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METHOD TO IDENTIFY THERAPEUTIC ANTIBODY TARGETS
ASSOCIATED WITH A THERAPEUTIC RESPONSE

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This application claims priority under 35 U.S.C. § 119 (e) to U.S. Provisional
Application Serial Nos. 60/233,586; 60/262,835; and 60/303,751, filed September 18,
2000; January 19, 2001; and July 6, 2001, respectively. The contents of these

applications are hereby incorporated by reference into the present disclosure.

TECHNICAL FIELD
[002] This invention relates to the fields of immunology and antibody technology.

BACKGROUND OF THE INVENTION
[003] The manipulation of antibod& molecules and bumoral immune responses
directed against normal or mutated cellular antigens expressed in cancers or virally
infected cells provides a useful approach for the development of therapeutic and
diagnostic agents. Modulation of immune responsss may further provide useful
strategies for addressing antoimmune diseases and other pathogenic phenotypes. The
ability to identify well qualified therapeutic antibody targets will facilitate the
diagnosis and treatment of additional diseases.

[004] Antibody-based technologies can be applied in a variety of alternative ways.
Vaccine strategies to induce production of antibodies directed against tumor specific
antigens can be employed for immunotherapy to produce antibody-dependent cellular
cytotoxicity, complement-dependent cytolysis, and apoptosis (Sinkovics and Horvath
(2000) Int. J. Oncol. 16(1):81-96). Monoclonal antibodies directed against cell
surface tumor antigens have been shown to be directly effective at treating a number
of kinds of cancer (Weiner (1999) Semin. Qneol. 26:43-51). Alternaively, antibody

immune-conjugates derived from tumor antigen specific monoclonals are also useful

JP 2004-513332 A 2004.4.30
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as delivery agents for cytotoxic agents and radionuclides or as imaging agents for
diagnostic applications (Roselli et al. (1996) Anticancer Res. 16(4B):2187-2192; Trail
and Bianchi (1999) 11(5):584-588). In addition, anti-tumor antibodies have been
shown to induce anti-idiotype antibodies that mimic the characteristics of tumor
antigens. These anti-idiotype antibodies are capable of further inducing anti-tumor
immune responses against the turnor (Fagerberg et al. (1995) 92(11):4773-4777).

[005] Experimental vaccination against cancer also demonstrates that induction of a
humoral immune response to tumor antigens is not sufficient to provide a therapeutic
effect against the fumor (Sinkovics and Horvath (2000) Int. J. Oncol. 16(1):81-96).
Individuals treated with tumor-derived vaccines may or may not respond to the
therapy even though both respousive and non-responsive subjects can produce
polyclonal antibodies that react with tumor antigens, Identification of the antigenic
proteins that induce a positive therapeutic effect in responsive subjects treated would

be particularly useful in developing effective immunotherapies.

[006] Viral infections are ideal candidates for immunotherapy. Immunological
responses to viral pathogens are sometimes ineffective as in the case of the
lentiviruses such as HIV which causes AIDS. The high rates of spontaneous mutation
make these viruses elusive to the immune systern. However, a saturating profile of
CTL epitopes presented on infected cells will identify shared antigens among
different serotypes in essential genes that are largely intolerant to mutation which

would allow the design of more effective vaccines.

[007] Immune responses to non-infections antigens can result in pathological states
such as, for example, autoimmunity, graft rejection and allergy. Common among
such disorders is that the normal mechanisms of the immune response are employed
to produce symptoms and pathology and, therefore, significant challenges to treatment
are presented. Antibodies and/or antigenic peptides, capable of blocking immune
Tesponse to self-antigen or diverting the immune response to non-pathogenic
pathways, for example, are believed to provide a treatment of such disorders without

adversely affecting general immune competence.

[008] Historically, antigenic polypeptides present in pathological cells have been

identified by comparing the levels of expression of protein samples derived from
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pathological and normal cell samples to detect individual antigens that are specifically
expressed in the pathological cells. This approach has limited utility in identifying
candidates for antibody-based immunotherapy, however, since expression levels are
not an indication of cellular localization, accessibility or functional relevance. More
recently, the combination of expression cloning and immuno-detection methods has
been applied to the identification of tumor derived B-cell antigens. Using the SEREX
method {serological identification of antigens by recombinant expression cloning)
such antigens have been obtained from a variety of tumor types (WO 00/20460;
Tureci et al. (1999) Hybridoma 18(1):23-28). While this method has been useful in
finding antigens that elicit a humoral immune response in subjects, this method does
not provide “well qualified” antigen targets, because any useful information about the
relevance of the identified antigen to disease or its potential utility as a target for
immunotherapy is lacking. In fact, many of the antibodies directed against human
tumor antigens do not produce a therapeutic effect.

[009] Elucidation of appropriate antigenic polypeptides has been technically
difficult. Selection of effective polypeptide targets for antibody technologies requires
the identification of accessible antigens with sufficiently restrictive tissue expression
patterns to focus the antibody response on the appropriate tissue. For antibody
targeting procedures, the abundance and accessibility of the antigenic polypeptide is
important, while for therapentic monoclonal antibody technology, the functional
activity of the antigen is critical. Thus, it would be useful to have a means of
screening a variety of target pathelogical cell or tissue samples to identify multiple
antigenic polypeptides and antibodies directed against these targets.

[010] This invention satisfies these needs and provides related advantages as well.

DISCLOSURE OF THE INVENTION
[011] This invention provides a method to identify a polypeptide correlating with a
phenotype of interest, wherein the polypeptide specifically recognizes and binds a
serum antibody, said method comprising identifying a polypeptide common to a first
list of characterized genes, wherein said genes are differentially expressed in one or
more relevant cells or tissues and a second list of characterized polypeptides, thereby

identify said polypeptide correlating with said phenotype of interest. The polypeptide

JP 2004-513332 A 2004.4.30
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can be isolated from the serum or can be 2 membrane-associated polypepfide.

[012] In one aspect, the genes are characterized by cell or tissue type. For example,
the genes may all be isolated from cells or tissue suspected of expressing the antigen
of interest, a cancer cell, a normal cell, a virally infected cell or a cell associated with

an autoimmune disorder.

[013] In a fither aspect, the genes of the first list are characterized by properties of
the gene product, wherein said properties are selected from the group consisting of
specific reactivity with the serum antibody, highly expressed in the relevant cell line
or tissue, little or no detectable expression in the relevant cell line or tissue, and
uniquely sxpressed in the relevant cell line or tissue. In a yet further aspect, the list is
generated or common to cells or tissues having two or more of these properties. Ina
still a further embodiment, all cells and tissues are selected due to an expression
product having a molecular weight within a certain range, i.e., a range similar to or
which encompasses the molecular weight of the antigen or polypeptide which binds to

the serum antibody.

[014] In another embodiment, the second list is defined by common characteristics
of the proteins, wherein such characteristics or properties are selected from the group
consisting of mass, reactivity with the serum antibody, peptidase digestion pattern,
enzymatic digestion pattern and MOLDI-TOF (Matrix Assisted Laser Desorption
Jonization Time of Flight Mass Spectrometry) selection criteria. In a yet further
aspect, the list is generated or common to cells or tissues having two or more of these
properties. Tn a still a further embodiment, all cells and tissues are selected due to an
expression product having a molecular weight within a certain range, i.e., a range
similar to or which encompasses the molecular weight of the antigen or polypeptide
which binds to the serum antibody.

[015] MOLDI-TOF is a method to identify proteins based on mass spectrometry
data. Examples of MOLDI-TOF selection criteria include but are not limited to
database selection, species, type of digest, CNBr, nurnber of miscleavages, molecular

weight range, contamination indication, and mass accuracy.

[016] The present invention provides also provides methods to identify a serum

!
protein, polypeptide or epitope correlating with a phenotype of interest, for example

JP 2004-513332 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(57)

WO 02/23202 PCT/US01/29238
5 i

cancer, autoimmune disease, viral pathogens, and including degenerative disorders

such as polycystic kidney disease.

[017] In one embodiment, serum protein is isolated from one or more “responsive
subjects™ i.e., one or more which possesses a desired phenotype, e.g., the presence of
a clinical or subclinical response. A subject can exhibit a positive response to an
intervention such as reduction of turnor burden in the case of cancer, a reduction in
the nunber of autoimmune antigens or antibodies in ti]e case of autoimmune discase
such as systemic lupus erythematosus and a reduction in bone de-mineralization in the
case of polycystic kiduney disease. However, the invention is not limited to cases of
response to therapeutic intervention. Responsive subjects also include those who
have been exposed to pathogens or alternatively, having genetic predisposition to
disease. In each case, “responsive” subjects include those who do not exhibit clinical
or subclinical symptoms associated with the correlative phenotype, e.g., AIDS after
exposure to and/or the presence of HIV in the subject or infection after exposure to
pathogen. Serum is isolated from one or more “non-responsive” subjects, i.¢., those
exhibiting the pathogenic phenotype such as cancer, infection or HIV-associated
disease such as AIDS. A serum antibody which is differentially present or absent
between the responsive serum and the non-responsive serum is identified by assay of

the serum against a panel of polypeptides.

[018] In yet a different embodiment, serum is isolated from more than one non-
responsive subjecis. Serum antibodies which are shared by at least two or more of the
subjects may be identified by assay of the serum against a panel of polypeptides. The
antibodies are recovered and screened for those that are differentially present or
absent by comparison to expressed genetic or peptide data for the phenotype of
interest.

[019] Ina further embodiment, once antibodies are recovered, they are screened for
those that are differentially present or absent are isolated and further analyzed by
comparison to expressed genetic data for the phenotype of interest. In a preferred
embodiment, the expressed genetic data will be selected to share some properties with
the test subjects. In a most preferred embodiment, the expressed genetic data will be
from tissues or cells matched to share as many properties as possible. A particularly

preferred embodiment is the comparison of the genetic profile of from a responder
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[020] Alternatively, the antibodies are recovered and screened by chromatographic
and genetic assays to identify the polypeptide and its polynucleotide sequence.

[021] The invention further provides the polypeptide isolated by the method and
methods to confim diagnostic and therapeutic utility. Yet further provided are
antibodies (monoclonal and polyclonal) that specifically recognize and bind the
polypeptide(s). Also provided are polynucleotides encoding the pelypeptides and
antibodies.

[022] Still further provided are isolated cells and cell-surface ligands that
specifically bind a polypeptide or antibody of this invention. Still further provided are
derivatives of each of the polypeptide, antibody, cell, and cell-surface ligand, e.g., 2
labeled polypeptide for use in a diagnostic kit or as a drug molecule carrier, a
humanized antibody for immunotherapy or antibody fragment for use as a drug
molecule carrier, an antigen-presenting cell containing a polynucleotide encoding a
polypeptide of this invention and soluble ligand for use to block binding of an
antibody or antigen.to its target, respectively. Reagents and kits to perform these
methods are further provided as well as use of the antibodies and antigens possessing

therapeutic and/or diagnostic utility.

[023] Another aspect of the invention is a method for identification of a ligand
which binds an antibody, the presence or absence of which has been correlated with a
phenotype in a subject. A sample of cells suspected of containing ligand is isolated
from a subject and contacted with an effective amount of an antibody or its derivative
which has been detectably labeled. The ligand is identified by its binding to the
antibody or derivative. Methods to isolate the ligand from the cells containing the
ligand are known in the art. Soluble ligand also can be isolated by removal of the
cytoplasmic and transmembrane domain of the ligand. Polynucleotides encoding the
ligand and its soluble form are further provided herein as well as compositions
containing one or more of an isolated ligand, a polynucleotide encoding the ligand,
host cells containing and/or the ligand or polynucleotide encoding the ligand are
further provided herein. ’

[024] A test compound which diminishes the binding of the polypeptide or antibody
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to its partner is further provided herein as well as methods for its identification. A
screen to identify these molecules is performed by contacting a sample of polypeptide
or antibody with its binding partner in the presence and absence of the test compound.

* A molecule that inhibits the binding between antibody and polypeptide or ligand as

compared to the sample which does not include the test compound (the control
sample) is identified as a molecule which diminish the binding of antibody to
polypeptide or ligand.

. [025] A still further embodiment of the invention is a method to identify candidate

drugs for treating tumors or other pathologies identified herein. Cells which express
one or more polynucleotides of the invention are contacted with a test compound.
Expression of the one or more polynncleotides is determined by hybridization of
mRNA of the cells to a nucleic acid probe which is complementary to said mRNA. A
test compound is identified as a candidate drug for treating tumors if it decreases
expression of the one or more polypeptides of this invention. Alternatively or
additionally, the cells are recombinant host cells which are transfected with an

expression construct which encodes one or more polypeptides.

BRIEF DESCRIPTION OF THE DRAWINGS
1026] Figu;ré 1 shows that antibody eluted by the protocol provided herein retains its
specific antigen binding property. The blot on the right was generated with anti-Her2
antibody eluted from the blot on the left.

[027] Figure 2 is a schematic of the Tracer or Indirect Method using human anti-
Her?2 antibodies.

[028] Figure 3 shows a Western blot from which the Her-2 antibody was eluted (top)
and one of the “positive” beads that was sequenced (middle) using the method
described herein. The bottom of the Figure shows an alignment of the two library

sequences with a region of the Her-2 protein.

[029] Figure 4 shows a schematic for isolation of apical and basolateral cell

membranes.

[030] Figure 5 is a schematic of an alternate embodiment of the invention that
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utilizes MALDI-TOF analysis to identify the antigen of interest.

[031] Figure 6 shows the band of antibodies isolated from a responsive melanoma
patient immunized with a MART-1 vaccine. Pre- and post- vaccination serum are

shown.

[032] Figure 7 is a Western blot confirmatory analysis of immunopreciptitated
polypeptide (protein) isolated by the method of this invention. Using conventional
ELISA, the polypeptide is shown to specifically recognize and bind IgM antibodies
isolated from the responsive patient serum. The band is noticeably diminished in the
center lane (IP supernatant).

{033] Figure 8 is a Western blot of a commercially available monoclonal antibody
bound to isolated peptide (protein) identified in Figure 7.

MODES OF CARRYING OUT THE INVENTION
[034] Throughout this disclosure, various publications, patents and published patent
specifications are referenced by an identifying citation. The disclosures of these
publications, patents and published patent specifications are hereby incorporated by
reference into the present disclosure to more fully describe the state of the art to

which this invention pertains.

[035] The practice of the present invention employs, unless otherwise indicated,
conventional technigues of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry and immunology, which are within the skill
of the art. Such techniques are explained fully in the literature. These methods are
described in the following publications. See, e.g., Sambrook et al. MOLECULAR
CLONING: A LABORATORY MANUAL, 2™ edition (1989); CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY (F. M. Ausubel et al. eds. (1987)); the
series METHODS IN ENZYMOLOGY (Academic Press, Inc.); PCR: A
PRACTICAL APPROACH (M. MacPherson et al. IRL Press at Oxford University
Press (1991)); PCR 2: A PRACTICAL APPROACH (M.J. MacPherson, B.D. Hames
and G.R. Taylor eds. (1995)); ANTIBODIES, A LABORATORY MANUAL
(Harlow and Lane eds. (1988)) USING ANTIBODIES, A LABORATORY
MANUAL (Harlow and Lane eds. (1999)); and ANIMAL CELL CULTURE (R.L
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Definitions

[036] As used herein, certain terms may have the following defined meanings.

[037] As used in the specification and claims, the singular form “a,” “an’ and “the”
include plural references unless the context clearly dictates otherwise. For example,
the term “a cell” includes a plurality of cells, including mixtures thereof.

[038] As used herein, the term “comprising” is intended to mean that the
compositions and methods include the recited elements, but not excluding others.
“Consisting essentially of” when used to define compositions and methods, shall
mean excluding other clements of any essential significance to the combination.

Thus, a composition consisting essentially of the elements as defined herein would
not exclude trace contaminants from the isolation and purification method and
pharmaceutically acceptable carriers, such as phosphate buffered saline, preservatives,
and the like. “Consisting of” shall mean excluding mors than trace elements of other
ingredients and substantial method steps for administering the compositions of this
invention, Embodiments defined by each of these transition terms are within the

scope of this invention.

[039] A “pative” or “natural” antigen is a polypeptide, protein or a fragment thereof
which contains an epitope, which has been isolated from a natural biological source,
and which can specifically bind to an antigen receptor in a subject, for example, T cell

antigen receptor (TCR), B cell antigen receptor (BCR) or surface immunoglobulin.

[040] The term “antigen” is well understood in the art and includes substances which
induce a response in the subject. The response may be subclinical, e.g., reduction in
viral load in a subject or clinical such as reduction in tumor burden in the case of

cancer.

[041] An “altered antigen” is one having a primary sequence that is different from
that of the corresponding wild-type antigen. Altered antigens can be made by
synthetic or recombinant methods and include, but are not limited to, antigenic

peptides that are differentially modified during or after translation, e.g., by
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phosphorylation, glycosylation, cross-linking, acylation, proteolytic cleavage, linkage
to an antibody molecule, membrane molecule or other ligand (Ferguson et al. (1988)
Ann. Rev. Biochem. 57:285-320). A synthetic or altered antigen of the invention is
intended to bind to and/or cross-react with the same TCR as the natural epitope.

[042] A “self-antigen” also referred to herein as a native or wild-type antigen is an
antigenic peptide that induces little or no imnmine response in the subject due to self-
tolerance to the antigen. An example of a self~antigen is the melanoma specific

antigen gp100.

[043] The term “turnor associated antigen” or “TAA™ refers to an antigen that is
associated with or specific to a tumor. Examples of known TAAs include gp100,
MART and MAGE.

[044] “Responsive subject serum (antiserum)” refers to a polyclonal serum sample
obtained from a subject showing a desired response after a treatment as compared
with a responsive polyclonal serum sample isolated or derived from a similar subject,
e.g., receiving the same treatment but does not exhibit desired response, i.¢., a “non-
responsive subject serum”. In one aspect, the serum from a responsive subject will

be obtained from a subject exhibiting a clinical or subclinical response.

[045] The term “antigen presenting cells (APCs)” refers to a class of cells capable of
presenting one or more antigens in the form of antigen-MHC complex recognizable
by specific effector cells of the immune system and, thereby, inducing an effective
cellular immune response against the antigen or anfigens being presented. While
many types of cells may be capable of presenting antigens on their cell surface for T
cell recognition, only professional APCs have the capacity to ﬁresent antigens in an
efficient amount and further to activate T cells for cytotoxic T-lymphocyte (CTL)
responses. APCs can be intact whole cells such as macrophages, B cells and dendritic
cells (DCs); or other molecules, naturally occurring or synthetic, such as purified
MHC class I molecules complexed to B2-microglobulin.

