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gb : GENEANK~ Homo sapiens 1016 455/506 | ass5/508 | 1.6e-~
ID:AB044277{ace:A | FHF - 20127071 nt {(97%) (97% 103
B044277.1 amRNA
(3% . 262-
767)

ACC:Q9NP25 (5B%) (98%)

(FGF~20) - Homo

sapiens ( 7%
50-211)

DUnT:SWISSNEW- | AW #EAL 183R | 211aa | 1lé0/162 160/162 | 1.6e-
H3— 2
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NOVEL FIBROBLAST GROWTH FACTORS AND NUCLEIC
ACTDS ENCODING SAME

FIELD} OF THE INVENTION

The present invention generally relales to muclede anids and polypeptides. The invention
yelates imore padicularly to necleic acids encoding polypeptides related to membors of the

fibrablast prowth factor family.

BACKGROUND OF THE INVENTION

The fibroblast growth factor (FGF) graup of cytokines includes af least 21 members that
regulate diverse eefiular fanctions such as growth, survival, apoplosis, motility and
differsntintion. These melecules ransduee siguals via high affinity interactions with cell surface
tyrosine kinase FGF reeeptors (FGFRs). These FGF receptors are expressed on most types of
cells in tissue eulture. Dimerization of 'GF resuplor monomers upon ligand binding hias been
reported to be a requisite for activation of the kinase domains, leading to receptor trans
phospherylation. FGT 1eceptor-1 (FGFR-1), which shows (he broadest sxpression pattern of the
four FGT receptors, contains at least seven tyrosine phosphiorylation sites. A number of signal
transduction molecules are affecied by binding with different affinities to these phosphorylation
sites. '

In addition to patticipating in normal growth and development, kmown FGFs have also
been implicated in the generation of pathelogical siates, including cancer. FGFs mizy contribote
to malignancy by directly enhancing the prowth of tumer eells. For example, autocrine grow(h
stumulation through the co-expression of FGF and FGFR. in the same cell has been reporicd to

lead to cellular teansformation.

SUMMARY OF TIE INVENTION

The present invention js based, in part, upon the discovery of nucleic acids encoding
novel polypeptides having homology to members of the Fibroblast Growth Factor (FGF) family
of proteing. Tncfuded in the invention are polynucleatide sequences, which ate pamed Fibroblast
Grown Factor-CX (FGF-CX), and the FCGTF-CX polypeptides encoded by these nucleic acid
sequences, and fragraents, homologs, analogs, und dorivatives thersof, are claimed in the
invention. An example of an FGF-CX nucleic acid is SEQ ID NC:1, and an example of an FGF-
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CX polypepiide is a polypoptide including (ke aming acid sequence of SEQ 1D NO:2. This
amino acid sequence is encoded by the nucleic acid sequence of SEQ 1D NO:1.

In one aspect, the invention includes an isolated FGF-CX polypeptide. In some
embodiments, the isolated polypeptide includes the amino acid sequence of SEQ [D NO:2 or
SE() I3 NO:27. In other enbodiments, the invention inclndes a variant of SEQ TD NQ:2, in
which some amino acids residues, e.g.. no morc than 1%, 2%, 3%, 5%, 19% or 15% of the
amino acid sequences of SEQ D NO:2 or SEQ ID N0:27 are changed. In some embodiments,
the isolated FGI-CX polypeptide includes the amino acid sequence of a mature form of an
arning acid sequence given by SEQ 1D NG:2 or SEQ ID NO:27, or a vasiant of a mature form of
artamine acid sequence given by SEQ ID NO:2 or SEQ ID NO:27. Preferably, no morc than
1%, 2%, 3%, 5%, 10% or 15% of the amine acid sequences of SEQ ID NO:2 or SEQ ID NO:17
are changed in the variant of the mature form of the aniino acid sequence.

Alsa include in the invention is a fragment of an FGF-CX polypeptide, inchuding
fragments of variant FGF-CX polypeptides, mature FGF-CX polypeptides and variants of
mature FUF-CX polypepiides, as well as FGF-CX polypeptides encoded by allelic varients and
single nucleotide polymorphisms of FGF-CX nucleic acids. E

In another aspect, the invention inchudes an isolated FGF-CX nwcleic acid molecule. The
FGF-CX nucleie acid nwlscuie can include a sequence encoding any of the FGE-CX
polypeptides, variants, or fragments disclosed abave, or a complement fo any such nucleic acid
sequence. In one embodiment, the sequences inclnde those disclosed in SEQ I NO:1. In other
crabodiments, the sequences includs thoss disclosed in or SEQ 1D NO-26. In stil] olher
embodiments, the FGF-CX nuclele acids include u sequence wherein nucleotides different from
those given in SEQ ID NO:1 or SEQ ID NO:26 way be inoorporated. Preforably, no more than
1%, 2%, 3,%, 5%, 10%, 15%, or 20% of the mucleotides are so changed. In other embodiments,
the imvention ncledes fmgments of complements of these nucleie acid sequences. Vectors and
cells incorporating FGF-CX nucleic are alsa included in the invention.

"The invemtion also ineludes antibodies that bind immunospecifically to any of the FGF-
CX polypeptides described hevein. The FOF-CX antihodies in various embodiments include,
£.5., polyclonal antibadies, monoclonal antibodies, humanized antibodics and/er human
antibadies.

The invention additionally provides pharmaceutical compositions {hat inelude a FGE-CX
polypeptide, a FGF-CX nuclcie acid or an FGF-CX anlibedy of the invention. Also included in
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the invention are kits that include, e.g., a FGF-CX palypeptide, 2 FGP-CX nucloic acid era
FGF-CX antibody.

Several methods are included i the invention. Por exampls, a method is disclosed for
detormining the presence or amount of 2 FGF-CX pelypeptide of the invention in a sample. The
methad includes contacting the sumple with & FGF-CX antibody that binds immunespectiically
to the polypeptide; and determining the prescnce or smouni of antibody bound fo said
polypeptide, such that the antibody indicates the presence or amount of polypeptide in the
sample.

Similarly, the invention discloses a method for delemmining the presence or amount of 2
FGF-CX nucleic acid molecule in a sample. The method includes contacting the sample with 2
probe that binds to the nucleic acid molocule; and determining the presence or amount of the
probe heund to the nucleic acid moleeuls, such that the probe indicates the presence or amount
of the FGF-CX mucleic acid molecule in the sample,

Also provided by the invention is & methed for ientifving an agent that binds te a FGF-
CX polypeptide. The method includes determining whether a candidate substance binds to 2
['GE-CX polypeptide. Binding of & candidate subatanec indicates the agent is an FGF-CX
polypeptide binding agent..

The invention also includes 2 metihad for identifying a potential therapentic agent for use
in treatment of a pathology. The pathology is, e.g., related to aberrani expression, aberrant
pracessing, or aberrant physiological interactions of a FGF-CX polypeplide of the invention.
This method includes providing a cell which expresses the FGF-CX polypepiide and bas a
property or function ascribeble {o the polypeptide: contacting the provided cell with 2
comeposition comprising a candidate substance; and determining whether the substance alters the
property or function ascribabic to the polypeptide, in comparison {o a control ceil. Any such
substance i8 identificd as a potential therapentic agent. Furthermore, therapeutic agents may be
identified by subjecting any potential therspeutic agent identified in this way to additional tests
10 identify 2 therapentic agent for use in ireating the pathelogy.

Tn some embadiments, the property or function relates to coll growth or cell proliferation,
and the substance binds to the polypeptide, thereby modulating an activity of the pelypeptide. In
some embedirents, the candidate substance has a melecular welght not rore than about 1500
Da. In sone embodiments, {be candidate substance is an autibody. The invention additionally

provides any therapeutic agent identificd using a method such as those described herei,
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Additional important aspects of the fnvention relate to methods of treeting or preventing
a disorder associated with a PGF-CX pelypeptide. The disorder may be characterized by
insufficicot or ineffective growth of 2 cell or 2 fissue, or by hyperplasiz or peoplasia of 2 cell ora
tissue. The method includes administering to a subject a FGF-CX polypeptide of the invention,
or a FGF-CX nucleic ucid of the invention, or any other Therapewiic of the Jnvention, in an
amount and for a duration sufficient to weat ot prevent the disorder in said subject. 1o sigeificant
embadiments, the subject is a human.

The invention also includes a method for screemng lor a medulator of latency or
predisposition 10 & disorder associated with aborrant expression, aberrant processing, or aberrant
physiological interactions of a FGF-CX polypeptide. The method includes providing e tesi
anitnal that recenmtbinantly expresscs the FGE-CX polypeptide of the invention and is at
increased risk for the disorder; administering a test compound to the fest amimal; measuring am
aotivity of the polypeptide in the test animal after administering ihe compound; and comparing
the activity of the FGI-CX polypeptide in the test amrimal with the activity of the FGF-CX
polypeptide in o controt animel not administered the compound. if there is a change in the
activity of the pelypeptide in the test animal relative to the control animal, the test compound is &
rodulator of latency of or predispesition to the disorder.

The invention also provides a method for determining the prescnce of or predisposition
lo & disease associzted with altercd lovels of a FGF-CX polypeptide or of u FGF-CX nucleic acid
of the invention in a first mammalian subject. The method includes measuring e level of
cxpression of the polypeptide or the amount of the nuclete acid in a sample from the first
mammalian subject; and compariny its amount in the sample 1o jts amount present I s condlrol
sampie from a second mammalian subject kpown not to have, or not to be predisposed to, the
disease. An alteration in the expression level of the polypeptide or the amouot of the nucleic
zeid in the first subject as comparad to the control sample indicates the presence of or
predisposiiicn to the disease.

Also provided by the invention is a methed of treating & pathological state in a mamumal,
wherein the pathology is releied (o sberrant expression, aberrant processing, or aberrant
physiological interactions of a FGF-CX polypeptide of ihe invention, The method includes
administering o the mammal a polypeptide of the invention in an wnount that is sufficienl {o
alleviate the pathological state, wherein the FGF-CX polypeplide is a polypeptide having an
amino #cid sequence at least85%, 90%, 95%, 96%, 97%, 98%, or even 99% idenlical to a
polypeptide coniprising an amino acid sequence of SEQ ID NO:2 or SEQ I NQ:27, era

4
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bivlogically active frapment thereof. In another related method, an antibedy of the fvention is
administered to the raammal.

Tn another aspect, the imvention, the invention includes a method of promoting growth of
ceils in a subject, The method inciades administering to the subject a FGF-CX polypeptide of
the invention it an amount and for a duration that arc cffective to promote cell growth. In some
embodiments, the subjoet is a human, and the cells whose growth is to be prometed may be
chosen from among cells i the vicity of & wound, vells i the vascular system, cellz involved
in bematopoiesis, cells involved in erythropeiesis, cells in the lining of the gastrointestinal fract,
aind cells i hair follicles.

In 4 further aspect, the invention provides a method of inhibiting prowth of cslls in 2
suhjert, whevein the growth is related to oxpression of a FGF-CX. polypeptide of the invention.
This method includes adminisiering to the subject 2 composition fhat inlbkits growth of the cells.
In g highly important embodiment, the compusition includes an antibody or anoiher therapeutic
ageni of the invention. Significantly, the subjest is & human, and the coils whose growth is to be
inhibited are chosen from amaong tansformed cells, yperplustic cells, tumar cells, and
ncoplastic cells.

In a still further aspect, the investion provides methed of treating or preventing or
delaying a tissue proliferation-associated disorder. The method includes administering to a
subject in which such freatment or prevention or delay s desized a FGI-CX nucleie acid, a FGF-
CX polypeptide, or a FGF-CX anfibody in an amount sufficient to Lreal, prevent, or delay a
tissue proliferation-associated disorder in the subject.

The tissus proliferalion-assectated disorders diagnosed, trested, prevented or delayed
using the FGF-CX nucleic acid molecules, polypeptides or antibodies can involve epithelial
cells, e.g., fibroblasts and kcratinoeytes in the anterior eye afler surgery. Qther tissue
proliferation-associated disorder include, e.g., Tumors, restenosis, psoriasis, Dupuytien’s
comtracture, dizbetic complications, Kaposi sarcoma, and theumatoid arthrifis.

Unless otherwise defined, all technical and scientific terms used berein have the same
meaning as commenly understood by one of ordinary skill in fe art fo which this vention
belongs. Alflrough methods and materials similar ot cquivalent to those described ierein can be
used in the practice or testing of the present invention, suitable methods and materials are
described below. Al publications, patent applications, patents, and ofher references mentioned

terein are incorporated hy reference in thejr entirsty. In the case of condlict, the presenl

JP 2004-502418 A 2004.1.29



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

th

5

(102)

WO 0202025 POTIUSOL2191

specificaion, including definifions, will conirol. ln addition, the materials, methods, and
cxamples are illustrative only and not intended to be limiting.
Other features and advantages of the invention will be apparent from the following

detailed description and claims.

BRIEN DESCRIPTION OF THE DRAWINGS

Figure 1 s a reprosentation of the pucleotide sequence (SEQ ID NO:1) and translated amine acid
sequence (SEQ ID NO:2) of a novel FGP-CX polynucleotide and protein of the
invention.

Figure Z is & BLASTN alignnrent of the nucleic acid seqnence of SEQ ID NO:1 with a FGF-9-
like Gliz-Activating facter (GAF) scquencs (SEQ ID NC:5).

Figure 3 is a BLASTN alignment of the cornplementary strand of the nucleic acid scquence of
SBQ ID 3N0: 1 with three discontinuous segments (SEQ ID NOs:6-8 in panels A-
C, respectively) of an extended genomic fragment of human chromosome 8
{GenBank Accession Number ABO2Z0858).

Figure 4 is a CluslalW aligmment of four vertebrate FGF-like proteins {SEG ID NC:9-12) with
the FGF-CX pratcin (SEQ ID M0:2) of the present invention. Black, gray and
white represent identical, conserved and noncouserved residues in the alignment,
respeclively.

Tigure 518 a ClustalW alignment of FGF-CX with three other FGF family members. FGF-CX
was aligned with human FGF-9, humen FGI-16 and Xenopus FGE-CX
{Accession Numbers D14838, ABN9391 and ABU12615, respectively).

Figurs 6 is a BLASTP alignment of the 'GF-CX polypeptide sequence {SEQ D NC:Z) with 4
bunan FGF-9 {SEQ 1D NC-9) indicating identical (“[°) and positive (%+7)
residucs.

Figure 7 is 8 BLASTX alignment of the FGF-CX polypeptide sequence (SEQ ID NO:2) with
rourine FGF-9 (SEQ 1D NO:10) indicating identical (“[7) and positive (“+")
residuss.

Figure % is a BLASTX aligwsent of the FGF-CX polypeptids seqnence (SEQ 1D ND:2) with rat
FGF-9 (SEQ ID NC:11) indicating identical (*|"”) and positive (*) residues.

Figurc 9 is a BLASTX alignment of the FGF-CX polypeptide sequence (SEQ D NO:2) with
Xenopus XFGF-CX (SEQ ID NO:12) indicating identical {“[”) and positive (*+7)

residues.
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Figure 10 is a representation of a hydropatlry plot of the FGF-CX pelypeptide vf SEQ D NO:2,
generated with 2 ninieteen residue window,

Figure 11 shows a Western analysis of FGF-CX, Samples from 293 cells {Panci A} or NTH 3T3
czlls (Pang] B) wansiently transfected with the indicated construet were oxamined
by Western avslysis uging ant-V3 antibody. CM=conditioned media,
SE=suramin-extracted conditioned media. Molecular mass markers are indicaied
on the left.

Figure 12 shows a Western analysis of FGE-CX protein seoreted by 293 cells.

Figure 13 presents an analysis of the FGU-CX, gene, including the nucleotidc and deduced amino
aeid sequence of FGF-CX (SEQ [P N0:2). The initfation and stop codons are in
bold, and an in frame stop codon residing in the 57 UTR is underlined.

Figure 14 shows 1 Western analysis of FGI-CX (SEQ ID NO:Z)protein expressed in E. cofi
cells.

Iigure 15 presents an analysis of the expression of FGF-CX obtained by real-time guantitative
PCR using FGF-CX-specific Taghan reagents. Results for normmalized RNA
derived from normal buman tissue samples are shewn in Panel A, aud from tumor
cell lines in Panel B, Resulls obtained using fumor Lissues obtained directly
during surgery are shown in Panels C and I, '

Figure 16 displays the biological activity of recombirant FGF-CX as represented by ity effects
on DNA synthesis. Cells were serumn-starved, incubated with the ndicated factor
for 18 hz, and analyzed by 4 Brull incorporation assay. Samples wepe performed
in triplicate. Panel A, WTH 3T3 mouse fibroblasts. Panel B, CCD-1070 mman
fibroblasts. Pancl C, CCD-1 106 human keratinocytes

Figure 17 displays the biological activity of recombinant FGF-CX as represented by its effects
on cell growth, NIH 373 cells were incubated with serum-free media
supplerented with the fndicated factor and counted after 48 hr. Samples were
perlored in duplicate,

Figure 18 presents the biological activity of recombinamt FGF-CX as represented by its effects
an cell morphology. NIH 3T3 cells were incubated with FGE-CX or control
protemn for 42 by and photographed af a maguification of X 25.

Figure 19 presents o graph representing (he tmnorigenic activity of FGF-CX. NIH 3T3 ecils
stably transfected with the indicated constructs were injected info the subeutis of
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athysnie nuds mice and exaosned for tumor formation over a two weock period. A

mirimum of 4 animals was used for each dats point.

DETAILED DESCRIPTION OF THE INVENTION

This invention is based in part on the discovery of novel FGE-CX nucleic acid
scquences, which encede polyprpiides that ers members of the fibroblast growth factor (FGF)
family. As used hevein the designation “FGF-CX" relates to nucleic acids, polynucleotides,
proteins, polypeptides, and variunts, derivetives and fragmenis of any ef them, as well as io
antibodies thut bind immunospecifically to any of these classes of compounds.

Freviously described members of the FGF family regulate diverse cellular fanctions such
as growth, survival, apoplosis, matility and differentiation (Szebenyi, G. & Fallon, 1. F. {1999)
Int. Rav. Cytol. 185, 45-106). Thesc molecules transduce signals imtracellularly via high allinity
interactions wish vell surface tysosine kinase FOF reveplors (FGERs), four of which have heen
identified te date (Xu, X, Wenstein, M., 1, C. & Dang, C. (1909) Coll Tissiee Ras. 296, 33-43;
Klmt, P. & Claesson-Welsh, L. (L999) Front. Biesci, 4, 165-177). These FiGF receptors are
expressed on mest types of cells in tissue eutbwe, Dimerization of FGF recepter manomers
upon ligand binding has been reported to be a requisite lor zctivation of the kinase domains,
leading to receptor trans phosphorylation. F'GF receptor-1 (FGFR-1), which shows the broadest
axpression pattern of the four BGE receptors, contains at least seven tyrosine phosphorylation
sites. A number of signal transduction mialecules are affected by binding with different affinities
to theze phospharylation sites.

FGFs wlso bind, albeit with low affinity, {e leparin sulfste proteaglycans (HSPGs)
present on maost oel] surfaces and extracellular matricos (ECM). Interactions between FGFs znd
HSPGs serve to stabilize TGI/FGFR interactions, and to sequesicr FGFs and protect them from,
degradarion (Szebenyi, G. & Fallon, 1. F. {1999)). Due to its growth-promoting capabilities, one
member of the FGF family, FGF-7, is currently in. clinical trials for ihe ireatment of
chemotherapy-induced mucosiis (Dandenke, D. M. (199%) Toxieol Pathol 27, 64-71).

In addition to pacticipating in normal grewsh and development, known FGFs have alse
been inplicated in the generation of pathological siates, including cancer {Basilico, C &
Moscutelli, D. (1952) Adv. Cancer Res. 54, 115-165). FGFs may contribute to malignancy by
cirectly enhaucing the growth of tumor cells. For example, autocrine growth stimulation
through the co-expression of FGF and FGFR in the same cell leads to ceflular transformation

{Matsamoto-Yoshitomi, S., Habashita, I., Nemura, C., Kureshima, K. & Kurckawa, T. (1997)
g
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It J. Cancer 71, 442-450). Likewise, the counslitutive activation of FGPR. via mmtation o
rearrangement leads to upcontrolled proliferation (Lorenzi, M., Herdi, Y., Yamanaka, R.,
Sakaguchi, K. & Mikd, T. (1996) Proc. Natl Acad. Sci. USA. 93, 8956-8961; 14, Y.,
Muangasarian, K., Munsukhani, A. & Bazilico, C. (1997) Orcogene 14, 1397-1406).
Furthermore, some FGFs are angiogenic (Gerwins, P., Skolderberg, E. & Claesson-Welsh, L.
[2000) Crir. Rev. Onool. Hamatol. 34, 185-194). Such FGFs may contribute 1o the tumorigenic
process by [acililating the development of the blood supply needad to sustain tumor growth. Not
surprisingly, at loast onc FGF is cutrently under investigation s a potential target for cancer
therapy (Gasparini, G. (1999) Drugs 58, 17-38).

Cxpression of FGYs and their receptors in the brains of perinatal sud adult mice has been
examined. Messonger RNA all FGF genes, with the exception of FGF-4, is detected in these
tissues, FGF-3, FGF-6, FGF-7 and FGF-8 gees demonstrate higher expression in the late
ambryenic stapes than in pesinatal stages, suggesting that these members are involved in the late
atages of brain development. Tn contrast, expression of FGE-1 and FOF-5 increased after birth.
Iu particular, YGF-6 expression in perinatal mice has heen reported to be restricted to the eenfral
neivous systom and skeletal muscles, with intense signals in the developing cerchrum in
embryas but in cerebellum in 5-day-old neonates. FGF-receptar (FGIFR)-4, a cognate receptor
for FGE-6, demonstrate similar spatioterperal expression, suggesting that FGF-6 and FGFR~4
plays sigmfieant roles 1 the maturation. of nervous systent as 2 ligand-receptor system.
Aceording to Ozawa et &l., hese results strongly suggest that the various FGFs and their
rcoeptors are nvolved i the regulation of & variery of developmental processes of brain, such as
prolileration and nuigration of meuronul progenitor cells, zeurenal and glial differcatiation,
neurite cxtensions, and synapse formation.

Glis-activating factor (GAF), another FGF family member, is a heparin-binding growth
factor that was purified fiom the culture supernatunt of'a human glioma cell line. See,
Miyamato cf al., 1993, Mol Cef? Biol 13(7): 4251-425%. GAT shows a specirumm of aciivity
slightly different rom those of other known growth facturs, and is designated as FGF-9. The
human FGF-% cDNA encodes 2 polypeptide of 208 amine acids. Sequencs similarity to other
members of the FGF family was estimated to be around 30%. Two cysteine residues and other
consensus sequences found in other fantily members were also well conserved in the FGF-9
sequence. FGF-Y was found to have no fypical signal sequence in its I terminus Like those in
acidic FGF and basic FGF.
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Acidic FGF and basic I'GF are known not to be secreted from calls #n 2 conventional
manner, However, FGF-2 was found te be seereted effictentty from cDNA-transfected COS
cells despite its lack of a typical signal sequence. H ceuld be detecled exclusively in the culture
medium of cells. The secreted protein lacked ne amine acid residues at the M terminus with
respect to those predicted by the cDMA sequence, except the initiation methiomine. The rat
FGF-9 cDMNA was alse cloned, and the structural avalysis indicated that the FGF-9 gene is
highly conserved.

The present invention provides a novel buman FGF as well s its corresponding cDNA.
The protein product of this gens has been shown to exhibit growih stimulafory apd oncogenic
properiies. Furthenmore, overexpression of the FGF mRNA, was noted in certain specific cancer
vell lines. These observations suggest thet the novel FGF may he of use by serving as an
excollent target in the treatment of human malignaney.

The fuvention also inctudes mature FGE-CX pelypeptides, variants of matare FGE-CX
polypeptides, fragments of mature and mature variant FGF-CX polypeptides, and nucleie acids
encnding these palypepiides and fragments. As used herein, a “mature” form of a FGE-CX
polypeptide or protein disclosed in the present invention is the product of a naturally oceurring
polypeptide or precursor form or proprotein. The naturally occurring palypeptide, precursor o
proprotein includes, by way of nonlimiting example, the full length gene product, sncoded by
the comresponding gene. Tn some embadimeuis, the mature forme inchude an FGE-CX
polypeptide, precursor or proprotein cncoded by an open reading frame deseribed hecein, The
praduct “mature” form can arise, e.g., as a result of one of more naturally occwring processing
steps as they may take place within the cell, or host cell, in which the gene product arises.

Examples of such processing steps leading to a “mature” (orm of a polypeptide or proteii
include the cleavage of the M-terminal methionine residuc encoded by the initation coden of en
open reading frame, or the protealytic cleavage of a signal peptde or leader sequence. Thus a
mature form arising front an FGF-CX precursar polypeptide or protein that has residues 1 to I,
whers residus 1 is the N-terminal methionine, would have residues 2 through N remaining aftet
removal of the N-terminal reethionine. Aliematively, a mature form arising from a precursor
polypeptids or protein having residuas 1 to N, in which an N-termninal signal sequence from
residue 1 to residue M is cleaved, would have the residues from tesidue M+1 10 residuc N
reinaining. Additionally, a “mafure” protein or fragment may arise from a cleavage cvont othier
than yemoval of an Initiating msthionine or ramaval of a signal peptids. Further as used herein,
a “mature” form of an FGF-CX polypeptide or protein may arise from a step of post-
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translational medification other than a protealytic cleavage event. Such additional proccsses
include, by wey of non-limiting example, glycosylation, myristoylation or phesphorylation, In
general, a matare polypeptide ar pretein may tesult from the operstion of voly one of these
precesses, or 2 combination of amy of ther.

As used hercin, “identical” residues cormespond to those residues in a coroparison
between two sequences where the equivalent nucleotide base or amine acid regidue in an
alignment of two sequences is the same residue, Residues are alterpatively described as
“similar” or “positive” when the compatisons between two sequences in an alignment show that
residucs in an equivalent position in a comparison are either the same amino arid or a conserved
amine acid as defined below.

Included within the invention are FGE-CX macleis acids, jsolated mucleic acids that
sncode FOF-CX polypeptide or a portion thereof, FGF-CX polypeptides, vectors containing
these nuelcic acids, host cells transformed with the FGF-CX nucleic acids, anti-FGF-CX
antibodies, and pharmaceutical compositions. Also disclosed are nisthods of making FGF-CX
polypeptides, as well as methods of screening, diagnosing, Lreating conditions using these
compounds, and msthods of screening compounds that modulate FGF-CX polypeptide activity.

Table 1 helow delineates the sequence descriptors that arc used throughout the invention.

TABLE 1

BEQIUNO  SEQUENCE DESCRIFTOR
Hurman FG3F-CX nucleotide sequence

|

2 Human FGI-CX polypeptide sequence

3 FGF-CX Forward primer

4 FGE-CX Reverse primer

5 Glia Activating Factor (GAF)

G Human genomic fugment - bp 15927-16214
? Tluman genomic fragment - bp 7237-7511

8 Human genomie Iragment - bp 5837-9942

a ITuman FGF-9

15 Mouse FGF-%

i Rat FGF-9

12 Xennpus FGF-CX

13 Human FGF-CX hydrophnebic domain (az 90-115)
14 P3ec-V5-His Forward
13 PBee-V5-His Reverse

16 PSETA linker

17 PSETA linker

il
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18 ‘lagMan expression analysis firward primer
19 Taghlan expression malysis reverse primer
20 TagMan expression inalysis probe
21 “TagMan expression analyvsis forvward prner
22 ‘TaqMan expression :imalysis reverse primsr
23 TacMan cxpression analysis probe
24 PCR Oligonucleotide
25 PCR Oligonuclentide
26 Fibroblast Gronwth Factor-20-lke polymicleatide sequence
27 Fibroblast Growth Faclor-20-like polypepiide scquence

The EGF-CX nucleie acids and polypeptides, as well as FGF-CX antibodies, therapeutic
zeents and pharmaceutical compositions discussed herein, are nseful, infer wlia, m treating tissus
proliferation-essociated diserders. These tissug proliforation-asseciated disorders can include
diserders alfecting epithelial eclls, 2.g., fibroblasts and keratinocytes in the anterior eye after
surgery. Other ssue proliferation-associated disorder include, e g., mors, restenosis,
psoriasis, Dupuyiren’s contracture, diabetic complications, Kaposi sarcoma, and rhenmatoid
arthritis.

Included in ihe invention are nucleatide sequences (SEQ ID NQ:1 and SEG ID NO:26)
encoding novel fibroblast growth factors designated fibroblast growth factor-20X (FGF-CX).
FIG. 1 depicts the FGF-CX deseribed by SEQ I NO:1. This coding sequence was identified in
uman genomic DNA scquences. The disclosed DNA sequence has 633 bases thai encode a
polypeptide predicted to have 211 amino acid residues (SEQ D NO:2). The predicted
molecular weight of FGF-CX, based on the sequence shown in Fig. i and SEG D NG:2, is
234984 Da.

The FGF-CX nucleic acid sequence was nsed as a query nuclestide sequence in &
BLASTN search lo identify related nucleic acid yequences. The FGF-CX nucleotide sequence
has a high similarity to murine fibroblast growth factor & (FGP-9) (392 of 543 bases identical, or
72%; GenBank Accession Nurber §820723) and to human DNA encoding glia activating factor
{GAP) (335 of 554 bases identical, or 69%; GenBank Accession Number EOS822, also termed
FGF-9). In addition, FGE-CX was found to have a comparsble degree of identity (311 of 424
buses identical, or 73%) to a GAF sequence (SEQ ID NO:5) disclosed by Narue et ol in
Japanese Patent: TP 1993301893 entitled “Glin-Activating Factor And Its Produstion” (see Tig,
2).

Ta verify that the open reading frame (ORY) identified by genowie mining was correct,
PCR umplification was used to obiain a cDNA cormesponding to the predicted genomic clone-
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The mucleotide sequence of the obtained product precisely matches that of the predicted gene
(see Example 1),

The protein encoded by the cDINA is mosi closely related to Xenopus FGF-20X
(designated XFGF-CX or XFGF-20X herein), as well as to human FGF-% and homan FGF-16
(B0%, 70% and 64% amino acid identity, respectively; see Figs, 4 and 5). Based on {he strong
homelogy with XFGE-C3, the gene identified in the present diselosure is belicved to represent
its human ortholog, and is named FGF-CX hercin.

A BLASTP alignment of the first 208 amino acids of the FGF-CX polypeptide scguence
(SEQ T NO:2) with a human FGF-9 (SEQ ID NG:9) is shown i Fig, 6. See, SWISSPROT
Accession Number P31371 for Glia- Activating Factor Precursor {GAF) (Fibroblast Growth
Factor-9); Miyamolo e al. 1993 Mol. Cell. Biol, 13:4251-4259; and Naruo ef af. 1993 .S Brol.
Cheim, 268:2857-2864. BLASTX aligrunents of the first 208 amino acids of the FGF-CX.
polypeptide (SEQ ID NO:2, translated from SEQ ID NO:1) with the mouse FGF-9 (SEQ ID
NO:10) and rat FGF-9 (SEQ ID M0:11) sequences arc shown in Figs. 7 and 8, respectively.
See, SWISSFROT Accession Number P54130 for Glis-Activating Factor Precursor {(GAF)
(Fibroblast Growth Factor-59), Santos-Ocampo ef af., 1996 J. Biol. Chem. 271:1726-1731, for
rnouse FGF-9; and SWISSPROT Accession Number P36364 Glia-Activating Factor Precursor
{GAF) (Fibroblast Growth Factor-9} {FGF-9), Miyameto, 1993 Mol Ceil. Biol. 13:4251-4259,
for rat FGE-9. As indicated by the bars (/") in Figs. 5-7, FGF-4 sequances of ali three specics
have 147 of 208 residues identica] with FGY-CX (SEQ 1D NQ:2), for an overall sequence
tdentity of 70%. In addition, 170 of 208 residues are positive o the sequence of FGF-CX {SEQ
13 NO:2Y, for an everall percentage of positive residucs of 81%0. Positive residues include those
residues that are either identical (") or have a conservative amine acid substitution (“+7} in the
same relative position of the compared sequences when aligned, see below,

The full length FGF-CX polypeptide (SEQ 11D NO:2) was also aligned by BLASTX with
Kenopus XFGF-CX {SEQ ID NO:12). As shown in Fig, 9, FGF-CX has 176 of 211 (80%)
identical residues, and 189 of 211 (89%) positive residues compared with Xenopus XFGF-CX,
Xenopus XFGF-CX was obtained recently from & cINA, library prepared at the tailbud stage
using the product of degenerate PCR performed with priners based on mammalian FGF-9s as a
probe. Sce, Koga et al., 1999 Biochem Biophys Res Comarn 261(3):756-765. The deduced 208
amino acid sequence of the XHGF-CX open reading frame contains a motif characteristic of the
FGF family. XPGF-CX has a 73.1% overall similarity to XFGF-0 but differs frops XFGF-9 i its

amino-ferminal region (33.3% stmilarity), This resembles the similarity seen for the presenily
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disclosed SEG ID NO:2 with respect to varions mummaliun FGF-9 aud FOE-16 sequences,
including human (see above). See, Figs. 4, 5 and 7-9.

The polypeplide sequence in Fig. 1 (SBQ I NO:2) is predicted by the program PSORT
to have high probabilities for sotting through the mombrane of the endoplasniic reticulun and of
the microbody (peroxisome). In addition, although it dees not have a predicted cleavable signal
sequence ut its N-terminus, the hydropathy plot in Fig. 10 shows that FGF-CX has a prominent
hydrephobic segment at amine 2cid posiiions abont 90 to about 115 (SEQ [D NO:13). This
single hydrophobic region is known to be a sorting signal in other members of the FGF family.
Accordingly, a polypoptide that includes the amine acids of BEQ 1D MO:13 s useful as a sorting
slanal, allowing secretion through various cellular membranes; such as the codoplasmic
reticulum, the Gelg membrane or the plasma membrane.

FGF-CX lacks a classical amine-terminal signal sequence: as predicted by PRORT
(akai, B, & Kanchisa, M. {1592) Genotries 14, 897-911) and SIGNALP (Wiclsen, H.,
Cngelbrecht, T, Bamek, 8. & von Heijne, G. (1997) Protein Eing. 10, 1-6) computer algorithims,
just as found tor some of its closest human family members (¢.g. FGF-9 and FGE-16).
Nonetheless, both FGF-9 and FGL-16 are secreted (Matsumoto-Yoshitomi, 8., Habashita, I,
MNomura, ., Kuroshima, K. & Kurokawa, T, (1997) fut. S Cancer 71, 442-450; Miyake, A,
Konishi, M., Martin, F. H.,, Hernday, N. A., Czaki, K., Yamamoto, 3., Mikami, T., Arakawa, T.
& Ttoh, M. (1938) Biockem. Biophys. Res. Comm. 243, 148-152; Miyakawz, K., Hatsuzawa, K.,
Kurokawa, T., Asada, M., Kuroiwa, T, & Inamura, T. (1999) 7. Bini. Chem. 274,29352-29357,
Rewvest, 1.-M., DeMocriooze, L & Dickson, C. (2006) J Biol. Chen. 275, 8083-8090). To
determine whether FGF-CX is also secreted, the cDNA encoding the full fength FGF-CX prolein
was subeloned into # mammalian expression vector designated pFGF-CX. The protein expressed
when human embryonic kidney 293 cells ave wensfeoted with this vector is found in the
conditioned medium, and cxhibits a band detected by ag aniibody ta a C-terminal V3 epitope,
with att apparent molecular weight in a Western blot of ~27 kDa (Fig. 11, Examplc 7). An
additional portion of the expressed protein is released from sequesiration on the 293 cells by
treatment with a substance that inhibits interaction with heparin sulfate prateoglycan (HSPG).
The protein relessed in this way alse exhibits a similar Western blot pattern (Fig. 11). Similarly
when the protein is expressed in HEK293 cells from a recombinant plasinid incorporating an Ig
Kuppa signal scquence, 4 baud is detected by Westem blot with an apparent molecular weight of
approximately 34 kDa (Fig. 12, Exsmple 5).
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ClustalW multiple protein aliguments (Thempson, I. D, Higgins, D. G. & Gibson, T. J
(19994) Nucleic Aeids Res. 22, 4673-4680) far several vertebrate FGF-like protetng, including the
EGF-CX described by SEQ ID NO:2, are shown in Figs. 4 and 5. The {hree mammelian proteins
(SEQ 1D NOs:2-11} resembls each ather very closely but differ considersbly fom the FGF-CX
protein of the present juvention (SEQ ID NO:2). Alse, the Xenopus XFGF-CX (SEG D
NCx:12) and the sequence of SEQ 0 NO:2 resemble sach ather more closely than thase of FGF-
9. The internal hydrophobic domain involved in FGI-% socrelion {Miyakawa, X., Hatsuzawa,
K., Kurokawa, T., Asada, M., Kuroiwa, T. & Inamura, ‘[, (1999) 4. Biol. Chem. 274, 29352~
29357) spans residues $5-120 of the FGF-% sequence. (See Fig. 10 for a hydropathy plot of the
FGF-CX deseribed by SEQ TD NO:2)

The expression of XFGF-20 and of Xenopus FGF-2 are distinet from each other. XFGF-
20 mRMA is expressed in dipleid cells, in embryos at and after the blastula stage, and
specifically in (ke stornach and festis of sdulis; whereas XEGEF-@ mRNA is expressed maternally
in eges and in many adult tissues. Koga et al., above. Cormect expression of XFGF-20 during
gastrulation appears o be required for the formation of normal head strectures in Xenopus
lacvis. When XFGE-20 mRNA was overexpressed in early embryos, gastrolation was ahnormal
and development of anterior structures was suppressed. See, Koga ef al., above. Itz such
embryos, expression of the Abra wanscript, among those tested, was suppressed during
gastrulation, indicating that expression of the Xbra gene mediates XFGF-CX offocts. See, Koga
& al., above.

The expression patterns of the related XFGF-9 polypeptide in proliferating tissues,
{including, e.g., ova, testis, stomack, and multiple tissues in the maternal frog), suggests a role
for XFGF-20 in the maintenance of tissues that normally undergo regencration in a finctioning
OTganism.

