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NOVEL ANTIBODIES THAT BIND TO ANTIGENIC POLYPEPTIDES, NUCLEIC
ACIDS ENCODING THE ANTIGENS, AND METHODS OF USE

FIELD OF THE INVENTION

The present invention relates to novel antibodies that bind immunospecifically to
antigenic polypeptides, wherein the polypeptides have characteristic properties related to
biochemical or physiological responses in a cell, a tissue, an organ or an organism. The
novel polypeptides are gene products of novel genes, or are specified biologically active
fragments or derivatives thereof. Methods of use of the antibodies encompass procedures for
diagnostic and prognostic assay of the polypeptides, as well as methods of treating diverse
pathological conditions.

BACKGROUND OF THE INVENTION

Eukaryotic cells are characterized by biochemical and physiological processes which
under normal conditions are exquisitely balanced to achieve the preservation and propagation
of the cells. When such cells are components of multicellular organisms such as vertebrates,
or more particularly organisms such as mammals, the regulation of the biochemical and
physiological processes involves intricate signaling pathways. Frequently, such signaling
pathways involve extracellular signaling proteins, cellular receptors that bind the signaling
proteins, and signal transducing components located within the cells.

Signaling proteins may be classified as endocrine effectors, paracrine effectors or
autocrine effectors. Endocrine effectors are signaling molecules secreted by a given organ
into the circulatory system, which are then transported to a distant target organ or tissue. The
target cells include the receptors for the eridocrine effector, and when the endocrine effector
binds, a signaling cascade is induced. Paracrine effectors involve secreting cells and receﬁtor
cells in close proximity to each other, for example two different classes of cells in the same
tissue or organ. One class of cells secretes the paracrine effector, which then reaches the
second class of cells, for example by diffusion through the extracellular fluid. The second
class of cells contains the receptors for the paracrine effector; binding of the effector results
in induction of the signaling cascade that elicits the corresponding biochemical or
physiological effect. Autocrine effectors are highly analogous to paracrine etfectors, except
that the same cell type that secretes the autocrine effector also contains the receptor. Thus the
autocrine effector binds to receptors on the same cell, or on identical neighboring cells. The
binding process then elicits the characteristic biochemical or physiological effect.

Signaling processes may elicit a variety of effects on cells and tissues including by

way of nonlimiting example induction of cell or tissue proliferation, suppression of growth or
' 1
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proliferation, induction of differentiation or maturation of a cell or tissue, and suppression of
differentiation or maturation of a cell or tissue.

Many pathological conditions involve dysregulation of expression of important
effector proteins. In certain classes of pathologies the dysregulation 1s manifested as elevated
or excessive synthesis and secretion of protein effectors. In a clinical setting a subject may
be suspected of suffering from a condition brought on by elevated or excessive levels of a
protein effector of interest.

Antibodies are multichain proteins that bind specifically to a given antigen, and bind
poorly, or not at all, to substances deemed not to be cognate antigens. Antibodies are
comprised of two short chains termed light chains and two long chains termed heavy chains.
These chains are constituted of immunoglobulin domains, of which generally there are two
classes: one variable domain per chain, one constant domain in light chains, and three or
more constant domains in heavy chains. The antigen-specific portion of the immunoglobulin
molecules resides in the variable domains; the variable domains of one light chain and one
heavy chain associate with each other to generate the antigen-binding moiety. Antibodies
that bind immunospecifically to a cognate or target antigen bind with high affinities.
Accordingly, they are useful in assaying specifically for the presence of the antigen in a
sample. In addition, they have the potential of inactivating the activity of the antigen.

Therefore there is a need to assay for the level of a protein effector of interest 1n a
biological sample from such a subject, and to compare this level with that characteristic of a
nonpathological condition. In particular, there is a need for such an assay based on the use of
an antibody that binds immunospecifically to the antigen. There further is a need to inhibait
the activity of the protein effector in cases where a pathological condition arises from
elevated or excessive levels of the effector based on the use of an antibody that binds
immunospecifically to the effector. Thus, there is a need for the antibody as a product of
manufacture. There further is a need for a method of treatment of a pathological condition
brought on by an elevated or excessive level of the protein effector of interest based on

administering the antibody to the subject.

SUMMARY OF THE INVENTION
The invention is based in part upon the discovery of nucleic acid sequences encoding

novel polypeptides. The novel nucleic acids and polypeptides are referred to herein as

NOVX, or NOV1, NOV2, NOV3, etc., nucleic acids and polypeptides. These nucleic acids
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and polypeptides, as well as derivatives, homologs, analogs and fragments thereof, will
hereinafter be collectively designated as “NOVX” nucleic acid or polypeptide sequences.

In one aspect, the invention provides an isolated polypeptide comprising a mature
form of a NOVX amino acid. The polypeptide can be, for example, a NOVX amino acid
sequence or a variant of a NOVX amino acid sequence, wherein any amino acid specified in
the chosen sequence is changed to a different amino acid, provided that no more than 15% of
the amino acid residues in the sequence are so changed. The invention also includes
fragments of any of NOVX polypeptides. In another aspect, the invention also includes an
isolated nucleic acid that encodes a NOVX polypeptide, or a fragment, homolog, analog or
derivative thereof.

Also included in the invention is a NOVX polypeptide that is a naturally occurring
variant of a NOVX sequence. In one embodiment, the variant includes an amino acid
sequence that is the translation of a nucleic acid sequence differing by a single nucleotide
from a NOVX nucleic acid sequence. In another embodiment, the NOVX polypeptide 1s a
variant polypeptide described therein, wherein any amino acid specified in the chosen
sequence is changed to provide a conservative substitution.

In another aspect, invention provides a method for determining the presence or
amount of the NOVX polypeptide in a sample by providing a sample; introducing the sample
to an antibody that binds immunospecifically to the polypeptide; and determining the
presence or amount of antibody bound to the NOVX polypeptide, thereby determining the
presence or amount of the NOVX polypeptide in the sample.

In yet another aspect, the invention includes a method for determining the presence of
or predisposition to a disease associated with altered levels of a NOVX polypeptide in a
mammalian subject by measuring the level of expression of the polypeptide in a sample from
the first mammalian subject; and comparing the amount of the polypeptide in the sample of
the first step to the amount of the polypeptide present in a control sample from a second
mammalian subject known not to have, or not to be predisposed to, the disease. An alteration
in the expression level of the polypeptide in the first subject as compared to the control
sample indicates the presence of or predisposition to the disease.

In another aspect, the invention includes pharmaceutical compositions that include
therapeutically- or prophylactically-effective amounts of a therapeutic and a
pharmaceutically-acceptable carrier. The therapeutic can be, e.g., a NOVX nucleic acid, a

NOVX polypeptide, or an antibody specific for a NOVX polypeptide. In a further aspect, the
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invention includes, in one or more containers, a therapeutically- or prophylactically-effective
amount of this pharmaceutical composition.

In still another aspect, the invention provides the use of a therapeutic in the
manufacture of a medicament for treating a syndrome associated with a human disease that 1s
associated with a NOVX polypeptide.

In a further aspect, the invention provides a method for modulating the activity of a
NOVX polypeptide by contacting a cell sample expressing the NOVX polypeptide with
antibody that binds the NOVX polypeptide in an amount sufficient to modulate the activity of
the polypeptide.

The invention also includes an isolated nucleic acid that encodes a NOVX
polypeptide, or a fragment, homolog, analog or derivative thereof. In a preferred
embodiment, the nucleic acid molecule comprises the nucleotide sequence of a naturally
occurring allelic nucleic acid variant. In another embodiment, the nucleic acid encodes a
variant polypeptide, wherein the variant polypeptide has the polypeptide sequence of a
naturally occurring polypeptide variant. In another embodiment, the nucleic acid molecule
differs by a single nucleotide from a NOVX nucleic acid sequence. In one embodiment, the
NOVX nucleic acid molecule hybridizes under stringent conditions to the nucleotide
sequence selected from the group consisting of SEQ ID NO: 2n-1, wherein n is an integer
between 1 and 46, or a complement of the nucleotide sequence. In one embodiment, the
invention provides a nucleic acid molecule wherein the nucleic acid includes the nucleotide
sequence of a naturally occurring allelic nucleic acid vanant.

Also included in the invention is a vector containing one or more of the nucleic acids
described herein, and a cell containing the vectors or nucleic acids described herein.

