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COMPOSITIONS AND METHODS FOR THE THERAPY AND DIAGNOSIS OF
COLON CANCER

BACKGROUND OF THE INVENTION

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to therapy and diagnosis of
cancer, such as colon cancer. The invention is more specifically related to polypeptides
comprising at least a portion of a colon tumor protein, and to polynucleotides ehcoding
such polypeptides. Such polypeptides and polynucleotides may be used in vaccines and

pharmaceutical compositions for prevention and treatment of colon cancer and for the

.diagnosis and monitoring of such cancers.

DESCRIPTION OF THE RELATED ART

Cancer is a significant health problem throughout the world. Although
advances have been made in detection and therapy of cancer, no vaccine or other
universally successful method for prevention or treatment is currently available.

Colon cancer is the second most frequently diagnosed malignancy in the
United States as well as the second most common cause of cancer death. The five-year
survival rate for patients with colorectal cancer detected in an early localized stage is
92%; unfortunately, only 37% of colorectal cancer is diagnosed at this stage. The
survival rate drops to 64% if the cancer is allowed to spread to adjacent organs or
lymph nodes, and to 7% in patients with distant metastases.

The prognosis of colon cancer is directly related to the degree of
penetration of the tumor through the bowel wall and the presence or absence of nodal
involvement, consequently early detection and treatment are especially important.
Currently, diagnosis is aided by the use of screening assays for fecal occult blood,
sigmoidoscopy, colonoscopy and double contrast barium enemas. Treatment regimens
are determined by the type and stage of the cancer, and include surgery, radiation
therapy and/or chemotherapy. Recurrence following surgery (the most common form

of therapy) is a major problem and is often the ultimate cause of death.
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In spite of considerable research into therapies for these and other
cancers, colon cancer remains difficult to diagnose and treat effectively. Accordingly,
there is a need in the art for improved methods for detecting and treating such cancers.

The present invention fulfills these needs and further provides other related advantages.

BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention provides polynucleotide
compositions comprising a sequence selected from the group consisting of:

(a) sequences provided in SEQ ID NOs:11-85;

(b)  complements of the sequences provided in SEQ ID NOs:11-85;

(©) sequences consisting of at least 20, 25, 30, 35, 40, 45, 50, 75 and
100 contiguous residues of a sequence provided in SEQ ID NOs:11-85;

(d)  sequences that hybridize to a sequence provided in SEQ ID
NOs:11-85, under moderate or highly stringent conditions;

(e) sequences having at least 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98% or 99% identity to a sequence of SEQ ID NOs:11-85;

® degenerate variants of a sequence provided in SEQ ID NOs:11-
85. |

In one preferred embodiment, the polynucleotide compositions of the
invention are expressed in at least about 20%, more preferably in at least about 30%,
and most preferably in at least about 50% of colon tumor samples tested, at a level that
is at least about 2-fold, preferably at least about 5-fold, and most preferably at least
about 10-fold higher than that for normal tissues.

The present invention, in another aspect, provides polypeptide
compositions comprising an amino acid sequence that is encoded by a polynucleotide
sequence described above.

The present invention further provides polypeptide compositions
comprising an amino acid sequence selected from the group consisting of sequences
recited in SEQ ID NOs:1-10.

In certain preferred embodiments, the polypeptides and/or

polynucleotides of the present invention are immunogenic, i.e., they are capable of
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eliciting an immune response, particularly a humoral and/or cellular immune response,
as further described herein.

The present invention further provides fragments, variants and/or
derivatives of the disclosed polypeptide and/or polynucleotide sequences, wherein the
fragments, variants and/or derivatives preferably have a level of immunogenic activity
of at least about 50%, preferably at least about 70% and more preferably at least about
90% of the level of immunogenic activity of a polypeptide sequence set forth in SEQ
ID NOs:1-10 or a polypeptide sequence encoded by a polynucleotide sequence set forth
in SEQ ID NOs:11-85. A

The present invention further provides polynucleotides that encode a
polypeptide described above, expression vectors comprising such polynucleotides and
host cells transformed or transfected with such expression vectors.

Within other aspects, the present invention provides pharmaceutical
compositions comprising a polypeptide or polynucleotide as described above and a
physiologically acceptable carrier.

Within a related aspect of the present invention, the pharmaceutical
compositions, e.g., vaccine compositions, are provided for prophylactic or therapeutic
applications. Such compositions generally comprise an immunogenic polypeptide or
polynucleotide of the invention and an immunostimulant, such as an adjuvant.

The present invention further provides pharmaceutical compositions that
comprise: (a) an antibody or antigen-binding fragment thereof that specifically binds to
a polypeptide of the present invention, or a fragment thereof; and (b) a physiologically
acceptable carrier.

Within further aspects, the present invention provides pharmaceutical
compositions comprising: (a) an antigen presenting cell that expresses a polypeptide as
described above and (b) a pharmaceutically acceptable carrier or excipient. Illustrative
antigen presenting cells include dendritic célls, macrophages, monocytes, fibroblasts
and B cells.

Within related aspects, pharmaceutical compositions are provided that
comprise: (a) an antigen presenting cell that expresses a polypeptide as described

above and (b) an immunostimulant.
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The present invention further provides, in other aspects, fusion proteins
that comprise at least one polypeptide as described above, as well as polynucleotides
encoding such fusion proteins, typically in the form of pharmaceutical compositions,
e.g., vaccine compositions, comprising a physiologically acceptable carrier and/or an
immunostimulant. The fusions proteins may comprise multiple immunogenic
polypeptides or portions/variants thereof, as described herein, and may further comprise
one or more polypeptide segments for facilitating the expression, purification and/or
immunogenicity of the polypeptide(s). |

Within further aspects, the present invention provides methods for
stimulating an immune response in a patient, preferably a T cell response in a human
patient, comprising administering a pharmaceutical composition described herein. The
patient may be afflicted with colon cancer, in which case the methods provide treatment
for the disease, or patient considered at risk for such a disease may be treated
prophylactically.

Within further aspects, the present invention provides methods for

_inhibiting the development of a cancer in a patient, comprising administering to a

patient a pharmaceutical composition as recited above. The patient may be afflicted
with colon cancer, in which case the methods provide treatment for the disease, or
patient considered at risk for such a disease may be treated prophylactically.

The present invention further provides, within other aspects, methods for
removing tumor cells from a biological sample, comprising contacting a biological
sample with T cells that specifically react with a polypeptide of the present invention,
wherein the step of contacting is performed under conditions and for a time sufficient to
permit the removal of cells expressing the protein from the sample.

Within related aspects, methods are provided for inhibiting the
development of a cancer in a patient, comprising administering to a patient a biological
sample treated as described above.

Methods are further provided, within other aspects, for stimulating
and/or expanding T cells specific for a polypeptide of the present invention, comprising
contacting T cells with one or more of: (i) a polypeptide as described above; (ii) a

polynucleotide encoding such a polypeptide; and/or (iii) an antigen presenting cell that
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expresses such a polypeptide; under conditions and for a time sufficient to permit the
stimulation and/or expansion of T cells. Isolated T cell populations comprising T cells
prepared as described above are also provided.

Within further aspects, the present invention provides methods for
inhibiting the development of a cancer in a patient, comprising administering to a
patient an effective amount of a T cell population as described above.

The present invention further provides methods for inhibiting the
development of a cancer in a patient, comprising the steps of: (a) incubating CD4
and/or CD8% T cells isolated from a patient with one or more of: (i) a polypeptide
comprising at least an immunogenic portion of polypeptide disclosed herein; (ii) a
polynucleotide encoding such a polypeptide; and (iii) an antigen-presenting cell that
expressed such a polypeptide; and (b) administering to the patient an effective amount
of the proliferated T cells, and thereby inhibiting the development of a cancer in the
patient. Proliferated cells may, but need not, be cloned prior to administration to the
patient.

Within further aspects, the present invention provides methods for
determining the presence or absence of a cancer, preferably a colon cancer, in a patient
comprising: (a) contacting a biological sample obtained from a patient with a binding
agent that binds to a polypeptide as recited above; (b) detecting in the sample an
amount of polypeptide that binds to the binding agent; and (c¢) comparing the amount of
polypeptide with a predetermined cut-off value, and therefrom determining the presence
or absence of a cancer in the patient. Within preferred embodiments, the binding agent
is an antibody, more preferably a monoclonal antibody.

The present invention also provides, within other aspects, methods for
monitoring the progression of a cancer in a patient. Such methods comprise the steps
of: (a) contacting a biological sample obtained from a patient at a first point in time
with a binding agent that binds to a polypeptide as recited above; (b) detecting in the
sample an amount of polypeptide that binds to the binding agent; (c) repeating steps (a)
and (b) using a biological sample obtained from the patient at a subsequent point in

time; and (d) comparing the amount of polypeptide detected in step (c) with the amount
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detected in step (b) and therefrom monitoring the progression of the cancer in the
patient.

The present invention further provides, within other aspects, methods for
determining the presence or absence of a cancer in a patient, comprising the steps of: (a)
contacting a biological sample, e.g., tumor sample, serum sample, etc., obtained from a
patient with an oligonucleotide that hybridizes to a' polynucleotide that encodes a
polypeptide of the present invention; (b) detecting in the sample a level of a
polynucleotide, preferably mRNA, that hybridizes to the oligonucleotide; and (c)
comparing the level of polynucleotide that hybridizes to the oligonucleotide with a
predetermined cut-off value, and therefrom determining the presence or absence of a
cancer in the patient. Within certain embodiments, the amount of mRNA is detected
via polymerase chain reaction using, for example, at least one oligonucleotide primer
that hybridizes to a polynucleotide encoding a polypeptide as recited above, or a
complement of such a polynucleotide. Within other embodiments, the amount of
mRNA is detected using a hybridization technique, employing an oligonucleotide probe
that hybridizes to a polynucleotide that encodes a polypeptide as recited above, or a
complement of such a polynucleotide.

In related aspects, methods are provided for monitoring the progression
of a cancer in a patient, comprising the steps of: (a) contacting a biological sample
obtained from a patient with an oligonucleotide that hybridizes to a polynucleotide that
encodes a polypeptide of the present invention; (b) detecting in the sample an amount of
a polynucleotide that hybridizes to the oligonucleotide; (c) repeating steps (a) and (b)
using a biological sample obtained from the patient at a subsequent point in time; and
(d) comparing the amount of polynucleotide detected in step (c) with the amount
detected in step (b) and therefrom monitoring the progression of the cancer in the
patient.

Within further aspects, the present invention provides antibodies, such as
monoclonal antibodies, that bind to a polypeptide as described above, as well as
diagnostic kits comprising such antibodies. Diagnostic kits comprising one or more

oligonucleotide probes or primers as described above are also provided.
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These and other aspects of the present invention will become apparent

upon reference to the following detailed description and attached drawings.

All

references disclosed herein are hereby incorporated by reference in their entirety as if

each was incorporated individually.

BRIEF DESCRIPTION OF THE SEQUENCE IDENTIFIERS

SEQ ID NO:1 is the amino acid sequence for clone 56203

SEQ ID NO:2 is the amino acid sequence for clone 56224

SEQ ID NO:3 is the amino acid sequence for clone 56241

SEQ ID NO:4 is the amino acid sequence for clone 56251

SEQ ID NO:5 is the amino acid sequence for clone 56254

SEQ ID NO:6 is the amino acid sequence for clone 56256

SEQ ID NO:7 is the amino acid sequence for clone 56271

SEQ ID NO:8 is the amino acid sequence for clone 56266

SEQ ID NO:9 is the amino acid sequence for clone 56214

SEQ ID NO:10 is the amino acid sequence for clone 56186

SEQ ID NO:11 is the determined cDNA sequence for clone 56252
SEQ ID NO:12 is the determined cDNA sequence for clone 56262
SEQ ID NO:13 is the determined cDNA sequence for clone 56254
SEQ ID NO:14 is the determined cDNA sequence for clone 56264
SEQ ID NO:15 is the determined cDNA sequence for clone 56273
SEQ ID NO:16 is the determined cDNA sequence for clone 56253
SEQ ID NO:17 is the determined cDNA sequence for clone 56224
SEQ ID NO:18 is the determined cDNA sequence for clone 56251
SEQ ID NO:19 is the determined cDNA sequence for clone 56263
SEQ ID NO:20 is the determined cDNA sequence for clone 56210
SEQ ID NO:21 is the determined cDNA sequence for clone 56198

" SEQ ID NO:22 is the determined cDNA sequence for clone 56245

SEQ ID NO:23 is the determined cDNA sequence for clone 56268
SEQ ID NO:24 is the determined cDNA sequence for clone 56244
SEQ ID NO:25 is the determined cDNA sequence for clone 56207
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SEQ ID NO:26 is the determined cDNA sequence for clone 56183
SEQ ID NO:27 is the determined ¢cDNA sequence for clone 56231
SEQ ID NO:28 is the determined cDNA sequence for clone 56203
SEQ ID NO:29 is the determined cDNA sequence for clone 56216
SEQ ID NO:30 is the determined cDNA sequence for clone 56234
SEQ ID NO:31 is the determined cDNA sequence for clone 56267
SEQ ID NO:32 is the determined cDNA sequence for clone 56189
SEQ ID NO:33 is the determined cDNA sequence for clone 56249
SEQ ID NO:34 is the determined cDNA sequence for clone 56196
SEQ ID NO:35 is the determined cDNA sequence for clone 56220
SEQ ID NO:36 is the determined cDNA sequence for clone 56256
SEQ ID NO:37 is the determined cDNA sequence for clone 56206
SEQ ID NO:38 is the determined cDNA sequence for clone 56215
SEQ ID NO:39 is the determined cDNA sequence for clone 56250
SEQ ID NO:40 is the determined cDNA sequence for clone 56200
SEQ ID NO:41 is the determined cDNA sequence for clone 56218
SEQ ID NO:42 is the determined cDNA sequence for clone 56227
SEQ ID NO:43 is the determined cDNA sequence for clone 56190
SEQ ID NO:44 is the determined cDNA sequence for clone 56204
SEQ ID NO:45 is the determined cDNA sequence for clone 56271
SEQ ID NO:46 is the determined cDNA sequence for clone 56239
SEQ ID NO:47 is the determined cDNA sequence for contig 42

SEQ ID NO:48 is the determined cDNA sequence for clone 56241
SEQ ID NO:49 is the determined cDNA sequence for clone 56259
SEQ ID NO:50 is the determined cDNA sequence for clone 56265
SEQ ID NO:51 is the determined cDNA sequence for clone 56266
SEQ ID NO:52 is the determined cDNA sequence for clone 56188
SEQ ID NO:53 is the determined cDNA sequence for clone 56211
SEQ ID NO:54 is the determined cDNA sequence for clone 56242
SEQ ID NO:55 is the determined cDNA sequence for clone 56186
SEQ ID NO:56 is the determined cDNA sequence for clone 56179
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SEQ ID NO:57 is the determined cDNA sequence for clone 56185
SEQ ID NO:58 is the determined cDNA sequence for clone 56272
SEQ ID NO:59 is the determined cDNA sequence for clone 56247
SEQ ID NO:60 is the determined cDNA sequence for clone 56258
SEQ ID NO:61 is the determined cDNA sequence for clone 56214
SEQ ID NO:62 is the determined cDNA sequence for clone 56243
SEQ ID NO:63 is the determined cDNA sequence for clone 56240
SEQ ID NO:64 is the determined cDNA sequence for clone 56235
SEQ ID NO:65 is the determined cDNA sequence for clone 56178
SEQ ID NO:66 is the determined cDNA sequence for clone 56197
SEQ ID NO:67 is the determined cDNA sequence for clone 56194
SEQ ID NO:68 is the determined cDNA sequence for clone 56209
SEQ ID NO:69 is the determined cDNA sequence for clone 56230
SEQ ID NO:70 is the determined cDNA sequence for clone 56201
SEQ ID NO:71 is the determined cDNA sequence for clone 56195
SEQ ID NO:72 is the determined cDNA sequence for clone 56212
SEQ ID NO:73 is the determined cDNA sequence for 54209.1
SEQ ID NO:74 is the determined cDNA sequence for 54211.2
SEQ ID NO:75 is the determined cDNA sequence for 54212.2
SEQ ID NO:76 is the determined cDNA sequence for 54214.2
SEQ ID NO:77 is the determined cDNA sequence for 54215.2
SEQ ID NO:78 is the determined cDNA sequence for 54217.2
SEQ ID NO:79 is the determined cDNA sequence for 54220.1
SEQ ID NO:80 is the determined cDNA sequence for 54221.1
SEQ ID NO:81 is the determined cDNA sequence for 54223.1
SEQ ID NO:82 is the determined cDNA sequence for 54224.1
SEQ ID NO:83 is the determined cDNA sequence for 54225.1
SEQ ID NO:84 is the determined cDNA sequence for 54229.1
SEQ ID NO:85 is the determined cDNA sequence for 54232.2
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DETAILED DESCRIPTION OF THE INVENTION

As noted above, the present invention is generally directed to
compositions and methods for using the compositions, for example in the therapy and
diagnosis of cancer, such as colon cancer. Certain illustrative compositions described
herein include colon tumor polypeptides, polynucleotides encoding such polypeptides,
binding agents such as antibodies, antigen presenting cells (APCs) and/or immune
system cells (e.g., T cells). A “colon tumor protein," as the term is used herein, refers
generally to a protein that is expressed in colon tumor cells at a level that is at least two
fold, and preferably at least five fold, greater than the level of expression in a normal
tissue, as determined using a representative assay provided herein. Certain colon tumor
proteins are tumor proteins that react detectably (within an immunoassay, such as an
ELISA or Western blot) with antisera of a patient afflicted with colon cancer.

Therefore, in accordance with the above, and as described further below,
the present invention provides illustrative polynucleotide compositions having
sequences set forth in SEQ ID NO:11-85 illustrative polypeptide compositions having
amino acid sequences set forth in SEQ ID NO:1-10, antibody compositions capable of
binding such polypeptides, and numerous additional embodiments employing such
compositions, for example in the detection, diagnosis and/or therapy of human colon

cancer.

POLYNUCLEOTIDE COMPOSITIONS

As used herein, the terms "DNA segment" and “polynucleotide” refer to
a DNA molecule that has been isolated free of total genomic DNA of a particular
species. Therefore, a DNA segment encoding a polypeptide refers to a DNA segment
that contains one or more coding sequences yet is substantially isolated away from, or
purified free from, total genomic DNA of the species from which the DNA segment is
obtained. Included within the terms "DNA segment" and “polynucleotide” are DNA
segments and smaller fragments of such segments, and also recombinant vectors,
including, for example, plasmids, cosmids, phagemids, phage, viruses, and the like.

As will be understood by those skilled in the art, the DNA segments of

this invention can include genomic sequences, extra-genomic and plasmid-encoded
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sequences and smaller engineered gene segments that express, or may be adapted to
express, proteins, polypeptides, peptides and the like. Such segments may be naturally
isolated, or modified synthetically by the hand of man.

"Isolated,” as used herein, means that a polynucleotide is substantially
away from other coding sequences, and that the DNA segment does not contain large
portions of unrelated coding DNA, such as large chromosomal fragments or other
functional genes or polypeptide coding regions. Of course, this refers to the DNA
segment as originally isolated, and does not exclude genes or coding regions later added
to the segment by the hand of man.

As will be recognized by the skilled artisan, polynucleotides may be
single-stranded (coding or antisense) or double-stranded, and may be DNA (genomic,
cDNA or synthetic) or RNA molecules. RNA molecules include HnRNA molecules,
which contain introns and correspond to a DNA molecule in a one-to-one manner, and
mRNA molecules, which do not contain introns. Additional coding or non-coding
sequences may, but need not, be present within a polynucleotide of the present
invention, and a polynucleotide may, but need not, be linked to other molecules and/or
support materials.

Polynucleotides may comprise a native sequence (i.e., an endogenous
sequence that encodes a colon tumor protein or a portion thereof) or may comprise a
variant, or a biological or antigenic functional equivalent of such a sequence.
Polynucleotidé variants may contain one or more substitutions, additions, deletions
and/or insertions, as further described below, préferably such that the immunogenicity
of the encoded polypeptide is not diminished, relative to a native tumor protein. The
effect on the immunogenicity of the encoded polypeptide may generally be assessed as
described herein. The term “variants” also encompasses homologous genes of
Xenogenic origin.

When comparing polynucleotide or polypeptide sequences, two
sequences are said to be “identical” if the sequence of nucleotides or amino acids in the
two sequences is the same when aligned for maximum correspondence, as described
below. Comparisons between two sequences are typically performed by comparing the

sequences over a comparison window to identify and compare local regions of sequence
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similarity. A “comparison window” as used herein, refers to a segment of at least about
20 contiguous positions, usually 30 to about 75, 40 to about 50, in which a sequence
may be compared to a reference sequence of the same number of contiguous positions
after the two sequences are optimally aligned.

Optimal alignment of sequences for comparison may be conducted ﬁsing
the Megalign program in the Lasergene suite of bioinformatics software (DNASTAR,
Inc., Madison, WI), using default parameters. This program embodies several
alignment schemes described in the following references: Dayhoff, M.O. (1978) A
model of evolutionary change in proteins — Matrices for detecting distant relationships.
In Dayhoff, M.O. (ed.) Atlas of Protein Sequence and Structure, National Biomedical
Research Foundation, Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J. (1990)
Unified Approach to Alignment and Phylogenes pp. 626-645 Methods in Enzymology
vol. 183, Academic Press, Inc., San Diego, CA; Higgins, D.G. and Sharp, P.M. (1989)
CABIOS 5:151-153; Myers, E.W. and Muller W. (1988) CABIOS 4:11-17; Robinson,
E.D. (1971) Comb. Theor 11:105; Santou, N. Nes, M. (1987) Mol. Biol. Evol. 4:406-
425; Sneath, P.H.A. and Sokal, R.R. (1973) Numerical Taxonomy — the Principles and
Practice of Numerical Taxonomy, Freeman Press, San Francisco, CA; Wilbur, W.J. and
Lipman, D.J. (1983) Proc. Natl. Acad., Sci. USA 80:726-730.

Alternatively, optimal alignment of sequences for comparison may be
conducted by the local identity algorithm of Smith and Waterman (1981) Add. APL.
Math 2:482, by the identity alignment algorithm of Needleman and Wunsch (1970) J.
Mol. Biol. 48:443, by the search for similarity methods of Pearson and Lipman (1988)
Proc. Natl. Acad. Sci. USA 85: 2444, by computerized implementations of these
algorithms (GAP, BESTFIT, BLAST, FASTA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group (GCG), 575 Science Dr., Madison, WI),
or by inspection. '

One preferred example of algorithms that are suitable for determining
percent sequence identity and sequence similarity are the BLAST and BLAST 2.0
algorithms, which are described in Altschul ef al. (1977) Nucl. Acids Res. 25:3389-3402
and Altschul et al. (1990) J. Mol. Biol. 215:403-410, respectively. BLAST and BLAST

2.0 can be used, for example with the parameters described herein, to determine percent
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sequence identity for the polynucleotides and polypeptides of the invention. Software
for performing BLAST analyses is publicly available through the National Center for
Biotechnology Information. In one illustrative example, cumulative scores can be
calculated wsing, for nucleotide sequences, the i)arameters M (reward score for a pair of
matching residues; always >0) and N (penalty score for mismatching residues; always
<0). For amino acid sequences, a scoring matrix can be used to calculate the
cumulative score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum achieved
value; the cumulative score goes to zero or below, due to the accumulation of one or
more negative-scoring residue alignments; or the end of either sequence is reached.
The BLAST algorithm parameters W, T and X determine the sensitivity and speed of
the alignment. The BLASTN program (for nucleotide sequences) uses as defaults a
wordlength (W) of 11, and expectation (E) of 10, and the BLOSUMG62 scoring matrix
(see Henikoff and Henikoff (1989) Proc. Natl. Acad. Sci. USA 89:10915) alignments,
(B) of 50, expectation (E) of 10, M=5, N=-4 and a comparison of both strands.

Preferably, the “percentage of sequence identity” is determined by
comparing two optimally aligned sequences over a window of comparison of at least 20
positions, wherein the portion of the polynucleotide or polypeptide sequence in the
comparison window may comprise additions or deletions (i.e., gaps) of 20 percent or
less, usually 5 to 15 percent, or 10 to 12 percent, as compared to the reference
sequences (which does not comprise additions or deletions) for optimal alignment of the
two sequences. The percentage is calculated by determining the number of positions at
which the identical nucleic acid bases or amino acid residue 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 reference sequence (i.e., the window size) and
multiplying the results by 100 to yield the percentage of sequence identity.

Therefore, the present invention encompasses polynucleotide and
polypeptide sequences having substantial identity to the sequences disclosed herein, for
example those comprising at least 50% sequence identity, preferably at least 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% or higher, sequence

identity compared to a polynucleotide or polypeptide sequence of this invention using
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the methods described herein, (e.g., BLAST analysis using standard parameters, as
described below). One skilled in this art will recognize that these values can be
appropriately adjusted to determine corresponding identity of proteins encoded by two
nucleotide sequences by taking into account codon degeneracy, amino acid similarity,
reading frame positioning and the like.

In additional embodiments, the present invention provides isolated
polynucleotides and polypeptides comprising various lengths of contiguous stretches of
sequence identical to or complementary to one or more of the sequences disclosed
herein. For example, polynucleotides are provided by this invention that comprise at
least about 15, 20, 30, 40, 50, 75, 100, 150, 200, 300, 400, 500 or 1000 or more
contiguous nucleotides of one or more of the sequences disclosed herein as well as all
intermediate lengths there between. It will be readily understood that "intermediate
lengths", in this context, means any length between the quoted values, such as 16, 17,
18, 19, etc.; 21, 22, 23, etc.; 30, 31, 32, etc.; 50, 51, 52, 53, etc.; 100, 101, 102, 103,
efc.; 150, 151, 152, 153, efc.; including all integers through 200-500; 500-1,000, and the
like.

The polynucleotides of the present invention, or fragments thereof,
regardless of the length of the coding sequence itself, may be combined with other
DNA sequences, such as promoters, polyadenylation signals, additional restriction
enzyme sites, multiple cloning sites, other coding segments, and the like, such that their
overall length may vary considerably. It is therefore contemplated that a nucleic acid
fragment of almost any length may be employed, with the total length preferably being
limited by the ease of preparation and use in the intended recombinant DNA protocol.
For example, illustrative DNA segments with total lengths of about 10,000, about 5000,
about 3000, about 2,000, about 1,000, about 500, about 200, about 100, about 50 base
pairs in length, and the like, (including all intermediate lengths) are contemplated to be
useful in many implementations of this invention.

In other embodiments, the present invention is directed to
polynucleotides that are capable of hybridizing under moderately stringent conditions to
a polynucleotide sequence provided herein, or a fragment thereof, or a complementary

sequence thereof. Hybridization techniques are well known in the art of molecular
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biology. For purposes of illustration, suitable moderately stringent conditions for
testing the hybridization of a polynucleotide of this invention with other
polynucleotides include prewashing in a solution of 5 X SSC, 0.5% SDS, 1.0 mM
EDTA (pH 8.0); hybridizing at 50°C-65°C, 5 X SSC, overnight; followed by washing
twice at 65°C for 20 minutes with each of 2X, 0.5X and 0.2X SSC containing 0.1%
SDS.

Moreover, it will be appreciated by those of ordinary skill in the art that,
as a result of the degeneracy of the genetic code, there are many nucleotide sequences
that encode a polypeptide as described herein. Some of these polynucleotides bear
minimal homology to the nucleotide sequence of any native gene. Nonetheless,
polynucleotides that vary due to differences in codon usage are specifically
contemplated by the present invention. Further, alleles of the genes comprising the
polynucleotide sequences provided herein are within the scope of the present invention.
Alleles are endogenous genes that are altered as a result of one or more mutations, such
as deletions, additions and/or substitutions of nucleotides. The resulting mRNA and
protein may, but need not, have an altered structure or function. Alleles may be
identified using standard techniques (such as hybridization, amplification and/or

database sequence comparison).

PROBES AND PRIMERS

In other embodiments of the present invention, the polynucleotide
sequences provided herein can be advantageously used as probes or primers for nucleic
acid hybridization. As such, it is contemplated that nucleic acid segments that comprise
a sequence region of at least about 15 nucleotide long contiguous sequence that has the
same sequence as, or is complementary to, a 15 nucleotide long contiguous sequence
disclosed herein will find particular utility.  Longer contiguous identical or
complementary sequences, e.g., those of about 20, 30, 40, 50, 100, 200, 500, 1000
(including all intermediate lengths) and even up to full length sequences will also be of
use in certain embodiments.

The ability of such nucleic acid probes to specifically hybridize to a

sequence of interest will enable them to be of use in detecting the presence of
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complementgry sequences in a given sample. However, other uses are also envisioned,
such as the use of the sequence information for the preparation of mutant species
primers, or primers for use in preparing other genetic constructions.

Polynucleotide molecules having sequence regions consisting of
contiguous nucleotide stretches of 10-14, 15-20, 30, 50, or even of 100-200 nucleotides
or so (including intermediate lengths as well), identical or complementary to a
polynucleotide sequence disclosed herein, are particularly contemplated as
hybridization probes for use in, e.g., Southern and Northern blotting. This would allow
a gene product, or fragment thereof, to be analyzed, both in diverse cell types and also
in- various bacterial cells. The total size of fragment, as well as the size of the
complementary stretch(es), will ultimately depend on the intended use or application of
the particular nucleic acid segment. Smaller fragments will generally find use in
hybridization embodiments, wherein the length of the contiguous complementary
region may be varied, such as between about 15 and about 100 nucleotides, but larger
contiguous complementarity stretches may be used, according to the length
complementary sequences one wishes to detect.

The use of a hybridization probe of about 15-25 nucleotides in length
allows the formation of a duplex molecule that is both stable and selective. Molecules
having contiguous complementary sequences over stretches greater than 15 bases in
length are generally preferred, though, in order to increase stability and selectivity of
the hybrid, and thereby improve the quality and degree of specific hybrid molecules
obtained. One will generally prefer to design nucleic acid molecules having gene-
complementary stretches of 15 to 25 contiguous nucleotides, or even longer where
desired.

Hybridization probes may be selected from any portion of any of the
sequences disclosed herein. All that is required is to review the sequence set forth in
SEQ ID NO:11-85, or to any continuous portion of the sequence, from about 15-25
nucleotides in length up to and including the full length sequence, that one wishes to
utilize as a probe or primer. The choice of probe and primer sequences may be
governed by various factors. For example, one may wish to employ primers from

towards the termini of the total sequence.
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Small polynucleotide segments or fragments may be readily prepared by,
for example, directly synthesizing the fragment by chemical means, as is commonly
practiced using an automated oligonucleotide synthesizer. Also, fragments may be
obtained by application of nucleic acid reproduction technology, such as the PCR™
technology of U. S. Patent 4,683,202 (incorporated herein by reference), by introducing
selected sequences into recombinant vectors for recombinant production, and by other
recombinant DNA techniques generally known to those of skill in the art of molecular
biology.

The nucleotide sequences of the invention may be used for their ability
to selectively form duplex molecules with complementary stretches of the entire gene or
gene fragments of interest. Depending on the application envisioned, one will typically
desire to employ varying conditions of hybridization to achieve varying degrees of
selectivity of probe towards target sequence. For applications requiring high
selectivity, one will typically desire to employ relatively stringent conditions to form
the hybrids, e.g., one will select relatively low salt and/or high temperature conditions,
such as provided by a salt concentration of from about 0.02 M to about 0.15 M salt at
temperatures of from about 50°C to about 70°C. Such selective conditions tolerate
little, if any, mismatch between the probe and the template or target strand, and would
be particularly suitable for isolating related sequences.

Of course, for some applications, for example, where one desires to
prepare mutants employing a mutant primer strand hybridized to an underlying
template, less stringent (reduced stringency) hybridization conditions will typically be
needed in order to allow formation of the heteroduplex. In these circumstances, one
may desire to employ salt conditions such as those of from about 0.15 M to about 0.9 M
salt, at temperatures ranging from about 20°C to about 55°C. Cross-hybridizing species
can thereby bé readily identified as positively hybridizing signals with respect to control
hybridizations. In any case, it is generally appreciated that conditions can be rendered
more stringent by thé addition of increasing amounts of formamide, which serves to
destabilize the hybrid duplex in the same manner as increased temperature. Thus,
hybridization conditions can be readily manipulated, and thus will generally be a

method of choice depending on the desired results.
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POLYNUCLEOTIDE IDENTIFICATION AND CHARACTERIZATION

Polynucleotides may be identified, prepared and/or manipulated using
any of a variety of well established techniques. For example, a polynucleotide may be
identified, as described in more detail below, by screening a microarray of cDNAs for
tumor-associated expression (i.e., expression that is at least two fold greater in a tumor
than in normal tissue, as determined using a representative assay provided herein).
Such screens may be performed, for example, using a Synteni microarray (Palo Alto,
CA) according to the manufacturef's instructions (and essentially as described by
Schena et al., Proc. Natl. Acad. Sci. USA 93:10614-10619, 1996 and Heller et al., Proc.
Natl. Acad. Sci. USA 94:2150-2155, 1997). Alternatively, polynucleotides may be
amplified from cDNA prepared from cells expressing the proteins described herein,
such as colon tumor cells. Such polynucleotides may be amplified via polymerase
chain reaction (PCR). For this approach, sequence-specific primers may be designed
based on the sequences provided herein, and may be purchased or synthesized.

An amplified portion of a polynucleotide of the present invention may be
used to isolate a full length gene from a suitable library (e.g., a colon tumor cDNA
library) using well known techniques. Within such techniques; a library (cDNA or
genomic) is screened using one or more polynucleotide probes or primers suitable for
amplification. Preferably, a library is size-selected to include larger molecules.
Random primed libraries may also be preferred for identifying 5' and upstream regions
of genes. Genomic libraries are preferred for obtaining introns and extending 5'
sequences.

For hybridization techniques, a partial sequence may be labeled (e.g., by
nick-translation or end-labeling with **P) using well known techniques. A bacterial or
bacteriophage library is then generally screened by hybridizing filters containing
denatured bacterial colonies (or lawns containing phage plaques) with the labeled probe
(see Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratories, Cold Spring Harbor, NY, 1989). Hybridizing colonies or plaques are
selected and expanded, and the DNA is isolated for further analysis. cDNA clones may
be analyzed to determine the amount of additional sequence by, for example, PCR

using a primer from the partial sequence and a primer from the vector. Restriction
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maps and partial sequences may be generated to identify one or more overlapping
clones. The complete sequence may then be determined using standard techniques,
which may involve generating a series of deletion clones. The resulting overlapping
sequences can then assembled into a single contiguous sequence. A full length cDNA
molecule can be generated by ligating suitable fragments, using well known techniques.

Alternatively, there are numerous amplification techniques for obtaining
a full length coding sequence from a partial cDNA sequence. Within such techniques,

amplification is generally performed via PCR. Any of a variety of commercially

available kits may be used to perform the amplification step. Primers may be designed

using, for example, software well known in the art. Primers are preferably 22-30
nucleotides in length, have a GC content of at least 50% and anneal to the target
sequence at temperatures of about 68°C to 72°C. The amplified region may be
sequenced as described above, and overlapping sequences assembled into a contiguous
sequence.

One such amplification technique is inverse PCR (see Triglia et al.,
Nucl. Acids Res. 16:8186, 1988), which uses restriction enzymes to generate a fragment
in the known region of the gene. The fragment is then circularized by intramolecular
ligation and used as a template for PCR with divergent primers derived from the known
region. Within an alternative approach, sequences adjacent to a partial sequence may
be retrieved by amplification with a primer to a linker sequence and a primer specific to
a known region. The amplified sequences are typically subjected to a second round of
amplification with the same linker primer and a second primer specific to the known
region. A variation on this procedure, which employs two primers that initiate
extension in opposite directions from the known sequence, is described in WO
96/38591. Another such technique is known as "rapid amplification of cDNA ends" or
RACE. This technique involves the use of an internal primer and an external primer,
which hybridizes to a polyA region or vector sequence, to identify sequences that are 5'
and 3' of a known sequence. Additional techniques include capture PCR (Lagerstrom et
al., PCR Methods Applic. 1:111-19, 1991) and walking PCR (Parker et al., Nucl. Acids.
Res. 19:3055-60, 1991). Other methods employing amplification may also be
employed to obtain a full length cDNA sequence.
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In certain instances, it is possible to obtain a full length cDNA sequence
by analysis of sequences provided in an expressed sequence tag (EST) database, such as
that available from GenBank. Searches for overlapping ESTs may generally be
performed using well known programs (e.g., NCBI BLAST searches), and such ESTs
may be used to generate a contiguous full length sequence. Full length DNA sequences

may also be obtained by analysis of genomic fragments.

