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ANTIGENIC CK-18 COMPOUNDS FOR THERAPY
AND DIAGNOSIS AND METHODS FOR USING SAME

TECHNICAL FIELD
The invention relates to compounds useful in therapeutic, diagnostic and

screening methods for buman cancers and related malignancies.

BACKGROUND OF THE INVENTION

The number of people dying each year from cancer continues to rise. The ruost
comman causes of cancer death for men and wonten in the United States are, in order
cancers of the lung, colon, and breast. While there have been some modest objective
improvements in the survival of patients with these diseases over the past few decades,
the rising incidence more than compensates for this and the total number of deaths
continues to rise.

Lung cancer is the most common form of cancer in the world. Typical diagnosis
of lung cancer combines x-ray with sputain cytology. Unforamately, by the time a
patient seeks medical attention for their symptoms, the cancer is at such an advanced
state it is usvally incurable. Consequently, research has been focused on eatly detection
of tumor markers before the cancer becomes clinically appsrent and while the cancer is
still localized and ble to therapy. Mulshine et al., "Applications of monoclonal
antibodies in the treaiment of solid tutors," In: BIOLOGIC THERAPY OF CANCER. Edited
by V. T. Devita, S. Hellman, and 5. A. Rosenberg. Philadelphia: J B Lippincott, 1991,
pp. 563-588.

Colorectal cancer it the third most common malignant neoplasm worldwide, and
the second leading cause of cancer deaths in the United States. Shike, M., Winawer,
§.3., Greenwald, P.H. et al., (1990) Primary Provention of Colotecta) Cancer: the WHO
Collaborating Centre for the Prevention of Colorectal Cancer; Bulletin of the WHO
68(3):377-85; Greenlee, R.T. et al., (2001) Cancer Statistics, 2001. CA: A Cancer
Journal for Clinicians 51(1):15-36. It is estimated that there will be 135,400 new cases
and 56,700 deaths related to the dissase in the United States. Approximately 65% of
patients present with advanced disease.

Breast cancer is a major medical problem for women beginning in the third
decade of life and continuing throughout sensscence. It is currently estimated that in

JP 2005-500812 A 2005.1.13
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the United States women have a one in eight chance of developing the disease in their
Tifetime (by the age of eighty), whereas one in twenty-sight women have a lifetime risk
of dying from breast cancer. Harris et. al,, Bd. DISEASES OF THE BREAST, 1996: pp.
159-168. Breast carcinoma is the second most common cause of cancer death in
womert in the United States, and for women between the ages of 15 and 54, the leading
cause of cancer-related death. Forbes (1997) Seminars in Oncology 24(1), Suppl. 1,
pp.S1-20-51-35).

Prostate cancer is the most common malignant cancer in North American men
{excluding skin). It is estimated that in 2001, approximately 198,100 new cases and
31,500 prostate cancer-telated deaths will occur in the United States. Greenlee, R.T. et
al., supra. Prostate cancer is now the second leading cause of cancer death in men,
exceeded only by lung cancer. It accounts for 29% of all male cancers and 11% of male
cancer-related deaths.

Ovarian cancer is the fifih leading cause of cancer death amoug women ia the
United States and has the highest mortality rate of all gynecologic cancers. Greenlee,
R.T. etal., (2001) supra. Itis projected for 2001 that 23,400 new cases of ovarian
cancer will be diagnosed and 13,900 women will die of the disease. Greenlee, R.T. et
al., (2001) supra. The progunosis for survival from ovarian cancer is largely dependent
upon the extent of disease at diagnosis. Women diagnosed with local disease are over 3
times moze likely to survive 5 years than women with distant disease. However, only
one fourth of women present with localized disease at diagnosis. Ries, L.A. etal.,
(1998), SEER Cancer Statistics Review 1973-1995, Bethesda, MD: National Cancer
Institute.

Melanomas make up approximately three percent of all skin cancers and the
worldwide increase in melanoma is unsurpassed by any other neoplasm with the
exception of lung cancer in women, CBLLULAR AND MOLECULAR IMMUNOLOGY
(1991) (eds) Abbas, A. K., Lechtiman, A. H., Pober, J. S; W.B. Saunders Company
Philadelphia, pages: 340-342; Kitkwood and Agarwala (1993) Principles and Practice
of Oncology 7:1-16. BEven when melanoma is apparently localized to the skin, up to
30% of the patients will develop systemic metastasis and the majority will die.
Kirkwood and Agarwala (1993) Principles and Practice of Oncology 7:1-16.

JP 2005-500812 A 2005.1.13
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One of the major goals of cancer immunotherapy is the induction of tumor-
specific T-lymphocyte responses that will be effective in the rejection of established
tumors. The prospects for such therapies rely on the identification and characterization
of tumor-specific immune responses.

The recognition of antigenic epitop

p d by molecules of the Major
Histocompatibility Complex (MHC) plays a central role in the establishment,
maintenance and execution of mammalian immune responses. T cell surveillance and

recognition of peptide antigens pressnted by cell surface MHC molecules expressed by

somatic cells and antigen p ing leukocytes functions to contral invasion by

infectious organisms such as viruses, bacteria, and parasites. In addifion it has now
‘been demonstrated that antigen-specific cytotoxic T lymphocytes (CTLs) can recognize
certain cancer cell antigens and attack cells expressing these antigens. This T cell
activity provides a basis for developing novel strategies for anti-cancer vaceines,
Furthermore, inappropiiate T cell activation plays & central role in certain debilitating
autoimmune diseases such as rheumatoid arthritis, multiple sclerosis, and asthma. Thus
pitop d by MHC molecules play a

ing immune xesp in multiple pathological conditions.

jonandr ition of

central role in medi

Tumor specific T cells, derived from cancer patients, will bind and lyse tumor
cells. This specificity is based on their ability to recognize short amino acid sequences
(epitopes) presented on the surface of the tumor cells by MHC class I and, in some cell
types, class IT molecules. These epitopes are derived from the proteolytic degradation
of intraceflular proteins calied tumor anti ded by genes that are either uniquely

or aberrantly expressed in tumor or cancer cells.
The availability of specific anti-tumor T cells has enabled the identification of
tumor anti and sut ly the ion of cancer ines designed to provoke

an anti-tumor immune responge. Anti-tumor T celis are localized within cancer
patients, including in the blood (where they can be found in the peripheral blood
mononuclear cell fraction), in primary and secondary lymphoid tissue, e.g., the spleen,
in ascites fluid in ovarian cancer patients (tumor associated lymphocytes or TALSs} or
‘within the tumor itself (tumor infiltrating lymphocytes or TILs). Of these, TILs have
‘been the most useful in the identification of tumox antigens and fumor antigen-derived
peptides recognized by T cells.

JP 2005-500812 A 2005.1.13
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Conventional methods to generate TILs invalve mincing tumor biopsy tissue
and culturing the cell suspension in vitro in the presence of the T cell growth factor
interleukin-2 (IL-2). Over a period of several days, the combination of the tumor cells
and IL-2 can stimulate the proliferation of tumor specific T cells at the expense of
tumor cells. In this way, the T cell population is expanded. The T cefls derived from
the fixst expansion are subsequently mixed with either mitomycin C-treated or irradiated
tumor cells and cultured in vifro with IL-2 to promote further proliferation and
enrichment of tutmor reactive T cells. After several rounds of in vitro expansion, 2
potent anti-tumor T cell population can be recovered and used to identify tumor
hodology. Kawakani Y.

Via cor iopal but tedious ion cloning
et al. (1994) Proc. Natl. Acad. Sci. USA 91(9):3515-3519.
This currently employed methodology used to generate tumor specific T cells in

vitro is unreliable and the antigens identified by this method do not necessarily induce
an anti-tumor immune response. Numerous experiments demonstrate that the encounter
of antigens by mature T cells often results in the induction of tolerance because of
ignorance, anergy or physical deletion. Pardoll (1998) Nature Med. 4(5):525-531.

The ability of a particular peptide to function as a T cell epitope requires that it
bind effectively to the antigen presenting domain of an MHC molecule and also that it
display an appropriate set of amino acids that can be specifically recognized by a T cell
receptor molecule. While it is possible to identify natural T cell opitapes derived from
antigenic polypeptides, these peptide epitopes do not ily rep i that
are optimized for inducing a particular immune response. In fact, it has been shown
that it is possible to improve the effectiv of natural epitopes by introducing single
amino or multiple acids substitutions that alter their sequence (YValmori et al (2000) T.
Immunol 164(2):1125-1131). Thus, delivery of carefully optimized peptide epitopes
has the p ial to provide an improved method to induce a useful immune response.

The introductiot into an anitnal of an antigen has been widely used for the
purposes of modulating the 1 P ot lack thereof,, to the antigen fora

P

variety of purposes. These include vaccination against path of an

s ;

of an allergic response, ion of an

immune response 1o a cell,

immune Tesponse to a self antigen that occurs as a xesnlt of an autoinumune disorder,

JP 2005-500812 A 2005.1.13
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reduction of allograft tejection, and induction of an immune response 1o a self antigen

for the purpose of contraception.
More 1ecently, certain pathogen- and tumor-related proteins have been
logically mimicked with peptides whose amino acid sequence comesponds to

that of a known or predicted antigenic determinant domain of the pathogen- or tumor-
related protein. Despite these advances, such peptide mimics generally perform less
than optimally with respect to inducing an immune response.

Despite the ples of isolated antigens and other biomarkers shown
to be associated with various cancers, the usefulness of such tools for therapentic

d r ic and other d i lications are limited, for example, in that

& P PP

they have been shown to be ineffective, unreliable, lacking in sensitivity and/ax
predictiveness, and the like. Thus, there exists a continuing need fo identify antigens,
antigenic epitopes and other biomarkers associated with cancer and to develop new
materials and kits to aid in the early detection, therapy and monitoring of related
cancers. The present invention satisfies this need and provides related advantages as
well.

DISCLOSURE OF THE INVENTION

The present invention provides novel compounds compositions and metheds for
the therapy and diagnosis of human cytokeratin 18 protein (CK18) related cancers and
malignancies.

Further provided are polynucleotide: ding the compounds of ihe invention,
the nucleic acid ding these pounds, ¢.g., provided in SEQ ID NOs.:
4, 6 and 8; the nucleic acids encoding the amino acids of FLDERGHMYV (SEQ ID
NO:3), FLDKAHMEV (SEQ ID NO:5), and FMKKNHEEEV (SBEQ 1D NO:7);

complements and variants thereof are also encompassed by the invention. Also

provided are compositions, gene delivery vehicles andfor host cells comprising these
polynucleotides.

Tentid

Also provided by the i ion are polypeptid ded by the pol
of the invention, the amino acid sequences provided in SEQ ID NOs.:3, 5and 7;
complements and variants fhereof ate also encompassed by the invention.

JP 2005-500812 A 2005.1.13
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In addition, the invention provides methods for inducing an immune response in
a subject by delivering the compounds and conipositions of the invention, optionally in
the context of an MHC molecule.

The compounds of the invention are also useful to generate antibodies that
specifically recognize and bind to the compounds of this invention. These antibodies
are further useful for i py when admini d to a subject.

The invention also provides immune effector cells and compositions conteining

them raised in vivo or in vitro in the presence and at the expense of an antigen
presenting cell that p the peptide compasitions of the invention in the context of

an MEC molecule and a method of adoptive immunotherapy comprising administering
an effective amount of these immune effector cells to a subject.
Also provided by this invention is & composition comprising at least one, or at
Teast two or alternatively at least three immunogenic ligands, wherein said
ic ligands are individually charactetized by an ability to elicit an immune

Tesponse against the corresponding native ligand, and wherein said immmunogenic ligand
comprises a sequence selected from the group consisting of SEQ ID NOs.: 1,3, 5 and 7.
The compositions can be combined with a carrier such as a pbarmaceutically acceptable
camier.

Further provided by this invention is a host cell comprising at least one, or at
least two or alternatively at least three immunogenic ligands, wherein said
inmunogenic ligands are individually characterized by an ability to elicit an immune
response against the corresponding native ligand, and wherein said immunogenic ligand
comprises 3 sequence selected from the group consisting of SEQ ID NOs.: 1,3, 5 and 7.
Tn one aspeot, the host cell is an antigen presenting cell, e.g:, a dendritic cell
Compositions comprising such host cells and a carrier are also provided. The host cells
of this invention can be combined with a carrier such as a pharmacentically acceptable
carrier.

Further provided by this invention is a method for inducing an immune response
in a subject by delivering to the subject a composition comprising an effective amount
of at least one, or at least twa or alternatively at least three immunogenic ligands,
whetein each of said i genic ligands is ck ized by an ability to elicit an

immune response against the corresponding native ligand, and wherein said
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immunogenic Ligand is selected from the group of compounds comprising the sequences
of SEQID NOs.: 1,3, 5and 7.

The present invention additionally provides methods and compositions for
detecting, di ing, prc ing and monitoring the progress of CK-~18-related

- 8 P

cancers and malignancies and kits for use in said mefhods.

Further provided ate methods for screening to identify agonists and antagonists
of cancer antigens associated with CK-18-related cancers and malignancies.

The methods and compositions described herein are particularly suited to be
adapted to ion and high-throughput assay syst:

DESCRIPTION OF THE SEQUENCE LISTINGS

SEQ ID NO:1. The amino acid sequence of the native human cytokeratin 18
protein. This sequence is listed in the National Center for Biotechnology Information
(“NCBI") under Reference No. NP 000215,

SEQ ID NO:2 The compl Jeotide seq of an mRNA ding human
cytokeratin 18 (“CK18”). This sequence is listed in the National Center for
Biotechnology Information (“NCBI”) under Reference No, NM 000224,

SEQ ID NO3. The amino acid sequence of compound 1.

SEQ ID NO:4. The polynucleotide sequence encoding compound 1.

SEQ ID NO:5. The amino acid sequence of compound 2.

SEQ ID NO:6. The polynucleotide sequence encoding compound 2.

SEQ ID NO:7. The amino acid sequence of compound 3, the native epitope of
CK-18, comprising amino acids 212 to 221 of SBQ ID NO:1.

SEQ ID NO:8. The polynucleotide seq ding compound 3.

MODES OF CARRYING OUT THE INVENTION

Throughout this disclosure, various publications, patents and published patent
specifications ate xeferenced 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.

The practice of the present invention employs, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques),

7
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1501

cell biology, biochemistry and i logy, which are within the &kill of
the art. Such techniques are explained fully in the literature. These methods are
desoribed in the following publications. See, e.g., Sambrook et al. MOLECULAR
CLONNG: A LABORATORY MANUAL, 2 edition {1989); CURRENT PROTOCOLS IN
MOLEBCULAR BIOLOGY (F. M. Ansubel ot al. eds. (1987)); the series MBTHODS 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.I. 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 Freshney ed. {1987)).

Definitions

As used herein, certain ierms may have the following defined meanings.

As used in the specification and claims, the singular form “a,” “an” and “the”
inclnde plutal references unless the context clearly dictates otherwise. For example, the
term “a cell” includes a ity of cells, including mixtures thereof.

As used herein, the term “comprising” is intended to mean that the compositions
and methods include the recited el but not exchiding others. “Ci
essentially of* when used to define compositions and methods, shall mean excluding
other elements of any essential significance to the combination. Thus, a composition
i ally of the el as defined herein would not exclude trace
from the isolation and purification method and pharmacentically
acceptable carriers, such as phosphate buffered saline, preservatives, and the like.
“Consisting of* shall mean excluding mote than trace elements of other jugredients and
substantial mefhod steps for administering the compositions of this invention.
Embodiments defined by each of these transition texms are within the scope of this
invention.

A “native” or “natural” or "wild-type” antigen is a polypeptids, protein ora
fragment which containg an epitope, which has been isolated from a natural biological
source, and which can specifically bind to an antigen receptor, in particular a T cell
antigen receptor (TCR), in a subject.

JP 2005-500812 A 2005.1.13
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untesponsiveness, ar anergy, 7.e., aNErgens.

An “altered or modified antigen” is one having a primary sequence that is
different from that of the comesponding wild-type antigen. Altered antigens can be
made by synthetic or recombinant methods and include, but are not limited 1o, antigenic
peptides that are differentially modified during or after translation, e.g., by
phosphorylation, glycosylation, cross-linking, acylation, proteolytic cleavage, linkage to
an antibody molecule, membrane molecnle or other ligand. (Ferguson et al. (1988)
Ann. Rev. Biochem. 57:285-320). A modified or altered antigenic epitope of the
invention is intended to bind to the same TCR as the native or wild-type epitope.

A “self-antigen” also teferred to herein as a native or wild-type antigen is an.
antigenic peptide that induces Jittle ox no immune response in the subject due to self-
tolerance to the antigen. An example of & self-antigen is the melanoma specific antigen
2p100.

The texm “tumor associated antigen” or “TAA” refers to an antigen that is
associated with or specific t a tumor. Examples of known TAAs include gp100,
MART and MAGE.