The invention is also directed to host cells transformed with a vector comprising any of the
nucleic acid molecules described above.

In yet another aspect, the invention provides for a method for determining the
presence or amount of a nucleic acid molecule in a sample by contacting a sample with a
probe that binds a NOVX nucleic acid and determining the amount of the probe that 1s bound
to the NOVX nucleic acid. For example the NOVX nucleic may be a marker for cell or
tissue type such as a cell or tissue type that 1s cancerous.

In yet a further aspect, the invention provides a method for determimng the presence
of or predisposition to a disease associated with altered levels of a nucleic acid molecule in a

first mammalian subject, wherein an alteration in the level of the nucleic acid in the first
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subject as compared to the control sample indicates the presence of or predisposition to the
disease.

The invention further provides an antibody that binds immunospecifically to a NOVX
polypeptide. The NOVX antibody may be monoclonal, humanized, or a fully human
antibody. Preferably, the antibody has a dissociation constant for the binding of the NOVX
polypeptide to the antibody less than 1 x 10” M. More preferably, the NOVX antibody
neutralizes the activity of the NOVX polypeptide.

In a further aspect, the invention provides for the use of a therapeutic in the
manufacture of a medicament for treating a syndrome associated with a human disease,
associated with a NOVX polypeptide. Preferably the therapeutic is a NOVX antibody.

In yet a further aspect, the invention provides a method of treating or preventing a
NOVX-associated disorder, a method of treating a pathological state in a mammal, and a
method of treating or preventing a pathology associated with a polypeptide by administering
a NOVX antibody to a subject in an amount sufficient to treat or prevent the disorder.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other reterences
mentioned herein are incorporated by reference in their entirety. In the case of conflict, the
present specification, including definitions, will control. In addition, the materials, methods,
and examples are illustrative only and are not intended to be limiting.

Other features and advantages of the invention will be apparent from the following

detailed description and claims.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides novel nucleotides and polypeptides encoded thereby.
Included in the invention are the novel nucleic acid sequences, their encoded polypeptides,
antibodies, and other related compunds. The sequences are collectively referred to herein as
"NOVX nucleic acids" or "NOVX polynucleotides” and the corresponding encoded
polypeptides are referred to as "NOVX polypeptides" or "NOVX proteins." Unless indicated
otherwise, "NOVX" is meant to refer to any of the novel sequences disclosed herein. Table 1

provides a summary of the NOVX nucleic acids and their encoded polypeptides.
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TABLE 1. NOVX Polynucleotide and Polypeptide Sequences and Corresponding

SEQ ID Numbers
| | SEQ ID
NOVX : . NO SEQ ID NO
Assignment { Internal Identification (nucleic | (polypeptide) Homology
acid -
l la CG56258-01 = Sodium/Calcium Exchanger
1b _ CG56258-02 3 Sodlum/Calcmm /Calcium Exchanger
L____ Ilc [ 248057963 Sodium/Calcium Exchanger
2a CG59843-01 7 8 FibropellinIIl. |
_L CG59845-01 9 10 N Butyrophilin
CG59871-01 11 12 CVB3 Binding Protem L
l CG59883-01 14 CVB3 Binding Pro_te_m ]
6a CG59901-01 15 16 Scavenger receptor
7a CG88748-01 17 18 Cyclic Nucleotide-gated Channel
I - - ) _I N Protein
8a CG90021-01 19 20 Testicular Metalloprotease
o 1 ____(Disintegrin)
Oa CG90709-01 21 22 Ion Transport Protein
ob CG90709-02 23 24 Ion Transport Protein
9¢ CGY0709-03 25 26 Ion Transport Protein _
9d CG90709-04 27 28 lon Transport Protein |
10a CG90739-01 29 Neuronal Thread Protein |
10b 172390256 31 32 Neuronal Thread Protein |
10c | 172390440 33 34 Neuronal Thread Protein
10d 172390569 35 36 Neuronal Thread Protein
10e 172390587 37 | 38 Neuronal Thread Protein
10f [ 172390603 39 | 40 Neuronal Thread Protein |
10g 172390624 41 42 ~Neuronal Thread Protem
~10h 172390644 | 43 44 " Neuronal Thread Protein _—]
11a CG91667-01 | 45 | 46 Delta-like Homology (dlk1)
l 11tb | CG91667-02 47 48 ~ Delta-like Homology (dlk1)
12a | CG92293-01 __I 49 ‘ 50 Polyproteln (ovochymase)
12b CG92293-02 51 | 52 ~Polyprotein (ovochymase)
13a ' CG92384-01 33 54 Long type PB-Cadherin
14a CG92455-01 55 56 IGFBP
15a | CG92531-01 57 58 Leucine Rich )
16a CG92715-01 59 60 KIAA0918 r
16b CG92715-02 61 62 ~ Leucine Rich Repeat |
17a CG92813-01 63 64 Cadherin Related Tumor
| Suppressor Precursor
I CG92844-01 65 66 Thyroid Hormone Induced Protein
B Precursor
174308357 67 68 Thyroid Hormone Induced Protein
B Precursor
19a CG93088-01 69 . ~Monocarboxylate Transporter
~ 20a CG93335-01 71 72 Putative Type Il Membrane
21a CG93345-01 73 GPCR
22a CG93400-01 75 76 GPCR
23a CG93410-01 78 Glutamate Receptor 5 Precursor
23b 188822752 80 Glutamate Receptor 5 Precursor
24a ~ CG93722-01 82 ] Hepsin |
25a CG93858-01 83 84 —l_ Fibullin ]
25b CG93858-02 85 86 - ~__Fibullin
25¢ CG56914-03 87 88 Fibullin
26a CG93871-01 89 90 Fibullin
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| 272 | CG93884-01 [ 91 | 92 |  Monocyte Inhibitory Receptor |

Table 1 indicates the homology of NOVX polypeptides to known protein families.
Thus, the nucleic acids and polypeptides, antibodies and related compounds according to the
invention corresponding to a NOVX as identified in column 1 of Table 1 will be useful in
therapeutic and diagnostic applications implicated in, for example, pathologies and disorders

associated with the known protein families identified in column 5 of Table 1.

NOVX nucleic acids and their encoded polypeptides are useful in a vanety of
applications and contexts. The various NOVX nucleic acids and polypeptides according to
the invention are useful as novel members of the protein families according to the presence of
domains and sequence relatedness to previously described proteins. Additionally, NOVX
nucleic acids and polypeptides can also be used to identify proteins that are members of the

family to which the NOVX polypeptides belong.

Consistent with other known members of the family of proteins, identified in column
5 of Table 1, the NOVX polypeptides of the present invention show homology to, and
contain domains that are characteristic of, other members of such protein families. Details of

the sequence relatedness and domain analysis for each NOVX are presented in Example A.

The NOVX nucleic acids and polypeptides can also be used to screen for molecules,
which inhibit or enhance NOVX activity or function. Specifically, the nucleic acids and
polypeptides according to the invention may be used as targets for the identification of small
molecules that modulate or inhibit diseases associated with the protein families listed in

Table 1.

The NOVX nucleic acids and polypeptides are also useful for detecting specitic cell
types. Details of the expression analysis for each NOVX are presented in Example B.
Accordingly, the NOVX nucleic acids, polypeptides, antibodies and related compounds
according to the invention will have diagnostic and therapeutic applications 1n the detection
of a variety of diseases with differential expression in normal vs. diseased tissues, e.g.
detection of a variety of cancers.

Additional utilities for NOVX nucleic acids and polypeptides according to the

invention are disclosed herein.
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NOVX clones

NOVX nucleic acids and their encoded polypeptides are useful in a variety of
applications and contexts. The various NOVX nucleic acids and polypeptides according to
the invention are useful as novel members of the protein families according to the presence of
domains and sequence relatedness to previously described proteins. Additionally, NOVX
nucleic acids and polypeptides can also be used to identify proteins that are members of the
family to which the NOVX polypeptides belong.

The NOVX genes and their corresponding encoded proteins are useful for preventing,
treating or ameliorating medical conditions, e.g., by protein or gene therapy. Pafhological
conditions can be diagnosed by determining the amount of the new protein in a sample or by
determining the presence of mutations in the new genes. Specific uses are described for each
of the NOVX genes, based on the tissues in which they are most highly expressed. Uses
include developing products for the diagnosis or treatment of a variety of diseases and
disorders.

