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THERAPEUTIC COMPOUNDS FOR OVARIAN CANCER

CROSS-REFERENCE TG RELATED APPLICATIONS
This application claims priority under 35 11.5.C. § 119 () to ULS. Provisional
Application Serial Nos. 60/20%,388 end 6(4/257,007, filed May 31, 2000 and December
20, 2000, respectively. The contents of these applications are hereby incorporated by

reference into the present disclosure.

TECHMICAL FIELD
The invention relates to the feld of therapeutic compounds usefut agzinst

human ovanan cancer,

BACKGROUND OF THE INVEXTION

The recognition of antigenic cpitopes presented by molecules of the Major
I Tistocompalibility Complex {MHC) plays u central role iu the establishment,
maintenance and execution of mammalian immune responses. T cell surveillance and
recognition of peptide antigens presented by ccll surface MHC molecules expressed by
somatic cells and antigen presenting leukocyles funclions fe control invaston by
Infectious organisms such as viruses, bacteria, and parasités, In dddition it has now
been demonstrated that antigen-specifie eytotoxic T lymphocyies (£TLs) can recoguize
certain cancer cell antigers and attack ceils expressing these ontigens. This T cell
uctivity provides a basis for developing novel strategies for angi-concer vaccines,
Furthermere, inappropriate T cell activation plays 2 central role in certain debilitating
autoimmune diseases such as rheumatoid arthritis, multiple sclerosis, and asthma. Thus
presentation and recoguition of aaligenic epitopes presented by MHC molecules play 2
central role in mediating immune responses in multiple pathologicat conditions.

Tumor specific T cells, derived from cancer patienfs, will bind and lyse tumor
cells. This specificity is based on their ability to recopnize short amino acid sequences

(epitopes) presented on the surface of the tumor cells by MHLC class [ and, in some cell
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types, class I molecules. These epitopes are derived from the protealylic dewradation
of intracellular proteins called tumor antigens encoded by genes that are either uniquely
or aberrantly expressed in tunter or cancer cells.

“The availability of specific anti-tumor T cells has enabled the identification of
tumor antigens and subsequently the generahon of cancer vaceines designed to provoke
an gati-tarner inmine response. Anti-turnor T cells are localized withia cancer
paticnts, including in the bleod (where they car be found in the peripheral blood
monenuclear oell fraction), in primary and secondary lymphoid tissue, 2 g, the spleen,
in ascites fluid in ovarian cancer pationts (tumor associated lymphocytes or TALS) or
within the tumor iiself (tumor infiltrating lymphecytes or TILE). Of these, TILs have
been the most useful in the identification of tumer antigens and tumor antigen-derived
peptides recognized by T cells. '

Convemtional methods to generate TlLs involve imincing tumnor biopsy tissue
and culturing the csll suspension in vifro in the presence of the T cel? growth factor
interlenkin-2 (IL-2). Over a peried of several days, the combination of the tumer cells
and [L-2 can stimulate the proliferation of tumor specific T cells al the eapense of
tumet cells. In this way, the T cell population is expanded. The T cells derived from
the first expansion are subsequently mixed with either mitomycin C-treated or irradiated
tumor cells aod cultured fn vitro with [L2 1o promeote further profileration and
enwichment of tumor reactive T celis. After several rounds of i vitro expansion, a
potent anti-turor T cell population can be recovered and used to Identity tumor
antigens via conventional hut tedious expression cloning methodology. Kewakani Y.
etal, (1994) Proc, Natl. Acad. Sci, USA 91(9):3515-35)9.

Thig eurrantly employed methodology used to generate tumor specific T vells in
vitre is unrelisbie and the antigens identificd by this method do not nesessarily induee
an anti-tumar immune response. Numerons experiments demonstrate that the encounter
of antigens by mature T cells often results in the induction of toJerance because of
ignorance, anergy or physical deletion. Pardoll (1998) Nature Med. 4¢5):525-531.

The ability of & particular peptide to function as & T cell epitope requires that it
bind effectively to the antigen presenting domein of an MHC molceule and afso that it
display an appropriate se! of anino acids that can be specifically recegnized by a T cell

reocpter molecule. While it is possible to identify natural T cell epitopes derived from
2
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untipenic polypeptides, these peptide epitopes do not necessarily Teprezent antigens that
are opthmired for induving a particular immune response. Tn fact, it has been, shown
that it is possible to improve the effectiveness of natural epitopes by mireducing single
arpino or multiple acids substifutions that alter their sequence {Valmori et al. (2000) J.
Immunel 164(2):1125-1131). Thus, delivery of carefully optimized synihetic peptide
cpitopes has the potential to provide an improved method to induce a useful nnzune
TESPONSE.

The infroduction injo an animal of an antigen, has been widely used for the
purposes of modulating the immune response, or lack thereof, to the antigen for a
variety of purposes. These include vaccination aguinst pathogens, induction of an
immune respanse o a eancerous cell, reduction of an allergic response, reduction of an
immune response to a self antigen that oecurs as a vesult of an autoimmune disorder,
reduction of allograft rejection, and induction of an immune response to a self antigen
for ihe purpose of contraception.

In the treatraent of cancer, a varicty of imtunothetapeutic approaches have been
taken to generate populations of cytotoxic T lymphocytes which specifically recognize
and lyse tumor cells. Many of these approaches depernd in. part on identfying and
characterizing tumor-speeifc antigens.

More recently, certain pathogen- and tumor-related proteins have been
immuonologically mimicked with synthetic peptides whose amino acid sequence
corresponds to that of an antigenic detcrminant domain of the pathogen- or tumor-
related protein. Despite these advances, peptide mmunegens based on native
sequences zencrally perfonn less than optimally with respect to inducing aiz immune
response, Thus, a need 2xists for modified synthetic antigenic peptide epitopes with
enhanced immunomodulatory properties. This invention satisfies this need and

provides related advantages as well.
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DISCLOSURE OF THE TNVENTION

The present invention provides novel synthetic therapeutic compounds. These
compounds are designed to enhancs binding to MHC molecurles and to enhanes
immunoregulatory properties relative o their natural counterparts. The synthetic
compounds of the invention arg useful o modulate au mune response to the svathetic
and naturally occurring compounds.

Further provided are polynucleotides encoding the compounds of the inveation,
gene delivery vehicles comprising these palynucleotides und host cells comprising these
polynucleotides.

Tz addition, the invention provides mcthods for inducing an immaune response in
4 subject by delivering the compounds and compositiens of the invention, and
delivering these in the context of an MYIC molecule.

The compounds of the invention are alse useful Lo generate antibodies that
specifically recognize and bind to these molecules. These antibodics are further useful
for immumotherapy when administered to a subject,

The invention alsa provides immune effector cells raised in vive or in vifro in
the presciee and at the expense of an antigen presenting cell that presents the peptide
compositions of the invention in the context of an MHC molecule and a method of
adaptive imnmwnotberapy comprising adnunistering an effective amount of these
immune effector cells to z subject.

Further provided by this invention is a composition comprising at least two
iyounogenic Ligands, wherein said immunogenic ligands are individually characterized
by an ability to elicit an immune response against the same native Hpand, and wherem
said fmmunogenic ligand is selected from the group copsisting of RLYK WHGFV (SEQ
1D NO:3), FLHKVHFYV (SEQ ID NO:5), FLHKEWHWVV (SEQ ID NG:7),
FLHEWHWYV (SEQ 1D NO:9), FLHEVHYLY (SEQ ID NO:11} and KITFKPHGES
(SBEQIDMNO: 13). The ligands can be present in a carrier such as a pharmaceutically
acceptable carrier.

Also provided by this invention is a host cell comptising at [east two
immunegenic ligands, wherein said inrmunogenic ligands are individually characterizai
by an abibity to elicit en bumuone response against lbe same nalive ligand, and wherein

4
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said mmunogenic ligand is selected from the group consisting of FLYKWHGFV (SEQ
I NO:3), FLHEVHFYV (SEQ 1D NO:5), BLHKWHWVY (SEG ID NO:7),
FLHEWHWYV {SEQ ID NO:9), FLHEVHYLV (SEQ ID NQ:11) and KHFKPHGFS
(SEQ ID NO: 13). In one aspect, the host cell is an antigen presenting cell and the
upmunogenic ligands are presented on the surface of the cell. In a further aspect, the
antigen presenting cell is a dendritic cell. The host cells can be present in a carrier, such
as a pharmacentically aceeptable carrier.

