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METHOD AND COMPOSITIONS FOR TREATING DISEASES TARGETING
CD51

FIELD OF THE INVENTION

[0001] This invention relates to the fields of molecular biology and oncology.
Specifically, the invention provides a molecular marker and a therapeutic agent for use in

the diagnosis and treatment of cancers.

BACKGROUND OF THE INVENTION
[0002] Cancer currently constitutes the second most common cause of death in the
United States. Carcinomas of the pancreas are the eighth most prevalent form of cancer

and fourth among the most common causes of cancer deaths in this country.

[0003] " The prognosis for pancreatic carcinoma is, at present, very poor, it displays"-
the lowest five-year survival rate among all cancers. Such prognosis results primarily = -
from delayed diagnosis, due in part to the fact that the early symptoms are shared with
other more common abdominal ailments. Despite the advances in diagnostic imaging
methods like ultrasonography (US), endoscopic ultrasonography (EUS), dualphase spiral
computer tomography (CT), magnetic resonance imaging (MRT), endoscopic retrograde
cholangiopancreatography (ERCP) and transcutaneous or EUS-guided fine-needle
aspiration (FNA), distinguishing pancreatic carcinoma from benign pancreatic diseases,
especially chronic pancreatitis, is difficult because of the similarities in radiological and

imaging features and the lack of specific clinical symptoms for pancreatic carcinoma.

[0004] Substantial efforts have been directed to developing tools useful for early
diagnosis of pancreatic carcinomas. Nonetheless, a definitive diagnosis is often
dependent on exploratory surgery which is inevitably performed after the disease has

advanced past the point when early treatment may be effected.

[0005] One promising method for early diagnosis of various forms of cancer is the
identification of specific biochemical moieties, termed targets expressed differentially, in
the cancerous cells. The targets may be either cell surface proteins or cytosolic proteins.

Antibodies or other biomolecules or small molecules that will specifically recognize and
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bind to the targets in the cancerous cells potentially provide powerful tools for the

diagnosis and treatment of the particular malignancy.

[0006] CD 51, also known as integrin alpha V and vitronectin receptor alpha subunit,
is a member of the integrins, a family of heterodimeric glycoproteins involved in cell-cell
adhesion and in binding to basement membrane and extracellular matrix ligands. CD 51
is part of the receptor for fibronectin, vitronectin, fibrinogen and other proteins. For
ovarian carcinoma cells, CD51 is a diagnostic marker and is also a marker of poor
survival (Davidson et al., 2003, Gynec. Onc. 90:248-257).

{0007]  Expression of CD51 by neoplastic cells contributes to the promotion of local
invasion and metastasis. Hepatocellular carcinoma may expreés CD51, which contributes
to cell adhesion and Ihigration on fibronectin and vitronectin (Nejjari et al., 2002,
Hepatol. 36:418-426).

SUMMARY OF THE INVENTION

[0008] A diseased, e.g. malignant, cell often differs from a normal cell by a
differential expression of one or more proteins. These differentially expressed proteins,
and suitable fragments thereof, are useful as markers for the diagnosis and treatment of

the disease.

[0009] Surprisingly, the present inventors discovered that CD51 is differentially
expressed in pancreatic tumor cells in comparison to normal pancreatic cells.
Accordingly, the present invention provides methods and compositions for treating

pancreatic diseases, especially malignant pancreatic tumors, using CD51 as a target.

[0010]  In the context of the present invention, the differentially expressed CD51
protein (SEQ ID NO: 1) and suitable fragments thereof, and nucleic acids encoding said
protein (SEQ ID NOs: 2 and 3) and suitable fragments thereof, are respectfully referred
to herein as CD51 protein, CD51 peptides or CD51 nucleic acids, and collectively as
CDs51.
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[0011]  The CDS51 protein of the present invention may serve as a target for one or
more classes of therapeutic agents, including antibody therapeutics. CD51 protein of the
present invention is useful in providing a target for diagnosing a pancreatic cancer or
tumor, or predisposition to a pancreatic cancer or tumor mediated by the peptide.
Accordingly, the invention provides methods for detecting the presence, or levels of, a
CD51 protein of the present invention in a biological sample such as tissues, cells and

biological fluids isolated from a subject.

[0012]  The diagnosis method may detect CD51 nucleic acids, protein, peptides-and
fragments thereof that are differentially expressed in pancreatic diseases in a test sample,

preferably in a biological sample.

[0013]  The further embodiment includes but is not limited to, monitoring the disease
prognosis (recurrence), diagnosing disease stage, preventing the disease and treating the

disease.

[0014]  Accordingly, the present invention provides a method for diagnosing or
detecting a pancreatic cancer or tumor in a subject comprising: determining the level of
CD51 in a test sample from said subject, wherein a differential level of said CD51 in said
sample relative to the level in a control sample from a: healthy subject, or the level
established for a healthy subject, is indicative of the pancfeatic cancer or tumor. The test
sample includes but is not limited to a biological sample such as tissue, blood, serum or

biological fluid.

[0015] The diagnostic method of the present invention may be suitable for

monitoring the disease progression or the treatment progress.

[0016]  The diagnostic method of the present invention may be suitable for other
epithelial-cell related cancers, such as lung, colon, prostate, ovarian, breast, bladder renal,
hepatocellular, pharyngeal, and gastric cancers. The present invention further provides
an antagonist to CD51 protein or peptides and a pharmaceutical composition that
comprises the antagonist and a suitable carrier. The antagonist may be used for treating

the pancreatic disease. Preferably, the antagonist is an antibody that specifically binds to
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a CD51 protein or peptide. In another preferred embodiment, the antagonist may be a
small molecule that inhibits the function or levels of CD51, or an inhibitory nucleic acid

molecule, such as an RNAI or antisense molecule against a CD51 nucleic acid.

[0017]  The present invention provides additionally a pharmaceutical composition
comprising an antagonist to CDS1 of the present invention, and a pharmaceutically

acceptable excipient, for treating a pancreatic tumor or cancer.

[0018]  The present invention further provides a method for treating pancreatic
disease, comprising administering to a patient in need of said treatment a therapeutically

effective amount of the pharmaceutical composition.

[0019] The present invention further prov1des a method for screemng for agents that
modulate CD51 protein act1v1ty, comprlsmg the steps of (i) contactmg a candldate agent
with a CDS51 protein, and (ii) assaying for CD51 protein act1v1ty, wherein a change in
said activity in the presence of said agent relative to CD51 protein activity in the absence
of said agent indicates said agent modulates said CD51 protein activity. Candidate agents
include but are not limited to protein, peptide, antibody, nucleic acid such as antisense

RNA, RNAI fragments, small molecules.

[0020] The screening method may also determine a candidate agent’s ability to
modulate the expression level of a CD31 protein or nucleic acid. The method comprises
(i) contacting a candidate agent with a system that is capable of expressing a CD51
protein or CD51 mRNA, (ii) assaying for the level of a CD51 protein or a CD51 mRNA,
wherein a specific change in said level in the presence of said agent relative to a level in

the absence of said agent indicates said agent modulates said CD51 level.

[0021]  The present invention further provides a method to screen for agents that bind
to the CD51 protein, comprising the steps of (i) contacting a test agent with a CD51

protein and (ii) measuring the level of binding of agent to said CD51 protein.
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DESCRIPTION OF FIGURES

[0022]  Figure 1. Inhibition of cell proliferation by titration with anti-CD51 antibody.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:

1. CD51 Protein and Peptides

[0023]  The present invention provides isolated CD51 peptide and protein molecules
that consisting of, consisting essentially of, or comprising the amino acid sequence of
SEQ ID NOs: 1, respectively encoded by the nucleic acid molecules having the
nqqleotide sequences of SEQ ID NOs: 2 and 3, as well as all obvious variants of these
peptides that are within the art to make and use. Some of these variants are described in -

detail below.

[0024] A CD51 peptide or protein can be attached to heterologous sequences to form
chimeric or fusion proteins. Such chimeric and fusion proteins comprise a peptide
operatively linked to a heterologous protein having an amino acid sequence not
substantially homologous to the peptide. "Operatively linked" indicates that the peptide
and the heterologous protein are fused in-frame. The heterologous protein can be fused

to the N-terminus or C-terminus of the peptide.

[0025]  In some uses, the fusion protein does not affect the activity of the peptide or
protein per se. For example, the fusion protein can include, but is not limited to, fusion
proteins, for example beta-galactosidase fusions, yeast two-hybrid GAL fusions, poly-His
fusions, MY C-tagged, Hl-tagged and Ig fusions. Such fusion proteins, particularly poly-
His fusions, can facilitate the purification of recombinant CD51 proteins or peptides. In
certain host cells (e.g., mammalian host cellé), expression and/or secretion of a protein

can be increased by using a heterologous signal sequence.

[0026] A chimeric or fusion CD51 protein or peptide can be produced by standard
recombinant DNA techniques. For example, DNA fragments coding for the different

protein sequences are ligated together in-frame in accordance with conventional
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techniques. In another embodiment, the fusion gene can be synthesized by conventional
techniques including automated DNA synthesizers. Alternatively, PCR amplification of
gene fragments can be carried out using anchor primers which give rise to
complementary overhangs between two consecutive gene fragments which can
subsequently be annealed and re-amplified to generate a chimeric gene sequence (see
Ausubel et al,, Current Protocols in Molecular Biology, 1992). Moreover, many
expression vectors are commercially available that already encode a fusion moiety (e.g., a
GST protein). A CD51-encoding nucleic acid can be cloned into such an expression

vector such that the fusion moiety is linked in-frame to the CD51 protein or peptide.

[0027] | Variants of the CD51 protein can readily be identified/made using molecular
techniques émd the sequence information disclosed herein. Further, such variants can
readily, be distinguished from other peptides based on’ sequence and/or structural
homoloéy to the CD51 peptides of the present invention. The degree of
homology/identity present will be based primarily on whether the peptide is a functional
variant or non-functional variant, the amount of divergence present in the paralog family

and the evolutionary distance between the orthologs.

[0028] To determine the percent identity of two amino acid sequences or two nucleic
acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps
cén be introduced in one or both of a first and a second amino acid or nucleic acid
sequence for optimal alignment and non-homologous sequences can be disregarded: for
comparison purposes). In a preferred embodiment, at least 30%, 40%, 50%, 60%, 70%,
80%, or 90% or more of the length of a reference sequence is aligned for comparison
purposes. The amino acid residues or nucleotides at corresponding amino acid positions
or nucleotide positions are then compared. When a position in the first sequence is
occupied by the same amino acid residue or nucleotide as the corresponding position in
the second sequence, then the molecules are identical at that position (as used herein
amino acid or nucleic acid "identity" is equivalent to amino acid or nucleic acid
"homology™). The percent identity between the two sequences is a function of the

number of identical positions shared by the sequences, taking into account the number of
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gaps, and the length of each gap, which need to be introduced for optimal alignment of

the two sequences.

[0029] The comparison of sequences and determination of percent identity and
similarity between two sequences can be accomplished using a mathematical algorithm.
(Computational Molecular Biology, Lesk, A.M., ed., Oxford University Press, New
York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D.W., ed.,
Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part 1, Griffin,
AM.,, and Griffin, H.G., eds., Humana Press, New Jersey, 1994; Sequence Analysis in
Molecular Biology, von Heinje, G., Academic Press, 1987; and Sequence Analysis
Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991). Ina
preferred embodiment, the percent identity between two amino acid sequences is
determined -using the Needleman and Wunsch (J. Mol. Biol. (48):444-453 (1970))
algorithm which has been incorporated into the GAP program in the GCG software
package, using either a Blossom 62 matrix or a PAM250 matrix, and a gap weight of 16,
14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred
embodiment, the percent identity between two nucleotide sequences is determined using
the GAP program in the GCG software package (Devereux, J., et al., Nucleic Acids Res.
12(1):387 ‘(1984)), using a NWSgapdna.CMP matrix and a gaﬁ weight of 40, 50, 60, 70,
or 80 and a length weight of 1, 2, 3, 4, 5, or 6. In another émbodiment, the percent
identity between two amino acid or nucleotide sequences is determined using the
algorithrﬁ of E. Myers and W. Miller (CABIOS, 4:11-17 (1989)) which has been
incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue
table, a gap length penalty of 12 and a gap penalty of 4.

[0030]  The nucleic acids and protein sequences of the present invention can further
be used as a "query sequence” to perform a search against sequence databases to, for
example, identify ‘other family members or related sequences. Such searches can be
performed using the NBLAST and XBLAST programs (version 2.0) of Altschul, et al. (J.
Mol. Biol. 215:403-10 (1990)). BLAST nucleotide searches can be performed with the
NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences

homologous to the nucleic acid molecules of the invention. BLAST protein searches can



WO 2006/022689 PCT/US2004/025270

be performed with the XBLAST program, score = 50, wordlength = 3 to obtain amino
acid sequences homologous to the proteins of the invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST can\‘ be utilized as described in
Altschul et al. (Nucleic Acids Res. 25(17):3389-3402 (1997)). When utilizing BLAST
and gapped BLAST programs, the default parameters of the respective programs (e.g.,
XBLAST and NBLAST) can be used.

[0031]  Allelic variants of a CD51 peptide can readily be identified as being a human
protein having a high degree (significant) of sequence homology/identity to at least a
portion of the CD51 peptide as well as being encoded by the same genetic lbcus as the
CD51 peptide provided herein. Genetic locus can readily be determined based on the
. genomic information. As used herein, two proteins (or a region of the proteins) have
-significant homology when the amino acid sequences are typically at least about 70-80%, -
80-90%, and more typically at least about 90-95% or more homologous. A significantly
homologous amino acid sequence, according to the present invention, will be encoded by
a nucleic acid sequence that will hybridize to a CD51 péptide encoding nucleic acid

molecule under sfringent conditions as more fully described below.

[0032] Paralogs of a CD51 peptide can readily be identified as having some degree of -
significant séquence homology/identity to at least a portion of the CD51 peptide, as being
encoded by a gene from humans, and as having similar activity or function. Two proteins
will typically be considered paralogs when the amino acid sequences are typically at least
about 60% or greater, and more typically at least about 70% or greater homology through
a given region or domain. Such paralogs will be encoded by a nucleic acid sequence that
will hybridize to a CD51 peptide encoding nucleic acid molecule under moderate to-

stringent conditions as more fully described below.

[0033]  Orthologs of a CD51 peptide can readily be identified as having some degree
of significant sequence homology/identity to at least a portion of the CDS51 peptide as
well as being encoded by a gene from another organism. Preferred orthologs will be
isolated from mammals, preferably primates, for the development of human therapeutic

targets and agents. Such orthologs will be encoded by a nucleic acid sequence that will
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hybridize to a CD51 peptide-encoding nucleic acid molecule under moderate to stringent
conditions, as more fully described below, depending on the degree of relatedness of the

two organisms yielding the proteins.

[0034]  Non-naturally occurring variants of the CD51 peptides of the present
invention can readily be generated using recombinant techniques. Such variants include,
but are not limited to deletions, additions and substitutions in the amino acid sequence of
the CD51 peptide. For example, one class of substitutions is conserved amino acid
substitution. Such substitutions are those that substitute a given amino acid in a CD51-
peptide by another amino acid of like characteristics. Typically seen as conservative -
substitutions are the replacements, one for another, among the aliphatic amino acids Ala,
Val, Leu, and Ile; interchange of the:hydroxyl residues Ser and Thr; exchange of the
acidic residues Asp and Glu; substitution between the amide residues.Asn and Gln;-
exchange ‘of the basic residues Lyé and' Arg; and replacements among the aromatic
residues Phe and Tyr. Guidance concerning which amino acid changes are likely to be
phenotypically silent are found in Bowie et al., Science 247:1306-1310 (1990).

[0035] Variant CDS51 peptides can be fully functional or can lack function in one or
more activities, e.g. ability to bind substrate, ability to phosphorylate substrate, ability to
- mediate signaling, etc. Fully functional variants typically contain only conservative

- variation or variation in non-critical residues or in non-critical regions.

[0036]  Non-functional variants typically contain one or more non-conservative amino
acid substitutions, deletions, insertions, inversions, or truncation or a substitution,

. f e . . { . . ., . a, e .
insertion, inversion, or deletion in a critical residue or critical region.

[0037]  Amino acids that are essential for function can be identified by methods
known in the art, such as site-directed mutagenesis or alanine-scanning mutagenesis
(Cunningham et al., Science 244:1081-1085 (1989)). The latter procedure introduces
single alanine mutations at every residue in the molecule. The resulting mutant
molecules are then tested for biological activity such as CD51 activity or in assays such
as an in vitro proliferative activity. Sites that are critical for binding partner/substrate

binding can also be determined by structural analysis such as crystallization, nuclear



WO 2006/022689 PCT/US2004/025270

magnetic resonance or photoaffinity labeling (Smith et al., J. Mol. Biol. 224:899-904
(1992); de Vos et al. Science 255:306-312 (1992)).

[0038]  The present invention further provides fragments of CD51, in addition to and
peptides that comprise and consist of such fragments. As used herein, a fragment
comprises at least 8, 10, 12, 14, 16, 18, 20 or more contiguous amino acid residues from
CD51. Such fragments can be chosen based on the ability to retain one or more of the
biological activities of CD51 or could be chosen for the ability to perform a function, e.g.
bind a substrate or act as an immunogen. - Particularly important fragments are
biologically.active fragments, peptides that are, for example, about 8 or more amino acids
in length. Such fragments will typically comprise a domain or motif of CD51, e.g., active
site, a transmembrane domain or a substrate-binding domain. Further, possible fragments -
include, but are not:limited to, domain or. motif containing fragments, soluble peptide:
fragments,-and fragments containing immunogenic structures. Predicted domains and .
functional sites are readily identifiable by computer programs well known and readily
available to those of skill in the art (e.g., PROSITE analysis).

[0039]  Polypeptides often contain amino acids other than the 20 amino acids
commonly referred to as the 20 naturally occurring amino acids. Further, many amino
acids, including the terminal amino acids, may be modified by natura,ﬂ processes, such as.
processing and other post-translational modifications, or by chemical modification
techniques well known in the art. Common modifications that occur naturally in CD51
are described in basic texts, detailed \monographs, and the research literature, and they are

well known to those of skill in the art.

[0040] Known modifications include, but are not limited to, acetylation, acylation, .
ADP-fibosylation, amidation, covalent attachment of flavin, covalent attachment of a
heme moiety, covalent attachment of a nucleotide or nucleotide derivative, covalent
attachment of a lipid or lipid derivative, covalent attachment of phosphotidylinositol,
cross-linking, cyclization, disulfide bond formation, demethylation, formation of covalent *
crosslinks, formation of cystine, formation of pyroglutamate, formylation, gamma

carboxylation, glycosylation, GPI anchor formation, hydroxylation, iodination,

10
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methylation, myristoylation, oxidation, proteolytic processing, phosphorylation,
prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated addition of

amino acids to proteins such as arginylation, and ubiquitination.

[0041] Such modifications are well known to those of skill in the art and have been
described in great detail in the scientific literature. Several particularly common
modifications, glycosylation, lipid attachment, sulfation, gamma-carboxylation of
glutamic acid residues, hydroxylation and ADP-ribosylation, for instance, are described
in most basic texts, such as Proteins - Structure and Molecular Properties, 2nd Ed., T.E.
Creighton, W. H. Freeman and Company, New York (1993). Many detailed reviews are
available on this subject, such as by Wold, F., Posttranslational Covalent Modification of
Proteins; B.C. Johnson, Ed., Academic Press, New York:1-12 (1983); Seifter et al. (Meth.

- Enzymol. 182: 626-646 (1990)) and Rattan.et al.:(Aan. N.Y. Acad. Sci. 663:48-62-
(1992))..

[0042] Accordingly‘, the CD51 of the present invention also encompass derivatives or
analogs in which a substituted amino acid residue is not one encoded by the genetic code,
in which a substituent group is included, in which the mature CD51 is fused with another
compound, such as a compound to increase the half-life of CD51 (for example,
polyethylene glycol), or in which the additional amino acids are fused to the mature
CD51, such as a leader or secretory sequence or a sequence for purification of the mature

CD51 or a pro-protein sequence.

2. Antibodies against CDS1 Protein or Fragments Thereof

[0043] Antibodies that selectively bind to the CD51 protein or peptides of the present
invention can be made using standard procedures known to those of ordinary skills in the
art. The term “antibody” is used in the broadest sense, and specifically covers
monoclonal antibodies (including full length monoclonal antibodies), polyclonal
antibodies, multispecific antibodies (e.g., bispecific antibodies), humanized antibody and
antibody fragments (e.g., Fab, F(ab’).sub.2 and Fv) so long as they exhibit the desired
biological activity. Antibodies (Abs) and immunoglobulins (Igs) are glycoproteins having

the same structural characteristics. While antibodies exhibit binding specificity to a

11
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specific antigen, immunoglobulins include both antibodies and other antibody-like

molecules that lack antigen specificity.

[0044]  As used herein, antibodies are usually heterotetrameric glycoproteins of about
150,000 daltons, composed of two identical light (L) chains and two identical heavy (H)
chains. Each light chain is linked to a heavy chain by one covalent disulfide bond, while
the number of disulfide linkages varies between the heavy chains of different
immunoglobulin isotypes. Each heavy and light chain also has regularly spaced
intrachain disulfide bridges. Each heavy chain has at one end a variable domain (VH)
followed by a number of constant domains. Each light chain has a variable domain at one
end (VL) and a constant domain at its other end. The constant domain of the light chain is
aligned with the first. constant domain of the heavy chain, and the light chain variable:

 domain is:aligned with the: variable domain of the heavy chain: Particular amino acid
residues are believed to form an interface between the light and heavy chain variable
domains. Chothia et al., J. Mol. Biol. 186, 651-63 (1985); Novotny and Haber, Proc. Natl.
Acad. Sci. USA 82 4592-4596 (1985).

[0045]  An “isolated” antibody is one which has been identified and separated and/or
recovered from a component of the environment in which it is produced. Contaminant
components of its production environment are materials that would interfere with
diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and
other proteinaceous or nonproteinaceous solutes. In preferred embodiments, the antibody
will be purified as measurable by at least three different methods: 1) to greater than 95%
by weight of antibody as determined by the Lowry method, and most preferably more
than 99% by weight; 2) to a degree sufficient to obtain at least 15 residues of N-terminal
or internal amino acid sequence by use of a spinning cup sequenator; or 3) to
homogeneity by SDS-PAGE under reducing or non-reducing conditions using Coomasie
blue or, preferably, silver stain. Isolated antibody includes the éntibody in situ within
recombinant cells since at least one component of the antibody’s natural environment will
not be present. Ordinarily, however, isolated antibody will be prepared by at least one

purification step.

12
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[0046]  An “antigenic region” or “antigenic determinant” or an “epitope” includes any
protein determinant capable of specific binding to an antibody. This is the site on an
antigen to which each distinct antibody molecule binds. Epitopic determinants usually
consist of active surface groupings of molecules such as amino acids or sugar side chains
and usually have specific three-dimensional structural characteristics, as well as charge

characteristics.

[0047] “Antibody specificity,” is an antibody, which has a stronger binding affinity
for an antigen from a first subject species than it has for a homologue of that antigen from
a second subject species. Normally, the antibody “bind specifically” to a human antigen
(i.e., has a binding affinity (Kd) value of no more than about 1 x 10”7 M, preferably no

. more than about 1 x10® M and most preferably no-more than about 1 x10%:-M) but has a
binding affinity for a homologue of the antigen from a second subject species which is at
least about 50 fold, or at least about 500 fold; or at least about 1000 fold, weaker than its
binding affinity for the human antigen. The antibody can be of any of the various types of
antibodies as defined above, but preferably is a humanized or human antibody (Queen et
al., US Patent Nos. 5,530,101; 5,585,089; 5,693,762; and 6,180,370).

[0048] The present invention provides an “antibody variant,” which refers to an
amino acid sequence variant of an antibody wherein one or more of the amino acid
residues have been modified. Such variant necessarily have: less than 100% sequence:
identity or similarity with the amino acid sequence having at least 75% amino acid
sequence identity or similarity with the amino acid sequence of either the heavy or light
chain variable domain of the antibody, more preferably at least 80%, more preferably at
least 85%, more preferably at least 90%, and most preferably at least 95%. Since the
method of the invention applies equally to both polypeptides, antibodies and fragments:

thereof, these terms are sometimes employed interchangeably.

