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DNA ENCODING A NOVEL RG1POLYPEPTIDE

This application claims the benefit of U.S. Provisional Application No. 60/172,370, filed
December 16, 1999, which is incorporated herein in full by reference.

FIELD OF THE INVENTION

This invention relates, in part, to newly identified polynuclectides and polypeptides;
variants and derivatives of the polynucleotides and polypeptides; methods of making the
palynucleotides and polypeptides, and their variants and derivatives; antibodies directed toward
the polypeptides, their variants and derivatives; and uses of the polynucieotides, polypeptides,
variants, derivatives and antibodies. (n particular, in these and in other regards, the invention
relates to novel human extracellular matrix polypeptides (designated RG1), polynucleotides which
encode these polypeptides, antibodies directed toward these polypépﬁdes, and antisense
polynucleotides that block RG1 expression.

BACKGROUND OF THE INVENTION

Prostate cancer is a frequently occurring disease in man, in thatit is found in about ane
third of men over the age of 45. There is avidence for both genetic and environmentat causes,
with the majority of cases probably being the resuit of a cambination of both factors. Studies of
familial cancer have suggesied that genetic predisposition plays a role in about 5-10% of all
prostate cancers, and in about 45% of cases in men younger than 55.

There is evidence that prostate cancer develops as a multi-step disease, with one of the
precursor lesions being prostatic intraepithelial neoplasia (PIN). Early stages of the disease are
androgen dependent, while later stages are hormone independent. A proliferalive disorder of the
prostate known as benign prostatic hyperplasia is often detected clinically but is probably not a
stage in the develaopment of cancer. It is, however, frequently associated with prostate cancer.
Cancers in the prostate are often multifocal, generally slow growing, and heterogeneous. Late
stage cancers frequently metastasize to the lymph nodes and to the bone.

Prostate cancer is usually diagnosed by physical examination and by serum levels of
prostate specific antigen (PSA). Radical prostatectomy is the treatment of choice for localized
disease. Advanced metastatic disease is treated currently by androgen ablation induced by
orchiectomy or treatment with GnRH (gonadotrephin releasing hormone), and by anti-androgen
therapy. However, advanced disease almast invariably becomes hormone resistant and there is
no cure for progressive disease. Mareover, there are serious side effects associated with both
radical prostatectomy and androgen ablation therapy. These include a high risk of incontinence
and impotence associated with radical prostatectomy and bone fractures and osteoporosis
associated with androgen ablation therapy.
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There is, therefore, a considerable need for new therapeutic approaches for both early and
late stage prostate cancer. There is also a significant need for new diagnostic agents, in particular
agents that can discriminate stages of the disease, as this significantly influsnces the treatment
options. For example, if disease has progressed beyond the prostate and has metastasized to the

5  lymph nodes, radical prostatectomy is not undertaken as it has no effect en progression, but may
have significani unwanted side effecls. An agent that could detect metastasis, in vivo, would-have
considerable value. ’

Changes in the expression of specific proteins have been demonstrated in prostate cancer
including abnormal p53 expression in fate stage prostate cancer, reduced levels of TGF-B

10 receptors, reduced levels of E-cadherin, C-Cam (a cell adhesion molecule), and several integrins.
The expression of the oncogene bcl-2 is strikingly elevated in late stage androgen independent
tumors, and prognosis for patients expression bcl-2 at elevated levels is relatively poor. While the
previously mentioned changes in gene expreséion are well documented; no changes in expression
have been identified that have been demonstrated to be causative for the diseése. it would,

15 [lherefore, be useful to identify new proteins whose expression is linked tathe presence or
development of prostate tumors which could serve as molecular targets for prostale cancer
diagnosis and therapy.

This invention discloses a new homologue to a superfamily of extracellular malrix proteins.
This homologue, named RG1 is expressed in prostate tissue and may be over-expressed in

20 prostate tumars. .

The extracellular matrix is a complex meshwork of collagen and elastin, embedded in a
viscoelastic ground substance composed of proteoglysans and glycoproteins. The matrix exists as
a three dimensional supporting scaffold that isolates tissue oonipartmeuts. mediates cell
attachment and determines tissue architecture (Bissel ét al,, J. Theor. Biol. 99:31-68, 1982;

25  Carlson etal., Proc. Natl. Acad. Sci. USA 78:2403-2406, 1981). The matrix acts as a
macromolecular filter (Hay, E.D., Cell Biology of Extraceliular Matrix, New York, Plenum Press,
1982) and also influences cytodifferentiation, mitogenesis, and morphogenesis (Gospodarowiczs,
D., Cancer Res. 38:4155-171, 1978). The biochemical interactions between normal cells and the
rﬁatrix may be altered in neaplasia, and this may influence tumor proliferation. Tumer cells can

30  interact with the matrix in different ways. First, tumor.cells can attach to the matrix via specific
plasma membrane recemors (Terranova et al., Cancer Res. 42;2265-2259, 1982). Second,
degradation of the matrix is mediated by a cascade of enzymes that are contributed by the tumor
cell and the host (Eisen et al., Bioch. Biophys. Acta 151:637-645, 1968). Third, in differentiated
areas of the tumor, tumor cells may synthesize and accumulate matrix or induce the host cell to

35  accurmulate excessive matrix (Brownstein et al., Cancer 40: 2979-2986, 1977). )

RG1 shows homology to a superfamily of exiracellular matrix proteins, encoded by the
Mindin/F-spondin genes. The gene family is united by two conserved spondin domains, FS1 and
FS2, near the amino terminus and at least one thrombospondin type 1 repeat (TSR1}) at the
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carboxy terminus (Shimeld, S.M., Mal. Biol. Evol. 15(9). 1218-1223, 1998). The TSR motif was
ariginally found in the vertebrate exiraceflular matrix proteins (Bornstein, P., J. Celf Biol. 130:503-
506, 1995) and has subsequently been found in several other extracellular matrix proteins. There
are several fines of evidence that TSR's mediate cell adhesion and play a key role in
tumorigenesis. For example, it has been demonstrated that proteolytic fragments of
thrombospondin that contain the TSR's, and synthetic peptides having sequences carresponding
to the TSR region of thrombospondin, promole tumor cell adhesion and metastasis (Prater etal., J.
Cell Biol. 112:1031-1040, 1991; Tuszynski and Nicosia, BioEssays 18:71-76, 1996), have énli-

_ angiogenic activity (Tolsma et al., J. Cell Biol. 122:497-511, 1993) and inhibit platelet aggregation
and melanoma metastasis (Tuszynski et al., J. Cell Bial. 116:209-217, 1992).

‘ Currently, the members of this superfamily indlude a gene in Caenorhabdilis elegans, a
single gene in Drosophila and multiple genes in vertebrates. In C. elegans, the gene F10E7.4
encodes for five TSR’s in addition to the FS1 and FS2 domains (Higashijima et.al., Dev. Biol.
192:211-227, 1997). In Drosophifa, the family member termed M-spondin (mspo) contains the FS1
and FS2 domains and a single TSR (Umemiya et al., Dev. Biol. 186:165-176, 1997). The M-
spondin gene encodes a secreted protein that is localized at the muscle attachment sites and seems
to function as an extraceliular matrix protein that supports muscle —apodeme attachment. The family
members in veﬁebrates include genes isolated from zebrafish (Mindin1 and Mindin2, F-spondin1,
and F-spondin2), rat F-spondin, Xenopus F-spondin and rat Mindin. Mindin1 and Mindin2 are
closely related to each other and have a gene structure similar to that of Drosophila M-spoﬁdin‘ Both
Mindin1 and Mindin2 genes encode for a single TSR in addition to the FS1 and FS2 domains
(Higashijima et.al., Dev. Biol. 192:211-227, 1997). Zebrafish F-spondin1 and F-spondin2 , rat F-
spondin (Kiar et al., Cell 68:95-110, 1992) and Xenopus F-spondin (Allaba et al., Proc. Nafl. Acad.
‘Sci USA 90:8268-8272) genes all have similar structures, encoding six copies of the TSR's in
addition to the FS1 and FS2 domains. In vertebrates, the Mindin/F-spondin superfamily can be
classified into two groups: those genes closely related to the original rat F-spondin and Mindin genes
and those genes closely related to the D}osophiia M-spondin gene. Both vertebrate Mindin and F-
spondin genes code for proteins that are primarily expressed by the floor plate of the neural tube
during embryonic development.

Recently, a single F-spondin related gene, AmphiF-spondin, has been isalated from
amphioxus {Shimeld, S.M., Mol. Biol, Evol. 15(9): 1218-1223, 1998). Based on molecular
phylogenetics, AmphiF-spondin is closely refated to a particular subgroup of vertebrate F-spondin
genes thal encode six TSR’s. AmphiF-spondin encodes three TSR's and two fibronectin type I
repeats, one of which has strong identity to a fibronectin type lll repeat from Deleted in Colorectal
Cancer (DCC). The expression of the protein is found through most of the central nervous system
and is not confined to the midline as described for the vertebrate Mindin and F-spondin proteins.
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These data sugges! that extracellular matrix proteins, such as the novel RG1 protéin, which
is a ncmologue of the Mindin/F-spendin superfamily, would be geod candicates for use in diagnesis

of cancer and therapeutic intervention.
5 SUMMARY OF THE INVENTION

The presen: avention provides a polynucleotide sequence which uniquely enceces @
novel protein designated herein as RG1. The RG1 pelypeptide shows hamology to the rat Mindin
extracellular matrix protein. it contains a hydrophaobic signal sequence at the N-terminus, twa

10 spondin domains (FS1and FS2) and 2 thrombospandin type 1 repeat at its C-terminus. RG1
shows 89.7% similarity ta rat Mindin. The polynuclectide sequence, designated nerein as rgT,

' and described herein in Figure 1 (SEQID NOC: ~1)"encodés the amino acid sequence for RG1,
which is shown in Figure 2 (SEQ ID NO: 2).
Toward these ends, and others, the present invention seeks to provide

15 polypeptides, inter alia, that have been identified as novel proteins and homology to the
Mindin family of extracellutar matrix proteins, as shown by comparison of the amino acid
sequence set out in Figure 2 (SEQ ID NO:2) and known amino acid sequences of other
extracellular matrix proteins.

The invention further seeks to provide polynucleotides that encode such

o9  polypeptides, particularly polynucieotides that encode the polypeptide designated herein
as RG1.

In accordance with this aspect of the invention there are provided isolated poiynucleotides

encoding RG1, including mRNAs, cDNAs, and, in furtther embodiments of this aspect of the
invention, biologically_diagnostically, clinically or therapeutically useful variants, analogs or
25 derivatives thereof, or fragments thereof, including fragments of the variants, analogs and

derivatives.
Among the particularty preferred embodiments of this aspect of the invention are naturally

occurting alielic variants of polynucleotides that encode variants of the polypeptide designated

herein as RG1.
30 In accordance with this aspect of the invention there are provided nove! polypeptides of

human origin referred to herein as RG1 as well as biologicatly, diagnostically or therapeutically
useful fragments, variants and derivatives thereof, variants and derivatives of the fragments, and
analogs of the foregoing.

Among the particularly preferred embodiments of this aspect of the invention are variants

35  of RG1 encoded by ngturally occurring allelic variants of the rg? polynucleotide.

The invention also seeks to provide a method of producing the aforementioned
polypeptides, polypeptide fragments, variants and derivatives, fragments of the variants and
derivatives, and analogs of the foregoing. In a preferred embodiment of this aspect of the

-5-
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invention there are provided methods of preducing the aforementioned RG1 polypeptides
comprising culturing host cells having expressibly incorporated therein an exogenously—derived
RG1-encoding polynucleotide under conditions for expression of human RG1 in the host and then
recovering the expressed polypeptice.

The invention further seeks to provide products, compositions, processes and
methods that utilize the aforementioned polypeptides and polynucieotides for inter alia
research, biological, clinical and therapeutic purposes.

ln accordance with certain preferred embodiments of this aspect of the invention, there are
provided p-roducts, compositions and methods, inter alia, for assessing RG1 expression in cells by
determining RG1 polypeptides or RG1-encoding mRNA; and assaying genelic variation and
aberrations, such as defects, in rg! genes.

in accordance with certain prefer'red embodiments of this and other aspects of the
invention there are provided probes that hybridize to rg7 seguences.

The invention also seeks to pravide antibodies which are highly selective for RG1
polypeptides, or fragments thereof, and which may be employed in a method for diagnosis
and/or detection of RG1 expression, which may be associated with prostate cancer. In
accordance with certain preferred embodiments of this aspect of the invention, antibodies
are labeled in such a way as to produce a detectable signal. Particularly preferred would
be an antibody labeled with a radiolabel, an enzyme, a chromaphore or a fluorescer.

In a furiher aspect of the invention there are provided antibodies which are conjugated ta
atherapeutic agent for administration to cells in vitro, to celis ex vivo and ‘to cells in vivo, or to @
multicellular organism. -Particularly preferred in this regard are therapeutic agents which are
cytotoxic. In certain preferred embodiments in this regard is administration of such conjugated
antibodies to a human patient for treatment of @ disease state characterized by RG1 activity o
expression such as prostate cancer.

1n a further aspect of the invention, peptides and anti-idiotypic antibodies are provided
which can be used to stimulate an immune response.

in a further aspect of the invention there are provided ribozymes and polynucleotides
camplementary to rg1 polynucleotides (i.e. antisense polynucleotides) for administration to cells in
vitro, ta cells ex vivo and to cells in vivo, erte e multicellutar organism. Particularly preferred in
this regard is administration of antisense motecules to @ human patient for treatment of a disease
state, such as prostate cancer cr benign prostatic hyperplasia. which is alleviated by decreasing
the level of RG 1 activity

Other features, advantages and aspects of the present invention will become
apparent to those of skill from the following description. It should be understood, however,
that the following description and the specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only. Various changes and
modifications within the spirit and scope of the disclosed invention will become apparent
to those skilled in the art from

-7-
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reading the following description and from reading the other parts of the present disclosure.

As now claimed, according to one aspect, the present invention provides an
isolated antibody, or antibody fragment, which specifically binds to a polypeptide
5 sequence selected from the group consisting of:
(@) amino acid 28 to amino acid 46 as set forth in Figure 2 (SEQ ID NO: 2);
b) amino acid 77 to amino acid 91 as set forth in Figure 2 (SEQ ID NO: 2);
c) amino acid 188 to amino acid 210 as set forth in Figure 2 (SEQ ID NO: 2);
d) amino acid 263 to amino acid 274 as set forth in Figure 2 (SEQ ID NO: 2);
10 e) a polypeptide sequence which is at least 70% identical to the polypeptide
sequence of (a), (b), (c), or (d);
further wherein said antibody or antibody fragment specifically binds to RG1.
As now claimed, according to another aspect, the present invention provides an

immunoconjugate comprising an isolated antibody, or antibody fragment, which
i 15 specifically binds to a polypeptide sequence selected from the group consisting of:
(a) amino acid 28 to amino acid 46 as set forth in Figure 2 (SEQ ID NO: 2);

Soenit (b) amino acid 77 to amino acid 91 as set forth in Figure 2 (SEQ ID NO: 2);
.. (c) amino acid 188 to amino acid 210 as set forth in Figure 2 (SEQ ID NO: 2);
(d) amino acid 263 to amino acid 274 as set forth in Figure 2 (SEQ ID NO: 2);
20 (&) a polypeptide sequence which is at least 70% identical to the polypeptide
sequence (a), (b), (c), or {d), '

conjugated to a therapeutic agent, further wherein said antibody or antibody fragment

specifically binds to RG1.

Pt o5

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 : Polynucleotide sequenceof rg1 (SEQ ID NO : 1), which encodes the

biologically or immunologically active form of RG1.

30 FIGURE 2 : Deduced amino acid sequence of RG1 (SEQID NO : 2), with the F-
spondin domains single underlined, and the thrombospondin domain double underlined.

8-
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FIGURE 3 : Amino acid alignment of RG1 with the sequence of rat Mindin. The

sequence of RG1 is on the top.

FIGURE 4 : Polynucleotide and deduced amino acid sequences of RG1.
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FIGURE 5 : Expression ofrg1 mRNA in human tissues by Tagman based PCR
analysis. RNA from human tissues, both tumor and normal, was isolated by standard
techniques. Primers and probe to detect rg? mRNA expression were designed using Perkin
Elmer's Primer Express software and synthesized by Synthetic Genetics. Rg7 mRNA was
detected in human prostate tissues. A much lower expression of rg7 mRNA could be
detected in other tissues, e. g. liver.

FIGURE 6 : Purification of native RG1 protein secreted by LNCaP cells. Western
blot analysis, using antisera generated against a synthetic RG1 peptide sequence (3C,
SEQID NO : 10 ; see Example 4), to detect native RG1 protein secreted fromLNCaP celis,
Elution fractions from Q-Sepharose chromatography of concentrated LNCaP cell
conditioned media : (L) column load, (F) column flow-thru, (1-12) elution fractions across
salt gradient. The predicted molecular weight of RG1 is ~36 kD, however the bacterially
expressed RG1, BHK-expressed RG1 and the LNCaP-expressed RG1 protein all have
been observed to migrate at-45 kD on PAGE (L, fractions 6-9).

FIGURE 7 : Immunohistochemical staining of RG1 expression in human prostate
tissues. Prostate tissues were obtained from the Urclogy Department at Stanford
University School of Medicine. The staining was carried out using the Vector ABC-AP kit
(AK5002). Staining was visualized with a Vector Red substrate kit (SK-5100) and
counterstained with Hematoxylin. The results show strong peri-luminal membrane staining
in gland formations. '
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

As used in the specification, examples and appended claims, unless specified to the
contrary, the following terms have the meaning indicated.

"RG1" refers to the polypeptides having the amino acid sequence set outin Figure 2 (SEQ
ID NO: 2); variants, analogs, derivatives and fragments thereof, and fragments of the variants,
analogs and derivatives. The terms “fragment,” "derivative” and "analog" when referring to the
polypeptide of Figure 2 (SEQ 1D NO: 2) mean a polypeptide which retains essentially the same
biological and/or immunological activity as the polypeptide of Figure 2 (SEQ 1D NO: 2).

"rg1" refers to the polynucleotide having the seduence set qut in Figure 1 {SEQ ID NO: 1)
and polynucleotides encoding polypeptides having the amino acid sequence of RG1 setoutin
Figure 2 (SEQ ID NO: 2); and to polynucieotides encoding RG1 variants, analogs, derivatives and
fragments, and fragments of the variants, analogs and derivatives. Rg? also refers to such
polynucleotides composed of RNA as well as to polynucleotides which are the complement of
polynucleotides which encode the polypeptide sequence setout in Figure 2 (SEQ ID NO: 2).

"Polynucleatide(s)" generally refers to any polyribonucleotide or polydeoxribonucleotide,
which may be unmodified RNA or DNA or madified RNA or ONA. Thus, for instance,
polynucleotides as used herein refers to, among others, siﬁgle—and double-stranded DNA, DNA
thal is a mixture of single- and double-stranded regions, single- and double-stranded RNA, and
RNA that is mixture of single- and double-stranded regions, hybrid molecules comprising DNA and
RNA that may be single-stranded or, more typically, double-stranded or a mixture of single- and
double-stranded regions. In addition, pelynucleotide as used herein refers to triple-stranded
regions comprising RNA or DNA or both RNA and DNA. The strands in such regions may be from
the same molecule or from differant molecules. The regions may include all of one or more of the
molecules, but more typically invoive only a region of some of the molecules. One of the
molecules of a triple-helical region often is.an oligonucleotide.

As used herein, the term “"polynucleotide” includes DNAs or RNAs as described abave that
contain one or more modified bases. Thus, DNAs or RNAs with backbones modified for stability or
for other reasons are “polynucieotides” as that term is intended herein, Moreover, DNAS or RNAs
comprising unusual base's, such as inosine, or modified bases, such as tritium-labelied bases, to
name just two examples, are polynucleotides as the term is used herein.

1t will be appreciated that a great variety of modifications have been made to DNA and
RNA that serve many useful purposes known 1o those of skill in the art. The term "polynucieotide”
as it is employed herein embraces such chemically, enzymatically or metabolically modified forms
of polynucleotides, as well as the chemical forms of DNA and RNA characteristic of viruses and
cells, including simple and complex cells, inter alia.

"Polypeptides", as used herein, includes all polypeplides as described below. The basic
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structure of polypeptides is well known and has been described in innumerable textbooks and
other publications in the art. In this context, the term is used herein to refer to any peptide or
protein comprising two or more amino acids joined lo each other in a finear chain by peptide
bonds. As used herein, the term refers to both short chains, which also commenly are referred to
in the art as peptides, oligopeptides and oligomers, for example, and to longer chains, which
generally are referred to in the art as proteins, of which there are many types.