[046] The term “dendritic cells (DCs)” refers to a diverse population of
morphologically similar cell types found in a variety of lymphoid and non-lymphoid
tissues (Steinman (1991) Ann. Rev. Immunol. 9:271-296). Dendritic cells constitute
the most potent and preferred APCs in the organism. A subset of, if not all, dendritic
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cells are derived from bone marrow progenitor cells, circulate in small numbers in the
peripheral blood and appear either as immature Langerhans® cells or terminally
differentiated mature cells. While the dendritic cells can be differentiated from
monocytes, they possess distinct phenotypes. For example, a particular differentiating
marker, CD14 antigen, is not found in dendritic cells but is possessed by monocytes.
Also, mature dendritic cells are not typically phagocytic, whereas monocytes are
strongly phagocytosing cells. It has been shown that DCs provide all the signals
necessary for T cell activation and proliferation.

[047] The term “immune effector cells” refers to cells capable of binding an antigen
and which mediate an immune response. These cells include, but are not limited to, T
cells, B cells, monocytes, macrophages, NK cells and cytotoxic T lymphocytes
(CTLs), for example, CTL lines, CTL clones, and CTLs from tumor, inflammatory, or
other infiltrates. Certain diseased tissues express specific antigens and CTLs specific
for these antigens have been identified. For example, approximately 80% of
melanomas express the antigen known as gp100.

[048] The term “immune effector molecule™ as used herein, refers to molecules
capable of antigen-specific binding, and includes antibodies, T cell antigen receptors,

and MHC class I and class I molecules.

[049] A “paive” immune effector cell is an immune effector cell that has never been

exposed to an antigen.

[050] As used herein, the term “educated, antigen-specific immune effector cell”, is
an inmune effector cell as- defined above, which has encountered antigen and which
is specific for that antigen. An educated, antigen-specific immune effector cell may
be activated upon binding antigen. “Activated” implies that the cell is no longer in Go
phase, and begins to produce cytokines characteristic of the cell type. For example,
activated CD4" T cells secrete [L-2 and have an increased number of high affinity IL-
2 receptors on their cell surfaces relative to resting CD4" T cells.

[051] A peptide or polypeptide of the inveniion may be preferentially recognized by
antibodies or/and antigen-specific immune effector cells, such as B celis and T cells.
In the context of T cells, the term “recognized” intends that a peptide or polypeptide is
processed and presented on the surface of an APC together with (i.e., bound to) an
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MHC molecule in such a way that a T cell antigen receptor (TCR) on the surface of
an antigen-specific T cell binds to the epitope wherein such binding results in
activation of the T cell. In the context of B cells, upon binding of an antigen to the B
cell receptor (BCR) the antigen is internalized and returned to the cell surface as
peptides bound to MHC class Il molecules. This peptide:MHC complex is
"recognized" by antigen-specific T cells which then activate B cells to secrete
antibodies. The term “preferentially recognized” intends that a polypeptide of the
invention is substantially not recognized, as defined above, by a T cell specific and/or
antigen for an unrelated antigen. Assays for determining whether an epitope is
recognized by an antibody or antigen-~specific T cell are known in the art and are
described herein. In the context of antibody:antigen binding, “specifically recognized
and binds” means that the members of the pair are substantially not recognized by
other binding partners.

[052] As used herein, “solid phase support” or “solid support”, used
interchangeably, is not limited to a specific type of support. Rather, a large number of
supporis are available and are known to one of ordinary skill in the art. Solid phase
supports include silica gels, resins, derivatized plastic films, glass beads, cotton,
plastic beads, alumina gels. As used herein, “solid support” also includes synthetic
antigen-presenting matrices, cells, and liposomes. A suitable solid phase support may
be selected on the basis of desired end use and suitability for various protocols. For
example, for peptide synthesis, solid phase support may refer to resins such as
polystyrene (e.g., PAM-resin obtained from Bachem Inc. (King of Prussia, PA),
Peninsula Laboratories Inc. (San Carles, CA), etc.), POLYHIPE® resin (obtained
from Aminotech, Canada), polyamide resin (obtained from Peninsula Laboratories
Inc.), polystyrene resin grafted with polyethylene glycol (TentaGel®, Rapp Polymere,
Tubingen, Germany) or polydimethylacrylamide resin (obtained from
Milligen/Biosearch, Novato, CA).

{053] The terms “polynucleotide™ and “nucleic acid molecule” are used
i.ntérchangeably to refer to polymeric forms of nucleotides of any length. The
polynucleotides may contain deoxyribonucleotides, ribonucleotides, and/or their
analogs. Nucleotides may have any three-dimensional structure, and may perform
any function, known or unknown. The term “polynucleotide” includes, for example,
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single-stranded, double-stranded and triple helical molecules, a gene or gene
fragment, exons, introns, mRNA, tRNA, rRNA, ribozymes, cDNA, recombinant
polynucleotides, branched polynucleotides, plasmuids, vectors, isolated DNA of any
sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A nucleic

acid molecule may also comprise modified nucleic acid molecules.

[054] The term “peptide” is used in its broadest sense to refer to a compound of two
or more subunit amino acids, amino acid analogs, or peptidomimetics, The subunits
may be linked by peptide bonds. In another embodiment, the subunit may be linked
'by other bonds, e.g. ester, ether, ote. As used herein the term “amino acid” refers to
either natural and/or unmatural or synthetic amino acids, including glycine and both
the D or L optical isomers, and amino acid analogs and peptidomimetics. A peptide
of three or more amino acids is commonly called an oligopeptide if the peptide chain
is short. If the peptide chain is long, the peptide is commenly called a polypeptide or

a protein.

{055] The term “genetically modified” means containing and/or expressing a foreign
gene or nucleic acid sequence which in turn, modifies the genotype or phenotype of
the cell or its progeny. In other words, it refers to any addition, deletion or disruption

to a cell’s endogenous nucleotides.

[056] As used herein, “expression” refers to the process by which polynucleotides
are transcribed into mRNA and translated into peptides, polypeptides, or proteins, If
the polynucleotide is derived from genomic DNA, expression may include splicing of
the mRNA, if an appropriate eukaryotic host is selected. Regulatory elements
required for expression include promoter sequences to bind RNA polymerase and
transcription initiation sequences for ribosome binding. For example, a bacterial
expression vector includes a promoter such as the Jac promoter and for transcription
initiation the Shine-Dalgarno sequence and the start codon AUG (Sambrook et al.
(1989) supra). Similarly, an eukaryotic expression vector includes a heterologous or
homologous promoter for RNA polymerase II, a downstream polyadenylation signal,
the start codon AUG, and a termination codon for detachment of the ribosome. Such
vectors can be obtained commercially or assembled by the sequences described in
methods well known in the art, for example, the methods described below for

consiructing vectors in general.
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[057] A “gene or polynucleotide library” is a library of nucleotide sequences
isolated from cells or tissues suspected of containing the gene encoding the antigen

{polypeptide) of interest.

[058] A “peptide library” is a combinatorial library of random amino acid (peptide)

sequence.

[059] The term "sequence motif" refers to a pattern present in a group of molecules
(e.g., amino acids or nucleotides). For instance, in one embodiment, the present
invention provides for identification of a sequence motif among peptides present in an
antigen. In this embodiment, a typical pattern may be identified by characteristic
amino acid residues, such as hydrophobic, hydrophilic, basic, acidic, and the like.

) [060] “Under transcriptional control” is a term well understood in the art and

indicates that transcription of a polynucleotide sequence, usually 2 DNA sequence,
depends on its being operably (operatively) linked to an element which contributes to
the initiation of, or promotes, transcription. “Operably linked” refers to a

Jjuxtaposition wherein the elements are in an arrangement allowing them to function.

[0611] “Hybridization” refers to a reaction in which one or more polynucleotides
react to form a complex that is stabilized via hydrogen bonding between the bases of
the nucleotide residues. The hydrogen bonding may occur by Watson-Crick base
pairing, Hoogstein binding, or in any other sequence-specific manner. The complex
may comprise two strands forming a duplex structure, three or more strands forming a
multi-siranded complex, a single self-hybridizing strand, or any combination of these.
A hybridization reaction may constitute a step in a more extensive process, such as
the initiation of a PCR reaction, or the enzymatic cleavage of a polynucleotide by a
ribozyme.

[062] Examples of stringent hybridization conditions include: incubation
temperatures of about 25°C to about 37°C; hybridization buffer concentrations of
about 6 X SSC to about 10 X SSC; formamide concentrations of about 0% to about
25%; and wash solutions of about 6 X SSC. Examples of moderate hybridization
conditions include: incubation temperatures of about 40°C to about 50°C; buffer
concentrations of about 9 X SSC to about 2 X SSC; formamide concentrations of
about 30% to about 50%; and wash solutions of about 5 X SSC to about 2 X 8SC.
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Examples of high stringency conditions include: incubation temperatures of about
55°C to about 68°C; buffer concentrations of about 1 X SSC to about 0.1 X SSC;
formamide concentrations of about 55% to about 75%; and wash solutions of about 1
X 8SC, 0.1 X SSC, or deionized water. In general, hybridization incubation times are
from 5 minutes to 24 hours, with 1, 2, or more washing steps, and wash incubation
times are about 1, 2, or 15 minutes. SSCis 0.15 M NaCl and 15 mM citrate buffer. It
is understood that equivalents of SSC using other buffer systems can be employed. '

[063] The terms “major histocompatibility complex” or “MHC” refers to a complex
of genes encoding cell-surface molecules that are required for antigen presentation to
T cells and for rapid graft rejection. In humans, the MHC complex is also known as
the HLA complex. The proteins encoded by the MHC complex are known as “MHC
molecules”. and are organized info class I and class Il MHC molecules. Class I MHC
include membrane heteradimeric proteins made up of an a chain encoded in the MHC
noncovalently linked with the B2-microglobulin. Class I MHC molecules are
expressed by nearly all nucleated cells and have been shown to function in antigen
presentation to CD8+ T cells. Class mdlectﬂes include HLA-A, B, and C in humans.
Class I MHC molecules also include membrane heterodimeric proteins consisting of
noncovalently associated o« and 8 chains. Class II MHC molecules are known to
function in CD4+ T cells and, in humans, include HLA-DP, -DQ, and DR.

[064] The term "autologous" or "autogeneic", as used herein, indicates the origin of

acell. The term indicates that cell samples are derived from the same subject ot from
a donor genetically identical to the subject. An autologous cell can also be a progeny
of an autologous cell. The term also indicates that cells of diffe«ent cell types are

derived from the same subject or from donors genetically identical to the subject.

[065] Similarly, the term "allogeneic" indicates the origin of a cell. The term
indicates that cell samples are derived from donors not genetically identical to the
subject; in particular, the term relates to non-identity in expressed MHC molecules.
An allogeneic cell can also be a progeny of an allegeneic cell. The term also indicates
that cells of different cell types are derived from donors not genetically identical to
the subject. )

'[066] A “gene delivery vehicle” is defined as any molecule that can carry inserted
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polynucleotides into a host cell. Examples of gene delivery vehicles are liposomes,
biocompatible polymers, including natural polymers and synthetic polymers;
lipoproteins; polypeptides; polysaccharides; lipopolysaccharides; artificial viral
envelopes; metal particles; and bacteria, viruses, such as baculovirus, adenovirus and
refrovirus, bacteriophage, cosmid, plasmid, fungal vectors and other recombination
vehicles typically used in the art which have been described for expression in a
variety of enkaryotic and prokaryotic hosts, and may be nsed for gene therapy as well

as for simple protein expression.

J067] Gene delivery,” “gene transfer,” and the like as vsed herein, are terms
referring to the introduction of an exogenous polynucleotide (sometimes referred to as
a “transgene”) into a host cell, irrespective of the method used for the introduction.
Such methods include a variety of well-known techniques such as vector-mediated
gene transfer (by, e.g., viral infection/fransfection, or various other protein-based or
lipid-based gene delivery complexes) as well as techniques facilitating the delivery of
“naked” polynucleotides (such as electroporation, “gene gun” delivery and various
other techniques used for the iniroduction of polynucleotides). The introduced
polynucleotide may be stably or transiently maintained in the host cell. Stable
maintenance typically requires that the introduced polynucleotide either contains an
origin of replication compatible with the host cell or integrates into a replicon of the
host cell such as an extrachromosomal replicon (e.g., 2 plasmid) or a nuclear or
mitochondrial chromosome. A number of vectors are known to be capable of
mediating transfer of genes to mammalian cells, as is known in the art and described

herein.

[068] A “viral vector” is defined as a recombinantly produced virus or viral particle
that comprises a polynucleotide to be delivered into a host cell, either iz vivo, ex vivo
or in vitro. Examples of viral vectors include retroviral vectors, adenovirus vectors,
adeno-associated virus vectors and the like. In aspects where gene transfer is
mediated by a retroviral vector, a vector construct refers to the polynucleotide
comprising the retroviral genome or part thereof, and a therapeuntic gene. As used
herein, “retroviral mediated gene transfer” or “refroviral transduction” carries the
same meaning and refers to the process by which a gene or nucleic acid sequences are

stably transferred into the host cell by virtue of the virus entering the cell and
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integrating its genome into the host cell genome. The virus can enter the host cell via
its normal mechanism of infection or be modified such that it binds to a different host
cell surface receptor or ligand to enter the cell. As used herein, retroviral vector refers
to a viral particle capable of introducing exogenous nucleic acid into a cell through a

viral or viral-like entry mechanism.

[069] Retroviruses carry their genetic information in the form of RNA; however,
once the virus infects a cell, the RNA is reverse-transcribed into the DNA. form which
integrates into the genomic DNA of the infected cell. The integrated DNA form is

called a provirus.

[070] In aspects where gene transfer is mediated by a DNA viral vector, such as an
adenovirus (Ad) or adeno-associated virus (AAYV), a vector construct refers to the
polynucleotide comprising the viral genome or part thereof, and a transgene.

Adenoviruses (Ads) are a relatively well characterized, homogenous group of viruses,

’ including over 50 serotypes. See, e.g., WO 95/27071. Ads are easy to grow and do

not require integration into the host cell genome. Recombinant Ad-derived vectors,
particularly those that reduce the potential for recombination and generation of wild-
type virus, have also been constructed. See, WO 95/00655 and WO 95/11984. Wild-
type AAV has high infectivity and specificity integrating into the host cell’s genome.
See, Hermonat and Muzyczka (1984) Proc. Natl. Acad. Sci. USA 81:6466-6470 and
Lebkowski et al. (1988) Mol. Cell. Biol. 8:3988-3996.

[071] Vectors that contain both a promoter and a cloning site into which a
polynucleotide can be operatively linked are well known in the art. Such vectors are
capable of transcribing RNA i vitro or in vivo, and are commercially available from
sources such as Stratagene (La Jolla, CA) and Promega Biotech (Madison, WI). In
order to optimize expression and/or in vitro transcription, it may be necessary to
remove, add or alter 5° and/or 3° ﬁntranslated portions of the clones to eliminate extra,
potential inappropriate alternative translation initiation codons or other sequences that
may interfere with or reduce expression, either at the level of transcription or
translation. Alternatively, consensus ribosome binding sites can be inserted
immediately 5” of the start codon to enhance expression.

[072] Gene delivery vehicles also include several non-viral vectors, including
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DNA/liposome complexes, and targeted viral protein-DNA complexes. Liposomes
that also comptise a targeting antibody of fragment thereof can be used in the methods
of this invention. To enhance delivery to a cell, the nucleic acid or proteins of this
invention can be conjugated to antibedies or binding fragments thereof which bind
cell surface antigens, e.g., TCR, CD3 or CD4.

[073] A polynucleotide or polynucleotide region (or a polypeptide or polypeptide
region) has a certain percentage (for example, 80%, 85%, 90%, or 95%) of “sequence
identity or homology” to another sequence means that, when aligned, that percentage
of bases (or amino acids) are the same in comparing the two sequences. This

alignment and the percent homology or sequence identity can be determined using

software programs known in the art, for example those described in CURRENT

PROTOCOLS IN MOLECULAR BIOLOGY (F.M. Ausubel et al., eds., 1987)
Supplement 30, section 7.7.18, Table 7.7.1. Preferably, default parameters are used
for alignment. A preferred alignment program is BLAST, using default parameters.
In particular, preferred programs are BLASTN and BLASTP, using the following
default parameters: Genetic code = standard; filter = none; strand = both; cutoff = 60;
expect = 10; Matrix = BLOSUMS®62; Descriptions = 50 sequences; sort by = HIGH
SCORE; Databases = non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank
CDS trapslations + SwissProtein + SPupdate + PIR. Details of these programs can be
found at the following Internet address: www.ncbinim.nih.gov/cgi-bin/BLAST.

[074] “In vivo” gene delivery, gene transfer, gene therapy and the like as used
herein, are terms referring to the introduction of a vector comprising an exogenous
polynucleotide directly into the body of an organism, such as a human or non-human
mammal, whereby the exogenous polynucleotide is introduced to a cell of such

organisim. in vivo.

[075] The term “isolated” means separated from constituents, cellular and otherwise,
in which the polynucleotide, peptide, polypeptide, protein, antibody, or fragments
thereof, are normally associated with in nature. For example, with respect to a
polynucleotide, an isolated polynucleotide is one that is separated from the 5’ and 3*
sequences with which it is normally associated in the chromosome. As is apparent to
those of skill in the art, a non-naturally eccurring polynucleotide, peptide,
polypeptide, protein, antibody, or fragments thereof, does not require “isolation” to
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distinguish it from its naturally occurring counterpart. In addition, a “concentrated”,
“separated” or “diluted” polynucleotide, peptide, polypeptide, protein, antibody, or
fragments thereof, is distinguishable from its naturally occurring counterpart in that
the concentration or number of molecules per volume is greater than “concentrated”
or less than “separated” than that of its naturally occurring counterpart. A
polynucleotide, peptide, polypeptide, protein, antibody, or fragments thereof, which
differs from the naturally occurring counterpart in its primary sequence or for
example, by its glycosylation pattern, need not be present in its isolated form since it
is distinguishable from its naturally occuin'ng counterpart by its primary sequence, or
alternatively, by another characteristic such as glycosylation pattern. Although not
explicitly stated for each of the inventions disclosed herein, it is to be understood that
“all of the above embodiments for sach of the compositions disclosed below and under
the appropriate conditions, are provided by this invention. Thus, a non-naturally
occurring polynucleotide is provided as a separate embodiment from the isolated
naturally ocourring polynucleotide. A protein produced in a bacterial cell is provided
as a separate embodiment from the naturally occurring protein isolated from a

eukaryotic cell in which it is produced in nature.

[076] A “subject” is a vertebrate, preferably a mammal, more preferably a human.
Maminals include, but are not limited to, mutines, sinuians, humans, farm animals,
sport animals, and pets.