The terms “major histocompatibility complex” or “MHC” refers to a complex of
genes encoding cell-surface molecules that are required for antiger p ionto T

cells and for rapid graft rejection. In humans, the MHC is also known as the “human
leukocyte antigen” or “HLA” complex. The proteins encoded by the MHC are known
a5 “MHC molecules” and are ¢lassified into class 1 and class It MEHC molecules. Class
1 MHC includes membrane heterodimeric proteins made up of an o chain encoded in
the MHC noncovalentiy linked with the ;-microglobulin. Class I MHC molecules are
expressed by neatly all nucleated cells and bave been shown to function in antigen
presentation to CD8" T cells. Class I molecules include HLA-A, B, and C in humans.
Class Il MHC molecules also include membrane h dimeric proteins isting of
noncovalently associated o and B chains. Class I MHC molecules are known to
fonetion in CD4" T cells and, in humans, include HLA-DP, -DQ, and DR. Ina

ferred embodi i 3 itions and ligands can complex with MHC

P p

molecules of amy HLA. type. Those of skill in the art are familiar with the sexotypes and
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genotypes of the HLA. See: bimas.dertnib.gov/cgi-bin/molbio/hla coefficient viewing
page. R H.G., Bach J., and Stes ic 8. MHC Ligands and Peptide
Motifs (1997) Chapman & Hall Publishers; Schreuder, GM. Th. et al. The HLA
dictionary (1999) Tissue Antigens 54:409-437.

The term “antigen-presenting mattix”, as used herein, intends a molecule or

molecules which can present antigen in such a way that the antigen can be bound by a
T-cell antigen receptor on the surface of a T cell. An antigen-presenting matrix can be
an the surface of an antigen-presenting cell (APC), on a vesicle preparation of an APC,
ar can be in the form of a synthetic matrix on a solid support such as a bead or 2 plate.

An ple of a synthetic antigen-p ing matrix is purified MHC class [ molecuies

lexed to Br-microglobulin, multimers of such purified MHC class I molecules,
purified MBC Class I molecules, or functional portions thereof, hed to a solid
support.

The term “zmtigen presenting cells (APC)" refers to a class of cells capable of
presenting one or store 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 antigens being presented. While many types of
cells may be capable of presenting antigens on their cell suzface for T-cell recogpition,
only professional APCs have the capacity to present 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 den&rlﬁc cells; or otber molecules,
natarally ocourring or synthetic, such as purified MHC class I molecules complexed to
BZ-microglobulin. .

The term “dendritic cells (DC)” refers to a diverse population of
morphologically similar cell types found in a variety of lymphoid and pon-lymphoid
tissues (Steinman (1991) Ann. Rev. Immunol. 9:271-296). Dendritic cells constitute the
most potent and preferred APCs in the organism. A subset, if not all, of dendritic cells
are derived from bone marrow progenitor cells, circulate in small numbers in the
peripheral blood and appear either as immature Langethans’ cells or terminally
differentiated mature cells. While the dendritic cells can be differentiated fom
monocytes, they possess distinct phenotypes. For le, a particular diffe
marker, CD14 antigen, is not found in dendritic cells but is possessed by monocytes.

10

JP 2005-500812 A 2005.1.13



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(58)

WO 02/035555 PCT/USOL/49964

10

15

20

30

Also, mature dendritic cells are not phagocytic, whereas the monocytes are sirongly
phagocytosing cells. It has been shown that DCs provide ]l the signals necessary for T
cell activation and proliferation.

The term “antigen presenting cell recruitment factors” or “APC recruitment
factors” include both intact, whole cells as well as ofher molecules that are capable of
recruiting antigen presenting cells. Examples of suitable APC recruitment factors
include molecules such as interleukin 4 (IL-4), granulocyts phage colony
stimulating factor (GM-CSF), Sepragel and r phage infl y protein-3-alpha
(MIP3q). These ate available from Immunex, Schering-Plough and R&D Systems
(Minneapolis, MMN). They also can be recombinantly produced using the method
disclosed in CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (F.M. Ausubel et al., ods.

(1987)). Peptides, proteins and compounds having the same biolagical activity as the
above-poted factors are inchided within the scope of this invention.

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, inflammatoty, or othex
infiltrates, Certain diseased tissue expresses specific antigens and CTLs specific for
these antigens have been identified. For example, approximately 80% of melanotnas
express the antigen known as gp 100.

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 Il molecules.

A “naive” immune effector cell is an immune effector cell that has never been
exposed to an antigen capable of activating that cell. Activation of naive immune
effector cells requires both ition of the peptide:MHC complex and the
simul delivery of a costi y signal by a professional APC in order to
proliferate and differentiate into antigen-specific armed effector T cells.

“Immune response” broadly refets to the autigen-specific responses of
Iymphocytes to foreign substances. Ay substance that can elicit an jmmune response

is said to be “immunogenic” and js referred to as an “i . Alli
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are antigens, however, not all anti are j jc. Ant p of this
invention can be humoral (via antibody activity) or cell-mediated (via T cell activation).

The term “ligand” as used herein refers to any molecule that binds to a specific
site on another molecule. In other words, the ligand confers the specificity of the
protein in a reaction with an immune effector cell. Itis the ligand site within the protein
that combines directly with the complementary binding site on the immune effector cell.

In one embodiment, a ligand of the invention binds to an antigenic determinant
ot epitope on an immune effector cell, such as an antibody or a T cell receptor (TCR).
A ligand may be an antigen, peptide, protein or epitope of the invention.

Invention ligands may bind to a receptor on an antibody. In one embodiment,
the ligand of the invention is about 4 to about § amino acids in length.

Invention ligands may bind fo a receptor on an MHC class I molecule. Inone
embodiment, the ligand of the invention is about 7 to about 11 amino acids or
alternatively 9 or 10 amino acids, in length.

" Invention ligands may bind to a receptor on an MEC class Il molecule. In one
embodiment, the ligand of the invention is about 10 to about 20 amino acids long.

As nsed herein, the term “educated, antigen-specific immune effector cell”, is an
immune effector cell as defined above, which has previously encountered an antigen.

In contrast with its naive counterpart, activation of an educated, antigen-specific
imroune effector cell does not require a costimuiatory signal. Recognition of the
peptide:MHC complex is sufficient.

“Activated”, when used in reference to a T cell, implies that the cell is no longer
in Gy phase, and begins to produce one or mare of cytotoxins, cytokines, and other
related membr jated proteins cf istic of the cell type (e.g., CD8" or

) CD4%), is capable of recognizing and binding any target cell that displays the particular

antigen on its surface, and releasing its effector molecules.

In the context of the present invention, the term “recognized™ intends that a
composition of the invention, comprising one or more ligands, is recognized and bound
by an immupe effector cell wherein such binding initiates an effective immune
response. Assays for determining whether a ligand is recognized by an immune effector
cell are known in the art and are described herein.

12
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The term “preferentially recognized™ intends that the specificity of 2
composition or ligand of the invention is restricted to immune effector cells that
recognize and bind the native ligand.

The term “cross-reactive” is used to describe certain immunogenic properties of
invention compounds which ate functionally overlapping. Morte particulaily, the
immunogenic properties of a native ligand and/or iimune effector cells activated
thereby are shared o a certain extent by the altered ligand such that the altered ligand is
“cross-reactive” with the native ligand and/or the inmune effector cells activated
thereby. For purposes of this jnvention, cross-zeactivity is manifested at multiple levels:
(i) at the ligand level, e.g., the altered ligands can bind the TCR of and activate native
ligand CTLs; (ii) at the T cell level, i.e., altered ligands of the inventjon bind the TCR
of and activate a population of T cells (distinct from the population of native ligand
CTLs) which can effectivoly target and lyse cells displaying the native ligand; and (iii)
at the antibody level, e.g., “anti”-altered ligand antibodies can detect, recognize and
1 which

bind the pative ligand and initiate effector inani

ultimately result in elimination of the native ligand from the host.

P

As used herein, the term “inducing an immune response in a subject” is a term
well understood in the art and iniends that an increase of at least about 2-fold, more
preferably at least about 5-fold, more preferably at least about 10-fold, more preferably
at least about 100-fold, even more preferably at least about 500-fold, even mare
preferably at least about 1000-fold or more in an immuste response to an antigen {or
epitope) can be detected or measured, after introducing the antigen (or epitope) into the
subject, relative to the immune response (if any) before introductiou of the anfigen (or
epitope) inta the subject. An immune response to an antigen (or epitope), includes, but
is not limited to, production of an antigen-specific (or epitope-specific) antibody, and
production of an immune cell expressing on its surface a molecule which specifically

binds to an anfigen (or epitope). Methods of. ining whether an i TeSponse
to a given antigen (or epitope) has been induced are well known in the art. For
example, antigen~specific antibody can be detected using any of a variety of
immunoassays knowa in the art, including, but not limited to, BLISA, wherein, for
example, binding of an antibody in a sample to aa immobilized antigen (or epitope) is

JP 2005-500812 A 2005.1.13
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detected with a detectably-labeled second antibody (e.g., enzyme-labeled mouse anti-
human Ig antibody).

“Co-~stimulatory molecules™ are involved in the interaction between receptor
ligand pairs expressed on the surface of antigen presenting cells and T cells. Research
acoumulated aver the past several years has demonstrated convincingly that resting T
cells require at least two signals for induction of cytokine gene expression and
proliferation (Schwartz RH. (1990) Science 248:1349-1356 and Jenkins M.K. (1992)
Tmmunol. Today 13:69-73). One signal, the one that confers specificity, can be
praduced by interaction of the TCR/CD3 complex with an appropriate MHC/peptide
complex. The second signal is not antigen specific and is termed the “co-stimulatory”
signal. This signal was originally defined as an activity provided by bone-marrow-
derived accessory cells such as macrophages and dendritic cells, the so called
“professional” APCa. Several molecules have been shown to enhance co-stimulatory
activity. These are heat stable antigen (HSA) (Lin Y. et al. (1992) J. Exp. Med.
175:437-445), chondroitin sulfate-modified MHC invariant chain (Ti-CS) (Naujokas,
MF. et al. (1993) Cell 74:257-268), i {lular adhesi lecule 1 (ICAM-1) (Van
Seventer G.A. (1990) J. fmmunol. 144:4579~4586), B7-1, and B7-2/B70 (Schwartz,
RH. (1992) Cell 71:1065-1068). These molecules each appear to assist co-stimulation
by interacting with their cognate ligands on the T cells. Co-stimulatory molecules
mediate co-stimulatory signal(s), which are necessaty, under normal physiological
conditions, to achieve full activation of naive T cells. One exemplary receptor-ligand
pair is the B7 co-stimulatory molecule on the surface of APCs and its counter-receptor
CD28 or CTLA-4 on T cells (Freeman et al. (1993) Science 262:909-911; Young et al.
(1992) J. Clin. Invest 90:229 and Nabavi et al. (1992) Nature 360:266-268). Other
important co-stimulatory molecutes are CD40, CD54, CD80, and CD86. The term “co-

latory molecule™ encomp any single molecule or combination of molecull
which, when acting together with a peptide/MHC complex bound by a TCR on the
surface of a T cell, provides a co-stimulatory effect which achi activation of the T

cell that binds the peptide. The term thus encompasses B7, or other co-stimulatory
molecule(s) on an antigen-presenting matrix such as an APC, fragments fhereof (alone,
complexed with another molecule(s), or as part of a fusion protein) which, together with
peptide/MHC complex, binds to a cognate ligand and results in activation of the T cell
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when the TCR on the surface of the T cell specifically binds the peptide. Co-
stimulatory molecules are commercially available from a variety of souxces, including,
for example, Beckman Coulter, Ino. (Fullerton, CA). It is intended, altbough not always
explicitly stated, that molecules having similar biological activity as wild-type or
purified co-stimulatory molecules (e.g., binantly produced or muteins thereof) are
intended to be used within the spirit and scope of the fnvention.

As used herein, “solid phase support” ox “solid support”, used interchangeably,
is ot limited to a specific type of support. Rather a large nomber of supports are
available and are known to one of ordinary skill in the art. Solid phase supports include
silica gels, resins, derjvatized plastic films, glass beads, cotton, plastic beads, alumina
gels. As used hexein, “solid support” also includes synthetic antigen-presenting
matrices, cells, and liposomes. A snitable 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

bigined from Bachem Inc., Peninsula Laboratories, etc.), POLYBIPE® resin (obtained
from Aminotech, Canada), polyamide resin (obtained from Peninsula Lat
polystyrene resin grafied with polyethylene glycol (TentaGel®, Rapp Polymere,

Tubingen, Germany) or polydimethylacrylamide resin (obtained from
Milligen/Biosearch, California). Solid supports also include microchips and grids, on
which cDNAs, oligomucleotides, peptides, antibodies or other molecules are fixed in
arays. The surface of the grids may be composed of a wide vatiety of material
including glass, plastic, silicon, gold, gelatin or nylon. Lockhart {2000) Nature,
405:827-836; Srinivas (2001) Clin. Chem., 47:1901-1911. For example, the use of the
so-called SELDI-MS method (surface-cnhanced laser desorption-ionization & mass
spectroscopy) exposes samples fo chips with biochemically chatacterized surfaces

(e lecules such as antibodies or recep followed by mass DY
to visualize and identify the bound proteins. For a review of recently available
technology see Stivinas, P. etal. (2001) Clinical Chemistry 47(10):1901-1911, and
references cited therein such as De Wildt, RM.T. et al. (2000) Nat. Biotech 18:989-94,
Arenkov, P. et al, (2000) Anal. Biochem. 278:123-31, Haab, B.B. et al.(2001) Genome
Biol. 2:1-13, and Cahill, D.J. {2001) J Immunol. Methods 250:81-91. Also included

within a solid support are tissue microarrays in which small cylinders of tissue are
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puniched out of thousands of individual tumor specimens (from different tissues of
bundreds of individuals in 2 study) and then probed with antibodies, RNA, etc. Hoos,
A. etal, (2001) Am J. Pathol. 158:1245-51.

The term “immumornodulatory agent™, as used herein, is a molecule, a
macromolecutar complex, or a cell that modulates an immume response and
encompasses an antigenic peptide of the invention alons or in any of 3 variety of
formulations described herein; a polypeptide comprising an antigenic peptide of the
invention; a polynucleotide encoding a peptide or polypeptide of the invention; an
antigenic peptide of the invention bound to a Class I or a Class It MHC molecule on an

tig ing matrix, including an APC and a synthetic antigen-p ing mateix
(in the presence or ab; of co-stinul Jecule(s)); an antigenic peptide of the
invention covalently or ﬁon—covalenﬂy complexed to ancther molecule(s) or
macromolecular structure; and an educated, antigen-specific immune effector cell which

is specific for a peptide of the invention.
The term “modulate an i ponse” inchndes induoing (i

) an i ; and reducing (suppressing) an i . An

P

S

immunomodulatory method (ar protocol) is one that modulates an immune response in
a subject.

As used herein, the term “cytokine™ refers to any one of the numerous factors
that exert a variety of effects on cells, for example, inducing growth or prolifexation.
Non-limiting examples of cytokines which may be used alone or in combination in the
practice of fhe present invention include, interleukin-2 (IL-2), stem cell factor (SCF),
interlenkin 3 (IL-3), interlevkin 6 (IL-6), interleukin 12 (IL-12), G-CSF, gramulocyte
macrophage-colony stimulating factor (GM-CSF), ipterleukin-1 alpha (IL~1cz),
interleukin-11 (IL-11), MIP-11, leukemia inhibitory factor (LTF), c-kit ligand,
thrombopoietin (TPO) and fIt3 ligand. The present invention also includes culture
conditions in which one or more cytokine ig specifically excluded from the medium.
Cytokines are commercially available from scveral vendors such as, for example,

G (Framingh MA), G h (South San Francisco, CA), Amgen
(Thousand Ozks, CA), R&D Systems (Minneapolis, MN) and Immunex (Seattle, WA).
It is intended, although. not always explicitly stated, that molecules having similar
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biological activity as wild-type or purified cytokines (e.g., recombinantly produced or

muteins thereof) are intended to be used within the spirit and scope of the invention.
The terms “polyuuclectide” and “ucleic acid molecule” are used

interchangeably to refer to polymeric forms of nucleotides of any length. The

1 leotides may contain deoxyrit leotides, rit leotides, and/or their

P

analogs. Nucleotides may have any three-dimensional structure, and may perform any
function, known or unk . The term “polymucleotide” includes, for le, single-
stranded, double-stranded and triple helical molecules, a gene or gene fragment, exons,
introns, mRNA, tRNA, TRNA, ribozymes, cDNA, recombinant polynucleotides,

+H hed

pol leotides, plasmids, vectors, isolated DNA of any sequence, isolated

RNA of any sequence, nucleic acid probes, and primers. In addition to a native nucleic
acid molecule, a nucleic acid molecule of the present invention may also comprise
modificd micleic acid molecules.

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 peptidomi The may
be linked by peptide bonds. In another embodiment, the subunit may be linked by other
‘bonds, e.g. ester, ether, efc. As used herein the term “amino acid™ refers to either
natural and/or nnpatural or synthetic amino acids, inclhuding glycine and both the D or L
optical isomers, and amino acid analogs and peptidonzimetics. 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 commonly called a polypeptide or a protein.