It will be appreciated that polypeptides often contain smino acids other than the 20 amino
acids commonly referred to as the 20 naturally occurring aminoe acids, and that many amino acids,
including the terminal amino acids, may be modified in a given polypeptide, either by natural
processes such as glycosylation and other post-translational modifications, or by chemical
modification techniques which are well known in the arl. Even the common modifications that
occur naturally in polypeptides are too numeraus to fist exhaustively here, but they are well
described in basic texts and in mors detailed monographs, as well as in a voluminous research
literature, and they are wel known to those of skillin the art, Among the known modifications
which may be present in polypeptides of the presentinvention are, lo name an illustrative few,
acetylation, acylation, ADP-ribosylation, amidation, covatent attachment of flavin, covalent
attachment of a heme moiety, covalent attachment of a polynucleatide or polynucleotide derivative,
covalent attachment of a lipid or lipid derivative, covalent attachment of phosphotidytinositol,
cross-linking, cyclization, disulfide bond formation, demethylation, formation of covalent cross-
links, formation of cystine, formation of pyroglutamate, formylation, gamma-carboxylation.
glycation, glycasylation, GPI anchor formation, hydroxylation, iodination, methylation,
myristoylation, oxidation, proteolytic processing, phosphorylation, prenylation, racemization,
selenoylation, sulfation, transfer-RNA mediated addition of amino acids to profeins such as
arginylation, and ubiquitination.

Such modifications are well known ta those of skill and have been described in great detail
in the scientific literature. Several particularly common maodifications, glycosylation, lipid
attachment, sulfation, gamma-carboxylation of glutamic acid residues, hydroxylation and ADP-
ribosylaticn, for instance, are described in most basic texts, such as, for instance, |. E. Creighton,
Proteins-Structure and Molecular Properties, 2nd Ed., W.H. Freeman and Company, New York,
1993. Many detailed reviews are available on this subject, such as, for example, those provided by
Wold, E., in Posttranslational Covalent Modification of Proteins, B. C. Johnson, Ed., Academic
Press, New York, pp 1-12, 1983; Seifter et al., Meth. Enzymol. 182: 626-646, 1990 and Rattan et
al., Protein Synthesis: Posttransiational Modifications and Aging, Ann. N.Y. Acad. Sci. 663: 48-62,
1992.

1t will be appreciated, as is well known and as noted above, thal polypeptides are not
always entirely linear. For instance polypeptides may be branched as a resuit of ubiguitination,
and they may be circular, with ar without branching, generally as 2 result of posttranslationat
events, including natural processing events and events brought about by human manipulation
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which do not occur naturally,  Circular, branched and branched circular polypeptides may be
synthesized by non-translational natural processes and by entirely synthetic methods, as well.

Modifications can occur anywhere in a polypeptide, including the peptide backbone, the
amino acid side-chains and the amino or carboxyl termini. In fact, blockage of the amino or
carboxyl group in a polypeptide, or both, by a covalent modification, is common in naturally
occurring and synthetic polypeptides and such modifications may be present in polypeptides of the
present invention, as well. For instance, the amino terminal residue of polypeplides made in E.
coli, prior ta proteclytic processing, almost invariably will be N-formylmethionine.

The modifications that occur in a polypeptide often will be a function of how it is made. For
polypeptides made by expressing a cloned gene in a host, for instance. the nature and extent of
the modifications in large part will be determined by the host cell posttranstational modification
capatity and the modification signals present in the polypeplide amino acid sequence, For
instance, as is well known, glycosylation often does not occur in bacterial hos(.s such as E. coli.
Accordingly, when glycosylation is desired, a polypeptide should be expressed in a glycosylating
host, generally a eukaryotic cell. Insect cells oftent carfy out the same posiiransiational
glycasylations as mammalian celis and, for this reason, insect cell expression systems have been
developed to efficiently express mammalian proteins having native pattems of glycosylation, inter
alia. Similar considerations apply to other modifications.

It will be appreciated that the same type of modification may be present to the same or
varying degree at several sites in a given polypeptide. Also, a given polypeptide may contain
many types of modifications. »

in genera!,‘ as used herein, the term polypeptide encompasses all such modifications,
particularly those-that are present in polypeptides synthesized by expressing a polynucieotide in a
host cell.

"Polynucleotide encoding a polypeptide” as used herein encompasses polynucleotides
which include & sequence encoding a polypeptide of the present invention, particularly the RG1

. polypeptide having the amine acid sequence set outin Figure 2 (SEQ 1D NO: 2). The term
encompasses polynucleotides that include a single oontiﬁuous region or discontinuous regions
encoding the polypeptide (for example, interrupted by introns) togather with additional regions.

- "Biological activity" refers to the structural, regulatory or biochemical functions of naturally
occurring RG1 polypeptide. _

"'Immunologic activity” refers to the capability of the natural, recombinant or synthetic RG1,
or any fragment thereof, to induce a specific immune response in appropriate animals or cells and
to bind with specific antibodies.

“Dligonucieotide(s)" refers to relatively short polynucleotides. QOften the term refers to
single-stranded deoxyribonucleotides, but it can refer as wellto single- or double-stranded
ribonucieotides. RNA:DNA hybrids and double-stranded DNAs, among others. Qligonucleotides,
such as single-stranded DNA probe cliganucleotides, often are synthesized by. chemical methods,
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such as those implemented on automated eligonuclectide synthesizers. However,
oligonucleotides can be made by a variety of other methods, including in vitro recombinant DNA-
mediated techniques and by expression of DNAs in cells and organisms. "Oligonucleotides” or
“oligomers” or polynucieotide “fragment”, “portion”, ar “seginent" refers to a polynucleotide sequence
of at least about 10 nucleotides and as many as about 80 nucleotides, preferably about 1510 30
nucleotides, and more preferably about 20-25 nucleotides.

“Naturally occurring RG 1" refers to RG1 produced by human cells that have not been
genetically engineered and specifically contemplates various RG 1 forms arising from post-
translational modificalions of the polypeptide including but not limited to acetylation, carboxylation,
glycosytation, phosphorylation, lipidation, acylation, and cleavage. .

"Variant{s)" of polynucieotides or polypeptides, as the termis used herein, are
pelynucleatides or polypeptides that differ from a reference polynucleotide or polypeptide,
respectively. Variants in this sense are descrived befow and elsewhere in the present disclosure
in greater detail.

(1) A polynucleotide that differs in polynucieotide sequence from another, reference
palynuclectide. Generally, differences are limited so that the polynucleotide sequences of the
reference and the variant are closely similar overall and, in many regions, idsntical.

As noted below, changes in the polynucleolide sequence of the variant may be silent.
That is, they may not alter ihe amino acids encoded by the polynucleotide. Where alterations are
limited to silent changes of this type a variant will encode a polypeptide with the same amino acid
sequence as the reference. Also as noted below, changes in the polynucleotide sequence of the
variant may alter the amino acid sequence of a polypeptide encoded by the reference
polynucleatide. Such polynucieotide changes may result inamino acid substitutions, additions,
deletions, fusions and truncations in the polypeptide encoded by lhe reference sequence, as
discussed below.

{2) A polypeptide that differs in amino acid sequence from another, reference polypeptide.
Generally, differences are fimited so that the sequences of the reference and the variant are closely
similar overall and, in many regions, identical. A variant and reference pelypeptide may differ in
amino acid sequence by one or more substitutions, additions, deletions, fusions and truncations,
which may be present in any combination. Recombinant variants encoding these same or similar

polypeptides may be synthesized or selected by making use of the “redundancy” in the genetic code.

Various codon substitutions, such as the silent changes which produce various restriction sites, may
be introduced to oplimize cloning into a plasmid or viral vecter or expression in a particular
prokaryolic or eukaryotic system. Mutations may also be introduced to modify the properties of the
polypeptide, to change ligand-binding affinities, interchain affinities, or polypeptide degradalion or
turnover rate.

»Allelic variant® refers to an alterative form of the rg? polynucleotide. Alleles result from a

mutation, i.e., a change in the polynuclectide sequence, and generally produce altered mRNAs or
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polypeptides whose structure or function may or may not beattered. Any given gene may have
none, one or many allelic forms. Common mutational changes which give n'sé to alleles are
generally ascribed to natural deletions, additions or substitutions of nuclectides. Each of these types
of changes may occur alone, or in combination with the others, or ane or mare times (n'a given
sequence. )

“Derivative” refers to polynucleotides or polypeptides derived from naturally occurring rg?
or RG1, respectively, by chemical modifications such as ubiquitination, labeting {e.g., with
radionuclides, various enzymatic modifications), pegylation (derivatization with poiyethylene glycol)
or by insertion or substitution of amino acids such as ornithine (or substitution of the nuc\éotides
which cade for such as an amine acid), which do not normally oceur in human proteins.

"Deletion” is defined as a change in citner polynucleotide or amino acid sequences in which
one or more polynucleatides or amino acid residues, respectively, are absent.

"Insertion™ or “addition” is that change in a polynuclectide or amino acid sequence which has
resulted in the addition of one or more polynucleotides or amino acid residues, respectively, as
compared to the naturally occurring polynucleotide or amine acid sequence.

“Substitution" results from the replacement of one or more polynucleotides or amino acids by
different polynucleotides or amino acids, respectively.

Preferably, amino acld substitutions are the result of replacing one amino acid with another
amino acid having similar structural andfor chemical properties, such as the replacement of a leucine
with an isoleucine or valine, an aspartate with a glutamate, or a threonine with a serine, i.e.
conservative amino acid replacement. Insertions or deletions are typically in the range of about 1 to
5 amino acids. The variation allowed may be experimentally determined by systematically making
insertions, delefions, or substitutions of amino acids in the polypeptide using recombinant DNA
techniques and assaying the resulting recombiﬁant variants for activity.

“Fragment" is a polypeptide having an amino acid sequence that entirely is the same as
part but not all of the amino acid sequence of the aforementioned RG1 polypeptides and variants
or derivatives thereof.

A polypeptide “fragment”, “partion”, or “segment” is a stretch of amino acid residues of at
least about 5 amino acids, often at least about 7 amino acids, typically at least about 8 fo 13 amino
acids, and in various embodiments, at least about 17 or mare amino acids.

"Recombinant” of “recombinant DNA molecule” refers to a polynuclectide sequence which is
not naturally oceurring, or is made by the artificial combination of two otherwise separaied segments
of sequence. By “recombinantly produced" is meant artificial combination often accomplistied by
either chemical synthesis means, or by the artificial manipulation of isolated segments of
polynuciectides, .9., by genetic engineering techniques. Such manipulation is usually done to
replace a codon with a redundant codon encoding the same or a conservative amino acid, while
typically introducing or removing a sequence recognition site. Alternatively, it is performed to join
together polynucleotide segments with desired functions to generate a single genetic entity
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comprising a desired combination of functions not found in the common natural forms. Restriction
enzyme recognition sites, regulation sequences, control sequences, or other useful features may be
incorparated by design. "Recombinant DNA molecules™ include cloning and expression vectors.
“Recombinant” may also refer to a polynucleotide which encodes a polypeptide and is prepared
using recombinant DNA techniques.
“Isolated" means altered "by the hand of man" from its natural state; i.e., that, if it occurs in
nature, it has bean changed or removed from its original environment, or both. For example, a
naturally occurring polynucieotide or a polypeptide naturally present in a living animal in its natural
state is not “isolated”, but the same polynuclectide or polypeptide separated from the coexisting
materials of its natural state is "isolated”, as the term is employed herein. For example, with
respect to polynucleotides, the term isolated means that it is separated from the chromosome and
cell in which it naturally oceurs.
Polynucleotides and polypeptides.may occur in a composition, such as media formulations,
solutions for introduction of polynucleotides or polypeptides, for example, into cells, compositions
or solutions for chemical or enzymatic reactions, for instance, which are not naturally occurring
compositions, and, therein remain isolated polynucieotides or polypeptides within the meéning of
{hat term as it is employed herein.
“Substantialty pure” and "substantially homogenous™ are used interchangeably and describe
RG1 polypeptide', or fragments thereof, or a polynucleotide segment encoding same, where such
polypeptide or polynucleotide is separated from components that naturally accompany it. An RG1
polypeptide or fragménl thereof, or DNA segment encoding same is substantially free of baturally-
associated components when it is separated from the native contaminants which accompany it inits
natural state. Thus, a polypeptide that is chemically synthééized or synthesized in a cellular system
different from the cell in which it naturally ariginates will be substantially free from its naturally-
associated components. Similarly, a polynudleotide that is chemically synthesized or synthesized in
a cellular system different from the cefl in which if naturally originated will be substantially free from
its naturally-associated components. .
"Homologous”, when used to describe a polynucleotide, indicates that ‘wo palynucleotides,
or designated sequences thereof, when optimally aligned and compared, are identical, with
appropriate nucleotide insertions or deletions, in at feast 70% of the nucleotidas, usually from about
75% to 99%, and more f;referably at least about 98 to 99% of the nucleotides.
“Similarity”, when used to describe a polypeptide, is détermined by comparing the amino
acid seqﬁence and the canserved amino acid substitutes of one polypeptide o the sequence of a
second polypeptide
“Polymerase chain reaction” or “PCR” refers to a procedure wherein spegcific pieces of
DNA are amplified as described in U.S. Pat. No. 4,683,195, issued 28 July 1987. Generally,
. sequence information from the ends of the polypeptide fragment of interest or beyond needs to be

available, such that oligonucleotide primers can be designed; these primers will point towards one
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another, and will be identical or similar in sequence to opposite strands of the template to be
amplified. The § terminal nucleotides of the two primers will-coincide with the ends of the
amplified material. PCR can be used to amplify specific DNA sequences from total genomic DNA,
cDNA transcribed from total cellutar RNA, plasmid sequences, etc. (See generally Mullis et al.,
Cold Spring Harbor Symp. Quant. Biol., 51: 263, 1987; Erlich, ed., PCR Technology, Stockion
Press, NY, 1989).

*Stringency” typically ocours in a range from about T (melting temperature)-5°C (5° below
the T, of the probe) to about 20°C to 25°C below T, As will be understood by those of skill in the
art, a stringent hybridization can be used lo identify or detect identical polynuclectide sequences or to
identify or detect similar or related polynucleotide sequénces, As herein used, the term "stringent
conditions” means hybridization will occur only if there is at least 95% and preferably at least 97%
identity between the sequences,

“Hybridization" as used herein, shall include "any process by which a polynucleotide strand

. joins with a complementary strand through base pairing” (Coombs, J., Digtionary of Biotechnology,
Stockton Press, New York, N.Y., 1994). ‘

"Therapeutically effective dose"” refers to that amount of polypeptide or its antibodies,
antagonists, or inhibitars, including antisense molecules and ribozymes, which ameliorate the
symptoms or conditions of a disease state. Therapeutic efficacy and toxicity of such campounds
can be determined by standard pharmaceutical procedures in cell cultures or experimental
animals, e.g., EDs {the dose therapeutically effective in 50% of the population) and LDs, {the dose
lethal to 50% of the population). The dose ratio betwesn therapeutic and toxic effects is the
lherépeutic index, and it can be expressed as the ratio, EDgu/LDs,.

*Treating” or "lrealment” as used herein covers the treatment of a disease-state ina
human patient, which disease-state is associated with prostate tumor growth and includes disease
states in which the patient is in need of decreased levels of RG1.

Detailed Description of the Invention )

The present invention relates lo novel RG1 polypeptides, rg1 polynucleotides, and
antibodies directed toward RG1 polypeptides, among other things, as described in greater detail
below. In particular, the invention relates to novel RG1 polypeptides and the polynucleotides
encoding these RG1 polypeptides, and relates especially to RG1 having the amine acid sequence
set out in Figure 2 (SEQ ID NO: 2) and rg1 having the polynuclectide sequence set out in Figure 1
(SEQ ID NO: 1). The present invention also encompasses RG 1 variants. A preferred RG1 variant
is one having at least 70% similarity {preferably at least 70% identity) to the polypeptide sequence
shown in Figure 2 {SEQ 1D NO: 2) and more preferably at least 90% similarity (more preferably at
least 90% identity) to the polypeptide shown in Figure 2 (SEQ |‘D NO: 2) and still more preferably
at least 95% similarity (still more pre[erébly at least 95% identity) to the polypeptide sequence
shown in Figure 2 (SEQ ID NO: 2) and also includes portions of such polypeptides with such
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portion of the polypeptide generally containing at least 30 amino acids and more preferably at least
'50 amino acids. :

The cading sequence for the predicted RG1 polypeplide begins 296 base pairs from the §'
end of the nuclectide sequence shown in Fig 1 (SEQ 1D NO: 1). RG1 contains three structural
domains characteristic of Mindin/F-spondin superfamily of extracellular matrix profeins: two
spandin domains (FS1 and FS2), comprising amino acids 31 to 103 and 138 to 221, respectively,
and a thrombospondin domain, comprising amino acids 278 to 330.

The present invention.is based in part on the structural homology shown in Figure 3
between RG1 and ral Mindin, another member of the extracelular matrix protein family. The
amino acid sequence of RG1 is approximately 89.7% similar to rat Mindin.

The present invention is also based in parton the éxpression profile of RG1, as
demonstrated by its expression in prostate tissue libraries and over-expression in prostate tumor
libraries. This tissue profile is seen in analysis of MRNA expression in lissue samples from normal
and tumor tissues by PCR-based Tagman analysis. This method of analysis demonstrated that
mRNA encoding RG1 is over-expressed in prostate tissues as compared with other tissues.

Polyn il

in accordance with one aspect of the present invention, there are provided isolated
polynucleotides that encode the RG1 polypeptide having the deduced amino acid sequence of
Figure 2 (SEQ 10 NO: 2).

_ Using the information provided herein, such as the palynucleotide sequence set out in
Figure 1 (SEQ ID NO: 1), a polynucleotids of the present invention encoding a RG1 polypeptide
may be obtained using standard cloning and screening procedures, such as those for cloning
<DNAs using MRNA from cells of human tissue as starting material. Hiustrative of the invention, the
polynucleotide sequence in Figure 1 (SEQ ID NO: 1) was found in cDNA clones obtained from
Human prostate fissues. Rg1was identified as a gene expressed in the prostate by mining Incyte’s
LifeSeq database. The nucleotide sequence was identified by an annotation search of the
database, using the "Protein Function” tool provided by Incyte for the purpose of searching the
database. The nucleotide sequence was found in the category of cell adhesion malecules in the
annotated database and was described as a homologue of f-spondin. Electronic Northern analysis
of the distribution of rg? polynucieotide sequences in the set of libraries in the database revealed
that rg7 was expressed at high levels in the prostate libraries and at lower levéls in a number of
other tissue libraries, including those from nermal'and tumor tissues.

Following assembly of the set of rg7 clones in the database into 2 contiguous
palynucieotide sequence, and editing of the contiguous sequence, a fulldength coding sequence
was identified in the predicted assembled polynucleotide. This sequence coded for a protein with
homolagy to rat mindin.

Incyte clones 1640796, 1712252, and 1860265 were obtained from Incyte for experimental
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wark and clone 3360733 was identified as containing the most 5" nucleotide sequence. This clone
was fully sequenced and contained the full coding sequence for the predicted RG1 protein. This
sequence is shown in Figure 1 (SEQ D NO: 1).

Polynucleotides of the present invention may be inthe: form of RNA, such as mRNA, or in
the form of DNA, including, for instance, cDNA and genomic DNA obtained by cloning or praduced
by chemical synihetic technigues or by a combination thereof, or by methods described herein.
The DNA may be double-stranded or single-stranded. Single-stranded DNA may be the coding
strand, also known as the sense strand, or it may be the non-coding sfrand, also referred to as the
anli-sénse strand.

The sequence which encodes the polypeptide may be: identical to the coding sequence of
the polynucteotide shown in Figure 1 {SEQ ID NO: 1). italso may be a polynucleotide with a
different sequence, which, as a result of the redundancy (degeneracy) of the genetic code,
encodes the polypeptide of Figure 2 (SEQ ID NO:2).