POLYNUCLEOTIDE EXPRESSION IN HOST CELLS

In other embodiments of the invention, polynucleotide sequences or
fragments thereof which encode polypeptides of the invention, or fusion proteins or
functional equivalents thereof, may be used in recombinant DNA molecules to direct
expression of a polypeptide in appropriate host cells. Due to the inherent degeneracy of
the genetic code, other DNA sequences that encode substantially the same or a
functionally equivalent amino acid sequence may be produced and these sequences may
be used to clone and express a given polypeptide.

As will be understood by those of skill in the art, it may be advantageous
in some instances to produce polypeptide-encoding nucleotide sequences possessing
non-naturally occurring codons. For example, codons preferred by a particular
prokaryotic or eukaryotic host can be selected to increase the rate of protein expression
or to produce a recombinant RNA transcript having desirable properties, such as a half-
life which is longer than that of a transcript generated from the naturally occurring
sequence.

Moreover, the polynucleotide sequences of the present invention can be
engineered using methods generally known in the art in order to alter polypeptide
encoding sequences for a variety of reasons, including but not limited to, alterations
which modify the cloning, processing, and/or expression of the gene product. For
example, DNA shuffling by random fragmentation and PCR reassembly of gene
fragments and synthetic oligonucleotides may be used to engineer the nucleotide
sequences. In addition, site-directed mutagenesis may be used to insert new restriction
sites, alter glycosylation patterns, change codon preference, produce splice variants, or

introduce mutations, and so forth.
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In another embodiment of the invention, natural, modified, or
recombinant nucleic acid sequences may be ligated to a heterologous sequence to
encode a fusion protein. For example, to screen peptide libraries for inhibitors of
polypeptide activity, it may be useful to encode a chimeric protein that can be
recognized by a commercially available antibody. A fusion protein may also be
engineered to contain a cleavage site located between the polypeptide-encoding
sequence and the heterologous protein sequence, so that the polypeptide may be cleaved
and purified away from the heterologous moiety.

Sequences encoding a desired polypeptide may be synthesized, in whole
or in part, using chemical methods well known in the art (see Caruthers, M. H. et al.
(1980) Nucl. Acids Res. Symp. Ser. 215-223, Horn, T. et al. (1980) Nucl. Acids Res.
Symp. Ser. 225-232). Alternatively, the protein itself may be produced using chemical
methods to synthesize the amino acid sequence of a polypeptide, or a portion thereof.
For example, peptide synthesis can be performed using various solid-phase techniques
(Roberge, J. Y. et al. (1995) Science 269:202-204) and automated synthesis may be
achieved, for example, using the ABI 431A Peptide Synthesizer (Perkin Elmer, Palo
Alto, CA).

A newly synthesized peptide may be substantially purified by
preparative high performance liquid chromatography (e.g., Creighton, T. (1983)
Proteins, Structures and Molecular Principles, WH Freeman and Co., New York, N.Y.)
or other comparable techniques available in the art. The composition of the synthetic
peptides may be confirmed by amino acid analysis or sequencing (e.g., the Edman
degradation procedure). Additionally, the amino acid sequence of a polypeptide, or any
part thereof, may be altered during direct synthesis and/or combined using chemical
methods with sequences from other proteins, or any part thereof, to produce a variant
polypeptide.

In order to express a desired polypeptide, the nucleotide sequences
encoding the polypeptide, or functional equivalents, may be inserted into appropriate
expression vector, ie., a vector which contains the necessary elements for the
transcription and translation of the inserted coding sequence. Methods which are well

known to those skilled in the art may be used to construct expression vectors containing



10

15

20

25

30

WO 02/12332 PCT/US01/41625

22

sequences encoding a polypeptide of interest and appropriate transcriptional and
translational control elements. These methods include in vitro recombinant DNA
techniques, synthetic techniques, and in vivo genetic recombination. Such techniques
are described in Sambrook, J. et al. (1989) Molecular Cloning, A Laboratory Manual,
Cold Spring Harbor Press, Plainview, N.Y., and Ausubel, F. M. et al. (1989) Current .
Protocols in Molecular Biology, John Wiley & Sons, New York. N.Y.

A variety of expression vector/host systems may be utilized to contain
and express polynucleotide sequences. These include, but are not limited to,
microorganisms such as bacteria transformed with recombinant bacteriophage, plasmid,
or cosmid DNA expression vectors; yeast transformed with yeast expression vectors;
insect cell systems infected with virus expression vectors (e.g., baculovirus); plant cell
systems transformed with virus expression vectors (e.g., cauliflower mosaic virus,
CaMV; tobacco mosaic virus, TMV) or with bacterial expression vectors (e.g., Ti or
pBR322 plasmids); or animal cell systems.

The "control elements" or "regulatory sequences" present in an
expression vector are those non-translated regions of the vector--enhancers, promoters,
5" and 3' untranslated regions--which interact with host cellular proteins to carry out
transcription and translation. Such elements may vary in their strength and specificity.
Depending on the vector system and host utilized, any number of suitable transcription
and translation elements, including constitutive and inducible promoters, may be used.
For example, when cloning in bacterial systems, inducible promoters such as the hybrid
lacZ promoter of the PBLUESCRIPT phagemid (Stratagene, La Jolla, Calif.) or
PSPORT1 plasmid (Gibco BRL, Gaithersburg, MD) and the like may be used. In
mammalian cell systems, promoters from mammalian genes or from mammalian
viruses are generally preferred. If it is necessary to generate a cell line that contains
multiple copies of the sequence encoding a polypeptide, vectors based on SV40 or EBV
may be advantageously used with an appropriate selectable marker.

In bacterial systems, a number of expression vectors may be selected
depending upon the use intended for the expressed polypeptide. For example, when
large quantities are needed, for example for the induction of antibodies, vectors which

direct high level expression of fusion proteins that are readily purified may be used.
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Such vectors include, but are not limited to, the multifunctional E. coli cloning and
expression vectors such as BLUESCRIPT (Stratagene), in which the sequence encoding
the polypeptide of interest may be ligated into the vector in frame with sequences for
the amino-terminal Met and the subsequent 7 residues of .beta.-galactosidase so that a
hybrid protein is produced;. pIN vectors (Van Heeke, G. and S. M. Schuster (1989) J.
Biol. Chem. 264:5503-5509); and the like. pGEX Vectors (Promega, Madison, Wis.)
may also be used to express foreign polypeptides as fusion proteins with glutathione S-
transferase (GST). In general, such fusion proteins are soluble and can easily be
purified from lysed cells by adsorption to glutathione-agarose beads followed by elution
in the presence of free glutathione. Proteins made in such systems may be designed to
include heparin, thrombin, or factor XA protease cleavage sites so that the cloned
polypeptide of interest can be released from the GST moiety at will.

In the yeast, Saccharomyces cerevisiae, a number of vectors containing
constitutive or inducible promoters such as alpha factor, alcohol oxidase, and PGH may
be used. For reviews, see Ausubel et al. (supra) and Grant et al. (1987) Methods
Enzymol. 153:516-544.

In cases where plant expression vectors are used, the expression of
sequences encoding polypeptides may be driven by any of a number of promoters. For
example, viral promoters such as the 35S and 19S promoters of CaMV may be used
alone or in combination with the omega leader sequence from TMV (Takamatsu, N.
(1987) EMBO J. 6:307-311. Alternatively, plant promoters such as the small subunit of
RUBISCO or heat shock promoters may be used (Coruzzi, G. et al. (1984) EMBO J.
3:1671-1680; Broglie, R. et al. (1984) Science 224:838-843; and Winter, J. et al. (1991)
Results Probl. Cell Differ. 17:85-105). These constructs can be introduced into plant
cells by direct DNA transformation or pathogen-mediated transfection. Such techniques
are described in a number of generally available reviews (see, for example, Hobbs, S. or
Murry, L. E. in McGraw Hill Yearbook of Science and Technology (1992) McGraw
Hill, New York, N.Y.; pp. 191-196).

An insect system may also be used to express a polypeptide of interest.
For example, in one such system, Autographa californica nuclear polyhedrosis virus

(AcNPV) is used as a vector to express foreign genes in Spodoptera frugiperda cells or



10

15

20

25

30

WO 02/12332 PCT/US01/41625

24

in Trichoplusia larvae. The sequences encoding the polypeptide may be cloned into a
non-essential region of the virus, such as the polyhedrin gene, and placed under control
of the polyhedrin promoter. Successful insertion of the polypeptide-encoding sequence
will render the polyhedrin gene inactive and produce recombinant virus lacking coat
protein. The recombinant viruses may then be used to infect, for example, S. frugiperda
cells or Trichoplusia larvae in which the polypeptide of interest may be expressed
(Engelhard, E. K. et al. (1994) Proc. Natl. Acad. Sci. 91 :3224-3227).

In mammalian host cells, a number of viral-based expression systems are
generally available. For example, in cases where an adenovirus is used as an expression
vector, sequences encoding a polypeptide of interest may be ligated into an adenovirus
transcription/translation complex consisting of the late promoter and tripartite leader
sequence. Insertion in a non-essential E1 or E3 region of the viral genome may be used
to obtain a viable virus which is capable of expressing the polypeptide in infected host
cells (Logan, J. and Shenk, T. (1984) Proc. Natl. Acad. Sci. 81:3655-3659). In addition,
transcription enhancers, such as the Rous sarcoma virus (RSV) enhancer, may be used
to increase expression in mammalian host cells.

Specific initiation signals may also be used to achieve more efficient
translation of sequences encoding a polypeptide of interest. Such signals include the
ATG initiation codon and adjacent sequences. In cases where sequences encoding the
polypeptide, its initiation codon, and upstream sequences are inserted into the
appropriate expression vector, no additional transcriptional or translational control
signals may be needed. However, in cases where only coding sequence, or a portion
thereof, is inserted, exogenous translational control signals including the ATG initiation

codon should be provided. Furthermore, the initiation codon should be in the correct

reading frame to ensure translation of the entire insert. Exogenous translational

elements and initiation codons may be of various origins, both natural and synthetic.
The efficiency of expression may be enhanced by the inclusion of enhancers which are
appropriate for the particular cell system which is used, such as those described in the
literature (Scharf, D. et al. (1994) Results Probl. Cell Differ. 20:125-162).

In addition, a host cell strain may be chosen for its ability to modulate

the expression of the inserted sequences or to process the expressed protein in the
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desired fashion. Such modifications of the polypeptide include, but are not limited to,
acetylation, carboxylation. glycosylation, phosphorylation, lipidation, and acylation.
Post-translational processing which cleaves a "prepro” form of the protein may also be
used to facilitate correct insertion, folding and/or function. Different host cells such as
CHO, HelLa, MDCK, HEK?293, apd WI38, which have specific cellular machinery and
characteristic mechanisms for such post-translational activities, may be chosen to
ensure the correct modification and processing of the foreign protein.

For long-term, high-yield production of recombinant proteins, stable
expression is generally preferred. For example, cell lines which stably express a
polynucleotide of interest may be transformed using expression vectors which may
contain viral origins of replication and/or endogenous expression elements and a
selectable marker gene on the same or on a separate vector. Following the introduction
of the vector, cells may be allowed to grow for 1-2 days in an enriched media before
they are switched to selective media. The purpose of the selectable marker is to confer
resistance to selection, and its presence allows growth and recovery of cells which
successfully express the introduced sequences. Resistant clones of stably transformed
cells may be proliferated using tissue culture techniques appropriate to the cell type.

Any number of selection systems may be used to recover transformed
cell lines. These include, but are not limited to, the herpes simplex virus thymidine
kinase (Wigler, M. et al. (1977) Cell 11:223-32) and adenine phosphoribosyltransferase
(Lowy, L. et al. (1990) Cell 22:817-23) genes which can be employed in tk.sup.- or
aprt.sup.- cells, respectively. Also, antimetabolite, antibiotic or herbicide resistance can
be used as the basis for selection; for example, dhfr which confers resistance to
methotrexate (Wigler, M. et al. (1980) Proc. Natl. Acad. Sci. 77:3567-70); npt, which
confers resistance to the aminoglycosides, neomycin and G-418 (Colbere-Garapin, F. et
al (1981) J. Mol. Biol. 150:1-14); and als or pat, which confer resistance to
chlorsulfufon and phosphinotricin acetyltransferase, respectively (Murry, supra).
Additional selectable genes have been described, for example, trpB, which allows cells
to utilize indole in place of tryptophan, or hisD, which allows cells to utilize histinol in
place of histidine (Hartman, S. C. and R. C. Mulligan (1988) Proc. Natl. Acad. Sci.
85:8047-51). Recently, the use of visible markers has gained popularity with such
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markers as anthocyanins, beta-glucuronidase and its substrate GUS, and luciferase and
its substrate luciferin, being widely used not only to identify transformants, but also to
quantify the amount of transient or stable protein expression attributable to a specific
vector system (Rhodes, C. A. et al. (1995) Methods Mol. Biol. 55:121-131).

Although the presence/absence of marker gene expression suggests that
the gene of interest is also present, its presence and expression may need to be
confirmed. For example, if the sequence encoding a polypeptide is inserted within a
marker gene sequence, recombinant cells containing sequences can be identified by the
absence of marker gene function. Alternatively, a marker gene can be placed in tandem
with a polypeptide-encoding sequence under the control of a single promoter.
Expression of the marker gene in response to induction or selection usually indicates
expression of the tandem gene as well.

Alternatively, host cells which contain and express a desired
polynucleotide sequence may be identified by a variety of procedures known to those of
skill in the art. These procedures include, but are not limited to, DNA-DNA or DNA-
RNA hybridizations and protein bioassay or immunoassay techniques which include
membrane, solution, or chip based technologies for the detection and/or quantification
of nucleic acid or protein.

A variety of protocols for detecting and measuring the expression of
polynucleotide—enc;)ded products, using either polyclonal or monoclonal antibodies
specific for the product are known in the art. Examples include enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA), and fluorescence activated
cell sorting (FACS). A two-site, monoclonal-based immunoassay utilizing monoclonal
antibodies reactive to two non-interfering epitopes on a given polypeptide may be
preferred for some applications, but a competitive binding assay may also be employed.
These and other assays are described, among other places, in Hampton, R. et al. (1990;
Serological Methods, a Laboratory Manual, APS Press, St Paul. Minn.) and Maddox, D.
E. et al. (1983; J. Exp. Med. 158:1211-1216).

A wide variety of labels and conjugation techniques are known by those
skilled in the art and may be used in various nucleic acid and amino acid assays. Means

for producing labeled hybridization or PCR probes for detecting sequences related to
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polynucleotides include oligolabeling, nick translation, end-labeling or PCR
amplification using a labeled nucleotide. Alternatively, the sequences, or any portions
thereof may be cloned into a vector for the production of an mRNA probe. Such vectors
are known in the art, are commercially available, and may be used to synthesize RNA
probes in vitro by addition of an appropriate RNA polymerase such as T7, T3, or SP6
and labeled nucleotides. These procedures may be conducted using a variety of
commercially available kits. Suitable reporter molecules or labels, which may be used
include radionuclides, enzymes, fluorescent, chemiluminescent, or chromogenic agents
as well as substrates, cofactors, inhibitors, magnetic particles, and the like.

Host cells transformed with a polynucleotide sequence of interest may be
cultured under conditions suitable for the expression and recovery of the protein from
cell culture. The protein produced by a recombinant cell may be secreted or contained
intracellularly depending on the sequence and/or the vector used. As will be understood
by those of skill in the art, expression vectors containing polynucleotides of the
invention may be designed to contain signal sequences which direct secretion of the
encoded polypeptide through a prokaryotic or eukaryotic cell membrane. Other
recombinant constructions may be used to join sequences encoding a polypeptide of
interest to nucleotide sequence encoding a polypeptide domain which will facilitate
purification of soluble proteins. Such purification facilitating domains include, but are
not limited to, metal chelating peptides such as histidine-tryptophan modules that allow
purification on immobilized metals, protein A domains that allow purification on
immobilized immunoglobulin, and the domain utilized in the FLAGS extension/affinity
purification system (Immunex Corp., Seattle, Wash.). The inclusion of cleavable linker
sequences such as those specific for Factor XA or enterokinase (Invitrogen. San Diego,
Calif.) between the purification domain and the encoded polypeptide may be used to
facilitate purification. One such expression vector provides for expression of a fusion
protein containing a pelypeptide of interest and a nucleic acid encoding 6 histidine
residues preceding a thioredoxin or an enterokinase cleavage site. The histidine residues
facilitate puriﬁcation on IMIAC (immobilized metal ion affinity chromatography) as
described in Porath, J. et al. (1992, Prot. Exp. Purif. 3:263-281) while the enterokinase

cleavage site provides a means for purifying the desired polypeptide from the fusion
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protein. A discussion of vectors which contain fusion proteins is provided in Kroll, D. J.
et al. (1993; DNA Cell Biol. 12:441-453).

In addition to recombinant production methods, polypeptides of the
invention, and fragments thereof, may be produced by direct peptide synthesis using
solid-phase techniques (Merrifield J. (1963) J. Am. Chem. Soc. 85:2149-2154). Protein
synthesis may be performed using manual techniques or by automation. Automated
synthesis may be achieved, for example, using Applied Biosystems 431A Peptide
Synthesizer (Perkin FElmer). Alternatively, various fragments may be chemically
synthesized separately and combined using chemical methods to produce the full length

molecule.

SITE-SPECIFIC MUTAGENESIS

Site-specific mutagenesis is a technique useful in the preparation of
individual peptides, or biologically functional equivalent polypeptides, through specific
mutagenesis of the underlying polynucleotides that encode them. The technique,
well-known to those of skill in the art, further provides a ready ability to prepare and
test sequence variants, for example, incorporating one or more of the foregoing
considerations, by introducing one or more nucleotide sequence changes into the DNA.
Site-specific mutagenesis allows the production of mutants through the use of specific
oligonucleotide sequences which encode the DNA sequence of the desired mutation, as
well as a sufficient number of adjacent nucleotides, to provide a primer sequence of
sufficient size and sequence complexi'ty to form a stable duplex on both sides of the
deletion junction being traversed. Mutations may be employed in a selected
polynucleotide sequence to improve, alter, decrease, modify, or otherwise change the
properties of the polynucleotide itself, and/or alter the properties, activity, composition,
stability, or primary sequence of the encoded polypeptide.

In certain embodiments of the present invention, the inventors
contemplate the mutagenesis of the disclosed polynucleotide sequences to alter one or
more properties of the encoded polypeptide, such as the antigenicity of a polypeptide
vaccine. The techniques of site-specific mutagenesis are well-known in the art, and are

widely used to create variants of both polypeptides and polynucleotides. For example,
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site-specific mutagenesis is often used to alter a specific portion of a DNA molecule. In
such embodiments, a primer comprising typically about 14 to about 25 nucleotides or so
in length is employed, with ﬁbout 5 to about 10 residues on both sides of the junction of
the sequence being altered.

As will be appreciated by those of skill in the art, site-specific
mutagenesis techniques have often employed a phage vector that exists in both a single
stranded and double stranded form. Typical vectors useful in site-directed mutagenesis
include vectors such as the. MI13 phage. These phage are readily
commercially-available and their use is generally well-known to those skilled in the art.
Double-stranded plasmids are also routinely employed in site directed mutagenesis that
eliminates the step of transferring the gene of interest from a plasmid to a phage.

In general, site-directed mutagenesis in accordance herewith is
performed by first obtaining a single-stranded vector or melting apart of two strands of
a double-stranded vector that includes within its sequence a DNA sequence that
encodes the desired peptide. An oligonucleotide primer bearing the desired mutated
sequence is prepared, generally synthetically. This primer is then annealed with the
single-stranded vector, and subjected to DNA polymerizing enzymes such as E. coli
polymerase I Klenow fragment, in order to complete the synthesis of the mutation-
bearing strand. Thus, a heteroduplex is formed wherein one strand encodes the original
non-mutated sequence and the second strand bears the desired mutation. This
heteroduplex vector is then used to transform appropriate cells, such as E. coli cells, and
clones are selected which include recombinant vectors bearing the mutated sequence
arrangement.

The preparation of sequence variants of the selected peptide-encoding
DNA segments using site-directed mutagenesis provides a means of producing
potentially useful species and is not meant to be limiting as there are other ways in
which sequence variants of peptides and the DNA sequences encoding them may be
obtained. For example, recombinant vectors encoding the desired peptide sequence
may be treated with mutagenic agents, such as hydroxylamine, to obtain sequence

variants. Specific details regarding these methods and protocols are found in the
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teachings of Maloy et al., 1994; Segal, 1976; Prokop and Bajpai, 1991; Kuby, 1994;
and Maniatis er al., 1982, each incorporated herein by reference, for that purpose.

As used herein, the term “oligonucleotide directed mutagenesis
procedure” refers to template-dependent processes and vector-mediated propagation
which result in an increase in the concentration of a specific nucleic acid molecule
relative to its initial concentration, or in an increase in the concentration of a detectable
signal, such as amplification. As used herein, the term “oligonucleotide directed
mutagenesis procedure” is intended to refer to a process that involves the
template-dependent extension of a primer molecule. The term template dependent
process refers to nucleic acid synthesis of an RNA or a DNA molecule wherein the
sequence of the newly synthesized strand of nucleic acid is dictated by the well-known
rules of complementary base pairing (see, for example, Watson, 1987). Typically,
vector mediated methodologies involve the introduction of the nucleic acid fragment
into a DNA or RNA vector, the clonal amplification of the vector, and the recovery of
the amplified nucleic acid fragment. Examples of such methodologies are provided by

U. S. Patent No. 4,237,224, specifically incorporated herein by reference in its entirety.

POLYNUCLEOTIDE AMPLIFICATION TECHNIQUES

A number of template dependent processes are available to amplify the
target sequences of interest present in a sample. One of the best known amplification
methods is the polymerase chain reaction (PCR™) which is described in detail in U.S.
Patent Nos. 4,683,195, 4,683,202 and 4,800,159, each of which is incorporated herein
by reference in its entirety. Briefly, in PCR™, two primer sequences are prepared
which are complementary to regions on opposite complementary strands of the target
sequence. An excess of deoxynucleoside triphosphates is added to a reaction mixture-
along with a DNA polymerase (e.g., Taq polymerase). If the target sequence is present
in a sample, the primers will bind to the target and the polymerase will cause the
primers to be extended along the target sequence by adding on nucleotides. By raising
and lowering the temperature of the reaction mixture, the extended primers will
dissociate from the target to form reaction products, excess primers will bind to the

target and to the reaction product and the process is repeated. Preferably reverse
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transcription and PCR™ amplification procedure may be performed in order to quantify
the amount of mRNA amplified. Polymerase chain reaction methodologies are well
known in the art.

Another method for amplification is the ligase chain reaction (referred to
as LCR), disclosed in Eur. Pat. Appl. Publ. No. 320,308 (specifically incorporated
herein by reference in its entirety). In LCR, two complementary probe pairs are
prepared, and in the presence of the target sequence, each pair will bind to opposite
complementary strands of the target such that they abut. In the presence of a ligase, the
two probe pairs will link to form a single unit. By temperature cycling, as in PCR™,
bound ligated units dissociate from the target and then serve as "target sequences" for
ligation of excess probe pairs. U.S. Patent No. 4,883,750, incorporated herein by
reference in its entirety, describes an alternative method of amplification similar to LCR
for binding probe pairs to a target sequence. ,

Qbeta Replicase, described in ]PCT Intl. Pat. Appl. Publ. No.
PCT/US87/00880, incorporated herein by reference in its entirety, may also be used as
still another amplification method in the present invention. In this method, a replicative
sequence of RNA that has a region complementary to that of a target is added to a
sample in the presence of an RNA polymerase. The polymerase will copy the
replicative sequence that can then be detected.

An isothermal amplification method, in which restriction endonucleases
and ligases are used to achieve the amplification of target molecules that contain
nucleotide 5'-[a-thio]triphosphates in one strand of a restriction site (Walker et al.,
1992, incorporated herein by reference in its entirety), may also be useful in the
amplification of nucleic acids in the present invention.

Strand Displacement Amplification (SDA) is another method of carrying
out isothermal amplification of nucleic acids which involves multiple rounds of strand
displacement and synthesis, i.e. nick translation. A similar method, called Repair Chain
Reaction (RCR) is another method of amplification which may be useful in the present
invention and is involves annealing several probes throughout a region targeted for

amplification, followed by a repair reaction in which only two of the four bases are
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present. The other two bases can be added as biotinylated derivatives for easy
detection. A similar approach is used in SDA.

Sequénces can also be detected using.va cyclic probe reaction (CPR). In
CPR, a probe having a 3' and 5' sequences of non-target DNA and an internal or
“middle” sequence of the target pfotein specific RNA is hybridized to DNA which is
present in a sample. Upon hybridization, the reaction is treated with RNaseH, and the
products of the probe are identified as distinctive products by generating a signal that is
released after digestion. The original template is annealed to another cycling probe and
the reaction is repeated. Thus, CPR involves amplifying a signal generated by
hybridization of a probe to a target gene specific expressed nucleic acid.

Still other amplification methods described in Great Britain Pat. Appl.
No. 2 202 328, and in PCT Intl. Pat. Appl. Publ. No. PCT/US89/01025, each of which
is incorporated herein by reference in its entirety, may be used in accordance with the
present invention. In the former application, "modified" primers are used in a PCR-
like, template and enzyme dependent synthesis. The primers may be modified by
labeling with a capture moiety (e.g., biotin) and/or a detector moiety (e.g., enzyme). In
the latter application, an excess of labeled probes is added to a sample. In the presence
of the target sequence, the probe binds and is cleaved catalytically. After cleavage, the
target sequence is released intact to be bound by excess probe. Cleavage of the labeled
probe signals the presence of the target sequence.

Other nucleic acid amplification procedures include transcription-based
amplification systems (TAS) (Kwoh et al., 1989; PCT Intl. Pat. Appl. Publ. No. WO
88/10315, incorporated herein by reference in its entirety), including nucleic acid
sequence based amplification (NASBA) and 3SR. In NASBA, the nucleic acids can be
prepared for amplification by standard phenol/c}ﬂordform extraction, heat denaturation
of a sample, treatment with lysis buffer and minispin columns for isolation of DNA and
RNA or guanidinium chloride extraction of RNA. These amplification techniques
involve annealing a primer that has sequences specific to the target sequencé.
Following polymerization, DNA/RNA hybrids are digested with RNase H while double
stranded DNA molecules are heat-denatured again. In either case the single stranded

DNA is made fully double stranded by addition of second target-specific primer,
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followed by polymerization. The double stranded DNA molecules are then multiply
transcribed by a polymerase such as T7 or SP6. In an isothermal cyclic reaction, the
RNAs are reverse transcribed into DNA, and transcribed once again with a polymerase
such as T7 or SP6. The resulting products, whether truncated or complete, indicate
target-specific sequences.

Eur. Pat. Appl. Publ. No. 329,822, incorporated herein by reference in ifs
entirety, disclose a nucleic acid amplification process involving cyclically synthesizing
single-stranded RNA ("ssRNA"), ssDNA, and double-stranded DNA (dsDNA), which
may be used in accordance with the present invention. The ssRNA is a first template
for a first primer oligonucleotide, which is elongated by reverse transcriptase
(RNA-dependent DNA polymerase). The RNA is then removed from resulting
DNA:RNA duplex by the action of ribonuclease H (RNase H, an RNase specific for
RNA in a duplex with either DNA or RNA). The resultant ssDNA is a second template
for a second primer, which also includes the sequences of an RNA polymerase
promoter (exemplified by T7 RNA polymerase) 5' to its homology to its template. This
primer is then extended by DNA polymerase (exemplified by the large "Klenow"
fragment of E. coli DNA polymerase I), resulting as a double-stranded DNA
("dsDNA") molecule, having a sequence identical to that of the original RNA between
the primers and having additionally, at one end, a promoter sequence. This promoter
sequence can be used by the appropriate RNA polymerase to make many RNA copies
of the DNA. These copies can then re-enter the cycle leading to very swift
amplification. ~With proper choice of enzymes, this amplification can be done
isothermall& without addition of enzymes at each cycle. Because of the cyclical nature
of this process, the starting sequence can be chosen to be in the form of either DNA or
RNA. |

PCT Intl. Pat. Appl. PuBl. No. WO 89/06700, incorporated herein by
reference in its entirety, disclose a nucleic acid sequence amplification scheme based on
the hybridization of a promoter/primer sequence to a target single-stranded DNA
("ssDNA") followed by transcription of many RNA copies of the sequence. This

scheme is not cyclic; i.e. new templates are not produced from the resultant RNA
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transcripts.  Other amplification methods include "RACE" (Frohman, 1990), and
"one-sided PCR" (Ohara, 1989) which are well-known to those of skill in the art.
Methods based on ligation of two (or more) oligonucleotides in the
presence of nucleic acid having the sequence of the resulting "di-oligonucleotide”,
thereby amplifying the di-oligonucleotide (Wu and Dean, 1996, incorporated herein by
reference in its entirety), may also be used in the amplification of DNA sequences of

the present invention.

BIOLOGICAL FUNCTIONAL EQUIVALENTS

Modification and changes may be made in the structure of the
polynucleotides and polypeptides of the present invention and still obtain a functional
molecule that encodes a polypeptide with desirable characteristics. As mentioned
above, it is often desirable to introduce one or more mutations into a specific
polynucleotide sequence. In certain circumstances, the resulting encoded polypeptide
sequence is altered by this mutation, or in other cases, the sequence of the polypeptide
is unchanged by one or more mutations in the encoding polynucleotide.

When it is desirable to alter the amino acid sequence of a polypeptide to
create an equivalent, or even an improved, second-generation molecule, the amino acid
changes may be achieved by changing one or more of the codons of the encoding DNA
sequence, according to Table 1.

For example, certain amino acids may be substituted for other amino
acids in a protein structure without appreciable loss of interactive binding capacity with
structures such as, for example, antigen-binding regions of antibodies or binding sites
on substrate molecules. Since it is the interactive capacity and nature of a protein that
defines that protein's biological functional activity, certain amino acid sequence
substitutions can be made in a protein sequence, and, of course, its underlying DNA
coding sequence, and nevertheless obtain a protein with like properties. It is thus
contemplated by the inventors that various changes may be made in the peptide
sequenées of the disclosed compositions, or corresponding DNA sequences which

encode said peptides without appreciable loss of their biological utility or activity.
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TABLE 1
Amino Acids Codons

Alanine Ala A GCA GCC GCG  GCU
Cysteine Cys C  UGC UGU
Aspartic acid Asp D GAC GAU
Glutamic acid ~ Glu E GAA GAG
Phenylalanine  Phe F UuucC vuu
Glycine Gly G GGA GGC GGG GGU
Histidine His H CAC CAU
Isoleucine Ile I AUA  AUC  AUU
Lysine Lys K AAA AAG
Leucine Leu L UUA UUG CUA CucC CuG CuU
Methionine Met M AUG
Asparagine Asn N AAC AAU
Proline Pro P CCA CCC CCG CCU
Glutamine Gln Q CAA CAG
Arginine Arg R AGA AGG CGA CGC CGG CGU
Serine Ser S AGC AGU UCA UCC UCG UCU
Threonine Thr T ACA ACC ACG ACU
Valine Val \Y GUA GUC GUG GUU
Tryptophan Trp W UGG
Tyrosine Tyr Y UAC UAU

In making such changes, the hydropathic index of amino acids may be
considered. The importance of the hydropathic amino acid index in conferring
interactive biologic function on a protein is generally understood in the art (Kyte and
Doolittle, 1982, incorporated herein by reference). It is accepted that the relative
hydropathic character of the amino acid contributes to the secondary structure of the
resultant protein, which in turn defines the interaction of the protein with other
molecules, for example, enzymes, substrates, receptors, DNA, antibodies, antigens, and
the like. Each amino acid has been assigned a hydropathic index on the basis of its

hydrophobicity and charge characteristics (Kyte and Doolittle, 1982). These values are:
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isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine
(+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (—
0.8); tryptophan (—0.9); tyrosine (—1.3); proline (—1.6); histidine (-3.2); glutamate (-
3.5); glutamine (-3.5); aspartate (-3.5); asparagine (—3.5); lysine (-3.9); and arginine (-
4.5). ‘

It is known in the art that certain amino acids may be substituted by
other amino acids having a similar hydropathic index or score and still result in a
protein with similar biological activity, ie. still obtain a biological functionally
equivalent protein. In making such changes, the substitution of amino acids whose
hydropathic indices are within 2 is preferred, those within +1 are particularly
preferred, and those within +0.5 are even more particularly preferred. It is also
understood in the art that the substitution of like amino acids can be made effectively on
the basis of hydrophilicity. U. S. Patent 4,554,101 (specifically incorporated herein by
reference in its entirety), states that the greatest local average hydrophilicity of a
protein, as governed by the hydrophilicity of its adjacent amino acids, correlates with a
biological property of the protein.

As detailed in U. S. Patent 4,554,101, the following hydrophilicity
values have been assigned to amino acid residues: arginine (+3.0); lysine (+3.0);
aspartate (+3.0 £ 1); glutamate (+3.0 & 1); serine (+0.3); asparagine (+0.2); glutamine
(+0.2); glycine (0); threonine (—0.4); proline (0.5 * 1); alanine (—0.5); histidine (-0.5);
cysteine (—1.0); methionine (—1.3); valine (-1.5); leucine (-1.8); isoleucine (—1.8);
tyrosine (—2.3); phenylalanine (-2.5); tryptophan (-3.4). It is understood that an amino
acid can be substituted for another having a similar hydrophilicity value and still obtain
a biologically equivalent, and in particular, an immunologically equivalent protein. In
such changes, the substitution of amino acids whose hydrophilicity values are within +2
is preferred, those within +1 are particularly preferred, and those within +0.5 are even
more particularly preferred.

As outlined above, amino acid substitutions are generally therefore based
on the relative similarity of the amino acid side-chain substituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions that

take various of the foregoing characteristics into consideration are well known to those
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of skill in the art and include: arginine and lysine; glutamate and aspartate; serine and
threonine; glutamine and asparagine; and valine, leucine and isoleucine.

In addition, any polynucleotide may be further modified to increase
stability in vivo. Possible modifications include, but are not limited to, the addition of
flanking sequences at the 5' and/or 3' ends; the use of phosphorothioate or 2' O-methyl
rather than phosphodiesterase linkages in the backbone; and/or the inclusion of
nontraditional bases such as inosine, queosine and wybutosine, as well as acetyl-
methyl-, thio- and other modified forms of adenine, cytidine, guanine, thymine and

uridine.

IN vIvO POLYNUCLEOTIDE DELIVERY TECHNIQUES

In additional embodiments, genetic constructs comprising one or more of
the polynucleotides of the invention are introduced into cells in vivo. This may be
achieved using any of a variety or well known approaches, several of which are

outlined below for the purpose of illustration.

1. ADENOVIRUS

One of the preferred methods for in vivo delivery of one or more nucleic
acid sequences involves the use of an adenovirus expression vector. "Adenovirus
expression vector" is meant to include those constructs containing adenovirus
sequences sufficient to (a) support packaging of the construct and (b) to express a
polynucleotide that has been cloned therein in a sense or antisense orientation. Of
course, in the context of an antisense construct, expression does not require that the
gene product be synthesized.

The expression vector comprises a genetically engineered form of an
adenovirus. Knowledge of the genetic organization of adenovirus, .a 36 kb, linear,
double-stranded DNA virus, allows substitution of large pieces of adenoviral DNA with
foreign sequences up to 7 kb (Grunhaus and Horwitz, 1992). In contrast to retrovirus,
the adenoviral infection of host cells does not result in chromosomal integration
because adenoviral DNA can replicate in an episomal manner without potential

genotoxicity. Also, adenoviruses are structurally stable, and no genome rearrangement
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has been detected after extensive amplification. Adenovirus can infect virtually all
epithelial cells regardless of their cell cycle stage. So far, adenoviral infection appears
to be linked only to mild disease such as acute respiratory disease in humans.