[077] A “control” is an alternative subject or sample used in an experiment for
comparison purpose. A conirol can be “positive” or “negative”. For example, where
the purpose of the experiment is to determine a correlation of an altered expression
level of a gene with a particular type of cancer, it is generally preferable to use a
positive control (a subject or a sample from a subject, carrying such alteration and
exhibiting syndromes characteristic of that disease), and a negative control (a subject
or a sample from a subject lacking the altered expression and clinical syndrome of
that disease):

[078] The terms “cancer,” “neoplasm,” and “tumot,” used interchangeably and in
either the singular or plural form, refer to cells that have undergone a malignant
transformation that makes them pathological to the host organism. Primary cancer
cells (that is, cells abtained from near the site of malignant transformation) can be

JP 2004-513332 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(72)

WO 02/23202 PCT/US01/29238
20

readily distinguished from non-cancerous cells by well-established techniques,
particularly histological examination. The definition of a cancer cell, as used herein,
includes not only a primary cancer cell, but also any cell derived from a cancer cell
ancestor. This includes metastasized cancer cells, and in vigro cultures and cell lines
derived from cancer cells. When referring to a type of cancer that normally manifests
as a solid tumor, a “clinically detectable” tumor is one that is detectable on the basis
of tumor mass; e.g., by such procedures as CAT scan, magnetic resonance imaging
(MRI), X-ray, ultrasound or palpation. Biochemical or immunologic findings alone
may be insufficient to meet this cleﬁnj‘:ionj

[079] “Immunization™ or “vaceination” shall mean increasing or activating an
immune response against an antigen. It does not require elimination or eradication of
a condition but, rather, contemplates the clinically favorable enhancement of 2n

immune response toward an antigen.

[080] ““Suppressing” tumor growth or “reducing tumor burden” in a subject indicates
a growth state that is curtailed compared to a control. Tumor cell growth can be
assessed by any means known in the art, including, but not limited to, measuring
tumor size, detérmining whether tumor cells are proliferating using a *H-thynidine
incorporation assay, or counting tumor cells. “Suppressing” tumor cell growth means
any or all of the following states: slowing, delaying, and “suppressing” tumor growth
indicates a growth state that is curtailed when stopping tumor growth, as well as
tumor shrinkage.

[081] The term “culturing” refers to the i vitro propagation of cells or organisms on.
or in media of various kinds. It is understood that the descendants of a cell grown in
culture may not be completely identical (morphologically, genetically, or
phenotypically) to the parent cell. By “expanded” is meant any proliferation or

division of cells.

[082] A “composition” is intended to mean. a combination of active agent and
another compound or composition, inert (for example, a detectable agent or label) or

active, such as an adjuvant.

[083] A “pharmaceutical composition” is intended to include the combination of an

active agent with a carrier, inert or active, making the composition suitable for
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diagnostic or therapeutic use in vitro, in vivo or ex vivo,

[084] As used herein, the term “pharmaceutically acceptable carrier” encompasses
any of the standard pharmaceutical carxiers, such as a phosphate buffered saline
solution, water, and emulsions, such as an oil/water or water/oil emulsion, and various
types of wetting agents. The compositions also can include stabilizers and
preservatives. For examples of carriers, stabilizers and adjuvants, see Martin
'REMINGTON'S PHARM. SCL, 15th Ed. (Mack Publ. Co., Easton (1975)).

{085] An “effective amount” is an amount sufficient to effect beneficial or desired
results. An effective amount can be administered in one or more administrations,

applications or dosages.

[086] "Serum" sample refers to the fluid phase of blood or plasma (collected from a
subject) that contains circulating antibodies and other soluble proteins. In a preferred
aspect, a serum sample contains antibodies or proteins that correlate with a phenotype
of interest. In one aspect, a "phenotype of interest” is a particular disease state. In
another aspect, a "phenotype of interest" is characterized by the presence of antibodies

or proteins that correlate with an immune response to a particular treatment.

[087] “Responsive” subject serum (antiserum)” refers to a polyclonal serum sample
obtained from a subject showing a desired response after a treatment as compared
with a a polyclonal serum sample isolated or derived from a similar subject, e.g.,
receiving the same treatment but does not exhibit a desired response, i.e., a “non-

responsive subject serum”. In one aspect, the serum from a responsive subject will be

obtained from a subject exhibiting a clinical or subclinical response.

[088] Antigenic polypeptides and antibodies that specifically recognize and bind to
polypeptides are potentially useful as therapeutic agents. However, only a subset of
the antigenic polypeptides expressed by antigen-containing or potential antigen-
containing cells are effective targets for immuno- or drg therapy.. Current methods
for identifying antigenic peptides and associated antibodies de not select antigens on
the basis of their potential utility. The present invention provides a means to select
antigenic polypeptides the presence or absence of which are associated with a desired
response or phenotype by providing a method to identify a polypeptide correlating
with a phenotype of interest, wherein the polypeptide specifically recognizes and
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binds a serum antibody, said method comprising identifying a polypeptide common to
a list of characterized genes, wherein said genes are differentially expressed in one or
more relevant cells or tissues and a list of characterized polypeptides, thereby identify
said polypeptide correlating with said phenotype of interest. The serum antibody is
selected from two or more phenotypes of interest. In one aspect, this is accomplished
by selecting serum from subjects that are compared according to a pre-determined
phenotype, i.e., they express a differential in a phenotype common to each, e.g.,
differential response to treatment with a cancer vaccine. Characterized gene
expression data i then obtained and a list is obtained through the identification and
application of characteristics common the antigen or polypeptide and the list. For
example, if the serum antibody is selected from a patient having been treated with
cancer, the antigen may first be characterized by its ability to bind to the antibody,
{e.g., by Western blot) wherein the antigen is selected from cell or tissne types
suspected of expressing the antigen of interest and for which gene expression data is
available and has been characterized. This may also provide the molecular weight of
the antigen. The database of expressed gene sequences can be further selected or
limijted by additional common characteristics common to the antigen of interest,

methods for determining such characteristics are provide herein.

[089] The second list is generated from separate but relevant protein data, e.g.,

molecular weight, enzymatic digestion pattern and the light. These properties are
common to the antigenic peptide, the properties of which can be determined after
isolation of additional antigen from the appropriate sample and using the methods

provided herein.

[090] The lists are compared and based on the separate lists relating to related or
comimon phenotypic information, at least one polypeptide common to each list is
identified. Based on the selection criteria, this polypeptide binds to a serum antibody
isolated from a subject having a pre-selected phenotype.

Selection of the Polyclonal Samples Produced In Viva or In Vitro
[091] TIn one aspect, the desired response is observed afier a treatment. In another

aspect, a desired response is observed in a subject in the absence of a treatment.
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[092] As used herein, a “treatment” or a "therapy" intends any intervention that
increases or activates a response in the host or subject. In some aspects, a therapeutic
response is a clinical response, although sub-clinical responses are within the scope of
this invention as well. Treatments that may lead to a response include, but are not
limited to antibiotic therapy, auti-viral therapy, vaccination, immunization, drug
therapy (e.g., small molecules) chemotherapy, radiation therapy, successful resolution
of disease after primary surgery, antibody therapy, passive immune therapy, active

immune therapy, adoptive immune therapy and the Like.

[093] The therapeutic response will vary with the subject being treated and the
object of the treatment. Examples include humoral and cellular immune responses,
the generation of anti-antigen antibodies, generation of cytotoxic T cells specific for
the antigen which will lyse cells displaying the antigen, a non-specific innate immune
response, ¢.8., activation of NK cells, phagocytes or macrophages. Methods for
determining whether an immune response has been induced are well known in the art.
For example, antigen-specific antibody can be detected using any of a variety of
immunoassays known in the art, including, but not limited to, ELISA, wherein, for
example, binding of an antibody to an immobilized antigen (or epitope) is detected
with a detectably-labeled second antibody (e.g., enzyme-labeled mouse anti-human Ig
antibody). Immune effector cells specific for the antigen can be detected in any of a
variety of assays known to those skilled in the art, including, but not limited to,
FACS, *'Cr-release assays, or “H-thymidine uptake assays.

[094] 1In one aspect of this invention, serum samples containing polyclonal
antibodies are isolated from two or more responsive subjects. In one aspect, a sample
containing antibodies are isolated from two or more subjects, who are subsequently
treated. Post-treatment serum samples are isolated from two or more subjects. When
the subjects' respective immune responses are phenotypically distingnishable, e.g.,
from both a subject who was "responsive" to the given treatment and a subject who
was "non-responsive” to the given treatment. In this example the desired response

produced by the responsive subject is a therapeutic immune response.

[095] In yet a different aspect of this invention, phenotypically distinct serum
samples for analysis and identification of the therapeutic antigen and antibody can be

derived from in vivo or in vitro screening of subject samples. Examples are provided
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herein.

[096] The subject method can also be practice with samples obtained in vitro using a
combinatorial antibody library (antibody phage) which has been panned on tumor
cells, tumor cell membranes or shed antigens from tumor cells ix vitro to derive a
polyclonal population of binding antibodies. The polyclonal antibodies are absorbed
using the above-described methods to normal cells to eliminate pan reactive
antibodies that recognize ubiquitous antigens and then seek to demonstrate either in
vitro or in vivo that the population of enriched antibodies modulates the behavior of
target cells.

Selection and Preparation of Target Peptides
[097] In order to identify the serum antibody and its polypeptide target antigen,
protein (polypeptide) preparations from target sample/cells suspected of containing
the antigen or polypeptide are isolated from whole cell or tissue lysates.
Alternatively, since many relevant antibody targets are naturally present on the cell
surface, preparations of plasma membranes ( e.g., membrane proteins) which are
membranes are highly enriched for cell surface proteins can be used. Still further,

selective preparations of only apical and basclateral cell membrane proteins are used.

[098] Proteins within whole cell lysates, membrane preparations or enriched
preparations of the target samples are arrayed or separated, for example, by molecular
weight via electrophoresing, on a protein gel such. as an SDS polyacrylamide gel.
Identical arrays of the target samples are prepared, one for each serum sample to be
assayed. Once separated the proteins are then transferred to a suitable assay medium,
e.g., solid support, such as mitrocellulose, bead, and the like, or a liquid carrier.
Techniques for manipulating proteins are well known to those skilled in the art.
Specific details of such techniques can be obtained from well known sources such as
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (F. M. Ausubel et al. eds.
(1987)); and the series METHODS IN ENZYMOLOGY (Academic Press, Inc.).

Iselation of the Serum Polypeptide

[099] In one aspect of the invention, each serum sample is then individually and
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independently assayed against separate arrays of target sample prepared as described,
infra using standard immunological assays for detecting and/or measuring antibody-

antigen binding. Western blot analysis is a well known example of such methods.

[0100] The serum antibody is then rescued or eluted from the nitrocellulose without.
destroying the antibody's functionality using a modification of the method of Maa,
1.8. etal. (1990) J. Biol. Chem. 265:1569-1577. However, any method that removes
antibody without loss of functionality can be used.

Enrichment of Serum Peptide
[0101] Isolation of additional antigenic peptide may be necessary for identification of
the antigen. Additional antigen can be isolated using immunochermical techniques. In
one aspect of the present invention, the antibody is used to immunoprecipitate the
antigen from the expressing target sample/cell line. Those of skill in the art are
familiar with a variety of techniques that may be employed to identify a protein of
interest. For example, methods for immunoprecipitating are described in Harlow and
Lane eds, (1988) and (1999) supra or by the direct and/or indirect method described
infra.

Identification Screens
[0102] The antigen can be identified using a variety of techniques selected from the
group consisting of: 1) direct sequencing, 2) direct sequencing and comparison with a
gene or polynucleotide database, 3) amino acid sequencing comparison with a
combinatorial peptide library (on and off bead); 4) immunoprecipitation with a
peptide library (on and off bead), sequencing and comparison to a gene or
polynucleotide database, 5) peptidase digestion, mass spectroscopy and comparison
with database of known and previously characterized proteins and 6) mass
spectroscopy and comparison with database of known and previously characterized

proteins,

Polypeptide Library Screens
[0103] In some embodiments and prior to identification, the isolated sernm antibody
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is screened against a second panel or library of peptides selected from a sample
suspected of containing the antigen of interest using standard immunochemical
techniques. Examples of these methods are known in the art (Sambrook et al., (1989)
supra and Harlow and Lane (1988) and (1999) supra) or described infra. These assay
can be performed directly on with a blocking antibody as described herein.

[0104] Alternatively, a combinatorial library of random peptides can be used. Ina
further embodiment, the library has been pre-selected to increase the probability that

the antigen of interest is present.

“Gene”-Based Identification
[0105] The polynucleotide sequence of the isolated peptide can be obtained using
conventional sequencing techniques or commercially available materials. The peptide
can be obtained subsequent to the second screen against the peptide library. In most
instances, the sequence of the peptide is insufficient to provide the identify of the
protein containing the epitope. This invention provides the means to identify the
protein by comparing the sequernce against a database of characterized expressed

polynucleotide sequences.

[0106] Most suitable, the database(s) used to identify the protein are derived from
target samples, target cell lines or cells or tissue expressing the same or similar
phenotype. The term “target sample” or “target cell line” intends a biological sample
that has gene expression profile data associated with it. For example, the target
sample can be a normal tissue sample, an abnormal sample, a tumor sample, or a cell
line which has an associated gene expression profile. DNA and Protein databases are
commercially available (Incyte Genomics, California USA) publicly available (e.g.,
bitp://fasta bioch. virginia.edu/fasta/; hitp://www.nebi.nlm.nih.gov/BLAST/;
http://blast wustl.edu; http://expasy.ch/ ) or can be derived de novo.

[0107] Alternatively, one can use any method known in the art used to identify
differentially expressed polynucleotides and each can be used in invention methods.
As used herein, the term “polynucleotide fragment” includes SAGE tags (described in
U.S. Patent No. 5,695,937) as well as any other nucleic acid obtained from any

methods that yield quantitative/comparative gene expression data. Such methods
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inchude, but are not limited to, cDNA. subtraction, differential display and expressed
sequence tag methods. Techniques based on cDNA subiraction or differential display
can be quite useful for comparing gene expression differences between two cell types
(Hedrick et al. (1984) Nature 308:149; and Lian and Pardee (1992) Science 257:967).
The expressed sequence tag (EST) approach is another valuable tool for gene
discovery (Adams et al. (1991) Science 252:1651), like Northern blotting, RNase
protection, and reverse transcriptase-polymerase chain reaction (RT-PCR) analysis
(Alwine et al. (1977) PNAS 74:P5350; Zinn et al. (1983) Cell 34:865; and Veres et al.
(1987) Science 237:415). A further method is differential display coui)lcd with real-
time PCR and representational difference analysis (Lisitisyn and Wigler (1995) Meth.
Enzymol. 254:291).

[0108] It should be understood, although not always explicitly stated, that the
selection of target samples/cells from which the gene or polynucleotide database as
derived and used for sequence comparison will vary depending on the respective
indication being treated, e.g., cancer, autoimmune, viral or parasitic. For example, if
the indication is viral, the selected target sample/cell is assayed in both an uninfected
state and in a state of infection with the virus of interest. Additional samples of the
infected target sample/cell may also be included in the assay. For example, target
samples that have been infected over a time course representative of the various
stages of viral infection, are useful to monitor and detect the temporal components of

infection — e.g., immediate early, constant and late gene expression.

[0109] When the length of the amino acid sequence that is being compared with the
database is small, it is advantageous to have a pre-selected collection of sequenced
amino acids sequences to search for the identity of the query sequence in order to
simplify the search procedure. Information about the specific set of genes expressed
by the target sample and the characteristics of the proteins that react uniquely with
antibodies present only in a seram sample can be used to create a pre-selected set of

proteins.

[0110] Becanse only a portion of the sequence of a selected antibody reactive peptide
may be identical to the sequence of the corresponding natural epitope it is further
advantageous to use a pre-selected group of polypeptide sequences when screening
for the natural epitope. This increases the efficiency of the screening process by
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eliminating irrelevant sequences that may share partial homology with the identified
antigenic peptides.

Identification of the Sevurm Peptide With Peptide Databases
[0111] In one embodiment of the invention, the amino acid sequence of the serum

peptide is determined by comparison to known and previously characterized peptides.

[0112] For example, the peptide sequence of the epitope can be determined using

_ methods that include, but are not limited to the "phage method" (Scott and Smith

{1990) Science 249:386; Cwirla et al. (1990) PNAS 87:6378; and Devlin et al. (1990)
Science 249:404), the Geysen method (Geysen et al. (1986) Mol. Immunol. 23:709:
and Geysen et al. (1987) I. Immunol. Meth. 102:259), the method of Fodor et al.
(1991) Science 251:767), methods to test peptides that are agonists or antagonists as
described in Furka et al. (1988) 14™ International Congress of Biochemistry Vol, 5
Abstract FR:013; Furka (1991) Int. J. Peptide Protein Res. 37:487); Houghton (U.S.
Pat. No. 4,631,211); and Rutter et al. (U.S. Pat. No. 5,101,175), the method utilizing
synthbetic libraries (Needels et al. (1993) PNAS 90:10700; and Lam et al., U.S. Pat.
No. 5,510,240), the method that utilizes indexed combinatorial peptide displays
(Ohlmeyer et al. (1993) PNAS 90:10922) and the pepscan technique (Van der Zee
(1989) Eur. J. Tmmunol. 19:43). 4

[0113] In embodiments employing peptide library screens, most preferably, peptides
of the present invention can be synthesized using an appropriate solid state synthetic
procedure; Steward and Young, SOLID PHASE PEPTIDE SYNTHESIS, Freemantle,
San Francisco, Calif. (1968). A preferred method is the Merrifield process. See,
Merrifield (1967) Recent Progress in Hormone Res, 23:451. The amino acid
sequence of the antigenic epitope is then determined and compared with the amino
acid sequences encoded by a plurality of genes in a pre-selected set of sequences
expressed in the target tissue. Polypeptide sequences encoded by genes in the pre-
selected group that share sequence homology with the amino acid sequence of the
antibody binding peptide will define a natural epitope recognized and bound by the

antibody from the serum.

[0114] When the antigenic epitope present in a polypeptide that reacts uniquely with
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an antibody in the serum of a subject is identified using the method described herein,
it is advantageous to additionally identify a plurality of antigenic peptides that each
react with the selected antibody. Because the binding of an antibody to a polypeptide
subsirate depends on the three dimensional structure of the substrate, and frequently
not all of the residues in the epitope make direct contact with the antibody molecule,
more than one specific peptide sequence may be found to react with a selected
antibody. Alignment of a plurality of identified antibody binding peptides enables the
determination of a consensus sequence {or sequence motif) of the epitope to facilitate

identification of the natural epitope in a protein database (See Figure 3).

MALDI-TOF MS
{0115] In this embodiment, Matrix Assisted Laser Desorption lonization Time of
Flight Mass Spectrometry (“MALDI-TQF MS™) is used to identify the peptide targets
recognized by antibodies shown to possess reactivity (see Figure 5). In this aspect,
after the antibody is isolated or alternatively, the serum in which antibody is present is
identified (See Figure 5), an additional protein gel is run to isolate the peptide. The
‘band is excised and the peptide is isolated and prepared for analysis throngh the mass
spectrometer by digestion with one or mere known and previously characterized
peptidase. As used berein, the term “known and previously characterized peptidase”
intends a protein or peptide for which the fragments of a known peptidase digestion

have been previously identified, characterized and cataloged.

