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(57) ABSTRACT 

The invention provides isolated nucleic acids molecules, 
designated NPG-1 nucleic acid molecules, Which encode 
polypeptides involved in the modulation of a response in a 
tumor cell. The invention also provides antisense nucleic 
acid molecules, expression vectors containing NPG-1 
nucleic acid molecules, host cells into Which the expression 
vectors have been introduced, and non-human transgenic 
animals in Which an NPG-1 gene has been introduced or 
disrupted. The invention still further provides isolated 
NPG-1 polypeptides, fusion polypeptides, antigenic pep 
tides, and anti-NPG-1 antibodies. Diagnostic, screening, and 
therapeutic methods utilizing compositions of the invention 
are also provided. 
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tgggcagggc gagttgggaa agcggcagcc cccgccgccc ccgcagcccc ttctcctctt 60 
tctcccacgt cctatctgcc tctcgctgga ggccaggccg tgcagcatcg aagacaggag 120 
gaactggagc ctcattggcc ggcccggggc gccggcctcg ggcttaaata ggagctccgg 180 
gctctggctg ggacccgacc gctgccggcc gcgctcccgc tgctcctgcc gggtg atg 238 

Met: 
1 

gaa aac ccc agc cog gcc gcc gcc ctg ggc aag gcc ctc tgc gct ctc 2B6 
Glu Asn Pro Ser Pro Ala Ala Ala Leu Gly Lys Ala Leu Cys Ala Leu 

5 10 15 

etc ctg gcc act ctc ggc gcc gcc ggc cag cot ct: ggg gga gag too 334 
Len Leu Ala Thr Leu Gly Ala Ala Gly Gln Pro Leu Gly Gly Glu Ser 

20 25 30 

atc tgt tcc gcc aga gcc ccg gcc aaa tac agc atc acc ctc acg ggc 382 
Ile Cys Ser Ala Arg Ala Pro Ala Lys Tyr Ser Ile 'I‘hr Phe Thr Gly 

35 40 45 

aag tgg ago cag acg gcc ttc ccc aag cag tac ccc ctg ttc cgc sec 430 
Lys 'I‘rp Ser Gln Thr Ala Phe Pro Lys Gln 'ryr Pro Len Phe Arg Pro 
50 55 60 65 

cct gcg cag tgg tot tog ctg ctg ggg gcc gcg cat ago too gac tac 478 
Pro Ala Gln Trp Ser Ser Leu Leu Gly Ala Ala His Ser Ser Asp Tyr 

70 75 80 

ago atg tgg agg aag aac cag tac gtc agt aac ggg ctg cgc gac ttt 526 
Ser Met Trp Arg Lys Asn Gln Tyr Val Ser Asn Gly Leu Arg Asp Phe 

85 90 95 

gcg gag cgc ggc gag gcc tgg gcg ctg acg aag gag atc gag gcg gcg 574 
Ala Glu Arg Gly Glu Ala Trp Ala Leu Met Lye Glu Ile Glu Ala Ala 

100 105 110 

99g gas 9C9 C119 cag ass at; cac gag gtg cm: tcg gcg ccc gcc gtc 622 
Gly Glu Ala Leu Gln Ser Val His Glu Val Phe Ser Ala Pro Ala Val 

115 120 125 

ccc ago 996 acc ggg cag acg cog gcg gag ctg gag gtg cag cgc aag 670 
Pro ser Gly Thr Gly Gln 'I'hr Ser Ala Glu Leu Glu Val Gln Arg Lys 
130 135 140 145 

cac tcg ctg gtc tcg ttt gtg gtg cgc atc gtg coc agc ccc gac tgg 718 
His Ser Leu Val Ser Phe Val Val Arg Ile Val Pro Ser Pro Asp 'I'rp 

150 155 160 

ttc gtg ggc gtg gac agc ctg gac ctg tgc gac ggg gac cgt tgg cgg ‘766 
Phe Val Gly Val Asp Ser Leu Asp Leu Cys Asp Gly Asp Arg Trp Arg 

165 170 175 

gaa cag gcg gcg ctt gac ctg tar: ccc tac gac gcc ggg acg gac ago 814 
G111 Gln Ala Ala Leu Asp Leu Tyr Pro Tyr Asp Ala Gly Thr Asp Ser 

180 185 190 

ggc ttc acc ttc too too ccc aac ttc gcc acc atc ccg cag gac acg 862 
Gly Phe 'I‘hr Phe Ser Ser Pro Asn Phe Ala Thr Ile Pro Gln Asp Thr 

195 200 205 

gtg acc gag ata acg too too tot ccc agc cac cog gcc ago too ttc 910 
val Thr Gln Ile Thr Ser Ser Ser Pro Ser His Pro Ala Ser Ser Phe 

FIG. 2A 
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210 215 220 225 

tac tac ccg Cgg ctg aag gcc tgc tcc cat cgc cag ggt gac act ggt 95B 
Tyr Tyr Pro Arg Leu Lys Ala Cys See: His Arg Gln Gly Asp Thr Gly 

230 235 240 

gcg gct gcg aca gag ccc cag ggc ctt cat ccc tcc cgc ccc agt cct 1006 
Ala Ala Ala Thr Glu Pro Gln Gly Leu His Pro Sex: Arg Pro Ser Pro 

245 250 255 

gcc cag cag gac ‘aat gcg ctt gta gac agc gcc tca gtt cca gaa aca 1054 
Ala Gln Gln Asp Asn Ala Leu Val Asp Ser Ala Ser Val Pro Glu Thr 

260 265 270 

ccg ctg gac tgc gag gtc tcc ctg tgg tcg tcc tgg gga ctg tgc gga 1102 
Pro Len Asp Cys Glu Val ser Leu 'I'rp Set Set Trp Gly Leu Cys Gly 

275 280 285 

ggc cac tgt ggg agg ctc ggg tcc: aag age agg act ccg tac gcc cgg 1150 
Gly His Cys Gly Arg Leu Gly Ser Lys Se: Arg Thr Pro 'I‘yr Ala Arg 
290 295 300 305 

gtc cag ccc gcc aac: aac ggg agc ccc tgc ccc gag ctc gaa gaa gag 1198 
Val Gln Pro Ala Asn Asn Gly Set Pro Cys Pro Glu Lou Glu Glu Glu 

310 315 320 

gct gag cgc gtg get gat aac tgc gtc caagaccaga gccccgcagc 1245 
Ala Glu Cys Val Ala Asp Asn Cys Val 

325 330 

ccctggggcc ccccggagcc atggggtgtc gggggctcct gtgcaggctc atgctgcagg 1305 
cggccgaggg cacagggggt ttcgcgctgc ccctgaccgc ggcgaggccg cgccgaccat 1365 
ctctgcactg aagggccctc tggtggccgg cacgggcatt gggaaacagc ctcctccttt 1425 
cccaaccttg cttcttaggg gcccccgtgt cccgtctgct ctcagcctcc tcctcctgca 1485 
ggataaagtc atccccaagg ctccagctac tctaaa'ctat gtctccttat aagttattgc 1545 
tgctccagga gattgtcctt catcgtccag gggcctggct cccacgtggt tgcagatacc 1605 
tcagacctgg tgctctaggc tgtgctgagc ccactctccc gagggcgcat ccaagcgggg 1665 
gccacttgag aagtgaataa atggggcggt ttcggaagcg tcnttgtttc nccnggcccc 1725 
ggacctctct gcgtttgaat: aaagaatatc tctgttgctc aaaaaaaaaa. aaaa 1779 



US 2002/0137135 A1 

NOVEL NPG-1 GENE THAT IS DIFFERENTIALLY 
EXPRESSED IN PROSTATE TUMORS 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
Ser. No. 09/022,238, ?led Feb. 11, 1998, Which is a con 
tinuation-in-part of US. Ser. No. 08/644,326, ?led May 10, 
1996, the contents of Which are herein incorporated by 
reference. 

[0002] This invention Was made With Government support 
under NIH grant NIH DK 38841 and F32DK 09364 and a U. 
S. Navy grant N00014-930776. 

BACKGROUND OF THE INVENTION 

[0003] Prostate groWth, from normal to neoplastic, can be 
vieWed as a change from paracrine regulation of epithelial 
groWth to autocrine regulation (Culig et al. (1996) The 
Prostate 28: 392-405). Additionally, prostate cancers, espe 
cially advanced tumors, are frequently insensitive to the 
normal mitogenic action of groWth factors, suggesting that 
prostate cancer expresses constitutively one or more of those 
genes unregulated by groWth factors. The identi?cation of 
genes expressed differentially in prostate cancers of dissimi 
lar phenotypes could give clues to genes important in 
malignant transformation and progression. Moreover, these 
genes could serve as prognostic and diagnostic markers as 
Well as neW targets for therapy. HoWever, the identi?cation 
of groWth regulatory genes in prostate cancer has been 
dif?cult and has lagged behind comparable studies in other 
cell types. 

[0004] Methods to identify differentially expressed genes 
in other tissues have included differential screening of 
cDNA, libraries With selective probes, subtractive hybrid 
iZation utiliZing DNA/DNA hybrids or DNA/RNA hybrids, 
RNA ?ngerprinting and differential display (Mather et al. 
(1981) Cell 23:369-378; Hedrick et al. (1984) Nature 
308:149-153; Davis et al. (1992) Cell 51:987-1000; Welsh et 
al. (1992) Nucleic Acids Res. 20:4965-4970; and Liang and 
Pardee (1992) Science 257:967-971). Recently, PCR 
coupled subtractive processes have also been reported 
(Straus and Ausubel (1990) Proc. Natl. Sci. USA 87:1889 
1893; Sive and John (1988) Nucleic Acids Res. 16:10937; 
Wieland et al. (1990) Proc. Natl. Acad. USA 87:2720-2724; 
Wang and BroWn (1991) Proc. Natl. Acad Sci. USA 
88:11505-11509; Lisitsyn et al. (1993) Science 259:946 
951; Zing et al. (1994) Nucleic Acids Res. 22:4381-4385; 
Hubank and Schak (1994) Nucleic Acids Res. 22:5640 
5648). Each of these methods has achieved some success but 
each has some inherent limitations. For example, problems 
associated With differential display include identi?cation of 
“false positives,” redundancy, and under-representation of 
certain mRNA species. Liang and Pardee (1992) Science 
257:967-971. In addition, cDNA-RDA (Hubank and SchatZ 
(1994) Nucleic Acids Res. 22:5640-5648; Lisitsyn et al. 
(1993) Science 259:946-951) is a labor-intensive process, 
and its ef?ciency remains to be evaluated. Some advances 
have been made in isolating genes expressed preferentially 
in prostate cancer versus normal tissue (Shen et al. (1995) 
PNAS USA 92:6778-6782; Wang et al. (1996) Cancer Res. 
56:3634-3637; Liu et al. (1997) The Prostate 30:145-153). 
Less data exist regarding differential expression of novel 
genes in human prostate cancers of different groWth and 
metastatic potential (Blok et al. (1995) The Prostate 26:213 
224). 
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[0005] Thus, a need still exists to develop a more ef?cient 
method for identi?cation of differentially expressed genes 
and differences in genomic sequences. 

[0006] Accordingly, an object of the invention is to pro 
vide a differentially expressed gene isolated by the methods 
described herein. 

SUMMARY OF THE INVENTION 

[0007] The transition from androgen-dependent to aggres 
sive androgen-independent groWth is an important develop 
ment in prostate cancer, and the identi?cation of genes 
expressed differentially betWeen these tWo phenotypes can 
provide neW therapeutic targets as Well as prognostic mark 
ers. 

[0008] The inventors have developed a novel method 
termed “Linker Capture Subtraction” (LCS), Which over 
comes many of the problems associated With present meth 
ods for identifying differentially expressed genes and dif 
ferences in genomic sequences. Unlike other methods such 
as representational difference analysis (RDA) (Hubank and 
SchatZ (1994) NucleicAcids Res. 22:5640-5648; Lisitsyn et. 
al. (1993) Science 259:946-951) LCS is a subtraction 
method coupled to PCR ampli?cation Which does not rely 
on a kinetic mechanism of enrichment of selected sequences. 
Rather, LCS achieves enrichment by speci?cally preserving 
PCR-priming sites of target sequences, using a nuclease 
Which digests single-stranded nucleic acid as the mediator. 
Moreover, LCS is also a less labor-intensive process. 

[0009] Using LCS, several genes expressed differentially 
betWeen the human prostate carcinoma cell lines LNCaP and 
PC-3, Which are androgen-dependent and androgen-inde 
pendent, respectively, have noW been isolated. One of these 
genes, designated NPG-1, Was expressed by the majority of 
primary tumors examined. Moreover, the degree of NPG-1 
expressed correlated With an aggressive histopathology. 

[0010] Accordingly, the invention pertains to isolated 
nucleic acid molecules (e.g., cDNAs) comprising a nucle 
otide sequence encoding a secretory NPG-1 protein or 
biologically active portions thereof, as Well as nucleic acid 
fragments suitable as primers or hybridiZation probes for the 
detection of NPG-1-encoding nucleic acid (e.g., mRNA). In 
particularly preferred embodiments, the isolated nucleic acid 
molecule comprises the nucleotide sequence of SEQ ID 
NO:1, or the coding region or a complement of this nucle 
otide sequence. In other particularly preferred embodiments, 
the isolated nucleic acid molecule of the invention com 
prises a nucleotide sequence Which hybridiZes to or is at 
least about 80%, 85%, 90%, 95%, or 98% or more homolo 
gous to the entire nucleotide sequence shoWn in SEQ ID 
NO: 1, or a portion of this sequence. In other preferred 
embodiments, the isolated nucleic acid molecule encodes 
the amino acid sequence of SEQ ID NO:2. The preferred 
NPG-1 proteins of the present invention also preferably 
possess at least one of the NPG-1 activities described herein. 

[0011] In another embodiment, the isolated nucleic acid 
molecule encodes a protein or portion thereof Wherein the 
protein or portion thereof includes an amino acid sequence 
Which is suf?ciently homologous to an amino acid sequence 
of SEQ ID NO:2, e.g., suf?ciently homologous to an amino 
acid sequence of SEQ ID NO:2 such that the protein or 
portion thereof maintains an NPG-1 activity. Preferably, the 
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protein or portion thereof encoded by the nucleic acid 
molecule maintains the ability to modulate tumor cell adhe 
sion, e.g., malignant prostate cell adhesion, or the ability to 
modulate adhesion, groWth and regeneration of neurons. In 
one embodiment, the protein encoded by the nucleic acid 
molecule is at least 80%, 85%, 90%, 95%, or 98% or more 
homologous to the amino acid sequence of SEQ ID NO:2. 
Aportion or fragment of NPG-1 can be a polypeptide of at 
least 5, 10, 20, 50, 100, 150, 170, 200, 250, 300, 320 amino 
acids in length; at least 5, preferably at least 10, more 
preferably at least 20, most preferably at least 50, 100, 150, 
200, 210, 250, 300, or 320 contiguous amino acids from 
SEQ ID NO:2. In a preferred embodiment; a fragment is at 
least 4, 5, 10, 15, 20, 25 amino acids in length, but no more 
than 100 amino acids in length. 