It is shown in Example 8 that FGF-CX mRMA is expressed in normal cerebeltum, as
well as in several humwn turnor ¢ell lines including carcinomas of the lung, stomach end colon
but not in the corresponding nonnal fissucs. The Jack of FGF-CX expression in nornal lung,
stomach and colon, and its presence in tunior lines from these tissues, indicates that these cancer
cefl lines apparently cversxpress FGF-CX in an inappropriate fashion. The chromosonal region
o whiclh FGF-CX maps is commonly aliered in colorectal, lung and gastric corcinomas (B,
M., Fujiwara, Y., Nakajima, T., Tsuchiya, E., Tsuda, H., Firohashi, §., Maeda, Y., Tsuruia, K.,
Miyakt, M. & Nakamwra, Y. {1992} Cancer Res, 52, 5308-5372; Baffa, R., Santoro, R., Bullrich,
F., Mundes, B.. Istii, B & Croce, C. M. (2000) Clin. Cancer Res. 6,1372-1377). Tt ia possible
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that the cstahlishment of an FGF-CX-driven sutocrine growth leop in these cells contributes (o
thejt initia] tumorjgenic conversion and’or to their subsequent cxpansion. This scenario is
supported by the finding that the generation of an FGF-CX-driven autocrine loop in NTH 3T3
cells activates their fumorigenic poiential (see Example 11). It is also possible that FGF-CX
secrction by tumeor cells stinmulates their jn vivo growth via paracrine etfccts on stromal cells.

Expreasion of heterologous FGF-CX in MIH 3T3 cells is found to induce their
transformation and tumorigenicity (see Example 11). These effects are mediated by bath native
FGF-CX (construct pFGF-CX) and FGF-CX expressed with a heterologous Igk signel sequence
at {ts amina-terminus (construct plge-FGF-CX). However, it should be noted that plye FGF-
CX is more oncogenically active than pFGF-CX, as evidencad by ifs greater in vitro
transforming ability (data not shown) and in vive umerigenicity (Fig. 193, The superior
oncogenicity of ple-LGE-CX relative to pFGF-CX is likely due to the fact that plgk-FGF-CX
praduces significantly more secreted FGF-CX protein than does pFGE-CX in TIH 3T3 cclls
(Fig. 11B).

Like FGF-C¥, other FGFs have heen shown to transform cells following ectopic
expression, and in some cases the blockade of FGF signaling has been shown to suppress cell
trans{ormation {Matsyrmoto-Y oshitemni, 5., Habashita, J., Nomura, €., Kuroshima, K. &
Kurokawa, T. {1997) s, /. Concer 71, 442-450; L, Y., Basilico, C. & Mansukhani, A. (1594)
Mol Cell. Biol. 14, 7660-7669).

Based an the properiies of FGF-CX described horein, as well as on the similarities with
the atfests found for related FGF proteins, it is believed that FGF-CX plays an impor{ant role in
humen malignancy. Fot these reasons, the FGF-CX polypeptides, nucleic acids and antibodies
disclosed herein are useful in methods of disgnosing the presence or amennts of thess
compositions, in sereening for and identifying thovapeutic agents rclated to FGF-CX-associated

pathologics, and in methods of treatment of various kinds of malignancy.
FGF20X Clone, Fanctional Variants and Homologs

The novel nucleic acid of the invention encoding a Fibroblast Growth Factor-20-like
proiein includes the nucleic acid whoae sequence described by SEQ ID NO:1 or deseribed by
SEQ ID NO:26, or a fregment thereof. The invention also includes a mutant or variant nncleic
acid any of whose bases mray be changed from the corresponding base shown in Tablos 4 and §
whils sti)] encoding a protein that maintains its Fibroblast Growth Factor-20-like activities and

physiclogical functions, or a fragment of such a nucleic acid. The invention further includes
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nueleic acids whoae sequences arc complementary to the seguence of CuraGen Acc. No.
CG53135-02 und ©G53135-01, including meleic acid fragments that are conaplementary to any
of the nucleic peids just deseribed. The invention additionally includes nueleie scids or nucleic
acid fragments, or comploments thereto, whose structures inelude chemical modifications. Such
modifications inelude, by way of non-limiting example, modified bases, and nucleic acids whose
sugar phosphate backbones are modificd or derivatized. These modifications are carcled out at
least in part to enhance the chemical stability of the modified nucleie acid, such that they may he
used, for sxample, as intisense binding mucleie aclds in therapeutic applications in 2 subject. In
the mutant or variant nucleic acids, apd their complements, up to about 3% of the bascs may be
30 changed.

The navel protein of the invention includes the Fibroblast Growth Factor-20-like proteins
whaose sequences are described by SEQ 12 NO:2 and 8EQ D N(:27. The invention also
includes # mutant or variant protein any of whose residues may be changed from the
corresponding residue shown in these sequences while still cncoding a protein that mainteins its
Fihrohlast Growth Factor-20-like activitics and physiological functions, or a funclional fragtment
thereof. In the mutant or variant protein, up to about 2% of the amine avid residues may be so

changed.
Chimeric and Fusion Proteing

The present invention includes chimeric or fusion proteins of the Fibroblast Growth
Factor-20-like protein, in which the Fibroblast Growih Factor-20-like protein of the present
inventien is jeined to a second polypeptide or protein that is not substantially homelogous to the
prescit novel protein. The second polypeptide can be fused {o either the amino-terminus or
carboxyl-terminus of the present CG53135-02 or CG53135-01 polypeptide. In certain
embodiments a third nonhomolegeus polypeptide or protein may aiso be fused to the novel
Fibrablast Growth Factor-20-likc protein such that the second nonhamelogous pelypeptide ar
protein is joined al the amine terminus, and the third nonhomolegous polypeptide ar protein is
joined at (he carboxyl terminus, of the C{353135-02 or CG33135-01 polypeptide. Examples of
nonhomologous sequences that may be incorporated as either a second er third polypeptide or
protein include ghitathione S-transferase, a heterologous signal sequence fused at the amino
terminus of the Fibroblast Growth Factor-20-like protein, an immunoglebulin sequence or
domain, a serum protein or domain thereof (such as a serum albuminy, an antigenic epitope, and
a specificity motif such as (Xsh.
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The invention further includes nuelere acids enceding ahy of the chimeric ar fusion

proteins described in the preceding paragraph.
Anfibodics

The inrvention furiher encompasscs antibodies and antibody fragments, such as Fab,
{Fab), or single chain FV constucts, that bind immunospecifically to any of the proteins of the
invention. Also encompassed within the invention are peptides and polypeptides comprising
sequences having high binding affinity for amy of the prateius of the inventicn, including sueh
peptides and polypeplides that are fused to any cargicr particle (or biclogically exprossed on the

surface of @ carrier) such as a bacteriopbage particle.
Uses of the Cowpositions of the Invention

The proiein similiily information, expression patiern, eellular lozalization, and map
location for the protein and nucleic acid disclosed herein suggest that this Fibroblast Growth
Factor-20-like protein may have important structural and/or physiological funetions
charagteristic of the Fibroblast Growth Factor fammity. Therefore, the nuclelc acids end protsing
of the invention are uscfil in potential dizgnostic and therapeutic applications and as 2 researoh
tool. These include serving as a speeific of selective nucleic acid or protein diagnostic and/or
proguostic niarker, wherein the presence or amount of the nucleie acid or the protein are to be
assessed. These alse include potential therapentic applications such as the following: {i) a protein
therapeutic, (i} a small molecule drug target, (i) an anfibody target (therapeutic, diagnostic,
drug tergeting/oytotoxic snlibody), (iv) 2 nucleic acid uselul in gene therapy (gene delivery/genc
ablation), (v) ab agent promoting 15N regencration i vitro and in vivo, and (vi) a biological
defensc weapon.

The rucleic acids aod proteing of the mvention Lave upplications in the diagnosis and/or
treatment of various diseases and disorders. For example, the compositions of the present
imvention will have efficacy for the treatment of pationts suffering fron: Hirschsprung's diseass
Crohn's Disease, appendicitis, inflammatory bowel discase, diverticuler disease, sysiemic lupus
erythematosus, antoimmune discase, asthma, erphysema, scleroderma, allergy, ARDS, Von
Hippel-Lindan {VHL) symdrome, cimhosis, fransplantation, lrypercalceimiz, wWoers,
cardiomyopathy, atherosclerosis, hyperiension, congenital heart defects, sortic stenosis, atrial
seplad detect (ASD), atrioventricular (A-V) canal defect, ductus arjeriosus, pulonary stenosis,
subaoriic stenosis, ventricular septal defect (VSD), valve diseases, tuberous sclerosis,

seleradonina, obesity, diabetes, avloiummine disease, renal artery stenosis, interstitjal nephrilis,
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glomerulonephritis, polycystic kidney disease, systemic lupus erythematosus, renzl tubular
actdosis, [gA nephropathy, hypercaleeimia, Alzheimer's disease, stroke, tuberous sclerosis,
hypercalosimia, Paridnson's diseass, Huntington's disease, cerebral paley, epilepsy, Lesch-INyhan
syndrome, multiple sclexosis, ataxia-telangiectasia, leukodystrophics, behavioral disorders,
addiction, anxisty, pain, ncusodegenetation as well as other discases, disorders and conditions.
These materials are furthet usefil i the generation of antibedies that bind
immunospecifically 1o the novel substances of the invention for use in dizgnostic and/or

therapeutic imcthods.

FGE-CX Nucleic Acids

The nucleic acids of the invention include those that encode a FGF-CX or FGF-CX-like
protein. Amonyg these nucleic acids is the nucleic acid whose scquence is provided jn FIG. 1,
SEQ I NO:1, SEQ [ NO:26, or a fragment thereof. The FGF-CX nucleic acid can have the
nucleotide sequense of a penomic FGR-CX nueleic acid, or of 2 cDNA. Additionally, the
invention includes mutant or variant micleic acids of SEQ D WO:Y or SEQ ID NG:26,0ra
fragment thereof, any of whose bases may be chaoged from the carresponding base shown in
these sequences while still encoding a protein that maintains its FGF-CX -iike activitics and
physivlogical functions. The invention further includes the complerent of the nuclete acid
sequenee of SEQ ID NO:1 or SEQ ID NO:26, including fragments, dedvatives, analogs and
hemolog thereaf. Examples of the corplementary strand of portions of FGF-CX are shown in
FIG. 3. 'The invention additionally includes nueleic acids or nucleic acid fragments, or
coppplements thereto, whose structures inelude chenrical modifications.

Crae aspect of the invention pertaing to isolated nucleic acid molecules that encode FGE-
CX preteins or biologically active portions thereof. Alse included are nuclete acid fragments
sufficient for use as hybridization probes to identify FGF-CX-encoding nucleic acids (c.g., FGF-
CX mRINA) and fragments for use as polymerass chain reaction (PCR) primers for the
amplification or mutation of FGE-CX pucleie acid molecules. As used herein, the term “nucleic
acid molecule” iz intended to inelyde DNA molecules (2., cDMA or genomie INA), RNA
molecules (e.g., mRNA), analogs of the DNA or RNA generated using nucleotide analogs, snd
derivatives, fragments and homologs thereof. The nucleic acid inolecuie can be single-stranded
or doublc-stranded, but preferably is double-stranded DNA.

“Probes” refer to nucleic acid sequences of variable length, preferably between at least
ahout 10 nueleotides fn), 10D at, or a3 many as sbout, €.g., 6,000 ni, depending onuse. Probes
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are used in the detection of identical, similar, or complemantary sucleic acid sequences. Longer
length probes are usually obtained from a natural or recombinant source, are highly specific and
much slower to hybridize than oligemess. Probes may be single- or double-stranded and
designed to have specificity in PCR, membrane-based hybridization lechiologiss, or ELISA-Tike
technolagies.

A, "isclated” pucleic acid molzcule is one that ia separated from other nueleic acld
molecules that are presont in the natural souree of the nucleic acid.  Examples of isolated nucleic
acid molecules include, but are not ligtited 1o, recombipant DNA molecules contained in a
veetor, recombinunt DNA. molecules maintaiped in 2 heterologous host cell, partizlly or
substantially purified nuclsic acid molecules, and synthetic DNA or RNA molceules.

Preforably, an "isolated” nucloe acid is free of sequences which naturally flank the mucleic acid
(Le., scquencx;s Tocated at the 5* and 3' ends of the nucleic acid; in the genomie DNA of the
organizm from which the nucleic acid is derived. For example, in various embodiments, the
isolated FGF-CX nucleic acid moelecule can contain less ihan about 50 kb, 25 kb, 5 kb, 4 kb, 2
kh, 2 kb, 1 kb, 0.5 kb or (.1 kb of nuclcotide sequences which naturally flank the nucleie acié
molectle i genomic DNA of the cell from which the mucleic acid is derived. Moreover, an
“isolated” nucleic acid molecule, such as a cDNA molecule, can be substantially free of olher
sellular material or colture mediurn when produced hy recombinant techniques, or of chermical
precursars or other chemeals when chemically synthesized.

A nuelefe acld moleeule of the present invention, ¢.g., 2 nucleic acid moleeule having the
nucleatide sequence of SEQ ID N0:1, SEQ [D NO:26, or a complement of any of these
nucleotide sequence, can be iselaled using standacd molecular biolegy techniques and tie
sequenics information provided herein. Using all or & postion of the nucleic acid soquence of
SEQ ID MNO:1 or SEQ TD N0O:26 as a hybridization probe, FGF-CX nucleic ucid sequences can
be isolated using standard hybridization and cloning techniques {e.g., as described in Sambrook
ctal, eds., MOLBCULAR CLONING: A TABORATORY MANUAL 2 Ed., Cold Spring Harbor
Laboratory Press, Cold Spriog Farbor, NV, 1989; and Ausubel, of 2l eds., CURRENT
PROTOCOLS N MOLECULAR BIOLOGY, Tohn Wiley & Sons, New York, NY, 1993)

A mucleic acid of the invention can be amplified nsing cDNA, mRNA or alternatively,
gonomic IINA, a5 a template and appropriate oligenuclectide primers according fo standard PCR,
amplification techniques. e nucleic acid so amplified van be cloned into an appropriale vector

and characterized by DMA sequence analysis, Furthormeore, oligonucleotides corresponding to
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FGF-CX nucleotide sequences can be prepared by stundard synthetic techniques, e.%., using an
autornated DNA synthesizer,

As used herein, the tenm “oligomacleotide” refexs to a series of linked nuclcotide
tesiducs, which oligonucleotide has a sufficient mumber of nucleotide bases to be used in a PCR
reaction. A short oligonuclootide sequence may be hased on, or designed from, a genomic or
cDMA sequence and is used to amplify, confinn, or reveal the presence of an identical, similar or
complenentary DNA or RNA. in a particular cell or tissue. Oligonucleofides comptise portions
of a nucleic acid sequence having about 10 nt, 50 nt, or 100 0t in longth, preferably about 15 nt
10 30 nt in length. [n one embadiment, an oligonuclestide comprising a nucleic acid molecule
lezss than 100 nf i length would urther comprise at lease 6 contignous nycleotides of SEQ D
MO:1 or SEQ I MO:26, or & complement thereef. Oligenucleotides may be chemieally
synthesized and may be used as probes,

In another embodiment, an isolated micleic acid molecule of the invention comprises o
mucleie acid molecule that is a complement of the nueleotide sequence shown in SEG 11 NO:1
or SEQ 1D NO:26. In another enrbodiment, an isolated nucleic acid moleoule of the invention
comptises a nucleic acid molecule that is a compiement of the nucleotide sequence shown in
SEQ D NO:1 or SEQ T NC:26, or a portion of this nucieotide sequence. A nucleic acid
malecule that is complemnentary to the nucleotide sequence shown in SEQ 1D NO:1 or SEQ ID
NO:26 is one that is sufficiently complementary (o the uclectide sequence shown i SEQ ID
NO:1 or SEQ I NO:26 that it can hydrogen bond with Jitile or no mismatches to the nuclcotide
sequence shown in BEQ ID NO:1 or SEQ D NO:26, thereby forming & stable duplex.

As used herein, the term, “complementary” refers to Waison-Crick or Hoogsteen base
pairing between nucleotides units of a nueleic acld moiecule, and the term “bindiog” mcans the
nhysical or chemical interzetion between two pelypeplides or compounds or associated
nolypeptides or compounds or combinations thereof. Binding includes ionic, non-ionic, van der
Waals, hydrophobic interactions, ste. A physical mteraction can be cither dircct or indireet.
Tndlirect interactions may be through or due to the effects of another polypeptide or compound.
Direct binding refers to interactions that do not take place through, or due to, the effect of
another palypeptids or eompound, Tt instead are withowt other substaniial chemical
intermediates.

Marcover, the nucleic zcid melecule of the invention can comprise only a portion of the
nueleic acid soquence of SEQ 1D N1 or SEQ 1D NCG:26, e.g, a fragment that can be used asa
probe or primer, or a fregment snsoding a biologically active portion of FGF-CX, Fragments
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provided herein are defined as sequences of at least & (contiguons) nucleic acids or ai least 4
{contignous} aminag acids, a length sufficient to allow for specific hybridization in the case of
nuoleic acids or for speeific recognition of an epitops in the case of amino acids, respectively,
and are at most some portion {ess than a full length sequence. Fragmenis may be derived from
any contiguous portion of A nucleie acid or amino acid sequence of choice. Derivatives are
nucleic ncid sequences or amino acid sequences formed from the native compounds either
directly or by modification or partial substitution. Analogs are nueleic acid sequences or aming
acid sequences that have a structure similar to, but not jdentical to, the native corpound but
differs from it in respect to certain components ar side chains. Analogs may be synthetic or
from a diffarent evelutionary origin and may have z similar or opposite metabolic activity
compared to wild Lype.

Denvatives and analogs may be full length or other thap fult length, 1¥ the derivative or
analog containg a modified nucleic acid or amine acid, as deseribed below. Derivatives or
analogs of the nucleic acids or proteins of the invention include, but are not limited o, melecules
comyrising teptons that 4re substastially homologeis to the tucleic acids or proteins of the
invention, in varous embodiments, by at least about 70%, 80%4, 85%, 90%, 95%, 98%, or cven
99% dentity (with a preferred identity of 80-899%) ever a nucleie acid or amine acjd sequence of
dentical sizo or when compared to an alignes sequence in which the alignment is done by a
computer homology program kinown i the s, or whese encoding nucleic acid is capable of
hybridizing to the complement of a sequence encoding the aforementioned proteins under
stringent, moderately stringent, or low siringent conditions. See e.g. Ansubel, ct al., CURRENT
PROTOCOLS 1N MOTECULAR BICLOGY, John Wiley & Sons, New York, NY, 1993, and below.

An exemplary program is the Gap program {Wisconsin Scquence Analysis Puckage, Yesion 8
for UNLX, Cenetics Conputer Groap, University Research Park, Medison, WT) using the default
settings, which uses the algerithm of Smith and Waterman (Adv. Appl. Math,, 1981, 2: 482439,
which is incorporated herein by reference in its entirety),

A *hemologous nuclele acid sequence” or “homologeus amina acid sequence,” or
variations thereof, refer to sequenees characterized by u homology at the nucleotide level or
amino acid level as discussed above, Homologous nuclevtide sequences ancode thosc sequences
coding for isoforms of FGF-CX polypeptide. Isoforms can be expressed in different Hssues of
the same organism as a xesult of, for example, elternative splicing of RNA. Alternatively,
isoforms can be encoded by different genes. In the present inventton, homologous nuclectide

sequences inchude nucleatide sequences enceding for u IGF-CX polypeptide of species other
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than humans, including, but not limited fo, mammals, and thus can melnds, e.g., mouse, rat,
rabbit, dog, cat cow, horse, and other organisms. Homaologous nucleotide sequences also
include, but are not limited to, naturally oscuiring allelic varistions and mutations of the
nucleotide sequences sct forth berein. A homelogous nucleolide sequence does not, however,
inciude the nucleofide sequence encoding buman FGF-CX protein. Homologous micleic acid
sequences melude those nueleic acid sequences tat ¢ncode conservative amino acid
substiuions (see below) i SEQ 1D NO:2 or SEQ ID NO:27, a2 well ¢ a polypeptide having
FGF-CX activity. Bielogical activities of the FGF-CX proteins are deserfbed below, A
homologous amino aeld sequance does not encede the aming anid sequence of 5 homan FGE-CX
polypeplide.

The nucleotide sequense determnined from the eloning of the humary FGF-CX gene aliows
for the generation of probes and primers designed for use in identifying and/or cloning FGF-CX
hamologues in ather cell types, e.g., ltom other tissues, as well as FGF-CX homologues from
other mammals. The probe/primer typically comprises 4 substantially purified oligonucleotide.
The oligonucleatide typically compiises 2 region of nucleotide seguence thal hybridizes under
stringent conditions to at least about 12, 25, 50, 100, 156, 200, 250, 300, 350 or 400 or more
consceutive sense strand nucleotids sequence of SEQ 1D NO:1 or SEQ ID NO:24; or an
ariti-sense strand nuclootide sequence of SEQ 1D NO:1 or SEQ ID MNO:26; or of a naturally
oceurnng mutant of SEQ ID NO:1 or SEQ 1D NO:2¢.

Probes bascd on the human FGF-CX nuclectidc sequeitce can be used 1o detect
transcripts or genomic scquences encoding the sante or homologous proteins. In various
embodiments, the probe further comprises a label group attached thereto, e.g., the lubel group
can be a radioisotope, a fluorescent compound, an enzyoe, of an cozyme eo-ficlor. Such probes
can be used as a part of a diagnostic test kit for identifying cclls or fissuc which misexpress a
FGF-CX protein, such as by measuring a leve] of a FGF-CX-encoding nucleic acid in 2 sample
of ¢ells from a subject e.g., defeating FGE-CX mRINA Jevels or determining whether a genomic
FGF-CX gene has been mutated or deleted.

“4 polypeptide having 2 bislogically active portion. of FGF-UX” refers to polypeptides
exhibiting activity similar, but not nceessarily identtical to, an activity of & polypeptide of the
present invention, including mature forms, as measurad in a pariicular biological assay, with or
without dose dependency. A nucleic acid fragmeant encoding a "biologically active portion of
FGE-CX" con be preparsd by isolating a portion of SEQ ID NO:1 or SEQ ID N0:26, thai
encodes a polypeptide having a FGF-CX biological activity (biological activities of the FGE-CX
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proteins arc described below), expressing the encoded portion of FGF-CX protein (e.g., by
recombinant expression in vitro} and assessing the getivity of the encoded portion of FGE-CX,
For example, 2 nucleic acid fizgment encoding a biologically active portion of FGF-CX can
optionelly include an ATP-binding domain. In ancther emboediment, a nueleic acid fragment
eneoding a biclogically active portien of FGE-CX, inclades one or more reglons,

FGF-CX variants

The invention. further eneonpasses pucleie acid moleenles that differ from the nuclectide
sequences shown in SECQ ID NO:1or SEQ [D NO:26 due to degeneracy of the genetic code.
These nucleic acids thus encode the same FGF-CX protein as thaf encoded by the nucleotide
sequence shown in SEQ 1D MO:1 or SEQ ID NG:26. In another embodiment, an isolated
nuclgie acid molecule of the invention has « puclsotide sequence encoding a protein having an
aming acid sequencs shewn in SEQ ID NO:2 or SRQ [D NO:27.

In addition to the human FGF-CX nucleotids sequence shown in SEQ ID NC:1 and S8EQ
1D NG:26, it will be appreciated by those skilled in the art that DMA sequence polyorphisms
that lead lo changes in the smine acid sequences of FGEF-CX may exist within 2 popufation {¢.2.,
the human population). Such genetic polymorphism in the FGF-CX gene may sxist among
individuals within a population due to natural allelic variation. As used herein, the torms "gone”
and “recombinant gene” refor to micleic acid melecules comprising an open reading frame
sncoding a FGF-CX protein, prefarably a mammalian FGF-CX protein, Such natural allelic
varialions can typicalfy resull in I-5% variance in the nucleotide sequance of the FGF-CX. sene.
Any and all such nucleotide variations and vesulting amino azid polymerphisms in FGF-CY that
are the rosulf of natural allelic variation and that do not akter the functional activity of FGGF-CX
are intended to be within the scope of the inveation.

Moveover, nueleic acid molecules encoding FGF-CX protemns [rom other species, and
thus that have a nucleatide sequence that differs from the human sequence of SEQ ID NC:1 or
SEQ [D NO:26, are intended te be within 1he geope of the Inventon. Nucleie acid meleculcs
corresponding to natarsl allelic variants sud homolegues of the FGF-CX ¢DNAs of the
invention can be jsolated based on their homology to the human FGF-CX nucleic acids disclosed
herein using the human €DNAs, or 2 portion thersof, as 2 hybridization prebe zccording o
standard hybtidization techniques under siringent hybridization conditions. For example, a
soluble boman FGE-CX cONA can be isolated based on its homelagy to human
menibrang-bound FGF-CX. Likewise, a membrane-bound human FGF-CX cDNA can be
isolated based on its bomology to soluble human FGF-CX.
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Accordingly, in snother embodinent, an 15olated nucleic acid molegnle of the invention
is at least 6 nucleotides in length and hybridizes under stringent conditions to the nucleic acid
molecule comprising the nucleotide sequence of $EQ ID NO:1 or SEQ U0 N(:26. In another
embodiment, the imcleic acid is at least 10, 25, 50, 100, 250, 500 ar 754 nuclectides in length.
In another embadiment, an isolated nucleic acid molecule of the invention hybridizes to the
coding region. As used herein, the term "hybridizes under stringent conditions” s intended to
deseribe condilions for hybridization and washing undey which nucleotids saquences at least
60% homologous to each other typically remain hybridized wo each other.

Homologs (i.e., nucleic acids encoding FGF-CX proteins derived from species other than
hwroan) or other related sequences (e.g., paralogs) can be obtained by low, moderate or igh
slringency hybridization with all or a portion of the pariicular human sequence as a probe using
methods well knawn in the art for nueleic acid hybridization and cloning,

As used herejy, the phrase “stringeit hybridization conditions” refers to condifions
under which z probe, primer or olfigonucleotide will hybridize to its target sequence, but to no
other sequences. Stringent conditions are sequence-dependent and will be different in different
chﬂurﬂslances. Longer sequences hybridize specifically at higher temperatures thar shorter
sequonces. (Generally, stringent conditions are selected to be about 5 *C lower than the themal
melting point (Tm) for the specific sequence at a Jdefined ionic strength and pH. The Tm is the
temperature {under defined ionje strength, pH and nucleic acid concentration) at which 50% of
the probes complementary to the farget scquence hybridize to the target sequence at equilibrivm,
Sincc the target sequences are generally pregent at excess, at Tm, 50% of the probes are
ocoupied st equilibrinm. Typically, stingent conditions will be those in whach the salt
concentralion is less than about 1.0 M sodium Ion, typically about 0.01 to 1.9 M sodimm ion (or
othar szlts) at pH 7.0 10 8.3 and the temperature is at least abaut 30 °C for short prabes, primers
or oligonueleatides {2.g., 10 nt to 5¢ nt) and at least about 6¢ °C for longer probes, primers and
oligonucleotides. Stringent conditions may also be achieved with the addition of destabilizing
agents, such as formoawide.

Stringent conditions such as described above are known to these skilled in the art and can
he fow! in CURRENT PROTCCOLS W MOLECULAR BICLOGY, John Wiley & Sons, N.Y. {1989).
6.3.1-6.3.6. Preferably, the conditions are such that sequences at luast about 63%, 70%, 75%.
83%, 90%, 95%, 98%, or 99% homologous to each other typically remain hybridized to each
other. A non-limiting exarmple of striggent Irybridization conditions is hybridization in 2 high
salt buffer comprising 6X 88C, 50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 8.02% PVE, 0.02%
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Figall, ¢:02% RSA, and 500 mgfml denatured salmen sperm DNA at 65 °C. This hybridization
is followed by one or more washes in 0.2X 88C, 0,01% BSA at 50 “C. An isolated aucleic acid
moleculc of the nvention that kybridizes under stringent conditions to the sequence of SEQ TD
NO:1 comresponds o a naturally aceurring nucleic acid moleculs. As used hereir, 2
"raturally-occurring” nucleds acid molesule refers to an RVA or DNA molecule having o
nueleotide sequence that eccurs in nature {e.g., encadss a natural protein).

Homologs (7 e., nucleic acids encoding FGF-CX proteins derjved from species other than
T or other related sequences (e.g., paralogs) can bo ohiained hy low, moderate or high
stringency hybridization witly all or a portion of the particular human scquence as a probe using
methods well kiown in the art for nucleic acid hybridization and clening.

Tn a second embodiment, a mucleic acid sequence that is hybridizable to the nucleic acid
molecule comprising the nueleetide sequence of SEQ ID NO:1 or SEQ TD NO:28, or fragments,
analogs or derivalives thereof, under conditions of moderate stringency is provided. A
non-limiting example of moderate stringency hybridization conditiors are hybridization in 6X
85C, 5X Denhardt's solution, 9.5% SDS and 100 mg/ml denatured sabmon sperm BINA, at §5 °C,
followed by one or mare washes in 1X SSC, 0.1% SDS at 37 °C. Other conditions of moderate
stringency that may be used are well known in the arf, Seg, e.g., Ausubel et al. (eds.}, 1993,
CURRENT PROTOCOLS IN MoLECULAR BloLogy, John Wiley & Sons, NY, and Kricgler, 1990,
GENFE TRANSFER AND EXPRESSION, A LABORATORY MANUAL, Stockton Press, Y.

In a third embodiment, a aucleic acid that is hybridizable te the nacleic acid molecule
comprising the nucleotide sequence of SEQ 1D NG:1 or SEQ ID NO:26, or fragnumts, analogs
or derivatives thereof, under conditions of low stringency, is provided. A non-limiting example
of low stringency hybridization conditions are hybridization in 35% formamide, 5X 88, 50
mid Tris-HCL {pT1 7.5), 5 mM EDTA, 0.02% PV, 0.02% Ficoll, 0.2% B&A, 100 mg/ml
depatured salmon sperm DINA, 16% (wiivol) dexiran sultate at 40 °C, followed by one or mare
washes in 2X S8C, 25 mM Tris-HCL (pH 7.4}, 5 mM EDTA, and (1% SDE at 50 °C. Other
conditions of low stringency thal may be used ars well known xt the art (2.g., as employed for
cross-specics hybridizations). See, e.g., Ausubel et al. {cds), 1993, CURRENT PROTOCOLS N
MOLECULAR BIOLOGY, John Wiley & Sons, NY, and Kriegler, 1690, GENE TRANSFER AND
EXPRESSION, A LABORATORY MANUAL, Stockton Press, MY; Shilo and Weinherg, 1981, Froc
Natl Acad Sci USA, 18 6789-0792.
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Conservative mutations

In addition to naturally-cccurring allelic variants of the FGF-CX sequence that may exist
In the population, the skilled artisan will further appreciate that changes can be intraduced by
mutation into the nucleotide sequence of SEQ ID WO:1 or SEQ [D N(:26, thereby leading to
changes in the amine acid sequence of the encoded FGF-CX protein, without altering the
functional ability of fie FGF-CX protein. For example, nucleotide substitutions leading to
amino acld substitutions at "non-essential” amine acid residuss oan be mude in the sequence of
SEQ ID NC:l or SEQ ID NO:26. A "non-essential” amine acid residue is a residue thai can be
altered from the wild-type sequence of FGF-CX without altering the biological activity, whercas
an "egsential” amino acid residus is requived for biclogical activity. For example, amine acid
residucs that are conserved among the FGL-CX proteins of the present mvention, ate predicted
{o be particularly unamenable lo alteration.

In addition, amnino acid residucs that are conserved among FGF family membets, a5
indicated by Ihe alignment presented as FIG. 4, are predicted to b less amenable to alteration,
For exarple, FGF-CX profeins af the prezent invention can contain at least one doragin that is &
typically conserved region in FOF family meinbers, 2., VUF-2 and XFGE-CX. proteins, and
FGF-CX homolegs. As such, these conserved domains are nof likely to be amenable to ntation.
Other amino acid residues, however, (e.g., those that arc not cotserved ar only semi-canserved
among momhbers of the FGF proteing) may not be ag essential for activisy and thus are more
likely to be amenable t alteration.

Another aspect of the inventivn pertaing fo nucteic acid molesulss encoding TGF-CX
proteins thal contain changes in amina acid residues that are net cesential for activity. Such
FGF-CX proteins differ in amino acid sequence from SEQ ID NO:Z or SEQ T NO:27, yei
retain biological activity. In one embodiment, the isolated nucleic acid molecule eomprises 2
nucleolide sequence cncoding a protein, wlcrem the protein comprises en amine aeid sequence
at least about 75% homologous 1o the amine acid sequence of SEQ ID NO:2 or SEQ ID NO:27.
Preferably, the protew. encoded by the nucleic acid 19 af least about. 80% homelegous fo SEQ) ID
NO:2 or SBQ D NO:27, mors proferably at least about 90%, 93%, 98%, and most prefarably st
least about 99% hemolagous to SEQ 1D W2,

A isolated nuelelc acid molecule encoding a FGF-CX protein homologous to the protein
of SEQ D W0:2 can ba ereated by introducing ona or mare nueleotide substitutions, additions
or delefions into the nucleotide szquence of SEQ D NO:1 or SEQ ID NO:26, such that one or

more emino acid substitutions, additions or deletions are introduced info the enceded protein.
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Mutations can be introduced into SEQ 1D NO:1 or SEQ [D NO:26by standand
techniques, such as site-direcied mutagenesis and FCR-mediated mutagenasis. Preferably,
conservative amino acid substitutions arc made at one or mare pridicted non-essential amino
asid residues. A "comservative aming acid subsiitution” 1s one in which the amine acid residue
is replaced with an amine acid residuc baving a similar side chaan, Families of amine acid
residues having similar side chains have been defined in fhe art. Ccrtain amina acids have side
chains with more than ene classifiable characteristie.  These families include amino acids with
basic side chains {e.z., lysine, arginine, histidine), zoidic side chains (2.g., aspurtic acid, glutamic
ucid), uncharged polar side chains {¢.g., glycine, asparagine, glutamine, sexine, thraonine,
tyrosine, tryptophan, cystcinc), nonpolar side chains (& g., alanine, valine, leucine, isoleucine,
proline, phenylalanine, melhionine, tyresing, tryptophany, heta-branched side chains (e.g.,
thrconine, valine, isoleucine) and aromatic side chains (2 ., tyrosine, phenylalanine, tryptophan,
histiding). Thus, a predicted nonessential amino acid residue in a growth factor is replaced with
anather amine acid residue from the same side chain family. Alicrnatively, in ancther
embodiment, mutations can be introduced randomly along all or part of a growth fuctor coding
sequence, such as by saturation mutagenosis, and the resultant mutants can. be screened for
growth factor biological activity to identity mutants that retain activity. Following mutagenesis
of SBQ ID NOS:1, 3, and 26 the enceded protein can be expressed by any recombinant
techmology known in fhe art and the activity of the protein can be determined.

In an important embediment, a mutant FGF-CX protein can be assayed for (1) the ability
to form protein:protein interactions with other FGF-CX proteins, other cell-surface proteins, or
biologically active portiona thereof, (2) complex formation between 2 mutant FGF-CX proicin
and & FGF-CX. receptor; (3) the ability of 2 mutant FGF-CX protein te bind te an intraceilular
target protein or biologically active portion theveof: {2.g., avidin proteins); or (4) the ability to
specitically bind an anti-FGF-CX protein antibody.

Aniisense

Another aspeet of the invention pertains to isolated antisense nucleie acid molscules that
are hybridizable to or complementary to the nucleic acid molecule comprising the nucleotide
sequence of SEQ D NO:1 or SEQ ID NQ:26, or fragments, analogs or derivatives thereof An
"antisense" nucleic acid comprises a nucleolide sequence that is complementary fo a Vsense” -
nucteic acid encoding 2 protein, ¢-E., complementary to the coding strand of a double-stranded
cDNA moleculc or complementary to an mRMA sequence. In specific aspects, antisense imucleto
acid molecules are provided that comprise a sequence complementary to at Teast about 10, 25,
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50, 100, 230 or 300 nucleotides or an entire FGE-CX. coding strand, or io only & portion fhereof.
Nucleic acid molecules encoding Tagments, homelogs, derivatives aud analogs of a FGE-CX
protein of SEQ ID NO:2 or SEQ I NO:27 or antisense nueleic acids eomplementary to a FGE-
CX nucleio acid sequence of SEQ 1D NQ:1 or SEQ [0 NO:26 are additionally provided.

In one emboedinient, an antisense nocleic acid molecule is antisense to a "coding region”
of the coding strand of a nucleotide sequence encoding *GF-CX. The term "coding region”
refers Lo the region of the nuclcotide sequerics comprising codens which ars translaed into
amino acid yesidues (e.g., the protein coding region of human FGF-CX correspands to SEQ TD
NO:2 or SEQ I3 ND:27). In another cmbodiment, the antisense nucleic acid moleenle is
antisense to 4 “noncoding region" of the coding strand of a nucleotide sequence encoding FGF-
CX. The tenn "noncoding region* refers to 5' and 3' sequences whick flank the coding region
that are not franslated info armne acids {i.e., also referred to as 5* and 3' untranslated regions).

Given the coding strand sequences encoding FGF-CX disclosed hercin {e.g., SEQ ID
M1 or 8EQ LG NO:24), anlisense nucleic acids of the invention can be designed 2ceonding to
the rules of Watson and Crick or Hoogsleen base pairing. The anbisense puclelc acid malecule
can be complementary e the entire coding cegion of FGF-CE mRNA, but more preferably is an
aligonucleotide that is antisense to only a portion of the coding or noncoding region of FGF-CX
mRNA. For example, the antisense oligopuclestide can be complementary to the region
suwrroundinyg the translation start site of FGI'-CX mBNA, An agfisense oligonucleotide can be,
for example, about 5, 10, 13, 20, 23, 30, 33, 40, 45 or 50 nucleotides in lenpth. An antisense
nuclefe acid of the invontion can be constmucted using chemical synthesis or enzymatic ligation
raactions using procedures known in the art, For example, an entisense nucleic acld {¢.8., an
sntisense oligenucleotide) can be chemically syathesized using natacally occwrring nucleolides
or variously modified nucleotides designed to increase the biological stebility of the molecales
or to increase the physical stability of the duplex formed between the antisense and sense nucleje
eeids, e.g., phosphorothiosic derivatives and acridine substituted nucicotides can be used.

