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RECOMBINANT MONOCLONAL ANTIBODIES AND CORRESPONDING ANTIGENS
FOR COLON AND PANCREATIC CANCERS |

' FIELD OF THE INVENTION
The present invention relate's to the field of recombinant monoclonal antibodies and
peptides and their uses in clinical and scientific procedures, including diagnostic procedures,
especially where such processes involve the detection of human colorectal and pancreatic
carcinoma-associated antigens (CPAA), and the characterization of the epitopes recognized
'by sald recombinant monoclonal antibodies and peptides. The present invention also provides
anti-CPAA antibodies and peptides in the form of diagnostic compounds and/or

pharmaceutical compositions, useful for the diagnostic and/or therapeutic methods of the

present invention for diagnosing and/or treating colorectal and pancreatic carcinoma-
associated pathologies,

BACKGROUND OF THE INVENTION
According to the most recent data from the World Health Organization, ten million
- people around the world were diagnosed with the cancer in 2000, and six million died from it.
Moreover, statistics indicate that the cancer incidence rate is on the rise around the globe. In
America, for example, projccﬁoﬁs suggest that forty percent of those alive today wiﬁ be
diagnosed with some form of cancer at some point in their lives. By 2010, that number will
have climbed to fifty percent. Of all cancers, colorectal cancer is the second leading cause of
cancer-related deaths in the U.S., while péncreati_c cancer is the eleventh most common
cancer and the fourth leading cause of cancer death in both men and women. This grim

scenarto shows the great need for new cancer diagnostics and therapies.

Modern technology, such as that involving the use of hybridomas, has made available
to researchers and clinicians sources of highly specific and potent monoclonal antibodies

useful in general diagnostic and clinical procedures, For example, there are now therapeutic
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antibodies for the treatment of cancer, such as Herceptin® (Genentech) for metastatic breast
cancer and Panorex® (Centocor/GlaxoSmithKline) approved in Germany for the treatment of
colorectal cancer.

Yet the most important challenge in fighting cancer, according to Dr. Leland
Hartwell, Nobel Laureate and Director of the Fred Hutchinson Cancer Research Center,
remains the pursuit of early diagnosis. The Economist (Oct. 4, 2004). The more advanced a
cancer is when diagnosed, the less likely it is that therapy will be effective.

Hence, despite the advances in cancer research, there remains a need for recombinant
monoclonal antibodies useful for the early diagnosis and treatment of colon and

pancreatic carcinomas.

SUMMARY OF THE INVENTION

An object of the present invention provides for recombinant monoclonal antibodies,
or portions of recombinant monoclonal antibodies (peptides) having specificity directed to
antigens and epitopes of human colorectal and pancreatic carcinoma-associated antigens
(CPAA). It is therefore an object of the present invention to provide for a recombinant |
monoclonal antibody or a portion thereof having specificity for CPAA proteins and peptides.

A further object of the present invention provides for ol1 gonucleotides, such as
cDNAs, whose nucleotide sequences (genes) encode part or all of the heavy and light chains
of the aforementioned recombinant antibodies. Accordingly, an aspect of the present
invention provides for a gene encoding the variable region of a monoclonal antibody,
specifically recognizing CPAA, especially determinants or epitopes that commonly exist in
all CPAA.

A further object of the present invention provides for a recombinant vector
comprising the above genes. A further object of the present invention provides for a
transformant obtained using the above recombinant vector. "

It is a still further object of the present invention to provide recombinant antibodies
specific for CPAA, wherein said antibodies are tagged with markers, making them easily
isolatable as well as affording versatility in using said antibodies for research, diagnostic and
clinical purposes. A further aspect of the invention provides for a chimeric antibody that
includes the variable regions of the heavy and light chains of CPAA-specific murine antibody

linked to the human immunoglobulin gamma-1 and kappa constant regions, respectively.
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It is another object of the present invention to provide a method of using the
recombinant antibodies disclosed herein for research, diagnostic, and clinical uses.
Particularly, an object of the present invention provides a diagnostic tool for the early
detection of cancers, perhaps in patients without symptoms of disease. Another aspect
provides for an immunohistochemical tool for distinguishing between slow and aggressive
pancreatic cancers.