Adenovirus is particularly suitable for use as a gene transfer vector
because of its mid-sized genome, ease of manipulation, high titer, wide target-cell range
and high infectivity. Both ends of the viral genome contain 100-200 base pair inverted
repeats (ITRs), which are cis elements necessary for viral DNA replication and
packaging. The early (E) and late (L) regions of the genome contain different
transcription units that are divided by the onset of viral DNA replication. The El
region (E1A and E1B) encodes proteins responsible for the regulation of transcription
of the viral genome and a few cellular genes. The expression of the E2 region (E2A
and E2B) results in the synthesis of the proteins for viral DNA replication. These
proteins are involved in DNA replication, late gene expression and host cell shut-off
(Renan, 1990). The products of the late genes, including the majority of the viral capsid
proteins, are expressed only after significant processing of a single primary transcript
issued by the major late promoter (MLP). The MLP, (located at 16.8 m.u.) is
particularly efficient during the late phase of infection, and all the mRNA's issued from
this promoter possess a 5'-tripartite leader (TPL) sequence which makes them preferred
mRNA's for translation.

In a current system, recombinant adenovirus is generated from
homologous recombination between shuttle vector and provirus vector. Due to the
possible recombination between two proviral vectors, wild-type adenovirus may be
generated from this process. Therefore, it is critical to isolate a single clone of virus
from an individual plaque and examine its genomic structure.

Generation and propagation of the current adenovirus vectors, which are
replication deficient, depend on a unique helper cell line, designated 293, which was
transformed from human embryonic kidney cells by Ad5 DNA fragments and
constitutively expresses E1 proteins (Graham et al., 1977). Since the E3 region is
dispensable from the adenovirus genome (Jones and Shenk, 1978), the current
adenovirus vectors, with the help of 293 cells, carry foreign DNA in either the E1, the

D3 or both regions (Graham and Prevec, 1991). In nature, adenovirus can package
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approximately 105% of the wild-type genome (Ghosh-Choudhury et al., 1987),
providing capacity for about 2 extra kB of DNA. Combined with the approximately 5.5
kB of DNA that is replaceable in the E1 and E3 regions, the maximum capacity of the
current adenovirus vector is under 7.5 kB, or about 15% of the total length of the
vector. More than 80% of the adenovirus viral genome remains in the vector backbone
and is the source of vector-borne cytotoxicity. Also, the replication deficiency of the
E1-deleted virus is incomplete. For example, leakage of viral gene expression has been
observed with the currently available vectors at high multiplicities of infection (MOI)
(Mulligan, 1993).

Helper cell lines may be derived from human cells such as human
embryonic kidney cells, muscle cells, hematopoietic cells or other human embryonic
mesenchymal or epithelial cells. Alternatively, the helper cells may be derived from the
cells of other mammalian species that are permissive for human adenovirus. Such cells
include, e.g., Vero cells or other monkey embryonic mesenchymal or epithelial cells.
As stated above, the currently preferred helper cell line is 293.

Recently, Racher et al. (1995) disclosed improved methods for culturing
293 cells and propagating adenovirus. In one format, natural cell aggregates are grown
by inoculating individual cells into 1 liter siliconized spinner flasks (Techne,
Cambridge, UK) containing 100-200 ml of medium. Following stirring at 40 rpm, the
cell viability is estimated with trypan blue. In another format, Fibra-Cel microcarriers
(Bibby Sterlin, Stone, UK) (5 g/l) is employed as follows. A cell inoculum,
resuspended in 5 ml of medium, is added to the carrier (50 ml) in a 250 ml Erlenmeyer
flask and left stationary, vﬁth occasional agitation, for 1 to 4 h. The medium is then
replaced with 50 ml of fresh medium and shaking initiated. For virus production, cells
are allowed to grow to about 80% confluence, after which time the medium is replaced
(to 25% of the final volume) and adenovirus added at an MOI of 0.05. Cultures are left
stationary overnight, following which the volume is increased to 100% and shaking
commenced for another 72 h.

Other than the requirement that the adenovirus vector be replication
defective, or at least conditionally defective, the nature of the adenovirus vector is not

believed to be crucial to the successful practice of the invention. The adenovirus may
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be of any of the 42 different known serotypes or subgroups A-F. Adenovirus type 5 of
subgroup C is the preferred starting material in order to obtain a conditional replication-
defective adenovirus vector for use in the present invention, since Adenovirus type 5 is
a human adenovirus about which a great deal of biochemical and genetic information is
known, and it has historically been used for most constructions employing adenovirus
as a vector.

As stated above, the typical vector according to the present invention is
replication defective and will not have an adenovirus E1 region. Thus, it will be most
convenient to introduce the polynucleotide encoding the gene of interest at the position
from which the El-coding sequences have been removed. However, the position of
insertion of the construct within the adenovirus sequences is not critical to the

invention. The polynucleotide encoding the gene of interest may also be inserted in lieu

of the deleted E3 region in E3 replacement vectors as described by Karlsson et al.

(1986) or in the E4 region where a helper cell line or helper virus complements the E4
defect.

Adenovirus is easy to grow and manipulate and exhibits broad host
range in vitro and in vivo. This group of viruses can be obtained in high titers, e.g., 10°-
10" plaque-forming units per ml, and they are highly infective. The life cycle of
adenovirus does not require integration into the host cell genome. The foreign genes
delivered by adenovirus vectors are episomal and, therefore, have low genotoxicity to
host cells. No side effects have been reported in studies of vaccination with wild-type
adenovirus (Couch et al., 1963; Top et al, 1971), demonstrating their safety and
therapeutic potential as in vivo gene transfer vectors.

Adenovirus vectors have been used in eukaryotic gene expression
(Levrero et al., 1991; Gomez-Foix ef al., 1992) and vaccine development (Grunhaus
and Horwitz, 1992; Graham and Prevec, 1992). Recently, animal studies suggested that
recombinant adenovirus could be used for gene therapy (Stratford-Perricaudet and
Perricaudet, 1991; Stratford-Perricaudet et al., 1990; Rich et al., 1993). Studies in
administering recombinant adenovirus to different tissues include trachea instillation

(Roseﬁfeld et al., 1991; Rosenfeld et al., 1992), muscle injection (Ragot et al., 1993),
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peripheral intravenous injections (Herz and Gerard, 1993) and stereotactic inoculation

into the brain (Le Gal La Salle et al., 1993).

2. RETROVIRUSES

The retroviruses are a group of single-stranded RNA viruses
characterized by an ability to convert their RNA to double-stranded DNA in infected
cells by a process of reverse-transcription (Coffin, 1990). The resulting DNA then
stably integrates into cellular chromosomes as a provirus and directs synthesis of viral
proteins. The integration results in the retention of the viral gene sequences in the
recipient cell and its descendants. The retroviral genome contains three genes, gag, pol,
and env that code for capsid proteins, polymerase enzyme, and envelope components,
respectively. A sequence found upstream from the gag gene contains a signal for
packaging of the genome into virions. Two long terminal repeat (LTR) sequences are
present at the 5’ and 3’ ends of the viral genome. These contain strong promoter and
enhancer sequences and are also required for integration in the host cell genome
(Coffin, 1990).

In order to construct a retroviral vector, a nucleic acid encoding one or
more oligonucleotide or polynucleotide sequences of interest is inserted into the viral
genome in the place of certain viral sequences to produce a virus that is replication-
defective. In order to produce virions, a packaging cell line containing the gag, pol, and
env genes but without the LTR and packaging components is constructed (Mann et al.,
1983). When a recombinant plasmid containing a cDNA, together with the retroviral
LTR ‘and packaging sequences is introduced into this cell line (by calcium phosphate
precipitation for example), the packaging sequence allows the RNA transcript of the
recombinant plasmid to be packaged into viral particles, which are then secreted into
the culture media (Nicolas and Rubenstein, 1988; Temin, 1986; Mann et al., 1983).
The media containing the recombinant retroviruses is then collected, optionally
concentrated, and used for gene transfer. Retroviral vectors are able to infect a broad
variety of cell types. However, integration and stable expression require the division of

host cells (Paskind et al., 1975).



10

15

20

25

WO 02/12332 PCT/US01/41625

42

A novel approach designed to allow specific targeting of retrovirus
vectors was recently developed based on the chemical modification of a retrovirus by
the chemical addition of lactose residues to the viral envelope. This modification could
permit the specific infection of hepatocytes via sialoglycoprotein receptors.

A different approach to targeting of recombinant retroviruses was

designed in which biotinylated antibodies against a retroviral envelope protein and

“against a specific cell receptor were used. The antibodies were coupled via the biotin

components by using streptavidin (Roux ef al., 1989). Using antibodies against major
histocompatibility complex class I and class II antigens, they demonstrated the infection
of a variety of human cells that bore those surface antigens with an ecotropic virus in

vitro (Roux et al., 1989).

3. ADENO-ASSOCIATED VIRUSES

AAV (Ridgeway, 1988; Hermonat and Muzycska, 1984) is a parovirus,
discovered as a contamination of adenoviral stocks. It is a ubiquitous virus (antibodies
are present in 85% of the US human population) that has not been linked to any disease.
It is also classified as a dependovirus, because its replications is dependent on the
presence of a helper virus, such as adenovirus. Five serotypes have been isolated, of
which AAV-2 is the best characterized. AAV has a single-stranded linear DNA that is
encapsidated into capsid proteins VP1, VP2 and VP3 to form an icosahedral virion of
20 to 24 nm in diameter (Muzyczka and McLaughlin, 1988).

The AAV DNA is approximately 4.7 kilobases long. It contains two
open reading frames and is flanked by two ITRs (FIG. 2). There are two major genes in
the AAV genome: rep and cap. The rep gene codes for proteins responsible for viral
replications, whereas cap codes for capsid protein VP1-3. Each ITR forms a T-shaped
hairpin structure. These terminal repeats are the only essential cis components of the
AAV for chromosomal integration. Therefore, the AAV can be used as a vector with
all viral coding sequences removed and replaced by the cassette of genes for delivery.
Three viral promoters have been identified and named p5, p19, and p40, according to

their map position. Transcription from p5 and p19 results in production of rep proteins,
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and transcription from p40 produces the capsid proteins (Hermonat and Muzyczka,
1984).

There are several factors that prompted researchers to study the
possibility of using rAAV as an expression vector. One is that the requirements for
delivering a gene to integrate into the host chromosome are surprisingly few. It is
necessary to have the 145-bp ITRs, which are only 6% of the AAV genome. This
leaves room in the vector to assemble a 4.5-kb DNA insertion. While this carrying
capacity may prevent the AAV from delivering la{rge genes, it is amply suited for
delivering the antisense constructs of the present invention.

AAV is also a good choice of delivery vehicles due to its safety. There
is a relatively complicated rescue mechanism: not only wild type adenovirus but also
AAV genes are required to mobilize rAAV. Likewise, AAV is not pathogenic and not
associated with any disease. The removal of viral coding sequences minimizes immune
reactions to viral gene expression, and therefore, rAAV does not evoke an inflammatory

response.

4. OTHER VIRAL VECTORS AS EXPRESSION CONSTRUCTS

Other viral vectors may be employed as expression constructs in the
present invention for the delivery of oligonucleotide or polynucleotide sequences to a
host cell. Vectors derived from viruses such as vaccinia virus (Ridgeway, 1988;
Coupar et al., 1988), lentiviruses, polio viruses and herpes viruses may be employed.
They offer several attractive features for various mammalian cells (Friedmann, 1989;
Ridgeway, 1988; Coupar et al., 1988; Horwich ef al., 1990).

With the recent recognition of defective hepatitis B viruses, new insight
was gained into the structure-function relationship of different viral sequences. In vitro
studies showed that the virus could retain the ability for helper-dependent packaging
and reverse transcription despite the deletion of up to 80% of its genome (Horwich et
al., 1990). This suggested that large portions of the genome could be replaced with
foreign genetic material. The hepatotropism and persistence (integration) were
particularly attractive properties for liver-directed gene transfer. Chang er al. (1991)
introduced the chloramphenicol acetyltransferase (CAT) gene into duck hepatitis B
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virus genome in the place of the polymerase, surface, and pre-surface coding sequences.
It was cotransfected with wild-type virus into an avian hepatoma cell line. Culture
media containing high titers of the recombinant virus were used to infect primary
duckling hepato\cytes. Stable CAT gene expression was detected for at least 24 days
after transfection (Chang et al., 1991).

3. NON-VIRAL VECTORS

In order to' effect expression of the oligonucleotide or polynucleotide
sequences of the present invention, the expression construct must be delivered into a
cell. This delivery may be accomplished in vitro, as in laboratory procedures for
transforming cells lines, or in vivo or ex vivo, as in the treatment of certain disease
states. As described above, one preferred mechanism for delivery is via viral infection
where the expression construct is encapsulated in an infectious viral particle.

Once the expression construct has been delivered into the cell the nucleic
acid encoding the desired oligonucleotide or polynucleotide sequences may be
positioned and expressed at different sites. In certain embodiments, the nucleic acid
encoding the construct may be stably integrated into the genome of the cell. This
integration may be in the specific location and orientation via homologous
recombination (gene replacement) or it may be integrated in a random, non-specific
location (gene augmentation). In yet further embodiments, the nucleic acid may be
stably maintained in the cell as a separate, episomal segment of DNA. Such nucleic
acid segments or "episomes" encode sequences sufficient to permit maintenance and
replication indebendent of or in synchronization with the host cell cycle. How the
expression construct is delivered to a cell and where in the cell the nucleic acid remains
is dependent on the type of expression construct employed.

In certain embodiments of the invention, the expression construct
comprising one or more oligonucleotide or polynucleotide sequences may simply
consist of naked recombinant DNA or plasmids. Transfer of the construct may be
performed by any of the methods mentioned above which physically or chemically
permeabilize the cell membrane. This is particularly applicable for transfer in vitro but

it may be applied to in vivo use as well. Dubensky et al. (1984) successfully injected
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polyomavirus DNA in the form of calcium phosphate precipitates into liver and spleen
of adult and newborn mice demonstrating active viral replication and acute infection.
Benvenisty and Reshef (1986) also demonstrated that direct intraperitoneal injection of
calcium phosphate-precipitated plasmids results in expression of the transfected genes.
It is envisioned that DNA encoding a gene of interest may also be transferred in a
similar manner in vivo and express the gene product.

Another embodiment of the invention for transferring a naked DNA
expression construct into cells may involve particle bombardment. This method
depends on the ability to accelerate DNA-coated microprojectiles to a high velocity
allowing them to pierce cell membranes and enter cells without killing them (Klein et
al., 1987). Several devices for accelerating small particles have been developed. One
such device relies on a high voltage discharge to generate an electrical current, which in
turn provides the motive force (Yang et al, 1990). The microprojectiles used have
consisted of biologically inert substances such as tungsten or gold beads.

Selected organs including the liver, skin, and muscle tissue of rats and
mice have been bombarded i vivo (Yang et al., 1990; Zelenin et al., 1991). This may
require surgical exposure of the tissue or cells, to eliminate any intervening tissue
between the gun and the target organ, i.e. ex vivo treatment. Again, DNA encoding a
particular gene may be delivered via this method and still be incorporated by the present

invention.

ANTISENSE OLIGONUCLEOTIDES

The end result of the flow of genetic information is the synthesis of
protein. DNA is transcribed by poiymerases into messenger RNA and translated on the
ribosome to yield a folded, functional protein. Thus there are several steps along the
route where protein synthesis can be inhibited. The native DNA segment coding for a
polypeptide described herein, as all such mammalian DNA strands, has two strands: a
sense strand and an antisense strand held together by hydrogen bonding. The
messenger RNA coding for polypeptide has the same nucleotide sequence as the sense

DNA strand except that the DNA thymidine is replaced by uridine. Thus, synthetic
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antisense nucleotide sequences will bind to a mRNA and inhibit expression of the
protein encoded by that mRNA.

The targeting of antisense oligonucleotides to mRNA is thus one
mechanism to shut down protein synthesis, and, consequently, represents a powerful
and targeted therapeutic approach. For example, the synthesis of polygalactauronase
and the muscarine type 2 acetylcholine receptor are inhibited by antisense
oligonucleotides directed to their respective mRNA sequences (U. S. Patent 5,739,119
and U. S. Patent 5,759,829, each specifically incorporated herein by reference in its
entirety). Further, examples of antisense inhibition have been demonstrated with the
nuclear protein cyclin, the multiple drug resistance gene (MDG1), ICAM-1, E-selectin,
STK-1, striatal GABA, receptor and human EGF (Jaskulski et al., 1988;
Vasanthakumar and Ahmed, 1989; Peris et al., 1998; U. S. Patent 5,801,154; U. S.
Patent 5,789,573; U. S. Patent 5,718,709 and U. S. Patent 5,610,288, each specifically
incorporated herein by reference in its entirety). Antisense constructs have also been
described that inhibit and can be used to treat a variety of abnormal cellular
proliferations, e.g. cancer (U. S. Patent 5,747,470; U. S. Patent 5,591,317 and U. S.
Patent 5,783,683, each specifically incorporated herein by reference in its entirety).

Therefore, in exemplary embodiments, the invention provides
oligonucleotide sequences that comprise all, or a portion of, any sequence that is
capable of specifically binding to polynucleotide sequence described herein, or a
complement thereof. In one embodiment, the antisense oligonucleotides comprise
DNA or derivatives thereof. In another embodiment, the oligonucleotides comprise
RNA or derivatives thereof. In a third embodiment, the oligonucleotides are modified
DNAs comprising é phosphorothioated modified backbone. In a fourth embodiment,
the oligonucleotide sequences comprise peptide nucleic acids or derivatives thereof. In
each case, preferred compositions comprise a sequence region that is complementary,
and more preferably substantially-complementary, and even more preferably,
completely complementary to one or more portions of polynucleotides disclosed herein.

Selection of antisense compositions specific for a given gene sequence is
based upon analysis of the chosen target sequence (i.e. in these illustrative examples the

rat and human sequences) and determination of secondary structure, T, binding
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energy, relative stability, and antisense compositions were selected based upon their
relative inability to form dimers, hairpins, or other secondary structures that would
reduce or prohibit specific binding to the target mRNA in a host cell.

Highly preferred target regions of the mRNA, are those which are at or
near the AUG translation initiation codon, and those sequences which were
substantially complementary to 5° regions of the mRNA. These secondary structure
analyses and target site selection considerations were performed using v.4 of the
OLIGO primer analysis software (Rychlik, 1997) and the BLASTN 2.0.5 algorithm
software (Altschul et al., 1997).

The use of an antisense delivery method employing a short peptide
vector, termed MPG (27 residues), is also contemplated. The MPG peptide contains a
hydrophobic domain derived from the fusion sequence of HIV gp41 and a hydrophilic
domain from the nuclear localization sequence of SV40 T-antigen (Morris et al., 1997).
It has been demonstrated that several molecules of the MPG peptide coat the antisense
oligonucleotides and can be delivered into cultured mammalian cells in less than 1 hour
with relatively high efficiency (90%). Further, the interaction with MPG strongly
increases both the stability of the oligonucleotide to nuclease and the ability to cross the
plasma membrane (Morris ef al., 1997).

RIBOZYMES

Although proteins traditionally have been used for catalysis of nucleic
acids, another class of macromolecules has emerged as useful in this endeavor.
Ribozymes are RNA-protein complexes that cleave nucleic acids in a site-specific
fashion. Ribozymes have specific catalytic domains that possess endonuclease activity
(Kim and Cech, 1987; Gerlach et al., 1987; Forster and Symons, 1987). For example, a
large number of ribozymes accelerate phosphoester transfer reactions with a high
degree of specificity, often cleaving only one of several phosphoesters in an
oligonucleotide substrate (Cech et al., 1981; Michel and Westhof, 1990; Reinhold-
Hurek and Shub, 1992). This specificity has been attributed to the requirement that the
substrate bind via specific base-pairing interactions to the internal guide sequence

("IGS") of the ribozyme prior to chemical reaction.
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Ribozyme catalysis has primarily been observed as part of sequence-
specific cleavage/ligation reactions involving nucleic acids (Joyce, 1989; Cech et al.,
1981). For example, U. S. Patent No. 5,354,855 (specifically incorporated herein by
reference) reports that certain ribozymes can act as endonucleases with a sequence
specificity greater than that of known ribonucleases and approaching that of the DNA
restriction enzymes. Thus, sequence-specific ribozyme-mediated inhibition of gene
expression may be particularly suited to therapeutic applications (Scanlon ef al., 1991;
Sarver et al., 1990). Recently, it was reported that ribozymes elicited genetic changes
in some cells lines to which they were applied; the altered genes included the oncogenes
H-ras, c-fos and génes of HIV. Most of this work involved the modification of a target
mRNA, based on a specific mutant codon that is cleaved by a specific ribozyme.

Six basic varieties of naturally-occurring enzymatic RNAs are known
presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds in trans (and
thus can cleave other RNA molecules) under physiological conditions. In general,
enzymatic nucleic acids act by first binding to a target RNA. Such binding occurs
through the target binding portion of a enzymatic nucleic acid which is held in close
proximity to an enzymatic portion of the fnolecule that acts to cleave the target RNA.
Thus, the enzymatic nucleic acid first recognizes and then binds a target RNA through
complementary base-pairing, and once bound to the correct site, acts enzymatically to
cut the target RNA. Strategic cleavage of such a target RNA will destroy its ability to
direct synthesis of an encoded protein. After an enzymatic nucleic acid has bound and
cleaved its RNA target, it is released from that RNA to search for another target and can
repeatedly bind and cleave new targets.

The enzymatic nature of a ribozyme is advantageous over many
technologies, such as antisense technology (where a nucleic acid molecule simply binds
to a nucleic acid target to block its translation) since the concentration of ribozyme
necessary to affect a therapeutic treatment is lower than that of an antisense
oligonucleotide. ~ This advantage reflects ‘the ability of the ribozyme to act
enzymatically. Thus, a single ribozyme molecule is able to cleave many molecules of
target RNA. In addition, the ribozyme is a highly specific inhibitor, with the specificity

of inhibition depending not only on the base pairing mechanism of binding to the target
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RNA, but also on the mechanism of target RNA cleavage. Single mismatches, or base-
substitutions, near the site of cleavage can completely eliminate catalytic activity of a
ribozyme. Similar mismatches in antisense molecules do not prevent their action
(Woolf et al., 1992). Thus, the specificity of action of a ribozyme is greater than that of
an antisense oligonucleotide binding the same RNA site.

The enzymatic nucleic acid molecule may be formed in a hammerhead,
hairpin, a hepatitis 8 virus, group I intron or RNaseP RNA (in association with an RNA
guide sequence) or Neurospora VS RNA motif. Examples of hammerhead motifs are
described by Rossi ef al. (1992). Examples of hairpin motifs are described by Hampel
et al. (Eur. Pat. Appl. Publ. No. EP 0360257), Hampel and Tritz (1989), Hampel ef al.
(1990) and U. S. Patent 5,631,359 (specifically incorporated herein by reference). An
example of the hepatitis & virus motif is described by Perrotta and Been (1992); an
example of the RNaseP motif is described by Guerrier-Takada efal (1983);
Neurospora VS RNA ribozyme motif is described by Collins (Saville and Collins,
1990; Saville and Collins, 1991; Collins and Olive, 1993); and an example of the Group
I intron is described in (U. S. Patent 4,987,071, specifically incorporated herein by
reference). All that is important in an enzymatic nucleic acid molecule of this invention
is that it has a specific substrate binding site which is complementary to one or more of
the target gene RNA regions, and that it have nucleotide sequences within or
surrounding that substrate binding site which impart an RNA cleaving activity to the
molecule. Thus the ribozyme constructs need not be limited to specific motifs
mentioned herein.

In certain embodiments, it may be important to produce enzymatic
cleaving agents which exhibit a high degree of specificity for the RNA of a desired
target, such as one of the sequences disclosed herein. The enzymatic nucleic acid
molecule is preferably targeted to a highly conserved sequence region of a target
mRNA. Such enzymatic nucleic acid molecules can be delivered exogenously to
specific cells as required. Alternatively, the ribozymes can be expressed from DNA or
RNA vectors that are delivered to specific cells.

Small enzymatic nucleic acid motifs (e.g., of the hammerhead or the

hairpin structure) may also be used for exogenous delivery. The simple structure of
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these molecules increases the ability of the enzymatic nucleic acid to invade targeted
regions of the mRNA structure. Alternatively, catalytic RNA molecules can be
expressed within cells from eukaryotic promoters (e.g., Scanlon et al., 1991; Kashani-
Sabet et al., 1992; Dropulic et al., 1992; Weerasinghe et al., 1991; Ojwang et al., 1992;
Chen etal., 1992; Sarver etal, 1990). Those skilled in the art realize that any
ribozyme can be expressed in eukaryotic cells from the appropriate DNA vector. The
activity of such ribozymes can be augmented by their release from the primary
transcript by a second ribozyme (Int. Pat. Appl. Publ. No. WO 93/23569, and Int. Pat.
Appl. Publ. No. WO 94/02595, both hereby incorporated by reference; Ohkawa ef al.,
1992; Taira et al., 1991; and Ventura ef al., 1993).

Ribozymes may be added directly, or can be complexed with cationic
lipids, lipid complexes, packaged within liposomes, or otherwise delivered to target
cells. The RNA or RNA complexes can be locally administered to relevant tissues ex
vivo, or in vivo through injection, aerosol inhalation, infusion pump or stent, with or
without their incorporation in biopolymers.

Ribozymes may be designed as described in Int. Pat. Appl. Publ. No.
WO 93/23569 and Int. Pat. Appl. Publ. No. WO 94/02595, each specifically
incorporated herein by reference) and synthesized to be tested in vitro and in vivo, as
described. Such ribozymes can also be optimized for delivery. While specific
examples are provided, those in the art will recognize that equivalent RNA targets in
other species can be utilized when necessary.

Hammerhead or hairpin ribozymes may be individually analyzed by
computer folding (Jaeger ef al., 1989) to assess whether the ribozyme sequences fold
into the appropriate secondary structure.  Those ribozymes with unfavorable
intramolecular interactions between the binding arms and the catalytic core are
eliminated from consideration. Varying binding arm lengths can be chosen to optimize
activity. Generally, at least 5 or so bases on each arm are able to bind to, or otherwise
interact with, the target RNA.

Ribozymes of the hammerhead or hairpin motif may be designed to
anneal to various sites in the mRNA message, and can be chemically synthesized. The

method of synthesis used follows the procedure for normal RNA synthesis as described
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in Usman ef al. (1987) and in Scaringe ef al. (1990) and makes use of common nucleic
acid protecting and coupling groups, such as dimethoxytrityl at the 5-end, and
phosphoramidites at the 3’-end. Average stepwise coupling yields are typically >98%.
Hairpin ribozymes may be synthesized in two parts and annealed to reconstruct an
active ‘ribozyme (Chowrira and Burke, 1992). Ribozymes may be modified extensively
to enhance stability by modification with nuclease resistant groups, for example, 2'-
amino, 2'-C-allyl, 2’-flouro, 2'-o-methyl, 2'-H (for a review see e.g, Usman and
Cedergren, 1992). Ribozymes may be purified by gel electrophoresis using general
methods or by high pressure liquid chromatography and resuspended in water.
Ribozyme activity can be optimized by altering the length of the

ribozyme binding arms, or chemically synthesizing ribozymes with modifications that

. prevent their degradation by serum ribonucleases (see e.g., Int. Pat. Appl. Publ. No.

WO 92/07065; Perrault et al, 1990; Pieken ef al., 1991; Usman and Cedergren, 1992;
Int. Pat. Appl. Publ. No. WO 93/15187; Int. Pat. Appl. Publ. No. WO 91/03162; Eur.
Pat. Appl. Publ. No. 92110298.4; U. S. Patent 5,334,711; and Int. Pat. Appl. Publ. No.
WO 94/13688, which describe various chemical modifications that can be made to the
sugar moieties of enzymatic RNA molecules), modifications which enhance their
efficacy in cells, and removal of stem II bases to shorten RNA synthesis times and
reduce chemical requirements.

Sullivan et al. (Int. Pat. Appl. Publ. No. WO 94/02595) describes the
general methods for delivery of enzymatic RNA molecules. Ribozymes may be
administered to cells by a variety of methods known to those familiar to the art,
including, but not restricted to, encapsulation in liposomes, by iontophoresis, or by
incorporation into other vehicles, such as hydrogels, cyclodextrins, biodegradable
nanocapsules, and bioadhesive microspheres. For some indications, ribozymes may be
directly delivered ex vivo to cells or tissues with or without the aforementioned
vehicles. Alternatively, the RNA/vehicle combination may be locally delivered by
direct inhalation, by direct injection or by use of a catheter, infusion pump or stent.
Other routes of delivery include, but are not limited to, intravascular, intramuscular,
subcutaneous or joint injection, aerosol inhalation, oral (tablet or pill form), topical,

systemic, ocular, intraperitoneal and/or intrathecal delivery. More detailed descriptions
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of ribozyme delivery and administration are provided in Int. Pat. Appl. Publ. No. WO
94/02595 and Int. Pat. Appl. Publ. No. WO 93/23569, each specifically incorporated
herein ,by reference.

Another means of accumulating high concentrations of a ribozyme(s)
within cells is to incorporate the ribozyme-encoding sequences into a DNA expression
vector. Transcription of the ribozyme sequences are driven from a promoter for
eukaryotic RNA polymerase I (pol I), RNA polymerase II (pol II), or RNA polymerase
I (pol ITI). Transcripts from pol II or pol III promoters will be expressed at high levels
in all cells; the levels of a given pol II promoter in a given cell type will depend on the
nature of the gene regulatory sequences (enhancers, silencers, efc.) present nearby.
Prokaryotic RNA polymerase promoters may also be used, providing that the
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells (Elroy-Stein
and Moss, 1990; Gao and Huang, 1993; Lieber etal, 1993; Zhou etal, 1990).
Ribozymes expressed from such promoters can function in mammalian cells (e.g.
Kashani-Saber et al., 1992; Ojwang et al., 1992; Chen etal., 1992; Yu etal., 1993;
L'Huillier et al., 1992; Lisziewicz et al., 1993). Such transcription units can be
incorporated into a variety of vectors for introduction into mammalian cells, including
but not restricted to, plasmid DNA vectors, viral DNA vectors (such as adenovirus or
adeno-associated vectors), or viral RNA vectors (such as retroviral, semliki forest virus,
sindbis virus vectors).

Ribozymes may be used as diagnostic tools to examine genetic drift and
mutations within diseased cells. ‘They can also be used to assess levels of the target
RNA molecule. The close relationship between ribozyme activity and the structure of
the target RN A allows the detection of mutations in any region of the molecule which
alters the base-pairing and three-dimensional structure of the target RNA. By using
multiple ribozymes, one may map nucleotide changes which are important to RNA
structure and function in vitro, as well as in cells and tissues. Cleavage of target RNAs
with ribozymes may be used to inhibit gene expression and define the role (essentially)
of specified gene products in the progression of disease. In this manner, other genetic
targets may be defined as important mediators of the disease. These studies will lead to

better treatment of the disease progression by affording the possibility of combinational
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therapies (e.g., multiple ribozymes targeted to different genes, ribozymes coupled with
known small molecule inhibitors, or intermittent treatment with combinations of
ribozymes and/or other chemical or biological molecules). Other in vitro uses of
ribozymes are well known in the art, and include detection of the presence of mRNA
associated with an IL-5 related condition. Such RNA is detected by determining the
presence of a cleavage product after treatment with a ribozyme using standard

methodology.

PEPTIDE NUCLEIC ACIDS

In certain embodiments, the inventors contemplate the use of peptide
nucleic acids (PNAs) in the practice of the methods of the invention. PNA is a DNA
mimic in which the nucleobases are attached to a pseudopeptide backbone (Good and
Nielsen, 1997). PNA is able to be utilized in a number methods that traditionally have
used RNA or DNA. Often PNA sequences perform better in techniques than the
corresponding RNA or DNA sequences and have utilities that are not inherent to RNA
or DNA. A review of PNA including methods of making, characteristics of, and
methods of using, is provided by Corey (1997) and is incorporated herein by reference.
As such, in certain embodiments, one may prepare PNA sequences that are
complementary to one or more portions of the ACE mRNA sequence, and such PNA
compositions may be used to regulate, alter, decrease, or reduce the translation of ACE-
specific mRNA, and thereby alter the level of ACE activity in a host cell to which such
PNA compositions have been administered.

PNAs have 2-aminoethyl-glycine linkages replacing the normal
phosphodiester backbone of DNA (Nielsen et al., 1991; Hanvey et al., 1992; Hyrup and
Nielsen, 1996; Neilsen, 1996). This chemistry has three important consequences:
firstly, in contrast to DNA or phosphorothioate oligonucleotides, PNAs are neutral
molecules; secondly, PNAs are achiral, which avoids the need to develop a

stereoselective synthesis; and thirdly, PNA synthesis uses standard Boc (Dueholm et

-al., 1994) or Fmoc (Thomson et al., 1995) protocols for solid-phase peptide synthesis,

although other methods, including a modified Merrifield method, have been used

(Christensen et al., 1995).
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PNA monomers or ready-made oligomers are commercially available
from PerSeptive Biosystems (Framingham, MA). PNA syntheses by either Boc or
Fmoc protocols are straightforward using manual or automated protocols (Norton et al.,
1995). The manual protocol lends itself to the production of chemically modified PNAs
or the simultaneous synthesis of families of closely related PNAs.

As with peptide synthesis, the success of a particular PNA synthesis will
depend on the properties of the chosen sequence. For ’example, while in theory PNAs
can incorporate any combination of nucleotide bases, the presence of adjacent purines
can lead to deletions of one or more residues in the product. In expectation of this
difficulty, it is suggested that, in producing PNAs with adjacent purines, one should
repeat the coupling of residues likely to be added inefficiently. This should be followed
by the purification of PNAs by reverse-phase high-pressure liquid chromatography
(Norton et al., 1995) providing yields and purity of product similar to those observed
during the synthesis of peptides.

Modifications of PNAs for a given application may be accomplished by
coupling amino acids during solid-phase synthesis or by attaching compounds that
contain a carboxylic acid group to the exposed N-terminal amine. Alternatively, PNAs
can be modified after synthesis by coupling to an introduced lysine or cysteine. The
ease with which PNAs can be modified facilitates optimization for better solubility or
for specific functional requirements. Once synthesized, the identity of PNAs and their
derivatives can be confirmed by mass spectrometry. Several studies have made and
utilized modifications of PNAs (Norton et al., 1995; Haaima et al., 1996; Stetsenko et
al., 1996; Petersen et al., 1995; Ulmann et al., 1996; Koch et al., 1995; Orum et al.,
1995; Footer et al., 1996; Griffith et al., 1995; Kremsky et al., 1996; Pardridge et al.,
1995; Boffa et al, 1995; Landsdorp et al., 1996; Gambacorti-Passerini ef al., 1996;
Armitage et al.,, 1997; Seeger et al., 1997; Ruskowski et al, 1997). U.S. Patent No.
5,700,922 discusses PNA-DNA-PNA chimeric molecules and their uses in diagnostics,
modulating protein in organisms, and treatment of conditions susceptible to
therapeutics.

In contrast to DNA and RNA, which contain negatively charged
linkages, the PNA backbone is neuiral. In spite of this dramatic alteration, PNAs
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recognize complementary DNA and RNA by Watson-Crick pairing (Egholm et al.,
1993), validating the initial modeling by Nielsen et al. (1991). PNAs lack 3’ to 5
polarity and can bind in either parallel or antiparallel fashion, with the antiparallel mode
being preferred (Egholm ef al., 1993).

Hybridization of DNA oligonucleotides to DNA and RNA is
destabilized by electrostatic repulsion between the negatively charged phosphate
backbones of the complementary strands. By contrast, the absence of charge repulsion
in PNA-DNA or PNA-RNA duplexes increases the melting temperature (77,) and
reduces the dependence of 7j, on the concentration of mono- or divalent cations
(Nielsen et al., 1991). The enhanced rate and affinity of hybridization are significant
because they are responsible for the surprising ability of PNAs to perform strand
invasion of complementary sequences within relaxed double-stranded DNA. In
addition, the efficient hybridization at inverted repeats suggests that PNAs can
recognize secondary structure effectively within double-stranded DNA. Enhanced
recognition also occurs with PNAs immobilized on surfaces, and Wang et al. have
shown that support-bound PNAs can be used to detect hybridization events (Wang et
al., 1996).