The NOVX nucleic acids and proteins of the invention are useful 1n potential
diagnostic and therapeutic applications and as research tools. These include serving as a
specific or selective nucleic acid or protein diagnostic and/or prognostic marker, wherein the
presence or amount of the nucleic acid or the protein are to be assessed, as well as potential
therapeutic applications such as the following: (i) a protein therapeutic, (i1) a small molecule
drug target, (iii) an antibody target (therapeutic, diagnostic, drug targeting/cytotoxic
antibody), (iv) a nucleic acid useful in gene therapy (gene delivery/gene ablation), and (v) a
composition promoting tissue regeneration in vitro and in vivo (vi) a biological defense
weapon.

In one specific embodiment, the invention includes an isolated polypeptide
comprising an amino acid sequence selected from the group consisting of: (a) a mature form
of the amino acid sequence selected from the group consisting of SEQ ID NO: 2n, wherein n
is an integer between 1 and 46; (b) a variant of a mature form of the amino acid sequence
selected from the group consisting of SEQ ID NO: 2n, wherein n is an integer between 1 and
46, wherein any amino acid in the mature form is changed to a different amino acid, provided
that no more than 15% of the amino acid residues in the sequence of the mature form are so
changed; (c) an amino acid sequence selected from the group consisting of SEQ 1D NO: 2n,
wherein n is an integer between 1 and 46; (d) a vaniant of the amino acid sequence selected

from the group consisting of SEQ ID NO:2n, wherein n is an integer between 1 and 46

8



10

15

20

25

30

CA 02442739 2003-09-30

WO 02/0816235 PCT/US02/10366

wherein any amino acid specified in the chosen sequence is changed to a different amino
acid, provided that no more than 15% of the amino acid residues 1n the sequence are so
changed; and (e) a fragment of any of (a) through (d).

In another specific embodiment, the invention includes an 1solated nucleic acid
molecule comprising a nucleic acid sequence encoding a polypeptide comprising an amino
acid sequence selected from the group consisting of: (a) a mature form of the amino acid
sequence given SEQ ID NO: 2n, wherein n is an integer between 1 and 46; (b) a varnant of a
mature form of the amino acid sequence selected from the group consisting of SEQ ID NO:
2n, wherein n is an integer between 1 and 46 wherein any amino acid in the mature form of
the chosen sequence is changed to a different amino acid, provided that no more than 15% of
the amino acid residues in the sequence of the mature form are so changed; (c) the amino acid
sequence selected from the group consisting of SEQ ID NO: 2n, wherein n 1s an integer
between 1 and 46; (d) a variant of the amino acid sequence selected from the group consisting
of SEQ ID NO: 2n, wherein n is an integer between 1 and 46, in which any amino acid
specified in the chosen sequence is changed to a different amino acid, provided that no more
than 15% of the amino acid residues in the sequence are so changed; (e) a nucleic acid
fragment encoding at least a portion of a polypeptide comprising the amino acid sequence
selected from the group consisting of SEQ ID NO: 2n, wherein n is an integer between 1 and
46 or any variant of said polypeptide wherein any amino acid of the chosen sequence 1s
changed to a different amino acid, provided that no more than 10% of the amino acid residues
in the sequence are so changed; and (f) the complement of any of said nucleic acid molecules.

In yet another specific embodiment, the invention includes an 1solated nucleic acid
molecule, wherein said nucleic acid molecule comprises a nucleotide sequence selected from
the group consisting of: (a) the nucleotide sequence selected from the group consisting of
SEQ ID NO: 2n-1, wherein n is an integer between 1 and 46; (b) a nucleotide sequence
wherein one or more nucleotides in the nucleotide sequence selected from the group
consisting of SEQ ID NO: 2n-1, wherein n is an integer between 1 and 46 i1s changed from
that selected from the group consisting of the chosen sequence to a different nucleotide
provided that no more than 15% of the nucleotides are so changed; (c) a nucleic acid
fragment of the sequence selected from the group consisting of SEQ ID NO: 2n-1, wherein n
is an integer between 1 and 46; and (d) a nucleic acid fragment wherein one or more
nucleotides in the nucleotide sequence selected from the group consisting of SEQ ID NO:

2n-1, wherein n is an integer between 1 and 101 is changed from that selected from the
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group consisting of the chosen sequence to a different nucleotide provided that no more than

15% of the nucleotides are so changed.

NOVX Nucleic Acids and Polypeptides

One aspect of the invention pertains to isolated nucleic acid molecules that encode
NOVX polypeptides or biologically active portions thereof. Also included in the invention
are nucleic acid fragments sufficient for use as hybridization probes to identify NOVX-
encoding nucleic acids (e.g., NOVX mRNA's) and fragments for use as PCR primers for the
amplification and/or mutation of NOVX nucleic acid molecules. As used herein, the term
“nucleic acid molecule” is intended to include DNA molecules (e.g., cDNA or genomic
DNA), RNA molecules (e.g., mRNA), analogs of the DNA or RNA generated using
nucleotide analogs, and derivatives, fragments and homologs thereof. The nucleic acid
molecule may be single-stranded or double-stranded, but preferably is comprised double-
stranded DNA.

A NOVX nucleic acid can encode a mature NOVX polypeptide. As used herein, a
“mature” form of a polypeptide or protein disclosed in the present invention is the product of
a naturally occurring polypeptide or precursor form or proprotein. The naturally occurring
polypeptide, precursor or proprotein includes, by way of nonlimiting example, the full-length
gene product encoded by the corresponding gene. Alternatively, it may be defined as the
polypeptide, precursor or proprotein encoded by an ORF described herein. The product
“mature” form arises, again by way of nonlimiting example, as a result of one or more
naturally occurring processing steps as they may take place within the cell, or host cell, in
which the gene product arises. Examples of such processing steps leading to a “mature” form
of a polypeptide or protein include the cleavage of the N-terminal methionine residue
encoded by the initiation codon of an ORF, or the proteolytic cleavage of a signal peptide or
leader sequence. Thus a mature form arising from a precursor polypeptide or protein that has
residues 1 to N, where residue 1 is the N-terminal methionine, would have residues 2 through
N remaining after removal of the N-terminal methionine. Alternatively, a mature form
arising from a precursor polypeptide or protein having residues 1 to N, in which an N-
terminal signal sequence from residue 1 to residue M is cleaved, would have the residues
from residue M+1 to residue N remaining. Further as used herein, a “mature” form of a
polypeptide or protein may arise from a step of post-translational modification other than a
proteolytic cleavage event. Such additional processes include, by way of non-limiting

example, glycosylation, myristylation or phosphorylation. In general, a mature polypeptide
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or protein may result from the operation of only one of these processes, or a combination of
any of them.

The term “probes”, as utilized herein, refers to nucleic acid sequences of variable
length, preferably between at least about 10 nucleotides (nt), 100 nt, or as many as
approximately, e.g., 6,000 nt, depending upon the specific use. Probes are used in the
detection of identical, similar, or complementary nucleic acid sequences. Longer length
probes are generally obtained from a natural or recombinant source, are highly specific, and
much slower to hybridize than shorter-length’ oligomer probes. Probes may be single- or
double-stranded and designed to have specificity in PCR, membrane-based hybridization
technologies, or ELISA-like technologies.

The term "isolated” nucleic acid molecule, as utilized herein, is one, which 1s
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 sequences which naturally flank
the nucleic acid (i.e., sequences located at the 5'- and 3'-termini 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 NOVX nucleic acid molecules 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 flank
the nucleic acid molecule in genomic DNA of the cell/tissue from which the nucleic acid 1s
derived (e.g., brain, heart, liver, spleen, efc.). 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 of chemical precursors or other
chemicals when chemically synthesized.

A nucleic acid molecule of the invention, e.g., a nucleic acid molecule having the
nucleotide sequence of SEQ ID NO:2x-1, wherein 7 is an integer between 1-46, or a
complement of this aforementioned nucleotide sequence, can be isolated using standard
molecular biology techniques and the sequence information provided herein. Using all or a
portion of the nucleic acid sequence of SEQ ID NO:2n-1, wherein 7 1s an integer between 1-
46, as a hybridization probe, NOVX molecules can be isolated using standard hybridization
and cloning techniques (e.g., as described in Sambrook, et al., (eds.), MOLECULAR CLONING:
A LABORATORY MANUAL 2™ Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, 1989; and Ausubel, et al., (eds.), CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John
Wiley & Sons, New York, NY, 1993.)