The term “genetically modified” means contaming and/or expressing a foreign
gene or nucleic acid sequence which in tum, modifies the genotype or phenotype of the
cell orits progeny. In other words, it refers to any addition, deletion or disnuption to a
cell’s endogenous nucleotides.

As used herein, “expression” refers to the process by which polynucleotides are
transcribed into mRNA, and translated into peptides, polypeptides, or proteins. Ifthe
polynucleotide is derived from genomic DNA, expression may include splicing of the
mRNA, if an appropriate eukaryotic host is selected. Regulatory elemerts required for
include p q 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-
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Dalgamo sequence and the staxt codon AUG (Sambrook et al. (1989) supra). Similarly,

an eukaryotic expression vector includes a Jogous or | )! P ter for

RNA pol I,z P ion signal, the start codon AUG, and &

termination codon for detachment of the ribosome. Such veetors can be obtained

¢ ially or ibled by the seqp described m methods well kuown in the

art, for example, the methads described below for constructing vectors in general
“Under transeriptional control” is a term well understood in the art and indicates

that transcription of a polynucleotide sequence, usually a DNA sequence, depends an its
being operatively linked to an element which contributes to the initiation of, or
promotes, transcription. “Operatively tinked” refers to a juxtaposition wherein the

1 11,

are inan ing them to

A “gene delivery vehicle” is defined as amy molecule that can carty inserted
polynucleotides into a host cell. Examples of gene delivery vehicles are iposomes,
biocompatible polymers, including natural polymers and syntbetic polymes;

h

pot ides; Lipopol; harides; artificial viral

HPAP s POSYPCP
envelopes; metal particles; and bacteria, or viruses, such as baculovirus, adenovirus and
retrovitus, bacteriophage, cosmid, plasmid, fimgal vectors and other recombination
vehicles typically used in the art which have been described for expression in a variety
of sukatyotic and prokaryotic hosts, and may be used for gene therapy as well as for
simple protein expression.

“Gene delivery,” “gene transfer,” and the like as used herein, are terms referting
to the introduction of an exogenous polypucleotide (sometimes referred to as a
“transgene”) into a host cell, irrespective of the method vsed for the introduction. Such
methods include a variety of well-known techniques such as vector-mediated gene
transfer (by, e.g., viral infection/transfection, or vatious other protein-based or Lipid-
‘based gene delivery ) as well as techniques facilitating the delivery of
“naked” polynucleotides (such as electroporation, “gene gun” delivery and various
ofher techmi nsed for the introduction of polynucleotides). The introduced

polynucleotide may be stably or transiently maintained in the host cell. Stable

q

24

maintenance typically requires that the i d poly either s 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., a plasmid) or a nuclear ox

18
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mitochondrial chromosome. A number of vectors are known to be capable of mediating
transfer of genes to mammmalian cells, as is known in the art and described berein.

A “viral vector” is defined gs a recombinantly produced virus or viral particle
that comprises a polyuucleotide to be delivered into a host cell, either in vivo, ex vivo or
in vitro. Bramples of viral vectors include refroviral vectors, adenovirus vectors,
adeno-associated virus vestors, alphaviTus vectors and the like. Alphavirus vectors,
such as Semliki Forest virus-based vectors and Sindbis virus-based vectors, have also

herapy. See, Schl and

been developed for use in gene therapy and i
Dubensky (1999) Curr Opin Biotechno). 5:434-439 and Zaks et al. (1999) Nat. Med.
7:823-827. 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 therapeutic gene. As nsed herein, “retroviral mediated gene transfer” or
“retroviral transduction” carries the same meaning and xefets to the process by which a
gene or nucleic acid sequences are stably transferred iuto the host cell by virtue of the
virus entering the cell and integrating its genome into ¢he host cell genome. The virus
can emer the host cell via its normal mechanism of infection or be modified such that it
binds to a different host celi 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 ot viral-like entry mechanism.

Retroviruses carry their genetic information in the form of RNA; however, once
the virus infects a cell, the RINA 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.

In aspects where gene transfer is mediated by a DNA viral vector, such as an
adenovirus (Ad), pseudo adenaviral or adenc-associated virus (AAV), 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 seratypes. See, e.g., WO 95/27071. Ads are casy to grow
and do not tequire integration into the host cell genome. Recombinant Ad-derived
vectors, particularly those that reduce the 1 ial for bination and ion 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
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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.

Vectors that contain both a promotet 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. ix vitro ot ins 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 i vitro iption, it may be y to
remove, add or alter 5” and/ox 3” untranslated portions of the clones to eliminate extra,
potential inappropriate al ive lation initiation codons or other sequences that

may interfere with or reduce expression, either at the level of transcription ox
translation. Alternatively, consensus ribosome binding sites can be inserted
immediately 5’ of the start codon to enhance expression.

Gene delivery vehicles also include several non-viral vectors, including
DNAfiposome complexes, and targeted viral protein-DNA. complexes. Liposomes that
also comprise a targeting antibody or fragment thereof can be used in the methods of
this inveption. To enhance delivery to & cell, mucleic acids or proteins of this invention
can be conjugated to antibodies or binding fragments thereof which bind cell surface
antigens, e.g., TCR, CD3 or CD4.

“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 sirands forming a duplex structure, three or more strands forming a multi-
stranded corplex, a single seif-hybridizing strand, or any combination of these. A
hybridization reaction may constitute & step in a mote extensive process, such as the

initiation of & PCR reaction, or the ic cleavage of a polynucleotide by a
tibozyme.
Examples of stri ‘hybridizati ditions include: incubation texperatures

of about 25°C to about 37°C; hybridization buffer concentrations of about 6 X SSCto
about 10 X SSC; formamide concentrations of about 0% to about 25%; and wash
solutions of about 6 X 8SC. Bxamples of moderate hybridizati ditions include:
incubation temperatares of about 40°C to about 50°C; buffer concentrations of about 9
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X 8SC 1o 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. 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 concentirations of
about 55% to sbout 75%; and wash solufions of about 1 X SSC, 0.1 X 8SC, 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. Itis understood that
equivalents of SSC using other biiffer systems can be employed.

A polynucleotide or polynucleotide region (ox a polypeptide or polypeptide
region} has a certain percentage {for example, 80%, 85%, $0%, or 95%) of “sequence
identity” to anotber 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
BICLOGY (F.M. Ausubel et al,, eds., 1987) Supplement 30, section 7.7.18, Table 7.7.1.
Preferably, default parameters are used for alj A preferred alj progr
is BLAST, nsing defanit 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 = BLOSUMG62; Descriptions = 50
sequences; sort by = HIGH SCORE; Datat = non-redundant, GenBank + EMBL +
DDBJ + PDB + GenBank CDS translations + SwissProtein + SPupdate + PIR. Details
of these programs can be found at the following Intemnet address:
www.nebinlm nih.gov/cgi-bin/BLAST.

“In vivo” gene delivery, gene transfer, gene therapy and the like as used berein,

are terms refering to the infroduction of a vector comprising an exogenous
polynucleotide directly into the body of an organism, such as 2 human or non-hwman
mammal, whereby the exogenous palymcleotide is introduced to a cell of such
organisni i vivo.

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
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polynucleotide, an isolated polymicleotide 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 turally oceurring pol; ide, peptide, polypeptide,
protein, antibody, or fragments thereof, does not require “isolation” to distinguish it

from its naturally occurring counterpart. In addition, a “concentrated”, “separated” or
“diluted” polynucleotide, peptide, polypeptide, protein, antibody, or fragments thereod,
is distinguishable from its naturally occurring counterpatt in that the concentration or
number of molecules per volume is greater than “concentrated” or less than “separated”
than that of its Ily occurring y: A pol ide, peptide, polypeptide,
protein, antibody, or fragments thereof, which differs from the naturally occurring
courterpart in its primary sequence or for example, by its glycosylation paitern, need
not be present in its isolated form since it is distinguisbable from its naturally occurring

counterpat 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 abave embodiments for each of the
compositions disclosed below and under the appropriate conditions, are provided by this
invention. Thus, 2 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 ths naturally occuning
protein isolated from a eukaryotic cell in which it is produced in nature.

“Host cell,” “target cell” or “recipient cell” are intended to include any
jndividual cell or cell culture which can be or have been recipients for vectors or the

incorporation of exogenaus nucleic acid mol pol. leotides and/or proteins. It

also is intended to include progeny of a single cell, and the progeny may not necessarily
‘be completely identical (in morphology or in genomic or total DNA complement) to the

original parent cell due to natural, accidental, or delit ion. The cells may be
prokaryotic or eukatyotic, and include but are not limited to bacterial cells, yeast cells,

animal cells, and mammalian cells, e.g., murine, raf, simian or human.
A “subject” is a vertebrate, preferably & mammal, more prefexably a buman.
Mammals include, but are not limited to, murines, simiaus, humans, farm animals, sport

animals, and pets.
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A “control” is an alternative subject or sample used in an experiment for
comparison purpose. A. control can be “positive” or “negative”. For example, where
the purpose of the experiment is to determine a correlation of an slfered expression level
of a gene with a particular type of cancer, it is generally preferable to use a positive
contro] (a subject or a sample from a subject, caxrying such alteration and exhibiting

& s ch istic of that di ), and a negative control (a subject or a sample
from & subject lacking the altered expression and clinical synd of that disease).
The terms “caticet,” “neoplasm,” and “tumor,” 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 ¢ i Primary cancer cells
(that is, cells obtained from near the site of malignant transformation) can be readily
distinguished from non- cells by well-established techniques, particularly
‘histological ination. The definition of a cancer cell, as nsed 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 vifro 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; ¢.8. by such procedures as CAT scan, magnetic resonance imaging (MRI), X-ray,

ultrasound or palpation. Biochemical or logic findings alone may be
insufficient to meet this definition.

A neoplasm is an abnormal mass or colony of cells produced by a relatively
autonomous new growth of tissue. Most neoplasms arise from the clonal expansion of a
single cell that has undergoene neoplastic transformation. The transformation of a

nomal to a neoplastic cell can be caused by a chemical, physical, or biological agent
(or event) that directly and irreversibly alters the cell genome. Neoplastic cells are
characterized by the loss of some specialized functions and the acquisition of new
biological properties, foremost, the property of relatively autonomous (uncontrolled)
growth. Neoplastic cells pass on their heritable biological ¢} istics to progeny
cells.

The past, present, and future predicted biological behavior, or clinical course, of
a neaplasm is further classified as benign or malignant, a distinction of great importance
in di i and is. A malignant neoplasm manifests a greater
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degree of autonomy, is capable of invasion and metastatic spread, may be resistant to
treatment, and may cause death. A benign neoplasm has a lesser degree of antonomy, is
usually not invasive, does not metastasize, and generally produces no great harm if
treated adequately.

Cancer is a generic term for malignant neoplasms. Anaplasia is a characteristic
property of cancer cells and denotes a lack of normal structural and functional

h istics (undiff
A tumor is literally a swelling of any type, such as an inflammatory or other

swelling, but modern usage genetally denotes a neoplasm. The suffix "-oma" means

tumor and usually denotes a benign neoplasm, as in fibroma, lipoma, and so forth, but

sometimes implies a malignant neoplasm, as with so-called melanoma, hepatoma, and
orevena lastic Jesion, such as a hematona, granuloma, or

P

hamartoma.

The suffix "-blastoma" denotes a neoplasm of embryonic cells, such as
neuroblastoma of the adrenal or retinoblastoma of the eye.

Histogenesis is the origin of a tissue and is a method of classifying neoplasms on
the basis of the tissue cell of origin. Ad are benign neopl of glandular
epithelivin. Carcinomas are malignant tumors of epithelivm. Sarcomas are malignant
tumors of mesenchymal tissues.

One system to classify neoplasia ntilizes biolagical (clinical) behavior, whether
benign or mali t, and the hi is, the tissue or cell of origin of the neoplasm, as

Neapl

Jetermined by histologic and cytologic inati P may origi in
almost axny tissue containing cells capable of mitotic division. The histogenetic
classification of neoplasms is based upon the tissue (or cell) of origin as determined by
histologic and cytologic examination.

“Suppressing” tsmor growth indicates a growth state that is curtailed compared
1o growth without contact with educated, antigen-specific immune effector cells
described herein. Tumor cell growth can be assessed by any means known in the art,
inciuding, but not limited to, measuring tumor size, determining whether tumor cells are
proliferating using a *H-thymidine incorporation assay, or counting tutnor cells.
“Suppressing” tamor cell growth means any or all of the following states: slowing,
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delaying, and “suppressing” tumor growth indicates a growth state that is curtailed
when stopping tumor growth, as well as tumor shrinkage.

The term “culturing™ refess to the i vifro propagation of cells or organisms on
or in media of various kinds. It is und d that the d dants of a cell grown'in

ical (morphologicall ically, or

> B

culture may not be completel
phenotypically) to the parent cell. By “expanded” is meant any proliferation or division
of cells,

A “composition™ is intended to mean a o

"

ion of active agent and another

compound or composition, inert (for example, a detectable agent or label) or active,
such as an adjuvant.

A *“pharmacentioal composition” is intended to include the combination of an
active agent with a carrier, inert or active, mak'ing the composition suitable for
diagnostic or therapeutic use in vifro, in vivo 0f ex vivo.

As used herein, the term “phar ically ptable carrier” any
of the standard pharmaceutical carriers, 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 cartiers, stabilizers and adjuvants, see Martin REMINGTON’S PHARM. SCI.,
15th Ed. (Mack Publ. Co., Baston (1975)).

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

applications or dosages.

PEPTIDE LIGAND COMPOUND AND COMPOSITIONS
The present invention provides compounds having the following structures:

SBQIINO3
FLDKGAMYV
o Q © 0 [ Q [ o [+]
uzn—cué'-‘rg—rlm-@—u—cué—N—(I:u-E—N—cI;n-H-ﬁ—?HE—NH—?H-E—ﬁ—cHS—ﬂ—?H-H—OH
g Pl M M Mow Moo o,
ol e S
o [z Y &
CHy Ha.
e "
or
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The present invention also provides compositions that bind to MHC molecules
and are useful for modulating immune responses to the cognate native antigenic
and their cotresponding native proteins.

PLOP

This invention further provides compositions which are useful as components of
anti-cancer vaceines and to expand immune effector cells that are specific fos cells
characterized by differential, i.e., aberrant, expression of antigen CK-18.

An "CK-18-related cancer or malignancy" is one in which the differential
expression of the antigemic protein serves as a matker for the neoplastic phenotype.
Examples of cancer types exhibiting differential ion of the CK-18 antigen

include, bat are not limited to, breast cancer and lung cancer.

In one embodiment, the ligands of the invention have comparable or enhanced
affinity for MHC binding to the native antigenic epitope. It has been demonstrated that
peptide:MHC class 1 binding properties correlate with immunogenicity (Sette, A. et al.
(1994) Immumol. 153:5586; van der Burg. S.H. et al. (1996) J. Immunol. 156:3308).
Comparative binding of the ligands of the invention to an MEIC class I molecule can be
measured by methods that are known in the art and include, but are not limited to,
caloulating the affinity based on an algorithm (see, for example, Paxker et al. (1992) J.
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Tmmunol. 149:3580-3587) and experimentally determining binding affinity (see, for
example, Tan et al. {1997) J. Tmmunol. Meth. 209(1):25-36). For example, the relative
binding of a peptide 1o a class I molecule can be measured on the basis of binding of a
radiolabeled standard peptide to detergent-solubilized MHC molecules, using various
concentrations of test peptides (¢.g., ranging from 100 mM to 1nM). MHC class I
bheavy chain and Pz-microglobulin are coincubated with a fixed concentration (e.g.,
M) radiolabeled standard (control) peptide and various concentrations of a test peptide
for a suitable period of time (e.g., 2 hours to 72 hours) at room temperature in the
presence of a mixture of protease inhibitors. A control tube contains standard peptide
and MHC molecules, but 1o test peptide. The percent MFC-bound tadicactivity is
determined by gel filtration. The ICsp {concentration of test peptide which results in
50% inhibition of binding of control peptide) is calculated for each peptide. Additional
methods for determining binding affinity are known in the art. In another embodiment,
the ligands of the invention clicit comparable or enbanced antigen-specific T cell
activation to the native antigenic epitope. Methods for determiving immunogemicity of

invention ligands are known in the art and include, but are not limited to, those
described in al-Ramadi et al. (1992) T. Tmmunol. 155(2):662-673; and Zuegel etal.
(1998) I. Immunol. 161(4):1705-1709.

In one embodirent, compositions of the invention comprise at least one, or
alternatively at least two or alternatively at least three immunogenic ligands of the
invention. In one aspect, such compositions may comprise two or more copies of &
single ligand. Jn another aspect, such compositions may comprise two or moxe ligands,
wherein each ligand of said two or more ligands is distinct from all other ligands in said
composition. In one embodiment, the two or more immunogenic igands are covalently
linked.