[0012] In another embodiment, the isolated nucleic acid 
molecule encodes a NPG-1 protein Which differs from the 
amino acid sequence of SEQ ID NO:2 by at least but not 
more than 1, 2, 3, 5, 8, 10, 20 amino acid residues. 

[0013] In yet another embodiment, the isolated nucleic 
acid molecule is derived from a human and encodes a 
portion of a protein Which includes a type I thrombospondin 
repeat domain. Preferably, the type I thrombospondin repeat 
domain encoded by the human nucleic acid molecule is at 
least about 80%, 85%, 90%, 95%, or 98% or more homolo 
gous to the type I thrombospondin repeat domain (i.e., 
amino acid residues 258-294) of SEQ ID NO:2 Which is 
shoWn as a separate sequence designated SEQ ID NO:3. 

[0014] In another preferred embodiment, the isolated 
nucleic acid molecule is derived from a human and encodes 
a protein (e.g., an NPG-1 fusion protein) Which includes a 
type I thrombospondin repeat domain Which is at least about 
80% or more homologous to SEQ ID NO:3 and has one or 
more of the folloWing activities: 1) it can bind to the 
extracellular matrix, e.g., the basal lamina; 2) it can interact 
With a groWth factor, e.g., VEGF; 3) it can interact With a 
cytokine; 4) it can modulate tumor cell adhesion; 5) it can 
modulate tumor cell invasion; 6) it can modulate tumor cell 
migration; 7) it can modulate tumor metastasis; 8) it can 
modulate tumor angiogenesis; 9) it can modulate extracel 
lular matrix degradation, e.g., via tumor secreted proteases; 
10) it can modulate cell proliferation; 11) it can modulate 
tissue architecture and differentiation, e.g., cellular architec 
ture and differentiation; 12) it can modulate adhesion and 
outgroWth of embryonic neurons; 13) it can modulate the 
attachment of neurons; 14) it can modulate, e.g., stimulate, 
the groWth of nerve cells; and 15) it can modulate the 
regeneration of nerve cell groWth. 

[0015] In another embodiment, the isolated nucleic acid 
molecule is at least 15 nucleotides in length and hybridiZes 
under stringent conditions to a nucleic acid molecule com 
prising the nucleotide sequence of SEQ ID NO:1. Prefer 
ably, the isolated nucleic acid molecule corresponds to a 
naturally occurring nucleic acid molecule. More preferably, 
the isolated nucleic acid encodes naturally occurring human 
NPG-1 or a biologically active portion thereof. Moreover, 
given the disclosure herein of an NPG-1-encoding cDNA 
sequence (e.g., SEQ ID NO: 1), antisense nucleic acid 
molecules (i.e., molecules Which are complementary to the 
coding strand of the NPG-1 cDNA sequence) are also 
provided by the invention. 
[0016] Another aspect of the invention pertains to vectors, 
e.g., recombinant expression vectors, containing the nucleic 
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acid molecules of the invention and host cells into Which 
such vectors have been introduced. In one embodiment, such 
a host cell is used to produce NPG-1 protein by culturing the 
host cell in a suitable medium. If desired, the NPG-1 protein 
can be then isolated from the medium or the host cell. 

[0017] Yet another aspect of the invention pertains to 
transgenic nonhuman animals in Which an NPG-1 gene has 
been introduced or altered. In one embodiment, the genome 
of the nonhuman animal has been altered by introduction of 
a nucleic acid molecule of the invention encoding NPG-1 as 
a transgene. In another embodiment, an endogenous NPG-1 
gene Within the genome of the non-human animal has been 
altered, e.g., functionally disrupted, by homologous recom 
bination. 

[0018] Still another aspect of the invention pertains to an 
isolated NPG-1 protein or a portion, e.g., a biologically 
active portion, thereof. In a preferred embodiment, the 
isolated NPG-1 protein or portion thereof can modulate 
tumor cell adhesion. In another preferred embodiment, the 
isolated NPG-1 protein or portion thereof is sufficiently 
homologous to an amino acid sequence of SEQ ID NO:2 
such that the protein or portion thereof maintains the ability 
to modulate tumor cell adhesion. 

[0019] In one embodiment, the biologically active portion 
of the NPG-1 protein includes a domain or motif, preferably 
a domain or motif Which has an NPG-1 activity. The domain 
can be a type I thrombospondin repeat domain. If the active 
portion of the protein Which comprises type I thrombospon 
din repeat domain is isolated or derived from a human, it is 
preferred that the type I thrombospondin repeat domain be 
at least about 80%, 85%, 90%, 95%, or 98% or more 
homologous to SEQ ID NO:3. Preferably, the biologically 
active portion of the NPG-1 protein Which includes a type I 
thrombospondin repeat domain also has one or more of the 
folloWing activities: 1) it can bind to the extracellular matrix, 
e.g., the basal lamina; 2) it can interact With a groWth factor, 
e.g., VEGF; 3) it can interact With a cytokine; 4) it can 
modulate tumor cell adhesion; 5) it can modulate tumor cell 
invasion; 6) it can modulate tumor cell migration; 7) it can 
modulate tumor metastasis; 8) it can modulate tumor angio 
genesis; 9) it can modulate extracellular matrix degradation, 
e.g., via tumor secreted proteases; 10) it can modulate cell 
proliferation; 11) it can modulate tissue architecture and 
differentiation, e.g., cellular architecture and differentiation; 
12) it can modulate adhesion and outgroWth of embryonic 
neurons; 13) it can modulate the attachment of neurons; 14) 
it can modulate, e.g., stimulate, the groWth of nerve cells; 
and 15) it can modulate the regeneration of nerve cell 
groWth. 

[0020] The invention also provides an isolated preparation 
of an NPG-1 protein. In preferred embodiments, the NPG-1 
protein comprises the amino acid sequence of SEQ ID NO:2. 
In another preferred embodiment, the invention pertains to 
an isolated protein Which is substantially homologous to the 
entire amino acid sequence of SEQ ID NO:2. In yet another 
embodiment, the protein is at least about 76%, 80%, 85%, 
90%, 95%, or 98% or more homologous to the entire amino 
acid sequence of SEQ ID NO:2. In other embodiments, the 
isolated NPG-1 protein comprises an amino acid sequence 
Which is at least about 76% or 80% or more homologous to 
the amino acid sequence of SEQ ID NO:2 and has one or 
more of the folloWing activities: 1) it can bind to the 
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extracellular matrix, e.g., the basal lamina; 2) it can interact 
With a growth factor, e.g., VEGF; 3) it can interact With a 
cytokine; 4) it can modulate tumor cell adhesion; 5) it can 
modulate tumor cell invasion; 6) it can modulate tumor cell 
migration; 7) it can modulate tumor metastasis; 8) it can 
modulate tumor angiogenesis; 9) it can modulate extracel 
lular matrix degradation, e.g., via tumor secreted proteases; 
10) it can modulate cell proliferation; 11) it can modulate 
tissue architecture and differentiation, e.g., cellular architec 
ture and differentiation; 12) it can modulate adhesion and 
outgroWth of embryonic neurons; 13) it can modulate the 
attachment of neurons; 14) it can modulate, e.g., stimulate, 
the groWth of nerve cells; and 15) it can modulate the 
regeneration of nerve cell groWth. 

[0021] In another embodiment, the isolated NPG-1 protein 
differs from the amino acid sequence of SEQ ID NO:2 by at 
least but not more than 1, 2, 3, 5, 8, 10, 20 amino acid 
residues. 

[0022] Alternatively, the isolated NPG-1 protein can com 
prise an amino acid sequence Which is encoded by a nucle 
otide sequence Which hybridiZes, e.g., hybridiZes under 
stringent conditions, or is at least about 80%, 85%, 90%, 
95%, or 98% or more homologous to the nucleotide 
sequence of SEQ ID NO:1. It is also preferred that the 
preferred forms of NPG-1 also have one or more of the 
NPG-1 activities described herein. 

[0023] The NPG-1 protein (or polypeptide) or a biologi 
cally active portion thereof can be operatively linked to a 
non-NPG-1 polypeptide to form a fusion protein. In addi 
tion, the NPG-1 protein or a biologically active portion 
thereof can be incorporated into a pharmaceutical compo 
sition comprising the protein and a pharmaceutically accept 
able carrier. 

[0024] The NPG-1 protein of the invention, or portions or 
fragments thereof, can be used to prepare anti-NPG-1 anti 
bodies. Accordingly, the invention also provides an anti 
genic peptide of NPG-1 Which comprises at least 8 amino 
acid residues of the amino acid sequence shoWn in SEQ ID 
NO:2 and encompasses an epitope of NPG-1 such that an 
antibody raised against the peptide forms a speci?c immune 
complex With NPG-1. Preferably, the antigenic peptide 
comprises at least 10 amino acid residues, more preferably 
at least 15 amino acid residues, even more preferably at least 
20 amino acid residues, and most preferably at least 30 
amino acid residues. The invention further provides an 
antibody that speci?cally binds NPG-1. In one embodiment, 
the antibody is monoclonal. In another embodiment, the 
antibody is coupled to a detectable substance. In yet another 
embodiment, the antibody is incorporated into a pharma 
ceutical composition comprising the antibody and a phar 
maceutically acceptable carrier. 

[0025] Another aspect of the invention pertains to methods 
for modulating a cell-associated activity, e.g., proliferation 
or differentiation. Such methods include contacting the cell 
With an agent Which modulates NPG-1 protein activity or 
NPG-1 nucleic acid expression such that a cell associated 
activity is altered relative to a cell associated activity (e.g., 
the same cell associated activity) of the cell. in the absence 
of the agent. In a preferred embodiment, the cell is a tumor 
cell, e.g., a malignant prostate cell. The agent Which modu 
lates NPG-1 activity can be an agent Which stimulates 
NPG-1 protein activity or NPG-1 nucleic acid expression. 
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Examples of agents Which stimulate NPG-1 protein activity 
or NPG-1 nucleic acid expression include small molecules, 
active NPG-1 proteins, and nucleic acids encoding NPG-1 
that have been introduced into the cell. Examples of agents 
Which inhibit NPG-1 activity or expression include small 
molecules, antisense NPG-1 nucleic acid molecules, and 
antibodies that speci?cally bind to NPG-1. In a preferred 
embodiment, the cell is present Within a subject and the 
agent is administered to the subject. 

[0026] The present invention also pertains to methods for 
treating subjects having various disorders. For example, the 
invention pertains to methods for treating a subject having a 
disorder characteriZed by aberrant NPG-1 protein activity or 
nucleic acid expression such as a tumor, e.g., a malignant or 
benign prostate tumor. These methods include administering 
to the subject an NPG-1 modulator (e.g., a small molecule) 
such that treatment of the subject occurs. 

[0027] In another embodiment, the invention pertains to 
methods for treating a subject having a tumor, e.g., a 
malignant or benign prostate tumor, squamous carcinoma, 
melanoma, glioma, osteosarcoma, or breast adenocarci 
noma, comprising administering to the subject an NPG-1 
modulator such that treatment occurs. 

[0028] In other embodiments, the invention pertains to 
methods for treating a subject having a tumor, e.g., a 
malignant or benign prostate tumor, comprising administer 
ing to the subject an NPG-1 protein or portion thereof such 
that treatment occurs. Tumors can also be treated according 
to the invention by administering to the subject having the 
disorder a nucleic acid encoding an NPG-1 protein or 
portion thereof such that treatment occurs. 

[0029] NPG-1 is also useful for adhesion and outgroWth of 
axon. The invention also pertains to a method of attaching a 
nerve cell to a matrix including contacting the matrix With 
a nerve cell and NPG-1 at a concentration effective to effect 
attachment of cells to the matrix. 

[0030] The invention also provides a method of stimulat 
ing groWth of a nerve cell including contacting a nerve cell 
With NPG-1 at a concentration effective to stimulate groWth 
of a nerve cell. 

[0031] The invention further pertains to a method of 
regenerating nerve cells in a subject including administering 
to a subject NPG-1 at a concentration effective to regenerate 
nerve cells in a subject. 

[0032] The invention also pertains to methods for detect 
ing genetic lesions in an NPG-1 gene, thereby determining 
if a subject With the lesioned gene is at risk for (or is 
predisposed to have) a disorder characteriZed by aberrant or 
abnormal NPG-1 nucleic acid expression or NPG-1 protein 
activity, e.g., a malignant disorder such as prostate cancer. In 
preferred embodiments, the methods include detecting, in a 
sample of cells from the subject, the presence or absence of 
a genetic lesion characteriZed by an alteration affecting the 
integrity of a gene encoding an NPG-1 protein, or the 
misexpression of the NPG-1 gene. 

[0033] Another aspect of the invention pertains to methods 
for detecting the presence of NPG-1 in a biological sample. 
In a preferred embodiment, the methods involve contacting 
a biological sample (e.g., a prostate tissue sample) With a 
compound or an agent capable of detecting NPG-1 protein 
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or NPG-1 mRNA such that the presence of NPG-1 is 
detected in the biological sample. The compound or agent 
can be, for example, a labeled or labelable nucleic acid probe 
capable of hybridizing to NPG-1 mRNA or a labeled or 
labelable antibody capable of binding to NPG-1 protein. The 
invention further provides methods for diagnosis of a subject 
With, for example, a proliferative disorder, e.g., a malignant 
disorder such as prostate cancer, based on detection of 
NPG-1 protein or mRNA. In one embodiment, the method 
involves contacting a cell or a biological sample, e.g., a 
blood, urine, or tissue sample (e.g., a prostate tissue sample) 
from the subject With an agent capable of detecting NPG-1 
protein or mRNA, determining the amount of NPG-1 protein 
or mRNA expressed in the cell or tissue sample, comparing 
the amount of NPG-1 protein or mRNA expressed in the cell 
or tissue sample to a control sample and forming a diagnosis 
based on the amount of NPG-1 protein or mRNA expressed 
in the cell or tissue sample as compared to the control 
sample. Preferably, the cell sample is a prostate tissue 
sample. Kits for detecting NPG-1 in a biological sample are 
also Within the scope of the invention. 