One might expect that tight binding of PNAs to complementary
sequences would also increase binding to similar (but not identical) sequences, reducing
the sequence specificity of PNA recognition. As with DNA hybridization, however,
selective recognition can be achieved by balancing oligomer length and incubation
temperature. Moreover, selective hybridization of PNAs is encouraged by PNA-DNA
hybridization being less tolerant of base mismatches than DNA-DNA hybridization.
For example, a single mismatch within a 16 bp PNA-DNA duplex can reduce the Ty, by
up to 15°C (Egholm et al., 1993). This high level of discrimination has allowed the
development of several PNA-based strategies for the analysis of point mutations (Wang
et al., 1996; Carlsson et al., 1996; Thiede et al., 1996; Webb and Hurskainen, 1996;
Perry-O'Keefe et al., 1996).

High-affinity binding provides clear advantages for molecular
recognition and the development of new applications for PNAs. For example, 11-13

nucleotide PNAs inhibit the activity of telomerase, a ribonucleo-protein that extends



10

15

20

25

WO 02/12332 PCT/US01/41625

56

telomere ends using an essential RNA template, while the analogous DNA oligomers
do not (Norton et al., 1996).

Neutral PNAs are more hydrophobic than analogous DNA oligomers,
and this can lead to difficulty solubilizing them at neutral pH, especially if the PNAs
have a high purine content or if they have the potential to form secondary structures.
Their solubility can be enhanced by attaching one or more positive charges to the PNA
termini (Nielsen ef al., 1991).

Findings by Allfrey and colleagues suggest that strand invasion will
occur spontaneously at sequences within chromosomal DNA (Boffa et al., 1995; Boffa
et al., 1996). These studies targeted PNAs to triplet repeats of the nucleotides CAG and
used this recognition to purify transcriptionally active DNA (Boffa et al., 1995) and to
inhibit transcription (Boffa et al., 1996). This result suggests that if PNAs can be
delivered within cells then they will have the potential to be general sequence-specific
regulators of gene expression. Studies and reviews concerning the use of PNAs as
antisense and anti-gene agents include Nielsen ef al. (1993b), Hanvey et al. (1992), and
Good and Nielsen (1997). Koppelhus et al. (1997) have used PNAs to inhibit HIV-1
inverse transcription, showing that PNAs may be used for antiviral therapies.

Methods of characterizing the antisense binding properties of PNAs are
discussed in Rose (1993) and Jensen ef al (1997). Rose uses capillary gel
electrophoresis to determine binding of PNAs to their complementary oligonucleotide,
measuring the relative binding kinetics and stoichiometry.  Similar types of
measurements were made by Jensen ef al. using BIAcore™ technology.

Other applications of PNAs include use in DNA strand invasion (Nielsen
et al., 1991), antisense inhibition (Hanvey et al., 1992), mutational analysis (Orum et
al., 1993), enhancers of transcription (Mollegaard et al., 1994), nucleic acid purification
(Orum et al., 1995), isolation of transcriptionally active genes (Boffa et al., 1995),
blocking of transcription factor binding (Vickers et al., 1995), genome cleavage
(Veselkov et al., 1996), biosensors (Wang ef al., 1996), in situ hybridization (Thisted et
al., 1996), and in a alternative to Southern blotting (Perry-O'Keefe, 1996).
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POLYPEPTIDE COMPOSITIONS

The present invention, in other aspects, provides polypeptide
compositions. Generally, a polypeptide of the invention will be an isolated polypeptide
(or an epitope, variant, or active fragment thereof) derived from a mammalian species.
Preferably, the polypeptide is encoded by a polynucleotide sequence disclosed herein or
a sequence which hybridizes under moderately stringent conditions to a polynucleotide
sequence disclosed herein. Alternatively, the polypeptide may be defined as a
polypeptide which comprises a contiguous amino acid sequence from an amino acid
sequence disclosed herein, or which polypeptide comprises an entire amino acid
sequence disclosed herein.

In the present invention, a polypeptide composition is also understood to
comprise one or more polypeptides that are immunologically reactive with antibodies
generated against a polypeptide of the invention, particularly a polypeptide having the
amino acid sequence disclosed in SEQ ID NO:1-10, or to active fragments, or to
variants or biological functional equivalents thereof.

| Likewise, a polypeptide composition of the present invention is
understood to comprise one or more polypeptides that are capable of eliciting antibodies
that are immunologically reactive with one or more polypeptides encoded by one or
more contiguous nucleic acid sequences contained in SEQ ID NO:11-85, or to active
fragments, or to variants thereof, or to one or more nucleic acid sequences which
hybridize to one or more of these sequences under conditions of moderate to high
stringency. Particulérly illustrative polypeptides include the amino acid sequence
disclosed in SEQ ID NO:1-10.

As used herein, an active fragment of a polypeptide includes a whole or
a portion of a polypeptide which is modified by conventional techniques, e.g.,
mutagenesis, or by addition, deletion, or substitution, but which active fragment
exhibits substantially the same structure function, antigenicity, etc., as a polypeptide as
described herein. -

In certain illustrative embodiments, the polypeptides of the invention
will comprise at least an immunogenic portion of a colon tumor protein or a variant

thereof, as described herein. As noted above, a “colon tumor protein" is a protein that is
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expressed by colon tumor cells. Proteins that are colon tumor proteins also react
detectably within an immunoassay (such as an ELISA) with antisera from a patient with
colon cancer. Polypeptides as described herein may be of any length. Additional
sequences derived from the native protein and/or heterologous sequences may be
present, and such sequences may (but need not) possess further immunogenic or
antigenic properties.

An “immunogenic portion,” as used herein is a portion of a protein that
is recognized (i.e., specifically bound) by a B-cell and/or T-cell surface antigen
receptor. Such immunogenic portions generally comprise at least 5 amino acid
residues, more preferably at least 10, and still more preferably at least 20 amino acid
residues of a colon tumor protein or a variant thereof. Certain preferred immunogenic
portions include peptides in which an N-terminal leader sequence and/or
transmembrane domain have been deleted. Other preferred immunogenic portions may
contain a small N- and/or C-terminal deletion (e.g., 1-30 amino acids, preferably 5-15
amino acids), relative to the mature protein.

Immunogenic portions may generally be identified using well known
techniques, such as those summarized in Paul, Fundamental Immunology, 31d ed., 243-
247 (Raven Press, 1993) and references cited therein. Such techniques include
screening polypeptides for the ability to react with antigen-specific antibodies, antisera
and/or T-cell lines or clones. As used herein, antisera and antibodies are "antigen-
specific" if they specifically bind to an antigen (i.e., they react with the protein in an
ELISA or other immunoassay, and do not react detectably with unrelated proteins).
Such antisera and antibodies may be prepared as described herein, and using well
known techniques. An immunogenic portion of a native colon tumor protein is a
portion that reacts with such antisera and/or T-cells at a level that is not substantially
less than the reactivity of the full length polypeptide (e.g., in an ELISA and/or T-cell
reactivity assay). Such immunogenic portions may react within such assays at a level
that is similar to or greater than the reactivity of the full length polypeptide. Such
screens may generally be performed using methods well known to those of ordinary
skill in the art, such as those described in Harlow and Lane, Antibodies: A Laboratory

Manual, Cold Spring Harbor Laboratory, 1988. For example, a polypeptide may be



10

15

20

25

30

WO 02/12332 PCT/US01/41625

59

immobilized on a solid support and contacted with patient sera to allow binding of
antibodies within the sera to the immobilized polypeptide. Unbound sera may then be
removed and bound antibodies detected using, for example, '**I-labeled Protein A.

As noted above, a composition may comprise a variant of a native colon
tumor protein. A polypeptide “variant,” as used herein, is a polypeptide that differs
from a native colon tumor protein in one or more substitutions, deletions, additions
and/or insertions, such that the immunogenicity of the polypeptide is not substantially
diminished. In other words, the ability of a variant to react with antigen-specific
antisera may be enhanced or unchanged, relative to the native protein, or may be
diminished by less than 50%, and preferably less than 20%, relative to the native
protein. Such variants may generally be identified by modifying one of the above
polypeptide sequences and evaluating the reactivity of the modified polypeptide with
antigen-specific antibodies or antisera as described herein. Preferred variants include
those in which one or more portions, such as an N-terminal leader sequence or
transmembrane domaiﬁ, have been removed. Other preferred variants include variants
in which a small portion (e.g,, 1-30 amino acids, preferably 5-15 amino acids) has been
removed from the N- and/or C-terminal of the mature protein.

Polypeptide variants encompassed by the present invention include those
exhibiting at least about 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% or more identity (determined as described above) to the
polypeptides disclosed herein.

Preferably, a variant contains conservative substitutions. A
"conservative substitution" is one in which an amino acid is substituted for another
amino acid that has similar properties, such that one skilled in the art of peptide
chemistry would expect the secondary structure and hydropathic nature of the
polypeptide to be substantially unchanged. Amino acid substitutions may generally be
made on the basis of similarity in polarity, charge, solubility, hydrophobicity,
hydrophilicity and/or the amphipathic nature of the residues. For example, negatively
charged amino acid.s include aspartic acid and glutamic acid; positively charged amino
acids include lysine and arginine; and amino acids with uncharged polar head groups

having similar hydrophilicity values include leucine, isoleucine and valine; glycine and
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alanine; asparagine and glutamine; and serine, threonine, phenylalanine and tyrosine.
Other groups of amino acids that may represent conservative changes include: (1) ala,
pro, gly, glu, asp, gln, asn, ser, thr; (2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala, phe;
(4) lys, arg, his; and (5) phe, tyr, trp, his. A variant may also, or alternatively, contain
nonconservative changes. In a preferred embodiment, variant polypeptides differ from
a native sequence by substitution, deletion or addition of five amino acids or fewer.
Variants may also (or alternatively) be modified by, for example, the deletion or
addition of amino acids that have minimal influence on the immunogenicity, secondary
structure and hydropathic nature of the polypeptide.

As noted above, polypeptides may comprise a signal (or leader)
sequence at the N-terminal end of the protein, which co-translationally or post-
translationally directs transfer of the protein. The polypeptide may also be conjugated
to a linker or other sequence for ease of synthesis, purification or identification of the
polypeptide (e.g., poly-His), or to enhance binding of the polypeptide to a solid support.
For example, a polypeptide may be conjugated to an immunoglobulin Fc region.

Polypeptides may be prepared using any of a variety of well known
techniques. Recombinant polypeptides encoded by DNA sequences as described above
may be readily prepared from the DNA sequences using any of a variety of expression
vectors known to those of ordinary skill in the art. Expression may be achieved in any
appropriate host cell that has been transformed or transfected with an expression vector
containing a DNA molecule that encodes a recombinant polypeptide. Suitable host
cells include prokaryotes, yeast, and higher eukaryotic cells, such as mammalian cells
and plant cells. Preferably, the host cells employed are E. coli, yeast or a mammalian
cell line such as COS or CHO. Supernatants from suitable host/vector systems which
secrete recombinant protein or polypeptide into culture media may be first concentrated
using a commercially available filter. Following concentration, the concentrate may be
applied to a suitable purification matrix such as an affinity matrix or an ion exchange
resin. Finally, one or more reverse phase HPLC steps can be employed to further purify
a recombinant polypeptide.

Portions and other variants having less than about 100 amino acids, and

generally less than about 50 amino acids, may also be generated by synthetic means,
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using techniques well known to those of ordinary skill in the art. For example, such
polypeptides may be synthesized using any of the commercially available solid-phase
techniques, such as the Merrifield solid-phase synthesis method, where amino acids are
sequentially added to a growing amino acid chain. See Merrifield, J. Am. Chem. Soc.
85:2149-2146, 1963. Equipment for automated synthesis of polypeptides is
commercially available from suppliers such as Perkin Elmer/Applied BioSystems
Division (Foster City, CA), and may be operated according to the manufacturer's
instructions.

Within certain specific embodiments, a polypeptide may be a fusion
protein that comprises multiple polypeptides as described herein, or that comprises at
least one polypeptide as described herein and an unrelated sequence, such as a known
tumor protein. A fusion pértner may, for example, assist in providing T helper epitopes
(an immunological fusion partner), preferably T helper epitopes recognized by humans,
or may assist in expressing the protein (an expression enhancer) at higher yields than
the native recombinant protein.  Certain preferred fusion partners are both
immunological and expression enhancing fusion partners. Other fusion partners may be
selected so as to increase the solubility of the protein or to enable the protein to be
targeted to desired intracellular compartments. Still further fusion partners include
affinity tags, which facilitate purification of the protein.

Fusion proteins may generally be prepared using standard techniques,
including chemical conjugation. Preferably, a fusion protein is expressed as a
recombinant protein, allowing the production of increased levels, relative to a non-fused
protein, in an expression system. Briefly, DNA sequences encoding the polypeptide
components may be assembled separately, and ligated into an appropriate expression
vector. The 3' end of the DNA sequence encoding one polypeptide component is
ligated, with or without a peptide linker, to the 5' end of a DNA sequence encoding the
second polypeptide component so that the reading frames of the sequences are in phase.
This permits translation into a single fusion protein that retains the biological activity of
both component polypeptides.

A peptide linker sequence may be employed to separate the first and

second polypeptide components by a distance sufficient to ensure that each polypeptide
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folds into its secondary and tertiary structures. Such a peptide linker sequence is
incorporated into the fusion protein using standard techniques well known in the art.
Suitable peptide linker sequences may be chosen based on the following factors:
(1) their ability to adopt a flexible extended conformation; (2) their inability to adopt a
secondary structure that could interact with functional epitopes on the first and second
polypeptides; and (3) the lack of hydrophobic or charged residues that might react with
the polypeptide functional epitopes. Preferred peptide linker sequences contain Gly,
Asn and Ser residues. Other near neutral amino acids, such as Thr and Ala may also be
used in the linker sequence. Amino acid sequences which may be usefully employed as
linkers include those disclosed in Maratea et al., Gene 40:39-46, 1985; Murphy et al.,
Proc. Natl. Acad. Sci. USA 83:8258-8262, 1986; U.S. Patent No. 4,935,233 and U.S.
Patent No. 4,751,180. The linker sequence may generally be from 1 to about 50 amino
acids in length. Linker sequences are not required when the first and second
polypeptides have non-essential N-terminal amino acid regions that can be used to
separate the functional domains and prevent steric interference.

The ligated DNA sequences are operably linked to suitable
transcriptional or translational regulatory elements. The regulatory elements
responsible for expression of DNA are located only 5' to the DNA sequence encoding
the first polypeptides. Similarly, stop codons required to end translation and
transcription termination signals are only present 3' to the DNA sequence encoding the
second polypeptide.

Fusion proteins are also provided. Such proteins comprise a polypeptide

‘as described herein together with an unrelated immunogenic protein. Preferably the

immunogenic protein is capable of eliciting a recall response. Examples of such
proteins include tetanus, tuberculosis and hepatitis proteins (see, for example, Stoute et
al. New Engl. J. Med., 336:86-91, 1997).

Within preferred embodiments, an immunological fusion partner is
derived from protein D, a surface protein of the gram-negative bacterium Haemophilus
influenza B (WO 91/18926).  Preferably, a protein D derivative comprises
approximately the first third of the protein (e.g., the first N-terminal 100-110 amino

acids), and a protein D derivative may be lipidated. ~Within certain preferred
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embodiments, the first 109 residues of a Lipoprotein D fusion partner is included on the
N-terminus to provide the polypeptide with additional exogenous T-cell epitopes and to
increase the expression level in E. coli (thus functioning as an expression enhancer).
The lipid tail ensures optimal presentation of the antigen to antigen presenting cells.
Other fusion partners include the non-structural protein from influenzae virus, NS1
(hemaglutinin). Typically, the N-terminal 81 amino acids are used, although different
fragments that include T-helper epitopes may be used.

In another embodiment, the immunological fusion partner is the protein
known as LYTA, or a portion thereof (preferably a C-terminal portion). LYTA is
derived from Streptococcus pneumoniae, which synthesizes an N-acetyl-L-alanine
amidase known as amidase LYTA (encoded by the LytA gene; Gene 43:265-292,
1986). LYTA is an autolysin that specifically degrades certain bonds in the
peptidoglycan backbone. The C-terminal domain of the LYTA protein is responsible
for the affinity to the choline or to some choline analogues such as DEAE. This
property has been exploited for the development of E. coli C-LYTA expressing
plasmids useful for expression of fusion proteins. Purification of hybrid proteins
containing the C-LYTA fragment at the amino terminus has been described (see
Biotechnology 10:795-798, 1992). Within a preferred embodiment, a repeat portion of
LYTA may be incorporated into a fusion protein. A repeat portion is found in the C-
terminal region starting at residue 178. A particularly preferred repeat portion
incorporates residues 188-305.

In general, polypeptides (including fusion proteins) and polynucleotides
as described herein are isolated. An "isolated" polypeptide or polynucleotide is one that
is removed from its original environment. For example, a naturally-occurring protein is
isolated if it is separated from some or all of the coexisting materials in the natural
system. Preferably, such polypeptides are at least about 90% pure, more preferably at
least about 95% pure and most preferably at least about 99% pure. A polynucleotide is
considered to be isolated if, for example, it is cloned into a vector that is not a part of

the natural environment.
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BINDING AGENTS

The present invention further provides agents, such as antibodies and
antigen-binding fragments thereof, that specifically bind to a colon tumor protein. As
used herein, an antibody, or antigen-binding fragment thereof, is said to "specifically
bind" to a colon tumor protein if it reacts at a detectable level (within, for example, an
ELISA) with a colon tumor protein, and does not react detectably with unrelated
proteins under similar conditions. As used herein, "binding" refers to a noncovalent
association between two separate molecules such that a complex is formed. The ability
to bind may be evaluated by, for example, determining a binding constant for the
formation of the complex. The binding constant is the value obtained when the
concentration of the complex is divided by the product of the component
concentrations. In general, two compounds are said to "bind," in the context of the
present invention, when the binding constant for complex formation exceeds about 10°
L/mol. The binding constant may be determined using methods well known in the art.

Binding agents may be further capable of differentiating between
patients with and without a cancer, such as colon cancer, using the representative assays
provided herein. In other words, antibodies or other binding agents that bind to a colon
tumor protein will generate a signal indicating the presence of a cancer in at least about
20% of patients with the disease, and will generate a negative signal indicating the
absence of the disease in at least about 90% of individuals without the cancer. To
determine whether a binding agent satisfies this requirement, biological samples (e.g.,
blood, sera, sputum, urine and/or tumor biopsies) from patients with and without a
cancer (as determined using standard clinical tests) may be assayed as described herein
for the presence of polypeptides that bind to the binding agent. It will be apparent that a
statistically significant number of samples with and without the disease should be
assayed. FEach binding agent should satisfy the above criteria; however, those of
ordinary skill in the art will recognize that binding agents may be used in combination
to improve sensitivity.

| Any agent that satisfies the above requirements may be a binding agent.

For example, a binding agent may be a ribosome, with or without a pef)tide component,

an RNA molecule or a polypeptide. In a preferred embodiment, a binding agent is an
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antibody or an antigen-binding fragment thereof. Antibodies may be prepared by any
of a variety of techniques known to those of ordinary skill in the art. See, e.g., Harlow
and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988. In
general, antibodies can be produced by cell culture techniques, including the generation
of monoclonal antibodies as described herein, or via transfection of antibody genes into
suitable bacterial or mammalian cell hosts, in order to allow for the production of
recombinant antibodies. In one technique, an immunogen comprising the polypeptide
is initially injected into any of a wide variety of mammals (e.g., mice, rats, rabbits,
sheep or goats). In this step, the polypeptides of this invention may serve as the
immunogen without modification. Alternatively, particularly for relatively short
polypeptides, a superior immune response may be elicited if the polypeptide is joined to
a carrier protein, such as bovine serum albumin or keyhole limpet hemocyanin. The
immunogen is injected into the animal host, preferably according to a predetermined
schedule incorporating one or more booster immunizations, and the animals are bled
periodically. Polyclonal antibodies specific for the polypeptide may then be purified
from such antisera by, for example, affinity chromatography using the polypeptide
coupled to a suitable solid support.

Monoclonal antibodies specific for an antigenic polypeptide of interest
may be prepared, for example, using the technique of Kohler and Milstein, Eur. J.
Immunol. 6:511-519, 1976, and improvements thereto. Briefly, these methods involve
the preparation of immortal cell lines capable of producing antibodies having the
desired specificity (i.e., reactivity with the polypeptide of interest). Such cell lines may
be produced, for example, from spleen cells obtained from an animal immunized as
described above. The spleen cells are then immortalized by, for example, fusion with a
myeloma cell fusion partner, preferably one that is syngeneic with the immunized
animal. A variety of fusion techniques may be employed. For example, the spleen cells
and myeloma cells may be combined with a nonionic detergent for a few minutes and
then plated at low density on a selective medium that supports the growth of hybrid
cells, but not myeloma cells. A preferred selection technique uses HAT (hypoxanthine,
aminopterin, thymidine) selection. After a sufficient time, usually about 1 to 2 weeks,

colonies of hybrids are observed. Single colonies are selected and their culture



10

15

20

25

30

WO 02/12332 PCT/US01/41625

66

supernatants tested for binding activity against the polypeptide. Hybridomas having
high reactivity and specificity are preferred.

Monoclonal antibodies may be isolated from the supernatants of growing
hybridoma colonies. In addition, various techniques may be employed to enhance the
yield, such as injection of the hybridoma cell line into the peritoneal cavity of a suitable
vertebrate host, such as a mouse. Monoclonal antibodies may then be harvested from
the ascites fluid or the blood. Contaminants may be removed from the antibodies by
conventional techniques, such as chromatography, gel filiration, precipitation, and
extraction. The polypeptides of this invention may be used in the purification process
in, for example, an affinity chromatography step.

Within certain embodiments, the use of antigen-binding fragments of
antibodies may be preferred. Such fragments include Fab fragments, which may be
prepared using standard techniques. Briefly, immunoglobulins may be purified from
rabbit serum by affinity chromatography on Protein A bead columns (Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988) and digested
by papain to yield Fab and Fc fragments. The Fab and Fc fragments may be separated
by affinity chromato gréphy on protein A bead columns.

Monoclonal antibodies of the present invention may be coupled to one or
more therapeutic agents. Suitable agents in this regard include radionuclides,
differentiation inducers, drugs, toxins, and derivatives thereof. Preferred fadionuclides
include 90Y, 123I, 1251, 13 h, 186Re, 188Re, 1At and 22Bi Preferred drugs include
methotrexate, and pyrimidine and purine analogs. Preferred differentiation inducers
include phorbol esters and butyric acid. Preferred toxins include ricin, abrin, diptheria
toxin, cholera toxin, gelonin, Pseudomonas exotoxin, Shigella toxin, and pokeweed
antiviral protein.

A therapeutic agent may be coupled (e.g., covalently bonded) to a
suitable monoclonal antibody either directly or indirectly (e.g., via a linker group). A
direct reaction between an agent and an antibody is possible when each possesses a
substituent capable of reacting with the other. For example, a nucleophilic group, such

as an amino or sulfhydryl group, on one may be capable of reacting with a carbonyl-
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containing group, such as an anhydride or an acid halide, or with an alkyl group
containing a good leaving group (e.g., a halide) on the other.

Alternatively, it may be desirable to couple a therapeutic agent and an
antibody via a linker group. A linker group can function as a spacer to distance an
antibody from an agent in order to avoid interference with binding capabilities. A
linker group can also serve to increase the chemical reactivity of a substituent on an
agent or an antibody, and thus increase the coupling efficiency. An increase in
chemical reactivity may also facilitate the use of agents, or functional groups on agents,
which otherwise would not be possible.

It will be evident to those skilled in the art that a variety of bifunctional
or polyfunctional reagents, both homo- and hetero-functional (such as those described
in the catalog of the Pierce Chemical Co., Rockford, IL), may be employed as the linker
group. Coupling may be effected, for example, through amino groups, carboxyl groups,
sulthydryl groups or oxidized carbohydrate residues. There are numerous references
describing such methodology, e.g., U.S. Patent No. 4,671,958, to Rodwell et al.

Where a therapeutic agent is more potent when free from the antibody
portion of the immunoconjugates of the present invention, it may be desirable to use a
linker group which is cleavable during or upon internalization into a cell. A number of
different cleavable linker groups have been described. The mechanisms for the
intracellular release of an agent from these linker groups include cleavage by reduction
of a disulfide bond (e.g., U.S. Patent No. 4,489,710, to Spitler), by irradiation of a
photolabile bond (e.g., U.S. Patent No. 4,625,014, to Senter et al), by hydrolysis of
derivatized amino acid side chains (e.g., U.S. Patent No. 4,638,045, to Kohn et al.), by
serum complement-mediated hydrolysis (e.g., U.S. Patent No. 4,671,958, to Rodwell et
al.), and acid-catalyzed hydrolysis (e.g., U.S. Patent No. 4,569,789, to Blattler et al.).

It may be desirable to couple more than one agent to an antibody. In one
embodiment, multiple molecules of an agent are coupled to one antibody molecule. In
another embodiment, more than one type of agent may be coupled to one antibody.
Regardless of the particular embodiment, immunoconjugates with more than one agent

may be prepared in a variety of ways. For example, more than one agent may be
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coupled directly to an antibody molecule, or linkers that provide multiple sites for
attachment can be used. Alternatively, a carrier can be used.

A carrier may bear the agents in a variety of ways, including covalent
bonding either directly or via a linker group. Suitable carriers include proteins such as
albumins (e.g., U.S. Patent No. 4,507,234, to Kato et al.), peptides and polysaccharides
such as aminodextran (e.g., U.S. Patent No. 4,699,784, to Shih et al.). A carrier may
also bear an agent by noncovalent bonding or by encapsulation, such as within a
liposome vesicle (e.g., U.S. Patent Nos. 4,429,008 and 4,873,088). Carriers specific for
radionuclide agents include radiohalogenated small molecules and chelating
compounds. For example, U.S. Patent No. 4,735,792 discloses representative
radiohalogenated small molecules and their synthesis. A radionuclide chelate may be
formed from chelating compounds that include those containing nitrogen and sulfur
atoms as the donor atoms for binding the metal, or metal oxide, radionuclide. For
example, U.S. Patent No. 4,673,562, to Davison et al. discloses representative chélating A
compounds and their synthesis.

A variety of routes of administration for the antibodies and
immunoconjugates may be used. Typically, administration will be intravenous,
intramuscular, subcutaneous or in the bed of a resected tumor. It will be evident that
the precise dose of the antibody/immunoconjugate will vary depending upon the
antibody used, the antigen density on the tumor, and the rate of clearance of the

antibody.

T CELLS

Immunotherapeutic compositions may also, or alternatively, comprise T
cells specific for a colon tumor protein. Such cells may generally be prepared in vitro
or ex vivo, using standard procedures. For example, T cells may be isolated from bone
marrow, peripheral blood, or a fraction of bone marrow or peripheral blood of a patient,
using a commercially available cell separation sysfem, such as the Isolex™ System,
available from Nexell Therapeutics, Inc. (Irvine, CA; see also U.S. Patent No.

5,240,856; U.S. Patent No. 5,215,926; WO 89/06280; WO 91/16116 and WO
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92/07243). Alternatively, T cells may be derived from related or unrelated humans,
non-human mammals, cell lines or cultures.

T cells may be stimulated with a colon tumor polypeptide,
polynucleotide encoding a colon tumor polypeptide and/or an antigen presenting cell
(APC) that expresses such a polypeptide. Such stimulation is performed under
conditions and for a time sufficient to permit the generation of T cells that are specific
for the polypeptide. Preferably, a colon tumor polypeptide or polynucleotide is present
within a delivery vehicle, such as a microsphere, to facilitate the generation of specific
T cells.

T cells are considered to be specific for a colon tumor polypeptide if the
T cells specifically proliferate, secrete cytokines or kill target cells coated with the
polypeptide or expressing a gene encoding the polypeptide. T cell specificity may be
evaluated using any of a variety of standard techniques. For example, within a
chromium release assay or proliferation assay, a stimulation index of more than two
fold increase in lysis and/or proliferation, compared to negative controls, indicates T
cell specificity. Such assays may be performed, for example, as described in Chen et
al., Cancer Res. 54:1065-1070, 1994. Alternatively, detection of the proliferation of
T cells may be accomplished by a variety of known techniques. For example, T cell
proliferation can be detected by measuring an increased rate of DNA synthesis (e.g., by
pulse-labeling cultures of T cells with tritiated thymidine and measuring the amount of
tritiated thymidine incorporated into DNA). Contact with a colon tumor polypeptide
(100 ng/ml - 100 pg/ml, preferably 200 ng/ml - 25 pg/ml) for 3 - 7 days should result in
at least a two fold increase in proliferation of the T cells. Contact as described above
for 2-3 hours should result in activation of the T cells, as measured using standard
cytokine assays in which a two fold increase in the level of cytokine release (e.g., TNF
or IFN-y) is indicative of T cell activation (see Coligan et al., Current Protocols in
Immunology, vol. 1, Wiley Interscience (Greene 1998)). T cells that have been
activated in response to a colon tumor polypeptide, polynucleotide or polypeptide-
expressing APC may be CD4" and/or CD8"*. Colon tumor protein-specific T cells may

be expanded using standard techniques. Within preferred embodiments, the T cells are
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derived from a patient, a related donor or an unrelated donor, and are administered to
the patient following stimulation and expansion.

For therapeutic purposes, CD4" or CD8% Tcells that proliferate in
response to a colon tumor polypeptide, polynucleotide or APC can be expanded in
number either invitro or invivo. Proliferation of such T cells in vitro may be
accomplished in a variety of ways. For example, the T cells can be re-exposed to a
colon tumor polypeptide, or a short peptide corresponding to an immunogenic portion
of such a polypeptide, with or without the addition of T cell growth factors, such as
interleukin-2, and/or stimulator cells that synthesize a colon tumor polypeptide.
Alternatively, one or more T cells that proliferate in the presence of a colon tumor
protein can be expanded in number by cloning. Methods for cloning cells are well

known in the art, and include limiting dilution.

PHARMACEUTICAL COMPOSITIONS
In additional embodiments, the present invention concerns formulation
of one or more of the polynucleotide, polypeptide, T-cell and/or antibody compositions
disclosed herein in pharmaceutically-acceptable solutions for administration to a cell or
an animal, either alone, or in combination with one or more other modalities of therapy.
| It will also be understood that, if desired, the nucleic acid segment,
RNA, DNA or PNA compositions that express a polypeptide as disclosed herein may be
administered in combination with other agents as well, such as, e.g., other proteins or
polypeptides or various pharmaceutically-active agents. In fact, there is virtually no
limit to other components that may also be included, given that the additional agents do
not cause a significant adverse effect upon contact with the target cells or host tissues.
The compositions may thus be delivered along with various other agents as required in
the particular instance. Such compositions may be purified from host cells or other
biological sources, or alternatively may be chemically synthesized as described herein.
Likewise, such compositions may further comprise substituted or derivatized RNA or
DNA compositions.
Formulation of pharmaceutically-acceptable excipients and carrier

solutions is well-known to those of skill in the art, as is the development of suitable
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dosing and treatment regimens for using the particular compositions described herein in
a variety of treatment regimens, including e.g., oral, parenteral, intravenous, intranasal,

and intramuscular administration and formulation.

1. ORAL DELIVERY

In certain applications, the pharmaceutical compositions disclosed herein
may be delivered viag oral administration to an animal. As such, these compositions
may be formulated with an inert diluent or with an assimilable edible cartier, or they

may be enclosed in hard- or soft-shell gelatin capsule, or they may be compressed into

tablets, or they may be incorporated directly with the food of the diet.

The active compounds may even be incorporated with excipients and
used in the form of ingestible tablets, buccal tables, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like (Mathiowitz et al., 1997; Hwang et al., 1998;
U. S. Patent 5,641,515; U. S. Patent 5,580,579 and U. S. Patent 5,792,451, each
specifically incorporated herein by reference in its entirety). The tablets, troches, pills,
capsules and the like may also contain the following: a binder, as gum tragacanth,
acacia, cornstarch, or gelatin; excipients, such as dicalcium phosphate; a disintegrating
agent, such as corn starch, potato starch, alginic acid and the like; a lubricant, such as
magnesium stearate; and a sweetening agent, such as sucrose, lactose or saccharin may
be added or a flavoring agent, such as peppermint, oil of wintergreen, or cherry
flavoring. When the dosage unit form is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier. Various other materials may be present as
coatings or to otherwise modify the physical form of the dosage unit. For instance,
tablets, pills, or capsules may be coated with shellac, sugar, or both. A syrup of elixir
may contain the active compound sucrose as a sweetening agent methyl and
propylparabens as preservatives, a dye and flavoring, such as cherry or orange flavor.
Of course, any material used in preparing any dosage unit form should be
pharmaceutically pure and substantially non-toxic in the amounts employed. In
addition, the active compounds may be incorporated into sustained-release preparation

and formulations.
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Typically, these formulations may contain at least about 0.1% of the
active compound or more, although the percentage of the active ingredient(s) may, of
course, be varied and may conveniently be between about 1 or 2% and about 60% or
70% or more of the weight or volume of the total formulation. Naturally, the amount of
active compound(s) in each therapeutically useful composition may be prepared is such
a way that a suitable dosage will be obtained in any given unit dose of the compound.
Factors such as solubility, bioavailability, biological half-life, route of administration,
product shelf life, as well as other pharmacological considerations will be contemplated
by one skilled in the art of preparing such pharmaceutical formulations, and as such, a
variety of dosages and treatment regimens may be desirable.

For oral administration the compositions of the present invention may
alternatively be incorporated with one or more excipients in the form of a mouthwash,
dentifrice, buccal tablet, oral spray, or sublingual orally-administered formulation. For
example, a mouthwash may be prepared incorporating the active ingredient in the
required amount in an appropriate solvent, such as a sodium borate solution (Dobell's
Solution). Alternatively, the active ingredient may be incorporated into an oral solution
such as one containing sodium borate, glycerin and potassium bicarbonate, or dispersed
in a dentifrice, or added in a therapeutically-effective amount to a composition that may
include water, binders, abrasives, flavoring agents, foaming agents, and humectants.
Alternatively the compositions may be fashioned into a tablet or solution form that may

be placed under the tongue or otherwise dissolved in the mouth.

2. INJECTABLE DELIVERY

In certain circumstances it will be desirable to deliver the pharmaceutical
compositions disclosed herein parenterally, intravenously, intramuscularly, or even
intraperitoneally as described in U. S. Patent 5,543,158; U. S. Patent 5,641,515 and U.
S. Patent 5,399,363 (each specifically incorporated herein by reference in its entirety).
Solutions of the active compounds as free base or pharmacologicall& acceptable salts
may be prepared in water suitably mixed with a surfactant, such as
hydroxypropylcellulose.  Dispersions may also be prepared in glycerol, liquid

polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of
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storage and use, these preparations contain a preservative to prevent the growth of
microorganisms.

The pharmaceutical forms suitable for injectable use include sterile
aqueous solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions (U. S. Patent 5,466,468,
specifically incorporated herein by reference in its entirety). In all cases the form must
be sterile and must be fluid 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 (e.g.,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), suitable
mixtures thereof, and/or vegetable oils. Proper fluidity may 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. The prevention of
the action of microorganisms can be facilitated by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the
like. In many cases, it will be preferable to include isotonic agents, for example, sugars
or sodium chloride. Prolonged absorption of the injectable compositions can be
brought about by the use in the compositions of agents delaying absorption, for
example, aluminum monostearate and gelatin.

For parenteral administration in an aqueous solution, for example, the
solution should be suitably buffered if necessary and the liquid diluent first rendered
isotonic with sufficient saline or glucose. These particular aqueous solutions are
especially suitable for intravenous, intramuscular, subcutaneous and intraperitoneal
administration. In this connection, a sterile aqueous medium that can be employed will
be known to those of skill in the art in light of the present disclosure. For example, one
dosage may be dissolved in 1 ml of isotonic NaCl solution and either added to 1000 ml
of hypodermoclysis fluid or injected at the proposed site of infusion, (see for example,
"Remington's Pharmaceutical Sciences" 15th Edition, pages 1035-1038 and 1570-
1580). Some variation in dosage will necessarily occur depending on the condition of

the subject being treated. The person responsible for administration will, in any event,
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determine the appropriate dose for the individual subject. Moreover, for human
administration, preparations should meet sterility, pyrogenicity, and the general safety
and purity standards as required by FDA Office of Biologics standards.