Examples of modified nuclentides that can be used to generate the antisense nncleic acid
include: 5-fluorouracil, 5-bromouracil, 5-chiorouracil, S-jodouracil, hypoxanthins, xsuthine,
4-acetyleytosine, 5-{carboxyhydroxylmethyl) uracil, S-carboxymethylaminomethyl-
2-thicuridine, 5-carboxymethylaminoracthyluracil, diliydravracil, beta-D-galactosylqueosine,
ingsine, Iv6-sopentenyladenine, 1-methylguaning, 1-methylinosine, 2,2-dimethylguanine,
Z-methyladenine, 2-methylguanine, 3-methyleytosine, 5-methyleytosine, N6-adenine,
7-methyiguanine, 5S-methylaminomethyluracil, S-methoxyaminomethyl-2-thieuracil,
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beta-D-mannosylqueosine, 3'-methoxyearboxymethyluracil, 5-methoxyaracl,
2-methylthio-N&-isapentenyl adenine, uracil-5-oxyacetic acid (v}, wybutexosine, pseudouracil,
queosine, 2-thiccytogine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil,
uracil-3-oxyacetc acid metiylester, uracil-5-oxyacetic acid (v), S-methyl-2-thiouracil,
3-(3-amine-3-N-2-carboxypropyl) uracil, (acpd)w, aud 2,6-diaminopurine. Alternatively, the
antisense nucleic ecid oan be produced biclogically using an expression vector mio which a
nucleic acid has been subcloned in an antisense erientation (Le., RIVA. transeribed from, the
inseried nucleic acid will be of an antisense orientation to a farget nucleic acid of interest,
deseribed further in the following subscetion).

The antisense nucicic acid malecules of the invenlion are Lypically admimstered to 2
subjuct or generated in sitw such that they hybridize with or bizd te cellular mRNA andfor
genomic DNA encoding a FGF-CX proteln to therehy inhibit expression of the protein, e.g., by
inhibifing transcription and/or trapslation. The hybridization can be by cenventional nuclectide
camplementarity to fort a stable duplex, or, for example, in the case of an antisense nucleic acid
molecule Ihé.t binds to DNA duplexes, through specific interaciions in the major groove of the
double helix. An example of a Toute of administration of antisense nucleic acid moleculss of the
wvention includes dixsct injection at a tissue site. Alternatively, antisense nucleic acid
molecules can he modified to target selected cells and then administered systemically. For
example, for systemic adminisiration, antisense molecules can be modified such that they
specifically biml to receptors or antigens expressed on a selected cell surface, e.g., by linking the
anlisense nucleic actd molecules te peptides or antibadies that bind to cell surface receptors or
aptigens. The antisense nueleie acid moleeulcs can also be delivered to cells using the vectors
described herein. To uchieve sufficient intracellular concentrations of untisense melecules,
vector eonstructs in which the antisense micleic acid molecule is placcd under the control of a
streng pol Il or pol 1T promoter are preferved. '

In yet another embodiment, the antisense nucleic zeid molecule of the invention is an
i-anomearic nucleic acid molecule. An w-anomeric nueleic acid moelecule forms specifie
double-siranded hybrids with complementary RNA. in which, contrary to the usval [J-unite, the
strands run parallel to gach other (Gaultier et al. {[987) Nuclelv Acids Res 15: §625-6641). The
antisense nucleic acid molceule oan alse comprise a 2'-o-methylribonueleotide (Tnoue et al.
(1287) Nuclcic Axids Res 15: 6131-61438) or a clumernie RNA -DNA analogue (Inoue ef aj.
(1987) FEBS Leit 215: 327-330).
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Ribozymes and PNA moieties

Such modifications include, by way of nonlitsiting example, modified bases, and nucleic
acids whose suget phosphate backbanes are modified or derivatized. These modifications are
carried out at feast in part to enhance the chemical stability of the modified nucleic acid, such
that they may be used, for example, as antisense binding nucleic acids in therapeutic applications
in a subject.

[n stil] enother embodiment, au antisense nucleic acid of the invention is a ribozyme.
Ribozymes are catabytic RNA moleculss with ribonuclease activity that are capable of cleaving z
single-stranded nucieic acid, such as an mRNA, to which they have a complementary regici.
Thus, ribozymes {c.g., hammerhead ribozymes (described in Hasellhoif and Gerlach (1988)
Nature 334:585-5%1)) can be used lo catalylically cleave FGF-CX mRNA transcripts to therehy
inhibit transiation of HGE-CX mRNA. A ribozyme having specificity for a FGF-CX-encoding
nuileic seid van be designed based upon the pucleotide sequence of a FGF-CX DNA disclosed
herein {i.e., SEQ 1D NO:1). For example, a derivative of a Tetrahymena L-19 [VS RIVA can be
constructed in which the nucleolide sequence of Ihe active site is complementary to the
nucleotide sequence to be cleaved in a FGF-CX-eocoding mRNA. Seg, e.g., Cechetal. US.
Pat. No. 4,987,071; and Cech et al. ULS, Pat. No. 5,116,742 Alternatively, FGF-CX mRNA can
be used to select a catalytic RNA having a speoific tibonuclease activity from a pool of RNA
muleculos. Ses, €.2., Bartel et al, (1593) Science 261:1411-1418,

Altematively, FGF-CX gene expression can, be inhibited by targeting nucleotide
scejuences complernentary 1o the regulatory region of the FGF-CX (e.g., the FGF-CX promoter
and/or enhancers) to form triple helicel structures that prevent transcription of the FGF-CX gene
in target cells. See generally, Helene. (1921) Anticaocer Diug Des, 0: 569-84; Helene, el al.
{1992} Ann. N'¥. Acad, Sei. §60:27-36; aud Maher (1992} Biocassays 14: 807-15.

In various embodiments, the nucleic acids of FGPF-CX can be modified at the base
moiety, sugat maicty or phosphaie backbone to imiprove, .g., the stability, hybridization, or
solubility of the molocule. For example, the deoxyribose phosphate backbone of the nucleic
acids can be 1nedified to generale peptide nucleic acids (see Hyrap o al. (19246) Binorg Med
Cliom 4: 5-23). As used hereiv, the terns "peptide nucleic acids” or "PMA=" refer to nucleic
acid mirnics, e.g., DNA mimics, in which the deoxyribose phosphats backbone is xeplaced by a
pscudopeptide backbone and only the four nahwal nucicobases are retained. The neutral
backbone of PNAs has been shown to allow for specilic hybridization to DNA and R3A. under
conditions of low ionie strength. The synthesis of PITA oligomers can be performed using
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standard solid phase peptide synthesis protacols 24 deseribed in Hyrap et al. (1596) above;
Perry-0'Keefe of 2l (1290) PNAS 93: 14670-675,

PMAs of FGF-CX can be used in therapeutic and dizgnostic applications. For example,
PNAs can be used as antisense or antigene agenls for sequence-specific modulation of gene
expression by, e.g., inducing transeription or lranslation atrest or iohibiting replication. PMAs of
FGF-UCX can also be used, e.g., in the analysis of single base pair mutations in & genc by, o.g.,
FNA directed PCR. clamping; as artificial restriction enzymes when used in combination with
olher enzymmes, .8, 51 nucleases (Hyrup I3, {1096) above); or as probes or primers for DNA
sequence and hybridization (Hymup et al. {1956), above; Perry-O'Keefe (1996), above).

In another cmbodiment, PNAs of FGF-CX can be modified, e.g., to enhance their
stability or celluler uptake, by attaching lipophilic or other helper groups to PNA, by the
formation of PNA-DNA chimeras, or by the uss of liposomes or other techniques of drug
delivery known in the arl. For exumple, PNA-DMA chimeras of FGF-CX can be generated that
may combing (he advantageous properties of PNA and DNA. Such chimeras allow DNA
recognition cnzymes, e.g., RNase H and DNA polymerases, to interact with the DNA portion
while the PNA. porlion would provide high binding affinity and specificity. PNA-DINA
chimeras can be linked using linkers of appropriaic lengths selected in teros of base stacking,
nunber of bonds bebween the nucleobases, and orientation (Byrup (1996) above). The synthesis
of FNA-DINA chimeras can be performed as described in Hyrup (1996) abave and Finn et al.
(1996) Nucl Acids Res 24: 3357-63. Vor example, 2 DNA chiin can be synthesized on a solid
suppost using standatd phosphoramidite coupling chemistry, and modified nuclegside analogs,
c.g., 5-(4-methoxytrityljamino-5"deoxy-thymidine phosphoramiditc, can be used between the
PNA and the 5' end of DIVA {Mag et al. (1989) Nucl Acid Res 17: 5973-88). PNA monomers
are then coupléd in 2 stepwise manner to produce a chimeric molecule with a 5' PTNA segmant
and a 3 DNA scgment {Finn et al. (1996) above). Aliematively, chimeric molecules can be
synthesized with a 5' DMA segment and a 3' PNA segment, See, Petersen et al. (1975) Bioorg
Med Chem Lett 5: 1119-11124,

It other embodiments, the oligonuelcotide may include other appended groups such as
peptides (e.g., for tarpeting host cell receptors in vivo), or agents facilitating frunsport across the
csll membrane {see, e.g., Letsinger el al., 1939, Proc. Nail, Acad. 3ci. U.8.A, 80:6553-0556;
Lemaitre et al., 1987, Proc. Natl. Acad. Sci. 84:648-652; PCT Publication No. W0£8/095810) or
the blood-bram barrier {see. e.g., PCT Publication No. W089/10134). In addition,

oligonucleotides can be modified with bybridization triggered cleavage agents (See, e.g., Krol et
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gl., 1988, BioTechuiques 6:938-976) or intercalating agents. (See, €.g., Zon, 1988, Pharm. Res.
5: 539-549), To this end, the cligonclestide may be conjugated to another molecule, e, &
peptide, & hybridization triggered cross-Nnking agent, a transport agent, a hybridization-iriggered

cleavage agent, efc.

FGF-CX polypeptides

The novel pratein of the invention includes the FGP-CX-Jike protein whose sequence is
provided in FIG. 1 (SEQ ID NO:2) or SEQ TD N(:27. The invention also inoiudes a mutant or
variunt proteiz any of whose residucs may be changed from the corresponding residne shown m
FIG. [while stil] encoding z protein that maintains its FGF-CX-like activitics and physiological
functions, or a functional fragment theresf, n the mutant or variant protein, vp to 20% or more
of the rosiducs may be so changed.

I general, an FGP-CX -like variant that preserves FGF-CX-like funciion includes any
vartant i which residues at a particular position in the sequence have been subsiiuted by vther
amina acids, and further includs the possibility of inserting an additional residue or residucs
between two residuss of the parent protein as well 2s the possibility of deleting one or more
residues from the parent sequenice. Any amine acid substitution, insertion, or delstion is
encompassed by the pvention. Lo favorable circumstances, the substitition is & conservative
substitution as defined abeve. Furthermorz, without lgniting she scope of the invention, the
{following positions in Table 2 (using the numbering provided in SEQ ID NG:2) may be
substitufed as indicaled, such that a mutart or variant protein may include one or mere than one
of the substitutions indicated.  The supgested substitutions deo not Hmit the range of pessible

substitutions thet may be made at a glven position.

TABLE 2.
Position Possible Substitution

&: (ilu to Asp
9: Gly to Ser, Thr, or Asa
10 Phe fo Tyr
11: LentoPho ot Tle
15 Giu to Asp
160 Glyto Ala
17 Lew o Tle or Val
19 Gin may be deleted
21 Val to Phe oz ile
31: Gly to Lys, Arg, Ser, or Ala
33: Arg lo Lys or Ser
35: Pro to Leu or Val
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Gly to Asn or Sor
Gluto Asp

Arg to Lys, His, or Pro
Ser to Thr, Ala, or Gly
Ala to Glu, Asn, or Ser
Alato Seror Gly

Gly ta Ala

Gly to Ala or deleted
Ala to Gly, Val, or deleted
Alato Ser or Thr

Gin to Asp, Glu, or Asn
Aluto Ser, Thr, Asr, Gln, Asp, or Glu
His to Gln, Asn, Lys, or Arg
Ginto Asn, Glu, or Asp
Leu to Fheor Tle

Asp ta Glu, Asn, or Gln
Ser to Asn, Thr, or Gla
Valtolle

Gl to Asn or Lys
Valto Ile

Ser to Thr

Asp to Gla

Tyrto Plhe

Ser 1o Thr, Gln, or Asn
e to Val or Lou

e to Leu

Glyto Valor Ala

Thr to Ser

Phe to Ty

Asp to Glu

Serto Ala or Thr

Gluto Asp

Argto Lys

Leu to Do or Val

Met to any residus

Thr to Scr

QOne aspect of (he Invention perfains to iselated FOF-CX proteins, and biclogically active

portions thereof, or derivatives, fragments, analogs or horologs thereof. Alse provided ure

polypeptide fragments suitable for use as imommogens to raise mti-FGF-CX antibodics. In one

cibodiment, native FGF-CX proteing can be igolated from cell or tissue sources by an

appropriatc purification scheme using standard protein purification techniques. In anather

embodiment, FGE-CX proteins are produced by recombinant DNA techniques. Alternative to

recombinant expression, a FGF-CX protein or pelypeptide can be synthesized chemically using

standard peptide synthesis techniques.
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An "iselated" or "purfied” protein or biologically active partion thereof is substantially
free of collular material or other contaminating protcins from fhe cell or fissue source from
which the FGF-CX protein is devived, or substantially free from chemical precursors or other
chemicals when chemically synthesized. The language "substantially free of celtular material”
includes preparations of FGF-CX protein in which the protein is separated from cellular
components of the celis from which it is isolated or recombinantly produced. In one
embodiment, the language "substantially ee of cellular material® includes preparations of FGF-
CX protein having less than about 30% (by dry welght) of non-FGE-CX protein (alse seferred to
herein as a “contaminating profein”), more preferably less then about 20% of non-PGE-CX
prolein, siill more prelerably less thun about 10% ol non-FGF-CX protein, and most preferably
less thon about 5% non-FGF-CX protein. When the FGF-CX protemn or biologically active
portion thereeS'is recombinantly produced. it is also preforably substantially free of culturs
medium, i.e., suliore mediom reprasents less than abour 20%, more preferably less than about
10%, and 1nost preferably less than about 5% of the volune of the protein preparation.

The language "substantially froo of chemical precursors or other chemicals” includes
prepacations ol FGF-CX protein in which the protein is separated from chemical precursors or
other chemicals that are imvolved in the synthesis of the protein. In one embodiment, the
language "substantially free of chemical precursors or other chemicals” includes preparations of
FGE-CX protein having less than about 30% (hy dry weight) of chemical precursors or
non-FGF-CH chemicals, more preferably less than about 20% chemical precursors or non-FGE-
CX chomicals, still more preforably less than about 10% chemical precursors or non-FGF-CX.
chemisals, and most preferubly less than about 3% chemiva) precursors or nop-FGF-CX
chernicals.

Biologieally active portions of a FGF-CX protein include peptides comprising amino
acld sequences sufficiently homologous 1o or derived from the amino acid scquence of the FGE-
C¥ protein, ¢.g., the amino acid sequence shown in SEQ D NO:2 that include fewer amino
acids than the full length FGF-CX proteins, and exhibit ai loast onc activity of a FGF-CX
pratcin. Typcally, biologically active poriions comprisc a domain or matif with at least one
aotivity of the FGF-CX protein. A biologically active portion of 8 FGF-CX protein can be a
polypeptide which is, for example, 10, 25, 50, 100 or more amino acids in length.

A biologically active porlion of & FGF-CX protein of the present invention may contain
at least one of the above-identified domains substantially congerved between the FGIF family of
proteins. Mareover, other biclogicaily active portions, in which other regions of the protein are
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delcted, can be prepared by recombinant technigues and evaluated for oie or more of the
functional activities of a native FGF-CX protcin.

Tn an smbodiment, the FGF-CX protein has an amino acid sequence shown in SEQ ID
NQ:Z or SEQ ID NO:27. In other smbodiments, the FGF-CX protein is substantially
homelegeus to SEQ ID NO:2 or SEQ D NO:27 and retains the fmclional activity of the protein
of 8EQ 1D NO:2 or SEQ ID WO:27, yet differs in anuno agid sequenee due to natural allelic
varfation or mutagenesis, as described in detail below. Accordingly, in ancther embodiment, the
FGF-CX protein (8 a protein that comprises an amine acid sequence at Teast abont 43%
homelegous to the amine acid sequence of SEQ [D NO:2 or SEQ ID NO:27 and retains the
fugetional activity of the FGF-CX proteins of SEQ M N2 or 8EQ T N(:27. In another
etmbodiment, the FGE-CX is a protein that contains an amine acid sequence at least about 45%
homologous, and more preferably about 55, 65, 70, 75, 80, 85, 90, 93, 98 or even 99%
homologous to the amins acid sequepce of SEQ I WO:2 or SEQ TD NO:27 apd retatns the
functional activity vf the FGI-CX proicins of the comesponding polypeptide having the
sequencs of SEQ ID NO:2 or SEQ ID NO:27.

Determining homulogy beiween two or more sequences

Tu detenmine the peccent homelogy of two amine acid sequences or of two nuelcic acids,
the sequences are aligned for optimal comparison purposes (¢.g., gaps can be infroduced in
cither of the sequences being comparcd for optimal alignment between the sequences). The
amino acid residues or nucleotides at corresponding amine ackd posifiens or nucleotids positions
are then compared. When 2 positien in the first sequence is oceupicd by the same amine acid
residue or pucleotide a3 the corresponding position in the second sequence, then the molecules
are homolagons af that position (i.¢., a8 used herein amino acid ot nucleic avid “homology" is
equivalent to amine acid or nucleic acid "identity").

The nucleic acid sequence homology may be determined as the degree of identity
between two scquences. The homology may be dotermined using computer programs known
the art, such as GAFP software provided in the GCG program package. See, Needleman and
Wunsch 1970 J Me! Biol 48: 443-453, Using GCG GAY software with the following seffings
for nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP extension penalty
of 0.3, the coding rogion of the anslogous nucleic acid sequences referred to above exhibils 2
degree of identity preferably of at leust 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%, with the
CDS {encoding) part of fhe DNA sequence shown in SEG ID NO:1 or SEQ TD NO:26.
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The term “sequence identity” refers to the degree to which twe polynucleotide or
polypeptide scquonces are identical on a residue-by-residue basis over a particular region of
comparison. The term “percontage of sequence identity” i calenlated by comparing two
aptimally aligned sequences over that region of comparison, determining the number of
positions st which the identical nucleic acid bass (e.g.. A, T, C, G, U, or 1, in the case of nucleic
acids) cecurs in both sequences to yield the number of matched posifions, dividing the number
of matched positions by the total number of positions in the region of comparigon (ie., the
window size), and multiplying the result by 100 to vicld the percentage of sequence identity.
The term “substantial identity™ as used herein denoles a characteristic of a polyaucieotide
saquence, wherein the polynucleotide comprises 2 sequence that has af least 80 perccnt sequence
identity, preferably at least 85 percent identity and ofien 90 to 95 pereent sequence identity,
mort psually af least 99 pereant sequence identity as compared e a Teference sequenec over 2
comparison region. The term “percentzps of positive residues” is calenlated by comparing two
optimally aligmed sequences over that region of comparison, determining the number of
positions at which the identical and conscrvative amino acid subsfitutions, as defined above,
ocelr in hoth sequences to yield the number of matched positions, dividing the number of
matched pasitions by the total nuntber of positicus in the region of comparison (f.e., the window

size), and multiplying the result by 100 1o yield the percentage of positive residues.
Chimeric and fusion proieins

The invention slso provides FGF-CX chimerc or fusion proteins. As used herein, a
FGE-CX. “chimeric protein" or "fusion protein” compriscs 2 FGF-CX polypeptide operatively
linksd fo a nen-FGR-CX, polypeptide. A "FGE-CX polypeptide” refers to & polypeptide having
an amino acid sequence eorresponding 1o FGF-CX, whersas a "nen-FGP-CX polypeptide” refers
to a polypeptide having an amino acid sequence cormosponding fo a protein that is not
substantially homologous to the FGF-CX. protein, e.g., 2 protein that {5 different from the FGF-
CX protein and that is derived from the same or a different organism. Within a FGF-CX fusion
protein the FGF-CX polypeptide can correspond to all or a portion of a FGF-CX pratein. Inone
embodiment, 8 FGE-CX fusion profein sonprises at leasi one biclogically active porfion of a
FGF-CX protein. Tn another smbodiment, 3 FGF-CX fusion protein comprises at least two
biologically active portions of a FGF-CX protein. Within the fusion protein, the term
“operatively linked" is intended to indicate that the FGF-CX polypeptide and the non-FGF-CX
polypeptide are fused in-ffame fo each other. The non-FGF-CX palypeptide can be fused to the

W-torminus or C-terminus of the FGF-CX polypeptide.
17
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For exaaple, in oge embodiment 2 FGE-CX fusion protein comprises a FGH-CX
polypeptide operably Linked ta the cxtracellular domain of 2 second protein. Such fiston
proteins can be further utilized in screening asseys for compounds that modulate FOF-CX
activity {such assays are described in detail below).

In another cmbodiment, the {usion pretein is 4 GST-FGF-CX fusion protem in which the
FGE-CX sequences are fused to the C-teeminua of the GST (i.c., glutathione S-transferuse)
sequences. Such fusion proteins can facilitate the purification of recombinant FGF-CX.

In yet another embodiment, the fusion pratein is a FGL'-CX protein vontaining =
heterologous signal sequence at its N-termzinus. For example, the native VGF-CX signal
sequence {£.e., amino acids 1 to 20 of SBEQ ID NO:2 or SEQ ID N(0:27) can be removed and
replaced with a signal sequence from another protein. In certain host cells (e.z., mammalian
host cells), expression and/or secretion of FGE-CX can be incressed through use of 2
heterologous signal sequence.

I another embodiment, the fusion protein is a FGF-CX-imnmnoglobulin fusion proicin
in which the FGF-CX scquencos comprising one or mere domains are fused 1o sequences
derived from a menther of the immunoglobulin pratein family. The FGF-CX-immunoglobulin
fusion proteins of the Inveniien can be incorporated into pharmaccutical compositions and
administored to a subject to inhibit an interaction between a FGF-CX ligand and a FGF-CX
protein on the surface of 2 cell, to thereby suppress FGE-CX-mediated signal transduction in
vive, Inone nonlimiting example, a contemplated FGP-CX ligand of the invention is the FGF-
CX yeceptor. The FGF-CX-immuneglobulin fusion protems can be used to affect the
bioavalability of a FGF-CX cognate hgand. Iohibition of the FGF-CX hgand/FGE-CX
interaction may be useful therapeutically for bath the treatment of proliferative and
diffcrentiative disorders, 4s well as modulating (e.g., promoting or inhibiting) cell survival,
Moreover, the FGF-CX-immunoglobulin fusion proteins of the invention can be used as
Immunogens to produce anti-FGE-CX anlibodies in a subject, to purify FOF-CX lgapds, and in
serecning assays to identify molecules that inhibit the interaction of FGF-CX with 2 FGF-CX
ligand

A FGF-CX chiweric or fusion protein of the invention can be produced by standard
recombinant DNA techniques. For example, DNA frasmnents coding for the different
polypeptide sequences are ligated together in-frame in accordance with conventional technigues,
.., by employing blunt-cnded or stagger-ended termyini for ligation, restriction enzyme
dipestion to provide for approprizte termini, filling-in of cohesive ends as appropriate, alkaline
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phosphatase ireatment to aveid undesirable joiming, and enzymatic ligation. Fn another
esmbodiment, the fusion gene can be syathesized by couventional rechniques including
automated DINA synthesizers. Alternatively, PCR smplificstion. of gene fragmenis can be
carrisd out uging anchor primers that give rise fo complementary overhangs between iwo
consecutive gene fragiments that ¢ subsequently be acnealed and reamplified to gencrate a
chimeric gene sequence (see, for example, Ausubel et al, (eds.) CURREWT PROTOCOIS TN
MOLECULAR BIOLOGY, John Wilcy & Sons, 1992). Marcover, many expression vectors are
cemumnercially available that already encede a fusion moicty (.2, a GST polypeptide), A FGF-
CH-encoding nucleic acid can be cloned into such an expression vector such that the fusion
moiety is linked in-frame to the FGF-CX protein.

FGF-CX agonists and antagonists

Tiie present invention also pertains to variants pf the FGE-CX proteins that function as
cither FGF-CX agonists (mimetics) or as FGF-CX antagonists. Variants of the FGF-CX protein
can be generated by mutegenesis, e.g., disursfe point mutation or truncation of the FGF-CX
pretein. An agonist of the VGF-CX protein can retain subslantially the same, or a subset of, the
hiological activities of the naturally ocewring form of the FGF-CX protein. An antagonist of the
FGF-CX protein can inhibit one or more of the activitics of the naturally eccurring form of the
TG)-CX protein by, for example, competitively binding to a dewnstream or upstrearn member
of 4 celiular signaling cascade which meludss the FGP-CX protein. Thus, specific biolopical
effects can be elicited by treatment with a varjant of linited fnction. In one embodiment,
treafment of u subject with a variant heving & subsct of the biological activities of the naturally
accurning form ¢l the protein has fewer side effects in a subject relative to treatment witl the
naturally oceurring form of the FGF-CX proteins.

Variants of the FLF-CX protein that fanction as either FGF-CX agonists (inimatics) or as
FGF-CX antapgonists can be identified by screening combinatorial ibraries of mutaitts, e.g.,
truncation mutants, of the FGF-CX, protein for FGF-CX protein agonist or entaponist activity.

In one embodirnent, a variegated library of FGF-CX variants is generated by combimatorial
mutagenesis at the nucleic acid level and is encoded by a variegated gene library. A variepated
library of FGF-CX variunts can be produced by, for example, ensymatically ligating & mixture of
synthetic cligonucicotules into gene sequances such that a depgenerate set af potential FGF-C3
soquanecs is expressible as imdividual polypoptides, or alternatively, as a sct of larger fusion
profeins {z.g., for phage display) containing the set of FGF-CX sequences therein. There are &

variety of methods which can be used to produce libraries of potential PGF-CX varjants from 2
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degenerate oligonucleotide sequence. Chemucal synthesis of a degenetate gene sequencs can be
performed it an automatic DNA synthesizer, and the synihetic gene then ligated into an
appropriate expression vector. Use of a degencrate set of genes allows for the provision, in one
mixture, of all of the sequences sncoding the desired set of potentizl FGF-CX sequences.
Motheds for synthesizing degenerats oligonucleolides are Jmown m the art (e, e.g., Narang
(1983) Tetrahedron 39:3; Nakura ef al, (1984) dwnu Rev Biochem 53:323; Trakuea of of. {1584)
Setence 198:1056; e ef al. (1983) Nucl Acid Res 11:477.

Polypeptide libraries

T addition, Lbraries of fragments of the FGI-CX protein coding sequencs can be used to
generate a variegated population of FGF-CX fragments for sereening and subsequent selection
of variants of 2 FGI-CX protein. n cne embodiment, a libracy of coding sequence fragments
can be generated by treating a double stranded PCR fragment of 4 FOF-CX coding sequence
with a nuclease under conditions whetein nicking ccours only about onee per moleeuls,
denaturing the double stranded DNA, renaturing the DINA to form deuble stranded DNA that
can include sense/entisense pzirs from different nicked products, remeving single stranded
portions from reformed duplexes by trealment with §1 nuclease, and ligating the resulting
fragment library into an expression vector. By ihis method, an expression library can be derived
which encodes N-terminal and interna) fragments of various sizes of the FGF-CX protein.

Several techniques are kmown in the art for screening gene products of combinatorial
libraries made by point mutatiens ot irancation, and for screening cDNA. libraries for gene
products having a selected properiy. Such fechniques are adapiable for rapid screening of the
gene libraries generated by the combinatorial nutagenesis of FGF-CX proteins. The most
widely used techniques, which are amenable to high throughput analysis, for sereening [arge
gene libraties typically wehude cloming the gene hbrary info replicable expression vectors,
transforming apprapriate cells with the resulting library of vectors, and exprossing the
combinatorial genes under cotditions in which detection of & desired activity facilitates isolation
of the vector encoding the gene whose product was detected. Recrusive cnsainble niutapenesis
{REM), & new technigue that enhances the freguency of functional mutents in the Libraries, can
be useid in combination with the screening assays to identify FGF-CX variants (Arkin and
Youvan (1992) PMAS 89:7811-7815; Delgrave ef al. (1993) Protein Engineering 6:327.331).
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Anti-FGF-CX, Antihodies

The term “antibody" as used herein refers to immunoglobulin molecules and
immuologically active portions of immunoglobulin (Ig) motecnles, i.e., molecules that contain
an antigen binding site that specifically binds {immunareacts with) an antigen. Such spijbodies
include, but are not limited to, polyclonal, monoclonal, chimerie, single chain, Fab, Fab’ and
F(ab'y2 fragments, and an Fab expression library, In general, antibody melccules obtained from
humans relates to any of the classes [gG, TgM, TgA, IgE and %l2, which differ from. one another
by the nature of the heavy cham present in the molecule. Certain clagscs have subelzsses as
well, such as g1, 1852, and others. Furthenmore, in humans, the light chain may be a kappa
chain or a Jambda chainr. Reference herein to anlibodics includes a reference fo ail such classes,
subclasses and types of human aniibedy species,

An isolaled protein of the nvention intonded to serve as an antigen, of a pottion or
lrezgmont thereall can be used as an imimunogen to zenerats antibodiss that irynunespecifically
rind 1he anfigen, wsing standard technignes for polyclonal and monoclonal antibody preparation.
The full-length protein can be used or, allemnatively, the imvention provides antigenic peptide
fragments of the anligen for use 45 immunogens. An antigenic peptide fragment comprises at
leust 6 anino acid residues of the amine acid sequence of the [l length protein, such &s an
amine acid sequence shown in SEQ ID NO:2 or SEQ ID NO:27, and encompasses an cpiiope
thercof such that an antibody raised against the peptide forms a specific immune complex with
the full length protein or with uny fragment that contains the epitope. Preferably, the antigenic
peptide comprises al least 10 amino acid residues, or at least 15 anuino acid residues, or al least
20 amino acid residues, or af least 30 amino acid residues. Preferred epitopes cncompassed by
the antigenic peptids are regions of the protein that are losated on its surface; commonly these
ate hydrophilic regions.

In certain embodiments of the invention, at least one epiiope encompassed by the
antigenic peptide is a region of the FGF-CX that is focated on the surface of'the pretein, e.g., a
hydrophilic region. A hydrophobicity analysis of the human FGF-CX protein sequence will
indicate which regions of a FGF-CX polypeptide arc particularly hydrophilic and, therefore, arc
likely to encode surfice residues useful for targeting antibody production. As a means for
targeting antibody production, Rydrepathy plots showing regions of hydrephilieity and
hydrophobisity muay be generated by any method well known in the art, ineluding, for example,
the ¥yte Daoliitle or the Hopp Woods methods, cither with or without Fourier fransiormation.

Sec, e.5., Hopp and Woods, 1981, Proc. Nat. Acad. Sci. USA. 78: 3824-3823; Kyie and Doolittle
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1982, 1. Mol Biol. 157; 105-142, each mncotporated herein by reference in their entivety.
Antibadies that are specific lor oug or more domains within an entigenic protein, or derivatives,
fragrents, analogs or homologs thereof, are also provided herein.

A proiein of the invention, or a dervative, fragment, analog, homoleg or orthalog
thereof, may be utilized 25 an immunogen in the generation of antibodies that
immunespecifically bind these protein components.

Various procedures known within the art may be used for the production of polyclonal or
monoclanal antibodics directed against a protein of the invention, or against derivaiives,
fragmonts, enalogs homelogs or ortholegs thereof (see, for example, Antibodies: A Laborutory
Manusl, Barlow E, and Lane D, 1988, Cold Spring Harbor Laboratory Fress, Cold Spring
Harbor, NY, incorporated herein by reference). Seme of these antibodies are discussed below.

1. Polyclonal Antibedies

For the production of polyclonal antibedies, various suitable host animals {s.g., rabbit,
goat, mouse or othey matmmal) may be imnmmnized by one ar more injections with the FGF-CX
native protein, a synthetic variant thereaf, or a derivative of the foregaing. An appropriate
immunoegenic preparation can contain, for example, the naturally cccuring imnumnogenic
protein, a chomically synthesized polypeptide representing the immunegenic protein, or a
recombinantly expressed immunegsnic protein. Furthermore, the FGF-CX proteio may be
conjugaled (o a second protein known te be immunogenic in the mammal being immumzed.
Examples of such immunogenic proteins include but are pot limiicd to keyhole ¥mpet
hemocyanin, serun alburnin, bovine thyroglobulin, and seybean trypsin inhibitor. The
preparation can further include an adjuvant. Various adjuvants used to increase the
immunelogical response include, but are not limited to, Freund's (complete and incomplete),
mineral gals (c.g., aluminum hydroxide), surface active substances (2.g., lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, dinitrophenol, ete.}, adjuvants usable in humans
such as Bacille Calmetto-Guerin and Corynebasterivm parvur, or similar immunostimulatory
agents. Additional examples of adjuvants which can be employed include MPL-TDM adjuvant
(monophosphoryl Lipid A, synthetic trehalose dicorynomycalats).

The polyclonal antibody molecules direcled against the implenogenic FGF-CX protein
cun be isolated from the mammal (c.g., from the blood) and further purified by well known
techniques, such as affinily chromuatography using protein A or protein G, which provide
primarily the IgG fraction of immune serum. Subscquently, or alternatvely, the specific antigen

which is the target of the immunoglobulin soughl, or an epitope thereof, may be inmobilized on
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a2 column lo purtfy the immune specifie antibody by wamunoafimty chromategraphy.
Puriticstion of immunoglobuling is discussed, for example, by D. Wilkinson (The Scientist,
published by The Scientist. Inc., Philadelphia PA, Vol. 14, No. 8 (Aptil 17, 2000), pp. 25-28).

2. Mounaclonal Antihodies

The term "menoclonal antibedy" {MAD) o "monoclonal antibody composition®, 25 used
herein, refers to a population of antibody molecules that contain oaly ene molecular spocies of
antibody molecule congisting of avnique Light chain gone produst and a wugue hieavy chain
gene product. In particular, fhe cotplementarity determining regions (CDRs} of the monaclonal
antibody are identical in all the molevules of the population. MAbs thus contain av antigen
binding site capable of immunoreacting with a particular epitope of the antigen characterized by
a unique binding affinity for it.

Monoclonal antibodics can be prepared using hybridoma methods, such as those
deseribed by Kohler and Milstein, Nature, 256:4595 {1975). In z hybridoma meihod, a mouse,
hamster, ar other appropriate host animal, is typically immunized with an imnrumizing agent to
elicit lymphocytes that produce or ave capable of producing antibodics that witl specifically bind
to the immunizing agent. Alternatively, the lymphocytes can bo irmunized in vitro.

The immunizing agent will typically include the FGE-CX protein antigen, a fragment
thereof or a [usion protein thereol. Generally, either peripheral blood lymphocytes are need if
¢ells of human origin are desired, or spleen cells or [ymiph node cells are used 1f non-human
manmalian sources are desired. The Lymphoeytes are then fused with an immaortalized coll line
using a suitable fusing agent, such as polvethylene glycel, to form a hybridoma ecll [Goding,
Monoclonal Antibodies: Principles and Practice, Academic Press, (1986) pp. 59-103].
Tmmortalized cell lines are usually wansformed maramalian cells, particulurly myeloma cells of
rodent, bovine and human origin. Usually, tai or mouse myeloma cell lines are employed. The
hybridorna cells can be cultured in a suitable culture medium thet proferahly contains one or
more substances that inhubit the growth or survival of the unfuscd, immortalized cells. Tor
example, if the parenial celis lack the enzgme hypoxanthine guanine phosphoribosyl transferase
(HGERT or HPRT), the cultare medium for the hybridemas typically will include hypoxanthine,
aminopterin, and thymidine ("ITAT medium”), which substances prevent the growth of HGPRT-
deficient cells.

Preferred immortalized cell lines are those that fuse efficiently, suppart stuble high lavel
expression of antibody by the sclected antibody-producing cells, and are sensitive to a medium

such as EAT medium. More preferred immortalized cell lings are murine myeloma lines, which
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can be obfained, for mstance, rom the Salk Institute Cell, Distribution Center, San Diego,
California and the American Type Culture Collection, Manassas, Virginia. Human myeloma
and mouse-hwnan heteromyeloma ccll lines also have been described for fhe production of
huinan manoclonal anttbodics (Kozbor: 1. hnmunel., 133:3001 (1984); Brodeur et al.
Monoclonal Antibody Production Techiques and Applications, Marcel Deklber, oc., New
York, (1987} pp. 51-63).

The eulture mediuyg in which the hybridoms cellz arc cultured can then be assayed for
the presence of monocional antibodies divected against the antigen, Preferably, the binding
specificity of monoelonal antibodies produced by the hybridoma cells is determined by
immunaprecipitation or by an in vitro binding assay, such as radioimmunecassay {RIA) or
enzyme-linked immunoabsorhent assay (ELISA). Such technigues and assays ere known in the
art, The binding affiniiy of the monoclonal antibody car, for example, be deterrnined by the
Secatchard analysis of Munson and Pollard, Anal. Biochem., 167:228 (1980). It is an ohjective,
especially important in therapeutic applications of monoclonal antibodics, to identify antibodies
having a high degree of specificity and a high binding affinity for the target antigen.

After the desired hybridoma calls arc identified, the clones can be subcloned by limiting
dilution procedures and grown by standard methods (Goding, 1986). Suitable culture media for
this purpase include, for example, Dulbecco's Modificd Eaple's Medium and RPVI-1640
medium. Alternatively, the hybridoma colls can he grown in vivo as ascites in 2 mammal,

The monoclonal antibodies secreted by the subclones can be isolated or purified from the
culnzre medium or ascites fluid by comventienal immaunoglobulin purification prosedires such
as, for example, protein A-Sepharose, biydroxylapatite chromatography, pel electrophoresis,
dialysis, of affinity ciromatography.