[0034] Still another aspect of the invention pertains to 
methods, e.g., screening assays, for identifying a compound 
for treating a disorder characteriZed by aberrant NPG-1 
nucleic acid expression or protein activity, e.g., a malignant 
disorder such as prostate cancer. These methods typically 
include assaying the ability of the compound or agent to 
modulate the expression of the NPG-1 gene or the activity 
of the NPG-1 protein thereby identifying a compound for 
treating a disorder characteriZed by aberrant NPG-1 nucleic 
acid expression or protein activity. In a preferred embodi 
ment, the method involves contacting a biological sample, 
e.g., a cell or tissue sample, e.g., a prostate tissue sample, 
obtained from a subject having the disorder With the com 
pound or agent, determining the amount of NPG-1 protein 
expressed and/or measuring the activity of the NPG-1 pro 
tein in the biological sample, comparing the amount of 
NPG-1 protein expressed in the biological sample and/or the 
measurable NPG-1 biological activity in the cell to that of a 
control sample. An alteration in the amount of NPG-1 
protein expression or NPG-1 activity in the cell exposed to 
the compound or agent in comparison to the control is 
indicative of a modulation of NPG-1 expression and/or 
NPG-1 activity. 

[0035] The invention also pertains to methods for identi 
fying a compound or agent Which interacts With (e.g., binds 
to) an NPG-1 protein. These methods can include the steps 
of contacting the NPG-1 protein With the compound or agent 
under conditions Which alloW binding of the compound to 
the NPG-1 protein to form a complex and detecting the 
formation of a complex of the NPG-1 protein and the 
compound in Which the ability of the compound to bind to 
the NPG-1 protein is indicated by the presence of the 
compound in the complex. 

[0036] The invention further pertains to methods for iden 
tifying a compound or agent Which modulates, e.g., stimu 
lates or inhibits, the interaction of the NPG-1 protein With a 
target molecule, e.g., an extracellular matrix component 
such as, for example, an extracellular matrix protein. In 
these methods, the NPG-1 protein is contacted, in the 
presence of the compound or agent, With the target molecule 
under conditions Which alloW binding of the target molecule 
to the NPG-1 protein to form a complex. An alteration, e.g., 
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an increase or decrease, in complex formation betWeen the 
NPG-1 protein and the target molecule as compared to the 
amount of complex formed in the absence of the compound 
or agent is indicative of the ability of the compound or agent 
to modulate the interaction of the NPG-1 protein With a 
target molecule. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a schematic diagram of the Linker 
Capture Subtraction method for identifying differentially 
expressed genes and differences in genomic nucleic acid 
sequences. 

[0038] FIG. 2 is a depiction of the human NPG-1 nucle 
otide (SEQ ID NO: 1) and the NPG-1 amino acid (SEQ ID 
NO:2) sequences. 

[0039] The folloWing sections are intended to provide one 
of ordinary skill in the art With general guidance in making 
and using the claimed invention. 

DESCRIPTION OF THE INVENTION 

[0040] I. NPG-l 

[0041] Prostate groWth, from normal to neoplastic, can be 
vieWed as a change from paracrine regulation of epithelial 
groWth to autocrine regulation (Culig Z. et al. (1996) The 
Prostate, 28:392-405). Additionally, prostate cancers, espe 
cially advanced tumors, are frequently insensitive to the 
normal mitogenic action of groWth factors, suggesting that 
prostate cancer expresses constitutively one or more of those 
genes unregulated by groWth factors. The identi?cation of 
genes expressed differentially in prostate cancers of dissimi 
lar phenotypes could give clues to genes important in 
malignant transformation and progression. As described 
herein, a novel gene NPG-1 Was identi?ed and isolated 
according to the method of the invention. A entire sequence 
of this novel gene is set forth in the sequence listing as SEQ 
ID NO:1 and the corresponding amino acid sequence is set 
forth as SEQ ID NO:2. 

[0042] The nucleic acid sequence of the human NPG-1 
Was used as a database query using the BLASTS program 

(BLASTN1. 4.11MP, Altschul et al. (1990) J. Mol. Biol. 
2151403). The closest hits Were to the MINDIN (GenBankTM 
Accession Number AB006085) and to the MINDIN (Gen 
BankTM Accession Number AB006084) genes, Which are 
also described in Higashijima S., et al. (1997) Developmen 
ml Biol. 192:211-227. 

[0043] II. Isolated Nucleic Acid Molecules 

[0044] One aspect of the invention pertains to isolated 
nucleic acid molecules that encode NPG-1 or biologically 
active portions thereof, as Well as nucleic acid fragments 
sufficient for use as hybridiZation probes to identify NPG 
1-encoding nucleic acid (e.g., NPG-1 mRNA). As used 
herein, the term “nucleic acid molecule” is intended to 
include DNA molecules (e.g., cDNA or genomic DNA) and 
RNA molecules (e.g., mRNA) and analogs of the DNA or 
RNA generated using nucleotide analogs. The nucleic acid 
molecule can be single-stranded or double-stranded, but 
preferably is double-stranded DNA. An “isolated” nucleic 
acid molecule is one Which is separated from other nucleic 
acid molecules Which are present in the natural source of the 
nucleic acid. Preferably, an “isolated” nucleic acid is free of 
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sequences Which naturally ?ank the nucleic acid (i.e., 
sequences located at the 5‘ and 3‘ ends of the nucleic acid) 
in the genomic DNA of the organism from Which the nucleic 
acid is derived. For example, in various embodiments, the 
isolated NPG-1 nucleic acid molecule can contain less than 
about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb of 
nucleotide sequences Which naturally ?ank the nucleic acid 
molecule in genomic DNAof the cell from Which the nucleic 
acid is derived (e.g., a prostate cell). Moreover, an “isolated” 
nucleic acid molecule, such as a cDNA molecule, can be 
substantially free of other cellular material, or culture 
medium When produced by recombinant techniques, or 
chemical precursors or other chemicals When chemically 
synthesiZed. 

[0045] A nucleic acid molecule of the present invention, 
e.g., a nucleic acid molecule having he nucleotide sequence 
of SEQ ID NO:1, or a portion thereof, can be isolated using 
standard molecular biology techniques and the sequence 
information provided herein. For eXample, a mouse NPG-1 
cDNA can be isolated from a mouse prostate cancer library 
using all or portion of SEQ ID NO: 1 as a hybridiZation probe 
and standard hybridiZation techniques (e.g., as described in 
Sambrook, J., Fritsh, E. E, and Maniatis, T. Molecular 
Cloning: A Laboratory Manual. 2nd, ed., Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, 1989). Moreover, a nucleic acid 
molecule encompassing all or a portion of SEQ ID NO: 1 can 
be isolated by the polymerase chain reaction using oligo 
nucleotide primers designed based upon the sequence of 
SEQ ID NO:1. For eXample, mRNA can be isolated from 
normal prostate cells (e.g., by the guanidinium-thiocyanate 
extraction procedure of ChirgWin et al. (1979) Biochemistry 
18:5294-5299) and cDNA can be prepared using reverse 
transcriptase (e.g., Moloney MLV reverse transcriptase, 
available from Gibco/BRL, Bethesda, Md.; or AMV reverse 
transcriptase, available from Seikagaku America, Inc., St. 
Petersburg, Fla.). Synthetic oligonucleotide primers for PCR 
ampli?cation can be designed based upon the nucleotide 
sequence shoWn in SEQ ID NO:1. A nucleic acid of the 
invention can be ampli?ed using cDNA or, alternatively, 
genomic DNA, as a template and appropriate oligonucle 
otide primers according to standard PCR ampli?cation tech 
niques. The nucleic acid so ampli?ed can be cloned into an 
appropriate vector and characteriZed by DNA sequence 
analysis. Furthermore, oligonucleotides corresponding to an 
NPG-1 nucleotide sequence can be prepared by standard 
synthetic techniques, e.g., using an automated DNA synthe 
s1Zer. 

[0046] In a preferred embodiment, an isolated nucleic acid 
molecule of the invention comprises the nucleotide sequence 
shoWn in SEQ ID NO:1 . The sequence of SEQ ID NO:1 
corresponds to the human NPG-1 cDNA. This cDNA com 
prises sequences encoding the NPG-1 protein (i.e., “the 
coding region”, from nucleotides 235 to 1225). 

[0047] In another preferred embodiment, an isolated 
nucleic acid molecule of the invention comprises a nucleic 
acid molecule Which is a complement of the nucleotide 
sequence shoWn in SEQ ID NO:1 or a portion of this 
nucleotide sequence. A nucleic acid molecule Which is 
complementary to the nucleotide sequence shoWn in SEQ ID 
NO:1 is one Which is sufficiently complementary to the 
nucleotide sequence shoWn in SEQ ID NO:1 such that it can 

Sep. 26, 2002 

hybridiZe to the nucleotide sequence shoWn in SEQ ID 
NO:1, thereby forming a stable dupleX. 

[0048] In still another preferred embodiment, an isolated 
nucleic acid molecule of the invention comprises a nucle 
otide sequence Which is at least about 80%, 85%, 90%, 95%, 
or 98% or more homologous to the entire nucleotide 
sequence shoWn in SEQ ID NO:1 or a portion of this 
nucleotide sequence. In an additional preferred embodiment, 
an isolated nucleic acid molecule of the invention comprises 
a nucleotide sequence Which hybridiZes, e.g., hybridiZes 
under stringent conditions, to the nucleotide sequence 
shoWn in SEQ ID NO:1 or a portion of this nucleotide 
sequence. 

[0049] Moreover, the nucleic acid molecule of the inven 
tion can comprise only a portion of the coding region of SEQ 
ID NO:1, for eXample a fragment Which can be used as a 
probe or primer or a fragment encoding a biologically active 
portion of NPG-1. The nucleotide sequence determined 
from the cloning of the NPG-1 gene from a human alloWs 
for the generation of probes and primers designed for use in 
identifying and/or cloning NPG-1 homologues in other cell 
types, e.g., from other tissues, as Well as NPG-1 homologues 
from other organisms. The probe/primer typically comprises 
a substantially puri?ed oligonucleotide. The oligonucleotide 
typically comprises a region of nucleotide sequence that 
hybridiZes under stringent conditions to at least about 12, 
preferably about 25, more preferably about 40, 50 or 75 
consecutive nucleotides of SEQ ID NO:1 sense, an anti 
sense sequence of SEQ ID NO:1, or naturally occurring 
mutants thereof. Primers based on the nucleotide sequence 
in SEQ ID NO:1 can be used in PCR reactions to clone 
NPG-1 homologues. Probes based on the NPG-1 nucleotide 
sequences can be used to detect transcripts or genomic 
sequences encoding the same or homologous proteins. In 
preferred embodiments, the probe further comprises a label 
group attached thereto, e.g., the label group can be a 
radioisotope, a ?uorescent compound, an enZyme, or an 
enZyme co-factor. Such probes can be used as a part of a 
diagnostic test kit for identifying cells or tissue Which 
miseXpress an NPG-1 protein, such as by measuring a level 
of an NPG-1 encoding nucleic acid in a sample of cells from 
a subject e.g., detecting NPG-1 mRNA levels or determining 
Whether a genomic NPG-1 gene has been mutated or 
deleted. 

[0050] In one embodiment, the nucleic acid molecule of 
the invention encodes a protein or portion thereof Which 
includes an amino acid sequence Which is suf?ciently 
homologous to an amino acid sequence of SEQ ID NO:2 
such that the protein or portion thereof maintains the ability 
to modulate tumor cell adhesion, e.g., malignant prostate 
cell adhesion. As used herein, the language “suf?ciently 
homologous” refers to proteins or portions thereof Which 
have amino acid sequences Which include a minimum 
number of identical or equivalent (e.g., an amino acid 
residue Which has a similar side chain as an amino acid 
residue in SEQ ID NO:2) amino acid residues to an amino 
acid sequence of SEQ ID NO:2 such that the protein or 
portion thereof is able to modulate tumor cell adhesion’s. g., 
malignant prostate cell adhesion or a skilled artisan Would 
clearly recogniZe it as a non-functional allelic variant of the 
human NPG-1 protein described herein. 

[0051] Portions of proteins encoded by the NPG-1 nucleic 
acid molecule of the invention are preferably biologically 
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active portions of the NPG-1 protein. As used herein, the 
term “biologically active portion of NPG-1” is intended to 
include a portion, e.g., a domain/motif, of NPG-1 that has 
one or more of the following activities: 1) it can bind to the 
extracellular matrix, e.g., the basal lamina; 2) it can interact 
With a groWth factor, e.g., VEGF; 3) it can interact With a 
cytokine; 4) it can modulate tumor cell adhesion; 5) it can 
modulate tumor cell invasion; 6) it can modulate tumor cell 
migration; 7) it can modulate tumor metastasis; 8) it can 
modulate tumor angiogenesis; 9) it can modulate extracel 
lular matrix degradation, e.g., via tumor secreted proteases; 
10) it can modulate cell proliferation; 11) it can modulate 
tissue architecture and differentiation, e.g., cellular architec 
ture and differentiation; 12) it can modulate adhesion and 
outgroWth of embryonic neurons; 13) it can modulate the 
attachment of neurons; 14) it can modulate, e.g., stimulate, 
the groWth of nerve cells; and 15) it can modulate the 
regeneration nerve cell groWth. 

[0052] Standard binding assays, e.g., immunoprecipita 
tions and yeast tWo-hybrid assays as described herein, can be 
performed to determine the ability of an NPG-1 protein or a 
biologically active portion thereof to interact With (e.g., bind 
to) an extracellular matrix protein. To determine Whether an 
NPG-1 protein or a biologically active portion thereof can 
modulate a response in a tumor cell such as a malignant 
prostate cell, methods knoWn in the art can be used. For 
example, to determine Whether an NPG-1 protein, or a 
biologically active portion thereof can modulate tumor cell 
migration and invasion, the Boyden chamber invasion assay 
(described in, for example, Wang T. N. et al. (1995) Cancer 
Res. 36: 75) can be used. Furthermore, to determine Whether 
an NPG-1 protein or a biologically active portion thereof can 
modulate tumor cell adhesion, ?brin gels can be used as 
described in, for example, HosokaWa, T. et al. (1993) 
Oncology. Res. 5 :183-189. To determine Whether an NPG-1 
protein or a biologically active portion thereof can modulate 
tumor groWth and/or metastasis, nude or SCID mice can be 
subcutaneously or orthotopically (e.g., in the prostate) 
injected With a tumor. Tumor groWth and/or metastasis can 
then be determined, as described in, for example, Wang, M. 
et al. (1991) Differentiation 48: 115-125, and Rembrink, K. 
et al. (1997) Prostate 31:168-174. 