[0116] For example, using well known procedures described for example in
Shevchenko, A et al. (2000) Anal. Chem. 72:2132-2141, the sample or unknown
peptide is mixed with matrix and dried on a sample plate. The sample is infroduced
into the high vacuum of the mass spectrometer. The sample spot is irradiated with
laser, desorbing ions into the gas phase and starting the clock measuring the tine of
flight. Ions are accelerated by an electrical field to the same kinetic energy, and they
drift (or fly) down a field free flight tube where they are separated into space. Ions
strike the detector at different times depending on the mass to charge ratio of the ion.
A data system conirols all instrument parameters, acquires the signal versus time, and
permits data processing. The spectrometer generates a profile of the sample which is
then compared against previously characterized proteins and peptides. Peptide mass
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spectrometry databases are available on the web, e.g.,
hitp:/mtwade/htmlucs/msfit htm, or can be internally generated. Matches identify the
targets recognized by anfibodies shown to possess reactivity.

Confirmation of Biological Activity
[0117] Polyclonalor monoclonal antibodies and peptides containing the epitope of

interest can be prepared and isolated using invention methods.

[0118] The ﬁﬁncﬁonal activity or relevance of the isolated antigen or peptide can be
confirmed using well known in vitro or in vivo methods. Therapeutic and diagnostic
utility is confirmed by administration of the peptide or antigen to a subject in need of
treatment.” For example, a target sample/cell line (the gene expression profile of
which is known) from a human subject is used to immunize mice to elicit a specific
humoral immune respouse against a polypeptide antigen expressed by the target
sample/cell. Means for producing a more robust humoral response in mammals are
known in the art. For example, the mice selected to receive the immunization can be
naturally T cell deficient or rendered T cell deficient by treatment with anti-CD8

antibody to suppress T cell response.

[0119] Methods for demonstrating that the humoral immune response elicited by the
immunization also confers protective immunity are known in the art, for example,
adoptive transfer of antibodies obtained from the immunized (protected) mice to a
group of naive mice. The naive mice receiving these antibodies are then challenged
with the target sample/cell line and/or other antigenically related cells and monitored
for imumune responses thereto. Monoclonal and polyclonal antibodies may be

obtained from the immunized mice using standard technignes.

[0120] These antibodies (monoclonal or polyclonal) can also be assayed in vitro to
determine their ability to inhibit proliferation of human tumor cells. The specificity
of antibodies shown to inhibit human tumor cell proliferation ir vitro can be assessed
by Western blot analyses using cell lysates or membrane preparations of a panel of
target sample/cell lines as described hereinabove.
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Polyrucleotides Identified by the Invention
[0121] The polynucleotides can be conjugated to a detectable marker, e.g., an
enzymatic label or a radioisotope for detection of nucleic acid and/or expression of
the gene in a cell. A wide variety of appropriate detectable markers are known in the
art, including fluorescent, radioactive, enzymatic or other ligands, such as
avidin/biotin, which are capable of giving a detectable signal. In preferred
embodiments, one will likely desire to employ a fluorescent label or an enzyme tag,
such as urease, alkaline phosphatase or peroxidase, instead of radioactive or other
environmental undesirable reagents. In the case of enzyme tags, colorimetric
indicator substrates are known which can be employed to provide a means visible to
the human eye or spectrophotometrically, to identify specific hybridization with

complementary nucleic acid-containing samples.

[0122] This invention further provides a method for detecting a single-stranded
polynucleotide or its complement, by contacting target single-stranded
polynucleotides with a labeled, single-stranded polynucleotide (a probe) under
conditions permitting hybridization (preferably moderate or stringent hybridization
conditions) of complementary single-stranded polynucleotides, or more preferably,
under highly stringent hybridization conditions. Hybridized polynucleotide pairs are
separated from un-hybridized, single-stranded polynucleotides. The hybridized
polynucleotide pairs are detected using methods well known to those of skill in the art
and set forth, for example, in Sambrook et al. (1989) supra,

[0123] The polynucleotides of this invention can be replicated using PCR. PCR
technology is the subject matter of United States Patent Nos. 4,683,195, 4,800,159,
4,754,065, and 4,683,202 and described in PCR: THE POLYMERASE CHAIN REACTION
(Mullis et al. eds., Birkhauser Press, Boston (1994)} and references cited therein.

[0124] Alternatively, one of skill in the art can use the sequences provided herein and
a commercial DNA synthesizer to replicate the DNA. Accordingly, this invention
also provides a process for obtaining the polynucleotides of this invention by
providing the linear sequence of the polynucleotide, appropriate primer molecules,
chemicals such as enzymes and instructions for their replication and chemically
replicating or linking the nucleotides in the proper orientation to obtain the
polynucleotides. In a separate embodiment, these polynucleotides are further isolated.
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Stilt further, one of skill in the art can insert the polynucleotide into a suitable
replication vector and insert the vector into a suitable host cell (prokaryotic or
eukaryotic) for replication and amplification. The DNA so amplified can be isolated
from the cell by methods well known to those of skill in the art. A process for
obtaining polynucleotides by this method is further provided herein as well as the
polynucleotides so obtained.

[0125] RNA can be obtained by first inserting a DNA polynucleotide into a suitable
host cell. The DNA can be inserted by any appropriate method, e.g., by the use of an
appropriate gene delivery vehicle (e.g., liposome, plasmid or vector) or by
electroporation. When the cell replicates and the DNA. is transcribed into RNA; the
RNA can then be isolated using methods well known to those of skill in the art, for
example, as set forth in Sambrook et al. (1989) supra. For instance, mRNA can be
isolated using various lytic enzymes or chemical solutions according to the
procedures set forth in Sambrook et al. (1989) supra or extracted by nucleic-acid-

binding resins following the accompanying instructions provided by manufactures.

[0126] 1t is known in the art that a “perfectly matched” probe is not needed for a
specific hybridization. Minor changes in probe seqhmce achieved by substitution,
deletion or insertion of a small number of bases do not affect the hybridization
specificity. In general, as much as 20% base-pair mismatch (when optimally aligned)
can be tolerated. Preferably, a probe useful for detecting the aforementioned mRNA
is at least about 80% identical to the homologous region of comparable size. More
preferably, the probe is 85% identical to the corresponding gene sequence after
alignment of the homologous region; even more preferably, it exhibits 90% identity.

[0127] These probes can be used in radioassays (e.g. Southern and Northern blot
analysis) to detect or monitor various cells or tissue containing these cells. The
probes also can be attached to a solid support or an array such as a chip for use in high
throughput screening assays for the detection of expression of the gene corresponding

to one or more polymucleotide(s) of this invention.

[0128] The invention further provides the isolated polynucleotide operatively linked
to a promoter of RNA transcription, as well as other regulatory sequences for

replication and/or transient or stable expression of the DNA or RNA. As used herein,
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the term “operatively linked” means positioned in such a manner that the promoter
will direct transcription of RNA off the DNA. molecule. Examples of such promoters
are SP6, T4 and T7. In certain embodiments, cell-specific promoters are used for
cell-specific expression of the inserted polynucleotide. Vectors which contain a
promoter or a promoter/enhancer, with termination codons and selectable marker
sequences, as well as a cloning site into which an inserted piece of DNA can be
operatively linked to that promoter are well known in the art and commercially
available. For general methodology and cloning strategies, see “Gene Expression
Technology” (Goeddel ed., Academic Press, Inc. (1991)) and references cited therein
and “Vectors: Essential Data Series™ (Gacesa and Ramyji, eds., John Wiley & Sons,
N.Y. (1994)), which contains maps, functional properties, commercial suppliers and a
reference to GenEMBL accession numbers for various suitable vectors. Preferably,

these vectors are capable of transcribing RNA i vifro or in vivo.

Delivery Vehicles Comprising a Polynucleotide of the I
[0129] The present invention also provides delivery vehicles suitable for delivery of a

polynucleotide of the invention into cells (whether iz vivo, ex vivo, or in vitro)., A
polynucleotide of the invention can be contained within a cloning or expression
vector. These vectors (especially expression vectors) can in turn be manipulated to
assume any of a number of forms that may, for example, facilitate delivery to and/or

entry into a cell.

[0130] Expression vectors containing these nucleic acids are useful to obtain host
vector systems to produce proteins and polypeptides. It is implied that these
expression vectors must be replicable in the host organisms either as episomes or as
an integral part of the chromosomal DNA. Suitable expression vectors include
plasmids, viral vectors, including adenoviruses, adeno-associated viruses,
retroviruses, cosmids, etc. Adenoviral vectors are particularly useful for introducing
genes into tissues iz vivo because of their high levels of expression and efficient
transformation of cells both iz vitro and in vivo. When a nucleic acid is inserted into a
suitable host cell, e.g., a prokaryotic or a eukaryotic cell and the host cell replicates,
the protein can be recombinantly produced. Suitable host cells will depend on the

vector and can include mammalian cells, animal cells, human cells, simian cells,
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insect cells, yeast cells, and bacterial cells constructed using well known methods.
See Sambrook, et al. (1989) supra. In addition to the use of viral vector for insertion
of exogenous nucleic acid into cells, the nucleic acid can be inserted into the host cell
by methods well known in the art such as transformation for bacterial cells;
transfection using calcium phosphate precipitation for mammalian cells; or DEAE-
dextran; electroporation; or microinjection. See Sambrook et al. (1989) supra for this
methodology. Thus, this invention also provides a host cell, ¢.g., a mammalian cell,
an animal cell (rat or mouse), a human cell, or a prokaryotic cell such as a bacterial

cell, containing a polynucleotide encoding a protein or polypeptide or antibody.

[0131] When the vectors are used for gene therapy in vivo or ex vivo, a
pharmaceutically acceptable vector is preferred, such as a replication-incompetent
retroviral or adenoviral vector. Pharmaceutically acceptable vectors containing the
nucleic acids of this invention can be further modified for transient or stable

expression of the inserted polynucleotide.

Host Cells Comprising Polj leotides of the It

[0132] The present invention further provides host cells comprising polynucleotides
of the invention. Host cells containing the polynucleotides of this invention are useful
for the recombinant replication of the polynucleotides and for the recombinant
production of peptides of the invention. Alternatively, host cells comprising a
polynucleotide of the invention may be used to induce an immune response in a
subject in the methods described herein.

[0133] Host cells which are suitable for recombinant replication of the
polynucleotides of the invention, and for the recombinant production of peptides of
the invention can be prokaryotic or eukaryotic. Host systems are known in the art and
need not be described in detail herein. Prokaryotic hosts include bacterial cells, for
example E. coli, B. subtilis, and mycobacteria. Among eukaryotic hosts are yeast,
insect, avian, plant, C. elegans (or nematode) and mammalian cells. These cells are
cultured in conventional nutrient media modified as appropriate for inducing
promoters, selecting transformants, or amplifying the genes encoding the desired

, sequences.
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[0134] When the host cells are antigen presenting cells, they can be used to expand a
population of immune effector cells such as tumor infiltrating lymphocytes which in
turn are useful in adoptive immunotherapies. Antigen presenting cells are described
in more detail below.

Host Cells Pr ing Antigens of the Inventi
[0135] The invention further provides isolated host cells comprising antigens
identified by the methods of this invention. In some embodiments, these host cells
present two or more peptides of the invention on the surface of the cell in the context
of an MHC molecule such that the peptide can be recognized by an immune effector
cell. Isolated host cells which present the polypeptides of this invention in the context
of MHC molecules are further useful to expand and isolate a population of educated,
antigen-specific immune effector cells. The immune effector cells, e.g., cytotoxic T
lymphocytes, are produced by culturing naive immune effector cells with antigen-
presenting cells which present the polypeptides in the context of MHC molecules on
the surface of the APCs. The pepulation can be purified using methods known in the
art, e.g., FACS analysis or FICOLL™ gradient. The methods to generaie and culture
the immune effector cells as well as the populations produced thereby alse are the
inventor’s contribution and invention. Pharmaceutical compositions comprising the
cells and pharmaceutically acceptable carriers are useful in adoptive immunotherapy.
Prior to administration ## vivo, the immune effector cells are screened in vitro for their
ability to target cells.

[0136] In some of these embodiments, isolated host cells are APCs: APCs include,
but are not limited to, dendritic cells (DCs), monocytes/macrophages, B lymphocytes
or other cell type(s) expressing the necessary MHC/co-stimulatory molecules.

[0137] In some embodiments, the immune effector cells and/or the APCs are
genetically modified. Using standard gene transfer, genes coding for co-stimulatory
molecules and/or stimulatory cytokines can be inserted prior to, concurrent to or

subsequent to expansion of the immune effector cells.

[0138] APCs can obtained from a variety of sources, including but not limited to,
peripheral blood mononuclear cells (PBMC), whole blood or fractions thereof
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containing mixed populations, spleen cells, boﬁe marrow cells, tumor infiltrating
Iymphocytes, cells obtained by leukapheresis, lymph nodes, e.g., Lymph nodes
draining from a tumor., Suitable donors include an immunized donor, 2 non-
immunized (naive) donor, treated or unireated donors. A “treated” donor is one that
has been exposed to one or more biological modifiers. An “untreated” donor has not
been exposed to one or more biological modifiers. APCs can also be treated in vitro

with one or more biological modifiers.

[0139] The APCs are generally alive but can also be irradiated, mitomycin C treated,
attenuated, or chemically fixed. Further, the APCs need not be whole cells. Instead,

vesicle preparations of APCs can be used.

[0140] APCs can be genetically modified, i.e., transfected with a recombinant
polynucleotide construct such that they express a polypeptide or an RNA molecule
which they would not normally express or would normally express at lower levels.
Examples of polynucleotides include, but are not limited to, those which encode an
MHC molecule; a co-stimulatory molecule such as B7; and a peptide or polypeptide
of the invention.

[0141] Cells which do not normally function iz vive in mammals as APCs can be
modified in such a way that they function as APCs. A wide variety of cells can
function as APCs when appropriately modified. Examples of such cells are insect -
cells, for example Drosophila or Spodoptera; and foster cells, such as the human cell
line T2. For example, expression vectors which direct the synthesis of one or more
antigen-presenting polypeptides, such as MHC molecules, optionally also accessory
molecules such as B7, can be introduced into these cells to effect the expression on
the surface of these cells antigen presentation molecules and, optionally, accessory
molecules or functional portions thereof. Alternatively, antigen-presenting
polypeptides and accessory molecules which can insert themselves into the cell
membrane can be used. For example, glycosyl-phosphotidylinositol (GPI)-modified
polypeptides can insert themselves into the membranes of cells. Hirose et al. (1995)
Methods Enzymol. 250:582-614; and Huang et al. (1994) Immunity 1:607-613.
Accessory molecules include, but are not limited to, co-stimulatory antibodies such as
antibodies specific for CD28, CD80, or CD86; costimulatory molecules, including,
but not limited to, B7.1 and B7.2; adhesion molecules such as ICAM-1 and LFA-3;
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and survival molecules such as Fas ligand and CD70. See, for example, PCT
Publication No. WO 97/46256.

[0142] Foster antigen presenting cells are particularly useful as APCs. Foster APCs
are derived from the human cell line 174xCEM.T2, referred to as T2, which contains
amutation in its antigen processing pathway that restricis the association of
endogenous peptides with cell surface MHC class Imolecules. Zweerink et al. (1993)
J. Immunol. 150:1763-1771. This is due to a large homozygous deletion in the MHC
class IT region encompassing the genes TAP1, TAP2, LMP1, and LMP2, which are
required for antigen presentation to MHC class 1-restricted CD8* CTLs. In effect,
only “empty” MHC class I molecules are presented on the surface of these cells.
Exogenous peptide added to the culture medium binds to these MHC molecules
provided that the peptide contains the allele-specific binding motif. These T2 cells
are referred to herein as “foster” APCs. They can be used in conjunction with this

invention to present antigen(s).

[0143] Transduction of T2 cells with specific recombinant MHC alleles allows for
redirection of the MHC restriction profile. Libraries tailored to the recombinant allele
will be preferentially presented by them because the anchor residues will prevent
efficient binding to the endogenous allele.

[0144] High level expression of MHC molecules makes the APC more visible to the
CTLs. Expressing the MHC allele of interest in T2 cells using a powerful
transcriptional promeoter (e.g., the CMV promoter) results in a more reactive APC
(most likely due to a higher concentration of reactive MHC-peptide complexes on the

cell surface).

[0145] The following is a brief description of two fundamental approaches for the
isolation of APC. These approaches involve (1) isolating bone marrow precursor
cells (CD34") from blood and stimulating them to differentiate into APC; or (2)
collecting the precommitted APCs from peripheral blood. In the first approach, the
patient must be treated with cytokines such as GM-CSF to boost the number of
circulating CD34" stem cells in the peripheral blood.

0146] The second approach for isolating APCs is to collect the relatively large
numbers of precommitted APCs already circulating in the blood. Previous techniques
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for isolating committed APCs from human peripheral blood have involved
corabinations of physical procedures such as metrizamide gradients and
adherence/nonadherence steps (Freudenthal et al. {1990) Proc. Natl. Acad. Sci. USA
87:7698-7702); Percoll gradient separations (Mehta-Damani et al. (1994) J. Immunol.
153:996-1003); and fluorescence activated cell sorting techniques (Thomas et al.
(1993) J. Immunol. 151:6840-52).

[0147] One technique for separating large numbers of cells from one another is
known as countercurrent centrifugal elutriation (CCE). In this technique, cells are
subject to simultaneous centrifugation and a washout stream of buffer which is
constantly increasing in flow rate. The constantly increasing countercurrent flow of

buffer leads to fractional cell separations that are largely based on cell size.