Polynuciectices of the present invention which encode the polypeptide of Figure 2 (SEQ
ID NO: 2) may include, but are not limited to, the coding sequence for the polypeptide itself, the
coding sequence of the polypeptide, together with additional, non-cading sequences. including for
example, but not limited to, introns and non-ceding 5 and3  sequences, such as the
transcribed, non-transiated sequences that play a role in transcription, MRNA processing {for
example, splicing and polyadenylation signals) or additional coding sequences which code for
additional amino acids, such as those which provide additional functionalities. Thus, for instance,
the polypeptide may be fused to a marker sequence, suchas a peptide, which facilitates
purification of the fused polypeptide. In certain preferred embodiments of this aspect of the
invention, the marker sequence is a hexa-histidine peptide, such as the tag provided in & pTrcHisB
vector (Invitrogen, Carisbad, CA) among others, many of which are commercially available. As
described in Gentz et al. (Proc. Natl. Acad, Sci., USA 86:821-824, 1989), for instance, hexa-
histidine provides for convenient purification of the fusion protein.

The polynucleotides may encade a polypeptide which is the polypeptide plus addlgional
amino or carboxyl-terminal amino acids, or amino acids inlerior to the polypeptide (when the active
form has more than ore polypeptide chain, for instance). Such sequences may play a role in
processing of a polypeptide from precursor to final form, may facilitate polypeptide trafficking, may
prolong or shorten polypeptide half-iife or may facflitate manipulation of a polypeptide for assay or
production, among other things. As generally is the case in situ, the additional amino acids may
be processed away fram the polypeptide by protealytic enzymes.

The present invention further relates to variants of the herein above described
polynucleotides which encode for fragments, analogs and derivatives of the polypeptide having the
deduced amino acid sequence of Figure 2 (SEQID NO: 2). A variant of the polynucleotide may
be a naturally occurring variant such as a naturally occurring allelic variant, or it may be a variant

that is not known to occur naiurally. Such non-naturaity occurring variants of the polynucleotide
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may be made by mutagenesis techniques, including those applied to polynuclectides, cells or -
arganisms.

Among variants in this regard are variants that differ from the aforementioned
polynucleotides by polynucleotide substitutions, deletions or additions. The substitutions, deletions
or additions may invoive one or more polynucleotides. The variants may be altered in coding or
non-coding regions or both. Alterations in the coding regions may produce conservative or non-
conservative amino acid substitutions, deletions or additions.

Among the particularly preferred embodiments of the invention in this regard are
polynuclectides encoding polypeptides having the amino atid sequence of RG1 set out in Figure 2
(SEQ ID NO: 2); variants, analogs, derivatives and fragments thereof, and fragments of the
variants, analogs and derivatives. )

Further particularly preferred in this regard are polynucleotides encoding RG1 variants,
analogs, derivatives and fragments, and variants, analogs and derivatives of the fragments, which
have the amino acid sequence of the RG1 polypeptide of Figure 2 (SEQ ID NO: 2) in which
several, afew, 51010, 110 5, 1103, 2, 1 or na amino acid residues are substituted, deleted or
added, in any combination. Especially preferred among these are silent substitutions, additions
and deletions, which do not alter the properties and aclivities of the RG1 polypeptide. Also
especially.preferred in this regard are conservative substitutions. -Most highly preferred are
polynucleotides encoding pelypeptides having the amino acid sequence of Figure 2 (SEQ iD NO:
2) without substitutions. '

Further preferred embodiments of the invention are polynucleotides that-are at least 70%
identical to a polynucleotide encoding the RG1 polypeptide having the amino acid sequence set
out in Figure 2 (SEQ 1D NO: 2), and polynucieotides which are complementary to such
polynuclectides. Alternatively, most highly preferred are polynucleotides that comprise a region
that is at least 80% identical to a polynucleotide encoding the RG1 polypeptide and
polynucleotides complementary thereto. In this regard, polynucleotides at least 90% identical to
the same are particularly preferred, and among these particularly preferred polynucieotides, those
with at least 95% are especially preferred. Furthermore, those with at least 97% are highly
preferred among those with at least 95%, and among these, those with at least 98% and at least
99% are particularly highly preferred with at least 99% being the more preferred.

Particutarly preferred embodiments in this respect, moreover, are polynucleotides which
encode polypeplides which retain substantially the same biological activity as the polypeplide
encoded by the polynucleotide sequence of Figure 1 (SEQ ID NO: 1).

The present invention further relates to polynuclectides that hypridize to the herein above-
described sequences. In this regard, the present invention especially relates to polynucleotides
which hybridize under stringent conditions to the herein above-described polynuclectides.

As discussed additionally herein regarding polynucleotide assays of the invention, for
instance, polynucleotides of the invention as discussed above, may be used as a hybridization
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probes for cONA and genomic DNA to isolate full-length ¢cDNAs and genomic clones encoding'
RG1 and to isolate cDNA and genomic clones of other genes that have a high sequence similarity
to the rg1 gene. Such probes generally will comprise at least 15 bases. Preferébly. such probes
will have at least 30 bases and may have at least 50 bases.

For example, the coding region of the rg7 gene may be isolated by screening libraries
using synthetic oligonucleotide probes that have been designed using the known DNA sequence.
For example, a labeled oligonucleotide having a sequence complementary to that of 2.
polynucleotide of the present invention can be used to screen a library of cDNA or genomic DNA
to identify clores that hybridize to the probe. ’

tn sum, a polynucieotide of the present invention may encode a polypeptide, a polypeplide
plus a leader sequence (which may be referred to as a prepalypeptide). '

It will be appreciated that the invention also relales to, among others, polynucleotides
encoding the polypeptide fragments, polynucleotidés that hybridize to polynucieotides encoding
polypeptide fragments, particularly those that hybridize under étringenl conditions, and
polynucleotides, such as PCR primers, for amplifying polynucleotdes that encode polypeptide
fragments. In these regards, preferred polynucleotides are thase that correspond to preferred
polypeptide fragments, as discussed below.

Polypeptides

The present invention further relates to a RG1 polypeptide which has the deduced amino
acid sequence of Figure 2 (SEQ ID NO: 2).

The invention also relates to fragments, analogs and derivatives of these polypeptides.
The terms fragment, derivative and analog when referring fo the polypeptide of Figure 2 (SEQ1D
NO: 2) means z polypeptide which retains essentially the same biological activity as suéh a
polypeptide. ‘

The polypeplide of the present invention may be a recombinant polypebtide, a natural
polypeptide or a synthetic polypeptide. In certain preferred emi:odiments, it is a recombinant
polypeptide. .

The fragment, derivative or analog of the polypeplide of Figure 2 (SEQ ID NQ: 2) may be
(i) one in which one or more of the amino acid residues are substituted with a conserved of nan-
conserved amino ecid residue (preferably a conserved amino acid residue) and such substituted
amino acid residue may or may not be one encoded by thie genetic code, or (i) one in which one
or more of the amino acid residues includes a substituent group, dr (iii) one in which the
polypeptide is fused with another compound, such as a compound to increase the half-life of the
polypeptide (for example, polyethylene glycol) or (iv) one in which the additional amino acids are
fused to the polypeptide, such as a leader or secretory sequence or a sequence which is
employed for purification of the polypeptide. Such fragments, derivatives and analogs are deemed
to be within the scope of those skilled in the art from the teachings herein.
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Among the particularly preferred embodiments of the inventian in this regard are
polypeptides having the amino acid sequence of RG1 set out in Figure 2 (SEQ ID NO: 2), variants,
analags, derivatives and fragments thereof, and variants, analogs and derivatiQ_es cf the
fragments.

Among preferred variants are those that vary from areference by conservative amino acid '
substitutions. Such substitutions are those that subslitute a given amino acid in a polypeptide by
another amino acid of like characteristics. Typically seen as conservalive substitutiéns are the
replacements, one for anather, among the aliphatic aminoe acids Ala, Val, Leu and lle, interchange
of the hydroxyl residues Ser and Thr, exchange of the acidic residues Asp and Glu, substitution
between the amide residues Asn and GIn, exchange of the basic residues Lys and Arg and
replacements among the aromatic residues Phe and Tyr.

_Further particularly preferred in this regard are variants, analogs, de_rivalives and
fragments, and variants, analogs and derivatives of lhe fragments, having the amino acid
sequence of the RG1 polypeptide of Figure 2 (SEQ ID NO: 2) in which several, a few, 5to 10, 1 to
5,1 to 3,2, 1 or no amino acid residues are substituted, deleted or added, in any combination.
Especially preferred among these are silent substitutions, additions and deletions', which do not
alter the properties and activities of the RG1 polypeptide. Also especially preferred in this regard
are conservative substitutions. Mast highly preferred are polypeptides having the amino acid
sequence of Figure 2 (SEQ 1D NO: 2} without substitutions.

The polybeptides and polynucleotides of the present invention are preferably provided in
an isolated form, and preferably are purified to homogenaeity. ‘

The polypeptides of the present invention alsc include the bolypeptide of Figure 2 (SEQ ID
NO: 2) as well as polypeptides which have at least 70% similarity (preferably at least 70% identity)
to the polypeptide of Figure 2 (SEQ ID NO: 2) and more preferably at least 80% similarity (more
preferably at least 90% identity) to the palypeptide of Figure 2 (SEQ ID NO: 2) and still more: -
preferably at least 85% similarity (still more preferably at least 95% identity) to the polypeptide of
Figure 2 (SEQ ID NO: 2} and also include portions of such polypeptides with such portion of the
polypeplide generally containing at least 30 amino acids and more preferably at ieast 50 amino
acids.

As known in the art "sirﬁilarity" petween two polypeptides is determined by comparing the
amino acid sequence and its conserved amino acid substitites of one polypeptide to the sequence
of a second polypeptide.

Fragments or portions of the polypeptides of the present invention may be employed for
producing the corresponding full-length polypeptides by peptide synthesis; therefore, the
fragments may be employed as intermediates for producing the full-length polypeptides.

Fragments
Also among preferred embodiments of this aspect of the present invention are
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polypeptides comprising fragments of RG1, most particularly fragments of the RG1 of Figure 2
{SEQ ID NO: 2), and fragments of variants and derivatives of the RG1 of Figure 2 (SEQ 1D NO: 2).

In this regard a fragment is a polypeptide having an amino acid sequence that entirely is
the same as part but not all of the amino acid sequence of the aforementioned RG1 polypeptides
and variants or derivatives thereof.

Such fragments may be “free-standing.” i.e., not part of or fused to other amino acids cr
polypeptides, or they may be comprised within a larger polypeptide of which they form a part or
region. When comprised within a larger polypeptide, the presehtly discussed fragments most
preferably form a single continuous region. However, several fragments may be comprised within
a single larger polypeptide. For instance, certain preferred embodiments relate to a fragment of
an RG1 polypeptide of the present invention comprised within a precursor polypeptide designed
for expression in a host and having heterologous pre- and propolypeptide regions fused fo the
amino terminus of the RG1 fragment and an additional region fused to the carboxyl terminus of the
fragment. Therefore, fragments in one aspect of the meaning intended herein, refers to the portion
or partions of a fusion polypeplide or fusion protein derived from RG1.

As representative examples of polypeptide fragments of the invention, there may be
mentioned those which have from about 25 to about 331 amino acids.

In this context "about" includes the particularly recited range and ranges larger or smaller
by several, a few, 5, 4, 3, 2 or 1 amino acid at either extreme or at both extremes. For instance,
about 331 amino acids in this context means a polypeptide fragment of 25 plus or minus several, a
few, 5, 4, 3, 2 or 1 amino acids to 331 pius or minus several a few, 5, 4, 3,2 or1 aming acid
residues, i.e., ranges as broad as 25 minus several amino acids to 331 plus several amino acids to
as narmow as 25 plus several amino acids to 331 minus several amino acids.

Highly preferred in this regard are the recited ranges plus' or minus as many as 5 amino
acids at either or at both extremes. Particularly highly preferred are the recited ranges plus or
minus as many as 3 amino acids at either or at both the recited extremes. Especially particularly

" highly preferred are ranges pius or minus 1 amino acid at either or at both extremes or the recited
ranges with no additions or deletions. Most highly preferred of allin this regard are fragments from
about 25 to about 331 amino acids.

Among especiélly preferred fragments of the invention are truncation mutants of RG1.
Truncation mutants of RG1 include variants or derivatives of the sequence of Figure 2 (SEQ 1D
NO: 2), except for deletion of a continuous series of residues {that is, a continuous region, part or
portion) that includes the amino terminus of the sequence shown in Figure 2 (SEQID NO: 2), 0r a
continuous series of residues that includes the carboxyl terminus or, as in double truncation
mutants, defetion of two continuous series of residues, one including the amino terminus and one
including the carboxyl terminus. Fragmenlts having the size ranges set out above also are
preferred embodiments of truncation fragments, which are especially preferred among fragments
generally.
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Especially preferred in this aspect of the invention are fragments characterized by
biclogical ar:ldlor immunological attributes of RG1. Such fragments include those containing the
predicted siructural domains of RG1, which encompass at least amino acid 31 to 103, 138 ta 221
and 278 to 330 or those fragments used to generate antibodies, such as those described in
Example 4.

Certain prefemred regions in these regards are set out in Figure 2 (SEQ ID NO: 2), and
inciude, but are not limited to, regions of the aforementioned types identified by analysis of the
amino acid sequence set out in Figure 2 (SEQ ID NO: 2).

Armong highly preferred fragments in this regard are those that comprise regions of RG1
that combine several stmbtural features, such as the features set out abave. In this regard, the
two spendin and one thrombospondin domains, encompassing about aming acids Mo 103,138
10 221, and 278 to 330, respectively, which are characterislic of the Mindin/spondin superfamily of
extracellular matrix proteins, are especially preferred regions. Such regions may be comprised
within a larger polypeptide or may be by themselves a prefered fragment of the present invention,
as discussed above. 1t will be appreciated that the term “about™ as used in this paragraph has the
meaning set out above regarding fragments in general.

Further preferred regions are those that mediate activities of RG1. Most highly preferred
in this regard are fragments that have a chemical, biclogical or other activity of RG1, including
those with a similar activity or an improved activity, or with a decreased undesirable activity. Highly
preferred in this regard are fragments that contain regions that are homolags in sequence, or in
position, or in both sequence and position to active regions of related polypeptides, such as the
other proteins of the Mindin family, which includes RG1.

Vectors, host cells, and expression systems .

The present invention also relates to vectors whichinclude polynuciectides of the present
invention, host cells which are genetically enginieered with vectors of the invention and the
production of polypeptides of the invention by recombinant techniques. Such techniques are
described in Sambrook et al., Mofecular C/onihg, A Laboratory Manual, Cold Spring Harbor Press, )
Plainview, N.Y., 1989 and Ausubel, F.M. et al., Current Pratocols in Molecular Biology, John Wiley
& Sons, Naw York, N.Y., 1989.

Host cells can be genetically engineered to incorporate polynucleotides and express
polypeplides of the present invention. For instance, polynucleotides may be introduced into host
cells using well known techniques of infection, transduction, transfection, transvection and
transformation. The polynuclectides may be introduced alone or with other polynucleotides. Such
other polynucleotides may be introduced independently, codintroduced of introduced joined to the
polynucleotides of the invention.

Thus, for instance, polynucleotides of the invention may be transfected into host cells with
another, separate, polynucleotide encoding a selectable marker, using standard techniques for co-
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transfection and selection in; for instance, mammalian cells. In this case, the polynucleotides
generally will be stably incorporated into the_hosi cell genome.

Alternatively, the polynucleotides may be joined to a vector containing a selectable marker
for propagation in a host. The veclor canstruct may be introduced into host cells by the
aforementioned techniques. Generally, a plasmid vector is introduced as DNA in @ precipitate,
such as a calcium phosphate precipitate, or in a complex with a charged lipid. Electroporation also
may be used to introduce polynucleotides into a host. If the vector is a virus, it may be packaged
in vitro orintroduced into a"packaging cell and the packaged virus may be transduced into cells. A
wide variety of techniques suitable for making polynucleotides and for introducing polynucleotides
into cells in accordance with this aspect of the invention are well known and rouline to those of skill
in the art. Such techniques are reviewed at length in Sambrook et al. cited above, which is
illustrative of the many laboratery manuals that detail these techniques. In accordance with this
aspect of the invention, the vector may be, for example, a plasmid vector, a single or double-
stranded phage vector, a single or double-stranded RNA or DNA viral vector. Such vectors may
be introduced into cells as polynucleotides, preferably DNA, by well known techniques for
introducing DNA and RNA into cells. The veclors, in the case of phage and viral vectors, also may
be and preferably are introduced into cells as packaged or encapsidated virus by well known
techniques for infection and transduction. Viral vectors may be replication competent or replication
defective. In the laller case viral propagation generally will occur only in complementing host cells.

Preférréd among vectors, in certain respects, are those for expression of polynucleotides
and polypeptides of the present invention. Generally, such vectors comprise cis-acting control
reglons effective for expression in a host operatively linked to the polynucleotide to be expressed.
Apprapriate trans-acting factors either are supplied by the host, supplied by a complementing
vector or supplied by the vector itself upon introduction into the host.

In certain preferred embodiments in this regard, the vectors provide for specific
expression, Such specific expression may be inducible expression or expression only in certain
types of cells or both inducible and cell-specific. Particularly preferred among inducible vectors are
vectors that can be induced for expression by environmental factors that are easy to manipulate,
such as temperature and nutrient additives. A variety of vectors suitable to this aspect of the
invention, including constitutive and inducible expression vectors for use in prokaryotic and
eukaryotic hosts, are well known and employed routinely by those of skill in the art.

The engineered host cells can be cultured in conventional nutrient media, which may be
modified as appropriate for, inter afia, activating promoters, selecting transformants or amplifying
genes. Cuiture cungjitions. such as temperature, pH and the like, previously used with the host cell
selected for expression generally will be suitable for expression of polypeptides of the present
invention as will be-apparent to those of skill in the art.

A great varisty of expression vectors can be used to express a polypeptide of the
invention. Such vectors include chromosomal, episomal and virus-derived vectors e.g., vectors
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derived from bacterial plasmids, from bacteriophage, from yeast episomes, from yeast
chromosomal elements, from viruses such as baculoviruses, papova viruses, such as SV40,
vaccinia viruses, adenoviruses, fowl pox viruses, pseudorabies viruses, retroviruses, and
alphavirues such as Sindbis virus, and vectars derived from corbinations thereof, such as those
derived from plasmid and bacteriophage genetic elements such as cosmids and phagemids, all
may be used for expression in accordance with this aspecl of the present invention. Generally,
any vector suitable to maintain, propagate or express polynuclectides to express a polypeptide ina
host may be used for axpression in this regard.

The appropriate DNA sequence may be inserted into the vector by any of a variety of well-
krown and routine techniques. [n general, a DNA sequenca for expression is joined to an
expression vector by cleaving the DNA sequence and the expression vector with one or more
restriction endonucleases and then joining the restriction fragments together using T4 DNA ligase.
Procedures for restriction and ligation that can be used to this end are well known and routine to
those of skill. Suitable procedures in this regard, and for constructing expression vectors using
alternative techniques, which also are well known and routine to those of skill, are set forth in great
detai! in Sambrook et al. cited elsewhere herein.

The DNA sequence in the expression vector is operatively linked to appropriate
expression control sequence(s), including, for instance, a promater to direct MRNA {franscriptien.
Representatives of such promoters include the phage lambda PL promoter, the E. coli 1ac, irp, tac,
and trc promoters, the SV40 early and late promoters and promoters of retroviral LTRs to name
just a few of the well-kngwin promoters, It will be understeod that numerous promoters not
mentioned are suitable for use in this aspect of the invention, are well known aﬁd may readily be
employed by those of skill in the manner ilustrated by the discussion and the examples herein. ’

In general, expression constructs will contain sites for transcription initiation and
termination_and, in the transcribed region, a ribosome binding site for translation. The coding
portion of the transcripts expressed by the constructs will include a translation initiating AUG at the
beginning and a termination codon appropriately positioned at the end of the polypeptide to be
translated.

In addition, the constru&ts may contain control regions that regulate as well as engender
expression, Generally, in accordance with many con"lmonly pracliced procedures, such regions
will operate by contralling transcription, such as repressof binding sites and enhancers, among
others. . .

Vectors for propagation and expression generally will include selectable markers. Such
markers also may be suitable for amplification or the vectors may contain additional markers for
this purpose. In this regard, the expression vectors preferably contain one or more selectable
marker genes to provide a phenotypic trait.for selection of ransformed hest cells. Preferred
markers include dihydrofolate reductase, neomycin, puramycin, or hygromygin resistance for
eukaryotic cell culture, and tetracycline, theomycin, kanamycin or ampicillin resistance genes for
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culturing E. coli and other bacteria.