A nucleic acid of the invention can be amplified using cDNA, mRNA or alternatively,

genomic DNA, as a template and appropriate oligonucleotide primers according to standard
11
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PCR amplification techniques. The nucleic acid so amplified can be cloned into an
appropriate vector and characterized by DNA sequence analysis. Furthermore,
oligonucleotides corresponding to NOVX nucleotide sequences can be prepared by standard
synthetic techniques, e.g., using an automated DNA synthesizer.

As used herein, the term “oligonucleotide” refers to a series of linked nucleotide
residues, which oligonucleotide has a sufficient number of nucleotide bases to be used in a
PCR reaction. A short oligonucleotide sequence may be based on, or designed from, a
genomic or cDNA sequence and is used to amplify, confirm, or reveal the presence of an
identical, similar or complementary DNA or RNA in a particular cell or tissue.
Oligonucleotides comprise portions of a nucleic acid sequence having about 10 nt, 50 nt, or
100 nt in length, preferably about 15 nt to 30 nt in length. In one embodiment of the
invention, an oligonucleotide comprising a nucleic acid molecule less than 100 nt in length
would further comprise at least 6 contiguous nucleotides of SEQ ID NO:2n-1, wherein n 1s an
integer between 1-46, or a complement thereof. Oligonucleotides may be chemically
synthesized and may also be used as probes.

In another embodiment, an isolated nucleic acid molecule of the invention comprises
a nucleic acid molecule that is a complement of the nucleotide sequence SEQ ID NO:2n-1,
wherein # is an integer between 1-46, or a portion of this nucleotide sequence (e.g., a
fragment that can be used as a probe or primer or a fragment encoding a biologically-active
portion of a NOVX polypeptide). A nucleic acid molecule that 1s complementary to the
nucleotide sequence of SEQ ID NO:2xn-1, wherein 7 is an integer between 1-46, 1s one that 1S
sufficiently complementary to the nucleotide sequence of SEQ ID NO:2#-1, wherein n 1s an
integer between 1-46, that it can hydrogen bond with little or no mismatches to the nucleotide
sequence of SEQ ID NO:2n-1, wherein n is an integer between 1-46, thereby forming a stable
duplex.

As used herein, the term “complementary” refers to Watson-Crick or Hoogsteen base
pairing between nucleotides units of a nucleic acid molecule, and the term “binding”™ means
the physical or chemical interaction between two polypeptides or compounds or associated
polypeptides or compounds or combinations thereof. Binding includes 10nic, hon-10nic, van
der Waals, hydrophobic interactions, and the like. A physical interaction can be either direct
or indirect. Indirect interactions may be through or due to the effects of another polypeptide
or compound. Direct binding refers to interactions that do not take place through, or due to,
the effect of another polypeptide or compound, but instead are without other substantial

chemical intermediates.
12
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Fragments provided herein are defined as sequences of at least 6 (contiguous) nucleic
acids or at least 4 (contiguous) amino acids, a length sufficient to allow for specific
hybridization in the case of nucleic acids or for specific recognition of an epitope in the case
of amino acids, respectively, and are at most some portion less than a full length sequence.
Fragments may be derived from any contiguous portion of a nucleic acid or amino acid
sequence of choice. Derivatives are nucleic acid sequences or amino acid sequences formed
from the native compounds either directly or by modification or partial substitution. Analogs
are nucleic acid sequences or amino acid sequences that have a structure similar to, but not
identical to, the native compound but differs from it in respect to certain components or side
chains. Analogs may be synthetic or from a different evolutionary origin and may have a
similar or opposite metabolic activity compared to wild type. Homologs are nucleic acid
sequences or amino acid sequences of a particular gene that are derived from different
species.

A full-length NOVX clone is identified as containing an ATG translation start codon
and an in-frame stop codon. Any disclosed NOVX nucleotide sequence lacking an ATG
start codon therefore encodes a truncated C-terminal fragment of the respective NOV X
polypeptide, and requires that the corresponding full-length cDNA extend in the 5° direction
of the disclosed sequence. Any disclosed NOVX nucleotide sequence lacking an in-frame
stop codon similarly encodes a truncated N-terminal fragment of the respective NOVX
polypeptide, and requires that the corresponding full-length cDNA extend in the 3” direction
of the disclosed sequence.

Derivatives and analogs may be full length or other than full length, if the denivative
or analog contains a modified nucleic acid or amino acid, as described below. Derivatives or
analogs of the nucleic acids or proteins of the invention include, but are not limited to,
molecules comprising regions that are substantially homologous to the nucleic acids or
proteins of the invention, in various embodiments, by at least about 70%, 80%, or 95%
identity (with a preferred identity of 80-95%) over a nucleic acid or amino acid sequence of
identical size or when compared to an aligned sequence in which the alignment 1s done by a
computer homology program known in the art, or whose encoding nucleic acid is capable of
hybridizing to the complement of a sequence encoding the aforementioned proteins under
stringent, moderately stringent, or low stringent conditions. See e.g. Ausubel, et al.,
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, New York, NY, 1993,

and below.

13



10

15

20

23

30

CA 02442739 2003-09-30

WO 02/0816235 PCT/US02/10366

A “homologous nucleic acid sequence” or “homologous amino acid sequence,” or
variations thereof, refer to sequences characterized by a homology at the nucleotide level or
amino acid level as discussed above. Homologous nucleotide sequences encode those
sequences coding for isoforms of NOVX polypeptides. Isoforms can be expressed 1n
different tissues of the same organism as a result of, for example, alternative splicing of
RNA. Alternatively, 1soforms can be encoded by different genes. In the invention,
homologous nucleotide sequences include nucleotide sequences encoding for a NOVX
polypeptide of species other than humans, including, but not limited to: vertebrates, and thus
can include, e.g., frog, mouse, rat, rabbit, dog, cat cow, horse, and other organisms.
Homologous nucleotide sequences also include, but are not limited to, naturally occurring
allelic variations and mutations of the nucleotide sequences set forth herein. A homologous
nucleotide sequence does not, however, include the exact nucleotide sequence encoding
human NOVX protein. Homologous nucleic acid sequences include those nucleic acid
sequences that encode conservative amino acid substitutions (see below) in SEQ ID NO:2n-1,
wherein » is an integer between 1-46, as well as a polypeptide possessing NOVX biological
activity. Various biological activities of the NOVX proteins are described below.

A NOVX polypeptide is encoded by the open reading frame (“ORF”) of a NOVX
nucleic acid. An ORF corresponds to a nucleotide sequence that could potentially be
translated into a polypeptide. A stretch of nucleic acids comprising an ORF i1s uninterrupted
by a stop codon. An ORF that represents the coding sequence for a full protein begins with
an ATG "start" codon and terminates with one of the three "stop" codons, namely, TAA,
TAG, or TGA. For the purposes of this invention, an ORF may be any part of a coding
sequence, with or without a start codon, a stop codon, or both. For an ORF to be considered
as a good candidate for coding for a bona fide cellular protein, a minimum size requirement 1S
often set, e.g., a stretch of DNA that would encode a protein of 50 amino acids or more.

The nucleotide sequences determined from the cloning of the human NOVX genes
allows for the generation of probes and primers designed for use in 1dentifying and/or cloning
NOVX homologues in other cell types, e.g. from other tissues, as well as NOVX homologues
from other vertebrates. The probe/primer typically comprises substantially purified
oligonucleotide. The oligonucleotide typically comprises a region of nucleotide sequence
that hybridizes under stringent conditions to at least about 12, 25, 50, 100, 150, 200, 250,
300, 350 or 400 consecutive sense strand nucleotide sequence of SEQ ID NO:2r-1, wherein n

is an integer between 1-46; or an anti-sense strand nucleotide sequence of SEQ ID NO:2xn-1,
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wherein 7 is an integer between 1-46; or of a naturally occurring mutant of SEQ ID NO:2x-1,
wherein » is an integer between 1-46.

Probes based on the human NOVX nucleotide sequences can be used to detect
transcripts or genomic sequences encoding the same or homologous proteins. In various
embodiments, the probe further comprises a label group attached thereto, e.g. the label group
can be a radioisotope, a fluorescent 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 tissues which mis-
express a NOVX protein, such as by measuring a level of a NOVX-encoding nucleic acid in a
sample of cells from a subject e.g., detecting NOVX mRNA levels or determining whether a
genomic NOVX gene has been mutated or deleted.