Another object of the invention provides a method for promoting tumor regression or
triggering the death of transformed cells comprising administering to a patient in need thereof
an antibody, portion, fragment, peptide or derivative thereof that binds to a CPAA antigen,
wherein a said antibody is administered in sufficient amounts to promote tumor regres sion or
cell death. |

Yet another object of the present invention provides for methods having utility for in
vitro, in situ and/or in vivo diagnosis and/or treatment of animal cells, tissues or pathologies
associated with the presence of CPAA, using anti-CPAA antibodies and/or anti-CPAA
peptides. The present invention also provides anti-CPAA antibodies and peptides in the form
of pharmaceutical and/or diagnostic compounds and/or compositions, useful for the
diagnostic and/or therapeutic methods of the present invention for diagnosing and/or treating
CPAA-related pathologies.

The present invention is also directed to an anti-CPAA chimeric antibody comprising
two light chains and two heavy chains, each of the chains comprising at least part of a human
constant region and at least part of a variable (V) region of non-human origin having
specificity to CPAA, said antibody binding with hi gh affinity and/or high avidity to an
inhibiting and/or neutralizing epitope of CPAA-associated cells. The invention also includes
a fragment or a derivative such an antibody, such as one or more portions of the antibody
chain, such as the heavy chain constant, joining, diversity or variable regions, or the light
chain constant, joining or variable regions.

It is a further object of the invention to identify the specific epitopes associated with
the CPAA peptides identified by the monoclonal antibodies or portions thereof. Such
antigenic sequences may be useful in generating additional antigen-binding ligands, or be
used as vaccines or other immunostimulatory means.

Methods are also provided for making and using anti-CPAA antibodies and peptides

for various utilities of the present invention, such as but not limited to, hybridoma,
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recombinant or chemical synthetic methods for producing anti-CPAA antibodies or anti-
CPAA peptides according to the present invention; detecting CPAA in a solution or cell;
inhibiting one or more biological activities of CPAA-bearing cells in vitro, in situ or in vivo,
including killing such CPAA-bearing cells. Hence, such inhibition and killing can include
treatment methods of the present invention for alleviating symptoms or pathologies involving

CPAA-bearing cells, such as malignancies.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a tracing showing an HPLC elution profile of the Hollinshead “vaccine”, a

partially purified preparation of colorectal and pancreatic carcinoma cell membranes.

FIG. 2 presents the entire cDNA sequence (SEQ ID NO: 1) of the NPC-1 kappa
light chain.

FIG. 3 depicts the nucleic acid sequence (SEQ ID NO: 2) and corresponding amino
acid sequence (SEQ ID NO: 3) of the NPC-1 kappa light chain.

FIG. 4 presents the entire cDNA sequence (SEQ ID NO: 4) of NPC-1 heavy chain.

FIG. 5 depicts the nucleic acid sequence (SEQ ID NO: 5) and corresponding amino
acid sequence (SEQ ID NO: 6) of the NPC-1 heavy chain.

FIG. 6 depicts the CDR 1 (SEQ ID NO: 7), CDR 2 (SEQ ID NO: 8), and CDR 3
(SEQ ID NO: 9)of NPC-1 in the Light Chain Sequence.

FIG. 7 identifies the CDR 1 (SEQ ID NO: 10), CDR 2 (SEQ ID NO: 11), and CDR 3
(SEQ ID NO: 12) of NPC-1 in the Heavy Chain Sequence.

DETAILED DESCRIPTION OF THE INVENTION

It should be understood that this invention is not limited to the particular
methodology, protocols, and reagents, etc., described herein and as such may vary. The
terminology used herein is for the purpose of describing particular embodiments only, and 18
not intended to limit the scope of the present invention, which is defined solely by the claims.