The vector containing the appropriate DNA sequence as described elsewhere herein, as
well as an appropriate promoter, and other appropriate contro! sequences, may be introduced into
an appropriate host using a variety of well known techniques suitable to expression therein of a
desired polypeptice. Representative examples of appropriate hosts include bacterial cells, such as
E. coli. Streptomyces and Salmonelia typhimurium cells; fungal cells, such as yeast cells; insect
cells such as Drosophila S2 and Spodoptera Sf9 cells; animal cells such as CHO, COS and Bowes
melanoma cells; and plant cells, preferably insect cells BTI-TN-5B1-4. Hosts for a great variety of
expression constructs are well known, and those of skill will be enabled by the present disclosure
readily to select a host for expressing a polypeptides in accordance with this aspect of the present
invention.

Various mammalian cell culture systems can be employed for expression, as well.
Examples of mammalian expression systems include the COS-7 lines of monkey kidney fibroblast
(Gluzman et al., Celf 23: 175, 1991). Other cell lines capable of expressing a compatible vector
include for example, the C127, 3T3, CHO, Hela, human kidney 293 and BHK cell fines. In
‘mammalian host cells, a number of viral-based expression systems may be utilized. In cases
where an adenovirus is used as an exbression vector, the polynucleotide sequence coding for
RG1 may be ligated into an adenovirus transcription/translation complex consisting of the late
promoter and tripartite leader sequence. Insertion in a nonessential E1 or £3 region of the viral
genome will result in a viable virus capable of expressing RG1 in infected host cells (Logan and
Shenk, Proc. Nall. Acad. Sci, USA 81:3656-59, 1984). In addition, transcription enhancers, such
as the Rous sarcoma virus (RSV) enhancer, may be used fo increase expression in mammalian
host cells.

More particularly, the present invention also includes recombinant constructs, such as
expression constructs, comprising one or more of the sequences described above. The constructs
comprise a vector, such as a plasmid or viral vector, into which such a sequence of the invention
has been inserted. The sequence may be inserted in a forward or reverse orientation. In certain
preferrad embodiments in this regard, the construct further comprises regulatory sequences,
including, for example, a promater, operably linked to the sequence. Large numbers of suitable
vectors and promoters are known to those of skill in the art, and there are many comn‘iercially
available vectors suitable for use in the present invention.

The following vectors, which are commercially available, are provided by way of example.
Among vectors preferred for use in bacleria are pQE70, pOE6O and pQE-9, available from
Qiagen USA (Valencia, CA); pBS vectors, Phagescript® vectors, Bluescrip@ vectors, pNHBA,
,pNHIBa, pNHI8A, pNH4BA, available from Stratagene (Lalolta, CA); and ptrc39a, pK223-3,
pKK233-3, pDR540, pRITS available from Pharmacia Biotech (Piscataway, N.J.). Most preferred
is the pTrcHisB vector, available from Invitrogen. Among preferred eukaryotic vectors are
PWLNEO, pSV2CAT, pOG44, PXTi and pSG available from Stratagene; and PSVK3, pBPV,
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pMSG and pSVL avaitable from Pharmacia Biotech. Most preferred is the pCineo vector available
from Promega. These vectors are listed solely by way of illustration of the many commercially
available and well known vectors that are available to those of skill in the art for use in accordance
with this aspect of the present invention. It will be appreciated that any other plasmid or vector
suitable for, for example, introduction, maintenance, propagation or expression of a polynucleotide
or polypeplide of the invention in a host may be used in this aspect of the invention.

Promoter regions ¢an be selected from any desired gene using vectors that'contain a
reporter transcription unit lacking a promater region, such as a chloramphenicol acetyl transferase
("cat) transcription unit, downstream of restriction site or sites for introducing a candidate
promoter fragment; i.€., a fragment that may contain a promoter. As'is well known, introductior;
into the vector of a promoter-containing fragment at the restriction site upstream of the cat gene
engenders production of CAT activity, which can be detected by standard CAT assays. Vectors
suitable to this end are well known and readily available. Two such vectors are pKK232-B and
pCM?. Thus, promoters for expression of polynucleotides of the present invention include not only
well known and readily available promoters, ‘but also promoters that readily may be obtained by
the foregaing technique, using 2 reporter gene.

Amang known bacterial promoters suitable for expression of polynucleotides and
polypeptides in accordance with the present invention are the £. coli facl and lacZ promoters, the
T3 and T7 promoters, the T5 tac promater, the lambda PR, PL. promoters, the trp promoter, and
the trc hybrid promoter, which is derived from the trp and lac promoters. Among known eukaryotic
promoters suitable in this regard are the CMV immediate early promoter, the HSV thymidine
kinase promoter, the early and tate SV40 promoters, the promoters of retroviral LTRs, such as
those of the Rous sarcoma virus ("RSV") and metallothionein promoters, such as the mouse
metaliothionein-i promoter.

Selection of appropriate vectors and promoters for expression in a host cell is a well
known pracedure and the requisite techniques for expression vector construction, introduction of
the vector inta thé host and expression in the host are routine skills in the art.

Generally, recombinant expression vectors will include origins of replication, a promoter
derived from a highly-expressed gene to direct transcription of a downstream structural sequence,
and a selectable marker to permit isolation of vector containing cells after exposure to the vector.

The present invention also relates o host cells containing the above-described constructs
discussed above. The host call can be a higher eukaryotic cell, such as a mammalian cell, or a
lower eukaryotic cell, such as a yeast cell, or the host cell can be a prokaryotic cell, suchasa -
bacterial cell. Constructs in host cells can be used in a conventional manner to produce the gene
product encoded by the recombinant sequence.

Polypeplides can be expressed in mammalian cells, yeast, bacleria, or other cells under
the control of appropriate promoters. Cell-iree translation systems can also be employed to
praduce such proteins using RNAs derived from the DNA constructs of the present invention.
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Appropriate cloning and expression vectors for use with prokaryotic and eukaryotic hosts are
described by Sambrook et al., cited elsewhere herein. )

Transcription of the DNA encoding the polypeptides of the present invention by higher
eukaryotes may be increased by inserting an enhancer sequence into the vector. Enhancers are
cisacting elements of DNA, usually about from 10 to 300 bp that act to increase transcriptional
activity of a promater in a given host cell-type. Examples of enhancers include the SV40
enhancer, which is located on the late side of the replication origin at bp 100 to 270, the”
cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the replication
origin, and adenovirus enhancers. o

Polynucieotides of the invention, encoding the heterologous strugtural sequence of a
polypeptide of the invention generally will be inserted into the vector using standard technigues so
thatitis operéb_ly linked to the promoter for expression. The polynuclectide will be positioned so
that the transcription start site is located appropriately 5° to a ribosome binding site. The ribosome
binding site will be 5’ to the AUG that initiates translation of the polypeptide to be expressed.
Generally, there will be no other open reading frames that begin with an initiation codon, usually
AUG, and lie between the ribosorme binding site and the initiating AUG. Also, generally, there will
be a translation stop codon at the end of the polypeptide and there willbe a polyadenylation signal
and a transcription termination signal appropriately disposed at the 3 end of the transcribed
region. )

For secretion of the transiated protein into the lumen of the endoplasmic reticulum, inta the
periplasmic space or into the extracellular environment, appropriate secretion signals may be
incorporated into the expressed polypeptide. The signals may be endogenous to the polypeptide
or they may be heterologous signals. The polypepiide may be expressed in a modified form, such
as a fusion protein, and may include not only secretion signals but also additional heterologous
fuctional regidns. Thus for instance, a region of additional amino acids, particularly charged amino
acids, may be added to the N-terminus of the polypeptide to improve stability and persistence in
the host cell, during purification or during subsequent handiing and storage. Alse, special regions
also may be added to the polypeptide to facilitate purification. Such regions may be removed prior
to final preparation of the polypeptide. The addition of peplide moieties to pelypeptides to
engender secretion or excretion, to improve stability and to facititate purification, among others, are
familiar and routine techniques in the art. For example, when large quantities of RG1 are needed
for the induction of antibodies, vectors which direct high level expression of fusion proteins that are
readily purified may be desirable. Such vectors include, butare not limited to, the multifunctionat £.
coli cloning and expression vectors such as Bluescript® (Stratagene), in which the rg1 coding
‘sequence may be ligated inlo the vector in frame with sequence for the amino-terminal Met and the
subsequent 7 residues of B-galactosidase so that a hybrid protein is produced; piN vectors (Van
Heede and Shuster, J. Biol. Chem. 264:5503-5509, 1989)and the like. PTrcHis vectors (Invitrogen,
Carlsbad, CA) may be used to express foreign polypeptides as fusion proteins containing a
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polyhistidine {6xHis) tag for rapid purification. Proteins made in such systems are designed to
include cleavage sites, such as an enterokinase cleavage site, so that the cloned pﬁlypeptide of
interest can be released from the fusicn peplide moiety at will.

Following transformation of a suitable host strain and growth of the host strain to an
appropriate cell density, inducible promoters, if present, ¢an be induced by appropriate means
(e.g., temperature shift or exposure to chemicel inducer) and cells cultured for an additional period.

Cells typically then are harvested by centrifugation, disrupted by physical or chemical
means, and the resulting crude extract retained for further purification.

Microbial cells employed in expression of proteins can be disrupted by any convenient
method, including freeze-thaw cycling, sonication, mechanical distuption, or use of cell lysing
agents, such methods are well know to those skilled in the art.

The RG1 polypeptide can be recovered and purified from recombinant cell cultures by
well-known methods including ammonium sulfate or ethanal precipitation, acid extraction, anion or
cation exchange chromatography, phosphocellulose 6hromatography. hydrophobic interaction
chromatography, affinity chromatography, hydroxylapatite chromatography and lectin
chramatagraphy. Most preferably, high performance liquid chromatography (*HPLC") is employed
for purification. Well known techniques for refolding protein may be employed to regenerate active
conformation when the polypeptide is denatured during isolation and or purification. Various other
methods of protein purification well known in the art include those described in Deutscher, M.,
Methods in Enzymology, Vol 182, Academic Press, San Diego, 1982; and Scopes, R., Protein
Purification: Principles and Practice Springer-Verlag, New Yark, 1982,

Alternatively, the polypeptides of the present invention can be produced by direct peptide
synthesis using solid-phase techniques (Stéwan etal., Solid-Phase Peptide Synthesis, W. H.
Freeman Co., Saﬁ Francisco, 1969; Merrifield, J., J. Am. Chem. Soc. 85:2149-2154, 1963). /n vitro
protein synthesis may be performed using manual techniques or by automalion. Automated
synthesis may be achieved, for example, using Applied Bicsystems 431A Peptide Synthesizer
(Perkin Eimer, Foster City, Calif} in accordance with the instructions provided by the manufacturer.
Various fragments of RG1 may be chemically synthesized separately and combined using chemical
methods to produce the full length molecule. ) '

Polypeptides of the present invention include naturally purified products, products of
chemical synthetic procedures, and products produced by recombinant techniques from a
prokaryotic or eukaryotic host, including, for example, bacterial, yeast, higher plant, insect and
mammalian cells. Depending upon.the host employed in arecombinant production procedure, the
polypeptides of the present invention may be glycosylated or may be non-giycosylated. In
addition, polypeptides of the invention may also include an initial modified methionine residue, in

some cases as a result of host-mediated processes.
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Uses of RG1 polypeptides and the polynucleotides which encode them

Ry polynuclectides and RG1 polypeptides may be used in accordance with the present
inventlon for a variety of applications, particularly those that make use of the chemical and
biological properties of RG1. Additional applications relate to diagnosis and to treatment of
diseases of cell proliferation, such as prostate cancer. These aspects of the invention are
illustrated further by the fol!owing discussion and are described further within the body of the
specification. ’

The rationale for the use of the bolynucleotide and polypeptide sequences of the present
invention is based in part on the chemical and structural homology between the RG1 disclosed
herein and other extracellular maltrix molecules and on the preferential expression of RG1 in prostate
fissues és compared with other tissues. RGA may be used in the diagnosis and treatment of
conditions, disorders or diéeases associated with inappropriate growth of prostate tissue. These
would include, but are not limited to, cancer and metastatic tumor growth.

Rg1 polynuclestide sequences can be used a5 DNA probes, and as targets for antisense
and ribozyme therapy, ar as templates for the production of antisense polynucleotides.

RG1 polypeptides can be used to generate antibodies to RG1 that may be useful in
detecting the levels of RG1 polypeptide in cells and issues and in targeting drugs to primary and
metastatic tumors.

) RG1 polypeptides may be used to stimulate an immune response to RG1 containing cells.

Polynucleotides encoding RG1 may be useful in diagnostic assays for detecting the levels of
polynucleotides encoding RG1 in cells and tissues. ’

In conditions associated with expression of RG 1, such as prostate cancer, it may be
advantageous to suppress expression or activity of RG1. RG1 expression could be suppressed by
administration of antisense oligonucteotides or ribozymes. Alternatively, antibodies specifically
recognizing areas of the RG1 polypeptide which are respensible for its activity may be
administered to treat diseases or conditions assoaciated with RG1 activity.

Potynucleotide assays

This invention is also related to the use of the rgf-related polynucleotides to detect
complementary polynucleotides such as, for example, as a diagnostic reagent. Detection of ig?
polynucleotides associated with a disease state wifl proQide a tool for the development of in vitro
and in vivo diagnostics that can add or define a diagnosis of a disease or susceptibility to a
disease that results from tissue specific expression of RG1. ’

Individuals carrying mutations in the gene encoding RG1 may be detected at the DNA
level by a variety of techniques. Polynuclectide samples for diagnosis may be ohtained from a
patient's cells, such as from blood, urine, saliva, tissue biopsy and autopsy material. The genomic
DNA may be used directly for detection or may be amplified enzymatically by using PCR prior to
analysis.(Saiki etal., Nalure, 324: 163-166, 1986). RNA or cDNA may also be used in the same

-31-



10

20

25

30

35

WO 01/44291 PCT/US00/33901
28

ways. As an example, PCR primers complementary to the polynucleotide sequence enceding
RG1 can be used to identify and analyze rg1 expression and mutations. For example, deletions
and insertions can be detected by a change in size of the amplified product in comparison to the
normal genotype. Point mutations can be identified by hybridizing ampiiﬁéd DNA to radiolabeled
rg1 RNA or akternatively, radiolabeled rgf antisenss DNA sequences. Perfectly matched
sequences ¢en be distinguished from mismatched duplexes by RiNase A digestion or by
differences in melting temperatures. ’

Sequence differences between a reference gene and genes having mutations also may be
revealed by direct DNA sequencing. In addition, cloned DNA segments may be employed as
prabes to detect specific DNA segments. The sensitivity of such methods can be greatly
enhanced by appropriate use of PCR or another amptification method. For example, a sequencing
primer is used with double-stranded PCR product or a single-stranded template molecule
generaled by a madified PCR. The sequence determination is performed by conventionat
procedures with radiolabeled polynucleotide or by automatic sequencing procedures with
fluorescent tags.

Genetic testing based on DNA sequence differences may be achieved by detection of
alteration in electrophoretic mobility of DNA fragments in gels, with or without denaturing agents.
Small sequence deletions and insertions can be visualized by high resolution gel electrophoresis.
DNA fragments of different sequences may be distinguished on denaturing formamide gradient
gels in which the mobilities of different DNA fragments are retarded in the gel at different positions |
according to their specific melting or partial melting temperatures (see e.g., Myers et al., Science,
230: 1242, 1985). _

Sequence changes at specific locations also may be revealed by nuclease protection
assays, such as RNase and S1 protection or the chemical deavage method {e.g.. Catton et al.,
Proc. Natl. Acad. Sci., USA, 85:4397-4401, 1985).

Thus, the detection of a specific DNA sequence may be achieved by methods such as
hybridization, RNase protection, chemical cleavage, direct DNA sequencing or the use of
restriction enzymes, (e.9., restriction fragment length polymorphisms ("RFLP") and Southem
blotling of genomic DNA).

In addition to mare conventional gef-electrophoresis and DNA sequencing, mutations also

can be detected by in situ analysis.

Polypegtide assays ,

The present invention also relates to diagnostic assays such as quantitative and
diagnostic assays for detecting levels of RG1 palypeptide in cells and tissues and body fluids,
including determination of normal and abnormal levels. Thus, for instance, a diagnostic assay in
accordance-wilh the invention for detecting over-expression of RG1 polypeptide compared to

normal control tissue samples may be used to detect the presence of neoplasia, for example,

-3D-



n W

20

25

35

WO 01/44291 PCT/US00/33901
-29-

prostate cancer. Such diagnostic tests may be used to detect metastatic tumor growth, as well.
Assay techniques thal can be used to determine levels of a polypeptide, such as a RG1
polypeptide of the present invention, in a sample derived from a host are well-known to those of
skilt in the art. Such assay methods include radicimmunoassays (RIA), competitive-binding
assays, western Blot analysis and enzyme-linked immunoabsorbant assays (ELISA ), and
fluorescent activated cell sorting (FACS). Amang these ELISAs frequently are preferred. An
ELISA assay initially comprises preparing an antibody specific to RG1, preferably a monoclonal
antibody. 1n addition a reporter antibody generaity is prepared which binds to the monocional
antibody. The reparter antibody is altached to a detectable reagent such as a radicactive,
fluorescent or enzymatic reagent, in this example horseradish peroxidase enzyme.

To carry cut an ELISA a sample is removed from a host and incubated on a solid support,
e.g. a polystyrene dish, that binds the polypeptides in the sample. Any free polypeptide binding
sites on the dish are then covered by incubating with a non-specific protein such as bovine serum
albumin. Next, the monaclonal antibody is incubated in the dish during which time the monoclonal
antibodies attach to any RG1 polypeptides attached to the polystyrene dish. Unbound monacional
antibody is washed out with buffer, The reporter antibody linked to horseradish peroxidase is
placed in the dish resulting in binding of the reporter antibedy to any monoclonal antibedy bound to
RG1. Unattached reporter anlibody is then washed out. Reagents for peroxidase activily,
including a colorimetric substrate are then added to the dish. Immobilized peroxidase, linked to
RG1 through the primary and secondary antibodies, produces a colored reaction product. The
amount of color developed in a given time period indicates the amount of RG1 polypeptide present
in the sample. Quantitative results typically are obtained by reference to a standard curve.

A competition assay may be employed wherein antibodies specific io RG1 are atiached to
a solid support and labeled RG1 and a sample derived from the host are passed over the solid
support and the amount of label detected attached to the solid support can be correlated to a
quantity of RG1 in the sample. ‘

These and other assays are described, among other places, in Hampton et al. (Serological
Methads, a Laboratory Manual, APS Press, St Paul, Minn, 1990) and Maddox et al. (J. Exp. Med.
158:12111, 1983).

Antibodies

The invention further relates to antibodies that specifically bind to RG1, herein referred to
as RG1 antibodies. The aver-expression of RG1 in prostate tissues and its cell surface location
represent characteristics of an excellent marker far screening, diagnosis, prognosis, follow-up
assays and imaging methods. In addition, these characteristics indicate that RG1 may be an
excellent target for therapeutic methods such as targeted antibody therapy, immunotherapy, and
gene therapy. As used herein, the term "specifically binds to” refers to the interaclion of an
antibody and a polypeptide, in which the interaction is dependent upon the presence of a particular
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slructure (i.€., the antigenic determinant or epitope) on the polypeptide; in other wards, the
anlibody is recognizing and binding to a specific palypeptide structure rather than to proteins in
general.

The RG1 polypeplides, their fragments or other derivatives, or analogs thereof, or cells
expressing them can be used as an immunogen to produce antibodies thereto (Harlow,

Antibodies, Cold Spring Harbor Press, NY (1889)). These antibodies can be, for example,
polyclonal or monoclonal antibodies. The present invention also includes chimeric, single chain,
humanized, and human antibodies, as well as Fab fragments, or the product of a Fab expression
library. Various procedures known in the art may be used for the production of such antibodies
and fragments. i

Anlibodies generated against the polypeptides corresponding to a sequence of the
present invention can be abtained by direct injection of the polypeptides into an animal or by
administering the polypeptides to an animal, preferably a nonhuman. The antibody so obtained
will then bind the polypeptides itseff. In this manner even a sequence encoding only a fragment of
the polypeplides can be used to generate antibodies binding the whole native polypeptides. Such
antibodies can then be used to isolate the polypeptide fromtissue expressing that polypeptide.