[0049] The term “antibody fragment” refers to a portion of a full-length antibody,
generally the antigen binding or variable region. Examples of antibody fragments include *
Fab, Fab’, F(ab’), and Fv fragments. Papain digestion of antibodies produces two

identical antigen binding fragments, called the Fab fragment, each with a single antigen

13
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binding site, and a residual “Fc” fragment, so-called for its ability to crystallize readily.
Pepsin treatment yields an F(ab’), fragment that has two antigen binding fragments
which are capable of crosslinking antigen, and a residual other fragment (which is termed
pFc’). Additional fragments can include diabodies, linear antibodies, single-chain
antibody molecules, and multispecific antibodies formed from antibody fragments. As
used herein, “functional fragment” with respect to antibodies, refers to Fv, F(ab) and

F(ab’), fragments.

13

[0050]  An “Fv” fragment is the minimum antibody fragment that contains a complete
antigen recognition and binding site. This region: consists of a dimer of one heavy -and

- - one light chain variable domain in a tight, non-covalent association (Vg -Vy, dimer). It is

.. iin this configuration that the three CDRs of each.variable domain interact to define an

-.antigen-binding site on the surface of the Vg -Vi dimer. Collectively, the. six-CDRs
~ confer antigen-binding specificity to the antibody. However, even a‘single “variable
domain (or half of an Fv comprising only three CDRs specific for an antigen) has the
ability to recognize and bind antigen, although at a lower affinity than the entire binding

site.

[0051] The Fab fragment [also designated as F(ab)] also contains the constant domain
of the light chain and the first constant domain (CH1) of the heavy chain. Fab’ fragments
differ from Fab fragments by the addition of a few residues at the carboxyl terminus of
the heavy chain CH1 domain including one or more cysteines from the antibody hinge
region. Fab’-SH is the designation herein for Fab’ in which the cysteine residue(s) of the
constant domains have a free thiol group. F(ab’) fragments are produced by cleavage of
- the disulfide bond at the hinge cysteines of the F(ab’), pepsin digestion product.
Additional chemical couplings of antibody fragments are known to those of ordinary. skill

in the art.

[0052] The present invention further provides monoclonal antibody, polyclonal
antibody as well as humanized antibody. In general, to generate antibodies, an isolated
peptide is used as an immunogen and is administered to a mammalian organism, such as a

rat, rabbit or mouse. The full-length protein, an antigenic peptide fragment or a fusion
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protein of the CD51 protein can be used. Particularly important fragments are those
covering functional domains. Many methods are known for generating and/or identifying
antibodies to a given target peptide. Several such methods are described by Harlow,
Antibodies, Cold Spring Harbor Press, (1989).

[0053] The term “monoclonal antibody” as used herein refers to an antibody obtained
- from a population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are identical except for possible naturally occutring mutations
that may be present in minor amounts: Monoclonal antibodies are highly specific, being
directed: against a single antigenic site. Furthermore, in contrast to conventional
(polyclonal) antibody preparations which typically include different antibodies directed
_ against different determinants (epitopes), each monoclonal antibody is directed-against-a:
single -determinant on the antigen. In additional to: their. specificity, the monoclonal-
antibodies: are advantageous in that they are 'synthesized by: the hybridoma  culture,”
uncontaminated by other immunoglobulins. The modifier “monoclonal” antibody
indicates the character of the antibody as being obtained from a substantially
homogeneous population of antibodies, and is not to be construed as requiring production
of the antibody by any particular method. For example, the monoclonal antibodies to be
used in accordance with the present invention may be made by the hybridoma method -
first described by Kohler and Milstein, Nature 256, 495 ‘(1975), or may be made by
recombinant methods, e.g., as described in U.S. Pat. No. 4,816,567. The monoclonal
antibodies for use with the present invention may also be isolated from phage antibody
libraries using the techniques described in Clackson et al., Nature 352: 624-628 (1991),
as well as in Marks et al., J. Mol. Biol. 222: 581-597 (1991). For detailed procedures for‘

making a monoclonal antibody, see the Example below.

[0054] “Humanized” forms of non-human (e.g. murine or rabbit) antibodies are
chimeric immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv,
Fab, Fab’, F(ab’).sub.2 or other antigen-binding subsequences of antibodies) which
contain minimal sequence derived from non-human immunoglobulin. For the most part, -
humanized antibodies are human immunoglobulins (recipient antibody) in which residues

from a complementary determining region (CDR) of the recipient are replaced by
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residues from a CDR of a non-human species (donor antibody) such as mouse, rat or
rabbit having the desired specificity, affinity anu capacity. In some instances, Fv
framework residues of the human immunoglobulin are replaced by corresponding non-
human residues. Furthermore, humanized antibody may comprise residues, which are
found neither in the recipient antibody nor in the imported CDR or framework sequences.
These modifications are made to further refine and optimize antibody performance. In
general, the humanized antibody will comprise substantially all of at least one, and
typically two variable domains, in which all or substantially all of the CDR regions
correspond to those of 2 non-human immuno globulin and all or substantlally all of the FR
regions are those of a human immunoglobulin consensus sequence The humanized
antibody optlmally also will comprise at least a portlon of an 1mmunoglobu11n constant

'regmn (Fe), typ1cally that of a human 1mmunoglobu11n For further detalls see: Jones et'

Presta, Curr Op Struct. Biol. 2, 593-596 (1992)

[0055] Polyclonal antibodies may be prepared by any known method or
modifications of these methods including obtaining antibodies from patients. For
example, a complex of an immunogen such as CD51 protein, peptides or fragments
thereof and a carrier protein is prepared and an animal is immunized by the complex
according to the same manner as that described with respect to the above monoclonal
antibody preparation and the description in the Example. A serum or plasma containing
the antibody against the protein is recovered from the immunized animal and the .
antibody is separated and purified. The gamma globulin fraction or the IgG antibodies
can be obtained, for example, by use of saturated ammonium sulfate or DEAE.:
SEPHADEX, or other techniques known to those skilled in the art.

[0056} The antibody titer in the antiserum can be measured according to the same
manner as that described above with respect to the supernatant of the hybridoma culture.
Separation and purification of the antibody can be carried out according to the same
separation and purification method of antibody as that described with respect to the above -

monoclonal antibody and in the Example.
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[0057)  The protein used herein as the immunogen is not limited to any particular type of
immunogen. In one aspect, antibodies are preferably prepared from regions or discrete
fragments of the CD51 protein. Antibodies can be prepared from any region of the
peptide as described herein. In particular, they are selected from a group consisting of
SEQ ID NOS: 1-3 and fragments thereof. An antigenic fragment will typically comprise at
least 8 contiguous amino acid residues. The antigenic peptide can comprise, however, at
least 10, 12, 14, 16 or more amino acid residues. Such fragments can be selected on a
physical property, such as fragments correspond to regions that are located on the surface of

the protein, e. 2., hydrophilic regions or can be selected based on sequenée uniqueness.

[0058] Antibodies may also be produced by inducing production in the lymphocyte
population or by screening antibody libraries or panels of highly specific binding reagents as
d1sclosed in Orlandi et al. (1989; Proc Natl Acad Sci 86: 3833—3837) or Winter et al. (1991;
Nature 349:293-299). A protein may be used in screening assays of phagemid or B-Aa
lymphocyte immunoglobulin libraries to identify antibodies having a desired specificity.
Numerous protocols for competitive binding or immunoassays using either polyclonal or
monoclonal antibodies with established specificities are well known in the art. Smith G. P.,
1991, Curr. Opin. Biotechnol. 2: 668-673.

[0059]  The antibodies of the present invention can also be generated using various
phage display methods known in the art. In phage display methods, functional antibody
domains are displayed on the surface of phage particles which carry the polynucleotide
sequences encoding them. In a particular, such phage can be utilized to display antigen-
binding domains expressed from a repertoire or combinatorial antibody iibrary (e.g., human
or murine). Phage expressing an antigen binding domain that binds the antigen of interest
can be selected or identified with antigen, e.g., using labeled antigen or antigen bound or
captured to a solid surface or bead. Phage used in these methods are typically filamentous
.phage including fd and M13 binding domains expresséd from phage with Fab, Fv or
disulfide stabilized Fv antibody domains recombinantly fused to either the phage gene III or
gene VIII protein. Examples of phage display methods that can be used to make the
antibodies of the present invention include those disclosed in Brinkman et al., J. Immunol.
Methods 182:41-50 (1995); Ames et al., J. Immunol. Methods 184:177-186 (1995);

17



WO 2006/022689 PCT/US2004/025270

Kettleborough et al., Eur. J. Immunol. 24:952-958 (1994); Persic et al., Gene 187 9-18
(1997); Burton et al., Advances in Immunology 57:191-280 (1994); PCT application No.
PCT/GB91/01134; PCT publications WO 90/02809; WO 91/10737; WO 92/01047; WO
92/18619; WO 93/11236; WO 95/15982; WO 95/20401; and U.S. Pat. Nos. 5,698,426;
5,223,409; 5,403,484; 5,580,717; 5,427,908; 5,750,753; 5,821,047; 5,571,698; 5,427,908;
5,516,637; 5,780,225; 5,658,727; 5,733,743 and 5,969,108; each of which is incorporated

herein by reference in its entirety.

[0060]  Antibody can be also made recombinantly. When using recombinant
techniques, the antibody variant can be produced intracellularly, in the periplasmic space,
or directly secreted into the medium. If the antibody variant is produced intracellularly, as
a first step, the particulate debris; either host cells or lysed fragments; is remo{/ed, for.

. example, by. centrifugation or. ultrafiltration. Carter et al., Bio/Technology 10:.163-167.
(1992) describe a procedure- for isolating antibodies that are secreted to the periplasmic.
space of E. coli. Briefly, céll paste is thawed in the presence of sodium acetate (pH 3.5),

EDTA, and phenylmethylsulfonylfluoride (PMSF) over about 30 minutes. Cell debris can
be removed by centrifugation. Where the antibody variant is secreted into the medium,
supernatants from such expression systems are generally first concentrated using a
commercially available protein concentration filter, for example, an Amicon or Millipore

PELLICON ultrafiltration unit. A protease inhibitor such as PMSF may be included in
any of the foregoing steps to inhibit proteolyéis and antibiotics may be included to

prevent the growth of adventitious contaminants.

[0061]  The antibodies or antigen binding fragments may also be produced by genetic
engineering. The technology for expression of both heavy and light chain genes in E. coli
is the subject the following PCT patent applications; publication number WO 901443,
WO0901443, and WO 9014424 and in Huse et al., 1989 Science 246:1275-1281. The

general recombinant methods are well known in the art.

[0062]  The antibody composition prepared from the cells can be purified using, for
example, hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity
chromatography, with affinity chromatography being the preferred purification technique.
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The suitability of protein A as an affinity ligand depends on the species and isotype of
any immunoglobulin F¢ domain that is present in the antibody. Protein A can be used to
purify antibodies that are based on human .delta.l, .delta.2 or .delta.4 heavy chains
(Lindmark et al., J. Inmunol Meth. 62: 1-13 (1983)). Protein G is recommended for all
mouse isotypes and for human .delta.3 (Guss et al., EMBO J. 5: 1567-1575 (1986)). The
matrix to which the affinity ligand is attached is most often agarose, but other matrices
are available. Mechanically stable matrices such as controlled pore glass or
poly(styrenedivinyl)benzene allow for faster flow rates and shorter processing times than -
can be achieved with agarose. Where the antibody comprises a CH3 domain, the -
BAKERBOND ABXTM resin (J.T. Baker Phillipsburg, N.J.) is useful for puriﬁca‘rion :
' Other techmques for protein purlﬁcatlon such as fractionation on an 1on-exchange
' column ethanol prec1p1tatlon, ‘Reverse Phase HPLC, chromatography on 5111ca |
t chromatography on heparln SEPHAROSE chromatography on an anion or cation .
exchange resin (such asa polyaspartrc acid column), chromatofocusmg, SDS-PAGE and..
ammonium sulfate precipitation are also available depending on the antibody to be -

recovered.

i0063] Following any preliminary purification step(s), the mixture comprising the -
antibody of interest and contaminants may be subjected to low pH hydrophobic
interaction chromatography using an elution buffer at a pH between about 2.5+4.5,

preferably performed at low salt concentrations (e.g., from about 0-0.25M salt).

3. CD51 Nucleic Acid Molecules

[0064]  Isolated CDS51 nucleic acid molecules of the present invention consist: of, .
consist essentially of, or comprise a nucleotide sequence that encodes CD51 peptides of
the present invention, an allelic variant thereof, or an ortholog or paralog thereof. -As .
used herein, an “isolated” nucleic acid molecule is one that is separated from other
nucleic acid present in the natural source of the nucleic acid. Preferably, an “isolated”
nucleic acid is free of sequences which naturally flank the nucleic acid (i.e., sequences
located at the 5° and 3’ ends of the nucleic acid) in the genomic DNA of the organism

from which the nucleic acid is derived. However, there can be some flanking nucleotide
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sequences, for example up to about SKB, 4KB, 3KB, 2KB, or 1KB or less, particularly
contiguous peptide encoding sequences and peptide encoding sequences within the same
gene but separated by introns in the genomic sequence. The important point is that the
nucleic acid is isolated from remote and unimportant flanking sequences such that it can
be subjected to the specific manipulations described herein such as recombinant
expression, preparation of probes and primers, and other uses specific to the nucleic acid

sequences.

[0065] Mbreover, an “isolated” nucleic acid molecule, such as a transcript/cDNA
molecule, can be substantially free of other cellular material, or culture medium when
produced by recombinant techniques, or chem;cal precursors or other chemicals when
chemically synthesized. However, the nucleic aéidmolecule can be fused to other coding

or regulatory sequences-and still be considered isolated.

[0066] For example, recombinant DNA | molecules contained in a Veétof are’
considered isolated. Further examples of isolated DNA molecules include recombinant
DNA molecules maintained in hetefologous host cells or purified (partially or
substantially) DNA molecules in solution. Isolated RNA molecules include in vivo or in
vitro RNA transcripts of the isolated DNA molecules of the present invention. Isolated
nucleic acid molecules according to the present invention further include such molecules

produced synthetically.

[0067]  The isolated nucleic acid molecules can encode the mature protein plus
additional amino or carboxyl-terminal amino acids, or amino acids interior to the mature
peptide (when the mature form has more than one peptide chain, for instance). Such
sequences may play a role in processing of a protein from precursor to a mature form,
facilitate protein trafficking, prolong or shorten protein half-life or facilitate manipulation
of a protein for assay or production, among other things. As generally is the case in situ,
the additional amino acids may be processed away from the mature protein by cellular

enzymes.

[0068] As mentioned above, the isolated nucleic acid molecules include, but are not

limited to, the sequence encoding CD51 peptide alone, the sequence encoding the mature
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peptide and additional coding sequences, such as a leader or secretory sequence (e.g., a
pre-pro or pro-protein sequence), the sequence encoding the mature peptide, with or
without the additional coding sequences, plus additional non-coding sequences, for
example introns and non-coding 5° and 3’ sequences such as transcribed but non-
translated sequences that play a role in transcription, mRNA processing (including
splicing and polyadenylation signals), ribosome binding and stability of mRNA. In
addition, the nucleic acid molecule may be fused to a marker sequence encoding, for

example, a peptide that facilitates purification.

[0069]  Isolated nucleic acid molecules can be in the form of RNA, such as mRNA, or
in the form DNA, including cDNA and genomic DNA. obtained by cloning or produced
by chemical: syntheﬁc techniques or by a combination ‘thereof. The nucleic acid;
. especially DNA, can be double-stranded or single-stranded. - Single-stranded nucleic acid:

can be the coding strand (sense strand) or the non-coding strand (anti-sense strand).

[0070]  The invention further provides nucleic acid molecules that encode fragments
of the proteins of the present invention as well as nucleic acid molecules that encode
obvious variants of CD351 protein of the present invention that are described above. Such
nucleic acid molecules may be naturally occurring, such as allelic variants (same locus),
paralogs (different locus), and orthologs (different organism), or may be constructed by
recombinant DNA methods or by chemical synthesis. Such non-naturally occurring
variants may be made by mutagenesis techniques, including those applied to nucleic acid
molecules, cells, or organisms. Accordingly, as discussed above, the variants can contain
nucleotide substitutions, deletions, inversions and insertions. Variation can occur in
either or both the coding and non-coding regions. The variations can produce both

conservative and non-conservative amino acid substitutions.

[0071] A fragment comprises a contiguous nucleotide sequence greater than 12 or
more nucleotides. Further, a fragment could at least 30, 40, 50, 100, 250 or 500
nucleotides in length. The length of the fragment will be based on its intended use. For
example, the fragment can encode epitope bearing regions of the peptide, or can be useful

as DNA probes and primers. Such fragments can be isolated using the known nucleotide
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sequence to synthesize an oligonucleotide probe. A labeled probe can then be used to
screen a cDNA library, genomic DNA library, or mRNA to isolate nucleic acid
corresponding to the coding region. Further, primers can be used in PCR reactions to

clone specific regions of gene.

[0072] A probe/primer typically comprises substantially a purified oligonucleotide or
oligonucleotide pair. The oligonucleotide typically comprises a region of nucleotide
sequence that hybridizes under stringent conditions to at least about 12, 20, 25, 40, 50 or

more consecutive nucleotides.

[0073]  Orthologs, homologs and allelic Var1ants can be 1dent1ﬁed usmg methods well
known 1n the art. As described in the Peptide Section, these Vanants compnse a
nucleotlde sequence encodmg a peptlde that is typ1cally 60 70%, 70 80%, 80-90%, and
more typlcally at least about 96;95% or more homologous to the nucleotlde sequence
Such nucleic acid molecules can readily be identified as bemg able to hybridize under
moderate to stringent conditions, to the nucleotide sequence shown in the Figure sheets or
a fragment of the sequence. Allelic variants can readily be determined by genetic locus of

the encoding gene.

[0074]  As used herein, the term “hybridizes under stringent conditions” is intended to
describe conditions for hybridization and washing under Whieh nucleotide sequences
encoding a peptide at least 60-70% homologous to each other typ‘ically remain hybridized
to each other. The conditions can be such that sequences at least about 60%, at least
about 70%,’ or at least about 80% or more homologous to each other typically remain.
hybridized to each other. Such stringent conditions are known to those skilled in the art
and can be found in Current Protocols in Molecular Biology, John Wiley & Sons, N.Y.
(1989), 6.3.1-6.3.6. One example of stringent hybridizatton conditions is hybridization in
6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by one or more washes
in 02 X SSC, 0.1% SDS at 50-65C. Examples of moderate to low stringency

hybridization conditions are well known in the art.
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4. Vectors and Host Cells

[0075]  The invention also provides vectors containing the nucleic acid molecules
described herein. The term “vector” refers to a vehicle, preferably a nucleic acid
molecule, which can transport the nucleic acid molecules. When the vector is a nucleic
acid molecule, the nucleic acid molecules are covalently linked to the vector nucleic acid.
With this aspect of the invention, the vector includes a plasmid, single or double stranded
phage, a single or double stranded RNA or DNA viral vector, or artificial chromosome,
such as a BAC, PAC, YAC, OR MAC.

[0076] A vector can be maintained in the host cell as an extrachromosomal element
where it replicates and produces additional _copies of the nucleic acid molecules :
Alternatively, the vector may mtegrate mto the host cell genome and produce addltlonal

copies of the nucleic acid molecules when the host cell replicates.

[0077] The invention provides vectors for the maintenance (cloning vectors) or
vectors for expression (expression vectors) of the nucleic acid molecules. The vectors

can function in prokaryotic or eukaryotic cells or in both (shuttle vectors).

[0078] Expression vectors contain cis-acting regulatory regions that are operably
linked in the vector to the nucleic acid molecules such that transcription of the nucleic
acid molecules is allowed in a host cell. The nucleic acid molecules can be introduced
into the host cell with a separate nucleic acid molecule capable of affecting transcription.
Thus, the second nucleic acid molecule may provide a trans-acting factor interacting with
the cis-regulatory control region to allow transcription of the nucleic acid molecules from
the vector. Alternatively, a trans-actiﬁg factor may be supplied by the host cell. Finally,
a trans-acting factor can be produced from the vector itself. It is understood, however,
that in some embodiments, transcription and/or translation of the nucleic acid molecules

can occur in a cell-free system.

[0079]  The regulatory sequences to which the nucleic acid molecules described
herein can be operably linked include promoters for directing mRNA transcription.

These include, but are not limited to, the left promoter from bacteriophage, the lac, TRP,
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and TAC promoters from E. coli, the early and late promoters from SV40, the CMV
immediate early promoter, the adenovirus early and late promoters, and retrovirus long-

terminal repeats.

[0080] In addition to control regions that promote transcription, expression vectors
may also include regions that modulate transcription, such as repressor binding sites and
enhancers. Examples include the SV40 enhancer, the cytomegalovirus immediate early

enhancer, polyoma enhancer, adenovirus enhancers, and retrovirus LTR enhancers.

[0081] In addition to containing sites for \_transcription initiation and control,
expression vectors can also contain sequences necessary for transcription termination
- and, in the transcribed region a ribosome binding ‘site for translation. Other regulatory
.control elements for expression include mmatlon and termination codons as well as
polyadenylatlon signals. The person of ordmary skill in the art would be aware of the'
- numerous regulatory sequences that are useful in expression vectors. Such regulatory
sequences are described, for example, in Sambrook et al., Molecular Cloning: A
Laboratory Manual. 3rd. ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, (2001). ‘

[0082] A variety of expression vectors can be used to express a nucleic acid
molecule. Such vectors include chromosomal, episomal, and virus-derived vectors, for
‘example vectors derived from bacterial plasmids, from bacteriophage, from yeast
episomes, from yeast chromosomal elements, including yeast artificial chromosomes,
from viruses such as baculoviruses, papovaviruses such as SV40, Vaccinia viruses,
adenoviruses, poxviruses, pseudorabies viruses, and retroviruses. Vectors may also be
derived from combinations of these sources such as those derived from plasmid and
bacteriophage genetic elements, e.g. cosmids and phagemids. Appropriate cloning and
expression vectors for prokaryotic and eukaryotic hosts are described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual. 3rd. ed., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, (2001).

[0083]  The regulatory sequence may provide constitutive expression in one or more

host cells (i.e. tissue specific) or may provide for inducible expression in one or more cell
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types such as by temperature, nutrient additive, or exogenous factor such as a hormone or
other ligand. A variety of vectors providing for constitutive and inducible expression in

prokaryotic and eukaryotic hosts are well known to those of ordinary skill in the art.

[0084]  The nucleic acid molecules can be inserted into the vector nucleic acid by
well-known methodology.  Generally, the DNA sequence that will ultimately be
expressed is joined to an expression vector by cleaving the DNA sequence and the
expression vector with one or more restriction enzymes and then ligating the fragments
together. Procedures for restriction enzyme digestion and ligation are well known to

those of ordinary skill in the art.

[0085] - The vector containing the appropriat‘e nucleic acid molecule can be introduced
into an appropriate host cell for propagation or expressioh using well-known techniques.
Bacterial cells include, but are not limited -to, E. coli, ",Sti'ep'tomyces, -and Salmoﬁella
typhimurium. Eukaryotic cells include, but are not limited to, yeast, insect cells such as

Drosophila, animal cells such as COS and CHO cells, and plant cells.