This invention provides novel, antigenic peptide sequences, which are useful as
components of anti-cancer vaccines and to expand immune effector cells that are
specific for cells and cancer cells ized by diff ial expression of the human

cancer antigen CK-18.

Further encompassed by the term “antigenic peptide™ are multimers
(concatemers) of an autigenis peptide of the invention, optionally including intervening
amino acid sequences as well as polypeptides comprising the sequences of SEQ I
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NOs.: 1,3,50c7. Thet ion also provides polypeptides comprising these
sequences wherein the polypeptides are preferentially recognized by human cancer
antigen CK-18 cytotoxic T lymphocytes.

Polypeptides comprising the peptide seqy of the i ion can be prepared

by altering the sequence of polynucleotides that encode the native human CK-18
polypeptide seq This is accomplished by methods of recombinant DNA.

technology well know to those skilled in the art. For ple, site 4 d mut:

may be p on bi polynucleotides encoding the native human cancer
antigen CK-18 (SEQ ID NO: 2) or the epitope (SEQ ID NO: 8) sequence to introduce
T in the polynt leotid
The proteins and polypeptides of this i ion ¢an be ot d by chemical
thesis using a ially availabl d peptide synthesizer such as those

mamufactured by Perkin Elmer/Applied Biosystems, Inc., Model 430A or 4314, Foster
City, CA, USA. The synthesized protein or polypeptide can be precipitated and further
purified, for example by high performance liquid chromatography (HPLC).
Accordingly, this invention also provides a process for chemically synthesizing the
proteins of this invention by providing the sequence of the protein and reagents, such as
amino acids and enzymes and linking together the amino acids in the proper orientation
and livear sequence.

Altematively, the proteins and polypeptides can be obtained by well-known
recombinant methods as described herein using the bost cell and vector systems
described below.

PEPTIDE ANALOGUES
It is well know to those skilled in the art that modifications can be made to any
peptide to provide it with altered properties. As used herein the term “amino acid”
refers to either natural andfor unnatural 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 oligepeptide if the peptide

_ chain is short. If the peptide chain is long, the peptide is commonly called 2

polypeptids or a protein.
Pepiides of the invention can be modified to include unnatural amino acids,
Thus, the peptides may comprise D-amino acids, a combination of D- and L-amino
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acids, and various “designer” atino acids (e.g., B-methyl amino acids, C--methyl
amino acids, and N-c-methy} amino acids, etc.) to convey special properties to peptides.
Additionally, by assigning specific amino acids at specific coupling steps, peptides with
o-helices B turns, P sheets, y-turns, and cyclic peptides can be generated, Generally, it
is believed that o-helical secondary structure or random secondary structre is
preferred,

In a further embodiment, subunits of ides that confer usefu chemical and

structural properties will be chosen. For example, peptides comprising D-amino acids

will be resi to L~-amino acid-specific p in vivo. Modified compounds with
D-amino acids may be synthesized with the amino acids aligned in reverse order

produce the peptides of the jon as retro-i peptides, In addition, the present
invention envisions preparing peptides that have better defined stractural properties, and
the use of peptidomimetics, and peptidomimetic bonds, such as ester bonds, to prepare
peptides with novel properties. In ancther embodiment, a peptide may be generated that
incozporates a reduced peptide bond, i.e., R;-CH,NH-R;, where Ry, and R, are amino
acid residues or sequences. A reduced peptide bond may be introduced as a dipeptide

subunit. Such a molecule would be resistant to peptide bond hydrolysis, e.g., protease
activity, Such molecules would provide ligands with unique function and activity, such
as extended half-lives i vivo due to resistance to metabolic breakdowm, or protease
activity. Furthermore, it is well known that in certain systems constrained peptides
show enhenced finctional activity (Hruby (1982) Life Sciences 31:189-199 and Hruby
et al. (1990) Biochem J. 268:249-262); the present invention provides a method to
produce a constrained peptide that incorporates random sequences at all other positions,

NON-CLASSICAL AMINO ACIDS THAT INDUCE
CONFORMATIONAL CONSTRAINTS.

The following non classical amino acids may be incorporated in the peptides of
the invention in order to introduce particular conformational motifs: 1,2,3,4-
tetrahydroisoquinaline-3-carboxylate (Kazraierski et al. (1991) J. Am. Chem. Soc.
113:2275-2283); (28,35)-methyl-phenylelanine, (2S,3R)- methyl-ph i
(2R.38)-methyl-phenylalanine and (2R,3R)-methyl-phenylalanine (Kazmierski and
Hruby (1991) Tetrahedron Lett. 32(41):5769-5772); 2-ami hyd: htbalene-2:
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carboxylic acid {Landis (1989) Pb.D. Thesis, University of Arizona); hydroxy-1,2,3.4-
tetrahydroisoquinoline-3-carboxylate {Miyake et al. (1989) J. Takeda Res. Labs. 43:53-
76) histidine isoquinoline carboxylic acid (Zechel et al. (1951) Int. I. Pep. Protein Res.
38(2):131-138); and HIC (histidine cyclic urea), (Dharanipragada et al. (1993) Int. J.
Pep. Protein Res. 42(1):68-77) and ((1992) Acta. Cryst., Crystal Struc. Conm.
48(1V):1239-1241).

The following amino acid analogs and peptidomimetics may be incorp
info a peptide to induce or favor specific sscondary structures: LL-Acp (LL-3-amino-2-
propenidone-6-carboxylic acid), a B-turn inducing dipeptide analog (Kewmp et al. (1985)
I. Org. Chem. 50:5834-5838); B-sheet inducing analogs (Kemp et al. (1988}
Tetrzhedron Lett. 29:5081-5082); B-turn inducing analogs (Kemp et al. (1988)
Tetrahedron Lett. 29:5057-5060); a-helix inducing analogs (Kemp et al. (1988)
Tetrghedron Lett. 29:4935-4938); y-turn inducing analogs (Kemp et al. (1989} J. Org.
Chem. 54:109:115); analogs provided by the following references: Nagai and Sato
(1985) Tetrahedron Lett. 26:647-650; and DiMaio et al. (1989) J. Chem. Sac. Perkin
Trans. p. 1687; a Gly-Ala turn analog (Kahn et al. (1989) Tetrahedron Lett. 30:2317);
amide bond isostere (Clones et al. (1988) Tetrahedron Lett. 29:3853-3886); tetrazole
{Zabrocki et al. (1988) J. Am. Chem. Soc. 119:5875-5880); DTC (Samanen et al.
(1990} Int. I. Protein Pep. Res. 35:501:509); and analogs taught in Olson etal. (1990) J.
Am. Chern. Sci. 112:323-333 and Garvey et al. (1998) J. Org. Chem. 56:436.

Conf i icted mimetics of beta turns and beta bulges, and peptides
containing them, ars described in U.S. Patent No. 5,440,013, issued August 8, 1995 to
Kahn.

a4

ANTIGENIC PEPTIDES
An antigenic peptide epitope-of the invention can be used in a variety of
formulations, which may vary depending on the intended use.
An antigenic peptide epitope of the invention can be covalently or non-
covalently linked (complexed) to various other molecules, the natre of which may vary

A,

pending on the parti purpose. For ple, a peptide of the invention can be

covalently or non-covalently complexed to 4 macromolecular carrier, including, but not
limited to, natural and synthetic polymers, proteins, polysaccharides, polypeptides
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(amino acids), polyviny) aleohol, polyviny! pyrrolidone, and lipids. A peptide can be
conjugated to a fatty acid, for introduction into a liposome. U.S. Patent No. 5,837,249,

Terred Tl

A peptide of the mvention can be ic y orno lently with & solid

support, a variety of which are known in the art. An antigenic peptide epitope of the

invention can be inted with an amtigen-p ing matrix with or without co-
stimulatory molecules, as described in more detail below.

Examples of protein carriers include, but are not limited to, superantigens, serum
albumin, tetanus toxoid, ovalbumin, thyroglobulin, myoglobulin, and immunogiobulin.

Peptide-protein carrier polymers may be formed using conventional cross-
linking agents such &g cacbodimides. E: les of carbodimides are 1-cyclok yi-3;(2-
morpholinyl-(4-ethyl) carbodiimide (CMC), 1-ethyl-3~(3-dimethyaminopropyl)
carbodiimide (EDC) and 1-ethyl-3-(4-azonia-44~dimethylpentyl) carbodiimide.

Examples of other suitable cross-linking agents ate cyanogen bromide,
glutaraldehyde and succinic anhydride. In general, any of 2 number of homo-
‘bifunctional agents including a homo-bifinctional aldehyd
epoxide, a homo-bifonctional imido-estex, a homo-bifunctional N-hydro:
ester, a bomo-bifunctional maleimide, a homo-bifunctional alkyl halide, a bomo-
bifunctional pyridy! disulfide, a homo-bifunctional aryl halide, a homo-bifunctional
hydrazide, a homo-bifimctional diazoninm derivative and a homo-bifunctional
photoreactive compound may be used. Also included are hetero-bifunctional

, 8 horo-bif

compounds, for example, compounds having an amine-reactive and a sulfhydryl-
reactive group, compounds with an amine-reactive and a photoreactive group and
compounds with a carbonyl-reactive and a sulfhydryl-reactive group.

Specific ples of such homo-bifunctional cross-linking agents include the

bifunctional N-hydrox inimide esters dithiobis(succinimidylpropionate),
e PP and di T the bif jonal imido-esters
dimethy] adipimidate, dimethyl pimelimidate, and dimethyl suberimidate; the
bifunctional sulfhydeyl roactive crosslinkers 1,4-di-{3"<2"-pysidyldithic) propion-

amido]butane, bismaleimidoh 16, and bis-N-maleimido-1, 8-octane; the bifunctional
aryl halides 1,5~difluoro-2,4-dinitrobenzene and 4,4’-difluoro-3,3’-

U

Isulfone; bifunctional photoreactive agents such as bis-[b-(4-
azidosalicylamido)etiyl]disulfide; the bifunctional aldehyd ldchyde,
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malondialdehyde, succinaldehyde, glutaraldehyde, and adipaldehyde; a bifanctional
epoxide such as 1,4-butaneodiol diglycidyl ether; the bifunctional hydrazides adipic

acid dihydrazide, carbohydrazide, and sucoinic acid dihydrazide; the bifunctional
diazoniums o-tolidine, diazotized and bis-diazotized b ine; the bifunctional
alkylhalides NIN’-ethylene-bis(iod ide), NIN"- thyl

bis(iodc ide), NIN’- hylene-bis(iode ide), as well as

‘benzylhalides and halomustards, such as ala’-diiodo-p-xylene sulfonic acid and tri(2-
chloroethyl)amine, respectively.

Examples of hetero-bi ional cross-linking agents that may be used
to effect the comjugation of proteins to peptides include, but are not limited to, SMCC
(succinimidyl-4-(N-maleimidomethyTeyclok 1~catboxylate), MBS {m-
maleimidot yl-N-hyd inimide ester), SIAB (N-succinimidyl(4-
iodoacteyl)aminot ), SMPB (sucoinimidyl-4-(p-maleimidophenyl)t
GMBS (N-(-maleinsidobutyryloxy)suceinimide ester), MPBH (4-{4-N-
maleimidopohenyl) butyric acid hydrazide), M2C2H (4-(N-maleimidomethyl)

1ok

cJ
pyridyldithio)toluens), and SPDP (- inimidy] 3-(2-pyridyldithi i )
Cross-linking may be plished by coupling a carbonyl group to an amine
group orfo a k ide group by i
Peptides of the invention also may be formulated as non-covalent attachment of

1-carboxyl-hydrazide), SMPT infmidyloxycarbonyl-4-methyl-4-(2-

‘monomers through ionic, adsorptive, or biospecific i i Complexes of peptid
with highly positively or negatively charged molecules may be done through salt bridge
formation under low ionic gth envir such as in deionized water. Large

complexes can be created using charged polymers such as poly~L-glutamic acid) o

poly-(L-lysine) which corrtain numerous negative and positive charges, respectively.
‘Adsorption of peptides may be done to surfaces such as microparticie latex beads or to

Tontl cotad i
1y Pep P

complexes effectively mimicking cross-linked or chemically polymerized protein.
Finally, peptides may, be non-covalently linked through the use of biospecific
interactions between other molecules. For instance, utilization of the strong affinity of
Dbiotin for proteins such as avidin or streptavidin or their Gerivatives could be used to

o A A
other phobic polymers, forming

form peptide complexes. These biotin-binding proteins contain four binding sites that
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can interact with biotin in solution or be covalenily sftached to another molecule.
Wilchek (1988) Anal. Biochem. 171:1-32, Peptides can be modified to possess biotin

groups using common biotinylation such as the N-hy ininidyl ester
of D-biotin (NHS-biotin} which reacts with available amine groups on the protein.
Biotinylated peptides then can be incubated with avidin or streptavidin to create large
complexes. The molecular mass of such polymers can be regulated through carefal
control of the molar ratio of biotinylated peptide to avidin or streptavidin,

Also provided by this application are the peptides and polypeptides described
berein conjugated to a detectable agent for use in the diagnostic m&hods. For example,
detectably labeled peptides and polypeptides can be bound to a column and used for the
detection and purification of antibodies. They also are useful as immunogens for the

produetion of antibodies, as described below.
The peptides of this invention also can be combined with various liquid phase

1t o1 1. 11,

carriers, such as sterile or aqusous p carriers,

suspensions and emulsions. Examples of non-aqueous solvents include propy! ethylene
glycol, polyethylene glycol and vegetable oils. When used to prepare antibodies, the
carriers also can include an adjuvant that is useful fo non-specifically angment o
specific immune response. A skilled artisan can easily determine whether an adjuvant
is required and select one. However, for the purpose of illustration only, suitable
adjuvants include, but are not limited to, Freund’s Complete and Incomplete, mineral
salts and polynucieotides. )

POLYNUCLEOTIDES ENCODING ANTIGENIC PEPTIDE LIGANDS

1 )

This invention further provides poly ides encoding polypep
comprising the sequences SBQ ID NOs.: 1, 3, 5, or 7 and the complements of thess
polynucleotides. As used herein, the term “polynucleotide” encompasses DNA, RNA
and nucleir acid mimetics. In addition to these polynucleotides, or their ‘ ts
this i ion also provides the anti polynucleotide stand, e.g. antisense RNA to
the seq or their comp One can obtain an antisense RNA using the
sequences provided in SEQ ID NOs.: 2,4, 6 or 8, the methodology described in Van der
Krol, et al. (1988) BioTechniques 6:958.

The polynucleatides 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;
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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,
Alternatively, one of skill in the art can use the sequences provided herein and a
ial DMA synthesizer to 1eplicate the DNA. Accordingly, this invention also

P

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 ori ion to obtain the pol leotides. In a separate
bodiment, these pol leotides are further isolated. Still further, one of skill in the
art cant insert the polynncleotide into a suitable replication vector and insert the vector

info 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.

RNA can be obtained by first i ing a DNA polynuclectide into a suitable
host cell. The DNA. can be inserted by any appropriate method, e.g., by the nse of an
appropriate gene delivery vehicls (e.g., liposome, plasmid or vector) or by
electroporation. When the cell replicates and the DINA 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.

Foratl

Polynucleotides having at least 4 cont leotides, and more

ly at

least 5 or 6 contiguous mucleotides and most preferably at least 10 contiguous
nucleotides, and exhibiting sequence complementarity or homology to the
polynucleotid ding the peptides of SEQ ID NOs.: 1 or 7 find utility as
‘hybridization probes.

1t is known in the art that a “perfectly matched™ probe is not needed for a
specific hybridization. Minor changes in prabe seq achieved by sut
deletion or insertion, of a small number of bases do not affect the hybridization
specificity. In genexal, as much as 20% base-pair mismatch (when optimally aligned)
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can be tolerated. Preferably, a probe useful for detecting the aforementioned mRNA is
at least about 80% identical to the homelogous region of comparable size contained in
the previously identified sequences which cotrespond to previously characterized genes.
More preferably, the probe is 85% identical to the curresponding gene sequ after
alignment of the homologous region; even more preferably, it exhibits 90% identity.

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 fo
one or more polynucleotide(s) of this invention. Accordingly, this invention also

provides at Ieast one probe as defined above and/or the complement of one of these
sequences, attached to a solid support for use in high throughput screens.

The polynucleotides of the present invention also can serve as primers for the
detection of genes or gene tr: ipts that are exp d in APC, for ple, to
confirm transduction of the pot leotides into host cells. In this context,
amplification means any method employing a primer-dependent polymerase capable of
replicating a target seqt with ble fidelity. Amplification may be carried out
by natural or recombinant DNA-polymerases such as T7 DNA polymerase, Klenow
fragment of E. coli DNA polymerase, and reverse franscriptase. A prefened length of
the primer is the same as that identified for probes, above.

