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TREATMENY OF DEVELOPMENT-RELATED DISORDERS
RELATED APPLICATION

Thus application claims prority o ULS, Provisional Application Nu.

2043, {Hed February 22, 2006, The prior application is incorporated herein hy

referencs in Hy entivety.

BACKGROUND
One of the fundamental questions facing development biologist ishow g
muiti-cell organtsm develops from a fortilized egp, 8 toupotent sten cell, wiich
contains @ sunple symmetrical stracture, into an adult, which has a three-dimensional

body plan. Dvsrepniation of this process resulis i shorted emtyvogenesis during

carty development and freguently resulis fu tumor formation in adult e, Thereisa
need fr agents and mothods for repulating the developrment provess and tresting

various disorders related o dysregulated development, such as cancers, degenerative

diseases, and Inrnime disorders.
The Wnl s gmlmg ,}aﬂ%}'xvay is involved i the proliferation or ifferentiation

rentighion of
morphogenic proteins {BMPa} belong to the TGF-B super fanily and are found in

sing from Hies o mammals. The BMP signal pathway s inportant i geld

&

fate determination and pattern formation duning embryogenesis and i the

e

sntensnee of Hesue homeostasis in the adult, The BMP pathway is also mvolved

regolation of morphoegenesis and postnatal regeneration of GI development. See, e,

S9462, 6403249, and 616574&.

poed

LS, Patenty OR2HTE 615

SUMMARY

Tivis invention refates o treating cancers, degenerative diseases, and immune

4 o~

disprders, snd Wdeontitying compounds for treating these disorders using the Want/p-
catenin or BMP4 Kons signaling pathway, Shown below are the polypeptide and

nucleotide sequences of Xom and its human homelogue Hom,

pd
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a disorder

v uneontrolled, sutonomous cell growth, including malignant snd no

-

Themethod &

ofers 1o g collulay

3

chronie inflammation,

wludes administering 1o @ suhiect in need thereotan

protein having one or mot

common polypeptide, such ag
{e, the polypeptide lacks an LEFUTCF trans

erafive disorder van be a condition charactenzed

condition where

1, ¢ determined by the 1

clow or any analopous assays.

An inflarnmation-related disorder

 Xom or Hon or a functional ¢

4

in, 0 a combinatic

The method tnels

A “hunchonal equivalent™ refors to & polypepti

iy ther a,m

¥

An aberrant activation of LEF

containing SEQ 1D NO: | or 3, or g functional

de denvative of'a

¢ point mutstions, insertions,
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by aberrant aciivaiion

N
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JFemediated
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the LEF U TCF-mediated

\

The invention also features a method for tregting an inflammation

wles g

3

} Al

OPHash assay des

crthed In

Lated

3

s charactenzed by a local or

eifective amount of an infabitor of a polypeptide containing

it thereof, The
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&

disorder. An infubitor of a polypeptide contaiing SEQ D NG 1 ar Frefersto g

N

compotnd tiat reduces the protetn level i a cell 1n a statistically & gl‘iiftﬁ-m‘li TRATTIET,

RMAT

X

Examples of the inhibitor inchude an sntibody, an sntisense nagle

W, (
5
7.
L
Z
o]
=4
o
jor?
o
P'.l

agent, w5 well as small molecnle compounds and naturally occurring m;m-;.zf..}mwis,
wiitch farget HomdXom.

The mvention alsy features @ method for treating a degenerative disorder ina

3

subject. A degenerative disorder is charvactenized by g local or systemie, acute or
chronic degeneration, loss of cethdar volume or cellnlar fanction. The method

wludes adnumstoring to a subject i need thersof an effective amoeant of an inhibitor

strcbiovial

g

of a polvpeptide containing SEQ ID N 1 or 3 {e.g, Xom or Homd or a fu

The wmvention further features a method for reating myelodyaplastic

syadrevnes. The method inchudes administoring (o a subjoct i noed thereof an

8. :

eifective amount of an Inhibttor of a polypeptide containing SEQ I NG Lor 3, ora

funietions! equivalent thereoll

in another aspect, the invention features a soreening method of dentitving a

compoursd for reating g cellular proliferative disorder, The method weludes

Doy

comacting o test enmpound with a polypeptide containing & fagment of SEQ 1D Nk

el

o ¥ R

3 that inchude Ser 148 or Sor 144 und defermining the phosphorviation of Sor 140 or

Sy B4 (o, by g Seridt and Seridd phospho-specific antibedy). The
phesphoryistion lovel in the presence of the compound, 3 lower than that in the
absence of the compound, indicates that the compound s a candidate Tor treating the
disorder. The screening method can also be conducted by contacting & tost componnd

with a coll havig a polvpeptide comtaining 2 fragment of SEQ I NO: 3 that mclodes

Ser 140 o Ser 144 and determinng the phosphorylation of Ser 140 or Sex Phe
§Ti§§.(§S@}“:(?K’}-\}zfi‘{iﬁifi fevel in the presence of the compoond, H fower than that in the
. |
FRET

he above method can alse be used o dentify compounds that increase the

phosphoryiation of Ser 140 or Ser 144, Compouands thos-tdentified represent

pv
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candidates for treating for reating cellolar degenerative disorders or inflaramation-

volated disorders. Specilically, if the phosphorvlation ix higher than contrel, #

indicates that the compoeund 13 3 candidate for treating celiudar degenerstive disorder,
1

tn vet another aspeet, the invention featwres a composition that containg a

et

_g:a‘;,:}_ypﬁgté le having the sequence of SEQ I NOC T or 3, or a functional squivalent
compeund that Jnereases the protein lovel of the polypeptide by either inducing Uiy
CXPIESSIOn OF reprossing s protenlvaiy, Examples of the activator include retinoic

1o acid, asping, and thelr dertvatives. The composition can

further include sahiovlic actd, emodin, flavonoid, or their derfvatives. Inone
antt, the compoesition 1§ & topical compaosition, which can be used for

Spoctfically, one can administer (o a subjee! in need thereol s safe and

mount of the composition. In another embodiment, the composition fs a

divtary composition, such as a tog, soft dunk, juice, milk, cotfee, jolly, oo cveam,
vogurt, ookie, coreal, chocolate, snack bar, candy, cheveng g, syoup, or food
capsule. This dietary composition can be used © treat ov slow down the onset of'a

ot iV an g anee 13 45
coliular prefiferstive disorder.

I a forther aspeet the invention features a method of assessing a subizet's
cancer progovaiy. The method includes oblaining a biologics! sample from the

subject; and determining the presence of a gene encoding 8 polypeptide containing

Poor

SECQ HY NO: 1 in the sample. The subject s defermined o bave a good prognosis #

L
oo

e

Ome can aleo assess a subjeet’s cancer prognosts by obtaining & Mologieal

5

> sybject; and determining the expression level of a gene vucoding 8

rza.

¥

polypeptide containing SEQ ID NO: 1 the sample. The sudect i deterpuned o

have a good progonss i the expression level is above & control tevel or 16 have g bad
s 1 o W1 ¥k 3 TES% R .
rrognasts i the expression leved s below the control level, The contral Jeved can be

obtained from & pormal subject. The method can further comprise contacting the

sampie with a chemotherapeutical agent prior to determimng the express level ofa

2
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s

ene encoding a polypeptide coutainiug SEQ ID NO: §in the sample. The biological

z%r:-;.mpie o be a fumor biopsy sample or a blood sample.
Aldso featured 18 & method for diagnosing of myvelodysplastic svadromes. The

method fnclades oblaining 2 Mological sample from the sebieci; and determining the
expression level of a gene encoding @ polypeptide containing REQ ID N 1 e g,
Homm, i the say 3;*1&:, Axn abnormal increased expression lovel indicates the subjeet has
or 3 prone o develop myclodysplastic symdromes,

Withan the scope of this wvention iy a method for determining whether a
sabject has or is prone to develop systemic fupus erythematosns {SLEL The moethod

meludes oltaining a biologival sample from the subiect; and determiniag the

expression lovel of a gene encoding a polvpeptide containimg SEQ D Ny | in the

v

i)
v
E%)
7%
199
o
.
o)
e
i}
Yot
1oy
toy
o
e
o
jony
Ty
7
P
oty

veot s determined to have or be prose to develop SLE syndrome
the exprassion fevel i sbove a control Jevel,
Withun the scope of this invention is a method for mainisining & plaripotent

nethod comprises conlacing the cell with an activator of g polyvpeptide

@
[
p
jas;
e
joe]
=
4

ontatnng SEQ 1D NO: 1L The pluripotent cell can be & stem cell, such as a

hematopoistic stem cell, & gastrointestinal stom cell, a pouronal stem cell, and ¢ slan

> seope of Hhis invention are solated muotant polvpeptides of

o the seguence of SEQ D NG T or 3. Examples of sach

mutant podvpeptides include: XomND33, Xom NDBITS, XomUDRI48, and XomCDES,
whiich corresponds to an, S8-326, aa. 176-326, aa. 1181, and an. 1-241 of SEQ D
O TSR I NGst 11-14, respectively), Other examiples inchude the fuston of aa I~

130 and 5a 241-326 of SEQIDNO: 7 (SEQ ID NG 15) apd the fusion of Xom sal-

polypeptide contaiming a frﬁgn'iﬁsﬁt of SEQ D NO: 7 that mefudes Ser 1480 or Ser 144,

such as TDRGYE

SERC {REQ I NGO 17) and its muntants in which Ser 140 or Sex

P44 ix substituted by othor amine acid residoes soch as alanine. These polvpeptides

e length, They can be wsed to screening inhibitors of Ser 146 or Ser 144

phosphrylation or as therapeutic agents to inlibif Ser 140 or Ser 144 phosphrylation

B
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of endogencus Xom. Within the scope of this invention are fusion proteins containing

i1

one or more of the afvre-mentioned mtant sequences and & heterologous seguence,
A heterologous polypeptade, nucleic acid, or gene is one that ortginates from g foreign
species, of, i trom the same species, 1s substantiatly modified from s original fomu
e Fused domains or sequences are heterologous to sach other if they are not
adjacent 1o each other inoa naturally ccowring protein or nuckeic acid.

Ant isolated polypeptide refers to a polypeptide free fron naturally associated

molscuies, .o, i1s at least

~
fi
i

S (e, any munber between 78% and 100%, inclusive)
pure by dry weight. Purity can be measured by any appropriste standard method, for
exarple, by eolumn chromatography, polvacrvlamide gel electrophoresss, oy HPLC
analyis. An isolsted pobvpeptide of the invention can be puritied from & najurat
souree, prodoced by recombinant DNA techniques.

The invention also fuatures an isolated nuclete acid that contains a sequence

encading the justmentioned mutant or fusion pelypeptide or @ compleoment of the

sequence. A nuclaie acid refers 1o g DNA maolecude {2, o ¢DNA or genomic DNA),

an RNA molecale {e.g, an mRNA), or a DNA or RNA analog. A DNA or RNA

analog can be synthesized from nocleotide analogs. The nucloie acid molecule can be
single-stranded or double-strangded, but proferably is double-stranded DMNAL An
"solated nacleie actd” is a puclete acid the structure of which s not identical o that
of any naturelly cecarring nucleic acid or o that of any Fagment of 2 naturaily
ceourring yenomic nucleic acid. The tenm therefore covers, for example, {8} 2 DNA
which has the sequence of part of a naturglly occorring genomic DNA molecule but i

&

nent Hanked by both of the coding seguences that Sank that part of the wolecule i the
cenorne of the organism iy wideh #ratarally oceors; (b a neclsic acd ncorporated
e 8 vector or o the senomic DNA of 8 prokarvote or cukaryote it a manner such
that the resolting molecuie 13 not identical to any nafurally ocearring veclor oy
genoe DNA; (8 o separate modeaule such as a eDNA, a genomic fragment, 8
fragmeunt produced by polymerase cham reachion (POUR), or a restrichion fragment; and
{d} o recombinant nucleotide sequence that is part of a hytwid gene, 1o, 2 gene

cueoding & fusion protet. The nuclere acid described abhove can be used o exprass
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the potvpeptides of this invention. For this purpose, one can operatively Hak the
suclete goid to suitable regalatory sequences to generate an expression vector,

A& vector refers 1o a nucleie acid molecule capable of tansporting another
nucledy acid to which i bas been hoked, The vector can be capable of sitonomous
replicatinn or integrate into a host DNA. Examples of {he vector include a plasmid,
cosmid, or viral vootor, A veotor of this invention includes a nucletc acid in a form
suttable i cxpreysion of the nucleie acid in g host cell. Preferably the vector
O R : 2 WS JR T T T R -
moludes one or mure regulatory sequences operatively Hiked 1o the sucleie acid
sequenee to be expressad. A “rogulatory sequence” includes promaoters, enhancers,

R AT e rrg s . vy rhanadey st ataee
and other expression control clements {e.g., polvadenylation sigasls). Regulatory
soquences inciude those that divect constitutive expression of & nuclentide sequenve,
as well as lissue-spectlic regulatory andéor inducible soguences. The design of the
expression vactor can depend on such factors as the choiee of the host el to b
transiormed, the level of exprassion of proteln desived, snd the Bke. The expressio

vectoy can be introdoced into host cells to produce the polypeptide of this invention,

Adso within the scope of this mvention 3a @ host el that vontains the above-deseribed

rueloic soil. Examples include £ cofi cells, mseot cells {ca usit g.i‘ui..uiosarm

To produce 8 mutant or fusion polypeptide of this nvention, one can auliure ¢

by
i3

o

st cell In g mediun umder conditions pormitting exprossion of the polyvpeptide

sncoded by a nucleic acid of this ;im-’ention; and _;:s‘nrify the polvpeptide from the

H

sudtured cell v the medium of the cell. Alternatively, the nucleie acid of this

Lo

fvention can be ransortbed and transtated i \:‘if;’m‘_ for example, nsing T7 promoter
regulatory seguences and T7 polymusrase,
Th

¢ details of one or more entbodiments of the myvention are set foeth in the

™

deseripiion below, Other features, objects, and advaniages of the invention will he

spparent from the description and from the clamms.
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BETAILED DESCRIPTION
Thig invention is based, at least in part, on the wnexpeoted discoveries of g

signal ravsduction somponent that functions as 4 point of convergence  mediate the

combined signaling of the Wat/-cateran and BMP4/ Xom pathways.