[0086]  As described herein, it may be desirable to express the peptide as a fusion
protein. Accordingly, the invention provides fusion vectors that allow for the production
of the peptides. Fusion vectors can increase the expression of a recombinant protein;
- increase the solubility of the recombinant protein, and aid in the purification of the
protein by acting for example as a ligand for affinity purification. A proteolytic cleavage
site may be introduced at the junction of the fusion moiety so that the desired peptide can
ultimately be separated from the fusion moiety. Proteolytic enzymes include, but are not
limited to, factor Xa, thrombin, and enteroenzyme. Typical fusion expression vectors
include pGEX (Smith et al., Gene 67:31-40 (1988)), pMAL (New England Biolabs, -
Beverly, MA) and pRIT5 (Pharmacia, Piscataway, NJ) which fuse glutathione S-
transferase (GST), maltose E binding protein, or protein A, respectively, to the target
recombinant protein. Examples of suitable inducible non-fusion E. coli expression
vectors include pTrc (Amann et al., Gene 69:301-315 (1988)) and pET 11d (Studier et al.,
Gene Expression Technology: Methods in Enzymology 185:60-89 (1990)).
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[0087]  Recombinant protein expression can be maximized in host bacteria by
providing a genetic background wherein the host cell has an impaired capacity to
proteolytically cleave the recombinant protein. (Gottesman, S., Gene Expression
Technology: Methods in Enzymology 185, Academic Press, San Diego, California
(1990) 119-128). Alternatively, the sequence of the nucleic acid molecule of interest can
be altered to provide preferential codon usage for a specific host cell, for example E. coli.
(Wada et al., Nucleic Acids Res. 20:2111-2118 (1992)).

[0088]- The nucleic acid molecules can also be expressed by expression vectors
suitable in a yeast host. Examples of vectors for expression in yeast e.g. S. cerevisiae
include pYepSecl (Baldan, et al., EMBO J. 6:229-234 (1987)), pMFa (Kurjan et al., Cell

© 30:933- 943(1982)), pJRY88 (Schultz et al., Gene 54:113- 123 (1987)) and pYES2
(Inv1trogen Corporatlon, San Diego, CA).

[0089] . The nucleic acid molecules can also be expressed in insect cells using, for’
example, baculovirus expression vectors. Baculovirus vectors available for expression of
proteins in cultured insect cells (e.g., Sf 9 cells) include the pAc series (Smith et al., Mol.
Cell Biol. 3:2156-2165 (1983)) and the pVL series (Lucklow et al., Virology 170:31-39
(1989)).

[0090] In certain embodiments of the invention, the nucleic acid molecules described
herein are expressed in mammalian cells using mammalian expression vectors. Examples
of mammalian expression vectors include pCDMS (Seed, B. Nature 329:840(1987)) and
pMT2PC (Kaufman et al., EMBO J. 6:187-195 (1987)).

[0091]  The expression vectors listed herein are provided by way of example only of
the weli-known vectors available to those of ordinary skill in the art that would be useful
to expreés the nucleic acid molecules. The person of ordinary skill in the art would be
aware of other vectors suitable for maintenance propagation or expression of the nucleic
acid molecules described herein. These are found for example in Sambrook, J., Fritsh, E.
F., and Maniatis, T. Molecular Cloning: A Laboratory Manual. 3rd. ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY, (2001).
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[0092])  The invention also encompasses vectors in which the nucleic acid sequences
described herein are cloned into the vector in reverse orientation, but operably linked to a
regulatory sequence that permits transcription of antisense RNA. Thus, an antisense
transcript can be produced to all, or to a portion, of the nucleic acid molecule sequences
described herein, including both coding and non-coding regions. Expression of this
antisense RNA is subject to each of the parameters described above in relation to
expression of the sense RNA (regulatory sequences, constitutive or inducible expression,

tissue-specific expression).

[0093]  The invention also relates to recombinant host cells containing the vectors
described herein. Host cells therefore include prokaryotic cells, lower eukaryotic cells
.. such as yeast, other eukaryotic-cells such as insect cells, and higher eukaryotic cells such

as mammalian cells.

[0094]} The recombinant host cells are prepared by introducing the vebtor constructs
described herein into the cells by techniques readily available to the person of ordinary
skill in the art. These include, but are not limited to, calcium phosphate transfection,
DEAE-dextran-mediated  transfection, cationic  lipid-mediated transfection,
electroporation, transduction, infection, lipofection, and other techniques such as those
found in Sambrook, et al. (Molecular Cloning: A Laboratory Manual. 3rd. ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, (2001). ‘

[0095] Host cells can contain more than one vector. Thus, different nucleotide
sequences can be introduced on different vectors of the same cell. Similarly, the nucleic
acid molecules can be introduced either alone or with other nucleic acid molecules that
are not related to the nucleic acid molecules such as those providing trans-acting factors
for expression vectors. When more than one vector is introduced into a cell, the vectors
can be introduced independently, co-introduced or joined to the nucleic acid molecule

vector.

[0096]  In the case of bacteriophage and viral vectors, these can be introduced into
cells as packaged or encapsulated virus by standard procedures for infection and

transduction. Viral vectors can be replication-competent or replication-defective. In the
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case in which viral replication is defective, replication will occur in host cells providing

functions that complement the defects.

[0097]  Vectors generally include selectable markers that enable the selection of the
subpopulation of cells that contain the recombinant vector constructs. The marker can be
contained in the same vector that contains the nucleic acid molecules described herein or
may be on a separate vector. Markers include tetracycline or ampicillin-resistance genes
for prokaryotic host cells and dihydrofolate reductase or neomycin resistance for
eukaryotic host cells. However, any marker that provides selection for a phenotypic trait

.-will be effective.

A[0098] While the mature protems can be produced in bacteria, yeast, mammahan

.cells and other cells under the control of the appropriate regulatory sequences, cell free.
- transcription and translation systems can also be used to produce these proteins using .
- RNA derived from the DNA constructs described herein.

[0099] Where secretion of the peptide is desired, which may be difficult to achieve
with a multi-transmembrane domain containing protein such as CDS51, appropriate
secretion signals are incorporated into the vector. The signal sequence can be

endogenous to the peptides or heterologous to these peptides.

[00100] Where the peptide is not secreted into the medium, the protein can be isolated
from the host cell by standard disruption procedures, including freeze thaw, sonication,
mechanical disruption, use of lysing agents and the like. The peptide can then be
recovered aﬁd purified by well-known purification methods including ammonium sulfate
precipitation, acid extraction, anion or cationic exchange chromatography,
phbsphocellulose chromatography, hydrophobic-interaction chromatography, affinity
chromatography, hydroxylapatite chromatography, lectin chromatography, or high

performance liquid chromatography.

[00101] It is also understood that depending upon the host cell in recombinant
production of the peptides described herein, the peptides can have various glycosylation

patterns, depending upon the cell, or maybe non-glycosylated as when produced in
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bacteria. In addition, the peptides may include an initial modified methionine in some

cases as a result of a host-mediated process.

[00102] The recombinant host cells expressing the peptides described herein have a
variety of uses. First, the cells are useful for producing CD51 protein or peptide that can
be further purified to produce desired amounts of CD51 protein or fragments. Thus, host

cells containing expression vectors are useful for peptide production.

[00103] Host cells are also useful for conducting cell-based assays involving tho CD51
protein or CD51 protein fragments, such as those described above as well as other
formats known in the art. Thus, a recombinant host cell expressing a native CD51

proteirris useful for assaying compounds that étimulate or inhibit CD51 protein function.

[00104] Host cells are also useful for 1dent1fymg CD51 protein mutants in wh1ch these-

functlons are affected If the mutants naturally occur and give rise to a pathology, host
cells contalnmg the mutations are useful to assay compounds that have a desired effect on

the mutant CD51 protein (for example, stimulating or inhibiting function) which may not

be indicated by their effect on the native CD51 protein.

. Detection and Diagnosis in General

[00105] As used herein, a “biological sample” can be collected from tissues; blood; -
sera, cell lines or biological fluids such as, plasma, interstitial fluid, urine, cerebrospinal
fluid, and the like, containing cells. In preferred embodiments, a biological sample

comprises cells or tissues suspected of having diseases (e.g., cells obtained from a

biopsy).

[00106] ° As used herein, a “differential level” is defined as the level of CD51 protein or
nucleic acids in a test sample either above or below the level in control samples, wherein
the level of control samples is obtained either from a control cell line, a normal tissue or
body fluids, or combination thereof, from a healthy subject. While the protein is
overéxpressed, the expression of CDS51 is preferably greater than about 20%, or
prefereably greater than about 30%, and most preferably greater than about 50% or more

of pancreatic disease sample, at a level that is at least two fold, and preferably at least
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five fold, greater than the level of expression in control samples, as determined using a
representative assay provided herein. While the protein is under expressed, the
expression of CD51 is preferably less than about 20%, or preferably less than 30%, and
most preferably less than about 50% or more of the pancreatic disease sample, at a level
that is at least 0.5 fold, and preferably at least 0.2 fold less than the level of the
expression in control samples, as determined using a representative assay provided

herein.

[00107] As used herein, a “subject” can be a mammalian subject or non mammalian
subject, preferably, a mammalian subject. A mammalian subject can be human or non-
human, preferably human. A healthy subject is defined as a subject without detectable
pancreatic diseases or pancreatic associated diseééés] By using conventional diagnostic

‘methods. .

[00108] As used herein, the “disease(s)” include pancreatic diseases and pancreatic’

associated disease. Preferably, the disease is a pancreatic cancer.

6. Treatment in General

[00109] This invention further pertains to novel agents identified by the screening
assays described below. It is also within the scope of this invention to use an agent
identified for treatment purposes. For example, an agent identified as described herein
(e.g., a CD51-modulating agent, an antisense CD51 nucleic acid molecule, a CD51-RNAi
fragment, a CD51-specific antibody, or a CD51-binding partner) can be used in an animal
or other model to determine the‘ efficacy, toxicity, or side effects of treatment with such
an agent. Alternatively, an agent identified as described herein can be used in an animal
or other model to determine the mechanism of action of such an agent. Furthermore, this
invention pertains to uses of novel agents identified by the above-described screening

assays for treatments as described herein.

[00110] Modulators of CDS51 protein activity identified according to these drug
screening assays can be used to treat a subject with a disorder mediated by CD51, e.g. by

treating cells or tissues that express CD51 at a differential level. Methods of treatment
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include the steps of administering a modulator of CD51 activity in a pharmaceutical

composition to a subject in need of such treatment.

[00111] The following terms, as used in the present specification and claims, are

intended to have the meaning as defined below, unless indicated otherwise.

[00112]  “Treat,” “treating” or “treatment” of a disease includes: (1) inhibiting the
disease, i.e., arresting or reducing the development of the disease or its clinical
‘symptoms, or (2) relieving the disease, i.e., causing regression of the disease or its

clinical symptoms.

[00113] The term “prophylaxis” is used to distinguish from “treatment,” and to
encompass ‘both"l‘preventing” and “suppressing,” it is not alwayé possible to distinguish
between “preventing” and “suppressing,” as the ultimate inductive event or events may
be unknowq, latent, or the patient is not ascertained until welﬁl after the occurrence of the -
event or events. Therefore, the term “protection,” as used hei-éin, is meant to include

“prophylaxis.”

[00114] A “therapeutically effective amount” means the amount of an agent that, when
administered to a subject for treating a disease, is sufficient to effect such treatment for
the disease. The “therapeutically effective amount” will vary depending on the agent, the

disease and its severity and the age, weight, etc., of the subject to be treated.

[00115] A “pancreatic disease includes pancreatic cancer, pancreatic tumor (exocrine
or endocrine), pancreatic cysts, acute pancreatitis, chronic pancreatitis, diabetes (type I
and II) as well as pancreatic trauma. The method of the present invention is preferably

used for treating a pancreatic cancer.

[00116] In one embodiment, when decreased expression or activity of the protein is
desired, an inhibitor, antagonist, antibody and the like or a pharmaceutical agent
containing one or more of these molecules may be delivered. Such delivery may be
effected by methods well known in the art and may include delivery by an antibody
specifically targeted to the protein.
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[00117] In another embodiment, when increased expression or activity of the protein is
desired, the protein, an agonist, an enhancer and the like or a pharmaceutical agent
‘containing one or more of these molecules may be delivered. Such delivery may be

effected by methods well known in the art.

[00118] While it is possible for the modulating agent to be administered in a pure or
substantially pure form, it is preferable to present it as a pharmaceutical composition,
formulation or preparation with a carrier. The formulations of the present invention, both
for veterinary and for human use, comprise a suitable active CD51 modulating agent,
together with one or more pharmaceutically acceptable carriers and, optionally, other
therapeutic ingredients. The carrier(s)r must be “acceptable” in the sense of being
compatible with the other ingredients of the formulation and not deleterious to the
recipient thereof. The formulations may conveniently be presented in unit dosage form.

and may be prepared by any method well-known in the pharmaceutical art. -

[00119]  Suitable pharmaceutical carriers include proteins such as albumins (e.g., U.S.
Pat. No. 4,507,234, to Kato et al.), peptides and polysaccharides such as aminodextran
(e.g., U.S. Pat. No. 4,699,784, to Shih et al.), or water. A carrier may also bear an agent
by noncovalent bonding or by encapsulation, such as within a liposome vesicle (e.g., U.S.
Pat. Nos. 4,429,008 and 4,873,088). Carriers specific for radionuclide agents include
radiohalogenated small molecules and chelating compounds. For example, U.S. Pat. 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, metal

oxide, radionuclide. For example, U.S. Pat. No. 4,673,562, to Davison et al. discloses -

representative chelating compounds and their synthesis.

[00120] All methods include the step of bringing into association the active ingredient
with the carrier, which constitutes one or more accessory ingredients. In general, the
formulations are prepared by uniformly and intimately bringing into association the
active ingredient with liquid carriers or finely divided solid carriers or both, and then, if

necessary, shaping the product into the desired formulation.
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[00121] Formulations suitable for intravenous intramuscular, subcutaneous, or
intraperitoneal administration conveniently comprise sterile aqueous solutions of the
active ingredient with solutions, which are preferably isotonic with the blood of the
recipient. Such formulations may be conveniently prepared by dissolving solid active
ingredient in water containing physiologically compatible substances such as sodium
chloride (e.g. 0.1-2.0M), glycine, and the like, and having a buffered pH compatible with
physiological conditions to produce an aqueous solution, and rendering said solution
sterile. These may be present in unit or multi-dose containers, for example, sealed

ampoules or vials.

[00122] The formulations of the present invention may incorporate a stabilizer.
" Tlustrative stabilizers are polyethylene. glycol, proteins, saccharides, amino acids, -
. inorganic acids, and organic acids, which may be used either on their own'.or .as.
. -admixtures. These stabilizers are preferably incorporated in an amount of 0:11-10,000
parts by weight per part by weight of immunogen. If two or more stabilizers are to be
used, their total amount is preferably within the range specified above. These stabilizers
are used in aqueous solutions at the appropriate concentration and pH. The specific
osmotic pressure of such aqueous solutions is generally in the range of 0.1-3.0 osmoles,
preferably in the range of 0.8-1.2. The pH of the aqueous solution is adjusted to be within
the range of 5.0-9.0, preferably within the range of 6-8. In formulating the antibody of the

present invention, anti-adsorption agent may be used.

[00123]  Additional pharmaceutical methods may be employed to control the duration
of action. Controlled release preparations may be achieved through the use of polymer to
complex or absorb the proteins or their derivatives. The controlled delivery may be
exercised by selecting appropriate macromolecules (for example polyester, polyamino
acids, polyvinyl, pyrrolidone, ethylenevinylacetate, methylcellulose,
carboxymethylcellulose, or protamine sulfate) and the concentration of macromolecules
as well as the methods of incorporation in order to control release. Another possible
method to control the duration of action by controlled-release preparations is to
incorporate anti-CD51 antibody into particlés of a polymeric material such as polyesters,

polyamino acids, hydrogels, poly(lactic acid) or ethylene vinylacetate copolymers.
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Alternatively, instead of incorporating these agents into polymeric particles, it is possible
to entrap these materials in microcapsules prepared, for example, by coacervation
techniques or by interfacial polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsules and poly(methylmethacylate) microcapsules, respectively, or in
colloidal drug delivery systems, for example, liposomes, albumin microspheres,

microemulsions, nanoparticles, and nanocapsules or in macroemulsions.

[00124] When oral preparations are desired, the compositions may be combined with
typical carriers, such as lactose, sucrose, starch, talc magnesium stearate, crystalline -
cellulose, methyl cellulose, carboxymethyl cellulose, glycerin, sodium alginate or gum

arabic among others.

7. Diagnosis, Treatment and Screening Methqu using CD51 Nucleic AcidS

a.  General Aspects

[00125]  The nucleic acid molecules of the present invention are useful for probes,
primers, chemical intermediates, and in biological assays. The nucleic acid molecules are
useful as a hybridization probe for messenger RNA, transcript/cDNA and genomic DNA
to detect or isolate full-length ¢cDNA and genomic clones encoding CD51 protein or

peptide of the invention, or variants thereof

[00126] The probe can correspond to any sequence along the entire length of the
nucleic acid molecules of SEQ ID NOs: 4, 5 or 6. Accordingly, it could be derived from

5° noncoding regions, the coding region, and 3’ noncoding regions.

[00127]  The nucleic acid molecules are also useful as primers for PCR to amplify any
given region of a nucleic acid molecule and are useful to synthesize antisense molecules

of desired length and sequence.

[00128] The nucleic acid molecules are also useful for constructing recombinant
vectors. Such vectors include expression vectors that express a portion of, or all of, the
peptide sequences. The nucleic acid molecules are also useful for expressing antigenic -

portions of the proteins.
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[00129] The nucleic acid molecules are also useful for designing ribozymes
corresponding to all, or a part, of the mRNA produced from the nucleic acid molecules

described herein.

[00130] The nucleic acid molecules are also useful for constructing host cells

expressing a part, or all, of the nucleic acid molecules and peptides.

[00131]  The nucleic acid molecules are also useful for constructing transgenic animals

expressing all, or a part, of the nucleic acid molecules and peptides.

[00132] In vitro techniques for detection of mRNA include Northern hybridizations
and in situ hybridizations. In vitro techniques for detecting DNA include Southern

hybridizations and in situ hybridization.
b. Diagnosis methods

[00133] The nucleic acid molecules are also useful as hybridization probes for
determining the presence, level, form and distribution of nucleic acid expression. The
probes can be used to detect the presence of, or to determine levels of, a specific nucleic
acid molecule in cells, tissues, and in organisms. Accordingly, probes corresponding to
the peptides described herein can be used to assess expression and/or gene copy number
in a given cell, tissue, or organism. These uses are relevant for diagnosis of disorders

involving an increase or decrease in CD51 protein expression relative to normal results. -

[00134] Probes can be used as a part of a diagnostic test kit for identifying cells or
tissues that express CD51 protein differentially, such as by measuring a level of a CD51-
encoding nucleic acid in a sample of cells from a subject e.g., mRNA or genomic DNA,

or determining if a CD51 gene has been mutated.

[00135] The invention also encompasses kits for detecting the presence of CDS51
nucleic acid in a biological sample. For example, the kit can comprise reagents such as a
labeled or labelable nucleic acid or agent capable of detecting CD51 nucleic acid in a
biological sample; means for determining the amount of CDS51 nucleic acid in the

sample; and means for comparing the amount of CD51 nucleic acid in the sample with a
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. standard. The compound or agent can be packaged in a suitable container. The kit can

further comprise instructions for using the kit to detect CD51 protein mRNA or DNA.
c. Screening Method Using Nucleic Acids

[00136] Nucleic acid expression assays are useful for drug screening to identify

compounds that modulate CD51 nucleic acid expression.

[00137] The invention thus provides a method for identifying a compound that can be
used to treat a pancreatic tumor or cancer associated with differential expression of the
CDS51 gene. The method typically includes assaying the ability of the compound to
modulate the expression of CD51 nucleic acid and thus identifying a compound that can
be used to treat a disorder characterized by undesired CD51 nucleic acid expression. The

assays can be performed in cell-based and cell-free systems. Cell-baéed assays include
| cells naturally expressing CD51 nucleic acid or recombinant cells genetically engineered

to express specific nucleic acid sequences.

[00138] The assay for CD51 nucleic acid expression can involve direct assay of
nucleic acid levels, such as mRNA levels, or on collateral compounds involved in the
signal pathway. Further, the expression of genes that are up- or down-regulated in
response to the CD51 protein signal pathway can also be assayed. In this embodiment
the regulatory regions of these genes can be operably linked to a reporter gene such as

luciferase.

- [00139] Thus, modulators of CD51 gene expression can be identified in a method
wherein a cell is contacted with a candidate compound or agent and the expression of
mRNA determined. The level of expression of CD51 mRNA in the presence of the
candidate compound or agent is compared to the level of expression of CD51 mRNA in
the absence of the candidate compound or agent. The candidate compound can then be
identified as a modulator of nucleic acid expression based on this comparison and be
used, for example to treat a disorder characterized by aberrant nucleic acid expression.
When expression of mRNA is statistically significantly greater in the presence of the

candidate compound than in its absence, the candidate compound is identified as a
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stimulator of nucleic acid expression. When nucleic acid expression is statistically
significantly less in the presence of the candidate compound than in its absence, the

candidate compound is identified as an inhibitor of nucleic acid expression.
d. Methods of Monitoring Treatment

[00140] The nucleic acid molecules are also useful for monitoring the effectiveness of
modulating compounds or agents on the expression or activity of the CD51 gene in
clinical trials or in a treatment regimen. Thus, the gene expression pattern can serve as a '
barometer for the continuing effectiveness of treatment with the compound, particularly
w1th compounds to which a patlent can develop resistance. The gene expressmn pattern
can also serve as a marker mdlcatlve of a physiological response of the affected cells to
the compound. Accordmgly, such monitoring would allow either mcreased
 administration of the compound or the administration of alternative compounds to which
the patient has not become resistant. Similarly, if the level of nucleic acid expression
falls below a desirable level, administration of the compound could be commensurately

decreased.
e. Treatment Using Nucleic Acid

[00141] The nucleic-acid molecules are useful to design antisense constructs to control
CD51 gene expression in cells, tissues, and organisms. A DNA antisense nucleic acid
molecule is designed to be complementary to a region of the gene involved in
transcription, preventing transcription and hence production of CD51 protein. An
antisense RNA or DNA nucleic acid molecule would hybridize to the mRNA and thus
block translation of mRNA into CD51 protein.

[00142] The nucleic acid of the present invention may also be used to specifically
suppress gene expression by methods such as RNA interference (RNAi), which may also
include cosuppression and quelling. This and antisense RNA or DNA of gene
suppression are well known in the art. A review of this technique is found in Science
288:1370-1372, 2000. RNAI also operates on a post-transcriptional level and is sequence

specific, but suppresses gene expression far more efficiently than antisense RNA. RNAi
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fragments, particularly double-stranded (ds) RINAi, can be also used to generate loss-of-
function phenotypes.

[00143]  Alternatively, a class of antisense molecules can be used to inactivate mRNA
in order to decrease expression of CD51 nucleic acid. Accordingly, these molecules can
treat a disorder characterized by abnormal or undesired CD51 nucleic acid expression.
This technique involves cleavage by means of ribozymes containing nucleotide
sequences complementary to one or more regions in the mRNA that attenuate the ability
of the mRNA to be translated. Possible regions include coding regions and particularly
coding regions corresponding to the catalytic and other functional activities of the CD51

protein, such as substrate binding.

[00144] ‘The nucleic acid molecules can be used for gene therapy in patients containing:
cells that are.aberrant in CD51 gene expressmn Thus, recombmant cells, which mcludeﬁ
the patient’s cells that have been engineered ex vivo and returned to the patient, are -
introduced into an individual where the cells produce the desired CD51 protein to treat

the individual.

8. Diagnosis using CD51 Protein

Protein detections

[00145] The present invention provides methods for diagnosing or detecting’ the
differential presence of CD51 protein. Where CD51 is overexpressed in diseased cells,

CD51 protein is detected directly.

[00146] The information obtained is also used to determine prognosis and appropriate
course of treatment. For example, it is contemplated that individuals with a specific
CD51. expression or stage of pancreatic diseases may respond differently to a given
treatment that individuals lacking CD51 expression. The information obtained from the
diagnostic methods of the present invention thus provides for the personalization of

diagnosis and treatment.
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[00147] In one embodiment, the present invention provides a method for monitoring
pancreatic diseases treatment in a subject comprising: determining the level of CD51
protein or any fragment(s) or peptide(s) thereof in a test sample from said subject,
wherein a level of said CD51 protein similar to the level of said protein in a test sample
from a healthy subject, or the level established for a healthy subject, is indicative of

- successful treatment.