Still further provided by this irvention is a method for inducing an immune
response in & sabject, by delivering {o the subjest a compasition compusing an effective
argount of twa or more immunogenic ligands, wherein cach of said immunogenic
ligands is characterized by an ability to clicit an immunc responsc against the same
nativc ligand, and wherein said immunogenic ligand is selected from the group
copsisting of FELYKWHGFV (SEQ 1D NO:3), FLHKVHFYV (SEQ ID NO:5),
FLHEWHWWVY (SEQ ID NO:7), FLAKWHWYV (38Q ID NO:9), FLEEVHYLV
(SEQ ID NO:11) and KHFKPHGFS (SEQ ID NO: 13).

DESCRIPTION OF THE SEQUENCE LISTINGS
SEQ 1D NO:1. The compleic nuclentide scquence of a cDNA encoding the human
cancer antigen ATFACREB-2. The coling region extends from nucleolide 882 through
nucleotide 1937, The nuelestide and amino asid sequence also are available in
GenBank under Accession No. NM 001675,
SEQID NO:2. The amino acid sequence of the native hmman cancer antigen
ATFHCREB-2. The compeunds of the invention are vatiztions based on aative
pepiide 42-50.
SEQ ID NO:3. The amiuo acid sequence of compound 1.
SCQ 1D NO:4. The polynuclectide sequence encoding compound 1.
SEQ I NO:S. The amino acid sequence of compound 2.
SEG D NO:6. The pelynucleotide sequence encoding contpound 2.
SEQ 133 NO:7. The amine acid sequence of compountd 3.
SEQ I NO:8. The pelynucleotide scquence encoding compoind 3.
SEQ 1B NO:Y. The amino acid sequence of compound 4.
SEQ ID NO:10. The polynucleotide sequence sncoding compound 4.

5
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SEQ I3 NO:11. The emino acid sequence of compound 3.

SEQ TG NO:12. The polynucleotide sequence enceding compound 5.

SEQ > NQ:13 The natural epitope of luman cancer antigen ATT4/CREB-2.
SEQ ID NO:14: The polynucleatide sequence encodiayg the bumrai cancer antigen
ATF4/CREB-2.

MODES OF CARRYING OUT THE INVENTION

Throughowt this disclosure, various publicatinns, patents snd published patent
specifications are referenced by anidentifying citation. The disclosures of these
publications, patenis and published patent specifications are hereby incorporated hy
referonce into the present disclosure to more fully describe the state of the art to which
thig invention pertains.

The practice of the present invention employs, unless otherwise indicated,
conventicnal techniques of melecular biology {including recombinant techniques),
microbiology, cell biology, biochemistry and humunology, which ave within the skill of
the art. Such techmyaues are explained fully in the literature. These methods are
desciibed in the fellowing publications. See, e.g., Sambreok etal. MOLECULAR
CLONING: A LABORATORY MANUAL, 2™ edition (1989); CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY (F. M. Ausubel ¢! al. eds. (1987)); the

© scties METHODS N ENZYMOLOGY (Academic Press, Ine.); PCR: A PRACTICAL

AFPROACH (M. MacPherson et al. TRL Fress at Oxford University Press (1991)); PCR
2: APRACTICAL APPROACH (M.]. MacPherson, B.D. Hames and G.R. Taylor eds.
(1995)); ANTIBODIES, A LABORATORY MANUAL (Harlow and Lang eds, (1988},
and ANTMAT. CELL CULTURE (R.L. Freshney ed. (1987)).

Definitions

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

As uscd iz the specification amd claims, the singular {orn “a,” “an” and “the™
include plural references unloss the context clearly dictales otherwise. For cxample, the
term “a cell” meludes a plurality of cells, including mixtures tharcof,

As used herein, the term “comptising” is intended to megn that the compositions

and methods inslude the recited clements, but not excluding others. “Consisting

&
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essentially of” when used to define compositions and methods, shall mean excluding
other elenrents of any essential significance to the combination. Thus, 2 composition
consisting essentially of the elements as defined herein would net exclude trace
confaminants from the isolation and purification methed and pharmaceutically
acceptable carriers, such as phosphate buffered saline, preservatives, and the like.
“Copsisting of” shall mean excluding mwore than trace clements of other ingredicnts and
substantial method steps for administering the compositions of this imvention,
Embadiments defined by each of these transition torms are witlin the seope of this
invention.

A “mative” or “natural” agtigen is 2 polypeptide, protein or a fragment which
contains an epitope, which has been isolated from a natural biclogical source, and
which can specifically bind to an antigen reeeptor, in: partiular a T eell antigen recoptor
(TCR), in a subject.

The term “antigen™ is well understeed in ihe arl and includes substances which
are immunogenic, £.e., immunogens, as woll as substances which induce irmmunclogical
UDFESPOnSIVENess, OT anergy, i.e., Anergens.

An “altered antigen™ is one having a primaty sequence tirat is different from that
of the corresponding wild-type antigen. Altered antizens can he made by synthetic or
recombinant methods aud fuclude, but are not limited to, entigenic peptides that are
dilfereptially modified during or afier translation, e.g., by phosphorylation,
glycosylation, eress-linking, acylation, proteolytic cleavage, linkage Lo an antibody
molecule, membrane melccule or other ligand. (Ferguson et al. {1583) Apn. Rov.
Bigchem, 57:285-320). A synihelic or altered anligen of the invention is intended to
bind to the same TCR 25 the natura) epilope.

A “seif-antipen™ also referred to herein as anative ov wild-type antigen is an
anligenic peptide that induces little or no Immune response in the subject de to salf-
iolerance o the amtigen. An example of & self-antigen is the melanoma specific antigen
2plao.

The term “himor associated antigen” or “TAA™ refers to an antigen that is
associated with or specific to & tamor, Examples of known TAAs include gpi00,
MART zod MAGE.

JP 2004-503217 A 2004.2.5
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The tenms “major histocompalibility complex” or “MHC” refers 1o a complex of
genes encoding cell-surface molceules that are required for antigen presentation to T
cells and for rapid grafl rejection. In hurnans, the MELC is also known as the “hurnan
leakocyie antigen” or “HLA" complex. The proteins encoded by the MHC are known
28 “MHC molecules” and are classified it ctass [ and class I MHC molecules. Class
[ MHC includes membrane heterodimeric proteins made up of an ¢ chain cneoded in
the MEC noucovalently imked with the f2-nicroglobulin. Class I MHC molecules are
cxprossed by nearly all nucleated cclls and have been shown to function in antigen
presentation to CD8* T cells. Class I molecules include HLA-A, B, and C in hunans.
Class I MHC molecules also include membrane heterodimeric proteins coisisting of
noncavalently associated u and P chains. Class I MBC molecules are koown te
function in CD4' 1 cells and, in humans, include HLA-DD, DQ, and DR. Ina
preferred embodiment, invention compositions and ligands can complex with MHC
malecules of any HLA type. Those of skill in the art are familtar with the serotypes and
genotypes of the HLA, See: http://bimas dert.nih.sov/egi-
bininolbio/hla coefficient viewing page. Rammenses H.G., Bachmann 1., and
Stevanovic 8. MIIC Ligands and Peptide Motifs (1997) Chapman & Hall Publishers;
Schreuder G.M. Th. et al. The HLA dictionary (1999) Tissue Antigens 54.409-437.

The teitn “antigen-presenting matrix”, 22 used herein, iniends 2 molecule or
molecules which can present antipgen in such @ way that the antigen cun be bound by a
T-celt antigen receptor on the surface of a T cell, Ao antigen-presenting melrx can be
on the surface of 2n antigen-presenting cell (APC), on a vesicle preparstion of z2n APC,
or can be in the fonn of » synthetic mairix en & solid support such as a bead or a plate.
An example of a synthetic antigen-presenting matrix is purified MHC class [ molecules
complexed to B2-microgiobulin, multimers of such purified MHC elass [ molecules,
purified MHC Class II melecules, or foncticnal portions thereof, attaciied 16 a solid
suppozt.

The term “antigen presenting cells (APC)” refers to a class of cells cupable of
presenting one or more antigens in the form of antigen-MHC complex recognizable by
specific cffector oclls of the immune system, and thepsby inducing an effective celtular
immune responsc against the antigen or antigens being presented. While many types of
cells may be capuable of presenting antigens on their cell surfuce for T-cell recognition,

8
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only professional APCs have the capacily to prescat antigens in an efficient amount and
further to activate T-cells for cytoionic T-lymphocytc (CTL) responses. APCs can be
intact whole cclls such as macrophages, B-cells and dendritic cells; or other melecnles,
uaturally ocourring or syntheiic, such as purified MIC class I molecules complexed to
B2-microglabulin.