Xom {olso known as Vong2, Vox, and Xbr~1), i3 & cell fate defermination

factor of the Vent family of Homeobox genes. It is both a travscriptional sepressor
arwd an acttvatur (Ladber ef af 1996, Development 122, 2385-2384; Onichichouk ¢

af, 1980, Development 122, 304330533, Schrdt er ol | 1986, Developmont

F21; and Papalopulu er ol 1996, Dov Biol 174, 10441141 During early

ermbrvogenesis, Xom 18 implicated in the formation of ventral mesodorm and fn

defining tw dorsoveniral patterning {Ondchtchouk of af | §'9‘5}8, Development 1258,

4 Koide ef ¢f, 2005, Proc Natl Acad Soi U'S A 102, 494340485,

Zygotie Xom transcription starts atter midblastuls transttion (MBT) and dis

tributes

from a more ubiquitons expression pattern during the early gasirols stage o the

N

ventral-lateral regions as gastrulation proceeds {(Ladher ef ol 1986, Development 122,
i\ ¥ v

52384 and Sohmid es ad, 1996, Development 122, 17H1T21) The expression

s positively regudated by signals from the ventral signal center,

n,
v
e,
L7
5
MJ

o
;&v’
"y"\‘
]
ﬂ:ﬁ
ﬁ.,
o
[
g
]
ey
&

such as the BMP4, but negatively regulated by dorsal-specific gepes, such as the

5

{rooseond {Use) and the nogein {Ladher of of. 1996, Development 122, 238

Onichitchouk ef af., 1996, Development 122, 3045-3053) Xom expression in furmn
contribuies to the formation of the dorsoventral pattern by promoting the expression
of vertral genes such as the BMPY and the Vent genes and inhibiting the expression
of dorsal-orgamizer genes such as the Gse and chordin {Onichichouk ef i, 1994,
Development 122, 3045-3053, and Schomide o f |, 1998, Development 122, 1711

F721) To exert is transen pié@ tal repressor function, Xom binds directly 1o the distad

(Giae, and inhibit thely
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wanseription { Trindade er af, 1999, Dev Biol 216, 442458},

bed herein, Xom interscts Bunctionally with the LEFI/TCF

transeription faciors. The LEFITCFs are o family of high mobidity groap (HMG)

transoriphonal factors that possess no mtrinsic transeriptional activities. Rather, the
LEL D iranseription activities are tightly controlled by thewr associated

o
1
{)
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{actors { Hurlstone ed ol 2002, Bmbo § 21, 2303-231 D). In a non-induction state, the

‘

rated with transcriptional repressors, such as the Grouch, and

CIBP, which maintain the LEFI/TCF-mediated transcription i a repressed state

{Roose et af 19898, Nature 395, 608-612; Brantjes ef ol 2001, Nucleie Acids Res 29,

PRI Cavallo ef ad,, 1998, Nature 393, 604-008; Waltzey ¢ @i, 1998, Natare

SE5, S21-0E5; and Braspon ef of, 1999, Development 126, 315931700 During early

crbryogenesis, local enrichment of §-catenin In the fture dorsal side of embryos

~

aiows 1 (o terget with LEFI/TCOFs and to induce the expression of dorsal- speciiic

o

genes, sueh as Stamois, Twin, and Xor (Harland o7 ¢l 1997, Anmi Rev Cell Dev Bial

U3, 031067 Branmon ef ¢l 1997, Genes Dey 1], 335922370, Laurent ef gl

Developmient 124, 4905-4816; snd MoKendry ef of, 1997, Dev Biol 192, 420-431.
Bestdes determination of cell fafe during carly embryopenests, excessive activation of
LEFU T Fmediated transeription by fecatenin has also been implicated as the intital
tep of malignant tansformation of & variety of cancers (Barker e of, 20080, Adv
Cancer Ros 77, 1241 The LEFI/TCF - factors are the transeripiional mediators of

Wat/fi~catenin, therefore, the LEFUTCF promoter-luciforase reporter activin

genevally boen regarded ag an indicator of Wt/ -catenin agtivities.

The rele o LEFUTOPs in ventral cell fle determination s fess vler,

dicate their potential fnvolvement in the progess, For

g

example, expression profiling showed that members of LEFUTCF family are broadiy

cistributed iy ventral-postenior regions (Molenaar ed ., 1998, Mech Dev 75, 151154

TN

angd Oostarwegel ef o, 1993, Development 118, 439448}, Mutagenesis studies

,.
?
oy
ey
b,
7
yw)
ol

ATOF T mdee carry caudal defects with nevral expansion

af., 1999, Genes Dov 13, 700-T17Y and that loss of function of LEF!
feads to veniral rather than dorsal defects in Xenopus {(Roel ef af., 2002, Carr S0l 12,
Sa41-1945) Conatsient with the possible ivvelvemoent of LEF U TCFe in ventral cell

fate detenmination, promoter analysis revealed that many ventral penes, such ss Xom

and Bambi, contain LEFVTCF binding sttes. Mutations of the LEFY

site of these ventral genes canse significant inbibition of their respo

BMPY stgnating (Ravsulanov ¢ ¢, 2004, Bmbo 123, 844-856).

i}
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SR e ATt o
1
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Asx desertbed heredn, itwas found that Xom and LEFHTOF-fotors

N

functionally inferact with each other. This interaction plavs an essential role in stem

cell poo! mainienance and cell fate detornsination during early embryogenesis and

serves a8 & pomt of convergence to mediate the combined signaling effect of

3
w2

o

BMP/ Xom and Waot/B-oatenin pathways during early embryogenesis, A buman

&

homotogue of Xom, Hom, was cloned. B was found to function in & manner similar

s that of Xenopus Xon 1o particalar, it was found that over expression of

XomyHom in cancer cells or terminal differentiated cells vesults in coll prowth arrest

&

i

Also, when combined together, expression of the LEFHTCR factors and Xom

or {foreed expression of Hom indouces cell death in solon cancer cells, with the efficany
of near 100%. Similar offocts were found in cervical cancer colls and prostate canger

o, 1 was found that & sumber of cancer chemotherapy drugs or treatment,

e, S DOX, and radiations, induced the expression of Xom or Hom, These

digeovertes suggest that Xom/Hom behaves like o tumor suppressor and can be used
in cancer sHagnesis, prognosis, and treatment. The et that the gene encoding Hom {3

ecated at 1026, which ix prone t loss during oncogenesis and cancer metastasis,

~

supports the roles of HomyXom in cancer dlagnosis, prognosis, and froatment.

Hony Xon's stabidity i3 crtfical for stem cell pool maintenance and cell-fate

+

determination. The protein level of Xom is controlied by proteoivais, which in tum ie
controlled by phosphoryviation of Serldi 144, During development, endogenons Xom

was rapidly sdegraded at the onset of gastrudation. Xom Seridd/144 was not

1

phesphoryvlated during the pre-gastrulation period but become rapidly phosphoryiated
at the onset of gastrulation, a pattorn in reciprocal relationship o the Xony stabifity, |

5.

wins alse found that the phospho-moiety plays a oriticsl role in madiating the binding

-

Between Xom and BTROP (the B3 hgase that mediates Xom protreolysigy and that
£ ¥

¢ Xom mutant is resistant to proteolvsis. Furthermore, while

,.A
e
:
3

)
e}
oy
[

2

#iid
oot
Jonc
4
,Z'.L
4—"
e
=
g
s
,,m

expression of wiliype Xom alone causes growth arrest in 309 colon canusr cul

cxprossion of stable Xom mutant causes growth arrest in 60946 colon ¢

This phosphorviation and proteclysis processes represent novel therape

tdentifving new drugs for treating cancer and othey disorders.

12
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Besides the stability, the expression of Hom/Nom i3 alse orucial of various

ey

evetopmont processes. For example, itwas found that Hom production can he

A

indpesd by GM-OSE and 114 1 the CD 14+ Blood propenttor cells. This induction

<

2

teads o terminal differentiation of the T4+ cells (which are & monoovie progenttor

e

cell) into dendvitic cells to prosent antigen and thereafier undergo apoplosis.
Dendritic cells ave timmune cells and form part of the mammalian mmune
system. Their main function 15 10 process antigen material and present i on theis

surfice to other cells of the mnyune systenn. Dendritic cells ave present in small

riantiios i tissues that are i cordact with the extenmal environment, mainly the skin

{where they are often called Langerhans cells) and the inner Hning of the nose, tungs,
stomnach and intestines. They cau alse be found at an bwmeature state in the Blood.

{mee selivated, they miigrate o the Ivmphoid ssues where they interset with T celis

5
et
o
fov
—
RV TS
&
e
e
ased
5
e
et
o
e
ot
oo
94
i
oo
o
S:3

and shape the mmuone response. Allered function of dendeitic
cells plays a major or key role in allergy and sutoimmmune discases like lapus

2 Allergy w a pathologically overblowsn reaction fo an outside sllergen;

USRS ATC STTORSOUS THINURe reachions 1o the orgamam’s own antige

u,w

See, e, Sanbagoe-Sclywarz of ¢f § Tmmuonol, 2001 Aug 18731175868, Given the

fI

roles oof dendrivie cells, modulating expression of Xom/Hom in dendritic cells presents

el

"'

Fway I reat sutoimmuhe discase and mflammation. For exar

modulates the differentiation of dendritic cells in at least two stages, Lo, {1} an curlier

Fpregesitor cells, in responss to GMAUSY and 114,
terminally ditforentinte fnto dendritic cells and (1) » torminal stage when terminally
Hprenbiated dendritio cells have alveady formed vy, o.g., Langerhans cells inthe
stin, At the earlior stage, XomyHom expression or activity is required for D4+

]
1

bood progemior cells differentiation into m{.}gmimr of dendritic cells, Accordingly,

forees the termunally differentiated dendntic

vel of Xom/Hom expression or

retividy dopletes, via inducing apoptosis, ‘:i RIS umaié differentined dendantio cells,

‘.e‘

thereby also reducing wwanted immune response, in particular, that in the dkn,

13
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A cancer cell or a cell prone to tumorigenesis can b
based on the shsence of the Hom polypeptide (e.g., antibody) or 9 nuclete acid {e.g.,
genomuie DNA or mRNAS encoding the polypeptide in & fest sample from the subject,
i other words, {he polypentide and nucleic acids can be used as markers 1 mdicate
the presenee oF abyence of a cancer ool Diagnostic and prognostic assays of the
wvention include methods for assessing the expression level of the Hom polvpeptide
o puelere actd and for identifying vartations and mugations in the seguence of the
Hom polypeptide or nucleic acid.

The presence, fevel, o absence of the Hom polypepiide or nucleic acid tn 2

fest sample can be evalupied by oblaining a test sample from g test subject and

contaeting the test sample with 2 compound or an sgent capable of detecting the Hom

pac

z e

poivpeptide or nuckeie acid {e.g., mRNA or genomie DNA probe). The “west sample’

4.

13

inchudes tssues, colls and binlogeal fhuds isolated from a sobject, as well as tissues

>

cells and Huids present within g subject. The level of exprossion of the How gene can

Paey

i a nunber ol ways, including measuring the mRXNA encoded by the

neasuring the amount of polypeptide encoded by the Hom geng;

wiivity of pohypeptide enceded by the Hom gene.
e evel of mRNA < w’n‘kpondmf‘ to the Hom gene in s colt can be

detormined both by W situ and by ig vites formats. Messenger RNA 1solated from #

b3

fest sarvple can be ased 1o hyvbridization or amplification assays that include, Southern

oy

oy Northery analyses, PUR analyses, and probe arrays, One preferved diagnostic

e

muthod for the detection of mRNA lovels Involves contacting the isualated mRNA
with a nuclaic acid probe that can hybridive to the mRENA encoded by the Hom pene.

The prode can be a full-length Hom nuclere acid, such as the muclere ackd of SEG D

5

KOw & or g portion thoreot, such as an oligonucieotide of at least 10 nucisotides in

s

fongth and sufficient o spectfically hybridize under stringent conditions to Hom

mRNA o genomic IINAL

i one fovmal, mBNA {or CONA prepared from 11 18 immobilized on a swehace
and contacted with the probes, for example, by running the wolated mRNA onan
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agarose gol and transforning the mRNA from the gel to s membrane, such as

wrocelivlose. v another format, the probes are tunobilized on o surface and the

mRNA {or cEINA} I8 contacted with the probes, for example, in a gene chip amray. A
skilled artisan can adapt known mRNA detection methods for use in detecting the
fevel ol mRNA epcoded by the Hom gene.

Phe level of mBNA {or cDNA prepared from ) in & sample encoded by Hom

REE iw\i\ < ;\3\

.42, 1998, or any other noclete acid amplification method,

e
followed by the

¢ delection of the wmplified molecules using techrgues known fu the

art, As used berein, amplification primers are defined as boing @ pair of nugleic acid

=
[

ry

o

moleculos that van anneal to 3 or 37 regions of 8 gene (plus and minus strands,
ruspeetivaly, oF vice-versa) and contain a short region in between, Under appropriate
conditions aud with appropriate reagents, such primsars permit the anplification of a
nuciaie acid molecule comprising the nuclentide sequence flanked by the primers.
For m sty methods, # cell or tissue swmple can be prepared and mmobilized
@ support, such as & glass slide, and then contacted with a probe that can hybridize
> genenne UNA on clwomosomes of mRNA that epcodes the Hom polvpeptide.
In another embodiment, the methods of the invention farther include

coptacting a4 o

anple with a compound or agent capable of detecting Hom
MRNA, or genomic DNA, and comparing the presence of Hom mRNA or genomic
DNA ju the control sample with the presence of Hom mRNA or genomic DA inthe
The sbove-deseribed nueleie acid-based disgnostic methods can provide
gualitalive and quanitative mionmation to determine whethor a subjert has or i

to i dizease associated with aberrant Hom gene expression, ¢ g, cancers,

ety of methods can be used to determine the level of Hom polypentide.

53 ddroper vy ¢ 2 e dnicde peasirtiaets S ALY ot woloediraber Teveto Fove Py
in general, these methods melude contacting an agent that selectively bnds o the

poiypephide, such ag an antibody, 1o evaluate the level of polypeptide in o sample.

5
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intibodios can be polvelenal, or more preferably, monoclonal, An intact antibody, or

a fragment theveof (o.g., Fab or Flab'n) can also be used. 1a a preferred smbodument,

oy

the antibady bears g detectable fabel. The term “labeled”, with regard to the probe or
antibody, s intended o encompass direct labeling of the probe or antibody by

physically Huking a deteclable substance to the probe or antibody, ay well as indirect

%

labeling of the probw or antibody by reactivity with a detecigble substanee. Fo

v

N 4

example, an antibody with a vabbit Fo region can be indivectly labeled wsing 2 second

bl

antibody divecied against the rabbit Fo reglon, wherein the second antibody is coupled

to a detectable substance. Examples of detectabl substances are provided hevein,

!'»"s'?i i3

Appropriate delectable substanee or labels include radio isotopes {eg., L 7L TS,

f’

. alkaling phosphiatase, horseradish peroxidase, luciforase, or

scent nuxeties er proteins {e.p., fuorescen, rhodamine,

I I g e TR
SEPY, or luminescent muoeties {e.g., Qdot

wanoparticles

1

supplied by the Quantam Dot Corporation, Palo Alty, CAL

It
i
X

The detection methods can be ased to detect the Hom p{}iypapiiiia i

by
H

sreva) wervsvasd
QP Jne
!