For preparation of monoclonal antibodies, any technique which provides antibodies
produced by continuous cell line cultures can be used. Examples include the hybridoma technique
(Kohler and Milstein, Nature 256: 495-497, 1975), the human B-cell hybridoma technigue {Kozbor
et al., Immunology Today 4: 72, 1983) and the EBV-hybridoma technique to produce human
monoclonal antibodies (Cole et al., in Monacional Antibodies and Cancer, Alan R. Liss, Inc., 77-96,
1985).

In addition, techniques developed for the production of “chimeric antibodies®, the splicing of
mouse antibody genes to human antibody genes to obtaina molecule with appropriate antigen
specificity and biological activity can be used (Morrison etal, Proc. Nall, Acad. Sci. USA B1:6851-
6855, 1984; Neuberger et al., Nature 312:604-608, 1984; Takeda et al., Nature 314:452-454,

1985). Alternatively, techniques described for the production of single chain antibodies (U.S. Pat.
No. 4,946,778) can be adapted to produce RG 1-specific single chain anfibodies.

Furthermore , “human” antibodies can be produced using the methods described in us.
Patent Nos. 5,877,397 and 5,568,825, which are incerporated herein in full by reference.

Antibodies may also be produced by inducing in vivo production in the lymphocyte
population or by screening recombinant immunoglobulin libraries or panels of highly specific
binding reagents as disclosed in Orlandi et al. (Proc. Nall. Acad. Sci. USA 86:3833-3837, 1989) ’
and Winter and Milstein (Nafure 349:293-299, 1991),

Antibody fragments which contain specific binding sites for RG1 may aiso be generated. For
example, such fragments include, but are not limited to the F(ab'j2 fragments which can be produced
by pepsin digestion of the antibody molecule and the Fab fragments which can be generated by
reducing the disulfide bridges of the F(ab')2 fragments. Alternatively, Fab expression libraries may
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be constructed to allow rapid and easy identification of monoclonal Fab fragments with the desired
specificity (Huse et al., Science 256:1270-1281, 1989).

The amino acid sequence of RG1 presented herein may be used to select specific regions of
the RG1 polypeptide for generating antibodies. As will be understood by thase skilled in the art, the
regians or epitopes of a RG1 pulybeptide to which an antibody is directed may vary with the intended
application. Far example, antibadies intended for use in an immuncassay for the detection of
membrane-bound RG1 on prostate calls should be directed toward acf;essible epitopes on the RG1
polypeptide. Regions of the RG1 polypeptide that show immunogenic structure, as well as ather
regions and domains, can readily be identified using various other methods known in the art, such as
Chou-Fasman, Garnier-Robson, or Jameson-Wolf analysis. Fragments containing these residues
are particutarly suited in generating anti-RG1 antibodies. Particularly useful fragments include, but
are net limited to, the sequences PLGGESICSAGAPAKYSIT (SEQ 1D NO: 8);
HSSDYSMWRKNQYVS (SEQ ID NO: 10); DAGTDSGFTFSSPNFATIPQDTV (SEQ (D NO: 11); and
NEIVDSASVPET (SEQ ID NO: 12). Generation of polyclonal antibodies to these regions is
described in Example 4.

RG1 antibodies of the invention may be particularly useful in diagnostic assays, imaging
methadologies, and therapeutic methods for the management of prostate cancer. The invention
provides various immunological assays useful for the detection of RG1 polypeptides and for the
diagnosis of prostate cancer. Such assays generally comprise one or more RG1 antibodies
capable of recognizing and binding a RG1 polypeptide. The most preferred éntibodies will
selectively bind to RG1 and will not bind {or bind weakly) to non-RG 1 polypeptides. The assays
include various immunological assay formats well known in the art, including but not limited to
various types of radicimmunoassays, enzyme-linked immunoabsorbent assays, and the like. In
addition, immunolagical imaging methods capable of detecting prostate cancer are also provided
by the invention, including but not limited to radioscintigraphic imaging methods using labeled RG1
antibodies. Such assays may be clinically useful in the detection, monitoring and prognosis of
prostate cancer.

The above-described antibodies may be employed to isolate or to idenlify clones
expressing the polypeptide or to purify the polypeptide of the present invention by attachment of
the antibody to a solid suppert for isolation andjor purificaiion by affinity chromatography.

Additionally, RG1 antibodies may be used to isolate RG1 positive cells using cell sorting
and purification techniques. In particular, RG1 antibodies may be used to isolate prostate cancer
cells from xenograft tumar lissue, from cells in culture, efc. using antibody-based cell sorting or
affinity purification techniques. Other uses of the RG1 antibodies of the invention include
generating anti-idiotypic antibodies that mimic the RG1 palypeplide.

The RG1 antibodies can be used for detecting the presence of prostate cancer or tumer
metastasis. The presence of such RG1-containing celis within variaus biological samples,
including serum, prostate and other tissue biopsy specimens, may be detected with RG1
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antibodies. In addition, RG1 antibodies may be used in various imaging methadologies such as
immunoscintigraphy with Tc-99m (or other isotope) i:onjugated antibody. For example, an imaging
protocol similar to the one recently described using an in-11 1 conjugaled anti-PSMA antibody may
be used o detect recurrent and metastatic prostate carcinomas (Sodee et al., Clin. Nuc. Med. 21:
759-766, 1997).

The RG1 antibodies of the invention may be labeled with a detectable marker or
conjugated to a second molecule, such as a cytotoxic agent, and used for targeting the second
molecute to a RG1 positive cell (Vitetta, .S, etal., Immunotoxin Therapy, in Devfta. Jr,V.T etal,
eds, Cancer: Principles and Practice of Oncology, 4™ ed., J.B. Lippincott Co., Philadelphia, 2624~
2636, 1993). Examples of cytotoxic agents include, but are not limited to ricin, doxorubicin,
daunorubicin, taxot, ethidium brqmide, milomycin, etoposide, tenopaside, vincristing, vinblastine,
colchicine, dihydroxy anthracin dione, actinomycin D, diptheria toxin, Pseudomcnas; exotoxin(PE)
A, PE40, abrin, and glucocorticoid and other chemotherapeutic agents, as well as radioisotopes.
Suitable detectable markers include, but are not limited to, a radioisotope, a fiuorescent
compound, a bioluminescent compound, chemiluminescent compound, a metal chelator or an
enzyme. Suitable radioisotopes include the following: Antimony-124, Antimony-125, Arsenic-74,
Barium-103, Barium-140, Beryllium-7, Bismuth-j206, Bismuth-207, Cadmium-109, Cadmium-

1" 5&1, Calcium-45, Cerium-139, Cerium-141, Cerium-144, Cesium-137, Chromium-51, Cobalt-56,
Cobalt-57, Cobalt-58, Cobalt-60, Cobalt-64, Erbium-169, Europium-152, Gadelinium-153, Gold-
195, Gold-199, Hafnium-175, Hafnium-181, Indium-11, lodine-123, lodine-131, ridium-192, iron-
55, Iron-59, Krypton-85, Lead-210, Manganese-54, Mercury-197, Mercury-203, Molybdenum-98,
Neodymium-147, Neptunium-237, Nickel-63, Niobium-95, Osmium-185+191, Palladium-103,
Platinum-195m, Praseodymium-143, Promethium-147, Protactinium-233, Radium-2226, Rhenium-
186, Rubidium-86, Ruthenium-103, Ruthenium-106, Scandium-44, Scandium-48, Selenium-75,
Silver-110m, Silver-11, Sodium-22, Strontiurn-85, Strontium-89, Strantium-80, Sulfur-35,
Tantalum-182, Technetium-99m, Tellurium-125, Tellurium-132, Thallium-170, Thallium-204,
Thorium-228, Thorium-232, Tin-113, Titanium-44, Tungsien-185, Vanadium-48, Vanadium-49,
Yiterbium-169, Yitrium-88, Yitrium-90, Ytirium-91, Zinc-65, and Zirconium-95.

Immunotherapy fo ncer

The invention provides various immunotherapeutic methods for treating prostate cancer,
including antibady therapy, in vivo vaccines, and ex vivo immunotherapy approaches. In one
approach, the invention provides RG1 antibodies which may be used systemically to treat prostate
cancer. For example, unconjugated RG1 antibodies may be introduced into a patient such that the
antibody binds to RG1 on,.in or associated with prostate cancer cells and mediates the destruction
of the cells, and the tumor, by mechanisms which may include complement-mediated cytolysis,
antibody-dependent cellular cytatoxicity, altering the physiologic function of RG1, and/or the
inhibition of ligand binding or signal transdudtion pathways. RG1 antibodies conjugated to toxic .
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agents such as ricin or radioisotopes may also be used therapeutically 1o deliver the toxic agent
directly to RG1-bearing prostate tumor ceils and thereby destroy the tumor cefls.

Prostate cancer immunotherapy using RG1 antibodies may follow the teachings
generated from various approaches which have been successfully employed with respect to other
types of cancer, including but not limited to colon cancer (Aren et al., Crit. Rev. Immunol. 18: 133-
138, 1998), multiple myeloma (Ozaki et al., Blood 90: 3179-3186, 1997, Tsunenari et al., Blood
90: 2437-2444, 1997), gastric cancer (Kasprzyk et al, Carncer Res. 52: 2771-2776, 1992), B-cell
lymphoma (Funakoshi et al., Immunther. Emphasis Tumor immunof. 19: 93-101, 1986), leukemia
(Zhong et al., Leuk. Res. 20: 581-589, 1996), colorectal cancer (Moun et al., Cancer Res. 54:
6160-6166, 1994; Velders et al., Cancer Res. 55:4398-4403, 1995), and breast cancer (Shepard
et al., J. Clin. Immunol. 11: 117-127, 1991).

The invention further provides vaccines formutated to contain a RG1 polypeptide or
fragment thereof. The use of a tumor antigen in a vaccine for generating humoral and cell-
mediated immunity for use in anti-cancer therapy is well known in the art and has been employed
in prostate cancer using human PSMA and rcdent PAP immunogens (Hodge et al,‘. Int. J. Cancer
63: 231-237, 1995; Fong et al., J. Immunol. 159: 3113-3117, 1997). Such methods can be readily
practiced by employing a RG1 polypeptide, or fragment thereof, or a RG1-encoding nucleic acid
molecule and recombinant vectors capable of expressing and appropriately presenting the RG1
immunogen.

For example, viral gene delivery systems may be used to deliver a RG1-enceding nucleic
acid molecule. Various viral gene delivery systems which can be used in the practice of this
aspect of the invention include, but are not limited to, vaccinia, fow!pox, canarypox, adenovirus,
influenza, poliovirus, adeno-associated virus, lentivirus, and sindbus virus (Restifo, in Curr. Opin,
immunol. 8: 658-663, 1996). Non-viral delivery systems may also be employed by using naked
DNA encoding a RG1 polypeptide or fragment thereof introduced into the patient (i.e.,
inlramusculady) to induce an anti-tumor response. In one embodiment, the full-length human rgt1
cDNA may be employed. In another embodiment, human ry? cONA fragments may be employed.
In another embodiment, rg 7 nucleic acid molecules encoding specific T lymphocyte {CTL) epitopes
méy be employed. CTL epitopes can be determined using specific algorithims (e.g., Epimer,
Brown University) fo identify peptides within a RG1 polypeptide which are capable of optimally
binding to specified HLA alletes.

Various ex vivo strategies may also be employed. One approach involves the use of
dendritic cells to present a RG1 polypeptide as antigen to a patient's immune system. Dendritic
cells express MHG class | and 11, B costimulator, and IL-12, and are thus highly specialized
ar;llgen presenting cells. In prostate cancer, autologous dendritic cells pulsed with peptides of the
prostate-specific membrane antigen (PSMA) are being used in a Phase | clinical trial to stimulate
prostate cancer patients' immune systems (Tjoa et al., Prostate 28: 65-69, 1996; Murphy et al.,
Prostate 29: 371-380, 1996). Dendritic cells can be used to present RG1 polypeptides to T cells
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in the context of MHC class | and Il molecules. In one embodiment, autologous dendritic cells are
pulsed with RG1 palypeptides capable of binding te MHC molecules. In another embodiment,
dendiitic cells are pulsed with the complete RG1 polypeptide. Yet another embodiment involves
engineering the averexpressian of the rg7 gene in dendritic cells using various.implementing
vectors known in the art, such as adenovirus (Arthur et al., Cancer Gene Ther. 4:17-25, 1997),
retrovirus (Henderson et al., Cancer Res. 56: 3763-3770, 1996), lentivirus, adeno-associated
virus, DNA transfection (Ribas et al., Cancer Res. 57: 2865-2869, 1997}, and tumor-derived RNA
transfection (Ashley et al., J. Exp. Med. 186: 1177-1182, 1997).

Anti-idiotypic anti-RG1 antibodles can also be used in anti-cancer therapy as a vaccine for
inducing an immune response to cells expressing a RG1 polypeptide. Specifically, the generation
of anti-idiotypic antibodies is well known in the art and can be readily adapted to generate anti-
idiotypic anti-RG1 antibodies that mimic an epitope on a RG1 polypeptide (see, for example,
Wagner et al., Hybridoma 16: 33-40, 1997: Foon et al., J. Cfin. Invest. 96: 334-342, 1995; Herlyn
et al., Cancer Immunol Immunather 43: 65-76, 1996). Such an anti-idiotypic antibody can be used
in anti-idiotypic therapy as presently practiced with other anti-idictypic antibodies directed against
tumor antigens.

Genetic immunization methads may be employed to generate prophylactic or therapeutic
humoral and cellular immune responses directed against cancer cells expressing RG1. Using the
RG1-encoding DNA moiecules described herein, constructs comprising DNA encoding a
RG1 polypeptidefimmunogen and appropriate regulatory sequences may be injected directly into
muscle or skin of an individual, such that the cells of the muscle or skin take up the construct and
express the encaded RG1 polypeptide/immunogen. The RG1 polypeptide/immunogen may be
expressed as a cell surface polypeplide or be secreted. Expression of the RG1
polypeptide/immunogen resulls in the generation of prophylactic or therapeutic humoral and
cellular immunity against prostate cancer. Various prophylactic and therapeutic genetic
immunization techniques known in the art may be used (for a review, see information and

references published at internet address www.genweb.com).

Anti-sense aligonucieotides, antisens ctors, and sibozymes

Anti-sense polynucieotides complementary to rgf may be prepared synthetically. Such
oligonucieotides may be delivered into cells with or without lipids that may assist uptake of the anti-
sense oligonuclectides into cells.

Alternatively, expression vectors derived from retroviruses, adenavirus, herpes or vaccinia
viruses, of from various bacterial plasmids, may also be used for construction and detivery of
recombinant veclors which will express anti-sense rg7. See, for example, the techniques described
in Sambrook et al. (supra) and Ausubel et al. (supra).

The polynucleotides comprising the full length cDNA sequence andfor its regulatory
elements enable researchers to use rg? bo|ynucleokides as.an investigative tool in sense strands
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(Youssoufian and Lodish, Mol. Cell. Biol . 13:98-104, 1993)ar antisense strands (Eguchi, et al,,
Annu. Rev. Biochem. 60:631-652, 1991) for the regutation of gene function. Such technology is now
well known in the ar, and sense or antisense oligomers, or larger fragments, can be designed from
various locations along the coding or control regions.

Genes enceding RG1 can be turned off by transfecting a cell or tissue with expression
vectors which express high levels of a desired rg? polynucleofide fragment. Such constructs can
flood cells with untranslatable sense or antisense sequences. Even in the absence of integration into
the DNA, such vectors may cantinue to transcribe RNA molecules untit all copies are disabled by
endogenous nucleases. Transient expression may last for a month or more with a non-replicating
vector and even longer if appropriate replication elements are part of the vector system.

As mentioned above, modification of gene expression can be obtained by designing
antisense molecules, DNA or RNA, (o control regions of rg1, i.e., the promoters, enhancers, and
introns. Oligonucleotides derived from the transcription initiation site, e.g. between -10 and +10
regions of the leader sequence, are prelerred. The antisense molecules may also be designed to
block translation of mRNA by preventing the trénsczipt from binding to rizosomes. Similarly,
inhibition can be achieved using "triple helix" base-pairing methodology. Triple helix pairing
compromises the ability of the double helix to open sufficiently for the binding of polymerases,
transcription factors, or regulatory molecules. Recent therapeutic advances using triplex DNA were
reviewed by Gee, J.E. et al. (In Huber and Car, Molacular and Immunologic Approaches, Futura
Publishing Co., Mt. Kisco, N.Y., 1994).

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific deavage of
RNA (U.S. Patent No. 4,987,071, WO 93/23057). The mechanism of ribozyme action invoives
sequence-specific hybridization of the ribozyme molecule to complementary target RNA, followed by
endonucieolytic cleavage. Within the scope of the Invention are engineered hammerhead motif
ribozyme molecules that can specifically and efficiently catalyze endonucieolytic cleavage of RNA
encoding RG1. Specific ribozyme cleavage sites within any potential RNA target are initially
identified by scanning the target molecule for ribozyme cleavage sites which include the following
sequences, GUA, GUU and GUC. Once idenlified, short RNA sequences of between 1‘5 and 20 .
ribonucleotides corresponding to the region of the target gene contsining the cleavage site may be
evaluated for secondary structural features which may render the oligonuclectide inoperable. The
suitability of candidate targets may also be evaluated by testing accessibility to hybridization with
complementary oligonucleotides using ribonuclease protection assays (Irie et al., Advance.
Pharmacol. 40:207-257, 1997).

Antisense molecules and ribozymes of the invention may be prepared by any method known
in the art for the synthesis of RNA molecules. These include techniques for chemically synthesizing
oligonucleotides such as solid phase phasphoramidite chemical synthesis. Alternatively, RNA
molecules may be generated by in vitro and in vivo transcription or by DNA sequences encoding
RG1. Such DNA sequences may be incorporated into a wide variety of vectors with suitable RNA
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polymerase promoters such as T7 or SP6. Aitematively, antisense cDNA constructs that synthesize
antisense RNA constitutively or inducibly can be introduced into cell lines, cells or tissues.

RNA molecules may be modified to increase intracellular stability and halflife. Possible
modifications include, but are not imited o, the addition of flanking sequences at the 5' and/or 3*
ends of the molecules or the use of phosphorothioats or 2 O-methyl rather than phosphodiesterase
linkages within the backbone of the molecule. Increased stability can also be achieved by the
inclusion of nontraditional bases such as inosine and queocsine as well as acetyl-, methyl-, thio- and
similarly modified forms of adenine, cytidine, guanine, thymine, and uridine which are not as easily
recognized by endogenous endonucleases.

Methods for introducing anlisense vectars into Gells or tissues include those methods
discussed infra and which are equally suitable for in vivo, in vitro and ex vivo therapy. For ex vivo
therapy, antisense vectors are intraduced into cells taken from the patient and clonally propagated
far autologous transplant back into that same patient as presented in U.S. Pat. Nos. 5,399,493 and
5,437,994, disclosed herein by reference. Delivery by transfection and by liposome or other lipid
based or non-lipid based agents are well known in the art,

Assays for Identifying Agents Binding to RG1

The present invention alsc relates to assays and methods which can be used to identify
agents that bind to RG1. Specifically, agents that bind to RG1 can be identified by the ability of the
RG1 Iigaﬁd or other agent or constituent to bind to RG1 and/or the ability to inhibit/stimulate RG1
activity.

Alternatively, agents that bind te a RG1 polypeptide can be identified using a yeast two-
hybrid system or a binding capture assay. In the yeast two hybrid system, an expression unit
encoding a fusion protein made up of one subunit of a two subunit franscription factor and the RG1
polypeptide is introduced and expressed in a yeast cell. The cell is further modified to contain (1)
an expression unit encoding a detectable marker whose expression requires the two subunit
transcription factor for expression and (2) an expression unit that encodes a fusion protein made
up of the second subunit of the transcription factor and a cloned segment of DNA. If the cloned
segment of DNA encodes a protsin that binds to the RG1 polypeptide, the eipression resuits in the
interaction of RG1 and the encoded protein. This brings the two subunits of the transcription factor
into binding proximity, allowing reconstitution of the transcription factar. This results in expression
of the detectable marker. The yeast two hybrid system is particularly useful in screening a library
of cDNA encoding segments for celfular binding partners of RG1. )

RG1 polypeptides which may be used in the above assays include, but are not limited to,
an isolated RG1 polypeptide, a fragment of 2 RG1 polypeptide, a cell that has been altered to
express a RG1 polypeptide, or a fraction of 2 cell that has been altered to express a RG1
polypeptide. Further, the RG1 polypeplide can be the entire polypeptide or a defined fragment of
the RG1 polypeptide. It will be apparent to ane of ordinary skill in the art that so long as the RG1
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polypeptide can be assayed for agent binding, e.g. by a shiftin molecular weight or activity, the
present assay can be used.

