the group consisting of P33, P73, Bax, Bud, FADD, and & caspase.

_61-

JP 2004-511237 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(111)

WO era01 PUTIUSOTEFI S

69, The eell of claim 60, whercin said ligand and said metabolic product
respectively are selected {rom the group consisting of heta-catenin and a Tef, a NF-¥B and

EeB, u P53 and MIDM?2, a receptor and its heteramelic receptor partner.

70.  The cell of claim 60, wherein said cell comprises a nucleic acid

cnending said fivst chimeric protein.

7i. The cell of claim 60, wherein szid cell compriscs & nucleic acid

encoding said second chimeric protein.

Tz, The cell of claim &0, whetein said cell is a cell selected from the
group cansisting of SWAS(, SW48, DLD-1, HCL-116,HT29, 293, U-208, T47D, MCE-7,
Hela, 4549, Hep 52, and a Jarkat cell.

73 The cell of claim 6, wherein
satl nucleic acid encodey u GAL-4 hindiny site, and said
effector gene is a reporier gene;
said first chimeric protein comprises a GAL-4 nucleic acid
binding protein and a beta catenin or a Tef:
said second chimeric protein comprises & VP-16 and beta

catenin or a Tef.
4. The cell of claim 73, wherein sald Tef is Tef4,

75.  The cell of claim 60, wherein said coll further comprises a second
nucleic acid eneoding said ligand ot metabolic product aperably linked to an inducibtle

promoter.

76. A muclejc acid comprising a npacleic acid sefected from the group
consisting of
a nucleic acid encoding 2 ehimeric protein comprising a
nucleic acid binding domain attached to & Tef4 or to a beta catunin, and
3 nuelcie acid encoding @ transacti vator attached to a beta

curenin or o & Tef4,
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97, The nusleic acid of claim 76, wherein said nucleic acid compriaes &

nueleic acid encoding 2 nueleic acid binding domain attached to a Tof4.

78, The nueleic acid of cleim 76, wherein said nucleic acid comprises &

nucleic actd encoding a nueleic acid binding demain attached to a beta catenin.

79.  The nuclsic acid of claim 76, wherein sald nucleic acid comprises a

nucleie acid encoding a Tef4 attached to a trunsactivator.

80.  The nucleic acid of claim 76, wherein said nucleic acid comprises a

nucleic acid encoding a beta catenin attached to a transaciivator.
81.  The nucleic acid of ¢laim 70, whercin suid nucleic acid is a DNA.
82.  The nueleir acid of claim 76, wherein suid nucleic acid is a vector.

83. A veclor comprising:

a muclgic acid encoding a peptids binding site and an effectar
28n8;

a nucleic acid encoding a first chimerie protein comprising a
nueleic acid binding protein that binds said peptide binding site where said aucleic
acid binding protein is attached to said metabolis product or to a ligand that hinds to
said metabolic product; and

“a mueleic acid encoding # second chimeric protein comprising
an sxpression control protein attached to said metatolic produet or to said lizand
that binds ta said metabolic product such that when said first chimeric protein
comprises said metabelic preduct, said second chimeric protefn comprises said
ligand and when said lirst chimerie protein comprises said ligand, said second

chimedc protein corapriscs said metabolic product.

84.  The vector of claim 83, wherein said a pucleie acid encoding a first
chimeric protein further encodes ap HIV TAT domain amached to said first chimeric

proteir.
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83 The veetor of claim 83, wheeein said a nucleic acid cocoding
second chumene protein further encodes an HIV TAT domuin sttached to said second

chimeric protein.

86. A nucleic acid encoding & first chimeric protein comprising a nucleic
acid binding protein that attached to o metabelic product or (© a ligand that binds (e a

metubalic product.

37 Tie nueleic acid of claim 86, wherein said nocleic acid further

encodes an HIIY TAT domain attached 1o suid fitst chimeric protein.

838 A nucleic acid encoding a secord a second chimeric prolein
comprising an expression contral protein attached to 2 metabolic product or to a ligand that

binds to said metabalic.

89, The nucleic acid of claim 88, whetein said nucleie acid furthor

encodes an HIV TAT domain attached to satd first chimeric protein,

9. ALit for screening for an agent that modulates the abilily of a cell to
accumwiate or to degrade 4 metabolic product, said kit consprising:
a container containing a maromalian cell comprising:

a nuclefc acid encoding a protein binding site and an effector
gene;

a first chimeric protein comprising a nucleic acid hinding
protein thut binds said protejn binding site alfached fo said inetabolic product orto a
[igand thae binds to said metabalic product;

a sceond chimeric protein comprising an expression conlrol
protein attached to said metabolic product or to said ligand that binds to said
metabolic product such that when said first chimeric protein comprises said
metabolic product, suid second chimeric protein comprises said ligand and when
said fiyst chimeric protetn comprises seid ligand, said second chimeric protein

comprizes said metabolic prodoet.

G4
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91, Alit for sereening for an agent that modulales the ability of a cell o
accumuilate or to degrade u metabolic produst, said kit comprising: a container contaiming a

nucleic acid of claim 76.

92. A kit for selectively killing a cell, said kit comprising 2 container
containing a two-hybrid system component selected from the group consisting of:
4 aneleic acid of elaim, 76, and

a protein encoded by a nucleic ucid of claim 76.

93, Acempound that modulates the ability of u cell to accunulate o to
degrade a raetabolic product, said compound being identified according to the methed of

claim L.
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