“A polypeptide having a biologically-active portion of a NOVX polypeptide” refers to
polypeptides exhibiting activity similar, but not necessarily identical to, an activity of a
polypeptide of the invention, including mature forms, as measured in a particular biological
assay, with or without dose dependency. A nucleic acid fragment encoding a "biologically-
active portion of NOVX" can be prepared by isolating a portion of SEQ ID NO:2n-1, wherein
n is an integer between 1-46, that encodes a polypeptide having a NOVX biological activity
(the biological activities of the NOVX proteins are described below), expressing the encoded
portion of NOVX protein (e.g., by recombinant expression in vitro) and assessing the activity

of the encoded portion of NOVX.

NOVX Nucleic Acid and Polypeptide Variants

The invention further encompasses nucleic acid molecules that differ from the
nucleotide sequences of SEQ ID NO:2n-1, wherein # is an integer between 1-46, due to
degeneracy of the genetic code and thus encode the same NOVX proteins as that encoded by
the nucleotide sequences of SEQ ID NO:2xn-1, wherein # is an integer between 1-46. In
another embodiment, an isolated nucleic acid molecule of the invention has a nucleotide
sequence encoding a protein having an amino acid sequence of SEQ ID NO:2n, wherein n is
an integer between 1-46.

In addition to the human NOVX nucleotide sequences of SEQ ID NO:2x-1, wherein n
is an integer between 1-46, it will be appreciated by those skilled 1n the art that DNA
sequence polymorphisms that lead to changes in the amino acid sequences of the NOVX
polypeptides may exist within a population (e.g., the human population). Such genetic
polymorphism in the NOVX genes may exist among individuals within a population due to

natural allelic variation. As used herein, the terms "gene" and "recombinant gene" refer to
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nucleic acid molecules comprising an open reading frame (ORF) encoding a NOVX protein,
preferably a vertebrate NOVX protein. Such natural allelic variations can typically result in
1-5% variance in the nucleotide sequence of the NOVX genes. Any and all such nucleotide
variations and resulting amino acid polymorphisms in the NOVX polypeptides, which are the
result of natural allelic variation and that do not alter the functional activity of the NOVX
polypeptides, are intended to be within the scope of the invention.

Moreover, nucleic acid molecules encoding NOVX proteins from other species, and
thus that have a nucleotide sequence that differs from any one of the human SEQ ID NO:2n-
1, wherein » is an integer between 1-46, are intended to be within the scope of the invention.
Nucleic acid molecules corresponding to natural allelic variants and homologues of the
NOVX cDNAs s of the invention can be isolated based on their homology to the human
NOVX nucleic acids disclosed herein using the human cDNAs, or a portion thereof, as a
hybridization probe according to standard hybridization techniques under stringent
hybridization conditions.

Accordingly, in another embodiment, an 1solated nucleic acid molecule of the
invention 1s at least 6 nucleotides in length and hybridizes under stringent conditions to the
nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO:2n-1, wherein 7 1s
an integer between 1-46. In another embodiment, the nucleic acid 1s at least 10, 25, 50, 100,
250, 500, 750, 1000, 1500, or 2000 or more nucleotides 1n length. In yet another
embodiment, an isolated nucleic acid molecule of the invention hybridizes to the coding
region. As used herein, the term "hybridizes under stringent conditions” 1s intended to
describe conditions for hybridization and washing under which nucleotide sequences at least
60% homologous to each other typically remain hybridized to each other.

Homologs (i.e., nucleic acids encoding NOVX proteins derived from species other
than human) or other related sequences (e.g., paralogs) can be obtained by low, moderate or
high stringency hybridization with all or a portion of the particular human sequence as a
probe using methods well known in the art for nucleic acid hybridization and cloning.

As used herein, the phrase “stringent hybridization conditions” refers to conditions
under which a probe, primer or oligonucleotide will hybridize to its target sequence, but to no
other sequences. Stringent conditions are sequence-dependent and will be different in
different circumstances. Longer sequences hybridize specifically at higher temperatures than
shorter sequences. Generally, stringent conditions are selected to be about 5 °C lower than the
thermal melting point (Tm) for the specific sequence at a defined 10nic strength and pH. The

Tm is the temperature (under defined 1onic strength, pH and nucleic acid concentration) at
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which 50% of the probes complementary to the target sequence hybridize to the target
sequence at equilibrium. Since the target sequences are generally present at excess, at Tm,
50% of the probes are occupied at equilibrium. Typically, stringent conditions will be those
in which the salt concentration is less than about 1.0 M sodium ion, typically about 0.01 to
1.0 M sodium ion (or other salts) at pH 7.0 to 8.3 and the temperature is at least about 30 °C
for short probes, primers or oligonucleotides (e.g., 10 nt to 50 nt) and at least about 60 °C for
longer probes, primers and oligonucleotides. Stringent conditions may also be achieved with
the addition of destabilizing agents, such as formamide.

Stringent conditions are known to those skilled in the art and can be found 1n Ausubel,
et al., (eds.), CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, N.Y.
(1989), 6.3.1-6.3.6. Preferably, the conditions are such that sequences at least about 65%,
70%, 75%, 85%, 90%, 95%, 98%, or 99% homologous to each other typically remain
hybridized to each other. A non-limiting example of stringent hybridization conditions are
hybridization in a high salt buffer comprising 6X SSC, 50 mM Tns-HCI (pH 7.5), 1 mM
EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 mg/ml denatured salmon sperm
DNA at 65 °C, followed by one or more washes in 0.2X SSC, 0.01% BSA at 50 °C. An
isolated nucleic acid molecule of the invention that hybridizes under stringent conditions to
any one of the sequences of SEQ ID NO:2n-1, wherein » is an integer between 1-46,
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 a
nucleotide sequence that occurs in nature (e.g., encodes a natural protein).

In a second embodiment, a nucleic acid sequence that is hybridizable to the nucleic
acid molecule comprising the nucleotide sequence of SEQ ID NO:2xn-1, wherein 7 1s an
integer between 1-46, or fragments, analogs or derivatives thereof, under conditions of
moderate stringency is provided. A non-limiting example of moderate stringency
hybridization conditions are hybridization in 6X SSC, 5X Reinhardt’s solution, 0.5% SDS
and 100 mg/ml denatured salmon sperm DNA at 55 °C, followed by one or more washes in
1X SSC, 0.1% SDS at 37 °C. Other conditions of moderate stringency that may be used are
well-known within the art. See, e.g., Ausubel, et al. (eds.), 1993, CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY, John Wiley & Sons, NY, and Krieger, 1990; GENE TRANSFER AND
EXPRESSION, A LABORATORY MANUAL, Stockton Press, NY.

In a third embodiment, a nucleic acid that is hybridizable to the nucleic acid molecule
comprising the nucleotide sequences of SEQ ID NO:2n-1, wherein n 1s an integer between 1-

46, or fragments, analogs or derivatives thereof, under conditions of low stringency, 1s
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provided. A non-limiting example of low stringency hybridization conditions are
hybridization in 35% formamide, 5X SSC, 50 mM Tnis-HCI (pH 7.5), 5 mM EDTA, 0.02%
PVP, 0.02% Ficoll, 0.2% BSA, 100 mg/ml denatured salmon sperm DNA, 10% (wt/volt)
dextran sulfate at 40 °C, followed by one or more washes in 2X SSC, 25 mM Tris-HCI (pH
7.4), 5 mM EDTA, and 0.1% SDS at 50 °C. Other conditions of low stringency that may be
used are well known in the art (e.g., as employed for cross-species hybndizations). See, e.g.,
Ausubel, et al. (eds.), 1993, CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley &
Sons, NY, and Kriegler, 1990, GENE TRANSFER AND EXPRESSION, A LABORATORY MANUAL,
Stockton Press, NY; Shilo and Weinberg, 1981. Proc Natl Acad Sci USA 18: 6789-6792.