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, the term
“operatively linked” means positioned in such a manner that the promoter will direct
transcription of RNA off the DNA. moleculs. Bxamples of such promoters axe SP6, T4
and T7. In certain embodiments, cell-specific promoters are used for wll-s;;cciﬁc

P of the inserted pol Jeotide. Vectors which contain a promoter ora
promoter/enh with ination 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 VBCTORS: ESSENTIAL
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DATA SERIES (Gacesa and Ranyji, eds., John Wiley & Sons, N.Y. (1994)), which
contains maps, fanctional properties, commercial suppliers and a reference to
GenEMBL accession numbers for various suitable vectors. Preferable, these vectors are
capable of transcribing RNA in vitro or in vivo.

Bxpression 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 epi 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 pattioularly useful for introducing genes into tissues in vive
because of their high levels of expression and efficient transformation of cells both &
vitro and in vive. When a nucleic acid is inserted into a suitable host cell, e.g., 3
prokaryotic or a enkaryotic cell and the host cell replicates, the protein can be

binantly produced. Snitable host cells will depend on the vector and can include
manmmalian cells, animal cells, hwnan cells, simian cells, 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 veotor for insertion of exogenous nucleic acid into
cells, the mucleic acid can be inserted into the host cell by methods well known in the art
such as transformation for bacterial cells; transfection using calcivm phosph
precipitation for mammalisn cells; DEAE-dextran; electroporation; or microinjection.
See Sambrook et al, (1989) supra for this methodology. Thus, this invention also

provides a host cell, e.g. a mammalian cell, an animal cell (rat or mouse), 2 human cell,

or a prokaryotic cell such as a bacterial celf, containing a polynucleotide encoding a
‘protein or polypeptide or antibody.

The present invention also provides delivery vehicles suitable for delivery of a
polynucleotide of the invention into cells (whether in vivo, ex vivo, ot in vifro). 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 which may, for example, facilitate delivery to and/or entry iuto a
cell,

‘When the vectors are used for gene therapy in vivo or ex vivo, 2

pharmacentically acceptable vector is preferred, such as a replication-incompetent
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r iral or adenoviral vector. Phar ically acceptable vectors ining the
nucleic acids of this invention can be farther modified for transient or stable expression’
of the inserted polynucleotide. As used herein, the term “pharmaceutically acceptable
vector” includes, but is not limited to, a vector ox delivery vehicle having the ability to
selectively target and introduce the nucleic acid into dividing cells. An example of such
a vector is a “replication-incompetent™ vector Gefined by iis inability to produce viral
proteins, precluding spread of the vector in the infected host cell. An example of a

plication-incomp iral vector is LNL6 (Miller, A.D. et al. (1989)
BioTechniques 7:980-990). The methodology of using replication-incompetent
r i for iral-mediated gene transfer of gene matkers is well established

(Correll et al. (1989) Proc. Natl. Acad. Sci. USA 86:8912; Bordignon (1989) Proc. Natl.
Acad. Sci. USA 86:8912-52; Culver K. {1991) Proc. Natl. Acad. Sci. USA 88:3155; and
Rill D.R. (1991) Blood 79(10):2694-2700).

HOST CELLS
These isolated host cells containing the polynuclentides of this-invention are
useful for the 1bi plication of the polynucleotides and for the

production of peptides. Alternatively, the cells may be used to induce an immune
response in a subject in the methods described herein. When the bost cells are antigen
presenting cells, they can be used to expand a population of immune effector ceils such
as tumor infiltrating lymphocytes which in turm are useful in adoptive immunothezapies.

ANTIBODIES
Also provided by this i fon is an antibody capable of specifically forming a
complex with the polypeptides of this invention. The term “antibody” includes
polyclonal antibodies and monoclonal antibodies. The antibodies include, but are not
limited to mouse, rat, and rabbit or human antibodies, The antibodies are useful to
identify and purify polypeptides and APCs expressing the polypeptides.
Laboratory methods for producing polyelonal antibodies and monoclonal

, as well as deducing their ding nucleic acid seqy ate known
in the art, see Harlow and Lane (1988) and (1999) supra and Sambrook et 1. (1989)
supra. The monoclonal antibodics 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
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antibody producing cells in the animal are isolated and fused with myeloma cells or
hetero-myeloma cells to produce hybrid cells or hybridomas. Accordingly, the
hybridoma cells producing the monoclonal antibodies of this invention also are
provided.

Thus, using the protein. ox 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 baving the ability to bind the proteins or polypeptides.

Jf a monoclopal 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

P ion, 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 monoclonal antibody is normally reactive. If the antibody being tested
competes with the mopoclonal 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 monoclonzal antibody of this invention with a protein with which it is
normally reactive, and determine if the monoclonal antibody being tested is inhibited in
its ability to bind the antigen. If the lonal 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.

The term “antibody” also is intended to include antibodies of all isotypes.
Particular isotypes of a monaclonal antibody can be prepared either directly by selecting
from the initial fusion, or prep
monoclonal antibody of different isotype by using the sib seJection technique 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. Tnmnunol. Meth. 74:307.

darily, from a p 1 hybrid inga
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This invention also provides biologjcal active fragments of the polyclonal and
Jonal antibodies described above. These “antibody fragments” retain some
ability 10 selectively hind with its antigen or immunogen. Such antibody fragmenis can

include, but are not limited to:

(1) Fab,
(9 Fab,
(3)  F@b),
@  Fv,and
(5) SCA

A specific example of “a biologically active antibody fragment™ is a CDR region
of the antibody. Methods of making thess fragments are known in the art, see for
example, Harlow and Lane (1988) supra.

The entibodies of this invention also can be modified to create chimeric
antibodies and humanized antibodies (Oi et al. {1986) BioTechniques 4(3):214).
Chimeric antibodies are those in which the various domains of the antibodies® heavy
ang light chains are coded for. by DNA from more than one species.

The isolation of other hybridomas secreting monoclonal antibodies with the
specificity of the motioclonal antibodies of the invention can also be accomplished by
one af ordinary skill in the art by producing anti-idiotypic antibodies (Hetlyn ef al.
(1986) Science 232:100). An anti-idiotypic antibody is an antihody which recognizes
unique determinants present on the monoclonal antibedy produced by the hybridoma of
imterest.

Idiotypic identity between monoclonal antibodies of two hybridomas

d that the two Jonal antibodies ate the same with respect to their

recognition of the same epitopic determinant. Thus, by using antibodies to the epitopic
determinanis on a monoclonal antibody it is possible to identify other hybridomas

i lonal antibodies of the same epitopic specificity.

It is also possible to use the anti-idiotype technology to produce lonal
antibodies which mirnic an epitope. For example, an anti-idiotypic monoclonal
antibody made to a first monoclonat antibody will have a binding domain it the
hypervariable region which is the mirror image of the epitope bound by the fixst
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monoclonal antibody. Thus, in this instance, the anti-idiotypic monoclonal antibody
could be used for imonmization for production of these antibodies.

As used in this invention, the term “epitope™ is meant to include any deternyinant
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 usually have specific three dimensjonal
structural characteristics, as well as specific charge characteristics.

The antibodies of this invention can be linked to a detectable agent or label,
There are many different labels and methods of labeling known to those of ordinary
skill in the art.

The coupling of antibodies to Jow molecular weight haptens can increase the
sensifivity 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
avigin, or dinitropherryl, pyridoxal, and fluorescein, which can react with specific anti-
hapten antibodies. Se¢ Harlow and Lane (1988) and {1999) supra. :

The monoclonal 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 weli-known carriers include glass,
polystyrene, polypropylene, polyethylene, dextran, nylon, amylases, natural and

)

and ite. The naturc of the carriex

meodified cellul polyacryl
can be either soluble or insoluble for purposes of the invention. Those skilled in the art
will kmow of other suitable carriers for binding monoclonal antibedies, or will be able to
aseertain such, using routine experimentation.

Compositions containing the antibodies, fragments thereof or cell lings which
produce the antibodies, are encompassed by this invention. When these compositions
are to be used pharmaceutically, they ate combined with a pharmaceutically acceptable

carrier.
THERAPEUTIC METHODS
Tn another embodiment the present invention provides a method of inducing an
immune response comprising delivering the peptides, compounds and compositions of

the invention in the vontext of an MHC molecule. Thus, the palypeptides of this
invention can be pulsed into antigen presenting cells using the methods described
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Therein. Antigen-presenting cells, include, but are not limited to dendritic cells (DCs),
monocytes/macrophages, B lymphocytes or other cell type(s) expressing the necessaty
MHC/co-stimulatory molecules. The methods deseribed below focus primarily on DCs
which are the most potent, preferred APCs. These host cells containing the
polypeptides or proteins are further provided.

Tsolated 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
Tyophocytes, are produced by culturing nasve immune effector cells with antigen-
presenting cells which present the polypeptides in the context of MHC molecules on the
surface of the APCs. The population can be purified using methods known in the art,
e.g., FACS analysis or ficoll gradient. The methods to generate and culiuze the immune
effector cells as well as the populations produced thereby also are the inventor’s

contdbution and i ion. PX 1 compositions comprising the cells and
phamaceutically acceptable carriers are useful in adoptive immunotherapy. Prior to
dministration in vivo, the i ceffector cells are screened in vifre for their ability to

Iyse cells expressing CK-18.

In one embadiment, 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.

This invention also provides methods of inducing an immune response in a
subject, comprising administering to the subject an effective amount of the polypeptides
of immunogenic portion thereof under the conditions that induce an immune response to
the polypeptide. The polypeptides can be administered in formulations or as
polynucleotides encoding the polypeptides. The pol ides can be admin in
a gene delivery vebicle or by inserting into a host cell which in tum recombinantly
transcribes, d the ded polypeptide. Isolated host cells
ining the polymuclentides of this invention in a phar ically acceptable carrier
can therefore combined with appropriate and effective amount of an adjuvant, cytokine
or co-stimulatory molecule for an effective vaccine regimen. In one embodiment, the
host cell is an APC such as a dendritic cell. The host cell can be further modified by

q

and

4

JP 2005-500812 A 2005.1.13



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(89)

‘WO 02/055555 FCTE/US0L/49%64

20

25

30

inserting of a polynucleotide coding for an effective amount of sither or both a cytokine
and/or a co-stimaulatory molecule.

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.

An “immunogenic portion* of 2 CK-18 protein is a portion that is capable of
educating T cells that in turn, specifically bind to native CK-18 protein or CK-18
specific antibodies present within sera. Immunogenic portions of the proteins described
herein can be identified in antibody binding assays. Such assays ere generally be
performed using any of a variety of means known to thase of ordinary skill in the art, as
described, for example, 7o Harlow and Lane, (1983) and (1999), supra. For exaniple, an
immunogenic portion can be immobilized on a solid support (as described below) and
contacted with animal sexa to allow binding of antibodies within the sera to the
smmobilized polypeptide. Unbound sera is removed and bound antibodies detected
using, for example, '** Ilabeled Protein A Alternatively, the immunogenic portion is
used to generate monoclonal and polyclonal antibodies for use in detection of the
polypeptide in blood, other sample fluids, cells or tissues.

An CK.-18 protein, peptide ligand or immmnogenic portion as defined herein also
encompass variants of the sequences shown in SEQ ID NOs.: 1 or 7. A polypeptide
"variznt," as used herein, is a polypeptide that differs from SEQ ID NOs.: 1 or 7 only in
conservative substitutions and/or modifications, such that the antigenic and/or
immrunogenic properties of the polypeptide are retained. Variants of SEQ ID NOs.: 1 or
7 can also be identified by modifying the amino acid sequence of SEQ ID NOs.: 1 or 7
and evaluating the i ivity of the modified polypeptide. For proteins and
polypeptides useful for the generation of diagnostic binding agents, 2 variant can be
identified by evaluating a modified polypeptide for the ability to generate antibodies
that detect the presence or sbsence of a neoplastic cell or tissue, more specifically,
ovarian and lung. Such modified sequences can prepared and tested using, for example,

the representative procedures described herein.

As used herein, a "conservative substitution” is one in which an amino acid is
substituted for ancther amino acid that has similar properties, such that one skilled in
the art of peptide chemistry would expect the sccondary structure and hydropathic
nature of the polypeptide to be substantially unchm_tged. In general, the following
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groups of amino acids represent conservative changes: (1) ala, pro, gly, gln, asp, gln,
asn, ser, thr; (2) oys, set, tyr, thr; (3) val, ile, Jen, met, ala, phe; (4) Iys, atg, his; and (5}
phe, tyr, ttp, his. Variants can also comprise other modifications, including the deletion
or addition of amino acids that have minimel jnfluence on the antigenic properties,
secondary structure and hydropathic nature of the polypeptide. For example, a
polypeptide may be conjugated to a signal (or leader) sequence at the N-terminal end of
1ly or post lationally directs transfer of the
protein. The polypeptide may also be conjugated to a linker or other sequence for case
of synthesis, purification or identification of the polypeptide (z.g.., poly-His), or to
enhance binding of the polypeptide to a solid support. For exampls, a polypeptide can
be conj dto an i iobulin Fe region.

the protein which

A mucleotide, nucleic acid or pofynuclectide “variant" of the present invention is
a sequence that differs from SEQ ID NOs.: 2 or 8 or a portion thereof in having one or
more nucleotide deletions, substitutions or additions. Such modifications can be
inroduced using dard n is techniques, such as oligonuclectide-directed
site-specific mutagenesis as taught, for example, by Adelman et al. (1983) DNA 2:183.
Nucleotide variants may be naturally occurring allclic variants, or non-naturally
occurring variants. Variant nucleotide sequences preferably exhibit at least about 70%,
more preferably at least about 80% and most preferably at least about 90% identity to
SEQ ID NOs.: 2 or 8. Variant nucleotide sequences will generally bybridize to the

recited nucleotide sequence under conditions of high stringency.

DIAGNOSTIC METHODS
Further provided by the present invention are methods for aiding in the
detecting, diagnosing, prognosing, and monitoring the progression, course, or stage of
CK-18-related cancers or malj ies in subjects afflicted therewith. As used herein,

e

the term “di ing” means detect p ing, and monitoring the

progression, cautse, or stage of CK-18-related cancers or raalignancies in subjects
afflicted therewith. In one aspect, a method comprises detecting the differential
expression of an CK-18 protein or antibody in a sample isolated from a cell or tissue,
wherein the presence and/or amount of the protein ot antibody is indicative of the
neoplastic condition of cell or tissue. An CK-18- related neoplasia is one in which the
expression or expression of the protein serves as a marker for the neoplastic phenotype.
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In one aspect the amount of CX~18 protein or antibody correlates with tumor burden,
i.e., the amount of CK-18 expressed increases wifh disease progression or alternatively,
decreases a reduction in tumor burden. A fest sample which demonstrates the
expression of the CK-18 protein at a level at Ieast twice that observed in a conirol
sample is considered to be indicative of cancer. Samples of cells or tissue can be
provided free form or attached to a solid support and can be isolated from a tissue
culture, commercially available cell line, front a patient biopsy or as in the case of use
of the nuethod for tissue imaging, in vivo. )

In one aspect, the method is practiced by detecting and/or quantifying mRNA
encoding CK-18 protein or the protein itself by hybridization or PCR. Modification of
current technology enables this method, e.g., detecting is by probing said sample with a
probe or primer that specifically hybridizes under conditions of moderate or highly
stringent conditions with said CK-18 mRNA. In one aspect, the probe or primer is
detectably labeled. Examples of suitable probes include but are not limited to 2
sequence selected from the group consisting of SEQ ID NOs.: 2 or 8, and complements
thereof; a mucleic acid sequence encoding a peptide selected from the group consisting
of SEQ ID NOs.: 1 ot 7, and complements thereof; aud probe or primer comprises at

least 9 i idues of a protein ded by a mucleic acid encoding a sequence
ecited in SEQ ID NOs.: 1 or 7, and complements thereof.

In another aspeot, CK-18 expression is deteoted and/or quantified by probing the
sample with an agent that specifically recognizes and binds CK-18 protein. Antibodies,
and antigen binding fragments thereof, that specifically recognize or bind to CK-18
protein are examples of agents. For the purpose of this invention, an antibody is a
polyclonal or monoclonal aatibody, which may or may not be detectably labeled,
Various modifications to antibodies and antigen binding fragments are known in the art
and included for the purpose of this invention. Examples are described herein. Suitable
monoclonal antibodies for use in this aspect are prepared from an animal immunized
with a peptide selected from the group consisting of SEQ ID NOs.: 1 or 7, Examples of
a antigen binding fragment include 2 biologically active i globulin variable
domain isolated from an antibody prepared from an animal immunized with a peptide
selected from the group consisting of SBQ ID NOs.: 1 or 7.
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The method utilizing antibodies can be practiced ir vitre or in vivo, using
application of well known methods as described herein.

In another aspect, the agent is a cell that binds to CK-18 protein such as an
immune effectar cell raised in the presence and at the expense of a peptide selected
from the group consisting of SEQ ID NOs.: 1,3, 5or 7.

Alteratively, differential CK-18 expression can be detected and/or quantified
by determining the identity and expression level of mMRNA by expression analysis and
comparing the sequences and amount of mRNA to sequences and amount of expression
in 2 normal conirol cell or tissue, using methods such as expression analysis, e.g.,
SAGE (Patent Nos. 5,866,330 and 5,695,937).