As used herein and in the claims, the singular forms “a,” “an,” and “the” include the
plural reference unless the context clearly indicates otherwise. Thus, for example, the
reference to an antibody is a reference to one or more such antibodies, including equivalents

thereof known to those skilled in the art. Other than in the operating examples, or where

otherwise indicated, all numbers expressing quantities of ingredients or reaction conditions
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used herein should be understood as modified in all instances by the term “about.” The term

“about” when used in connection with percentages may mean +1%.

All patents and other publications identified are expressly for the purpose of
describing and disclosing, for example, the methodologies described in such publications that
might be used in connection with the present invention. These publications are provided
solely for their disclosure prior to the filing date of the present application. Nothing in this
regard should be construed as an admission that the inventors are not entitled to antedate
such disclosure by virtue of prior invention or for any other reason. AU statements as to the
date or representation as to the contents of these documents is based on the information
available to the applicants and does not constitute any admission as to the correctness of the

dates or contents of these documents.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as those commonly understood to one of ordinary skill in the art to which this
invention pertains. Although any known methods, devices, and materials may be used in the
practice or testing of the invention, the methods, devices, and materials in this regard are
described here.

The present invention provides for recombinant monoclonal antibodies and peptides
and their uses in clinical and scientific procedures, including diagnostic procedures,
especially where such processes involve the detection of human colorectal and pancreatic
carcinoma-associated antigens (CPAA), and the characterization of the epitopes recognized
by said recombinant monoclonal antibodies and peptides. The present invention also provides
anti-CPAA antibodies and peptides in the form of diagnostic compounds and/or
pharmaceutical compositions, useful for the diagnostic and/or therapeutic methods of the
present invention for diagnosing and/or treating colorectal and pancreatic carcinoma-

associated pathologies.

Generally, monoclonal antibodies are used as invaluable reagents in diagnostics. In
fact, they have played a major role in deciphering the functions of various bio-molecules in
cryptic biosynthetic pathways. These have also become the reagents of choice for
identification and characterization of tumor specific antigens and have become a valuable
tool in the classification of cancer.

With the advent of methods of molecular biology and recombinant technology, it 1s

now possible to produce antibody molecules by recombinant means and thereby generate
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gene sequences that code for specific amino acid sequences found in the polypeptide
structure of the antibodies. Such antibodies can be produced by either cloning the gene
sequences encoding the polypeptide chains of said antibodies or by direct synthesis of said
polypeptide chains, with assembly of the synthesized chains to form active tetrameric (Hz L)
structures with affinity for specific epitopes and antigenic determinants. This has permitted
the ready production of antibodies having sequences characteristic of neutralizing antibodies
from different species and sources.

Regardless of the source of the antibodies, or how they are recombinantly constructed,
or how they are synthesized, in vitro or in vivo, using transgenic animals, large cell cultures
of laboratory or commercial size, using transgenic plants, or by direct chemical synthesis
employing no living organisms at any stage of the process, all antibodies have a similar
overall 3 dimensional structure. This structure is often given as H; L and refers to the fact
that antibodies commonly comprise two light (L) amino acid chains and 2 heavy (H) amino
acid chains. Both chains have re gions capable of interacting with a structurally
complementary antigenic target. The regions interacting with the target are referred to as
“yariable” or “V” regions and are characterized by differences in amino acid sequence from
antibodies of different antigenic specificity. The variable regions of either H or L chains
contain the amino acid sequences capable of specifically binding to ant1 genic targets.

As used herein, the term “antigen binding region” refers to that portion of an antibody
molecule which contains the amino acid residues that interact with an antigen and confer on
the antibody its specificity and affinity for the antigen. The antibody region includes the
«ramework’” amino acid residues necessary to maintain the proper conformation of the
antigen-binding residues.

Within the variable regions of the H or L chains that provide for the antigen binding
regions are smaller sequences dubbed “hypervariable” because of their extreme variability
between antibodies of differing specificity. Such hypervariable regions are also referred to as
“complementarity determining regions” or “CDR” regions. These CDR regions account for
the basic specificity of the antibody for a particular antigenic determinant structure.