[00148] In another embodiment, the present invention provides a method for
diagnosing recurrence of pancreatic diseases following successful treatment in a subject
comprising: determining the level of CD31 protein or any fragment(s) or
peptide(s)thereof in a test sample from said subject; wherein a changed level of said
CD51 protein relative to the level of said protein in a test sample from a healthy subject,
or the level established for a healthy subject, is indicative of recurrence of pancreatic

diseases.

[00149] In yet another embodiment, the present invention provides a method for
diagnosing or detecting pancreatic diseases in a subject comprising: determining the level
of CD51 protein or any fragment or peptides thereof in a test sample from said subject;
wherein a differential level of said CDS51 protein relative to the level of said protein in a
test sample from a healthy subject, or the level established for a healthy subject, is

indicative of pancreatic diseases.

[00150] These methods are also useful for diagnosing diseases that show differential
protein expression. As describe earlier, normal, control or standard values or level
established from a healthy subject for protein expression are established by combining
body fluids or tissue, cell extracts taken from a normal healthy mammalian or human
subject with specific antibodies to a protein under conditions for complex formation.
Standard values for complex formation in normal and diseased tissues are established by
various methods, often photometric means. Then complex formation as it is expressed in
a subject sample is compared with the standard values. Deviation from the normal

standard and toward the diseased standard provides parameters for disease diagnosis or
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prognosis while deviation away from the diseased and toward the normal standard may

be used to evaluate treatment efficacy.

[00151] 1In yet another embodiment, the present invention provides a detection or
diagnostic method of CD51 by using LC/MS. The proteins from cells are prepared by
methods known in the art (for example, R. Aebersold Nature Biotechnology, Volume 21,
Number 6, June 2003). The differential expression of proteins in disease and healthy
samples are quantitated using Mass Spectrometry and ICAT (Isotope Coded Affinity
Tag) labeling, which is known in the art. ICAT is an isotope label technique that allows
for discrimination between two populations of proteins, such as a healthy and a disease
sample. The LC/MS spectra are collected for the labeled samples. The raw scans from the
LC/MS instrument are subjected to peak detection and noise reduction software. Filtered
peak lists are then used to detect “features’ corresponding to. specific peptides from the
original sample(s). Features are characterized by their mass/charge, charge, retention

time, isotope pattern and intensity.

[00152] The intensity of a peptide present in both healthy and disease samples can be
used to calculate the differential expression, or relative abundance, of the peptide. The
intensity of a peptide found exclusively in one sample can be used to calculate a
theoretical expression ratio for that peptide (singleton). Expression ratios are calculated
for each peptide of each replicate of the experiment. Thus overexpression or under
expression of CDS51 protein or peptide are similar to the expression pattern in a test
subject indicates the likelihood of having pancreatic diseases or diseases associated with

pancreas.

[00153] Immunological methods for detecting and measuring complex formation as a
measure of protein expression using either specific polyclonal or monoclonal antibodies
are known in the art. Examples of such techniques include enzyme-linked
immunosorbent assays (ELISAs), radioimmunoassays (RIAs), fluorescence-activated cell
sorting (FACS) and antibody arrays. Such immunoassays typically involve the
measurement of complex formation between the protein and its specific antibody. These

assays and their quantitation against purified, labeled standards are well known in the art
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(Ausubel, supra, unit 10.1-10.6). A two-site, monoclonal-based immunoassay utilizing
antibodies reactive to two non-interfering epitopes is preferred, but a competitive binding
assay may be employed (Pound (1998) Immunochemical Protocols, Humana Press,

Totowa N.J.). More immunological detections are described in section below.

[00154]  For diagnostic applications, the antibody or its variant typically will be labeled
with a detectable moiety. Numerous labels are available which can be generally grouped

into the following categories:

(@)  Radioisotopes, such as *S, 1C, °I, °H, and "*'I. The antibody variant
can be labeled with the radioisotope using the techniques described in Current Protocols
in Immunology, vol 1-2, Cohgen et al Ed, Wiley-Interscience, New York, Pubs. (1991)

for example and rad10act1v1ty can be measured us1ng scmtlllatlon countmg

(b)  Fluorescent labels such as rare earth chelates (europium chelates) or
fluorescein and its derivatives, rhodamine Aand its derivatives, dansyl, Lissamine,
phycoerythrin and Texas Red are available. The fluorescent labels can be conjugated to
the antibody variant using the techniques disclosed in Current Protocols in Immunology,

supra, for example. Fluorescence can be quantified using a fluorometer.

(©) Various - enzyme-substrate labels are' available and U.S. Pat. Nos.
4,275,149 and 4,318,980 provide a review of some of these. The enzyme generally
catalyzes a chemical alteration of the chromogenic substrate which can be measured
using various techniques. For example, the enzyme may catalyze a color change in a
substrate, which can be measured spectrophotometrically. Alternatively, the enzyme may
alter the fluorescence or chemiluminescence of the substrate. Techniques for quantifying
a change in fluorescence are deecribed above. The chemiluminescent substrate becomes
electronically excited by a chemical reaction and may then emit light which can be
measured (using a chemiluminometer, for example) or donates energy to a fluorescent
acceptor. Examples of enzymatic labels include luciferases (e.g., firefly luciferase and
bacterial luciferase; U.S. Pat. No. 4,737,456), luciferin, 2,3-dihydrophthalazinediones,
malate dehydrogenase, urease, peroxidase such as horseradish peroxidase (HRPO),

alkaline phosphatase, B-galactosidase, glucoamylase, lysozyme, saccharide oxidases (e.g., .
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glucose oxidase, galactose oxidase, and glucose-6-phosphate dehydrogenase),
heterocyclic oxidases (such as uricase and xanthine oxidase), lactoperoXidase,
microperoxidase, and the like. Techniques for conjugating enzymes to antibodies are
described in O’Sullivan et al, Methods for the Preparation of Enzyme-Antibody
Conjugates for Use in Enzyme Immunoassay, in Methods in Enzyme. (Ed. J. Langone &
H. Van Vunakis), Academic press, New York, 73: 147-166 (1981).

[00155] Sometimes, the label is indirectly conjugated with the antibody. The skilled
artisan will be aware of various techniques for achieving this. For example, the antibody
can be conjugated with biotin and any of the three broad categories of labels mentioned
above can be conjugated with avidin, or vice versa. Biotin binds selectively.to avidin and
thus, the label can be conjugated with the antibody in this indirect manner. Alternatively,
to achieve indirect conjugation of the label with the antibody, the antibody is conjugated.
~ with a small hapten (e.g. digoxin) and one of the different types of labels mentioned
above is conjugated with an anti-hapten antibody (e.g. anti-digoxin antibody). Thus,

indirect éonjugation of the label with the antibody can be achieved.

[00156] The biological samples can then be tested directly for the presence of CD51
by assays (e.g., ELISA or radioirhmunoassay) and format (e.g., microwells, dipstick, etc.,
as described in International Patent Publication WO 93/03367). Alternatively, proteins in
the sample can be size separated (e.g., by polyacrylamide gel electrophoresis (PAGE)), in
the presence or absence of sodium dodecyl sulfate (SDS), and the presence of CD51
detected by immunoblotting (e.g., Western blotting). Immunoblotting techniques are
generally more effective with antibodies generated against a peptide corresponding to an

epitope of a protein, and hence, are particularly suited to the present invention.

[00157] Antibody binding may be detected also by “sandwic » immunoassays,
immunoradiometric assays, gel diffusion precipitation reactions, immunodiffusion assays,
in situ immunoassays (e.g., using colloidal gold, enzyme or radioisotope labels, for
example), precipitation reactions, agglutination assays (e.g., gel agglutination assays,
hemagglutination assays, etc.), complement fixation assays, immunofluorescence assays,

protein A assays, and immunoelectrophoresis assays, etc.
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[00158] 1In one embodiment, antibody binding is detected by detecting a label on the
primary antibody. In another embodiment, the primary antibody is detected by detecting
binding of a secondary antibody or reagent to the primary antibody. In a further
embodiment, the secondary antibody is labeled. Many means are known in the art for
detecting binding in an immunoassay and are within the scope of the present invention.
As is well known in the art, the immunogenic peptide should be provided free of the
carrier molecule used in any immunization protocol. For example, if the peptide is
~ conjugated to KLH, it may be conjugated to BSA, or used directly, in a screening assay.
In some embodlments an automated detectlon assay is utilized. Methods for the
) automation of immunoassays are well known in the art (See e.g., U.S. Pat. Nos
5 885 ,930, 4,981,785, 6,159,750, and 5,358 ,691, each of which is herein incorporated by
V\ ,reference) In some embodlments ‘the analysns and presentatlon of results is also
automated. For example in some embodlments software that generates a progn051s

“based on the presence or absence of a seties of antlgens is utxhzed

[00159] Competitive binding assays rely on the ability of a labeled standard to
compete with the test sample for binding with a limited amount of antibody. The amount
of antigen in the test sample is inversely proportional to the amount of standard that
becomes bound to the antibodies. To facilitate determining the amount of standard that
becomes bound, the antibodies generally are insolubilized before or after the competition.
As a result, the standard and test sample that are bound to the antibodies may

conveniently be separated from the standard and test sample, which remain unbound.

[00160]  Sandwich assays involve the use of two antibodies, each capable of binding to
-a different immunogenic portion, or epitope, or the protein to be detected. In a sandwich
assay, the test sample to be analyzed is bound by a first antibody, which is immobilized
on a solid support, and thereafter a second antibody binds to the test sample, thus forming
an insoluble three-part complex. See e.g., U.S. Pat. Ne. 4,376,110. The second antibody
may itself be labeled with a detectable moiety (direct sandwich assays) or may be
measured using an anti-immunoglobulin antibody that is labeled with a detectable moiety
(indirect sandwich assay). For example, one type of sandwich assay is an ELISA assay,

in which case the detectable moiety is an enzyme.
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[00161] The antibodies may also be used for in vivo diagnostic assays. Generally, the
antibody is labeled with a radionucleotide (such as 111In, ? 9Tc, 14C, 1311, 3H, 32p or 3SS) SO
that the tumor can be localized using immunoscintiography. In one embodiment,
antibodies or fragaments thereof bind to the extracellular domains of two or more CD51

targets and the affinity value(Kd) is less than 1 x 10® M.

[00162] Antibodies for diagnostic use may be labeled with probes suitable for
detection by various imaging methods. Methods for detection of probes include, but are
not limited to, fluorescence, light, confocal and electron microscopy; magnetic resonance
imaging and spectroscopy; fluoroscopy, éomputed tomography and positron emission
tomography. Suitable probes include, but are not limited to, fluorescein, rhodamine,
eosin and other fluorophores, radioisotopes, gold, gédblinium and other lanthanides,.
paramagnetic iron, fluorine-18 and otherpositron-erhitting radionuclides. Additionally,
* probes may be bi- or multi-functional and be detectable Sy‘umore than one of the methods
listed. These antibodies may be diréctly or indirectly labeled with said probes.
Attachment of probes to the antibodies includes covalent attachment of the probe,
incorporation of the probe into the antibody, and the covalent attachment of a chelating

compound for binding of probe, amongst others well recognized in the art.

[00163] For immunohistochemistry, the disease tissue sample may be fresh or frozen
or may be embedded in paraffin and fixed with a preservative such as formalin (see
Example). The fixed or embedded section contains the sample are contacted with a
labeled primary antibody and secondary antibody, wherein the antibody is used to detect

CD51 protein expression in situ. The detailed procedure is shown in the Example.

[00164] Antibodies against CD51 protein or peptides are useful to detect the
presence of one of the proteins of the present invention in cells or tissues to determine the
pattern of expression of the protein among various tissues in an organism and over the

course of normal development.

[00165] Further, such antibodies can be used to detect protein in situ, in vitro, or in a
cell lysate or supernatant in order to evaluate the abundance and pattern of expression.

Also, such antibodies can be used to assess abnormal tissue distribution or abnormal
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expression during development or progression of a biological condition. Antibody
detection of circulating fragments of the full length protein can be used to identify

turnover.

[00166] Further, the antibodies can be used to assess expressioh in disease states such
as in active stages of the disease or in an individual with a predisposition toward disease 4
related to the protein’s function. When a disorder is caused by an inappropriate tissue
distribution, developmental expression, level of expression of the protein, or
expressed/processed form, the antibody can be prepared against the normal protein.
Experimental data as provided in Table 1 indicates expression in human pancreatic cell
lines. If a disorder is characterized by a specific mutation. in the protein, antibodies
specific for this mutant protein can be used to assay for the. presence .of the specific:

mutant protein. .

[00167]‘ | Thé antibodies can also be used.to assess normal énd aberrant subcellular -
localization of cells in the various tissues in an organism. Experimenfal data as provided
in Table 1 indicates expression in humap pancreatic cell lines. The diagnostic uses can
'be applied, not only in genetic testing, but also in monitoring a treatment modality.
Accordingly, where treatment is ultimately aimed at correcting expression level or the
presence of aberrant sequence and aberrant tissue distribution or developmental -
expression, antibodies directed against the protein or relevant fragments can be used to
monitor therapeutic efficacy. More detection and diagnostic methods are described in -

detail below.

[00168] Additionally, antibodies are useful in pharmacogenomic analysis. Thus,
antibodies prepared against polymorphic proteins can be used to identify individuals that
require modified treatment modalities. The antibodies are also useful as diagnostic tools, -
as an immunological marker for aberrant protein analyzed by electrophoretic mobility,
isoelectric point, tryptic peptide digest, and other physical assays known to those in the |
art.
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[00169] The antibodies are also useful for tissue typing. Where a specific protein has
been correlated with expression in a specific tissue, antibodies that are specific for this

protein can be used to identify a tissue type.

[00170] The invention also encompasses kits for using antibodies to detect the
presence of a protein in a biological sample. The kit can comprise antibodies such as a
labeled or labelable antibody and a compound or agent for detecting protein in a
biological sample; means for determining the amount of protein in the sample; means for
comparing the amount of protein in the sample with a standard; and instructions for use.
Such a kit can be supplied to detect a single protein or epitope or can be configured to
 detect one of a multitude of epitopes, such as in an antibody detection array. Arrays are
- described in- detail below for nucleic acid arrays and similar methods have been

- developed for-antibody arrays.

9. Methods of Treatment Based on CD51 Protein

a. Antibody therapy

[00171} The antibody of the present invention can be used for therapeutic reasons. It
is contemplated that the antibody of the present invention may be used to treat a mammal,

preferably a human with a pancreatic disease.

[00172] In general, the antibddies are also useful for inhibiting protein function, for
example, blocking the binding of CD51 protein or peptide to a binding partner such as a
substrate. These uses can also be applied in a therapeutic context in which treatment
involves inhibiting the protein’s function. An antibody can be used, for example, to block
binding, thus modulating (agonizing or antagonizing) the peptides activity. Antibodies can
be prepared against specific fragments containing sites required for function or against intact
protein that is associated within a cell or cell membrane. The functional blocking assays are

provided in detail in the Examples.

[00173] The antibodies of present invention can also be used as means of enhancing

the immune response. The antibodies can be administered in amounts similar to those
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used for other therapeutic administrations of antibody. For example, pooled gamma

globulin is administered at a range of about 1 mg to about 100 mg per patient.

[00174]  Antibodies reactive with the protein or peptides of CD51 can be administered
alone or in conjunction with other anti-cancer therapies to a mammal afflicted-with
pancreatic diseases or cancer. Examples of anti-cancer therapies include, but are not
limited to, chemotherapy, radiation therapy, and adoptive immunotherapy therapy with
- TIL (Tumor Infiltration Lymphocytes).

‘ [00175] The selection of an antibody subclass for therapy will depend upon the nature

| of the antigen to be acted upon. For example, an IgM may be preferred in suuatxons

| where the antlgen 1s ‘highly specxﬁc for the dlseased target and rarely occurs on normal‘

cells. However where the dlsease-assomated antlgen is also expressed in normal tlssues

| although at much lower levels the IgG subclass may be preferred, since the binding of at'
least two IgG molecules in close proximity is required to activate complement, less
complement medjated damage may occur in the normal tissues which express smaller
amounts of the antigen and, therefore, bind fewer IgG antibody molecules. Furthermore,
IgG molecules by being smaller may be more able than IgM molecules to localize to the

diseased tissue.

[00176] The mechanism for antibody therapy is that the therapeutic antibody
recognizes a cell surface protein or a cytosolic protein that is expressed or preferahly,
- overexpressed in a diseased cell. By NK cell or complement activation, or conjugation of
the antibody with an immunotoxin or radiolabel, the interaction can abrogate

ligand/receptor interaction or activation of apoptosis.

[00177]  The potential mechanisms of antibody-mediated cytotoxicity of diseased cells
are phagocyte (antibody dependent cellular cyfotoxicity (ADCC)) (see Example),
complement (Complement-mediated cytotoxicity (CMC)) (see Example), naked antibody
(receptor cross-linking apoptosis and growth factor inhibition), or targeted payload

labeled with radionuclide or immunotoxins or immunochemotherapeutics.
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[00178] In one embodiment, the antibody is administered to a nonhuman mammal for
the purposes of obtaining preclinical data, for example. Exemplary nonhuman mammals
to be treated include nonhuman primates, dogs, cats, rodents and other mammals in
which preclinical studies are performed. Such mammals may be established animal
models for a disease to be treated with the antibody or may be used to study toxicity of
the antibody of interest. In each of these embodiments, dose escalation studies may be

performed on the mammal.

[00179] The antibody is administered by any suitable means, including‘parenteral,
subcutaneous, intraperitoneal, intrapulmonary, and intranasal, and, if desired for local
immunosuppi'essive treatment, intralesional administration. Parenteral infusions include
intramuscular, -intravenous, intraarterial, ihtfapéritoneal, or subcutaneous administration:.
In addition, the antibody variant is suitably administered by pulse infusion, particularly.
with dechmng doses of the antlbody variant. Preferably the dosing is given by injections,

most preferably intravenous or subcutaneous 1nject10ns depending in part on whether the

administration is brief or chronic.

[00180] For the prevention or treatment of a disease, the appropriate dosage of the
antibody will depend on the type of disease to be treated, the severity and the course of
the disease, whether the antibody is administered for preventive or therapeutic purposes,
previous therapy, the patient’s clinical history and response to the antibody, and the

discretion of the attending physician.

[00181] Depending on the type and severity of the disease, about 1 pg/kg to 150
mg/kg (e.g., 0.1-20 mg/kg) of antibody is an initial candidate dosage for administration to
the patient, whether, for example, by one or more separate administrations, or by
continuoué infusion. A typical daily dosage might range from about 1 pg/kg to 100
mg/kg or more, depending on the factors mentioned above. For repeated administrations
over several days or longer, depending on the condition, the treatment is sustained until a
desired suppression of disease symptoms occurs. However, other dosage regimens may
be useful. The progress of this therapy is easily monitored by conventional techniques

and assays.
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[00182] The antibody composition will be formulated, dosed and administered in a
manner consistent with good medical practice. Factors for consideration in this context
include the particular disorder being treated, the particular mammal being treated, the
clinical condition of the individual patient, the cause of the disorder, the site of delivery
of the agent, the method of administration, the scheduling of administration, and other

factors known to medical practitioners.

[00183] The therapeutically effective amount of the antibody to be administered will
be governed by such considerations, and is-the minimum amount necessary to prevent,
ameliorate, or treat a disease or disorder. The antibody may optionally be formulated with

one or more agents currently used to prevent or treat the disorder in question.

« [00184] Sultable agents in this regard mclude radlonuchdes differentiation mducers

‘drugs, tomns and derivatives thereof. Preferred radionuclides include Oy, 123, 1257 Bl
18Re, 18Re 2'At, and 22 Bi. Preferred drugs mclude 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

[001851 A therapeutic agent may be coupled (e.g., covalently bonded) to a suitable
antibody either directly or indirecfly (e.g., via a linker group). A direct reaction between
an agent and an antibody is possible when each possesses a substituent capéble 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-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.

[00186] '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
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may also facilitate the use of agents, or functional groups on agents, which otherwise

would not be possible.

[00187] 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, I11.), may be employed as the linker group.
Coupling may be affected, for example, through amino groups, carboxyl groups,
sulthydryl groups or oxidized carbohydrate residues. There are numerous references
describing such methodology, e.g. U.S. Pat. No. 4,671,958, to Rodwell et al.

[00188] Where a therapeutlc 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 durlng or upon internalization into a cell A number of different
cleavable linker groups have been described. The mechamsms for the intracellular release
of an agent from these linker groups include cleavage by reduction of a disulfide bond
(e.g., US. Pat. No. 4,489,710, to Spitler), by irradiation of a photolabile bond (e.g., U.S.
Pat. No. 4,625,014, to Senter et al.), by hydrolysis of derivatized amino acid side chains
(e.g., U.S. Pat. No. 4,638,045, to Kohn et al.), by serum complement-mediated hydrolysis
(e.g., U.S. Pat. No. 4,671,958, to Rodwell et al.), and acid-catalyzed hydrolysis (e.g., U.S.
Pat. No. 4,569,789, to Blattler et al.).

[00189] 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 as described above.
b. Other immunotherapy

[00190] Peptides derived from the CD51 protein sequence may be modified to
increase their immunogenicity by enhancing the binding of the peptide to the MHC
molecules in which the peptide is presented. The peptide or modified peptide may be:

conjugated to a carrier molecule to enhance the antigenicity of the peptide. Examples of
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carrier molecules, include, but are not limited to, human albumin, bovine albumin,
lipoprotein and keyhole limpet hemo-cyanin (“Basic and Clinical Immunology” (1991)
Stites, D. P. and Terr A. 1. (eds) Appleton and Lange, Norwalk Conn., San Mateo, Calif.).

[00191] An “immunogenic peptide” is a peptide, which comprises an allele-specific
motif such that the peptide will bind the MHC allele (HLA in human) and be capable of
inducing a CTL (cytotoxic T-lymphocytes) response. Thus, immunogenic peptides are
capable of binding to an appropriate class I or Il MHC molecule and inducing a cytotoxic
T cell or T helper cell response against the antigen from which the immunogenic peptide

" is derived.

[00192]  Alternatively, amino acid sequence variants of the peptide can be prepared by
altering the nucleic acid sequence of the DNA which encodes the peptide, or by peptide
.-synthesis. At the genetic level, these variants ordinarﬂyaré prepared. by site-directed
mutagenesis -of nucleotides in the DNA encoding the peptide “molecule, thereby
producing DNA encoding the variant, and thereafter expressing the DNA in recombinant
cell culture. The variants typically exhibit the same qualitative biological activity as the

nonvariant peptide.

[00193] The recombinant or natural protein, peptides, or fragment thereof of CD51, or
modified peptides, may be used as a vaccine either prophylactically or therapeutically.
When provided prophylactically the vaccine is provided in advance of any evidence of
pancreatic diseases, particularly, cancer. The prophylactic administration of the
pancreatic disease vaccine should serve to prevent or attenuate pancreatic diseases,

preferably cancer, in a mammal.

[00194] Preparation of vaccine uses recombinant protein or peptide expression vectors:
comprising a nucleic acid sequence encoding all or part of the CD51 protein. Examples
of vectors that may be used in the aforementioned vaccines include, but are not limited
to, defective retroviral vectors, adenoviral vectors vaccinia viral vectors, fowl pox viral
vectors, or other viral vectors (Mulligan, R. C., (1993) Science 260:926-932). The vectors
can be introduced into a mammal either prior to any evidence of the pancreatic diseases

or to mediate regression of the disease in a mammal afflicted with pancreatic diseases.
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Examples of methods for administering the viral vector into the mammals include, but are
not limited to, exposure of cells to the virus ex vivo, or injection of the retrovirus or a
producer cell line of the virus into the affected tissue or intravenous administration of the
virus. Alternatively the vector may be administered locally by direct injection into the
cancer lesion or topical application in a pharmaceutically acceptable carrier. The quantity
of viral vector, carrying all or part of the CD51 nucleic acid sequence, to be administered
is based on the titer of virus particles. A preferred range may be about 10° to about 10!

virus particles per mammal, preferably a human.