Conservative Mutations

In addition to naturally-occurring allelic variants of NOVX sequences that may exist
in the population, the skilled artisan will further appreciate that changes can be introduced by
mutation into the nucleotide sequences of SEQ ID NO:2x-1, wherein 7 1s an integer between
1-46, thereby leading to changes in the amino acid sequences of the encoded NOVX proteins,
without altering the functional ability of said NOVX proteins. For example, nucleotide
substitutions leading to amino acid substitutions at "non-essential" amino acid residues can be
made in the sequence of SEQ ID NO:2», wherein » is an integer between 1-46. A
"non-essential" amino acid residue is a residue that can be altered from the wild-type
sequences of the NOVX proteins without altering their biological activity, whereas an
"essential" amino acid residue is required for such biological activity. For example, amino
acid residues that are conserved among the NOVX proteins of the invention are particularly
non-amenable to alteration. Amino acids for which conservative substitutions can be made
are well-known within the art.

Another aspect of the invention pertains to nucleic acid molecules encoding NOVX
proteins that contain changes in amino acid residues that are not essential for activity. Such
NOVX proteins differ in amino acid sequence from any one of SEQ ID NO:2n-1, wherein n
is an integer between 1-46, yet retain biological activity. In one embodiment, the 1solated
nucleic acid molecule comprises a nucleotide sequence encoding a protein, wherein the
protein comprises an amino acid sequence at least about 45% homologous to the amino acid
sequences of SEQ ID NO:2n, wherein 7 is an integer between 1-46. Preferably, the protein
encoded by the nucleic acid molecule is at least about 60% homologous to SEQ ID NO:2#r,
wherein 7 is an integer between 1-46; more preferably at least about 70% homologous to

SEQ ID NO:2n, wherein n is an integer between 1-46; still more preferably at least about
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80% homologous to SEQ ID NO:2n, wherein » is an integer between 1-46; even more
preferably at least about 90% homologous to SEQ ID NO:2n, wherein » 1s an integer between
1-46; and most preferably at least about 95% homologous to SEQ ID NO:2#n, wherein n 1s an
integer between 1-46.

An isolated nucleic acid molecule encoding a NOVX protein homologous to the
protein of SEQ ID NO:2n, wherein # is an integer between 1-46, can be created by
introducing one or more nucleotide substitutions, additions or deletions into the nucleotide
sequence of SEQ ID NO:2n-1, wherein # is an integer between 1-46, such that one or more
amino acid substitutions, additions or deletions are introduced into the encoded protein.

Mutations can be introduced into any of SEQ ID NO:2n-1, wherein # is an integer
between 1-46, by standard techniques, such as site-directed mutagenesis and PCR-mediated
mutagenesis. Preferably, conservative amino acid substitutions are made at one or more
predicted, non-essential amino acid residues. A "conservative amino acid substitution” 1s 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 defined within
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, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted non-essential
amino acid residue in the NOVX protein is replaced with another amino acid residue from the
same side chain family. Alternatively, in another embodiment, mutations can be introduced
randomly along all or part of a NOVX coding sequence, such as by saturation mutagenesis,
and the resultant mutants can be screened for NOVX biological activity to identify mutants
that retain activity. Following mutagenesis of any one of SEQ ID NO:2n-1, wherein » is an
integer between 1-46, the encoded protein can be expressed by any recombinant technology
known in the art and the activity of the protein can be determined.

The relatedness of amino acid families may also be determined based on side chain
interactions. Substituted amino acids may be fully conserved “strong” residues or fully
conserved “weak” residues. The “strong” group of conserved amino acid residues may be any
one of the following groups: STA, NEQK, NHQK, NDEQ, QHRK, MILV, MILF, HY,
FYW, wherein the single letter amino acid codes are grouped by those amino acids that may

be substituted for each other. Likewise, the “weak’ group of conserved residues may be any
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one of the following: CSA, ATV, SAG, STNK, STPA, SGND, SNDEQK, NDEQHK,
NEQHRK, HFY, wherein the letters within each group represent the single letter amino acid
code.

In one embodiment, a mutant NOVX protein can be assayed for (i) the ability to form
protein:protein interactions with other NOVX proteins, other cell-surface proteins, or
biologically-active portions thereof, (i) complex formation between a mutant NOVX protein
and a NOVX ligand; or (iii) the ability of a mutant NOVX protein to bind to an intracellular
target protein or biologically-active portion thereof; (e.g. avidin proteins).

In yet another embodiment, a mutant NOVX protein can be assayed for the ability to

regulate a specific biological function (e.g., regulation of insulin release).

Antisense Nucleic Acids

Another aspect of the invention pertains to isolated antisense nucleic acid molecules
that are hybridizable to or complementary to the nucleic acid molecule comprising the
nucleotide sequence of SEQ ID NO:2xn-1, wherein z is an integer between 1-46, or fragments,
analogs or derivatives thereof. An "antisense" nucleic acid comprises a nucleotide sequence
that 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). In specific aspects, antisense nucleic acid molecules are provided that comprise a
sequence complementary to at least about 10, 25, 50, 100, 250 or 500 nucleotides or an entire
NOVX coding strand, or to only a portion thereof. Nucleic acid molecules encoding
fragments, homologs, derivatives and analogs of a NOVX protein of SEQ ID NO:2n, wherein
n is an integer between 1-46, or antisense nucleic acids complementary to a NOVX nucleic
acid sequence of SEQ ID NO:2x-1, wherein n is an integer between 1-46, are additionally
provided.

In one embodiment, an antisense nucleic acid molecule is antisense to a "coding
region" of the coding strand of a nucleotide sequence encoding a NOVX protein. The term
"coding region" refers to the region of the nucleotide sequence comprising codons which are
translated into amino acid residues. In another embodiment, the antisense nucleic acid
molecule is antisense to a "noncoding region" of the coding strand of a nucleotide sequence
encoding the NOVX protein. The term "noncoding region" refers to 5' and 3' sequences
which flank the coding region that are not translated into amino acids (i.e., also referred to as

5' and 3' untranslated regions).
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Given the coding strand sequences encoding the NOVX protein disclosed herein,
antisense nucleic acids of the invention can be designed according to the rules of Watson and
Crick or Hoogsteen base pairing. The antisense nucleic acid molecule can be complementary
to the entire coding region of NOVX mRNA, but more preferably 1s an oligonucleotide that 1s
antisense to only a portion of the coding or noncoding region of NOVX mRNA. For
example, the antisense oligonucleotide can be complementary to the region surrounding the
translation start site of NOVX 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 or 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 modified 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 modified nucleotides that can be used to generate the antisense nucleic
acid include: S-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine,
xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl-
2-thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine,
inosine, N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine,
2-methyladenine, 2-methylguanine, 3-methylcytosine, S-methylcytosine, N6-adenine,
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil,
beta-D-mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil,
2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine,
pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil,
S-methyluracil, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v),
5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) 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).

The antisense nucleic acid molecules of the invention 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 a NOVX protein to thereby inhibit expression of the protein (e.g., by
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inhibiting transcription and/or translation). The hybridization can be by conventional
nucleotide complementarity to form a stable duplex, or, for example, 1n the case of an
antisense nucleic acid molecule that binds to DNA duplexes, through specific interactions in
the major groove of the double helix. An example of a route of administration of antisense
nucleic acid molecules of the invention includes direct injection at a tissue site.
Alternatively, antisense nucleic acid molecules can be modified to target selected cells and
then administered systemically. For example, for systemic administration, antisense
molecules can be modified such that they specifically bind to receptors or antigens expressed
on a selected cell surface (e.g., by linking the antisense nucleic acid molecules to peptides or
antibodies that bind to cell surface receptors or antigens). The antisense nucleic acid
molecules can also be delivered to cells using the vectors described herein. To achieve
sufficient nucleic acid molecules, vector constructs in which the antisense nucleic acid
molecule is placed under the control of a strong pol 1I or pol III promoter are preferred.

In yet another embodiment, the antisense nucleic acid molecule of the invention 1s an
a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific

double-stranded hybrids with complementary RNA in which, contrary to the usual B-untts,
the strands run parallel to each other. See, e.g., Gaultier, ef al., 1987. Nucl. Acids Res. 15:
6625-6641. The antisense nucleic acid molecule can also comprise a
2'-0-methylribonucleotide (See, e.g., Inoue, et al. 1987. Nucl. Acids Res. 15: 6131-6148) or a
chimeric RNA-DNA analogue (See, e.g., Inoue, ef al., 1987. FEBS Lett. 2135: 327-330.

Ribozymes and PNA Moieties

Nucleic acid modifications include, by way of non-limiting example, modified bases,
and nucleic acids whose sugar phosphate backbones are modified or dertvatized. These
modifications are carried out at least in part to enhance the chemical stability of the modified
nucleic acid, such that they may be used, for example, as antisense binding nucleic acids 1n
therapeutic applications in a subject.