[0053] In one embodiment, the biologically active portion 
of NPG-1 comprises a type I thrombospondin repeat 
domain. Preferably, the type I thrombospondin repeat 
domain is encoded by a nucleic acid molecule derived from 
a human and is at least about 76%, 80%, 85%, 90%, 95%, 
or 98% or more homologous to SEQ ID NO:3. In a preferred 
embodiment, the biologically active portion of the protein 
Which includes the type I thrombospondin repeat domain 
can modulate tumor cell adhesion, e.g., malignant prostate 
cell adhesion. In a preferred embodiment, the biologically 
active portion comprises the type I thrombospondin repeat 
domain of NPG-1 as represented by amino acid residues 258 
to 294 of SEQ ID NO:2 and shoWn separately as SEQ ID 
NO:3. Additional nucleic acid fragments encoding biologi 
cally active portions of NPG-1 can be prepared by isolating 
a portion of SEQ ID NO:1, expressing the encoded portion 
of NPG-1 protein or peptide (e.g., by recombinant expres 
sion in vitro) and assessing the activity of the encoded 
portion of NPG-1 protein or peptide. 

[0054] The invention further encompasses nucleic acid 
molecules that differ from the nucleotide sequence shoWn in 
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SEQ ID NO:1 (and portions thereof) due to degeneracy of 
the genetic code and thus encode the same NPG-1 protein as 
that encoded by the nucleotide sequence shoWn in SEQ ID 
NO:1. In another embodiment, an isolated nucleic acid 
molecule of the invention has a nucleotide sequence encod 
ing a protein having an amino acid sequence shoWn in SEQ 
ID NO:2. In a still further embodiment, the nucleic acid 
molecule of the invention encodes a full length human 
protein Which is substantially homologous to the amino acid 
sequence of SEQ ID NO:2. 

[0055] In addition to the human NPG-1 nucleotide 
sequence shoWn in SEQ ID NO:1, it Will be appreciated by 
those skilled in the art that DNA sequence polymorphisms 
that lead to changes in the amino acid sequences of NPG-1 
may exist Within a population (e.g., the human population). 

[0056] Such genetic polymorphism in the NPG-1 gene 
may exist among individuals Within a population due to 
natural allelic variation. As used herein, the terms “gene” 
and “recombinant gene” refer to nucleic acid molecules 
comprising an open reading frame encoding an NPG-1 
protein, preferably a human NPG-1 protein. Such natural 
allelic variations can typically result in 1.5% variance in the 
nucleotide sequence of the NPG-1 gene. Any and all such 
nucleotide variations and resulting amino acid polymor 
phisms in NPG-1 that are the result of natural allelic 
variation and that do not alter the functional activity of 
NPG-1 are intended to be Within the scope of the invention. 
Moreover, nucleic acid molecules encoding NPG-1 proteins 
from other species, and thus Which have a nucleotide 
sequence Which differs from the human sequence of SEQ ID 
NO:1, are intended to be Within the scope of the invention. 
Nucleic acid molecules corresponding to natural allelic 
variants and nonhuman homologues of the human NPG-1 
cDNA of the invention can be isolated based on their 
homology to the human NPG-1 nucleic acid disclosed herein 
using the human cDNA, or a portion thereof, as a hybrid 
iZation probe according to standard hybridiZation techniques 
under stringent hybridiZation conditions. Accordingly, in 
another embodiment, an isolated nucleic acid molecule of 
the invention is at least 15 nucleotides in length and hybrid 
iZes under stringent conditions to the nucleic acid molecule 
comprising the nucleotide sequence of SEQ ID NO:1. In 
other embodiments, the nucleic acid is at least 30, 50, 100, 
250 or 560 nucleotides in length. As used herein, the term 
“hybridiZes under stringent conditions” is intended to 
describe conditions for hybridiZation and Washing under 
Which nucleotide sequences at least 76% homologous to 
each other typically remain hybridiZed to each other. Pref 
erably, the conditions are such that sequences at least about 
80%, more preferably, at least about 85%, and even more 
preferably at least about 90% or more homologous to each 
other typically remain hybridiZed to each other. Such strin 
gent conditions are knoWn to those skilled in the art and can 
be found in Current Protocols in Molecular Biology, John 
Wiley & Sons, N. Y. (1989), 631-636. A preferred, non 
limiting example of stringent hybridiZation conditions are 
hybridiZation in 6x sodium chloride/sodium citrate (SSC) at 
about 45° C., folloWed by one or more Washes in 0.2>< SSC, 
0.1% SDS at 50-65° C. Preferably, an isolated nucleic acid 
molecule of the invention that hybridiZes under stringent 
conditions to the sequence of SEQ ID NO:1 corresponds to 
a naturally occurring nucleic acid molecule. As used herein 
a “naturally-occurring” nucleic acid molecule refers to an 
RNA or DNA molecule having nucleotide a sequence that 
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occurs in nature (e.g., encodes a natural protein). In one 
embodiment, the nucleic acid encodes a natural human 
NPG-1. 

[0057] In addition to naturally-occurring allelic variants of 
the NPG-1 sequence that may eXist in the population, the 
skilled artisan Will further appreciate that changes can be 
introduced by mutation into the nucleotide sequence of SEQ 
ID NO:1, thereby leading to changes in the amino acid 
sequence of the encoded NPG-1 protein, Without altering the 
functional ability of the NPG-1 protein. For example, nucle 
otide substitutions leading to amino acid substitutions at 
“non-essential” amino acid residues can be made in the 
sequence of SEQ ID NO:1. A “non-essential” amino acid 
residue is a residue that can be altered from the Wild-type 
sequence of NPG-1 (e.g., the sequence of SEQ ID NO:2) 
Without altering the activity of NPG-1, Whereas an “essen 
tial” amino acid residue is required for NPG-1 activity. For 
eXample, conserved amino acid residues, e.g., tryptophans 
and serines, in the type I thrombospondin repeat domain of 
NPG-1 are most likely important for binding to extracellular 
matriX components and are thus essential residues of NPG 
1. Other amino acid residues, hoWever, (e.g., those that are 
not conserved or only semi-conserved in the type I throm 
bospondin repeat domain) may not be essential for activity 
and thus are likely to be amenable to alteration Without 
altering NPG-1 activity. 

[0058] Accordingly, another aspect of the invention per 
tains to nucleic acid molecules encoding NPG-1 proteins 
that contain changes in amino acid residues that are not 
essential for NPG-l activity. Such NPG-l proteins differ in 
amino acid sequence from SEQ ID NO:2 yet retain at least 
one of the NPG-1 activities described herein. In one embodi 
ment the isolated nucleic acid molecule comprises a nucle 
otide sequence encoding a protein, Wherein the protein 
comprises an amino acid sequence at least about 76%, 80%, 
85%, 90%, 95%, or 98% or more homologous to SEQ ID 
NO:2. In another embodiment, the isolated nucleic acid 
encodes a protein Which differs from the naturally occurring 
NPG-1 polypeptide (SEQ ID NO:2) by at least 5, 10, 20, 50, 
100, 150 or 170 amino acids, but no more than 200 amino 
acids. 

[0059] “Sequence identity or homology”, as used herein, 
refers to the sequence similarity betWeen tWo polypeptide 
molecules or betWeen tWo nucleic acid molecules. To deter 
mine the percent homology of tWo amino acid sequences 
(e.g., SEQ ID NO:2) or of tWo nucleic acids, the sequences 
are aligned for optimal comparison purposes (e.g., gaps can 
be introduced in the sequence of one protein or nucleic acid 
for optimal alignment With the other protein or nucleic acid). 
The amino acid residues or nucleotides at corresponding 
amino acid positions or nucleotide positions are then com 
pared. When a position in one sequence (e.g., SEQ ID NO:2) 
is occupied by the same amino acid residue or nucleotide as 
the corresponding position in the other sequence, then the 
molecules are homologous at that position (i.e., as used 
herein amino acid or nucleic acid “homology” is equivalent 
to amino acid or nucleic acid “identity”). The percent 
homology betWeen the tWo sequences is a function of the 
number of identical positions shared by the sequences (i.e., 
% homology=# of identical positions/total # of positions>< 
100). For eXample, if 6 of 10, of the positions in tWo 
sequences are matched or homologous then the tWo 
sequences are 60% homologous or have 60% sequence 
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identity. By Way of eXample, the DNA sequences AT TGCC 
and TATGGC share 50% homology or sequence identity. 
Generally, a comparison is made When tWo sequences are 
aligned to give maXimum homology or sequence identity. 

[0060] The comparison of sequences and determination of 
percent homology betWeen tWo sequences can be accom 
plished using a mathematical algorithm. A preferred, non 
limiting eXample of a mathematical algorithm utiliZed for 
the comparison of sequences is the algorithm of Karlin and 
Altschul Proc. Natl. Acad. Sci. USA 87:2264-68, 1990, 
modi?ed as in Karlin and Altschul Proc. Natl. Acad. Sci. 
USA 90:5873-77, 1993. Such an algorithm is incorporated 
into the NBLAST and XBLAST programs (version 2.0) of 
Altschul, et al. J. Mol. Biol. 215:403-10, 1990. BLAST 
nucleotide searches can be performed With the NBLAST 
program, score=100, Wordlength-12 to obtain nucleotide 
sequences homologous to NPG-1 nucleic acid molecules of 
the invention. BLAST protein searches can be performed 
With the XBLAST program, score=50, Wordlength=3 to 
obtain amino acid sequences homologous to NPG-1 protein 
molecules of the invention. To obtain gapped alignments for 
comparison purposes. Gapped BLAST can be utiliZed as 
described in Altschul et al., NucleicAcia's Res. 25(17):3389 
3402, 1997. When utiliZing BLAST and Gapped BLAST 
programs, the default parameters of the respective programs 
(e.g., XBLAST and NBLAST) can be used. See http:// 
WWW.ncbi.nlm.nih.gov. Another preferred, non-limiting 
eXample of a mathematical algorithm utiliZed for the com 
parison of sequences is the algorithm of Myers and Miller, 
CABIOS (1989). Such an algorithm is incorporated in the 
ALIGN program (version 2.0) Which is part of the GCG 
sequence alignment softWare package. When utiliZing the 
ALIGN program for comparing amino acid sequences, a 
PAM120 Weight residue table, a gap length penalty of 12, 
and a gap penalty of 4 can be used. 

[0061] An isolated nucleic acid molecule encoding an 
NPG-1 protein homologous to the protein of SEQ ID NO:2 
can be created by introducing one or more nucleotide 
substitutions, additions or deletions into the nucleotide 
sequence of SEQ ID NO:1 such that one or more amino acid 
substitutions, additions or deletions are introduced into the 
encoded protein. Mutations can be introduced into SEQ ID 
NO:1 by standard techniques, such as site-directed mutagen 
esis and PCR-mediated mutagenesis. Preferably, conserva 
tive amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A“conservative 
amino acid substitution” is one in Which the amino acid 
residue is replaced With an amino acid residue having a 
similar side chain. Families of amino acid residues having 
similar side chains have been de?ned in the art. These 
families include amino acids With basic side chains (e.g., 
lysine, arginine, histidine), acidic side chains (e.g., aspartic 
acid, glutamic acid), uncharged polar side chains (e.g., 
glycine, asparagine, glutamine, serine, threonine, tyrosine, 
cysteine), nonpolar side chains (e.g., alanine, valine, leucine, 
isoleucine, proline, phenylalanine, methionine, tryptophan), 
beta-branched side chains (e.g., threonine, valine, isoleu 
cine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino 
acid residue in NPG-1 is preferably replaced With another 
amino acid residue from the same side chain family. Alter 
natively, in another embodiment mutations can be intro 
duced randomly along all or part of an NPG-1 coding 
sequence, such as by saturation mutagenesis, and the result 
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ant mutants can be screened for an NPG-1 activity described 
herein to identify mutants that retain NPG-1 activity. Fol 
loWing mutagenesis of SEQ ID NO:1, the encoded protein 
can be expressed recombinantly (e.g., as described in the 
Examples section) and the activity of the protein can be 
determined using, for example, assays described herein. 

[0062] In addition to the nucleic acid molecules encoding 
NPG-1 proteins described above, another aspect of the 
invention pertains to isolated nucleic acid molecules Which 
are antisense thereto. An “antisense” nucleic acid comprises 
a nucleotide sequence Which is complementary to a “sense” 
nucleic acid encoding a protein, e.g., complementary to the 
coding strand of a double-stranded cDNA molecule or 
complementary to an mRNA sequence. Accordingly, an 
antisense nucleic acid can hydrogen bond to a sense nucleic 
acid. The antisense nucleic acid can be complementary to an 
entire NPG-1 coding strand, or to only a portion thereof. In 
one embodiment, an antisense nucleic acid molecule is 
antisense to a “coding region” of the coding strand of a 
nucleotide sequence encoding NPG-1. The term “coding 
region” refers to the region of the nucleotide sequence 
comprising codons Which are translated into amino acid 
residues (e.g., the coding region of SEQ ID NO:1 comprises 
nucleotides 235 to 1225). In another embodiment, the anti 
sense nucleic acid molecule is antisense to a “noncoding 
region” of the coding strand of a nucleotide sequence 
encoding NPG-1. The term “noncoding region” refers to 5‘ 
and 3‘ sequences Which ?ank the coding region that are not 
translated into amino acids (i.e., also referred to as 5‘ and 3‘ 
untranslated regions). 
[0063] Given the coding strand sequences encoding 
NPG-1 disclosed herein (e.g., SEQ ID NO:1), antisense 
nucleic acids of the invention can be designed according to 
the rules of Watson and Crick base pairing. The antisense 
nucleic acid molecule can be complementary to the entire 
coding region of NPG-1 mRNA, but more preferably is an 
oligonucleotide Which is antisense to only a portion of the 
coding or noncoding region of NPG-1 mRNA. For example, 
the antisense oligonucleotide can be complementary to the 
region surrounding the translation start site of NPG-1 
mRNA. An antisense oligonucleotide can be, for example, 
about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in 
length. An antisense nucleic acid of the invention can be 
constructed using chemical synthesis and enZymatic ligation 
reactions using procedures knoWn in the art. For example, an 
antisense nucleic acid (e.g., an antisense oligonucleotide) 
can be chemically synthesiZed using naturally occurring 
nucleotides or variously modi?ed nucleotides designed to 
increase the biological stability of the molecules or to 
increase the physical stability of the duplex formed betWeen 
the antisense and sense nucleic acids, e.g., phosphorothioate 
derivatives and acridine substituted nucleotides can be used. 
Examples of modi?ed nucleotides Which can be used to 
generate the antisense nucleic acid include 5-?uorouracil, 
5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, 
xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) 
uracil, 5-carboxymethylaminomethylthiouridine, 5-car 
boxymethyl-2-aminomethyluracil, dihydrouracil, beta-D 
galactosylqueosine, inosine, N6-isopentenyladenine, 1-me 
thylguanine, 1-methylinosine, 2, 2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 
5-methylcytosine, N6-adenine, 7-methylguanine, 5-methy 
laminomethyluil, 5-methoxyaminomethyl-2-thiouracil, 
beta-D-mannosylqueosine, 5 ‘-methoxycarboxymethyluracil, 
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5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, 
uracil-5-oxyacetic acid(v), Wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, S-methylthiouracil, 2-thiouracil, 
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methy 
lester, uraciloxyacetic acid(v), 5 -methylthiouracil, 3-(3-ami 
noNcarboxypropyl) uracil, (acp3) W, and 2,6-diaminopurine. 
Alternatively, the antisense nucleic acid can be produced 
biologically using an expression vector into Which a nucleic 
acid has been subcloned in an antisense orientation (i.e., 
RNA transcribed from the inserted nucleic acid Will be of an 
antisense orientation to a target nucleic acid of interest, 
described further in the folloWing subsection). 