[00195] After immunization the efficacy of the vaccine can be assessed by the
production of antibodies or immune cells that recognize the antigen, as assessed by
specific lytic activity or specific cytokiﬁe production or by tumor regression. One skilled
* in the art would know the conventronal methods to assess the aforemen‘uoned parameters '
ﬁ' If the mammal to be lmmunlzed is a]ready affhcted with cancer the vaccine can be
“ ;.admlmstered in conjunction with other therapeutlc treatments Examples of other
therapeutic treatments includes, but are not limited to, adoptive T cell immunotherapy,

coadministration of cytokines or other therapeutic drugs for cancer.

[00196]  Alternatively all or parts thereof of a substantially or partially purified the
CD51 protein or their peptides may be administered as a vaccine in a pharmaceutically
acceptable carrier. Ranges of the protein that may Be administered are about 0.001 to
about 100 mg per patient, preferred doses are about 0.01 to about 100 mg per patient.
Immunization may be repeated as necessary, until a sufficient titer of anti-immunogen

antibody or immune cells has been obtained.

[00197] In yet another alternative embodiment a viral vector, such as a retroviral
vector, can be introduced into mammalian cells. Examples of mammalian cells into
which the retroviral vector can be introduced include, but are not limited to, primary
mammalian cultures or continuous mammalian cultures, COS cells, NIH3T3, or 293 cells
(ATTC #CRL 1573), dendritic cells. The means by which the vector carrying the gene
may be introduced into a cell includes, but is not limited to, microinjection,

electroporation, transfection or transfection using DEAE dextran, lipofection, calcium
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phosphate or other procedures known to one skilled in the art (Sambrook et al. 3rd. ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, (2001).

[00198] The vaccine formulation of the present invention comprises an immunogen
that induces an immune response directed against the cancer associated antigen such as
CD51 protein, and in nonhuman primates and finally in humans. The safety of the
immunization procedures is determined by looking for the effect of immunization on the
general health of thé immunized animal (weight change, fever, appetite behavior etc.) and
looking for pathological changes on autopsies. After initial testing in animals, cancer
patients can be tested. Conventional methods would be used to evaluate the immune

response of the patient to determine the efficiency of the vaccine.

[001”9?] In one embodiment mammals},l preferébij} human, at high risk for pancreatic
d:is.ease‘sk,' .particdlarly cancer, are prophylactically. treated with the vaccines of 'Léhis ;
invéntioﬁ. Examples include, but are not limited to, humans with a family history of ..
pancreatic diseases, humans with a history of pancreatic diseases, particular cancer, or
humans afflicted with pancreatic cancer previously resected and therefore at risk-for
reoccurrence. When provided therapeutically, the vaccine is provided to enhance the
patient’s own immune response to the diseased antigen present on the pancreatic diseases
or advanced stage of pancreatic diseases. The vaccine, which acts as an immunogen, may
be a cell, cell lysate from cells transfected with a recombinant expression vector, or a -
culture supernatant containing the expressed protein. Alternatively, the immunogen isa
partially or substantially purified recombinant protein, peptide or analog thereof or
modified peptides or analogs thereof. The proteins or peptides may be conjugated with

lipoprotein or administered in liposomal form or with adjuvant.

[00200] While it is possible for the immunogen to be administered in a pure or
substantially pure form, it is preferable to present it as a pharmaceutical composition,

formulation or preparation, as discussed hereinabove.

[00201] Vaccination can be conducted by conventional methods. For example, the
immunogen can be used in a suitable diluent such as saline or water, or complete or

incomplete adjuvants. Further, the immunogen may or may not be bound to a carrier to
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make the protein immunogenic. Examples of such carrier moleculeé include but are not
limited to bovine serum albumin (BSA), keyhole limpet hemocyanin (KLH), tetanus
toxoid, and the like. The immunogen also may be coupled with lipoproteins or
administered in liposomal form or with adjuvants. The immunogen can be administered
by any route-appropriate for antibody production such as intravenous, intraperjtoneal,
intramuscular, subcutaneous, and the like. The immunogen may be administered once or
at periodic intervals until a significant titer of anti-CD51 immune cells or anti-CD51
antibody is produced. The presence of antl-CDSl immune cells may be assessed by
measuring the frequency of precursor CTL (cytotoxw T-lymphocytes) against CD51
antigen prior to and after immunization by a CTL precursor analy51s assay (Coulie, P. et
al., (1992) Internatlon_al Journal Of Cancer 50:289-297). The antibody may be detected in

the serum usirig the immunoassay described above.

' [66202] The safety of the immunization procedures is determlned by exammmg the
effect of immunization on the general health of the immunized animal (fever, change in
weight, appetite, behavior etc.) and pathological changes on autopsies. After initial
testing in animals, human patients can be tested. Conventional methods would be used to

evaluate the immune response of the patient to determine the efficiency of the vaccine. -

[00203] In yet another embodiment of this invention all, part, or parts of the CD51
protein or peptides or fragments thereof, or modified peptides, may be exposed to
dendritic cells cultured in vitro. The cultured dendritic cells provide a means of producing
T-cell dependent antigens comprised of dendritic cell modified antigen or dendritic cells
pulsed with antigen, in which the antigen is processed and expressed on the antigén
activated dendritic cell. The CD51 antigen activated dendritic cells or processed dendritic
cell antigens may be used as immunogens for vaccines or for the treatment of pancreatic
di‘seases, particularly pancreatic cancer. The dendritic cells should be exposed to the
antigen for sufficient ﬁme to allow the antigens to be internalized and presented on the
dendritic cells surface. The resulting dendritic cells or the dendritic-cell processed
antigens can then be administered to an individual in need of therapy. Such methods are
described in Steinman et al. (W093/208185) and in Banchereau et al. (EPO Application
0563485A1).
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[00204] In yet another aspect of this invention T-cells isolated from individuals can be
exposed to CD51 protein, peptides or fragment thereof, or modified peptides in vitro and
then administered to a patient in need of such treatment in a therapeutically effective
amount. Examples of where T-lymphocytes can be isolated include but are not limited to,
peripheral blood cells lymphocytes (PBL), lymph nodes, or tumor infiltrating
lymphocytes (TIL). Such lymphocytes can be isolated from the individual to be treated or
from a donor by methods known in the art and cultured in vitro (Kawakami, Y. et al.
(1989) J. Immunol. 142: 2453-3461). Lymphocytes are cultured in media such as RPMI
or RPMI 1640 or AIM V for 1-10 weeks. Viability is assessed by trypanAblue dye
exclusion assay. Examples of how these sensitized T-cells can be aciministered to the
mammal include but are not limited to, intravenously, intraperitoneally or intralesionally.
Parameters that may be assessed to determine the efficacy of these sensitized T-
lymphocytes include, but are not limited to, production of immune cells in the mammal ..
being treated or tumor regression. Conventional methods are used to assess these
parameters. Such treatment can be given in conjunction with cytokines or gene modified
cells (Rosenberg, S. A. et al. (1992) Human Gene Therapy, 3: 75-90; Rosenberg, S. A. et
al. (1992) Human Gene Therapy, 3: 57-73).

[00205]  The present invention is further described by the following examples, which :
are provided solely to illustrate the invention by reference to specific embodiments. This
exemphﬁcatlon while illustrating certain aspects of the mventlon does not offer the

limitations or circumscribe the scope of the disclosed invention.

10. __ Screening Methods Using Proteins

[00206] The CDS1 protein and polypeptide can be used to identify compounds or
agents thaf modulate CD51 activity of the protein in its natural state or an altered form
that causes a specific disease or pathology associated with CD51. Both CD51 of the
present invention and appropriate variants and fragments can be used in high-throughput
screens to assay candidate compounds for the ability to bind to CD51. These compounds
can be further screened against functional CD51 to determine the effect of the compound

on CD51 activity. Further, these compounds can be tested in animal or invertebrate
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systems to determine activity/effectiveness. Compounds can be identified that activate

(agonist) or inactivate (antagonist) CD51 to a desired degree.

[00207] Both CD51 of the present invention and appropriate variants and fragments
can be used in high-throughput screening to assay candidate compounds for the ability to
bind to CDS1. These compounds can be further screened against functional CD51 to
determine the effect of the compound on CD51 activity. Further, these compounds can
be tested in animal or invertebrate systems to determine activity/effectiveness.
Compounds can be identified that activate (agonist) or inactivate (antagonist) CD51 to a

-desired degree.

[00208] - Further, the proteins of the present invention can be used to screen a
compound or an agent for the ability to stimulate or inhibit interaction between CD51
protéin and a molecule that normally interacts with CD51 protein, e.g. a substrate or-an
- extracellular ‘binding ligand or a component of the signal pathway that CD51 protein
| normally interacts (for example, a cytosolic signal protein). Stch assays typically iﬁclude
the steps of combining CD51 protein with a candidate compound under conditions that
allow CD51 protein, or fragment, to interact with the target molecule, and to detect the
formation of a complex between the protein and the target or to detect the biochemical
.consequence of the interaction with CD51 protein and the target, such as any of the
associated effects of signal transduction such as protein phosphorylation, cAMP turnover,

and adenylate cyclase activation, etc.

[00209] Candidate compounds or agents include 1) peptides such as soluble peptides,
including Ig-tailed fusion peptides and members of random peptide libraries (see, e.g.,
Lam et al., Nature 354:82-84 (1991); Houghten et al., Nature 354:84-86 (1991)) and
combinatorial chemistry-derived molecular libraries made of D- and/or L- configuration
amino acids; 2) phosphopeptides (e.g., members of random and partially degenerate,
directed phosphopeptide libraries, see, e.g., Songyang et al., Cell 72:767-778 (1993)); 3)
antibodies (e.g., polyclonal, monoclonal, humanized, anti-idiotypic, chimeric, and single

chain antibodies as well as Fab, F(ab")2, Fab expression library fragments, and epitope-
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binding fragments of antibodies); and 4) small organic and inorganic molecules (e.g.,

molecules obtained from combinatorial and natural product libraries).

[00210] One candidate compound or agent is a soluble fragment of CD51 that
competes for substrate binding. Other candidate compounds include mutant CD51 or
appropriate fragments containing mutations that affect CD51 function and thus compete
for substrate. Accordingly, a fragment that competes for substrate, for example with a
higher affinity, or a fragment that binds substrate but does not allow release, is

encompassed by the invention.

[00211]  Any of the biological or biochemical functions mediated by CD51 can be used
as an endpoint assay to identify an agent that modulates CD51 activity. These include all
of the biochemical or biochemical/biological events described herein, in the references,
cited ‘herein, incorporated by reference for these endpoint assay targets, and othet
functions known to those of ordinary skill in the art or that can be readily identified.-

Specifically, a biological function of a cell or tissues that expresses CD51 can be assayed.

[00212] A substrate-binding region can be used that interacts with a different substrate
than one which is recognized by the native CD51. Accordingly, a different set of signal
transduction components is available as an end-point assay for activation. This allows for

assays to be performed in other than the specific host cell from which CD51 is derived.

[00213]  Competition binding assays may also be used to discover compounds: that
interact with CD51 (e.g. binding partners and/or ligands). Thus, a compound is exposed
to CDS51 polypeptide under conditions that allow the compound to bind or to otherwise
interact with the polypeptide. Soluble CD51 polypeptide is also added to the mixture. If
the test compound interacts with the soluble CD51 polypeptide, it decreases the amount
of .complex formed or activity from CDSI. This typé of assay is particularly useful in
cases in which compounds are sought that interact with specific regions of CD51. Thus,
the soluble polypeptide that competes with the target CD51 région is designed to contain

peptide sequences corresponding to the region of interest.
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[00214] To perform cell free drug screening assays, it is sometimes desirable to
immobilize either the CD51 protein, or fragment, or its target molecule to facilitate
separation of complexes from uncomplexed forms of one or both of the proteins, as well

as to accommodate automation of the assay.

[00215] Techniques for immobilizing proteins on matrices can be used in the drug
screening assays. In one embodiment, a fusion protein can be provided which adds a
domain that -allows the protein to be bound to a matrix. For example, glutathione-S-
transferase fusion proteins can be adsorbed onto glutathione SEPHAROSE beads (Sigma
Chemical, St. Louis, MO) or glutathione derivatized microtitre plates, which are then
combined with the cell lysates (e.g., *° S-labeled) and the candidate compound, and the
mixture incubated under conditions conducwe to complex formation (e.g., at:
physmloglcal ‘conditions for salt and pH). Followmg lncubatlon the beads are washed to
(remove any unbound label, and the matrix lmmoblllzed and radiolabel determlned‘
dlrectly, or in the supernatant after the complexes are dissociated. Alternatively, the
complexes can be dissociated from the matrix, separated by SDS-PAGE, and the level of
CD51-binding protein found in the bead fraction quantitated from the gel using standard
electrophoretic techniques. For example, either the polypeptide or its target molecule can
be immobilized utilizing conjugation of biotin and streptavidin using techniques well
known in the art. Alternatively, antibodies reactive with the protein but which do not
interfere with binding of the protein to its target molecule can be derivatized to the wells
of the plate, and the protein trapped in the wells by antibody conjugation. Preparations of
CD51-binding protein and a candidate compound are incubated in CD51 protein-
presenting wells and the amount of complex trapped in the well can be quantitated.
Methods for detecting such complexes, in addition to those described above for the GST-
immobilized  complexes, include immunodetection of complexes using antibodies
reactive with the CD51 protein target molecule, or which are reactive with CD51 protein
and compete with the target molecule, as well as CD51-linked assays which rely on

detecting an enzymatic activity associated with the target molecule.

[00216] Agents that modulate CDS51 of the present invention can be identified using

one or more of the above assays, alone or in combination. It is generally preferable to
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use a cell-based or cell free system first and then confirm activity in an animal or other
model system. Such model systems are well known in the art and can readily be

employed in this context.

[00217] In yet another aspect of the invention, CD51 protein can be used as a “bait
protein” in a two-hybrid assay or three-hybrid assay (see, e.g., U.S. Patent No. 5,283,317;
Zervos et al. (1993) Cell 72:223-232; Madura et al. (1993) J. Biol. Chem. 268:12046-
12054; Bartel et al. (1993) Biotechniques 14:920-924; Iwabuchi et al. (1993) Oncogene
8:1693-1696; and Brent W(094/10300), to identify other proteins, which bind to or
interact with CDS51 and are involved in CD51 activity. Such CD51-binding proteins are
also likely to be involved in the propagation of signals.by CD51 protein or CD51 targets
as, for example, downstream elements of a CD51-mediated signaling pathway.

Alternatively, such CD51-bindin g proteins are likely to be CD51 inhibitors.

[00218] | The two-hybrid system is based on the modular nature of most transcription’
factors, which consist' of separable DNA-binding and activation domains. Briefly, the
assay utilizes two different DNA constructs. In one construct, the gene that codes for
CD51 protein is fused to a gene encoding the DNA binding domain of a known
transcription factor (e.g., GAL-4). In the other construct, a DNA sequence, from a library
of DNA sequences that encode an unidentified protein (“prey” or “sample™) is fused to a
gene that codes for the activation domain of the known transcription factor. If the “bait”
and the “prey” proteins are able to interact, in vivo, forming a CD51-dependent complex,
the DNA-binding and activation domains of the transcription factor are brought into close
proximity. This proximity allows transcription of a reporter gene (e.g., LacZ) which is
operably linked to a transcriptional regulatory site responsive to the transcription factor.
Expression of the reporter gene can be detected and cell colonies containing the
functional transcription factor can be isolated and used to obtain the clbned gene which

encodes the protein which interacts with CD51 protein.
Array:

[00219]  “Array” refers to an ordered arrangement of at least two transcripts, proteins

or peptides, or antibodies on a substrate. At least one of the transcripts, proteins, or
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antibodies represents a control or standard, and the other transcript, protein, or antibody is
of diagnostic or therapeutic interest. The arrangement of at least two and up to about
40,000 transcripts, proteins, or antibodies on the substrate assures that the size and signal
intensity of each labeled complex, formed between each transcript and at least one
nucleic acid, each protein and at least one ligand or antibody, or each antibody and at

least one protein to which the antibody specifically binds, is individually distinguishable.

[00220]  An “expression profile” is a representation of gene expression in a sample. A
nucleic acid expression profile is produced using sequencing, hybridization, or
amplification technologies using transcripts from a sample. A protein expression profile,
although time delayed, mirrors the nucleic acid expression profile and is produced using
gel electrophoresis, mass spectrometry, or an array and labeling moieties or antibodies
which specifically bind the pr0€ein The nucleic acids, proteins; or antibodies specifically
binding the protem may be used in solution or attached to a substrate, and their detection

is based on methods well known in the art.

[00221] A substrate includes but is not limited to, paper, nylon or other type of

membrane, filter, chip, glass slide, or any other suitable solid support.

[00222]  The present invention also provides an antibody array. Antibody arrays have
allowed the development of techniques for high—throughpﬁt screening of recombinant
antibodies. Such methods use robots to pick and grid bacteria containing antibody genes,
and a filter-based ELISA to screen and identify clones that express antibody fragments.
Because liquid handling is eliminated and the clones are arrayed from master stocks, the
same antibodies can be spotted multiple times and screened against multiple antigens
simultaneously. For more information, see de Wildt et al. (2000) Nat. Biotechnol.
18:989-94.

[00223]  The array is prepared and used according to the methods described in U.S.
Patent No. 5,837,832, Chee et al., PCT application W095/11995 (Chee et al.), Lockhart,
D. J. et al. (1996; Nat. Biotech. 14: 1675-1680) and Schena, M. et al. (1996; Proc. Natl.
Acad. Sci. 93: 10614-10619), US Patent No. 5,807,522, Brown et al., all of which are

incorporated herein in their entirety by reference.
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[00224]  In one embodiment, a nucleic acid array or a microarray, preferably composed
of a large number of unique, single-stranded nucleic acid sequences, usually either
synthetic antisense oligonucleotides or fragments of cDNAs, fixed to a solid support. The
oligonucleotides are preferably about 6-60 nucleotides in length, more preferably 15-30

nucleotides in length, and most preferably about 20-25 nucleotides in length.

[00225] In order to produce oligonucleotides to a known sequence for an array, the
gene(s) of interest (or an ORF identified from the contigs of the present invention) is
‘typically examined using a computer algorithm which starts at the 5° or at the 3’ end of
the nucleotide sequence. Typical algorithms will then identify oligomers'of defined
length that are unique to the gene, have a.GC content within a range suitable for
~+ hybridization, and lack predicted. secondary structure that may. interfere with
hybridization. In certain situations it may be appropriate to. use pairs of oligonucleotides .
on an array. The “pairs” will be identical, except for oné nucleotide that preferably is
located in the center of the sequénce. The second oligonucleotide in the pair
(mismatched by one) serves as a control. The number of oligonucleotide pairs may range
from two to one million. The oligomers are synthesized at designated areas on a
_substrate using a light-directed chemical process, wherein the substrate may be paper,
nylon or other type of membrane, filter, chip, glass slide or any other suitable solid

support as described above.

[00226] In another aspect, an oligonucleotide may be synthesized on the surface of the
substrate by using a chemical coupling procedure and an ink jet application apparatus, as
described in PCT application W095/251116 (Baldeschweiler et al.) which is incorporated

herein in its entirety by reference.

[00227] A gene expression profile comprises the expression of a plurality of
transcripts as measured by after hybridization with a sample. The transcripts of the
invention may be used as elements on an afray to produce a gene expression profile. In
one embodiment, the array is used to diagnose or monitor the progression of disease.
Researchers can assess and catalog the differences in gene expression between healthy

and diseased tissues or cells.
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[00228] For example, the transcript or probe may be labeled by standard methods and
added to a biological sample from a patient under conditions for the formation of
hybridization complexes. After an incubation period, the sample is washed and the
amount of label (or signal) associated with hybridization complexes, is quantified and
compared with a standard value. If complex formation in' the patient sample is
significantly altered (higher or lower) in comparison to either a normal or disease

'standard, then differential expression indicates the presence of a disorder.

[00229] In order to provide standards for establishing differential expression, normal
and disease expression profiles are established:: This is accomplished by combining a
.. sample taken from normal subjects, either animal or human or nonmammal, with a
-, transcript under conditions for hybridization to occur.:Standard hybridization complexes
~may be.quantified by comparing the values obtained using normal subjects with. values
- from an experiment in which a known amount of a purified sequence-is used: Sténdard
values obtained in this manner may be compared with values obtained from sampies from
patients who were diagnosed with a particular condition, disease, or disorder. Deviation
from standard values toward those associated with a particular disorder is used to

diagnose that disorder.

[00230] By analyzing changes in patterns of gene expression, disease can be diagnosed
at earlier stages before the patient is symptomatic. The invention can be used to formulate
a prognosis and to design a treatment regimen. The invention can also be used to monitor
the efficacy of treatment. For treatments with known side effects, the array is employed
to improve the treatment regimen. A dosage is established that causes a change in genetic
expression patterns indicative of successful treatment. Expression patterns associated

with the onset of undesirable side effects are avoided.

[00231] In another embodiment, animal models which mimic a human disease can be
used to characterize expression profiles associated with a particular condition, disease, or
disorder; or treatment of the condition, disease, or disorder. Novel treatment regimens
may be tested in these animal models using arrays to establish and then follow expression

profiles over time. In addition, arrays may be used with cell cultures or tissues removed
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from animal models to rapidly screen large numbers of candidate drug molecules,
looking for ones that produce an expression profile similar to those of known therapeutic
drugs, with the expectation that molecules with the same expression profile will likely
have similar therapeutic effects. Thus, the invention provides the means to rapidly

determine the molecular mode of action of a drug.

[00232] Such assays may also be used to evaluate the efficacy of a particular
therapeutic treatment regimen in animal studies or in clinical trials or to monitor the
treatment: of an individual patient. Once the presence of a condition is established and- a -
treatment protocol is initiated, diagnostic assays may be repeated on a regular basis to -
determine if the level of expression in the patient begins to.approximate that which is
observed in.a normal subject. The results obtained from successive assays may be used to

:show: the efficacy of treatment over a period ranging from several days to years. -
WORKING EXAMPLES:

1. Pancreatic cell line model system

[00233] Analysis of gene expression in various pancreatic cancer cell lines as well as
pancreatic duct epithelial tissue has shown that the cell line Hs766T correlates well with
normal tissue. For this reason, this cell line is reported in the literature as being a good -

surrogate for normal tissue in analyses of differential expression between pancreatic -

adenocarcinoma (and derived tumor lines) and normal tissue (or surrogate, Hs766T). The -

model system employed here involves the use of Hs766T as a “normal” reference to

which cell surface expression in tumor derived cell lines is compared.

[00234] Differentially expressed CD51 and candidate modulators are validated in
various tissues, cancer and normal pancreas and cell lines, to confirm that they are
differentially expressed. Details of the pancreatic tumor cell lines that are used for this

study, as well as the pancreatic line Hs766T are provided in Table 1 below.
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2. Pancreatic cancer cell line culture

[00235]  Cell lines are grown in a culturing medium that is supplemented as necessary
with growth factors and serum (as described in Table 1). Cultures are established from
frozen stocks in which the cells are suspended in a freezing medium (cell culture medium
with 10% DMSO [v/v]) and flash frozen in liquid nitrogen. Frozen stocks prepared this
way are stored in liquid nitrogen vapor. Cell cultures are established by rapidly thawing
frozen stocks at 37°C. Thawed stock cultures are slowly transferred to a culture vessel
containing a large volume of culture medium that is supplemented. For maintenance of
culture, cells are seeded at 1x10° cells/per ml in a suitable medium and incubated at 37°C
until confluence of cells in the culture vessel exceeds 50% by area. At this time, cells are
harvested from the culture vessel using enzymes or EDTA where necéssary. The density
- “'of harvested, viable cells is-estimated by hemocytometry and the culture reseeded as
- above. A paséage of -this nature is repeated no more than 25 times at which point the

cculture is destroyed and reestablished from frozen stocks as described above.