Sterile injectable solutions are prepared by incorporating the active
compounds in the required amount in the appropriate solvent with various of the other
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the various sterilized active ingredients into a
sterile vehicle which contains the 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 preferred methods of preparation are
vacuum-drying and freeze-drying techniques which yield a powder of the active
ingredient plus any additional desired ingredient from a previously sterile-filtered
solution thereof.

The compositions disclosed herein may be formulated in a neutral or salt
form. Pharmaceutically-acceptable salts, include the acid addition salts (formed with
the free amino groups of the protein) and which are formed with inorganic acids such
as, for example, hydrochloric or phosphoric acids, or such organic acids as acetic,
oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups can
also be derived from inorganic bases such as, for example, sodium, potassium,
ammonium, calcium, or ferric hydroxides, and such organic bases as isopropylamine,
trimethylamine, histidine, procaine and the like. Upon formulation, solutions will be
administered in a manner compatible with the dosage formulation and in such amount
as is therapeutically effective. The formulations are easily administered in a variety of
dosage forms such as injectable solutions, drug-release capsules, and the like.

As used herein, "carrier" includes any and all solvents, dispersion media,
vehicles, coatings, diluents, antibacterial and antifungal agents, isotonic and absorption
delaying agents, buffers, carrier solutions, suspensions, colloids, and the like. The use
of such media and agents for pharmaceutical active substances is well known in the art.
Except insofar as any conventional media or agent is incompatible with the active
ingredient, its use in the therapeutic compositions is contemplated. Supplementary

active ingredients can also be incorporated into the compositions.
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The phrase "pharmaceutically-acceptable" refers to molecular entities
and compositions that do not produce an allergic or similar untoward reaction when
administered to a human. The preparation of an aqueous composition that contains a
protein as an active ingredient is well understood in the art. Typically, such
cbmpositions are prepared as injectables, either as liquid solutions or suspensions; solid
forms suitable for solution in, or suspension in, liquid prior to injection can also be

prepared. The preparation can also be emulsified.

3. NASAL DELIVERY

In certain embodiments, the pharmaceutical compositions may be
delivered by intranasal sprays, inhalation, and/or other aerosol delivery vehicles.
Methods for delivering genes, nucleic acids, and peptide compositions directly to the
lungs via nasal aerosol sprays has been described e.g., in U. S. Patent 5,756,353 and U.
S. Patent 5,804,212 (each specifically incorporated herein by reference in its entirety).
Likewise, the delivery of drugs using intranasal microparticle resins (Takenaga et al.,
1998) and lysophosphatidyl-glycerol compounds (U. S. Patent 5,725,871, specifically
incorporated herein by reference in its entirety) are also well-known in the
pharmaceutical arts. Likewise, transmucosal drug delivery in the form of a
polytetrafluoroetheylene support matrix is described in U. S. Patent 5,780,045

(specifically incorporated herein by reference in its entirety).

4, LIPOSOME-, NANOCAPSULE-, AND MICROPARTICLE-MEDIATED DELIVERY

In certain embodiments, the inventors contemplate the use of liposomes,
nanocapsules, microparticles, microspheres, lipid particles, vesicles, and the like, for the
introduction of the compositions of the present invention into suitable host cells. In
particular, the compositions of the present invention may be formulated for delivery
either encapsulated in a lipid particle, a liposome, a vesicle, a nanosphere, or a
nanoparticle or the like.

Such formulations may be preferred for the introduction of
pharmaceutically-acceptable formulations of the nucleic acids or constructs disclosed

herein. The formation and use of liposomes is generally known to those of skill in the
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art (see for example, Couvreur et al., 1977, Couvreur, 1988; Lasic, 1998; which
describes the use of liposomes and nanocapsules in the targeted antibiotic therapy for
intracellular bacterial infections and diseases). Recently, liposomes were developed
with improved serum stability and circulation half-times (Gabizon and
Papahadjopoulos, 1988; Allen and Choun, 1987; U. S. Patent 5,741,516, specifically
incorporated herein by reference in its entirety). Further, various methods of liposome
and liposome like preparations as potential drug carriers have been reviewed (Takakura,
1998; Chandran et al., 1997, Margalit, 1995; U. S. Patent 5,567,434; U. S. Patent
5,552,157; U. S. Patent 5,565,213; U. S. Patent 5,738,868 and U. S. Patent 5,795,587,
each specifically incorporated herein by reference in its entirety).

Liposomes have been used successfully with a number of cell types that
are normally resistant to transfection by other procedures including T cell suspensions,
primary hepatocyte cultures and PC 12 cells (Renneisen et al., 1990; Muller et al.,
1990). In addition, liposomes are free of the DNA length constraints that are typical of
viral-based delivery systems. Liposomes have been used effectively to introduce genes,
drugs (Heath and Martin, 1986; Heath er al., 1986; Balazsovits ef al., 1989; Fresta and
Puglisi, 1996), radiotherapeutic agents (Pikul et al., 1987), enzymes (Imaizumi et al.,
1990a; Imaizumi et al., 1990b), viruses (Faller and Baltimore, 1984), transcription
factors and allosteric effectors (Nicolau and Gersonde, 1979) into a variety of cultured
cell lines and animals. In addition, several successful clinical trails examining the
effectiveness of liposome-mediated drug delivery have been completed (Lopez-
Berestein ef al., 1985a; 1985b; Coune, 1988; Sculier et al., 1988). Furthermore, several
studies suggest that the use of liposomes is not associated with autoimmune responses,
toxicity or gonadal localization after systemic delivery (Mori and Fukatsu, 1992).

Liposomes are formed from phospholipids that are dispersed in an
aqueous medium and spontaneously form multilamellar concentric bilayer vesicles
(also termed multilamellar vesicles (MLVs). MLVs generally have diameters of from
25 nm to 4 um. Sonication of MLVs results in the formation of small unilamellar
vesicles (SUVs) with diameters in the range of 200 to 500 A, containing an aqueous

solution in the core.
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Liposomes bear resemblance to cellular membranes and are
contemplated for use in connection with the present invention as carriers for the peptide
compositions. They are widely suitable as both water- and lipid-soluble substances can
be entrapped, i.e. in the aqueous spaces and within the bilayer itself, respectively. It is
possible that the drug-bearing liposomes may even be employed for site-specific
delivery of active agents by selectively modifying the liposomal formulation.

In addition to the teachings of Couvreur et al. (1977; 1988), the
following information may be utilized in generating liposomal formulations.
Phospholipids can form a variety of structures other than liposomes when dispersed in
water, depending on the molar ratio of lipid to water. At low ratios the liposome is the
preferred structure. The physical characteristics of liposomes depend on pH, ionic
strength and the presence of divalent cations. Liposomes can show low permeability to
ionic and polar substances, but at elevated temperatures undergo a phase transition
which markedly alters their permeability. The phase transition involves a change from
a closely packed, ordered structure, known as the gel state, to a loosely packed, less-
ordered structure, known as the fluid state. This occurs at a characteristic phase-
transition temperature and results in an increase in permeability to ions, sugars and
drugs.

In addition to temperature, exposure to proteins can alter the
permeability of liposomes. Certain soluble proteins, such as cytochrome c, bind,
deform and penetrate the bilayer, thereby causing changes in permeability. Cholesterol
inhibits this penetration of proteins, apparently by packing the phospholipids more
tightly. It is contemplated that the most useful liposome formations for antibiotic and
inhibitor delivery will contain cholesterol.

The ability to trap solutes varies between different types of liposomes.
For example, MLVs are moderately efficient at trapping solutes, but SUVs are
extremely inefficient. SUVs offer the advantage of homogeneity and reproducibility in
size distribution, however, and a compromise between size and trapping efficiency is
offered by large unilamellar vesicles (LUVs). These are prepared by ether evaporation

and are three to four times more efficient at solute entrapment than MLVs.
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In addition to liposome characteristics, an important determinant in
entrapping compounds is the physicochemical properties of the compound itself. Polar
compounds are trapped in the aqueous spaces and nonpolar compounds bind to the lipid
bilayer of the vesicle. Polar compounds are released through permeation or when the
bilayer is broken, but nonpolar compounds remain affiliated with the bilayer unless it is
disrupted by temperature or exposure to lipoproteins. Both types show maximum
efflux rates at the phase transition temperature.

Liposomes interact with cells via four different mechanisms:
endocytosis by phagocytic cells of the reticuloendothelial system such as macrophages
and neutrophils; adsorption to the cell surface, either by nonspecific weak hydrophobic
or electrostatic forces, or by specific interactions with cell-surface components; fusion
with the plasma cell membrane by insertion of the lipid bilayer of the liposome into the
plasma membrane, with simultaneous release of liposomal contents into the cytoplasm;
and by transfer of liposomal lipids to cellular or subcellular membranes, or vice versa,
without any association of the liposome contents. It often is difficult to determine
which mechanism is operative and more than one may operate at the same time.

The fate and disposition of intravenously injected liposomes depend on
their physical properties, such as size, fluidity, and surface charge. They may persist in
tissues for h or days, depending on their composition, and half lives in the blood range
from min to several h. Larger liposomes, such as MLVs and LUVs, are taken up
rapidly by phagocytic cells of the reticuloendothelial system, but physiology of the
circulatory system restrains the exit of such large species at most sites. They can exit
only in places where large openings or pores exist in the capillary endothelium, such as
the sinusoids of the liver or spleen. Thus, these organs are the predominate site of
uptake. On the other hand, SUVs show a broader tissue distribution but still are
sequestered highly in the liver and spleen. In general, this in vivo behavior limits the
potential targeting of liposomes to only those organs and tissues accessible to their large
size. These include the blood, liver, spleen, bone marrow, and lymphoid organs.

Targeting is generally not a limitation in terms of the present invention.
However, should specific targeting be desired, methods are available for this to be

accomplished. Antibodies may be used to bind to the liposome surface and to direct the
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antibody and its drug contents to specific antigenic receptors located on a particular
cell-type surface. Carbohydrate determinants (glycoprotein or glycolipid cell-surface
components that play a role in cell-cell recognition, interaction and adhesion) may also
be used as recognition sites as they have potential in directing liposomes to particular
cell types. Mostly, it is contemplated that intravenous injection of liposomal
preparations would be used, but other routes of administration are also conceivable.
Alternatively, the invention provides for pharmaceutically-acceptable
nanocapsule formulations of the compositions of the present invention. Nanocapsules
can generally entrap compounds in a stable and reproducible way (Henry-Michelland
et al., 1987; Quintanar-Guerrero ef al., 1998; Douglas et al., 1987). To avoid side
effects due to intracellular polymeric overloading, such ultrafine particles (sized around
0.1 pm) should be designed using polymers able to be degraded in 'vivo. Biodegradable
polyalkyl-cyanoacrylate nanoparticles that meet these requirements are contemplated
for use in the present invention. Such particles may be are easily made, as described
(Couvreur et al., 1980; 1988; zur Muhlen er al., 1998; Zambaux et al. 1998; Pinto-
Alphandry ef al., 1995 and U. S. Patent 5,145,684, specifically incorporated herein by

reference in its entirety).

VACCINES

In certain preferred embodiments of the present invention, vaccines are
provided. The vaccines will generally comprise one or more pharmaceutical
compositions, such as those discussed above, in combination with an immunostimulant.
An immunostimulant may be any substance that enhances or potentiates an immune
response (antibody and/or cell-mediated) to an exogenous antigen. Examples of
immunostimulants include adjuvants, biodegradable microspheres (e.g, polylactic
galactide) and liposomes (into which the compound is incorporated; see e.g., Fullerton,
U.S. Patent No. 4,235,877). Vaccine preparation is generally described in, for example,
M.F. Powell and M.J. Newman, eds., "Vaccine Design (the subunit and adjuvant
approach)," Plenum Press (NY, 1995). Pharmaceutical compositions and vaccines
within the scope of the present invention may also contain other compounds, which

may be biologically active or inactive. For example, one or more immunogenic
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portions of other tumor antigens may be present, either incorporated into a fusion
polypeptide or as a separate compound, within the composition or vaccine.

Ilustrative vaccines may contain DNA encoding one or more of the
polypeptides as described above, such that the polypeptide is generated in situ. As
noted above, the DNA may be present within any of a variety of delivery systems
known to those of ordinary skill in the art, including nucleic acid expression systems,
bacteria and viral expression systems. Numerous gene delivery techniques are well
known in the art, such as those described by Rolland, Crit. Rev. Therap. Drug Carrier
Systems 15:143-198, 1998, and references cited therein. Appropriate nucleic acid
expression systems contain the necessary DNA sequences for expression in the patient
(such as a suitable promoter and terminating signal). Bacterial delivery systems involve
the administration of a bacterium (such as Bacillus-Calmette-Guerrin) that expresses an
immunogenic portion of the polypeptide on its cell surface or secretes such an epitope.
In a preferred embodiment, the DNA may be introduced using a viral expression system
(e.g., vaccinia or other pox virus, retrovirus, or adenovirus), which may involve the use
of a non-pathogenic (defective), replication competent virus. Suitable systems are
disclosed, for example, in Fisher-Hoch et al., Proc. Natl. Acad. Sci. US4 86:317-321,
1989; Flexner et al., Ann. N.Y. Acad. Sci. 569:86-103, 1989; Flexner et al., Vaccine
8:17-21, 1990; U.S. Patent Nos. 4,603,112, 4,769,330, and 5,017,487; WO 89/01973;
U.S. Patent No. 4,777,127, GB 2,200,651; EP 0,345,242; WO 91/02805; Berkner,
Biotechniques 6:616-627, 1988; Rosenfeld ef al., Science 252:431-434, 1991; Kolls et
al., Proc. Natl. Acad. Sci. USA 91:215-219, 1994; Kass-Eisler et al., Proc. Natl. Acad.
Sci. USA 90:11498-11502, 1993; Guzman et al., Circulation 88:2838-2848, 1993; and
Guzman et al., Cir. Res. 73:1202-1207, 1993. Techniques for incorporating DNA into
such expression systems are well known to those of ordinary skill in the art. The DNA
may also be "naked," as described, for example, in Ulmer et al., Science 259:1745-
1749, 1993 and reviewed by Cohen, Science 259:1691-1692, 1993. The uptake of
naked DNA may be increased by coating the DNA onto biodegradable beads, which are
efficiently transported into the cells. It will be apparent that a vaccine may comprise
both a polynucleotide and a polypeptide component. Such vaccines may provide for an

enhanced immune response.
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It will be apparent that a vaccine may contain pharmaceutically
acceptable salts of the polynucleotides and polypeptides provided herein. Such salts
may be prepared from pharmaceutically acceptable non-toxic bases, including organic
bases (e.g., salts of primary, secondary and tertiary amines and basic amino acids) and
inorganic bases (e.g., sodium, potassium, lithium, ammonium, calcium and magnesium
salts).

While any suitable carrier known to those of ordinary skill in the art may
be employed in the vaccine compositions of this invention, the type of carrier will vary
depending on the mode of administration. Compositions of the present invention may
be formulated for any appropriate manner of administration, including for example,
tobical, orél, nasal, intravenous, intracranial, intraperitoneal, subcutaneous or
intramuscular administration. For parenteral administration, such as subcutaneous
injection, the carrier preferably comprises water, saline, alcohol, a fat, a wax or a buffer.
For oral administration, any of the above carriers or a solid carrier, such as mannitol,
lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose,

sucrose, ‘and magnesium carbonate, may be employed. Biodegradable microspheres

(e g, polylactate polyglycolate) may also be employed as carriers for the

pharmaceutical compositions of this invention. Suitable biodegradable microspheres
are disclosed, for example, in U.S. Patent Nos. 4,897,268; 5,075,109; 5,928,647, |
5,811,128; 5,820,883; 5,853,763; 5,814,344 and 5,942,252. One may also employ a
carrier comprising the particulate-protein complexes described in U.S. Patent No.
5,928,647, which are capable of inducing a class I-restricted cytotoxic T lymphocyte
responses in a host.

Such compositions may also comprise buffers (e.g., neutral buffered
saline or phosphate buffered saline), carbohydrates (e.g., glucose, mannose, sucrose or
dextrans), mannitol, proteins, polypeptides or amino acids such as glycine, antioxidants,
bacteriostats, chelating agents such as EDTA or glutathione, adjuvants (e.g., aluminum
hydroxide), solutes that render the formulation isotonic, hypotonic or weakly hypertonic
with the blood of a recipient, suspending agents, thickening agents and/or preservatives.

Alternatively, compositions of the present invention may be formulated as a
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lyophilizate. Compounds may also be encapsﬁlated within liposomes using well known
technology.

Any of a variety of immunostimulants may be employed in the vaccines
of this invention. For example, an adjuvant may be included. Most adjuvants contain a
substance designed to protect the antigen from rapid catabolism, such as aluminum
hydroxide or mineral oil, and a stimulator of immune responses, such as lipid A,
Bortadella pertussis or Mycobacterium tuberculosis derived proteins. Suitable
adjuvants are commercially available as, for example, Freund's Incomplete Adjuvant
and Complete Adjuvant (Difco Laboratories, Detroit, MI); Merck Adjuvant 65 (Merck
and Company, Inc., Rahway, NJ); AS-2 (SmithKline Beecham, Philadelphia, PA);
aluminum salts such as aluminum hydroxide gel (alum) or aluminum phosphate; salts of
calcium, iron or zinc; an insoluble suspension of acylated tyrosine; acylated sugars;
cationically or anionically derivatized polysaccharides; polyphosphazenes;
biodegradable microspheres; monophosphoryl lipid A and quil A. Cytokines, such as
GM-CSF or interleukin-2, -7, or -12, may also be used as adjuvants.

Within the vaccines provided herein, the adjuvant composition is
preferably designed to induce an immune response predominantly of the Thl type.
High levels of Thl-type cytokines (e.g., IFN-y, TNFa, IL-2 and IL-12) tend to favor the
induction of cell mediated immune responses to an administered antigen. In contrast,
high levels of Th2-type cytokines (e.g., IL-4, IL-5, IL-6 and IL-10) tend to favor the
induction of humoral immune responses. Following application of a vaccine as
provided herein, a patient will support an immune response that includes Th1- and Th2-
type responses. Within a preferred embodiment, in which a response is predominantly
Thl-type, the level of Thl-type cytokines will increase to a greater extent than the level
of Th2-type cytokines. The levels of these cytokines may be readily assessed using
standard assays. For a review of the families of cytokines, see Mosmann and Coffman,
Ann. Rev. Immunol. 7:145-173, 1989.

Preferred adjuvants for use in eliciting a predominantly Thl-type
response include, for example, a combination of monophosphoryl lipid A, preferably 3-
de-O-acylated monophosphoryl lipid A (3D-MPL), together with an aluminum salt.
MPL adjuvants are available from Corixa Corporation (Seattle, WA; see US Patent
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Nos. 4,436,727, 4,877,611, 4,866,034 and 4,912,094). CpG-containing
oligonucleotides (in which the CpG dinucleotide is unmethylated) also induce a
predominantly Th1 response. Such oligonucleotides are well known and are described,
for example, in WO 96/02555, WO 99/33488 and U.S. Patent Nos. 6,008,200 and
5,856,462. Immunostimulatory DNA sequences are also described, for example, by
Sato et al., Science 273:352, 1996. Another preferred adjuvant is a saponin, preferably
QS21 (Aquila Biopharmaceuticals Inc., Framingham, MA), which may be used alone or
in combination with other adjuvants. For example, an enhanced system involves the
combination of a monophosphoryl lipid A and saponin derivative, such as the
combination of QS21 and 3D-MPL as described in WO 94/00153, or a less reactogenic
composition where the QS21 is quenched with cholesterol, as described in WO
96/33739.  Other preferred formulations comprise an oil-in-water emulsion and
tocopherol. A particularly potent adjuvant formulation involving QS21, 3D-MPL and
tocopherol in an oil-in-water emulsion is described in WO 95/17210.
A Other preferred adjuvants include Montanide ISA 720 (Seppic, France),
SAF (Chiron, California, United States), ISCOMS (CSL), MF-59 (Chiron), the SBAS
series of adjuvants (e.g., SBAS-2 or SBAS-4, available from SmithKline Beecham,
Rixensart, Belgium), Detox (Corixa, Hamilton, MT), RC-529 (Corixa, Hamilton, MT)
and other aminoalkyl glucosaminide 4-phosphates (AGPs), such as those described in
pending U.S. Patent Application Serial Nos. 08/853,826 and 09/074,720, the disclosures
of which are incorporated herein by reference in their entireties.
Any vaccine provided herein may be prepared using well known
methods that result in a combination of antigen, immune response enhancer and a
suitable carrier or excipient. The compositions described herein may be administered
as part of a sustained release formulation (i.e., a formulation such as a capsule, sponge
or gel (composed of polysaccharides, for example) that effects a slow release of
compound following administration). Such formulations may generally be prepared
using well known technology (see, e.g., Coombes et al., Vaccine 14:1429-1438, 1996)
and administered by, for example, oral, rectal or subcutaneous implantation, or by

implantation at the desired target site. Sustained-release formulations may contain a
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polypeptide, polynucleotide or antibody dispersed in a carrier matrix and/or contained
within a reservoir surrounded by a rate controlling membrane.

Carriers for use within such formulations are biocompatible, and may
also be biodegradable; preferably the formulation provides a relatively constant level of
active component release. Such carriers include microparticles of poly(lactide-co-
glycolide), polyacrylate, latex, starch, cellulose, dextran and the like. Other delayed-
release carriers include supramolecular biovectors, which comprise a non-liquid
hydrophilic core (e.g, a cross-linked polysaccharide or oligosaccharide) and,
optionally, an external layer comprising an amphiphilic compound, such as a
phospholipid (see e.g., U.S. Patent No. 5,151,254 and PCT applications WO 94/20078,
W0/94/23701 and WO 96/06638). The amount of active compound contained within a
sustained release formulation depends upon the site of implahtation, the rate and
expected duration of release and the nature of the condition to be treated or prevented.

Any of a variety of delivery vehicles may be employed within
pharmaceutical compositions and vaccines to facilitate production of an antigen-
specific immune response that targets tumor cells. Delivery vehicles include antigen
presenting cells (APCs), such as dendritic cells, macrophages, B cells, monocytes and
other cells that may be engineered to be efficient APCs. Such cells may, but need not,
be genetically modified to increase the capacity for presenting the antigen, to improve
activation and/or maintenance of the T cell response, to have anti-tumor effects per se
and/or to be immunologically compatible with the receiver (ie., matched HLA
haplotype). APCs may generally be isolated from any of a variety of biological fluids
and organs, including tumor and peritumoral tissues, and may be autologous,
allogeneic, syngeneic or xenogeneic cells.

Certain preferred embodiments of the present invention use dendritic
cells or progenitors thereof as antigen-presenting cells. Dendritic cells are highly potent
APCs (Banchereau and Steinman, Nature 392:245-251, 1998) and have been shown to
be effective as a physiological adjuvant for eliciting prophylactic or therapeutic
antitumor immunity (see Timmerman and Levy, Ann. Rev. Med. 50:507-529, 1999). In
general, dendritic cells may be identified based on their typical shape (stellate in situ,

with marked cytoplasmic processes (dendrites) visible in vitro), their ability to take up,
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process and present antigens with high efficiency and their ability to activate naive T
cell responses. Dendritic cells may, of course, be engineered to express specific cell-
surface receptors or ligands that are not commonly found on dendritic cells in vivo or ex
vivo, and such modified dendritic cells are contemplated by the present invention. As
an alternative to dendritic cells, secreted vesicles antigen-loaded dendritic cells (called
exosomes) may be used within a vaccine (see Zitvogel et al., Nature Med. 4:594-600,
1998).

Dendritic cells and progenitors may be obtained from peripheral blood,
bone marrow, tumor-infiltrating cells, peritumoral tissues-infiltrating cells, lymph
nodes, spleen, skin, umbilical cord blood or any other suitable tissue or fluid. For
example, dendritic cells may be differentiated ex vivo by adding a combination of
cytokines such as GM-CSF, IL-4, IL-13 and/or TNFa to cultures of monocytes
harvested from peripheral blood. Alternatively, CD34 positive cells harvested from
peripheral blood, umbilical cord blood or bone marrow may be differentiated into
dendritic cells by adding to the culture medium combinations of GM-CSF, IL-3, TNFa,
CD40 ligand, LPS, flt3 ligand and/or other compound(s) that induce differentiation,
maturation and proliferation of dendritic cells.

Dendritic cells are conveniently categorized as "immature" and "mature"
cells, which allows a simple way to discriminate between two well characterized
phenotypes. However, this nomenclature should not be construed to exclude all
possible intermediate stages of differentiation. Immature dendritic cells are
characterized as APC with a high capacity for antigen uptake and processing, which
correlates with the high expression of Fcy receptor and mannose receptor. The mature
phenotype is typically characterized by a lower expression of these markers, but a high
expression of cell surface molecules responsible for T cell activation such as class I and
class II MHC, adhesion molecules (e.g., CD54 and CD11) and costimulatory molecules
(e.g., CD40, CD80, CD86 and 4-1BB).

APCs may generally be transfected with a polynucleotide encoding a
colon tumor protein (or portion or other variant thereof) such that the colon tumor
polypeptide, or an immunogenic portion thereof, is expressed on the cell surface. Such

transfection may take place ex vivo, and a composition or vaccine comprising such
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transfected cells may then be used for therapeutic purposes, as described herein.
Alternatively, a gene delivery vehicle that targets a dendritic or other antigen presenting
cell may be administered to a patient, resulting in transfection that occurs in vivo. In
vivo and ex vivo transfection of dendritic cells, for example, may generally be
performed using any methods known in the art, such as those described in WO
97/24447, or the gene gun approach described by Mahvi et al., Immunology and cell
Biology 75:456-460, 1997. Antigen loading of dendritic cells may be achieved by
incubating dendritic cells or progenitor cells with the colon tumor polypeptide, DNA
(naked or within a plasmid vector) or RNA; or with antigen-expressing recombinant
bacterium or viruses (e.g., vaccinia, fowlpox, adenovirus or lentivirus vectors). Prior to
loading, the polypeptide may be covalently conjugated to an immunological partner that
provides T cell help (e.g., a carrier molecule). Alternatively, a dendritic cell may be
pulsed with a non-conjugated immunological partner, separately or in the presence of
the polypeptide.

Vaccines and pharmaceutical compositions may be presented in unit-
dose or multi-dose containers, such as sealed ampoules or vials. Such containers are
preferably hermetically sealed to preserve sterility of the formulation until use. In
general, formulations may be stored as suspensions, solutions or emulsions in oily or
aqueous vehicles. Alternatively, a vaccine or pharmaceutical composition may be
stored in a freeze-dried condition requiring only the addition of a sterile liquid carrier

immediately prior to use.

CANCER THERAPY

In further aspects of the present invention, the compositions described
herein may be used for immunotherapy of cancer, such as colon cancer. Within such
methods, pharmaceutical compositions and vaccines are typically administered to a
patient. As used herein, a “patient” refers to any warm-blooded animal, preferably a
human. A patient may or may not be afflicted with cancer. Accordingly, the above
pharmaceutical compositions and vaccines may be used to prevent the development of a
cancer or to treat a patient afflicted with a cancer. A cancer may be diagnosed using

criteria generally accepted in the art, including the presence of a malignant tumor.
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Pharmaceutical compositions and vaccines may be administered either prior to or
following surgical removal of primary tumors and/or treatment such as administration
of radiotherapy or conventional chemotherapeutic drugs. Administration may be by
any suitable method, including administration by intravenous, intraperitoneal,
intramuscular, subcutaneous, intranasal, intradermal, anal, vaginal, topical and oral
routes.

Within certain embodiments, immunotherapy may be active
immunotherapy, in which treatment relies on the in vivo stimulation of the endogenous
host immune system to react against tumors with the administration of immune
response-modifying agents (such as polypeptides and polynucleotides as provided
herein).

Within other embodiments, immunotherapy may be passive
immunotherapy, in which treatment involves the delivery of agents with established
tumor-immune reactivity (such as effector cells or antibodies) that can directly or
indirectly mediate antitumor effects and does not necessarily depend on an intact host
immune system. Examples of effector cells include T cells as discussed above, T
lymphocytes (such as CDS8" cytotoxic T lymphocytes and CD4" T-helper tumor-
infiltrating lymphocytes), killer cells (such as Natural Killer cells and lymphokine-
activated killer cells), B cells and antigen-presenting cells (such as dendritic cells and
macrophages) expressing a polypeptide provided herein. T cell receptors and antibody
receptors specific for the polypeptides recited herein may be cloned, expressed and
transferred into other vectors or effector cells for adoptive immunotherapy. The
polypeptides provided herein may also be used to generate antibodies or anti-idiotypic
antibodies (as described above and in U.S. Patent No. 4,918,164) for passive
immunotherapy.

Effector cells may generally be obtained in sufficient quantities for
adoptive immunotherapy by growth in vitro, as described herein. Culture conditions for
expanding single antigen-specific effector cells to several billion in number with
retention of antigen recognition in vivo are well known in the art. Such in vitro culture
conditions typically use intermittent stimulation with antigen, often in the presence of

cytokines (such as IL-2) and non-dividing feeder cells. As noted above,
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immunoreactive polypeptides as provided herein may be used to rapidly expand
antigen-specific T cell cultures in order to generate a sufficient number of cells for
immunotherapy. In particular, antigen-presenting cells, such as dendritic, macrophage,
monocyte, fibroblast and/or B cells, may be pulsed with immunoreactive polypeptides
or transfected with one or more polynucleotides using standard techniques well known
in the art. For example, antigen-presenting cells can be transfected with a
polynucleotide having a promoter appropriate for increasing expression in a
recombinant virus or other expression system. Cultured effector cells for use in therapy
must be able to grow and distribute widely, and to survive long term in vivo. Studies
have shown that cultured effector cells can be induced to grow in vivo and to survive
long term in substantial numbers by repeated stimulation with antigen supplemented
with IL-2 (see, for example, Cheever et al., Immunological Reviews 157:177, 1997).

Alternatively, a vector expressing a polypeptide recited herein may be
introduced into antigen presenting cells taken from a patient and clonally propagated ex
vivo for transplant back into the same patient. Transfected cells may be reintroduced
into the patient using any means known in the art, preferably in sterile form by
intravenous, intracavitary, intraperitoneal or intratumor administration.

Routes and frequency of administration of the therapeutic compositions
described herein, as well as dosage, will vary from individual to individual, and may be
readily established using standard techniques. In general, the pharmaceutical
compositions and vaccines may be administered by injection (e.g., intracutaneous,
intramuscular, intravenous or subcutaneous), intranasally (e.g., by aspiration) or orally.
Preferably, between 1 and 10 doses may be administered over a 52 week period.
Preferably, 6 doses are administered, at intervals of 1 month, and booster vaccinations
may be given periodically thereafter. Alternate protocols may be appropriate for
individual patients. A suitable dose is an amount of a compound that, when
administered as described above, is capable of promoting an anti-tumor immune
response, and is at least 10-50% above the basal (i.e., untreated) level. Such response
can be monitored by measuring the anti-tumor antibodies in a patient or by vaccine-
dependent generation of cytolytic effector cells capable of killing the patient’s tumor

cells in vitro. Such vaccines should also be capable of causing an immune response that
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leads to an improved clinical outcome (e.g., more frequent remissions, complete or
partial or longer disease-free survival) in vaccinated patients as compared to non-
vaccinated patients. In general, for pharmaceutical compositions and vaccines
comprising one or more polypeptides, the amount of each polypeptide present in a dose
ranges from about 25 pg to 5 mg per kg of host. Suitable dose sizes will vary with the
size of the patient, but will typically range from about 0.1 mL to about 5 mL.

In general, an appropriate dosage and treatment regimen provides the
active compound(s) in an amount sufficient to provide therapeutic and/or prophylactic
benefit. Such a response can be monitored by establishing an improved clinical
outcome (e.g., more frequent remissions, complete or partial, or longer disease-free
survival) in treated patients as compared to non-ireated patients. Increases in
preexisting immune responses to a colon tumor protein generally correlate with an
improved clinical outcome. Such immune responses may generally be evaluated using
standard proliferation, cytotoxicity or cytokine assays, which may be performed using

samples obtained from a patient before and after treatment.

CANCER DETECTION AND DIAGNOSIS

In general, a cancer may be detected in a patient based on the presence
of one or more colon tumor proteins and/or polynucleotides encoding such proteins in a
biological sample (for example, blood, sera, sputum urine and/or tumor biopsies)
obtained from the patient. In other words, such proteins may be used as markers to
indicate the presence or absence of a cancer such as colon cancer. In addition, such
proteins may be useful for the detection of other cancers. The binding agents provided
herein generally permit detection of the level of antigen that binds to the agent in the
biological sample. Polynucleotide primers and probes may be used to detect the level
of mRNA encoding a tumor protein, which is also indicative of the presence or absence
of a cancer. In general, a colon tumor sequence should be present at a level that is at
least three fold higher in tumor tissue than in normal tissue

There are a variety of assay formats known to those of ordinary skill in
the art for using a binding agent to detect polypeptide markers in a sample. See, e.g.,

Harlow and Lane, dntibodies: A Laboratory Manual, Cold Spring Harbor Laboratory,
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1988. In general, the presence or absence of a cancer in a patient may be determined by
(a) contacting a biological sample obtained from a patient with a binding agent; (b)
detecting in the sample a level of polypeptide that binds to the binding agent; and (c)
comparing the level of polypeptide with a predetermined cut-off value.

In a preferred embodiment, the assay involves the use of binding agent
immobilized on a solid support to bind to and remove the polypeptide from the
remainder of the sample. The bound polypeptide may then be detected using a
detection reagent that contains a reporter group and specifically binds to the binding
agent/polypeptide complex. Such detection reagents may comprise, for example, a
binding agent that specifically binds to the polypeptide or an antibody or other agent
that specifically binds to the binding agent, such as an anti-immunoglobulin, protein G,
protein A or a lectin. Alternatively, a competitive assay may be utilized, in which a
polypeptide is labeled with a reporter group and allowed to bind to the immobilized
binding agent after incubation of the binding agent with the sample. The extent to
which components of the sample inhibit the binding of the labeled polypeptide to the
binding agent is indicative of the reactivity of the sample with the immobilized binding
agent. Suitable polypeptides for use within such assays include full length colon tumor
proteins and portions thereof to which the binding agent binds, as described above.

The solid support may be any material known to those of ordinary skill
in the art to which the tumor protein may be attached. For example, the solid support
may be a test well in a microtiter plate or a nitrocellulose or other suitable membrane.
Alternatively, the support may be a bead or disc, such as glass, fiberglass, latex or a
plastic material such as polystyrene or polyvinylchloridé. The support may also be a
magnetic particle or a fiber optic sensor, such as those disclosed, for example, in U.S.
Patent No. 5,359,681. The binding agent may be immobilized on the solid ‘support
using a variety of techniques known to those of skill in the art, which are amply
described in the patent and scientific literature. In the context of the present invention,
the term "immobilization" refers to both noncovalent association, such as adsorption,
and covalent attachment (which may be a direct linkage between the agent and
functional groups on the support or may be a linkage by way of a cross-linking agent).

Immobilization by adsorption to a well in a microtiter plate or to a membrane is
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preferred. In such cases, adsorption may be achieved by contacting the binding agent,
in a suitable buffer, with the solid support for a suitable amount of time. The contact
time varies with temperature, but is typically between about 1 hour and about 1 day. In
general, contacting a well of a plastic microtiter plate (such as polystyrene or
polyvinylchloride) with an amount of binding agent ranging from about 10 ng to about
10 pg, and preferably about 100 ng to about 1 pg, is sufficient to immobilize an
adequate amount of binding agent.

Covalent attachment of binding agent to a solid support may generally
be achieved by first reacting the support with a bifunctional reagent that will react with
both theisupport and a functional group, such as a hydroxyl or amino group, on the
binding agent. For example, the binding agent may be covalently attached to supports
having an appropriate polymer coating using benzoquinone or by condensation of an
aldehyde group on the support with an amine and an active hydrogen on the binding
partner (see, e.g., Pierce Immunotechnology Catalog and Handbook, 1991, at
Al12-A13).