[0064] The antisense nucleic acid molecules of the inven 
tion are typically administered to a subject or generated in 
situ such that they hybridiZe With or bind to cellular mRNA 
and/or genomic DNA encoding an NPG-1 protein to thereby 
inhibit expression of the protein, e.g., by inhibiting tran 
scription and/or translation. The hybridiZation can be by 
conventional nucleotide complementarity to form a stable 
duplex, or, for example, in the case of an antisense nucleic 
acid molecule Which binds to DNA duplexes, through spe 
ci?c interactions in the major groove of the double helix. An 
example of a route of administration of an antisense nucleic 
acid molecule of the invention includes direct injection at a 
tissue site. Alternatively, an antisense nucleic acid molecule 
can be modi?ed to target selected cells and then adminis 
tered systemically. For example, for systemic administra 
tion, an antisense molecule can be modi?ed such that it 
speci?cally binds to a receptor or an antigen expressed on a 
selected cell surface, e.g., by linking the antisense nucleic 
acid molecule to a peptide or an antibody Which binds to a 
cell surface receptor or antigen. The antisense nucleic acid 
molecule can also be delivered to cells using the vectors 
described herein. To achieve sufficient intracellular concen 
trations of the antisense molecules, vector constructs in 
Which the antisense nucleic acid molecule is placed under 
the control of a strong pol II or pol III promoter are 
preferred. 

[0065] In yet another embodiment, the antisense nucleic 
acid molecule of the invention is an a-anomeric nucleic acid 
molecule. An ot-anomeric nucleic acid molecule forms spe 
ci?c double-stranded hybrids With complementary RNA in 
Which, contrary to the usual B-units, the strands run parallel 
to each other (Gaultier et al. (1987) Nucleic Acids. Res. 15: 
6625-6641). The antisense nucleic acid molecule can also 
comprise a 2% methylribonucleotide (Inoue et al. (1987) 
Nucleic Acids Res. 15: 613 1-6 148) or a chimeric RNA 
DNA analogue (Inoue et al. (1987) FEBS Lett. 215: 327 
330). 
[0066] In still another embodiment, an antisense nucleic 
acid of the invention is a riboZyme. RiboZymes are catalytic 
RNA molecules With ribonuclease activity Which are 
capable of cleaving a single-stranded nucleic acid, such as 
an mRNA, to Which they have a complementary region. 
Thus, riboZymes (e.g., hammerhead RiboZymes (described 
in Haselhoff and Gerlach (1988) Nature 334: 585-591)) can 
be used to catalytically cleave NPG-1 mRNA transcripts to 
thereby inhibit translation of NPG-1 mRNA. A RiboZymes 
having speci?city for an NPG-1 encoding nucleic acid can 
be designed based upon the nucleotide sequence of an 
NPG-1 cDNA disclosed herein (i.e., SEQ ID NO:1). For 
example, a derivative of a Tetrahymena L-19 IVS RNA can 
be constructed in Which the nucleotide sequence of the 
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active site is complementary to the nucleotide sequence to 
be cleaved in an NPG-1 encoding mRNA. See, e.g., Cech et 
al. US. Pat. No. 4,987,071 and Cech et al. US. Pat. No. 
5,116,742. Alternatively, NPG-1 mRNA can be used to 
select a catalytic RNA having a speci?c ribonuclease activ 
ity from a pool of RNA molecules. See, e.g., Bartel, D. and 
SZostak, J. W. (1993) Science 261:1411-1418. 

[0067] Alternatively, NPG-1 gene expression can be 
inhibited by targeting nucleotide sequences complementary 
to the regulatory region of the NPG-1 (e.g., the NPG-1 
promoter and/or enhancers) to form triple helical structures 
that prevent transcription of the NPG-1 gene in target cells. 
See generally, Helene, C. (1991)Anticancer Drug Des. 6(6): 
569-84; Helene, C. et al. (1992) Ann. N. Y Acad. Sci. 
660:27-36; and Maher, L. J. (1992) Bioassays 14(12): 807 
15. 

[0068] 
Cells 

III. Recombinant Expression Vectors and Host 

[0069] Another aspect of the invention pertains to vectors, 
preferably expression vectors, containing a nucleic acid 
encoding NPG-1 (or a portion thereof). As used herein, the 
term “vector” refers to a nucleic acid molecule capable of 
transporting another nucleic acid to Which it has been linked. 
One type of vector is a “plasmid”, Which refers to a circular 
double stranded DNA loop into Which additional DNA 
segments can be ligated. Another type of vector is a viral 
vector, Wherein additional DNA segments can be ligated into 
the viral genome. Certain vectors are capable of autonomous 
replication in a host cell into Which they are introduced (e.g., 
bacterial vectors having a bacterial origin of replication and 
episomal mammalian vectors). Other vectors (e.g., non 
episomal mammalian vectors) are integrated into the 
genome of a host cell upon introduction into the host cell, 
and thereby are replicated along With the host genome. 
Moreover, certain vectors are capable of directing the 
expression of genes to Which they are operatively linked. 
Such vectors are referred to herein as “expression vectors”. 
In general, expression vectors of utility in recombinant DNA 
techniques are often in the form of plasmids. In the present 
speci?cation, “plasmid” and “vector” can be used inter 
changeably as the plasmid is the most commonly used form 
of vector. HoWever, the invention is intended to include such 
other forms of expression vectors, such as viral vectors (e.g., 
replication defective retroviruses, adenoviruses and 
adenoassociated viruses), Which serve equivalent functions. 

[0070] The recombinant expression vectors of the inven 
tion comprise a nucleic acid of the invention in a form 
suitable for expression of the nucleic acid in a host cell, 
Which means that the recombinant expression vectors 
include one or more regulatory sequences, selected on the 
basis of the host cells to be used for expression Which is 
operatively linked to the nucleic acid sequence to be 
expressed. Within a recombinant expression vector, “oper 
ably linked” is intended to mean that. the nucleotide 
sequence of interest is linked to the regulatory sequence(s) 
in a manner Which alloWs for expression of the nucleotide 
sequence (e.g., in an in vitro transcription/translation system 
or in a host cell When the vector is introduced into the host 
cell). The term “regulatory sequence” is intended to includes 
promoters, enhancers and other expression control elements 
(e.g., polyadenylation signals). Such regulatory sequences 
are described, for example, in Goeddel; Gene Expression 

Sep. 26, 2002 

Technology: Methods in Enzymology 185, Academic Press, 
San Diego, Calif. (1990). Regulatory sequences include 
those Which direct constitutive expression of a nucleotide 
sequence in many types of host cell and those Which direct 
expression of the nucleotide sequence only in certain host 
cells (e.g., tissue-speci?c regulatory sequences). It Will be 
appreciated by those skilled in the art that the design of the 
expression vector can depend on such factors as the choice 
of the host cell to be transformed, the level of expression of 
protein desired, etc. The expression vectors of the invention 
can be introduced into host cells to thereby produce proteins 
or peptides, including fusion proteins or peptides, encoded 
by nucleic acids as described herein (e.g., NPG-1 proteins, 
mutant forms of NPG-1, fusion proteins, etc.). 

[0071] The recombinant expression vectors of the inven 
tion can be designed for expression of NPG-1 in prokaryotic 
or eukaryotic cells. For example, NPG-1 can be expressed in 
bacterial cells such as E. coli, insect cells (using baculovirus 
expression vectors) yeast cells or mammalian cells. Suitable 
host cells are discussed further in Goeddel, Gene Expression 
Technology: Methods in Enzymology 185, Academic Press, 
San Diego, Calif. (1990). Alternatively, the recombinant 
expression vector can be transcribed and translated in vitro, 
for example using T7 promoter regulatory sequences and T7 
polymerase. 

[0072] Expression of proteins in prokaryotes is most often 
carried out in E coli With vectors containing constitutive or 
inducible promoters directing the expression of either fusion 
or non-fusion proteins. Fusion vectors add a number of 
amino acids to a protein encoded therein, usually to the 
amino terminus of the recombinant protein. Such fusion 
vectors typically serve three purposes: 1) to increase expres 
sion of recombinant protein, 2) to increase the solubility of 
the recombinant protein, and 3) to aid in the puri?cation of 
the recombinant protein by acting as a ligand in affinity 
puri?cation. Often, in fusion expression vectors, a pro 
teolytic cleavage site is introduced at the junction of the 
fusion moiety and the recombinant protein to enable sepa 
ration of the recombinant protein from the fusion moiety 
subsequent to puri?cation of the fusion protein. Such 
enZymes, and their cognate recognition sequences, include 
Factor Xa, thrombin and enterokinase. Typical fusion 
expression vectors include pGEX (Pharmacia Biotech Inc; 
Smith, D. B. and Johnson K S. (1988) Gene 67: 31-40), 
pMAL (NeW England Biolabs, Beverly, Mass.) and pRIT5 
(Pharmacia, PiscataWay, N.J.) Which fuse glutathione 
S-transferase (GST), maltose E binding protein, or protein 
A, respectively, to the target recombinant protein. In one 
embodiment, the coding sequence of the NPG-1 is cloned 
into a pGEX expression vector to create a vector encoding 
a fusion protein comprising, from the N-terminus to the 
C-terminus, GST-thrombin cleavage site-19-NPG-1. The 
fusion protein can be puri?ed by af?nity chromatography 
using glutathione agarose resin. Recombinant NPG-1 
unfused to GST can be recovered by cleavage of the fusion 
protein With thrombin. 

[0073] Examples of suitable inducible non-fusion E. coli 
expression vectors include pTrc (Amann et al., (1988) Gene 
69: 301-315) and pET 11d (Studier et al., Gene Expression 
Technology. Methods in Enzymology 185, Academic Press, 
San Diego, Calif. (1990) 60-89). Target gene expression 
from the pTrc vector relies on host RNA polymerase tran 
scription from a hybrid trp-lac fusion promoter. Target gene 
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expression from the pET 11d vector relies on transcription 
from a T7 10-lac fusion promoter mediated by a coexpressed 
viral RNA polymerase (T7 gnl). This viral polymerase is 
supplied by host strains BL21 (DE3) or HMS 174 (DE3) 
from a resident )L prophage harboring a T7 gnl gene under 
the transcriptional control of the lacUV 5 promoter. 

[0074] One strategy to maximiZe recombinant protein 
expression in E. coli is to express the protein in a host 
bacteria With an impaired capacity to proteolytically cleave 
the recombinant protein (Gottesman, S., Gene Expression 
Technology: Methods in Enzymology 185, Academic Press, 
San Diego, Calif. (1990) 119-128). Another strategy is to 
alter the nucleic acid sequence of the nucleic acid to be 
inserted into an expression vector so that the individual 
codons for each amino acid are those preferentially utiliZed 
in E. coli (Wada et al. (1992) Nucleic Acids Res. 20: 
2111-2118). Such alteration of nucleic acid sequences of the 
invention can be carried out by standard DNA synthesis 
techniques. 
[0075] In another embodiment, the NPG-1 expression 
vector is a yeast expression vector. Examples of vectors for 
expression in yeast S. cerivisae include pYepSec1 (Baldari, 
et al., (1987) Embo J. 6: 229-234), pMFa (Kurjan and 
HerskoWitZ, (1982) Cell 30: 933-943), pJRY88 (SchultZ et 
al., (1987) Gene 54: 113-23), 1 and pYES2 (Invitrogen 
Corporation San Diego, Calif.). 
[0076] Alternatively, NPG-1 can be expressed in insect 
cells using baculovirus expression vectors. Baculovirus vec 
tors available for expression of proteins in cultured insect 
cells (e.g., Sf 9 cells) include the pAc series (Smith et al. 
(1983) Mol. Cell Biol. 3: 2156-2165) and the pVL series 
(LuckloW and Summers (1989) Virology 170: 31-39). . 

[0077] In yet another embodiment’s nucleic acid of the 
invention is expressed in mammalian cells using a mamma 
lian expression vector. Examples of mammalian expression 
vectors include pCDM8 (Seed, 8. (1987) Nature 329:840) 
and pMT2PC (Kau?nan et al. (1987) EMBO J. 6:187-1 95). 
When used in mammalian cells, the expression vector’s 
control functions are often provided by viral regulatory 
elements. For example, commonly used promoters are 
derived from polyoma, Adenovirus 2, cytomegalovirus and 
Simian Virus 40. For other suitable expression systems for 
both prokaryotic and eukaryotic cells see chapters 16 and 17 
of Sambrook, J ., Fritsh, E. F., and Maniatis, T. Molecular 
Cloning.'A Laboratory Manual. 2nd ed, Cold SpringHarbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, 1989. 

[0078] In another embodiment, the recombinant mamma 
lian expression vector is capable of directing expression of 
the nucleic acid preferentially in a particular cell type (e.g., 
tissue-speci?c regulatory elements are used to express the 
nucleic acid). Tissue-speci?c regulatory elements are knoWn 
in the art. Non-limiting examples of suitable tissue-speci?c 
promoters include the albumin promoter (liver-speci?c; 
Pinkert et al. (1987) Genes Dev. 1:268-277), lymphoid 
speci?c promoters (Calame and Eaton (1988)Adv. Immunol. 
43:235-275), in particular promoters of T cell receptors 
(Winoto and Baltimore (1989) EMBO J. 8:729-733) and 
immunoglobulins (Banerji et al. (1983) Cell 33:729-740; 
Queen and Baltimore (1983) Cell 33:741-748), neuron 
speci?c promoters (e.g., the neuro?lament promoter; Byrne 
and Ruddle (1989) PNAS 86:5473-5477), pancreas-speci?c 
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promoters (Edlund et al. (1985) Science 230:912-916), and 
mammary gland-speci?c promoters (e.g., milk Whey pro 
moter; US. Pat. No. 4,873,316 and European Application 
Publication No. 264, 166). Developmentally regulated pro 
moters are also encompassed, for example the murine hox 
promoters (Kessel and Gruss (1990) Science 249:374-379) 
and the ot-fetoprotein promoter (Campes and Tilghman 
(1989) Genes Dev. 3: 537-546). 