The method used o identify whether an agent/celiular component binds to a RG1
polypeptide will be based primarily on the nature of the RG1 polypeptide used. For example, a get
retardation assay can be used to determine whether an agent binds to RG1 or a fragment thereof.
Alternatively, immunodetection and biochip technologies can be adopted for use with the RG1
polypeptide. A skilled artisan can readily employ numerous art-known technigues for'determining
whether a particular agent hinds to an RG1 polypeptide.

Agents and cellular components can be further tested for the ability to modulate the
activity of an RG1 polypeptide using a cell-free assay system or a cellular assay system. As the
activities of the RG1 polypeptide become more defined, functional assays based on the identified
activity can be employed.

As used herein, an agent is said to antagonize RG1 activity when the agent reduces RGt
activity. The preferred antagonist will selectively antagonize RG1, not affecting any other cellular
proteins. Further, the preferred antagonist will reduce RG1 activity by more than 50%, more
preferably by mora than 30%, most preferably eliminating all RG1 activity.

Agents that are assayed in the above method can be randomly selected or rationally
selected or designed. As used herein, an agent is said to be randomly selected when the agent is
chosen randomly without considering the specific sequences of the RG1 pelypeptide. An example
of randomly selected agents is the use of a chemical librarylcr a peptide combinatorial library, or
growth broth of an organism or plant extract.

As used herein, an agent is said to be rationally selected or designed when the agent is
chosen on a nonrandom basis that takes into account the sequence of the target site anfor its
conformation in connection with the agent's action. Agenis can be rationally selected or rationally
designed by utilizing the peptide sequences that make upthe RG1 pclypeptide. For example, a
rationally selected peptide agent can be a peptide whose amino acid sequence is identical to a
fragment of an RG1 polypeptide.

The agents tested in the methods of the presentinvention can be, as examples, peptides,
antibodies, oligenucieotides, small molecules and vitamin derivatives, as well as carbohydrates. A
skilled artisan can readily recognize that there is no limit as to the structural nature of the agents
used in the present screening method. One class of agents of the present invention are peptide
agents whose amino acid sequences are chosen based on the amina acid sequence of the RG1
polypeptide. .

Peptide agents can be prepared using standard solid phase (or solution phase) peptide
synthesis methads, as is known in the art. In addition, the DNA encoding these peptides may be
synthesized using commercially ‘available oligonucieotide synthesis instrumentation and produced
recombinantly using standard recombinant production systems. The production using solid phase
peptide synthesis is necessitated if no-gene-encoded amino acids are lo be included.
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Another class of agent of the present invention are antibodies immunoreactive with critical
positions of the RG1 polypeptide. As described above, antibodies are obtained by immunization of
suitable mammalian subjects with peptides, containing as antigenic regions, those portions of the
RG1 polypeptide intended to be targeted by the antibodies. Such agents can be used in
competitive binding studies to identify second generation inhibitory agents as well as to block RG1
activity. .

The cellular extracts tested in the methods of the present invention can be, as examples,
agqueous extracts of cells or tissues, organic extracts of cells or tissues or partially purified cellular
fractions. A skilled artisan can readily recognize that thera is no limit as to the source of the
cellular extract used in the screening method of the present invention.

Agents that bind a RG1 polypeptide, such as a RG1 antibody, can be used to modulate
the activity of RG1, to target anlicancer agents to appropriate mammatian cells, or to identify
agents that block the interaction with RG1. Cells expressing RG1 can be targeted or identified by
using an agent that binds to RG1.

How the RG1 binding agents will be used depends on the nature of the RG1 binding
agent. For example, @ RG1 binding agent can be used to: deliver conjugated toxins, such as
diphtheria toxin, chalera toxin, ricin or pseudomonas exotoxin, to a RG1 expressing cell; modulate
RG1 activity; to directly kill a RG1 expressing cell;, or in screens to identify compefitive binding
agents. For example, a RG1 inhibitory agent can be used to directly inhibit the growth of RG1
expressing cells whereas a RG1 binding agent can be used as a diagnostic agent.

Pharmaceutical Compositions and Administrati

The present invention also relates to pharmaceutical compositions which may comprise rgt
polynucleotides, RG1 polypeptides, antibodies, agenists, antagonists, or inhibitors, alone or in
combination with at least one other agent, such as stabilizing compound, which may be administered
in any sterile, biocompatible pharmaceutical carrier, including, but not limited to, saline, buffered
saline, dextrose, and water. Any of these molecules can be administered to a patient alone, orin
combination with other agents, drugs or hormones, in phamaceutical compositions where it is mixed
with excipient(s) or pharmaceutically acceptable carriers. In one embodiment of the present
invention, the pharmaceutically acceptable carvier is pharmaceutically inert.

The present invention also relates to the administration of pharmaceutical compositions.:
Such administration is accomplished orally or parenterally. Methods of parenteral delivery include
tapical, inlra-arterial {directly to the tumer), intramuscular, subcutaneous, intramedullary, intrathecal,
intraventricular, intravenous, intraperitoneal, or intranasal administration. In addition to the active
ingredients, these pharmaceutical compositions may contain suitable pharmaceutically acceptable
carriers comprising excipients and auxilliaries which faciliate processing of the active compounds
into preparations which can be used pharmaceutically. Further details on techniques for formulalion
and administration may be found in the latest edition of Remington's Pharmaceutical Sciences (Ed.
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Maack Publishing Co, Easton, Pa.).

Pharmaceutical compositions for oral administration can be formutated using
pharmaceutically acceptable carriers well known in the art in dosages suitable for oral administration.
Such carriers enable the pharmaceutical compositions to be formulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions and the like, for ingestion by the patient.

Pharmaceutical preparations for oral use can be oblained through combination of active
compounds with solid excipient, optionally grinding a resulting mixture, and processing the mixture of
granules, after adding suitable auxiliiaries, if desired, to obtaln tablets or dragee cores. Suitable
excipienls are carbohydrate or protein fillers such as sugars, including lactose, sucrose, mannitol, or
sorbitol; starch from comn, wheat, rice, potato, or other plants; cellulose such as methyl, cellulose,
hydroxypropylmethylcellulose, or sodium carboxymethylceliulose; and gums including arabic and
tragacanth; and proteins such as gelatin and collagen. If desired, disintegrating or solubilizing agents
may be added, such as the cross-linked po!yvinyf pyrrolidone, agar, alginic acid, or a salt thereof,
such as sodium alginate.

Dragee cores are provided with suitable coatings such as concentrated sugar solutions,
which may also contain gum arabic, talc, polyvinylpyrrolidone, carbopot gel, polyethylene glycol
and/or titanium dioxide, lacquer sciutions, and suitable organic solvents or solvent mixtures.
Dyestuffs or pigments may be adced to the tablets or dragee coatings for product identification or to
characterize the quantity of active compound, ie. dosage.

Pharmaceutical preparations that can be used orally Include push-fit capsuies made of
gelatin, as well as soft, sealed capsules made of gelatin and a coating such as giycerol or sorbitol.
Push-fit capsules can contain active ingredients mixed with a filler or binders such as lactose or
starches, lubricants such as talc or magnesium stearate, and optionally, stabilizers. tn soft capsules,
the active compounds may be dissolved or suspended in suitable liquids, such as fatty oils, liquid
paraffin, or liquid polyethylene glycal with or without stabilizers.

Pharmaceutical formulations for parenteral administration include aqueous solutions of
active compounds. For injection, the pharmaceutical compositions of the invention may be
formulated in aqueous solutions, prefarably in physiologically compatible buffers such as Hank's
solution, Ringer's solution, or physiclogically buffered saline. Aqusous injection suspensions may
contain substances that increase viscosity of the suspension, such as sodium carboxymethyl
cellulose, sorbitol, or dextran. Additionally, suspensions of the active compounds may be prepared
as appropriate oily injection suspensions. Suitable lipaphilic solvents o vehicles include fatty oils
such as sesame oil, or synthetic fatty acid esters, such as ethy! oleate or triglycerides, or liposomes,
Optionally, the suspension may aiso contain suitable stabilizers or agents which increase the
solubility of the compounds to aliow for the preparaticn of highly cancentrated solutions.

For topical or nasal administration, penetrants appropriate to the particular barrier to be
permeated are used in the formulation. Such penefrants are generally known in the art.
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Kits
The invention further relates to pharmaceutical packs and kits comprising one or more
containers filled with one or more of the ingredients of the aforementioned compositions of the
invention. Associated with such container(s) can be a notice in the form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals or biological
products, refiecting approval by the agency of the manufacture, use or sale of the product for

human administration.

Manufacture and Storage.

The pharmaceutica) compositions of the present invention may be manufactured in a
manner that is known in the art, e.g., by means of conventional mixing, dissolving, granutating,
dragee-making, levigating, emulsifying, encapsulating, entrapping or lyophilizing processes.

The pharmaceutical composition may be provided s a salt and can be formed with may
acids, including by not limited to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, suceinic, etc.
Salts tend to be more soluble in aqueous or other protonic solvents that are the corresponding free
base forms. In other cases, the preferred preparation may be a Iyophilized powder in 1mM-50 mM
histidine, 0.1%-2% sucrose, 2%-7% mannitol at a pH range of 4.5 to 5.5 that is combined with buffer
prior to use.

After pharmaceutical composilions comprising a compound of the invention formulated inan
acceptable carrier have been prepared, they can be placed in an appropriate container and labeled
for treatment of an indicated condition. For administration of RG1, such labeling would include
amount, frequency and method of administration.

Therapeutically Effective Dose.

Pharmaceutical compositions suitable for use in the present invention include compositions
wherein the active ingredients are contained in an effective amount to achieve the intended purpose,
i.e. treatment of a particular disease state characterized by RG1 expression. The determination of
an effective dose is well within the capability of those skilled in the art.

Fer any oompound, the therapeulically effective dose can be estimated initially either in cell
culture assays, e.g., neoplastic cells, or in animal medels, usually mice, rabbits, dogs, or pigs. The
animal mode! is also used to achieve a desirable concentration range and route of administration.
Such information can then be used to determine useful doses and routes for administration in
humans.

A therapeutically effective dose refers to that amount of protein or its antibodies, antagonists,
of inhibitors which ameliorate the symptoms or condition. Therapeutic efficacy and toxicity of such
compounds can be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.q., ED, (the dose therapeutically effective in 50% of the population) and
LDso (the dose lethal ta 50% of the population). The dose ratio between therapeutic and toxic effects
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is the therapeutic index, and it can be expressed as the ralio, EDsy/LDsy. Pharmaceutical
compositions which exhibit large therapeutic indices are preferred. The data obtained from cell
culture assays and animal studies is used in formulating a range of dosage for human use. The
dosage of such compounds lies preferably within a range of circulating concentrations what include
the EDgwith litlle or no toxicity. The dosage varies within this range depending upen the dosage
form employed, sensitivity of the patient, and the route of administration,

The exact dosage is chosen by the individual physician in view of the patient to be treated.
Dosage and administration are adjusted to provide sufficientlevels of the active moiety or to maintain
the desired effect. Additional factors which may be taken into account include the severity of the
disease state, eg, tumor size and location; age, weight and gender of the patient; diet, time and
frequency of administration, drug combination(s), reaction sensitivities, and tolerance/response to
therapy. Long acting pharmaceutical compasitions might be administered every 3 to 4 days, every
week, or ance every two weeks depending on half-life and clearance rate of the particular
formulation, '

Normal dosage amounts may vary from €.1 to 100,000 micrograms, up to a total dose of
about 1 g, depending upon the route of administration. Guidance as to particular dosages and
methods of delivery is provided in the literature. See U.S. Pat. Nos. 4,657,760; 5,206,344; or

5,225,212, Those skilied in the art will employ different formulations for polynucleotides than for

proieins or their inhibitors. Similary, delivery of polynuclectides or polypeptides will be specific to

particular cells, conditions, localions, etc.

The present invention is further described by the following examples. The examples are
provided solely to illustrate the invention by reference to specific embodiments. These
exemplifications, while illustrating certain specific aspects of the invention, do not portray the
limitations or circumscribe the scope of the disclosed invention.

All examples were carried out using standard techniques, which are well known and
routine to those of skill in the art, except where otherwise described in detail. Routine molecular
biology techniques of the following examples can be caried oul as described in standard
Iaboratdry manuals, such as Sambroak et al., Mofecular Cloning: A Laboratory Manual, 2nd Ed.;
Cold Spring Harbor Laboratory Press, Cold Spring Harbbr, N.Y., 1989.

Example 1. Identification of. human rg7 polynuclectide

Rg1 was identified as a gene expressed in the prostate by mining Incyte’s LifeSeq
database. The nucleotide sequence was identified by an annotation serch of the database, using
the "Protein Function" tool provided by Incyte for the purpose of searching the database. The
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nucleotide sequence was found in the catégory of cell adhesion molecules in the annotated
database and was described as a homologue of f-spondin. Electronic Northern analysis of the
distribution of rg1 polynucleotide sequences in the set of libraries in the database revealed that rg?
was expressed at high levels in the prostate libraries and at lower levels in a number of other tissue
librarigs, including those from normal and tumor tissues.

Following assembly of the set of rg? clones in the database into a contiguous
polynucleotide sequence, and editing of the contiguous sequence, @ full-length coding sequence
was identified in the predicted assembled polynucleotide. This sequence coded for a protein
homologous to f-spondin and to Mindin-2. »

Incyte clones 1640796, 1712252, and 1880265 were obtained from Incyte for experimentat
work and clone 3360733 was identified as containing the most 5' nucleotide sequence. This clone
was fully sequenced and contained the full coding sequence for the predicted RG1 protein. This
sequence is shown in Figure 1 (SEQ D NO: 1). )

Example 2: Rg1 mRNA Expression

The expression of rgf mRNA in a variety of samples from normal and tumor tissues and in
cell lines, was determined by semi-quantitative PCR using a Tagman assay, (Perkin-Elmer).
Prostale normal, benign and tumor tissue samples that had been graded according to a modified
Gleason grading system were obtained from the Urology Department at Stanford University School
of Medicine. RNA was isolated from these by standard procedures. RNA from other tumor and
nommal tissues was purchasad from commercial sources, including Clonetech, and Biochain.
Prostate tumor cell lines, (PC-3, LNCaP and DU145), were obtained from American Type Culture
Collection and propagated in culture by standard methods using serum contalning medium.
Xenograft tumors derived from these cell lines were established in nude mice and harvested from
the mice approximately 4-6 weeks after implantation. RNA was isolated from the tumors by
standard procedures.

Tagman based PCR analysis was performed using the primers: CGC GCA TAG CTC
CGA CTA C (SEQID NO: 3) and GCC GCG TCC GCA AAG (SEQ ID NO: 4) and the Tagman
probe: 6-FAM-AGG AAG AAC CAG TAC GTC AGT AAC GGG CTG-Tamra (SEQ ID NO: 5).

These primers and probe were designed using Perkin Elmer's Primer Express software
and were synthesized by Synthetic Genetics. PCR reactions were carried out for 30-40 cycles and
quantified using prostate RNA 10 generate a standard curve for relative comparison. This analysis
demonstrated that rg7 mRNA was detected at highest sbundance in the prostate and at
significantly lower levels in several other tissues (See Figure 5).
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Example 3: Cloning and Expression of RG1 in BHK cells

The RG1 coding region was obtained from Incyte plasmid 3360733. The coding sequence
was PCR amplified with primers SST115 (5" —
TCCCTCTAGAGCCACCATGGAAAACCCCAGCCCGGC - 3') (SEQ D NO: 6) and SST113 (5' ~
AAGGCATCACGTGTTAGACGCAGTTATCAGGGACG -3') (SEQ ID NQ: 7) in a standard PCR
reaction (100ul) using 1x Pfu Turbo polymerase buffer (Stratagene, La Jolla, CA)/200uM
dNTPs/0.2uM oligonucleotide primers/ 2.5U Pfu Turbo polymerase (Stratagene). PCR
amplification conditions were as follows: 3 mins at 95°C, (15 seconds at 95°C, 30 seconds at 60°C,
2 minutes at 72°C)x35, 72°C for 7 minutes. The resulting PCR amplified product was purified
using a QlAquick PCR column (Qiagen, Valencia, CA) and digested with Xbal and Pmll restriction
enzymes to result in a 1010 bp fragment that was purified from a 1% agarose gel using a BIO 101
GeneClean Kit (Vista, CA}. The purified fragment was ligated (using Epicientre Fast Link Kit,
(Epicenter, Madison, Wi} to the noncytopathic Sindbis expression vector pSINrep21 {(Agapov et al,
1998, PNAS 95: 12989-12994) digested with Xbal and Pmll, and transformed into DH5 alpha
competent cells (Life Technologies, Gaithersburg, CA) and selected on LB agar plates containing
ampicillin (100ug/mt). One such ampicillin resistant colony was grown in LB medium with
ampicillin and shown by sequence analysis 1o contain the inserted RG1 cading sequence. This
plasmid was called pPEGS.

Two micrograms of pPEG6 was used to transfect 1-3 x 10° bovine hamster kidney cells
(BHK) cells using Lipofectamine Plus reagent (Life Technologies, Gaithersburg, MD) according to
the manufacturer's instructions. Fdllowing transfection, cells were Incubated in DMEM plus fetal
blood serum for 24-48 hours, at which time the cells were split 1 to 10 and selection for the
plasmid containing cells was initiated by adding puromycin (2.5ug/ml final concentration) and
DMEM containing serum. After the cells were canfluent (4-5 days post puromycin addition) the
cells were washed with PBS, spiit 1 to 10, and DMEM medium with serum and 5ug/m! puromycin
was added. After an additional 2-3 days, the medium was replaced with DMEM and Sug/mi
puromycin without serum, grown for 2-3 days and the presence of RG1 protein was detected in the
medium by Western analysis using RG1 antibodies. RG1 protein was detected at a level of
tug/ml.

Example 4: Antibody Generation

Rabbit polyclonal antisera were raised against five synthetic polypeptide sequences
derived from the RG1 protein sequence. These sequences were selecled because of their
predicted positions at the surface of the protein, in order to generate antisera that are more likely
to recognize surface epitopes. Cysteine residues were replaced with aminobutyric acid (Abu) to
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aid synthesis. The specific amino acid sequences, positions on the RG1 protein and designations
for the five peptides are listed below. :

Designation Position Amino Acid Sequence
Cc 28-46 PLGGESICSAGAPAKYSIT (SEQ ID NO: 8)
2C 46-64 TFTGKWSQTAFPKQYPLFR (SEQ ID NO:.9)
3C 7791 HSSDYSMWRKNQYVS (SEQID NO: 10)
4C 188-210 DAGTDSGFTFSSPNFATIPQDTV (SEQ ID NO: 11)
s5C - 263-274 ) NEIVDSASVPET (SEQID NO: 12)

Peptides were covalently coupled to keyhole limpet hemocyanin (KLH), via an additionat
carboxyl- terminal cysteine, for use as an immunogen. Similarly, a bovine serum albumin (BSA)
conjugate was prepared for the analysis of antisera titers via ELISA.

Two animals were immunized with each peptide. Initial immunizations were performed in
Freunds complete adjuvant (0.5 mg/animal), followed by boosts at three week intervals with 0.25
mg/animal in Freunds incomplete adjuvant applied intramuscularly. Periocic tast bleeds were
taken and antibody titers against the specific BSA- peptide conjugate were measured by ELISA
and compared with preimmune sera. Aniisera against psptides 1C and 3C were shown to be
active. Antisera against peptide 2C did not recognize RG1 polypeplide. Antisera against peptides
4C and 5C were not tested.

Human monoclonal antibodies against RG1 were generated by immunizing transgenic
mice against RG1 peptides and a 8-histidine-tagged RG1 fusion protein expressed in E. coli.
Splenccytes of these animals were fused with myeloma cells to produce hybridoma cells. The
resulting hybridomas were screened by ELISA for those producing anlibodies directed against
RG1 peptides and protein.

Example 5: Wastern blot analysis of antibodies

Antisera were tested for RG1 specificity via Western blotting. RG1 specific antisera
(those raised against sequences 1C and 3C, above) were tested on RG1 transiently expressed in
COS cells, native RG1 secreted from LNCaP cells and RG1 produced from transfected baby
hamster kidney cells (BHK). RG1-specific antisera were further tested on lysates prepared from:
LNCaP tumors, LNCaP cells, PC3 tumors, PC3 cells and several clinical samptes of human
prostate tumors. Cells and tissues were lysed in detergent buffer. After boiling for 5 min, 10-ul of
each lysate was loaded onto a 12% SDS-polyacrylamide gel to resolve proteins. Separated
proteins were then transferred to nitrocellulose membranes. Binding specificity of RG1 antibodies
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was verifisc by binding in the presence of the homolagous and heteralogous peotides. RG1-

specific antisera could cetect the prolein in all samples but PC-3 cells and PC-3 tumors.