[0148] In one aspect of the invention, the APC are precommitted or mature dendritic
cells which can be isolated from the white blood cell fraction of a mammal, such as a
murine, simian or a human (See, e.g., WO 96/23060). The white blood cell fraction
can be from the petipheral blood of the mammal. This method includes the following
steps: (a) providing a white blood cell fraction obtained from a mammalian source by
methods known in the art such as leukapheresis; (b) separating the white blood cell
fraction of step (a) into four or more subfractions by countercurrent centrifugal
elutriation, (c) stimulating conversion of monocytes in one or more fractions from
step (b) to dendritic cells by contacting the cells with calcium ionophore, GM-CSF
and IL-13 or GM-CSF and IL-4, (d) identifying the dendritic cell-enriched fraction
from step (c), and () collecting the enriched fraction of step (d), preferably at about
4°C. One way to identify the dendritic cell-enriched fraction is by fluorescence-
activated cell sorting. The white blood cell fraction can be treated with calcinm
ionophore in the presence of other cytokines, such as recombinant (th) rhIL-12,
thGM-CSF, or thIL-4. The cells of the white blood cell fraction cﬁn be washed in
buffer and suspended in Ca™*/Mg"™ free media prior to the separating step. The white
blood cell fraction can be obtained by leukapheresis. The dendritic cells can be
identified by the presence of at least one of the following markers: HLA-DR, HLA-
DQ, or B7. 2, and the simultaneous absence of the following markers: CD3, CD14;
CD16, 56, 57, and CD 19, 20. Monoclonal antibodies specific to these cell surface

markers are commercially available.
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10149] More specifically, the method requires collecting an enriched collection of
white cells and platelets from leukapheresis that is then further fractionated by
countercurrent centrifugal elutriation (CCE). Abrahamsen et al. (1991) J. Clin.
Apheresis 6:48-53. Cell samples are placed in a special elutriation rotor. The rotor is
then spun at a constant speed of, for example, 3000 rpm. Once the rotor has reached
the desired speed, pressurized air is used to control the flow rate of cells. Cells in the
elutriator are subjected to simultaneous centrifugation and a washout stream of buffer
which is constantly increasing in flow rate. This results in fractional cell separations

based largely but not exclusively on differences in cell size.

[0150] Quality control of APC and more specifically DC collection and confirmation
of their successful activation in culture is dependent upon a simultaneous multi-color
FACS analysis technique which monitors both monocytes and the dendritic cell
subpopulation as well as possible contaminant T Iymphocytes. It is based upon the
fact that DCs do not express the following markers: CD3 (T cell); CD14 (monocyte);
CD16, 56, 57 (NK/LAK cells); CD19, 20 (B cells). At the same time, DCs do express
large quantities of HLA-DR, significant HLA-DQ and B7.2 (but little or no B7.1) at
the time they are circulating in the blood (in addition they express Leu M7 and M9,

myeloid markers which are also expressed by monocytes and neutrophils).

[0151] Once collected, the DC rich/monocyte APC fractions (usually 150 through
190) can be pooled and cryopreserved for future use, or immediately placed in short

term culture.

{0152] Alternatively, others have reported that a method for upregulating (activating)
dendritic cells and converting monocytes to an. activated dendritic cell phenotype.
This method involves the addition of calcium ionophore to the culture media convert
monecytes into activated dendritic cells. Adding the calcium ionophore A23187, for
example, at the beginning of a 24-48 hour culture period resulted in uniform
activation and dendritic cell phenotypic conversion of the pooled “monocyte plus
DC” fractions: characteristically, the activated population becomes uniformly CD14
(Len M3) negative, and upregulates HLA-DR, HLA-DQ, ICAM-1, B7.1, and B7.2.

[0153] Specific combination(s) of cytokines have been used successfully to amplify
(or partially substitute) for the activation/conversion achieved with calcium
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ionophore: these cytokines include but are not limited to purified or recombinant
human (“rh”) rthGM-CSF, thIL-2, and thIL-4. Each cytokine when given alone is
inadequate for optimal upregulation.

Pr ion Of Polypeptides By Antigen-Pr ing Matrices
[0154] For use in immunomodulatory methods and diagnostic methods of the
invention, an antigen-presenting matrix presents convergent antigenic peptide ligands
of the invention bound to an MHC molecule. Any known method can be used to
achieve presentation by an antigen-presenting matrix. The following are non-limiting

examples of methods that can be used.

[0155] Polypeptides can be delivered to antigen-presenting cells as polypeptide or
peptide or in the form of ¢DNA enceding the protein/peptide.

[0156] Another method to deliver a synthetic antigenic peptide epitope of the
invention to an APC is by pulsing. Pulsing can be accomplished ir vitro/ex vivo by
exposing APCs to the antigenic polypeptide(s) or peptide(s) of this invention. The
polypeptide(s) or peptide(s) are added to APCs at a concentration of 1-10 pm for
approximately 3 hours. Pulsed APCs can subsequently be administered to the host via
an intravenous, subcutaneous, intranasal, intramuscular or intraperitoneal route of
delivery.

i
0157] Polypebtides can also be delivered in vivo, for example, as part of a
polypeptide or complexed with another macromolecule, with or without adjuvant via
the intravenous, subcutaneous, intranasal, intramuscular or intraperitoneal route of

delivery.

[0158] Various other techniques can be used, including the following. Paglia et al.

‘ (1996) T. Exp. Med. 183:317-322 has shown that APC incubated with whole protein

in vitro are recognized by MHC class I-restricted CTLs, and that immunization of
animals with these APCs led to the development of antigen-specific CTLs i vivo. In
addition, several different techniques have been described which lead to the
expression of antigen in the cytosol of APCs, such as DCs. These include (1) the
introduction into the APCs of RNA. isolated from tumor cells, (2) infection of APCs

with recombinant vectors to induce endogenous expression of antigen, and (3)
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introduction of tumor antigen into the DC cytosol using liposomes. (See Boczkowski
et al. (1996) J. Exp. Med. 184:465-472; Rouse et al. (1994) J. Virol. 68:5685-5689;
and Nair et al. (1992) J. Exp. Med. 175:609-612).

[0159] Another method which can be used is termed “painting.” It has been
demonstrated that glycosyl-phosphotidylinesitol (GPI)-modified proteins possess the
ability to reincorporate themselves-back into cell membranes after purification.
Hirose et al. (1995) Methods Enzymol. 250:582-614; Medof et al,, (1984) I. Exp.
Med. 160:1558-1578; Medof (1996) FASEB J. 10:574-586; and Huang et al. (1994)
Inomunity 1:607-613 have exploited this property in order to create APCs of specific
composition for the presentation of antigen to CTLs. They devised expression vectors
for B2-microglobulin and the HLA-A2.1 allele. The proteins were expressed in
Schneider 82 Drosophila melanogaster cells, known to support GPl-medification.
After purification, the proteins could be incubated together with a purified antigenic
peptides which resulted in a trimolecular complex capable of efficiently inserting
itself into the membranes of autologous cells. In essence, these protein mixtures were
used to “paint” the APC surface, conferring the ability to stimulate a CTL clone that
was specific for the antigenic peptide. Cell coating was shown to occur rapidly and to
be protein concentration dependent. This method of generating APCs bypasses the
need for gene transfer into the APC and permits control of antigenic peptide densities
at the cell surfaces.

Immune Effector Cells
[0160] The present invention makes use of the above-described compositions
including APCs, to stimulate production of an enriched population of antigen-specific
immiune effector cells. Accordingly, the present invention provides a population of
cells enriched in educated, antigen-specific immune effector cells, specific for an
antigenic peptide of the invention. These cells can cross-react with (bind specifically
to) antigenic determinants (epitopes) on natural (endogenous) antigens. ‘In some
embodiments, the natural antigen is on the surface of tummor cells and the educated,
antigen-specific immune effector cells of the invention suppress growth of the tumor
cells. When APCs are used, the antigen-specific immune effector cells are expanded
at the expense of the APCs, which die in the culture. The process by which naive
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immmne effector cells become educated by other cells is described essentially in
Coulie (1997) Molec. Med. Today 3:261-268.

[0161] The APCs prepared as described above are mixed with naive immune effector
cells. Preferably, the cells may be cultured in the presence of a cytokine, for example
IL-2. Because dendritic cells secrete potent immunostimulatory cytokines, such as
IL-12, it may not be necessary to add supplemental cytokines during the first and
successive rounds of expansion. In any event, the culture conditions are such that the
antigen-specific immune effector cells expand (i.e. proliferate) at a much higher rate
than the APCs. Multiple infusions of APCs and optional cytokines can be performed
to further expand the population of antigen-specific cells.

[0162] In one embodiment, the immune effector cells are T cells. In a separate
embodiment, the immune effector cells can be genetically modified by transduction
with a transgene coding for example, [L-2, IL-11 or [L-13. Methods for introducing
transgenes in vifro, ex vivo and in vivo are well known in the art. See Sambrook, et al.
(1989) supra.

[0163} An effector cell population suitable for use in the methods of the present
invention can be autogeneic or allogeneic, preferably autogeneic. When effector cells
are allogeneic, preferably the cells are depleted of alloreactive cells before use. This
can be accomplished by any known means, including, for example, by mixing the
allogeneic effector cells and a recipient cell population and incubating them for a
suitable time, then depleting CD69" cells, or inactivating alloreactive cells, or

inducing anergy in the alloreactive cell population.

[0164] Hybrid immune effector cells can also be used. Tmmune effector cell hybrids
are known in the art and have been described in various publications. See, for
example, International Patent Application Nos. WO 98/46785 and WO 95/16775.

[0165] The effector cell population can comprise unseparated cells, i.e., a mixed
population, for example, a PBMC population, whole blood, and the like. The effector
cell population can be manipulated by positive selection based on expression of cell
surface markers, negative selection based on expression of cell surface markers,
stimulation with one or more antigens in vitro or in vivo, treatment with one or more

biological modifiers ir vitro or in vivo, subtractive stimulation with one or more
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antigens or biological modifiers, or 2 combination of any or all of these.

[0166] Effector cells can obtained from. a variety of sources, including but not limited
to, PBMC, whole blood or fractions thereof containing mixed populations, spleen
cells, bone marrow cells, tumor infiltrating lymphocytes, cells obtained by
leukapheresis, biopsy tissue, lymph nodes, e.g., lymph nodes draining from a tumor.
Suitable donors include an immunized donor, a non-immunized (naive) donor, a
treated or untreated donors. A “treated” donor is one that has been exposed to one or
more biological modifiers. An “untreated” donor has not been exposed to one or

more biological modifiers.

[0167] Methods of extracting and culturing effector cells are well known, For
example, effector cells can be obtained by leukapheresis, mechanical apheresis using
a continuous flow cell separator. For example, lymphocytes and monocytes can be
isolated from the buffy coat by any known method, including, but not limited to,
separation over Ficoll-Hypaque™ gradient, separation over a Percoll gradient, or
elutriation. The concentration of Ficoll-Hypaque™ can be adjusted to obtain the
desired population, for example, a population enriched in T cells. Other methods
based on affinity are known and can be used. These include, for example,
fluorescence-activated cell sorting (FACS), cell adhesion, magnetic bead separation,
and the like. Affinity-based methods may utilize antibodies, or portions thereof,
which are specific for cell-surface markers and which are available from a variety of
commercial sources, including, the American Type Culture Collection (Manassas,
MD). Affinity-based methods can alternatively utilize ligands or ligand analogs, of
cell surface receptors.

[0168] The effector cell population can be subjected to one or more separation
protocols based on the expression of cell surface markers. For example, the cells can
be subjected to positive selection on the basis of expression of one or more cell
surface polypeptides, including, but not limited to, “cluster of differentiation” cell
surface markers such as CD2, CD3, CD4, CD8, TCR, CD45, CD45RO, CD45RA,
CD11b, CD26, CD27, CD28, CD29, CD30, CD31, CD40L; other markers associated
with lymphocyte activation, such as the lymphocyte activation gene 3 product
(LAG3), signaling lymphocyte activation molecule (SLAM), T1/ST2; chemokine
receptors such as CCR3, CCR4, CXCR3, CCRS; homing receptors such as CD62L,
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CD44, CLA, CD146, adb7, aBb7; activation markers such as CD25, CD69 and OX40;
and lipoglycans presented by CD1. The effector cell population can be subjected to

. negative selection for depletion of non-T cells and/or particular T cell subsets.

Negative selection can be performed on the basis of cell surface expression of a
variety of molecules, including, but not limited to, B cell markers such as CD19, and
CD20; monocyte marker CD14; the NK. cell marker CD56.

[0169] An effector cell population can be manipulated by exposure, in vive or in
vitro, to one or more biological modifiers. Suitable biological modifiers include, but
are not limited to, cytokines such as IL-2, IL-4, IL-10, TNF-¢, IL-12, IFN-y; non-
specific modifiers such as phytohemagglutinin (PHA), phorbol esters such as phorbol
myristate acetate (PMA), concanavalin-A, and ionomycin; antibodies specific for cell
surface markers, such as anti-CD2, anti-CD3, anti-IL2 receptor, anti-CD28;
chemokines, including, for example, lymphotactin, The biological modifiers can be
native factors obtained from natural sources, factors produced by recombinant DNA
technology, chemically synthesized polypeptides or other molecules, or any derivative
having the functional activity of the native factor. If more than one biological

modifier is used, the exposure can be simultaneous or sequential.

[0170] The present invention provides compositions comprising immune effector
cells, which may be T cells, enriched in antigen-specific cells. By “enriched” is
meant that a cell population is at least about 50-fold, more preferably at least about
500-fold, and even more preferably at least about 5000-fold or more enriched from an
original naive cell population. The proportion of the enriched cell population which
comprises antigen-specific cells can vary substantially, from less than 10% up to
100% antigen-specific cells. If the cell population comprises at least 50%, preferably
at least 70%, more preferably at least 80%, and even more preferably at least 90%,
antigen-specific immune effector cells, specific for a peptide of the invention, then the
population is said to be “substantially pure.” The percentage which are antigen- .
specific can readily be determined, for example, by a *H-thymidine uptake assay in
which the effector cell population (for example, a T-cell population) is challenged by
an anﬁgeﬁ-presenﬁng matrix presenting an antigenic peptide of the invention.
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Isolated Antibodies and Derivative Antibodies
[0171] Serum antibodies, monoclonal antibodies and antibody derivatives are within
the scope of this invention. The antibody compositions recognize the polypeptides
identified by practicing the methods of the invention. Such antibodies include
polyclonal and monoclonal antibodics. Laboratory methods for producing polyclonal
antibodies and monoclonal antibodies, as well as deducing their corresponding
nucleic acid sequences, are known in the art, see Harlow and Lane (1988) and (1999)
supra and Sambrook, et al. (1989) supra. The monoclonal antibodies of this
invention can be biologically produced by introducing protein or a fragment thereof
into an animal, e.g., a mouse or a rabbit. The antibody producing cells in the animal
are isolated and fused with myeloma cells or heteromyeloma cells to produce hybrid
cells or hybridomas. Accordingly, the hybridoma cells producing the monoclonal A

antibodies of this invention also are provided.

[0372] Thus, using the protein or fragment thereof, and well known methods, one of
skill in the art can produce and screen the hybridoma cells and antibodies of this
invention for antibodies having the ability to bind the proteins or polypeptides.

[0173] If a monaclonal antibody being tested binds with the protein or polypeptide,
then the antibody being tested and the antibodies provided by the hybridomas of this
invention are equivalent. It also is possible to determine, without undue ‘
experimentation, whether an antibody has the same specificity as the monoclonal
antibody of this invention by determining whether the antibody being tested prevents
a monoclonal antibody of this invention from binding the protein or polypeptide with
which the monocloﬁal antibody is normally reactive. If the antibody being tested
competes with the monoclonal antibody of the invention as shown by a decrease in
binding by the monoclonal antibody of this invention, then it is likely that the two
antibodies bind to the same or a closely related epitope. Alternatively, one can pre-
incubate the monoclonal antibody of this invention with a protein with which it is
normally reactive, and determine if the mionoclonal antibody being tested is inhibited
in its ability to bind the antigen. If the monoclonal antibody being tested is inhibited
then, in all likelihood, it has the same, or a closely related, epitopic specificity as the
monoclonal antibody of this invention.

{0174] The term “antibody” also is intended to include antibodies of all isotypes.
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Particular isotypes of a monoclonal antibody can be prepared either directly by
selecting from the initial fusion, or prepared secondarily, from a parental hybridoma
secreting a monoclonal antibody of different isotype by using the sib selection
1ech}11que to isolate class switch variants using the procedure described in Steplewski
et al. (1985) Proc. Natl. Acad. Sci. USA 82:8653 or Spira et al. (1984) J. Immunol.
Meth. 74:307.

{0175] This invention also provides biological active fragments of the polyclonal and
monoclonal antibodies described above, These “antibody fragments™ retain some
ability to selectively bind with its antigen or immunogen. Such antibody fragments
can include, but are not limited to: 1) Fab, 2) Fab', 3) F(ab'),, 4) Fv, and 5) single
chain antibodies (“SCA™).

[0176] A specific example of “a biologically active antibody fragment” is a
complementarity determining region (CDR) of the antibody. Methods of making
these fragments are known in the art, see for example, Harlow and Lane (1988) and
(1999) supra.

[0177] The antibodies of this invention also can be modified to create chimeric and

. humanized antibodies (O1 et al. (1986) BioTechniques 4(3):214). Chimeric antibodies

are those in which the various domains of the antibodies’ heavy and light chains are

coded for by DNA from more than one species.

[0178] The isclation of other hybridomas secreting monoclonal antibodics with the
specificity of the monoclonal antibodies of the invention can also be accomplished by
one of ordinary skill in the art by producing anti-idiotypic antibodies (Herlyn et al.
(1986) Science 232:100). An anti-idiotypic antibody is an antibody which recognizes
unique determinants present on the monoclonal antibody produced by the hybridoma

of interest.

[0179] Idiotypic identity between monoclonal antibodies of two hybridomas

demonstrates that the two monoclonal antibodies are the same with respect to their
) recogition of the same epitopic determinant. Thus, by using antibodies to the

epitopic determinants on a monoclonal antibody it is possible to identify other

hybridomas expressing monoclonal antibodies of the same epitopic specificity.
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[0180] It is also possible to use the anti-idiotype technology to produce monoclonal
antibodies which mimic an epitope. For example, an anti-idiotypic monoclonal
antibody made to a first monoclonal antibody will have a binding domain in the
hypervariable region which is the mirror image of the epitope bound by the first
monoclonal antibody. Thus, in this instance, the anti-idiotypic monoclonal antibody

could be used for immunization for production of these antibodies.

[0181] As used in this invention, the term “epitope” is meant to include any
determinant having specific affinity for the monoclonal antibodies of the invention.
Epitopic determinants usually consist of chemically active surface groupings of
molecules such as amino acids or sugar side chains and wsually have specific three

dimensional structural characteristics, as well as specific charge characteristics.

[0182] The antibodies and/or antigens (polypeptides) of this invention can be linked
to a detectable ageut or label. There are many different labels and methods of
labeling known to those of ordinary skill in the art.

[0183] The coupling of antibodies to low molecular weight haptens can increase the
sensitivity of the assay. The haptens can then be specifically detected by means of a
second reaction. For example, it is common to use haptens such as biotin, which
reacts avidin, or dinitrophenol, pyridoxal, and fluorescein, which can react with
specific anti-hapten antibodies. See Harlow and Lane (1988) and (1999) supra.

[0184] The antibodies of the invention also can be bound to many different carriers.
Thus, this invention also provides compositions containing the antibodies and another
substance, active or inert. Examples of well-known carriers include glass,
polystyrene, polypropylene, pelyethylene, dextran, nylon, amylases, natura] and
modified celluloses, polyacrylamides, agaroses and magnetite. The nature of the
carrier can be either soluble or insoluble. for purposes of the invention. Those skilled
in the art will know of other suitable carriers for binding antibodies, or will be able to

ascertain such, using routine experimentation.