Bio ¢ i viire gsowell as fn vive. e vitre techmigues for detoction of the

Hom polvpeptide melode BELISAs, immunoprecipitations, immumotluoresconcg, BIA,

RIA, and Western blotting analysis, By vivo technigues for detection of the Hom

bat

";

polyvpeptide include tntroducing into a subject & labeled anti-Hom antibody, For

xarnple, the artihody can be lebeled with a detectable substance as described above.

i
shnps

Che presence and focation of the detectable substance in o sohiect can be detected by
standard waaging techmgues.
Xom Sertady 144 phosphoryiation levels can also be gsed s an indivmior of

%
3

hupengenicity. More specilically, higher sori40/144 phosphorviation than comtrol

or Kinase avtivity) indicates a ngher likelihood of developing temoricancer.

f.
kN

o segquence and

dd phosphorylation ean be measured using the Xon refat
Sur 4OV 144 phospho-specific antiboedy or mass spectrometry (Liu et al,, Tell 108
PR3IT-47 and Gerber of al| PNAS 100, P6V40-5).

The disgnostie methods deseribed herein can identify subjects having, or at
risk of developing, a disease or disorder associated with aberrant Hom expression or

aelivity.
16
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v 3

The prognostic assays desertbed herew can be used o determine whether a

oot

PR N e s oyl einy . § o vk Ses g Tied
subject s suitable to be admanistered with an agent (o2, an agomst, antagonist,

peptidomimetic, proten, peptide, nucleie acid, small molecule, or nither drug

fond

candrdate} o treat a cancer. For example, such assayy cun be used to determine

sant be administered with a oyiotoxic drag o freat a coll
proliferation disorder.

Also featored iy g methed of monitoring a treatment for & cancer In g subje
For this parpose, gene expression levels of Hom can beo determined for test samples
from a subject before, during, ov aller onddorgoing a treatment. An incroass of the
expresston lovel of Hom after the treatinent indicates that the subject can be further

freated by the same troatment. Serl40/144 phosphoryiation of an cxogenous Ko

i

poptide van aise be used ax s monitor of cancers, degenerative diseases and
nfammatory/antonomune diseases activities, For example, one can use g Xom

predein or it fragment containing the Serl 407144 phosphrylation site s 8 subsirate,

¥

take cells from a subject, and make a celfular extract. Then, the Xom polypeptide is

33 <
i

mcubated with the extract and numitorng Serl40/144 phosphoryviation with

4 phaspho speeific antibody, Alternatively, one can express 8 Xom
polypeptide or s fragment having Serid(i144 in a colf obtained from a subiect
dotermine the Serld0/1 44 phosphorviation fevel, The level reflects g stage of the

disorder based on the feaching provided herein and that known in the art.

atton abained from practice of the above diagnostic assavs s useful in
prognostication, identifying progression of, and clinical management of diseases and

other deleterious conditions affecting an inwbividual's health statuy. In preferred

embodiments, the foregoing diagnostic assays provide information vseful in
progestieation, denttfving progression of and munagement of malignancies
{eancers} that are characterized by lack or abnormal low level Hom expreasion, The

mformation more specifically assists the chaioian i designing chemotherapentio or

«

s ireatment regimes 1o eradicate sueh malignancies from the body of an afflicted

sl tepieally @ human.

¥
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The mvention features @ method for identifving & compound that enhances the

SN

activity of Homy/Xom by tnducing its expression or promote its stability via, e.g.,

inhibiting

phosphoryiation of Seridldi44. The compound thus-sdentified can be ased
o treat canver, degoneralive disorders, or immune disorders.
A cemmpound thit reduces Xom/Hom protein phosphonydation level ina
tatisticaily significant manner (Le, XomyHom kinase inhibitor) can be identified
according to the methods described below.

{Candidate compounds to be sereenad {e.g., proteing, peptides,

peplidominetios, peptoids, antibodies, small molecules, or other drogs) can be

(-\
obtained using any of the mumerous approaches in combinatorial iii}m‘;‘y methods

fsown i the et Such bibravies include: peptide libraries, peptowd tbraries (hraries

=

N

of molecales having the functionalities of peptides, but with a novel, non-peptide
Buckbone that is resistant to enzymatic degradation); spatially addressable parallel
solid phase or solution phase libraries; synthetic libraries obdained by deconvolulion
or affinity clyomatography selechion; and the “one-bead one-compound™ Hbraries,
Hee, eg, Juckermann o of, 1994, 1 Med. Chen 3726782685, and Lam, 1997,
Anticgnoet Drag Pes, 120143, Examples of metheds for the syathests of munlecular
{ihrartes cuy be found in, e.g.,

1904 PNAS USA 95:11422; Zuckermann er e, 1994, 1. Med. Chem 372678 Cho

DeWitt er gl 1993, PNAS LISA 90:0909; Erb oy ol

efad, 19973, Sotence 2611303 Carrell et of, 1994, Angew, Chem Int Bd Engl

33:2089; Carell of af,, 1994, Angew. Chemy. Int. Fd, Engl. 33:20681; and Gallop e ad.,
{994 7, Med. Chem, 3711233, Libraries of componnds niay be presented in solution
fo.0., Houghten, 1992, Biotechmiques 1341 2~421}, ov on heads {”’i‘_,:;zm, 1491, Natore

3,223,&3’{}% spores (U185, Patent No. 5,223 409, piasi s (Call e nd,, 1992, PNAS
USA B8 1RE5-1868), or phages {Scott and Smuth 199€, Science 24%:3856-390; Devlin,
P99, Sotence 2949:404-406; Cwirla er ol 1990, PNAS USA 87163780382 Felict

0l 22301310 and ULS, Patent No, §223 405},
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To wdentity 4 XomHom activator or a Xom/Hom kinase inhibitor, one can

censtact a canndidate compound with a system containing & Xom/Hom pene or

he system can be a cell-free system or a cell-containing system, 2.g.,

an #r vitrg cell Hoe model or an iy vhe animal model. o oa cell-containmg s

cells can nahuratly expross the XemyHom gene, or can be modified to express a

Y

recombinat muclote acid. The recombinant nucioie acid can contain the XomMHam

Fonsi

gene voding rogron fused 1o a beterologous promoter or 8 Xom/Hom gene promoter

seguence fused to g reporter pere. One then measures the expression level or the

level of the Xow/Hom polypeptide {o.g., that at Ser 1480 or Ser 144},

peptide deseribed above can be a full-length Xom/Hom polvpeptide

ut that contains the phosphorylation sites.
The expression level can be determined at either the mRNA level or gt the

evel Methods of measuring mRNA lovels in a2 cell

rr

-
)
s
[

Py

5.

o

e

,.m

By flaad are well known i the art. To messure mRNA e

fysates car be determined by, ¢.g., hybridization assavs (using detectably lgbeled

1 DINA or RNA probes) and quantitative or semi-gquasititative RT-PCR

{using appropriate gene-specihic primers). Alernativedy, quantitative or semi-

quantifaiive i siu hyvbridization assavs can be carried out using tssue sections or

5} }qmi cell suspensions, and detectably {e.g., fluorescent or enzvme) Iabeled DNA or
NA probes. Additions! mRNA-quantifying methods include RNA protection assay

{RPA} and SAGE. Methods of measuring protein fevels in g celf or & tissue sample

Are i the art,

Meathods of measuring the phosphorylstion lovel of o polypeptide are also
huown 1 the art. Examples of the methods include osing specific phospho-antibodies
oy mass spectrometry (L er @f, Cell 108 PR3I7-47 and Gerber ef o, PNAS 104,
POYAAY,

To determine the abihity of g candidate compound o Inerease XomHom
expression fevel or infabif iy phosphorviation level, one compares the level sbiained
i the manner deseribed above with a control level or activity oblained in the absence
of the candidate compound. I the phosphoryviation level is Towsr than the control, o
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i the expression lovel is higher than the control, the compound is identified as being
effoctive for treating the diserders mentioned above, One can further vertfy the
efficacy of a compound thus-identified using a Xenopus ocovte model or an animal

a admumster the compound to Xenopus ovoyte mode! or an animal

xam them according 1o the method describe below i the BExample

e inereass 1w oel]

o

section or othor standard fechnigues. Any statistically sign
death mdieates the compound 15 a candidate for treating the disorders mntioned
ahove.

Inhibitors of Xem/Hom can alse be wdentified using the above-desertbed

t a candidate compound I identified € i repress the expression of

KomdHom or inerease the phosphorylation level,

Uhe wmvention also features mothods for trogting in a subjoct a cellular

S B T i3 1 e N ras Y a3l 3 SVEREPRE SEIVURE IS Joree 3Ty
srotiferative disorder feug., cancer), a cellular degencrative disorder, an

i

inflanmation-related disorder {eczema and nflammatory bowel discases), or a

Y

hematologreal condition {e.g., myvelodysplastic syndromes).

&

A

A cellelar proBiferative disorder refers f a disordsr characterized by
ancontroiied, monomous cell prowth, icludimg malizgnant snd non-malignant
prowth, Hxamples of this disorder include colon cancer, breast cancer, prostate
cancer, hepatseellular carcinoma, melanony, hung cancer, ghcblastoma, brain fumor,
hematopoeeitic malignancies, rotinoblastoma, renal cell carcinoma, head and neck
canoer, corvical cancer, pancreatic cancer, esophageal cancer, and sgnama cell
CATCHEHA,

An inflammation-related disorder is charscterized by a local or systemic, acole
or chrowie inflanunation. Examples include inflammatory dermatoses {e.g.,

dermatiiss, eovent, atopio dermatitts, allergie contact dermatitis, wticaris, necrotizing

vasculitia, Qutaneoas s, hypersensibivity vasculibig, cosmophilic myositis,

o - B K =

pobvrvesiis, dermatomyvositis, and eesinophilic fagciitis), mflammatory bowel

oy

diseases {e.g., Orohn’s discase and vlogrative colitis), acute respiraiory distress

Zava

patitis, hypersensitivity Jung disvases {e.g., hypersunsitivity

3

svadrons, fulminag he

20
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3

preumonttia, eosinophihic poeumonia, delayed-type hyvpersensitivity, interstitia

reed

fhung
discase or ILD, idiopathic pulmonary Hhrosis, and 1LD associated with theumatoid

o riunits, Examples also inchade autotmmmune discases
(2., theonutoid arthrits, psoriatic arthriliy, systemic fupes ervthemutonus,

therss gravis, juventle onset diabetes, glomernlonephrits, sutcimmune throiditis,

arfoylosing spondyiis, systemic sclerosis, and multiple sclerosis), aoute and chronie

siflammatory diseases {o.g., systemic anaphylaxia or hypersensitivity rosponses, drug

R

atergres, nwect sting allergies, allografl rejection, and graft-versos-host disease},

Sogren's syndrome, human immuonedeficlency virus infection, vancer {e.g., brain,

breust, prostate, colon, kidney, ovary, thyrold, hung, snd hematopoletic cancer), and

A “subieet” refers o & human and a nos-human snimal, Examples of 2 non-

wanan antnwd inclade all vertebrates, &g, mammals, sach as non-human prinates

{particularty higher primates), dog, rodent {o.g., mouse or rat}, guinea plg, cat, an

son-nusnmals, such as birds, amphiblang, reptiles, ete. o g preforred embodiment,

e subjoct 13 & human, In another embodiment, the subject is an expertmental aninl
or antmal suitable as a disease model.

A subjoet o b od for a cellular prohiterative disorder can be identified by

s

standard diagnosing fechmgoes for the disorder. Optionally, the subicot can then be
exanined Hr the gene expression or activity level of the Xom/Hom gene or

'

polypeptide by methods deseribed ghove. I the gene exprossion or activity level is
hivwer i @ sampie from the subject than that 1o o sample from a normal person, the
subect is a sandidate for reatment with an effective amaount of a Xomdom peptide
or activator, A subject 0 be treated for an mBammation-related disurder can be
wdentified Dy standard disgnosing techniques.

{roating” refors to administration of a compound o a subject, who hag a

celhudar prodiferative disorder {e.g., cancer), an inflammation-related, vra

! condition, with the purpose to cure, alleviate, relieve, ramedy, prevent,

or amnehorate the disorder, the svmptom of the disorder, the disease state secondary to

the diserder, or the predisposition toward the disorder. An “effective amount”™ refers
o an armeant of the compound that 13 capable of producing a medically desirable

2
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eanll, o, as described sbove, ina treated subject. The treatment method can be

X
3

performed fe vive or ex vive, slone or in conjunction with other drogs or therap

-~

%

&

i an frvive approach, a compound is administered to 2 subject. {enerally,
the compoand s suspended in a pharmaceutically-acceptable carsier o1,
physiological saling} and administered orally or by ntravenous infasion, or ijected oy
smplanted suboutancousty, inframuscudarty, intrathecally, intraperitonealiy,
mitrarectaily, infravaginally, intrapasally, intragastrically, infratracheally, or
sutrapulmonartly.