The menocional antibodies ¢an also be made by recombinant DNA methods, such as
those deseribed in U.S. Palent No. 4,818,567, DNA. encoding the menoclonal antibodies of the
invention can be readily isolated and sequenced using conveniional procedurcs (e.g., by using
oligonucleotide probes that arc capable of binding specifically to yenes encoding the heavy and
light chainz of murine antibodies). The hybridoma cclls of the invention serve us a preforred
source of such DNA, Once isolated, the DNA can be placed into expression vectors, which are
then transfected into host cells such as simian COS cells, Cliinese hamster ovary (CHQO) cellg, or
miyeloma cells that do not otherwise praduce immunaglobulin protein, to obtain the synthesis of
moneclonal antibodies in the recombinant host cslls. The DNA also <an be medifiad, for

exanple, by substituting the coding sequence for human heavy and Light chain constant domains
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in place of the homologous murine sequences (U.S, Patent Ne. 4,816,567, Mornson, Nature 368,
812-13 {19943 or by cavalently joining to the immunoglobulin coding sequence all ot part of
the coding sequence for a non-imrounoglobulin polypeptide. Such a non-immunoglobulin
pelypepiide can be substituted for the constant domains of an anlibedy of the inveniion, or caz
be substituted for the variable dowains of ene antigen-combining site of an antibody of the
inveniion to create 2 chimeric bivalent antibody.

3. Humanized Anfibodies

The antibodics directed against the FGP-CX protein antigens of the invention can turther
comprise humanized antibodies or Iuman antfbodies. These entibodies are suitable for
adminisiration te humans without engendering an inwnune response by the human againsi the
adminisiered immuneglobulin. Humanized forms of antibodies wre chimerie immunoglobuling,
Irmmweoglobulin chains or fragments thereof {such as Fy, Fab, Fab', F(al')2 or other antigen-
binding subsequenves of antibodicy) that are principally coroprised of the sequence of 2 human
immunaoglobulin, and contain minimal sequence derived fFom a ron-human immunaglabulin,
Vlumamization can be performed following the method of Winter and co-workers (Jones et al.,
Nature, 321:922-525 (1986); Riechmann =f al., Nature, 332:323-327 (1988); Verhocyen ct al,,
Science, 239:1534-1536 (1988}}, by substituting redent CDRs or CDR sequences for the
comesponding sequences of a human antibody. (See also U.S. Patent Me. 5,225,539} In some
instances, Py franework residues of the nunan immunoglobulin are replaced by corresponding
not-human residues. Humanized antibodies can also comprise residues which arc found nejther
in the recipient antibody nor in the imported CDR or framework sequences. In genetal, the
humanized antibody will comprise substantially =ll of at [cast one, and iypically two, variable
domains, in which all or substantially ali of the CDR regions correspond to those af & non-
human immunoglobulin md all or substantially all of the famewerk regions are thosc of 5
human, immunoglobulin consensus sequence. The humanized antibody optimally also will
comprise at least a partion of an immunoglobulin constant remion (Fc), typically that of a human
intmunoglobulin (Jones et al.,, 1986; Riechmann et al., 1988; and Presta, Cur, Op. Struct, Biol,,
2:593.596 (1992)).

4. Hnman Antibedies

Fully human anttbodies essentially relaic to antibody melecules in which the entire
sequence of both the Light chain and the heavy chain, including the CDRs, arise from human
genes. Such antibodies are termed “human sntibodies”, or “fully human antibodies™ hercin.
Human menoclonal antibodies directed againsi a FGF-CX protein can be prepared by the rioma
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technique; the imman B-cell hybridoma technique {see Kozbor, et al., 1983 Immunol Loday 4:
72) and the EBV hybridoms technique to produce human monoclonal antibodies (see Cole, et
al., 1985 In: Monaoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Human
monoclonal entibodies may be utilized in the practice of the present invention and may be
produced by using humnan hybridonras (see Cote, ct al., 1983. Proc Natl Acad Sci USA B(:
2026-2030} o by transforming human B-cells with Ppsteir Bar Vire in vitro {see Cole, et al,,
1985 In: Monoclonal Aitibodies and Cancer Therupy, Alan R. Lass, Ine., pp. 77-99).

In addizon, hurnan antibodies can also be produced using additional techniques,
including phage display libraries {Hoogenboom and Winter, I. Mel. Biol., 227:381 (1991);
Marks et al., T. Mol. Biol,, 222:581 (1921)). Similarly, hwnan anilbodies can be made by
intreducing human immunoglobulin locl into fransgenic animals, e.g., mice in which the
endogenous immunoglobulin genes bave been partially or completely inactivated. Upon
challengs, human antibody production is observed, which closely resembles that seen in humans
in all vespects, including gene roairangoment, assembly, and antibody repertoire. This approach
is deseribed, for example, in U.5. Patent Nos. 5,545,807; 5,543,800; 5,569,825; 5,625,126;
5,633,425; 5,661,016, and in Marks et al. (Bio/Lechnology 10, 779-783 {1992)); Lonberg ot al.
(Nature 368 856-856 (1994)); Morrison ( Naturc 368, 812-13 (1994)); Fishwild ct al,{ Naturc
Biotechnology 14, 845-51 (1996)); Menberger (Nature Biotechnology 14, 826 (1926)); and
Lonberg and Huszar (lntern. Rev. Imununol. 13 65-93 (1993)).

Hurnan antibodies that specifically bind a FGF-CX protein may additionally be produced
using transgenic nophuman animats which are modified so as to produce fully human antibodies
rathet than the animal®s endomenous antibodies in response to challenge by an ardigen. (Sec
publication WO 94/02602). The endogenous genes encoding the hewvy and light
immunoglobulin chains in the nonhuman hest have been incapucitated, and aclive Ioci encoding
hwman beavy and light chain immunoglobuling are inscrted into the host’s genome. The huiman
genes are incorporated, for example, using yeast artificial chromosomes containing the requisite
human DMNA segments. AR animal which provides 21l the desired modifications is then obtained
as progeny by crossbreeding inteonediate wansgente animals contauung fewer than the full
complement of the modifications. The preferred ernbodiment of such a nonhuman animal is a
mouse, and is tetrned the Xenomouse™ ag disclosed in PCT publications WO 96/33735 and WO
96/34095. This animal produces B celis which secreie fully human inmunoglebulins. The
anlibodies can be obtained divectly from the animal afles immumzation with a FGE-CX
inumogen of interest, as, fox exarople, a preparation of 2 polyclonal antibody, or altematively
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from inmortalized B cells derived from the animal, such as hybridomas producing moncelonal
antibodies. Additionally, the genes encoding the immunoglobulins with buman variable regions
can be recovered and expressed to oblain the anhibodies divectly, or can be further modified to
obtain analogs of antibodies such as, for exaniple, single chain Fv molecules.

An example of a method of producing a nonhuman host, exemplified as 2 mouse, lacking
expression of an endagenous immunoglobulin heavy chain is disclosed in 17.8. Patent No.
5,039,598, Tt can be obizined by 2 method including deleting the J segment genes from at Jeast
one endogenous heavy chain [ocus in an embryonic stem cell to prevent rearrangement of the
locus and to prevent farmation of 4 transcript of a rearrunged immunoglobulin heavy chain
loeus, the doletion being cffected by a targeiing vector containing a genc encoding a selectable
marker; and producing from the embryonic stem cell a transygenic mouse whose somafic and
germ cells cantain the gene encoding the seloctable marker.

A method for producing an antibody of interest, such as a human aniibody, is discloged
in UL.S. Patent No. 5,916,771, It includes introducing an expression vector that contains a
nucleotide sequencs encoding 2 heavy chain into one manmaliza host cell in cultire,
intreducing an expression vecior confaining a nucleotide sequence cnooding a light chain into
anotber wanmalian host eel), aod fusing the two cells to form a hybrid cell. The hybsid cell
expresses an antibody conlaining the heavy chain and the Tight chain.

In a fiwrther improvement on this procedure, a method for ideatifying 2 clinically relevant
epitope on an mmunegen, and a correlative method for sclecting an antibody that binds
immunospecifically to the relevant epitope with high affinity, ure disclosed in PCT publication
WO 99453049,

5. Fab Fragments and Single Chain Antibodies

According to the nvention, techniques can be adapted for the production of single-chain
antibodies specific # an antigenic FGF-CX protein of the invention (sce e g UK, Patent No.
4.546,778). In addition, methods can be adapted for the constuction of Fab expression librarics
{see e.g., Huse, et al,, 1989 Scicnce 240: 1275-1281) to allow rapid and effcctive identification
of monoclonal Fab fragments with the desived spreificity for a protein or derivatives, fragments,
analogs or horolopgs thereel Antbody fapiments that eontain the idiotypes to 2 protein antigen
may be priduced by technigues known in the art including, but not limited to: (i) an F(ab")2
ragment produced by pepsin digestion of an antihody molecule; (if) an Fab fragment generated
by reducing the disulfide bridges of an F(ab’)2 Tagment; (iii) #n Fub fragment generated by the
treatment of the antbody molecule with papain and 2 reducing agent and (iv) Fv fragments.
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6. Bispecific Antibodies

Bisperific intbodies are monoclonal, prefirably human or hunznized, atibodies that
have hinding specificities for at least two different antigens. In the present case, ong of the
binding specificities is for an antigenic protein of the Invention, The second binding target is
any other antigen, and advantageously is & cell-surface profein or receptor or receptor subumnit.

Methods for making bispeeific antihodics are kmown in the arf. Traditionally, the
recombinani production of bispecific antibodies is based on the co-expression of wo
immunoglobulin heavy-chuin/ight-chain pairs, where the two heavy chains have different
specificities (Milstein and Cuello, Nature, 305:537-53% (1933)). Because of the random
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromes) produce &
potential mixture of ten different antibody melecules, of which only cne has the correct
bispecific structure. The purification of the carrect molscnle is usualiy accomplished by affinity
chromatography steps. Similar procedures arg digelosed it WO 93/08829, published 13 May
1993, and in Traunecker ef al, EMBO I, 10:36553-3659 {1991).

Antibody variable demains witk: the desired binding specificttics (antibody-antigen
cembining sites) caq be fused to immunoglobulin constent demain sequences. The [usion
preferably is with an immunoglobulin heavy-chain constant domain, comprising at leas{ part of
the hingre, CH2, and CF3 regions. Tt 18 proferred to have the first hesvy-chain censtant rogion
{CH1) containing the sile necessary for light-chein binding present in at least one of the fusions.
DXNAs encoding the immunoglobulin heavy-chain fusions and, if desived, the immunogiobulin
light chain, arc inscrted into separate cxpression vestors, and are co-transfected fnto a suilable
host orzanism. For farther details of generating bispecific antibodics see, for example, Suresh et
al., Methods in Enzymology, 121:210 (1936).

According to another approach described in WO 96/27011, the infertacs betweon 2 pair
of antiboily molecules can be engiueered to maximize the percentage of heteredimers which are
recovered from recombinant cell cullure. The preferrcd interface compriscs af Jeast a parl of the
CH3 rsgion of an antibady constani domain. In this meibod, onc or more small amine acid side
chains {rom the inferface of the first antibody rmolecule are repluced with larger side chains (c.g.
tyrosine o¢ wyptophan). Compensatory “cavilies” of identical or siznilar size to the large side
chzjufs) are crealed on the interfacs of the second antibody raclecule by replacing large smino
acid side chaing with. smaller ones {e.g. alanine or threonine). This provides a mechanisot for

increasing the yield of the heterodimer over other unwanted end-products such as homodimers.
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Bispecitic antibodies can be propared as full Tength antibodies or antihody fragments
(e-g. F(ab’)2 bispecific antibodies). Techniques for generating bispecific antibodies fom
antibody fragments have been deseribed in the literamre. For example, bispecific antibodies cax
be prepared using chemical linkage. Biennan et al, Science 229:81 (1985) describe a procedure
whevein intact antibedics are proteolytically cleaved fo generate F(ab™)2 frapments. Thesc
fragmens are reduced in the presence of the dithio! complexing agent sodium ursenite Lo
stabilize viciral dithiols and prevent intexmelecular disuifide formation. The Fab’ fragments
generaled are then converted to thionilrobenzoate (TNE) derivatives. One of the Fab'-TNS
derfvatives is then reconverted to the Fab’-thiol by reduction with mercaptoethylamine and is
mixed with an equimuolar amount of the other Fab’-TNB derivative to form the hispecific
antibody. The bispecific autibedies produced can be used as agents for the selective
immubilization of enzymes.

Additionally, Fab’ fragments can be directly recovered from E. coli and chemically
coupled to form bispecific antibodics. Shalaby <t al., J. Bxp, Med. 175:217-225 (1992) describe
the production of a fally humanized bispscific antibody Ffab')2 moleculs, Each Fab® fragmeni
wis separately secreted fiom E. coli and subjected to directed chemical coupling in vitro to form
the bispecific antibody. The bispecific antibody thus fornzed was able to bind to cells
overexpressing the BrbB2 receptor and normal human T cells, as well 25 &iggor the Ivtic activity
of frmen cytotoxic lymphosyles against human breast tumeor iargets.

Vatieus (echnigues for making and isolating bispecific antibody [ragments directly from
recombinant cell culture have also heen deseribed. For example, bispecific antibodies have been
produced using leusine zippers. Kostelny et al,, J. Tmmunol. 148(5):1547-1553 (1992). The
leucine zipper peptides from ihe Fos and Jun proteins were linked to the Fab” portions of two
different antibodies by gene fusion. The antibody hamodimers wers reduced at the hinge region
1o form mononzers and then 1e-oxidized to form the antibody hetcrodimers, This method can
alsa be utilized for the produciion of antibody homedimers. The “diabody” technology
described by Hollinger et al., Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993} has provided an
aliermative mechanism for making bispecific antibody fragments. The fragments comprise a
Lieavy-chain variable domain (VH) connerted to a light-chain varizhle domain (VL) by a linker
which is too shart ( allow pairing between the two domains on the same chain. Accordingy,
the VE and VL domains of one fragment are forced to pair wilh the somplementary V1 and VH

dowains of another fragment. (hereby forming two antigen-binding sites. Another sttategy for
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making hispecific antibody fragments by the use of single-chain Fv {sFv) dimers has also been
reported. See, Gruber et 11, J. [nmunol. 152:5368 (1994),

Antibodies with more than two valencies are contemplated. For example, tispecific
antibodies can be prepared. Tuft et al, 1. Immunol. 147.60 (1991).

Exemplary bispecific antibodies can bind to rwo different epitopes, at least one of which
originutes in the proteiu antigen of the invention. Alternatively, an anti-anligehic am of an
immuneglobulin molecule can be combined with an arm which binds to a triggering molecule on
alcukocyte such as a T-cell receptor molecle {e.g. CD2, CD3, CD28, or BY), or Fe receptors
for TgG (FeyR), such as FoyRI (CN64), FeyRIT (CD32} and FeyRIH (CD16) so as to focus
cclinlar dofenac mechanisms to the cell expressing the particular antigen, Bispecific antibadies
cun also be used Lo direct cyloloxic agents to cells which express a particnlar antigen. Thesc
antibodies possess an antigen-binding asm and an arm which binds a cytotoxic agent ot a
radiouuclide chelator, such as EGTUBE, DPTA, DOTA, or TETA. Another bispecific mtibody
of interest binds the protein antigen described herein and further binds tissue factor (TT).

7. Heteroconjngate Antibodies

Heteroconjugate antibodies are alse within the scape of the preacot invention.
eterocanjugate antibodics ave composed of two covalently joined antibodies. Such antibodies
have, for example, been propoged to terget immmune system cells o unwanted cells (U.S. Patent
No. 4,676,280}, and for treatment of HIV infection (WO $1/00360; WO 92/200373; EP 03689).
It is conternplatedt {hat the antibodies cun be prepared in vitro using koown metliods in synthetic
protein chemisiry, including thoss involving crosslinking agents. For example, immunotoxing
can be constructed using a disalfide exchange reaction ar by forming = thiccther hond.
Exaraples of suiiable reagents for this purpose include iminothiolate and methyl-4-
mercaptobutyrimidate and those disciosed, for example, 1 U.S8. Patent No. 4,676,580,

8. Lffestor Funciion Engincering

It ean be desitable to medify the FGF-CX antibody of the invention with respect to
c[fector function, so as to enhanee, c.g,, 1he offectiveness of the antibody in treating cancer. For
exarnple, cysteine rasidus(s) can be mtrodused into the Fo region, thereby allowing interchain
disulfide bond fonnation in this region. "The homodimeric antibody thus generated cam have
fmpreved internalization capability and/or incrensed complement-mediated cell killing and
antibody-dependent cellular eytatoxicity (ADCC). Sec Caren ct al., 1. Exp Med,, 176: 1191~
1195 (1992) and Shopes, I. ITmounol,, 148; 2018-2922 (1992). Homedimerie antibodies with

enhunced anti-tumor aclivity can also be prepared using heterobifunctional cross-linkers as
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described in Waolff ot al. Cancer Rescarch, 53 2560-2565 (1993). Alternatively, an entibody can
be engingered that has dual Fo regions and can thereby have enhanced complement lysis and
ADCC capabilities. Sec Stevenson et al,, Anti-Cageer Drng Desigu, 3: 219-230 (1989).

9. Immuneconjugates

The izvention also pertaing to immunoconjugates comprising a FGF-CX antibody
conjugated 1 a cytotoxic agent such as a chemotherapeutic agen, toxin (e.g., an enzymatically
active toxin of bacterial, fungal, plant, or animal arigin, or fragments thereof), or a radivaciive
isotope (i.e., a radioconjugate).

Chemotherapeutic agents useful in the generation of such immunoconjugstes have been
described ubove. Enzymatically active toxins and fragments thereof that can be used include
diphtheria A chain, nonbinding active lragrments of diphtheria toxin, exotoxin A chain (from
Pseudomonas acruginoesa), riein A chain, abrin A chain, modeccin A chain, alpha-sarcin,
Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins {PAPT, PAPTE, and
PAP-8), momordica charantia inhibitor, curcin, crofin, sapaonaria officinalis inhibitor, gelonin,
mitagellin, restrictocin, phenomyein, enomyein, and the fricothscenes, A vaviety of
radiopuclides are avallable far the produetion of radicconjugated antibodies. Exaniples include
21284, 1311, 13110, S0, and 186Re.

Conjugates of the antibody and cytotoznic agsnt are made vsing a variety of bifunctional
protein-coupling agents such as N-suceinimidyl-3-(2-pyridyldithiol) propionaie (SPDP),
iminothiolune (IT), bifunctional derivatives of imidocsters {such as dimetiyl adipimidate HCL),
uctive esters (such s disuccinimidyl subcrate), aldchydes (such as g]i\ta.rcldchyde), biz-azido
compourkts (such as bis (p-azidebenzoyl) hexanediamine), bis-diezorum derlvatives (such as
bis-(p-diazenivrobenzoyi)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate),
and bis-active fluorine compounds (such as 1,5-difluoro-2 4-dinitiebenzene). For example, a
ricin immunotexin can be prepared as described in Viterta et al., Sclence, 238: 1098 (1987).
Carbon-l4-labcled 1-isothiocyanatobenzyl-3-methyldiethylene tiaminepentaacetic acid (MX-
DTFA) is an exemplary chetating agent for conjugetion of tadionucleotide to the untibody. See
W004/11026.

In anotlier embodiment, the anfibody can be conjugated to a "receptor” {fsuch
sireptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is
administered to the patient, followesd by removel of inbound conjugaie from the ciroulation
using a clearing agent and then administration of 2 "ligand" (e.g., avidin) that is in tum

conjugated to a cytotoxic agent.
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10.  Inupmanoliposomes

The antibodies disclosed herein can also be formulated as nmmnalipesomss, Liposomes
containing the aniibody ave prepuared by methods known in the art, such as described in Epstein
gt al,, Proc, Natl, Acad. Sci. USA, 82; 3688 {1985), Hwang et al., Proc. Natl Acad. Sci. UBA,
77: 4030 (1980); and 11,8, Pat. Nos. 4,485,045 wnd 4,544,545, Liposoimes with enhanced
circulation time are disclosed in 1.5 Patent No. 5,013,556,

Particularly useful liposemes can be generated by the reverse-phase evaporation method
with a lipid composition comprsing phesphatidylcholing, cheolesteral, and PEG-dexivatized
phosphatidytethanolamine (PEG-PE). Liposomes are extruded through filters of dcfined pore
size to yield liposomes with the desired diameter. Fab' fragments of the antibody of the present
invention can be conjugated to the liposonres as described in Martin ef al ., . Biol. Chem., 257:
286-288 (1982) viu a disulfide-inierchange reaction. A chemotberapeatic agent (such as
Doxorubicin) is opfionally contuined withio the liposome. See Gabizon et al., 1. National
Cancer [ost., 81(19): 1484 (1989).

11, Diagnostic Applications of Amtibudies Direcfed Against the Proteins of the

Invention

Antibodies directed against a FGF-CX protein of the invention may be used in methods
known within the art relating to the localization and/ov quantitation of the protein (e.g., for usein
measuring levels of the protein within appropriate physiological samples, for nse in diagnostic
methods, for use in imaging the protein, and the kke). In a given embodiment, antihodies
againat the proteins, or detivatives, fragments, analogs or hamologs thereof, that contain the
antigen binding domain, are ulilized as pharmacologically-active compounds (see below).

An antibody specific for 2 FGF-CX protein of the invention ¢an be used to isolate the
protein by standard techniques, such as immunoalfnity chromatography or
immunoprecipitation. Such an antibody can facilitate the purification of the natural protein
antigen from eells and of recombinantly produced antigen expressed in host cells. Morcover,
such an antibody can be used to detect the antigenic protein {e.x., in 2 ecllular bysate or cell
supemalunt) in erder to evaluate the abundance and patlern of expression of the aaligenic
profein. Antibodies directed againsi the FGF-CX protein can be used diagnostically to monitor
protein levels in tissue as part of a clinical testing procedurs, e.g., to, for example, determine the
efficacy of a given treatment regimen. Defeclion can be facilitated by coupling {i.e., physically
linkmg) the antibody to 4 detectable substance. Examples of detectable substances include
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various enzymes, prosthetic groups, {luorescent rmaterfals, lumincscent materials, bioluminescent
meietials, and radicactive materials, Bxamples of suitable enzymes melude horseradish
peruxidasc, alkaline phosphatase, B-galactosidase, or acetylcholinesterase; examples of suitable
prosthetic group complexes include sireptavidin/biolin and avidin/biotin; examples of suitable
fluorescent materials include umbelliferane, fluotescein, fluorescein isothiccyanats, rhodamine,
dichloroiriazinylamine fuorescein, dansyl chloride or phycoerytinin; an example of a
luminescent matetial includes luminol; examples of biolumincssent materials inelude luciferass,

Jueiferin, and aequerin, and exarples of suitable radicactive marerial include %1, 'L, %3 or 11,
12.  Antibody Therapeutics

FGF-CX amtibodies of the invention, including polyelonal, monocional, bumanized and
fully human antibodies, ay used as therapeutic sgents. Such agents will generally be employed
to treat or prevent a disease or pathology in a subject. An antibedy preparation, preferahly one
having high specificity and high affinity for its target antigen, is admigistered to the subject and
will generally have an effect due to ita binding with the target  Such an effect may be cne of two
kinds, depending on the specific nature of the interaction between the given antibody molecule
and the tavget antigen in question. In the Grst instance, adminisiration of the antibody may
abrogate or inhibit the binding of the target with an endogenans ligand to which it naturally
binds. In this case, the antibody binds to the target and masks a binding site of the naturaily
cccurring ligand, wherein the lipand serves as an sffector niolecule. Thus the receptor mediates
a signal transduction pathway for wlich ligand is responsilile.

Alternatively, the effect may be ane in which the antibody clicits & plysiological result
by virtue of binding to an effector binding site on the target melecule. In this case the target, a
receptor having an endogenous ligand which may be absent or defective in the disease er
pathology, binds the antibody as a surrogate effector ligand, initiating a receptor-hased signal
transduciion cvent by the receptor.

A therapsutically effective ameunt of an antibody of the invention relates generally to the
amount needed lo achicve a therapaulic objective. As noted above, this may be a binding
interaction batween the antibedy and its target antigen that, in cerlain cases, interferes with the
functioning of fhe target, and in other cases, promotes a physiological response. The amount
required to be administered will firthermere depend on the binding affinty ef the antibody for
its specific antigen, and will also depend on the rate ¢ which an admmistered antibody is
depleted fiom the free volume other subject to which it is administered, Common runges for

therapenfically effective dosing of an anttbody ar antibody fragment of the invention may be, by
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way of nonlimiting example, [fom about 0.1 mg/kg body weight 1o about 50 mg/kg body weight.
Common dosing frequencics may rangs, for example, from twice daily te once 2 week.

13. Pharmacentical Compositions of Antibedies

Antibodies specifically binding a PGF-CX pretein of the invention, as well as other
mekeculos identificd by the scroening assays disclosed herein, can be administered for the
treatment of various disorders in the form of phatmaceutical compositions. Principles and
considerations invelved in prepacng such compositions, a3 well ag pufdance in the chaice of
components are provided, for example, in Remington : The Seience And Practice Of Phamacy
19th ed. {Alfonso R Gennavo, et al., editors) Mack Pab. Co., Easten, Pa. : 1995; Diug
Absopiion Enhancement | Concepts, Possibilities, Limitabions, And Trends, Harwvood
Acadernie Publishers, Langhorae, Pa., 1994; and Peptide And Protein Drug Delivery {Advances
In Parenteral Sciences, Val. 4), 1991, M. Dekker, New York.

If the antigenic protein is iniracellular and whole antibodies are used as inhibitors,
internulizing antibodies are preferred. However, liposomes can also be used to deliver the
anlibody, or an antibody fragment, into cells. Where amibody fragments are used, the smallest
inhibitory fragment that specifically binds to the binding domain of the targct protein is
preferred. Por example, based upon the variable-region sequences of an antibody, peptide
molecules can be designed thal retain the abilily @ bind the target protein sequence. Such
peptides can be synthesized chemically and/or produced hy recomibinant DNA techmology. See,
e.g., Marasco et al., Prac. Natl. Acad. Sci. USA, 90: 7889-7893 (1993). The formulation herein
can also contain moze than ene active compound as necessary for the particular indication being
treated, preferably those with cotnplementary activiiies that do not adversely affect each other.
Altematively, or in addition, the composition can comprisc an agent that enhances its function,
such as, for cxample, a cytotoxic agent, cytokine, chemotherapeutic agent, or growth-inhibitory
agent. Such melecules ine suitably prosent in combination iv amounts et are etfective for the
purpose intended.

The active ingredients can also be enfrapped in microcapsulcs prepared, for example, by
coussrvation techniques ot by intecfecizl polymerization, for example, hydroxymethylecliulose
or gelatin-microcapsules and poly-{methylmethacrylate) microcapsules, respactively, in colloidal
drug delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-
particles, and nanocapsules) or in macrosmulsions.

The formulations to be used for in vive administration must be sterile. This is readily

accomplished by filtration through sterile Hltration membranes,
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FGF-CX Recomhbinant Expression Veetors and Host Cells

Another aspect of the lovenlion perfains (o vectars, preferably expression vectors,
containing  nuclic acid encoding FGF-CX protein, or detivatives, fisgrents, analogs or
homologs thereof, As used berein, the tetmn “vector” refers to a nncleie aeid molecule capabls of
transporting another nucleic acid to which it bas been linked, One type of vector is a "plasmid”,
which refers to a circular double stranded DNA loop into which additional DNA segrents can
be ligated. Another type of vector is 2 viral vector, whersin additional DNA segmenis can be
ligated inio the viral genome. Certain vectors are capable of autonomous replication in a host
cell into which they arc introduced (¢.g., bacterial vectors having a bactcrial origin of replication
and episomal mammalisn vectors). Other vectors (e.g.. non-episemal mammalian vectors) are
integyated mto the genome of a host cell upon introduction into the host cell, und thersby are
replicated along with the host genoms. Moreover, certan vectors are capable of directing the
expression of genes o which they are operativaly linked. Such vectors are referred to herein as
"expression vecters”. I generzl, oxpression vectors of uiility in recombinant DIVA techniques
arc often in the form of plasmids. In ihe present specification, "plasmid” and "veotor” can be
used inferchangeably as the plasmid is the most commonly used form of vector. However, the
invenlion is intended to include such otber forms of expression vectors, such as viral vectors
(e.g., rephication defective retroviruscs, adenoviruses and adeno-associated viruses), which serve
equivalent functions, '

The recombinant expression vectors of the invention comprise a nucleic acid of the
invention in a form suitable for expression of the nucleic acid in a host cell, which means that
the eecombinant expression vectors include one or more regulatory sequences, selected on the
basis of the hos! cells to be used for cxpression, that is operatively linked to the nucleic acid
sequence 1 be expressed. Wilbin a recombinant expression vector, "operably linked" is
intended to mean that the nucleotide sequence of interest is linked to the regulatory scquence(s)
in & manoer that allows for expression of the nucleotide sequence (e.g., in &n in vitre
transcription/translation system or i 4 host cell when the vecior is intraduced inte the host ccll).
The tems "regulatory sequence" is intended to includes promaters, enhancers and other
expression cantral elemrents (e.g., polyudenylation signals). Such regulatory sequences are
degeribed, tor cxample, in Goeddel; GEME EXPRESSION TECKENOLOGY: METHODS 18
EnzyMOLOGY 185, Academic Press, San Disgo, Calif. (1990). Regulatery sequences inelude
those that direct constrtutive expression of a nucleolide sequence in many (ypes of host cell and.

thase that direct expression of the nucleotide sequence only in certain host cells (n.g.,
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tissue-specific regulatory sequences). It will be appreciated by those skilled in the art that the
desigm of the expression vector can depend on such factors as the choice of the host ecll to be
transformed, the level of expression of protein desired, etc. The expression vectors of the
invention can be introduced into host cells te thercby produce proteins or peptides, including
fusion proteins or peptides, encoded by nucleic acids as described herein (e.g., FGI-CX proteins,
mutant forms of FGF-CX, fusion proteius, etc.).

‘The recombinant expression vectors of the invention can be designed for expression of
FGF-CX in prokaryotic or eukaryotic cells. For exarnple, FGF-CX can be expressed in bacterial
cells such as E. coli, insect celle (using baculovirus expression vectors) yeast cefls or mamimaltan
cells. Suitable host celis are discussed further in Goeddel, GENE EXPRESSION TECHNOLOGY!
METHODS I8 ENZYMOLOGY 183, Academic Press, San Dicgo, Calif, (1990). Altcrnatively, the
recombinant expression vector can be transcribed and transtated /n vitro, for example using T7
promoter regulatory sequences and T7 polymerase.

Exprossion of proteins in prokaryotes is most often carried out fn £, coli with vectors
vontulping constilutive or inducible prometers directing the expression of either fusion ot
non-fusion proteios. Fusion vectors add a nurober of amine acids o 2 protein encoded therein,
usually to the amine terminus of the recombinant protein. Such fusion veotors typically serve
three purposes: {1) to increase expression of recombinant protein; (2) to increase the solubilify of
the recombinant proteir; and (3) to aid in the purification of ihe recombinant protsin by asting as
a ligand in affigity purification. Ofter, in fusion sxprossion veciors, & pratoolytic cleavage site is
introduced ai the junction of the fusion moiety and the recombinant protein 1o enable scparation
of the resembinant protein fram the fusion molety subscquent to purification of the fusien
protein. Such enuymes, and thelr cognate recognition sequences, include Fuctor Xa, throrbin
and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc;
Smith and Johnson (1983) (fere 67:31-40), pMAL (New England Biolabs, Beverly, Mass.} and
pRITS {(Pharmacia, Piscataway, N.J.) that fuse glutathione S-transferase (GST), malioss E
binding protein, or protein A, respectively, to the fargel recorphinant protein.

Examples of suitable inducible non-fusion £. cofi expression vectors include pTre
(Agnrant ef af., (1988) Gene 69:301-315) and pET 114 (Studicr et al., GENE EXPRESSION
TECHNOLOGY: METHODS IN ENxymoLoGY 185, Academic Press, San Dicge, Calif (1990)
£0-89).

Ome strategy to maximize recombinant proteln expression in £. colf is i enpress the
protein in a host haeteria with an impaired capacity to proteolytically cleave the recombinant
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protein. Sec, Gottesman, (FENE EXPREISION TECHNOLOGY: METHODS 1N ENZYMOLOGY 185,
Academic Press, San Diego, Calif. (1990) 119-128. Another strategy 8 to zlter the nucleic arid
scquence of the nucleic acid ta he inserted into an expression vector so that the mdividual
codons far each amino acid are thase preferentially ntilized in £. coli (Wada ef al., (1932}
MNucleic Acids Ras. 20:2111-2118), Such alicration of nucleic acid sequences of the invention
can be carvied out by standard DNA synthesis iechniques.

In another embedinont, the FGF-CX. expression vector is a yeast expression vector,
Examples of veciors or expression in yoast 5. cervisae includs pYepScel {Baldar, e af.,
(1987} EMBO JF 6:229-234), pMFa (Kwijan end Herskowitz, (1982} Cell 30:933-943), pJRY 88
(Schultz et al., (1987) Gene 54:113-123), pYES2 ([nvitrogen Corporation, San Diego, Calif},
and picZ (TnVitrogen Corp, San Dicgo, Calif.).

Alternatively, FGF-CX. can be exprossed io insvel eells using baculovims expression
vectors. Baculovirus vectors available for expression of proteins in cultured jusect cells {e.g.,
SF% cellg) include the pAc series {Smith et af. {1983) Mo/ Cell Biol 3:2156-2165) and the p¥L
series (Lucklow and Summers {1989) Firalogy 170:31-39).

In yet another embodiment, a nucleic acid of the invention is expressad in mammalian
cells using a mammalian expression vecior. Examples of mammalian exprossion vectors include
PCDME (Seed (1987) Natwre 329:840) and pMT2ZPC (Kaufinan ot al. (1987) EMBO J
§: 187-195). When used 1n mammalian cells, the expression vector's confrol functions are ofien
provided by viral regulatory cloments. For example, commeonly uscd prometers are derived
framn polyoma, Adenovirus 2, ¢ylomegalovirus and Simian Virus 40. For ather suitable
expreasion systems for both prokaryotic and eukaryotic eells. See, e.g., Chapters 16 and 17 of
Sambrook et af., MOLECULAR CLONKG: A LABORATORY MANUAL. 2nd ed., Cold Spring
Harver Luboratory, Cold Spring Harbor Leboratery Press, Cold Spring Harbor, NY., 1989,

In another embediment, the recombinant mammalian expression vector is capable of
divecting cxpression of the nucleic acid preferentially in a particular cell fype {e.g2,
tissue-spocific regulatory elements are used te express the nuckele acid). Tissue-spesific
regulatory elements are known in the art. Non-limiting examples of suitable tissue-specific

prometers nclude the alburnin promoter (Yver-spocific; Pinker ef of. {1987) Genes Dev

T 1:268-277), lsmaphoid-spoci fic promoters (Calame and Baton (1988) Adw Fnmunol 43:235-275),

in particular promoters of T cell receptors (Winoto and Baltimare (1989) EMBQ S 8:719-733)
ang immunoglobulins (Banerii ef al. (1983) Cel! 33:729-740; Queen and Baltimere (1983) Cell
33:741-748), newron-specific promolers {e.g., the neurofilament promoter; Byme and Ruddle
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(198%) PNAS 85:5473-5477), pancreas-specific promoters (Edlund et al. (1985) Science
23(:912-916), md mammary glund-specific promoters (e.g., milk whey promoter; U.8. Pat. No
4,873,316 and Ewopean Application Publication Na. 264,166). Devclopmentally-regulated
promoters are also encompassed, ¢.g., the murine hox promoiers (Kessel and Gruss (1990)
Seience 249:374-379} and the o-feloprotein promoter (Campes and Tilghman (1989) Geres Dev
3:537-546)

The invention further provides 4 recombinant expression vector compriging a DNA
moleculs of the mvention cloned into the expression vector it an antisense oricotation. That is,
the DINA molecule is operatively Hinked to a rogulatory sequence in a manner that allows for
cxpression (by transcription of the IXNA meleculs} of an RINA molecule that is antisense to
FGF-CX mBNA. Regulatory sequences operatively linked (o a nucleic acid cloned in the
anliscnse orientation can be choser that direct the eentinuons expressior; of the antisense RNA
mooleeule in 4 variely of cel] types, for instance viral prometers and/or enhancers, or regulatory
sequences can be chosen that direct constitutive, tissue specific or cell {ype specific expression
of untisenze RNA, The antisense expression vector can be iz the form of 2 recombinunt plasmid,
phagemid or attenuated virus in which antisense nucleic acids are produced under the contro? of
z high officicney regulatory region, the activity of which can be defermined by the ecll type inte
which the vector is introduced. For a discussion of the regulation of gene expression using
anlissnse genes see Weintraub ef of., “Antisense RNA. as a melecular tool for genetic analysis,”
Reviows--Tronds in Genetics, Vol. 1(1) 1986,

Another aspect of the invention perfains to host cells into which a recombinant
expression vector of the invention has been introduced. The terms "host coll” and “recembinant
host eell” are used interchangeably herein. It is understood that such terms refer not only lo the
particular subject cejl but iy the progeny or potential progeny of such a cell. Because cortain
modifications may ocour in succeeding generations due fo either mutation or environmental
Influences, such progeny may not, in fact, be identical to the parent cell, but are still included
within the scope of the term as used herain.

A host cell cun be any prokaryotic or eukaryotic cell. LFor example, FGF-CX protfein can
be axpressed in bacterial cells such as £. eofi, insect cells, yeast or mamzualian cells (such as
Chinese hamster ovary ceils (CHO) or COS cells). Other snitable host cefls are lmown to those
skilled in the art.

Veotor 'NA cap be intreduced into prokaryotic or eukaryotic oells via conventional
iransformation or fransfection technigues. As ased heredn, the terms "transformation” and
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“transfection” arc intended to refor o a variety of art-recognized techniques for inttoducing
foreign nucieic acid (e.r., DNA) into a host cell, including calcivg phosphate or calcinm
chionide co-precipitation, DEAE-dextran-tnediated transfeclion, lipofection, or electroporation.
Suitable methods for transforming or trimsfecting host cells can be found in Sembrools, e al.
(MOLECULAR CLONTG: A LARORATORY MANUAL, 204 ed., Cold Spring Harbor Laboratery,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, WY, 1989), and other iaboratory
manaals.