[00236] For analyses of cell surface protein expression in cultured cell lines, cells are
grown as described above. At a period 24 h prior to the experiment, the cell line is
passaged as described above. This yielded cell densities that are <50% confluent and
growing exponentially. Typically, triplicate analyses of differential expression are
performed for each line relative to Hs766T for the purpose of identifying statistically

significant reproducible differentially expressed proteins.

3. Antibody Development

Polyclonal antibody preparations:

[00237] Polyclonal antibodies against recombinant proteins are raised in rabbits
(Green Mountain Antibodies, Burlington, VT). Briefly, two New Zealand rabbits are
immunized with 0.lmg of antigen in complete Freund’s adjuvant. Subsequent
immunizations are carried out using 0.05mg of antigen in incomplete Freund’s adjuvant
at days 14, 21 and 49. Bleeds are collected and screened for recognition of the antigen by

solid phase ELISA and western blot analysis. The IgG fraction is separated by
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centrifugation at 20,000Xg for 20 minutes followed by a 50% ammonium sulfate cut.
The pelleted protein is resuspended in SmM Tris and separated by ion exchange
chromatography. Fractions are pooled based on IgG content. Antigen-specific antibody
is affinity purified using Pierce AMINOLINK resin coupled to the appropriate antigen.

Isolation of Antibody Fragments Directed Against CD51 from A Library of scFvs

)[00238] Naturally occurring V-genes isolated from human PBLs are constructed into a
library of antibody fragments which contain reactivities against CD51 to which the donor
may or may not have been exposed (see e.g., U.S. Pat. No. 5,885,793 incorporated herein

by reference in its entirety).

- [00239] Rescue of the Library: ‘A library of scFvs is constructed from the RNA of*
%« human PBLs as described in PCT publication WO 92/01047. To rescue phage displaying:

‘antibody ﬁ'agmenté, apbljoxirﬁately‘ 10° E. coli harboring the phagemid are used:to
inoculate 50 ml of 2x TY containing 1% glucose and 100 pg/ml of ampicillin
(2.times. TY-AMP-GLU) and grown to an O.D. of 0.8 with shaking. Five ml of this
culture is used to innoculate 50 ml of 2.times. TY-AMP-GLU, 2x 10% TU of delta gene 3
helper (M13 delta gene III, see PCT publication WO 92/01047) are added and the culture
incubated at 37 °C. for 45 minutes without shaking and then at 37 °C. for 45 minutes with
shaking. The culture is centrifuged at 4000 r.p.m. for 10 min. and the pellet resuspended
"in 2 liters of 2 x TY containing 100 pg/ml ampicillin and 50 ug/ml kanamycin and grown

overnight. Phage are prepared as described in PCT publication WO 92/01047.

[00240] M13 delta gene III is prepared as follows: M13 delta gene III helper phage
does not encode gene III protein, hence the phage(mid) displaying antibody fragments
have a greater avidity of binding to antigen. Infectious M13 delta gene III particles are
made by growing the helper phage in cells harboring a pUC19 derivative supplying the
wild type gene III protein during phage morphogenesis. The culture is incubated for 1
hour at 37 °C without shaking and then for a further hour at 37 °C with shaking. Cells are
spun down (IEC-CENTRA 8,400 r.p.m. for 10 min), resuspended in 300 ml 2 x TY broth
containing 100 pg ampicillin/ml and 25 pg kanamycin/ml (2 x TY-AMP-KAN) and

grown overnight, shaking at 37 °C. Phage particles are purified and concentrated from the
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culture medium by two PEG-precipitations (Sambrook et al., 1990), resuspended in 2 mt
PBS and passed through a 0.45 pm filter (MINISART NML; Sartorius) to give a final

concentration of approximately 1013 transducing units/ml (ampicillin-resistant clones).

[00241] Panning of the Library: IMMUNOTUBES (Nunc) are coated overnight in
PBS with 4 m! of either 100 pg/ml or 10 pg/ml of a polypeptide of the present invention.
Tubes are blocked with 2% Marvel-PBS for 2 hours at 37 °C and then washed 3 times in
PBS. Approximately 1013 TU of phage is applied to the tube and incubated for 30
minutes at room temperature tumbling on an over and under turntable and then left to
stand for another 1.5 hours. Tubes are washed 10 times with PBS 0.1% Tween-20 and 10
times with PBS. Phage are eluted by adding 1 ml of 100 mM triethylamine and rotating.
15 minutes on an under and over turntable"aftér which the solution is immediately "
neutralized with 0.5 ml of 1.0M Tris-HCI; pH7.4. Phages are then used to infect-10 ml of
_ mid-log E. coli TG1 by incubating eluted phage with bacteria for 30 minutes at 37 °C.
The E. coli are then plated on TYE plates containing 1% glucose and 100 pg/ml
ampicillin. The resulting bacterial library is then rescued with delta gene 3 helper phage
as described above to prepare phage for a subsequent round of selection. This process is
then repeated for a total of 4 rounds of affinity purification with tube-washing increased
to 20 times with PBS, 0.1% Tween-20 and 20 times with PBS for rounds 3 and 4.

[00242] Characterization of Binders:' Eluted phage from the 3rd and 4th rounds of
selection are used to infect E. coli HB 2151 and soluble scFv is produced (Marks, et al.,
1991) from single colonies for assay. ELISAs are performed with microtitre plates coated
with either 10 pg/ml of the polypeptide of the present invention in 50 mM bicarbonate
pH 9.6. Clones positive in ELISA are further characterized by PCR fingerprinting (see,
e.g., PCT publication WO 92/01047) and then by sequencing.

Monoclohal Antibody Generation
[00243] i) Materials:
[00244] 1) Complete Media No Sera (CMNS) for washing of the myeloma and spleen

cells; Hybridoma medium CM - HAT {Cell Mab (BD), 10% FBS (or HS); 5% Origen
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HCF (hybridoma cloning factor) containing 4mM L-glutamine and antibiotics} to be
used for plating hybridomas after the fusion.

[00245] 2) Hybridoma medium CM - HT (NO AMINOPTERIN) (Cell Mab (BD),
10% FBS 5% Origen HCF containing 4mM L-glutamine and antibiotics) to be used for
fusion maintenance are stored in the refrigerator at 4-6 °C. The fusions are fed on days 4,
8, and 12, and subsequent passages. Inactivated and pre-filtered commercial Fetal
Bovine serum (FBS) or Horse Serum (HS) are thawed and stored in the refrigerator at 4

°C and must be pretested for myeloma growth from single cells.

[00246] 3) The L-glutamine (200mM, 100X solution), which is stored at -20 °C
freezer, is thawed and warmed until completely in solutlon The L-glutamine is d1spensed
| into medla to supplement growth. L-glutamme is added to 2 mM for myelomas and 4
mM for hybrldoma ‘media. Further the Pen1c1lhn, Streptomycm Amphoterlcm
(ant1bacter1al-ant1fungal stored at -20 °C) is thawed-and added to Cell Mab Media to 1%. -

[00247] 4) Myeloma growth media is Cell Mab Media (Cell Mab Media, QUANTUM
YIELD from BD is stored in the refrigerator at 4 °C in the dark) which are added L-

glutamine to 2 mM and antibiotic/antimycotic solution to 1% and is called CMNS.
[00248] 5) 1 bottle of PEG 1500 in Hepes (Roche, NJ)

[00249] 6) 8-Azaguanine is stored as the dried powder supplied by SIGMA at -700
°C until needed. Reconstitute 1 vial / 500 ml of media and add entire contents to 500 ml

media (eg. 2 vials/ liter).

[00250] 7) Myeloma Media is CM which has 10% FBS (or HS) and 8-Aza (1 X)

stored in the refrigerator at 4 °C.

[00251] 8) Clonal cell medium D (Stemcell, Vancouver) contains HAT and methyl

cellulose for semi-solid direct cloning from the fusion.

[00252] 9) Hybridoma supplements HT [hypoxanthine, thymidine] are to be used in
medium for the section of hybridomas and maintenance of hybridomas through the

cloning stages respectively.

68



WO 2006/022689 PCT/US2004/025270

[00253] 10) Origen HCF can be obtained directly from Igen and is a cell supernatant
produced from a macrophage-like cell-line. It can be thawed and aliquoted to 15 ml tubes
at 5 ml per tube and stored frozen at -20 °C. Positive Hybridomas are fed HCF through
the first subcloning and are gradually weaned. It is not necessary to continue to
supplement unless you have a particularly difficult hybridoma clone. This and other
additives have been shown to be more effective in promoting new hybridoma growth

than conventional feeder layers.
[00254] ii) Procedure

[00255] To generate rﬁonoclonal antibodies, mice are immunized with 5-50 ug of
antigen either 1ntra-per1toneal (1 .p.) or by 1ntravenous 1nJect10n in the tail vein (i.v.).
Typically, the antlgen used is a recombinant protem that is generated as descrlbed above.

* The primary’ immunization takes place 2 months prlor to the harvestlng of splenocytes -
from the mouse-and the immunization is typically boosted by i.v. injection of 5-50 ug of -
antigen every two weeks. At least one week prior to expected fusion date, a fresh vial of P
myeloma cells is thawed and cultured. Several flasks at different densities are maintained
in order that a culture at the optimum density is ensured at the time of fusion. The
optimum density is determined to be 3-6 x10°cells/ml. Two to five days before the

. scheduled fusion, a final immunization is administered of ~5ug of antigen in PBS i.p. or

iv.

[00256] Myeloma cells are washed with 30 ml serum free media by centrifugation at
500 x g at 4°C for 5 minutes. Viable cell density is determined in resuspended cells using
hemocytometry and vital stains. Cells resuspended in complete growth medium are stored
at 37°C during the preparation of splenocytes. Meanwhile, to test aminopterin sensitivity,
1x10° myeloma cells are transferred to a 15ml conical tube and centrifuged at 500g at
4°C for 5 minutes. The resulting pellet is resuspended in 15 ml of HAT media and cells
plated at 2 drops/well on a 96 well plate.

[00257] To prepare splenocytes from immunized mice, the animals are euthanised and
submerged in 70% ETOH. Under sterile conditions, the spleen is surgically removed and

placed in 10ml of RPMI medium supplemented with 20% fetal calf serum in a Petri dish.
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Cells are extricated from the spleen by infusing the organ with medium >50 times using a

21g syringe.

[00258] Cells are harvested and washed by centrifugation (at 500g at 4°C for 5
minutes) with 30 ml of medium. Cells are resuspended in 10 ml of medium and the
density of viable cells determined by hemocytometry using vital stains. The splenocytes
are mixed with myeloma cells at a ratio of 5:1 (spleen cells: myeloma cells). Both the
myeloma and spleen cells are washed 2 more times with 30 ml of RPMI-CMNS. Spin at
800 rpm for 12 minutes. I

[00259] Supernatant is removed and cells are resuspended in 5 ml of RPMI-CMNS
and are pooled to bring the volume to 30 ml and spun down as before. The cell pellet is
broken up by gentle tapping and resuspended in 1 ml of BMB PEG1500 (prewarmed to.

37°C) added dropwise with a 1 ccneedle over 1 minute. -

[00260] RPMI-CMNS is added to the PEG cells to slovﬂy dilute out the PEG. Cells
are centrifuged and diluted in 5 ml of Complete media and 95 ml of Clonacell Medium D
(HAT) media (with 5 ml of HCF). The cells are plated out at 10 ml per small petri plate.

[00261] Myeloma/HAT control is prepared as follows. Dilute about 1000 P3X63
Ag8.653 myeloma cells into 1 ml of medium D and transfer into a single well of a 24
well plate. Plates are placed in incubator, with two plates inside of a large petri plate,
with an additional petri plate full of distilled water, for 10~18 days under 5% CO2 overlay
at 37°C. Clones are picked from semisolid agarose into 96 well plates containing 150-
200 ul of CM- HT. Supernatants are screened 4 days later in ELISA, and positive clones
are moved up to 24 well plates. Heavy growth will require changing of the media at day 8
(+/- 150 ml). One should further decrease the HCF to 0.5% (gradually- 2%, then 1%, then
0.5%) in the cloning plates.

[00262] For further references see Kohler G, and C. Milstein Continuous cultures of
fused cells secreting antibody of predefined specificity.1975. Nature 256: 495-497; Lane,
R.D. A short duration polyethylene glycol fusion technique for increasing production of
monoclonal antibody-secreting hybridomas. 1985. J. Immunol. Meth. §1:223-228;
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Harlow, E. and D. Lane. Antibodies: A Laboratory Manual. Cold Spring Harbor
Laboratory Press. 1988; Kubitz, D. The Scripps Research Institute. La Jolla. Personal
Communication; Zhong, G., Berry, J.D., and Choukri, S. (1996) Mapping epitopes of
Chlamydia trachomatis neutralizing monoclonal antibodies using phage random peptide
libraries. J. Indust. Microbiol. Biotech. 19, 71-76; Berry, J.D. , Licea, A., Popkov, M.,
Cortez, X., Fuller, R., Elia, M., Kerwin, L., and C.F. Barbas IIIl. (2003) Rapid
monoclonal antibody generation via dendritic cell targeting in vivo. Hybridoma and
Hybridomics 22 (1), 23-31. 4

4. Expression Validation

mRNA Expression Validation by TAQMAN L

- [00263]  Expression of mRNA is quantltated by RT- PCR usmg TAQMAN
technology. The TAQMAN system couples a 5’ fluorogenic nuclease assay with PCR for
real time quantitation. A probe is used to monitor the formation of the amplification

product.

[00264] Total RNA is isolated from cancer model cell lines using the RNEASY kit
(Qiagen) per manufacturer’s instructions and included DNase treatment. Normal human
tissue RNAs are acquired from commercial vendors (Ambion, Austin, TX; Stratagene, La
Jolla, CA, BioChain Institute, Newington, NH) as are RNAs from matched

disease/normal tissues.

[00265] Target transcript sequences are identified for the differentially expressed
peptides by searching the BlastP database. TAQMAN assays (PCR primer/probe set)
specific for those transcripts are identified by searching the CELERA DISCOVERY
SYSTEM (CDS) database. The assays are designed to span exon-exon borders and do
not amplify genomic DNA.

[00266] The TAQMAN primers and probe sequences are designed by Applied
Biosystems (AB) as part of the ASSAYS ON DEMAND product line or by custom
design through the AB ASSAYS BY DESIGN service.

71



WO 2006/022689 PCT/US2004/025270

[00267] RT-PCR is accomplished using AMPLITAQGOLD and MULTISCRIBE
reverse transcriptase in the ONE STEP RT-PCR Master Mix reagent kit (AB) according
to the manufacturer’s instructions. Probe and primer concentrations are 250 nM and 900
nM, respectively, in a 15 pl reaction. For each experiment, a master mix of the above
components is made and aliquoted into each optical reaction well. Eight nanograms of
total RNA is used as the template. Each sample is assayed in triplicate. Quantitative RT-
PCR is performed using the ABI PRISM 7900HT SEQUENCE DETECTION SYSTEM
(SDS). Cycling parameters follow: 48°C for 30 min. for one cycle; 95 °C for 10 min for
one cycle; 95 °C for 15 séc, 60 °C for 1 min. for 40 cycles. A

[00268] The SDS software calculates the threshold cycle (Cr) for each reaction, and:
Cr values are used to quantitate the relative amount of starting template in the reaction.

The Cr values for each set of three reactions are averaged for all subsequent calculations

[0026'9] | Data are analyzed for differences in exﬁreséion using an eﬁdogénoﬁs contfol
for normalization, and measuring expression relative to a normal tissue or normal cell
line reference. The choice of endogenous control is determined empirically by testing
various candidates against the cell line and tissue RNA panels and selecting the one with
the least variation in expression. Relative changes in expression are quantitated using the
222CT Method. (See Livak, et al., 2001, Methods 25: 402-408; User bulletin #2: ABI
PRISM 7700 SEQUENCE DETECTION SYSTEM.)

Protein Expression Validation by Western

[00270] Western blot analysis of target protéins is carried out using whole cell extracts
prepared from each of the pancreatic cell lines. To make cell extracts, the cells are
resuspended in Lysis buffer (125mM Tris, pH 7.5, 150mM NaCl, 2% SDS, SmM EDTA,
0.5% NP-40) and passed through a 20-gauge needle. Lysates are centrifuged at 5,000Xg
for 5 minutes at 4°C. The supernatants are collected and a protease inhibitor cocktail
(Sigma) is added. The Pierce BCA assay is used to quantitate total protein. Samples are
separated by SDS-PAGE and transferred to either a nitrocellulose or PVDF membrane.
The WESTERN BREEZE kit from Invitrogen is used for western blot analysis. Primary

antibodies are either purchased from commercially available sources or prepared using
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one of the methods described in Section 3. For this application, antibodies are typically
diluted 1:500 to 1:10,000 in a diluent buffer. Blots are developed using Pierce NBT.

Tissue Flow Cytometry Analysis

[00271] Post tissue processing, cells are sorted by flow cytometry known in the art to
enrich for epithelial cells. Alternatively, cells isolated from pancreatic tissue are stained
directly with EpCAM (for epithelial cells) and the specific antibody to CD51. Cell
numbers and viability are determined by PI exclusion (GUAVA) for cells isolated from
both normal and tumor pancreatic tissue. A minimum of 0.5 x 10° cells are used for each
analysis. Cells are washed once with Flow Staining Buffer (0.5% BSA, 0.05% NaN3 in
D-PBS). |

[00272]  'To the cells, 20 pl qf an antibody again'st)CDSI are addea. An additional 5 pl
of EpCAM antibody conjugated to APC are added when unsorted cells are used in the
experimeﬁt. Cells are incubated with antibodies for 30 minutes at 4°C. Cells are wished
once with Flow Staining Buffer and either analyzed immediately on the LSR flow

cytometry apparatus or fixed in 1% formaldehyde and store at 4°C until LSR analysis.

5. Detection and Diagnosis of CD51 by Liquid Chromatography and Mass
Spectrometry (LC/MS)

[00273] The differential expression of proteins in disease and healthy samples are

quantitated using Mass Spectrometry and ICAT (Isotope Coded Affinity Tag) labeling.
ICAT is an isotope label technique that allows for discrimination between two
populations-of proteins, such as from a healthy and a disease sample that are pooled -
together for experimental purposes or two acquisitions of the same sample for

classification of true sample peptides from LC/MS noise artifacts.

' [00274]  The proteins from cells are prepared by methods known in the art. The LC/MS

spectra are collected for the labeled samples and processed using the following steps:

[00275] The raw scans from the LC/MS instrument are subjected to peak detection and

noise reduction using standard software. Filtered peak lists are then used to detect
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“features” corresponding to specific peptides from the original sample(s). Features are

characterized by their mass/charge, charge, retention time, isotope pattern and intensity.

[00276] Similar experiments are repeated in order to increase the confidence in
detection of a peptide. These multiple acquisitions are computationally aggregated into
one experiment. Experiments involving healthy and disease samples use the known
effects of the ICAT label to classify the peptides as originating from a particular sample
or from both samples. The intensity of a peptide present in both healthy and disease
- samples is used to calculate the differential expression, or relative abundance, of the
peptide. The intensity of a peptide found exclusively in one sample is used to calculate a
theoretical expression ratio for that peptide (singleton). Expression ratios are calculated

for each peptide of each replicate of the experiment.

[0027‘7] S{atisticél tests are performed to assess \ﬂie ‘robustness of the data and
statistically éigniﬁcant differentials selected. These tests é) ensure that similar features
are detected in all replicates of the experiment; b) assess the distribution of the log ratios
of all peptides (a Gaussian is expected); c) calculate the overall pair wise correlations
between ICAT LC/MS maps to ensure that the expression ratios for peptides are
reproducible across the multiple replicates; and d) aggregate multiple experiments in

order to compare the expression ratio of a peptide in multiple diseases or disease samples.
Results

[00278] Peptides corresponding to CD51 protein (SEQ ID NO: 1) are overexpressed in
the cell lines HPAF II and Capan-2

8. Expression Validation by IHC in tissue sections

Tissue sections

[00279] Paraffin embedded, fixed tissue sections are obtained from a panel of normal
tissues (Adrenal, Bladder, Lymphocytes, Bone Marrow, Breast, Cerebellum, Cerebral
cortex, Colon, Endothelium, Eye, Fallopian tube, Small Intestine, Heart, Kidney
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(glomerulus, tubule), Liver, Lung, Testes and Thyroid) as well as 30 tumor samples with
matched normal adjacent tissues from pancreas, lung, colon, prostate, ovarian and breast.
In addition, other tissues are selected for testing such as bladder renal, hepatocellular,

pharyngeal and gastric tumor tissues.

[00280] Esophageal replicate sections are also obtained from numerous tumor types
(Bladder Cancer, Lung Cancer, Breast Cancer, Melanoma, Colon Cancer, Non-Hodgkins
Lymphoma, Endometrial Cancer, Ovarian Cancer, Head and Neck Cancer, Prostate
Cancer, Leukemia [ALL and CML] and Rectal Cancer). Sections are stained with
hemotoxylin and eosin and histologically examined to ensure adequate representation of

cell types in each tissue section.

[00281]  An identical set of tissues are obtained from frozen sections and are used in
those instances where it is not possible to generate antibodies that are suitable for fixed

sections. Frozen tissues do not require an antigen retrieval step.
Hemotoxylin and Eosin staining of paraffin embedded, fixed tissue sections.

[00282] Sections are deparaffinized in 3 changes of xylene or xylene substitute for 2-5
minutes each. Sections are rinsed in 2 changes of absolute alcohol for 1-2 minutes each,
in 95% alcohol for 1 minute, followed by 80% alcohol for 1 minute. Slides are washed
well in running water and stained in Gill solution 3 hemotoxylin for 3 to 5 minutes.
Following a vigorous wash in running water for 1 minute, sections are stained in Scott’s
solution for 2 minutes. Sections are washed for 1 min in running water then
counterstained in Eosin solution for 2-3 minutes depending upon development of desired
staining intensity. Following a brief wash in 95% alcohol, sections are dehydrated in
three changes of absolute alcohol for 1 minute each and three changes of xylene or

xylene substitute for 1-2 minutes each. Slides are coverslipped and stored for analysis.
Optimization of antibody staining

[00283] For each antibody, a positive and negative control sample is generated using
data from the ICAT analysis of the pancreatic cancer cell lines. Cell lines are selected

that are known to express low levels of a particular target as determined from the ICAT
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data. This cell line is the reference normal control “Hs766T.” Similarly, a pancreatic

tumor line known to overexpress the target is selected as positive control.
Antigen retrieval

[00284] Sections are deparaffinized and rehydrated by washing 3 times for 5 minutes
in xylene; two times for 5 minutes in 100% ethanol; two times for 5 minutes in 95%
ethanol; and once for 5 minutes in 80% ethanol. Sections are then placed in endogenous
blocking solution (methanol + 2% hydrogen peroxide) and incubated for 20 minutes at
room temperature. Sections are rinsed twice for 5 minutes each in deionized water and
Vtwic’e for 5 minutes in phosphate buffered saline (PBS), pH 7.4. Alternatively, wheré
necessary sections are deparraﬁnized by High Energy Antigen Retrieval as follows:
sections are washed three times lfor 5 minutes in Xylene; two times for 5 minutes in 100% -
;et'hanol; two times for 5 fninutes in 95% ethanol; and once for 5 minutes in 80% ethanol::-
Sections are placed in a Coplin jar with dilute antigen.retrieval solution (lO'mM citrate
acid, pi—I 6). The Coplin jar containing slides is placed in a vessel filled with water and
microwéved on high for 2 - 3 minutes (700 watt oven). Following cooling for 2 - 3
minutes, steps 3 and 4 are repeated four times (defaending on the tissue), followed by
cooling for 20 minutes at room temperature. Sections are then rinsed in deionized water,
two times for 5 minutes, placed in modified endogenous oxidation blocking solution

- (PBS + 2% hydrogen peroxide) and rinsed for 5 minutes in PBS.
Blocking and Staining

[00285] Sections are blocked with PBS/1% bovine serum albumin (PBA) for 1 hour at-
room temperature followed by incubation in normal serum diluted in PBA (2%) for 30
minutes at room temperature to reduce non-specific binding of antibody. Incubations are
performed in a sealed humidity chamber to prevent air-drying of the tissue sections. (The
choice of blocking serum is the same as the species of the biotinylated secondary
antibody). Excess antibody is gently removed by shaking and sections covered with
primary antibody diluted in PBA and incubated either at room temperature for 1 hour or
overnight at 4°C. (Care is taken that the sections do not touch during incubation).