The dosage reguired depends on the chorce ofthe route of administration; the

pature of the formulation; the natuwre of the patient’s illness; the subjeot's size, weight,

surfice ares, spy, and sex; other drags being adninistered; and the judgment of the
attending physician. Suitable dosages are in the range of 00100 mgky, Varistions
1o the needod dosage are t be expeeted in view of the variety of compounds available

and the different efficiencies of various routes of admindstration. For example, oral

F

administration wouold be expected 1o requive higher dosages than administration by

Ly, injection. Vanations i these dosage levels can be adjusted using standard
empirical routines for optinization as 18 well undearstood in the art. Encapsulation of
the componnd s suitable delivery vehicle (e, polymeric microparticles o

mplargable devices) may merease the efficieney of debivery, particufarly for oral
delivery.
Examgdes of compounds that can be used o treat g cellniar proliferative

disorder ov an i fammation-related disorder include polvpeptides that have 8EQ 1D

SFUTO transactivation domain. The exampley also

i
rer
o
-4
[
-

P
e
et
£n
.
Pl
i
[
et
e
[2)
t,»(

mchide fnetonal egoivalonts of SEQ 1D NO: T or 3.0 As desenbed above, a
Hmctional eguivalent of SEQ I NO 1 or 3 refers to a polypeptide derived from the

SEQ I KO 1 or 3L eg., a fusion polypeptide or & polvpeptide having one or mare

L=y
pong ;,s'imai'i_{m;\; mnsertions, deletions, troncations, or combination thereofl This
polypeptide s &t least 60% {any number between 60% and 100%, inchurve} identical
o JEQ ID NGOt or 3 and retains substantially activity of the homeodomain achividy

of Noem or Hom, Lo, the ability to bind to LEFUTCF and inhibit LEFUTUR

dependent ranseription it g dominant negative manner by competing for endopenous

R

A
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LEFUTCOF activator, such as Brcatenin, LEFITCF factors are essential high mobidity

groupy (MG containing transcriptional factors. The ERFUTCOFS containg Hile
transcriptional activity by themselves, rather LEF I/TCFs are sctivated by associated
factors, such as the Prcatenm of the Wat pathway and Xom of the BMP4 pathway.
Transactivation of LEFUTCFs by the f-catenin or Xom has been found to he essentisl

for stem cells funciion and cell fate determination as well as malignant

The aforementionad polvpeptides can be synthestzed using methods known in
the art or be prepared using recombinant technology. For sxample, one can clone a
nucleie acid encading the polypeptide in an expression veetor, in which the nucluic
acid is operably hnked to reguia wy seguence spitable for expressing the

host cell, One can then ndroduce the veotor info 3 suitable host gell

1 express the pol The expregsed recombinant polypeptide can be purilied

from e host coll by methods such as ammonium sulfate precipitation and
fractionation cohann chiromatography. See Goeddel, {1990} Gene Expression

Methods i Enzymology 185, Academic Press, San Diego, CAL

Examples of compoonds that can be used 1o treat cellidar proliferative

fisorders incdude those that increase the protein level of Hom, such as 5-FU, DOX,
vpdiation, retinote acid, GM-OSF-IL4), resveratrol, ellagic aaid, asping, salioyhe acid,
avonoid and thetr dertvatives that indues Hom expression, Alse can he

sed are those that inhibil Xom/Hom's phesphorylation (e, Xom/Hom Kinase

+ ¥
§

bitors}, such as resveratrol, elagie acid, aspirin, salicyhie acid, emodin and

1,
sk

Havonoid and thoir derivatives,

~

Compounds that mbibit the expression ov activity of HomdXom cap also be

use 1o trewt other disorders, such as Myvelndysplastic syndremes (MBS). MDS, also

b 3

haeewn as “preloukemia ave a diverse collection of hematologica! conditions united

4

by ineffpctive production of bloud cells and varying risks of transformation to aonte

K

myelogenons loukamia, Although not ¢ true malignant ncoplasm, MBS is

e

nevertheleas classthod within the hematological neoplasns. It eas foand that Hom

2

L
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was over-oxpressed i an MDS pationt, suggesting the blockage of the differentiation
orogress by Mo, Thuy, an inhibitor of Homd/Xom can be used to treat MDS
de acid, and ar RNAG

agent that spectfically target Hom/Xom, Other examples mclude compounds that

Examples of the indubiior include sn antibody, an antisense nuck

B

X

inhibit the expression of Hom.

&

A antibody” includes intact molecules as well as fragments thereof sach ag

£

Fah, F{ab™2, Fv

¥ {x‘n‘;gi o chain antibody), and dADb {omuan antibody; Ward, ¢
A derivative of an mt;bodv refers 1o g profe 107 3

ok having p@iypspﬁ{ie varignt of this invention.  An autibody oy

van be made by co-expressing corresponding light and

heryy chain CDRs-containing polypeptides in g surtable host cell by methods knows

in the art. See, o.g, Harlow and Lane, (1988} Antibodies: A Laboratory Marual,

Cadd Spring Harbor Laboratory, New Yark.
Tomake an antibody described herein, the Xow or Hom polypeptide or iig
antigenic Hagment van e couplod 1o a cartier protem, such as KL, muxed with an

L, and mected ko g host atumal. Antibodies produced i that animal can
then be poarified by peplide atfimity chromatopraphy. Commonly emploved host

sndmals mchude rabbits, mice, guinea pigs, and rats. Various adiwvanis that can be

used to invrease the immunological response depend o the host species and inclade

Freund's admvant {complete and incomplete), nuineral gols sach as sluminem

§\; '[5‘

o

vdroxide, surface active substances such as tysolecithin, plurome
hydroxid face active substances such as tysolecithin, pluros

iy

emudsions, kevhole lmpet hemooyanin, and dinifrophenol.

) v

polyanions, peptides, of
Uselnl human adjuvanty include BOG {(bacille Calmette-Guenn} and
Corynehacioriam parvurm.

Palvclonal antibodies, beterogeneous populations of antibody moleculey, are

populations of antibedies 1o a particular antigen, can be prepared using standard
fy atechnolgy. Sce, e, Kohler of o [1973) Nature 256, 405; Kobler et of

CLOTOY Bur. L lmommel. 6, 311 Kohler ef of, (1976) BEwl 3. fmnnunad 6, 292; and

et
S

Jomocional Antibodies and T Cell Hyheidomas, Elsevier,

o

tammerling ef af. (1981

NJY. In purticular, monoclonal antibodies can be obluined by any technigue that

24
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o~

ng}.i'i;:s&\'i{i):: for the production of antibedy molecules by continuous cell lines in enlture
sueh as desoribed tn U8, Patent No. 4,376,110 the lnmnan Becell hybridoma
rechnpgoe {Koshor er @ {19833 Immunol Todav 4, 72; Cole ef gl {198

Acad. Scil USA 80, :Z-ff}'.?.é} and the EBV hybridoma technigue {Cole e o {1983

antibodies cun be of any mnmunoglobudin class including ig:_{l fehd, g, IgA, 1D
aud any subclass thereof, The hybridoma producing the monoclonal antibodies of the
spvention may be culiivated iy vitro or novive. The abiiity o produce high Gters of
memocional antibodies in vive makes it a particulardy useful method of production,

A polynucleotide contaming a mucleie acid sequence encoding an ilabiior of
X or Hom can be used o treat sy inflanamation-related disorder. The nuclste acid
sequencs can encode the above-described polvpeptide, an anti- Xom or Hom
anitbody, an anti-sense RNA| or a small interforence RNA (e, an RNAT agent) that

argeta the Xom or Hom and inlubils its expression activity,
The torm "RNAL or "RNA interforence” refors o 2 sequence-spevific or

selective process by which a target molecule {e.g., & target gene, profem or RNA) s

3

down-rpgutated, Within the scope of this invention ts uttiization of RNAT featuring

RNA molecnles {e.g., within a cell), Degradation is catalyzed by an
24 b

degradation of ¢
w \ hed

shzymatio, RNAqnduced stloncing comaplex (RISCY RNAT ocours in cells naturally
to remmove foreten RMAS (e, viral RNAs) Natural RNAG pr{‘}meés via fragments
clegved from free double-stranded RNA, which directs the degradative mechanism.
Alternatively, RNAI can be intliated by the hand of man, for example, o silence the
B torm "RNAT agent” refors to an RNA {or analog thoreof), having sufficient
seguence complementantty 1o 8 target RNA (e, the RNA being degraded) o divect
RNAL & RNA agent having a "seiquence sufficiently complementary o a target RNA
seguence to diveot RNAD means that the RNA agent has a sequence suffictent o

catruction of the target RNA by the RNAT machinery {e.g., the RISC

complexy or process. & RNA agent having a "sequence saificiently compiomentary

e o
: agent Has .y

to g target RNA sequenes to direut RKAT also means that the RNA

o

seguence saliictent to trigger the transtational inhibitton of the target RNA by the

)
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BNA machinery or process, ARNA g an also have a sequence suticiontdy
complemantary {0 a target RNA encoded by the target DNA sequence such that the

target DINA sequence is chromatically silenced. fn other words, the RNA sgent has a
sequenve sufficient 1© induce transcriptional gene silencing, ez, 1o down-maodulate
gene expression at or pesr the target DNA seguence, e.g., by inducing chvomatin
tructural changes at or near the target DNA sequence. The term "RNA” or "RNA
moleeuie” or "ribonucieie aoid molecule” refers 1o a polymer of ribonncleotides. The

DNAT or TONA molecule® or deoxyribonacieie scid molecale” refess to g

pidymer o deoxyribonucivotides, DNA and RNA can be synthesized natuwrally {e.g.,

S

L

by DNA replication or transeniption of DNA, respectively), RNA can be post-

oy

saseriptionally modified. DNA and RNA can also be chemically synthesized, DNA&
and RNA can be single-stranded (1., sRNA and ssDNA, respectively) or multi-
stranded (g5, donble-stranded, Lo, dsRNA and dsDINA, respectively)

The jp@}:’}'-n'ucia-zoiid cany be delivered by the use of polymerie, bicdegradable
wicroparticls or micreapsaie delivery devices known inthe st Another way to

3

sohiove uptake of the nuclete acid 18 using hiposomes, preparved by standard methods,
The polynecieotide cat be incorporated alone into these delivery vetueles or op-
meorporsted with Hssue-specific antibodies. Altemnabively, one van prepare a
molecular comugate composed of a plasmid or other veetor aftached to poly-L-dysne

by elegtrostatic or covalent torees. Pobyv-Lodysine binds te a hgand that can bind o o

recepior on target cells (Cristiang, et of., 1995, 1. Mol Med. 73:479). alternatively,
Hasue speeific targeting van be achioved by the use of tissye-speciiie transeriptional

rogubatory elements that are known n the art, Debivery of "naked DINA™ (e, without

yddelivery vehicle) to an intramuscular, intradermal, o suboutaneous site is another

wreans o aclkiove I vivo expression.

vrrri

n the above-mentioned polvnucleotides, e, expression vertors, the nuclele

M~

cid seguence encading an inhibiter of Xom or Hom 1z operatively hoked to

b3

e

mormoter or enhancer-promoter combination. Suitable expression vectors include

b‘}

plasmids and viral vectors such as herpes vivuses, refroviruses, vaccinia viroses,
atternuted vaccina Viruses, Canary pox viruses, adenoviruses and adeno-associated
VIFLISES.
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As s well known iy the art, the dosage for a patient depends wpon various
factors as doseribed above. Dosages will vary, but & preforred dosage for
administration of polynucleotide iz about 10% 10 107 copies of the polvaucleotide
molecuie, This dose can be repeatedly administered as needed. Routes of

adminisivation can be any of those Hsted above,

Also within the scope of the invention iz a packaged product including a

container, an effective ameunt of one of the above-deseribed compomd and & legene
associated with the container and indicating adwinisiration of the compound for
treating a subject sulforing from or being at risk for developing the disorder

mentioned above, The compound can be admixed with & pharmaceutically acceptable

avrier, including a solvent, a dispersion medium, 2 coating, an antihacterial and

peg &

anttfongal agent, and an isotonie and absorption-delaving agent.

v Pt

The compound can be formlated indo dosage forms for difforem

adrunstration routes uttlizing conventional methods, example, 1 can be

formulated W oa capsole, & gel seal, or g tablet for oral administration. Capsules can

= r g

contaity sy standard pharmaceutically accepiable materials such as gelatin or

3

coltulose, Tablets can be formulated in accordance with conventiona! procedures by

o

compressing mixtures of the compound with a solid carrier and « Jubricant. Examples

of sohid carriers welude starch and sugar bentonite. The compound can also be

administerad in a form of @ hard shell tablet or # capsule containing a binder, e.g.,

<

lactose oy mannitol; a conventional filler, and a tableting sgent. The compound can

be adminisiered via the parenteral route, Examples of parenteral dosage forms

nehude agues solutions, isotonic saline or 3% glucose of the active agent, or other
woll-known pharmaceutivally acceptable excipient. Cyclodestring, or sther
sofubibizing agents well known to those famitiar with the art, can be utibized as
pharmaceutical exeipionts for delivery of the therapentic agent,

The efficacy of the compound can be evaluated both fn virre and in vive. For
exarpie, the corapound can be tested for is ability to arrost ool growth or induce
apoptosis fy wiro. For in vhve stadies, the compound can be injected nin an arimal
3 Y

{w.g., an grmmal model) and us effects on cell growth or apoptosts are then acosased,

Lomibe
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Rased on the resulis, an appropriate dosage range and administration roude cun be

determined,

Acstent coll (s a cell that is capable of differentiating into a number of final,

ditforentiatod cell types. Stem cells may be totipotent, phuripotent, mulitpoient, or
untpotent. Totipolent stem cells are produced from the fusion of an epg and sporm

i
\“*‘{“

oot Celis produced by the frst fow divisions of the {ertilived egp are slsn otipotent.

X

o . 3

These cells can differgntiate into embryonic and extrasmbryonie vell wpw
Todipotent stem colls typically have the capacity to develop inte any cell type.

Totipotont stem cells are usuaily embryonic in origin, Pluripotent stery cells are the
descendants of totipotent cells and can differeniiate inte colis derived from the three
germ layers, These cells are typieally cells fna stem cell hine capable of

diiforsntiating info seversd different, final differentiated cell tvpes. Multipotent stem

celis can produce only cells of a closcly related family of cells {o g, hematopoietic

stom cells dilferontinte nto red blood cells, white blood cells, platelets, ¢le)
Upipotent vells can prosdace only one cell typs, bt have the property of selfrenswal

wihnch distinguishes them from nopsstem cells. Pluripotent, moltipotent, and
urpotent stom cells van originate from various tissue or organ systems, including, but
sot hindted to, Slood, nerve, muscle, skin, gut, bone, kidney, Bver, pancreas, thymas,
nd the hike.
As moentioned sbove, the Wnt and BMP signaling pathways ave imvobvedin
the profiferation or differentiation of varous stem cells, See o.p., Reva or @l Nature,

2003 Apr 1443470350 843-30. As a koy component, Xom/Hom plays an unportant

5

vole in the presorvation, expansion, and differentiation of the stem cells. Thus,

Ko/ Hony can be wsed in regudating development and diftorentintion of de stern

in troating related proliferative or degenerstive diseases. For example,

4

colls, and i

XNomyHom may funetion wy stowing down or preventing difforentiation of stem celly

3
Ly,

r" ;

hereby, maimaing g stom cell pool. 1t follows that an antagonist (e, ihibiion

ATHR

¥

of Xom/Hom can be used o promoting differentiation.

e
%
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Drsregulation of ths differentiation process results in various disorders, such
as MDE. MDY are thought to anse from mutations i the multi~potent boste marrow
stom egil. Ditferentiation of blood precarsor cells s impatred, and there s a
significant increase in fevels of coll death apoptosis in bone marrew cells, Clongl
expansion of the abnormal cells results in the production of cells which have lost the
ability 1o difforentiate. The progression of MDS to leakemia s a good examaple of the
sadtestep theory of carcinogonests in which a series of mutations ccour i an indtlaily

normal cell and mansforny fnto 8 cancer celll As descrthed above, over expression

A Xom iy g MERS patient maay lead to the blockage of the differentintion
progress and apoptosis seen in MDX. Thus, an inhibitor of Hom/Xom can be used to
froat MDA, Examples of the inhubitor include antibodics, antisense nucleie acids,
RNAL agepty, and small melecutar compoeonds that speerfically target Hom'Xom,

The treatment method of this invention can be used 1o treat the
Myvelndysplasiie syndromes by promoting cell differentiation,

The mothoed of this invention can alse be used 1o treat or dow down the

progress of other proliferative or degenerative disorders. Examples of the disordess

tnchude macelar dogeneration, nowron degeneration, Huntington’s Disease,

Parlanson’s, [Msecase, Alzheimer’s DNscase and, Sch wupin SIA.