[0185] Compositions containing the antibodies, fragments thereof or cell lines which
produce the antibodies, are encompassed by this invention. When these compositions
are to be used pharmaceutically, they are combined with a pharmaceuticalty

acceptable carrier.
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[0186] Compositions containing aniibodies or antigens of the invention are useful to
detect and isolate specific antigenic polypeptides, antibody-reactive peptide epitopes
and therapeutic antibody molecules. These compositions have a variety of uses for
diagnosing and inhibiting pathological cells. For example, antigen-reactive antibodies
can be generated by immunizing an animal with the antigenic polypeptide using
methods well known in the art. It is also desirable to prepare a monoclonal antibody
for administration to a subject. For use with human subjects, methods have now been
established to produce “humanized antibodies” where species specific portions of the
antibody molecule have been converted to sequences characteristic of human
antibodies. Such molecules function more effectively when administered to a human

subject.

[0187] Diagnostic antibodies are useful for detecting a pathological cell and a variety
"of alternative techniques for labeling and detecting these antibodies have been
established. For example, the antibody can be conjugated to a radioactive isotope that
can be localized in the subject following administration of the antibody. Itisa
specific purpose of the present invention to provide an improved means for obtaining
novel antigenic peptides and antibodies that recognize these peptides for use as
diagnostic agents.

[0188] Therapeutic antibodies can also be administered to a subject to inhibit the
progression of disease. In a human subject it is desirable to administer a humanized
monoclonal antibody for this purpose. The antibody can confer a passive immunity
wherein it inhibits disease by binding to antigens in the target pathological tissue and
inducing complement mediated cytotoxicity, antibody-directed cytotoxicity, or
interference with receptor-ligand interactions. Alternatively, administration of an
antibody to a subject can vaccinate against disease by inducing an anti-idiotype
immune response. For use in a human subject a monoclonal antibody such as a

mouse monoclonal antibody is effective for this purpose.

[0189] The antigenic polypeptides identified by practicing the methods of the
invention are also useful as therapeutic agents when administered to a subject or
useful to educate naive immune effector cells. Such polypeptides can be formulated
with an adjuvant and administered as a vaccine to induce an immune response against

the pathological target tissue. Such antigenic polypeptides can also be administered

JP 2004-513332 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(101)

WO 02/23202 PCT/US01/29238
49 .

ex vivo, for example to dendritic cells isolated from the subject. The antigen pulsed
dendritic cells can then be expanded in culture and retumed to the subject to perform

adoptive immunotherapy.

[0190] Similar methods can be practiced using synthetic and natural peptides
comprising the antigenic epitopes identified by the methods of the invention. Such
peptides can be administered i vivo or ex vivo. They may also be delivered using a
gene delivery vehicle that comprises a polynucleotide sequence encoding the
appropriate amino acid sequence of the antigen and epitope. A variety of formats and
formulations for vaccinating subjects with recombinant vaccines are well known to
those skilled in the art.

Compositions of the I
[0191] This invention also provides compositions containing any of the above-

mentioned peptides, polypeptides, polynucleotides, antigen-presenting matrices,
vectors, cells, antibodies and fragments thereof, and an acceptable solid or liquid
carrier. When the compositions are used pharmaceutically, they are combined with a
“pharmaceutically acceptable carrier" for diagnostic and therapeutic use. These
compositions also can be used for the preparation of medicaments for the diagnostic

and immunomodulatory methods of the invention.

Diagnostic Methads
[6192] The present invention provides diagnostic methods using polypeptides and
antibodies of the invention. The methods can be used to detect the presence of an

antigen-specific CD4" or CDS" T cell which binds the polypeptide of the invention.

[0193] The diagnostic methods of the invention include: (1) assays to predict the
efficacy of a polypeptide of the invention; (2) assays to determine the precursor
frequency (i.e., the presence and number of) of immune effector cells specific for a
polypeptide and/or its natutal counterpart; and (3) assays to determine the efficacy of
a polypeptide or antibody once in an immunomodulatory method of the invention.
Antibodies also can be used to identify the cell surface ligand against which the
antibody has been raised.
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[0194] Diagnostic methods of the invention are generally carried out under suitable
conditions and for a sufficient time to allow specific binding to occur between a
polypeptide and an immune effector molecule, such as a2 TCR, on the surface of an
immune effector cell, such as a CD4+ or CD8+ T cell or antibody. “Suitable
conditions” and “sufficient time” are generally conditions and times suitable for
specific binding, Suitable conditions occur between about 4°C and about 40°C,
preferably between about 4°C and about 37°C, in a buffered solution, and within a pH
range of between 5 and 9. A variety of buffered solutions are known in the art, can be
used in the diagnostic methods of this invention, and include, but are not limited to,
phosphate-buffered saline. Sufficient time for binding and response will generally be
between about 1 second and about 24 hours after exposure of the sample to the
convergent antigenic peptide ligand.

[0195] In some embodiments, the invention provides diagnostic assays to predict the
efficacy of a pdlypeptide of the invention. In some of these embodiments, defined T
cell epitopes are used to clinically characterize tumors and viral pathogens in order to
determine in advance the predicted efficacy of an in vivo vaccine trial. This can be
achieved by a simple proliferation assay of a patient’s peripheral blood mononuclear
cells using defined T cell epitopes as stimulators. Polypeptides that elicit a response

are viable vaccine candidates for that patient.

[0196] In other embodimenis, assays are provided to determine the precursor
frequency (i.e., the presence and number of) of resting (naive) immune effector cells
specific for a polypeptide of this invention and which therefore have the potential to
become activated. In these embodiments, an antigen-presenting cell bearing on its
surface a polypeptide of the invention is used to detect the presence of immune
effector cells in a biological sample. A functional assay is used to determine (and
quantitate) the antigen-specific immune effector cells. As an illustrative example,
PBMC:s are isolated from a subject with a tumor. A sample of these PBMCs is
cultured together for a suitable time with the target cells from the same subject.
Functional assays include, but are not limited to, immune effector cell proliferation,

cytokine production, specific lysis of an APC.

[0197] In other embodiments, the efficacy of an immunomodulatory method,

including immunomodulatory methods of the invention, in modulating an immune
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response to a polypeptide of the invention can be tested using diaénostic assays of the
invention. These diagnostic assays arc also useful to confirm biological activity of the
polypeptide or monitor the efficacy of an immunotherapentic agent. In some of these
embodiments, the method allows detection of immune éffector cells, which may be
activated CD4™ or CD§" T cells, which have become activated or anergized as a result
of exposure to a polypeptide of the invention. A sample containing cells from a
subject can be tested for the presence of CD4™ or CD8" T cells which have become
activated or anergized as a result of binding to a given polypeptide of the invention.

Immunomodulutory Methods
[0198] The invention provides methods of meodulating an immune response in an
individual to a polypeptide of the invention. Immunomodulatory methods of the
invention include methods that result in induction or increase, as well as methods that
result in suppression or reduction, of an immune response in a subject, and comprise
delivering to the subject an effective amount of a peptide (or any immunomodulatory
agent) of the invention in formulations and/or under conditions that result in the
desired effect on an immune response (or lack thereof) to the peptide.
Immunomodulatory methods of the invention include vaccine methods, adoptive

immunotherapy, and methods to induce T cell anergy.

[0199] An “immunomodulatory agent” for use in the methods of the inventionis a
molecule, a macromolecular complex, or a cell that modulates an immune response
and encompasses: a polypeptide of the invention alone or in any of a variety of
formulations described herein; a polypeptide comprising a polypeptide; a
polynucleotide encoding a peptide or polypeptide of the invention; a polypeptide
bound to MHC Class I which in turn is bound to an anfigen-presenting matrix,
including an APC (in the presence or absence of co-stimulatory molecule(s)); a
polypeptide or antibody or a derivative thereof covalently or non-covalently
complexed to another molecule(s) or macromolecular structure; and an educated,
antigen-specific immune effector cell which is specific for a polypeptide of the

invention.

[0200] Various methods are known to evaluate T cell activation. CTL activation can
be detected by any known method, including but not limited to, tritiated thymidine
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incorporation (indicative of DNA synthesis), and examination of the population for
growth or proliferation, e.g., by identification of colonies. Alternatively, the
tetrazolium salt MTT (3-(4,5-dimethyl-thazol-2-y1}-2,5-diphenyl tetrazolium
bromide) may be added. Mossman (1983) J. Immunol. Methods 65:55-63; Niks and
Otto (1990) T, Immunol. Methods 130:140-151. Succinate dehydrogenase, found in
mitechondria of viable cells, converts the MTT to formazan blue. Thus, concentrated
blue color would indicate metabolically active cells. In yet another embodiment,
incorporation of radiolabel, e.g., tritiated thymidine, may be assayed fo indicate
proliferation of cells. Similarly, protein synthesis may be shown by incorporation of
35S-methionine. In still another embodiment, cytotoxicity and cell killing assays, such
as the classical chromium release assay, may be employed to evaluate epitope-specific
CTL activation. To detect activation of CD4" T ceils, any of a variety of methods can
be used, including, but not limited to, measuring cytokine production; and

proliferation, for example, by tritiated thymidine incorporation

[0201] Release of *'Cr from labeled target cells is a standard assay which can be used
to assess the number of peptide-specific CTLs in a biological sample. Tumor cellé, or
APCs of the invention, are radiolabeled as targets with about 200 uCi of Na; *'CrOs
for 60 minutes at 37° C, followed by washing. T cells and target cells (~1 x lO“/welI)
are then combined at various effector-to-targst ratios in 96-well, U-bottom plates.

The plates are centrifuged at 100 x g for 5 minutes to initiate cell contact, and are
incubated for 4-16 hours at 37°C with 5% CO,. Release of > 1Cr is determined in the
supernatant, and compared with targets incubated in the absence of T cells (negative
control) or with 0.1% TRITON™ X-100 (positive control). See, e.g., Mishell and
Shiigi, eds. Selected Methods in Cellular Inmumology (1980) W.H. Freeman and Co.

[0202] The formulation of a polypeptide of the invention will vary, depending on the
desired result. In general, peptides presented on an antigen-presenting matrix by a
Class [ MHC molecule, to gether with the appropriate co-stimulatory molecules, will
result in induction of an immune response to the polypeptide. An anergic (or
unresponsive) state may be induced in T lymphocytes by presentation of an antigen
by an antigen-presenting matrix (which may be an APC) which contains appropriate
MHC molecules on its surface, but which lacks the appropriate co-stimulatory

molecules. Any of the various formulations described herein can be used.
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[0203] Polynucleotides of the invention can be administered in a gene delivery
vehicle or by inserting into 2 host cell which in turn recombinantly transcribes,
iranslates and processed the encoded polypeptide. Isolated host cells containing a
polynucleotide of the invention in a pharmaceutically acceptable carrier can be
combined with appropriate and effective amount of an adjuvant, cytokine or co-
stimulatory molecule for an effective vaccine regimen. In some embodiments, the
bost cell is an APC, such as a dendritic osll. The host cell can be further modified by
inserting of a polynucleotide coding for an effective amount of either or both of a

cytokine a co-stimulatory molecule.

[0204] The methods of this invention can be further modified by co-administering an

effective amount of a cytokine or co-stimulatory molecule to the subject.

[0205] The agents provided herein as effective for their intended purpose can be
administered to subjects having a disease to be treated with an immunomodulatory
method of the invention or to individuals susceptible to or at risk of developing such a
disease. When the agent is administered to a subject such as a mouse, a tat or 2
human patient, the agent can be added to a pharmaceutically acceptable carrier and
systemically or topically administered fo the subject. Therapeutic amounts can be
empirically determined and will vary with the pathology or condition being treated,
the subject being freated and the efficacy and toxicity of the therapy.

[0206] The amount of a polypeptide, antibody, antibody derivative, host cell or
immune effector cell of the invention will vary depending, in part, on its intended
effect, and is ultimately at the discretion of the medicaj or veterinary practitioner. The
factors to be considered include the condition being treated, the route of
administration, and nature of the formulation, the mammal’s body weight, surface
area, age, and general condition and the particular peptide to be administered. A
suitable effective dose of an immune effector cell of the invention generally lies in the
range of from about 107 to about 10° cells per administration. Cells can be
administered once, followed by monitoring of the clinical response, such as
diminution of disease symptoms or tumor mass. Administration may be repéated ona
monthly basis, for example, or as appropriate. Those skilled in the art will appreciate
that an appropriate administrative regimen would be at the discretion of the physician

or veterinary practitioner.
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[0207] Administration in vivo can be effected in one dose, continnously or
intermittently throughout the course of treatment. Methods of determining the most
effective means and dosage of administration are well known to those of skill in the
art and will vary with the composition used for therapy, the purpose of the therapy,
the target cell being treated, and the subject being freated. Single or multiple
administrations can be carried out with the dose level and pattern being selected by
the treating physician. Suitable dosage formulations and methods of administering

the agents can be found below.

[0208] The agents and compositions of the present invention can be used in the
manufacture of medicaments and for the treatment of humans and other animals by
administration in accordance with conventional procedures, such as an active

ingredient in pharmaceutical compositions.

[0209] More particularly, an agent of the present invention also referred to herein as
the active ingredient, may be administered for therapy by any suitable route including
nasal, topical (including transdermal, acrosol, buccal and sublingual}, parenteral
(including subcutaneous, intramuscular, intravenous and intradermal) and pulmonary.
It will also be appreciated that the preferred route will vary with the condition and age

of the recipient, and the disease or condition being treated.

Vaccines For Cancer Treatment And Prevention
[0210] In one embodiment, immunomodulatory methods of the present invention
comprise vaccines for cancer treatment. Cancer cells contain many new antigens
potentially recognizable by the immune system. Given the speed with which epitopes
can be identified, custor anticancer vaccines can be generated for affected
individuals by isolating TILs from patients with solid tumors, determining their MHC
restriction, and assaying these CTLs against the appropriate library for reactive
epitopes. These vaccines will be both treatments for affected individuals as well as
preventive therapy against recurrence (or establishment of the disease in patients
which present with a familial genetic predisposition to it). Inoculation of individuals
who have never had the cancer is expected to be quite successful as preveptive
therapy, even though a tumor antigen-specific CTL response has not yet been elicited,
because in most cases high affinity peptides seem to be immunogenic suggesting that
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holes in the functional T cell repertoire, if they exist, may be relatively rare. Sette et
al. (1994} J. Immunol., 153:5586-5592. In mice, vaccination with appropriate
epitopes not only eliminates established tumors but also protects against tumor re-
establishment after inoculation with otherwise lethal doses of tumor cells. Bystryn et
al. (1993) supra.

[0211] Recent advances in vaccine adjuvants provide effective means of
administering peptides so that they impact maximally on the immune system. Del-
Giudice (1994) Experientia 50:1061-1066. These peptide vaccines will be of great
value in treating metastatic tumors that are generally unresponsive to conventional
therapies. Twmors arising from the homozygous deletion of recessive oncogenes are
less susceptible to elimination by a humoral {(antibody) response and would thus be
treated more effectively by eliciting a cellular, CTL response. v

Vaccines for Di; caused by Pathogenic Or
[0212] The polypeptides of the present invention are also useful in methods to induce

(or increase, or enhance) an immune response to a pathogenic organism. These

include pathogenic viruses, bacteria, and protozoans.

[0213] Viral infections are ideal candidates for immunotherapy. Immunological
responses to viral pathogens are sometimes ineffective as in the case of the
lentiviruses such as HIV which causes AIDS. The high rates of spontaneous mutation
make these viruses elusive to the immune system. However, a saturating profile of
CTL epitopes presented on infected cells will identify shared antigens among
different serotypes in essential genes that are largely intolerant to mutation which

would allow the design of more effective vaccines.

Adontive T r Moshod
¥ A

[0214] The expanded populations of antigen-specific immune effector cells and APCs
of the present invention find use in adoptive immunotherapy regimes and as vaccines.

These compositions are useful to confinm therapeutic and diagnostic efficacy.

[0215] Adoptive immunotherapy methods involve, in one aspect, administering to a
subjeét a substantially pure population of educated, antigen-specific immune effector
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cells made by culturing naive immune effector cells with APCs as described above.
In some embodiments, the APCs are dendritic cells.

[0216] In one embodiment, the adoptive immunotherapy methods described herein
are autologous. In this case, the APCs are made using parental cells isolated from a
single subject. The expanded population also employs T cells isolated from that
subject. Finally, the expanded population of antigen-specific cells is administered to

the same patient.

021 ’7]‘ In a further embodiment, APCs or immune effector cells are administered with
-an effective amount of a stimulatory cytokine, such as IL-2 or a co-stimulatory

molscule.

Methods of fnducing T Cell Anergy
10218] Antigenic polypeptides isolated by the methods of the present invention are
useful in metbods to induce T cell anergy. Disorders which can be treated using these

methods include autoimmune disorders, allergies, and allograft rejection.

[0219] Autoimmune disorders are diseases in which the body’s immune system
responds against self tissues. They include most forms of arthritis, ulcerative colitis,
and multiple sclerosis. Convergent antigenic peptide ligands corresponding to
endogenous elements that are recognized as foreign can be used in the development of
treatments using gene therapy or other approaches. For example, synthetic CTL
epitopes, which can act as “suicide substrates™ for CTLs that mediate autoimmunity,
can be designed as described above. That is to say, peptides which have a high
affinity for the MHC allele but fail to activate the TCR could effectively mask the
cellular immune response against cells presenting the antigen in question. In support
of this approach, it is believed that the long latency period of the HIV virus is due to
an antiviral immune response and a mechanism by which the virus finally evades the
immune system is by generating epitopes that occupy the MHC molecules but do not
stimulate a TCR Iytic response, inducing specific T cell anergy. Klenerman et al.
(1995) Eur. J. Immunol. 25:1927-1931.

[0220] I vitro stimulation of T cells through the complex of T cell-antigen receptor
and CD3 alone in the absence of other signals, induces T cell anergy or paralysis.
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T cell activation as measured by interleukin-2 production and proliferation ir vitro
requires both antigenic and co-stimulatory signals engendered by cell to cell
interactions among antigen-specific T cells and antigen presenting cells. Various
interactions of these CD2 proteins on the T-cell surface with CD58 (LFA-3) proteins
and antigen-presenting cells, those of CD11a/CD18 (LFA-1) proteius with CD54
(ICAM-1) proteins and those of CD5 proteins with CD72 proteins can impart such a
co-stimulatory signal in vitro. Cytokines derived from antigen-presenting cells (e.g.,
interleukin-1 and interleukin-6) can also provide co-stimulatory signals that result in
T-cell activation in vitro. The delivery of both antigenic and co-stimulatory signals
leads to stable transcription of the interlenkin-2 gene and other pivotal T cell-
activation genes. The foregoing co-stimulatory signals depend on protein kinase C
and calcium. Potent antigen presenting cells express CD80 (B7 and BB1) and other
related surface proteins and many T cells express B7 binding proteins, namely CD28
and CTLA-4 proteins. Binding of CD80 by CD28 and CDLA-4 stimulates a T cell
co-stimulatory pathway that is independent of protein kinase C and calcium leading to
vigorous T cell proliferation. The stimulation of B cells also depends on the
interaction between the specific antigen and the cell-surface immunoglobulin. T cell
derived cytokines (e.g., interleukins 1 and 4), physical contact between T cells and

B cells through specific pairs of receptors and co-receptors, or both, provide the signal
or signals essential for B cell stimulation.