In certain embodiments, the assay is a two-antibody sandwich assay.
This assay may be performed by first contacting an antibody that has been immobilized
on a solid support, commonly the well of a microtiter plate, with the sample, such that
polypeptides within the sample are allowed to bind to the immobilized antibody.
Unbound sample is then removed from the immobilized polypeptide-antibody
complexes and a detection reagent (preferably a second antibody capable of binding to
a different site on the polypeptide) containing a reporter group is added. The amount of
detection reagent that remains bound to the solid support is then determined using a
method appropriate for the specific reporter group.

More specifically, once the antibody is immobilized on the support as
described above, the remaining protein binding sites on the support are typically
blocked. Any suitable blocking agent known to those of ordinary skill in the art, such
as bovine serum albumin or Tween 20™ (Sigma Chemical Co., St. Louis, MO). The
immobilized antibody is then incubated with the sample, and polypeptide is allowed to
bind to %he antibody. The sample may be diluted with a suitable diluent, such as

phosphate-buffered saline (PBS) prior to incubation. In general, an appropriate contact
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time (i.e., incubation time) is a period of time that is sufficient to detect the presence of
polypeptide within a sample obtained from an individual with colon cancer. Preferably,
the contact time is sufficient to achieve a level of binding that is at least about 95% of
that achieved at equilibrium between bound and unbound polypeptide. Those of
ordinary skill in the art will recognize that the time necessary to achieve equilibrium
may be readily determined by assaying the level of binding that occurs over a period of
time. At room temperature, an incubation time of about 30 minutes is generally
sufficient.

Unbound sample may then be removed by washing the solid support
with an appropriate buffer, such as PBS containing 0.1% Tween 20™. The second
antibody, which contains a reporter group, may then be added to the solid support.
Preferred reporter groups include those groups recited above.

The detection reagent is then incubated with the immobilized antibody-
polypeptidg complex for an amount of time sufficient to detect the bound polypeptide.
An appropriate amount of time may generally be determined by assaying the level of
binding that occurs over a period of time. Unbound detection reagent is then removed
and bound detection reagent is detected using the reporter group. The method
employed for detecﬁng the reporter group depends upon the nature of the reporter
group. For radioactive groups, scintillation counting or autoradiographic methods are
generally appropriate. Spectroscopic methods may be used to detect dyes, luminescent
groups and fluorescent groups. Biotin may be detected using avidin, coupled to a
different reporter group (commonly a radioactive or fluorescent group or an enzyme).
Enzyme reporter groups may generally be detected by the addition of substrate
(generally for a specific period of time), followed by spectroscopic or other analysis of
the reaction products. '

To determine the presence or absence of a cancer, such as colon cancer,
the signal detected from the reporter group that remains bound to the solid support is
generally compared to a signal that corresponds to a predetermined cqt-off value. In
one preferred embodiment, the cut-off value for the detection of a cancer is the average
mean signal obtained when the immobilized antibody is incubated with samples from

patients without the cancer. In general, a sample generating a signal that is three
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standard deviations above the predetermined cut-off value is considered positive for the
cancer. In an alternate preferred embodiment, the cut-off value is determined using a
Receiver Operator Curve, according to the method of Sackett et al, Clinical
Epidemiology: A Basic Science Jor Clinical Medicine, Little Brown and Co., 1985,
p. 106-7. Briefly, in this embodiment, the cut-off value may be determined from a plot
of pairs of true positive rates (ie., sensitivity) and false positive rates (100%-
specificity) that correspond to each possible cut-off value for the diagnostic test result.
The cut-off value on the plot that is the closest to the upper left-hand corner (i.e., the
value that encloses the largest area) is the most accurate cut-off value, and a sample
generating a signal that is higher than the cut-off value determined by this method may
be considered positive. Alternatively, the cut-off value may be shifted to the left along
the plot, to minimize the false positive rate, or to the right, to minimize the false
negative rate. In general, a sample generating a signal that is higher than the cut-off
value determined by this method is considered positive for a cancer. |

In a related embodiment, the assay is performed in a flow-through or
strip test format, wherein the binding agent is immobilized on a membrane, such as
nitrocellulose. In the flow-through test, polypeptides within the sample bind to the
immobilized binding agent as the sample passes through the membrane. A second,
labeled binding agent then binds to the binding agent-polypeptide complex as a solution
containing the second binding agent flows through the membrane. The detection of
bound second binding agent may then be performed as described above. In the strip test
format, one end of the membrane to which binding agent is bound is immersed in a
solution containing the sample. The sample migrates along the membrane through a
region containing second binding agent and to the area of immobilized binding agent.
Concentration of second binding agent at the area of immobilized antibody indicates the
presence of a cancer. Typically, the concentration of second binding agent at that site
generates a pattern, such as a line, that can be read visually. The absence of such a
pattern indicates a negative result. In general, the amount of binding agent immobilized
on the membrane is selected to generate a visually discernible pattern when the
biological sample contains a level of polypeptide that would be sufficient to generate a

positive signal in the two-antibody sandwich assay, in the format discussed above.
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Preferred binding agents for use in such assays are antibodies and antigen-binding
fragments thereof. Preferably, the amount of antibody immobilized on the membrane
ranges from about 25 ng to about 1pg, and more preferably from about 50 ng to about
500 ng. Such tests can typically be performed with a very small amount of biological
sample.

Of course, numerous other assay protocols exist that are suitable for use
with the tumor proteins or binding agents of the present invention. The above
descriptions are intended to be exemplary only. For example, it will be apparent to
those of ordinary skill in the art that the above protocols may be readily modified to use
colon tumor polypeptides to detect antibodies that bind to such polypeptides in a
biological sample. The detection of such colon tumor protein specific antibodies may
correlate with the presence of a cancer.

A cancer may also, or alternatively, be detected based on the presence of
T cells that specifically react with a colon tumor protein in a biological sample. Within
certain methods, a biological sample comprising CD4" and/or CD8" T cells isolated
from a patient is incubated with a colon tumor polypeptide, a polynucleotide encoding
such a polypeptide and/or an APC that expresses at least an immunogenic portion of
such a polypeptide, and the presence or absence of specific activation of the T cells is
detected. Suitable biological samples include, but are not limited to, isolated T cells.
For example, T cells may be isolated from a patient by routine techniques (such as by
Ficoll/Hypaque density gradient centrifugation of peripheral blood lymphocytes). T
cells may be incubated in vitro for 2-9 days (typically 4 days) at 37°C with polypeptide
(e.g., 5 - 25 pg/ml). It may be desirable to incubate another aliquot of a T cell sample
in the absence of colon tumor polypeptide to serve as a control. For CD4" T cells,
activation is preferably detected by evaluating proliferation of the T cells. For CD8" T
cells, activation is preferably detected by evaluating cytolytic activity. A level of
proliferation that is at least two fold greater and/or a level of cytolytic activity that is at
least 20% greater than in disease-free patients indicates the presence of a cancer in the
patient.

As noted above, a cancer may also, or alternatively, be detected based on

the level of mRNA enéoding a colon tumor protein in a biological sample. For
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example, at least two oligonucleotide primers may be employed in a polymerase chain
reaction (PCR) based assay to amplify a portion of a colon tumor cDNA derived from a
biological sample, wherein at least one of the oligonucleotide primers is specific for
(i.e., hybridizes to) a polynucleotide encoding the colon tumor protein. The amplified
cDNA is then separated and detected using techniques well known in the art, such as
gel electrophoresis. Similarly, oligonucleotide probes that specifically hybridize to a
polynucleotide encoding a colon tumor protein may be used in a hybridization assay to
detect the presence of polynucleotide encoding the tumor protein in a biological sample.

To permit hybridization under assay conditions, oligonucleotide primers
and probes should comprise an oligonucleotide sequence that has at least about 60%,
preferably at least about 75% and more preferably at least about 90%, identity to a
portion of a polynucleotide encoding a colon tumor protein that is at least 10
nucleotides, and preferably at least 20 nucleotides, in length.  Preferably,
oligonucleotide primers and/or probes hybridize to a polynucleotide encoding a
polypeptide described herein under moderately stringent conditions, as defined above.
Oligonucleotide primers and/or probes which may be usefully employed' in the
diagnostic methods described herein preferably are at least 10-40 nucleotides in length.
In a preferred embodiment, the oligonucleotide primers comprise at least 10 contiguous
nucleotides, more preferably at least 15 contiguous nucleotides, of a DNA molecule
having a sequence recited in SEQ ID NO:11-85. Techniques for both PCR based
assays and hybridization assays are well known in the art (see, for example, Mullis et
al., Cold Spring Harbor Symp. Quant. Biol., 51:263, 1987; Erlich ed., PCR Technology,
Stockton Press, NY, 1989).

One preferred assay employs RT-PCR, in which PCR is applied in
conjunction with reverse transcription. Typically, RNA is extracted from a biological
sample, such as biopsy tissue, and is reverse transcribed to produce cDNA molecules.
PCR amplification using at least one.specific primer generates a cDNA molecule,
which may be separated and visualized using, for example, gel electrophoresis.
Amplification may be pérformed on biological samples taken from a test patient and
from an individual who is not afflicted with a cancer. The amplification reaction may

be performed on several dilutions of cDNA spanning two orders of magnitude. A two-
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fold or greater increase in expression in several dilutions of the test patient sample as
compared to the same dilutions of the non-cancerous sample is typically considered
positive.

In another embodiment, the compositions described herein may be used
as markers for the progression of cancer. In this embodiment, assays as described
above for the diagnosis of a cancer may be performed over time, and the change in the
level of reactive polypeptide(s) or polynucleotide(s) evaluated. For example, the assays
may be performed every 24-72 hours for a period of 6 months to 1 year, and thereafter
performed as needed. In general, a cancer is progressing in those patients in whom the
level of polypeptide or polynucleotide detected increases over time. In contrast, the
cancer is not progressing when the level of reactive polypeptide or polynucleotide either
remains constant or decreases with time.

Certain in vivo diagnostic assays may be performed directly on a tumor.
One such assay involves contacting tumor cells with a binding agent. The bound
binding agent may then be detected directly or indirectly via a reporter group. Such
binding agents may also be used in histological applications. Alternatively,
polynucleotide probes may be used within such applications.

As noted above, to improve sensitivity, multiple colon tumor protein
markers may be assayed within a given sample. It will be apparent that binding agents
specific for different proteins provided herein may be combined within a single assay.
Further, multiple primers or probes may be used concurrently. The selection of tumor
protein markers may be based on routine experiments to determine combinations that
results in optimal sensitivity. In addition, or alternatively, assays for tumor proteins

provided herein may be combined with assays for other known tumor antigens.

DIAGNOSTIC KITS

The present invention further provides kits for use within any of the
above diagnostic methods. Such kits typically comprise two or. more components
necessary for performing a diagnostic assay. Components may be compounds,
reagents, containers and/or equipment. For examplé, one container within a kit may

contain a monoclonal antibody or fragment thereof that specifically binds to a colon
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tumor protein. Such antibodies or fragments may be provided attached to a support
material, as described above. One or more additional containers may enclose elements,
such as reagents or buffers, to be used in the assay. Such kits may also, or alternatively,
contain a detection reagent as described above that contains a reporter group suitable
for direct or indirect detection of antibody binding.

Alternatively, a kit may be designed to detect the level of mRNA
encoding a colon tumor protein in a biological sample. Such kits generally comprise at
least one oligonucleotide probe or primer, as described above, that hybridizes to a
polynucleotide encoding a colon tumor protein. Such an oligonucleotide may be used,
for example, within a PCR or hybridization assay. Additional components that may be
present within such kits include a second oligonucleotide and/or a diagnostic reagent or
container to facilitate the detection of a polynucleotide encoding a colon tumor protein.

The following Examples are offered by way of illustration and not by

way of limitation.

EXAMPLE 1

IDENTIFICATION OF COLON TUMOR PROTEIN CDNAS

This Example illustrates the identification of cDNA molecules encoding
colon tumor proteins.

Sixty-seven clones were characterized by DNA sequencing all
representing cDNA fragments from primary colon tumors subtracted with normal
tissues including brain, bone marrow, kidney, heart, lung, liver, pancreas, small
intestine, stomach, trachea and normal colon. This subtraction was based on a PCR
protocol as described in detail below. |

A cDNA library was constructed and cloned into the PCR2.1 vector
(Invitrogen, Carlsbad, CA) by subtracting a pool of one or more tumors with a pool of
normal tissues, for example, colon, spleen, brain, liver, kidney, lung, stomach and small
intestine, using PCR subtraction methodologies (Clontech, Palo Alto, CA). The
subtraction was performed using a PCR-based protocol, which was modified to

generate larger fragments. Within this protocol, tester and driver double stranded
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cDNA were separately digested with five restriction enzymes that recognize six-
nucleotide restriction sites (Mlul, Mscl, Pvull, Sall and Stul). This digestion resulted in
an average cDNA size of 600 bp, rather than the average size of 300 bp tlllat results
from digestion with Rsal according to the Clontech protocol. This modification did not
affect the subtraction efficiency. Two tester populations were then created with
different adapters, and the driver library remained without adapters.

The tester and driver libraries were then hybridized using excess driver
cDNA. In the first hybridization step, driver was separately hybridized with each of the
two tester cDNA populations. This resulted in populations of (a) unhybridized tester
cDNAs, (b) tester cDNAs hybridized to other tester cDNAs, (c) tester cDNAs
hybridized to driver cDNAs, and (d) unhybridized driver cDNAs. The two separate
hybridization reactions were then combined, and rehybridized in the presence of
additional denatured driver cDNA. Following this second hybridization, in addition to
populations (a) through (d), a fifth population (e) was generated in which tester cDNA
with one adapter hybridized to tester cDNA with the second adapter. Accordingly, the
second hybridization step resulted in enrichment of differentially expressed sequences
which can be used as templates for PCR amplification with adaptor-specific primers.
These differentially expressed sequences represent sequences that were over-expressed
in colon tumors as compared to a panel of normal tissues.

The ends were then filled in, and PCR amplification were performed
using adaptor-specific primers. Only population (e), which contained tester cDNA that
do not hybridize to driver cDNA, were amplified exponentially. A second PCR
amplification step was then performed, to reduce background and further enrich
differentially expressed sequences.

This PCR-based subtraction technique normalizes differentially
expressed cDNAs so that rare transcripts that were over-expressed in colon tumor tissue
may be recoverable. Such transcripts would be difficult to recover by traditional
subtraction methods.

Of these clones, ten were found to have putative open reading frames

(ORF) of at least fifty amino acids in length (set forth in SEQ ID NOs:1-10). These
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ORFs represent immunological targets for immunotherapy of colon cancer and as

potential diagnstic markers of colon cancer.

EXAMPLE 2
IDENTIFICATION OF ADDITIONAL COLON TUMOR PROTEIN CDNAS

This Example illustrates the identification of cDNA molecules encoding
colon tumor proteins.

A colon tumor Duke’s B ¢cDNA library was constructed using the Life
Technologies SuperScript Plasmid System for cDNA Synthesis and Plasmid Cloning™™.
mRNA was isolated from a pool of three Duke’s B colon tumor total RNAs (863A2,
964A, and 865A) and used as the template for cDNA syntheses. EcoR I/Not I adapters
from Life Technologies and EcoR I/Not I-cut pZErO-2™ vector were substituted for
components provided with the kit. The library was electroporated into Life
Technologies ElectroMAX™ DH10B cells and amplified in liquid culture. 24 clones
plated prior to liquid amplification were randomly selected for individual amplification.
Turbo miniprep DNA was prepared from each clone and characterized by sequencing
and database analysis. This PCR-based subtraction technique normalizes differentially
expressed cDNAs so that rare transcripts that are over-expressed in colon tumor tissue
may be recoverable. Such transcripts would be difficult to recover by traditional
subtraction methods. Thus, this library contains cDNA clones that are over-expressed
in colon tumors.

The polynucleotide sequences of exemplary clones are disclosed herein
as SEQ ID NOs:73-85.

EXAMPLE 3

SYNTHESIS OF POLYPEPTIDES

Polypeptides may be synthesized on a Perkin Elmer/Applied Biosystems
Division 430A peptide synthesizer using FMOC chemistry with HPTU (O-
Benzotriazole-N,N,N',N'-tetramethyluronium hexafluorophosphate) activation. A Gly-
Cys-Gly sequence may be attached to the amino terminus of the peptide to provide a

method of conjugation, binding to an immobilized surface, or labeling of the peptide.
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Cleavage of the peptides from the solid support may be carried out using the following
cleavage mixture: trifluoroacetic  acid:ethanedithiol:thioanisole:water:phenol
(40:1:2:2:3). After cleaving for 2 hours, the peptides may be precipitated in cold
methyl-t-butyl-ether. The peptide pellets may then be dissolved in water containing
0.1% trifluoroacetic acid (TFA) and lyophilized prior to purification by C18 reverse
phase HPLC. A gradient of 0%-60% acetonitrile (containing 0.1% TFA) in water
(containing 0.1% TFA) may be used to elute the peptides. Following lyophilization of
the pure fractions, the peptides may be characterized using electrospray or other types

of mass spectrometry and by amino acid analysis.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.
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CLAIMS
What is claimed:
1. An isolated polynucleotide comprising a sequence selected from

the group consisting of:

(2) sequences provided in SEQ ID NOs:11-85;

(b) complements of the sequences provided in SEQ ID NOs:11-85;

(© sequences consisting of at least 20 contiguous residues of a
sequence provided in SEQ ID NOs:11-85;

(d)  sequences that hybridize to a sequence provided in SEQ ID
NOs:11-85, under highly stringent conditions;

(e) sequences having at least 75% identity to a sequence of SEQ ID
NOs:11-85;

® sequences having at least 90% identity to a sequence of SEQ ID
NOs:11-85; and

(2) degenerate variants of a sequence provided in SEQ ID NOs:11-
85.

2. An isolated polypeptide comprising an amino acid sequence
selected from the group consisting of:

(a) sequences encoded by a polynucleotide of claim 1;

(b)  sequences having at least 70% identity to a sequence encoded by
a polynucleotide of claim 1;

(© sequences having at least 90% identity to a sequence encoded by
a polynucleotide of claim 1;

(d) sequences set forth in SEQ ID NOs:1-10;

(e) sequences having at least 70% identity to a sequence set forth in

SEQ ID NOs:1-10;
® sequences having at least 90% identity to a sequence set forth in

SEQ ID NOs:1-10.
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3. An expression vector comprising a polynucleotide of claim 1

operably linked to an expression control sequence.

4. A host cell transformed or transfected with an expression vector

according to claim 3.

5. An isolated antibody, or antigen-binding fragment thereof, that
specifically binds to a polypeptide of claim 2.

6. A method for detecting the presence of a cancer in a patient,
comprising the steps of:

(a) obtaining a biological sample from the patient;

(b)  contacting the biological sample with a binding agent that binds
to a polypeptide of claim 2;

(c) detecting in the sample an amount of polypeptide that binds to
the binding agent; and

(d)  comparing the amount of polypeptide to a predetermined cut-off

value and therefrom determining the presence of a cancer in the patient.

7. A fusion protein comprising at least one polypeptide according to

claim 2.

8. An oligonucleotide that hybridizes to a sequence recited in SEQ
ID NOs:11-85 under highly stringent conditions.

9. A method for stimulating and/or expanding T cells specific for a
tumor protein, comprising contacting T cells with at least one component selected from
the group consisting of:

(a)  polypeptides according to claim 2;

(b)  polynucleotides according to claim 1; and
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(©) antigen-presenting cells that express a polynucleotide according
to claim 1,
under conditions and for a time sufficient to permit the stimulation

and/or expansion of T cells.

10.  An isolated T cell population, comprising T cells prepared

according to the method of claim 9.

11. A composition comprising a first component selected from the
group consisting of physiologically acceptable carriers and immunostimulants, and a
second component selected from the group consisting of:

(@  polypeptides according to claim 2;

(b)  polynucleotides according to claim 1;

() antibodies according to claim 5;

(d)  fusion proteins according to claim 7;

() T cell populations according to claim 10; and

® antigen presenting cells that express a polypeptide according to

claim 2.

12. A method for stimulating an immune response in a patient,

comprising administering to the patient a composition of claim 11.

13. A method for the treatment of a colon cancer in a patient,

comprising administering to the patient a composition of claim 11.

14. A method for determining the presence of a cancer in a patient,
comprising the steps of:

(a) obtaining a biological sample from the patient;

(b)  contacting the biological sample with an oligonucleotide

according to claim 8§;
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©) detecting in the sample an amount of a polynucleotide that
hybridizes to the oligonucleotide; and

(d)  compare the amount of polynucleotide that hybridizes to the
oligonucleotide to a predetermined cut-off value, and therefrom determining the

presence of the cancer in the patient.

15. A diagnostic kit comprising at least one oligonucleotide

'

according to claim 8.

16. A diagnostic kit comprising at least one antibody according to
claim 5 and a detection reagent, wherein the detection reagent comprises a reporter

group.

17. A method for the treatment of colon cancer in a patient,
comprising the steps of:

(a) incubating CD4+ and/or CD8+ T cells isolated from a patient
with at least one component selected from the group consisting of: (i) polypeptides
according to claim 2; (ii) polynucleotides according to claim 1; and (iii) antigen
presenting cells that express a polypeptide of claim 2, such that T cell proliferate;

(b)  administering to the patient an effective amount of the
proliferated T cells,

and thereby inhibiting the development of a cancer in the patient.
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<120>
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<130>

<140>
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<160>
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<210>
<211>
C 212>
<213>

<220>
<221>
<222>
<223>

<400>
Met Gl
1
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Xu, Jiangchun

SEQUENCE LISTING

COMPOSITIONS AND METHODS FOR THE THERAPY

DIANGOSIS OF COLON CANCER

210121.550pC

PCT

2001-08-07

85

FastSEQ for Windows Version 4.0

1
43
PRT

Homo sapiens

VARIANT
40
Xaa = Any

1
u Ala Glu

Gly Ser Ala Gln

20

Trp Lys Thr Thr

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

<400>
Met Al
1

35

2
87
PRT

Amino Acid

Asp Ser ‘Glu Ser

5

Arg Val Glu Tyr

Val Leu Arg Xaa

Homo sapiens

2
a Ile Ser

Gly Thr Ser Pro

20

Thr Thr Gln Val

35

Asn Phe Leu Leu

50
Leu Le
65

u Gln Thr

Arg
5
Arg
Thr

Ser

Arg

Gln
Gln
Tyxr
Pro

Arg
70

Ser
Met
Val
Phe

55
Gln

40

Ile
Met
Trp
40

Met

Gly

Leu
Lys

25
Pro

Tyr
Ala
25

Leu

Ala

Ser

PCT/US01/41625

Ser Pro Lys Met Pro Gln Pro

10

15

Lys Leu Asn Cys Val Asn Thr

Ser

Thr
10

Pro
Pro

Gln

Phe

His

Thr

His

Val

Val

Pro
75

Gly
Pro
Arg
Gly

Gly

Gln
Leu
Lys
45

Gly

Leu

30

Arg
Cys
30

Leu

Met

Ser

Leu
15

Phe
Pro

Met

Ser

Leu

Phe

Pro

Ser
80
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Ser Trp Val Ala Leu Ser Pro

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

<220>
<221>
<222>
<223>

<400>

3
49
PRT

85

Homo sapiens

VARIANT

6, 24, 29,

47

Xaa = Any Amino Acid

3

Met Ala Cys Arg Arg Xaa Gly Ser Cys

1

5

Ser Gln Asn Lys Gly Asp His Xaa Tyr

20
Pro Ala Arg Ala Gly Pro Leu Glu
35 40
Ile
<210> 4
<211> 79
<212> PRT
<213> Homo sapiens
<220>
<221> VARTIANT
<222> 67, 78
<223> Xaa = Any Amino Acid
<400> 4
Met Ala Ser Arg Asp Ser Leu Tyr
1 5
Ala Asn Ser Ala Asp ITle His His
20
Leu Glu Gly Pro Ile Arg Pro Ile
35 40
Pro Ser Phe Tyr Asn Val Val Thr
50 55
Phe Asn Xaa Leu Ala Ala Thr Ser
65 70
<210> 5
<211> 58
<212> PRT
<213> Homo sapiens
<220>
<221> VARIANT
<222> 6, 29, 47
<223> Xaa = Any Amino Acid

25
Arg

Leu
Thr
25

Val
Gly

Pro

Ile Cys Ile

10

Ile Gly Lys

Ala Lys Phe

Pro
10

Gly
Ser

Lys

Leu

Gly
Gly
Arg
Thr

Phe
75

Arg
Arg
Ile
Leu

60
Ala

PCT/US01/41625

Tyr Trp Val His

Xaa

Cys
45

Pro
Ser
Thr
45

Arg

Gln

Asn
30

Arg

Leu
Ser
30

Ile
Tyr

Xaa

15
Leu Asp

Xaa Pro

Glu Arg
15

Met His
His Trp

Pro Asn

Gly
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<400>

5

Met Asp Ala Pro Cys Xaa Arg Arg Ile

1

5

Tyr Ala Gln Arg Asp Arg Tyr Thr Cys

50

<210>
<211>
<212>

20 25
Phe Arg Phe Leu Pro Leu Pro Phe Ser
35 40
Pro Val Lys Leu Leu Lys Ser Gly Gly
55

6

43

PRT

Homo sapiens

<213>

<220>
<221>
<222>
<223>

<400>

1

<210>
<211>
<212>

VARIANT
40
Xaa = Any Amino Acid

6

Met Glu Ala Glu Asp Ser Glu Ser Leu
5
Gly Ser Ala Gln Arg Val Glu Tyr Lys
20 25
Trp Lys Thr Thr Val Leu Arg Xaa Pro
35 40

7

39

PRT

Homo sapiens

<213>

<220>
<221>
<222>
<223>

<400>

VARIANT
2, 13, 15, 17, 23, 32
Xaa = Any Amino Acid

PCT/US01/41625

Lys Arg Gly Gly Cys Gly Gly

10

15

Gln Arg Pro Xaa Ala Arg Ser

30

Pro Arg Phe Gly Gly Xaa Ser

Leu

45

Ser Pro Lys Met Pro Gln Pro

10

15

Lys Leu Asn Cys Val Asn Thr

Ser His

30

Met Xaa Ile Pro Leu His Ser Ile Pro Phe His Cys Xaa Pro Xaa Ala

1

10

15

Xaa His Tyr Ile Arg Ile Xaa Ser Ile Gln Leu Pro Tyr Ser Pro Xaa

<210>
<211>
<212>

7

5

20 25
His Ser Ile Pro Phe Gly Val
35 :

8
43
PRT
Homo sapiens

<213>

<400>

8

30

Met Phe Gly Glu Ile Pro Met Glu Lys Arg Glu Thr Cys Arg Arg Thr

1

5

10

15

Ser Asn Lys Val Asn Val His Ala Gln Gly Leu Leu Lys Phe Gln Cys
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4
20 25 30
Val Asn Phe Leu Leu Ala Tyr Thr Lys Ile Lys
35 40
<210> 9
<211> 90
<212> PRT
<213> Homo sapiens
<400> 9
Met Pro Thr Gly Ser Tyr Trp Val Ser Trp Thr Thr Ser Phe Arg Thr
1 5 10 15
Arg Thr Ala Ser Ser Ser Ser Pro Leu Cys Thr Ala Ala Glu Gly Pro
20 25 30
Ser Leu Gly Leu Gly Thr Leu Arg Gly Glu Asn Glu Ala Ile Arg His
35 40 45
Pro Leu Gly Pro Cys Phe Gln Val Ser Leu Ser Pro Leu Pro Ala Phe
50 55 60
Phe Pro Ala Leu Ser Pro Lys Leu Pro Pro Gly Arg Glu Lys Arg Pro
65 70 75 80
Gly Ala Lys Asn Glu Pro Phe Ser Ser Thr
85 90
<210> 10
<211> 54
<212> PRT
<213> Homo sapiens
<220>
<221> VARIANT
<222> 36, 42, 48
<223> Xaa = Any Amino Acid
<400> 10
Met Val Arg Pro Gly Lys Asp Leu Pro Pro Leu His Phe Leu Phe Ser
1 5 10 15
Leu Leu Leu Leu Ile Leu Lys Leu Cys Leu Gln Gln Arg Gly Arg Gly
20 25 30
Ser Cys Arg Xaa Ile Pro Gly Pro Gly ¥Xaa Glu Met Pro Asn Leu Xaa
35 40 45
Tyr Leu Thr Glu Gly Leu
50
<210> 11
<211> 566
<212> DNA

<213> Homo sapiens

<400> 11

aattcgcect tgagcggccg ccecgggcagg ttaacaaccce ccctectaat actaactace 60
tgactcctac ccctcacaat catggcaage caacgccact tatccagtga accactatca 120
cgaaaaaaac tctacctctc tatactaatc tccctacaaa tctccttaat tataacattc 180
acagccacag aactaatcat attttatatc ttcttcgaaa ccacacttat ccccaccttg 240
gctatcatca cccgatgagg caaccagcca gaacgcctga acgcaggcac atacttccta 300
ttctacacce tagtaggctc cecttccecta ctcatcgcac taatttacac tcacaacacce 360
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ctaggctcac
gccaacaact
ggactccact
cctecggecge

<210> 12
<211> 517
<212> DNA
<213> Homo

<400> 12

aattcgccect
tgtttetttt
cagagaccat
aaatacctag
tgcagcagcece
ttaccatatc
acaagctgtt
cagaaaaaaa
agtcagttgt

<210> 13
<211> 411
<212> DNA
<213> Homo

<400> 13

aattcgcceccet
tgttttcaga
agtttcccaa
gaactgttcce
attcatcctg
agaggcctgt
gaatatttta

<210> 14
<211> 387
<212> DNA
<213> Homo

<400> 14

aattcgcect
cagcaggcac
gaagacagat
gagaggaagt
ctgatttcca

ggggcccgat
tacctgcceg

<210> 15
<211> 524
<212> DNA
<213> Homo

<220>

<221> misc_
70

<222> 38,

taaacattet
taatatgact
tatgactccce
gaccacgcta

sapiens

ttcgagcgge
ttactcactg
agtgtagatt
agccagtctt
taaagatatg
caacctaatg
attcatttcce
taaaaaaaaa
acctcggeceg

sapiens

taagcgtggt
tacagtatgt
aaaaattatt
tattttctge
tcacagaagg
ataatcatgc
agcagcctca

sapiens

tagcgtggtce
acaacagagg
ggtgcagcca
tgcagacctyg
gtgtgaagtc
tagagcccaa
ggcggceceget

sapiens

feature

<223> n =A,T,C or G

PCT/US01/41625

actactcact ctcactgccc aagaactatc aaactcctga
agcttacaca atagctttta tagtaaagat
taaagcccatogtcgaagccc ccatecgctgg gtcaatagta

agggcyg

cgcccgggea
cagtatgagg
ttacaaaatc
tgcataaaat
gataagatat
atagtatcta
ttgacgttaa
gtttacctac
cgaccacgct

cgcggeegag
aaatacttgt
tagaaggcat
acttgccatt
caggaaaact
ttttcaaact
gtacctgcce

gcggecgagyg
cagttccaga
cagttcgttt
catgcaataa
tgtgcctgac
atagatcagg
aagggcg

ggtactttaa
aacaaatcac
actttttaaa
atcacagctt
accaccactt
aaaaattctt
aagaatctgg
catgttcata

gtacatttat
aaaaaaattt
tatgttatta
ccagctgect
gggaacttta
aaattcactt

gggcggecge

tactttggee
tttcaactgce
gatctccacc
taatgtccaa
ccgetgecac
agctgtggag

tatttatgtt
aaacacttac
atctctgtat
tatctataac
gctattctga
tcttcecatag
ggccaacatt
ttaagaacaa

aatcttgtga
gtataatttt
gtaaatgaga
ccactgtcca
ccaaagtagce
aaaaattaaa
tcgaaagggce

tctetgggat
tcatcagatg
ttggtcccte
catcctcage
tgaacctgtc
actgccctgg

acctctttac

gttgttttct
tttggagaaa
tgtgctectce
cttaaaattc
aatatatcta
gaagtctctg
tgtattttat
tgtctataca

ctttaaagtc
gtgataatgt
gcactgtata
tacccaccte
actcagcectg
aagcagaatt

g

agaagttatt
gcgggaagat
tgccgaaagt
ctccaccegg
tgggaccceg
cttectgcagg

420
480
540
566

60

120
180
240
300
360
420
480
517

60

120
180
240
300
360
411

60

120
180
240
300
360
387
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<400> 15

aattcgcecct
atgaagcegn
tgcatttagg
tttttgecatt
tcecttagecee
tattaaatct
tcttacaaat
taattagtga
actacttaaa

<210> 16
<211> 373
<212> DNA
<213> Homo

<400> 16

aattcgccct
aagctgcgat
agtctgtcece
agcccacggg
cacaggcectc
tggaggactt
accacgaagg

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

17
472
DNA
Homo

<400> 17

aattcgcecet
ctgcgtatgg
agcccaagac
gtgtggcttc
gttggtggga
agcagttcct
tttattcact
aaaaaaaaaa

<210>
<211> 612
<212> DNA
<213> Homo

18

<400> 18

aattcgececect
ttactattat
gcaggaaaaa
cgatggttac
ggagttaggg
atctgcaggg
ccacactaga
ctecttecaggce
cactgtgggc
ttaaggaact
ctcgaaaggg

tcgagcggee
agctgaaatg
aaatgatttt
tcttttagaa
ttaacagacc
tggaaacctc
gtagtataaa
aaagacacaa
aaatattacc

sapiens

ttgagggceccg
atcgacactc
caccttgteg
caccagcttg
cagctgggcece
ggccaccagt

gcg

sapiens

ttegagegge
ccatcagcag
agatgatggc
cagtcaggaa
tgatgccact
gggtggcact
catctcaaga
aaaaaaaaag

sapiens

tagecgtggte
gacacaaaca
gtgcagagca
cttctgaatt
tgaaagagaa
gtgtctaaaa
gatctaggac
gcattttgca
ctagtgaagce
taaaactcag
cg

gccecgggeag
aatgattcag

gctttecetta
tgtttggtca
aagtccattc
atttttacct
tgttatggat
cttcacaaaa
tcggeegega

ceegggeagg
tgcacgtgct
tcctecacca
gaagcccccce
atgtcecgtet
gcaggcttct

cgcccgggea
acagtccatt
tccacaccca
actaccattt
gctccaaacc
gtccccatga
aagctggctg
cttgtacctc

gcggecgagyg
cagggaaaga
ttaactataa
atgatctttc
aatgtttgtt
gtgtgttcat
atttgtcttg
ataaagtcta
ctactgtgag
tatggcgtct

gtactttnct
gatattaatg
aatagttcga
ttaacaactt
tatttggaaa
tataaagtgt
agatataagg
cacaataaaa
ccacgctaag

tacacacact
cctcaaactt
cacactgaat
agaccagccc
catcatccca
tggccttctt

ggtacccctt
tataccactg
ctgtgcttce
aactttctge
cgaaggcaag
tctgaagcag
gcccaagect
ggccgegace

tactatgaac
gggcaaacta
cccttttgac
tgtcttgeag
gaaaaaatag
tttgcagcaa
atttggtgag
tctagggtgg
gaggcttcac
agggattctt

agatgacata
agaaattctc
aggcttgaaa
ttaaccttat
taacaagaac
taagtttcac
aaatattggc
gataaacatg

ggcg

caggcttcag
ggtgatctcc
ctgtagctte
gtccagctgg
aggcttgaca
ctcegegtac

ccccatctta
gacaaagatt
tgactactca
tcagcecttt
ggagcttccc
acatgaaatt
aaaaggccca
acgctaaggg

accagaacag
gacattgtaa
cagaaacttt
aagccccagt
tcttctecac
tgtttaggtyg
ttctcttggg
gattgtcaga
tagaagcctt
tgtacctgece