™

St an inerease i the mumber of cells of the same type by

division, The term "differentiation” refers © a developmental process whoreby cells

ad for a particular function, for example, where cells acguire one oy

morve mopiudogical characteristics andfor functions different from that of the initial

oell type. The termn "differentiation” mcludes both Hneage conmtment and termunal

differentistion processes, Differentiation may be assessed, for example, by

monitermg the presence or absence of hneage markers, nsing mmumohistochemisty
or ether procedures known to @ worker skilled in the art. Dittorentiated progeny cells

dessved from progenttor cells may be, but are not necessarily, related to the same

el

1

germ laver or Hssue as the seurce tissoe of the stom cells, For example, neurst

progenitor cully and muscle progenttor cells can differentiate into hamatopoietic el
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The terms "hneage commitment” and "specification,” as used interchangeably
heretn, refer to the process a stem cell undergoes in which the stem cell gives rise to &

progetfior cell conumitted to forming a particular Hosited range of differentiated cell

e,

types, Commitied progenttor colls are often capable of selftrenewst or cell diviston.

B

The erm Mtermuinal differentiation,” as used hevein, refors {o the final
differentiation of o cell into a mature, fully differentisted cell. For example, neural
progeniny colis and musele pi‘(}geﬂiti‘n‘ cells can differentiate into hematopatetic vell
neages, torminal differentiation of which leads to matire blood cells of a specific

cell type. Usoally, terminal differentiation s associated wih-withdrawal from the coli

v

3

vele and cosaation of proliferation. The term "progenttor cell,” as wsed hered
i,

Lo a cell that s commmuiited to a particular coll hincage und which gives rise to culls of

o by asenes of cell divisions. An example of a progenitor cell wopld be a

myoblast, whivl is capable of differentiation to only one type of call, but is steetf not

fully mature or fully ditferontiated.

o of thix wvention is a composition that containg a suitable

carrier and e or more of the compounds deseribed above. The composition can be g
autieal commposition that contains a phanmaceutically acceplable carrien, &
{.iif:mry ::{}i@'}'pssi tion that contains a dietanily acceptable suitable carnier, or a cosmetie

containg a cosmeticalls ¥ ;EL\.,(.BM"F}C CAITIO.

o
s
o
P
Lt
"
.J
ot
joed
s
=
o
=
-
jds
,u-s

Exampies of a dietary composition of the present wvention inchude anaetive
compound deseribed sbove, Examples of this compound cluds HomdXom
polypeptiche o a functional fragmoent thereofl retinoic actd, resveratrol, ellagic avid,
sapivin, salioyhe acid, emodin, and flavonoid, and derivatives of these compounds,
The composition also weludes, bot is not Himiled o, foods, food addifives, nutritiongl

oplements, and pharmaceutical preparations. It may be in the form of tablety,

stepensions, nplants, sclutions, enulsiens, capsules, powders, svrups, hquid

compositiong, ointments, lotiong, creams, pasies, gels, or the like
Az o dictary supploment, additional sutrients, such a8 minerals or amino acids,

may be included. A dictary composition can also be a drink or fooid produet, Ay ased

38
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5 Yan

heretn, the termas “drink™ and “food™ broadhy refer o any kinds of Bouid and

solidfseni-solid muaterialy, respectively, that ave vsed for nourishing an animal, and fur

3 - bac

sustamning normal or accelerated growth of an animal fncloding » homan, Exgoples
of the drink product include, but are not Unuted to, tea-based beverages, wwive, coffes,
ard otk Exoraples of the food pi‘udm,tnzs.,}u(ix, ey, cookies, ceresls, chovolates,

vart), soy bean

soack bars, herbal extracts, dairy products {e.g., e croam, and yog

product {o.g., tofu}, and riee products,

phec

Py

A composition of the present invention may inchude g carrier, Depending on

b3 o)

the kind of the composition, & cartier may be a suitable dietary carrier or a
sharmaceetically acceptable carrier. Examples of a pharmaceutically avceptable
arvier mcdude, but are not hmited to, bocompatible velicles, sdjuvants, additives,
and diluenis {o achieve & composition usable as » dosuge form.
A Uphanmacentically accepiable carrier,” after adnimisterad to or upona
subsfoct, dogs pot cause undesivable phvsiclogical effeets, The cartier inthe

pharmacentical composition must be “sccoplable™ also in the sense that itis

compatible with the active ingredient amd, preferably, capable of stabilizing it Oneor
more soiubilizing sgents can be utilized as pharmaceutical varriers for delivery of an
active compound. Bxamples of other carriers include colloddal silicon oxide,
magnesium stearate, cellnlose, sodium lauryd sulfate, and D&C Yellow # 14
The ahove-deseribed composition, inany of the forms desoribed above, can be
used for treating velhular prohiferative disorders and inflammation-related disorders,
An otlective amount” refers o the amount of an active compound that i

o~

required fo confir o therapuutic effect on a treated subject. Effective doses will vary,

> art, depending on the types of diseases freated.
route of adminisiration, exciptont usage, and the possibility of co-nsage with pther
therapegtic reatment.

A pharmgcoutical composition of this invention can be administersd

k¢

:-4-

sarenterally, orally, nasally, reotally, topically, or boeeeally, The term “parenteral”

used herein refers 1o subcutangous, HETACRIENCOUS, ntravenous, mirmuscular,

P
pon
-
-t
’
b ~
,,,
m
f?
poo]
£

ular, indraarienal, mtrasynovial, intrasternal, mirathecal, intralesional, or

inirscramal injection, as well as any sutiable infusion technigue.

3

Ak
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& sterite injectable compesition can be a solution or suspension i & non-toxt
parenterally acceplable diluent or solvent, such as s solution in 1 3-butanediol,
Among the acceplable vehicles and solvents that can be emploved are muannitol,

Water, Ri@'}g‘w 5 sohution, and isotowie sodium chlonde solotion. In addition, fixed oils

oilg, such ag ohive ofl or castor odly Lamuaﬁi\ i thew 1}92}*(}X}fﬂhyim_d VRISIONS,

1

These o solutions or suspersions can also contain a long chain aleobol diluent or

33 b3
b 3

dispersant, carboxymetind cellulose, or sunilar dispersing agents, Other commenly
used surfactants sach as Tweens or Spans or other similer emulsifving sgents or
higavatlaality enhancers which are commonty used 1 the manufactore of

o

pharmacentically scoeptable selid, Hauid, or other dosage forms van sise be used for

the purpose of formmdation.

A composition for oral adwanistrabion can be any orally acceptable dosage

~ .

s ncluding capsules, tablets, emulsions and aqueous suspensions, disparsions, and

Py

sofpiions, In the case offablets, commondy used carriers include lactose and com

starch. Luobricating agenis, such as magnesiam stearate, are also typically added. Fo

P

oral admimistration in a capsule form, useful diluents inchude Jaciose and dried com

+

hien dquecus suspensions or emulsions are administered arally, the sotive

¢ suspended or dissolved i an oy phase combined with envalsifying
or suspending agents, I desired, cortain sweetening, Bavonug, or coloriug agends can
he adided.

Anasal acrosol or inhalation composition can be prepared according o
tevhungues well konown to the art of pharmcentical formudation. For example, sueh 4

¥

composiion can by prepared as a solution iu saling, employving benwad aleohk

Hie

i 31

nther subtable preservatives, absorption promoters to enhance bloavailability,

x

Huorocarbons, andfor other

solubilizing or dispersing agents known in the art.
A composition having an gclitve compound can also be adnimistered in the

5

formn of suppositories for rectal admumstration,
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A topical composition containg & safe and effective amount of 8
fermatologicatly seceptable carrier suitable for application fo the skin, Generally, a
topical composition can be sold, semi-solid, cream, or liguid. It may bea cosmetic or
dermatelogic produet i the form of an cintment, lotion, foam, creamy, gel, or solation.

Lretails about dermatologically neceptuble carriers are provided helow.

A composttion of the present invention may be used alone or iy combinalion
with other biclogically active ingredients. Alone or in combination with other active
ngredients, it may be administured 1o a subject in a single dose or muoltiple doses over

a period of time, Vartous administration patterns will be apparent to those skilled in

~ 2

e for the administration of the composition are those large

S

enough ¢ the desired eftect, The dosage shoold not be so large as to vause

£

ol

any adverse sulo effects, such as unwanted crosa-reactions and the like. Genevally,
the dosage will vary with the age, weight, sex, condition, and extent of 4 condition in
a# subject, and the intended purpose. The dosuge can be detenmined by one of slill in
the art withoot undue experimentation. The dosage ean be adjusted in the event of

anty counter indications, lolerance, or similar conditions. Those of skill in the art can
readily svaluate such factors and, based on this fnformation, determine the particalar
eiiective concentration of g composition of the present invention o be used for an
witended purpose.

Also within the seope of this invention is a cosmelic compesttion that contain

anactive vompound desceribed above, Examples of this compound inchude Howy
polvpepiide or a functional fragment thereofl Examples alse inclde retinede acid,
vesveratrol, ellagio acid, aspivin, salioyho acid, emodin, and Havonoid, and dertvatives

i thexe compeunds. This composition contains 8 safe and effective amonnt of s

-

denmatsdogically geceptable carrier that i suntable for topical application o the skin.
it enables an active compound and opticnal component to be delivered fo the skin at

an appropriate conventration{s). The carter can thus act as a dituent, dispersang,

v the like o onsure that the active materials are apphicd o and distributed

svendy over the selected fargel af an appropriste concentration. The carner can be

P
>

softd, semi-selid, or hquid. Preferably, it is i the form of a lotion, 8 cream, or u go

Y

it parbicnlar one that has a sutficient tuckness or vield point to provent the active

i
fud
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~

materials from sedimenting. The carrier can be inert or possess dermatological

T

benetils of s own, It should also be physically and chemically compatible with the

active compouents deseribed heretn, and should not unduly tmpair stability, efficacy,
or giher use benefis assuciated with the composition.
The type of carrier utilized in the cosmetic composition depends on the type of

1

product form of the composttion. A cosmetic composition may be ma

infor o wide

variety of product forms such as those known in the art. These inchu?e, bt are not
tnted to, lotions, creams, gels, sticks, sprayvs, cintments, pastes, and mousses, These

product forms may comprise several types of carriers including, but not Himsted to,
soluiions, serosols, emulsions, gels, solids, and liposomes.

Prefurred carriers can contai a dermatologically aceeptable, hvdrophilic

..,‘

dilpent. Sunsble hydrophilie diluents include water, organie hydrophdlic dituents,

~{g monohydric alcobols and fow molecnlar weight glvenis and polyols

fnchuding propylene glyeol, polvethylene glyveol of, e.g, MW 200-60(h,

pelvpropviene ghyveol of, e, MW 425-20235, glveerol, butvlene plyveol, 12,4+
3 « F Dok Pealty K Pl Pty ey

tutanetriol, serbitol esters, 1.2 6-hexanetriol, ethanol, Isoeepropanod, sorbitol ssters,

4

ethoxviated ethers, propoxylated ethers, gnd combinations thereof, The composition

preferably comprises at liast about 60% of the hyvdrophilin diluent,

Proferved cagviers also contain an emulsion having 2 hyvdrophilic phase,

it

pectally an agqueous phase, and a hydrophobic phase, e.g, a Hipid, oil, or odly

matirial. As well kuows fo one skilled in the art, the h}-’d‘;‘@p ibic phase will be

1.

dispersed in the hydrophobic phase, or vice versa, to form respectively hydrophilic or
hydrophobic dispersed and continuous phases, depending on the composition

The term "dispersed phase,” & torm well-known to one skilled in the a,
refers to a phase thal existy as smaall particles or droplets suspended 1 and surrounded
by g contiucus phase. The dispersed phase 13 also konown as the mterpal or
discontinoous phase. The emulsion may be or contaim {e.g., in a triple or other mult-

phaze enudsion) an eil-inewater emulsion or & water-in-0i] enndsion such a8 & water-

in-stheone omulsion, Oi-in-water emulsions typically comprise from 1% o 30%

{profevabdy % to 30%) of the dispersed hydrophobic phase and from % to 99
{preferably from 40% to 209%) of the vontinuous hydrophilic phase; water-ir-nil

4

9%
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ervadsions typically comprise from 1% to 98% (preferably from $0% to 909} of the
dispersad hydrophilic phase and from 194 to 30% (preferably 1% 0 380 of the
continunas hyvdrophobie phase. The emulsion may also comprise a gel network, snch
as that desoribed in G0 M. Becleston, Application of Emulsion Sability Theories o

Mebile and Semiselid O/W Emulsions, Cosmetios & Toiletries, Vol 101, November

1 ~

incorpovated herein by reference. Freforred compositions herein are

1958,

Ay

eil-i-water smulsions.
Preferrad examples of 8 cosmetic composttion of this invention have an

apparent viscosity of {ront about 3,000 to about 200,000 mPas {centipoise}. For

5§ o

example, proferred {ndions have an apparent viscosity of from about 10,000 o sbowt

3

steferred creams have an apparent viscosity of from about 30,000

Apparent viscosity can be determiined osing a Brookfield
DV RY viscometer, spindle TI, at § rpan, of the equivalent thereof, The viscouty is
determined on g composition alter the composition has been allowed to stabili

follosing s propavation, generally af least 24 hours under conditions of 2

s R

and amilnent pressure aftor preparation of the compusition, Apparont vis
measured with the composition al a emperature of 25°Ce17C, after 30 scponds
spindle rotation.

The cosmetie composition of the present invention 13 wsaally formulated 10
{f' 95 or below and it goneral have & pH in the range from 4.5 © 9, mere

1 TR

§.5. Some examples. particudarly those containing gn addifional

Yk

ey
f:
]
/"
"ﬁ
&,
\J
s
"".3
=
¥
o

e
s
oy
i
B

Esch as salieyhic aid, require a lower pH i order for the additional

2
3

wwtive 1o be fully efficacions. These compositions are usually formulated to have a
from 2.8 to 5, mory preferably from 2.7 0 4.