Sections are rinsed twice for 5 minutes in PBS, shaking gently. Excess PBS is removed
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by gently shaking. The sections are covered with diluted biotinylated secondary antibody
in PBA and incubated for 30 minutes to 1 hour at room temperature in the humidity
chamber. If using a monoclonal primary antibody, addition of 2% rat serum is used to
decrease the background on rat tissue sections. Following incubation, sections are rinsed
twice for 5 minutes in PBS, shaking gently. Excess PBS is removed and sections
incubated for 1 hour at room temperature in VECTASTAIN' ABC reagent (Vector
Laboratories, Burlingame, CA) according to kit instructions. The lid of the humidity
chamber is secured during all incubations to ensure a moist environment. Sections are

rinsed twice for 5 minutes in PBS, shaking gently.
Develop and Counterstain

-[00286]- - Sections are incubated fof 2 minutes .in peroxidase substrate solution that is
-+ made up.immediately prior to ‘use as follows: 10mg diaminobenzidine (DAB) dissolved:
in 10ml 50 mM sodium phosphate buffer, pH 7.4; 12.5 microliters 3% CoCly/NiCl; in-

deionized water;1.25 microliters hydrogen peroxide.

[00287] Slides are rinsed well three times for 10 min in deionized water and
counterstained with 0.01% Light Green acidified with 0.01% acetic acid for 1-2 minutes

depending on intensity of counterstain desired.

[00288] Slides are rinsed three times for 5 minutes with deionized water and
dehydrated two times for 2 minutes in 95% ethanol; two times for 2 minutes in 100% -
ethanol; and two times for 2 minutes in xylene. Stained slides are mounted for -

visualization by microscopy.

7. THC Staining of Frozen Tissue Sections

[00289] Fresh tissues are embedded carefully in OCT in a plastic mold, without
trapping air bubbles surrounding the tissue. Tissues are frozen by setting the mold on top
_ of liquid nitrogen until 70-80% of the block turns white at which point the mold is placed
on dry ice. The frozen blocks are stored at - 80°C. Blocks are sectioned with a cryostat

with care taken to avoid warming to greater than -10°C. Initially, the block is equilibrated
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in the cryostat for about 5 minutes and 6-10mm sections are cut sequentially. Sections are
allowed to dry for at least 30 minutes at room temperature. Following drying, tissues are

stored at 4°C for short term and -80°C for long term storage.

[00290] Sections are fixed by immersing in acetone jar for 1-2 minutes at room
temperature, followed by drying at room temperature. Primary antibody is added (diluted
in 0.05 M Tris-saline {0.05 M Tris, 0.15 M NaCl, pH 7.4], 2.5% serum) directly to the
sections by covering the section dropwise to cover the tissue entirely. Binding is carried
out by incubation a chamber for 1 hour at room temperature. Without letting the sections
dry out, the secondary antibody (diluted in Tris-saline/2.5% serum) is added in a similar
manner to the primary and incubated as before (at least 45 minutes). Following
incubation, the sections are washed gently in Tris-saline for 3-5 minutes and then in Tris+
saline/2. 5% serum for another 3-5 minutes. If a blotlnylated prlmary antibody is used, in.
fvplace of the secondary antlbody 1ncubatlon, slides are covered with 100 ul of dlluted
alkaline phosphatase conjugated streptawdm, mcubated for 30 minutes at room
temperature and washed as above. Sections are incubated with alkaline phosphatase
substrate (Img/ml Fast Violet; 0.2 mg/m] Napthol AS-MX phosphate in Tris-Saline pH
8.5) for 10-20 minutes until the desired positive staining is achieved at which point the
reaction is stopped by washing twice with Tris-saline. Slides are counter-stained with
Mayer’s hematoxylin for 30 seconds and washed with tap water for 2-5 minutes. Sections

are mounted with Mount coverslips and mounting media.

8. Assay for Antibody Dependent Cellular Cytotoxicity (AOCC)

[00291] Cultured tumor cells are labeled with 100 uCi 31¢Cr for 1 hour (see Livingston,
et al., 1997, Cancer Immunol. Immunother. 43; 324-330). After being washed three times
with culture medium, cells are resuspended at 10°/ml, and 100 pl/well are plated onto 96-
well round-bottom plates. A range of antibody concentrations are applied to the wells,
including an isotype control together with donor peripheral blood mononuclear cells that
are plated at a 100:1 and 50:1 ratio. After an 18-h incubation at 37°C, supernatant (30
pl/well) is harvested and transferred onto LUMAPLATE 96 (Packard), dried, and read in
a Packard TOP-COUNT NXT y counter. Each measurement is carried out in triplicate.
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Spontaneous release is determined by cpm of tumor cells incubated with medium and
maximum release by cpm of tumor cells plus 1% Triton X-100 (Sigma). Specific lysis is
defined as: % specific lysis = [(experimental release—spontaneous release)/(maximum
release—spontaneous release)] x 100. The percent ADCC is expressed as peak specific
lysis postimmune subtracted by preimmune percent specific lysis. A doubling of the

ADCC to >20% is considered significant.

9. Assay for Complement Dependent Cytotoxicity (CDC)

[00292] Chromium release assays to asséss complement—rﬁediated cytotoxicity are
performed for each patient at ‘Various time points (Dickler, et al., | 1999, Clin. Cancer Res.

] 5 2773-2779). Cultured tumor cells are washed 1n FCS-free media two times,.
resuspended in 500 ul of medla, and 1ncubated w1th 100 u01 3 1Cr per 10 mllhon cells for
2hat 37°C The cells are then shaken every 15 min for 2 h, washed 3 times in media to
achieve a concentration of approximately 20,000 cells/well, and then plated in round-
bottom plates. The plates contain either 50 pl cells plus 50 pul monoclonal antibody, 50ul
cells plus serum (pre- and post-therapy), or 50 pl cells plus mouse serum as a control.
The plates are incubated in a cold room on a shaker for 45 min. Human complement of a
1:5 dilution (resuspended in 1 ml of ice-cold water and diluted with 3% human serum
albumin) is added to each well at a volume of 100 m. Control wells include those for
maximum release of isotope in 10% Triton X-100 (Sigma) and for spontaneous release in
the absence of complement with medium alone. The plates are incubated for 2 h at 37°C,
centrifuged for 3 min, and then 100 pl of supernatant is removed for radioactivity
counting. The percentage of specific lysis is calculated as follows: % cytotoxicity =
" [(experimental release-spontaneous release)/(maximum release-spontancous release)] x

100. A doubling of the CDC to >20% is considered significant.

10. In vitro Assays in Cell Lines

[00293] LIPOFECTAMINE is purchased from Invitrogeh (Carlsbad, CA) and
GENESILENCER from Gene Therapy Systems (San Diego, CA). Synthetic siRNA
oligonucleotides are from Dharmacon (Lafayette, CO), Qiagen (Valencia, CA) or
Ambion (Austin, TX) RNEASY 96 Kit is purchased from Qiagen (Valencia, CA).
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APOP-ONE homogeneous caspase-3/7 kit and CELLTITER 96 Aqueous One Solution
Cell Proliferation Assay are both purchased from Promega (Madison, WI). Cell invasion
assay kits from purchased from Chemicon (Temecula, CA). RIBOGREEN RNA
Quantitation Kit is purchased from Molecular probes (Eugene, OR).

RNAi

[00294] RNAi is performed by using SMARTPOOLS (Dharmacon), 4-FOR
SILENCING siRNA duplexes (Qiagen) or scrambled negative control siRNA (Ambion). _
Transient transfections are carried out in triplicate by using either LIPOFECTAMINE
2000 from Invitrogen (Carlsbad, CA) or by using GENESILENCER from Géne Therapy
Systems (San Diego, CA) in methods described below. One to four days after
transfections, total RNA is isolated using‘the RNEASY 96 Kit. (Qiagen) aécording to
manufacturer’s instrﬁctions and expressioﬁ of mRNA is quantitated using the TAQMAN
technology. Protein expression levels are examined by flow cytometry:: Apoptosis and
proliferation assays are performed daily using APOP-ONE homogeneous caspase-3/7 kit
and CELLTITER 96 Aqueous One Solution Cell Proliferation Assay.

[00295]) Transient transfections are carried out on sub-confluent pancreatic cancer cell
lines as previously described. Elbashir, S.M. et al. (2001) Nature 411: 494-498; Caplen,
N.J. et al. (2001) Proc Natl Acad Sci USA 98: 9742-9747; Sharp, P.A. (2001) Genes and
Development 15: 485-490. Synthetic siRNA to gene of interest or scrambled negative
control siRNA is transfected using LIPOFECTAMINE according to manufacturer’s
instructions. Cells are plated in 96 well plates in antibiotic-free medium. The next day,
the transfection reagent and siRNA are prepared for transfection as follows: Each 0.1-
1ul of LIPOFECTAMINE 2600 and 10-150mM siRNA are resuspended 25ul serum-free . -
media and incubated at room temperature for 5 minutes. After incubation, the diluted
siRNA and the LIPOFECTAMINE 2000 are combined and incubated for 20 minutes at
room temperature.  The cells are then washed and the combined siRNA-
LIPOFECTAMINE 2000 reagent added. After further 4 hours incubation, 50 ul serum -
containing medium is added to each well. One and four days after transfection,
expression of mRNA is quantitated by RT- PCR using the TAQMAN technology and
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protein expression levels are examined by flow cytometry. Apoptosis and proliferation
assays are performed daily using APOP-ONE homogeneous caspase-3/7 kit and
CELLTITER 96 Aqueous One Solution Cell Proliferation Assay.

RNAi Transfections- GeneSilencer

[00296] Transient transfections are carried out on sub-confluent pancreatic cancer cell
lines as previously described (Elbashir, ef al., 2001, Nature 411: 494-498; Caplen, et al.,
2001, Proc. Natl. Apad. Sci. USA 98: 9742-9747; Sharp, 2001, Genes and Develbpment
15: 485-490). Synthetic siRNA to gene of interest or scrambled negative control siRNA
is transfected using GENESILENCER according to manufacturer’s instructions. Cells
are plated in 96 well plates in antibiotic-ﬁ*eewmedium. The next day, the transfection .
reagent and the synthetic siRNA are prepared for transfection as follows: predetermined
amount of GENE SILENCER is diluted in, serum-free ' media to a ﬁhal :Vo‘lume of 20 ul
per well. After resuspending 10-150 mM siRNA 'ih 20 pl serum-free media, the reagents
are combined and incubated at room temperature for 5-20 minutes. After incubation, the
SiRNA-GENE SILENCER reagent is added to each well and incubated in a 37°C
incubator for 4 hours before an equal volume of serum containing media is added back to
the cultured cells. The cells are then incubated for 1 to 4 days before mRNA, protein

expression and effects on apoptosis and proliferation are examined.
Testing of function blocking antibodies

[00297] Sub-confluent pancreatic cancer cell lines are serum-starved overnight. The
next day, serum-containing media is added back to the cells in the presence of 5-50ng/ml
of function blocking antibodies. After 2 or 5 days incubation at 37°C, 5% CO,, antibody
binding is examined by flow cytometry apd apoptosis and proliferation are examined by

using protocols described below.

[00298]  Apoptosis assay is performed using the APOP-ONE homogeneous caspase-

3/7 kit from Promega according to the manufacturer’s instructions.
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[00299]  Cell proliferation assay is performed using the CELLTITER 96 Aqueous One
Solution Cell Proliferation Assay kit from Promega. 20 ul of CELLTITER 96 Aqueous
One Solution is added to 100 pl of culture medium. The plates are then incubated for 1-4
hours at 37°C in a humidified 5% CO, incubator. After incubation, the change in

absorbance is read at 490 nm.
Cell invasion

[00300] Cell invasion assay is performed using the 96-well cell invasion assay kit -
available from Chemicon. After the cell invasion chamber plates are adjusted to room
temperature, 100 pl serum-free media is added to the interior of the inserts. 1-2 hours
- later; cell suspensions of 1 x 10° cells/ml are prépared.” Média is then carefully removed
from the inserts and 100 pl of prepared cells are ‘added intothe insert along with 0 to
50 ng of “function-blocking antibodies. The cells ”éfé:"ﬁfé-ihéhbated for 15 minutes at:
'37°C before 150 pl of media containing 10% FBS is added to the lower chamber. The’
ceils are then incubated for 48 hours at 37°C. After incubation, the cells from the top
side of the insert are discarded and the invasion chamber plates are then placed on a new -
96-well feeder tray containing 150 pl of pre-warmed cell detachment solution in the
wells. The plates are incubated for 30 minutes at 37°C and are periodically shaken.
Lysis buffer/ dye solution (4ul CYQUANT Dye/ 300 pl 4X lysis buffer) is prepared and
added to each well of dissociation buffer/ cells on feeder tray. The plates are incubated
for 15 minutes at room temperature before 150 pl is transferred to a new 96-well plate.

Fluorescence of invading cells is then read at 480 nm excitation and 520 nm emission.
. Receptor internalization

[00301] For quantification of receptor internalization, ELISA assays are performed
essentially as described by Daunt et al., 1997, Mol. Pharmacol. 51, 711-720. The cell
lines are plated at 6x10° cells per in a 24-well tissue culture dishes that have previously
been coated with 0.1mg/ml poly-L-lysine. The next day, the cells are washed once with
PBS and incubated in DMEM at 37°C for several minutes. The agonist to the cell surface

target of interest is then added at a pre-determined concentration in prewarmed DMEM to
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the wells. The cells are then incubated for various times at 37°C and reactions are
stopped by removing the media and fixing the cells in 3.7% formaldehyde/TBS for 5 min
at room temperature. The cells are then washed three times with TBS and nonspecific
binding blocked with TBS containing 1% BSA for 45 min at room temperature. The first
antibody is added at a pre-determined dilution in TBS/BSA for 1 h at room temperature.
Three washes with TBS followed, and cells are briefly reblocked for 15min at room
temperature. Incubation with goat anti-mouse conjugated alkaline phosphatase (Bio-Rad)
diluted 1:1000 in TBS/BSA is carried out for 1h at room temperature. The cells are
washed three times with TBS and a colorimetric alkaline phosphatase substrate is added.
When the adequate color change is reached, 100-pl samples aré taken for colorimetric

readings.
mRNA expression

[00302] E){pression of mRNA is quantitated by RT-PCR using TAQMAN technology.
Total RNA is isolated from cancer model cell lines using the RNEASY 96 kit (Qiagen)
per manufacturer’s instructions and included DNase treatment. Target transcript
sequences are identified for the differentially expressed peptides by searching the BlastP
database. TAQMAN assays (PCR primef/probe set) specific for those transcripts are -
identified by searching the CELERA DISCOVERY SYSTEM (CDS) database. The:
assays are designed to span exon-exon borders and do not amplify genomic DNA. The
TAQMAN primers and probe sequences are as designed by Applied Biosystems (AB) as-
part of the ASSAYS ON DEMAND product line or by custom design through the AB
ASSAYS BY DESIGN service. RT-PCR is accomplished using AMPLITAQGOLD and .
MULTISCRIBE reverse transcriptase in the ONE STEP RT-PCR Master Mix reagent Kit
(AB) according to the manufacturers instructions. Probe and primer concentrations are .
900 nM and 250 nM, respectively, in a 25l reaction. For each experiment, a master mix
of the above components is made and aliquoted into each optical reaction well. Sul of
total RNA is the template. Each sample is assayed in triplicate. Quantitative RT-PCR is
performed using the ABI PRISM 7900HT Sequence Detection System (SDS). Cycling
parameters follow: 48 ° for 30 min. for one cycle; 95 °C for 10 min for one cycle; 95 °C
for 15 sec, 60 °C for 1 min. for 40 cycles.
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[00303] The SDS software calculates the threshold cycle (Ct) for each reaction, and
Cr values are used to quantitate the relative amount of starting template in the reaction.

The Cr values for each set of three reactions are averaged for all subsequent calculations.

[00304] Total RNA is quantitated using the RIBOGREEN RNA Quantitation Kit
according to manufacturer’s instructions and the percent mRNA. expression is calculated
using total RNA for normalization. Percent knockdown is then calculated relative to the

no- addition control.

[00305] Anti-CD51 antibodies inhibit cell proliferation, as measured using MTS (3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethanoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium) cell proliferation assays (see e.g. Emerman and Eaves, 1994, Bone Marrow

Transplantation 13:285) (Figure 2).

11. __ In Vivo Studies Using Antibodies

Treatment of pancreatic cancer cells with monoclonal antibodies.

[00306] Pancreatic cancer cells are seeded at a density of 4 X 10* cells per well in 96-
well microtiter plates and allowed to adhere for 2 hours. The cells are then treated with
different concentrations of anti-CD51 monoclonal antibody (Mab) or irrelevant isotype
matched (anti-tHulFN-y Mab) at 0.05, 0.5 or 5.0 mug/ml. After a 72 hour incubation, the
cell monolayers are stained with crystal violet dye for determination of relative percent
viability (RPV) compared to control (untreated) cells. Each treatment group consists of

replicates. Cell growth inhibition is monitored.

In vivo treatment of NIH 3713 cells overexpressing CD51 with anti-CD51 monoclonal

antibodies.

[00307] NIH 3T3 cells transfected with either a CD51 expression plasmid or the neo-
DHEFR vector are injected into nu/nu (athymic) mice subcutaneously at a dose of 10° cells

in 0.1 ml of phosphate-buffered saline. On days 0, 1, 5 and every 4 days thereafter,

84



WO 2006/022689 PCT/US2004/025270

100 pg (0.1 ml in PBS) of either an irrelevant or anti-CD51 monoclonal antibody of the
IG2A subclass is injected intraperitoneally. Tumor occurrence and size are monitored for

1 month.

[00308]  All publications and patents mentioned in the above specification are herein
incorporated by reference. Various modifications and variations of the described method
and system of the invention will be apparent to those skilled in the art without departing
from the scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embodiments. Indeed,
vafious modifications of the above-described modes for carrying out the invention, which
" are obvious to those skilled in the field of molecular biology or related fields, are -

 intended to be within the scope of the following claims.
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CLAIMS

L. A method for diagnosing or detecting in a subject a pancreatic cancer, the
{

method comprising:

determining a test level or test activity of CD51 protein in a pancreatic cell

from the subject, and

determining a control level or control activity in a pancreatic cell from a

healthy subject,

wherein the pancreatlc cancer is related to abnormal expression or

functlon of CD51 protein, and

} wherein the test level or test activity in the cell from the subject is
dlfferent from the control level or control activity in a pancreatic cell from a healthy

subject is indicative of the presence of the pancreatic cancer.

2. The method of claim 1, wherein the level of the CD51 protein is

determined using an antibody that specifically binds to an antigenic region of CD51.

3. The method according to Claim 1, wherein the CD51 protein comprises
the amino acid sequence of SEQ ID NO: 1.

4. The method according to Claim 1, wherein the CD51 protein is encoded
by a polynucleotide sequence comprising the polynucleotide sequence selected from the
group consisting of SEQ ID NO: 2 and SEQ ID NO: 3

5. The method of claim 1, wherein the level of a nucleic acid molecule

encoding CD51 is determined.

6. The method of claim 5, wherein the level of the nucleic acid molecule is
determined by contacting one or more probes that specifically hybridize to the nucleic -

acid molecule.
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7. A method for monitoring treatment of a pancreatic cancer in a subject,
wherein the pancreatic cancer is related to abnormal expression or function of CD51

protein, the method comprising:

determining a first test level or a first test activity of CD51 protein in a

pancreatic cell from the subject prior to the treatment,

determining a second test level or a second test activity of CD51 protein in

a pancreatic cell from the subject subsequent to the treatment, and

determining a control level or control activity in a pancreatic cell from a

healthy subject, '

wherein the second test level or second test activity in the cell from the
subject: approaches the control level or control act1v1ty when compared to the first test-

level or first test activity is indicative of successful treatment.

8. A method according to Claim 1, wherein the method determines

recurrence of the pancreatic cancer.

9. A pharmaceutical composition comprising an antagonist to CD51 and a

pharmaceutically acceptable excipient.

10. A pharmaceutical composition according to Claim 9, wherein the

antagonist is an anti-CD51 antibody.

11. A pharmaceutical composition according to Claim 9, wherein the
antagonist is an anti-sense nucleic acid molecule or an RNAi molecule that inhibits the

translation or transcription of a gene that codes for the CD51 protein.

12. A pharmaceutical composition according to Claim 9, wherein the CD51

protein comprises the amino acid sequence of SEQ ID NO: 1.
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13. A pharmaceutical composition according to Claim 9, wherein the CD51
protein is encoded by a polynucleotide sequence comprising the polynucleotide sequence
selected from the group consisting of SEQ ID NO: 2 and SEQ ID NO: 3

14. A method for treating pancreatic cancer, wherein the pancreatic cancer is
related to abnormal expression or function of CD51 protein in a pancreatic cell, the .
method comprising administering to a patient in need thereof an effective amount of the

pharmaceutical composition according to Claim 9.

15. A method of inhibiting cell growth or proliferation comprising contacting
cells with CD51 antibody. |

16. A method of inhibiting cell growth or proliferation comprising contacting
cells with CD51 RNAi.

17. A method for screening for an agent that modulates CD51 protein activity,
the method comprising: '

(i) contacting a candidate agent with a preparation of CD51 protein, and

(ii) assaying for a CDS51 protein activity, wherein a change in said CD51
protein activity in the presence of said agent relative to a CD51 protein activity in the

absence of said agent indicates said agent modulates CD51 protein activity.