For stable transfection of mammalian cells, it is known that, depending upon the
axpression vector and transfection technique used, only a small fraction of cells may integraie
the foreign DA into their genome. In order to identify and select these integrants, o gens that
encodes a selectable marker {e.g., resistance 1o antibiotics) is generally introduced into the host
cells along with the gene of interest. Various selectable markers include those thai confer
resistance to drugs, such as G418, hygromyein and methotrexate. Nudleic acid encoding a
seloctable marker can be fntroduced into a host cell on the seme vector as that enceding FGE-CX
ot can be mtroduced on 2 separate vector. Cells stably transfecled with the introduced mueleic
acid cim be idenlifi=d by drug selection (6.2, colls that bave Incorporated the selectable marker
geng will survive, while the other cells dic).

A hest cell of the nvention, such as a prokaryefic or eukaryotic host ccll in cnlture, can
be used 10 produce (f.e., express) FGF-CX protein. Accordingly, the invention further provides
maethods for producing FGF-CX protein using the host cells of the fuvention, In one
embodiment, the method comprises culturing the host cell of imvention (into which a
recombinant expression vector enceding EGF-CX has been intreduced) in a suitable medium
such that FGF-CX protemn is produced. In enother embodiment, the méthod further comprises
izalating FON-CX frorn the medium or the host cell.

Transgenic animals

The host cells of the invention can also be used o produce nonhuman transgenic animals.
For example, in ene embodiment, a bost cell of the invention is a fertilized oooyte eran
emmbryonic stert cell inte which FGF-CX-coding sequences have been introduced. Such host
cells can then b used to create non-buman transgenic aniwals in which exogenous FGF.CX
sequetiess have been introduced inte their genome or homelogous recombinant animals w which
endogenous FGF-CX, sequences have been altersd. Such animals are usefil for studying the
fumclion andéor activity of FGF-CX and for identifying and/or evaluating modulators of FGR-

CX activity. Asused herein, a "transgenic animal" is 2 aon-iman animal, preferably a
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mammal, more peferably a rodent such as 4 rat of monse, in which one or more of the cells of
the animal ineludes a transgene. Other cxamples of transgenic animals include nop-human
primates, sheep, dogs, cows, goats, chickens, amphibiens, efc. A fwansgene is exopenous DINA
that is integrated into the genome of a cell fom windh a ransgenic animal develops and that
remains in the genome of the mature animel, therby directing the expression of an encoded
gene product i one or more cell Lypes or tissues of the tranggenic animal. As uged herein, a
“homologons recambinant aninal” is a non-buman animal, preferably 1 mammal, more
preferably 2 mouse, in which an endogenous FGF-CX gene has been altered by homologous
recombination bebween the endogenous gene and an exogenous DNA molecule iniroduced inte u
cell of the animal, e.g., an embryonic csli of the animal, prior to development of the animal.

A transgenic anpimal of the invention can be created by introdusing FGF-CX-encoding
nucleic actd into the male pronuclei of a fertilized oocyte, e.g., by microinjection, refroviral
infection, and allowing the oocyte to develop iz 2 pseudopregnant female foster mimal. The
human FGF-CX DNA sequence of SEG ID NO:1 can be introduced as a transgene into the
gencme of 2 pon-huntan animal. Allernatively, a nonhuman homelogue of the human FGF-CX
gene, such as 2 mouse FGF-CX gene, can bo isolated based on hybridization to the human FGE-
CX cDNA (described further abave) and used as a fransgene. Inironic sequences snd
polyadenylation signals can alse be included in the ransgene 16 increase the cfficiency of
expression of the ransgene. A tissue-specific regnlatory sequance(s) can he operably linked to
the FGF-CX transgene to direct expression of FGF-CX protein to particular cells. Methods for
generating Tansgenic animals via erobryo manipulation and microinjection, particularly animals
such 4s mice, have become conventienal m the art and are desenbed, for example, i U.S. Pat.
Nos. 4,736,866; 4,870,009; and 4,873,191, and Hogan 1986, Th! MANIPULATING THE MOUSE
Eumeryo, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. Similar metiiods are
used for production of other trensgenic animals. A transgenic founder animal can be identified
based npon the presence of the FOF-CX transgenc in its genome andfor oxpression of FGP-CX
mBNA ip tissues or cells of the animals, A trunsgenic founder animal can then be used to breed
additional animals carrying the transgene. Moreover, transgenie animuls carying a transgene
encoding FGF-CX can futther be bred to other transgenic animals carrying other franspenss.

To create 2 homologous recombinant anmal,  vector is prepared which contains at least
a partion of a FGE-CX gene inte which a deletion, addition or substitution has been introduced
to thereby alter, e.g., functionally disrupt, the FGF-CX. gene, The FGE-CX gene can be a human
gene (e.g., SEQ ID NO: 1), but more preferahly, is 2 non-human homologue of a human FGF-
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CX gene. For exarple, a mouse homologue of human FGF-CX. gene of SEQ M N(+1 can be
used to construet a homelogous recombination vector suftable for alfering an endogenous FGF-
CX gene in the mouse genome. In one embodiment, the vector is designed such that, upon
homologous recombination, the endogenous FGF-CX gene is functionally disnupted (7.e., no
longer encodes a functional protein; alse referrod to as a “knock out” vector),

Alternatively, the vecior can be designed such that, upon homolegous recombination, the
snidogenous FGT-CX gene 15 mutatad or otherange altered hut still encodes funetional protein
(e.g., the upsirearn tegulatory fagion can be altered to thereby wlter the expressinn of the
endogenous FGF-CX protein). In the homolegous recombination vector, the altered portion of
the FGF-CX gene is flanked at its 5' and 3' ends by additional nncleic acid of the FGF-CX gene
to ullow for homologous recombination to aecur between the exogenons FGF-CX gene carried
by the vector and an endogenous FGF-CX gene in an embryonie stem cell. The additional
Maoking FGF-CX nucleie acid is of sufticient length for successful horologous recombination
with the endogenous gens. Typically, scveral kilobases of flanking DA (both ai the 5' and 3°
enids) are included in the vector, See e.g., Thomas ef «f. (1987} Cell 51:503 for 2 description. of
homologous tecombination vectors. The vector is introduced into an embryanic stem cell line
(e.g., by electroporation) and colls in which the intreduced FGL-CX, gene has homologously
regombined with the endogenous FGF-CX gene are seleoted (see e.g., Li ef al, (1992) Cell
69:915).

The selected ceils are then injected into a blagtocyst of an animal (e.g.. 2 mouse) to form
aggregation chimeras. Sec e.g., Bradley 1987, I TERATOCARCLNOMAS AN BMBRYONTC STRM
CELLS: A PRACTICAL APFROACH, Robertson, ed. IRL, Gxford, pp. 113-152. A chinneric enbryo
san then be implanted into a suitable pseudopregnant female foster animal and the embryo
brought to terra. Progeny harboring the homologously recembined DNA in their germ cells can
be used 1o breed unimals in which ail celis of the animal confain the homelegously recombined
DA by germline transmigsion of the fransgenc. Methods for construsting homolegous
recombination vestors and homelogons recombinant animals are described farther in Bradley
(1991) Curr Opin Biotechnol 2:823-829; PCT Intsmational Publication Nos.: WO 90/11354;
Wi 91/01140; WO 92/0968; and WO 93/04169.

In anothor embediment, transgenie nan-lumarns animals can be produced that contain
selected systoms that allow for regulated expression ol the transgene. Cne exaopls of such &
system is the cre/loxP recombinase system of bacteriophage P'1. For a deseription of the
creflox¥ recombinase system, ses, e.g., Lakse of ol. (1992) PNAS 89:6232-6236. Another
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sxample of a recombinase system is the FLP recottbinase system of Saecharomyces cevavisie
(O'Gorman o al. (1991) Science 251:1351-1355. If 2 cre/loxP recotabinase system is used io
rogulate expression of the transgenc, animals contalning iransgenss encoding hoth the Cre
recombinase and a selected protein are required. Such animals can be provided through the
comstruction of "double" fransgenic animals, ¢.&., by mating two transgenic animals. one
conlaining a transgene excoding # selected protein and the other eontaining a transgene encodmg
a recomnbinase.

Clones of the non-huran fransgenic animals deseribed hevein can also be praoduced
wecording 1o e methads deseribed in Wilmut ez of. (1997) Nature 385:810-813. In brict, a cell,
¢.4., & sonatic cell, from the transgenic animal can ba isalated and induced to exit the growth
wyele und enter Gg phase, The quiescent cell can then be fused, e.g., through the use of electrical
pulses, to an cnucleated oocyte from an animal of the same species from which the quiescent ecll
is isolated. The reconstructed vocyte is then cultured such that it develops to morala or
hlastocyte and then transforred 10 pseudopregnant female foster animal. The offspring borns of
this female foster animal will be a clone of the animal from which the cell, e.g, (he sematic cell,

is isolated,
Pharmaceutical Compositions

The FGE-CX nucleie acid molecules, FGF-CX proteins, and antd-FGE-CX antibodies
(also refeired to hercin as "active compounds™) of the mventior, and derivatives, fragments,
analogs and homologs thereof, can be ncorporated into phannaceulical ecompositions suitable
for adininistration. Such compositions typically comprise the nucleic acid melecule, protein, or
antibody and a pharmacentically aceeptable catrier. As used herein, "pharmaceutically
acceptable carrier” is intended to include any and all solvents, dispersion media, coatings,
anifbaclerial and antifungal agenis, isotonic and abscrption delaying agents, and fhe like,
compatible with phaymaceutical adntinistration. Suitable cartiers are deseribed in the most
recent edition of Remington’s Pharmaceutical Sciences, a standard reference text in the field,
which is incorporated herein by reference. Preferred examples of such curriers or diluents
inchude, but are not limited to, water, saline, Ringer's solations, dexleese selution, and 5%
Larman serum albursin. Liposeimes and non-aqueous vehicles such as fixed oils may aleo be
used. The use of such media and agents for pharmacentically active substances is well known in
the art. Bxcept mscfar as &y conventional media o agent s incompatiblc with the zofive
compound, usc thereof in the compositions is contemplated. Supplementary active compounds

car also be incorporated into the compositions.
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A pharmaceutical composition of the invention is fonmulated to be compatible with its
intended route of adutinistration. Bxamples of routes of adininistration include parenteral, e.g.,
intravenous, intradesmal, subcitaneous, oral (e.g., inhalation), transdermal (topical),
transmucosal, and rectal administration. Solutions or suspensions used for parenteral,
intradermal, or suboutaneous application can include the followiny components: a sterile diluent
such as water for injection, aaline solutien, fixed oils, polysthylens glycols, glycerine, propylene
glycol or other synthetic solveants; autibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as uscorbic acyd or sodium bisulfite; chelating agents such as
ethylenedizminstetraacetic acid; buffers such as acetates, ciates or phosphates, and agents for
the adjustment of tonicity such as sodivm chlotide or dextrose. The pHl can be adjusted with
acids or hases, such as hydrochloric acid or sodium hydroxide. The parenteral prepatation can
be enclosed in ampoules, disposable syringes or mulfiple dose vials made of glass or plastic.

Phanmaceutical compositions suitable for injectable use include sterile aqueons solutions
(whete water soluble) or dispersions and stetile powders for the extemporaneous prepacation of
sterile injectable solutions or dispersion. For intravenous admintstration, suitable carriers
include physiological saline, basteriostatic water, Cremophor EL™ (BASF, Pursippany, N.1) or
phosphate buffered saline {PBS). In alf cases, the compasitior: must be sterile and should be
fluid to the extent that easy syringeability cxists. Tt must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
micracrgunisms such as bucteria and fungi. The carrier can be & solvent or dispersion medium
containing, for example, water, ethanol, polyol {for cxample, glycero), propylcne glyeol, and
liguid polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coaring such as lecithin, by the mamtenance of the
required puriicle siee in the case of dispersion and by the use of surfactants, Preveniion of the
action of microorganisms can be achieved by various antibacterial and antifungal agents, for
example, parabens, chlorobutanel, phonol, ascorbic acid, thimerosal, and the like. In many
cascs, it will be preferable o include isotonic agents, for exantple, sugars, polyalcohols such as
manitol, sarbitol, sodium chloride in the composition. Prolonged abserption of the injeciable
compositions can be brought about by including in the compasition an agent which delays
absorption, for example, aluminum renostearate and gelatin,

Sterile injectable solutions can be propared by incorporating the active compound (e.g., a
FGF-CX protein o anti-FGF-CX entibady) in the required amount in an appropriate solvent
with one or & combination of ingredients enmumerated above, as required, followed by filiered
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sterilization. Generally, disparsions are prepared by incorporating the active compound into 2
sterile vehicle that contains 2 basic dispersion medium and the required other ingredients from
those enumeraicd above. In the case of sterile powders for the preparation of sterilo injectable
solations, methods of preparation are vacuum, drying and freeze-drying that yiekls a powder of
the aclive ingredient plus any additional desired ingredient from a previously sterle-filtcred
solution thereof.

Qral compositions gonerally include an Inert dituent or an edible carder. They con be
enclosed in gelatin capsnles or compressed into tableis. For the purpose of oral therapeutic
acininistration, the active conrpound can be incorporated with excipients and used in the form of
tablets, troches, or capsules. Qral compositions car also be prepared using a flnid carier for use
a5 & mouthwash, wherein the compound in the fluid cartier is applied orally and swished and
expectorated or swallowed. Pharmaceutically compatitle hinding agents, and/er adjuvant
materizls can be included as part of the compesition. The tablets, pills, capsules, troches and the
like cam contain any of the following ingredients, or compounds of a stmilar nature: a binder
such as microcrysialline cellulose, gum fragacanth or gelating an exeipicpt such'as starch or
lactase, a disintegrating agent such as alginic acid, Primogel, or com starch; a lubricent such as
magnesinm stearate or Sterctes; a glidant suck as colloidal silicon dioxide; a sweetening agent
such as sucrose or sacchann; or 4 flavoring agent such as peppermint, methy] salicylate, or
orange flavoring.

For administration by inhalation, the compounds arc delivered in the form of an aerosol
spray from pressured containcr or dispenser which contains 4 suitable propellant, e.g., & gas such
as earbon cioxide, or a nebulizer.

Systemic adneinisteation can «lso be by transmucosal or transdermal means. For
transrmucosal or transdermal administration, pepetrants appropriate to the barrier 10 be peymeated
are used in the formulation. Suclh penetrants are generally known in the art, and melude, for
example, for ransmucosal administration, detergents, bils salts, and fusidic acid derivatives.
Transamicesal administration can be accomplished through the use of nasal sprays or
suppositories. For transdermal administration, the active compounds are formulated into
ointments, salves, gels, or creams as generally lpown in the art.

The compounds can alse be prepared in the form of suppositeries (g.g:, with conventional

suppository bases such as cocoa butter and other glycerides) or refention enemas for rectal delivery.

Tn one embodiment, the aclive compounds are prepared with cacriess that will protect 1he
compound agaimat rapid eliwination. fram the body, such as a confrolled release formulation,
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ineluding implams and microemeapsulaied delivery systems, Biodegradable, biocompatible
polyters can be used, such as ethylene vinyl acetate, polyanhydrides, palyglycolic acid,
collagen, polyorthoosters, and polylactic acid. Meihods for preparation of such formulations
will be apparent to these skilled in the art. The materials can alse be obtained commercially
from Alza Corporation and Nova Phamaceuticals, Ine. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal antibodies to viral antigens) can also be
used as pharmaceutically acceptable carriers. These cun. be prepared according to methods
known to those skiiled in the art, for example, as described in U.S, Pat. No. 4,522,811,

It is especially advantageous to formulate oral or paregteral compesitions i dosage unit
form for ease of adminisivation and uniformity of dosage. Dosage unit form as uséd herain
refers to physically discrete units suited as unitary dosages for the subject to be treated; each umt
containing a predetermined quantity of active compound ealsulated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification for
the dosage unit forms of the invention are dictated by and directly dependent on the unigue
characteristics of the astive compound and the particular therapouiic effect to be achieved.

The nucleic acid molecules of the invention can be inserted imio vectors and used as gens
therapy vectors. Gene therapy vectors can be deliversd to a subject by any of 2 aurober of
routes, e.g., as described in U.S, Patent Nos. 5,703,055, Delivery can thus also include, e.g.,
intravenous injection, local administration (sce 1).8. Pat. MNeo. 5,328 470) or stereotactic injection
(sec e, Chen o al. (1994) PNAS 91:3054-3057). The pharmaceulical preparation of the gene
therapy vector ¢an include the gene therapy vector in an acceptable diluent, or can comprise a
slow release matrix in which the gene delivery vehicle is iwbedded. Alternatively, whore the
complete gene delivery vector can he produced intact from recombinani cells, e.g., retroviral
vectors, the pharnacentical proparation can include one or mare cells that produce the genc
delivery sysiem.

The pharmaceutical compositions can be included in a contziner, pack, or dispenser

together with instractions far administration.
Uses and Methods of the Invention

The pueleic scid molecules, proleins, protein homologues, and antibodies described
herein cant be used in one or meore of the following methods: (a) sereeming assays; (b) detection
assays (e.g., chromosomal mapping, tissue typing, forensic biology), (¢) predictive medicine

(e.g., diagnostic assays, prognostic assays, menitoring clinical trials, and pharmacogenomics);
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and {d) methods of treatment (e.g., therapeutic and prophylactic). As described horein, i one
embadiment, a FGF-CX protein of the invention has the ability to bind ATP.

‘The isoluted nucleic acid molecules of the inveniion can be used to express FGF-LUX
protein (e.g., via a recombinant expression vector in a host cell in gene therapy applicutions), to
detect FGF-C mRNA (e.g., in a biological sample) or a genctic lesion in a FGF-CX gene, and
to modulate FGF-CX activity, as deseribed further bolow. In addition, the FGF-CX proteins can
be used to sereen drugs or compounds that medulate the FGF-CX activity or expression as well
as ta treat disorders characferized hy insufficient ot excessive production of FGF-CX protein, for
example proliferative or diffcrentiative disorders, or production of FGF-CX protein forms that
have decreased or aberrant activity compared to FGF-CX wild type protein. In addition, the
anti-FGF-CX antihodics of the invention can be used to detect and isolate FGF-CX proteins and
modulate FGF-CX activity.

This invention further pertains to novel ugents identified by the abnve described

screening assays and uses thereof for treatmsnts as doseribed herein.
Screening Assuys

The invention provides & method (also referred to herein 2s a “screening assay™) for
identifying modulaters, £ e., candidate or test compounds or apents (.2, peptides,
peptidomimetics, small moleenles o ofher drugs) that bind to FGF-CX proteins or have a
stimulatory or inhibitory cifect on, for example, FGF-CX. expiession or FGI-CX activity.

1n one embodiment, the nvention provides assays {or sereening candidate or test
compounds which bind to or medulate the activity of 2 FGE-CX protein or polypeptide or
biologically active portion thereaf. The fest campounds of the present invention can be obtained
usityg any of the numcrous approaches in combinatorial library methods knawr io the art,
neluding: biclogical libravies; spatially addressable parallel solid phase or solution phase
libracies; syatheiic library metheds requiring deconvelution; the “one-bead one-compomnd”
library miethod; and synthetic library methods using affinity chromatagraphy selection. The
binlogical library approsch is limited w peptide libraries, while the other four approaches are
applicable to peptide, non-peptide oligamer or small melecule libraries of compounds (Lan
{1997} Ansicancer Drug Pes 12:145).

Examples of methods for the synthesis of molecular Hbraries can be found in the art, for
example m: DeWitt ez al. (1993) Proe Nedl Acod Sci L1.5.A. 90:6909; Exb ef al. {1994) Proc Nad
Acad Sei US.A. 91:11422; Zuckermann ef af_ (1994) .J Med Chem 37:2678; Cho e ol {1993}
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Selence 261:1303; Catrell ef af. (1994) dngew Chem it £d Engt 33:2009; Carell & al, {1594)
Angew Chem Int £Ed Engl 33:2061; end Gallop er al, {1994) J Med Chem 37:1233.

Libraries of compounds may he presented in solution (e.., Houghten (1992)
Rioteckniques 13:412-421), or oo beads (Lam (1991) Nuiupe 354:82-84), on chips (Fodor {1993)
Nuature 364:555-556), bacteria (Ladner T, Pat. No. 5,223,409), spores (Ladner USP '409),
plastmids (Cull ef af, {1992) Prac Ne#! Acad Set (/SA 89:1865-1869) or on phags {Scoft and
Smith (1990) Stience 249:386-390; Devlin (1990) Science 249:404-406; Cwirla ef af. (1990)
Proc Natl Acad Sct U.S.A4. 87:6378-6382; Felici (1991) F Mol Binl 222:301-310; Ladner above.).

Iy one embodiment, an assay is 2 cell-based assay in which accll which expresses a
membranc-bound form of FGE-CX pratein, or 2 biclegically active portion thereof, on the cell
surface is contacted with a test compound and fhe ability of the test compound to bind to a UGF-
CX protein detsrmined. The cell, for example, can of mammalian origin or a yeast cell.
Dretermining the ability of the test compound to bind to the FGF-CX protein can be
accomplished, for example, by coupling the test compound with a radioisotupe or ewzymetic
lahel such that binding of the test campound to the PGF-CX profein or biologically active
porticn thersof can be determined by detecting the labeled corupovnd in a complex. Far
example, test compounds can be labeled with 'L, S, '*C, or *H, either directly or indirectly,
and the radioisotope detecied by dicect counting of radicentission or by scintillation counting.
Alternatively, test eompounds can be enzymatically labeled with, for example, horseradish
peroxidase, zlkajine phosphatise, or [usiferase, and the enzymatic label detected by
determination of conversion of an appropriate substrate to product. Tnone smbodiment, the
assay compriscs contacting a cell which cxpresses a membrane-bound form of FGF-CX proteit,
or a biologically active portion thereof, on the cell surface with & known compound which binds
FGF-CX to form an assay mixture, contacting the assay mixture with 4 test compound, and
determining the ability of the test compound to interact with a FGE-CX protein, wherein
determining the ability of the test compound to interact with a FGF-CX protein comprises
delermining the ability of the test compound to preferentially bind to FGE-CX or a biolegieally
active portion thercof as compared to the known compound.

In anotler embodiment, an assay is 2 cell-based assay comprising contacting a cell
expressing & membrane-bound form of FGF-CX protein, or 4 biolegically aclive portion thereof,
on the cell surfaee with a test compound and determining the ability of the test compound to
modulate (e.g., stimulate or inhibit) the activity of the FGF-CX protein or biolagizally active
portien thereof. Determining the ability of the test componnd to modulate the activity of FGE-
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CX or a biologieally active portion thereof can be accomplished, for example, by determining
the ability of the 1XG1-CX protein to biod to ot interact with a FGP-CX target molecole. As uscd
Qerein, a "target molceale® is a molecule with which a FGP-CX protein binds or inteyacts in.
nature, for example, 2 molecule on the surface of a cell which expresses a FGF-CX interacting
protein, 2 molecule on the surface of 2 second cell, a weleeule in the extracelnlar miliey, 2
melucule associated with the internal surfuce of a cell membrane or a cyioplasmic molecule. A
FGF-CX target molecule can be ¢ non-FGF-CX molecule or w FGI-CX protein or polypeptide
of the present invention. In onc embodiment, a FGF-CX target malecule is a component of a
sighal transduction pathway that facilitates transduction of an extracellular signal (e.g:, a signal
zeneraied by binding of a compound to a membrane-bound FGF-CX moleculs) threugh the cell
membrane and Inte the cell, The target, for example, can be a second intercellular prolein thai
has catalytic activity or a profein that facilitates the association of downsiream signaiing
malecules with FGFE-CX.

Determining the ability of the FGF-CX protein fo bind te ot interact with a FGF-CX
target moleculs can be aceoimplished by one of the methads described above for defarmining
direct binding. In one emboditment, determining the ability of the FGF-CX protein to bind to or
interuct with a FEGF-CX target molecule can be aceomplished by determining the activity of the
target malecule. For example, the activity of the targst molecule can be determined by detooting
induction of  cellulay second messenger of the larget {fe. intacellutar Ca®, dincylglyceral, TPy,
cte.), detceting catalytic/enzymatic activity of the tarpet an appropriate substrate, detecting the
induction of a reporter gene (comprising a FGI-CX-respousive regalatory element operatively
iinked to 4 nucleic acid encoding a detectable marker, ez, uciferase), or detecting 2 celiular
responso, for example, ceil survival, cellular differentistion, ot cell proliferation,

in yet another embodiment, an assay of the present invention is a eell-free assay
comprising contasting a FGF-CX protein or biologically active portion thereof with 2 test
compound end determining the ability of the test compound to bind to the FGF-CX protein or
biologically active portion thereof. Binding of the test compouud to the FGF-CX protein can be
dutennined either directly or indirectly as deseribed above. In one embodiment, the assay
comprises contacting the FGF-CX piofein or biologically active portion thereof with a known
compound which binds FGF-CX. to form an asszy mixture, contacting the assay mixture with 4
test comypround, and deternining the ability of the test compound to interact with a FGI-CX
protein, wherein delennining the abiliy of the test compound to interact with a FGF-CX protein
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comprises determining the ability of the test compound ta prefercniially bind 1o FGF-CX o
biologically active portion thereof us compared to the known eompound.

Tn another embodiment, an assay is a coll-free assay comprising contzeting PGF-CX
protein or biologically active portion thereof with a test compound and determining the ability of
the test compound to modulate (e.2., stimulate or inhibit) the activity of the FGF-CX protein or
biclogically active portion thereof. Determining the ability of the test compound to modnlate the
aetivity of FGF-CX can he accomplished, for example, by determining the ability of the FGF-
CX protein to bind to a FGF-CX targer molecule by one of the methods described 2bove for
determining direct binding. Tn an altercalive emmbodiment, determining the ability of the lest
compound to medulate the activity of FGF-CX can be accomplished by detenmining the ability
of the FGE-CX protein further racdulate a FGF-CX. target molecule, For sxamgle, the
catalytic/enzymatic activity of (he target molseule on an appropriate substrate can be determined
as previously described.

In yet another embodiment, the call-free assay comprises contacting the FGI-CX protsin
or biologically active porlion fhereof with a known compound which binds FGF-CX fo form an
assay mixhwre, contacting the assey mixture with a test compound, and determining the sbility of
the test compound to interact with a FGF-CX protein, wherein determining the ability of the test
compound to interact with a FGF-CX prolein comprises determining the ability of the FGE-CX
protein Lo preferentially bind to or modulale the activity of a FGF-CX target molecule.

The eell-fres assays of the present invention are amenahle to use of both the soluble form
or the mersbranc-bound form of FGF-CX. Tn the case of coll-froe essays c.omprising 155
membrane-hound form of FGF-CX,, it may be desirable to utilize a solubilizing agent such that
the membrang-bound form of FGE-CX is maintained in solution. Examples of such solubilizing
agents include non-ioniv delergents such as n-octylzlucoside, n-dodecylglucoside,
s-dodccylmaltoside, octanoyl-N-methylglucamide, decanoyl-M-mothylglucamids, Triton®
%100, Triton™ X-114, Thesit™, lsotridecypoly(ethylene glyeol sther),, N-dodecyl~
N N-direthyl-3-anmonio- 1 -propane sulfonate, 3-(3-cholamidopropyljdimethylamminiol-
1-propane sulfonate (CHAPS), or 3-(3-cholamidopropyl)dimethylamminiol-2-hydroxy-
1-propanc sulfonate (CHAP3O).

In more than one cinbodiment of the above assay methads of the preseni myention, it
may be desirable to immobilize either FGF-CX or ifs target molecule to facilitate separation of
complexed from uncomplexcd forns of ang or both of the proteins, os well as to agcommedate

auntomation of the assay. Binding of u test compound to FGF-CX, or teraction of FGF-CX
(7]
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with a target molecule in the presence and absence of a candidate compound, can be
accomplished in any vessel suitable for containing the reactants. Examples of such vessels
include microtitor plates, test tubes, and micro-cenfrifage tubes, In one embadiment, a fusion
protein can be provided thal adds a domain thut allows one er hoth of the proteins to be bound to
& mairix. For example, GS8T-FGE-CX fusion proteins or GST-iarget fusion proteins can be
adsorbed ento glutathione sepharose beads (Sigma Chemical, St. Louis, MO) or ghiathione
detivatized microtiter platos, that are then combined with the test compound or the test
compound and either the nen-adsorbed targed protein or FGF-CX protein, and the roixture is
incubated ynder conditions conducive to complex formation {e.g., at physiological conditions for
salt and pH). Following inculation, the beads or microtiter plate wells are washed to remove
any unhound components, the matrix immobilized in the case of beads, complex determined
cither direetly or indircetly, for example, as described above. Altemmatively, the complexes can
be dissociated from the matrix, and the level of FGF-CX binding or activity determined using
standard techniques.

Other techniques for immobilizing protcing on matrices can zlso be used i the screening
assays of the invention. For sxample, either FGF-CX or its target molecule cun be imumobilized
utilizing conjugation of hiotin and sireptavidin. Bictinylated FGF-CX, or {arget molecules can
be prepared from Biotin NHS (N-hydroxy-succinimide) using technigques well known in the arf
{e.g., biotinylation kit, Piercc Chemicals, Rockiord, W), and iromebilized in the wells of
stroptavidin-coatcd 96 woll plates (Plerce Chemicul). Allernatively, soiibodies reactive with
FGF-CX ar target melecules, but which do net inter{sse with binding of the FGF-CX protein to
its targel molecule, can be derivatized to the wells of the plate, and unbound target or FGF-CX
trapped in the wells by antibody cenjugation. Methods for deteviing such complexes, in addition
to thase deseribed above for the GST-immobilized complexes, include immunodetsction of
camplexes using antibodies reuctive with the FGF-CX or target molecule, as well as
enzyme-linked assays that rely on detecting an enzymatic aclivity associated with the FGF-CX
ot target molecule.

In ancther embodiment, modulators of FGF-CX expression are identified fu a method
wherein z ezl is contacied with a candidate compound and the expression of FGF-CX mRINA or
protein in the cell 1s defermined. The level of expression of FGF-CX mBNA or protein in the
presence of the candidate compound is compared to the level of expression of FGF-CX mRNA
or protein it the absence of the candjdate compound. The candidate compound can then be

identified as a modulator of FGF-CX expression based on this comparison. For example, when
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expression of FGE-CX mRNA or protein is greater (statistically significantly greater) in the
presence of the candidate compound than in its absence, the candidate compound is identified as
a stimulator of FGF-CX mRNA or prolein expression. Aliematively, when expression of FGF-
CX mBXNA orprotein is fess (statistically significantly less) in the presence of the candidate
compound than in its absence, the candidate compound is identified as an iniribitor of FGEF-CX
mBNA or protein expression. The level of FGF-CX mRNA or protein expression in the cells
can be determined by methods described herein for detecting FGF-CX mRMNA or protein,

In vet another aspect of the invention, the FGF-CX proteins can bo used as "bait
proteins” in a two-hybnid assay or three hybrid assay (see, e.g., U.S. Pat. No. 5,283,317, Zervos
el al. {1993) Cell 72:223-232; Madura et al. (1993) T Biol Chern 268:12046-12054; Barlel et al.
(1993) Biotechniques 14:920-924; Iwabuchi ei a/. (1993) Oncogepe 8:1693-1696; and Brent
WO4/10300), to identify other proteins that bind io or inferact with FGE-CX ("FGF-

X binding proteins” or "FGF-CH-bp") and madulate FGF-CX activity, Such FGF-CX-binding
proleins are also likely to be involved in the propagation of signals by the FGF-CX proteins as,
for cxampile, upstroam or downstreain clements of the FGF-CX pathway.

The twa-hybrid system is based on the modular nature of most transcription factors,
which censist of separable DMNA-binding and activation. domains. Bricfly, the assay utilizes two
differeni DNA constructs. In one construct, the gene that codes for FGE-CX is fused to & gene
encoding the DNA binding demain of a known transcription factar {e.g., GAT-4). Ta the other
construct, a DMA sequence, from a library of DNA sequences, that encodes an unidentified
protein (*"prey” or “sample™ Is fused to a gene that codes for the activation domain of the known
transcription factor. Tf the "bait" and the "prey" proteins are able to interact, i vive, forming a
FGF-CX-dependent compliex, the DNA-binding and activation domuins of the iranscription
[actor are bronght into close proximity. This praximity allows transcription of a reporter gene
(e.£.. LacZ) that is uperably linked to a ranscriptional regulatary site responsive to the,.
transcription factor. Expression of the reporter gene can be detected and cell colonies comtaining
the fimctional transcription fackor can be isolated and used lo obtain the cloned gene that
encodes the protetn which interacts with FOP-CX,

This invention further pertains to novel agents identified by the above-doseribed

screening asgays aod uses thercof for trentments as deseribed herein,
Detection Assays

Porticns or fragments of the cDNA sequences identificd horein (and the comesponding

complete gene sequences) can be used in numerons ways as polynucleotide reagents. For
n
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example, these sequences can be used to: (1) map their respective genes on a chromesome; sod,
thas, locaie gene reglons associated with genetic diseuse; (ii) identify an individual from a
minuie bielogical sumple {tissne typing); and (iii) aid in forensic idontification of a biolagicul
sample.

The FGF-CX sequences of the present jnvention can also be used to identi fy individuals
from minnte biclogicel sarples. In thiy tochnique, an individual's genomic DNA is digested
with one or more reatriction enzymes, and probed on a Southen blot 1o yisld unique bands for
identification. The sequences of the prasent invention are useful as additional DNA markers for
RFLP (“resiriction fragrnent length. polyinorphisms,” described in 1.8, Pat. Mo. 5272.057).

Fusthermore, the sequances of the present invention can be vsed to provide an alteralive
technique that determines the actual base-by-base DNA sequence of selecled portions of an
individual's genome. Thus, the FGF-CX sequences descnbed herem can be used to prepare two
PCH primers from the 5' and 3' ends of the sequences. These primers can theh be used 10
amplify an ndividual's DNA and subsequently sequence it.

Panels of corresponding DNA scquences from individuals, prepared in this manner, can
provide unique individual identifications, as each individual will have a unique set of such DNA
sequences due to allelic differences. The sequences of the present invention can be used o
obtiin such identification sequences from individuals and from tissus. The FGE-CX sequences
of the invention uniquoly ropresent pertiong of the uman genems. Allelic varation accurs to
samme degree in the coding regions of these ssqueness, and (o i greater degres in the noncnding
regions. Itis estimated that allelic vanation between individual humans occurs with 2 frequency
of ubout once per each 500 hasss. Much of the allelic variation is due to single amueleotide
polymorphisnts (SNPs), which include testriction fragment length polymorphisms (RFLPs),

Rach of the sequences described herein can, to some degres, be vsed as a standard
against which DINA from an individual can be compared for identification purposes. Because
greater numbers of polymorphisms cceur in the noncoding regivns, fewer sequenges are
necessary to diffexentiate individuals. The noncoding sequences of SEQ ID NO:1 or SEQ I
NO:26, as deseribed above, can comfortably pravide positive individual identification with 2
panel of perbaps 10 to 1,504 primers that each vield 2 noncoding amplified sequence of 190
bases. ' prodicted coding sequences are used, a inore appropriate number of primers for
positive individual identification would be 500-2,000,
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Predictive Medicine

The presont invention also pertains to the field of predictive medicine in which
diaguostic assays, progmostic asseys, phanmacogenomics, and monitoring clipical trials are used
for proguostic ¢predictive) purposes o therchy treat an individual prophylactically.

Accordingly, one aspect of the present invention relates to diagnostic assays for determining
FGE-CX protein aud/er nucleic acid expression as well as FGF-CX activity, in the contexi of 2
biological sample (e.g., blood, serum, cells, fissue) to thereby determine whether an individual is
afflicted with a disease or disarder, or is at risk of developing 2 disorder, associated with
aberrant FGE-CX expression or aciivily. The inventinn also provides for prognostic (or
predictive) assays for determining whether an individual is al risk of developing a disorder
associated with FGF-CX, protein, nucleic acid expression or activily, For cxample, mutations in
a FGF-CX gene can be assayed in a biological sample. Such assays can be used for prognostic

ot prechictive purpase to thereby prophylactically treat an individual prior to the onset ofa

disorder charucterized by or associated with FGF-CX protein, nucleis acid expression or activity.

Another aspect of the invention providss methads for determining FGF-CX protein,
mucleic acid expression or FGF-CX aclivity m an individual to thereby selecl appropriate
themmpeutic or prophylactic agents for that individual (referred to hevein as
"pharmacogenomics”). Pharmacogenomics zllows for the selection of agents (&.2., drugs) for
therapeutic or prophylactic treatment of an individual based on the genotype of the individual
(e.2., the genotype of the individual examined to deierming the ability of the individual to
respand to a particular agent.)

Yet another aspect of the invention pertains to menitoring the influence of agents (2.2.,
drugs, compounds) ox the expression or activity of FGF-CX in clinical trisls.

These and other agents are described in further detail in the following sections.

Diagrostic Assays

Fibroblast growth fuctors FGE-1 theough FGF-2 generally promote cell proliferation in
cells carrying the particular growth facter receptor. Exarnplies of FGF growth promotion include
epithelizl cclls, such as fibroblasts and keratinocytes, in the antcrior eye after surgery. Other
conditions in which prolifcration of vells plays arele include tumors, restenesis, pyoriasis,
Dypuytren's contracture, diabetic complications, Kaposi's sarcoma und rheurnatoid arthritis,

FGF-CX may be used in the method of the invention for detecting its corresponding
fibroblast growih factor receptor CX {(FGERCX) in a sample or tissue. The method comprises
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contacting the sample of tissue with FGF-CX, allowing formation of receptor-ligand pairs, and
detecting any FGFRCX: FGF-CX pairs. Compositions conteining FGI-CX can be used to
increase EGFRCX activity, for exaople to stirnulate cartilage or bone repair. Compositions
containing FGF-CX antagonists or FGF-CX binding agents (e.g. anti- FGF-CX antibodics) can
be used to treat diseages cansed by an excess of FGF-CX or ovaractivity of FGFRCX, especially
multiple or solifary hereditary exostasis, baliux valgus deformity, achondroplasia, synovial

chondromatosis and endochondromas.

Glia activating factor (GAF) and the DNA encoding GAF act to specifically promote
prowth of glial cells. Some examples of glia-usseciated disorders in which GAF may be utilized
to modulate glial cell activities are cerebral lesions, cerebral edema, senile dementia,
Alzheimer's diseass, diabetic newopathics, ots. Similarly, FGF-CX may be used in diagnosis or
treating glial cell related disorders. The glial-cell modulating activity of FGF-CX may be as a
neuroproteetive-liles acrivity, and FGF-CX may be used a5 a neuroprotective agent. Due to the
close homelogy of FGF-CX to FGF-9, which was identified originally as a glia activating factor,
it can be preswned that the FGP-CX sequence is also & glis activating factor. FGE-CX can
therefore be used to stimuiate the growth of glia cells 2nd cun be used to accelerate healing of
cerehral lesions or to treat cerebral edema, senile dementia, Alzheimer’s discase, or diabetic

nguropathy.