In yet a further aspect, the presence and amount of CK-18 in a sample can be
determined and/or quantified by antibodies that specifically recognize and bind to said
protein. Antibody binding partuers, as described herein, are suitable for use in this
aspect of the method and by modifying methods well known in the art, e.g., Westen
biot.

In another embodiment, detection and analysis of amount of CK-18 present in a
sample is repeated fo monitor disease progression, response to a therapeutic regimen, or
disease recurrence in a subject. In this aspect, the detecting/monitoring method, as
described herein, is performed on one or more sample(s) isolated at one or more times
time points subsequent to a prior (control) sample and comparing the amount of protein
detected at the subsequent points in time to the amount pIe\‘riously detected in a prior
(control) sample.

Additionally, the present invention provides a method screening corspounds to
identify those which modulate the activity of the invention compositions. In one aspect,
the inveption provides an assay to screen for agents that inhibit the binding of CK-18
protein to its ligand by ing a sample comprising the protein and ligand under
conditions and in the presence of a test agent and detecting any binding between protein
and tigand, the absence of binding being indicative of an agent that modulates the
binding of CK-18. Alternatively, the invention is nseful to screen for agents that

enhance the binding of CK-18 protein to its ligand by contacting a sample comprising
the protein and the ligand under conditions and in the presence of a test agent and
detecting and comparing any binding b the protein and ligand with a control
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sample that does not contain the test agent. Enhancement of binding over the control
sample is a positive indication that the test agent enhances the binding of CK-18 to its
ligand. Modulation (increase or inhibit) of binding includes a variation in avidity as
well as affinjty. ’

For example, one such assay comprises contacting a mammalian cell with an
invention composition and the "test compound” and [ ? H jthymidine, under conditions
where the mammalian cell would narmally proliferate. A control assay may be
performed without the "test compound" and compared to the amount of cell
proliferation in the p of the "test compound” to determine if the compound
stimulates or inhibits proliferation. [ > H ] thymidine uptake can be measured by liquid
scintillation ck hy which the incorporation of the label. * Agonists

EIAP

and i ds may be identified using this assay.

In an 2lternative example, a mammalian cell or membrane preparation
expressing a binding site or determinant for a polypeptide or peptide of the invention is
incubated with a labeled polypeptide or peptide of the invention in the presence of the
st componnd". The ability of the "test compound” to enbance or block the interaction
of the polypeptide or peptide with its binding site, can be measured. Further the
response of a known second messenger system following the interaction of the "test
compound" and the binding site is measured and the ability of the "test compound" to
bind the site or determinant and elicit a second messenger response can be measured to

determine if the "test compound” is a p ial agonist or

These assays van be used as diagnostic or prognostic markers. The molecules
discovered wsing these screening assays can be used to treat disease or to bring about a
particular result in a patient by activating or inhibiting the polypeptide or molecule.

Thus, the invention includes a method of identifying compounds which bind to a
polypeptide, peptide, variant or analog of the invention comprising: (a) incubating a
candidate test compound with a polypeptide, peptide, variant or analog of the nvention;
and (b) determining if binding bas ovcurred. The invention further comptises a xethod
of identifying agonists and/or antagonists comprising: (2) incubating a candidate test
compound with a polypeptide, peptide, variant or aualog of the invention; (b) assaying a
biological activity; and (c) determining if said biological activity has been altered.
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Diagnostic kits to practice the methods described hetein are also provided. In
one aspect, the kit contains at Jeast ons agent that specifically recognizes and binds CK-
18 protein and a detection reagent which can support & reporter group. When antibodies
are used as the agent, they can be in solution or immobilized on a solid support, suck as
nitroveljulose, latex or a plastic. Bxamples of detection reagents include but are not
limited to anti-immunoglobulin, protein G, protein A, or lectin. Reporier groups can be
provided in the kit, but are not necessaily supplied. Examples of reporter groups
suitable for use in the methods include but are not limited to radicisotopes, fluorescent
groups, luminescent groups, enzymes, biotin and dye particles.

The kits will contain one or more of binding agents described above, 2.g., 2
probe, a primer, an CK-18 specific autibody or immune effector cell, or an agent that
specifically Tecognizes binds CK-18 specific antibody, .g., antibodies raised and
isolated to specifically recognize and bind a peptide selected from the group consisting
of SEQ IDNOs.: 1, 3, 5 or 7. Tnstmctions for use can also be provided.

The polypeptides of the present invention, e.g., SEQ ID NOs.: 1, 3,5 or 7 can be
used to generate binding agents, such as antibodies or fragments thereof, that are
capable of detecting neaplastic cells ar tissues, or altemnatively, for monitoring disease
progression in an animal or patient having a neaplastic coudition related to the
expression of CK-18 protein, e.g, cancess of the breast or lung. Binding agents of the
present invention may generally be prepared nsing methods known to those of ordinary

skill in the art, including the rep tative proced ibed herein. Binding agents
are capable of differentiating between patients with and without a neoplastic condition
iated with the ion and or ion of CK-18 protein, using the

representative assays described herein. In other words, antibodies or other binding
agents taised against an CK.-18 protein or fragment thereof will generate 4 signal
indicating the presence of primary or metastatic cancer in patients afflicted with the
disease, and will generate a negative signal indicating the absence of the disease in
individuals without primary or metastatic disease. Suitable portions of such CK-18
(SEQ ID NO: 1) as wefl as polypeptides shown in SEQ ID NOs.: 3, 5 or 7 that are able
1o generate 3 binding agent that indicates the presence of CK-18-related neoplasia in
substantially all (i.e., at least about 80%, and preferably at least about 90%) of the
patients for which such neoplesia would be indicated and that indicates the absence of
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CK-18-related neoplasia in substantially all of those samples that would be negative
when tested with full length protein, The representative assays described below, such
ag the two-aniibody sandwich assay, can be employed for evalnating the ability of a
binding agent to detect CK-18 related neoplasia,

The ability of a polypeptide prepared as described herein to generate antibodies
capable of detecting CK-18-telated neoplasia can be evaluated by raising one or more
antibodies against the polypeptide and determining the ability of such antibodies to
detect neoplasia in animals or patients. In ane aspect, this determination is made by
assaying biological samples from animals or patients with and without primary or
metastatic CK-~18-related neoplasia for the presence of a palypeptide that binds to the
generated antibodies. Such test assays may be performed, for example, usiﬂg a
representative procedure described below. Polypeptide specific antibodies raised
against proteins or polypeptides identified in SBQ ID NOs.: 1, 3, 5 or 7, or a fragment
thereof, can be used alane or in combination to improve sensitivity.

Polypeptides capable of detecting CK-18-related neoplasia are nseful matkers
for diagnosing cancer or for monitoring disease progression in animals or patients. Int
one embodiment, these neoplasia are diagnosed by evaluating & biological sample
obtained from the animal or patient and determining the level of one or more of the
above polypeptides, relative to a predetermined cut-off value. As used herein, suitable
“biological samples® include blood, sera, urine and/or secretions.

The level of one or more of invention CK-18 proieius can be evaluated nsing
any binding agent specific for the polypeptide(s). A "binding agent," in the context of
this invention, is any agent (such as a compound or a celt) that binds to & polypeptide as
described above. As used herein, "binding" refers to & noncovalent association between
two separate molecules (each of which may be free (i.e., in solution) or present on the
surface of a cell or a solid support), such that a "complex" is formed. The complex can
‘e free or immobilized (either covalently or noncovalently) on & support material. The

ability to bind can be evaluated by determining a binding constant for the formation of
the complex. The binding constant is the value obtained when the concentration of the
complex is divided by the product of the component i Binding const:
are determined using methods weil known to those of ordinary skill in the art.
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Any agent that satisfies the above requirements may be a binding agent. For
example, 2 binding agent may be a ribosome with or without & peptide conponent, an
RNA mofecule, 2 host cell expressing epitope, an immune effector cell as described
berein or a peptide. In a preferred embodiment, the binding partner is an antibody, ox a
fragment thereof. The antibodies can be polyclonal or monoclonal which include, but
are not limited to single chain, chimeric, CDR-grafted or humanized. Methods for
generating these antibadies are well known to those of skill in the art.

This i ion also provid positions containing any of the above-
mentioned proteins, polypeptides, polynucleotides, vectors, cells, antibodies and

fragments thereof, and an acceptable solid or liquid carrier. When the compositions are
used pharmaceutically, they are combived with a “phatmaceutically acceptable carier”
for diagnostic and therapeutic use. These compositions also can be used for the
of medi for the di is and of di such as cancer.
The following materials and methods are intended 1o illastrate, but not limit this
invention and to illustrate how to make and use the inventions deseribed above.

Materials and Methods

" Production of the Polypeptides of the Invention

Most preferably, isolated 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, Memifield {1967) Recent Progress in Hormone Res.
23:451. The antigenic activity of these peptides may conveniently be tested using, for
example, the assays as described herein. ’

Once an isolated peptide of the invention is obtained, it may be purified by
standard methods including ct phy (e.g., ion excl affinity, and sizing

column chrc hy), centri {on, differential solubility, or by any other
standard technique for protein purification. For immuno-affinity chromatography, an
epitope may be isolated by binding it to an affinity column comprising antibodies that
were raised against that peptide, or a related peptide of the invention, and were affixed
to a stationary support.

Alternatively, affinity tags such as hexa-His (Invitrogen), Maltose binding
domain (New England Biolabs), influenza coat sequence (Kolodziej et al. {1991) Metb.
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Bnzymol. 194:508-509), and glutathione-S ferase can be hed to the peptides of
the invention to allow easy purification by passage over an appropriate affinity colurn.

1.

Isolated peptides can also be physically characterized using such iques as

‘proteolysis, nuclear magnetic resonance, and x-ray crystallography.

Also included within the socrps.ofﬂm invention are antigenic peptides that are
differentially modified during or after translation, e.g., by phosphotylation,
glycosylation, cross-linking, acylation, prateolytic cleavage, linkage to an antibody
moleculs, membrane molecule or other ligand, (Fergnson etal. (1988) Ann. Rev.
Biochem. 57:285-320).

Isolation, Culturing and Expansion of APCs, Including Dendritic Cells

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

The second approach for isolating APCs is to collect the relatively large
numbers of precommitted APCs already circulating in the blood. Previous techniques
for isolating committed APCs from human peripheral blood have invelved
combinations of physical procedures such as metrizamide gradients and adherence/non~
adherence steps (Freudenthal, P.S. 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, R. etal. (1993) J.
Jmmunol. 151:6840-6852).

One fechnique for sepazating large numbers of cells from one another is known
as countercurrent centrifugal ehutriation (CCE). In this technique, cells are subject to
simultaneous centrifugation and a washout stream. of buffer that is constantly increasing
in flow rate. The ly i ing c flow of buffer leads to fractional

cell separations that are largely based on cell size.

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
mutitie, sitian or a human (See, e.g, WO 96/23060). The white blood cell fraction can
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be from the periphetal 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 Jeukophoresis; {b) separating the white blood cell fraction of
step (a) into four or more subfractions by countercurrent centrifugal elutriation; (¢)
stimulating conversion of monocytes in one or more fractions from step (b) to dendritic
cells by contacting the ceils with calcivm ionophore, GM-CSF and 1L-13 ot GM-CSF
and IL4, (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 coll sorting. The white
blood cell fraction can be treated with calcium jonophore in the presence of other
cytokines, such as recombinant (¢h) thil~12, thGM-CSF, or thiL-4. The cells of the
white blood cell fraction can he 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 jdentified by the presence of at least one of
the following markers: HLA-DR, HLA-DQ, or B7. 2, and the simultaneons 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.

More specifically, the method requires collecting an enziched collection of white
cells and platelets from leukapheresis that is then further fractionated by countercurrent
centrifigal elutriation (CCE) (Abrabamsen, T.G. et al. (1991) J. Clin. Apheresis. 6:48-
53). Cell samples are placed in a special eluiriation rotor. The Totor is then spunata
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 simaltaneous centrifugation and a washout stream of buffer that is
consfantly inoreasing in flow rate. This resulis in fractional cell separations based
largely but not exclusively on differences in cell size.

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
jon as well as possibl inant T Jympt 1t is based upon the fact

'Pop

that DCs do not express the following markers: CD3 (T cell); CD14 (monosyte);
CD16, 56, 57 (K/LAK cells); CD19, 20 (B cells). At the same time, DCs do express

51

JP 2005-500812 A 2005.1.13



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(99)

‘WO 02/085555 . PCT/USOLA49964

latge quantifies 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).

‘When combined with a third color reagent for analysis of dead cells, propidivm
iodide (PT), it is possible to make positive identification of all cell subpopulations (see
Table 1): .

TABLE 1
BACS analysis of fresh periphersl cell subpopulatiops

Color #1 Color£2 Color #3
Cocktail HLA-DR PI

3/14/16/19/20/56/57

Live Dendritic cells | Negative Positive Negative
Live Monocytes Positive Positive Negative
Live Neutrophils Negative Negative Negative
Dead Cells Variable Variable Positive

Additional markers can be substituted for additional analysis:
Color #1: CD3 alone, CD14 alone, etc.; Leu M7 or Leu M9; anti-Class I, etc.
Color #2: HLA-DQ, B7.1, B7.2, CD25 (IL2r), ICAM, LFA-3, etc.

The goal of FACS analysis at the time of callection is to confirm that the DCs
are enriched in the expected fractions, to monitor il ination, and to make
sure that appropriate markers are expressed. This rapid bulk collection of enriched DCs
from human peripheral bload, svitable for ¢linical applications, is absolutely dependent
on the analytic FACS technique described above for quality control. If need be, mamre
DCs can be immediately separated frons monocytes at this point by fluorescent soxting
for “cocktail negative” cells. It may not be necessary to routinely scparatc DCs from
monocytes because, as will be detailed below, the monacytes themselves are still
capable of differentiating into DCs or functional DC-like cells in culture.
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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
cutore,

Alternatively, others have reported a method for npregulating (activating)
dendritic cells and canverting monocytes to an activated dendritic cell phenotype. This
method involves the addition of calcium ionophore to the culture media convert
monocytes 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 convetsion of the pooled “monocyte plus DC” fractions:
characteristically, the activated population becomes uniformty CD14 (Leu M3)
negative, and upregulates HLA-DR, HLA-DQ, ICAM-1, B7.1, and B7.2. Furthermore,
this activated bulk population functions as well on a small numbers basis as a further
purified.

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

Presentation of Antigen to the APC

For purposes of itmmunization, the antigenic peptides (SEQ ID NOs. 1, 3, 5 and
7) can be delivered to antigen-presenting cells as protein/peptide or in the form of
cDNA encoding the protein/peptide. Antigen-presenting cells (APCs) can consist of
dendritic cells (DCs), monocyies! Y, B lymph or ather cell type(s)

expressing the nevessary MHC/co-stimulatory molecules. The methods described
‘below focus primarily on DCs which are the most potent, preferred APCs.
Pulsing is accomplished in vitro/ex vivo by exposing APCs to the antigenic

protein or peptide(s) of this i ion. The protein or peptide(s} are added to APCs ata
concentration of 1-10 pum for approximately 3 hours. Pulsed APCs can subsequently be
administered to the host via an intravenous, subcutaneous, intranasal, intramusculas or

intraperitoneal route of delivery.
Protein/peptide antigen can also be delivered in vive with adjuvant via the
intr b intx 1, i llar or infrapetitoneal route of delivesy.
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Paglia et al. (1996) J. Exp. Med. 183:317-322 has shown that APC incubated
with whole protein in vitro were recognized by MHC class Iestricted 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
fo 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)
introduction of tumor antigen into the DC cytosol using liposomes. (See Boczkowski,
D. et al. (1996) J. Bxp. Med. 184:465-472; Rouse ef al. (1994) J. Virol. 68:5685-5689;
and Nair et al. (1992) J. Exp. Med. 175:609-612).

Foster Antigen Presenting Cells .

Foster antigen presenting cells are buﬁculuﬂy usefinl as target colls. Foster
APCs are derived from the human cell line 174xCEM.TZ, referred to as T2, which
contains 2 niutation in its antigen processing pathway that restricts the association of
endogenous peptides with cell surface MHC class I molecules (Zweerink et al. (1993) J.
Immunol. 150:1763-1771). This is due to a large homozygous deletion in the MHC
class Il region encorapassing the genes TAP1, TAP2, LMP1, and LMPZ, which are
Tequired for antigen presentation to MHC class 1-restricted CD§” CTLs. In effect, anly
“empty" MHC class I molecules are presented on the suzface 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).

Transduction of T2 cells wifh 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.

High level expression of MEC mulecules makes the APC more visible to the
CTLs. Expressing the MBC allele of imterest in T2 cells using & powerful
transcriptional promoter (e.g., the CMV promoter) results in a more reactive APC (most
likely due 1o 2 higher concentration of reactive MHC-peptide complexes on the cell
surface),
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Immunogenicity Assays.
The immwnogenicity of invention ligands can be determined by well known
methadologies including, but not limited to those exemplified below. In one

bodi such methodology may be employed to compare ligands of the invention
with the corresponding native antigenic epitope.