[0079] The invention further provides a recombinant 
expression vector comprising a DNA molecule of the inven 
tion cloned into the expression vector in an antisense ori 
entation. That is, the DNA molecule is operatively linked to 
a regulatory sequence in a manner Which alloWs for expres 
sion (by transcription of the DNA molecule) of an RNA 
molecule Which is antisense to NPG-1 mRNA. Regulatory 
sequences operatively linked to a nucleic acid cloned in the 
antisense orientation can be chosen Which direct the con 
tinuous expression of the antisense RNA molecule in a 
variety of cell types, for instance viral promoters and/or 
enhancers, or regulatory sequences can be chosen Which 
direct constitutive, tissue speci?c or cell type speci?c 
expression of antisense RNA. The antisense expression 
vector can be in the form of a recombinant plasmid, 
phagemid or attenuated virus in Which antisense nucleic 
acids are produced under the control of a high ef?ciency 
regulatory region, the activity of Which can be determined 
by the cell type into Which the vector is introduced. For a 
discussion of the regulation of gene expression using anti 
sense genes see Weintraub, H. et al., Antisense RNA as a 
molecular tool for genetic analysis, Reviews—Trends in 
Genetics, Vol. 1 (1) 1986. 

[0080] Another aspect of the invention pertains to host 
cells into Which a recombinant expression vector of the 
invention has been introduced. The terms “host cell” and 
“recombinant host cell” are used interchangeably herein. It 
is understood that such terms refer not only to the particular 
subject cell but to the progeny or potential progeny of such 
a cell. Because certain modi?cations may occur in succeed 
ing generations due to either mutation or environmental 
in?uences, such progeny may not, in fact, be identical to the 
parent cell, but are still included Within the scope of the term 
aa used herein. A host cell can be any prokaryotic or 
eukaryotic cell. For example, NPG-1 protein can be 
expressed in bacterial cells such as E coli, insect cells, yeast 
or mammalian cells such as Chinese hamster ovary cells 
(CHO) or COS cells). Other suitable host cells are knoWn to 
those skilled in the art. 

[0081] Vector DNA can be introduced into prokaryotic or 
eukaryotic cells via conventional transformation or trans 
fection techniques. As used herein, the terms “transforma 
tion” and transfection” are intended to refer to a variety of 
art-recogniZed techniques for introducing foreign nucleic 
acid (e.g., DNA) into a host cell, including calcium phos 
phate or calcium chloride co-precipitation, DEAE-dextran 
mediated transfection, lipofection, or electroporation. Suit 
able methods for transforming or transfecting host cells can 
be found in Sambrook, et al. (Molecular Cloning: A Labo 
ratory Manual. 2nd ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY, 1989), and other laboratory manuals. 

[0082] For stable transfection of mammalian cells, it is 
knoWn that, depending upon the expression vector and 
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transfection technique used, only a small fraction of cells 
may integrate the foreign DNA into their genome. In order 
to identify and select these integrants, a gene that encodes a 
selectable marker (e.g., resistance to antibiotics) is generally 
introduced into the host cells along With the gene of interest. 
Preferred selectable markers include those Which confer 
resistance to drugs, such as G418, hygromycin and meth 
otrexate. Nucleic acid encoding a selectable marker can be 
introduced into a host cell on the same vector as that 

encoding NPG-1 or can be introduced on a separate vector. 
Cells stably transfected With the introduced nucleic acid can 
be identi?ed by drug selection (e.g., cells that have incor 
porated the selectable marker gene Will survive, While the 
other cells die). 

[0083] A host cell of the invention, such as a prokaryotic 
or eukaryotic host cell in culture, can be used to produce 
(i.e., express) NPG-1 protein. Accordingly, the invention 
further provides methods for producing NPG-1 protein using 
the host cells of the invention. In one embodiment, the 
method comprises culturing the host cell of invention (into 
Which a recombinant expression vector encoding NPG-1 has 
been introduced) in a suitable medium until NPG-1 is 
produced. In another embodiment, the method further com 
prises isolating NPG-1 from the medium or the host cell. 

[0084] The host cells of the invention can also be used to 
produce nonhuman transgenic animals. The nonhuman 
transgenic animals can be used in screening assays designed 
to identify agents or compounds, e. g:, drugs, pharmaceuti 
cals, etc., Which are capable of ameliorating detrimental 
symptoms of selected disorders such as cardiovascular dis 
orders and proliferative disorders. For example, in one 
embodiment, a host cell of the invention is a fertiliZed 
oocyte or an embryonic stem cell into Which NPG-1 coding 
sequences have been introduced. Such host cells can then be 
used to create non-human transgenic animals in Which 
exogenous NPG-1 sequences have been introduced into their 
genome or homologous recombinant animals in Which 
endogenous NPG-1 sequences have been altered. Such ani 
mals are useful for studying the function and/or activity of 
NPG-1 and for identifying and/or evaluating modulators of 
NPG-1 activity. As used herein, a “transgenic animal” is a 
nonhuman animal, preferably a mammal, more preferably a 
rodent such as a rat or mouse, in Which one or more of the 

cells of the animal includes a transgene. Other examples of 
transgenic animals include nonhuman primates, sheep, dogs, 
coWs, goats, chickens, amphibians, etc. Atransgene is exog 
enous DNA Which is integrated into the genome of a cell 
from Which a transgenic animal develops and Which remains 
in the genome of the mature animal, thereby directing the 
expression of an encoded gene product in one or more cell 
types or tissues of the transgenic animal. As used herein, a 
“homologous recombinant animal” is a nonhuman animal, 
preferably a mammal, more preferably a mouse, in Which an 
endogenous NPG-1 gene has been altered by homologous 
recombination betWeen the endogenous gene and an exog 
enous DNA molecule introduced into a cell of the animal, 
e.g., an embryonic cell of the animal, prior to development 
of the animal. 

[0085] A transgenic animal of the invention can be created 
by introducing NPG-1-encoding nucleic acid into the male 
pronuclei of a fertiliZed oocyte, e.g., by microinjection, 
retroviral infection, and alloWing the oocyte to develop in a 
pseudopregnant female foster animal. The human NPG-1 
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cDNA sequence of SEQ ID NO:1 can be introduced as a 
transgene into the genome of a nonhuman animal. Alterna 
tively, a nonhuman homologue of the human NPG-1 gene, 
such as a mouse NPG-1 gene, can be isolated based on 

hybridiZation to the human NPG-1 cDNA (described further 
in subsection II above) and used as a transgene. Intronic 
sequences and polyadenylation signals can also be included 
in the transgene to increase the e?iciency of expression of 
the transgene. A tissue-speci?c regulatory sequence(s) can 
be operably linked to the NPG-1 transgene to direct expres 
sion of NPG-1 protein to particular cells. Methods for 
generating transgenic animals via embryo manipulation and 
microinjection, particularly animals such as mice, have 
become conventional in the art and are described, for 
example, in US. Pat. Nos. 4,736,866 and 4,870,009, both by 
Leder et al., US. Pat. No. 4,873,191 by Wagner et al. and in 
Hogan, B., Manipulating the Mouse Embryo, (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY, 1986). 
Similar methods are used for production of other transgenic 
animals. Atransgenic founder animal can be identi?ed based 
upon the presence of the NPG-1 transgene in its genome 
and/or expression of NPG-1 mRNA in tissues or cells of the 
animals. A transgenic founder animal can then be used to 
breed additional animals carrying the transgene. Moreover, 
transgenic animals carrying a transgene encoding NPG-1 
can further be bred to other transgenic animals carrying 
other transgenes. 

[0086] To create a homologous recombinant animal, a 
vector is prepared Which contains at least a portion of an 
NPG-1 gene into Which a deletion, addition or substitution 
has been introduced to thereby alter, e.g., functionally dis 
rupt, the NPG-1 gene. The NPG-1 gene can be a human gene 
(e.g., from a human genomic clone isolated from a human 
genomic library screened With the cDNA of SEQ ID NO: 1), 
but more preferably, is a nonhuman homologue of a human 
NPG-1 gene. For example, a mouse NPG-1 gene can be 
isolated from a mouse genomic DNA library using the 
human NPG-1 cDNA of SEQ ID NO:1 as a probe. The 
mouse NPG-1 gene then can be used to construct a homolo 
gous recombination vector suitable for altering an endog 
enous NPG-1 gene in the mouse genome. In a preferred 
embodiment, the vector is designed such that, upon homolo 
gous recombination, the endogenous NPG-1 gene is func 
tionally disrupted (i.e., no longer encodes a functional 
protein; also referred to as a “knock out” vector). Alterna 
tively, the vector can be designed such that, upon homolo 
gous recombination, the endogenous NPG-1 gene is mutated 
or otherWise altered but still encodes functional protein (e. g., 
the upstream regulatory region can be altered to thereby alter 
the expression of the endogenous NPG-1 protein). In the 
homologous recombination vector, the altered portion of the 
NPG-1 gene is ?anked at its 5‘ and 3‘ ends by additional 
nucleic acid of the NPG-1 gene to alloW for homologous 
recombination to occur betWeen the exogenous NPG-1 gene 
carried by the vector and an endogenous NPG-1 gene in an 
embryonic stem cell. The additional ?anking NPG-1 nucleic 
acid is of sufficient length for successful homologous recom 
bination With the endogenous gene. Typically, several kilo 
bases of ?anking DNA (both at the 5‘ and 3‘ ends) are 
included in the vector (see e. g., Thomas, K. R. and Capecchi, 
M. R. (1987) Cell 51:503 for a description of homologous 
recombination vectors). The vector is introduced into an 
embryonic stem cell line (e.g., by electroporation) and cells 
in Which the introduced NPG-1 gene has homologously 
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recombined With the endogenous NPG-1 gene are selected 
(see e.g., Li, E. et al. (1992) Cell 69: 915). The selected cells 
are then injected into a blastocyst of an animal (e.g., a 
mouse) to form aggregation chimeras (see e.g., Bradley, A. 
in Teratocarcinomas and Embryonic Stem Cells: APractical 
Approach, E. J. Robertson, ed. (IRL, Oxford, 1987) pp.113 
152). A chimeric embryo can then be implanted into a 
suitable pseudopregnant female foster animal and the 
embryo brought to term. Progeny harboring the homolo 
gously recombined DNA in their germ cells can be used to 
breed animals in Which all cells of the animal contain the 
homologously recombined DNA by germline transmission 
of the transgene. Methods for constructing homologous 
recombination vectors and homologous recombinant ani 
mals are described further in Bradley, A. (1991) Current 
Opinion in biotechnology 2: 823-829 and in PCT Interna 
tional Publication Nos.: W0 90/ 11354 by Le Mouellec et al.; 
WO 91101140 by Smithies et al.; WO 92/0968 by Zijlstra et 
al.; and WO 93104 169 by Berns et al. 

[0087] In another embodiment, transgenic nonhumans 
animals can be produced Which contain selected systems 
Which alloW for regulated expression of the transgene. One 
example of such a system is the cre/loxP recombinase 
system of bacteriophage P1. For a description of the cre/ 
ZoxP recombinase system, see, e.g., Lakso et al. (1992) 
PNAS 89: 6232-6236. Another example of a recombinase 
system is the FLP recombinase system of Succharomyces 
cerevisiue (O’Goman et al. (1991) Science 251: 1351-1355. 
If a cre/loxP recombinase system is used to regulate expres 
sion of the transgene, animals containing transgenes encod 
ing both the Cre recombinase and a selected protein are 
required. Such animals can be provided through the con 
struction of “double” transgenic animals, e. g., by mating tWo 
transgenic animals, one containing a transgene encoding a 
selected protein and the other containing a transgene encod 
ing a recombinase. 

[0088] Clones of the nonhuman transgenic animals 
described herein can also be produced according to the 
methods described in Wilmut, I. et al. (1997) Nature 385: 
810-813 and PCT International Publication Nos. WO 
97/07668 and WO 97107669. In brief, a cell, e.g., a somatic 
cell, from the transgenic animal can be isolated and induced 
to exit the groWth cycle and enter GOphase. The quiescent 
cell can then be fused, e.g., through the use of electrical 
pulses, to an enucleated oocyte from an animal of the same 
species from Which the quiescent cell is isolated. The 
reconstructed oocyte is then cultured such that it develops to 
morula or blastocyst and then transferred to pseudopregnant 
female foster animal. The offspring borne of this female 
foster animal Will be a clone of the animal from Which the 
cell, e.g., the somatic cell, is isolated. 

[0089] 
bodies 

IV. Isolated NPG-1 Proteins and Anti-NPG-1 Anti 

[0090] Another aspect of the invention pertains to isolated 
NPG-1 proteins, and biologically active portions thereof, as 
Well as peptide fragments suitable for use as immunogens to 
raise anti-NPG-1 antibodies. An “isolated” or “puri?ed” 
protein or biologically active portion thereof is substantially 
free of cellular material When produced by recombinant 
DNA techniques, or chemical precursors or other chemicals 
When chemically synthesiZed. The language “substantially 
free of cellular material” includes preparations of NPG-1 
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protein in Which the protein is separated from cellular 
components of the cells in Which it is naturally or recom 
binantly produced. In one embodiment, the language “sub 
stantially free of cellular material” includes preparations of 
NPG-1 protein having less than about 30% (by dry Weight) 
of non-NPG-1 protein (also referred to herein as a “con 
taminating protein”), more preferably less than about 20% 
of non-NPG-1 protein, still more preferably less than about 
10% of non-NPG-1 protein, and most preferably less than 
about 5% non-NPG-1 protein. When the NPG-1 protein or 
biologically active portion thereof is recombinantly pro 
duced it is also preferably substantially free of culture 
medium, i.e., culture medium represents less than about 
20%, more preferably less than about 10%, and most pref 
erably less than about 5% of the volume of the protein 
preparation. The language “substantially free of chemical 
precursors or other chemicals” includes preparations of 
NPG-1 protein in Which the protein is separated from 
chemical precursors or other chemicals Which are involved 
in the synthesis of the protein. In one embodiment, the 
language “substantially free of chemical precursors or other 
chemicals” includes preparations of NPG-1 protein having 
less than about 30% (by dry Weight) of chemical precursors 
or non-NPG-1 chemicals, more preferably less than about 
20% chemical precursors or non-NPG-1 chemicals, still 
more preferably less than about 10% chemical precursors or 
non-NPG-1 chemicals, and most preferably less than about 
5% chemical precursors or non-NPG-1 chemicals. In pre 
ferred embodiments, isolated proteins or biologically active 
portions thereof lack contaminating proteins from the same 
animal from Which the NPG-1 protein is derived. Typically, 
such proteins are produced by recombinant expression of, 
for example, a human NPG-1 protein in a nonhuman cell. 