The CDRs represent non-contiguous stretches of amino acids within the variable
regions but, regardless of species, the positional locations of these critical amino acid
sequences within the variable heavy and light chain regions have been found to have similar

locations within the amino acid sequences of the variable chains. The variable heavy and
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light chains of all antibodies each have 3 CDR regions, each non-contiguous with the others
(termed L1, L2, L3, H1, H2, H3) for the respective light (L) and heavy (H) chains. The
accepted CDR regions have been described by Kabat et al, 252 J. Biol. Chem. 6609-16
(1977), and CDR loops may be identified by applying these rules during an examination of a
linear amino acid sequence. The rules for defining the CDR-H3 loop can vary, however (see
Chapter 4, Antibody Engineering: Methods & Protocols, (Lo, ed. Humana Press, Totowa, NJ,
2004)), and the actual boundaries of some CDR-H3 loops may not be identified without
experimental techniques such as circular dichroism, nuclear magnetic resonance, or

X-ray crystallography.

In all mammalian species, antibody peptides contain constant (i.e., highly conserved)
and variable regions, and, within the latter, there are the CDRs and the so-called “framework
regions” made up of amino acid sequences within the variable region of the heavy or light
chain but outside the CDRs.

Regarding the antigenic determinate reco enized by the CDR regions of the antibody,
this is also referred to as the “epitope.” In other words, epitope refers to that portion of any
molecule capable of being recognized by, and bound by, an antibody (the corresponding
antibody binding region may be referred to as a paratope). In general, epitopes consist of
chemically active surface groupings of molecules, for example, amino acids or sugar side
chains, and have specific three-dimensional structural characteristics as well as specific
charge characteristics.

An “antigen” is a molecule or a portion of a molecule capable of being bound by an
antibody which is additionally capable of inducing an animal to produce an antibody capable
of binding to an epitope of that antigen. An antigen may have one or more than one epitope.
The specific reaction referred to above 1s meant to indicate that the antigen will react, in a
highly selective manner, with its corresponding antibody and not with the multitude of other
antibodies which may be evoked by other antigens.

Thus, the term “antibody” is meant to include both intact immuno globulin molecules
as well as portions, fragments, peptides and derivatives thereof, such as, for example, Fab,
Fab’, F(ab’),, Fv, CDR regions, or any portion or peptide sequence of the antibody that 1s
capable of binding antigen or epitope. An antibody is said to be “capable of binding” a
molecule if it is capable of specifically reacting with the molecule to thereby bind the

molecule to the antibody.
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Antibody also includes chimeric antibodies, anti-idiotypic (anti-Id) antibodies to
antibodies that can be labeled in soluble or bound form, as well as fragments, portions,
regions, peptides or derivatives thereof, provided by any known technique, such as, but not
limited to, enzymatic cleavage, peptide synthesis, or recombinant techniques. Such antibodies
of the present invention are capable of binding portions of CPAA or CPAA-bearing cells.
Antibody fragments or portions may lack the Fc fragment of intact antibody, clear more
rapidly from the circulation, and may have less non-specific tissue binding than an intact
antibody. Examples of antibody may be produced from intact antibodies using methods well
known in the art, for example by proteolytic cleavage with enzymes such as papain (to
produce Fab fragments) or pepsin (to produce F(ab"), fragments). See e.g., Wahl et al., 24 J.
Nucl. Med. 316-25 (1983). Portions of antibodies may be made by any of the above methods,
or may be made by expressing a portion of the recombinant molecule. For example, the CDR
region(s) of a recombinant antibody may be isolated and subcloned into the appropriate

expression vector. See, e.g., U.S. Patent No. 6,680,053.