In one embodiment, an antisense nucleic acid of the invention 1s a nbozyme.
Ribozymes are catalytic RNA molecules with ribonuclease activity that 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 as described in
Haselhoff and Gerlach 1988. Nature 334: 585-591) can be used to catalytically cleave NOVX
mRNA transcripts to thereby inhibit translation of NOVX mRNA. A rnibozyme having
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specificity for a NOVX-encoding nucleic acid can be designed based upon the nucleotide
sequence of a NOVX cDNA disclosed herein (i.e., any one of SEQ ID NO:2xn-1, wherein 7 1s
an integer between 1-46). For example, a derivative of a Tetrahymena L-19 IVS RNA can be
constructed in which the nucleotide sequence of the active site 1s complementary to the
nucleotide sequence to be cleaved in a NOVX-encoding mRNA. See, e.g., U.S. Patent
4,987,071 to Cech, et al. and U.S. Patent 5,116,742 to Cech, et al. NOVX mRNA can also be
used to select a catalytic RNA having a specific ribonuclease activity from a pool of RNA
molecules. See, e.g., Bartel et al., (1993) Science 261:1411-1418.

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

In various embodiments, the NOVX nucleic acids can be modified at the base moaiety,
sugar moiety or phosphate backbone to improve, e.g., the stability, hybridization, or solubility
of the molecule. For example, the deoxyribose phosphate backbone of the nucleic acids can
be modified to generate peptide nucleic acids. See, e.g., Hyrup, et al., 1996. Bioorg Med
Chem 4: 5-23. As used herein, the terms "peptide nucleic acids" or "PNAs" refer to nucleic
acid mimics (e.g., DNA mimics) in which the deoxyribose phosphate backbone 1s replaced by
a pseudopeptide backbone and only the four natural nucleotide bases are retained. The
neutral backbone of PNAs has been shown to allow for specific hybridization to DNA and
RNA under conditions of low ionic strength. The synthesis of PNA oligomer can be
performed using standard solid phase peptide synthesis protocols as described in Hyrup, et
al., 1996. supra; Perry-O'Keefe, et al., 1996. Proc. Natl. Acad. Sci. USA 93: 14670-14675.

PNAs of NOVX can be used in therapeutic and diagnostic applications. For example,

PNAs can be used as antisense or antigene agents for sequence-specific modulation of gene
expression by, e.g., inducing transcription or translation arrest or inhibiting replication.
PNAs of NOVX can also be used, for example, in the analysis of single base pair mutations
in a gene (e.g., PNA directed PCR clamping; as artificial restriction enzymes when used in
combination with other enzymes, e.g., S; nucleases (See, Hyrup, et al., 1996.supra); or as
probes or primers for DNA sequence and hybridization (See, Hyrup, et al., 1996, supra;
Perry-O'Keefe, et al., 1996. supra).

In another embodiment, PNAs of NOVX can be modified, e.g., to enhance their

stability or cellular uptake, by attaching lipophilic or other helper groups to PNA, by the
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formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of drug
delivery known in the art. For example, PNA-DNA chimeras of NOVX can be generated
that may combine the advantageous properties of PNA and DNA. Such chimeras allow DNA
recognition enzymes (e.g., RNase H and DNA polymerases) to interact with the DNA portion
while the PNA portion would provide high binding affinity and specificity. PNA-DNA
chimeras can be linked using linkers of appropriate lengths selected in terms of base stacking,
number of bonds between the nucleotide bases, and orientation (see, Hyrup, et al., 1996.
supra). The synthesis of PNA-DNA chimeras can be performed as described in Hyrup, ef al,,
1996. supra and Finn, et al., 1996. Nucl Acids Res 24: 3357-3363. For example, a DNA
chain can be synthesized on a solid support using standard phosphoramidite coupling
chemistry, and modified nucleoside analogs, e.g.,
5'-(4-methoxytrityl)amino-5'-deoxy-thymidine phosphoramidite, can be used between the
PNA and the 5' end of DNA. See, e.g., Mag, et al., 1989. Nucl Acid Res 17: 5973-5988.

PNA monomers are then coupled in a stepwise manner to produce a chimeric molecule with a
5' PNA segment and a 3' DNA segment. See, e.g., Finn, et al., 1996. supra. Alternatively,
chimeric molecules can be synthesized with a 5' DNA segment and a 3' PNA segment. See,
e.g., Petersen, et al., 1975. Bioorg. Med. Chem. Lett. 5: 1119-11124.

In other embodiments, the oligonucleotide may include other appended groups such
as peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating transport
across the cell membrane (see, e.g., Letsinger, et al., 1989. Proc. Natl. Acad. Sci. U.S.A. 86:
6553-6556; Lemaitre, ef al., 1987. Proc. Natl. Acad. Sci. 84: 648-652; PCT Publication No.
WO88/09810) or the blood-brain barrier (see, e.g., PCT Publication No. WO 89/10134). In
addition, oligonucleotides can be modified with hybridization triggered cleavage agents (see,
e.g., Krol, et al., 1988. BioTechniques 6:958-976) or intercalating agents (see, e.g., Zon,
1988. Pharm. Res. 5: 539-549). To this end, the oligonucleotide may be conjugated to
another molecule, e.g., a peptide, a hybridization triggered cross-linking agent, a transport

agent, a hybridization-triggered cleavage agent, and the like.

NOVX Polypeptides

A polypeptide according to the invention includes a polypeptide including the amino
acid sequence of NOVX polypeptides whose sequences are provided n any one of SEQ ID
NO:2n, wherein # is an integer between 1-46. The invention also includes a mutant or vanant
protein any of whose residues may be changed from the corresponding residues shown 1n any

one of SEQ ID NO:2n, wherein # is an integer between 1-46, while still encoding a protein
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that maintains its NOVX activities and physiological functions, or a functional fragment
thereof.

In general, a NOVX variant that preserves NOVX-like function includes any variant
in which residues at a particular position in the sequence have been substituted by other
amino acids, and further include the possibility of inserting an additional residue or residues
between two residues of the parent protein as well as the possibility of deleting one or more
residues from the parent sequence. Any amino acid substitution, insertion, or deletion 1s
encompassed by the invention. In favorable circumstances, the substitution is a conservative
substitution as defined above.

One aspect of the invention pertains to isolated NOVX proteins, and biologically-
active portions thereof, or derivatives, fragments, analogs or homologs thereof. Also
provided are polypeptide fragments suitable for use as immunogens to raise anti-NOVX
antibodies. In one embodiment, native NOVX proteins can be isolated from cells or tissue
sources by an appropriate purification scheme using standard protein purification techniques.
In another embodiment, NOVX proteins are produced by recombinant DNA techniques.
Alternative to recombinant expression, a NOVX protein or polypeptide can be synthesized
chemically using standard peptide synthesis techniques.

An "isolated" or "purified" polypeptide or protein or biologically-active portion
thereof is substantially free of cellular material or other contaminating proteins from the cell
or tissue source from which the NOVX protein is derived, or substantially free from chemaical
precursors or other chemicals when chemically synthesized. The language "substantially free
of cellular material" includes preparations of NOVX proteins in which the protein 1s
separated from cellular components of the cells from which it is isolated or recombinantly-
produced. In one embodiment, the language "substantially free of cellular material” includes
preparations of NOVX proteins having less than about 30% (by dry weight) of non-NOV X
proteins (also referred to herein as a "contaminating protein'), more preferably less than
about 20% of non-NOVX proteins, still more preferably less than about 10% of non-NOV X
proteins, and most preferably less than about 5% of non-NOVX proteins. When the NOVX
protein or biologically-active portion thereof is recombinantly-produced, it 1s also preferably
substantially free of culture medium, i.e., culture medium represents less than about 20%,
more preferably less than about 10%, and most preferably less than about 5% of the volume
of the NOVX protein preparation.

The language "substantially free of chemical precursors or other chemicals” includes

preparations of NOVX proteins in which the protein is separated from chemical precursors or
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other chemicals that are involved in the synthesis of the protein. In one embodiment, the
language "substantially free of chemical precursors or other chemicals" includes preparations
of NOVX proteins having less than about 30% (by dry weight) of chemical precursors or
non-NOVX chemicals, more preferably less than about 20% chemical precursors or
non-NOVX chemicals, still more preferably less than about 10% chemical precursors or
non-NOVX chemicals, and most preferably less than about 5% chemical precursors or
non-NOVX chemicals.