The cosmetic composition may cortain a wide variety of oplional componnds,
srovided that such optional componenty ave physteally and chemically compatble
with the cisentis] components doscribed herein, and do not unduly impair stabiliny,
eificacy, or uther use benefils assoctated with the compositions. Optional

componens may be dispersed, dissolved, or the like in the carrjer of the present

Composiiions.

ik
s
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Hxemplary optional components include emollients, oif absorbents,
antimierobial agonts, binders, bulfering agents, densturants, cosmetic asiningents,

external analgesics, film formery, humeetants, opacifying sgents, perfumes, plgments,

3

skint soothing and healing agents, proservatives, propellants, skin penelration

3

=

snhancers, solvents, suspending agents, emulsifiers, cleansing agents, thiskening

whants

L Qgents, waxes, sunsereens, sonless tanning sgonts, antio

or radical seavengers, chelating agents, anti-acne agents, anti«inflammatory

bag

esguamation agents/exfoliants, ovganic hvdroxy acids, vitamins, and natural

o

extracts. Examples of such matenials are deseribed n Harry's Cosmeticology, Tth Bd.,
Haery & Wilkinson (Hill Publishers, London 1982); in Pharmaceutical Dosage
Forma--Disperse Systems; Licherman, Rieger & Baoker, Volo, 1 {1980 & 2 {10R0Y)
Starcel Decker,. foe ;) in The Chemistry and Manufactare of Cosmeties, Znd. Bd.,
deNavarre {Van Nostrand 1902-1963 ) and i The Handbook of Cosmustic Science

and Techoology, Tst Bd Koowlton & Pearee {(Elsevier 1893y can also be used w the
presont inventon,

The cosmetic composttion of the present invention s generally prepared by
comyventional methods known i the avt of wmaking topteal compositions. Such
v ivelve mixing of the ingredients in one or nmwre steps to 8

dorm state, with or without heating, coolimg, appleation of vacuum, and

The cosmetic composition 18 usef for rogulating or improving skin condition,
including regulabing visible or tactile wrinkles ov discontinuities m skin, e.g., visible
or tactide wrinkles or disvontinuities tn skin texture or color, more especiaily those
avsociated with skin inflammation, ageing, or other internal factors {e.g., blochemiesl
changes frons within the skind or external factors {o.g,, vitraviolet radiation

3
v
b

ervironmental poliution, wind, heat, low hamidity, harddy surfactants, and abrasives).

Rogolating skin conditions can be carried out prophylactically or

RV
&

v. PFrophylactical repulation moeludes delaving, mintmisig, or

dsihie or tactide | swellings, wrinkles or discontinuities i skin.

"i‘i}t‘-‘fﬂﬁ;‘}&ii regolation, on the other hand, welades amehorating, diminishing,

sk
'

snintzing or effacing such swellings, wrinkles or discontinuitics. Regulatmg skin

30
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cenditions invelves mproving skin appearance feel, e, providing a smoother, more
even appearance or feel and reducing signs of aging.
A cosmetic composttion s fopically apphied to the skin in g safe and effective

smount. The applied awount, the freguency of application, and the period of use vary

widely depending upon the active levels of a given composition and the level of
regulation desired. Typically, the composition can be applied once per day. However

appication vaies can vary from about once per week up o about three times perday

OF Qe

he cosmetio composition of this wvention provides visible improvement in

mediately fodlowing application of the composition to the
skin, Such immediate uprovement involves covering or masking skin tmperfections
such as textural discontinutieos (including those assoctated with skin inflammation or

aum\:. DEs L
e By

enfarged pores), or providing a more even skin tone or color. The

compostion aise provides visible improvement i skin condition following chrowic

topeal application, .., one week, one year, or the subject’s fife time.
Regulating skin conditions 18 preferably performed by applyving a composition
i the form of & skin lotion, cream, cosmetic, or the ke whieh is ndended (o bo e}

o the skin for an extended pertod for seme aesthetic, prophviactic, therapentic ur
other benefils, Lo, a Teave-on®™ composttion. After applving the composition to the
gave-on” composition 18 preferably feft on the skin for a penod of at least

TE FYTRR: RN I
P st and up o 12

hours.

From the above deseription, one skilled 1n the art e easuly ascertam the
cssorttial characternistics of the present invention, and withont departing from the spivit
and seope thereod, can wake vartoos changes and modifications of the fwvention to

adapt it to various usages and conditions. Thus, other embodanents are alse within

The specific examples below are 1o be construed as merely Hustrative, and not

3 b

Hmutative of the remainder of the disclosure 1n any way
slaburation, it believed that one skilled 1 the art can, based on the desoription

herein, oithize the presend invention io s fullest extent. Al pabhieattons eited herein

ik
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are hereby tnvorporatod by relerence i their enfirety. Further, any mechanism

Procodures
Sreparotion of Xenopus eadryos, sicroinjection, and luciferase assays-

rotovols for handling embryes and for luciferase assayy were essentially as deseribed
in Zhu ef ol 2002, Dev Cell 3, 5537-588, For a typleal celivlar luciferase assay, 2
1O eells were split into 12-well cell-culturs plates and incubated for 24 hours and
then tanstected with 3 gl of liposome transfection reagent {FransiT1, Mirus), | pgof
DNA plasmids of selected genes, and 0.3 pp of reporter plasmids (Hela colls regaire
one third while 2937 eedls requive one sixth of the DNA and Hposome amount), At

48 hours post-ransiection, the cells were washed with PBS, Iysed with 1x celdl bysis
butfer {Promega cell Tysis buffer), scraped, and collvcted. After tncubation on fee for

) minntes, the cells were cleared by contnfugation at 12,000 ¢ for 15 scoonds and

transterred & & new tube; then 20 pl of the cell lvsate was mixed with 100 ul of

Lactferase Assay reagent (Promega), and the huciferase activity was measured by

5 =

%

sumntillation counting,

profeins-Nenopuy LEFI LEFIAHMG, LEFLASHE,
LEFIALS), Nom, and its deletion mutants were sabeloned by the pubymerase chain
resction base technigue inte the pCS2+ and PGEXATR vectors and verified by in woo
translation and sequencing. pGLAOT and pGL3-OF were generous gills fom Dr B
Volgostein; p2 4BMP4-Lue was a generous gift from Dir. I Feng; pGL3 promoter

MEX2 {WT) and pGL3 promoter MEX2-SDM-600/-766 were generous gifls from
& g

ors
4
by

& TS is
Freparation of muclear and cpioplasmic extracrs-Cells (8 x 187 were
irvpsinized and washed bwice with PBS and pelleted by contrifugation, Total pmtc{n

was obtamned by lvsing the colls m 130 i of RIPA buffer (150 mM Na(lL, 19 NP4,
(.59 DO, 0.1% SRS, MrmM Tris pHR.0) containing Tx protemnase mbibiiors
{Roche, preteinase inhibitor cockiail). Cytoplasmic proteins were oblained by

3

o]
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ineubation of 2 x 10% colls with 130 1 of hypotonie buffer {0.05% KP4G, 10 mM

Ul WM KCE, T mM DTT) containing Ix proteinase
phibiors oniee for HO minetes and then centrifuged sl 4008 rpma for 2 minutes. The
supernatants were collectod and usad a8 ovteplasmic proteins. The nuclonr pellets
were washed twice with PBS. Nuclear proteins were obiained by incubsting the peliet
on e for 60 minuies in 150 pd o RIPA bufler. Levels of $-calenin in fractionad

cellular extracts were deternuined by western blotting using spectiic sntthody {Takara

down axsap-Frve micrograms of GST fusion protemns and § @l of '

w300 wl of bynding buffer (33 mM Trs pH &0, 100 veM NaCl, 53 mM }

MeCl, T md DT

3.

cerol and .29 NP4y The mixtores were inoubdated at

A0

487 for 3 hours and washed with 1x PBS plus 0.2% NP4O four times, Bound material

wits relessed with 2% sample buffer, boiled at 93°C for 5 nun, contrifuged briefly, and

AGE and autoradiography.

Cainpnunoprecipitarios-The affinity-protein G beads were prepaved by

se beads {Santa Cruz Biotechnology) with 1 pg

A total of 2 x 107 of cells fysed with Ix oeil bysis

butfer {Promega) contammg X protease inhibitor reagent {fiﬁ{;}{:i}e}? ipcubated on e

wigs, sontcated briefly, and centrifuged at 12000 p fr & utes gt 4°C,
The supornatants were further cleaned with 20 pl of untreated protein G plus-Agarose
O U s RTIN-a e e A N F A L 20 TS & N ot frp vk e %

bosds and 2 pg of pre-inwnune soram for 2 hours at 9°C. The supersatants were then

snixed with 20 pl of prelabeled protein G plus-Agarose beads al 4°C overnight,. The

beads were washed four thmes with PBS plus 0.2% NP4, Bound proteins werg

s

=
ey

cased by 23 sumple buffer, boiled af 95°C for § minutes contrifuged briefly, and

%

revealed by westerneblot analysis with specific antibodies.

Hogicad staining-Embryos wore Bxed with 3.7% formuddehyde, 801 M
MOPS {pH T.4) 2 M BGTA, and | mM MgSO: gt indieated stages. The gmbrvos
svere then embedded in parattin and sectioned at a 10-pan thuckness, The sectiony
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were stained with hematoxylin and eosin (H&E), and subjected to histological
sralysts. The sections were further stained with 2 pg/ml of 47 6-dlamidinoe-2-

i the
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veion by real-fne POR-Total RNA wis witracted by

4

Trinal roe
RSN TS

(o]

Eight embryos from each treatment grong were pooled an
Homnogenized 1 1ol of Triwod (nvitrogen). Chloroform (200 wdY was then added o
the sample. After vortex mising, the samples were centrifuged at 12,000 rpwm for |
munute and the supernatants were eotlected in now tubes. Iseproponol (500 gl was
added to cach sample, mxed, and kept at R for 10 minotes. Samples weore then
contrifuged for 3 mimates. The pellets were washed twice with 74% othaned, air
dried, and suspended in 10 ul of ddHO0. The Boul RNA concentration was
determingd by measurement st ODIs0. Furst-strand ¢cDNA was synthestzed with the

SuperSeript fiest-atrand synthests system {Invitrogen) according to the manufacturer’s

£

profocel. Brefly, 2.8 pgoftotal RNA from cach sample was used. The final volume

of the RT pwrodust was 20 wd and was diluted 1o 200 pl (10 < dilntiony; § wl otthe

dilited RY product was used for real-time PCR us‘ing L‘gi tC}*{:ﬁm Svystem {Racnﬁ}
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eference Histone-4 pone). Bach sample was done w tnplicate. The seqpuences of the

srimers are available upon request.

bresd

LESUL

ou

KNow gansaotivares LEFITCF mediated vranseriptios-Xom 18 & major ventyal
cell fate deterndnation factor of the BMP4 signaling pathway, Using the TOPHlash

v, & previogs investigativn located LEFVTCF-me

14 the ventrab-posterior side of embrvos (Kiecker e ol 2001, Ii}e\se‘is')pn?\;em
A1RB-4201. By imjecting TOPHash plasmid into the twe ventral blastomeres at the 4-

coll stage and examinng huciferase sctivities during gasttudation stage, 3t way

contirmed the LEFUTC Y -mediated transeriptional acuvities on the ventral sude of

40
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3

onthryos during early embryogenesis {the pGL3-OT, which contains three copies of

¥

the sptimal TOF binding motif, was a goneroas gift from O B Vogelstan, To

3

expdore a potential inter-relationship between Xomn expression and LEF/TCE.
mediated transeription, the effect of Xom expressimz on LEFETCFanedisted
franscripiion was examined using the TOP{lash-luciforase assay. When mRNA

encoding Xom was co-injected with the TOPHash reporter construct into Lenopg
entwyas at the twoecell stage, expression of Xom evhanced the TOPHash reporter
transeriptions sevendold as compared with its expression in envheyos infected with a

construet of TOPHash alone. The seas-activating effect of Xom on the TOPHash

reportor was spectiie, smee expression of Xom did not activate the control FOFHash
reporter (pGLIOF, also & gt from D, Vogelstein) which containg mntations gt the

To determine whether Xom transaction of LEFITCE.

ESCTIPHND 18 oontext depmds:*ﬁ in embryos, the effect of Xont expression

colls {and later 2937 cells), Xom expression induced the trumscription of the TOPHash
constructs in these non-embryonic marnmahian cells, indicating that Xom exerts g
eeperl ndoction effect on LEVUTCF-mediated transeription, Again, thy specificty

of Xom transactivates LEF U TCF-mediated transceription was indicated by the finding

3

that Nom fatled {0 activaie the FOPRash reporter constraet n these Hesue culture

experiments

Xosy bindy to LEFITCF factors in vive and iy virro-Binding of LEFUTCEFs to

thu promoter of TOPflash s requured for the activation of the reporter construct; thus
tha fnding that expression of Nony activates TOP flash bt not FOP flash raised the
possibilily that Xom aclivates the TOP Bash reporter through interaction with
LERFACFs, This hvpothesis was tosted by determirang whether Xoum phystoally
iferacts with LEFITCFs Co-nwmunoprecipitation experimanis was cared out in

HOTHS cells ransiently transfected with mye-Xom. B owas found that
fpgnunoprecipitalion of endogenous TCHFS with anti-TCOPE antibodies co~precipiiated
the Xow protetn, The iovdve association between Xom and TORS appears to be

trong and could not be dissoctated with 300 mM NaCl and 0,159 NP40, To

K}

fonst
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th "X

e domaan of

v that meediates ds miteraction with LEFETCOFRs, senal

deletion mutans of Xom were made and tested for therr inferaciions with TCFS in

3

e profeins used were: wild type Xom {aa 1-3263, XomND

Kom NDETS {aa 176-326), XomCUD 145 {aa. 146-320), XomCDES {an. 86-326), and

o
5

Al Xom mutants that carry the

XomiD IO (fuston of aa 1130 and an 241-326]
Homeobox region of mén‘u:‘;zz‘_mmpm wpttated with ant-TCP4 heads, while those lacking
the Homeodomain did s

These data indicale that the Homeodomain of Xont plays a ontical role in
mediating complex formation between Xom and LEFUTCE factors. Following the

demonstration of complex formation between Xom and TCF4 1 vive, the orities!

domamy of LEFVTCFs involved in the mteraction with Xom wers identified. At loust

fopr menthers of the LEFUTCF family have been identified n vertebrates (LEFY,

-

voed

CFLTOTE, and TCPS), and LEFT shows an exprosston pattern smilar to that of

2 o

Nem. Sypotic wanseription of LEF] starts after the ouset of the MBT and 13 suniched
ab the ventrab-candal side of the anumal (Muolenaay o of., 1998, Mech kv 73, 151
134 Genetiv data indicate that LEF] is cssential for ventral-posterior patterning
{Roel er af, 2002, Curr Biol 12, 1941-1945), making LEF! a potentig! candidnie as
the Nomvinterncting profein, It was therefore tested whether Xom inferacts with
LEFT and explored the eritical domain of LEFT mvelved i the interaction through

cletinn mudagenesis analvsis,

ftwas found that very fow colls co-expressed Nem and full-length LEF;

therefore. The pei‘erziiaf& interaction between Xom aud LEFT was then examined
y ) ;. J—— o35
through an & vitre binding assay. When in viteo transistion {(J¥F7} produsts of 75~

fabeled LEFT or ibvdeletion nrutants were mixed with GST-Xom or G871 alone, LEF]

ST-Xom bt not by the control GET, The Cutermunal-deleted

appeared 1o have much less affinily for Xom, whergas the N-

X

termsinal-deleted mutant of LEFL

AO0 and LEFTATSO boamd 10 G- Xom a8

Thus, the interaction hetwieen Xom and LEF]

endent on the LEFT C-ternunal motif] ¢ supposibon fourther

FHTOY transactivalion assay.
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~

o determine the potential phvsiclegical relovance of Kom transactivation of

poss;

.