NPC-1 Oligonucleotide and Amino Acid Sequences

The present invention includes, within its scope, DNA sequences encoding the
variable regions of the light and heavy chains of the anti-CPAA antibody of the present
invention. A nucleic acid sequence encoding the variable region of the light chain of NPC-1
is presented in FIG. 2 (SEQ ID NO: 1). A nucleic acid sequence encoding the variable region
of the heavy chain of NPC-1 is presented in FIG. 4 (SEQ 1D NO: 4).

The present invention includes, within its scope, an amino acid sequence of the NPC-
1 light chain comprising the peptides depicted in FIG. 3 (SEQ ID NO: 3), and an amino acid
sequence of the NPC-1 heavy chain comprising the peptides of FIG. 5 (SEQ ID NO: 6).
Further, the present invention includes the CDR regions depicted for the kappa light chain in
FIG. 6, which include the amino acid sequences for CDR1 (SEQ ID NO: 7): SASSSISYMY;
CDR2 (SEQ ID NO: 8): DTSKLAS; and CDR3 (SEQ ID NO: 9): HQRDSYPWT. The
invention similarly identifies the CDR regions for the heavy chain in FIG. 7/, which include
the amino acid sequences for CDR 1 (SEQ ID NO: 10): SKFGVN; CDR 2 (SEQ ID NO: 11):
VIWGDGSTSYNSGLIS: and CDR3 (SEQ ID NO: 12): CVKPGGDY.

Included also within the scope of the invention is any oligonucleotide sequence that

encodes the amino acid sequence of NPC-1 or a peptide thereof. Because the genetic code 1s
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degenerate, more than one codon can be used to encode a particular amino acid. Using the
genetic code, one or more different oligonucleotides can be identified, each of which would
be capable of encoding the amino acid. The probability that a particular oligonucleotide will,
in fact, constitute the actual XXX-encoding sequence can be 9stimated by considering
abnormal base pairing relationships and the frequency with which a particular codon 1s
actually used (to encode a particular amino acid) in eukaryotic or prokaryotic cells expressing
an anti-CPAA antibody or portion. Such “codon usage rules” are disclosed by Lathe, et al.,
183 J. Molec. Biol. 1-12 (1985). Using the “codon usage rules” of Lathe, a single
oligonucleotide, or a set of oligonucleotides, that contains a theoretical “most probable”
nucleotide sequence capable of encoding anti-CPAA sequences is identified.

Although occasionally an amino acid sequence can be encoded by only a single
oligonucleotide, frequently the amino acid sequence can be encoded by any of a set of similar
oligonucleotides. Importantly, whereas all of the members of this set contain oligonucleotides
which are capable of encoding the peptide fragment and, thus, potentially contain the same
oligonucleotide sequence as the gene which encodes the peptide fragment, only one member
of the set contains the nucleotide sequence that is identical to the nucleotide sequence of the
sene. Because this member is present within the set, and 1s capable of hybridizing to DNA
even in the presence of the other members of the set, it is possible to employ the
unfractionated set of oligonucleotides in the same manner in which one would employ a
single oligonucleotide to clone the gene that encodes the protein.

The oligonucleotide, or set of oli gonucleotides, containing the theoretical “most
probable” sequence capable of encoding an anti-CPAA antibody or peptide including a
variable or constant region is used to identify the sequence of a complementary
oligonucleotide or set of oligo-nucleotides which is capable of hybridizing to the “most
probable” sequence, or set of sequences. An oligonucleotide containing such a
complementary sequence can be employed as a probe to identify and isolate the variable or
constant region anti-CPAA gene (Sambrook et al., 1989).

A suitable oligonucleotide, or set of oligonucleotides, which is capable of encoding a
peptide of NPC-1 (or which is complementary to such an oligonucleotide, or set of
oligonucleotides) is identified (using the above-described procedure), synthesized, and
hybridized by means well known in the art, against a DNA or a cDNA preparation derived

from cells which are capable of expressing anti-CPAA antibodies or variable or constant
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regions thereof. Single stranded oligonucleotide molecules complementary tc; the “most
probable” anti-CPAA region peptide coding sequences can be synthesized using procedures
which are well known to those of ordinary skill in the art. See Belagaje et al., 254 J. Biol.
Chem. 5765-80 (1979); Maniatis et al., in Molecular Mechanisms in the Control of Gene
Expression (Nierlich, et al., eds., Acad. Press, N.Y., 1976); Wu et al., 1978; Khorana, 203
Science 614-25 (1979).