FGF-CX can also be used 10 stimnlates fbroblasts (for accslerating healing of buwns,
wounds, ulcers, etc), megakaryoeytes (to nercase the numbor of platelets), hematopotetic cells,
immune sysiern cells, end vascular smooth muscle cells. FGF-CX is also expected to have
osteapenesis-promoting activity, and can be used for treating bone fiactures and osteoporosis.
Assay o FGF-CX polypeptide or nucleio aoid moicties may be usefu] in diagnosis of cerebral
tumors, and antibodies agamst could be nsed 1o treat such tumaors. [t can also be used as a
reagent for stimulating growth of cultured cells. An anficipatod dosage is ing-0. lmg/kg/day,
though frantment may vary depending on the type or severity of the disorder being treatad. FGF-
CX polypeptides may be used as platelet increasing agents, osteogenesis prometing agents or for
treating cerebral pervous diseasss or liepatopathy such as hepatic cirthosis. They ¢an also be
used to treat cancer when used alongside an anficancer agent. Antibodies dirscted against the
FGF-CX polypeptide, or fragments, derivatives, or analogs thereof, can be used for detecting ox
determining a binlogical activity of 8 FGF-CX polypeptide ox for purifying a FGF-CX
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polypeptide. Those antibodies that also neutralize the cell growth activity of FGF-CX can be

used g5 anticancer agents.

Many, if not ali, homolegous proteins are known in the art to have closely related or
identical functions, See, .., Lewin, “Chapter 21: Structural Genes Belong to Families” In:
Geves [0, 1985, Tohn Wiley and Sons, Inc., New York. The FGF-CX polypeptide closely
resembles the Xenopus XFGF-CX protuin, which was shown previously to be specifically
expressed in highly proliferative lissues (sec, e.g., Koga et al., ahove). Therefore, it is presumed
that TGF-C¥, would also modulate cellular activity in highly proliferative iisswes. FGF-CX may
thus be particularty usofl in diagnosing proliferative disorders and in stimulating the growth of
cells and tissues in order to overcome puthological states in which such growth bas been
suppressed or iphibited. Oligenuclectides corespondiog to any one portion of the I'GF-CX.
nucleie acids of 8EQ ID WO:1 or SFQ ID M0:26 may be used to detect the expression of # FGF-
CX-like gene. The proteins of the invention may be used o sthamlate production of antibodies
specifically binding the proteins. Such antibedies may be used in imumunodisgnostic procedurss
to detect the occurrcuce of the protein in a sample. The proteins of the invention may be used to
stimulate cell growih and cell proliferation n conditiens in which such growth would be
favorble. An example would be to counterzet toxic side offects of chemotherapantic agents on,
for example, hamatopoiesis and plaielst formation, linings of the pastrointestinal tract, and hair
follicles. They may also be used ta stimulate new cell growth in neurological disorders
including, for example, Alzheimer’s disease,  Alternatively, antagonistic treatments may bo
administered in which an antibody speeifically binding the FGF-CX -like proteins of the
invention would abrogate the specific growth-nducing effects of the proteins. Such sntibodies
may be wsefil, for example, I the treatment of proliferative disorders including vatious tumors

and benign hyperplasias,

An oxemplary method for defocting the presence or absence of FGF-CX in 4 biclogical
smmple invelves oblaining a biological sample from = test subjeot and contacting the biclogical
samptle With 2 compotmd or an agent capable of detecting FGF-CX protein or nucleic acid (e.2.,
mENA, senomic DNA) that encodes FOF-CX, profein such that the presence of FGF-CX is
detected in the blological sample. An agent for detgeting FGF-CH mBNA or genomic DNA is a
labeled nuclcic acid prabe capable of hybridizing to FGF-CX mRNA, or genomic DNA. The
nucleic acid probe can be, for example, a fill-length FGF-CX nucleic acid, such &8 the nueleic
acid of SBQ ID NO:1 or SEQ 1D NQ:26, or a portion thereaf, such us ar oligonucleotide of at
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least 15, 30, 56, 100, 250 or 500 nueleotidcs in length and sufficient to specifieally hybridize
under stringent conditions to FOF-CX. mRNA or genomic DNA, as described above. Other
sujtable probes for use in the diagnostic assays of the invention are described herein.

An agent oy detecting FGF-CX protein is an agtibody capable of binding to FGF-CX
protein, preferably an antibody with a detegtable label, Antibodics can be polyclonal, or moro
preferably, monocloval. An intact antibady, or a fragment thereof (2 g., Fab or Flab');) cah be
used. The fenm "labeled”, with regard o the probe or antibody, is intended te encompass direct
labefing of the probe or antibody by coupling {i.e., physically Iinking) 2 detectuble substance to
the probe or antibody, as well as indirect Yabeling of the prabe or antibedy by reactivity with
anather reagent that s directly labeled. Examples of indirect labeling include detection of a
primary mtibody using a lucrescently [abeled secondary antibody and end-labeling of 2 DNA.
probe with biotn such that 1t can be detected with fluorescently labeled streptavidin. The term
"biological samplc" is intended 1o include ssues, cells and biclogical fluids isolated from 2
subject, as well as tissues, cells and fluids presenl withic s subject. That is, the detection method
of the invention can be used to detoet FOF-CX mRNA, protein, or genommc DNA in a binlogical.
sumpls in vitro as well as in vivo, For exampls, in vitro techniques for detection of FGF-CX
mRNA include Northern hybridizations and én sife hybridizations. fa viro techniques (or
detection of FGF-CX, profein nclude enzyme linked istmunosothent assays (ELISAs), Western
blots, imruunopreclpitations end immunefluoreseence. I vitre techinigues for detection of FGF-
CX genomic DNA include Sowthern hybridizations. Futthermors, in vivo techniques for
delection of FGF-CX profein include introducing into a subject a labeled anti-FGF-CX antibody.
For example, the antibody can be labcled with 2 radioactive marker whose presence and location
in a subject can be deteeted by stendard imaging techmigues.

It one embodiment, the biological sample contains profein melecules from the test
subject. Alternatively, the biclogical sample cen confain mRMNA molecules from the test subject
or genomic DNA molecules [ron; the test subject. A preferred binlogical samiple is a peripheral
bleod loukoeyte sample jsolated by conventional means from a subject.

In another embodiment, the methods Auther involve obfaining a coniro! bological
sample from a control subject, contacting the control sample with a compoetmd or egent capable
of detecting FGF-CX protein, mRMA, or genernic DA, such that the presence of FGF-CX
protein, mRNA. or genomie IINA is detected in the biological sample, and comparing the
presence of FEF-CX protein, mBXA. or genomic DA in the control sawple with the presence
of FGE-CX protein, mRNA or genomic DMNA in the test sample.

7%
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The invention also encompasscs kits for detecting the presence of FGF-CXin a
biological sample. For example, the kit san comprise: a labeled compound or agent capable of
detecting FGF-CX protein or mBMA in a biological sample; meuns for determining the amount
of FGF-CX in the sample; and means for comparing the amount of FGF-CX i the sample with a
standard. The compound or ageitt can be packaged in a suitable containcy. The kit can further

comprise inslructions for using the kit to detect FGF-CX protein or nucleic acid.
Prognostic Assuys

The diagnostic melhods described herein can furthermore be utilized to identify subjects
having ar at risk of doveloping a disease or disorder associated with aberrant FGE-CX
cxpression er aclivity. For cxample, the assays described herein, such as the preceding
diagnostic assays or the following assays, cag be utilized to identify a subject having or at risk of
developing a disorder associated with FGF-CX protein, nucleic acid expression or activity in,
.g., proliferative or differentiative disorders auch as hyperplasias, tumors, restenosis, psoriasis,
Dupuytren’s contracture, diabetic complications, or rheumatoid arthritis, etc.; and glis-associated
disorders such as cerchral Iesions, diabetic neuropathies, cerebral edema, senile dementia,
Alzheimer's disease, ste. Altematively, the prognostic ussays can be utilized to identify 2
subject having or af risk for developing a disease or disorder. Thus, the prosent invention
provides o aiethod for idenfifying a disease or disorder associated with aberrant FGF-CX
expression of activity in which a test sample is obtained from a subject and FGF-CX profein ox
nueleic acid {e.g., MRMA, genomic DNA) is detected, wherein the presence of FGR-CX profein
ar racleic acid iz diagnostic for a subjeat baving or at sk, o developing a digease or disorder
associated with aberrant FGR-CX expression or activity. As used herein, a "test sample” refers
to a biological sample obtained from & subject of interest. For example, a test sample canbe a
hiological finid (e.g., serum), cell sample, or tissue.

Furthermere, the prognostic assays described herein can be used {o detormmine whether a
subject can be administered an agent (e, an agonisi, antagonist, peptidomimetic, protein,
peplids, nucleic aoid, small molecule, or other drug candidate) fo treat a disesse or disorder
agsociated with aberrant FGI-CX exprassion or activity. For example, such metheds can be
used to determine whether a subject can be effectively ireated with an agent for a disorder, such
45 a protiferative disorder, differentiative disorder, glia-associated disorders, ste.  Thus, the
pregent invotion pravides methods for determining whelter 2 subject can be effectively troated
witl, an agent for a disorder associated with aberrant FGF-CX, expression or activity in which a

test sample is shiained and FGF-CX protein or nucleic acid is detected (2 g., wherein the
7
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presence of FGF-CX protein or nucleic acid is diagpostic for 2 subject that can be admirustered
the agent to treat a disorder associated with aberrant FGF-CX expression or activity.)

The methods of the inveniion can also be used to detect genetic Iesions in a FGF-CX
gene, therchy determining if a suhject with the lesioned gene is #t nsk for, or suffers fiom, a
proliferative disorder, differentiative disorder, glia-associated disorder, ete. In various
smbodiments, the methods include detecting, in a sample of cells from the subject, the presence
or absence of o genetic lesion characterized by at least one of an alteration affecting the integrity
of a gene encodimg a FGF-CX-protein, or the tis-expressien of the FOF-CX gene. For
example, such genefic lesions can be detected by ascertalning the existence of at least one of {1)
& delction of coe or more nucleotides from a FGF-CX gens; (2) an addition of one or more
nucleotides to a FGF-CX gene; (3) a substitution of one or mote miclotidos of a FGF-CX gene,
{4) a chromosomal rearrangement of 4 FGF-CX. gone; {5) an alteration in the level of 2
messenger RNA, transeript of a FGI-CX gene, (6) aberrant modification of u FGF-CX gene,
such as of the methylation pattetn of the genomic DNA, (7) the presence of a non-wild type
splicing paitern of a messenger RNA trumseript of 2 FGF-CX gene, (8) a non-wild iype levelof 2
FGF-CXprotein, (9) ellelic Joss of 2 KGF-CX gens, and (10) inappropriatc post-translational
maodification of a PGP-C¥-protein. As described herein, there are a large number of assay
techuiques known in the art which can be used for detecting lesions in a FGF-CX gene. A
preferred biological sample is a peripheral blood leukocyte sample 1solated by conventional
means from a subject. However, any binlagical sample containing nucleated cells may be used,
including. for cxample, buccal mucosal cells.

In certain embodiments, detection of the lesion involves the use of 4 probe/primer i &
polymerase chain reaction (PCR) (see, e.g., 0.5, Pal. Nos. 4,683,195 and 4,683,202), such as
anchor PCR or RACE PCR, ar, sltematively, in a ligation chain reaction (LCR) (sz¢, e.g.,
Landegran er of, (1988) Science 241:1677-1080; and Nakazawa ef al. (1994} PNAS 91:360-364),
the latter of which can be particularly useful for detecting point mutations in the FGF-CX-genc
(see Abravaya et al. {(1995) Nucl Acids Res 23:675-682). This method can include the steps of
eollecting a sample of cells from a patient, isolating nucleic acld (e.g., genomi¢, mBNA. or both)
from the cetls of the sample, contacting the mucleic acid sample with one or more primers that
specifically hybridize to a FGF-CX gene under conditions such that hybridization and
amplification of the FGE-CX gene (if present) oceurs, and detecting the presence or absence of
an amplification produet, or detecting the size of the amplification product and comparing the
lengtl to a control sample. Tt is anficipsied (hat PCR and/or LCR may be desirable to usc as a

8
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preliminary amplificatien step in conjunetion with any of the technigues used for detecting
mutations described herein.

Alternrative amplification mefhods inelude: self sustained sequence replication (Guateili
et e, 1990, Proc Natl Avad Soi USA 87:1874-1878), transeriptional amplification system
(Kxwoh, e/ af., 1989, Proe Nad dved Sci US4 86:1173-1177), Q-Bera Replicase (Lizardi ef al,
1988, BigTechrology 6:1197), or any other nuclsie acid amplification method, followed by the
detsction of the amplified melecules using techniques well known to these of skill in ths art.
These deiection schemes are especially useful for the detection of nucleic acid molecnlcs if such
malecules are present in very low nunibers.

In an alternative embodiment, mutations in a FGE-CX gene from a sample cell can be
idenlifizd by zlteralions in restriclion encyme cleavage pattemns. For example, sample and
conitol DNA is iselaled, amplified (optionally), digested with one or more restriction
endonuclcases, and lragment leugth sizes are determined by gel electrophoresis and compared.
THfferences in fragment length sizes betweon sample and control DA indicates mutatiens In the
sample DNA. Morcover, the use of sequoncc spocific ribozymes (see, for example, U.S. Fat.
MNo. 5,493,531) can be used (o score for the presence of specific mutations by development or
loss of 4 ribozyme cleavage sile.

In other embadiments, genetic mutations i FGF-CX can be identified by hybridizing 2
sample ang control nucleic acids, e.g., DNA or RNA, 10 high density arrays containing hundreds
or thousands of oliponuclentides probes (Cronin ef af, (1996) Human Mutction 7: 244-255;
Kowal et al. (1996) Nuture Medicine 2: 753-759). For example, genetic mutations in FGF-CX
can be identificd n two dinyensional arrays containing light-generated DNA probes as described
in Cronin ef al. above. Brefly, s frst hybridization array of probes can be uscd to scap through
long siretches of DNA in a satnple and control to identify base chuanges between the sequences
by makiny linear arrays of sequential overlapping probes. This step allows the identification of
point mutations. This step is followed by a second hybridization array that allows the
chagacterization of specific mutations by using smaller, specialized probe arrays complementary
to ail variants or putations defected. Hach mutation arruy is composed of parallel probe sets,
anc complementary to the wild-type gene and the other compleraentary to the mutant gene.

Iiy yei another emboditaent, any of a variety of sequencing reactions known in the art can
he used to directly sequence the FGF-CX gene and detect mutations by comparing the sequence
of the surmple FGF-CX with the corresponding wild-type (control) sequence. Examples of
sequencing reactions include those hased on techniques developed by Maxim and Gilbert (1577)

Vi
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PNAS 74:560 ar Sanger (1977) PNAS 74:5463. Itis also contempiated that any of 2 variety of
automated sequencing procedures can be utilized when performing the diagnosiic assays (Nasve
et al., {1995} Biotechniques 13:448), ineluding ssquencing by mass spectrometry (see, e.g., PCT
International Publ, No. WO 94/16101; Cohen et al, (1996) Adv Chromalegr 36:127-162; and
Griffin et al. (1993} App! Biochem Biotechrol 38:147-159),

Other metheds for detecting mutations in the FGF-CX gene include nicthods in winch
protection trom cleavige agents is used to detect mismatched bases in RNA/ENA or RNA/DNA
heteroduplexes (Myers ef al. (1985) Scigncz 230:3242). In geperal, the art technique of
"mismatch cleavage starts by providing heteroduplenes of fonmed by hybridizing {laheled)
RMA or DNA containing the wild-type FGF-CX sequence with potentially mutant RNA or DNA
obtained from a tissue sample. The double-strunded duplexes are treated with an agent that
cleaves single-stranded regions of the duplex such as which will exist due to basepair
niistnatches between the control and sample strands. For instance, RNA/DNA duplexes can be
{reated with RNasc and DNA/DNA hybrids treated with $1 nuclease to enzyimatically digesting
the mismatehed regions. In other smbediments, sither DNA/DNA or RNAMNA duplexes can
be Ireated with hydroxylamine or osmivm. tetroxide and with pipscidine in order to digest
mistnatched regions. A fer digestion of the mismatehed regions, the resulting material is then
separated by size on denaturing polyacrylamide gels to determing the site of mutation.  See, for
enample, Cotton er ¢/ (1988) Proc Natf Acad Sei USA 35:4397, Salecba or af (1992) Merthods
Enzpnol 217:286-233. In ae erubodiment, the conrrol BNA or RMNA. can be labeled fox
detection.

In still anather embodiment, the mismatceh cleavage reaction employs one or more
proteins thal recognize mismatched base pairs in double-stranded DNA (so called "DNA
mismatch repair” enzymes) in defined systems for detectinig and mapping point mutations in
FGF-CX ¢DNAs obtained fiom samples of cells, For example, the mul'Y etuayme of E. coli
¢leaves A at GFA mismatehes and the thymidine DA glycosylase from Hela cells cleaves T at
/T mismatches (Hsu ef ai. (1994) Carcinogenesis 15:1657-1662). According to an exemplary
emboediment, 3 probo based on a FGE-CX sequence, ¢.g., a wild-type FOF-CX sequencs, is
hybridized to a cDNA or other DNA product from a test ccll(s). The duplex is {reated with a
DA mismatch repair enxyme, and the cleavage products, if any, can be detcetod from
clectrophoresis protacols or the ltke. See, for exampie, U.S. Par. No. 5,459,039,

In other embodinrents, alterations in electrophoretic mobility will be used to identify

mutations in FGF-CX genes. For example, sipgle strand conformation polymeorphisma (S38CP)
80
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muy be vsed to detect differences in cleeirophoretic mobility between mutant and wild type
nucleic acids (Ovita er al. (1985) Proc NatI dcad Sci USA: 86:2766, see also Cotton (1953)
Mutar Res 285:125-144; Hayushi (1992) Genet Anal Tech Appl 9:73-79), Single-stranded DNA
fragments of sample and contrel FGF-CX nucleic acids will be denatured and allowed (o
renature. The secondary strusture of single-stranded nucleic acids varies according to sequence,
the resulting alterztion in electrophoretic mobility enables the defection of even a single hase
change. The DNA fragments may he labcled or detected with laheled probes. The sensitivity of
the assay 1may be enhanced by using RNA, vather than DINA, in which the sccondary structure is
more sensitive to 4 change in sequence. In one embodiment, the subjoet methad utilizes
heteroduplex analysis to scparate doubie stranded heiereduplex molocules on the basis of
changes in electrophoretic mobility. See, e.g., Keen e ol. (1991) Trends Gener 7:5.

In yet anotber embodiment the movemenl of mutant or wikd-type fragmenis in
polyacrylamide gels containing a gradient of denaturant is assayed nsing denaturing gradient gel
elecirophoresis (DGGE). Scc, e.g., Myers ef al (1985) Nature 313:495. When DGGE is wsed as
the mcthod of analysis, DNA will he modified to insure thaf if does not complelely denaturs, for
example by adding a GC clanp of approximaiely 40 bp of high-meliing GC-rich DNA by PCR.
In a further embodiment, & temperature gradient is used in place of a denaturing gradient to
idenuify differences in the mobility of control and sample DNA. Sce, £.g., Roscobaum and
Rofssner {1987) Blophys Chem 265:12753.

Cxamples of other techniques for detecting point mutations include, bul arg not Himited
to, gelective oligomucieotide hytwidization, selective amplification, or sclective primer cxtension.
For exampls, oligonucleciide primers may be propared in which. the known mutation is placed
centrzlly and then hybridized to fargel DNA under conditions that permit hybridization only if a
perfect match is found. See, e.g., Saiki ef af. {1986) Nature 324:103), Salld ef al. (1989) Froc
Natl Acad. Sei USA 86:6230. Such allele specific oligonacieotides ave hybridized to PCR
amplified target DIVA. or a number of different mutations when the aligonucleotides are attached
{0 {he hybridizing membrane and hybridized wilb, labeled target DMA.

Alternativety, allele speeific anplification technology that depends on selective PCR.
amplification may be used in conjunction with the mstant invention. Oligonucleotides used as
primers for specific amplification may camry the mutation of imterest in the center of the
malecule (so that amplification depends on differential hybridization) (Gibbs e af, {1989)
Muclete Azids Res 17:2437-2448) or at the extreme 37 end of one primer whete, under

appropriate conditfons, mismateh can prevent, or reduce polymerase extension (Prossner (1953)
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Tibteck 11:238). In additton it may be desirable %o introduce & novel restriction site in the region
of the mutation to ereate cleavage-based detechon. See, e.g., Gaspaind et of (1992) Mol Cell
Prabes 6:1. Ttis anticipated that in certain embodiments anplification may also be performed
using Taq ligase for amplilication. Sec, 2.2, Barany {19913 Froc Nail dced Sei US4 88:18% In
such cases, ligation will occur only i there is & perfect match at the 3 end of the 3" sequence,
making it passible to detect the presence of a known mutation at a gpecific site by Iooking for the
presence or absence of amplification.

The mathods described herein may be performed, for example, by utilizing pre-packsged
diagnoslic Kits comprising at least one probe nueleic acid or antibody reagent deoscribed herein,
which may be conveniently used, ¢.g., in clinical seftings to diagnose patients exhibiting
symptomns or family history of a disease or iilness invelving a FGF-CX gene.

Furthermore, any cell type or lissue, preferably peripheral blood leukocyies, in which
FGE-CX is expressed muy be utilized in the prognostic assays deseribed herein. However, any
biological sample containing nucleated cells may be used, including, for example, buccal

mueosal oclis.
Pharmacogenomics

Agents, or medulatars that have a stinnlatary or inhibitory cffcet on PGE-CX activity
(e.g., FGF-CX gonc cxpression), as identified by a screening assay desciibed hersin can be
administered to individuals to treat (prophylactically or therapeutically) disorders {2.g.,
neurological, cancer-related or gestational disarders) associated with aberrant FGF-CX astivity
In. conjunction with such treatment, the phartnacogenomies {1.¢., the sudy of the relationship
between an individual's genctype and that individual's response {o a forsign compound or drug)
of the individual niay be considered. Differences ininetabolism of therapeutics can lead to
severe toxicity or therapeutic failure by altering the relation between dose and blood
concentrztion of the pharmacologically active drug. Thus, the pharmacogenoniics of the
individual permits the sclection of effective agents (e.g., drugs) for prophiylactic or therapeuiic
treatments based on a consideration of the individual's genotype. Such pharmacogenomics can
further be used to determine appropriate dosages and herapeutic vegimens. Accerdingly, the
activity of FOF-CX protein, expression of FGF-CX nucleic acid, or mutation content of FGEF-
CX genes i an individual can be determined to thereby seleet appropriate agent(s) for
therapeutic or prophylactic treatment of the individual.

TPhasmnacogenomics deals with clinically sigmificant hereditary variations in the response

10 drugs due to altered drug disposition and abnormal action in affected persons. See e.g.,
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Eichelbaum, 1996, Ciin Exp Pharmacol Physiol, 23:983-985 and Linder, 1997, Clin Cham,
43:254-2656. In general, two types of pharmacopgenetic conditions can be differentiated. Gonetic
eenditions fransmitfed as a single factor altering the way drugs aet on the body (altered drug
action) or getretic conditions fransmitted as single factors altering the way the body sets on drugs
(altered drug metabolism). These phamacogenetic conditions can oceur either as rare defects or
as polymecphisms, For exampic, glucose-6-phosphate dchydrocenase (GEPD) deficiency is &
common inherited enzymopathy in which the main clinical complication is haemolysis after
ingestion of oxidant drugs (anti-malarials, sulfonamides, analgesics, nitrefurans) apd
censumption of fava beans.

As an illustrative embadiment, the sctivity of drug meiabolizing enzymes is a major
determinant of both the intensity and duration of drug action. The discovery of genetic
polymerphisms of drug metsbolizing enzymes (e.g., N-acetylnuﬁsferasc Z (NAT Z)and
cytochrome P450 enzymes CYP2D6 and CYP2C19) hus pravided an explanation as to why
some patients do not obtain the expected drug offecis or show exaggerated drug response and
serious toxicity after taking the standard and safe dosc afa drug. These polymorphisims are
oxpressed in two phenotypes in the population, the extensive metabolizer (EM) mmd poor
metabolizer (PM). The prevalence of PM is different among different populztions. For
example, the gené coding for CYP2D6 js highly polymerphic and several oufations bave been”
identified in PM, which all lead io the absence of funcfional CYP2ZD6, Poor metabolizers of
CYP2D6 and CYP2C19 quite frequently experience exaggerated diug response and side effects
when they receive standard doses. 1 a melabolite is the aclive therzpeutic moiety, PM show no
therapeutic response, us demonsirated for the analgesic effect of codeine mediated by its
CYPIDG-formed metabslite morphins, The olher extreme are the so called ulire-rapid
meiabolizers wha do not respond to standard dorcs. Recently, the molecular basis of ultra-rapid
metabolism has been identificd to be due to CYP2D6 genc amplification.

Thus, the activity of FGF-CX proteir, expression of FGF-CX nucleic acid, or mutatjion
content of FGE-CX genes in an individual can be determined io thereby select appropriate
agent(s) for therapeutic or prophiylaciic treztment of the individual. In addition,
pharmacogenetic studies can be used to apply genotyping of pelymorphic alleles encoding
drug-mietabolizing ensymes to the identification of an individual's drug responsivencss
phenotype. This knowledge, when applied to dosing or drog sclection, can avoid adverse

reactions or therapeutic fajlure and thus enbance therapeutie or prophylactic cfficiency when
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treating a subject with a FGF-CX modulator, such as a medulator identified by ons of the

exemplary screening assays described herein.
Monitoring Clinjeal Efficacy

Moniloting the influence of agents {e.g., drags, compoeunds) on the expression or aclvily
of FGF-CX (e.g., the ability o modulate eberrant cell proliferation und/or differentiation) can be
applied in basic drug screening and in ¢linical mals, For exarple, the effectiveness of an agent
determined by a screening assay as described bergin to increase FGR-CX gene expression,
protein levels, or upregulate FGF-CX activity, can he menitored in clinical trials of subjects
exhibiting decreased FGF-CX gene expression, protein levels, or downregulated FGI-CX
activiry. Alternafively, the effectiveness of an ageni determined by a screening assay to decrease
FOF-CX gene expression, protein levels, or dowmregulate FGE-CX activity, can be monitored in
clinical frials of subjects oxhibiting increased FGF-CX gone exprossion, protein levels, or
upregulated FGF-CX activity. In such clinical trials, the expression or activity of FGF-CX and,
preferably, other gencs that have been implicated in, for example, 2 proliferative or neurological
disorder, cun be used us a "read cut" or marker of the responsiveness of a particutar call.

For example, genes, including FGF-CX,, that are modulated in cells by treatment with an
agant {e.g., compound, drug or small malecculc) that modulates FGF-CX activity (e.g., identified
in a sereening assay as described herein) can be identificd. hus, to study the cffcct of agents on
cellular proliferation disorders, for exumple, in a clinical trial, cells can be isoluted and RKA
prepaved and analyzed for the Jevels of expression of FGF-CX and other genes mplicated in the
disorder. The levels of gene axpression (i.e., 2 gene expression pattern) can be quantified by
Northem blot analysis or RT-PCR, as deseribed herein, or alternatively by measuring the amount
of protein produced, by one of the methods s described herein, or by measuring the levels of
activity ol FGE-CX or other genes. In this way, the gene expression patiern can serve as a
marker, indicalive of the physiological response of the cells to the agent. Accordingly, this
response state may be determined before, and at varfous points during, treatment of the
individual with the agent.

Tn one embodiment, the invention provides @ methed for menitoring the effectivensss of
trea(elent of 2 subject with an agent (e.g, an agonist, antagonist, protein, peptide, meleic acid,
peptidomimetis, sitall melecule, or other drug candidate identified by the seresming assays
described herein) comprising the steps of (§) cbtaining & pre-administration sample ftor a
subject prior to admitstration of the agent; {i7) detecting the level of expression of'a FGF-CX

protein, MRIA, or genomic DWA in the preadmdnistration sample; () obtaining one or more
B84
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post-adminisiration samples from the subject; (7v) detecting the level of expression er activity of
the FGE-CH protein, mRNA, or genomic DNA in the post-administration samples; (v)
compaiing the level of expression or activity of the FGF-C¥ protein, mRNA, or genomic DNA
in the pre-administration sample with the FGF-CX protein, mRNA, or genomic DNA in the post
administration sample or sampies; and () altering the administration of the agent to the subject
accondingly. For example, increased administration of the agent may be desirzble to increase the
expression or aslivity of FGF-CX to higher levels than detected, i.z., o increase the
cifcctivenass of the agenl. Alternativcly, decroased administration of the agent may be desirable
to decrcase cxpression or activity of FGF-CX to lower Icvels than deteeted, i.e., to decrease the

sffectiveness of the ageat.
Mecthods of Treatment

The present invention provides for both prophylactic and therapeutic methods of treafing
a subject ut risk of (or susceptible to) 2 disorder or having a disorder associated with aberrant
FOF-CX expression ar activily.

Discases and disorders that arc characterized hy inereased (yelative to a subject not
suilering from the disease or diserder) levels or biological activity may be wreated with
Therapeutics that aplagomze {f.e., reduce or inhibit} activity, Therapeutics that antagonize
activity may be administered in a therapentic or prophylactic manner, Therapeutics that may be
utilized inglude, but arg not limited to, (3 a FGE-CX, polypeplide, or analogs, dertvatives,
fragments or homologs thereof; {#7) antibadies to a FGE-CX peptide; (i) nucleie acids encoding
4 FGEF-CX peptide; (v adminisiration of sutisense nucleic acid and nucleic acids that ave
“dysfunciional” (1.e., due to a beterclogous insertion within the coding sequences of coding
sequences to 2 FGF-CX peptide) that are utilized o "knockout" endogenous function of a FGE-
CX peptide by hemologeous recombivaticn (see, e.g. Capecchl, 1989, Selence 244: 1288-1292);
or (¥} modulators (.2, inhibitors, agonists and antagewsts, including additional pepiide mimetic
of the invention or antthodies specific to a peptide of the invention) that alter the interaction
between a FGF-CX peptide and its binding partner,

Diseases and disorders that arc chavacterized by decreased (relative 1o a subject not
auffering from the disease or disorder) levels or biological activity may he treated with
Therapeutics thay insrease {i.z., are agopists to) activity. Therapeutics that upregulate activity
may be adminisiered in 2 therapeutic or prophylactic manner. Therapeutics that may be wilized
include, but are not limited to, a FGF-CX pepiide, or analogs, derivatives, fragments ar

homologs thereof; or on agonist that incrcascs bioaveilability.
8%
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Increased or decreased levels can be readily detected by quantifying peptide and/or RNA,
by obtaining a paticst tissus sampls (e.g., from biopsy tissue) and assaying it ## vigre for RNA or
peptide levels, structure and/er activity of the expressed peptides (or mRNAs of s FGF-CX
peplide). Methods that are well-known within the art include, but are not imited te,
imununoassays {¢.z2., by Western blot analysis, immunoprecipitation followed by sodium dodecyl
sulfate (SDS)} polyacrylamide gel electrophoresis, immuonosytochemistry, cte.) andfor
hybridization assuys to detect expression of mRNAs (2.g., Northem ussays, dot biots, in sétu
hybridization, etc.).

In ane aspect, the invention provides a method for preventing, in a subject, a diseasc or
cordition assaciated with an zberrant FGF-CX expression or activity, by administering to the
subject an agent that modulates FGF-CX expression or at least ene ¥GF-CX activity. Bubjects
af risk for a disease that is cansed or contributed to by abej;ranj, FGF-CX expression or asiivily
cun be identified by, for example, any or 2 combination of diagnostic or prognostie assays as
descaibed herein. Administration of a prophylactic agent can occur prior to the manifeatation of
symptoms characteristic of the FGF-CX aberrancy, such that a disease or disorder is prevented
o, alternatively, delayed in its propression. Depending on the type of FGF-CX aberrancy, for
example, & FGF-CX ugonist or FGF-CX antagonisi agent can be used for treating the subject.
The appropriate agent can be determined based on screening assays described herein.

Another aspect of the invention pertains io methods of modulating FGF-CX expression
or activity for therapeutic purposes. The modulatory method of the invention invelves
contacting a cell with an agent that modutates ene or more of the activities of FGF-CX protein
activity associated with the cell. An agent that modulates FGF-CX protein gctivity can be an
agent as described herein, such as a nucleic acid or a pretein, @ naturally-occwring cognaie
ligand of & FGF-CX pratein, 2 peptide, a FGF-CX peptidemimetic, or other small molecule. In
ong embodiment, the agent stimulates one or more FGF-CX protein activity. Examples of such
stimulatery agenls include active FGF-CX protein and 2 nucleic acid molecule ¢neoding FGE-
CX that has becn introduced inta the cell. In another embodiment, ihe agent inhibits onc or
more FGF-CX protein activity. Bramples of such inhibitory agents include antisense FGF-CX,
sucleie acid molecules and asti-FGF-CX antihodies. These mocdulatery methods can be
performed in vifre (¢.g., by culturing the cell with the agent) or, alternatively, in wve (e.g., by
administering the agent 1o « subject). As such, the present invention provides methods of
trealing an individual afflicted with a diseuse or disorder characterized by aberrant expression or

activity of a FGE-CX protein or noeleic acid molecule. 1n one emrhodiment, the melbod involves
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adininistering an agent (e.g., an agent identified by a sereening assay described herain), or
combination of agents that modulates (2.g., upregulates or downregnlates) FGF-CX expression
or activity. In another embodiment, the method iuvolves administering a FGF-CX protein ar
nucleis acid malecule as therapy o compensate for reduced or abarant FGF-CX expression or
activity.

The invention will be further illustrated in the foliowing non-limiting examples.

EXAMPLES

Example 1. Identification of the FGF-CX genc.

The FGF-CX gene was idenlified following a TBLASTN ({Altschul, 8. F., Gish, W.,
Miller, W, Myers, E. W. & Lipman, D. J, (1990) /. Mol. Biol 215, 403-410) search of Genbank
Iuman genomic DNA sequences with Xenopus FGF-CX (Koga, C., Adati, N., Nakata, K.,
Mikoshiba, K., Furuhata, Y .. Sata, 8., Tei, H., Sakatf, Y., Kurokawa, T., Shiokawa, K. &
Yokovama, K. K. (1999) Biachem. Biophys. Res. Comn. 261, 756-765, Accession No.
ABQI2615) as query. This scarch identified & locus (Avecssion No. AB020858) of high

homology on chromosome 8. Intron/exon boundarics were deduced using standard consensus
splicing parameters (Mownt, 8. M. (1996) Science 271, 1690-1692), together with homolegics
derived from known FGFs. The FGF-CX initiation codon focalizes to bp 16214 of the sequence
of AB0Z0858, and the remalining 3' portion of this exon continues ta bp 15930, The 5° UTR. of
FGF-CX was extended upstream of the initiation codon, by an additional 606 bp using public
LESTs {Accession Nos. AA232729, AAZI6522, AL272876 and AT272878). The remaining
structure of the FGF-CX gene us it relates 10 Jocus ABU20858 is as follows: intron 1 (bp 15929-
G942); exen 2 (bp 9941-9838); intron 2 {bp 9837-7500); exon 3 (begins at bp 7499 and
continues as shown in Fig. 13; the structurs of the 3’ untranslated region has not yot heen
determined).

The gene discovercd by the procedure in the preceding paragraph includes 3 exons gud 2
introns (Fig. 13). The DNA seyuence predicts an ORF of 211 amino acid residues, with an in-
frame stop codon 117 Bp upstream of the initiator methionine. The IXNA segment from which
the gene was mined waps to chromosome 8p21.3-p22, a location that was confirmed by
radiation hybrid analysis (see Exemplc 2).

a7
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An FGF signature moiif, G-X-[LII-X-[STAGF1-X{6,7)-[DE[-C-X-[FLM[-X-E-X(6)-Y,
identified by a PROSITE scarch {Bucher, P. & Bairoch, A. (1984) Ismb. 2, 53-61} located
between amine acid ﬁ:sldue.s 125-148 is double-underlinad, 2od intron/exon boundarics are
depicted with arrows. Introns 1 and 2 are 5988 bp and 2338 bp long, respeciively. The 5* UTR

sequence was derived from public ESTs, and is not shown mm its entirely.

Exsmple 2. Radiation Hybrid Mupping of PGF-CX.

Radiation liybrid mapping using buman chromoesome markers was carried out for FGI-
CX. The procedure used is unalogous te that deseribed in Steen, RG et al, (A High-Donsity
Inicgrated Genetic Linkage and Radiation Hybrid Map of the Laboratery Rat, Genome Research
1998 {Published Onling on May 21, 1999 Vol 9, AP1-APS, 1999). A pancl of 43 cell clones
centaining the randomized radiation-induced human clwomosomal fragraents was sereened in 96
well plates using PCR primers designed 1o identify the sought clones in a unique fashion. The
DINA, segment (rom wlich the nudleotide sequeiice encoding POF-CX was identified was
annotated as mapping to chromosome 8p21.3-p22. This result was refined by the present
atalysis by finding that FGF-CX maps to chromosome & at 2 loeus which averlaps marker
AFMI177XB19, and which is 1.6 cR from marker WI-5104 and 3.2 ¢R from marker WI-9262.

Example 3. Molecular Cloning of the Sequence Encoding a FGF-CX Protein.