PCT/US01/41625

tcgagtcaac
acaaatgata
ataaactttt
cttcctctte
ttgatcagat
gtgcatattc
atagtatagg
aaactataac

atcttgttga
tcctceccagea
cggataccgt
atagagcgcea
tccagcagga
ctcggecgeg

acagccagtg
gggaggaacc
agtgacctac
catggctcag
aggcctcage
acaatacgct
taccaaaaaa

cg

aagagatttt
tgcataagat
atgtctataa
aagctgttta
ttacttagat
catagttcta
aatcatctgce

ggtctagggyg
aaattaggaa

tgggcggecyg

60

120
180
240
300
360
420
480
524

60

120
180
240
300
360
373

60

120
180
240
300
360
420
472

60

120
180
240
300
360
420
480
540
600
612
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<210>
<211> 547
<212> DNA
<213> Homo

19

<400> 19

aattcgececet
tctacgtgece
ttgtttcatg
tatgaattcg
agtctataat
taacagagat
caatgaagat
gtttgcttcet
gcccacaact

aagggcyg

20
395
DNA
Homo

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

<220>
<221>
<222>
<223>

71

<400> 20

aattcgccct
agtaattcag
actggctaag
cttaagtgag
aaaaacctca
taactccttce
aagcttgtac

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

21
283
DNA
Homo

<220>
<221>
<222>
<223>

39,

<400> 21

aattcgcect
agagacccag
ttagactatg
ggagtgggac
attggggggt

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

22
414
DNA
Homo

misc_
72,
n=A4,T,Cor G

sapiens

ttcgagcgge
gggtccatgt
atttctcctce
gtcagegtet
aacatcattt
gcctecectta
ggtgtggttt
aagttgtatt
tcetttgatg

sapiens

misc_ feature

n=A4,T,C or G

tgagcggccg
ntacagggtg
gacgatcagce
gatttccttg
cagcttgtat
atgcaataaa
ctcggeegeg

sapiens

feature
111,

ttcgagegge
tnaaattgta
gtgagctcag
ttctagggga
aggggctang

sapiens

cgecccgggea
ttttactctc
tctctetgat
tccttettca
aaaaattctc
gctggaggtg
tcteccagttt
ttagattcaa
ctectctteat

cccgggcagg
accaacgcaa
tgaaggttca
caatgagtag
aatgtaacca
ctgaaaagag
accacgctaa

116, 259

cgececgggea
ataagcagtg
gtgattgata
tttagcgggg
ctggagtggt

ggtacaaaaa
ccatgccgtt
taaggcgttt
gtttttcaag
cttcatttag
gtggatatac
cttcttcttce
atgatacagt
aggttcttgt

tactgtaatt
gaacatatgc
tgggttttaa
aatttccctt
tttggggtce
ccaaaaaaaa

gggcg

ggtactttna
cttgaattat
ctectgatge
tgatgcectgt
aaaaggctca

taaaatcctt
ttgctgtatt
atagaaaaaa
caccaagtat
acagtgcagg
tatcaacttt
atcaaaaaac
tttaattttg
acctecggccg

gagcatccgg
cagttccteg
gtgcttgtgg
ctcteccttg
gcttttaact
aaaaaaaaaa

ggcttgtagg
ttggttcegg

gagtaatacg

tgggggccag
gaa

PCT/US01/41625

ctcaaaaata
gacagattag
gaactgaata
ttcaaataaa
teccteattgg
tctactgggce
tgaaattcett
ttttectttt
cgaccacgct

aatatggaga
tagagattgg
ctcactgaag
tcacaggttt
tggactagtg
aaaaaaaaaa

agggtaaaat
ntgttntcta
gatgtgttta
tgccctecta

60

120
180
240
300
360
420
480
540
547

60

120
180
240
300
360
395

60

120
180
240
283



WO 02/12332 PCT/US01/41625

<220>

<221> misc_feature
<222> 39, 69, 71
<223> n = A,T,C or G

<400> 22

aattcgcecct ttcgagecgge cgcccgggeca ggtacgatnt ctagtgatga gtttgctaat 60
acaatgceng ncaggccacc tacggtgaaa agaaagatga atcctagggc tcagagcact 120
gcagcagatc atttcatatt gcttcecgtgg agtgtggcga gtcagctaaa tactttgacg 180
ccggtgggga tagcgatgat tatggtageg gaggtgaaat atgctcgtgt gtctacgtcet 240
attcctactg taaatatatg gtgtgctcac acgataaacc ctaggaagcc aattgatate 300
atagctcaga ccatacctat gtatccaaat acctcggeccg cgaccacgct aagggcgaat 360
tctgcagata tccatcacac tggcggccgg tcagagcatg catctagagg gccc 414

<210> 23

<211> 622

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<222> 37, 67, 602
<223> n = A,T,C or G

<400> 23

aattcgccct ttcgagcgge cgcccgggca ggtacanttt gaaaaattat atatatgggg 60
gggaaangga atgaatatct gattcttttg aatgcttgtg gaaatctttg agatcgtgca 120
gggcatacca caaaatagcc tttagaacag atacccaatt ttacagttca taggacaaca 180
tcaaacatta gtaagtctaa ataagatgaa tagaattttt gttatgtaaa ttttgctaga 240
acagtctatt ttcttgcacc cctcaagtta acctcttaaa aaaatgaatg tataatttct 300
accgaaagaa tatcagagag aatctctctg gcctatagtg ttaaaatatt gttcacaaat 360
cctgattagt taagtgcata cattatgaaa cttacagaat aaaacttatt atacatctct 420
ttcttaaatt aatatcttta cacattttca actggctccc caagtctgat aaggaaggat 480
taaaagaaaa aagaaatgta ttagttgggt ggccaaggag tttcctttgt aatgttgaga 540
gacttccget ttctgaattt cgctggttcet ctaaggtaaa agagttaaat agtacctcgg 600
cncgcgacca ccgctaaggg cg 622

<210> 24

<211> 665

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<222> 69

<223> n = A,T,C or G

<400> 24

aattcgcecct tagcegtggtc geggccgagg tgggataccyg cagcaacaca cacaagttct 60
ctttatcgnc aaaatcacgc caaataataa cgggacctat gectgttttg tctctaactt 120
ggctactggc cgcaataatt ccatagtcaa gagcatcaca gtctctgcat ctggaacttc 180
tcctggtete tcagetgggg ccactgtcgg catcatgatt ggagtgetgg ttggggttge 240
tctgatatag cagccctggt gtagtttctt catttcagga agactgacag ttgttttget 300
tcttcecttaa agcatttgca acagctacag tctaaaattg cttctttacce aaggatattt 360
acagaaaaga ctctgaccag agatcgagac catcctagcc aacatcgtga aaccccatct 420
ctactaaaaa tacaaaaatg agctgggctt ggtggcgege acctgtagtc ccagttacte 480
gggaggctga ggcaggagaa tcgcttgaac ccgggaggtg gagattgcag tgagcccaga 540
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tcgecaccact gcactccagt ctggcaacag agcaagactc catctcaaaa agaaaagaaa 600
agaagactct gacctgtacc tgcccgggeg geccgctcgaa gggcgaattc tgcagatatc 660

catca

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

25
354
DNA
Homo

<220>
<221>
<222>
<223>

misc
24, 3
n=2a

<400> 25

gtggtcgegg
gacatttatt
cagtagcaaa
cttgcactac
ttcctectee
aaaaaaaaaa

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

26
616
DNA
Homo

<220>
<221>
<222>
<223>

misc
313
n = A

<400> 26

aattcgccct
gctccactgg
gattattttt
aagtttaagc
tettgttect
aattatggcce
ctcaacataa
gcaaaatgga
tgacatcaca
taagtgctga
ccgggcgggce

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

27
220
DNA
Homo

<220>
<221>
<222>
<223>

misc_
74, 9
n=Aa

<400> 27

sapiens

feature
20
,T,C or G

ccgaggtgge
gaatatcatg
aagaatcttg
cagaagattc
tagcctctet
aaaaaaaaan

sapiens

feature

,T7,C or G

tagegtggtc
aaacaactag
cctttttgaa
atcaaacaac
gtcccactcce
tgnatcattc
atgttgcata
agcatttccg
aggccgccaa
aaccatgcat
cgcteg

sapiens

feature
7, 194
,T,C or G

atancctagc
cactagtccc
gggattttce
atacactttt
cccaaaaagt
gcttgtacct

gcggecgagyg
atcaaaacag
gtagattcgce
aaagtaaaag
caccccaccce
ttggcagttt
gaatttatat
atagagccct
gtgecectgttt
aggattggtt

ctgtgaggaa
ttacatatgt
atctgactte
gagactccag
aaaacacaat

gecegggcegyg

tacatcttat
caaaccttcc
cacaatcaaa
tccccaagat
ctaatgaaac
ggaaagagaa
atttcaaaat
aaatgagtac
ttctagaact
tactaaatta

cctagttagg
catattttaa
cctggceccate
tgagacgctg
gctgaagaaa
ccgctcgaag

agaacatatt
atttaatatc
tttgaataca
acaacaaaga
ttaaaaggta
cttttggett
tggcctaact
tgccctgtga
aggagttggt
aaaccttatt

aaagacaact
ttatagaaat
ttatccecate
ttttcacccc
aaaaaaaaaa

ggcg

tcataaaact
cacaaagttg
gagaattttg
tctaggcaag
ttcccatttc
ccattggtaa
tgtaaaaaag
cttctctgta

gaggtttggg
acgtacctge

665

60

120
180
240
300
354

60

120
180
240
300
360
420
480
540
600
616

aattcgccet tagcgtggtc geggccgagg tacaaaattt ttatgtaagt ataaaataaa 60
taatatgagg ggtnaattaa taacaacaac acaacancgg caacaatatt aataataaca 120
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10
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agagctctcc cattggecca cggecttecet ccagettttce tettctgett cacacaactt 180
tgtgagatag ctgntttcat agctgggaaa actgaggcce

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

28
368
DNA
Homo

<220>
<221>
<222>
<223>

346,

<400> 28

aattcgcect
gaatgaacat
taggaaatgg
ggaatcatcc
ggaagcagaa
agtggaatat
tagccaca

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

29
265
DNA
Homo

<220>
<221>
<222>
<223>

38,

<400> 29

aattcgcect
atgttgagan
atcctcagca
agcccacttt
tcctggagta

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

30
195
DNA
Homo

<220>
<221>
<222>
<223>

38,

<400> 30

misc_

misc
39,
n=AT,CorG

misc_
39,
n=A4AT,C or G

sapiens

feature
357

n==~4,T,Cor G

tagcgtggtce
tctcagaaac
caaaaaccta
tatctttatt
gattcagagt
aaaaagctta

sapiens

feature

70, 72

tagcgtggtce
tncteccattc
tcagtttget
tcatagttcc
tatcactctt

sapiens

feature

72, 179

gcggcecgagyg
attcacattg
acctagctgg
ctcagaaatc
ccttgtctce
attgtgttaa

gcggecgagg
cttccagaat
aaattgccag
gctctgtett
gcttce

tacacagcac
ctcatcaaat
acattttata
caatgttgaa
caaaatgcct
tacatggaag

tacaaacnnc
tttcagagat
gctcaatgac
tggctgcage

attctcttaa
gtagctttac
caagtaagtec
tatcacagtt
cagccagggt
acaacngttc

ggatcttgtyg
gaggtagacc
aagctctecct
actttaggca

gagaaaacag
ccaaagtata
aaagttcaaa
cttctttaat
cagcacagag
tcaggcnacc

tcagaaacac
cacctcaatc
gccatctccea
ctattctaag

aattcgccet tagcgtggtc gecggecgagg tacacatnna gtttaaactg gttatgacaa
tgaactataa agaaaacaaa ttttggcagt ctttaagtat
tttagcattt ggcaccatat gtatgccatt atatttgant

aagcctttag
atatagctta
ttgcattact

<210> 31
<211> 285
<212> DNA

gngtgtttct
aaatataatt
gttte

220

60

120
180
240
300
360
368

60

120
180
240
265

60

120
180
195
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<213> Homo
<220>
<221>
222>
<223>

228,

<400> 31

aattcgcccet
tgcctagaaa
gaaaaaattg
ggtgggtgat
gttttaataa

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

32
609
DNA
Homo

<400> 32

aattcgcecccet
ccagtagact
gccaggagat
atggattttt
attggtcata
gcagattagg
gagcaattct
atgcaattte
aatagatttt
ctacacagtc
ccttctaag

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

33
543
DNA
Homo

<220>
<221>
<222> 38,
<223> n =

<400> 33
aattcgccecet
aaaactgcta
attctcaaca
tagctcattt
ttcatgtgeca
aacatctgga
ggtggccatg
ctctgggcetg
aagaggagtc
ttg

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

34
259
DNA
Homo

sapiens

misc_ feature

255, 268

n=24T,C or G

tagcgtggtce
tatctttcte
tattgaaaac
tattttttat
aaganttaca

sapiens

tagcgtggte
cggtataatt
gggtagggat
tcececcattg
aataacatct
cagatttcct
atggcttcct
agttgttaca
caaataatga
ctcagggata

sapiens

misc feature
451,
A,T,C or G

509,

tagecgtggtce
ttgttgctca
gcatcgcetga
atatccagtt
tcecaggetgg
tcatcaatgt
gtgatgtttg
ggttttccee
ctccagaaat

sapiens

gcggcecgagyg
ttacctgtta
acttagtatg
actgtatgtg
ttccaaanaa

gcggeegagg
tctgacagcee
acaaacaaaa
gctttcaaag
tcccaaagece
aaatattcag
tttatttttce
gctttaactt
caaaaactga
tggataaaac

537

gcggccegagg
agtctgaatc
ttaaaggcac
catcttgcaa
aagcacgtag
ggggctctag
gagaactggg
cagagttctg
ggaaggagnt

11

tactcacttt
tttatcaatt
cagttgataa
ccaaagcttt
adaaaaaaaa

tactagcttt
aaatgtatcc
tcatctactt
caagtgagat
caacagtcaa
ttaaggctat
tccctggata
ataagatcaa
cataaagtct
aaatgaagtt

tactttantt
gctgtgaata
agaatcttct
atcacttcte
tgcagcggac
attttctate
cacagggccce
ntcaagctct
atacaattcc

ttccaaatga
tttcccagta
gaggaatttg
actactgngg
aaaaa

ccaagtgaga
caatttcact
tatcaatctt
aaacagcgtt
aaaacaaaca
ggtgtgettg
aaactatgct
aggaattaaa
acacagaact
tcatgactgg

ctectttect
tagtgaagag
tgatttattt
ttttctatac
agcacttcca
atttcttcca
tcagattctt
atgtctagat
tgatctaaga

PCT/US01/41625

tcctagtaat
tttttatacg
gtataattat
aaagacaact

catgttatac
cagtagggct
ttttttttte
actggcagat
ccaaatataa
gttttgacca
tacttgatcc
aagttgtcag
gacataaagt
aagggggcte

catcagggct
tggagtccat
tacaatttgg
tgatggtcte
cttgtgcettt
gttcctttet
cctctggtec
ctatttcagg
gagctgnatc

60

120
180
240
285

60

120
180
240
300
360
420
480
540
600
609

60

120
180
240
300
360
420
480
540
543
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<220>

<221> misc_

<222> 234,

feature
255

<223> n = A,T,C or G

<400> 34

aattcgcecccet
tcaaaaagaa
aaatacagta
ctttttttce
aacatacaac

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

35
346
DNA
Homo

<220>
<221>
222>
<223>

38,

<400> 35

aattcgceccect
ctetgtttnn
ccattctgag
cacccaggga

cagccaggga
atatctgatt

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

36
834
DNA
Homo

<220>
<221>
<222>
<223>

698,

<400> 36

aattcgccct
gcattatcac
gtaatcttct
ggctcattcc
taactcttcet
ttagagttga
agtcatttct
aagacattca
gggcaatgct
tcatctagac
aaaagcaaag
tcagatcaaa
gggaacttca
gaaattctgce

<210> 37

misc_
69,
n=A4T,Cor G

tagcgtggtc
tgataaaagt
attacaagta
caacttattc
ctcanaggt

sapiens

feature
70,

tagcgtggte
gtcttgcectta
tcatttgtte
gccatactgg
ccagncactt
tgaggaacct

sapiens

misc feature

765, 769,

n=24,T,C or G

tagcgtggte
atgttgctaa
tecececteate
tggctagcett
aaaacatctc
ccaagtcttt
ctcccattcet
ttecattettyg
gagtagaaga
tagaagaggg
tagctecctcet
ttatccttta
tctcteacat
angatatcca

255,

776,

gcggccgagg
ccacagcata
gtgtcaccat
aaatacttaa

280, 328,

gcggcecgagyg
tgcttcttea
ttcttggect
cacattcctt
taggctatta
gggataanag

792,

gcggcecgagg
gccaagggtyg
ccecceccaggcece
tttgctggea
atattagtct
ccctaaaagg
gagaattaca
ataaacaagc
acatacgttt
ttaatgggac
agcaaatatg
ttaaaatgaa
acaaaacgta
ttcaacactg

12

tacctactgt
ggaatctgtt
cagtgacaag
acctcttcta

337

taccacanta
actctgcgee
gtcaagacac
ctgcgcettga
gcctgcaggn
tcctttnccea

817

tacgtaggat
ttcctcaaac
tgaggtttga
agaataatct
acaccagata
ataattatat
tcttttaaca
tactcggtgg
tcttctacac
aagtgaaaga
cttcagaatt
gcaccagnca
cctggecccecgg
ggcgggnccg

gtgctttcta
catctgagtg
ggcagggaag
tttcgagtte

tettectect
tggataactt
ccaaaaaagg
taatatctgt
catttagaag
taagag

taacaggtta
ttctetttee
tattctcaaa
ctccctcaaa
tagtcttect
aaaagagtag
catgggcaaa
tgaagtgagg
acacattaac
atcctctceca
aagtctgatg
agtataggaa
gcggneegnt
cttcgaacca

PCT/US01/41625

ctatcagcca
ttctgccaaa
actattttte
aaangaggta

tctgcggtcet
tcatgttaat
ccaagctgtt
caattccctt
atttaagtaa

taacagcttt
tgcacttctg
taatgtggta
gtgttcaggt
tctagatata
gaacaaaggt
atttaagaca
aggtggaaaa
agatttcatc
ccccattgtg
ctcagaacac
aaaaaataaa
cgaaangggc
tgcc

60

120
180
240
259

60

120
180
240
300
346

60

120
180
240
300
360
420
480
540
600
660
720
780
834
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<211>
<212>
<213>

613
DNA
Homo

<220>
<221>
<222>
<223>

<400> 37

aattcgcccet
ccecegececca
gttatatata
acttacggca
tcegttgeag
tgggttggtg
aaagctatca
gagatgcgtg
ttccaccaca
gctccaccgn
ttaggacagg

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

38
622
DNA
Homo

<220>
<221>
<222>
<223>

41,

<400> 38

aattcgceccet
ctaactaatn
gccatcatce
gtcaacgatc
tacaccgact
ccaggecgacc
attcgtataa
ttaaaaacag
ggggtatact
gtcctagaat
ccectcetacce

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

39
568
DNA
Homo

<400> 39

aattcgcect
caggctgagt
gaggagatgce
gaacggcccg
aaagggactt
aaaaaatacg
gagacaatgc

sapiens

misc feature
38, .39,
n=A24,T,C or G

550,

tagcgtggtce
ccecggectga
ggattcgtgt
agcctgtcca
aggagcgagc
aagattccac
gaagaaatcc
ggctgacatc
ctattggtgg
taccgntaat
tca

sapiens

misc feature
70
n=2~4,T,C or G

tagcgtggte
ctaacatctc
tagtcctecat
cctccecttac
acggcggact
tgcgactcect
taattacatc
atgcaattcc
acggtcaatg
taattccect
ccctctagag

sapiens

tagcgtggtc
ttgagaaagc
tgttcatcta
ggatgttgga
ccaaggaaga
ggatatgaga
cttgtttttt

556,

576

gcggecgagg
taaagcgege
tcgeegtggt
tcatggtgtt
tggacgccac
atacaaattt
tgacacccag
tgcaggccga
ctctegecgg
ataagtaaaa

gcggcegagg
agacgctcag
cgccectceeca
catcaaatca
aatcttcaac
tgacgttgac
acaagacgtc
cggacgtcta
ctctgaaatc
aaaaatcttt
cc

gcggccgagg
tgcagaggag
tggccactac
cttcacgggce
tgccatgaaa
gactggattt
tctaataccg

13

taccgeennc
cgactgggct
ggccgaaaac
aaccagctaa
tgtggggcte
tttgaggtta
tggatcacca
aagagccgtg
gcagcttggg
gtttgnaaaa

tatgcccttt
gaaatagaaa
tcecctacgea
attggccacc
tcctacatac
aatcgagtag
ttgcactcat
aaccaaacca
tgtggagcaa
gaaatagggc

tggagttctt
gttaggcace
aaacaagcaa
aaggccaagt
gcttacatca
ggttactgtg
tggatggtygg

tctectgctcet
acaaggccaa
gcccagttece
agtttgctcg
tgagagtcct
tcctcattga
aaccagtcca
gcecttggaaa
agaaggcgca
attcatactt

ncctaacact
ccgtctgaac
tectttacat
aatggtactg
ttcccecatt
tactcccgat
gagctgtccece
ctttcaccge
accacagttt
ccgtatttac

gcaagtcgge
ttaagaccaa
ctgtgggcga
gggatgcectg
acaaagtaga
ccatgtgttt
gaattcggga

PCT/US01/41625

ccacagggct
gcaaggttac
taagggtgcea
aagccttcag
gaattcttac
tccattcceat
caagcacagg
gggccacaag
atactctcca
aataaacaat

cacaacaaaa
tatcctgcece
aacagacgag
aacctacgag
attcctagaa
tgaagcccece
cacattaggc
tacacgaccg
catgcccatce
cctatageac

caggatgtct
gccatcggat
cataaataca
gaatgagctg
agagctaaag
atcctaaact
aaataaccag

60

120
180
240
300
360
420
480
540
600
613

60

120
180
240
300
360
420
480
540
600
622

60

120
180
240
300
360
420
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ttaaaccagc
ttactgactt
aaaaaaaaaa

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

40
83
DNA
Homo

<220>

14

PCT/US01/41625

tactcaaggc tgctcaccat acggctctaa cagattaggg gctaaaacga 480
tcecttgagta gtttttatct gaaatcaatt aaaagtgtat ttgttacttt 540

aaaaaaaaaa

sapiens

<221> misc_feature

<222>
<223>

42,

<400> 40

65

n =A4,T,C or G

aaaaaaaa

568

aattcgcect tagcgtggtc gecggecgagg tgttcgtgac angatcaage gtgetttect 60
tatcnagggg gggaaaatcg ttg

<210>
<211> 774
<212> DNA
<213> Homo

41

<220>
<221>
<222>
<223>

679,

<400> 41

aattcgccct
tcteectgect
atttttgtaa
ctgaccttag
cccecgegece
ttaaaaaaat
tgtaaaggag
cattaaattc
actatggatc
agttagaacc
tgcctecgaca
ggcacacact
cccaaagntn

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

42
264
DNA
Homo

<220>
<221>
<222>
149,

38,
154,

<223> n = A,T,C oxr G

<400> 42

sapiens

misc_feature

728, 730

n=251,7TCor G

ttcgagegge
cagcctccea
ttttagtaga
gtgatccacc
agccatcaaa
gatctgtttt
tcaaaactat
acaaactttt
agaatagcca
tggtcctaag
cacataaacc
gatgcttana
ctttttttte

sapiens

misc feature

68,
le8,

70, 90,
178,

{
i

cgcecegggea
agtagctggg
gacagggttt
cgecteggee
atgcctttta
gaaggcaaaa
aaatcaagta
atactctttc
catttagaac
cctaaaagtg
tttttaaaaa
tgttccagta
catctttaga

95, 113,

124,
187, 181, 192, 209, 212, 238, 258

ggtaccattt
attacaggca
caccatgttg
tccecaaagtg
tttctgcata
ttgcaaatct
tttgggaagt
tgtatataca
actttttgtt
ggcttgattc
tagacactce
atctaatatg
aaactacatg

125,

126,

gccteeeggyg
cctgccacca
cccaggetgg
ctgggattac
tgttgaatac
tgaaattaag
gaagactgga
ttttttttet
atcagtcaat
tgcagtaaat
ccgaagtcett
gccecagtaa
gggaaccaaa

136, 140,

ctcaagcgat
tgcceggceta
tttcgaactc
aggcttgage
tttttacaat
aaggcaaaaa
agctaatttg
ttaaaaaaca
atttttagat
cttttacaac
ttgttcgeat
gtcttgatga
caga

144, 147,

83

60

120
180
240
300
360
420
480
540
600
660
720
774

aattcgecect ttcgagegge cgcccgggeca ggtacaanta tttgtaacac tggatgacte 60
ctgttgtngn tattttctat cttctctggn gcaangtatt ctccttgggc cancttgaaa 120
atgnnntttt tacggncgan gatnttnana gttncattcg ggagccancg accaatgnct

180
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15

PCT/US01/41625

cctgtgngaa nncagccatc actgtccang gnttectgtg tcttctcagg gtccttengg 240
tatcctttga acacggtngg cctce

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

43
432
DNA
Homo

<220>
<221>
<222>
<223>

38,

<400> 43

aattcgccct
actaaatatn
aaaatgcaaa
tctgtgctat
ttccacccac
ccaaggtgac
aacaattana
tcatggcectg

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

44
149
DNA
Homo

<220>
<221>
<222>
<223>

70,

<400> 44

misc_
40, 70, 337,
n=24,T,C or G

misc_
72,
n=2A4,T,C or G

sapiens

feature

ttcgagegge
gatgaacaaa
cgccaaaaaa
cattcttcct
ggctacacca
aactgctgcet
aagcataata
ct

sapiens

feature
126,

144

340, 369,

cgccegggea
cagcgttaaa
acgatgccte
ccaattactg
taggggtcect
tgagaaccat
gttataanaa

388

ggtacagntn
aaccagaatc
ctatgattgt
ccaatcccgt
ggaagcaagc
aacaatncan
tgcaggegtg

gataatacta
agggcttata
cacagttctg
gcacaggcag
gtcacagcat
aagcactaaa
taataaattt

cctattttaa
aatagtgcag
acagagattt
tgccecacag
taattcaaaa
aatggtggce
atgaaaggcg

264

60

120
180
240
300
360
420
432

aattcgcecct ttecgagegge cgeccgggea ggtacattga ttttectttct aaaactttge 60
tgaagttttn tntattagca gaaggagctt tgcggetgag actatggggt tttctagata 120
tagaancatg tcagcttcaa atanggata

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

45
597
DNA
Homo

<220>
<221>
<222>
<223>

37,

<400> 45

aattcgccct
cattccaggn
cattccattc
attccattge
attccggaag
ggttgattcc
attccattac
attcgggtag
atgtncattc

sapiens

misc feature
70, 107,
n=2~4,7T,Cor G

ttcgagegge
cattctattc
cattctattc
aatcgagttg
tttccattcce
attccattge
attcggattg
nttccattce
cattgcattc

431,

485,

cgceccgggea
cgttccatte
gattaattcc
aatccattgce
attgcattcc
attccattcc
attctattca
attccattcc
cattccattc

518,

525, 531,

ggtacenttc
cattccttte
attccattcc
atttcattce
attccattceg
attccattcc
attcccttac
attcctctcee
cattgcgntc

549, 575

cattccattc
cgttcenttce
attccattcc
attccattce
attccattcg
attccattcc
actccattac
attccattgce
cattngcatt

cataccattce
cgttcecatte
attctattec
attccattecc
attgcactcg
attacattcc
attccattcce
actcgggttg
ncattacatt

149

60

120
180
240
300
360
420
480
540
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cggattgant ctattcaact cccttactct

16

PCT/US01/41625

ccatnacatt ccattccatt cggggtg

<210> 46

<211> 412

<212> DNA )
<213> Homo sapiens

<220>

<221> misc_feature

<222> 38, 56, 70, 308, 362, 381, 387

<223> n = A,T,C or G

<400> 46

aattcgceet tcgagcggec gcccgggcag gtaagcentg
gtgagccecgn ggagtataca ccatgagcaa agctcaccct
taaatggtygg cagacatgtc caaggaatat tgcggggatt
tgatagatga atgtgtggag atggcgacta gtggacaaca
taatacgagg aaatagtatc atcatgttag aagccttgga
ttcagcanag aaacccatgt cctctctecca tagggcctgt
angtcatgta cctecggcgge naccacncta agggcgaatt
<210> 47

<211> 690

<212> DNA

<213> Homo sapiens

<220>

<221> misc feature

<222> 670

<223>n = A,T,C or G

<400> 47

aattcgccect ttcgagcgge cgcccgggca ggtggtaatc
gacaggagag tcgcttgaac ctgggagggc ggaggttgca
tgcactccag cctgggcaac aagagcgaaa ctcttgtcetg
actttcaagt ctacaaaaac ataatccaaa tctaataaca
aataaaaagt agacatgggc tgggtgcagt ggctcactcc
aggccgaggt gggaagatcc cttgagccca ggagttcgag
gagacccgtce tttagtaaat aaaaataaat ttattaataa
aaagtggaca ttgtttttta aaatgtgtat agtatgcatt
gtggaaaacc tgaacagaca gtatgatcca gaatgtcagg
agcctgectga tgaggacaac ctaaaagagc actggatttg
gattcctgge tttcccttaa tggccatgtg atggtattaa
tttcctgten gtcaaatgtt gacatgatac

<210> 48

<211> 697

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> 475, 564, 618, 633, 656, 689

<223> n = A,T,C oxr G

<400> 48

cgttgcgtte
cccgagttga
tgatccecttt
gaacaatatt
acgagtataa
tttactatga
ctgcagatat

ccagctacte
gtgagccagg
aaaaaataaa
tagttgtaaa
tgtagtccea
acaagcctgg
aactaaaaat
ttaaagatag
tgtggagttg
gaatcagaag
gtcagcctct

caaggnatct
aaaatgaaat
atgaaccttg
ggaatggtygg
ataatggctg
tgtaaaaatt
cc

aggaggctga
atcgtgccat
gttcatccca
tgagagcaac
ggactttggg
gtaacacggg
ttaataataa
tgtcactgcet
ggcggacaag
acctaccttt
aaagctttag

597

60

120
180
240
300
360
412

60

120
180
240
300
360
420
480
540
600
660
690

aattcgecect tagegtggtc ggeggecgag gtttgaattt ttatattgeg ctattgttat 60
gttttctgta attgtttata tctaaggaat ttttgaggta atataaaaga aaaagagaat 120
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aatgaacaat
cacaataata
ttaagaatta
aatttaatat
aatcttaatc
aagtaagtcc
gagagtgaag
agaatcaaat
aaaataaagg
cgctcgaaag

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

49
341
DNA
Homo

<220>
<221>
<222>
<223>

69,

<400> 49

aattcgccct
ggctccagne
gaatcatcta
gacacctgca
tcagttccat
ccecagngceat

<210> 50
<211> 617
<212> DNA
<213> Homo

<400> 50

aattcgccect
ctccaaacct
ctctgggtcet
ccagggeccca
ggaccgtcca
agcttctctc
ggggacagcce
gtgctcttgg
agacccccecece
tattattatc
ataaaaataa

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

51
326
DNA
Homo

<220>
<221>
<222>
<223>

nmisc

<400> 51

gatgtcactg
atcttaatct
ataattataa
tataattaat
tttaagaatt
ctcctectte
ttctaaagaa
ggcatgtcga
tgaccacnta
ggcgaaattc

sapiens

misc_ feature
306,
n=A4AT,C or G

312,

tgagcggeceg
tgctttteeg
aaaaacacgg
agacgactcc
atttgccatg
tnggtcancc

sapiens

tgagcggcceg
ccagectceccee
gattttctca
ggttcgagac
ggggagatgg
tccagggtge
tcectcacacce
ctgacccctce
atttccecgea
gctttatgtt
cacagag

sapiens

feature

318,

gagggttttt
ttaagaatta
tttaatatta
aatctttaag
aataataatc
tgtatgaact
catcaatatg
aggnttggtt
tacataggaa
tgcagatanc

327

cecegggeagg
ccgggtgtca
tctcaacctg
aacccaacaa
tgtctgtcca
gccagancta

cccgggcagyg
tgtctcecage

ctgaactcca
cCaaacccecece
ggaggagata
ttagttggct
cctgtcceccac
tggtgtgtgg
catggtgtgg
tttggttatt

17

acattaaatt
attataattt
taattaataa
aattaataat
cttaatcgeg
tttcteeccac
attggtggga
cttgcatatg
agntgaattt
ccatcac

tacctgattg
tcaggatcat
gccaccgtgg
caaccagatg
gatgtggggt
aaaacgcgac

tacccattct
tgcectgggece
ccgaccaact
aaaatccaaa
tggagtgagt
ttgcccacce
ccacacagct
tgaggggctt

ggggctgggg
ggtttttttg

5, 36, 269, 298, 311, 316, 318
n=24T,Cor G

agatcatttt
aatattataa
tctttaagaa
tacaattaat
ataataatcg
atgctgcetgt
taatccaaag
tatttactgg
ggaccctgcc

tgcagggcca
gctttgcect
gtgaggccty
tgctcecagee
tgagcggggyg
)

gttttcccece
cggaagggct
gccecctaagece
acttctcttg
cacctgcectcce
ctcactccce
gccctagetg
tctettcecce
gaggtccaag
tatagaccaa

PCT/US01/41625

tcttettatt
ttcataatct
ttaataatat
aattaataat
caaggaggag
atggnttagt
acatttttte
gtccacagcc

cgggcnggge

gctcttcega
ggagtaacct
accaccttgg
cagcegggcet

tggggctgcea

agcaacgcce
ttggttectt
cccagggcect
aaaagttcag
agaagatgcc
agggagctct
accccgagaa
ttcctgttte
cagagtgttt
agcaaagaaa

180
240
300
360
420
480
540
600
660
697

60

120
180
240
300
341

60

120
180
240
300
360
420
480
540
600
617
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accantattt
ttaggctgta
aaaagagaga
aaatttcagt
aaaaaaaaaa
cceteggecg

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

52
123
DNA
Homo

<220>
<221>
222>
<223>

61,

<400> 52

tttgaggatt
tatacagtga
catgtagaag
gtgtaaattt
aaaaaaaaaa
naaccncnct

sapiens

misc_feature
71,
n=A4T,Cor G

93, 111

ttgcacagtg
aaactatggg
aacctctaac
ccttttaget
aaaaaaaang

aagggc

18

taaaangaca
ttttaaatgt
aaggttaatg
tatacaaaaa
aaaaaaaaaa

taatcataga
ttggggaaat
tgcatgcceca
taaaataatt
aaaaaaaaaa

PCT/US01/41625

ttgctatggt
tecctatggaa
aggtcttttg
taaaagaaaa
aaaaaaangc

60
120
180

.240

300
326

aattcgecect ttgagcggcc gecccgggcag gtactcatac ttgatcgatt aatgaagtgg 60
ntattttggg ntttgcttga tattatcaac tcnctggcaa caacactatt natgctcace 120

gta

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

53
326
DNA
Homo

<220>
<221>
<222>
<223>

271,

<400> 53

aattcgcect
cttccecatgg
ctcggtcttt
gtgacaagga
aaaaagggtyg
aattngctca

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

54
557
DNA
Homo

<220>
<221>
222>
<223>

70,

<400> 54

aattcgccct
cctatcaatn
ctcaggctac
cgtaaatcta
ctcggactac
ttctctaaca
aaaagtccta

misc_

misc_
498
n=ATCor G

sapiens

feature
293, 305

n=AT,Cor G

taggcgtggt
agagataatg
tcaatgggat
tttttctcta
taaggtgtta
tgtttctcat

sapiens

feature

tagcgtgggt
ggagctgtat
accctagacc
actttcttcce
cccgatgcecat
gcagtaatat
atagtagaag

cgcggecgag
gcttgegtge
aacagttcac
atggattcca
tattttettce
tcagaa

cgcggccgag
ttgccatcat
aaacctacge
cacaacactt
acaccacatg
taataatttt
aaccctceccat

gtacaccaag
attttatgta
aactcttcga
aagttagcca
nattccttta

gtactacgtt
aggaggctte
caaaatccat
tctcggcecta
aaacatccta
catgatttga
aaacctggag

cacctatttt
tccataacat
tttgaattgt
gaacttttaa
ccacaggagg

gtagcccact
attcactgat
ttcactatca
tcecggaatge
tcatctgtag
gaagccttcg
tgactatatg

tataacttag
acatacaagg
aatgaatctg
tgtcaagatg
ctnactccac

tccactatgt
ttceccctatt
tattcatcgg
ccecgacgtta
gctcattcat
cttcgaageg
gatgcccece

123

60

120
180
240
300
326

60

120
180
240
300
360
420
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accctaccac