Additionally, DNA synthesis can be achieved through the use of automated
synthesizers. Techniques of nucleic acid hybridization are disclosed by Sambrook et
al., 1989, and by Hayrnes et al., in Nucleic Acid Hybridization, A Practical Approach (IRL
Press, D.C. 1985). Hybridization wash conditions can include wash solution
of 0.2.times.SSC/0.1% SDS and incubation with rotation for 10 minutes at room temperature,
(low stringency wash), wash solution of prewarmed (42°C) 0.2 x SSC/0.1% SDS and
incubation with rotation for fifteen minutes at 42°C (medium stringency wash) and wash
solution of prewarmed (68°C) 0.1.times.SSC/0.1% SD>S and incubation with rotation for
fifteen minutes at 68°C (high stringency wash). See Ausubel et al., Antibodies: a Laboratory
Manual, (Harlow & Lane eds., Cold Spring Harbor Lab., 1988). Techniques such as, or
similar to, those described above have successtully enabled the cloning of genes for human
aldehyde dehydrogenases (Hsu et al., 82 Proc. Natl. Acad. Sci. USA 3771-75 (198))),
fibronectin (Suzuki et al., 4 Bur. Mol. Biol. Organ. J. 2519-24 (1985)), the human estrogen
receptor gene (Walter et al., 82 Proc. Natl. Acad. Sci. USA 7889-93 (1985)), tissue-type
plasminogen activator (Pennica et al., 301 Nature 214-21 (1983)) and human term placental
alkaline phosphatase complementary DNA (Keun et al., 82 Proc. Natl. Acad Sci.

USA 8715-19 (1985)).

It is also intended that the antibody coding regions for use in the present invention
could also be provided by altering existing antibody genes using standard molecular
biological techniques that result in variants (agonists) of the antibodies and peptides
described herein. Such variants include, but are not limited to deletions, additions and
substitutions in the amino acid sequence of the anti-CPAA antibodies or peptides.

For example, one class of substitutions is conserved amino acid substitutions. Such
substitutions are those that substitute a given amino acid in a anti-CPAA antibody 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 lle;
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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
Lys and Arg, replacements among the aromatic residues Phe, Tyr, and the like. Guidance
concerning which amino acid changes are likely to be phenotypically silent is found in Bowie
et al., 247 Science 1306-10 (1990).

Variant or agonist anti-CPAA antibodies or peptides may be fully functional or may
lack function in one or more activities. Fully functional variants typically contain only
conservative variations or variations in non-critical residues or in non-critical regions.
Functional variants can also contain substitution of similar amino acids that result in no
change or an insignificant change in function. Alternatively, such substitutions may
positively or negatively affect function to some degree.

Non-functional variants typically contain one or more non-conservative amino acid
substitutions, deletions, insertions, inversions, or truncation or a substitution, insertion,
inversion, or deletion in a critical residue or critical region.

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.. 244 Science 1081-85 (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 epitope binding or in vitro ADCC activity. Sites that are critical for ligand-
receptor binding can also be determined by structural analysis such as crystallography,
nuclear mégnetic resonance, or photoaffinity labeling. Smith et al., 224 J. Mol. Biol. 899-904
(1992); de Vos et al., 255 Science 306-12 (1992).

Moreover, polypeptides often contain amino acids other than the twenty “naturally
occurring” amino acids. Further, many amino acids, including the terminal amino acids, may
be modified by natural processes, such as processing and other post-translational
modifications, or by chemical modification techniques well known in the art. Known
modifications include, but are not limited to, acetylation, acylation, ADP-ribosylation,
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 cros slinks, formation of cystine,

formation of pyroglutamate, formylation, gamma carboxylation, glycosylation, GPI anchor
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formation, hydroxylation, iodination, methylation, myristoylation, oxidation, proteolytic
processing, phosphorylation, prenylation, racemization, selenoylation, sulfation, transter-
RNA mediated addition of amino acids to proteins such as arginylation, and ubiquitination.