5 Example 6: Purification of Native RG1 Protein Secreted from LNCaP Cells

LNCaP cells grdwn in culture were shown to secrete native RG1 protein by Western blot
analysis. In order to purify the native protein, cells were grown for 48 hours in mecia lacking
serum. This serum-free conditioned media was harvested, centrifuged to remove any cells, and

10 concentratad approximately fiy-fold by ultrafiltration. The concentrated media was then diluted
ten-fold with 20 mM sadium acetate puffer, pH 6.5 and loaded onto a Q-Sepharose anion
exchange column. Column elution consisted of a sadium chlorice gradient (0.5% per minute} while
callecting 2.0 ml fractions. The RG1 pratein eluted at approximately 75 mM NaCi as determined
by Western biat and SDS PAGE. The native RG1 proteinruns at a slightly lower molecular weight

15  than the 6 histidine-RG1 fusion protein expressed in bacteria, presumably because it lacks the

fusion peptide.

Exampie 7: immunchistochemical staining of RG1 expression

20

) The expression of RG1 protein was determined by LifeSpan Biosciences, Inc. in a variety of
human tissues, including kidney, lung, pancreas, musctle, brain and prostate. Additional prostate
st L tissues were obtained from the Urology Department at Stanford University Schoal of Stanford and
tested at Berlex. The fissue sections were deparaffinized using standard procedures. The
25  polyclonal antibody RG1-3C was used as a primary antibody and the detection system consisted of
using Vector ABC-AP kit (AK3002) with a Vector red substrate kit (Sk5002). As a negative control,

ihe staining was carried out in the absence of the primary annbody

dre -

30

While the present invention has been described with reference to the specific
embodiments thereof, it should be understoad by those skilled in the art that various changes may be
35  mace and equivalents may be substituted without departing from the true spiri: and scope of the
invention. In addition, many modifications may be made o adapt 2 particular situation, material,
composition of matter, process, process step or steps, 1o the cbjective, spirit and scope of the
present invention. All such modifications are intended to be within the scope of the claims appended

hereto.
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Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise”, or variations such as "comprises” or
"comprising”, will be understood to imply the inclusion of a stated integer or group of
integers or steps but not the exclusion of any other integer or group of integers or steps.

Persons skilled in the art will appreciate that numerous variations and
moadifications will become apparént. All such variations and modifications which become
apparent to persons skilled in the art, should be considered to fall within the spirit and
scope that the invention broadly appearing before described.
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SEQUENCE LISTING

<110> Harkins, Richard
. Parkes, Deborah
Parry, Gordon
Schneider, Douglas
Steinbrecher, Renate

<120> DNA Encoding a Nevel RG-1 Polypeptide
<130> 51791AUSML

<140>
<141>

<150> 60/172,370
<151> 1999-12-16

<160> 12
<170> PatentIn Ver. 2.0

<210> 1

<211> 1785

<212> DNA )
<213> Homo sapiens

<220>
<221> CDS
<222> (296)..(1291)

<400> 1 .
agaaaggggt gcggcagcéc tgccagggga agagggtgat ccgacccggg gaaggtcget 60

gggcagggeg agttgggaaa. goggeagece ccgecgeoee cgoageecct tetectecrt 120

tcteccacgt cetatctgee tctegetgga ggccaggcecqg tgcageatcg aagacaggag 180

gaactgéaqc ctcattggce ggoeegydgge gocggecteg ggcttaaata ggagetccgg 240

‘gctetggetg ggacccgace gctgecggee gegetocege tgetectgec éggtg atg 298
. Mei

gaa aac cec agc ccg goc gee gee ctg ggc aag goc cte tge get cte 346

Glu Asn Pro Ser Pro Ala Ala Ala Leu Gly Lys Ala Leu Cys Ala Leu

ctc ctg gee act ctc gge goc gec gge cag cct ctt ggg gqé gag tce 394
Leu Leu Ala Thr Leu Gly Ala Ala Gly Gln Pro Leu Gly Gly Glu Ser
- 20 25 30

atc tgt tcc gce gga ‘geec ceg gee aaa tac age atc acc ttc acyg gqc 442
Ile Cys Ser Ala Gly Ala Pro Ala Lys Tyr Ser Ile Thr Phe Thr Gly
35 40 a5
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aaqg
Llys
50

cct

Pro

agc
Ser

gcg
Ala

999
Gly

‘cec

Pro
130

cac
His

ttc

Phe

gaa
Glu

qg¢
Gly

gtg
val
210

tac

Tyr

qtg
Val

ctg
Leu

tgg age cag

Trp

g9cg
Ala

atg
Met

gag
Glu

gag
Glu
115

agc
Ser

tcg
Ser

gtg
Val

cag
Gln

tte
Phe
195

ace

Thr

tac
Tyr

cgg
Arg

cce
Pro

Ser

cag
Gln

tgg
Trp

cgc
Arg
100

gcg
Ala

g9¢
Gly

ctg
Leu

g9¢
Gly

gcg
Ala
180

ace
Thr

9ag
Glu

cca
Pro

ctg
Leu

age
Ser
260

Gln

tgg
Trp

299
Arg
a5

ggc
Gly

ctg
Leu

acc
Thr

gte
Val

gty
val
165

gcg
Ala

ttc
Phe

ata
Ile

cgg
Arg

cga
Arg
245

a9g9
Arg

acg
Thr

tet
Ser
70

aag

Lys

g9ag
Glu

cag’

Gln

999
Gly

tcy
Ser
150

gac

Asp

ctg
Leu

tce
Ser

acg
Thr
ctg
Leu

gee
Ala
55

teg

Ser

aac
Asn

gce
Ala

agc
Ser

cag
Gln
135

tee
Phe

agc
Ser

gac
Asp

tce

Ser

tcc
Ser
215

aag
Lys

230

cag
Gin

gac
Asp

agc
Ser

aat
Asn

ttc
Phe

cty
Leu

cag
Gln

tag
Trp

qtg
val
120

acq

Thr

gtg
Val

ctg
Leu

ctg

Leu

ccc
Pro
200

tecc
Ser

gce
Ala

cce
Prec

gag
Glu

cce
Pro

ctg
Leu

tac
Tyr

9<g
Ala
105

cac
His

teg
Ser

gtg
val

§ac
Asp

tac
Tyr
185

aac
BAsn

tct
Ser

cIg
Leu

agg
Arg

att
Ile
265

aagqg
Lys

999
Gly

gte
val
%0

ctg
Leu

gcg
Ala

gcg
Ala

cge
Arg

ctg
Leu
170

cece

Pro

ttc
Phe

ccec
Pro

cct.

Pro

gcc
Ala
250

gta
val

cag
Gln

gee
Ala
75

agt
Ser

atg
Met

gtg
Val

gag
Glu

ate
Ile
155

tgc
Cys

tac
Tyr

gce
Ala

agc
Ser

cceo
Fro
235

ttc
Phe

gac
Asp

tac
Tyr
60

gcg
Ala

aac
Asn

aag
Lys

ttt
Phe

ctg
Leu

140

gtg
val

gac
Asp

gac
Asp

acc
Thr

cac
His
220

atc
Ile

atc
Ile

age
Ser

-53-

cce
Pro

cat
His

999
Gly

9ag
Glu

tecg
Ser
125

gqag
Glu

cce
Pro

999
Gly

gee
Ala

ate
Ile
205

ccg
Pro

geo
Ala

cct

fro

gcec
Ala

ctg
Leu

agc
Ser
ctg
Leu

ate
Ile

‘110

gcg
Ala

gtg
val

agc
Ser

gac
Asp

999
Gly
190

ccyg
Pro

gce
Ala

agg
Arg

cce
Pro

tca
Ser
270

tte
Phe

tce
Ser

cqge
Arg
95

gag
Glu

cce
Pro

cag
Gln

cecc
Pro

cgt
Arg
175
acg
Thr

cag
Gln

aac
Asn

gtg
val

gcc
Ala
255

gtt
val

cgc
Arg

gac
Asp
80

gac

Asp

gcg
Ala

gee
Ala

cge
Arg

gac
Asp

160 .

tgg
Trp

gac
Asp

gac
Asp

tce
Ser

aca
Thr
240

cca

Pro

cca
Pro

PCT/US00/33901
cee 490
Pro

65

tac 538
Tyr

ttt 586
Phe
gcg €34
Ala
gtc 682
Val
agg 330
Arg

145

tgg 778
Trp
cgg '~ B26
Arg
age 874
Ser
acg 922
Thr
ttc. 970
Phe

225
ctg- 1018
Led’

gte 1066
val

gaa 1114
Glu
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acg
Thr

gqa
Gly
290

¢gg
Arg

gag
Glu

tggggceccec

ccg
Pro
275

qqg¢
Gly

gte
Val

gct
Ala

ctg
Leu

cac
His

cag
Gln

gag
Glu

ccgagggcac

tgcactgaaqg

aaccttgctt

. taaagtcatc

. <211>
<212>
<213>

tcﬁaqgagat

gacctggtgce

acttgagaag

<210> 2

<400> 2 .
Met Glu Asn Pro

1

Leu

Gly

Pro
65

Tyr

Leu
Ile
Lys
" 50

Pro

Ser

331
PRT
Homo

Leu
Cys

35
Trp

Ala

Met

gac
Asp

tgt
Cys

cece
Pro

tge
Cys
325

agggygtttce
ggccetetgg
cttaggggcce
cceaaggete
tgtecctteat
tctaggectgt

tgaataaatg

tgc
Cys

999
Gly

gcc
Ala
310

gtc
Val

cggagceatg

sapiens

Ala

20
Ser
Ser

Gln

Trp

Ser
Thr
ala
G}n
Trp

Arg
88

gag
Glu

agg
Arg
295

aac

Asn

cct
Pro

Pro

Leu

Gly

Thr

Ser

70

Lys

gtc
Val
280

ctc

Leu

aac
Asn

gat
Asp

Ala

Gly

Ala

Ala

55

Ser

Asn

tce
Ser

999
Gly

999
Gly

aac
Asn

gcgetgetec
tggecggeac
ceegtgteec”
cagctactct
cgrecagggg
gctgagccea

gggeggttte

Ala

Ala

Pro

40

Phe

Leu

Gln

ctg
Leu

acc
Thr

agc
Ser

tgc
Cys
330

tgg
Trp

aag
Lys

cee
Bro
315

gtc
Val

teg
Ser

agc
Ser
300

tge
Cys

taa

gggtgtcggg ggetectgtg

tgacegeggt

gggcattggg

gtctgetete

aaattatgtc

cctggeteco

ctctcccgag

ggaagcgtea

Ala

Ala

25

Ala

Pro

Leu

Tyr

Leu

10
Gly
Lys
Lys

Gly

Val
20

Gly
Gln
Tyr
Gln
Ala

75

Ser

PCT/US00/33901
tee tgg gga ctg tgc 1162
Ser Trp Gly leu Cys
285
agg act cgc tac gte 1210
Arg Thr Arg Tyr Val
305
ccc gag ctc gaa gaa 1258
fro Glu Leu Glu Glu
320
gaccagagee cecgeagecce 1311
caggctcatg ctgcaggegg 1371
gaggccegege cgaccatcte 1431
aaacagectc ctectttecee 1491
agectectee tcctgcagga 1551
tccttataag ttattgetge 1611
acgtggttgc agatacctca 1671
ggcgecatcca agegggggce l731»
azaaaaaaaa aaaa 1785
Lys Ala Leu Cys Ala
15 E
Pro Leu Gly Gly Glu
30
Ser Ile Tnr Phe Thr
15 ’
Tyr Pro Leu Phe Arg
60
Ala His Ser Ser Asp

80

Asn Gly Leu Arg Asp

95
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Phe Ala Glu Arg

Ala Gly Glu

115

-val Pro Ser

130

Arg His Ser

Trzp Phe Val

Arg Glu Gln

Ser Gly Phe
185 -

Thr val Thr

210

Phe Tyr Tyr

225

Leu Val Arg

Val Leu Pro

.Glun Thr Pro

2715

Cys Gly Gly
290

‘val Arg val

305

Glu Glu Ala

<210>
<211>
<212>
<213>

<220>

3
19
DNA

100

Ala

Gly

Leu

Gly

Ala

180

Glu

Pro

Leu

Ser

260

Len

His

Gln

Glu

Gly

Leu

Thr

vVal

Val

165

Ala

Phe

Arg

Arg

245

Arg

Asp

Cys

Pro

Cys

325

Glu

Glon

Gly

Ser

150

Asp

Leu

Ser

Thr

Leu

230

Gln

Asp

Cys

Gly

Ala

310

val

Ala

Ser
Gln
135
phe
Ser
Asp
Ser
Ser
215
Lys
Ser
Asn
Glu
Brg
299

Asn

Pro

Artificial Sequence

Trp

Val
120

val

Leﬁ

Leu
Pro
200
Ser
Ala
Pro
Glu
Val
280
Leu

Asn

asp

Ala

105

Ser

val

Asp

Tyr

185

Asn

Ser

Leu

Arg

Ile

2865

Ser

Gly

Gly

-Asn

Leu
Ala
Ala
Arg
Leu
170
Pro
Phe
Pro
Pro
Ala
250
val

Leu

Thr

Ser

Met
Val
Glu
Ile
155
Cys
Tyr
Ala
Ser
Pro
235
Phe
Asp
Trp

Lys

Pra

315

Cys
330

vVal

Phe
Leu
140
Val
Asp

Asp

Thr

His

220

Ile

Ser

Ser

Ser

300

Cys

Glu

Ser.

125

Glu

Pro

Gly

Ala

Ile

205

Pro

Ala

Pro

Ala

Ser

285

Arg

Pro

«223> Description of Artificial Sequence: primer

<400>

3

cgegeatage tcegactac
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Ile
110

Ala

val
Ser
Asp
Gly
190
Pre
Ala
Arg
pro
Ser
270

Trp

Thr

Glu’

Arg.

175

Gln

Asn

Val

Ala

255

val

Gly

Arg

Leu
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Ala

Ala

Arg

Asp

160

Trp

Asp

Asp

Thr

240.

Pro
Pro
Leu

Tyr

Glu

320
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<210> 4

<211> 15

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer

<400> 4
geegegteeg caaag

<210> 5

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Descripticn of Artificial Sequence: probe

<400> S
aggaagaacc agtacgtcag taacgggctg

. €210> &

<211> 35
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primexr

<400> 6
tccoctctaga gecaccatgg aaaaccccag ¢ccgge

210> 7

<211> 35

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer

<460> 7 .
aaggcatcac. gtgttagacg cagttatcag ggacg

<210> 8

<211> 19

<212> BRT .
<213> Artificial Sequence

-56-
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<220>
<223> Descziption of Artificial Sequence: peptice

<400> §
fro Leu Gly Gly Glu Ser Ile Cys Ser Al2 Gly 2la Pro pla Lys Tyr
1 S 10 13

ger Ile Thr

<210> 9

<211> 19

<212> PRT

«213> Artificial Sequence

<220>

" ¢273>» Description of Artificial Sequence: peptide2

<400> 9
Thr Phe Thr Giy Lys Trp Ser Gln Thr ala Phe Pro LyS Gln Tyr Pre
1 5 C 10 15 .

Leu Phe BArg

<210> 10
<21i» 15
<212> ERT
<213> Artificial Sequence

<220>
¢223> Description of Artificial Sequence: peptide

<400> 10

wis Ser Ser Asp Tyr Ser Met Trp Arg LyS Asn Gln Tyr val Ser

1 s 10 15

<210> 11

<211 23

<212> PRT .

<213 artificial Sequence

<220»

<223 pescription of artificial Sequence: peptide

<400> 1

Asp Ala Gly Thr Asp ger Gly Fhe Thr phe Ser Ser pro Asn Phe Ala
1 5 10 15

Thr Ile Pro Glu Asp Thr val
20
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<210> 12

<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: peptide

<400> 12
Asn Glu Ile val Asp Ser Ala Ser Val Pro Glu Thr

1 . 5 10
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The claims defining the invention are as follows:

1. An isolated antibody, or antibody fragment, which specifically binds to a
polypeptide sequence selected from the group consisting of:
5

(a)  amino acid 28 to amino acid 46 as set forth in Figure 2 (SEQ ID NO: 2);
(b)  amino acid 77 to amino acid 91 as set forth in Figure 2 (SEQ ID NO: 2);
(c) amino acid 188 to amino acid 210 as set forth in Figure 2 (SEQ 1D NO: 2),
(d)  amino acid 263 to amino acid 274 as set forth in Figure 2 (SEQ ID NO: 2);

10 (e) a polypeptide sequence which is at least 70% identical to the polypeptide

sequence of (a), (b}, (c), or (d);

further wherein said antibody or antibody fragment specifically binds to RG1.

15 2. The antibody of Claim 1, wherein the antibody specifically binds to the amino acid
sequence PLGGESICSAGAPAKYSIT (SEQID NO: 8).

3. The antibody of Claim 1,-wherein the antibody specifically binds to the amino acid
sequence HSSDYSMWRKNQYVS (SEQ ID NO: 10).

20
4. The antibody of Claim 1, wherein the antibody specifically binds to the amino acid
sequence DAGTDSGFTFSSPNFATIPQDTV (SEQ ID NO: 11).
5. The antibody of Claim 1, wherein the antibody specifically' binds to the amino acid
25 sequence NEIVDSASVPET (SEQ 1D NO: 12).
6. The antibody of Claim 1, wherein the antibody is a polyclonal antibody.
7. The antibody of Claim 1, wherein the antibody is a monoclonal antibody.
30
8. The antibody of any one of claims 1 to 7, wherein the antibody is a human or

humanized antibody.

9. An immunoconjugate comprising an isolated antibody, or antibody fragment, which

-50-
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11.

12.

13.

14.

15.

16.
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specifically binds to a‘polypeptide sequence selected from the group consisting of:

(a) amino aéid 28 to amino acid 46 as set forth in Figure 2 (SEQ ID NO: 2);

(b) amino acid 77 to amino acid 91 as set forth in Figure 2 (SEQ ID NO: 2);

{¢) amino acid 188 to amino acid 210 as set forth in Figure 2 (SEQ ID NO: 2);

(d)  amino acid 263 to amino acid 274 as set forth in Figure 2 (SEQ ID NO: 2);

(e)  a polypeptide sequence which is at least 70% identical to the polypeptide
sequence(a), (b), (c}, or (d),

conjugated to a therapeutic agent, further wherein said antibody or antibody
fragment specifically binds to RG1.

The immunoconjugate of Claim 9, wherein the therapeutic agent is a cytotoxic
agent.

The immunoconjugate of Claim 10, wherein the cytotoxic agent is selected from
the group consisting of ricin, doxorubicin, daunorubicin, taxol, ethidium bromide,
mitomycin, etoposied, tenoposide, vincristine, vinblastine, colchicine, dihydroxy
anthracin dione, actinomycin D, diphteria toxin, Pseudomonas exotoxin -(PE) A,
PE40, ricin, abrin, glucocorticoid and radioisotopes.

The immunoconjugate of Claim 9, wherein the antibody fragments are selected
from the group consisting of Fv, F(ab') and F(ab'); fragments.

The immonoconjugate of claim 9, wherein the antibody is a human or humanized
antibedy.

A method for selectively destroying a cell expressing the polypeptide of Figure 2
(SEQ ID NO: 2) comprising reacting the immunoconjugate of Claim 9 with the cell
so that the therapeutic agent of the immunoconjugate can destroy the cell.

The method of claim 14, wherein the antibody is a human or humanised antibody.

A method of treating a disease-state in a human patient which disease-state is

-60-
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associated with expression of RG1 and wherein the method comprises
administering to the patient a therapeutically effective amount of the
immunoconjugate of Claim 9.

S 17. The method of Claim 16, wherein the antibody 'is 2 human or humanized antibody.
18. A diagnostic method wherein the method comprises contacting the sample with

the antibody or antibody fragment of Claim 1, which specifically binds to the
polypeptide and detecting binding of the antibody to the polypeptide in the sample.