The term “dendritic cslls (DC)” refers to a diverse population of
morpholagically similar cel? types faund i a variety of lymphoid and nan-lymphoid
tissues (Steinman (1991) Ann. Rev. Immumol. 9:271-296). Dendritic cells constitute the
mast potent and preferred APCs in the organism. A subset, if not all, of dendrific cells
are derived from bone marcow progenitor celly, circulate in small numbers in the
peripheral blood and appear either as irmmature Langerhans® cells or terminally
differentiated mature cells. While the dendritic cells can be differentiated from
monocytes, they possess distinct phenotypes. For example, a particelar differentiating
marker, CD14 antigen, is not found in dendritic cclls but is possessed by mopoeytes,
Also, mature dendritic cells are not phagocytic, whereas the monocytes arg strongly
phapgocytosing cells. 1t has been shown that DCs provide al! the signals necessary for T
cell activation and proliferation.

The term “antigen presenting cell recruitment factors™ ar “APC recruitment
factors™ include both intact, whele cells as well as other molecules that are capable of
recrting antigen presenting celts. Examples of suitable APC recraitment Factors
include moleenles guch as interloukin 4 {TLA), granulocyte macrophage colony
stirnulating factor {GM-CSE), Ssprapel and macrophage inflammatory protein 3 alpha
(MIP3er). These are available fron: Immunex, Schering-Plough ard R&D Systems
(Minreapolis, MN). They also can be recomnbinantly produced using the methods
disclosed in CURRENT PROTOCOLS N MOLECULAR BIOTOGY (F.M. Ausube] et al., eds.
{1987)). Pcptides, proteins and compounds baving the same biological activity as the
above-noted factors are included within the scope of this invention.

The term “mmmune effector cells” refers to cclls capable ol binding an antigen
and which mediate an imounc response. These eells include, but ars not imited to, T
cells, B cells, monoeytes, mactophages, NK ¢ells and eytotoxic T Tymphocytes (CTLs),
for example CTL lines, CTL clencs, and CTLs from tamor, inflanmatory, or other
infiltretes. Certain diseased tissue expresses specific antipens and CTLs specific for

9
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these aotigens have been identified. For example, approximately 80% of melanoms
express the anfigen known as GP-100.

The tanm “jmmune effector molcculs™ as used hevein, rofers to molecules
capable of antigen-specific binding, and ncludes antibodies, T cell attigen receptors,
and MLIC Class I and Class Il molecules.

A “naive’ immune effector cell is an immupe effector cell that has never been
cxposed to an antigen capable of activating that coll. Activation of aaive immune
cffector cells requires both recognition of the peptide:MHC complex and the
simultaneons delivery of a costimulatory signal by a professional APC in order to
proliferate and differentiate into antigen-specific urmed effector T cells.

“Immune response” broadly refers to the antigen-speei fic responses of
lymphocytes to forcign substances. Any substance that can elicit an immunc responsa
is suid to be “jmmunogenic” and is referred to as an “immunogen”. All immunogens
are anfigens, bowever, not all antigens are immunogenic. An immune respense of (his
invention can be humoral (via antibody activity) or cell-mediated (via T cell actjvation).

The term “ligand™ as used herein reters to any molecule that binds to a specific
sife oo another molscule. In vther words, the ligand confers the specificily of the
protein in a reaction with an.immunc offector cell. It is the Hgand site within the protein
thut combines directly with the complementary binding site on the immuns effector cell.

In a preferred embodiment, 2 ligand of the invention binds to an antigenic
determinant or epitope on an immune effector cell, such as an antibody or a T cell
recepior (TCR). A ligand may be an antigen, peptide, protein or epitepe of the
Irvenlion.

Invention ligands may bind te a reeepter on an antibady. Tn one embodirnent,
the ligend of the invention is about 4 to ebout 8 amino acids in length.

Invention ligands may bind to a receplor on an MHC cluss I molecule. In one
ambodiment, the ligand of the invention is aboul 7 to about 11 amino acids in length,

Invention ligands may bind to a receptor on an MHC class 1 molecule. In one
ambodiment, the lgand of the invention is about 10 to about 20 amine actds long.

As used berein, the term “educated, antigen-specific immune cffector cell™, is an
immnune effector cell as defined above, which has previously encountered an aptigen.

Inn contrast with its nelive counterpart, uctivation ol an educated, antigen-specific

10
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immune effector cell doss not require a costimulatory signal. Recognition of the
peptide: MEIC complex is sufficient.

“Astivated”, when vzed in reforence to a T cell. implies that the cell is no longer
in Gp phase, and begins te produce one or more of cytotoxins, cytokines, and other
related membrans-associated proteins characteristic of the cell iype (2.g., CD3' or
CD4%, is capable of recopnizing and binding any target cil that displays the particular
antigen o 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 oue o morc Ligands, is rocognized and bovnd
by an immune effector call wherein such binding initisfes ao effective immmume
response. Assays for determining whether a ligand is recognized by an imomune effector
cell are known in the art and are deseribed herein.

The term “preferentially recoguized” intends that the specificity of 2
composifion or ligand <f the invention is restricted to imemune effector cells thai
recognize and bind the native ligand.

The term “cross-reactive” 1s used to descoibe compounds of the mvention which
are functionally overlapping. More particularly, the immunogene properties of 2 native
ligand and/or immune effector eells activated thercby are shared to & certain extent by
the allered ligand such that the ullered ligand is “cross-reactive” with the native ligard
and/for the immune cffeclor colls activated thercby.  For purposes of this invention,
crosg-reactivity is manifested at multiple levels: (i) at the ligand level, 2.g., the altered
ligands can bind the TCR of and activate native ligard CTLs; (ji) at the T cell level, ie.
altered ligands of the invention bind the TCR of and activate a population of T cells
{distinet [rom the population of native ligand CTLs) which can elTectively target and
Tyse cells displaying the native igand; and (i1) at the antibody level, g, “anti™altered
ligand antibodies can detect, recognize and bind the native ligand and initiate effector
mechapisms in an imme responss which ultirgately result in elimination of the native
ligand fiom the host.

Asused herein, the term “indueing an immune response in a subjeet” is a torm
well understood in the art and intends that an inerease of at least about 2-fold, more
preferably at least about 3-fold, more preferably at Teast about 10-fold, more preferahly
at least abont 100-fold, even more preferably at least ahout SM0-fold, even more
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preferably at least abont 1000-fold or more i an immune response to an antigen (or
epitope) can be detected or meagured, after infroducing the antigen {or epitope) into the
subject, relative to the mmune response (Gf any) befere inlroduction of the aniizen (or
epitope) into the subjeet. An jramune rospanse to an antigen (of epitops), includes, but
is not limited to, production of an antigen-specific (or cpitope-specific) antibedy, and
production of an immune cell expressing on its surface a molecule which specifically
binds to an anfigen (or epitope). Methods of determiniag whether an immunc responsc
to a given antigen (or epilope) has been induced are well known in the art. For
example, antigen-specific antihody cuan be detected using any of a variety of
mmunoassays known in the aet, imeluding, bt not limited fo, ELISA, wherein, for
example, binding of an antibody in & sample to an iumobilized antigen (or epitope) is
detected with a detzctably-labeled second astibody (2.g., enzyme-labeled mouse ant-
haman Ig antibody).