[0091] An isolated NPG-1 protein or a portion thereof of 
the invention can modulate tumor cell adhesion, e.g., malig 
nant prostate cell adhesion. In preferred embodiments, the 
protein or portion thereof comprises an amino acid sequence 
Which is sufficiently homologous to an amino acid sequence 
of SEQ ID NO:2 such that the protein or portion thereof 
maintains the ability to modulate tumor cell adhesion, e.g., 
malignant prostate cell adhesion. The portion of the protein 
is preferably a biologically active portion as described 
herein. In another preferred embodiment, the NPG-1 protein 
(i.e., amino acid residues 1-330) has an amino acid sequence 
shoWn in SEQ ID NO:2. The preferred NPG-1 proteins of 
the present invention also preferably possess at least one of 
the NPG-1 activities described herein. 

[0092] In other embodiments, the NPG-1 protein is sub 
stantially homologous to the amino acid sequence of SEQ 
ID NO:2 and retains the functional activity of the protein of 
SEQ ID NO:2 yet differs in amino acid sequence due to 
natural allelic variation or mutagenesis, as described in 
detail in subsection I above. Accordingly, in another 
embodiment, the NPG-1 protein is a protein Which com 
prises an amino acid sequence Which is at least about 76%, 
80%, 85%, 90%, 95%, or 98% or more homologous to the 
entire amino acid sequence of SEQ ID NO:2 and Which has 
at least one of the NPG-1 activities described herein. In 
another embodiment, the invention pertains to a ?ll length 
human protein Which is substantially homologous to the 
entire amino acid sequence of SEQ ID NO:2. 

[0093] Biologically active portions of the NPG-1 protein 
include peptides comprising amino acid sequences derived 



US 2002/0137135 A1 

from the amino acid sequence of the NPG-l protein, e.g., the 
amino acid sequence shown in SEQ ID NO:2 or the amino 
acid sequence of a protein homologous to the NPG-l protein 
Which include less amino acids than the full length NPG-l 
protein or the full length protein Which is homologous to the 
NPG-l protein and exhibit at least one activity of the NPG-l 
protein. Typically, biologically active portions (peptides, 
e.g., peptides Which are, for example, 5, 10, 15, 20, 30, 35, 
36, 37, 38, 39, 40, 50, 100 or more amino acids in length) 
comprise a domain or motif, e.g., a type I thrombospondin 
repeat domain With at least one activity of the NPG-l 
protein. Preferably, the domain is a type I thrombospondin 
repeat domain derived from a human and is at least about 
76%, 80%, 85%, 90% 95%, or 98% or more homologous to 
SEQ ID NO:3. In a preferred embodiment, the biologically 
active portion of the protein Which includes the type I 
thrombospondin repeat domain can modulate cell adhesion 
in a tumor cell, e.g., a malignant prostate cell, to thereby 
bene?cially affect the tumor cell. In a preferred embodiment, 
the biologically active portion comprises the type I throm 
bospondin repeat domain of NPG-l as represented by amino 
acid residues 258 to 294 of SEQ ID NO:2 and shoWn 
separately as SEQ ID NO:3. Moreover, other biologically 
active portions, in Which other regions of the protein are 
deleted can be prepared by recombinant techniques and 
evaluated for one or more of the activities described herein. 
Preferably, the biologically active portions of the NPG-l 
protein include one or more selected domains/motifs or 
portions thereof having biological activity. 
[0094] NPG-l proteins are preferably produced by recom 
binant DNA techniques. For example, a nucleic acid mol 
ecule encoding the protein is cloned into an expression 
vector (as described above), the expression vector is intro 
duced into a host cell (as described above) and the NPG-l 
protein is expressed in the host cell. The NPG-l protein can 
then be isolated from the cells by an appropriate puri?cation 
scheme using standard protein puri?cation techniques. 
Alternative to recombinant expression, an NPG-l protein, 
polypeptide, or peptide can be synthesiZed chemically using 
standard peptide synthesis techniques. Moreover, native 
NPG-l protein can be isolated from cells (e.g., prostate 
cells), for example, using an anti-NPG-l antibody 
(described further beloW). 
[0095] The invention also provides NPG-l chimeric or 
fusion proteins. As used herein, an NPG-l “chimeric pro 
tein” or “fusion protein” comprises an NPG-l polypeptide 
operatively linked to a non-NPG-l polypeptide. An “NPG-l 
polypeptide” refers to a polypeptide having an amino acid 
sequence corresponding to NPG-l, Whereas a “non-NPG-l 
polypeptide” refers to a polypeptide having an amino acid 
sequence corresponding to a protein Which is not substan 
tially homologous to the NPG-l protein, e.g., a protein 
Which is different from the NPG-l protein and Which is 
derived from the same or a different organism. Within the 
fusion protein, the term “operatively linked” is intended to 
indicate that the NPG-l polypeptide and the non-NPG-l 
polypeptide are fused in-frame to each other. The non 
NPG-l polypeptide can be fused to the N-terminus or 
C-terminus of the NPG-l polypeptide. For example, in one 
embodiment the fusion protein is a GST-NPG-l fusion 
protein in Which the NPG-l sequences are fused to the 
C-terminus of the GST sequences. Such fusion proteins can 
facilitate the puri?cation of recombinant NPG-l. In another 
embodiment, the fusion protein is an NPG-l protein con 
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taining a heterologous signal sequence at its N-terminus. In 
certain host cells (e.g., mammalian host cells), expression 
and/or secretion of NPG-l can be increased through use of 
a heterologous signal sequence. 

[0096] Preferably, an NPG-l chimeric or fusion protein of 
the invention is produced by standard recombinant DNA 
techniques. For example, DNA fragments coding for the 
different polypeptide sequences are ligated together in 
frame in accordance With conventional techniques, for 
example by employing blunt-ended or stagger-ended termini 
for ligation, restriction enZyme digestion to provide for 
appropriate termini, ?lling-in of cohesive ends as appropri 
ate, alkaline phosphatase treatment to avoid undesirable 
joining, and enZymatic ligation. In another embodiment, the 
fusion gene can be synthesiZed by conventional techniques 
including automated DNA synthesiZers. Alternatively, PCR 
ampli?cation of gene fragments can be carried out using 
anchor primers Which give rise to complementary overhangs 
betWeen tWo consecutive gene fragments Which can subse 
quently be annealed and reampli?ed to generate a chimeric 
gene sequence (see, for example, Current Protocols in 
Molecular Biology, eds. Ausubel et al. John Wiley & Sons: 
1992). Moreover, many expression vectors are commer 
cially available that already encode a fusion moiety (e.g., a 
GST polypeptide). An NPG-l encoding nucleic acid can be 
cloned into such an expression vector such that the fusion 
moiety is linked in-frame to the NPG-l protein. 

[0097] The present invention also pertains to homologues 
of the NPG-l proteins Which function as either an NPG-l 
agonist (mimetic) or an NPG-l antagonist. In a preferred 
embodiment, the NPG-l agonists and antagonists stimulate 
or inhibit, respectively, a subset of the biological activities of 
the naturally occurring form of the NPG-l protein. Thus, 
speci?c biological effects can be elicited by treatment With 
a homologue of limited function. In one embodiment, treat 
ment of a subject With a homologue having a subset of the 
biological activities of the naturally occurring form of the 
protein has feWer side effects in a subject relative to treat 
ment With the naturally occurring form of the NPG-l 
protein. 

[0098] Homologues of the NPG-l protein can be gener 
ated by mutagenesis, e.g., discrete, point mutation or trun 
cation of the NPG-l protein. As used herein, the term 
“homologue” refers to a variant form of the NPG-l protein 
Which acts as an agonist or antagonist of the activity of the 
NPG-l protein. An agonist of the NPG-l protein can retain 
substantially the same, or a subset, of the biological activi 
ties of the NPG-l protein. An antagonist of the NPG-l 
protein can inhibit one or more of the activities of the 
naturally occurring form of the NPG-l protein, by, for 
example, competitively binding to a doWnstream or 
upstream member of the NPG-l cascade Which includes the 
NPG-l protein. Thus, the mammalian NPG-l protein and 
homologues thereof of the present invention can be either 
positive or negative regulators of cell adhesion in tumor 
cells, e.g., malignant prostate cells. 

[0099] In an alternative embodiment, homologues of the 
NPG-l protein can be identi?ed by screening combinatorial 
libraries of mutants, e.g., truncation mutants, of the NPG-l 
protein for NPG-l protein agonist or antagonist activity. In 
one embodiment, a variegated library of NPG-l variants is 
generated by combinatorial mutagenesis at the nucleic acid 
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level and is encoded by a variegated gene library. A varie 
gated library of NPG-1 variants can be produced by, for 
example, enZymatically ligating a mixture of synthetic oli 
gonucleotides into gene sequences such that a degenerate set 
of potential NPG-1 sequences is expressible as individual 
polypeptides, or alternatively, as a set of larger fusion 
proteins (e.g., for phage display) containing the set of 
NPG-1 sequences therein. There are a variety of methods 
Which can be used to produce libraries of potential NPG-1 
homologues from a degenerate oligonucleotide sequence. 
Chemical synthesis of a degenerate gene sequence can be 
performed in an automatic DNA synthesiZer, and the syn 
thetic gene then ligated into an appropriate expression 
vector. Use of, a degenerate set of genes alloWs for the 
provision, in one mixture, of all of the sequences encoding 
the desired set of potential NPG-1 sequences. Methods for 
synthesiZing degenerate oligonucleotides are knoWn in the 
art (see, e.g., Narang, S. A. (1983) Tetrahedron 39:3; Itakura 
et al. (1984) Annu. Rev. Biochem. 53:323; Itakura et al. 
(1984) Science 198:1056; et al. (1983) Nucleic Acid Res. 
11:477. 

[0100] In addition, libraries of fragments of the NPG-1 
protein coding can be used to generate a variegated popu 
lation of NPG-1 fragments for screening and subsequent 
selection of homologues of an NPG-1 protein. In one 
embodiment, a library of coding sequence fragments can be 
generated by treating a double stranded PCR fragment of an 
NPG-1 coding sequence With a nuclease under conditions 
Wherein nicking occurs only about once per molecule, 
denaturing the double stranded DNA, renaturing the DNA to 
form double stranded DNA Which can include sense/anti 
sense pairs from different nicked products, removing single 
stranded portions from reformed duplexes by treatment With 
S1 nuclease, and ligating the resulting fragment library into 
an expression vector. By this method, an expression library 
can be derived Which encodes N-terminal, C-terminal and 
internal fragments of various siZes of the NPG-1 protein. 

[0101] Several techniques are knoWn in the art for screen 
ing gene products of combinatorial libraries made by point 
mutations or truncation, and for screening cDNA libraries 
for gene products having a selected property. Such tech 
niques are adaptable for rapid screening of the gene libraries 
generated by the combinatorial mutagenesis of NPG-1 
homologues. The most Widely used techniques, Which are 
amenable to high through-put analysis, for screening large 
gene libraries typically include cloning the gene library into 
replicable expression vectors, transforming appropriate cells 
With the resulting library of vectors, and expressing the 
combinatorial genes under conditions in Which detection of 
a desired activity facilitates isolation of the vector encoding 
the gene Whose product Was detected: Recursive ensemble 
mutagenesis (REM), a neW technique Which enhances the 
frequency of functional mutants in the libraries, can be used 
in combination With the screening assays to identify NPG-1 
homologues (Arkin and Your-van (1992) PNAS 89: 7811 
7815; Delgrave et al. (1993) Protein Engineering 6(3):327 
331). 
[0102] In one embodiment, cell based assays can be 
exploited to analyZe a variegated NPG-1 library. For 
example, a library of expression vectors can be transfected 
into a tumor cell, e.g., a benign or malignant prostate cell 
line. The transfected cells are then alloWed to groW and the 
effect of the NPG-1 mutant on cell migration can be 
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detected, e.g., by measuring cell migration using a Boyden 
chamber invasion assay. Plasmid DNA can then be recov 
ered from the cells Which score for inhibition of cell inva 
sion, and the individual clones further characteriZed. 

[0103] An isolated NPG-1 protein, or a portion or frag 
ment thereof, can be used as an immunogen to generate 
antibodies that bind NPG-1 using standard techniques for 
polyclonal and monoclonal antibody preparation. The ?ll 
length NPG-1 protein can be used or, alternatively, the 
invention provides antigenic peptide fragments of NPG-1 
for use as imunogens. The antigenic peptide of NPG-1 
comprises at least 8 amino acid residues of the amino acid 
sequence shoWn in SEQ ID NO:2 and encompasses an 
epitope of NPG-1 such that an antibody raised against the 
peptide forms a speci?c immune complex With NPG-1. 
Preferably, the antigenic peptide comprises at least 10 amino 
acid residues, more preferably at least 15 amino acid resi 
dues, even more preferably at least 20 amino acid residues, 
and most preferably at least 30 amino acid residues. Pre 
ferred epitopes encompassed by the antigenic peptide are 
regions of NPG-1 that are located on the surface of the 
protein, e.g., hydrophilic regions. An NPG-1 immunogen 
typically is used to prepare antibodies by immuniZing a 
suitable subject, (e.g., rabbit, goat, mouse or other mammal) 
With the immunogen. An appropriate immunogenic prepa 
ration can contain, for example, recombinantly expressed 
NPG-1 protein or a chemically synthesiZed NPG-1 peptide. 
The preparation can further include an adjuvant, such as 
Freund’s complete or incomplete adjuvant, or similar immu 
nostimulatory agent. ImmuniZation of a suitable subject With 
an immunogenic NPG-1 preparation induces a polyclonal 
anti-NPG-1 antibody response. 

[0104] Accordingly, another aspect of the invention per 
tains to anti-NPG-1 antibodies, . The term “antibody” as 
used herein refers to immunoglobulin molecules and immu 
nologically active portions of immunoglobulin molecules, 
i.e., molecules that contain an antigen binding site Which 
speci?cally binds (immunoreacts With) an antigen, such as 
NPG-1. Examples of immunologically active portions of 
immunoglobulin molecules include F(ab) and F(ab‘)Z frag 
ments Which can be generated by treating the antibody With 
an enZyme such as pepsin. The invention provides poly 
clonal and monoclonal antibodies that bind NPG-1. The 
term “monoclonal antibody” or “monoclonal antibody com 
position”, as used herein, refers to a population of antibody 
molecules that contain only one species of an antigen 
binding site capable of immunoreacting With a particular 
epitope of NPG-1. Amonoclonal antibody composition thus 
typically displays a single binding af?nity for a particular 
NPG-1 protein With Which it immunoreacts. 