APVTC P -mediated transeription, the effect of Xowm on the expression of BMPY

m..
Fard

derwnstroam penes was examined, using promoter-lactierase analyvsis, The Mex2 gene

s denwnstreamn of BMPS, whose promoter contatns both an LEFUTCF binding site
ard a BN Prssponsive eloment {'SBEE} {Hussein ef ¢f., 2003, 1 Biol Chem 378,

ARSES-GE8 1) Consistent with the potential direct mvolvement of LR}

BMP Nenn signaling, it was found that Xom sctivaied both the wild-type Msx?

0w

promoeter and the SBE-mutated Msx@ promoter that retain only funcBonal LEFITCR
tmnding sHes.

5 3 R VU SRR LS U SRS 3
CHaneidated transcr DGO 1Y O medigian Invough

Secatenin acoumdalion-Previous studies have shown that LEF U TCF -mediated
transeription 8 setivated by Becatenin (Behrens ef af , 1996, Natore 382, 838-642;
Huber er ¢f, 1998, Mech Dev 39, 3.1 Molenaar ef of., 1996, Cell 86, 391399},

.

To explore the mechanisn of Xom activation of LEFI/TCF-mediated transeriptio

ard to rude out the possibility that Xom transactivation of LEFUTCF mediated

transeription % through an increase n B-catenin protein level or nuclesr wansiocation,
the effoet of Xom (—::(pms:s:imz on the protein tevel and intracelldar distribution of §-
catenin was examined in HOTHO cells,

it was found that, whereas Xom expression activates LEFETCF-mediated

franseriphion in g contentration-dependent manney, there is no covvesponding invrease

=

{rather a small decrease} in the level of total intraceliular P-calenin protein. In

acdition, when the fotal intraceliudar proteing were fractionated into the cvioplasmic

avid nuciear portions, no significant neclear shifts of f-catenin were observed upon

b

Y 4

Nom expression {again, rathor a small decrease). 1t was also found thyy, the domain
of LEFT that interacts with Xom locates at the C-terminal vegion of the LEFL, which
i3 separated from the Nefenminal domain involved 1n inferaction with P-catenine B
was found that the LEFTAG, ¢ dominant negative LEFT mutant that hlecks B-catenin
tramsactivation of LEFETCPanediated transeription, presnotes Xom transactivation of

mediated transeription in TOPFlash assay. This is consistent with the

]

;
\,
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possibilities that Xom transactivation of LEFUTCF-mediated transeription through

direot mteraoton

r e

FETOFs through ity Nelerminal $40-The mderaction

>-

Ko frooisactivates &
between Mo and LEPT allowed us to forther explored the molecuniar mechanism of
Kom tansacivaton of LEFUTCPmediated trapsoviption. Previous studies have

shown that B-catenin binds to TCOFs through its contral Armadilio repeats but sctivales

°F &

CFs throagh s Coterminal motif (van de Wetering ot of, 1997, Cell 88, 780-

Orvsolic ef of, 1996, 1 Cell Biol 134, 1283-1300).  Theretore, afier identifving the

L

eritteal domain of XKooy ivolved in LEFT/TCOF interaction, the functional domain of

CE o

Firansactivation i was furthor analyzed. When ¢ONA

Xom wvalved in LEFIATY
eycoding Xom or #s deletion mutants was co-transtected with the reporier constroct
ot TOP Hash indo 2837 cells, cxpression of both Xom and its C-termunal deletion
mrutant XomCDES getivated the TOP{lash almost 10-fold more than did the control
celly transfected with TOPJash only. In comparison, the ability {0 activate the
LEFITCFamediated transcription was significantly diminished in the Neterminalh
deleted mutants of Nom, the XormaNDS5 and XomNDLTS, The KomND1ITS mn
particular retans ittle i any ability to transactivate the LEFUTCRmediated
transorption. Copsistent with a model of Xom transactivates LEFUTCF-mediated
sramscription through divect inferaction, 11 was foond that Xomy miafar that ack the

EF

P

O nteraction mot! failed o activate LEFVTCR-medinied transcription
during varly embryogenesis. Xom I8 a known transeriptional repressor of dorsal gene
expression. 1o determine whether the dual transeriptional function of Xom s
independent of sach other, the effect of these Xom deletion mutants on dorsal gene
expression was further examined. When mRNA encoding Xom and ts delebion
siutants ware co~-injected with mRNA encoding Activin and Gse-promoter-fuciferase

comstruct inte the ombryos at the two-cell stage, both the N-terminal-dedeted muutants

and the Clerminab-deleted mutants of Xom strongly inhibited Activin~mduced
setivation of the Gse-promoter. These data indicated that the fonction of Xom
transachivation domain & mdependent of the Xom repressor function, and that the

-.

Mo wansactivation domain {TAD) resides in its N-terminal region, which was
further supported with TOPflash assay during early embryogenesis.
44
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Nom Netesmingl TAD is requeied for ventral signading-Xom is energing &3 an
casential cell fate determination factor during mesodern differeontiation o promote the
expreasion of ventral specific genes (Koide e of., 2008, Proc Natl Acad Sct U8 A
PO, AB43-49485, 1t has been proposed that Xom forms g positive re-enforcoment
foop with BMP4 to promote veutral cell fate (Schmidt ef ol 1996, Development 122,
117215 To determine whether the Xom MN-lerminal TAD plays a role fn Xom
transactivation of ventral specilic genes, the effect of XomNDTS o ranmactivation

of the BMPY promoter during carly embryogenests was examined (the BMP4-

lusiferase constract was a generous gift of Dy, & Feng (Zhang ¢ ol 2002, Biochem
Biophys Res Compoun 293, 1412-1419 and Ogawa er wf, 2006, ) Bini Chem 281,
THIG3-18369Y I way fouad that, in confrast to Xom, XomNDH TS fafled to
ransactivate the BMPS prometeor. Moreover, in comparison with the luciferase
activities in control embryos, embryos ingected with XomND17S reveaiod less
fyciferase activities, suggesting that expression of XomNDIT3 exerts a dominant-

che activity of endogenous Nom. To further detormine the

,.«,)

negative offout to block

effect of Xom TAD on the expression of downsiream gones, cach of the twe

g

rastomures of embryos at the two-cell stage was igected with mRNA encoding Xom

or XomNEMTE The embryos were allowed {o develop until the pastrala stage (Stage

zu

HLAY and {otal mRNAs were extracted from the injected ewbryos and §.‘E§?<§‘1~iﬂ"§§:£:i‘ﬁ.?£i

zoniroel uwfsm The lovels of BMPY and Xont expression were detern

safone-d 88 an interpal control. Conststent with s role 1w transe

of ventral gene exprossion, expression of wild-type Xom invreased the expression of
BMPA Incontrast, expression of XomND1TS fatled to onhance the expression of

BMP, suggesting that the Xom TAD 18 requared for s transactvabion of BMP4

Moreover, consistent with the disruption of the posttive auto feedback
ARG and Xom, expression of XomND1TS exerted g strong inhibitory effect

on the expression of Xom itself Together with the notton that LEFUTCE binding

sttes on the promoters of ventral specitic genes are reguired for their responsiveness

o

o BMP4 signaling and that {oss of function of LEF1 leads to ventral defects (Roel ¢

i 2002, Curr Biol 12, 19411943 and Karaulanov et ¢f, 2004, Embo § 23, S44-856),

g
k>4
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~

our findings suggest that Xom trans-activation of LEFUTCF-medinted transoription is
iikely to play & ontical vole in ventral signaling and ventral coll fate detesmunation.
Kom sransactivation of LEFIZTCEs iy exsentiad for gavindation-Our
ochenueal and mudagenesis studies revesled that Xom possesses a LEFUTCR-
wansactivaiion domain iy s N-terminal region, 1 was identified that a Xom mutan,
HKomNDTS possessed neghigible LEFUTCF transactivation ability but retains
tramsoriptional repressor fonction. To determine the potential physioiogics! function

»f Xom transactivation of LEFUTCF-mediated transeription during gasd

si-fanction approach was used to explore the etfectof

7S expression on embrvogenesis. The mRNAg encoding Xom,
XomN{TSE, and other Xom deletion mutants wers injecied into one of the two
vontral Mastomeres al the fowr-coll stage as indicated, It was observed that embryos

injected with mRNA of XomaNDITS but not other Xom mugants showed catasirophic

eifects durmg zastrulation. In addition to the mutant specilicity phenotype of

KomNDTS, the XomNDBIT3 effccts appeared 1o be stage-speciie. Unlike

ﬁw"

XomMIH 75 mBENA, XomNDT75-cDNA caused little, 1Fany, abnormaitiies during

sastrudaticnn. Closer inspoction showed that the embryvos injected with XomNDIT3

3

mRNA progressed through the cleavage and pregastrulation stages; however, ag

castralation beging, many large whitish grayv-colored cells appear in the mjected side.
Az pastralation proceeds, these cells gradually lose o debined cellular appearance,

&

wiving the arabryos a “rotten” gppearance. To deline the cellalar and §‘1§'s.i.{:~=agiaai

changes assoviated with XomNDI73 expression, the XomND175-n

and vontrol smbrvos was fixed, sticed them into 10-pM thin sections, and stained

thom with H&E and DAPRL Lutle histological change was associated with NIDITS

expression at the cleavage and pregastrulation stages, but many large rounded-ap
wiures were seon at the gastrulation stage, which appeared to be dead cells. None

-

of these large rounded-up structures in N 73 mjected embr

suggesting that they had lost vormal cellular structures, such as the nocleus, The

embryvos appeared to bo very senstiive fo the effect of XomNDITS! The 5%

v

effective ponstration rate was achicved with loss than 50 pg of XomKD1I75 mRNA

data st shewnd, The finding that expression of ¢ dominant-nogative Xom mutant

Lo
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that facks TAD ed fo embryonde arvest at the gastrulation stage suggeststhat Xom
transactivation of LEFUTCF-mediated transceription is essential for gastrnlation,
Simlar findings have been noted for other BMP4 related transeriptional factors, such

a9 Bod {Trindade e ok, 2003, Development 130, 46114022}

........ unple 2

To expore the witracellalar interaction of Nom and LEFT and #s potential

celtular elfect, the intracellular distetbution and effoct of Xom i the presence or

absgnee was studied by standard methods, Bowas found that the
wild-type Xon concentrates in muclel i transfected Hela cells. However, when Xom

and LEFT were co-transfected tnto Hels cells, very fow cells expressed both privaing .
The fow colls that co-express Xom and LEFL frequently comtain giant, mol@-lobolar

nucle, indicating a growth-arrest effect of co-expression of Nom and LEF

S

To prove that the growth inbabation effect of Xom s medided theough

fumetions wioraction with LEFL, Xom was co-transfected with dominant negative
LEFL{LEFTARMG) e Hela celis. Iwas found that many franstocted cells co-
expressed both Xom and LEFIAHMG, indicating that the growth-arrest effect of Xon

1s mediated through funetional interaction with LEFL,

This hypothesis was further tosted using 8 GEFP and MTA celloviability assay.

Briefly, § « H4 cells were plated onto a So-well cell culture p

,.,/

ate. 24 Tours afte

gt
N

gt

olating, cells were transtected with 0. 3pd of Transt -1 and G pg of plasmid DNAL
36 hours affer transfection, cell viability was measured with CellThiter 96 Aqueous
Noeradicactive Cell Proliferation Assay kit {Pronwega). Each transfection was

repeated fouy Bmes © reduce the experimental vanation, The results indicated that

1

co-expression of Xom and LEFT sigmhicantly reduced the viabihity of transfecte

Hela cells, Consistent with the wdea that a funclional interaction hebween Xx

ontant for Xom effect on cell fate, the growth-arrest phenotype was

attonuated 1 cells co-expressing Nom and LEFT (AHMG),

\

The level of activated caspased in cells transfected with Xom o

,,,,, DEFIAMMG ways examined to explore whether the cellular growth-arrest effect of the

witeraction of Xom and LEF] relatex to caspase activation. It was foond that
4%. N
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expression of Xom and Xom/LEF increased the levels of activated caspased, an effect
that cin be hlocked by the apoptosis inhibitor ZVAD. The effect of Xom on
caspase’ aotivation was blocked by co-expression of LEFARMG, suggesting that a
functional itersction between Xow and LEFT = requived for the activation of
apoptosis.  The pro-apopiotic activation of LEFI by Xom appears 1o be opposile the
antr-apoptotie vole of LEPLTCE activation by f-catenin,
BMP4 Nom 15 key regulators of dorsoventral patterning. Although previous

fnvestigationy define the vole o LEFV/TCFs in dovsal development, the witeraction

between LEFITOF and Xom syggests that LEFUTOF plays g role in mediating the
signaling of the BMP4 Xom pathway during venirahzation, To test this hypothesis, it

was explored whether LEFT potentiate the ventralizing offect of Xom., Whenalow
fevel of Xom or LEF] was expressed in the dorsal blastomeres, Hittle discernable
vendralizing effect was detected. However, co-expression of the Xon and LEFL &t

the same concentration leads to sienificant dorsal indubition. Conststent with these

e}

findings, 1t was found that the expression of LEF! alone resolts w onld whabition of

o <

3

dursal development in a dosage-dependent manner. To determing the speeificity of
the function of LEFT in mediating Xom signaling, the effect of the expression of
deminant negative LEFT {AHMG) on the ventralizing offect of Kom was oxplored. |
was found that expression of AHMOG rescued the ventralized phenotype resulted from

gverexpression of high tevel of Xomy, while expression of AHMOG alone at the dorsal

Hastomerss mduced Hitle discernable changes.
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wiseripitonal factors,

veevioushy known as the mediator of the Wot/B-caterin patinvay, 1s also the executor

oy pathway, Xom and B-catenin, therefore, may compete tor
FITOFs for their distinguished functions in coll fate detenmination.  Previous

IR

3

in association with Becatenin of the Wat pathway, Qur current investigation indicates
that association of LEF I TOFs with Xom may lead to cell-growth arrest and verstral
developmant, LEFUTCRs ore functions as the converging point of Xom/BhMP4

h
1

and Becatenin/Wnt signaling (o mediate their combined signaling offect on cell {ute.