“Co-stimulatory molecules™ ara invelved in the interaction hetwoen receptor-
Lizand pairs expressed on the surfuce of antigen presenting cells and T cells. Research
accumulated over the past several yoars has demonstrated convincingly that resting T
cells require at least two signals for induetion of evtokine genc expression and
proliferation (Schwarts RI1 (1990) Bcience 248:1349-1356 and Jenkins M.K. (1992)
Immunol. Today 13:69-73). Qae signal, the one that confers specificity, can bo
produced by interaction of the TCR/CD3 complex with an appropriate MHC/peptide
camplex. The second signal is ot amiigen specilic end is termed the “co-stimulatory™
signal, This signal was originally defined as ap activily provided by bone-marrow-
derived accessery cells such as macrophages and dendritic cells, the so called
“professional” APCs. Several molecnles have been shown to enhance co-stimulatory
gotivity. These are heat stable antigen (HSA) (Liv Y. et al. (1992} I. Exp. Med.
175:437-445), chondroitin sulfate-rnodified MIIC invariant chain {Ji-C8) (Nagjokas
MLF. et al. (1993) Celi 74:257-268), intracellular adhesion molecule 1 (fTCAM-1) (Van
Seventer G.A. (1990} ). Immunol. 144:4579-4586), B7-1, and B7-2/B70 (Schwartz
R.H. (1992) Cell 71:1065-1068). These molecules each appear to assist co-stinrulation
by interacting with their cognate ligands on the T cells. Co-stintulatory molecules
mediate co-stimulatory signal(s), which are necessary, under normat physiological

conditions, to achieve full aciivation of natve T cclis. One cxemplary receptor-ligand
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pait is the B7 co-stimulatery molceule on the surface of APCs and its counter-receptor
CD28 or CTLA-4 on T cells (Freeman ¢t al. (1993) Scicnee 262:909-911; Young et al.
(1992) J. Clin. Invest. 99:229 and Mabavi et al. (1992) Nature 360:266-268). Dther
important co-stimulatory molecules are CDA0, CD54, CD80, and D86, The term “co-
stimulatory molesule” encompasses zay single molecnle or combinaton of molecules
which, when acting together with 2 peptide/MHC complex bound by 2 TCR on the
surface of a T cell, provides a co-stimulatery effect which achieves activation of the T
oell that binds the peptide. The term thus encompasses B7, or other co-stimulziory
molecule(s) on an antigen-presenting matrix such as an AP, fragments thereof (alone,
complexed with another melecule(s), or as pait of 2 fusion profein) which, together with
peplide/MHC complex, binds to & cognate ligand and results in activation of the T cell
when the TCR an the surface of the T cell specifically binds the peptide. Co-
stimulatory molecules are cormmersially available from a variely of sources, including,
for example, Beckroan Conlter, Ine. (Fullerton, CAY. It 38 intended, alfhough nol always
axplicitly stzled, thal molecules having similar biological activity as wild-type or
purified co-stimulatory malecules (2.g., recombinantly produced or muteins thereof) are
intended to be nsed within the spirit and scops of the invention.

As used herein, “solid phasc support” or “solid support”, used interchangeably,
is not Limited to a specific rype of support. Rather a large number of supperts are
available and arg known to one of ordinary skill in the art. Solid phase suppoits include
silicn gels, resing, derivatized plastic films, glass beads, cotton, plasiic beads, alumina
eels. Asused herein, “solid support” also includss synthetic antipen-presenting
matrices, cells, and lipesomcs. A suitable solid phase support may be selected on the
basis of desired end use and suitability for various protocols. For example, for peptide
synthesis, solid phase support may reler o resins such as polystyrene (e.g., PAM-resin
cbtained from Bachem Inc., Peninsula Laboratories, ste,), POLYHIVE® resin (obtained
from Aminotech, Canada), polyamide resin {obtained from Peninsula Laboratories),
palystyrene resin grafled wilh polyethylene glycol { TentaGel®, Rapp Polymere,
Tubingen, Germany) or polydimethylzcrylarnide resin {obtained from
Milligen/Bioscarch, California).

‘The term “immuncmadulatory agent™, as used herein, is a moleeule, a
macromaelecular complex, or 2 cell thet modulates an immune response aod
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encompasses 2 synthetic antigenic peptide of the invention alone or 1 any of a variety
of formulaticns deseribed hevein; # polypeptide comprising a synthetic antigenic peptide
of the invention; a polynucleotide encoding a peptide or polypeptide of the invention; &
synthetic antipenic peptide of the invention bound to a Class Tor 2 Class T MHC
molecule on an antigen-presenting maivix, including an APC and a synitetic antigen-
presenting mafrix {in the presence or absence of co-stimulatory molecule(s)); a

synthetic antigenic peptide of the invention covalently or non-covalenily complexed to
another molecnlels) or macromolecular structure; and an educated, antigen-specific
immune cftector cell which is specific for a peptide of the invention.

The rermn “medulate an immune response” includes inducing (increasing,
eliciing) an immupe response; and reducing (suppressing) an immune response. An
immunomedulatery mothod (or protocol) is ene that modualates an irmmone respopse in
2 subject.

As used herein, the term “cytokine” refers to any one of the numercus factors
that exert a variciy of effects on cells, for axample, indusing growih or proliferation.
Won-limiting examples of cytekines which may be used alone or in combination in the
practice of the present invention include, interleukin-2 ([L-2), stem cell factor (3CF),
intetlenkin 3 (IL-3), Intetleukin 6 {IL-6), interfeukin 12 (IL-12), G-CSF, grunulocyte
macrophage-colony stimulaiing factor (CM-CSTF), interleukin-1 alpha (IL-1c0),
interlenfn-11 ([L-11), MIP-11, levkemia inhibitory factor (LTF), c-kit ligand,
thrembopoieiin (TPO) and I3 ligand. The present invention also includes culiure
conditjons in which one er more cytokine is specifically excluded from the medium.
Cwytokines are comimercially available from several vendors sach as, for example,
Gebzyme (Framingham, MA), Genentech (South San Francisco, CA), Amgen
{Thousand Oaks, CA), R&ED Systems (Minmeapolis, MN) and Immunex (Seattle, WA).
1t is intended, although net always explicitly stated, that molecules having stmilar
biological activity as wild-type or purified cytokines {e.g., recombinantly produced or
muteins thersof} are intended 1o be used within the spirit and scope of the invention.

The terms “polynecleatide” and “nucleic acid molecule™ sre used
interchangeably to 1ofer to polymerie forms of nucleotides of any length. The
polynucleotides may contain deoxyribonucleotides, ribonucleotides, andior their
analogs. Mucleotides may have any three-dimensional siruciure, and may perfenm any
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function, knewn or unknown. The term “palynucleotide” includes, for example, single-
strauded, double-stranded and txiple kelical wmolecules, a gene or gene fagment, exons,
introns, mRNA, tRNA, rRNA, ribozymes, cDNA, recombinant polynucleatides,
branched polynuclectides, plasmids, vectors, isolated DNA of any sequence, isolated
EMNA of any sequence, nucleic acid probes, and printers. A nucleic acid molecole may
also comprise modified nucleic acid moloculcs.

The term “peptide” is used in its broadest sense 1o refer to a compound of two or
mors subnnit amine acids, amine acid analogs, ot peplidominietics. The subumils may
be linked by poptide bonds. In another embodintent, the subunit may be liked by other
bonds, e.g. ester, ether, etc. As used herein the term “amino acid™ refers 1o cither
natural and/or vpnatural or synthetic amino acids, including glycine and both the Dor L
optical isomers, and amine acid analogs and peptidotimeties, A peptide of three or
more anune acids is commonly called an eligopeptide if the peptide chain is short. I
the peptide chain is long, the peptide is commenly called 2 polypeplide or a protein.

The term “genetically modified” mcans containting and/er expressing a foreign
gene or nucleic acid seyuence which in turm, moedifies the genotype or phenotype of the
cell or its progeny. 1n other words, it zefers to any addition, deletion or distuption lo a
cell’s endogenous nucleotides.

As used herein, “expression” refers to the process by which polynucleatides are
transeribed into mRNA and (rapslated into peptides, polypeptides, or proteins. If the
polynucleotide is derived from genomic DMA, expression may include splicing of the
mRNA, if an appropriatc cukaryotic host is selected. Regulatory elements required for
exprossion include promeler sequences to bind RNA pelymicrase and transcription
initiation sequences for ribosome binding. For example, a bacterial expression vector
inclndes a promoter such as the fue promoter and for iranscription initiation the Shime-
Dualgarno sequence and the start eodon ATIG {Samibyook ef al. {1989) supra). Similarly,
an eukaryotic expression vector includes a helerolegous or homologous promoter for
RNA polymerase Ii, a downsteeam polyadenylation signal, the start codon AUG, and 3
terminaiion codon for detachment of the ribosome.  Such vectors can be abtained
commercially or assemibled by the scquences deseribed in methods well known in the

art, for example, the methods described below for constructing vectors in general,
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“Under transcriptional conirel” is a tern woll understood in the art and indicates
that franscription of a pelynucleotide sequence, usually a DNA sequence, depends on its
being operatively linked to an element which coniributes to the ixitialion of, or
promotes, franseription. “Operatively finlked” refers to a juxtapesition wherein the
clements are in an arrangement allowing them to function.