[0221] Conventional routes of administration are used. A T-cell stimulatiﬁg or
anergy producing amount (or therapeutically effective amount as described above) of
an immunotherapeutic antigen-superantigen polymer according to the invention is
contacted with the target cells. By “T-cell anergy effective amount” is intended an
amount which is effective in producing a statistically significant inhibition of a
cellular activity mediated by a TCR. This may be assessed in vitro using T-cell
activation tests. Typically, T-cell anergy or activation is assayed by tritiated
thymidine ‘incorporation in response to specific antigen.

{0222] One way in which T cell anergy can be induced is to present to a T cell an
antigen-presenting matrix which presents a polypeptide of the invention in an MHC
Class 1 molecule, but which lack co-stimulatory molecules necessiry to activate the T

cell. For example, a cell other than a normal antigen presenting cell (APC), which has
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‘been transfected with MHC antigen to which a selected T cell clone is restricted, can
beused. Resting T cells are provided with an appropriate peptide recognized by the
resting T cells in the context of the MHC transfected into a cellular host other than an
APC. The MHC is expressed as a result of introduction into a mammalian cell other
than.an antigen presenting cell of genes constitutively expressing an MHC Class I
molecule together with invarjant chain. Importantly, these cells do not provide other
proteins, either cell surface proteins or secreted proteins, associated with antigen
presenting cells, which together with the MHC and peptide result in co-stimulatory
signals.

[0223] To determine whether anergy has been induced, the T cells to be tesied can be
cultured together with an which presents the antigens of the invention in an MHC
Class I molecule together with co-stimulatory molecules necessary to activate the T
cell. The cultures are incubated for about 48 hours, then pulsed with tritiated
thymidine and incorporation measured about 18 hours later. The absence of
incorporation above control levels, where the T-cells are presented with antigen
presenting cells which do not stimulate the T cells, either due to using an MHC to
which the T cells are not restricted or using a peptide to which the T cells are not
sensitive, is indicative of an absence of activation. One may use other conventional
assays fo determine the extent of activation, such as assaying for IL-2, -3, or -4, cell
surface proteins associated with activation, e.g. CD71 or other convenient techniques.
Another method is to determine the expression of a protein which is expressed on

quiescent T cells, but not on anergic T cells. U.S. Patent No. 5,747,299,

[0224] The following examples are intended to illustrate but not limit the invention.

Experimental Methods

Method for Isolating Apical and Basolateral Cell Membrane Proteins
[0225] Figure 4 shows a schematic for isolation of apical and basolateral cell
membranes. This modification of the method disclosed in Chaney and Jacobsen
(1983) J. Biol. Chem. 258:10062-10072, enriches for apical and basolateral
membrane proteins as compared to the yields of a whole cell lysate preparation. First,

amonolayer of target cells arc coated with an "activated" cationic colloidal silica

JP 2004-513332 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(111)

WO 02/23202 PCT/US01/29238
59

particle slurry that binds to the plasma membrane. By "activated" it is intended that
the shurry acquire a positive charge (i.e., become cationic) through coating the silica
particles with aluminum chlorohydroxide. Next, an anionic polymer, such as sodium.
polyacrylate, is added to crosslink the cationic silica particles, generating a
structurally stable pellicle on the outside of the plasma membranes. The cells are then
contacted with a hypotonic imidazole-based buffer to gently swell and rupture the
cells. The resulting lysate contains nuclei, internal and silica coated apical
membranes; while the basolateral membrane remains attached to the cell culture plate.
The aqueous lysate is sedimented at 900g for 10 min to pellet the coated membranes
and nuclei. The resulting supernatant containing internal membranes is discarded.
The pelleted nuclei and membrane are resuspended and further sedimented at 28,000g
for 30 min. through 70% Nycodenz (Signa, St. Louis, MO) and the resulting
supermatant containing nuclei is discarded. The remaining pellet contains silica
coated apical membranes. The isolated apical membrane preparation may be used
alone or in combination with the basolateral membrane preparation (which can be

readily removed from the culture plate using standard cell culture techniques).

Antibady Elution from an Immunoblot
[0226] In ;)rder to conduct further analyses with a serum antibody that is bound to an
antigen of interest on a solid support, the antibody must be removed in a manner so as
to retain its fanctionality. In order to isolate the functional antibody, the portion of
the solid support {e.g. nitrocellulose) to which the antibody is bound is excised and
the antibody is eluted off of the solid support using a method adapted from Maa, J.S.,
Rodriguez, et al. (1990) J. Biol. Chem. 265:1569-1577.

[0227] After a band of interest is identified by the described Wester blotting
technique, a prep-scale gel containing as much of the target antigen as possible is
prepared and transferred to nitrocellulose. The blot is incubated with the appropriate
serum or antibody and washed according to the standard Western blotting protocol.
Antibody reactivities (j.e., bands) present on the blot are visualized on film by
standard techniques (i.e., radioactive labeling, ECL, etc.)

10228] After aligning the film with the nitrocellulose membrane, the fragment of
nitrocellulose containing the band of interest is excised with a scalpel, placed into a
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tube containing 100 mM glycine pH 2.5 buffer and incubated at room temperature for
5 min. The fragment of nitrocellulose is then removed from the tube and the buffer
(containing the eluted antibody) is neutralized with 1/10 volume of 1M Tris pH 8.0.
After neutralization, BSA is added to the buffer (eluate) to a final concentration of
1%.

[0229] Figure 1 shows that antibody eluted by the above protocol retains its specific
antigen. binding property. The blot on the right was generated with anti-Her2

antibody (Neomarkers, cat#: MS-327-P: clone L87 and ¢2-4001 (Ab-10)), (LabVision )

Corp., Freemont, CA) eluted from the blot on the left.

[0230] The isolated fimctional antibody can then be used to screen a library of
peptides to identify candidate antibody epitbpes.

[0231] The isolated antibody is contacted with the library and positive beads are
sequenced to identify the epitope. Positive beads can be visualized by using standard
labeling techniques i.e., biotin, enzymes, fluorochromes, and similar reagents. Once
the epitope sequence is determined, the sequence of this peptide can be compared to
the specific list of candidate genes having the appropriate sized expression product to
identify the gene expression product sequence that contains the epitope sequence

identified in the peptide library screen.

Methads for I precipitating Polypeptide Antigens

Direct Method
[0232] Standard ithmunoprecipitation techiriques can be used when antibody of
interest is abundant. For example, using the antibody of interest in well known
Western blotting techniques as described hereinabove, a target sample/cell line that
exhibits high level expression of the polypeptide antigen is initially identified. The
target sample/cell line is then metabolically labeled with, for example **S-Methionine,
and using standard techniques or the methods described herein. Target cells are
gently broken open in solution. Serum antibody is then added to and incubated with
the radioactive cell lysate (typically 1-2 hours at 4°C with rotation) and collected on,
for example, Protein A Sepharose beads. The antibody and antigen is bound to the
solid support allowing washing and concentration of the sample. After removing the
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washing buffer (e.g., PBS/Tween-20), the beads are incubated with SDS-PAGE
sample buffer, heated to 95°C for 3 minutes and loaded onto a standard protein gel.
When the gel is finished running, one of the glass plates is separated to expose the gel
(still attached to one of the plates). A sheet of plastic wrap may be placed over the gel
to prevent the gel from drying out. The gel is then placed on X-ray film for an
appropriate period of time in order to detect the position of the labeled antigen. Upon
detection of the position of the antigen, the plastic wrap is removed from the gel, and
the gel is aligned precisely with the exposed X-ray film, and the portion of the gel
corresponding to the position of the labeled antigen is excised ning a scalpel and
recovered from the gel. The recovered antigen is analyzed by standard methods, for
example MALDI-TOF MS.

Tracer or Indirect Method.
[0233] This method can be utilized when there is limiting amounts of antibody
available. This method is similar to the Direct method except that the antibody of
interest is eluted from. the immunoblot and then used to immunoprecipitate its
corresponding antigen from an **S-Methionine-labeled cell lysate. In the event that
the amount of immunoprecipitated a.ntigcn' recovered is insufficient to allow for
sequencing, the labeled immunoprecipitated antigen will serve as a “tracer’ to identify
and recover additional amounts of antigen. Accordingly, the labeled 'tracer' antigen is
mixed in with a larger amount of cold (unlabeled) cell lysate of the same target
sample/cell line used for the previous immunoprecipitation and the proteins are
separated on a gel as described hereinabove. Detection of the labeled 'tracer' antigen.
not only identifies its own position on the gel, it additionally identifies the position of
amuch greater amount of corresponding unlabeled protein antigen that has co-
migrated along with it on the gel. As described hereinabove, the gel is then exposed
to film for an appropriate period of time in order to detect the position of the labeled
‘tracer' antigen and corresponding co-migratory unlabeled protein antigen. Once
excised from the gel using the method described here‘m.‘ The ahﬁgen can be

sequenced by standard methods or used to further isolate antigen or antibody.
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Peptide Library Screening.
[0234] A combinatorial library comprised of random peptides is prepared with the 19
commen amino acids (excluding cysteine) sach having a fixed amino acid position at
its carboxy-terminus which is bound to the solid phase support via a linker. The
fixation of the carboxy-terminal position of the peptides provides for equal release of
the peptides from the solid support. The library has a complexity of 19 or
approximately 47 million peptide species. In one embodiment, the library is
comprised of random 6-mers. In alternative embodiments, the library may be
comprised of partially degenerative peptides having one or more fixed or invariant

positions, i.e., 7- to 10-mers.

[0235] In a typical antibody capture assay, the unlabeled antigen/epitope is
immobilized on a solid support and the antibody is allowed to bind to the immobilized
antigen/epitope, the antibody can be labeled directly or can be detected by using a
labeled secondary reagent that will specifically recognize the antibody.

[0236] Since most immunochemical techniques have a certain background, and as the
abundance of a particular antigen decreases relative to the other proteins, the ability of
an antibody to distinguish the correct antigen from the background can be reduced.
This is particularly true for polyclonal antibodies. Any technique that allows the
antigen to be identified specifically among the background noise can be used as a

secondary technique.

[0237] When utilizing an “off-bead” screening technology, enrichment of the
antibody by the use of blocking antibodies is preferred. In one embodiment of the
invention method (see Figure 2) the antibodies utilized were designated as follows: (a)
the 1° antibody is the antibody eluted off of the Western blot; (b) the "first" 2°

" antibody, specific for human IgG constant region, is the "blocking antibody" and is

also enzyme labeled for use in an indirect detection assay; (c) the "second” 2°
antibody is the "real or actual 2° antibody” and is identical to the "first" 2° or blocking
antibody in every aspect, with the exception of its label. For example, a single animal
was immunized with a single immunogen (i.e., human IgG CR), its sera collected and
divided into two aliquots, one aliquot was derivatized into the "first” 2° (blocking)
antibody having horseradish peroxidase (HRP) label, and the second aliquot was
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derivatized into the "second” 2° (real or actual) antibody having alkaline phosphatase
(AP) label.

[0238] In one embodiment of the invention, the peptide library is screened as follows.
The library is first saturated with the "first” 2° (blocking) antibody. After several
washes to remove the blocking antibody, the 1° antibody is then contacted with the
peptide library. The 1° antibody is removed from the library after several washing
steps. Next, the "second” 2° (real or actual) antibody is contacted with the bead
library. After washing the "second" 2° (real or actual) antibody off, 3',3™-
diaminobenzidine tetrahydrochloride (DAB), the substrate for the AP-labeled
"second" 2° (real or actual) antibody is added to the library - staining beads with
peptides specifically bound a purplish hue (shown as black in Figure 2). After several
washes to remove the DAB, the library was contacted with 5-bromo-4chloro-3-
indolyl-phosphatate/4-nitro blue tetrazolium chloride (BCIP/NBT), the substrate for
the HRP-labeled "first" 2° (blocking) antibody - staining beads with peptides
specifically bound a brownish hue (shown as gray in Figure 2). Since the "second" 2°
antibody should only bind to the human constant region on the 1° antibody, aty bead
having a peptide to which the 1° antibody bound will stain purple. The "purple"
bead(s) is/are readily detectable and distinguished from the remainder of the library
beads which are a mixture of brown and clear beads. The positive bead(s) is/are then

isolated and the peptide(s) isfare sequénced.

[0239] In another embodiment of the invention, library screening is accomplished
"off bead" by arraying the beads containing the peptides in 96-well teflon filter
bottom plates at, for example, 10,000 beads/well. A portion of peptide from every
bead in each well is chemically released (as a peptide pool) and collected in a replica
plate (standard 96-well plate). An aliquot of released peptide pool is then spotted
onto, or alternatively a 96-well vacuum manifold can be used to deposit a fixed
amount of released peptide onto, a membrane such as nitrocellulose. The eluted
antibody of interest can then be used to perform a Western blot on the membrane
containing the released peptides. Upon identification of a positive antibody:peptide
complex on the Western blot, the beads contained in the well from which the 'positive'
peptide pool was released can be re-arrayed into a new 96-well filter plate (at

approximately 100 beads/well). As before, a portion of peptide from every bead in
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each well is released as a peptide pool, the pool then transferred to a solid membrane
support and tested for reactivity with the antibody. At this point there should be a
single positive well corresponding to the peptides released from the ~100 bead pool.
These ~100 beads are re-arrayed into a new 96-well plate (now ~1 bead/well), a
portion of the solid-phase peptide released, and transferred to a membrane support.
Probing the membrane once more with the antibody of interest will identify the well
containing the single bead that contains the reactive peptide. Residual peptide on the
positive bead can be directly sequenced by Edman degradation or other suitable
methods known in the art.

Preparation of Gene Expression Database Using SAGE
{0240] SAGE (Serial Analysis of Gene Bxpression) is described in U.S. Patent No.
5,695,937. SAGE is a technique for rapidly identifying and analyzing thousands of
gene transcripts. Using SAGE, sequence tags corresponding to expressed genes can
be identified and analyzed. A "tag" or "SAGE tag" is a short polynucleotide sequence,
generally under or about 20 nucleotides that occur in a certain position in messenger
RNA. The tag can be used to identify the corresponding transcript and gene from
which it was transcribed. Application of a SAGE database is employed to identify the
polypeptide of interest. First, the expression data for the target sample/cell line
expressing the protein to which the antibody bound (i.e., the 'positive' target
sample/cell) is examined to identify all genes over-expressed in said target
sample/cell line. Genes so identified comprise a "preliminary list of candidate genes"
(i.e., over-expressed in the positive target sample/cell). Second, the expression data
for each gene in the "preliminary list" is examined in the target sample/cell lines that
did not contain a protein (antigen) uniquely bound by an antibody present in the
serum of a subject (i.e., the ‘negative' target sample/cells). After determining the gene
expression levels in the negative target samples/cells, genes not meeting the sorting
criteria (described above) are eliminated and 2 refined “subset of candidate genes" is
defined, e.g., genes that are over-expressed in the 'posiﬁve' target sample/cells and
that are under-expressed in the ‘negative' target sample/cells. Third, the candidate
genes in the refined "subset" are further sorted to identify and select a gene that
expresses a protein having a molecular weight approximately equal to the molecular
weight observed of the antibody-bound protein (antigen) in the Western blot analysis
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of the subject's serum. Those of skill in the art appreciate that oftentimes the apparent
molecular weight of a protein as determiﬁed from, for example, Westem blot
analyses, may present slightly larger than its actual molecular weight. Therefore, any
gene in the refined "subset” that does not express a protein having the pre-selected
molecular weight is eliminated, further narrowing the number of genes that meet the
criteria for the "short list", e.g. over-expressed in positive target sample/cells, under-
expressed in negative target sample/cells, having a protein product of a specific pre-
selected molecular weight.

[0241) SAGE can identify the antigen-encoding gene from the expression data and
protein size analysis described above, e.g., where only a single candidate gene meets
all criteria for the “short list". However, there may also be instances where the "short
list" consists of multiple candidate genes that meet the criteria. In such instances the
invention further provides methods for identifying the target protein precisely. In
order to perform such additional analyses, the antibody (that complexed with the
polypeptide-antigen in the Western analysis) is further employed. In circumstances
where the amount of available antibody is limited, for example, as may be the case
when the antibody is from the serum sample of a human patient, in the methods of
the present invention, the sexum antibody is removed from the solid supportin a
manner such that the antibody’s functional activity is retained. In one embodiment of
the invention, the isolated antibody is used to immunoprecipitate the polypeptide
antigen. In another embodiment, the isolated antibody is used to screen a library of
peptides to identify candidate antibody epitopes. Positive candidate epitopes can be
visualized by using standard labeling techniques (i.e., radioisotopes, enzymes, biotin,
fluorochromes, and the like). The aminoe acid sequence of the candidate epitope
{peptide) is then determined and compared with the amino acid sequences of the gene
expression products encoded by genes in the pre-selected "short list". Polypeptide
sequences encoded by genes in the pre-selected “short list" that contain the amino acid
sequence of the candidate’ epitope (peptide) will define the natural epitope recognized
and bound by the antibody.

[0242] SAGE data can be sorted to identify differentially expressed genes that encode
the cell surface targets recognized by antibodics shown to possess anti-tumor
reactivity. Once the antigen is identified, the target protein antigen can be further
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assayed against serum samples obtained from human cancer subjects in order to

determine whether the target protein antigen is naturally immunogenic.

Antigen Identification with MALDI-TOF
[0243] With knowledge of a nucleotide or gene candidate list and the apparent
molecular weight of the antigen of interest, it may still not be possible to identify the
legitimate antigen definitively. In cases where the solid-phase library screening does
not yield useful information, a second technique, MALDI-TOF (shown in Figure 5)
may be coupled to the nucleotide sequence homology analysis in place of the library
soreen. This method allows generation of a list of candidate antigens by a method

independent of genetic analysis.

[0244] Since there can be only one ‘correct’ antigen on any list of nucleotide
sequences or databases and the same antigen must be present on the MALDI-TOF list,
a comparison of the two can rapidly identify the antigen of interest. Furthermore,
successful analysis can be obtained using antigen obtained from a standard 1-
dimensional protein gel. The reason that there is little or no overlap between the
“false positives’ on either list is due to the very different criteria that led to each set of
false positives being present. That is, there appears to be no consistent causal
relationship between a false positive that has a similar expression pattern to the
correct antigen (SAGE) and a false positive that happens to co-migrate with the
correct antigen or is erroneously identified by database searching (MALDI-TOF).