18. A method for screening for an agent that modulates the level of expression
of a nucleic acid that codes for a CD51 protein in a cell the naturally expresses the CD51

protein, the method comprises:

(i) contacting a candidate agent with the cell or a cell-free preparation

from the cell wherein CD51 protein is expressed, and

(if) assaying for the level of expression of the CD51 protein activity,
wherein a change in said level in the presence of said agent relative to a level in the

absence of said agent indicates said agent modulates the expression of CD51 protein.
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19. A method according to Claim 18, wherein the cell is a pancreatic cell.
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<110> DOMON, Bruno

SEQUENCE LISTING

<120> METHOD AND COMPOSITIONS FOR TREATING

PANCREATIC DISEASES TARGETING CD51

<130>

<160>

<170>

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

<400>
Met Al
1

CL001541

3

FastSEQ for Windows Version 4.0

1
1048
PRT

Homo sapiens

1
a Phe Pro

Pro Leu Leu Leu

Leu As

Phe Gl
50

20
p Val Asp
35
y Phe Ala

Phe Leu Leu Val

65
val Gl

u Gly Gly

Cys Gln Pro Ile

" Asp As

100
P Pro Leu
115

Arg Ser Lys Gln

i3

0

Arg Thr Glu Met

145
Gln As

Ile As

p Gly Thr

p Ala Asp
180

Phe Thr Lys Ala

195

Trp Gln Gly Gln
210
Tyr Asp Pro Asn

225

Arg Thr Ala Gln

Ala vVal Gly Asp

260

Val Pro Arg Ala

275

Pro
Ser
Ser
Val
Gly
Gln
85

Glu
Glu
Asp
Lys
Lys
165
Gly
AsSp
Leu
val
Ala
245
Phe

Ala

Arg
Gly
Pro
Asp
Ala
70

vVal
Phe
Phe
Lys
Gln
150
Thr
Gln
Arg
Ile
VY
230
Ile

Asn

Arg

Arg
Leu
Ala
Phe
55

Pro
Leu
Asp
Lys
Ile
135
Glu
val
Gly
Val
Ser
215
Ser
Phe
Gly

Thr

Arg
Leu
Glu
40

Phe
Lys
Lys
Ala
Ser
120
Leu
Arg
Glu
Phe
Leu
200
Asp
Ile
Asp
Asp

Leu
280

Leu
Leu
25

Tyr
val
Ala
Cys
Thr
105
His
Ala
Glu
Tyxr
Cys
185
Leu
Gln
Lys
Asp
Gly

265
Gly

Arg Leu
10
Pro Leu

Ser Gly
Pro Ser

Asn Thr
75

Asp Trp

90

Gly Asn

Gln Trp
Cys Ala
Pro Val
155
Ala Pro
170
Gln Gly
Gly Gly
val Ala
Tyr Asn
235
Ser Tyr
250
Ile Asp

Met Val

1/8

Gly
Cys
Pro
Ala
60

Thr
Sexr
Arg
Phe
Pro
140
Gly
Cys
Gly
Pro
Glu
220
Asn
Leu

Asp

TYyr

Pro
Arg

Glu
45

Ser

Gln
Ser
Asp
Gly
125
Leu
Thr
Arg
Phe
Gly
205
Ile
Gln
Gly

Phe

Ile
285

Arg
Ala
30

Gly
Ser

Pro

Thr

Tyr
110
Ala
Tyr
Cys
Ser
Ser
190
Ser
val
Leu
Tyr
vVal

270
Tyr

Gly
15
Phe

Ser

Arg

Gly

Arg
95

Ala
Ser
His
Phe
Gln
175
Ile
Phe
Ser
Ala
Ser
255

Ser

Asp

PCT/US2004/025270

Leu
Asn
Tyr
Met
Ile
80

Arg
Lys
val
Trp
Leu
160
Asp
Asp
Tyr
Lys
Thr
240
val
Gly

Gly



Lys
Tyr
305
Ala
Gly
Ser
Arg
Phe
385
Gly
Pro
Ser
Tyxr
Tyr
465
Pro
Ala
Gly
Leu
Tyr
545
Gly
Glu
Leu
Asn
Asp
625
Asp
Leu
Leu
Asn
Gln
705
Thr

Met

WO 2006/022689

Asn
290
Phe
Asp
Lys
Gly
Phe
370
Asn
Ile
Ser
Phe
Pro
450
Arg
Ser
Leu
Lys
Asp
530
Ser
Leu
Phe
Asp
Gln
610
Cys
Ser
Ile
Ile
Asn
690
Thr
Gln

Asp

Met Ser Ser

Gly
Val
Leu
Asp
355
Gly
Asp
Val
Gln
Gly
435
Asp
Ala
Ile
Lys
Gly

515
Lys

Met
Arg
Tyr
595
Phe
Gly
ASp
Val
val
675
Glu
Arg

Leu

Thr

Phe
Phe
Gln
340
Phe
Ser
Ile

Tyr

Ile
420

TYVr
Leu
Arg
Leu
Val
500
Vval
Leu
Ser
Gln
Asp
580
Arg
Thr
Glu
Gln
Lys
660
Ser
Ala
Gln

Leu

Ser

Ser
Ile
325
Glu
Gln
Ala
Ala
Ile
405
Leu
Ser
Ile
Pro
Asn
485
Ser
Leu
Lys
Pro
Cys
565
Lys
Thr
Pro
Asp
Lys
645
Ala
Ile
Leu
Val
Ala

725
Val

Leu
Val
310
Gly
val
Thr
Ile
Ile
390
Phe
Glu
Met
Val
Val
470
Gln
Cys
Pro
Gln
Ser
550
Glu
Leu
Ala
Ala
Asn
630
Lys
Gln
Pro
Ala
vVal
710
Gly

Lys

Tyr
295
Ala
Ala
Gly
Thr
Ala
375
Ala
Asn
Gly
Lys
Gly
455
Ile
Asp
Phe
Arg
Lys
535
His
Glu
Thr
Ala
Asn
615
val
Ile
Asn
Leu
Arg
695
Cys

Leu

. Phe

Asn
Ala
Pro
Gln
Lys
360
Pro
Ala
Gly
Gln
Gly
440
Ala
Thr
As;n
Asn
Lys
520
Gly
Ser
Leu
Pro
Asp
600
Tle
Cys
Tyr
Gln
Gln
680
Leu
Asp
Arg

Asp

Phe
Thr
Leu
val
345
Leu
Leu
Pro

Arg

Trp

425

Ala
Phe
vVal
Lys
Val
505
Leu
Ala
Lys
Ile
Ile
585
Thr
Ser
Lys
Ile
Gly
665
Ala
Ser
Leu

Phe

Leu

Thr
Asp
Phe
330
Ser

Asn

Gly

Ser
410
Ala
Thr
Gly
Asn
Thr
490
Arg
Asn
Ile
Asn
Ala
570
Thr
Thr
Arg
Pro
Gly
650
Glu
Asp
Cys
Gly
Ser

730
Gln

Gly
Ile
315
Met
Val
Gly
Asp
Gly
395
Thr
Ala
Asp
Val
Ala
475
Cys
Phe
Phe
Arg
Met
555
Tyr
Ile
Gly
Gln
Lys
635
Asp
Gly
Phe
Ala
Asn
715
val

Ile

2/8

Glu
300
Asn
Asp
Ser
Phe
Leu
380
Gly
Gly
Arg
Ile
AsSp
460
Gly
Ser
Cys
Gln
Arg
540
Thr
Leu
Phe
Leu
Ala
620
Leu
Asp
Ala
Ile
Phe
700
Pro
His

Gln

Gln
Gly
Arg
Leu
Glu
365
Asp
Glu
Leu
Ser
Asp
445
Arg
Leu
Leu
Leu
val
525
Ala
Ile
Arg
Met
Gln
605
His
Glu
Asn
Tyxr
Gly
685
Lys
Met

Gln

Ser

Met
Asp
Gly
Gln
350
Val
Gln
Asp
Asn
Met
430
Lys
Ala
Glu
Pro
Lys
510
Glu
Leu
Ser
Asp
Glu
590
Pro
Ile
val
Pro
Glu
670
Val
Thr
Lys
Gln

Ser

Ala
Asp
Ser
335
Arg
Phe
Asp
Lys
Ala
415
Pro
Asn
Ile
vVal
Gly
495
Ala
Leu
Phe
Arg
Glu
575
Tyr
Ile
Leu
Ser
Leu
655
Ala
val
Glu
Ala
Ser

735
Asn
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Ala
Tyr
320
Asp
Ala
Ala
Gly
Lys
400
vVal
Pro
Gly
Leu
Tyr
480
Thr
Asp
Leu
Leu
Gly
560
Ser
Arg
Leu
Leu
Val
640
Thr
Glu
Arg
Asn
Gly
720
Glu

Leu
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740
val

745
Ser

750

Phe val val Leu

760
Gly

Asp Lys Ser Pro His Val Ala Val

755
Ala

Lys Asp
765
Ala Asp
770

Pro

Leu Val Glu Ile Arg Val His Ile Phe

775
Glu

Pro
780
Pro

Ser Ser

Glu Glu
800

Gly

Leu Ile Pro Asn His Thr

785
Asp

Glu Asn Glu
795

Glu

Trp Lys

790
vVal vVal val His
805

Ser

Pro Gln Ile Asn

815
Tyr

Gly Leu Asn

Tyr
810

His

Arg

Phe
820
Asn

Ala Met Gln Pro

830
Ile

Leu Leu
825

Ile

Pro Ser Ser Lys Trp Lys

Asn Asn Thr Leu Leu His

835
Asn

Tyx Tyr Leu
840

Met

Tyr ASp Gly
845

Leu

Asp

Met
850
Ser

Pro Cys Thr Ser Asp Glu Ile Ile

855
Thxr

Pro
860
Thr

Asn Arg Lys

Ile Gln
865
Gly

Thr
870
Leu

Ser Leu Glu Ala Gln

880
Glu

Lys Asn Asp Val Gly

875
Glu Thr Asp

His Ile

885
Thr

Arg Ala Ser

895
Lys

Lys Arg Leu Leu

890
Val

Asp

His Leu Ala
900

val

Ile Gln Leu Ile

910
Ile

Gly Asp Gly Cys Gly

905
Arg

Cys

Gln
915
Ser

val Ala
925

Lys

Cys Gly Arg Leu Asp

920
Glu

Gly Lys Ser Leu

val Thxr
935
Lys

Lys Leu Leu Thr Phe

930
His

Met Asn Glu Asn Gln

940
Phe

Trp
Ala Glu
960
Leu

Ser Asn Val Ile

955
Ile

Leu Ser Ser
950

Leu

Asn Ser Ser
945

Phe

Tyr

Ile Glu Thr
975

Pro

Asn Pro
965

Val

Pro Tyr Lys Asp Asn

970
Gln

Thr Ser

val Thr Thr Thr Ile
985
Ala val

1000
Tyr Arg

Asn
980
val Ile

Trp Gly Ala Met Val
990

Leu Leu

1005

Phe Lys

Pro Pro

Pro Val Trp Ile Leu Ala

995
Leu

Leu Gly Leu Leu

Val Phe
1010

Arg Pro Pro

1025

Asn Gly Glu

Ala val Val Met

1015
Gln Glu Arg

Met Phe
1020

Leu Gln Pro

Gly Arg Val

Gln Glu Glu
1030

Ser Glu Thr

Glu Gln

1035

Glu
1040

His
Gly Asn
1045

<210> 2

<211> 6896
<212> DNA
<213> Homo sapiens

<400> 2

gataaaaagc
gaacgtgggt
teceecgecce
ctgcegetga
aggcggcegac
tcececcactt
gtctcetece
cccagcecteca
tgctgteece
ccetettgece

tttectcatt
geceettgeta
cgccececcacy
cccaggetceca
tgcactcacg
cctectcecag
agtgececgeeg
gacgctgegt
gcceegegeyg
tgcececcggay

tttaaacaac
ctccegtgga
cctectecagg
ggagctgggg
gaagtacgct
ctccacagca
cggctctcag
ggagcggcgg
ctctgegecee
ctgtecceggg

agtcgcacgg
cgcgggtaga
tgctcagect
gcecctgeac
gagctctece
gcctececegag
gcectgaggtg
agccggaggyg
ctcgtcectyg
ctagccgaga

3/8

aagttccecgg
ttgggacgcet
gaggcectteg
agacgcccag
ctgtagaagg
ccggetectce
cggcgctcac
aagcaaagga
gcggtecgete
agagagcggc

cgggacaagg
ggaccgtatce
tccaggageg
gtctcgggac
gcgectetee
ctecettecag
ccecggcagte
ccgtectgege
cgaagctcag
cggcaagttt

60

120
180
240
300
360
420
480
540
600
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gggcgcgege
ctaccgcetece
cggctgegece
tgccgecgect
tacttcggcet
gtgggagctc
aaatgtgact
agagattatg
gtgaggtcga
atgaaacagg
gagtatgctc
ggattcagca
tattggcaag
aatgtttaca
gatgacagct
gactttgttt
gggaagaaca
ttttctgtag
cctctettea
tctctacaga
gcacggtttg
attgcaattg
‘ggaagatcaa
cgaagcatge
ggatatccag
agaccagtta
aataaaacct
tgcttaaagg
cttttggata
tcececaagte
ttgatagecgt
tttatggaat
cttaaccagt
gaagacaatg
tatattgggg
gcctacgaag
cgaaacaatg
caggtggtat
cgtttcagtg
caaagctcaa
gttttagctg
ccaaactggg
cacatctatg
cagtggecctt
ggaccaatga
ttgcaaacaa
actaagcggg
cagtgcttga
tacgtaaagt
tattctetga
attgaggata
gcgccecatge
ctggctgttt
caagaagaac
acttaactgce
atagatttaa
attggcatta

aggcggcgyag
cggcttggeg
tcggteceeg
tcaacctaga
tcgcegtgga
ccaaagcaaa
ggtcttetac
ccaaggatga
aacaggataa
agcgagagcce
catgtagatc
ttgattttac
gtcagcttat
gcatcaagta
atttgggtta
caggagttecc
tgtecctectt
ctgccactga
tggatcgtgg
gagcttcagg
gcagtgceccat
ctgctccecata
caggcttgaa
caccaagctt
acttaattgt
tcactgtaaa
gctcactgcce
cagatggcaa
aactcaagca
actccaagaa
atctgcggga
atcggttgga
tcacgeetge
tctgtaaacc
atgacaaccc
ctgagctcat
aagccttage
gtgaccttgg
tgcaccagca
atctatttga
cagttgagat
agcacaagga
agctgagaaa
acaaatataa
actgcacttc
ctgaaaagaa
atcttgccect
agattgtctg
cattactgtg
agtegtctge
tcaccaactc
ctgtgccectgt
tggtatttgt
aagaaaggga
agtttttaag
actttcttca
accacaaaat

ccgegggeac
tcecegegege
cggectceceeg
cgtggacagt
tttecttegtg
caccacccag
cecgeecggtge
tccattggaa
aattttggee
tgttggaaca
acaagatatt
taaagctgac
ttcggatcaa
taataaccaa
ttctgtgget
aagagcagca
atacaatttt
cattaatgga
ctctgatgge
agacttccag
agctcctttg
tgggggtgaa
cgcagtcccea
tggctattca
aggagetttt
tgctggtctt
tggaacagct
aggagtactt
aaagggagca
catgactatt
tgaatctgaa
ttatagaaca
taacattagt
caagctggaa
tctgacattg
cgtttecatt
aagactttcc
aaacccaatg
gtcagagatg
caaagtaagc
aagaggagtc
gaaccctgag
caatggtcca
taataacact
agatatggag
tgacacggtt
cagtgaagga
ccaagttggg
gactgagact
ttcatttaat
cacattggtt
gtgggtgatc
aatgtacagg
gcagcttcaa
ttatgctaca
tgaggagtaa
gagaattata

tgggcgectce
acttcggcga
cttcttetet
cctgcecgagt
cccagcgegt
cctgggattg
cagccaattg
tttaagtcce
tgtgcccecat
tgctttette
gatgctgatg
agagtacttc
gtggcagaaa
ttagcaactc
gtcggagatt
aggactttgg
actggcgagce
gatgattatg
aaactccaag
acgacaaagc
ggagatctgyg
gataaaaaag
tctcaaatcc
atgaaaggag
ggtgtagatc
gaagtgtacc
ctcaaagttt
cccaggaaac
attcgacgag
tcaagggggg
tttagagaca
gctagctgata
cgacaggctc
gtttctgtag
attgttaagg
ccactgcagg
tgtgcattta
aaggctggaa
gatacttctg
ccagttgtat
tcgagtectg
actgaagaag
agttcattca
ctgttgtata
atcaaccctt
gccgggcaag
gatattcaca
agattagaca
tttatgaata
gtcatagagt
accactaatg
attttagcag
atgggctttt
cctcatgaaa
tcttgaccca
aaatccaagg
tttgtcaacc

4/8

gctggggegy
tggettttec
cgggactcct
actctggecce
cttececcggat
tggaaggagyg
aatttgatgce
atcagtggtt
tgtaccattg
aagatggaac
gacagggatt
ttggtggtece
tcgtatctaa
ggactgcaca
tcaatggtga
gaatggttta
agatggectge
cagatgtgtt
aggtggggca
tgaatggatt
accaggatgg
gaattgttta
ttgaagggca
ccacagatat
gagctatctt
ctagecatttt
cctgttttaa
ttaatttcca
cactgtttct
gactgatgca
aactcactcc
caacaggcett
acattctact
atagtgatca
ctcagaatca
ctgatttcat
agacagaaaa
ctcaactctt
tgaaatttga
ctcacaaagt
atcatatctt
atgttgggcce
gcaaggcaat
tectteatta
tgagaattaa
gtgagcggga
ctttgggttyg
gaggaaagag
aagaaaatca
ttccttataa
tcacctgggg
ttctagcagy
ttaaacgggt
atggtgaagg
ctagaattag
ctttactgct
ttctecttat
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ggggaggtgg
gcecgeggega
gctacctetg
cgagggaagt
gtttcttcte
gcaggtectce
aacaggcaat
tggagcatct
gagaactgag
aaagactgtt
ttgtcaagga
tggtagettt
atacgacccc
agctattttt
tggcatagat
tatttatgat
atatttcgga
tattggagca
ggtctcecagtg
tgaggtcttt
tttcaatgat
tatcttcaat
gtgggctgcet
agacaaaaat
atacagggcc
aaatcaagac
tgttaggttce
ggtggaactt
ctacagcagg
gtgtgaggaa
aattactatt
gcaacccatt
tgactgtggt
aaagaagatc
aggagaaggt
cggggttgte
ccaaactcgce
agctggtctt
cttacaaatc
tgatcttget
tettecgatt
agttgttcag
gctecatett
tgatattgat
gatctcatct
ccatctcatc
tggagttgct
tgcaatcttg
gaatcattcc
gaatcttcca
cattcagcca
attgttgcta
ccggecacct
aaactcagaa
caactttatt
gatagtgcta
aaataagttc

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
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agacatacat
caagggatag
taaaatagta
tottgottgtt
tettttgtat
taaagacttt
taaacacata
ttttagtatg
tttattacat
aaaattagtt
tcataatgcet
ttttagtctg
ttgagatagt
agttagtatt
actgagaatg
accccaactt
tctagcaata
atcagtctcg
gaaaaccttt
taaaagccac
tagaggaata
ctatttttgt
actgctgtcce
gttttaaaaa
gagctaatct
aggactctag
gagtatagat
taccaataaa
gccaccaatc
acagtcattt
tgcttttgtg
attgaaagat
agttttgtat
tatggagaag
catgattaaa
actaccatat
atctgattca
ggtaagaaat
tttgagaaaa
tgtaattctg
tgtgttatga
aaactcaagt
tagtgaatca
agcgattttt
gtaatgatga
acccatctca
gaataattta
tggctggttt

<210> 3

<211> 7456
<212> DNA
<213> Homo

<400> 3
gataaaaagc
gaacgtgggt

ttaataacat
tttttattca
cctecttecag
gttgttgttg
aggtacttaa
ataactgcat
catgatacca
aaaatctggt
ttttaacttg
ccataatcac
taaagccata
gctatttaca
tgcttatgca
aatttatttt
ggtcaagatc
tatgagtaat
gcatgatgtt
gctgtcagaa
taaacctttc
ataggtggca
tatgatttat
gcaattacat
tcattaggta
tgattgaaat
tgagaatata
acaaaacctt
ttttattagt
tttaaaattt
agtaagttag
ctgaaaatat
ccatctattce
gctgtaattt
aatagcatag
agtaatttga
tatcaaaaaa
ttgtgattta
gttttaagaa
attgatactg
atacatgtga
aatctgaaag
aactacttat
attaataaaa
tgaccctaag
gtaaggcaaa
gcttggtgga
atgtcacctt
aagaaaaaca
gaacgataga

sapiens

tttcecteatt
gececttgeta

agggtgactt
atgtatataa
ttactgttte
ttgttttaaa
tgttaataca
gaacttggat
tccaaattcet
agatcctatt
tataaatttt
aaatggctct
tggagttgga
gtataaaaaa
tatagtaagt
ccteccattea
agtgagaaat
gcttggaata
acaggaatat
taacttctaa
tgaagttegt
agttgtagtt
tcacagttcce
catgttgtac
atgataaata
ttatcttgce
ttcgtaaaat
ctattttagce
agcttgaaag
tttaagaaaa
tctataacaa
gttggataga
cttttatgge
agaaattaac
attttectte
aagcctactt
ttgccctatg
ttgagaataa
aacatgaatg
atattgattt
gtcatttttt
gtaaaacaat
tcatagttaa
gagactttac
ggagagattt
cagaatttgt
gaagaatgag
gtttgcatte
cctaaaattt
aatatgcagc

tttaaacaac
ctcecgtgga

gtgtttttag
gacaggtagt
tgatttaatg
gcagtccaaa
tattacacta
ttttttaatc
tgcttttaat
acacttectgt
aggtcaaatc
tttgtgtaat
aattatttcc
agcattttta
attacattct
tgtacttttc
ctttacagtt
aaaactctta
tacctctgtt
aaggtatttt
tagtataaat
ttatatggct
tcaaggcctg
attagaaatg
tttececttaa
atatctcata
aggagcacat
tttagtgaat
agcttaatca
atatttttat
attttaccct
aagtcactct
atctatcttg
atgatatctt
aaaaaatgaa
tctgaagaaa
aaaactttaa
aaatccattt
aactagaaga
ttatataggt
ctgtttctcet
tagtcaaaat
ttctcattaa
tggcttaaga
gtgtgataaa
aagttggcag
tcgttettgg
ttggatagcet
gaaaaatgat
atgcaatata

agtcgcacgg
cgcgggtaga

5/8

gtatttaaat
gcctgattta
tacggaactt
tttggacctt
cagtttactt
actcatatgg
aacaaaggta
ttatattaaa
cttcaagcca
tgtttaattt
aaagcatatt
ttaaaatact
tagagtagag
cttatatttc
gacaggaacc
aggcaactca
taagcaaggt
tataagcagt
tacttttcta
ctgtagagtg
gggatgatga
gagagtttaa
ataattgact
atttcatgca
ttagttgagg
ttcaaaagta
tatgcagtaa
cctagggceca
aacagtttta
ttggcaaaag
aaagtaatct
aaattacctt
catttatata
atggtgggat
atctctaaaa
tgaaatgtaa
tattaaaaac
atttatttca
tttctcettaa
attattgcca
cacttacatt
gggctgtgaa
agtattgtat
atcttectaa
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tacttcggcet
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agagattatg
gtgaggtcga
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ggattcagca
tattggcaag
aatgtttaca

gatgacagct

gactttgttt
gggaagaaca
ttttctgtag
cctetettca
tctctacaga
gcacggtttg
attgcaattg
ggaagatcaa
cgaagcatge
ggatatccag
agaccagtta
aataaaacct
tgcttaaagg
cttttggata
tceeccaagte
ttgatagcgt
tttatggaat
cttaaccagt
gaagacaatg
tatattgggg
gcctacgaag
cgaaacaatg
caggtggtat
cgtttecagtg
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gttttagctg
ccaaactggyg
cacatctatg
cagtggeett
ggaccaatga
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actaagcggg
cagtgcttga
tacgtaaagt

cgecccecacyg
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agtgccgeeg
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aggcggcggyg
cggcttggeg
tcggtceeceg
tcaacctaga
tcgecgtgga
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agcgagagcc
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gtcagcttat
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caggagttcc
tgtectectt
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caggcttgaa
caccaagctt
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gctcactgece
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atgacaaccc
ctgagctcat
aagccttage
gtgaccttgg
tgcaccagca
atctatttga
cagttgagat
agcacaagga
agctgagaaa
acaaatataa
actgcacttc
ctgaaaagaa
atcttgecect
agattgtctg
cattactgtg

cctectcagyg
ggagctgggg
gaagtacgct
ctccacagca
cggctctecag
ggagcggcgyg
ctctgegece
ctgtccecggg
ccgegggeac
tccegegege
cggcectececeg
cgtggacagt
tttcttegtg
caccacccag
ccgcecggtge
tccattggaa
aattttggcce
tgttggaaca
acaagatatt
taaagctgac
ttcggatcaa
taataaccaa
ttctgtggct
aagagcagca
atacaatttt
cattaatgga
ctctgatgge
agacttccag
agctcctttg
tgggggtgaa
cgcagtccca
tggctattca
aggagcetttt
tgctggtctt
tggaacagct
aggagtactt
aaagggagca
catgactatt
tgaatctgaa
ttatagaaca
taacattagt
caagctggaa
tctgacattg
cgtttecatt
aagactttce
aaacccaatg
gtcagagatg
caaagtaagc
aagaggagtc
gaaccctgag
caatggtcca
taataacact
agatatggag
tgacacggtt
cagtgaagga
ccaagttggg
gactgagact

tgctcagect
gccectgeac
gagctctccece
gcctececegag
gectgaggtg
agccggaggg
ctcgtcectg
ctagccgaga
tgggcgecte
acttcggecga
cttecttetcet
cctgecgagt
cccagcgegt
cctgggattg
cagccaattg
tttaagteccc
tgtgccecat
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gatgctgatg
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gaggcctteg
agacgcccag
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gacagggatt
ttggtggtcc
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ggactgcaca
tcaatggtga
gaatggttta
agatggctgc
cagatgtgtt
aggtggggca
tgaatggatt
accaggatgg
gaattgttta
ttgaagggca
ccacagatat
gagctatctt
ctagcatttt
cctgttttaa
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