Qligonucleotide primers were designed for the amplification by PCR of a DNA scgment,
represcnting an open reading trame, coding for the full length FGF-CX. The forward primer
includes a Bglll restriction site (AGATCT) and & copsensus Kozak sequence (CCACC). The
reverse primor contains an in-frame Xhol restriction site for further subcloning purposes. Both
the forward and the reverse primers contain a 5° clanyp sequence (CTCGIC). “The sequences of
the primers are the following:

FGF-CX-Forward: 5” - CTCGTC AGATCT CCACC ATG GCT CCC TTA GCC GAA
GIC -3’ (SEQTNNQ:3)

FGE-CX-Reverse: 5 - CTCGTC CTCGAG AGT GTA CAT CAGTAG GTC CTT G -
3* (SEQ D NO:4)

PCR reactions werc porformed using a total of Sng human prostate cDNA template, 1
uM of gach of the FGF-CX-Forward and FGF-CX-Reverse primers, § micromales dNTP
{Clontech Laboratories, Palo Alto CA) and 1 microliter of 50xAdvantage-IIF 2 polymerase
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(Clontech Laborataries) in 50 microliter voluoae, The following PCR reaction conditions were
used:

a) 96°C 3 minutcs

b 96°C 30 seconds denaturstion

<) 70°C 30 sceonds, prituer anpeeling, This temperature was gradually decreased
by 1°Cleycle.

) 72°C 1 ououfe exiensian.

Repeat steps (b)-(d) ten titics

a) 96°C 30 seconds denaturation

i) 60°C 30 secouds annealing

) T2°C 1 mimate gxtension

Repeat steps (¢)-(g) 25 times

h) 72°C 5 minutes final extension

A single PCR produet, with the expecled size of approximately 640 bp, was isolated after
electrophoresis on agarose gel and ligated into a pCR2.1 vestor (Invitrogen, Carlsbad, CA). The
sloned insert was sequenced using vector specific M13 Forward(-40) and M13 Reverse primers,
which verificd that the nucleotide sequence was 100% identical to the sequence in FIG. [ (SEQ
D M1 inserted divectly between the upsiveam Bglll cloning site and the downstream Xhel
cloning site. the cloned sequence constitutes an open reading frame codmg for the predicted
FGF-CX [ull length protein, The clone is called TA-AB0O2085-5274-F19.

Example 4. Preparation of Mantmalian Expression Vectar pCEP4/Sec.

The oligonucleatide primers pSec-V5-His Forward (CTCGT CCTCG AGGGT AAGCC
TATCC CTAAC (SEQ ID NO:143) and pSco-V5-His Reverse (CTCGT CGGGC CCCTG
ATCAG CGGGT TTAAA C (SBQ I N(:15}}, were designed io amplify 2 fragment from the
peDMA3.1-V51lis (lovitragen, Carlsbad, CA} expression vector that includes V5 and His6. The
PCR product was digested with Xhol and Apal and ligated mto the Xhol/Apal digested
pSecTagld B vestor harboring an Ig keppa keader sequence (Invitrogen, Carlshad CA). The
correct siructure of the resulting veator, pSecV5His, inciuding an in-frame Tg-kappa leader and
V3-Hists was verilied by DNA sequence analysis, The vector pSecV 5Elis was digested with
Pmel and Nhel 1o provide a fragment retzining the above elements io the correct frame. The
Pmel-Nhel (ragment was ligated info the BanHKlenow and Nhel treated vector pCEP4

8%
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{Invitrogen, Carlsbad, CA). The resulting vector was named pCEF4/Sec and ingludes an in-
frame Ig kappa leader, & site for insertion of a clone of interest, and theV3 epitope and fixHis
under conirol of the PCMV and/or the PT7 promoter. pCEP4/Sas is an sxpression vestor that
allows heterolopous protein expression and secretion by fusing any profein into a muitiple
cloning site followring the Tg kappa chain signal peptide, Detection aud purificetion of the
expressed protein are aided by the presence of the V5 epitope tag and 6x11is tag at the C-
terminus (Inviwogen, Carlsbad, CA).

Exanrple 3. Expression of FGF-CX in lmman cmbryonic kidney (HEK) 293 cells.

The Bglll-Xhel fragment containmg the FGF-CX sequence was isolated from TA-
AB02085-8274-F19 (Example 3) and subcloned into (he BamHI-Xho! digested pCEP4/8ec to
geperate the expression vector pCEP4/Sec-FGF-CX, The pCEP4/Sec-FGF-CX vectar was
transfected inte 293 cells using the LipofectaminePlus reagent following the manufaclurer’s
instructions (Gibee/BRL/Lifc Tochnologics, Reckville, MID). The cell pellet and supernatant
were harvested 72 hours after ransfection and examined for FGF-CX expression by Westermn
bletting {teducing conditions) with an anti-¥5 antibody. Fig. 12 shows that FGE-CX is
expressed as a polypeptide having an apparent molecular weight (Mr) of approximately 34 kDa

proteins scorcted by 293 cells. In addition a minar band is observed at about 31 kD,

Exumple 6. Expression of FGF-CX in B, cofi.

The vector pRSETA (InViiregen Ine., Carlsbad, CA) was digested with Xhol and Neol
restriction cnzymes. Oligenucleotide linkers of the sequence 5” CATGGTCAGCCTAC 3 (SEQ
1D NQ:16) and 3 TCGAGTAGGCTGAC 3° (SEQ ID NO:17) were anncaled at 37 degree
Celsius and ligated into the Xhol-Neol treated pRSELA. The resulting veetor was confirmed by
restriction analysis and sequencing and was named pETMY. The Bglll-Xhol fragment of the
sequenes sncoding FOF-CX {see Exanple 3) was ligated into vector pETMY that was digested
with BamHI and Xhol reshietion enzymes. The expression vector is named pETMY-FGF-CX,
In this vector, hFGE-CX was fused to the 6xHis tag and T7 epitope at its N-iemmious. The
plasmid pETMY-FGF-CX was then transfected into the F. coli expression host BL21(DE3,
pLys) (Novagen, Madison, WI) and expression of protein FGF-CX was induced according to the

manufactet’s instructions.  After induction, total cells were harvested, and proteing were
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analyzed by Westorn blotting using anti-HisGly antibody (Invitrogen, Carlshad, CAL Fig. 14
shows that FGF-CX was expressed as a protein of Mr approximately 32 kDia.

Extunple 7. Comparison of Expression of Recombinant FGF-CX Protein With and
Without a Clened Sianal Peptide,

a) Expression Without a Sipnal Peplide
As noted in the Detailed Description of the Invention, FGF-CX apparently lacks a

classical umino-termninal signal sequence. To determine whether FGE-CX is secreted from
mammalian cells, cDNA, oltained as the B2/11-XE6] fragment, encoding the full length FGF-CX
Pprotein, was sabcloned from TA-ABO20B5-8274-F19 (Example 3) into BamHLX7hol-digested
pcDNA3.1 (Invitrogen). This provided a mammalian expression veclor designated pFGF-CX.
This construct incorporates the V5 epitope tag and a polyhistidine fag into the carboxy-terminus
of the protein i afd in iis identification and purification, respectively, and shouvld generate a
pelypeptide of about 27 kDa. Following transient transfection into 293 human embryonic
kidney cells, conditioned media was harvesied 48 b post transfection.

[n addition to secretion of FGF-CX nlo conditioned media, it also found to be associated
with the eull peliet/BCM {data pot shown). Sinee FGFs are known o bind te heparin sulfate
proteoglyean (HSPG) present on the surface of cells and in the extracellular matiix (ECM), the
inventors investigated the possibility that FGF-CX, was sequestered in this manner, T'o (his end,
TGF-CX-transfected cells were extracted by treatment with 0.5 ml PMEM coutaining 100 OM
suramin, a compound known to disrupt low affinity interactions between growth factors and
HSPGs (La Rocea, RV, Stein, C.A. & Myers, CE. (1990} Career Cells 2, 106-115), for 30 inin
af 4°C. The suramin-cxtracted conditioned media was then harvested and clarified by
cepirifigation (5 min; 2000 X 2).

The cenditioned media and the suramin cxtrect were then mixed with equal voluraes off
2% gel-loading tutfer. Samples were hoiled for [0 in, tesolved by SDS-PAGE on 4-20%
pradient polyacrylamide gsls (Novex, Dan Diego, CA) under reducing condifions, and
transferred 10 nitrocelluose filters {Novex). Western analysis was performei according to
standard procedures using HRP-confugated amti-V5 sntibody (Invitregen) wnd the ECL detection
systenl (Amersham Pharmaciz Biotech, Piscataway, NJ).

One band having the expected Mr was idenfified in conditioned media Fom 293 cells
transfected with pFGE-CX (Fig. [1A, lane 1). Conditioned media from cells transfected with

control vector did not react with the anlibody (Fig. 1A, lane 5). After suramin trealment, it
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was found that a significant quantity of FGF-CX could in fact be released from the cell
swrface/ECM, mdicating that HSPGs are likely to play & role in sequestering this protein {Fig.
114, lane 2). These resuils indicate that FGF-CX can be secreted without a ¢lassieal signal
peptide.

Recombinant FGF-CX protein stimulates DNA syothesis and eeil proliferation, effects
that are Jikely to be mediated via high affinity binding of FGF-CX to & cell surfase receptor, and
modulated via low affinity inferactions with HSPGs. The suramin extraction data suggests thut
FGF-CX binds te HSPGs present on the cell surface and/or the ECM.

b) Expression With a Signal Peptide

Wil the goal of enhaneing protzin secretion, a construct (pCEP4/Sce-FGE-CX) was
generated in which the FGF-CX cDINA was fused in frame with a ¢leavable amino-terminal
secretory signal sequence derived from the lgk gene. The resulting protein also contained
carboxy-terminal ¥35 and polyhistidine {ags as described above for pFGF-CX. Following
transfection info 293 cells, a profein product having the expected Mr of zhout 31 kDa was
oblained, and suramin was again found to releasc a significant quantity of sequestcred FGF-CX
protein (Fig. 11A; lancs 3 and 4). As capected, pCEP4/Sec-FGF-CX peneraied more saluble
FGF-CX protein than did pFGF-CX.

Results sitnilar to those described above for 293 cells were also obtained with NTH 3T3
cells (Fig. 11B).

Example 8. Real Time Quantitetive Bxpression Anaiysis Of FGP-CX Nugleie Acids By PCR

The quantilative expression of various clones was assessed in 41 normal and 55 tomor
sapnples {in most cases, the sumples presented in Fig. 15, Pancls A and B arc these identified in
Table 3) by real time quantitative PCR (TAQMAN® analysis) performed on a Perkin-Elmer
Blosystems ABI PRISM® 7701 Sequence Netcetion Systern. [n Table 3, the following
abbreviations are nsed:

ca, = carcinoms,

* = established from metastasis,

met > metastasis,

5 cell var= small cell variant,

non-s = non-5m =non-small,

SQUAM = SYUAMOUS,

pl. eff = pl cffusion = pleural effusion,
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glic = glioma,
astro = astrocytoma, and

necure = neuroblastoma.

First, 06 RMA samiples were narmalized to p-actin and glyceraldehyde-3-pbosphate
debydrogenase {GAPDH). RNA (~30 ng total or ~1 ng polyA+) waa converted to cDNA using
the TAQMAN® Reverse Transcription Reagents Kit (PE Biosystems, Foster City, CA; cat #
N398-0234) and random hexamers according to the manofacturer’s protocol, Reactions wore
pecfommed in 20 ul aud incubated for 30 min. at 48°C. cDINA (5 ul) was then trapsferred to 2
separaie plate for the TAQMAN® reaction using B-actin and GAPDH TAGMANE Assay
Reagems (PE Biosysiems; cat. no.’s 431088]E and 4310884E, respectively) and TAQMAN®
nniversal PCR Master Mix (PE Biosystems; cat # 4304447) according to the manufacturer’s
protocal. Reactions were performed in 25 ul using the foliowing parameters: 2 min. at 50°C; 10
min. at 95°C; 15 sec. at 95°%C/1 min. at 60°%C (40 cycles). Results were recorded us CT values
{cycle at which a given sample crosses a threshold level of {luorescence) using a log scale, with
the difference in RNA conccutration between a given sample and the sample with the lowest CT
~alue being represented as 2 to the power of delta CT. The percent relative expression is thee
eblained by teking the reciproeal of this RNA. Jifference and multiplying by 100, The average
CT values vbtained for B-actin and GAPDH were used to normalize RMA. samples. The RNA
sample generating the highest CT value required no further diluting, while all other samples
were diluted relative to this sample according to their B-actin /{GAPDI average CT values.

Normalized BNA (5 ul) was canverted to oDNA and analyzed via TAQMAN® using
One Step RT-PCR Master Mix Reagents {PE Blosystems; cat. # 4309169) and gene-speeific
primers according ta tha manufactures’s wstustions. Probes and primers wers dosigned for cach
assay according to Perkin Elmer Bicsysiem’s Pritrer Express Software package (version I for
Apple Computer's Macintosh Power PC) using the sequence of clope 16326230.0.38 a5 input.
Default setlings were used for reaction condilions and the following parameters were set before
selecting prmets: primer coneentration = 250 oM, primer melting ternperature (Tn) range = $8°-
60° C, primer optimal Tm = 59° C, maximum primer difference =2° C, probe does not have 5°
G, probe Tr, must be 10" C greater than primer Tr, amplicon size 75 bp to 100 bp. The probes
and primers selected (see below) were synthesized by Synfhegen (Fouston, TX, USA). Prabes
were double purified by HPLC to remove uncoupled dye and evaluated by mass spectrascopy tn
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verify coupling of repotter and quencher dyes to the 5 and 37 ends of the probe, respectively.
Their final concentrations were: forward and reverse primers, 900 1 each, and probe, 200nd4.
Far PCR, normalized RNA from each tissue and each cell line was spotted in each well
of 296 well PCR. plate (Perkin Flmer Biosystems). FCR. cockiails including two probes (one
specific for FGF-CX and a second gene-specific probe to serve as an internal standard) were set
up using 13 Tagdlan™ PCR Master Mix for the PE Biosystems 7700, with 5 mb MgCl2,
dNTPs (dA, G, C, U at 1:1:1:2 ratias), €.25 Ufml AmpliTag Gold™ (PE Biosystems), and 0.4
Ufpl RMase inhibitor, and 0.25 U/pl reverse transcriplase. Reverse transeription was performed
atl 48° C for 30 minutes followed by amplificabon/PCR cycles as follows: 95° C 18 min, then 44

cytles of 93¢ C for 15 scconds, 60° C for 1 minute.

Table 3. Tissue Samples used in TagMan Expression Analysis.

No.  Tissue Sample No. Tissue Sample

1 Endothelial cells 49 Renal ca. 786-0

2 Endothelial ¢elis {troated) 50 Renal ca. A498

3 Pancreas -51 Renal ca. RXF 393

4 Pancreatic ca. CAPAN 2 52 Renal ca. ACGHN

5 Adipose 53 Renal ca. UO-31

6 Adrenal gland 54 Renal ca. TK-10

7 Thyroid 55 Liver

3 Salivary gland 56 Liver (fetal)

k] Pituitary gland 57 Liver ca. (hepatoblast) HepG2
10 Brain (fatal) 58 Lung

11 Brain {(whale) 59 Lung (fetal)

12 Brain (amygdala) 60 Lung ca. (small cell) 1.1

13 Brair: (cerebellum) 61 Lung ca, (small cell) NCI-HG9
14 Brain (hippocampus} 62 Lung ca. (s.cell var.) SHP-77
15 Brain (hypothalamus) 83 Lung ca. {large cell)NCI-H480
16 Brain {(substantia nigra) 84 Lung ca. (non-sm. cell} A548
17 Brain (thatamus} 65 Lung ca. (non-s.cell) NCI-H23
18 Spinal cord 66 Lung ca (non-s.cell) HOP-52
19 CNS ca. (glio/astro) UB7-MG 67 Lung ra. {non-s.cl) NGI-H522

CNS ca. (gliofastro) U-118-
20 MG 68 Lung ¢a. (squam.) Sw 900
21 ChG ca. (astro) SW1783 69 Lung ca. (squam.) NC!-H596
CNS ca.® {neuro; met } SK-N-

22 A5 70 Mammary gland

23 CNS ca. (astro} SF-532 71 Breast ca.* {pl. effusion) MCF-7
24 CNS ca. (astre} SNB-75 72 Breast ca.* (pl.ef) MDA-MB-231
25 CNS ca. (glio) 8NB-18 73 Breast ca.* (pi. effusion) TA7TD
26 CNG ca. (glioy U251 74 Breast ca. BT-549

ird CNS ca. (glhio} SF-295 75 Breast ca, MDA-N

28 Heart 76 Ovary

29 Skeletal muscle 77 Ovarian ca. OVCAR-3
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38 Bone marrow 78 Qvarian ca. QVCAR-4
31 Thymus 79 Qvarian ca. OVCAR-5
32 Spleen 80 Ovarian ca, OVCAR-8
33 Lymph node 81 Qvarian ca. IGROV-1
34 Colon (ascending) 82 Ovarian ¢a.?* (ascites) SK-0V-3
as Stomach 83 Myometrium
3§ Small intesline 84 Uterus
ar Colon ca.  SW480 85 Placenta
Colen ca.’t (SW480
38 mel)SWe620 86 Prostate
39 Colonca. HT29 87 Prostate c&.” {bone met)PG-3
40 Colonca. HCT-11é B8 Testis
41 Colon ca. CaCo-2 B9 Melancma HsB88(A).T
42 Cglonca. HCT-15 90 Melanoma* {met) HsB88(B).T
43 Colon ca. HCC-2998 91 Melanoma UACC-62
Gastric ca.* {liver mat) NGk
44 N87 92 Melancma M14
45 Bladder 93 Melancma LOX VI
46 Trachea 94 Melanoma* (met) SK-MEL-5
47 Kidney 95 Melanoma SK-MEL-28
48 Kidney (fetal) 46 Melanoma UACG-257

The Fallowing primees and probe were designed. Each possesses a minimum of three
mismatches for coresponding regions of the highly homologous human FGF-9 and FGF-16
genes so as to be specific for FOV-CX. Set Ap81b covers the region from base 270 to base 343
of Fig. | (SEQ ID NO:1). It should not detect other known FGF family members. The primers

and probe utilized were:

Ag8lb(Fx  5-GGACCACAGCCTICTTCGGTA-3 (EEQ ID NO:13);
AgBlb (1) - TGTCCACACCTCTAATACTGACCAG-Y (BEQ ID N(O:19);
and

Agdlb (P  5-FAM-CCCACTGOCACACTGATGAATTCCAA-TAMRA-3’ {SEQ ID
NO:20).

The results from a representative experiment are shown in Fig, 15, Pagels A and B.
Expression is plotied as a percentage of the sample exhibiting the highest level of expression.
Four replicate runs were made, presented in variously shuded bars. In. 39 normoal human tissues
exgmined, FGF-CX was found to be most highly expressed in the brain, pacticulerly the
corebellum {Fig. 15, Panels A and B). Other tissues of the cantral nervous system expressed
much lower levels of FGF-CX. Of the 54 human tamor cell lines examined, FGF-CX was found

1o be mest highly expressed in a lung carcinoma cell line (LX-1), a colon carcinoma eell line
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(SW-4i0) n colon caneer cell fine and metasiasis (SW480) and « gastric carcinoma cell line
(MCI-N87; see Fig. 15, Panels A and B).

Additional real time expression analysis was done on an extensive panel of tumer tissues
obtained during surgery. Thesc tissues inelude portions obtained from the actusl tunars
themselves, as well as the portions tetmed “normal adjacent tissue (NAL)™, which typically are
alrcady inflamed and show histological evidence of dysplasia, A primer-probe set (Ag81)
selected to be speciiic for FGF-CX was employed it a TagMan experiment with such surgical
tissue samples, in which two replicate ans were performed:

AQB1 (F): 5'-AGGCAGAAGCGGGAGATAGAT-3) {SEQ ID NO:21);
Ag8l (R): 5-AGCAGCTTTACCTCATTCACAATG-3 (SEQ 1D NO:22); and
Agg1 (P); TET-5-CCATCTACATCCACCACCACTTECAGRA-Y-TAMRA (SEQ ID NO:23),

Set Ag8l covers the region from base 477 to base 554 of Fig, 1 (SEQ ID NO:1} The replicates
are shown as bars of grey ind black shading n Fig. 15, Panels C and D. The results show
dramaticatly that for raany matched pairs of tumora and their dysplastic MAT samples, FGE-CX
is highly exprossed in the NAT but not in the tumor itself; more specifically, in the parenchymal
cells adjacent to the tumar. Cxamples in which this matched pattern arises include ovarian
cancer, bladder cancer, utering cancer, lung cancer, prostate cancer and liver cancer,

Without heing limited by theory, it is believed from the resulis in Fig. 15, Panels C and D
that I*GF-CX may contribute to tunor progression by paracrine stimulation of the tumor
epithelium and/or other components in the host tissue {endothelial cells, stromal fibroblasts,
infiltrating lymphocytes, and sitmilar cell types). Likewise, FGF-CX may fanction to stimulate
the eomponents in the host tissue that synthesize or seerete FGF-CX in an autocrine manner.
These host component cells may subscquently act on the tumor compariment.

The elevated expression profile of FGF-CX relative to unmatched notmal tissus suggests
that it plays a prospective or promoting role in tumor progression, Therefore, therapeutic
targeting of FGF-CX using ary ef 4 number of targeting appreaches (inciuding, by way of
noplimiting cxample, monocional antibodies, ribozymes, antisense oligonucleotides, peptides
that neutralize the interaction of FGF-CX with cognate receptor(s}, and small drogs that
meodulate the unidentified receptor for FGF-CX) is anticipated to have a positive therapeutic
mepact on disedse progression.  Likewisc, the use of such agents to modulate the bioactivity of
FGF-CX in temet progroession is anticipated tn synorgize or enhanse sonventional chemotherapy
and radiotherapy, Specific disease indications where therapeutic targeting of FGF-CX might be
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applied include adenocarcinomas of the colen, prostate, lung, kidney, uteras, breast, bladder,

ovary.

Example 9. Stimulation of Bromoedeoxyvuridine Incorperation by Recontbinant FGF-CX.

293-FEBNA. cells {Invitrogen) wers transfected nsing Lipofectamine 2000 according to
the mamufacturer’'s protocol (Life Techuologies, Gaitharsburg, MD). Cells were supplementad
with 10% feta] bovine serum (FBS; Life Technelogies) 5 hr post-transfection. To penerate
protein for BrdU and growth assays (Example [0), cells were washed and fed with Dulbecco’s
modified Bagle medium (ODMEM; Life Technolegmes) 138 hr post-transfection, After 48 fu, the
media was discarded and the ccll monaiayer was incubated witlh: 100 pM suramin {Sigma, St.
Lauis, MQ) in 0.5 ml MEM for 30 min at 4°C. The suramin-oxtracted conditioned media was
then removed, clarified by centrifugation {5 min; 2000 X g), and subjected io TALON metal
altinity chromatography according to the manufacturer’s insiructions (Clontech, Palo Alio, CA}
taking advantaye of the carboxy-terminal polyhistidine tag. Retained fusion protein was
released by washing the colummn with imidazole

FGF-CX protein concentrations were estimated by Westom analysis using a standard
curve generated with 2 V3-tagged protoin of known concentration. For Western analysis,
condifioned media was hazvested 48 L post transfection, aud the cell monolayer was then
incubated with 0.5 ml DMEM centaining 100 1M suramin for 30 min at 4°C. The suramin-
contaming couditioned media was then barvested.

To generate control protein, 283-EBNA cells were transfected with pCEP4 plasmid
{Invitrogen) and subjected to the purification procedure outlined above.

Reconbinant FGF-CX was tesied lor ifs ability to indece DNA synthesis in a
bromodeoxyuridine (BrdU) incorporation essay. NTH 3T3 cells (ATCC number CRL-1G58,
American Type Culture Collection, Manassas, VA), CCD-10708k cells (ATCC Number CRL-
2691) or MG-63 eclls (ATCC Number CRL- 1427} were cultured in 96-well plates to ~100%
confluence, washed with DMEM, and serum-starved in DMEM for 24 hr (NTH 3T3) or 48 br
{CCD-10708k and MG-63). Recombinant FGE-CX or control protein was then added to he
cells for 18 hr. The Brdl? agsay was pesformed according to the manufacturer’s spacifications
(Roche Molocular Biochemicals, Indianapolis, IN) using a 5 br BrdU incorporation time,

It was found that FGF-CX induced DNA gynthesis in NIH 3T3 mouse fbroblasts ai g
half maximal concentration of ~5 ngAnl (Fig. 16 Panel A). [n conirast, protein purified from
cells transfected wilh control vector did nof induce IDNA synthesis. It was also found that FGF-
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X induces DMNA synthesis, as determined by BrdU incorporation, at coruparable desing levels
in a variety of hurnan cell lines ncluding CCD-107858k notemal hunan skin fibroblasts {Fig. 16,
Panel B), CCD-1106 keratmocytes (Fiz, 16, Panel C), MG-63 osteosarcoma eells {data not

shown), and breast epithelial cells.

Example 10 Induction of Ceil Proliferation by Recombinant FGI-CX,

To determine if recombinant FOF-CX. induces cell proliferation, NIH 3T3 cells were
culturad in 6-well plates 1o ~50% confluence, wushed with DMEM, and fed with DMEM
containing recombinant FGE-CX or contrel pratein for 48 b, and then counted. Cell numbers
were detcrmined by trypsindzing the cells and counting them with a Beclanan Coulter Z1 series
counter (Beclanan Coulter, Fullerton, CA). 1t was found that FGF-CX induces about a 3-fold
imeresss in cell number relative to control protein in this assay (Fig. 17).

To document morphofogical changes incident upon proliferation, NI 3T3 cells wers
treated for 48 hr with recombinant FGR-CX or control protein in DMEM/2% calf serum and
photographed with 4 Zeiss Axiovert 100 microscope (Carl Zeiss, Inc., Thornwaod, NY),

T addifion to reaching a higher cell density (Fig. 17), NIH 3T3 cells cultared i the
presence of RGF-CX prepared as described in Example 9 exhibited 4 disorpanized pattem of
growth, mdicating a loss of contact inhibition (Fig. 18). Firthermore, individuai cells were

found 10 be spindly and refractile. ‘T'hese results show that FGF-CX acts as a growth factor and

suggest that recombinant FGF-CX mediates the morphological transformation of NTH 3T3 cells.

Example 11, Tumeor Fermation by Eetopie FGR-CX-Transfected MTH 3T3 Cells in Nude Mice,
NIH 3T3 zells wore tronsiected with pCEP4/Sec-FGF-CX or vonirol vecter using

Lipofectaming Plus according to the manufhcturar’s protocol (Life Technologies). Cells were
supplemanted with 10% ealf seram (C'$; Life Technologies) 3 hr post-transfection. It was found
that pCEP4/8ec-FGF-CX-transfected cells were marphologically ransformed by 48 hr after
transfection, and remained so aftor 2 weeks of selection in hypromycin-containing growth
media. Tn contrast, cells ransfocted with control vector retained their nomal morphelogy {data
not shown). Thus the transfected cells behavo as expected basod, for example, on the
expetiments reported in Cxample 10.

In order to study the induction of ectopic tamers, NIH 373 cells wers transfected with
varjous experimental and control vectars. Two days aifter transfection, cells were placed inte

either DMEM/3% CS {for pFGF-CX-transfected cells) or DMEM/10% C8 supplemented with
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500 pg/ml hysromyein B (for pCEP4/Sec-FGF-CX-transfecteil cells). Afier 2 weeks of culture,
subcenfluent cells wors trypsinized, noutralized with DMEM/10% T8, washed with FBS and
counited. One million cells in PBS were injecied into the lateral subcutis of female athymic nude
mice (Jackson Laboratoties, Bar Harbor, ME).

INIH 313 cells were transfected with FOGF-CX expression plasmids (pFGF-CX and plgx-
FGR-CX) or their appropriate control vectors. We found that oclls iransfecied with either of the
FGR-CX expression vectors were morphologically transformed by 48 hr after transfeetion (data
nol shewn), and possessed a phenotype similat fo thal generated following exposure of NIH 3T3
eells to recombinant FGF-CX (Fig 17} In contrast, cefls transfected with control vector
relained thetr normal merphelogy (dats rot shown).

Ta determine if ectopic expression of FGF-CX in vivo induces the mmerigenicity of NIF
13 cells, stable ransfectants were generated and jnjected subeutaneously into nude mice. By
11 days, al) of the animals injected with cither pFGF-CX or plge-FGP-CX-transfecied cells
possessed rapidly growing tumors increasing in size by 14 days, whereas none of the animals
injected with control cells develaped tumors by 2 weeks (Fig, 19). These results show ihat cells
transfornied by transfection with vectors hachoting the FGTF-CX gene promute the development
and growth of tumars io vivo.

Examplc 12. Method of Tdentifying the Nucleic Acid Encoding the Fibroblast Growth Factor-20-

Like Protein.

An additional fibroblast growth factor-20-like protein sequence of the invention
(FGF20X), also referred to herein, as clone CG33135-02, was devived by laboratory cloring of
chHA fragments, by in sifico prediction of the sequence. cDNA fragments covering either the
fusll length of the DNA sequence, or part of the sequence, o both, were cloned, Jr sitice
prediction was based on sequences avatlable in CuraGen’s proprietary sequence databases or in
the public human scquence databases, and provided either the full leagth DNA sequenee, or
some portion thercof.

The lzboratory clening was performed using one or more of the methods sumrnarized
below:

SeqCalling™ Technology: cDNA was derived from various bunisn samples representing
multiple Hssue types, normai and digeased stales, physiological states, and developmental states
from different donors. Samples were abtained as whole tissue, primary cells or tissue cultured
primaty cells or cell lines, Cells and cell lines may bave been teared with biological or chemical
ageuts that regulate gone expression, Ror example, growth faciors, chemokines o steroids. The
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cDNA, thus derived was then sequenced using CuraGen's proprietary SeqCalling technology.
Sequence traces were evaluated manually and edited for corrections if appropriate. cDNA
sequences fromt all samples were asscrabled together, sometimes ineluding public human
sequenccs, wsing bioinformatics programs to produce a consensus sequence for each assembly.
Each assernbly is included in CuraGen Corporation's database. Scquences were included as
components far asaembly when the extent of identity with anotker compenent was at least 95%
aver 50 bp. Each assembly represents a gene or posfion thereof and includes information en
variants, such as splice forns single nuclcotide polymorphisms (S)Ps), insertiops, dcletions and
other sequenee varjations.

Exon Linking: The cDMA coding for the CG53135-02 sequence was cloned by the
polymerase chain reaclion (PCR} using the primers: 5°-AGGTCACCATGGCTGITATTGGC-
3" (SEQ I NO24) and 5*-CTGTCTGTCCTCAGAAGAAGT TCTTGATC-3° (SEQ 1D
NE:23). Primers wera deaigned based on i sifico predictions of the full length or some portion
{on2 o more exens) ol the cNA/prolein sequence ol the invention, These primers were used o
amplify & cDNA. from a pool containing expressed human sequences derived from the following
tissues: adrenal pland, bune marrow, brain - amygdala, brain - cerebellum, brain - hippocampus,
Ertain - substantia nigra, braio - thalamus, brain -whole, Gelal brain, fetal kidney, fetal liver, fotal
tung, heart, kidney, lymphoma - Raji, mammary oland, pancreas, pituitary gland, placenta,
prostate, salivary gland, sksletal puscls, small intesting, spinal cord, spleen, stomach, testis,
thyroid, wrachea and uters.

Multiple clones were sequenced and these fragments were assembled together,
sometimes including public human sequences, nsing bioinformatics programs to preduce a
consenisug sequence (or each assembly. Each assernbly is included in CuraGen Corporation's
database. Sequences were included as components for assembly when the extent of identity with
another component was ai least 95% over 50 bp. Each assembly ropresents a genc or pertion
thereof and includes information on variunts, such as splice forms single nucleotide
polymorphisms {(SNPs), inscrtions, doletions and other sequence variations.

Physical clone: The PCR product derived by cxon linking, covering the entire open
reading frame, was cloned into the pCR2.1 voctor [rom Invitrogen io provide clonz
137627 160083874, 1043010.A9,

Variant sequences are also included in this application. A varfant sequenss can include a
single nucleatide polymorphism (SNP). A SNP cup, In some instances, be referred to as a
YESNP" to denote that the nucleotide sequence confaining the SNP originates as 2 cDNA. A SNP
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can arize in several ways. For example, a SNP may be due to a substitution of one nucleatide for
anofher at the polymomhbic site, Such a substiiution can be eittier a fransition or a transversiom. A
SNP can also arise from a deletion of a nucleotide or an insertion of a nucleotide, relative fo a
reference ailele. In this case, the palymorphic sile is a site at which one sllele bears a gap with
respect to & particular nucleotide in another allele. SNPs occurting within genes may resuit m an
alteration of the amine acid encoded by the gene at the position of the SNP. Intragenic SNPs
may alse be silent. when a codon including a SNP cncodes the same amino acid s a result of the
redundancy of the genetic code. SNPs occuwzing outside the region of & gene, or in an intron
within a gene, do not result in changes in any amino acid sequence of a protcin but may result in
aliered regulation of the expression paltem, Examples includs altsration in temperal sxpression,
physiological response regulation, cell type sxpression regnlution, intensity of expression, and
stability of transcribed message.

The DA sequence and protein sequence for a novel Pibroblast Growih Factor-20-like
gene were abisincd by cxon linking and are reperted heie as clone C(G353135-02, and presented
in Tubles 4 and 3, below.

Table 4. Nucleotide sequence encuding the Fibroblast Growth Factor-20-like protein of the

mvention (SkQ 1D NO:Z6).

»0E53135-02

ATECCTCCOTTAGCLGAAGTCGEGEECTTTC TGEECGECCTERAGGECT TRGGRCACLCE (34
GOCECAGCECAGOTEECRCACCTECACGECATICTECECOGCCGECAGCTCTATTACCED 120
ACCCOCTTCCACCTACACATCCTGCCCGACGACAGCECGCAGGACACCCORCAGRACCALC 180
AGTCTCT TCGETATC TIGGRAT TOATCAG TR TGECACGTGESACT G TCAGTATTACGAGET 240
GTGGACASTEETCTCTATCTITGERATGAATGACKARGERAGRACTCTATGGATCAGAGRRA 200
CTTACTIC CGAATGCAT T T TACGGAGCACTI TGARGAGAACTGETATAACACCTATTCA 260
TCTAACATATATAANCATEGAGACACTGGCCGUABGTATTT TS TEGTACT TRACARAGAL 120
GEARCTCCRAGRCATGECCCTARGTCCARGRAGECATCAUABATITACACATTITCITACCT 480
ACGRCCRGTEONTCUAGARAERCT TCCACARTTGTACARECACC TACTGATSTACACTTAR 5S40

Tahle 5. Protein sequence (SEQ [D NO:27) encoded by SEQ 1D NO:26.

»OE53135-02

MAPLAEVESF LAGLEGLGQPGARQLATLHETLRRRQLYCRTGFHLQ I LPDGSAQGTRODH E4
SLFGILEF [EVAVGLVSIRGVDSGL Y LGMHLKGELYGSERLISECT FREQFEENWYNTYS 120
ANIYFHGDTGRRY FVALNKDGTFRDGARSKRHOKF THFLPRFYDFERVPELY KDL LY T 178

The novel nuclde acid of 540 mcleotides (clone C'GE3135-02) encoding 2 novel
Fibroblast Growth Factor-20-like protein is shown in Tabls 4. An open reading frame was
identified beginning at nuclectides 1-3 and ending ut uucleotides 538-540. This polypeptide
represenis a nove) functional Fibroblast Growth Factor-20-like protein. The start and stop

codons of the open reading frame are highlighted 1o bold type. Putalive untranslated tegions
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{underlined), if any, are found upstream from the initiation codon and downstream from the
termination codon, The encoded protein having 179 amino acid residucs is presented using the
one-letter code in Table 5.

Similaritics

In a search of sequence databases, it was found, for cxample, that the nucleic acid
sequence of this invention has 493 of 506 bases (97%) identical to a gh: GENBANK-
D: 4B044277jace: ABN44277.1 mRNA. Eom Homo sapiens (Homo sapiens mRNA for FGT-20,
complefe eds). The full amino acid sequence of the protein of the invention was found to have
160 of 162 amino acid residues (95%) identical to, and 160 of 162 amino acid residuss (98%)
similat ta, the 211 amine acid residue phu:SWISSNEW-ACC:QUNPY3 protein from Home
sapiens (Human) (FIBROBLAST GROWTH FACTOR-20 {I'GF-20)). Further homalogics are
provided in TableG, below

Table 6. BLAST resolis for FGF20X
Gene Index/ Identifier Protein/ Ormism Length Mdentity Positives | Expect
(uf /aa) (%) %)
go: BERBANK- Homo Sapiens 1018 495/506 435/506 | 1.6e-
ID:RB014277|acc:A | mR¥A for PEF-20, nt {97%) (973 103
B024277.1 complete
{regiduce 262-
TET)
ptor:SWLSSNEA- FIBROBLAST 211 az 160/162 160/162 | 1.ge-
ACC:QUNPIS CROWIH FACTOR-20 (98%) (28%) 93
(FGF-20) - Eoma
sapiens {residues
50-2111 H

A multiple sequence alignment is given in Table 7, with the protein of the invention
being shown on the first line in a ClustalW analysis comparing the protein of the invention with
related protein sequences. Please nols this sequence ropresents a splice forim of Vibroblast
Growth Factor-2) as indicated in positions 20-51.  In the aligmnent shown above, black
outlined amine acid residues indicate residues identically conserved between sequences (1.c.,
residues that may be required fo preserve structoral or funclional properties); amino acid
Tesidues with a gray buckground are similur ta one another between gequences, possessing
comparabie physical and/or chiemical properties without altering protein structure or fumction
{e.g. the group LV, I, and M may be considered sirmilac); and amino anid residues with a whits

background arc neilher conserved nor similar between sequences.
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Table 7. ClustalW alignmect of CE53133-02 protein with related proteind.
1 CE53135-02 novel Fibroblaet Growth Factor-20-like protein 178
2 CE53135-01 FEF-20X 211

3 (UHESS FGFK_HUMAN, FIBROBLAST GROWIH FACTOR-20 (FGF-20), 211
CEE3EE-02
C383135-01
FGFK_HUMAN

CG23135-02
CG53135-00
FOFK_HUNAN

CG53135-02
CGI3135-01
FGFK_HUMAN
1CG53135-02

CG33135-00
FGFK_HUMAN

The presence of identifiable domains i the protein disclosed hercin was determined by
gearches versus dorain databases such as Pfam, PROSITE, ProDon, Blocks or Prints and then
ientified by the Interpro domain sccession nuoiber, Significant demains are summarized in
Table §.