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,
elycosylation, 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, Posttranslational Covalent Modification of proteins, 1-12 (J ohnson, ed., Academic
Press, New York 1983); Seifter et al. 182 Meth. Enzymol. 626-46 (1990); and Rattan et al.
663 Ann. N.Y. Acad. Sci. 48-62 (1992).

Accordingly, the antibodies and peptides of the present invention also encompass
derivatives or analogs in which a substituted amino acid residue 1s not one encoded by the
genetic code, in which a substituent group is included pegylation as mentioned previously.

Similarly, the additions and substitutions in the amino acid sequence as well as
variations, and modifications just described may be equally applicable to the amino acid
sequence of the CPAA antigen and/or epitope or peptides thereof, and are thus encompas sed
by the present invention. As mentioned above, the genes encoding the monoclonal antibody

according to the present invention is specifically effective in the recognition of CPAA.

Recombinant Expression of Antibodies

Traditionally, monoclonal antibodies have been produced as native molecules in
murine hybridoma lines. In addition to that technology, reviewed below, the present
invention provides for recombinant DNA expression of monoclonal antibodies. This allows
the production of humanized antibodies as well as spectrum of antibody derivatives and
fusion proteins in a host species of choice. More recently, the production of antibodies 1n
bacteria, yeast, transgenic animals and chicken eggs have emerged as promising alternatives
for hybridoma-based production systems. The main advantages of transgenic animals are
potential high yields from renewable sources.

A nucleic acid sequence encoding at least one anti-CPAA antibody, portion or

polypeptide of the present invention may be recombined with vector DNA in accordance with
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conventional techniques, including blunt-ended or staggered-ended termini for ligation,
restriction enzyme digestion to provide appropriate termini, filling in of cohesive ends as
appropriate, alkaline phosphatase treatment to avoid undesirable joining, and ligation with
appropriate ligases. Techniques for such manipulations are disclosed, e.g., by Maniatis et al.,
Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Lab., Cold Spring Harbor,
N.Y. (1982); Sambrook et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor
Lab. Press 1989), and Ausubel, 1987, 1993, may be used to construct nucleic acid sequences
which encode a monoclonal antibody molecule or antigen binding region thereof.

A nucleic acid molecule, such as DNA, is said to be “capable of expressing” a
polypeptide if it contains nucleotide sequences which contain transcribtional and translational
regulatory information and such sequences are “operably linked” to nucleotide sequences
which encode the polypeptide. An operable linkage is a linkage in which the regulatory DNA
sequences and the DNA sequence sought to be expressed are connected in such a way as to
permit gene expression as anti-CPAA peptides or antibody portions in recoverable amounts.
The precise nature of the regulatory regions needed for gene expres sion may vary from
organism to organism, as is well known in the analogous art. See, e.g., Sambrook et al., 1989;
Ausubel et al., 1987-1993.

The present invention accordingly encompasses the expression of an anti-CPAA
antibody or peptide, in either prokaryotic or eukaryotic cells. Suitable hosts include bacterial
or eukaryotic hosts including bacteria, yeast, insects, fungi, bird and mammalian cells either
in vivo, or in situ, or host cells of mammalian, insect, bird or yeast origin. The mammalian
cell or tissue may be of human, primate, hamster, rabbit, rodent, cow, pig, sheep, horse, goat,
dog or cat origin, but any other mammalian cell may be used.