Biologically-active portions of NOVX proteins include peptides comprising amino
acid sequences sufficiently homologous to or derived from the amino acid sequences of the
NOVX proteins (e.g., the amino acid sequence of SEQ ID NO:2n, wherein # 1s an mteger
between 1-46) that include fewer amino acids than the full-length NOVX proteins, and
exhibit at least one activity of a NOVX protein. Typically, biologically-active portions
comprise a domain or motif with at least one activity of the NOVX protein. A biologically-
active portion of a NOVX protein can be a polypeptide which is, for example, 10, 25, 50, 100
or more amino acid residues 1n length.

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
functional activities of a native NOVX protein.

In an embodiment, the NOVX protein has an amino acid sequence of SEQ ID NO:2n,
wherein z is an integer between 1-46. In other embodiments, the NOVX protein 1s
substantially homologous to SEQ ID NO:2n, wherein 7 1s an integer between 1-46, and
retains the functional activity of the protein of SEQ ID NO:2n, wherein n 1s an integer
between 1-46, yet differs in amino acid sequence due to natural allelic variation or
mutagenesis, as described in detail, below. Accordingly, in another embodiment, the NOVX
protein is a protein that comprises an amino acid sequence at least about 45% homologous to
the amino acid sequence of SEQ ID NO:2n, wherein 7 is an integer between 1-46, and retains
the functional activity of the NOVX proteins of SEQ ID NO:2n, wherein n 1s an integer
between 1-46.

Determining Homology Between Two or More Sequences

To determine the percent homology of two amino acid sequences or of two nucleic
acids, the sequences are aligned for optimal comparison purposes (e.g., gaps can be
introduced in the sequence of a first amino acid or nucleic acid sequence for optimal

alignment with a second amino or nucleic acid sequence). The amino acid residues or
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nucleotides at corresponding amino acid positions or nucleotide positions are then compared.
When a position in the first sequence is occupied by the same amino acid residue or
nucleotide as the corresponding position in the second sequence, then the molecules are
homologous at that position (i.e., as used herein amino acid or nucleic acid "homology" 1s
equivalent to amino acid or nucleic acid "identity").

The nucleic acid sequence homology may be determined as the degree of 1dentity
between two sequences. The homology may be determined using computer programs known
in the art, such as GAP software provided in the GCG program package. See, Needleman
and Wunsch, 1970. J Mol Biol 48: 443-453. Using GCG GAP software with the following
settings for nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP
extension penalty of 0.3, the coding region of the analogous nucleic acid sequences referred
to above exhibits a degree of identity preferably of at least 70%, 75%, 80%, 85%, 90%, 95%,
98%, or 99%, with the CDS (encoding) part of the DNA sequence of SEQ ID NO:2n-1,
wherein »n 1s an integer between 1-46.

The term “sequence identity” refers to the degree to which two polynucleotide or
polypeptide sequences are identical on a residue-by-residue basis over a particular region of
comparison. The term “percentage of sequence identity” is calculated by comparing two
optimally aligned sequences over that region of comparison, determining the number of
positions at which the identical nucleic acid base (e.g., A, T, C, G, U, or I, in the case of
nucleic acids) occurs in both sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of positions in the region of comparison
(i.e., the window size), and multiplying the result by 100 to yield the percentage of sequence
identity. The term “substantial identity” as used herein denotes a characteristic of a
polynucleotide sequence, wherein the polynucleotide comprises a sequence that has at least
80 percent sequence identity, preferably at least 85 percent identity and often 90 to 95 percent
sequence identity, more usually at least 99 percent sequence identity as compared to a

reference sequence over a comparison region.

Chimeric and Fusion Proteins

The invention also provides NOVX chimeric or fusion proteins. As used herein, a
NOVX "chimeric protein" or "fusion protein" comprises a NOVX polypeptide operatively-
linked to a non-NOVX polypeptide. An "NOVX polypeptide" refers to a polypeptide having
an amino acid sequence corresponding to a NOVX protein of SEQ ID NO:2n, wherein # 1s an

integer between 1-46, whereas a "non-NOVX polypeptide" refers to a polypeptide having an
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amino acid sequence corresponding to a protein that is not substantially homologous to the
NOVX protein, e.g., a protein that is different from the NOVX protein and that is derived
from the same or a different organism. Within a NOVX fusion protein the NOVX
polypeptide can correspond to all or a portion of a NOVX protein. In one embodiment, a
NOVX fusion protein comprises at least one biologically-active portion of a NOVX protein.
In another embodiment, a NOVX fusion protein comprises at least two biologically-active
portions of a NOVX protein. In yet another embodiment, a NOVX fusion protein comprises
at least three biologically-active portions of a NOVX protein. Within the fusion protein, the
term "operatively-linked" is intended to indicate that the NOVX polypeptide and the
non-NOVX polypeptide are fused in-frame with one another. The non-NOVX polypeptide
can be fused to the N-terminus or C-terminus of the NOVX polypeptide.

In one embodiment, the fusion protein is a GST-NOVX fusion protein in which the
NOVX sequences are fused to the C-terminus of the GST (glutathione S-transterase)
sequences. Such fusion proteins can facilitate the purification of recombinant NOVX
polypeptides.

In another embodiment, the fusion protein is a NOVX protein containing a
heterologous signal sequence at its N-terminus. In certain host cells (e.g., mammalian host
cells), expression and/or secretion of NOVX can be increased through use of a heterologous
signal sequence.

In yet another embodiment, the fusion protein is a NOVX-immunoglobulin fusion
protein in which the NOVX sequences are fused to sequences derived from a member of the
immunoglobulin protein family. The NOVX-immunoglobulin fusion proteins of the
invention can be incorporated into pharmaceutical compositions and administered to a subject
to inhibit an interaction between a NOVX ligand and a NOVX protein on the surface of a
cell, to thereby suppress NOVX-mediated signal transduction in vivo. The NOVX-
immunoglobulin fusion proteins can be used to affect the bioavailability of a NOVX cognate
ligand. Inhibition of the NOVX ligand/NOVX interaction may be useful therapeutically for
both the treatment of proliferative and differentiative disorders, as well as modulating (e.g.
promoting or inhibiting) cell survival. Moreover, the NOVX-immunoglobulin fusion
proteins of the invention can be used as immunogens to produce anti-NOVX antibodies in a
subject, to purify NOVX ligands, and in screening assays to identify molecules that inhibit
the interaction of NOVX with a NOVX ligand.

A NOVX chimeric or fusion protein of the invention can be produced by standard

recombinant DNA techniques. For example, DNA fragments coding for the different
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polypeptide sequences are ligated together in-frame in accordance with conventional
techniques, e.g., by employing blunt-ended or stagger-ended termini for ligation, restriction
enzyme digestion to provide for appropriate termini, filling-in of cohesive ends as
appropriate, 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 amplification of gene
fragments can be carried out using anchor primers that give rise to complementary overhangs
between two consecutive gene fragments that can subsequently be annealed and reamplified
to generate a chimeric gene sequence (see, e.g., Ausubel, ef al. (eds.) CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY, John Wiley & Sons, 1992). Moreover, many expression vectors are
commercially available that already encode a fusion moiety (e.g., a GST polypeptide). A
NOVX-encoding nucleic acid can be cloned into such an expression vector such that the

fusion moiety is linked in-frame to the NOVX protein.

NOVX Agonists and Antagonists

The invention also pertains to variants of the NOVX proteins that function as either
NOVX agonists (i.e., mimetics) or as NOVX antagonists. Variants of the NOVX protein can
be generated by mutagenesis (e.g., discrete point mutation or truncation of the NOVX
protein). An agonist of the NOVX protein can retain substantially the same, or a subset of,
the biological activities of the naturally occurring form of the NOVX protein. An antagonist
of the NOVX protein can inhibit one or more of the activities of the naturally occurring form
of the NOVX protein by, for example, competitively binding to a downstream or upstream
member of a cellular signaling cascade which includes the NOVX protein. Thus, specific
biological effects can be elicited by treatment with a variant of limited function. In one
embodiment, treatment of a subject with a variant having a subset of the biological activities
of the naturally occurring form of the protein has fewer side effects in a subject relative to
treatment with the naturally occurring form of the NOVX proteins.
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