[0105] Polyclonal anti-NPG-1 antibodies can be prepared 
as described above by immuniZing a suitable subject With an 
NPG-1 immunogen. The anti-NPG-1 antibody titer in the 
immuniZed subject can be monitored over time by standard 
techniques, such as With an enZyme linked immunosorbent 
assay (ELISA) using immobiliZed NPG-1. If desired, the 
antibody molecules directed against NPG-1 can be isolated 
from the mammal (e.g., from the blood) and further puri?ed 
by Well-known techniques, such as protein A chromatogra 
phy to obtain the IgG fraction. At an appropriate time after 
immuniZation, e.g., When the anti-NPG-1 antibody titers are 
highest, antibody-producing cells can be obtained from the 
subject and used to prepare monoclonal antibodies by stan 
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dard techniques, such as the hybridoma technique originally 
described by Kohler and Milstein (1975) Nature 256:495 
497) (see also, BroWn et al. (1981) J. Immunol. 127: 539-46; 
BroWn et al. (1980) J. Biol. Chem .255:4980-83; Yeh et al. 
(1976) PNAS 76: 2927-31; and Yeh et al. (1982) Int. J. 
Cancer 29:269-75), the more recent human B cell hybri 
doma technique (KoZbor et al. (1983) Immunol Today 4:72), 
the EBV-hybridoma technique (Cole et al. (1985), Mono 
clonal Antibodies and Cancer Therapy, Alan R Liss, Inc., 
pp.77-96) or trioma techniques. The technology for produc 
ing monoclonal antibody hybridomas is Well knoWn (see 
generally R H. Kenneth, in MonoclonalAntibodies: A New 
Dimension in Biological Analyses, Plenum Publishing, 
Corp., NeW York, NY. (1980); E. A. Lerner (1981) Yale J. 
Biol. Med. 54:387-402; M. L. Gefter et al. (1977) Somatic 
Cell Genet. 3:231-36). Brie?y, an immortal cell line (typi 
cally a myeloma) is fused to lymphocytes (typically sple 
nocytes) from a mammal immuniZed With an NPG-1 immu 
nogen as described above, and the culture supernatants of 
the resulting hybridoma cells are screened to identify a 
hybridoma producing a monoclonal antibody that binds 
NPG-1. 

[0106] Any of the many Well knoWn protocols used for 
fusing lymphocytes and immortaliZed cell lines can be 
applied for the purpose of generating an anti-NGP-1 mono 
clonal antibody (see, e.g., G. Galfre et al. (1977) Nature 
266:55052; Gefter et al. Somatic Cell Genet., cited supra; 
Lerner, Yale J. Biol. Med., cited supra; Kenneth, Mono 
clonal Antibodies, cited supra). Moreover, the ordinarily 
skilled Worker Will appreciate that there are many variations 
of such methods Which also Would be useful. Typically, the 
immortal cell line (e.g., a myeloma cell line) is derived from 
the same mammalian species as the lymphocytes. For 
example, murine hybridomas can be made by fusing lym 
phocytes from a mouse immuniZed With an immunogenic 
preparation of the present invention With an immortaliZed 
mouse cell line. Preferred immortal cell lines are mouse 
myeloma cell lines that are sensitive to culture medium 
containing hypoxanthine, aminopterin and thymidine (“HAT 
medium”). Any of a number of myeloma cell lines can be 
used as fusion partner according to standard techniques, e.g., 
the P3-NS1/1-Ag4-1, P3-x63-Ag8.653 or Sp2/O-Ag14 
myeloma lines. These myeloma lines are available from 
ATCC. Typically, HAT-sensitive mouse myeloma cells are 
fused to mouse splenocytes using polyethylene glycol 
(“PEG”). Hybridoma cells resulting from the fusion are then 
selected using HAT medium, Which kills unfused and unpro 
ductively fused myeloma cells (unfused splenocytes die 
after several days because they are not transformed). 

[0107] Hybridoma cells producing a monoclonal antibody 
of the invention are detected by screening the hybridoma 
culture supernatants for antibodies that bind NPG-1, e.g., 
using a standard ELISA assay. 

[0108] Alternative to preparing monoclonal antibody-se 
creting hybridomas, a monoclonal anti-NPG-1 antibody can 
be identi?ed and isolated by screening a recombinant com 
binatorial immunoglobulin library (e.g., an antibody phage 
display library) With NPG-1 to thereby isolate immunoglo 
bulin library members that bind NPG-1. Kits for generating 
and screening phage display libraries are commercially 
available (e.g., the Pharmacia Recombinant PhageAntibody 
System, Catalog No. 27-9400-01; and the Stratagene Sur 
fZAPTM Phage Display Kit, Catalog No. 240612). Addition 
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ally, examples of methods and reagents particularly amend 
able for use in generating and screening antibody display 
library can be found in, for example, Ladner et al. US. Pat. 
No. 5,223,409; Kang et al. PCT International Publication 
No. WO 92/18619; DoWer et al. 

[0109] PCT International Publication No. WO 91/17271; 
Winter et al. PCT International Publication No. WO 
92/20791; Markland et al. PCT International Publication No. 
W0 92/ 15 679; Breitling et al. PCT International Publication 
No. WO 92/01047; Garrard et al. PCT International Publi 
cation No. WO 92/09690; Ladner et al. PCT International 
Publication No. WO 90/02809; Fuchs et al. (1991) Bio/ 
technology 9: 1370-1372; Hay et al. (1992) Hum. Antibod. 
Hybridomas 3:81-85; Huse et al. (1989) Science 246:1275 
1281; Grif?ths et al. (1993) EMBO J 12:725-734; HaWkins 
et al. (1992) J. Mol. Biol. 226:889-896; Clarkson et al. 
(1991) Nature 352:624-628; Gram et al. (1992) PNAS 
89:3576-3580; Garrad et al. (1991) Biotechnology 9:1373 
1377; Hoogenboom et al. (1991) Nuc. Acid Res. 19: 4133 
4137; Barbas et al. (1991) PNAS 88:7978-7982; and McCaf 
Terty et al. Nature (1990) 348:552-554. 

[0110] Additionally, recombinant anti-NPG-1 antibodies, 
such as chimeric and humaniZed monoclonal antibodies, 
comprising both human and non-human portions, Which can 
be made using standard recombinant DNA techniques, are 
Within the scope of the invention. Such chimeric and human 
iZed monoclonal antibodies can be produced by recombinant 
DNA techniques knoWn in the art, for example using meth 
ods described in Robinson et al. International Application 
No. PCT/US86/02269; Akira, et al. European Patent Appli 
cation 184, 187; Taniguchi, M., European Patent Application 
171, 496; Morrison et al. European Patent Application 173, 
494; Neuberger et al. PCT International Publication No. WO 
86/01533; Cabilly et al. US. Pat. No. 4,816,567; Cabilly et 
al. European Patent Application 125, 023; Better et al. 
(1988) Science 240:1041-1043; Liu et al. (1987) PNAS 
84:3439-3443; Liu et al. (1987) J. Immunol. 139:3521-3526; 
Sun et al. (1987) PNAS 84:214-218; Nishimura et al. (1987) 
Cunc. Res. 47:999-1005; Wood et al. (1985) Nature 
314:446-449; and ShaW et al. (1988) J. Natl. Cancer Inst. 
80:1553-1559); Morrison, S. L. (1985) Science 229:1202 
1207; Oi et al. (1986) BioTechniques 4:214; Winter; US. 
Pat. No. 5,225,539; Jones et al. (1986) Nature 321:552-525; 
Verhoeyan et al. (1988) Science 239:1534; and Beidler et al. 
(1988) J. Immunol. 141:4053-4060. 

[0111] An anti-NPG-1 antibody (e.g., monoclonal anti 
body) can be used to isolate NPG-1 by standard techniques, 
such as affinity chromatography or immunoprecipitation. An 
anti-NPG-1 antibody can facilitate the puri?cation of natural 
NPG-1 from cells and of recombinantly produced NPG-1 
expressed in host cells. Moreover, an anti-NPG-1 antibody 
can be used to detect NPG-1 protein (e.g., in a cellular lysate 
or cell supernatant) in order to evaluate the abundance and 
pattern of expression of the NPG-1 protein. Anti-NPG-1 
antibodies can be used diagnostically to monitor protein 
levels in tissue as part of a clinical testing procedure, e.g., to, 
for example, determine the efficacy of a given treatment 
regimen. Detection can be facilitated by coupling (i.e., 
physically linking) the antibody to a detectable substance. 
Examples of detectable substances include various enZymes, 
prosthetic groups, ?uorescent materials, luminescent mate 
rials, bioluminescent materials, and radioactive materials. 
Examples of suitable enZymes include horseradish peroxi 
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dase, alkaline phosphatase, B-galactosidase, or acetylcho 
linesterase; examples of suitable prosthetic group complexes 
include strepavidin/biotin and avidin/biotin; examples of 
suitable ?uorescent materials include umbelliferone, ?uo 
rescein, ?uorescein isothiocyanate, rhodamine, dichlorotri 
aZinylamine ?uorescein, dansyl chloride or phycoerythrin; 
an example of a luminescent material includes luminol; 
examples of bioluminescent materials include luciferase, 
luciferin, and aequorin, and examples of suitable radioactive 
material include 1251, 1311, 35S or 3H. 

[0112] V. Pharmaceutical Compositions 

[0113] The NPG-l nucleic acid molecules, NPG-l pro 
teins, NPG-l modulators, and antiNPG-l antibodies (also 
referred to herein as “active compounds”) of the invention 
can be incorporated into pharmaceutical compositions suit 
able for administration to a subject, e.g., a human. Such 
compositions typically comprise the nucleic acid molecule, 
protein, modulator, or antibody and a pharmaceutically 
acceptable carrier. As used herein the language “pharma 
ceutically acceptable carrier” is intended to include any and 
all solvents, dispersion media, coatings, antibacterial and 
antifungal agents, isotonic and absorption delaying agents, 
and the like, compatible With pharmaceutical administration. 
The use of such media and agents for pharmaceutically 
active substances is Well knoWn in the art. Except insofar as 
any conventional media or agent is incompatible With the 
active compound, such media can be used in the composi 
tions of the invention. Supplementary active compounds can 
also be incorporated into the compositions. 

[0114] A pharmaceutical composition of the invention is 
formulated to be compatible With its intended route of 
administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral 
(e.g., inhalation), transdermal (topical), transmucosal, and 
rectal administration. Solutions or suspensions used for 
parenteral, intradermal, or subcutaneous application can 
include the folloWing components: a sterile diluent such as 
Water for injection, saline solution, ?xed oils, polyethylene 
glycols, glycerine, propylene glycol or other synthetic sol 
vents; antibacterial agents such as benZyl alcohol or methyl 
parabens; annoxidants such as ascorbic acid or sodium 
bisul?te; chelating agents such as ethylenediaminetetraace 
tic acid; buffers such as acetates, citrates or phosphates and 
agents for the adjustment of tonicity such as sodium chloride 
or dextrose. pH can be adjusted With acids or bases, such as 
hydrochloric acid or sodium hydroxide. The parenteral 
preparation can be enclosed in ampoules, disposable 
syringes or multiple dose vials made of glass or plastic. 

[0115] Pharmaceutical compositions suitable for inject 
able use include sterile aqueous solutions (Where Water 
soluble) or dispersions and sterile poWders for the extem 
poraneous preparation of sterile injectable solutions or 
dispersion. For intravenous administration, suitable carriers 
include physiological saline, bacteriostatic Water, Cremo 
phor ELTM (BASF, Parsippany, N.] or phosphate buffered 
saline (PBS). In all cases, the composition must be sterile 
and should be ?uid to the extent that easy syringability 
exists. It must be stable under the conditions of manufacture 
and storage and must be preserved against the contaminating 
action of microorganisms such as bacteria and fungi. The 
carrier can be a solvent or dispersion medium containing, for 
example, Water, ethanol, polyol (for example, glycerol, 
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propylene glycol, and liquid polyetheylene glycol, and the 
like), and suitable mixtures thereof. The proper ?uidity can 
be maintained, for example, by the use of a coating such as 
lecithin, by the maintenance of the required particle siZe in 
the case of dispersion and by the use of surfactants. Pre 
vention of the action of microorganisms can be achieved by 
various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, 
and the like. In many cases, it Will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as 
manitol, sorbitol, sodium chloride in the composition. Pro 
longed absorption of the injectable compositions can be 
brought about by including in the composition an agent 
Which delays absorption, for example, aluminum 
monostearate and gelatin. 

[0116] Sterile injectable solutions can be prepared by 
incorporating the active compound (e.g., an NPG-l protein 
or anti-NPG-l antibody) in the required amount in an 
appropriate solvent With one or a combination of ingredients 
enumerated above, as required, folloWed by ?ltered steril 
iZation. Generally, dispersions are prepared by incorporating 
the active compound into a sterile vehicle Which contains a 
basic dispersion medium and the required other ingredients 
from those enumerated above. In the case of sterile poWders 
for the preparation of sterile injectable solutions, the pre 
ferred methods of preparation are vacuum drying and freeZe 
drying Which yields a poWder of the active ingredient plus 
any additional desired ingredient from a previously sterile 
?ltered solution thereof. 

[0117] Oral compositions generally include an inert dilu 
ent or an edible carrier. They can be enclosed in gelatin 
capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be 
incorporated With excipients and used in the form of tablets, 
troches, or capsules. Oral compositions can also be prepared 
using a ?uid carrier for use as a mouthWash, Wherein the 
compound in the ?uid carrier is applied orally and sWished 
and expectorated or sWalloWed. Pharmaceutically compat 
ible binding agents, and/or adjuvant materials can be 
included as part of the composition. The tablets, pills, 
capsules, troches and the like can contain any of the fol 
loWing ingredients, or compounds of a similar nature: a 
binder such as microcrystalline cellulose, gum tragacanth or 
gelatin, an excipient such as starch or lactose, a disintegrat 
ing agent such as alginic acid, Primogel, or corn starch; a 
lubricant such as magnesium stearate or Sterotes; a glidant 
such as colloidal silicon dioxide; a sWeetening agent such as 
sucrose or saccharin; or a ?avoring agent such as pepper 
mint, methyl salicylate, or orange ?avoring. 

[0118] For administration by inhalation, the compounds 
are delivered in the form of an aerosol spray from pressured 
container or dispenser Which contains a suitable propellant, 
e.g., a gas such as carbon dioxide, or a nebuliZer. 

[0119] Systemic administration can also be by transmu 
cosal or transdermal means. For transmucosal or transder 

mal administration, penetrants appropriate to the barrier to 
be permeated are used in the formulation. Such penetrants 
are generally knoWn in the art, and include, for example, for 
transmucosal administration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can be 
accomplished through the use of nasal sprays or supposito 
