Model Daomain seq-1 Bag-L b= £ - sSOoTEe E-valus

11 32 182 .. i 146 [} 280.8 Ze-81

IFRO02209; (HBGF _FCF)

Heparin-binding growth fketors [ and ILHBGEF) [1, 2] (also koown as acidic 2ud hasie
fibroblast growth factors (FGF) are structurally related mitogens which siimmlate growth ar
differentiation of 2 wide variety of cells of mesodermal or nenroectodermal erigin. These two
proteins belong fo » family of growth factors and encogenes which is a ember of a superfamily
that also contains the ierleukin-1 proteins, Kunitz-type savbean fypsin inhibitors (ST1) (see )
and histactophilin. Al have very sinniar structures, but although the HBGF and fntericukin-1
families shere some sequence similarity (about 25% [113, they show none at all to the STls,

HBGYFs are involved in many different processes related to cell differentiation and
growih control [1], HBGF] and HBGE2 have similar effects: they induce mesoderm formation
in ewbryogenesis, and mediate wound repair, angivgenesis and newral cutgrowth; they also
induce proliferation and migration of fibroblasts, endothelial cells and astroglial cclls. HBGE3
(int-2) and HBGF4 (hst/ks) ars known nucogenes, from stomach, tumors and Kaposi sarcoma
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tespectively. HBGES and HBGFS are also oncogene products. HBGF7, keratinocyte growth
factor, is possibly the major paracring effector of normal epithelial celi proliferation.

These growth factors canse dimerization of their tyrosine kinase receptors leading 0
intracellular signaiing. ‘There are currently four knpwn tyrasine kinase receptors for fibroblast
growth factors. These Teceptors can each bind severa) different members of this family [3].

The srystal structuges of BBGFI and HBGF2 [4] have been solved, showing them io
have the same 12-stranded beta-sheet structure as both interleukin-1 and the Kunitz-type
soybean trypsin inhibitors [3]; HBGF! and interleukin-1 had been found to be similar, and they
were predicted to have similar structures [6]. The bela-sheets are arranged io 3 sigular lobes
around a central axis, 6 strands forming an mti-parallel beta-burrel, Several rogions of HBGF I
have been implicated in receptor binding, notably bela-strands 1-3, and the loop between sirands
8 and 9. The loop between strands 10 and 11 is thought to be invelved in binding heparin,

Table 9: PSORT, Sigonall aod hydropathy results for CuraGen Ace. No. CG53135-02.

endoplasnic retioujum (membrane} --- Certainty=0.8500(Affirmative) =< succs

plasma membrane --- Certainty=0.7500(Affirmative)l < suot:

microbody (peroxiseme) --- Certainby=0.7478(Affirmative) < suces

mitochendrial inner membrane --- Certainty=0.1000(Affirmative) = suce:
INTEGRAL Likelihood - -€.42 Transmembrane 62 - 78 { 60 - 81}

Seems to be a Type IT (Moyt Cewo] membrane protein
Is thz zequence a signal peptide?
# Measure Desitiom Value Cutoff Concluaion

max. O 54 0.441 0.7 YES
max. ¥ 54 0.137 0.24 KQ
max. & 1 0.622 0.B8 NO
mean & 1-53 Q.170 d.48 HO

The novel FGF20X nucleic acid encoding the FGF20X. protein of the invention, or
fragments thereof, may further be usoful in diagnostic applications, wherein the presence or
amount of the nucleic acid or {he protein are to be assessed. These materials are farther usefial i
the generation of antibodies that bind immunospecifically to the novel substances of the
invention for usc a therapewtic or diagnestic methods. These mtibodies may be generated
aciording to methods known in the art, using prediction from hydrophobicity charts, as
described in the “Anti- FGF20X Anfibodies” scotion below, The dis¢losed FGF20X proiein has
multipie kydrophilic regions, ¢ach of which can be used as an immunegen. Tn one cmbodiment,
a contemplated FGF20X epitops is from about amine acids 20 to 65. In another specific
embodiments, FGFZ0X epitopes are from about amine acids 80 1o 175,
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This indicates that the FGF20X sequence of the invention has propertics similar to those
of oftier proteins known, to contain this/these domain(s) and similar to the propertics of these

domains,
Chromosomal information:

The FGF20X gzene disciosed in this invention maps to chromosome 3p21.3-p22, This
assignment was made using mapping information associated with genomic clones, public genes
and ESTs sharing sequence identity with the disclosed sequence and CuraGen Corporation’s

Eleatronic Northern bioinformatics tool.
Tissue expression

The Fibroblast Growth Pactor-20-like gene disclosed in this invention is expressed in at
least the following tissues: Mammalian Tissee, Colon, Lung, Brain, Liver, Kidney, and
Stemach. Expression information was derived from the iissuc sources of the sequences that were
included in the derivation of the sequence of clone CG53135-02.
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EQUIVALENTS

From the forogoing detailed desctiption of the specific embodiments of fhe invention, it
shiould be apparent that partisular sovel compositions and methods invalving nuecleic acids,
pelypeptides, antibedies, detection and teatment have been degoribed. Although these particular
chodiments Teve bean disolosed horein in detadl, this has been dong by way of sxaraple for
purposes of illustration only, and is not intended to be limiting with respect to the scope of the
appended claima that follow. Tn particular, it is contemplated by ihe inventors thal various
substitulions, alterations, and modifications may be wade as a matter of routing for a petson of
erdinary skill in the art to the jnvention without departing Fow the spirit and scope of the
invention as defined by the claims. Tndeed, various modifications of the inventicn in addition to
those desoribed herein will heconte apparent to those skilled in the art from the foregoing
deseription and acceinpanying figures. Such medifications ave intended to [all within ke scope
of the appeunded claims.
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‘What is claimed is:

1. An isolated polypeptide comprising an amino acid sequence selected fron: the

ooup consisting oft
a) un armine acid seguence given by SEQ D NO:2 or SEQ I NG:27;

b) & variant of an amine acid sequence given by SEQ [ NO:2 or SEQ ID NO:27, In
which any amino acid specified in the chosen sequence is changed to a different amino acid,

Previded that no more than 15% of the acdue acid residues in the sequence are so changed;

o) a mature form of 2u amine acid sequence given by SEQ D NO:2 or SEQ ID NG27,
and

d) a varfanl of a mature form of wi amino acid sequence given by SEQ D NO:2 or SEQ
TD NG 27, whersin any amino acid in the mature form of the chosen sequence is changed to a
different amging acid, provided that no more than 15% of the amino acid residucs in the scquence

of the ymature fonn are 36 changed; and
€) u fragment of un amino ecid sequence deseribed in paragraphs ) to d).
2. A fragment of a polypeptide deactibed in claim 1.

3. The polypeptide of ¢laim. 1, wherein sald pelypeptide is a naterally occiaring
allelie veriant of SEQ ID NO:2 or SEQ 1D NO:27;.

A The polypeptide of claim 3, wherein the variant is the translation of a single

nucieotide polymorphism,

3. Tha polypeptide of claim I, wheroin said polypeptide is a variant polypeptide,
ang! wherein one or more of any amine acid specified in SEQ ID NQ:2 or SEQ TD NQ:27 i3

changed 10 provide a conservative substitution.
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6. An izolated nucléic acid melecule comprising 4 nucleic acid sequence encoding a
polypeptide comprising an amine acid sequence selected from the group consisting of
) a polypeptide comprising SEQ ID NG:2 or SEQ ID NO:27;
b} a variant of SEQ ID NQ:2 or SEQ 1D NQ:27, in which any amino acid specitied i
the chosen sequepcs is changed to a different amino acid, provided that no mere than 15% of the

amine acid residues 1 the sequence ave so changed;

¢} & mature form of the amino acid sequence given by SEQ 1D NC:2 or SEQ 1D NO:27;

and

Y a variant of a mature form of the amino asid sequence given by SEQ 1D NO:2 or SEQ
D NO:27, whorein any amine acid in the imature form of the chosen scquence s changed to a
different amino acid, provided that no more than 13% of the amine acid residues in the sequence
of the mature form are so changed;

&) 4 fragment of an amino acid sequence deseribed in 2) to 4); and

f) the complement of any of the nucleic acid molecules described in paragraphs a) to €).

7. The nucleic acid molecule of claim 6, wherein the nuclerc acid nwolecule

comprises the nucleotide sequence of a naturaily ocewrring allelic nucleic cid variant.
3. The nucleic acid molecule of claim 6, wherein said nucleie acid molecule encodes
a variant polypeptide that has the polypeptide sequence of a naturally occurring polypeptide

variant.

@ The nuelzic acid maleculs of claim @, wheren the nucleic acid moleculs

comprises a single nuclootide polymorphisn: encoding seid varient polypeptide.
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10.  The nucleic acid maolecule of claim &, wherein szid nueleic acld moleculs

conprises a nucleotide sequence selectsd from the group consisting of

a} a nucleolide sequance given by SEQ 2 NO:1 or SEQ ID NO:26;

b) a nuclentits sequence wherein one or ore iueleotides in a nucleotide sequence miven
by 8EQ ID NC:§ is changed from that given by the ¢hesen sequence 1o 2 different nucleotide
previded that no more thar 20% of the nueleotides are so changsd;

) & nuclec ucid fagment of the sequence described in a);

d) anucleic acid fragment of the sequence described in b); and

) the complement ol any of said nucleic acid moleovles.

1. The nucleie acid molecule of claim 6, whersin the nucleic acid molecule
comprises a nucleotide sequence fn which any nuclestide specified in the coding sequence of the
chosen nuelentide sequence is changed from that given by the chosen sequence to & different
nucleotide provided that no more than 20% of the nucleotides in the chosen coding scquence arc

so changed.

12, Anisolated nucleic ucid molerule encoding a fragment of an FGE-CX
polypeptide.

13, The nucleic acid molesule of claim 12, wherein said FGF-CX polypeptideis a
variunt of SEQ) ID NO:2 or SEQ ID NO:27.

14.  The nueleis scid moleculs of claim 12,wherein said FGF-CX polypephide is a
mature FGF-CX polypeptide.

15, The nucleic acid molecule of claim 12, wherein said FOF-CX polypeptide s 3
variant of  mature form of SEQ D NO:2 or SEQ D NO:27.
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16. A vector comprising the nucleic acid moelecule of clatu 6.
17, Acell comprising the vector of claim 16,
18, An antibody that binds immunospecifically to the polypepiide of claim 1.
[9.  The antibody of claim 18, whercin satd antibody is 2 monoclonal antibody.

20.  The antibody of claim 18, wherein the antibody is a humauized antibody or &

human antthody.

21, Amethod for determaining the preserce or amount of a polypeptide of claim 1 ing
sample, the method comprising:

{a) providing the sample;

{h) confzciing the sample will an andibody that binds rmumunospecifically to the
pulypeptide; and

() determining the presence or anount of autibody bound to said polypeptide,

therchy determining the presence or amount of polypeptide in said sample.

27. A method for defermining the presence or amount of a nucleic acid moleculs of
claim 6 in a sumple, the method comprising:

(a) providing the sample;

(b) contacting the sumple with a probe that binds to safd nuclsic acid moleculs; and

{c) determining the presence or anouni of the probe bound ta said nucleic acid
molecule,

thoreby determining the prasence or amount of the nucleie acid molecule in said sample.

23, A method for identifying an agent that binds to a pelypeptide of ¢laim 1, the
method comprising:

{a) contrcting said polypeptide with a candidate substance; and

(k)  determining whether said candidate substance binds to said polypeptide;

wherein a candidate substance that binds is the agent.
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24, The method of clzim 23 wherein the candidate substance hes a melecular weight

10t more than about 1500 Da.

25. A method for modulating an activity of the polypeptide of claim [, the method
comprising contacting the polypeptide with a cempound that binds (o the polypeptide 1 an
arount sufiicient to madulale the activity of the pelypeptide.

26. A method for identifying a potential therapevtic agent for uae in treatment of' &
pathology, wherein the pathology is related to aberrant expression, aberrant processing, or
aberrant physiological interactions of a polypeptide of claim 1, the method comprising:

(a) providing a cell expressing the polypeptide and having a property or function
ascribable to the polypeptide;

(h})  contacting the ccll provided in step {a) with a test agent; and

(5} determining whether the fest agent alters the property or fumetion ascribable o the
polypeptide;

whereby an alteration of the property or function of the polypeptide observed in the

presence of the fest agent indicates the test agent is a potential therzpeutic agent.

27. The method of claim 26, further comprising subjecling the potential therapeutic
agent to additional tests to identify the therapeutic agenl.

28 The methed of claim 26, wherein the candidate substance is an antibody or has 2

molecular weight not more than about 1500 Da,

29, The method of claim 26, whorein the property or function comprises coll growth

ar cell proliferation.
30.  The method of clafm 29, wherein the test agent binds to the polypeptide.
31 A therapeutic agent identified according to the method of claim 26.
32, Atherapeutic ageni identified using the meihod of claim 27,
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33, The therapeutic agent of claim 31, wherein the agent is an antibody or hias 2

moleculer weight not more than about 1500 Da.

34, A method of treaiing or preventing a disorder assooiated with a polypeptide
deseribed in claiot 1, wherein the disorder is characterized by insufficicnt or ineffective growth
of a cell or 4 tissue, said method comprising adminisicring to 4 subject a palypeptide of claim 1
in an amount and for a durarion sufficient o treat or prevent suid polypeptide-ussociated disorder

1n said subject, wherein the subject is thought to be prone to ox to be suffering from the disorder.
35 The method of claim 34, wherein said subject is a humen.

36. A wmethod of treating or preventing a disorder associated with aberrant expresston,
aberrant processing, or sherrant physiological interaciions of a protetn deseribed in claim 1,
wihersin the disorder ig characterized by insufficient or inefTective growth of a cell or a lissue,
said method comprising administering to a subject a nucleic acid described in claim 6 in an
amount and for & duretion sufficient to treaf or prevent said disorder in said subjecl, whersin the

subject is thaught to be prone te or te be suffering from the disorder.
37.  The method of claim 36, wherein said subject is a human,

38, Amcthod of treating or preventing 4 disorder associated with abeirant expression,
aberrant provessing, or aberrant physiological fnleractions of a pelypeptide deseribed in claim 1,
wherein the disorder is characterized by hyperplasia or neoplasia of a cell or a tissue, said
method comprising administering to a subject a Therapentic in an ameunt suificient to treat or
prevent said disovder in said subject, whersin the subject is thought to be prone Lo or to be

suffering firom the diserder.

39,  The method described in claim 38 wherein the Therapeutic is the atibody

described in claim 18.

40, The method of claim 38, wherein the subject i¢ 8 human,
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41. A pharmacoutical composition comprising the polypeptide of claim 1 and a

phataceatically acceptable carrier.

42, A pharmaceutical compasition eomprising the nuelzic acid moleeale of claim 6

and a phasmaceutically accepiable carier.

43, A pharmaceutical composition comprising the antihody of claim 18 and &

pharmaceytically acceptable carier.

44, A pharmacentical composition comprising the therapeutic agent of claim 31 and a

pharmaceutically acceptable carrier.

45,  The pharmaceatical composition of clairm 44, wherein the therapeutic agent has a

melceular weight not niore than aboul 1500 Da.

46. A Lit comprising in one or more containers a pharmaceutical compasition of
claim 41,

47, Akt comprising in one or mote containers a pharmacentical composition of
clajm 42.

48.  Akif comprising in one or more contziners a pharmaccutical composition of

claim 43.

42, Amethod for sereening for o modulator of latency or predisposition to a disorder
associated with abercant expression, aberrant processing, or aberrant physiological interactions
of a palypeplide deseribed in slaim 1, said method comprising:

a providing a test animal at increased risk for the disorder and wherein said test
animal recombinantly expresses the polypeptide of claim 1;

) administering a test compownd fo the test animel;

<) measuring an activity of said polypeptide in said test animal afier administering
the compeund of step (a};and
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d) comparing the activity of said protein in said test animal with the activity of said
pelypeptide in & control 2nimal not administered said cotnpound;

wherein a change in the activity of said polypeptide i said test animal relative to said
conteol awmal indicates the test compound is a madulater of latency of or predispcsition to the

disorder.

50, Themsthod of olaim 49, wherein said test animal is a recombinant test animal
that expresses 4 test protein iransgene of expresses said transgene vnder the control of 2
promoter at an, increased level rolative to a wild-type tast animal, and wherein said promoter is

not the nafive gene promoter of said transgene.

51. A method for determining the presence of or predisposition to ﬁdiseasc
associated with altered levels of & pelypeptide desoribed in claim 1 iv a first mammalian subject,
the method comprising:

a) measuriny the level of cxpression of the polypepiids in a sample from the first
mammalian subject; and

by comparing the amount of sald polypepiide i the sample of step {&) to the amount
of the polypepiide present in a contrel sample fror. a sceond mammalian subject known not to
have, or not to be predisposed to, said disease,

wherein an alteration in the expression level of the polypeptide in the first subject as

corapared to the confrol sample indicates the presence of or predispasition o said discase.

52. A method for determmuning the presence of or predisposition o a disease
asgociated with altered levels of a nucleis acid meleenls deseribed in claim € in a fivst
mammnialian subject, the method coraprising:

2) measuring the amount of the nucleic acid in a sample from the first mammalian
subject; and

by compuring the ymount of said nucleic acid in the sample of step (a) (o the amount
of the nucleic acid present in a control sample from a second mamymalian subject known not to
huve or not be predisposed to, the discuse;

whertein an alteration in the Jevel of the nucleie acid in the first subject as compared to

the contrel sample indicates the presence of or predisposition o the disease.
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53. A mefhod of treating a pathological state in a mamymal, wherein the pathology is
related to aberrant expression, aberrant processing, or aberrant physiological interactions of a
polypeptide deseribed in claim 1, the method comprising administering to the mammal a
polypeptide fn an amount that is sufficient to alleviate the pathological staie, wherein the
polypeptide is a polypeptide having an amimes actd sequence at Yeast 95% wdentical to a
polypeplide comprising #n amino acid seyuence of SEQ T2 NO:2 or SEQ ID NO:27, ora
biclogically active fragrment thereof.

34, A mcthed of treating a palhological stato i a mammal, whercin the pathology is
related to aberrant expression, aberruni processing, or aberrant physiological interactions of an
FGE-CX polypeptide, the method comprising administering to the mammal an antibody
described 1n claim 18 1n an amount and for a duration sufficient to alleviate the pathologieal

state.

55 Amethod of prometing growth of cells in a subject comprising adminisiering to a
subject in need thereof 2 polypeptide described in claim 1 in an amonnt sod for a duration. that

arc effective to promote cell growth.
3o The methed of claim 55, wherein thie subject is a human.

57.  The methad described in claim 35 wherain the celis whose growth is to be
promeied are chosen from the greup consisting of eells in the vieinity of a wound, cells in the
vasculat system, cells involved in hemalepoiesis, cells mvolved in erythropoiesis, cells m the

iining of the gastrointestinal tract, and cells in bair follicles.

58. A method of inhibiting growth of eells in 2 subject, wherein the growth is refated
to expression of a polypeptide described in ¢laim 1, comprising admintstering to the subject a
composition in an amount sufficient to iohibit growth of celis in suid subject.

5%, The method of claim 58, wherein the composition inhibiis the cleavags of gn

FGF-CX polypeptide.
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60.  Themethad of claim 58, wherein the composition comprises an ant FGF-CX

antibody or a FGF-CX therapsutic agent.
61.  Themethod of claim 58, whersm ihe subject is a hunan.
62, The method of claim 38, wherein the cells whose growth is to be inhibited are

chosen frem the group consisting of fransformed cells, hyperplastic cells, tamor eells, and

neoplasiic cells.
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sgb:denBank accession number fID:I-\BDEGEISBIaCc:ABOZOBsH Homo sapiens
genomice DNA of p21.3-p22 anti-oncogene of hepatocellular celorectal and
nem-gmall aell lurg cancer , sagment 1/31 - Howmo saplens, 100000 bp.
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Figure 15, Panel B.

Stomack
Hart
Skeletal rruzele
TFerl Skelstal
Colan = * (SWAS0 mel}SWERD
Cclm SvaZo -l
Celan ez HOC-2906
Crlona HCT- 116
Cdmm HCT-i5 =
Colan c. aCo-2
Crlan ca. HT29
Crlaracal |
Broall imieatine

S ca* (neros met ) SK-H-AS T
TNF o igliotskey  USFMG

NI a1 lia SNB- 19
NS @. (glig SE-Ip5
NS m. gho) a1
CU0S @ Gestra) W13
CHE o (esti) ENB~T5]
QI e, lasko) 1539
W3 . (gliohsicd) U-118-MG ]
Biain el |
Brain {whaldi .
Corebwal Cager
Eirein thalanasy
Hemin {xnbshiatiz rigm) -ﬁ:"___

it (PE LA
Buan {cesheitunt
Brm fuyrgdald)

Splean]
Liver etal)
LiverT
Tnd edhelial cells (treateh
Enlulpdist eelli )
Bone umoovy |
Bladan |-
Aol gl T —
Autipase

+ —
qa 20 a0 &0 80 piud
Relalive Expression
Sheet 174722



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

(230) JP 2004-502418 A 2004.1.29

WO 0202625 PCTIUS0121191
Figare 15, Pamel C. 18122

el st 3R]0 egs]

Gastie Cares
RAT Stemach Clontech POEOZ564
Gastric Canerr Oemivck 9080307
NAT St Clemlech POGTIM -]
Gastrir Cancer Clemterh, 0605855
HAT Stonmdi Clamach 60345
Gastiz Canpe Cortedy SOEIF5E
Hornal Slemact GENPAK 0610Y
Z7IPI Drary NAT (O TE- 08"
IR Oraary Chrema (GD X TE-0TY .
Owacian, Canost GENPAK OGLG0
Hoana Gy Rer. Gen
RTQT. Flardder Hoemal Adjpeent (ODD4 71801y
7671 Binider Concer (OD0$718-1)
Hadder Cancar HYITROGES A302175
Eiadder (e R asamch Geuetics RAEA 10057
ucrmal Ekiblis GENFAK 0510611
o) Laver Tizsue Res eares Gernefi RNA 6103107
x Cance Tisswe Repoasch Gawtics RHA £003-T
o Liver Tiazue Reseach Genetizs RNA SQC4-51
r Cancer Tizrse Rasearch Cenctics RNA SI0E-T
Liver Caver Kenenvh Gesetics BIMA 102657
Tiver Camoer Eesearch Genetics RIA 1005+
Lives Caners GEMEAR (63003
¥ uanal Liver GENF AR CAL007
Brean AT NV ITRCGE 2207 0
Diretst Canzer HYITROGEN A2007
Breost HaT Clontech ¥103265 N
Breazt Caneer Chontech F1K26E]
FENPAM Dheast Cotos: 064005
37070 Breast Cancat Matashasiz (0D 653-08)
2597 Breast Caness Moy (ODDI370-03)
B5H7S Bveml Canwr (ODBI0-01)
43 7T Brmast Crmoer [ODMSEE)
Hemnal Bl GENPAI 61019
Thpcid RAT MV ITRCOEN A 30153 |
Thyroid Canvar INVARGOET AI215%
Traeid Cancer GENPAX 0& DI |
Nermal Thynd Clomtech A+ #5%-1
Uavms Canor GEIPAK 06511
Loamel Jtemz GENT AR 861015
Bidney MAT Clonfec, 9910521
Kilesy Canese Clontech POIEERY
Exlaey HAT Clontech SI120604
Hidnas Copp Clonteck K120611
iy HAT Clentedd $150608
R Catiear Chuottot §130607

Sheet 18 0£22



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

WO 02020625
Figure 15, Panel D.

ilvsy Caneer Clovterh 5120607

1922

F5WA Koy NAT (0D
$5DTS Ky Canoer (JDO457-01)

ITHT Kidesy AT (ODRIE2-05)
EHR Kidney Canoer (onmm—onh——u

8371 Kiduey HAT (ODOLRE)

5372 Richiy 0, Wodlean grade 5 (0008349

$581 Ridney HAT (ODOHR0]

EF T Ridney Cny Choar cull typs (OD0ISE

BT Kidney HAT [DD(8335)

5378 Kdney O Hiuckiar prode |/2 [ODOV39

23WTRidney NAT (ODOISID”

8576 Virlney Cx, Nudleor grade 2 (ODO3TE)

Mo Kty GENPSK 061508

4133 Lurng HAT {00327y

24139 Mrlanows Mol bo Lung (ODD$52Y)

FI256Liver HAT (ODOYF0)

23055 OmilarKid Mot 1o Liver {OD04310)

5970 Loog HAT (ODM2I- 0%}

25050 ey Cusors (OD0R237-01)

84275 Lung HAT (OD0ISEY)

S48 Linng Canaor (ODO3565)

4872 L HAT (CDOH 6D

2371 Lung Canecs (ANOLLG)
BI3TLug RAT (ODO3I26)

4135 Lang Maligaant Canzer (ODC0L26)
S50 huscle RAT (UT/OL%E)

$5239 Liing Me ioMusele (ODOL28E)

ezedd Loag GETPAK 061010

SR Proutate N3 T (0D 20-05)

2797 Prostate Canens {OT N 23-C1)
34141 Preatale HAT (ODOH i)

24140 Proviets Concmr (DDOU 1)

ool Provtale Clalh A+ E46-1
ETT Luig, HAT (QD0S431-02)

T2 Colom mets todung (SD04451-01)
R4 doee NAT (ODTNR05)

232 ] O frarm Fartiad Heprtertomy {OD 4505 e

#3038 COMAT (ODOX2Y
EX2ETCCG2 d5cend el 000802 1)

23236 CONAT (OD UKD mm—

35354 COMud Diff {OD03920)|

21222 CONAT (CDOMM)

£33} COGr ructosizinuid 10DO3EE)

91220 DONAT (ODOIEH

33218 CCWell w Mod Ditf (0DOSE4G
Hearwal Calon GENPAK 057003

(231)

POTIUSOL2191

40 £0
Beletive Demession

Sheel 190f22

190

JP 2004-502418 A 2004.1.29



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

(232)

WO 0202025 POTIUSOL2191
22
FIGURE I5.

Cells: NTH 3T3

OD (450uM)
o
=

06—
04
02— .
! i
o —FEE ; : _ Bl .
MNone  Control FOF-20 FGF-20 FGF-2i} FGF-20 FGF-20 10% (%
25 10 25 50 125 1
ngfml ag'ml  agml ng/ml  ngfel
Treaiment 1
B Cells: CCD-1070

OD (4500M)
f=3

o4 o i
Mone  Comirol FGF-20 FGF-20 FGE-20  FGPF.20 KFGF-20 1%
2.5 % 25 50 iZ5 FBS

l ogml  og/ml ogml  mg'm!  agim)

. Treatment

Sheat 200f22

JP

2004-502418 A 2004.1.29



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

(233) JP

WO 02020625 POTIUSOL21191
21122

FIGURE 16 {continnde

———
‘C - Cells: CCD-1106
f 1-
.
£
E 08
LW
=
LA 08
- Q@
2.4
0.2
ol _, , k2 2 i
None  Covtrel FGR-20 FGF-20 FGF-20 FGF-20 FGF-20 10% FBS
10 25 50 125
ogml  ngfml ugml npmt opgiml
‘ Treatment J
FIGURXE 17
b
12 -
10

Cell Number {X 0 %)
=29

=)

Controf
Treatment

F[(I_TUI{I‘TIBT"— T

Shest 21of22

2004-502418 A 2004.1.29



WO 02002625

12112

Control

FIGURE 1%.

TRATHCSY 7

TRA 153762

Tumor Volume (mn%

(234)

PCTAUS1/21191

FGF-20

700

600

L - gl FGR-CX

500

400 -
360 -

—h— pFGF-CX
b Control

200 1

100

Shect 22 aF 22

JP 2004-502418 A 2004.1.29



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

(235)

oooooooboboOooooooooobDboooad

WO 02/002625 A3

ani

(19 Warld Intellectunl Property Drganization
Imernarional Burcan

{43p Tneernationa) Fablication Date
10 January 2002 (10,01.2002)

RNATIONAL APPLICATION PHBLISHED UNDER THE PATE

PCT

' COOPERATION TREATY {POTT)

(A YAV

(10) Internuiivnal Publication Nuniber

WO 02/002625 AJ

{31y Tnrernatienal Patent Clussificatio CUTK 1454

{21 laternatinnal Application Number.  POTUS021 191
{22) Inrernatiengt Filing Dage; 31y 2001 030720000
(2%) Filing Language: Prylish

{26) Publicari

0 Language: ilrglish

{300 Priority Data:
(LR

A Juby JOD0 R0 2y LY

{63} Related by jon {CON) or
(CLPY to carlier applicaton:
s Lt s R R )
Tiled o 31y 0O NT 00

{n-part

CIRA-
Ward Irive,

{710 Applicant (i i designted Siates seodpt 1
GFN CORPDRATION [UNAN]: 5551
i1 Mocr Mew Thver, CT 065111138

(72 Tnventars: wnd

{75y Toventory/Applicants fror (.5 onivi: JEFFERS, Michael
CLISILIS 14 Bl Mill | lollos, Brantord, <1 0635 (1%,
SHIMKFETS, Richard, A. [TIS41575 191 L A
Wesh Elven, €1 06518 (1151, PRAYAGA, Sudhirday, K.
JINAITST: 140 AN Sueer. Apostmenl 18 136, Thed Huyen,

06512 (US), BOLDOG, Fereoe, L. [IIUAUS], 1647

tord Taenpike, Nerh Taver, OT (0473 (115 VANG,

Meifia [CNFLSLL 6 Catbind Lone, Lt Lywe, £ D6533
: U Careage 111
Drive. Welhe . CT 06 1F) (118 FERNANDES,

Flma 1ISAR]: wad #2R. Bl OT
(6405 (115 HERRMANN, Joha, L. TITAL & Bam
saed Lane, Guilford. C1 06437 1Us), LARGCHELLE,

I3 Devonstive Lane, Madisam,
HENSTEIN, Henri [11S/018) 28
wd T 06437 (TU3)

fCantinued o nexy pagay

b

ATIaOTC T TARE AT CGaEE T TTC O K 5300 TORAS
FACAL 3PsoimimLali vl 1531y pheLr sl Leuslu

LT AR
[P

33 Vs iy ezt

OB TS
PEEEOPREEE PO

ASCARCAST T TEARGAC A S TG TATAN
AEE T1NT e oI kiR TLP Ty EA

palyces
% hrviad rangs ol ot

4) Titke: NOVEL FIRROBLAST GROWTI BAUTORS ANDNUCLEIRC ACIDS ENCODING SAMB

{57) abstract: The presant Anventiar provides wval Csolated
palypegtices. pulynutlecdides envoding 1t :

. anliteedies

o bl e, oz

wngant. k.
ncieotide or antibedy, The
2 es miods i which Gie ol ypeplide.
snody ate used 0 deteenony 2 treatment of

al slates, ah secll gy clcr uses,

JP 2004-502418 A 2004.1.29



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

WO 02/002625

(236)

A3 TN

e8]

B

{84)

Avent: ELRIFL Ivor, R Mint, Lovin, Cohine Perris,
Lilovsky andd Popes, 'V, Cae Lizancial Cerzar, Baston. MA
DTS

Desiguated S101es facireralss A1 AG. Al AM. AT AL,
AZ BAUBR, B BR.BY. RZ A CILCNL COLCR CI
CZ.DL. DK, DM, DZ, L. ES. FL L GDLGE. CIL GM.
IR, TIU, 113, 10, N, 15, 38 KF, K4, KR KR, K2, 10 LK,
LR, LS, LI, LLL LY, MA, MD, MG, MK, MN, MW, MX,
M NOLNZ P L RG, RUL SD, S1L 56, 518K 81
TL M. TR TT. TZ, UA UG TS, UZ. YN, VUL 7, 73,

Designasedl States
KE. 1.8, MW, M7
palcal tAM.AZ DY,
PR AT, BIL CH UYL

DI DK, TS LR, GROGRLE

U1 LU, MO NLL RSB TR OAPL paeal (B BL CIL
L UL OM. GALGN, GW, ML MIL XL, SNCTLR, TG

Puhlished:

A it onol 3oaeclt roport

—  byieng e cgiratren o e i it o amending the
clanns and o ba wepublishod in the swenat of yaceipt of

AR CRGIREY

(38) Date of publication of the international search report:
| August 200

Dbreviations, refer b the G-
ations” aupearing ai i beg-
af i PUE Gsette

g of et

JP 2004-502418 A 2004.1.29



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

oooooooao

A
1FC 7

INTERNATIONAL SEARCH REPORT

(237)

inel Application Ha

/U5 01721191

CLAESIFICATICN OF SUBJECT MATTER

CO7K14/50

Accanding 'a | err alionsl Patent Glassificalian (IPG) arla bolh calinsad chissi isation and 14

B. FIELDS SEAACHED

reinhed yslem folcse by <1a<2i allen sywlok)

TPC T Eo%K

o ion zearched olher than misir 0" 1o |he enlent th th d: are nc uded In the Nekds earched

Ekzclionic dela base oensuked during Whe iniemalional search (nane of Jala Jase and yhte isolseal, somch I8MS tsed,

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

. OOGUMENTE CONSIDERED TO BE RELEVANT

Talegary * | Citabon ol decument, whh indicatlon, whiere zppropiate, of Ihe mleyen passeges Relgvant fo clam No.
PLX KIRIKOSHI ET AL.: “Molecular Cloning and 1-24,
Characterisation of Human FGF-20 an 26-30,
Chromosome 8p2l.3-pz2" 34-43,
BIOCHEMICAL AND BIDPHYSICAL RESEARCH 46-62
COMMUNICATIONS,
vel. 274, August 2000 (2000-08), pages
337-343, XPO02197932
figure 1
A DATABASE EMEL ‘Online! 1-24,
1 May 2000 {2000-05-01} 26-30,
KOGA ET AL.: "KFGF-20" 34-43,
Database accession no. Q9PYY1 4662
¥F002197933
abstract
e

. Furiter decomsnts are Refed In the confiuat on of £ C.

I:l (aten fanily mencers ses lilad > a0,

> Epodial categories i riled docurments -

A ductimen definng the Ganeral slate of the i wikh & net
wuenittere to be bl parinlar releyaice

‘B Dmﬂcr d(vcllrlembnl Fublished o~ or atier tre internalonal

is 1m'u| m, \.m vy I ovs doules o priarily clamgs)
i 8 kit 3 £ 108 FIFIERROR tle of ARoHEr
Clalion or niher rprcial reason (s specified)

“C* documsrt roleriing to 2% oral dischosurz, 52, exhbilion or
oller ireans

- shee! Erior Ic Wng Isteenatioral Hing date but
e et s e

*1* e docunen: published ike: the RIS e daw
o priciily Qe and norin cunbic) win e B3pik:ziEn bl
Citeet 15 Liwlarsara IS PN e oF Nacry Ungerping ihe
i lion

By ;bcurncmmnanularreﬁevame The claime investion

RSMCted ol or caninol be canzriered to

e a e wtep whun e docensent s Inkon dlonc

Y documeni of narscutar relevance: Ing ciaimed imrtion
ozl be conskaradtio nychic =2 invonlly <kop wken e
daia il a0 o7 mfe o'heer sich dopi-

ih comEinaTio b i o . poman KB

*R® hAURISNL T BN OF Hies wearriee paten] Tnly

Dale ¢*ing ectua) complation of ika inlemational saich Dete of mailirg of (he Inkemabenal search repon
2 Mey 2002 18/06/2002
tiame and mal ng ad-dves of the 154 Autibwice: olEcH
Europt\a.z Halknd Oﬂ\:c PN SA1R Palgnlluan 2
HV i zen e
TE' (3170} 0-! ?ML\ Tx. 31 R epol, 3
Faom (+31 1-79) 340~ 14 Sprinks, W

oA | TR [aroraed BHER} g 1587]

JP 2004-502418 A 2004.1.29



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

INTERNATIONAL SEARCH REPORT

(238)

I enal Appiication NO

PCT/US 01/21191

G{Conlinuation)} DOCUNENTS CONSIDERED TO BE RELEVANT

Catogory ©

THalian 1 GG, Wil IICHNGN WIRT BEDITIHILR, 0 1ha FAAM [ESRgRS

Relevan] 10 slaim Ko.

A

DATARASE EMBL ‘Omline!

ID: MMFGF9, 8 December 1995 (1995-12-08}
SE0: "Mouse embryonal carcinoma <ell mRNA
far fibrebiast gresth factor 9 (FGF 9),
camplate cds"

Database accession no. 038258

XPG0O2155973

ahstract

DATABASE EMBL ‘Oniine!

I0; FGFI_MOUSE,

1 Octeber 1996 (1986-10-01)

SANTOS-OCAHPO ET AL.: "Blie-activating
factor precursor (GAF) (fibroblast growth
factor %) (F&F-9) (HBGF-9}"

Database accession no. P54130
XP002156974

abstract

DATABASE EMEL ‘Online!

ID; FGFO_BUMAN, 1 July 1992 (1993-07-01)
MIYAMOTO ET AL.: "G1la-activating factor
precursor (GAF) {fibroblast growth factor
9) (FGF-9) (HBGF-9}"

Databese accession no. P31371

{P0OZ156975

abstract

1-24,
26-30,
34-43,
46-62

1-24,
26-30,
34-43,
A6-62

1-24,
26-30,
34-43,
16-62

Fearn PETASAEG (oAl ~uit o 2 boning rea ) (- 1y 1982}

JP 2004-502418 A 2004.1.29



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

(239)

Irtematicna; Appeation Ne. PCTAS 01 21191

FURTHER INFORMATION CONTINUED FROM  PCTASA! 2)q)

Coniinuation of Bex I.2

Claims Mos.: 25,31-33,44,45

It is not possible to carry out a meaningful search into the state of the
arl on the basis of claims 25, 31-33, 44 and 4k because they refer either
directly or indirectly ta subject-matier (compounds vresulting from
screening processes and "therapeutic agents™) that is structurally
undefined and could not in any event have bsan funmcticnaliy tested in the
priar art.

In view of the fact that seguence information cerresponding to SEQ ID
MO:1 and 26 menticned in the claims is nat present anywhere in the
application as originally filed, nor 1n the seguence 1istings f1led at a
later date, the search has by necessity been confined to those sequences
mentioned i the claims for which the relevant informaticn has been
provided, namely SEQ ID NO:2 and 27,

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in vespect of which ne international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e} PCT). The applicant
is advisad that the EPO policy when acting as an International
Preliminary Examining Autherity is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amendad following
receipt of the search report or during any Ghapter II procedure.
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