53
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N

Boyimd competition for the same family of transeriptional factors for different

¥ 3

pherotype and distingmished from Smads, 1t was found that Xom exprossion reduces

&5

0
]

A-catenin protein leved and blocks B-catenin transactivation of LEFUTCFs-medigted

transeription, Given the imphcation of Broatenin transactivation of LEFUTCFs in

palterning fonmation and malignany transformation of a varety canvers, forther

srvestigation of the molecalar mechanism underdyving LEFTTCRs-roeidated cell fte
determnation of BMP/ Xom wre important for tnderstanding the basic mechantsim of

embryogenesis and carry broad therapeutic implications in neogensus and
degenerative dissases.

During our investigation, i was discovered that now component of the BMP4
patloeay is eritical Tor cell-fute deternunation. On the basis of our discovery ated
above, i was further discovered that BMPY pathway utibizes the TCF/LEFY
transoriptional factors to transduce ity signal. T was foond that when combingd
together, expression of the LEFUTOF factors and Xom {a component of the BMP4
pathway) induces cell death in colon cancer cells, with the officacy of near 100%

herapy methods,

b

{Alse effective tn corvical cancer cells, prostate cancer cellsy-gene {

& Tnaman Nom homology, Homy, (proviousty known as the VentNZ), was

,’n

clomed by 5 standard mothad and subjected o the sbove assays, I was foond that
Hom funciions i & similar way to the Xenopos Xom.

Nom stability 13 critical for cell-fate defermination. While sxpression of wild-
tyvpe Xom aslone caoses growth mvest in 30% colon cancer cells, oxprossion of stubie

Xom gauses growth arrest in 60% colon cancer cells,

The protein fevel of Xom is controtied by protectysts, and is controbied by
phosphorviation of Ser 4/ 144, Methods and materials {e.g, speaitic phospho-
sotibodies) were developed to monitormg the Xom kinase setivity, which can be used

oosereen for drugs offvctive for capeer prevention snd treatment.

As mentioned above, Hom ix @ homan homologoe of the vertebrate Xom,

Biochenrical studies showed that Hom binds to the LEFI/ TCF-ranseniptional factors

and blocks LEFUTCOF transaciivation by the oncogenic signaling of Watli-catenin
39



WO 2007/101063 PCT/US2007/062587
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pathway. Hom locates on Chromosome T0g26, a reglon that iz frequently ¢

o4

metastatic cancers, such as metastatic colon cancer, sugpesting a rele of Hom in

cancer formuation and mvtastasiz. To explore a potential rofe of Hom on cancer cell

wrowih, Hom was transtently expressed in colon and lung cancer cells (HOT1H10 and
HA6U respeatively) and the morphological changes associated with Hom mxpression
singdied.

3

faanmids (0.5 10 2 ug) encoding GFP-Hom ur GFP alone were tranafected into
HOTHO or H460 cells, A1 36 hours post-transfection, the celly were fixed with
maraformaldehvde, The morphologicsl changes assoviated with GFP-How o GFP

&

expression were examined with phase contrast or fluorescont microscope. It was
found that expression of GFP-Hom cassed a rounding-up phenotype i more than
SO% of the colon and tung cancer cells that transiently expuessing GFP-Xom, In
contrast, loss than 10% cells expressing GFP became rounding-up in this assay.

o fether define the morphological changes associated with expression of

FP-Hom and determing whether the rounding-up phenotype is sssociated with cell

ke

growth arvest/death, TUNEL assay was performed on cancer cells transtently

expressing GEP-Hom, HUTHS or H460 colls were transtently transfocted with
3t

plasnid encoding GFP (vectory or GFP-Hom. Twenty-fowr howrs post-franafection,

the celle were collecied and stained with Hoechst 33238 to veveal the nuclel. Cells

e epndensed chromatin and fragmented noclet weve scored as

. The percentage of cells that revealed apoptotic phenotype was

bl

determined by counting the apoptotic cells and cells with normal morphology. At

pad

£
Z
7
faacd
£
o
W
Jff.

s were counted fiw cach sample by randow Beld selection. owas found
{hat abowt 30% of HOTHES and HY60 cells that transiently expressing GFP-Hom
showed apoptotic figures, while aboot 3% cells in the control GFP group revealed

apoptotic figure. This result suggested that expression of Hom induces cancer cell

death,
The cell growth arrest effects of Hom on cancer cells wers also confirmed by

&

i vitro colony formation assay. [ was foured that expresston of GEP-Hom led o

L% reduction In colony formation in colon cancer cells and hung cancer cells, as

compared with control cells that expressed GFP.

0
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he p33 is a ortlical cellular factor involves in tamer suppression. 1t has been
co-pperate with other tomor suppressor gene, such as the ARF

cell growth, Loss of function motations of p53 is regarded 85 a major

step during malignant transtormation. To determine whether pS3 may play arole in
Hom sappression cancer cell growth, the effects of Hom in colon in which the p33 has

heen deleted or mutated were examined, using HOTTIO p33-4 and HI3W

foc

P

espectively tollowing the experimental procedures described above,

foevas foond that expression of GFP-Hom caused apoptotic figures in abowt

..

(0 p33-7- solon wid lung cancer cells, a figure stmilar o the wolon and fang vancer
cells thal had wild-type pS3. The resulls suggest that Hom triggered cell death in pS3
mdependent manmer. Thas, Hom may play 2 major tumor suppressor lunetion m g

farge variety of cancer cells, in which the pd3 1y muiated.

e

Che effect of Hom on colon cancer cell growth was examined in athymie nade
mice o determine whether Hom may suppress tumor formation i vive, Nude mice
were purchased from Charles” River Laboratory. HOUTH 6 cells was transiontly

wransfecied with a plasmid encoding GEP-Hom (GFP was used as an indicator of

suecessind ransfoction), A control HOT 110 was prepared by transivction with empty
i } N, o IR Ty ey 1 3, S« 1 & '\‘:Fi s NACENEER PYRERLITOM bV e b
GFP-veoior, For subcutaneous injection, 3 x 1 cells were prepared for each

injection site, The cells were released from celture dishes with trypsin, which was

inactivated sfterwards with a:tmngﬁ ste serum. The cells was then collected with gentle

ingies and re-suspended with PBS to ¢ fingd

Two groups of tests were performed. Tn group 1, aller transfection, the GFP-

Hom or GFP trapsfected HOTHS cells were sorted rom the novetranstected cells,
welress GFF as o marker for the sorting, 1n group 2, the transfected cells were used

divectly S injection without being sorted for GFP expression {W‘it}}. an ostimated

transfection effiviency of sbout 80%), A l-cc syringe was used to igect the cells
subcutansously into nude mice at the sheulder level on the back after looal
steriiization with aleohod, For gach site, 100 pl of cells, which containg & £10% ceils,
wors irected. The injected mice were ear tagged and observed daily for up to 24

davs (Ttuspally takes 7 to 10 dayvs for tumors to develop 1n nude mice). After the

M
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morphological observation, the antmals were sacrificed and the tomors dissected ont.
The cellnler and structure abnormalities of the tumors was defermined with HE

s and microscopic examination,

it was tound that no tumors formed 1 nude mice injected with the sorted GFP-
Honpexpressing HOTHG celis. In contrast, tumers were found i the control nude
wice fnjected with HOTHI6 cells that were transfected with GFP-vector alone,
Sinularly, nude mics fnjected with the unsorted GFP-Home-expressing HOTH S cells
had temors, but had shoat 60% reduction in tumer size as compared with the controt
nade mice, which were injected with HOTHLG colis transtected with GFP only. These
resuits xapport that Hom inhibited tumorigensis.

To doterming whether Hom expression affects cell proliferation and survival
ére vy, the tomor sanples were sectioned and subjected o TUNEL assavs, where

N

Brdld triphosphate may be incorporated into the 37 -hydroxyl ends of DNA frupments

{2 hallmark of apoplosis) by the terminal deoxynucleotidyl transferase (TdT). The

Brdl ineorporation can be detected by fluorescently labeled anti-Bedll anvibodies.
o TUNEL sssavs showed active apoptosis in fomor cells exprossing the GFPF-Hong,

while lintle apoptosiy was detected in the tamor cells that expressing GFP ondy.

OTHER EMBODIMENTS

All of the featores disclosed in this spoctiication may be combined many

combination. Each foature disclosed in this specification may be replaced by an

alternative fomture serving the same, eguivalent, or similar purpose, Thus, unless
expressty stated othorwise, each feature disclosed is only s example of 8 generic

couivalont or similar features.

oo enE b
SETIOE v 84

Anumber of ammbodiments of the invenbion have been deseribed,

Nevertheless, i will be understood that vartous modifications may be made without

departing from the spivit awd scope of the invention. Accordingly, other embodimsnts

3

or

e within the scope of the following claims.

b
i
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SWHAT IS CLAIMED 1%

Py

A& method for treating a celludar proliferative disorder i o subject, the

nmethod comprising adminstoring (o a sabject in need thereof an offective amount of

wolypeptide sontaining

¥t

SECG I NG T or 3, or a functional squivaient thereof
he method of claim 1, wherein the cellular profiferative disorderis a

condition characterized by aberrant activation of LEFU/TCOF -mediated fransorption,

had

The method of claim 2, wherain the polypeptide lacks an LEFUTCF

RS

fravscacitvation dumain

4. A method for treating sn inflanmation-related dizorder n a subject,

the wethod comprising admanistering 1o @ subject m need thereo!f an effeetive amouns
of an inhibitor of a polypeptide containing SEQ DN T or 3, or a functional
POIVPCE goanty ;

§i“ ratent thoreot

e

w method of claim 4, wherein the inflamnationerelated diso

SRR

,
!:
T
£

et

gl
an suto-immune disorder or an inflammatory disorder.

B, A method for treating wmyelodysplastic syndromes, the wethod
comprising adniuistering to a subject o need thereof an effective umount of an

inhibitor of & polypeptide contatting SEQ 1D NO: 1 or 3, or a functional eguivalent

fhereod,

3 A screening method of identitving a compound for treating o cellular

arotiferative disorder or an inflammation-related disorder, the method comprising

comtacting @ test componnd with & polypeptide containing a fragment of SEQ

WO 3 that includes Ser 140 or Ser 144, or with a cell containing the polvpeptida

N

determsining the phosphoryviation of Ser 1480 or Ser 144,

(¥4
3

1,
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wherein the phosphorylation level in the presence of the campound, i fower
tin the absence of the componnd, indicates that the compound 18 a

andidate

3

e fragment 18 af feast 11 anno aoid

3, The method of dlam 7, wheren the

restdues in longth,

A composition comprising a podypeptide having the sequence of SEQ
ypeptide.

9,
o s Punctional equivaleont thereof, or an activaior of the poly

Hi The composition of claim 8, whereln the composiiion comprises

osveratrod, sllagic acid, and aspirin,

ey
o

he compesttion of claim 1, wherein the composition further

comyprises suliovhio acid, emodin, or flavonod

1o

1R The compositinn of claim 8, wheren the composition 18 g top

LIRS SHOS

wrosition of claim 9, wherein the compostiion 13 a dictary

—
ot
P
-t
ey
¥
s
5
p
“
w‘l

14 The composition of cladm 13, wherein the composition ix s tea, saft
fate, snack bar,

drink, fujce, wolk, coffee, jolly, fve croam, yopwrt, cookie, cereal, choeol

caady, chowing gum, syrop, or food capsule

3]
j 3

jasd

A method for skincare conyprising adnindstering o a subject iny

setivie amount of the composition of ¢laim 12

!

theve of 8 sade and of

A method of gasessing a subject's cancer prognosis, the method

*“i‘i")l‘i%ti‘ 3
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obtaining & biclegical sample from the subject; and
determining the presenve of a gene encoding a polypeptide contaning SEQ ID
N$X: 1 in the sample,
whereby the subject is determined to have a good proguosis if the gene i
present on both chrorosomes or (o have a bad prognosis if the gens missing from one
of the chromosemes.

§ o~y

i The method of clatm 16, wherein the biokegical sample s a tumor

o)

biopsy sample, & b

ad ssmple, g urine sample, ov g stool sample.

18 A meothod of assessing a subject’s caneer prognosis, the method

COMRISInG:
obtrining g btological sample from the subject; and

determining the exprossion level of @ pone enceding a polypeptide containing

wherein the subject is determined 1o have @ good progaosts 1 the expression

foval 13 above o control fevel or (o have a bad prognosis if the expression level

e

P

helow the control level

fu The mothod of claim 18, wheretn the method further conmprises

comtacting the sample with 8 chemotherapeutical agent privr to determining the
sypress devel of a1 gene eneoding a polypeptide containing SEQ ID NO: 1 in the

samiphe.

20, The method of claim 18, wherein the biclogical sample is 8 tunuy
Biapsy smmple, 1 blood sample, 2 urine sample, or a stool sample,
21, A methed for matniaining a phuripotent cell, the method comprises

contacting the coll with an activator of s polypeptide contatmng SEQ IDNOG: L

Yot
[
gt
P
s
el
%
-
f'&
S
o
A/

hod of clatm 21, wherein the pluripotent cell ts » stem cell.

&
o

141
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23, The methad of clatm 22, wherein the stem cell 15 selegied from the

groap consiziing of o hematopoletic stem cell, a gastrointosting! stem pell, 8 nowr

stom cell, and a skin stom cell

24, A isolated polypeptide comprising the sequence of REQGID RO Y, 3,

o 3T
L §/~

25, The isolated polypeptide of claim 24, wherein the polypeptide

comprises SEQ D WO 11, 12, 13, 14, 15, ar 16,

28, An tsodated nucleic acid comprising 2 sequence envoding the

37, An expression vector comprising a nucleie acid segquence of clamm 26,
2%, Ahost cell comprising a nucleie acid sequonce of olatm 26,

25 & method of producing a polypeptide, comprising culturing the host
cell of clahm 28 in a medivum under conditions permitting expression of a polypeptide
encoded by the puclete aoid, and purifying the polypeptide from the cultured eell or

».

¢ medinm of the cell.

34 A method of diagnosing of myelodysplastic syndromes ia a subject, the
method comprising

determining the expression fovel of a gene encoding a polypeptide containing
SEC NG | in the sample,

wherein the subject is determined to have or be prene to develop myclodysplastic

syndromes i the exprosaion level is above a controt level,
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A mgthed of diagnosing ot systensic lupus ervthenmastosus in g subject,

hod corpprising:
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