19

PCT/US01/41625

acattcgaag aacccgtata cataaaatct agacaaaaaa ggaaggaatc 480

gaaccccecca aagctggntt caagccaacc ccatgggecce ccatgacttt tttcaaaaaa 540
aaaaaaaaaa aaaaaaa 557
<210> 55

<211> 418

<212> DNA

<213> Homo sapiens

<220>

<221> misc_ feature

<222> 39, 305, 325, 343

<223> n = A,T,C or G

<400> 55

aattcgcect ttcgagecgge cgecccgggag gtacagaant cagaggaaaa aagaaattaa 60
attttagctt tctggagagc agcccctctce tggcaccatc aaacacttet ttgtttcecct 120
tcaacttgga actcttcaaa catcaggggt tgtgagggtt tggccattct tttatettgg 180
gtccatgtga gtgacagaaa tggtgcggcc tgggaaagat ctccctectt tacattttet 240
cttctceccte ctectectta ttctaaaact gtgcctccaa cagaggggca ggggetcttg 300
taganagatc cctggcccag gacangagat gccaaatcta atntatctca ctgagggect 360
ttgagaaaaa cgcttcaggg ccaggctcag tggctcatgc ctatataatc ccagtacc 418
<210> 56

<211> 360

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> 38, 283, 304, 337, 348

<223> n = A,T,C or G

<400> 56

aattcgcect tgcecgeccecgg gecaggtacac agetgtentg gaaagtcctg atggccacag 60
tgaaaaaggg catgggtgga gagaagcaaa gtaggaagga tcatttgaag cacaaacaaa 120
tggggaaact gaacagacaa tctcagtatc accacatctg cttcaaaaat agcacaccaa 180
ctcccttceca aagtgcatcg ttacactgca ccatcgtgga agaaatggaa gagcaggatg 240
gatttggctg gctggagtca catcttgggg aagctggcca ggntggcaat gccacaggeg 300
ttgntcttat ttcgagccat gaggatatat cctttgntte cccagetntc tecccagetg 360
<210> 57

<211> 428

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<222> 73, 82, 105, 147, 168, 191, 196, 204, 215, 218, 225, 227,

236, 253, 260, 266, 269, 280, 287, 309, 317, 321, 339, 349,

352, 355, 356, 363, 374, 391, 403

<223> n = A,T,C or G

<400> 57

aattcgcect tagcggcccg ccecgggcagg tactcecttt tttgagaaac tttcttgaag 60

aacaccatag ggngctggtt gnagttgggg ctcaccactc ggacnaggta actcgttaat 120
ccacggtaac tcttaatgtt gcccagngtg aactcgcecegg getggcance tgaaacaaaa 180
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gtecctgatcce
ttgttttett
agaattgcent
aanttctgct

gtcetggg

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

58
478
DNA
Homo

<400> 58

aattcgcect
cataaaaatt
ataaacatgg
aagctgttta
cacactgcag
gcatcaggga
gtgactgctc
catgagaaat

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

59
453
DNA
Homo

<220>
<221>
<222> 38,
<223>

<400> 59

aattcgccct
tacaagaana
attggttaac
tactgtntta
gttttaattt
catttagcac
attagngcta
ntcctgagga

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

60
407
DNA
Homo

<400> 60

aattcgcccet
gceggtettg
ctgttcgeca
gatgcctget
ggceggetgyg
gaagagcttg
gattcgcagce

<210> 61
<211> 486
<212> DNA

ngtagncaca
tcnggtcatn
tccetgneag
gcanagggac

sapiens

taaggcgtgg
ggaatgataa
ttagagcacc
agctgtggcece
agcacagtgt
aggcactctg
agcctgceccece
ggaagtttga

sapiens

misc feature

69, 72, 187,

n =A4,T,C or G

tcgageggeg
gngggttttyg
atcagattag
tgctaactca
tttttaattg
cactggctca
ttatcagtta
cacatttctce

sapiens

tcgaccacca
tcgatcagga
ggctcaaggce
tgccgaatat
gtgtggcgga
gcggcgaatg
gcatcgectt

cttnttttte
gatggnggna
ncctaccaca
cttgctcaca

tecgeggeteg
tgaacaagtg
tgtgtgcaag
ctgagctgaa
cccaggggcec
cagtctccce
attccaggea

gaggatagga

366, 421,

cccgggcagg
tcaaattgga
ttcaggttac
agtagactgg
gatctatctt
atgcgctcac
ccaccatttg
tgagttcngt

agcgaaacat
tgatctggac
gcgcatgcece
catggtggaa
ccgctatcag
ggctgaccge
ctatcgcectt

20

ctaancanga
tacatctttn
taccacttnc

ngcaggggct

aggtacccca
aaagtgaaat
atagtgggac
ggagcaatct
aggtggaggg
tccaggttcet
cttgctcatc
tcectacctcea

448

tacagtgnta
acaaggaaac
ttttttgtaa
aatctcctgt
cttccttaac
ctaggtgaga
gggcttttat
aat

cgcatcgage
gaagagcatc
gacggcgagg
aatggccget
gacatagcgt
ttcetegtge
cttgacgagt

cggangngac
gcgggtnttt
cctggaatng
ggnatcaggt

aatgggttgt
cagtttccct
aggtgctgag
agcagtgcca
aaggatcact
cagcgtgect
ttccttatcet
caggtacctg

gctcceccectg
agaaccacag
aagttaaagt
gttetttttt
atttcagttg
gtgtgaccaa
ccttcatggg

gagcacgtac
aggggctege
atctcgtcgt
tttctggatt
tggctacccg
tttacggtat
tcttctg

PCT/US01/41625

attgcngcete
gccttttetg
gntgnnctga
ctgacgtgga

gccattttca
cctttgttca
gggaaaggta
tcaggccectg
tcecggcetgea
ctatgccectgt
ttctctgtag

cccgggcg

ggcaatacaa
aaataaatac
agaggggact
ttttaaattg
gagtatgtag
atcttaaagc
gtatgatggt

tcggatggaa
gccagcecgaa
gacccatgge
catcgactgt
tgatattgct
cgcegetece

240
300
360
420
428

60

120
180
240
300
360
420
478

60

120
180
240
300
360
420
453

60

120
180
240
300
360
407
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<213> Homo

<400> 61
aattcgccct
tattaagaaa
gctcatctgg
cagcgtgegg
gctggactac
ctgagggcce
ccettgggee
ccectaaget
gcaccg

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

62
227
DNA
Homo

<220>
<221>
<222>
<223>

misc
4, 37
n = A

<400> 62

tcancaccat
tccaacttaa
aagcactgtc
atatatgctg

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

63
166
DNA
Homo

<220>
<221>
<222>
<223>

misc_
1, 43
n=A

<400> 63

ntaactaaag
angnctccan
cattaggcta

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

64
204
DNA
Homo

<220>
<221>
<222>
<223>

misc
5, 6,
n = A

<400> 64
acccnngggg
gacactacca

sapiens

tggccgeeeg
catcgagtca
atcaagaaga
ccaggaatte
cagcttcagg
ttctctggge
ctgcttccag
ccctccagge

sapiens

feature

,T,C or G

gaggcccaac
actgtttecte
agccagtgag
cagtggaagg

sapiens

feature
, 62, 64,
;' T,C or G

gagctggttg
ccncactgaa
ctccacttce

sapiens

feature
106, 1lle,
,T,C or G

gcttgtagca
catccagatt

ctaggcttat tatatttttt

70,

ggcaggtgtt
ctttgectgg
atttgctaaa
tggtgctgat
accaggacag
ctgggcaccc
gtctececctgt
agggaaaaga

acacacagat
cctecccagtt
gcagaatacc

gaggaagaag

73, 91,

catctgtctg
acaaggcatt
ttnccctcat

147, 178

21

cggaggtggt
acaggaggaa
agagcggcca
taacgatgce
cgtectecttce

ttagagggga
cccecttgece

ggccaggtge

cagatgntca
gtcaggagga
agcggcagcea
tcagggatgg

92, 94,

101,

gcggagcetcee
ccectgggaca
gagttgttca
gactgggagc
atctccacte
gaacgaagca
tgccttette
taaaaatgag

aatttcagat
agaagaccta
ggtatgagge
gggttct

105, 120,

PCT/US01/41625

tgtttgacgg
tccggaacct
tccagggaga
tactgggtga
tgcacggegg
atcagacatc
cctgetetgt
cctttctcaa

cttaccatca
gctttagcac

tgggctgaag

143

60

120
180
240
300
360
420
480
486

60

120
180
227

tgcggatgga ganttctttt atctgacacc 60
nntntacaga nctcnactaa aacccctttn 120

acctacccca

cctecgg

166

cattttaaaa tcacagttat aataatgtct ctcagctaaa 60
ctcttgcaag ccatctacag attcanggat gaccgnttca 120
caatttnttc tcaaatacaa aacgcaccaa tttctgtnct 180
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tcattacaca gcttgttaag gggt

<210> 65

<211> 425

<212> DNA

<213> Homo sapiens
<220>

<221> misc_feature
<222> 25, 39, 65, 415,
<223> n = A,T,C or G
<400> 65

ggttcgcggg cgaggaacat
ccagntgcat ttctcagaca
aagatgctat ttacccttta
ttattgcaag acattctttt
tgacatgctt acaggacagg
ataaacaatg ctcactacac
ttgatcagtt agcaaaactt
cactc

<210> 66

<211> 132

<212> DNA

<213> Homo sapiens
<220>

<221> misc_feature
<222> 3, 19, 108, 115
<223> n = A,T,C or G
<400> 66

tancctgacc

ccgettttea

attgcgggat at

<210> 67

<211> 136

<212> DNA

<213> Homo sapiens
<220>

<221> misc_feature
<222> 3, 46, 90, 97
<223> n = A,T,C or G
<400> 67

tgngcataat

actcccttec teettt
<210> 68

<211> 538

<212> DNA

<213> Homo

<220>

417

agttntggaa
ataaagtggt
catttttgta
gttaacaggt
tttgcctett
agtttagaat
aatacaccaa

22

attatttgng
gcatccatgce
tcataataga
ttgtttettt
actttattta
agacgctcte
ttaaaatatt

gtaaggaaat
tacctcctac
ttttaaaaat
ttaatgtttt
acattgtaga
atttatatta
tctacatatg

PCT/US01/41625

atgggttact
tttgtcaaca
ctaatgttct
acctaaaatt
aatgtaatta
tcttccaaat
agaangntca

204

60

120
180
240
300
360
420
425

acgggcacna ttgctgtgac tcaaactctc cctaatgctg cctataataa 60
tatgctaatg ttgcttggca agatattgac tttgctgngg atganaatgg 120

132

acagtggggg gggcattata caaactctgc tatacngctg atctttagac 60
ctaattgatc ttgcatacta taattctatn ccaattngac aactccctat ttcctcatte 120

sapiens

136
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<221> misc_

<222> 70

feature

<223> n =A,T,C or G

<400> 68

aattcgcect
accatctttn
gatgaatatg
ggactacatc
gggcetggetg
tagggaaaag
cacctacttc
accgcattac
tttacatcat

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

69
248
DNA
Homo

<220>
<221>
222>
<223>

38,

<400> 69
aattcgccct
tagggacaag
ttacaaatag
tcccacatga
tngttaaa

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

70
262
DNA
Homo

<220>
<221>
<222>
<223>

256

<400> 170

aattcgccect
cacggtttgc
agtggccage
ctgagcceccaa
gatgtggaag

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

71
242
DNA
Homo

<220>
<221>
<222>
<223>

38,

misc
229,
n=~A47T,Cor G

misc_

misc
40,
n=A47T,Cor G

ttcgagcgge
atgttctttg
acattaaaaa
attttgaagce
cttctaggta
agggcactag
cagagtttte
ttacatcaac
cccactaagg

sapiens

feature
242

tagcgtggte
aaagaggaac
taaagaagct
tggggecttyg

sapiens

feature

n=A4T,Cor G

tagcgtggtce
agggcccaca
gtaaggctca
gcatgctgtg
cagaanggga

sapiens

feature

88, 93,

cgceccgggcea
ccatattctt
aataaatttc
actctagaag
tagagctgtg
gggaaacaat
cttcaactaa
attatggttg
gtatccaaac

gcggeegagg
aattctatag
tttttttttt
ttttgcaggt

gcggcecgagg
tggcagetgt
ggaacagcag
aagccaagat
aa

231, 236

23

ggtactcatt
aaatgcctgg
aagagattga
ggggatgtga
ttaaggcgtyg
ggttgecagtg
aaagagatgg
ctatagacaa
cacctcggece

taccaaanca
cgcacaataa
ttttaattta
tgatgaacaa

tacctcccca
ggtgcggggt
gtaaagctgg
gcagaggttg

ggtgaccaaa
caaacagtag
gattctttag
ttaaatgtga
ggaataggag
cactgcagaa
cattttctta
gcctaggtag
gcgaccacgc

agaaccatat
aggaaaccta
aagttttttt
ctacacceng

cccaggectce
teccagcececage
ctggcetcce
atgaaggcac

PCT/US01/41625

atctggtgac
atatttacca
ccaagttgag
ctgcatgecet
agcaatgccec
tgaccaatgg
tgattcagta
ctagcctcta

taagggcg

aaatgatgce
agaatgggag
atgtaagttt
aaaactacta

gctccttcte
gggcgttgac
agaatgtgag
agcccatgga

60

120
180
240
300
360
420
480
538

60

120
180
240
248

60

120
180
240
262
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WO 02/12332
24

<400> 71
aattcgccect tagegtggtc gcggecgagg tattcctnan aaccgtggece ttatgtagea
tcatggtgaa aactccgtat cgcccttnge ttntgacttc atatettact ttccaaggec
gaattctttc attgtcttct cttcaccaga ttcccaacat tatcaattct ggctcctaga
agtgtgctat ggcaaactaa tttgcaagca ttaagggtgg aagtggaatc ncaatnaaca
ga
<210> 72
<211> 138
<212> DNA
<213> Homo sapiens
<400> 72
aattcgcect tagegtggtc geggecgagg taaaaaaaaa aaccagccaa aaccacaact
ttttactgaa gtgtaatgta aatgctgtaa aaggcagtga aaggcacaag ggaggtggag
gggtaggaag ggtggaage
<210> 73
<211> 845
<212> DNA
<213> Homo sapiens
<220>
<221> misc feature
<222> 48, 71, 121, 162, 167, 169, 182, 203, 208, 265, 282, 324,
349, 380, 457, 525, 538, 543, 572, 601, 602, 625, 626, 628,
629, 651, 663, 674, 678, 679, 687, 699, 708, 709, 718, 720,
721, 722, 731, 746, 755, 756, 765, 770, 790, 803, 826
<223> n = A,T,C or G
<400> 73
tttitttttt tttttttttt tttgagttta aatgcatttt ttttttanac aacctacatg
acatgttttt nttaaaaaca atgcctccac tccaaataaa tcacagtcaa aataaatgaa
nagctcaaga tgacatcagt cccatttgtc ttaagtcctg gngttgngng gatgacaagc
anaagccagt tatgatgaca ggngatanat ccaaaataat tgccacattt gttaacattt
ttccatttct aaaccatcct taaanaaaat catatatggg gncacaccat cctcacggga
gtccaataga gcaaccatgc catntggatt catgttttca ccaataaana actggtagtt
tttgaaatta gcaaggatgn gcttgatttg ttctgcagcc cctgtcataa aaggttttac
tctttctggg ctctggtctt caagtttcce tttgatngat ttcatgtaat ctttgatgga
ccttettgta ggcttctttt gtgaaacttg tttcecctgcag ggganggttc atgacaanta
tcnacceccag gggattactg gggetttcegg tnecttegec ceccteggggg gecctttcaa
nngggggggc catttttccec cecennanng gagggccgga aggtccattc naaatggggt
ttnaccecttt tttngggnnc ccttacnttg ggacccaant tttttttnnc cctttgcnan
nncttttcga ngggggaaac aaaaancccc cgggnngccdg cgggngaaan accttccccc
ggggaaatcn tttgtgaaaa aanggccggg ggaaaaaaaa aaattntttt atttcteggg
ggctt
<210> 74
<211> 311
<212> DNA
<213> Homo sapiens
<220>
<221> misc_feature
<222> 33, 55, €1, 76, 107, 122, 131, 139, 152, 174, 176, 180, 190,
191, 195, 214, 216, 230, 231, 240, 259, 290, 311
<223> n = A,T,C oxr G

60

120
180
240
242

60
120
139

60

120
180
240
300
360
420
480
540
600
660
720
780
840
845
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<400> 74

tttttttttt
nacaggggat
anaattaagg
tacaataggn
caattttatg
tcattegete

75
551
DNA
Homo

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

<220>
<221>
<222>
<223>

533,

<400> 75

actgaaacct
taaaggttac
ccagtgccgt
gtctcctcetg
tgecggagece
ctgacaccga
gagggagggc
gaggagaaag
caggggaaga
gatggagact

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

76
717
DNA
Homo

<220>
<221>
<222>
694,

54,
717

tttttttttt
actganaatg
natccctgng
nctcngggga
atcaaactnt
n

sapiens

misc_feature

540

n=A4T7T,Cor G

gacctctgac
tagcttctcece
ccegtcectgee
cttcacaacc
caagcttgaa
aatcagtgag
aggagaggec
gctcaaagac

cagcagggca
c

sapiens

misc feature

56, 400,

<223> n = A,T,C or G

<400> 76

gacacctgtg
ggaatcctge
gttggctctg
cgagcttttt
gagcaaggcc
tgaggattat
gagtgaggat
ccagagcecte
gctcactggg
cagtggctgg
tgaatcnncc
ggtaggettg

<210> 77
<211> 874

gctecttattt
tgcctgetga
gtcctggteg
tattttccca
tctaagctct
ttctgggtca
ctgctcctec
aggtgccgnce
agatgccatc
ctatgagggt
cacttncacc
tcaagggaat

439,

tttttttttt
atcaagtaaa
gaatagtgca
aaggacccca
acctctagca

cccagaccac
cctggecttg
ctgctggcce
tactctgage
gagtgtgagg
gagaccatcc
cagagggtca
catgagaaca
aagactcaga

474, 526,

cctaggtgge
gaaacatggt
tcatggtgtg
tcccagagaa
ttggcaacta
agacgccatce
gggtgctage
gctgtgtggt
aacaagtacc
gacgnggggc
ccaaagtagg
gggactttcc

25

ttngcttata
tggaattttg
anaaaggagg
aggngncaaa
aggggtttca

tggccettcee
agacccacac
tggctgtett
gcctccgeat
aggccttcac
acacttcatc
ggctgaggga
acagagactt

gaggggagga

565, 607,

ccgaggcage
cagcaagtcce
gtattccatc
gaaggagccg
ctcecegggat
tgcttacgag
catcaccagn
cgtggggaac
gatgtgggtc
tccaagaacc
aaaacaaccc
actngggatt

aacatccttt
aacaggnaaa
gcececcacccea
ccacaaatgn
acaatcaagn

ccegeectgt
gatggcecctyg
cagggtgecc
ctgccagatg
ggccgectte
agtgtcctgg
cagacagaga
agggacagga
tggagagtca

608, o6l6,

cgggatgaca
cgctggaage
teceegggaag
tgcctecagg
cagcccatcet
ctgccectatg
tecctecatee
ggcaccggcet
attcanattg
accatgcgtt
cagacacact
ggagacccat

655,

PCT/US01/41625

attgnacata
gaggaaacaa
tagngntatn
ntgaccaccn
tttatttaaa

ggtgacttca
ctggctctgg
gcctgggect
tttgttggga
cagggcctct
ggaaggtgca
gaaacagtca
gagacacaga
ganaggggan

659,

gectntnccca
tcectggecat
acaggtacat
gtgaggcaga
tcectgegget
ggaccaagqgg
ccaagaacat
tgcngaacaa
aacaatgcee
tcttctacce
cctenteent
ccctgan

60

120
180
240
300
311

60

120
180
240
300
360
420
480
540
551

60

120
180
240
300
360
420
480
540
600
660
717
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<212>
<213>

DNA
Homo

<220>
<221>
<222>
704,
848

misc

735,

736,

sapiens

feature

738,

<223> n = A,T,C or G

<400> 77

tgctgggaga
aggatgccac
aactgtttct
gccagcaccea
ttaagatcat
ctcacaacaa
ttgatgagaa
aaattatgcg
catttgatge
ctatcaccgt
cacnagccga
ttcagcttgt
attgggggte
angnccccte
ttececctengg

78
887
DNA
Homo

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

<220>
<221>
<222>
<223>

661,

<400> 78

cggaaggaga
ctcctectcee
ggctggagaa
ccgggcegygge
gcecttecte
tctctgeccea
cataaagaaa
aaggattata
tgttcctaca
cagtaccatg
gaatatgttg
naatcaaatg
cttantcctt
aacaagaaac
atggtccaat

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

79
640
DNA
Homo

misc_

cggcgggate
tgtgtacgtg
ccaggctgga
aggctatgge
gaacatgatc
aaacctggat
gttgctttat
ggaccctgac
ttcggatgcea
atcttatgcce
ncnacttctt
ttgcagnggc
tgggnntnct
ctgggagcce
gggctgcagy

sapiens

feature
704,

cgtggeggeg
acctcctect
agcggeggceg
cggtgttact
aactcagcga
caactggagt
aatataaatg
aaggccctaa
gaattgagtc
aagagaaaga
gccaagaacc
aagattcccc
gnnggggaat
ccegggcecece
tccettggna

sapiens

764,

706, 725,
n=A4,T,C or G

767,

tctttegeca
gggggcctgg
ccagtagtca
tttgtggaat
aaactctatg
gtaggggcca
gatactttca
acaggcaact
gcaattgaag
cttcaagaaa
ggnagctnan
ncctectceca
cccccaggea
tceccacctgg
acatgggccc

732,

gttgggcegg
cctectecte
gaggatggag
ggtcctctge
tgacatccecct
tttatataaa
catacttcce
tccaagagag
ttattggact
aactggtcag
ttctatttga
acttaaaaaa
gggggaaaaa
cagaanacaa
aattcttaaa

733,

26

782,

tggctgeegy
atgagaaggt
acacccacat
tcttgagtga
ggaagccaat
acattttcat
gcgcectttgg
ccaaaggtta
ccatgaatgg
gggactccna
naacccgcetc
cccttttget
tgcctectcee
gganncccce
ccaa

764,

tgataccecgg
tecctectgga
gaaggaggcg
ggcctcectgg
ttccgagtca
gaagataatt
cttgtgacaa
cttttggagce
tacgaagtat
aaaataaata
aaaagaacca
tatccgaagg
tgggtcccac
aagataacct
agcnattgga

784,

767,

814, 815,

gccgatctee
tagtgaaccg
gccaaaggat
ggaagatgct
acgggtgaac
tgggaacctg
ggtcatctta
tgcetttatt
gcagtacctc
ggggtgangc
tceccaggcetg
ccecnaccgtg
tggnttnttc
aggcatggce

806,

gcgctttata
gcagaggaggd
gcggegtacy
aggcgtcegg
actggcececgg
atgtcatcat
gtggggatga
cactatttaa
gtcatggaaa
ttcacgagta
agaaagcaga
gtcnanaatg
cctntgntag

gggnggaatg
aaaaatt

824,

PCT/US01/41625

579, 588, 604, 611, 613, 623, 628, 630, 631, 655, 677, 681,
774,

837,

gagcggaatc
ctgctgtggyg
agagtcactg
gactatgcca
aaagcatcag
gaccctgaga
caaaccccca
aattttgett
tgtaaccgtc
gccattgget
atggnccctc
tggtatcatc
cccnceccce
ccceecenect

859, 874

gtcececgecege
ttgtggcggt
gagtctggtc
cggcggecega
caccgagttc
gacaactgca
ggaagaagaa
acaaagcagt
acacattcgg
ctaccttggg
agaaaaggaa
acacccatta
gttttggaaa
gtaaccatta

60

120
180
240
300
360
420
480
540
600
660
720
780
840
874

60

120
180
240
300
360
420
480
540
600
660
720
780
840
887
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<220>
<221>
<222>
<223>

misc_feature
41
n=A47T,Cor G

<400> 79

ctcaattttce
agcagtagcc
actaataagt
actcctgcca
ccgaacccecee
atacgccgea
aaacaccctc
ctacacaaca
aacagcatac
accactcacc
tcceectceaa

tgatcagggt
caaacaatct
ggctccttta
tcatgaccct
ttcgaccttg
ggcccctteg
accactacaa
tattttgtca
cccegattece
ctagcattac
acctaaaaaa

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

80
982
DNA
Homo sapiens
<220>
<221>
<222>
658,

misc_feature
6, 9, 10, 39,
661, 665, 674,
733, 737, 740, 741,
795, 802, 803, 804,
<223> n = A,T,C or G

<221> misc feature
<222> 835, 840, 842,
908, 916, 923, 960,
<223> n = A,T,C or G

<400> 80

gttcenttnn
tctgectetgt
gagggacctyg
gatggcaatc
tttgcttata
aatctcaaag
ctgcacacag
aagctgaaga
actgcctggg
atgntaataa
aaancaccag
naacnagaag
cattaatttg
aaaaanccct
cnccccecce
aggggtnngg
gtgggggggyg

gaatggctgce
aagacaggca
acagacatct
tgctgcgaag
accagattac
ggaacagcat
tggagcttcg
acctctacct
gggtcaggat
ctggnattta
cccaccctaa
gatnaanttt
gangggnacn
tcenntttaa
gaaccgaaat
gggggngttt
gnccccaaaa

<210> 81
<211> 885

475,
677,
747,
805,

862,
972

gagcatcaaa
catatgaagt
acctctccac
tggccataat
ccgaagggga
ccctattcett
tcttectagg
ccaagaccct
gctacgacca
ttatatgata
aaaaaaaaaa

544,
689,
750,
806,

863,

ccacccecect
atgggctgge
acttgctgceg
tgcccagatg
tgacactgaa
ccacatggtg
ggggaaccag
ggtagctcac
gectgettte
ttatcaagac
gcnaggggcet
acccttgana
naaccantcn

annnnngggg

tnngttnace
ttnccececett
tc

555,
697,
757,
812,

867,

27

ctcaaactac
caccctagece
ccttatcaca
atgatttate
gtccgaacta
catagccgaa
aacaacatat
acttctaacc
actcatacac
tgtctccata

gggcgggcegt

587,
699,
763,
823,

600,
701,
768,
824,

872,

cacggaggne
tcatgcttat
ctectcacce
aatgaactgc
ggcatctcte
acaggtctgg
ctggaaagca
tgggtcagag
tagtagggct
ccttagttgg
ggatanatat
ccagggnang
gggtctnggg
gntttttctt
gntcnccnaa
accgcccecag

875,

nccctgatceg
atcattctac
acacaagaac
tccacactag
gtctcaggcet
tacacaaaca
gacgcactct
tcecetgttet
ctcctatgaa
cccattacaa

604,
702,
771,
827,

623,
705,

786,

828

878,

atgatgaagg
gtcaagctgg
acctgctctg
cctacctgcea
atcctcgtcet
accccgagaa
ccctgggaat
ggtggtgcaa
cagctactaa
gttccanaat
tataaatggg
nnaanccaaa
ggnaaaangg
ttnnagnntt
tttttcecggg
tgtgggtgga

893,

PCT/US01/41625

gcgcactgeg
tatcaacatt
acctctgatt
cagagaccaa
tcaacatcga
ttattataat
ccectgaact
tatgaattcg
aaaacttcct
tcteccageat

636,
713,
794,

653,

898, 907,

aagggctttc
aggttaaaga
gctcaaggcet
gattgctagt
tgaaaccctg
gttgatcagce
caatcttcct
ggaanagggc
cttcatcatt
gcectgggggn
ggnggganaa
aantggggcc
ntttttaagg
ttttnccecen
ggncccanaa
aaccececeeen

60

120
180
240
300
360
420
480
540
600
640

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
982
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<212> DNA
<213> Homo

<220>

<221> misc_
320,
430,
541,
587,

<222> 1,
417, 425,
525, 540,
580, 582,

sapiens

feature

448,
542,
607,

<223> n = A,T,C or G

<221> misc

<222> 648,
715, 717,
772, 7173,
843, 870

718,
774,

feature

656, 657,
728,
779,

<223> n = A,T,C or G

<400> 81

accaatntat
ccctttcact
cttctcacat
aacgtaagcc
ttaaaccaaa
ataatagcag
tcctaactac
ctatntcggn
tcectnagaag
nnannaaatt
ttcatanngg
ttaanccent
cccttttnan
ggcencggtn
canaaaattt

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

82
473
DNA
Homo

<220>
<221>
<222>
<223>

10,

<400> 82

ggcggttttn
gggcggceagy
ctggcagggyg

agaggggcca
ccctcaaatt

aatcataagc

gggctcggga
agctctgagg

<210> 83
<211> 705
<212> DNA

misc_
76,
n=A~4AT,Cor G

actcatcatt
tctgagtccc
gacaaaaact
ttctcctcac
cccagctacg
gtctaccgtn
tacnggattc
acctgaaaca
gcctgcecceceeg
tcecnccaaaa
gceccnccan
tannccccct
ttcececcectt
tttgganaaa

ttatgtgggg

sapiens

feature
458,

gccggagetg
tgtgcnegge
gcggggcgca
aggcctctgg
aggggaaaat
ggggagccgg
ttccggggag
acggcttctg

343, 346,
449,
544,
608,

665,
730,
785,

467

374,
455,
545,
616,

385,

669,
747,
790,

aataatcata
agaggttacc
agceccceatce
tctctcaatc
caaaatctta
caaccctaca
ctacnactca
ggttaacnng
nntaaccggt
aaanncaaaa
atnacccccc
tanaattttt
aattttntaa
ntatnanaaa
gcececttttn

cgggcgtagg
atccctgtca
cgcaggccac
aaggtccaac
tggggagtac
tgcccectgag
ccccaagtece
ggcctggeceg

468,
554,
620,

673,
752,
797,

28

397,
469,
564,
623,

402,
480,
565,
635,

674,
755,
801,

756,
805,

atggctatag
caaggcaccc
tcaatcatat
ttatccatca
gcatactcct
tacccattct
ccttaanctc
actancacct
ttttttgece
tangcecnntn
tttennttta
annacttncc
anccnnanng
aaaccccccece
acccacgggg

gacctggcegyg
cgtggcegaa
acccacttca
ctggagggty
gctctecctte
gaaggagacc
cagcttgaaa
tgacccanat

683,

404,
485,
573,
636,

405,
501,
577,
644

692,
758,
807,

693,
759,
826,

taataaaact
ctctgacatc
accaaatctc
tagcaggcag
caattaccca
tanttnaact
cngnnnccag
ttaattcnnt
aaaanggggc
anttatntcc
aaanccentt
cccececttta
ggaaanagaa
cceceentttt
tttaa

ttcctgaage
gagcctgggg
ggctcccacc
gttcaaaggg
cccagggtgg
ctgagggaga
cggtggagtc
tgcagtngag

406,

PCT/US01/41625

415,
502,
578,

698,
766,
831,

713,

aggaatagcc
cggcctgett
tcecectcecacta
ttgaggtgga
cataggatga
attaatataa
gaccntncta
cccectectn
ccattttttn
ccecccectt
taaaannttt
aantntnnac
annnaaaang
ntttttccce

gcacgcegggce
cgcgcggace
cggtcgetgyg
gtgttgggca
aggttactac
taagatggag
cgggcaaatg
aag

60

120
180
240
300
360
420
480
540
600
660
720
780
840
885

60

120
180
240
300
360
420
473
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<213> Homo
<220>
221>
<222>
<223>

<400> 83

ggcggtttna
gtttcctggg
caagaaataa
accagttcct
ccccaaatga
agagaaccaa
tcctegagaa
acgccaagaa
tgccececggga
agccccgggce
cccctggaca
aaggagtgaa

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

84
587
DNA
Homo

<220>
<221>
<222>

113, 131,

misc_
10, 33,
143,

sapiens

misc_feature
9, 37,
n=2A4,T,C or G

38, 43,

ggcagtggeg
gctgecgecee
gaagcggggce
ggaagacgtg
aaaactcttc
agtccagaag
cacatccaaa
gctcaggcgg
ggtgcgeagg
cccaggacac
ggccgttggt
acggccagca

sapiens

feature
40,
147,

59,

<223> n = A, T,C or G

<400> 84

gtgggattcen
cgagnnnttg
gagctggaag
anatatatca
atgccaaaga
ttgctaattc
ttcatcagtt
gtgttttcece
tcattaacaa
acccttctaa

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

85
620
DNA
Homo

<220>
<221>
<222>
<223>

252,

<400> 85

misc_

cggtacgegyg
gattttgaan
natccgaaag
tatccccaag
acaggaggag
gggaaaactt
ctactgcect
cagactcttg
cacatccctt
agttgaaagn

sapiens

feature
499, 536,

n=A4,T,Cor G

655,

163,

540,

688,

ttggtgggaa
acttcggtgg
tggcggegge
cggctacagg
ttcgtggaca
aagtcactgc
gtcecctgeece
aaggagcagc
gcccaggcecce
cgtagagcgg
tggccaggat
cgcectgenca

65, 66,

170,

67,

tcgacagaaa
cgnngacccc
gcnttentgt
tggaatgaag
ctgaatgatg
gttattggac
ctgcctgegy
gatactaaat
gcgggaattg
ggccgaaagg

563,

171,

564,

29

702

gcgcagnngt
acccagcgcet
ttgctcagga
agcgcacgag
ctggctccaa
ttctcaagaa
ccaaagacgt
tatgggagaa
ggctcctcaa
cccttctacg
gagtttttcc
cccaagccceg

80, 83,
180,

atnttaggan
ccaccnaaga
tgagacttta
aagaacgcaa
ctgtgggatt
acaatatgct
acttaagtga
tgatggccag
gaaaagcggt
ttttccaagg

567,

84,
182,

581,

ttnaagcgat
gaggcggcegg
gcegetgggag
cggtggettg
ggaaaaaggg
accccttegg
cctcgeccac
gctggccaag
ccettcectgea
acctctggge
tgggagcaga
tncca

96,
286,

101,
560,

ttattacaaa
ntnctantct
ganactgaan
aagaagagag
ttctanagtc
cttggacgtc
gtttaaagag
cacacaacct
taaaaggaga
nattgac

614

PCT/US01/41625

gccgattcetg
cggcgaggcec
ctggaggttyg
ttgtcagagg
ctgacaaaga
gttgacctca
caggtcccea
cagggcgagce
acaagggccea
ctcagacaac
cccangaaga

103,
581

107,

gtgaagccna
atnacacttt
ntaaggatcn
cagcagaaac
attcacgcca
atgcacacag
atgacaacat
tttaaggata
cccectttea

60

120
180
240
300
360
420
480
540
600
660
705

60

120
180
240
300
360
420
480
540
587

ctaagccctc tcagatctgg gattcctect tcctcaggaa gccaccacct tctcagcagt 60
ggaaaccctg cccacactat gcectcttagge tttagccatc agaaggttac agtggactge 120
gggaggctga cactaggctg aactcattaa ggaatgaatg ggaggtgaga agacacagge 180
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agcaagaatc
tttegggggt
caagcatgtt
atcactggtg
tttaagaagg
aatatctggce
ggcagatcat
tactaaaaat

gagtgtttca
gngaggaaaa
cacatgataa
aggtctcaaa
gaagaaaatt
tgggcacant
ttgaggtcag
accnaaaatt

agaagtttgg
agggttttgt
agaggaagaa
agagatggaa
aaaatgagtg
gctcacacct
ganntgnaga

30

ctctggtttg
gtctttttaa
agagaaagag
gaggatggtt
aaggtatacg
gtaatcccag
caagcctcceca

ccagaaatag
aatcctagac
gctggagatt
atgtagttgg
ttagttttgt
cactttggga
ncatggtaaa

PCT/US01/41625

gcaagtcagt
aggagagtca
ctgaaaagag
ggaaagaaat
aaaagttatc
ggccanggcen
accctgtcte

240
300
360
420
480
540
600
620
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