Further, by use of, for example, the yeast ubiquitin hydrolase system, in vivo synthesis
of ubiquitin-transmembrane polypeptide fusion proteins may be accomplished. The fusion
proteins so produced may be processed in vivo Or purified and processed in vitro, allowing
synthesis of an anti-CPAA antibody or polypeptide of the present invention with a specified
amino terminus sequence. Moreover, problems associated with retention of initiation codon-
derived methionine residues in direct yeast (or bacterial) expression maybe avoided. Sabin et
al., 7(7) Bio/Technol. 705-09 (1989); Miller et al., 7(7) Bio/Technol. 698-704 (1989).

Any of a series of yeast gene expression systems incorporating promoter and

termination elements from the actively expressed genes coding for glycolytic enzymes
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produced in large quantities when yeast are grown in mediums rich in glucose can be utilized
to obtain anti-CPAA antibodies or peptides of the present invention. Known glycolytic genes
can also provide very efficient transcriptional control signals. For example, the promoter and
terminator signals of the phosphoglycerate kinase gene can be utilized.

Production of anti-CPAA antibodies or peptides or functional derivatives thereof in
insects can be achieved, for example, by infecting the insect host with a baculovirus
engineered to express a transmembrane polypeptide by methods known to those of skill. See
Ausubel et al., 1987, 1993.

In one embodiment, the introduced nucleotide sequence will be incorporated 1nto a
plasmid or viral vector capable of autonomous replication in the recipient host. Any of a wide
variety of vectors may be employed for this purpose. See, e.g., Ausubel et al., 1987, 1993.
Factors of importance in selecting a particular plasmid or viral vector include: the ease with
which recipient cells that contain the vector may be reco enized and selected from those
recipient cells which do not contain the vector; the number of copies of the vector which are
desired in a particular host; and whether it 18 desirable to be able to “shuttle” the vector
between host cells of different species.

Example prokaryotic vectors known in the art include plasmids such as those capable
of replication in E. coli (such as, for example, pBR322, ColEl, pSC101, pACYC 184, TVX).
Such plasmids are, for example, disclosed by Maniatis et al., 1989; Ausubel et al, 1987, 1993.
Bacillus plasmids include pC194, pC221, pT127, etc. Such plasmids are disclosed by
Gryczan, in The Molecular Biology of the Bacilli 307-329 (Academic Press, NY 1982).
Suitable Streptomyces plasmids include plJ101 (Kendall et al., 169 J. Bacteriol. 4177-83
(1987)), and streptomyces bacteriophages such as ©C31 (Chater et al., in Sixth Int’]
Symposium on Actinomycetales Biology 45-54 (Akademiai Kaido, Budapest, Hungary
1986). Pseudomonas plasmids are reviewed by John et al., 8 Rev. Infect. Dis. 693-704
(1986); Izaki, 33 Jpn. J. Bacteriol. 729-42 (1978); and Ausubel et al., 1987, 1993.

Alternatively, gene expression elements useful for the expres sion of cDNA encoding
anti-CPAA antibodies or peptides include, but are not limited to (a) viral transcription
promoters and their enhancer elements, such as the SV40 early promoter (Okayama et al., 3
Mol. Cell. Biol. 280 (1983)), Rous sarcoma virus L TR (Gorman et al., 79 Proc. Natl. Acad.
Sci., USA 6777 (1982)), and Moloney murine leukemia virus LTR (Grosschedl et al., 41 Cell
885 (1985)); (b) splice regions and polyadenylation sites such as those derived from the SV40
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late region (Okayarea et al., 1983), and (c) polyadenylation sites such as in SV40 (Okayama
et al., 1983).

Immunoglobulin cDNA genes can be expressed as described by Liu et al., infra, and
Weidle et al., 51 Gene 21 (1987), using as expression elements the SV40 early promoter and
its enhancer, the mouse immunoglobulin H chain promoter enhancers, SV40 late region
mRNA splicing, rabbit S-globin intervening sequence, immunoglobulin and rabbit S-globin
polyadenylation sites, and SV40 polyadenylation elements.

For immunoglobulin genes comprised of part cDNA, part genomic DNA (Whittle et
al., 1 Protein Engineering 499 (1987)), the transcriptional promoter ca<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>