A “gene delivery vehicle” is defined as any molecule that can carry inserted
polynucleotides into & host cell. Examples of gene delivery vehicles are liposomes,
biocompaiible polymers, including natural polymers and synthetic polymers;
lipoproteins; polypentides, polysaccharides; Jipopolysaccharides; artificial viral
cnvelopes; motal particles; and bacteria, or vituses, such as baculovirus, adenovirus and
retrovirus, bacteriophage, cosmid, plasmid, fungal vectors and other recomhbination
vehicles typically used in the art which have been described for expression in a variety
of eukaryotic and prokaryolic hosts, and may be used for gene therapy as well 25 for
simple protein expression.

“Gene delivery,” “gene transter,” snd the like as used hevein, are terms referring
to the intreduction of an exogenous polynucleatide (sometimes referred to as a
“transgene”) into a host cell, irrespective of the method uscd for the introduciton. Such
methods include a variety of well-known technigques such as vector-mediated gene
transfer (by, e g, viral infoction/transfection, or various oiher protein-based or Lipid-
based gene delivery complexes) as well as techniques focilitating the delivery of
“naked” polynucleotides (such es efectroporation, “‘zene gun” delivery and various
other techniques used for the intraduction of polynuclectides). The intraduced
polynucleotide may be stably or transiently maintaincd in the host cell. Stable
muintenance typically requires that the introduced polynucleatide either contains an
origin of replication compatible with the host csll or integrates into & replicon of the
host cell such as an extrachromosomal replicon {e.g., a plasmid) or a nuelear or
mitechondrial chromosome. A number of vectors are known to be capable ofmediating
transfar of genes to mammalian eclls, as is known in the art and described hergin.

A "viral vector” is defined as 2 recombinantly produced virus or viral particle
that comprises & polyouclectide to be delivered inte a host cell, sither i1 vive, ax vivo of
in vitra. Examples of viral vectors include relroviral vectors, adenovicus vectors,

adeno-associated virus vectors, alphavirus vectors and the like. Alphavirus vectons,
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such as Semliki Forest virus-based vectors and Sindhbis virus-based vectors, haye also
heen developed for usg in gene therapy and immunctherapy. See, Schlesinger and
Dubensky (1999} Curr Gpin Biotechnol. 5:434-439 and Zaks et al. {1999} Nat. Msd.
7:823-827. In aspects where gene transfer is mediated by a retroviral vecior, a vector
construct refers to the polynuclestide comprising the reroviral genome ar part thercof,
and a therapeutic gene. As used herein, “retroviral mediated gene frensfer” or
“retroviral trangduction” carries the same msaning and refers to the process by which a
gene or mucleic acid sequences are stably transferrcd foto the host cell by virtue of the
virus entering the cell and integrating its penome into the host cell genome. The vitus
can enter the host cell via its normal mechanism of infection or be maodified such that it
binds to a diffcrent host cell surface receptor or ligand to enter the cell. As vsed herein,
retroviral vestor refers to a viral particle capable of introdusing exogenous nugleic acid
into a cell through a viral or viral-like entry mechanism.

Retroviruses carry their senstic information in the form of RNA; however, once
the virus infecis a cell, the RINA is reverse-transeribed into the DINA form which
integrates into the genemic DNA of the infected cell. The integrated DA form is
called « provirus.

In aspects where gene transfer is mediated by a DNA. viral vector, such us an.
adenovirus {Ad) or adeno-associeted virus (AAV), a vector constiuot refers to the
polynucleotide comprising he viral genome or part thereaf, and a trausgene.
Adenoviruses (Ads) are 4 rolatively well characterized, homogenous group of viruses.
including over 50 serotypes. See, e.g., WQ 9527071, Ads arc easy to grow and do not
require ixtepration wito the hosl cell genome. Recombinant Ad-derived vectors,
particularly those that reduce the pefential {or recombination and generation of wild-
type virus, have also been constructed. See, WO 95/00655 and WQ 95/11684. Wild-
type AAY has high infectivity and specificity integrating into the host cgll’s genoms.
5o, Hermonat and Muzycrka (1984) Proc. Natl. Acad. Sci. USA 81:6466-6470 and
Lebkowski et al. (1988) Mol. Cell. Biol. 8:3988-3936.

Veetors that contain both a promoter and a clonng site mto which a
polynuclcotide can be operatively linked are we!l known in the art. Such vectors ars
capable of transcaibing RINA /i vitro or i vivo, and are commeoreially gvailable fram
sources such as Stratapene (La Jolla, CA) and Promega Biotech (Madison, WI). In
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order to eptimize expression and/ar in vitro transcription, it mzy be neccssary to
remove, add or alter 5° and/or 3° unfranslated portions of the clones to climinate exira,
potential inappropriate aliernative translation mitiatien ¢odons or other sequences that
may laterfexe with or reduce expression, either at the level of transcription or
translation.  Alternatively, congensus rihosome binding siies can be inserted
immediately 5° of the start codon to enhance cxpression.

Gene delivery vehicles also inchude several non-viral vectors, ineluding
DNAJliposome comyplexes, und targeted viral protei-DNA complexes. Liposomes that
also comprise a targeting antibody or fragment thereof can be used in the methods of
this invention. To cnhance delivery to a ccll, the nucleic acid or proicins of this
invention can be conjugated to autibodice or binding fragments thereof which bind ccll
surface antigens, e.g., TCR, CD2 or CD4.

“Hyhridization™ refers to a reaction in which ene or more polynucleotides react
1o form a complex. that is stabilized via bydrogen bonding between the buses of the
nucleotide residues. The hydrogen bonding may oceur by Watson-Crick base pairing,
Hoogslein bindiog, or in any other sequence-specific munner. The complex may
comprise two strands forming a duplex structure, threg ar more strands forming a multi-
stranded complex, u single sell-hybridizing strand, or z2ny combination of these. A
hybridization reaction may copstinste a step 1o a more extensive process, such as the
initiation of a PCR reaction, or the enzymatic eleavage of a polynuclestide by a
ribazyme.

Examples of siringent hybridization conditions include: incubation temperatures
of about 25°C to ahout 37°C; hybridization buffer concentrations of ahout 6 X S5C to
about 10 X S5C; formamide concentrations of gbout 0% to about 25%,; and wash
selutions of about 5 X S8C. Cxamples of moderate hybridization conditions include:
incubation temperatures of about 40°C to about 50°C; buffer concertralions of aboat 5
X 885G to about 2 X 85C; formamide concentrations of about 30% to about 50%; and
wash solutions of about 5 X 83C to about 2 3 $8C. Examples ol biph siringency
conditions fnclude: incubation temperstuxes of about 55°C to about 63°C; buffer
concentrations of whout T X §5C to abewt 0.1 X S5C; formamide concentrations of
about 55% to about 75%; and wash selutions of about 1 X S8C, 0.1 X 38C, or
deionized water. In general, hybridization incubation times are from 5 minutes o 24
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hours, with I, 2, or more washing steps, and wash incubation times are about 1, 2, or 15
migates. SSC is 0.15 M WaCl and 15 piM cifrate buffer, It is waderstood that
equivalents of 38C using other buffer systens can be employed.

A polynueicotide or palynucleotide regicn (er a polypeptide or palypeptide
region) has a certain percentage (for example, 80%, 85%, 90%, or 95%) of “sequence
identity” to another sequence means that, when aligned, that percentage of bases (or
amino acide) are the sune in comparing the two sequences. This alignment and the
percent homology or sequence identity can be determined using software programs
knawn in the art, for example those described i CURREMT PROTOCOLS IN MOLECLULAR
BIOLOGY (F.M. Ansubel et al., eds., 1987) Supplement 30, seetion 7.7.18, Table 7.7.1.
Preferably, default paramneters are used for alignment. A preferred alignment program
is BLAST, using default parameters. Tn particular, prefered programs are BLASTN
and BLASTP, using the following default parameters: Genetic code = standard; filter =
none; strand = both; cutoff = 60; expect = 10; Matrix = BLOSUM62Z; Descriptiong = 50
sequences; sort by -= HIGH SCORE; Databases = non-redundant. GenBank 4- EMBL -
DDEJ + PDB + GenBank CDS3 translations + SwissProtcin + SPupdale + PIR. Details
of these programs can be found at the foliowing Intemnet address:
htip: /vy, nebintm.nih.goviegi-bin/ BLAST.

“In viva"” gene delivery, gene transfer, gene therapy and the like as used herein,
are \erms referring to the introduction of a vector comprising an exogenous
pelynucleotide directly into the body of an orgamism, snch, as @ human or nen-human
mammizl, whereby the cxogenous polynucleotide is intreduced to  cell of such
organism in vive.