SiCr-release lysis assay. Lysis of peptide-pulsed *'Cr-labeled targots by
antigen-specific T cells can be compared for target cells pulsed with the invention
ligands. Ligands that are “more active” will show greater lysis of targets as a fanction
of time. The kinetics of lysis as well as overall target lysis at 2 fixed timepoint (e.g., 4
hours) may be nsed to evaluate ligand performance. (Ware, C.F. etal. (1983) J.
Immunol. 131:1312).

Cytokine-relesse assay. Analysis of the types and quantities of cytokines
secreted by T cells upon contacting ligand-pulsed targets can be a measure of functional
activity. Cytokines can be measured by ELISA or ELISPOT assays to determine the
rate and total amount of cytokine production. (Fujibashi, K. et al. (1993) J. Immunol.
Meth- 160:181; Tanquay, S. and Killion, J.J. (1994) Lymphokine Cytokine Res.
13:259).

Invitro T cell education. The ligands of the invention can be assayed for the
ability to elicit ligand-reactive T cell populations from normal donor or patient-derived
PBMC. In this system, elicited T cells can be tested for Iytic activity, cytokine-release,
polyclonality, and cross-reactivity to the native antigenic epitope. (Parkburst, M.R. et al.
(1996) I. Immunol. 157:2539).

Trabsgenic animal models. [ icity can be d in vive by
vacoinating HLA transgenic mice with the ligands of the invention and determining the
nature and magnitude of the induced immune response. Altematively, the hn-PBL-

SCID mouse model allows reconstitution of & bunian immune system in 2 mouse by
adoptive transfer of human PBL. These anitnals may be vaccinated with the ligands and
analyzed for immune response as previously mentioned. (Shirai, M. et al. (1995) J.
Tranranol. 154:2733; Mosier, D.E. et al. (1993) Proc. Natl. Acad. Sci. USA 90:2443).

Proliferation. T cells will proliferate in response to reactive ligands.
Te. *H-thvmidi

Proliferation can be jtored itatively by ing, for P

T

uptake. (Carnso, A. etal. (1997) Cytometry 27:71).
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Tetramer staining, MHC tetramers can be londed with individual ligands and
tested for their relative abilities fo bind to appropriate effector T cell populations.
(Altman, I.D. et al. (1996) Science 274:5284).

MHC Stabilization. Exposure of certain cell lines such as T2 cclls to BLA-
binding ligands resulis in the stabilization of MHC complexes on the cell surface.
Quantitation of MHC complexes on the cell surface has been correlated with the affinity
of the ligand for the HLA allele that is stabilized. Thus, this technique can deternrine the
relative HLA affinity of ligand epitopes. (Stubez, G. et al. (1995) Int. Immounol. 7:653).

MHC compefition. The ability of a ligand to interfere with the fanctional
activity of a reference ligand and its cognate T cell effectors is 2 measure of how well a
ligand can compete for MHC binding. Measuxing the relative levels of inhibition is an
indicator of MHC affiity. (Peltkamp, M.C. et al. (1995) Immunol. Lett, 47:1).

Primate models. A recently described non-h primate (chimp mode}

system can be wtilized to monitor in vive immunogenicities of HLA-restricted ligands. It
has been demonstrated that chimpanzees share overlapping MEIC-ligand specificities
with human MHC molecules thus allowing one to test HLA-estricted tigands for
relative in vivo immunogenicity. (Bertoni, R et al. (1998) J. Immunol, 161:4447).

Monitoring TCR Signal Transduction Events. Several intracellular sigoal
transduction events (¢.g., phosphorylation) are associated with successful TCR
engagement by MHC-ligand complexes. The qualitative and quantitative analysis of
these events have been cotrelated with the relative abilities of ligands to activate
effector cells through TCR engagement. (Salazar, E. et al. (2000} Int. J. Cancer 85:329;
Isakov, N. et al. (1995) J. Exp. Med. 181:375).

Additional assays for defermining the activity of the invention polypeptides,
peptides, variants and analogs thersof, are known in the art.

For example, to determine the ability of a polypeptide, peptide, variant or
analog, to compete with another peptide for binding to an antibody, various
immunoassays can be employed, including but not imited to, competitive and non-
such as radioh ELISA,

immumotadiometric assays, gel diffusion presipitation ions, i diffusion

competitive assay systems using

assays, fu sit immunoassays, Western Blot, precipitation reactions, agglutination
assays, immunofluorescence assays, protein A assays, electrophoretic assays, and the
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like. Binding may also be detected using antibody capture assays, antigen capture
assays, and multiple-antibody sandwich assays. Methods for deteoting binding in such
assays are known in the art.

Expansion of Immane Effector Cells

The present invention makes use of these APCs to stimulate production of an
entiched population of antigen-specific immune effector cells. The antigen-specific
immune effector cells are expanded at the expense of the APCs, which die in the
culture. The process by which naive immune effector cells become educated by other
cells is described cssentially in Coulie (1997) Molec. Med. Today 3:261-268.

The APCs prepared as desoribed above are mixed with naive immune offector
cells. Preferably, the cells may be cultured in the presence of a oytokine, for example
J1L2. Because dendritic cells secrete potent immunostmulatory cytokines, such ag [L12,
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 effsctor cells expand (i.e., proliferate) at 2 much higher rate than the
APCs. Multiple infusions of APCs and optional cytokines can bo performed to further
expand the population of antigen-specific celis.

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

Vectors Useful in Genetic Modifications

In general, genetic modifications of cells employed in the present invention are
accomplished by introducing z vector containing a polypeptide or iransgene encoding 2
heterologous ot an aitered antigen. A variety of different gene transfer vectors,
including viral as well as nop-viral systems can be used. Viral vectors useful in the
geetic modifications of this invention include, but are not limited to adenovirus, adeno-
associated virus vectors, retroviral vectors and adeno-tetroviral chimeric vectors. APC
and immune effector cells can be modified using the methods described below or by
any other appropriate method known in the art.
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Construction of Recombinant Adenoviral Vectors or Adeno-Associated Virus
Vectors

Adenovirus and adeno-associated vims vectors nseful in the genetic
modifications of this invention may be produced according to methods already taught in
the art. See, e.g., Katlsson st al. (1986) EMBO J. 5:2377; Carter (1992) Curr. Op.
Biotechnol. 3:533-539; Muzoyzka (1992) Current Top. Microbiol. Immunol. 158:97-
129; GRNE TARGETING: A PRACTICAL APPROACH (1992) ed. A. L. Joyner, Oxford
University Press, NY). Several different approaches are feasible. Prefered is the
helper-independent replication deficient hnman adenovirs system.

The recombinant adenoviral vectors based on the human adenovirus 2 or §
(Virology 163:614-617 (1988)) are missing essential early genes from the adenoviral
genoms (usually ELA/E1B), and are therefore unable to replicate unless grown in
permissive cell lines that provide the missing gene products in #rans. In place of the

missing ad iral g a of interest can be cloned and

Xp in cells infected with the replication deficient adenovirus. Although
adenovirus-based gene transfer does not result in integration of the iransgene into the
host genome (less than 0.1% adenavi diated fons result in

incorporation into host DNA)}, and therefore is not‘smhlc, adenovira) vectors can be
propagated in high titer and transfect non-replicating cells. Human 293 cells, which aze
humen embryonic kidney cells transformed with adenovirus E1A/E1B genes, typify
useful permissive cell lines. However, other cell lines which allow replication-deficient
adenoviral vectors to propagate therein can be used, including HeLa cells.

Additional describing adenovirus vectors and other viral vectors
which could be used in the methods of the present invention include the following:
Horwitz M.S. ADENOVIRIDAB AND THBIR REPLICATION, in Fields, B. et al. (eds.)
VIROLOGY, Vol. 2, Raven Press New York, pp. 1679-1721 (1990); Graham, F. et sl
pp. 109-128 in METHODS IN MOLECULAR BIOLOGY, Vol. 7: GENE TRANSFER AND
EXPRESSION PROTOCOLS, Murray, E. (ed.) Humana Press, Clifton, NUJ. (1991); Miller, N.
etal (1995) EASEB J. 9:190-199; Schreier, H. (1994) Pharmaceutica Acta Helvetiae
68:145-159; Schneider and French (1993) Circulation §8:1937-1942; Curiel, D.T.
et 2l (1992) Hum. Gene Ther. 3:147-154; Graham F.L. ot al. WO 95/00655 (5 January
1995); Falck-Pedersen, B.S. WO 95/16772 (22 June 1995); Denefle, P. et al. WO
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95123867 (8 September 1995); Haddada, H. et al. WO 94/26914 (24 November 1994);
Perricaudet, M. et al. WQ 95/02697 (26 January 1995); Zhang, W. ctal. WO 95/25071
(12 October 1995). A variety of adenovirus plasmids are also available from commercial
sources, inchuding, e.g., Microbix Biosystems of Toronto, Ontario {(see, e.g., Microbix
Product Information Sheet: Plasmids for Adenovirus Vector Construction, 1996). See
aiso, the papers by Vile et al. (1997) Nature Biotechmology 15:840-841; and Feng et al.
(1997) Nature Biotechnology 15:866-870, describing the construction and use of adeno-
retroviral chimesic vectors that can be employed for genetic modifications.

Additional references describing AAV vectors that could be used in the methods
of the present invention include the following: Carter B. HANDBOOK OF
PARVOVIRUSES, Vol. I, pp. 169-228, 1990; Berns, VIROLOGY, pp. 1743-1764 (Raven
Press 1990); Carter, B. (1992) Curr. Opin. Biotechnol. 3:533-539%; Muzyczks, N. (1992)
Current Topics in Micro. and Immunol, 158:92-129; Flotte, TR. et al. (1992) Am. J.
Respir. Cell Mol. Bio). 7:349-356; Chatterjee et al. (1995) Ann. NY Acad. Sci. 770:79-
90; Flotte, T-R. et al. WO 95/13365 (18 May 1995); Trempe, J.P. et al., WO 95/13392
(18 May 1995); Kotin, R.{1994) Hum. Gene Ther. 5:793-801; Flotte, T.R. et al. (1995)
Gene Therapy 2:357-362; Allen I.M. WO 96/17947 (13 June 1995); and Du etal.
(1996) Gene Therapy 3:254-261.

APCs can be transduced with viral vectors encoding a relevant polypeptides.
The most common viral vectors include recombinant poxviruses such as vacoinia and
fowlpox virus (Brante et al. (1997) Proc. Natl. Acad. Sei. USA 94:3183-3188; Kim
etal. (1997) J. Immunother. 20:276-286) and, preferentially, adenovirus (Arthur et al.
(1997) 1. Tomunol. 158:1393-1403; Wan et al. (1997) Human Gene Therapy 8:1355-
1363; Huang etal. (1993) I. Virol. 69:2257-2263). Retrovirus alse may be used for
transduction of human APCs (Marin et al. (1996) J. Vizol. 70:2957-2962).

In vitro/ex vivo, exposure of human DCs to adenovirus (Ad) vector at 2
multiplicity of infection (MO of 500 for 16-24 h in 2 minimal volume of serum-free
medivm reliably gives rise to transgene expression in 90-100% of DCs. The efficiency
of transduction of DCs or other APCs can be d by immunofl using
fluorescent antibodies specific for the tumor antigen being expressed (Kim et al. (1957)
J. Immnother. 20:276-286). Alternatively, the antibodies can be conjugated to an
enzyme (e.g., HRP) giving rise to a colored product upon reaction with the substrate.
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The actual amount of antigenic polypeptides being expressed by the APCs can be
evaluated by ELISA.
Transduced APCs can subsequently be administered to the host via an
3 i 1, i lar or intraperitoneal route of delivery.
In vivo ttansduction of DCs, or other APCs, can be accomplished by
administration of Ad (or other viral vectors) via different routes including intravenous,

int lar, intranasal, intraperi 1ot delivery. The preferred method

is cutaneous delivery of Ad vector at multiple sites using a fotal dose of approximately
1x 10"~ 1x10"2in Levels of in vivo transduction can be Toughly assessed by co-
staining with antibodies directed against APC marker(s) and the TAA being expressed.
The staining procedure can be carried out on biopsy samples from the site of
administration or on cells from draining fymph nodes or other organs where APCs (in
patticular DCs) may have migrated (Condon et al. (1996) Nature Med. 2:1122-1128 and
Wan et al. (1997) Hum. Gene Ther. 8:1355-1363). The amount of antigen being
expressed at the site of injection or in other organs where transduced APCs may have
migrafed can be evaluated by ELISA. on tissue homogenates.

Although viral gene delivery is more efficient, DCs can also be transduced in
vifrofex vivo by nop-viral gene delivery methods such as electroporation, caletum

I ipitation or cationic lipid/plasmid DNA ! (Arthur et al. (1997)

Cancer Gene Ther. 4:17-25). Transduced APCs can subsequently be administered to

the host via an intravenous, sub s 1, int ot intraperitoneal

route of delivery. .

In vive transduction of DCs, or other APCs, can potentially be accomplished by
administration of cationic lipid/plasmid DNA complexes delivered via the infravenous,
i infranasal, int i 1ot route of administration. Gene
gun delivery or injection of naked plasmid DNA into the skin also leads to transduction
of DCs (Condon et 2. (1996) Nature Med. 2:1122-1128; Raz ct al (1994) Proc. Natl.
Acad, Sci. USA 91:9519-9523). Intramuscular delivery of plasmid DNA may also be
used for immunization (Rosato et al. (1997) Hum. Gene Ther. 8§:1451-1458.)

The transduction efficiency and levels of transgene expression can be assessed

as described above for viral vectors.
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Adaptive Immunotherapy and Vaccines

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

Adoptive immunotherapy methods involve, in one aspect, administering to a
subject a substantially pure population of educated, antigen-specific inumme effector
cells made by culturing naive immune effector cells with APCs as described above.
Preferably, the APCs are dendritic cells.

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.

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
melecule.

The agents identified herein as effective for their intended purpose can be
administered to subjects having tumors expressing CK-18 as well as or in addition to
individuals susceptible to or at risk of developing such tumors. When the agentis
administered to a subject such as 2 mouse, a rat or 3 human patient, the agent can be

1.

added to a phar ically accepteble carrier and
administered to the subject. To determine patients that can be beneficiaily freated, a
tumor regression can be assayed. Therapeutic amounts can be empirically determined
and will vary with the pathclogy being treated, the subject beieg treated and the efficacy

or topically

ang toxicity of the therapy.
Administration in vivo can be effected in one dose, continuously or
intermittently throughout the course of 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 purposc 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 pattemn being selected by the
treating physician, Suitable dosage formulations and methods of administering the

agents can be found below.
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The agents and itions of the present invention can be used in the
manufacture of medi and for the of humans and other animals by
adminjstration in dance with ional procedures, such as an active ingredient
in pharmaceutical compositions.

10

Maore 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, aerosol, buccal and sublingual), parental (including
subcutaneons, intramuscular, intravenous and intradermal) and pulmonary. It will also
e appreciated that the preferred route will vary with the condition and age of the
1ecipient, and the disease being treated.

The ding di jon and les are i ded merely to illustrate the art.

P F

As is apparent to one of skill in the art, various modifications can be made to the above
without departing from fhe spirit and scope of this invertion.
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CLAIMS
What is claimed js:
1. A compound having the structure:

SEQ IDNO:3
FLDKGHMYV
o o o o Q [+ o] [ o
] 1 i I t 2 1 i
HZN—?H-c—u—cI:Hc—:—cIH@—N—cHé_—ﬁ—?H —N—GHC—N—CHG—N—DH C—N—GHG—OK
S, M : oz H <}Hz oo Pde Ml Mhy Voo
CHOHy  G=0  CHo N &, &uy
b ?):H’ \ H %
GH, CHy
Rty oH
5 2. A compound having the structure:
SEQID NO:5
FLDOKAHMEV
1 N I i i it 1
HN—CH-C—NomCH-C—N—CH-C—N—CH-C~-N—~CH-G—N—CH-C—N—CH-C—N—CH-C—N—CHC—OH
HoI WL, HI K H H

(lle CHz CH, oo, B, CHz

3. A compound having the structure:
SEQID NO'7
FMKKNHEBBY

.8 ? 2 i 2 2 It 2 2 I
l-hN—cH(‘.hN—CHO—N%}wc-N-?HC-u—?va—ﬁ—(flié—u—CH-e—ﬂ-EHC—n—CHE—N— H-C—OH
Gz Mdw Hom Hom Maw Mom Mo Héw Mom R o
peoge G A e e L
8 Chy G . kA (15=o ¢=0 =0
CHy  CH O OH OH OH
[

4, A peptide comprising the amino acid sequence of SEQ 1D NO:1 wherein amino
10 acids 213, 214,216, 218 and 220, are L, D, A, M and V respectively.
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5. A peptide comprising the amino acid sequence of SEQ ID NO:1 wherein amino
acids 213, 214, 216, 218, 219, and 220 are L, D, G, M, Y and V respectively.