10
19.  The method of Claim 18, wherein the antibody comprises a human or humanized
antibody. '
20. A method for detecting metastasis of prostate cancer in a subject, wherein the
15 method comprises:
3 (a)  obtaining from the subject a non-prostate tissue and/or fluid sample;
.: (b) contacting the sample with an antibody or antibody fragment of claim 1;
§".:: (c) detecting the binding of the antibody or antibody fragment with the human
RG1 polypeptide in the sample; and )
20 (d) determining if the level of binding in the subject is increased over the level
detected in normal controls.
21, The method of claim 20, wherein the antibody or antibody fragment is labeled with
a compound selected from the group consisting of a radiolabel, a chromophore
£ 25 and a fluorescer, so as to directly or indirectly produce a detectable signal..
22.  The method of claim 20, wherein the antibody fragment is a F(ab")2 fragment.
23. The method of claim 20, wherein the antibody or antibody fragment specifically

30 binds to the amino acid sequence PLGGESICSAGAPAKYSIT (SEQ ID NO: 8).

24. The method of claim 20, wherein the antbody or antibody fragment specifically
binds to the amino acid sequence HSSDYSMWRKNQYVS (SE ID NO: 10)..
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34.
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The method of claim 20, wherein the antibody or antibody fragment specifically
binds to the amino acid sequence DAGTDSGFTFSSPNFATIPQDTV (SEQ IDNO:
11).

The method of claim 20, wherein the antibody or antibody fragment specifically
binds to the amino acid sequence NEIVDSASVPET (SEQ ID NO:12).

The method of claim 20, wherein the antibody is a polyclonal antibody.
The method of claim 20, wherein the antibody is a monoclonal antibody.

The method of claim 20, wherein the antibody comprises a human or humanized
antibody.

A method of detecting metastasis of prostate cancer in a subject, wherein the

method comprises:

(a) injecting the subject with an appropriate dose of a radiolabeled antibody or
antibcdy-fragment of claim1;

{(b)  detecting by immunoscintography the binding of the radiolabeled antibody
or antibody fragment to one or more epitopes present in thé human RG1
polypeptide within the subject; and

() determining if the level of binding in the subject is increased over the level
detected in normal controls.

The method of claim 30, wherein the radiolabel is In-111 or tc-99m.

The method of claim 30, wherein the antibody comprises a human or humanized
antibody.

The method of Claim 30, wherein the antibody is labeled so as to directly or
indirectly. produce a detectable signal with a compound selected from the group

consisting of a radiolabel, an enzyme, a chromophore and a fluorescer.

An isolated antibody, or antibody fragment, which specifically binds to a

-B2-
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polypeptide according to claim 1, an immunoconjugate comprising an isolated
antibody, or antibody fragment which specifically binds to a polypeptide according
to claim 9, substantially as hereinbefore described, with reference to the

accompanying Examples.

5
35. A diagnostic method wherein the method comprises analyzing a sample derived
from a host according to claim 18 or a method of detecting metastatis of prostate
cancer in a subject according to claim 20 or 30, substantially as hereinbefore
described, with reference to the accompanying Examples.
10

DATED this 21st day of March, 2006

SCHERING AKTIENGESELLSCHAFT
by its Patent Attorneys
15 DAVIES COLLISION CAVE
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FIGURE 1

AGAAAGGGGT GCGGCAGCAC TGCCAGGGGA AGAGGGTGAT CCGACCCGGG

GAAGGTCGCT
CGCAGCCCCT
GGCCACGECE
GECCCEaace
GGACCCGACC
AAACCCCAGC
TGGCCACTCT
TCCGCCGGAG
CCAGACGGEC
GETCTTCGT
ARGAACCAGT
GGCCTGEGEGE
GCETGCACGE
ACGTCGGCGS
GGTGCGCATC
ACCTGTECEA
CCCTACGACG
CGCCACCATC
GCCACCCGGE
ATCGCCAGGE
ceeTceceee
CCTCAGTTCC
TGGEGACTGT
TCGCTACGTC

TCGAAGAAGA

GGGCAGGGCG AGTTGGGAAA GLGGCAGCCC CCGCCGLCCC

TCTCCTCCTT
TGCAGCATCG
GCCGECCTCG
GCTGCCGECC
CCGGCCGCE
ceeeaecece
CCCCGGCCAA
TTCCCCARGE
GCTGGEGGGCC
ACGTCAGTAA
CTGATGAAGG
GGTGTTTTCG
AGCTGGAGGT
GTGCCCAGCC
CGGEAACCET
CCRGGACGGA
CCGCAGGACA
CAACTCCTTC

TGACACTGGT

CCAGTCCTGC

AGAAACGCCG

GCGGAGGCCA

CGGGTCCAGC-

GGCTGAGTGC

TCTCCCACGT CCTATCTGCC TCTCGCTGGA
AAGACAGGAG GRACTGGAGC CTCATIGGCC

GGCTTAAATA GGAGCTCCGG GCTCTGGCTG

GCGCTCECGC TGCTCCTGCE GGGTGATGGA v

CCC‘J.‘SGGCM GGCCCTCTGC GCTCTCCTCC

GGCCAGCCTC TTGGGGGAGA GTCCATCIGT
ATACAGCATC ACCTT&ACGG GCAAGTGGAG
AGTACCCCCT GITCCGCCCC CCTGCGCAGT
GCGCATAGCT CCGACTACAG CATG'EGGAGG
CGGGCTGCGC GACTTTGCGG AGCGCGGCGA
AGATCGAGGC GGCGGGGGAG GCGCTG(;AGA
GCGCCCGCCG TCCOCACCGG CACCGGGCAG
GCAGCGCAGG CACTCGCTGG TCTCGTTTGT
CCGACTGGTT CGTGGGCGTCE GACAGCCTGG
TGGCGGGAP;C AGGCGGCGLT GGACCTGTAC

CAGCGGCTTC ACCTTCTCCT CCCCCAACTT

CGGTGACCGA GATAACGTCC TCCTCICCCA -

TACTACCCAC GGCTGAAGGC CCIGCCTCCC

GCGGCTGCGA CAGAGCCCCA GGGCCTTCAT-

CCAGCAGGGA CAATGAGATT GTAGACAGCG

CTGGACTGCG AGGTCTCCCT GIGGTLGTCC
CTGTGGGAGG CTCGGGACCA AGAGCAGGAC
CCGCCAACAA CGGGAGCCCC TGCCCCGAGC

GTCCCTGATA ACTGCGTCTA AGACCAGAGC
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1301
1351
1401
1451
1501
1551
1601
1651
1701

1751

CCCGCAGCCC

GCAGGCTCAT

CTGACCGCGG

GTGGCCGGCA

TCTTAGGGGC

- ATAAAGTCAT

GITATTGCTG
CACGTGGTTIG
ACTCTCCCGA

GGGGCGGTIT

210

FIGURE 1- continued

CTGGGGCCCC

GCTGCAGGCG

TGAGGCCGCG

CGGGCATTGG

CCGGAGCCAT

GCCGAGGGCA

CCGACCATCT

GAAACAGCCT

GGGGTGICGG
CAGGGGGTTT
CTIGCACTGAA

CCICCTTTICC

PCT/US00/33901

GGGCTCCTGT
CGCGCTGETC
GGGCCCTCTG.

CAACCTTGCT

CCCCGTGTCC
CCCCAAGGCT
CTCCAGGAGA
CAGATACCTC
GGGCGCATCC

CGGAAGCGIC

CGTCTGCTCT
CCAGCTACTIC

TTGTCCTTCA

CAGCCTCCTC

TAAATTATGT

TCGTCCAGGG

CTCCTGCAGG
CTCCTTATAA

GCCTGGCTCC

AGACCTGGTG
AAGCGGGGGC

BAAARAAARA

CTICTAGGCTG

CACTTGAGAA

AAADA

PGCTGAGCCC

GTGAATAAAT
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201

251

310

FIGURE 2

MENPSPAAAL GKALCALLLA TLGAAGQPLG GESICSAGAP AKYSITETGK
HSOTAFPKOY PLERPPAOWS SILGRARSSD YSMWRKNOYV SNGLRDFAER-
GEAWALMKEIL EAAGEALQSV HAVFSAPAVP _SGTGQTSAEL_EYQRBHS_LXS
WWW

NFATIPODTY TEITSSSPSH PANSFYYPRL KALPPIARVT LVRLRQSPRA

FIPPAPVLPS RDNEIVDSAS VPETPLDCEY SLWSSWGLCG. GHCGRLGTKS

RIRYVRVQOPA NNGSPCPELE EERECVPONC V

-66-
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RG1 1
‘mindin 1
50
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200
199
250
249
300 -
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_FIGURE 3

MENPSPAAAILGKALCALLLA’PLGA . AGQPLGGESICSAGAPI\KYS ITFTG

L S R O N L S NN R I R R Y
MENVS . . FSLDRTLWVFLLAMLGSTAGQPLGGESVCTARPLARYSITFTG

KWSQTAFPKQYPLFRPPAQWSSLLGAAHS SDY SMWRKNQYVSNGLRDFAE

CLCCETECURERUEL e r e e e et it
KWSQTAFPKQYPLFRPPAQWSSLLGAAESSDY SMWRKNEYVSNGLRDFAE

RGEAWALMKEIEARAG EALQéVH'AVFSAPAVPSGTGQTSAELEVORRHSLV

CECLETI LR FECRL LR T e gl
RGEAWALMKEIEAAGEKLOQSVHAVFSAPAVPSGTGQTSAELEVHPRHSLY

SFWRI-VPS PDWFVGVDSLbLCDGDRWREQA}\LDL‘.{PYDAGTDSG FTFSS

R T A A s N AR AR AR
SFVVRIVESPDWFVGIDSLDLCEGGRWKEQVVLDLYPHDAGTDSGFTFSS

PRFATIPQDTVTEITSSSPSHPANSFYY PRIKALPPIARVTLVRLRQSPR

OO LR L - e L Eitgl
PNFATIPQDTVTEITASSPSHPANSFYYPRLKSLPPIAKVTFVRLROSPR

AFIPPAPVLPSRDNEIVDSASVPETPLDCEVS LHSSWGLCGGHCGRLGTK

PCCE 0 L L e e e bzt |
AFAPPSLDLASRGNEIVDSLSVPETPLDCEVS LWSSWGLCGGPCGKLGAK

SRTRYVRVOPANRGSPCPELEEEAECVPDNCY 331

LEELCELELLeE e ety Lt
SRTRYVRVQPANNGTPCPELEEEAECAPDNCV 330
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FIGURE 4

RG!\AAGGGGTGCGGC AGCACTGCCAGGGGN\CAGGG TGATCCG ACCCGGGGMGGTCGCT
1

61

iz

181

301

361

421

481

541

601

661

TCTT'I‘CCCCACGCCGTCGTGACGGTCCCCTTCTCCCACTAGGCTGGGCCCCTTCCAGCGA
CGGCAGGGCGAGT TGGG MAGCGGC AGCCCCCCCCG CCCCCGCAGCCCCTTCTCCTCCTT

....................................... caremgreanoenog

CCCGTCCCGCTCMCCCTTTCGCCGTCGGGGGCGGCGGGGGCGTCGGGGMGAGGAGGM

‘ICTCCC!\CGTCCT ATCTGCCTCTCG CTGGAGGCCAGGCCG’IGCAGC I\TCG MGACAGGI\G

hGAGGC'I‘GCAGG ATJ\GACGGI\G)\GCGACCTCCGGTCCGGCACGTCG T AGCTTC TGTCCTC

GMCTGGAGCCTCA‘I‘TGGCCGGCCCGGGGCGCCGGCCTCGCGCTTMATAGGRGCTCCGC

cecseentagrammanen T

CTTG&CCTCGGkGTAAOCGGCCGGGCCCCGCGGCCGGAGCCCGMTT‘TATCCTCGAGGCC
GCTCTGGCTGGGACCCGACCGCTGCCGGCCGCGCTCCCGCTGCTCCTGCCGGGTGATGGA

CcG AGACCG}\CCCTGGGCT GGCGACGGCCGGCG CGAGGGCGRCGAGGACGGCCCACTACCT

H E
AMCCCCAGCCCGGCCGCCGCCCTGG GCAAGCCCCT CTGCGC'ICTCCTCCTG GCCACTCT

+
'l"I“I‘GGGGTCGGGCCGGCGGCGGGACCCGTTCCGGGAGACGCGAGAGGAGGRCCGGTGAGA
4.2 S P AR A AL G K AL CAaA L L L A TL

CGGCGCCGCCGGCCAGCC!‘CTTGGGGGAGAGTCCATCTGTTCCGCCGGAGCCCCGGCCM

GCCGCGGCGGCCGGTCCGI\GN\CCCCCTCTCAGG‘IAGRCMGGCGGCCTCGGGGCCGGTT
GAI\GQPLGGESICSAGRPAK

ATACAGCATCACCTTCACGGGCMGTGGAGCC AGACGGCCTTCCCCAAGCAGTACCCCCT

......................................................

TATGTCGTAGTGGMG'L‘GCCCGT'[‘CACCTCGG!‘CTGCCGGAAGGGGTTOGTCATGGGGGA
YS[TE‘TGKHSOTAPPKQYPL

G'l‘TCCGCCCCCCTGCGC!\GTGGTCTTOGCNCTGGGGGCCGCGCA‘DAGC‘ECCGACTAC}\G

CI\AGGCGGGGGGRCGCGTCACQAGMGCGACGACCCCCGGCGCGTATOGAGGCTCATGTC
FRPP.AQWSSLLGAA~HSSDYS

CATGTGCAGGMGAACCAGTACGTCAGTMCGGGCTGCGCGI\CTTTGCGGAGCGCGGCGA

GT!\CACCTCCTTCTTGGTCATGCI\GTCA’I‘TCCCCGACGCGCTGAN\CGOCTCGCGCCGCT
M W R K N QY V S NGL RD F A ER G E

GGCCTGCGCGCTGATGARGGAGATCGAGGCGGCGGGGGAGGCGCTGC)\GAGCGTGCACGC

CCGGACCCGCGACTACTTCCTCTAGCTCCGCCGCCC_CCTCCGCGACGTCTCGCAL‘GTGCG
A WA L M K E I EA'AGEA L QS V H A

GGTGTTTTCGGCGCCCCCCGTCCCCI\CCCGCACCGGGCAGACGTCGGCGGI\GCTGGAGGT

CCI\CM\I\AGCCGCGGGCGGCI\GGGCTCCCCGTGGCCCGTCTGCAGCCGCCTCGACC'I‘CCA

V.F 8 A P A V¥V P 5§ G T G ¢ T S A E L E V¥

(page 1 of 35
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FIGURE 4 - continuéd

GC)\GCGCAGGCAC

T TR A AGAGCARA A CACECETACEACCRGTEGGECETGACCAN
QRRHSLVSFVVRIVPS'PDAWF

CG‘l‘GGGCGTGGACAGCCTGGACCTGTGCGACGGGGACCGTTGGCGGGMCAGGCGGCGCT

GCRCCCGCACCTGTCGGACCTGGACACGCTGCCCCTGGCMCCGCCCTTGTCCGCCGCGA
VGVDSLDLCDGDRWRBQARL

GGACCTGTACCCCTACGACGCCGGGACGGACAGCGGCTTCACCTTCTCCTCCCCCMCTT

CCTGGACATGGGGATGCTGCGGCCC'K‘GCCTGTCGCCGAAGTGGMGAGGAGGGGGTTGAA
DLYPYDAGTDSGFTFS‘SPNP

CGCCACCATCCCGCAGS ACACG GTCACCGAGRTMCGTCCTCCTCTCCCAGCCACCCGGC

e T R LRt TETE P T

GCGGTGG']‘AGGGCGTCCTGTGCCACTGGCTCTA’L‘TGCAGGAGG}\G}\GGGTCGGTGGGCCG
A TI PQDTOTVTETITSS S5 P S HFPE A
C}\ACTCCT’l‘CTACTACCCRCGGCTGMGGCCC'L‘GCCTCCCATCX;CCAGGGTGACACTGGT

feemanncacq

GTTGAGGMGI\TGATGGGTGCC GACTTCCGCGACGGAGGGT AGCGGTCCCACTGTGACCA

XK S F Y ¥ P R L K aL P P I ARV TL V

GCGGCTGCG AL‘AGAGCCCCAGGGCCTTCATCCCTCCCGCC CCAGTCCTGCCC}\GCAGGGA

CGCCGACGCTG'PCTCGGGGTCCCGGMGTI\GGGAGGGCGGGGTCRGG}\CGGGTCGTCCCT
R L R QS PR AVF I PP A PV L P S RD
CARTGRGATTGTAGACAGCGCCTCAGTTCCAGAAACGCCGCTGGACTGCGAGGTCTCCCT
GT‘I‘ACTCTM\CATCL‘GTCGCGGAGTCMGETCT‘PTGCGGOGACCTGACGCTCCAGAGGGA
N E I YD S A-S VY P ETPULDO CTEVSTL
GTGGTCCTCCTGGGGACTGTGCGGAGGCC\CTGTGGGRGGCTCGGGACCQAGAOCRGGAC

............... PR,
CAOCAGCAGGACCCC'l‘GACI\CGCCTCCGG'I‘GACJ\CCCTCCGAGCCC‘J.‘GGTTCTCGTCCTG

HSSNGLCGGHCGRLGI‘KSRT
TCGC‘K‘ACGTCOGGGTCCAGCCCGOCAACMCGGGAGCCCCTGCOCCGAGC‘I‘OGM\GMGA

AGCGATGCAGGCCCAGGTCGGGCGGTTGTTGCCCI‘DGGGGACGGGGCTCGAGCTTCTTCT
RYVRVQPANNGSPCPBLEE'E

GGCTGAGTGCGTCCCTGATMCTGCCTCTMGACCAGAGCCCCGCAGCCCCTGGGGCCCC

CCGAC‘L‘CACGCAGGGAC‘N\TTGRCGCAGATTCTGGTCTCGGGGCGTCGGGGACCCCGGGG
A E C V P D N C v

'l‘G GTCT C GTTTCTGGTGCGCATCGTGCCCAGCCCCGACTGGTT )

780

840

+ 960

1020

1080

1140

1200

+ 1260

1320

CCGGAGCCATGGGGTGTCGGGGGCTCCTGTGCAGGCTCATGCTGCRGGCGGCCGAGGGCA :

GCCCTCCGTACCCCACAGCCCCCGAGGAC)\CG‘I‘CCGRGTACGRCGTCCGCCGGCTCCCGT

CAGGGGCTTTCGCGCTCCTCCTGACCGCGGTGAGGCCGCGCCGACCATCTCTGCACTGX‘\A

CTCCCCCI\I\AGCGCCACCI\CGI\CTGGCGCCI\CTCCGGCGCGGCTGGTI\GAGACGTGACT'[‘

CCGCCCTCTCGTCGCCCGCACGGGC’\TTGGCMACRGCCTCCTCCTTTCCCMCCTTGCT

cCce AGACCA\_LM.L_L_U TGCCCGT MCCCTTTGTCGGAGGAGGAMGGGTTGGMCGA

(page 2 of 3)
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FIGURE 4 - continued

: TCTTI\GGGGCCCCCGTGTCCCCTCTGCTCTCAGCCTCCTCCTCCTGCAGGJ\TI\MGTCAT

AGMTCCCCGGGGGCJ\CAGGGCAGACGAG}\GTCGGAGGAGGAGGRCGTCCTATTTCAGT&

CCCCMGGCTCCAGCTACTCTI\MTTATGTCTCCTTATMGTTATTGCTGCTCCAGGAGR

GGGG'l‘TCCGAGGTCGATCAGA‘I‘TTA}\TACI\GAGGMTATTCMTMCGACCAGGTCCTCT

TTG'L‘CCTTCATCGTCCAGGGGCCTGG CTCCCACGTGGTTGCAGATACCTCRGACCTGGTG

MCAGGMGTAGCRGGTCCCCGGACCGAGGGTGCACCAACGTCTATGGAGTCTGGACCAC

CTCT}\GGCTGTGCTGACCCCACTCTCCCGAGGGCGCATCCMGCGGGGGCCACTTGAGM

.................................... PO e

GAGI\TCCGACACGACTCGGGTGAGAGGGCTCCCGCCTAGGTTCGCCCCCGGTGMCTCTT
G'I‘GN\TM\ATGGGGCGGTTTCGGMGCGTC

--------------------------- + 1770
CACTTATTIACCO0GCCARRGCOTTOGCA
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FIGURE §

Expression of Rg7 mRNA in human tissues
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FIGURE 6

Purification of Native RG1 Protein Secreted
by LNCaP Cells.
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