The term “isolated” means separated from censtituents, celtular and otherwise,
n which the polynucleatide, peptide, polypeptide, profein, anlibody, or fragments
thereof, are normally associated with in nature. For example, with respect 1o a
polynuclectide, an isolated polynucleotide is one that is separated from the 57 and 3’
sequences with which it is monnally associated 1n the chromosome. As is apparent to
those of skill in the art, a non-naturally vocurring polynucleotide, peptide, polypeptide,
protein, antibody, or fragments (hereof, does nol require “isolation” to distinguish it
from its naturally occurring counterpart. In addition, a “concentrated”, “separated” or

“Qiluted” polynuclootide, peptide, polypeptide, protein, antibody, or fragments thereof,
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is distinpuishable from its paturally occurring counterpart in that the coneentration or
number of molecules per volume is greater thai: “concentrated” or less then “sepacated™
than that of its naturally eccurring counterpart. A polynucleotide, peptids, polypeptide,
protein, antibody, or fizgments thergof, whick differs from the raturally oceurring
countsrpart in its primary sequence or for cxumpie, by its giycosylation pattern, need
pot be present mn its isolated form since it iz distinguishable from iis naturally occurring
counterpart by its primary sequence, or alternatively, by another characteristic such as
glycosylation pattorn. Althongh net explicitty stated for each of the inventions
disclosed hereln, it is to be understood that all of the above embodiments for each of the
cornpositions disclosed below and under the appropriste conditions, are previded by this
invemion. Thus, a not-natarally occurring polynucleotide is provided as a separaie
embodiment from the isolated naturally cccurring polynuclestide. A protein produced
in a bacterial cell is provided as a separate embodiment from the naturally seeurring
prolein isolated from a eucaryotic cell in which it is produced in nature.

“Host coll,” “farget eell” or “recipient cell” are intended (o include any
individual cell or ceil culture which can be ar have been recipients for veetors or the
incerporation of exogenous nucleic acid moiecules, pohnecleotides snd/or proteins, It
also is intended to include progony of a single cell, and the progeny may 0ol neeessavily
be completely identical (in morphology or in genomic or total DNA complement) to the
oripinal parent cell due o natural, accidental, or deliberate mutation. The cells mey be
procatyotic or eucaryotic, and include but are not limited to bacterial cells, yeast cells,
animal cells, and mammalian celis, e.g., murine, rat, simian or human.

A “subject” is & vertebrate, preferably 2 mammal, more preferably a human.
Mammals include, but #re not limited to, murines, simizns, humans, frm animals, sport
animals, and pets.

A “eontrel” is an alternative subjoct of sanple used In an experiroent for
comparison purpose. A control can be “positive” or “negative”. For example, where
the purpose of the experiment is to determine a correlation of un altered expression level
of a gene with a particular type of cancer, it is generzlly preferable to use a positive
control {a subject or a sample from a subject, carrying such alteralion and exhibiting
syndromes characteristic of that disease), and a negative control (a subfcet or 2 sample

from a subject lacking the altercd exprossion and clinical syndrome of that discasc)
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The terms “cancer,” “neoplasm,” and “tumor,” used interchangsably and in
sither the singelar or plural form, refer 1o cells that have undergene @ malignant
transformation that makes them pathological to the bost organism. Primary cancer cells
(that is, cclis obtained from near the site of malignant transformation) can be readily
distinguished from nion-cancerous celis by well-established techniques, particularly
bistological examination. The definition oi'a cancer cell, as used herein, includes not
only a primary capcer cell, but also any coll derived fom a cancer cell ancestor. This
includes melasiasized cancer cells, and i vifro cultures and cell lines devived from
cancer cells. When referring to a type of cancer that normally manifests 2= a solid
tumor, a “clinically detectable” trmor is ane that iz detectabie on the basis of tumor
11ass; e.2., by such procedures as CAT scan, magnetic resonance imaging (MRT), X-rtay,
uitrasound or palpation. Biochemical or immunologic findings alone may be
insufficient to meet this definition.

“Buppressing” tumor growth indicates a growih state that is curtatled compared
to growth without cohlact with educated, antigen-specific immune effector cells
described herein. Tumor eell growih can be assessed by any means known in the art,
including, but not imited to, measuring tumar size, determining whether tumor cetls are
proliferating using a *H-thymidine incorporation assay, or counting tumor cells.
“Suppressing” tumeor oell growth means any or all of the following states: slowing.
delaving, and “suppressing” tumor growth indicates a growth state that is cuctailed
when stopping tumor growth, as well as tumor shrinkage.

The terin “culturing” refers to the & vitre propagation of cclls or organisms on
or in media of varicus kinds. I is understood that the descendants of a cell pgrown in
eulture may not be completely identical (morphologically, genatically, ox
phenctypically) to the parent ecll. By “expanded” is meant any preliferation or division
wleclls.

A “compesition™ is imended to mean & combination of active agent and ancther
compound or compesition, inett (for example, a detactable agent or label) or uctive,
sush as an adjuvant.

A “pharmaceutical composition” is intended to include the combination of an
active agent with a carrier, inert or active, making thc composition suitable for

diaguestic or therapeutic use i vitro, i vivo o ex vvg,
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As used herein, the term “pharmaceutically acceptable carrier” encompasses any
of the standard pharmaccutical cartiers, such as a phosphate buffered saline solution,
water, and emulsions, such as an cil/water or water/oil emulsien, and various types of
wetling agents. The composilions alec can include stabilizers and preservatives. For

5 examples of cazmiers, siabilizers and adjuvants, see Martin REMINGTON'S PHARM. SC1.,
15th Bd. (Mack Pabl. Co,, Easton (1975)).

An “effoctive amount™ is an amount sufficient to effect beneficial or desired
results. An effective amount can be administered in one or more administrations,
applicalidns or dosages. The present invention provides compounds having the

10 following structures:
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The present invention alse provides compositions that exbikit enhancing binding
to MHC molecules and are eross-reactive with and useful for modulating fmmune
responses to the cognate native ligands and their corresponding native proteins.

This invention further provides conpositions which are useful 2s components of
anti-caneer vaceines and to expand immunc effector cells that are specific for cancers
eharacterized by expression of the human cancer antigen ATF4A/CREB-2. An example
of this type of cancer iz ovarian cancer,

In. one embodimennt, the altered ligands of the invention have comparable
afffnity for MHC binding as the native ligand. [t has been demonstrated that
peptide:MHC class ] binding properties corelate with immunogenicity (Sete A, of al.
(1994) Immunol. 153:3586; van der Burg 5.H. ot al. (1996) J. Immumel. 156:3308). In a
preferred embodiment, altered ligands of the mvention bind to a TCR with a higher
affinity than of thai the “natural” ligand. Cowmparative binding of the native and altered
ligands of the inventien to an MHC class 1 molecule can bo measured by methods that
are knewn in the it and include, but are net limited to, calculating the affinity based on
an algorithm (ses, for exampls, Farker et al. (1992) 1. Lownunol. 149:3380-3587) and
experimentally determining binding affinity (sce, for cxample, Tan et al. (1997) J.
Immunel. Meth. 209(1):25-365). Fer example, the relative binding of a peptide to a class
I moiecule can be measured on tie basis ol binding of a radiclabeled standard peptide to
detergent-solubilized MHC malecules, using varjous concentrations of test peptides
{e.g, ranging from 100 mM to InM). MHC class 1 heavy chain and f2-micreglobulin
are celncubated with a lixed concentration (e.g., 5 nM) radiclabeled standurd (control)
peptide and varicus eoncenrations of a rest peptide for 4 suizable pered of ime {e.g., 2
hours to 72 hours) at room temperature in the presence of 4 mixture of protease
inhibifors. A control tube contains standard peptide and MHC molecules, but no test
peptide. The percont MHC-bound radionclivity is detormined by gel filiration. The
ICso (voncentration of test peptide which results in 50% inhibition of binding of control
peptide) is calculated for each peptide. Additional metiods for determumning binding
affinity to a TCR are knowi in the art and include, but are not limited to, those
described in al-Ramadi ¢t al. (1992) 1. Immunel. 155(2):662-673; md Zusgel e al.
(1998} J. Immunol. 161(4).1705-1708.
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In another embodiment, the altered ligands of the invegiion eficit comparable
antigen-specifie T cell activation relative to their native ligand counterpart. Ina
preferred embodiment, aliered ligands of the inventicn elicit a stronger anfigen-specific
T cell activaiion relative to their native lipand counterpart. Methods for determining
inmunogenicity of invention ligands are kaown in the at and are further deseribed
herein.