6. A peptide consisting of amino acids 212 through 221 of SEQ ID NO: 1.

7. A peptide of any ame of claims 4 fo 6, further comprising a biologically active

immunoglobulin variable domain bound to said peptide.

3. A peptide of any one of claims 4 to 6, further comprising an agent covalently
Linked to said peptide, wherein said agent is capable of targeting said peptide to an
antigen presenting cell.

9. The peptide of claim 8, wherein said antigen presenting cell is a dendritic cell.

10.  The peptide of any one of claims 4 to 6, further comprising an MHC class I
binding helper peptide.

11. A polynucleotide that encodes an amino acid sequence comprising the amino
acids of SEQ ID NO:3.

12. A polynucleotide that encodes an amino acid sequence comprising the amino
acids of SEQ ID NO:5.

13. A polynucleotide that encodes an amino acid sequence comprising the amino
acids of SEQ ID NO:7.

14. A polynucleotide that encodes a peptide of any of _claims 7t012.

15.  An aniibody that specifically recognizes and binds a compound of any one of
claims 4 to 6.

16. A method for inducing an immune response in a subjest, comprising delivering
an effective amount of a compound of any one of claims 4 10 6 to the subject.

17.  The method of claim 16, wherein the compound is delivered in the context of an
MHC molecule.
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18.  The method of claim 17, wherein the MEC raolecule p the pound on
the surface of an antigen presenting cell.

19.  The method of claim 16, wherein the compound is delivered as a polynucleotide.
20. A method of inw herapy, ising administering to a subject an effective
amount of an antibody of claim 15.

21.  Animmune effector cell that has been raised in vitro or in vivo in the presence
and at the expense of an antigen pr ing cell that p the compound of any one
of claims 4 to 6 in the context of an MHC molecule.

22, Amethod of adoptive i therapy, comprising administering an effective
amount of the immune effector cell of claim 21.

23. A composition comprising one or more immunogenic ligands, wherein said
immunogenic ligands are individually characterized by an ability to elicit an immune
response against the same native ligand, and wherein said immunogenic ligand is
selected from the group consisting of SEQ ID NOs.: 3,5 and 7.

24.  The composition of clatm 23, further comprising a biologically active
immunoglobulin variable domain bound to said immunogenic ligands.

25.  The composition of claim 23, forther comprising an MEC molecule bound to

said immunogenic ligands.

26.  The composition of claim 23, wherein said immunogenic ligands are linked
covalently.

27.  The composition of claim 23, further comprising an agent covalently linked to
said immunogenic ligands, wherein said agent is capable of targeting said immunogenic

ligands to an antigen presenting cell.

28.  The composition of claim 27, wherein said antigen presenting cell is a dendritic

cell.
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29.  The composition of claim 28, further comprising an MHC class I binding
helper peptide.

30.  The composition of claim 23, further comprising a carier.

31.  The composition of claim 30, wherein the carrier is a pharmaceutically

accepiable carrier.

32.  Ahost cell comprising one or more immuaogenic ligands, wherein said
immunogenic ligands are individvally characterized by an ability to elicit an immune
response against the same native ligand, and wherein said immunogenic ligand is
selected from the group consisting of SBQ ID NOs.: 3, 5 and 7.

33.  The host cell of claim 32, wherein the host cell is an antigen presenting cell and
the i ic ligands are p d on the surface of the cell.

34.  The host cell of claim 33, wherein the antigen presenting oell is a dendritic cell.
35. A composition comprising the host cell of 32 and a carrier.

36. The composition of claim 35, wherein the carrier is a pharmaceutically

acceptable carrier.

37. A method for inducing an immune response in a subject, comprising deltvering
to the subject a composition comprising an effective amount of one or more

immunogenic ligands, wherein each of said 1 ic ligands is ¢t ized by an
ability to elicit an immune response against the same native ligand, and wherein said
immmmnogenic ligand is selected from the group consisting of SEQ ID NOs.; 1, 3, 5and
7.

38. A method of aiding in the diagnosis of the neoplastic condition or susceptibility
to a neoplastic condition of an animal cell or tissue comprising:

determining the amount of expression of an CK-18 protein in a test sample isolated
from said cell or tissue, and
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diagnosing & neoplastic condition or susceptibility to a neoplastic condition based on the
amount of expression of the CK-18 protein.

39.  The method of claim 38, wherein the amount of expression of said protein is
determined by detecting the amount of mRNA transcribing said protein.

40.  The method of claim 39, wherein. said detecting is by probing said test sample
with a probe or primer that specifically hybridizes under conditions of moderate or
highly stringent conditions with said CK-18 mRNA.

41.  Themethod of claim 40, wherein said probe ar primer comprises at Jeast 9
consecutive Tesidues of a protein encoded by a nucleic acid encoding a ssquence recited
in SEQ ID NO: 1, or its complement.

42,  The method of claim 40, wherein said probe or primer is immobilized on a solid
support.

43.  The method of claim 40, wherein said probe or primer is defectably labeled.

44, The method of claim 40, wherein said probe or primer comprises a sequence

consisting of at least 9 consecutive polynucleotides of SEQ ID NOs.: 2 or SEQ ID NO:
8, and 1 of these seq

45.  The method of claim 40, wherein said probe or primer comprises a nucleic acid
sequence encoding a peptide selected from the group consisting of SEQ ID NOs.: 1 or
7, and complements of nucleic acids encoding said peptides.

46.  The method of claim 38, wherein said expression is at least 2 fold greater than in

a normal or control sample.

47.  The method of clsim 38, wherein said detected is determined by probing said
saraple with an agent that specifically recognizes and binds said protein.

48. The method of claim 47, wherein said agenit comprises a biologically active
immunoglobulin variable domain that specifically recognizes or binds to said protein or
an antigen binding fragment thereof.
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49.  The method of claim 48, wherein said agent is a polyclonal or monoclonal
antibody.

50.  The method of claim 48, wherein said agent is a cell that binds to said protein.

51.  The method of claim 50, wherein said cell is an immune effector cell raised in
the presence and at the expense of a peptide selected from the group consisting of SEQ
IDNOs.: 1,3,5and 7.

52.  The method of claim 38, wherein said test sample is isolated from the group of
cells or tissues selected from breast or lung.

53,  The method of claim 52, wherein said detecting is by in vivo imaging.

54.  The method of claim 49, wherein said monoclonal antibody is prepared from an
amimal immunized with a peptide selected from the group consisting of SEQ ID NOs.:
1,3, 5and7.

55.  The method of claim 47, wherein said agent comprises a biologically active
immumoglobulin variable domain isolated from an antibody prepared from an animal
immunized with. a peptide selected from the group consisting of SEQ ID NOs.: 1,3, 5
and 7.

$6.  The method of claim 40, wherein said detection is by polymerase chain reaction
ot by hybridization assay,

57.  The method of claim 42, wherein said sclid support is a chip.

58 The method of claim 38, wherein expression of said protein is by determining
the identity and expression Jevel of mRNA. by expression analysis and companiug the
sequences and amount of mRNA to expression analysis of a control sample.

59. A diagnostic kit comprising at least one agent that specifically recognizes and
binds CK-18 protein and instructions for detecting binding between CK-18 protein in a
test sample and said agent.

60.  Akitof claim 59, wherein said agent is immobilized on a solid support.
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61.  Akit of claim 60, wherein said solid support is selected from the group
consisting of nitrocellulose, latex, plastic and chip.

62.  Akit of claim 60, wherein said agent is an antibody and said detection reagent
comprises an anti-immunoglobulin, protein G, protein A, or lectin.

63.  Akit of claim 59, wherein said detecting is selected from the group consisting of
radiocisotopes, fluorescent groups, luminescent groups, enzymes, biotin and dye
particles.

64. A diagnostic kit comprising a probe or primer of claim 40.

65.  Ansssay to sereen for agents that modulate the binding of CK-18 protein to its
ligand comprising contacting a smnp]é comptising said protein and said ligand under
conditions and in the presence of a test agent and detecting any binding between said
protein and said ligand, a change in said binding being indicative of an agent that
modulates the binding of CK-13.

66,  The assay of claim 65, wherein said modulation comprises increased avidity or
affinify between said agent and said protein.
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<110~

NicoTlette, Charles A.

SEQUENCE LISTING

<120> ANTIGENIC CK-18 COMPOUNDS FOR THERAPY

AND

<130>

<140>
<141>

<L50>
<L51>

<160> 8

<170

<210> 1

<211>
<212>
<213>

<400> 1
ser phe Thr T?r

Met
Gly
ala
ser
Thr
65

Lys
Arg
Arg
Tyr
val
145
Ala
ser
Asn
Glu
Gin
225
Lys
Asp
Gln
val

val
Ie
Leu
210
Ala
Ser
Glu
Gln

Gy

2000-1.

430
PRT
Homo sapiens

val
val
35

ser
Ile
Thr
Arg

His
1

27
Ala

GZ 2108.40

Unassigned
2001-12-21

60/257

820

Gln
20

Tyr
Thr
Ala
Met
Ser
100
Leu
Ile
Ala
Phe

Asn
180

Phe
1Te
Asp
Ala
Glu

221

Ala
Ala
ser
Gly
Gln
85

Leu
Glu
Ile
Arg
168
Asp
Leu
Met
Ala
Leu
Arg
Glu
Glu

ser

Ala

ser
Ser
Ala
Arg
Leu

Thr phe
TYyr Gly
Gly @1

40y 4
Gly Gly
Ala Gly

28
Leu Tthr

FastSEQ for Windows version 4.0

ser
Ala

DIAGNOSIS AND METHODS FOR USING SAME

Leu
Page

Glu
Glu
220
Glu
Ile
Asp
Thr

Arg
1

TYr
val
Arg
Gly
Ile

slu
As|

Phe
Ala
ala
ITe
Ala
val
val
Arg
Lys
Gln
5

Arg
ser
30

Ile
Gly
Gln

Thr

(117)
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Arg
175
Asp
Lys
Gly
Ala
GIn
255
Trp
ala

Ala
val
Ala
Glu
B0
Asp
Ile
His
Thr
Ala
1
Gin
Thr
Glu
Leu
Pro
240
TYP
ser
Glu
GIn
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ser Leu Glu

GIn Leu Asn

Arg Ala Glu

Ile Lys val
0

Ile Asp Liu Asp Ser

0
Glu Asn ser Leu Arg Glu val g1

c

Gly ITe Leu Leu His
340

Met Arg Asn

Ala Ar r
338 i

Leu GTu Ser

3
Gly GIn Arg GIn Ala Gln Glu Tyr

. 3
Lys Leu GTu Ala Glu

60

Glu asp Gly Glu Asp Phe Asn Leu

385
ser Met Gln

Lys val val

<210> 2

<2131> 1407
<212> DNA
<213> Homo

<400> 2

tcgtecgeaa
tegetecace
cgeeeggecy
gatctcegty
cgggatragct
aagcctgaac
ccggaggetg
ctggageeat
ggacaatgec
agtcaagtat
ccgcaaggte
tctcaaggag
agceccagatt
cgccaagatc
ggagctagac
gtctgcetgag
cttggagatc
ggaggragag
tgagtcagag
cctgctgaac
agatggcgag
ccaaaagacc
caaagttctg
taaaaagttc

<212> PRT
<213> Homo

<400> 3

Ile ala Thr
Gly asp Ala
395

Thr Ile GIn Lys Thr Thr 125 Arg

ser GIu Thr Asn Asp Thr Lys val
420 425

sapiens

agcctgagtc
ttctecacca
gtcagcageg
tcccgetcca
gggggrcrag
gaccgectgg
gagagcaaaa
tacticaaga
cgeatcgttc
gagacagagc
attgatgaca
gagetgetet
gceagetctyg
atggcagaca
aagtactggt
gttggagcty
gacctggact
geeegetacg
crggcacaga
atcaaggtca
gactttaatc
accaccegec
aggcattaag
agagttcatt

sapiens

ctgtccttte
actaccggte
cggceagegt
ccagcttcag
caggaatggg
cctcttacct
tccgggagea
tcatcgagga
tgcagattga
tggccatgeg
ccaatatcac
tcatgaagaa
ggttgaccyt
tcegggecca
ctcagcagat
ctgagacgac
ccatgagaaa
ccctacagat
ccegogeaga
agctggaggc
ttggtgatge
ggatagtgga
ccageagaag
ggatotc

tcteteceey
cetgggetet
ctatgcagge
gggcggeatg
aggcatccag
ggacagagtg
cttggagaag
cetgaggget
caatgcccgt
ceagtetgtg
acgactgcag
gaaccacgaa
ggaggtagat
atatgacgag
‘tgaggagagc
gcteacagag
tctgaaggec
ggagcagcetc
gggacagcge
tgagarcgee
cttggacage
‘tggcaaagty
cagggtacce

Pge Leu Asp Lys Ggy His Met Tyr val

<Z10> 4
<211> 27
<212> DNA
<213> Homo

sapiens

page

00

3
Alz Leu GIn Me§ Glu

(118)
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3
Leu Lys Ala Ser Leu

Glu Ley Ala Gla Thr

Glu Ala Leu

365

Tyr Arg Arg
380

Leu Asp Ser ser an
Arg Ile val

Leu Arg

gacagcatga
gtecaggcege
getggggget
g99tccggog
aacgagaagg
aggagcctgg
aagggaccee
cagatetteg
cttgctgctg
gagaacgaca
ctggagacag
gaggaagtaa
geeeccaaat
ctggctcgga
accacagtgg
ctgagacgta
agcttggaga
adcgggatcc
caggcccagg
acctaccgec
agcaactcca
gtgtctgaga
ttiggggage

2

Leu Asn

Leu Leuy

Asp Gl
415 4

His
430

gcrreaccac
£cageracgg
ctggttcccg
gectggecac
agaccatgca
agaccgagaa
aggtcagaga
caaatactgt
atgactttag
TCCatggget
agatcgaggc
aaggectaca
ctcaggacct
agaaccgaga
tcaccacaca
cagtccagte
acagectgag
tgctgeacet
agtatgaggc
gcctgetgga
tgcaaaccat
ccaatgacac
aggaggecaa
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<220>

<221> misc_feature
<222> 6, 15, 27
<223> n = A,T,CoOr G

<400> 4
ttyytngara arggncayat gtaygtn

<212> PRT
<213> Homo sapiens

<400> 5
Pf]l.e Leu Asp Lys A'5|a. His met Glu val

<210> 6

<211> 27

<212> DNA X
<213> Homo sapiens

<220>

<221> misc_feature
<222> 6, 15, 27
<223> n = A,T,C or G

<400> 6
ttyytngara argchcayat ggargtn

<210> 7

<211> 10

<212> PRT .
<213> Homo sapiens

<400> 7

Phe Met Lys Lys Asn His Glu Glu Glu val
1 5 10

<210> 8

<211> 30

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<222> 30

<223> n = A,T,COr G

<400> 8
ttyatgaara araaycayga rgargargtn

Page 3
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International Application No. PCTAIS 01 49964

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Box I.2

Claims Nos.: 59-64 (all partially)

Present claims 59-64 relate to an agent defined by reference to a
desirable characteristic or property, namely its ability to bind and
recognize specifically CK-18.

The claims cover all agents having this characteristic or property,
whereas the application provides support within the meaning of Article 6
PCT and disclosure within the meaning of Article 5 PCT for only a very
Timited number of such agents. In the present case, the claims so lack
support, and the application so lacks disclosure, that a meaningful
search over the whole of the claimed scope is impossible. Independent of
the above reasoning, the claims also lack clarity (Article 6 PCT). An
attempt is made to define the agent by reference to a result to be
achleved. Again, this lack of clarity in the present case is such as ta
render a meaningful search over the whole of the claimed scope
impossible. Consequently, the search has been carried out for those parts
of the claims which are related to the peptides consisting of or
comprising SEQ ID NOs 3,5 and 7, polynucieotides encoding these peptides,
antibodies thereof and their methods.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventiens 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
Preiiminary Examining Authority is normally nat to carry out a
preliminary examination on matter which has not been searched. This is
the case 1rrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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INTERNATIONAL SEARCH REPORT PCT/US 01/49964

Box1 Qbservations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established In respect of certain claims under Article 17(2){a) for the fallowing reasens:

Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

Although claims 16-20,22 and 37 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the alleged
effects of the compound/composition.

2. [X] ciaims Nos.: 59-64 (all partially)

because thay relate to parts of the Intemational Application that do not comply with the prescribed requirements to such
an extent that ne meaningful Internationat Search can be carrled out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

a. [ ] camsno

5.
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 i ion is lacking (C

of item 2 of first sheet)

This Intemational Searching Authority found multiple inventions In this Infernational application, as follows:

1. D As all raquired additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. ]:I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fes.

3. As only some of the required addltional search faes were fimely pald by the applicant, this International Ssarch Report

covers only those claims for which fess were paid, specifically claims Nos.:

4. D No required addtional search fees were timely paid by the applicant. Conseguently, this International Search Report is
restrictad to the invention first mentioned In the claims; it is covered by ctaims Nos.:

Remark on Protest D The addiional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.
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