Epitope Mapping with MALDI-TOF
[0245] A purified or semi-purified antigen preparation and the antibody of interest are
required reagents. First, the intact antigen is digested with an enzyme (e.g., trypsin,
chymotrypsin) or chemical (e.g., CNBr) method in order to produce peptides of
predictable molecular weights. Next, the antibody is added to the peptide mixture and
allowed to “capture” the peptide that contains its linear recognition sequence. The
antibody-peptide complexes can be collected on, for example, protein A-coated
magnetic beads to allow for easy washing away of non-bound peptides. Afier
washing, the antibody complexes can be denatured by adjusting the pH of the
solution, releasing the bound peptides that contain the epitope of interest. By
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performing MALDI-TOF miass spectrometry on the eluted peptides, the molecular )
weight of the peptide fragment can be determined. This “actual” molecular weight
can be compared to a list of theoretical “calculated” molecular weights to identify the
sequence of the peptide fragment that contains the epitope.

[0246] Ambiguous results (using the above method) can occur in the following
sitnations: (1) where 'contaminating’ peptides co-purify with the legitimate epitope-
containing peptide, in such case more than one molecular mass will be detected in the
MS analysis; and (2) where the minimal essential epitope could be disrupted during
the digestion of the antigen (i.e., if it harbors a cleavage consensus sequence), in
which case either no masses or only contaminating masses will be identified by MS
analysis.

[0247] In either situation (described above), the ambiguity can often be resolved as
follows. Identical samples can be processed using different antigen digestion methods
(preferably methods with mutually exclusive consensus sequences). This greatly
enhances the chances of not destroying the minimal epitope in both digests. The
masses retrieved from both digests are compared to identify the correct epitope-
containing peptide. Comparison of the digest results may show that the epitope
resides in an overlap region between peptides identified from each digest, further
refining the position of the minimal essential epitope. In the event that one of the
digestion methods did destroy the epitepe, one could then deduce that the correct
epitope-containing peptide in the other digest must contain a cleavage consensus

sequence specific to the first digest.

Example No. 1: Screening a Combinatorial Peptide Library for oHer-2
Antibody-Reactive Peptides :
[0248] Two novel epitopes (EYLGLDYQI; SEQ ID NO:1) and (EYLGLEMDYV,
SEQ ID NO: 2) that correlate with the HER-2 antigen (EYLGLDVPV, SEQ ID NO:
3), and the polynucleotides encoding them, were identified using the methods shown
in Figures 2 and 3. Because the peptide library screen was performed “off-bead” it
was necessary to obtain an enriched sample of antigen or polypeptide using the
Indirect or Tracer Method described supra.
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[0249] The antibodies used were, Anti-Her2/neu: Neomarkers cat# MS-599-P1: clone
3B5 (Ab-15) (LabVision Corp., Freemont, CA), goat anti-mouse IgG + HRP : Sigma
cat# A9917 (pooled polyclonal serum from 2 goats), and goat anti-mouse IgG + AP :
Sigma cat# A1293 (polyclonal serum from 1 goat : the serum from this particular goat
is also part of the pooled polyclonal serum described immediately hereinabove).

[0250] 107 beads (dry weight in an orange top 50ml tube = 20.43g {beads = 7.2g})
were blocked in 5% BLOTTO for >30min. The beads were incubated with the goat
anti~mouse IgG + HRP (1:2500) for 1.5 hrs while rotating at room temperature
(“RT”). The beads were washed several times with PBS + 0.1% Tween20 and
incubated with the anti-Her2/neu antibody Ab-15 (previously eluted from an
immunoblot) in 20ml for 2 hrs at RT. The beads were washed several times with PBS
+0.1% Tween20. The beads were incubated with the goat anti-mouse IgG + AP
(1:2500) for 1.5 hrs while rotating at RT.

[0251] The beads were washed O/N @ 4°C while rotating. The substrate for AP
(alkaline phosphatase) was added, BCIP/NBT (5-bromo-4-chloro-3-indolyl
phosphate/4-nitro blue tetrazolium chloride), (Zymed cat# 00-2210; So. SanFrancisco,
CA) and incubated with the beads for 30min at RT. The beads were washed several
times with PBS. The substrate for HRP (horseradish peroxidase) was added, DAB
(3,3-diaminobenzidine tetrahydrochloride), (Vector labs cat# SK-4100; Burlingame,
CA) and incubated for 10 min. The beads were washed several times with PBS. The
beads were viewed under a dissecting microscope. The violet-stained beads were
selected and arrayed in a filter bottom 96-well microtiter plate. Peptide was released
from 2 of the arrayed beads by chemical cleavage with trifluoroacetic acid (TFA) and

then subsequently sequenced.

[0252] Figure 3 shows the Western blot from which the Her-2 antibody was eluted
(top left) and one of the “positive” beads that was sequenced (bottom left). The figure
on the bottom right shows an alignment of the two library sequences with a region of
the Her-2 protein. These sequences are compared fo the candidate gene database list.
This region lies within the 15 amino acid peptide that was originally used to generate
the oHer2 antibody.
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Example No. 2: Antigen Identification Using MALDI-TOF
[0253] In this example, unfractionated longitudinal serum samples from a melanoma
patient treated with a MART-1 vaccine delivered in an adenoviral vector and that had

a complete clinical response were analyzed.

[0254] An IgM antibody activity that correlated with multisite regression of
metastases was identified. The cell lines used to prepare the lysates that the serum
was blotted against were all tumor cell lines for which SAGE data was available. See
Figure 6.

[0255] Having identified a band of interest, an identical protein gel used for the
analysis shown above was prepared using the third longitudinal serum sample. This
band was cut out of the gel and digested with trypsin. MALDI-TOF MS was
performed on the tryptic peptides and 99 molecular masses were elucidated. These
masses were analyzed for matches with calculated tryptic digests of all proteins in the
SwissProt database using the program MS-FIT developed by Peter Baker and Karl
Clauser at UCSF (see bitp:/prospector.ucsf.edu/ucsthtmi3.4/msfit.htm).

{0256] The search parameters are summarized below:

Database: SwissProt.111000

Mol. Wt. Range: 1,000-50,000 Da (selects 66,218 entries)
Datebass PIRange: Full (90,195 entries) *
Stettstics Species search: Human (6,187 entries)

[Combined MW, PI, Species selects 3,801 entries]

Min # peptides to match: 4
Digest: Trypsin

Sample Statisti .
PIESEISIS 3 Max. # missed cleavages: 1
# Input Masses: 99
Results MS-Fit search selects 187 entries (Top 100 collected)

[0257] Having generated a MALDI-TOF antigen candidate list, with the protein
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shown above having the highest score, the top 100 on this list were checked for
expression patterns in the cell lines using the a database library, in this case a SAGE
library generated from melanoma cell lines. Only protein of roughly the correct
molecular weight that roughly maiched the Western blot results.

[0258] In order to confirm the antibody, a commercially available monoclonal
antibody was used to immunoprecipitate the protein from a whole cell lysate of a
tumor cell line that was known to express this protein. The whole cell lysate, the
immunoprecipitated protein, and the supernatant of the iromunoprecipitated saxple
were analyzed by western blotting with the third longitudinal patient serum sample.
That blot is shown in Figure 7.

Example No.3 Identification or Confirmation of Antigens Using Animal
Models
[0259] Immunocompetent mice are immunized with whole tumor cells uvsing the
method of Fradet et al. (1984) P.N.A.S. USA 81: 224, tumor cell membranes or
serum-free conditioned medium from cultured tumor cells, Total serum is collected
from sacrificed mice and total antibodies are collected using the method of Reilly et
al. (2001) Cancer Research 61:880. The mouse antibodies are absorbed to normal
cells (fibroblasts, lymphocytes) to eliminate pan reactive mouse antibodies
recognizing ubiquitous antigens. I vitro ot in vivo assays can be conducted to assess
the functional properties of the enriched antibody preparation. For instance enriched
antibodies can be added to human tumor cells in the presence of complement and
peripheral blood mononuclear cells (PBMCs) in vitro to determine if the antibodies
can mediate antibody dependent cell-mediated cytotoxicity (ADCC) by the method of
Scott et al. (2000) Cancer Research 60:3254. Alternatively enriched antibodies can be
adoptively transferred to immunodeficient mice by the method of Reilly et al. (2001)
supra, of a similar genetic background to the immunocompetent mice used to
generate the antibodies to determine if they confer protection from challenge by the
human tumor cells. If the antibody preparation are shown to kill human tumor cells in
vitro or retard human tumor cell growth in vivo, a biologically active anti-human
cancer cell antibody must be present. Western blot analyses using the biologically

active antibody are tested for reactivity against human cancer cells that are affected by
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the antibody relative to other human cells {cancerous and normal) that are not to
rapidly identify the cognate antigens for therapeutic antibodies. Autologous or
allogeneic human cancer cells or mouse cancer cells or their respective membrane
fractions or shed antigens are useful to generate biologically active polyclonal
antibodies in immunocompetent mice. However, the probability of generating
biologically active antibodies will be greater if the human tumor cells used to generate
antibodies in immunocompetent mice are the same as those used to challenge

immunodeficient mice.

Example No. 4 Use of Methods to Identify Antigens Implicated in an

Autoi Disease, ) Lupus Eryth

[0260] A number of different cytokines have been implicated in the development of
systemic lupus erythematosus (“SLE”). Interleukin 10 for instance appears to be
elevated in SLE patients suggesting that it may play a role in the development or
progression of the autoimmune disease Llorente et al. (1955) Journal of Experimental
Medicine 181:839) administered anti-IL~10 antibodies to immunodeficient mice that
had previously been injected with peripberal blood moenonuclear cells from SLE
patients and observed that this treatment reduced the concentration of human
antoantibodies in the serum of treated mice. However other secreted factors
(interleukin 1) and cell surface markers (CD40L) have been reported to be elevated in
SLE paﬁenfs and as the relative contributions of these molecules to the pathogenesis
of SLE are unknown, the arbitrary selection of any one target (IL-10} for

neutralization may fail in the clinic.

[0261] As an alternative to generating an antibody to one defined target,
immunocompromised mice are immunized with SLE patient peripheral blood
mononuclear cells (“PBMCs”), or isolated cells from SLE patients (e.g., dendritic
cells, T cells or B cells) or cell membranes or serum-free conditioned medium derived
from such cells. Total serum is collected from sacrificed mice and total antibodies are
collected. The mouse antibodies are absorbed to normal human cells (fibroblasts,
Iymphocytes) to eliminate pan reactive mouse antibodies recognizing ubiquitous
antigens. In vitro or in vivo assays are conducted to assess the functional properties of
the enriched antibody preparation. For instance enriched antibodies are added to SLE
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patient cells in the presence of complement and PBMCs in vifro to determine if the
antibodies can mediate ADCC. Alternatively enriched antibodies are adoptively
transferred to inmunodeficient mice (of a similar genetic background o the
immunocompetent mice used to generate the antibodies) to determine if they
modulate the behavior of SLE patient PBMCs that have been injected into the

- immunodeficient mice. If the antibody preparation is shown to modulate SLE patient
PBMCs in vitro or in vivo, a biologically active antibody recognizing a SLE target
must be present. One then conducts Western blot analyses using the biologically
active antibody and tests for reactivity against patient SLE cells ﬁmt are affected by
the antibody relative to other human cells (normal counterparts from healthy donors)
that are not, to rapidly identify the cognate antigens for therapeutic antibodies.

Example No. 5 Identification of Antigens in Conditions where
Inappropriate Expression of Protein is Associated with Disease State, Polycystic
Kidney Disease
[0262] Immunocompetent mice are immunized with polycystic kiduey cells or cell
membranes or serum-free conditioned medinm derived from such cells. Total serum
is collected from sacrificed mice and total antibodies are collected. The mouse
antibodies are absorbed to normal cells (fibroblasts, lymphocytes, normal kidney) to
eliminate pan reactive mouse antibodies recognizing ubiquitous antigens. In vitre or
in vivo assays are conducted to assess the functional properties of the enriched
antibody preparation. For instance enriched antibodies are added to polycystic kidney
cells in the presence of complement and PBMCs ir vitro to determine if the antibodies
can mediate ADCC. Alternatively enriched antibodies are adoptively transferred to
mice that spontaneously develop polycystic kidney disease (of a similar genetic
background to the immunocompetent mice used to generate the antibodies) to
determine if they inhibit the development of cysts i vivo. If the antibody preparation
is shown to be cytostatic or cytotoxic for cysts, an antibody of potential therapeutic
utility must be present. Western blot analyses is conducted using the biologically
active antibody and tests for reactivity against cystic cells that are affected by the
antibody relative to other cells that are not to rapidly identify the cognate antigens for
therapeutic antibodies. Either human or non-human polycystic kidney cells are used
to generate the polyclonal antibodies and prepare Iysates for Western blot analysis and
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subsequent antigen identification.

[0263] 1t is to be understood that while the invention has been described in
conjunction with the above embodiments, that the foregoing description and examples
are intended to illustrate and not to limit the scope of the invention. Other aspects,
advantages and modifications within the scope of the invention will be apparent to
those skilled in the art to which the invention pertains.
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CLAIMS
‘What is claimed is:

1. A method to identify a polypeptide correlating with a phenotype of
interest, wherein the polypeptide specifically recognizes and binds a serum antibedy,
said method comprising identifying a polypeptide common to a list of characterized
genes, wherein said genes are differentially expressed in one or more relevant cells ot
tissnes and a list of characterized polypeptides, thereby identify said polypeptide
correlating with said phenotype of interest.

2. The method of claim 1, wherein the polypeptide is membrane

associated.

3. The method of claim 1, wherein the genes are characterized by cell or

tissue type.

4, The method of claim 4, wherein the genes of the list are characterized
by properties of the gene product, wherein said properties are selected from the group
consisting of specific reactivity with the serum antibody, highly expressed in the
relevant cell line or tissue, little or no detectable expression in the relevant cell line or

tissue, and uniquely expressed in the relevant cell line or tissue.

5. The method of claim 4, wherein two or more properties characterize
the properties of the gene product.

6. The method of claim 4 or 5, further comprising the property of
molecular weight.

7. The method of claim 1, wherein the list of characteristics of the
proteins of the list is a selected from mass, reactivity with the serum antibody,
peptidase digestion pattern, enzymatic digestion patiern and MOLDI-TOF selection

criteria.

JP 2004-513332 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(127)

WO 02/23202 PCT/US01/29238
75

8. Themethod of claim 7, wherein two or more properties characterize
the properties of the gene product.

9. The method of claim 7 or 8, further comprising the property of

molecular weight.

10.  The method of claim 9, wherein MOLDI-TOF selection criteria are
selected from the group consisting database selection, species, type of digest, CNBr,
number of miscleavages, molecular weight range, contamination indication, and mass

accuracy.
11. The method of claim 1, wherein the relevant cell or tissues are isolated
from subject a treated with a therapy selected from the group consisting of antiviral,
antibiotic, chemotherapeutic, and immunotherapeutic.
12.  The method of claim 10, wherein the immunotherapeutic therapy is
selected from treatment with a cancer vaccine, antibody therapy and adoptive

immunotherapy.

13, The method of claim 1, further comprising isolatiné the antibody that
specifically recognizes and bind the antigen.

14. A polypeptide identified by the method of claim 1.
15. An antibody isolated by the method of claim 14.

16. The antibody of claim 15, wherein the antibody is a monoclonal
antibody.

17. A hybridoma cell line that produces the monoclonal antibody of claim
16.

18. A composition comprising the isolated polypeptide of claim. 14 and a

carrier.
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19.  Anisolated polynucleotide encoding the polypeptide of claim 14.
20.  The complement of the polynucleotide of claim 19.

21. A composition comprising the isolated polynucleotide of claim 19 and

a carrier.

22, The composition of claim 18 or 21 wherein the cartrier is a

pharmacentically acceptable carrier.

23. A gene delivery vehicle comprising a polynucleotide of claims 19.

24.  Anisolated host cell comprising a polynucleotide of claim 19.

25.  Anisolated host cell comprising a polypeptide of claim 17,

26.  The bost cell of claim 25, wherein the ;;ell is an antigen presenting cell
(APC) and the polypeptide is presented by a Class I MHC molecule on the surfaog of

the cell.

27.  The host cell of claim 26, wherein the antigen presenting cell (APC) is
a dendritic cell.
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Box | Observations where certain claims were found unsearchable (Continuatlon of ltem 1 of first sheet)

This International Search Report has not been established in respact of certeln claims under Articls 17(2)(a) for the following reasons:

D Claims

because (hey relate fo subject matter not required to be searched by this Authority, namely:

5 m Claims Nos.: 1-13 (partially) and 14-27 (totally)
because they relate to parts of the International Appiication that do nat compiy with the prescribed requirements to such
an extent that no meaningtul Intemational Search can be carrled out, speciftcally:

see FURTHER INFORMATION sheet PCT/ISA/210

3. ]:l Claims Nos.:

because they are dependent clalms and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of Item 2 of first sheet)

This International Searching Authority found multiple inventions in this internatienal applicaiion, as follows:

1. As all required additional search fees were timely paid by the applicant. this International Search Report covers all
ssarchabie claims.

D As all searchable claims could be searched without affort justifying an addtional fee, this Authority did not Invite payment
of any additional fee,

3. As only some of the required additional search feas were timely paid by the gpplicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequenlly, this International Search Reportis
restricted to the invention first mentioned in the claims; it is covered by clalms

Remark on Protest E‘ The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Box I.2

Claims Nos.: 1-13 (partially) and 14-27 (totally)

The scope of claims 14-27 is unclear and speculative within the meaning
of Article 6 PCT. Said claims Tack indication concerning their technical
features. The available experimental data actually relate to screening
and identification of antigens, but not to a composition containing such
obtained antigens, to gene delivery vehicle or to isolated host cell. The
latter are mentionned in the description but not in relation with the
invention .as shown in the examples. Consequently, no search has been
carried out for the claims 14-27.

The scope of claims 1-13 is also unclear and speculative within the
meaning of Article 6 PCT. The search has been carried out for those parts
of the application which do appear to be clear and concise, namely a
method to identify a polypeptide, in a 1ist of genes, correlating with a
phenotype of interest, the polypeptide being recognized and bound by a
serum antibody.

Present claims 1-11, 15-17 and 25-27 contain typing and/or syntax errors
implying a Tack of clarity and conciseness within the meaning of Article
6 PCT.

Each time the term "MOLDI"™ was found in the application it was understood
as the term "MALDI". It was particulariy the case in claims 7 and 10 and
dependent claims.

Claim 4 was supposed to refer to claim 1 and not to claim 4.
Claims 15 to 17 were supposed to refer to claim 13 and not to claim 14.
Claim 25 was supposed to refer to claim 14 and not to claim 17.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Freliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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