In ene embodiment, compositions of the invention comprise two or more
immunogenic ligands of the invention. In one aspecl, such compositions may comprise
twa or more copies of 4 single ligand. In another aspect, such composilions may
comprise twa or moze ligands, wherein each ligand of said two or more ligands is
distiret from all other tigands in safd compoesiton. In one embadiment, the two or mors
imnmuogenic lgands are covalently Linked.

The present invention alse provides novel synthetic antigenic peplides desighed
for enhancing binding to MHC molecules end useful for medulating imnne vesponses
Lo the synthetic peptide epitope und the corresponding nalive peptides frotn which they
are derived. The synthetic antigenic peptide cpitope sequences of the present juvention
diffcr from their natural counterparts in that they contain elterations in amino acid
sequence, relative to the wative sequence, in the MHC Class I binding demain which is
designed to confor tighter binding to the MHC, They further contain mutations in the
putative T cell receptor-binding domain designed to inercase affinity for the T cell
antigen receptor. These differences from the naiive sequence sre designed to conler
advantages in the methods of the present invention over the native sequence, in that the
synihctic antigenic peptide epitopes of the invention will have enhanced
immunomodulatory propertics.

This invention provides novel, synthstic antigenic peptide sequences, which are
useful as coroponents of anti-cancer vaceines and to expand immune effecior cells thai
are specific for cancers characterized by expression of the human cancer antigen
ATF4/CREB-2. The peptides, FLYKWHGFY (SEQ TD NO:3), FLHKVHFYV (SEQ
I NQ:5), FLHEWHWVY (SEQ ID NO:7), FLHKWHWYV (SEQ ID NC:9), and
FLHKVBYLV (SEQ ID NO:11) differ trom the natural epitope KHFK PIEGFS (SEQ
I3 NO:13) in that they contain mutations in the putative HILA-A2 binding domain

{amino acids 1, 2 and 9) and T cell receptor binding (TCR) domain (amine acid residues
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3-&) conferring tighter binding to the MHC and TCR respeetively, Binding of synthetic
antigenic pepiide of the invention to an MHC Class | molecule can be measured by
methods that are known, in the art and inciude, but are not limited to, caleulating the
affinity hased on an algorithm (seo, for example, Parker ct al. (1952) J. Immunol.
149:3580-3537); and experimentelly determining binding affinity (see, for example,
Tan et al. (1997) I. lomunol. Meth. 209(1):25-36). For example, the relstive bindicg of
a peplide to a Class I melecule can be measured on the basis of binding of &
radiolabeled standard peptide to detergent-solubilized MBC melecules, using vanous
concentrations of test peptides (e.g., ranging from 100 mM to ToM). MHC Clags T
heavy chain and p2-microglobulin are coincubated with 2 fixed concentraiion (e.g., 5
nM) radiolabeled standard (control) peptide and various concentrations of a tast peptide
for a suitable period of time (e.g., 2 hours to 72 hours) at reom (smperature in the
presence of a mixture of protease inhibitors. A control tube coptains standard peptide
and MHC molccules, but no test peptide. The percent MHC-hound radioactivity is
determined by gel fillration. The IC50 (concentration of test peptide which results in
50% inhzbition of bmdmg of contre! peptide} is caloulated for each peptide.

Synthetic peptides of the invention are designed to bind to 2 TCR with a higher
alfinity than of that the “natural” sequence. Methods for determining binding aftinity te
a TCR are known in the arr and include, but are not linuited to, those described in al-
Ramadi et al. (1992) J. Immunel. 155(2):662-673; and Zuegel 2t al. (1995) J. inmunal.
161(4):1705-1709.

Further encompassed by the term “synthetic anbigeme peplide” are multimers
(concatemers) of a synthetic antigenic paptide of the invetition, optienally inciuding
intervening amine acld sequences as well as polypeplides compiising the scguences
FLYKWHGFYV {SEQ 1D NOG:3), FLHKVHEYV (SEQ ID NO:5), FLHKWHWYY
(SEQ ID NO:7), FLHEWHWYVY (SEQ ID MNG:9), FLEKVHYLY (SEQ 1D NC:11)
and KHFKPHGFS (SEQ ID NO: 13} The jnventien also provides polypeptides
comprising these sequences wherein the polypeptides are preferentially recognized by
huinun cancer anbigen ATF4/CREB-2 cytotoxic T lymphocytes.

Polypeptides comprising the peptide sequences of the invention cun be prepared
by altering the sequence of polynucleotides that encade (he native human cancer antigen
ATFA/CREB-2 polypeptide sequence. This is accomplished by methods of
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recomgbinant DNA technology well know to chose skilled n the art. For example, site
directed mutageaesis way be performed on secombinant polynucieotides encoding the
native huan cancer antigen ATF4/CREB-2 sequence to introduce changes in the
polynucleotide scquence so that the eltered polymucleotide cneedes the peptides of the
invention.

The proteins and polypeplides of this invenlion can be obtained by chenical
synthesis nsing a corroercially available avtomated peptide synlhesizer such as these
mannfactured by Perkin Elmer/Applied Bicsystems, Tne., Model 430A or 43114, Foster
City, CA, USA. The synthc:;izcd protein or polypeptide can be precipitated and further
punified, for example by high performance liquid chromatograplry (HPLC).
Accordingly, this mvention alse provides a process for chemically synthesizing the
proteing of this invention by providing the sequonce of the protein and reapents, such as
amino acids and enzymes and linking together the amino acids in the proper ortentetion
and linear sequence.

Alternatively, the proteins and polypeptides can be obtained by well-known
recontbinant methods as described herein using the host cell and vector systems

described below.

Peptide analogues

It is well know to those skilled in the art that modifications can be made ta the
peptides of the invention to provide them with altered propertics. As used horsin the
term “aming acid” refers to cither natural and/or unnatural or synthetic amine acids,
inciudmg glycine and both the D or L optical isomers, and amino acid analogs and
peptidomimetics. A peptide of three or rmore amino acids is commenly called an
oligopepiide if the peptide chain is short. If the peptide chain is long, the peptide is
conmnonly called a polypeptide or a protein.

Peptides of the invention can be medified to include unnatural amino acids.
Thus, the peptides may comprisc D-amino acids, a2 combination of D- and L-umino

aoids, and various “designer™ amine acids (e.g., P-methyt amine aeids, C-o-methyl

aming #cids, and N-a-methyl amino acids, ste.) to convey special properties to peptides.

Additienally, by assigning specific amino acids at specific coupiing steps, pepiides with
o-helices fi tarns, B sheets, y-turns, and cyelic peptides can be generated, Generally, it
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is believed that ¢-helical secondary sfructure or random sscendary struciure is
prefemed.

It a further ebodiment, subunits of peptides thet confer useful chermical and
structural properties will be chosen. For example, peplides comprising D-amino acids
will be resistant to L-aming acid-specific protesses in vivo. Modified compounds with
-amine acids may be synthesized with the anino acids aligned in reverse order to
produce the peptides of the invention as rotro-inverso peptides. In addition, the present
iuvention envisions preparing peptides that have better defined struciural properties, and
the use of peptidomirsetics, and peptidemimetic bonds, such as ester bonds, to prepare
peptides with novel properties. In another embodiment, a peptide may be generated that
incorporates a reduced peptide bond, i.e., Ry-CHyNH-Ry, where Ry, and R; are amino
acid residues or sequences. A reduced peptide bond may be inroduced 2s 2 dipeplide
subunit. Such a molecnle would be resistant to peptide bond hydrolysis, e.g., proteass
aetivity. Such molecules would provide ligands with unique funciion and activity, such
as extended balflives in wive due io resistance lo metabolic breakdown, or protease
activity., Furthermore, it is well known that jn corlain syslems constrained peptides
show enhanced functional activity (Hruby (1982) Lifc Scienccs 31:189-139 apd Hruby
et al. {1990} Biochem J. 268:249-262); tbe present invention provides a mcthed to

produee a constrained peptide that incorporates random seyuences at all other positions.

Non-classical amino agids ther induce conformational consirainis.

The foliowing non classical amina acids may be incorporated in the peptides of
the invention in order to infroduce particular conformetional motifs: 1,2,3,4-
tetrahydroisequinoline-3-carboxylate (Kazmierski et al. (1991) I. Am. Chem. Soc.
113:2275-2283); (28,38)-methyl-phenylalining, (25,3R)- racthyl-phenylalanine,

(2R, 38)-methyl-phenylalaning and (2R, 3R)-methyl-phonylalanine (Kazmierski and
Hruby (1991) Tetrahedron Lett 32(41):5769-5772); 2-aminototrahiydronaphthalene-2-
carboxylic acid {Landis (1$89) Ph.D. Thesis, University of Arizona); hydroxy-1.2.3 4-
tetrahydroisoquinoling-3-carboxylate (Miyake et al, (1989) J. Fakeds Res. Labs, 43:53-
76) histidine isoquincline carboxylic acid (Zeche] et al. (1931) Int. J. Pep. Protein Res.
38(2):131-138), and HIC (histidine cyclic urea), (Dharanipsagada et al. (1993) Int. J.

JP 2004-503217 A 2004.2.5



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 |

(73)

WO 0142306 PCTIUSOTATASS

0

25

30

Pep. Protein Res. 42(1):68-77) and ({1992) Acta. Cryst., Crystal Struc. Comm.
48IY):1239-1241).

The fallowing amino acid analogs and peptidemimetics may be incorporated
into a peptide o induce or favor specific secondary stiectures: LL-Acp (LL-3-amino-2-
propenidone-G-carboxylic acid), 2 #-um inducing dipeptide analog (Kemyp et o, (1985)
1. Org. Chem, 50:5834-5838); B-sheet inducing analogs (Kemp et al. (1983)
Tetrahedron Lett. 29:50%1-5082); f-tum inducing analogs (Kemyp et al. (1988)
Tetrahedron Ler. 39:5057-5060); a-helix inducing analogs (Kemp et zl. {1988)
Tetrahedron Lett. 22:4535-4938); y-rum inducing apalogs (K.emp et al. (1985) J. Org.
Chem. 54:19%:115); analogs provided by the following references: Nagal and Sato
{1985) Tetrahedron Leit. 26:647-650; aud DiMaio et al. (1989 1. Chem. Soc. Perkin
Trans. p. 1687; a Gly-Ala rurn analog (Kabn of al. (1989) Tetrahedron Lett, 30:2317);
mniide bond isostere (Clones et al. {(1988) Tetrahedron Lett. 29:3853-3836); tretrazol
(Zabrocki et al. (1988) I. Am. Chem. Soc. 110:5878-5880);, DTC (Samanen et al.
(1290) Int. J. Protein Pep. Res. 35:501:509); and analogs tuught in Glson et al. (1994) .
Asn. Chem. Sci. 112:323-333 and Garvey et al. (1950) J. Org. Chem. 56:436.
Cenformationally restricted mimetics of beta tums and bota bulges, and peptides
containing them, are described in U8, Patent Mo. 5,448,013, issued August 8, 1995 o
Kahn.

A synthetic antigenic peplide épiLD'pe af the invention can be uscd in & variety of
formulations, which may vary depending on the intended use.

A synthetic antigenic peptide epitope of the invention can be covalently or non-
covalently lirked {complexed) to varfous ather molecules, the naturc of which may vary
depending on the purticular purpose. For example, a peptide of the invention can be
covalently o non-covalently complexed o a macromelecular carder, including, but not
limited to, natural and synthetic pelymers, proteins, polysaccharides, polypeptides
{aming acids), polyvinyl alcohol, palyvinyl pyrrolidone, and lipids. A peptide can be
conjugated to a faity acid, for introduction into a liposome. U.S. Patent No. 5,837,249,
A synthetic peptide of the invention can be complexed covalently ot non-covalently
with a solid support, a variely of which are known in the arl. A synthstic antigenic
peptide epitopc of the invention ean be associated with an sntigen-presenting matrix

wilh er withont co-stimulatory molacules, as deseribod in more detail below.
29
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Examples of protein carriers include, but are not limited to, superantigens, serum
albunuin, tetanus toxoid, evalbumin, thyroglobulin, myoglobulin, and immunoglobulin,

Peptide-protein carricr polymers mzy be formed using conventional eross-
linking agents sucl: 25 carbodimides. Examples of carbodimides are 1-cyclohexyl-3-(2-
morpholinyl<{4-cthyl) carbodiimide (CMT), 1-ethyl-3-(3-dimethyaminopropyl)
carbediimide (EDC) and 1-gthyl-3-{4-azonie44-dimethylpentyl) carbodiimide.

Examples of other suitable cross-linking agenls are ¢yanogen bremide,
glutaraldehyde and sueeinic anhydride. 1n general, any of 2 aumber of bomo-
bifunctional agonts including a homo-bifunctional aldchyde, a homo-bifunctional
epoxide, o homo-bifunctiona! imido-ester, a homo-bifunctional N-hydroxysuceinimide
ester, 2 homo-bifinctional maleimide, a home-bilinetional alkyf halide, a hotmo-
bifunctional pyridyl disulfide, & homo-hifunetional aryl halide, a home-bifunciional
tiydrazide, a homo-bifunctienal diazonium derivative and a homo-bifunctional
photorezctive compound may be used. Also included are hetero-bifunclional
conpounds, for example, compounds having an amine-reactive and a sulfhydryl-
reective group, compomnds with an amine-reactive and 2 photoreactive group and
compounds with a carbonyl-reactive and a sulffoydiyl-reactive group.

Specific examples of such homo-bifunctional gross-linking egents include the
bifuncticnal N-hydroxysuccinimide esters dithiobis{succinimidylpropionate),
disuccinimidy] subvraie, and disuccinimidyl tartarate; the bifunctional imido-esters
dimethyl adipimidate, ditnethy] pimelimidaie, and dimethyi suberimidate; the
bifunctional sulfhydryl-reactive crosslinkers 1,4-di-[3'-(2”-pyridyldiihio) propion-
apmislo]butane, bismalelmidobexans, and bis-N-malcimido-1, B-ociane; the bifunctional
aryl halides 1,5-di0uoro-2 4-dinilrebenzene and 4,47 -diflyore-3,3°-
dinitrophenylsulione; bifunctional photoreactive agents such as bis-[b-(4-
azidosalicylamido)ethyl]disnifide; the bifinctional aldehydes formaldehyde,
malondialdebyde, sucoinakiehyde, gluteraldehyde, and adipaldehyde; a bifunctional
epoxide such as 1,4-butaneodiol diglycidyl ether; the bifunctional hydrazides adipic
acid dihyydrazide, carbohydrazide, and succinic acid dihydrazide; the bifunctional
diazoniums o-toliding, diazotized and bis-diazotized benziding, the bifunctional
alkylhalides MIN’-cthylene-ns{iodoacctamide), W1N’-hexamethiylene-

bis(iedoacetamide), N1N'~undecarnethylene-bis(iodoacetamide], as well az

30

JP 2004-503217 A 2004.2.5



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 |

(75)

WO 0142306 PCTIUSOTATASS

w

23

30

benzylhalides and halomustards, such ss e1a’-difodo-p-xylene suifonic acid and tri(2-
chioroethylyamine, respectively.

Examples of commen hetero-bifunctional cross-linking agents that may be used
to effect the conjugation of proteins ta peptides include, but are not limited to, SMCC
(succinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate), MBS (m-
maleimidobensoyl-N-hydroxysuccininide ester), SIAB (N-succinimidyl{4-
iodoacteyl}arinohenzoate), SMPB (succinimidyl-4-(p-maleimidophenylybutyrate),
GMBS (N-(y-maleimidobutyryloxy)succinimide ester), MPBH (4-{4-N-
maleimidopahenyl) butyric acid hydrazidg), M2C2H (4-(N-malcimidomethyl)
cyclohexane-1-carboxyl-hydrazide}, SMPT (succinimidyloxycarbonyl-&-methyl-&-(2-
pyridyldilhio)toluene), and SPDP (N-succinimidyl 3-(Z-pyridyldithiv)propionaie).

Cross-linking may be acsomplished by soupling a carbonyl group to an amine
group or to a hydrazide group by reductive amination.

Peptides of the invention also may be formulated as non-covalent attaclment of
metomers threugh lonic, adsorplive, or biospecilic interactions. Complexes of peplides
with highly positively or negatively charged molectles may be done threoush salt bridge
fotmation under low ionic strength environments, such as in. deionized water. Large
eompiexes can be created using charged polymers such as poly-(L-glutamic zcid} or
poly-(L-lysinc) which contain numcrous ncgative and positive charges, respectively.
Adsorption of pepiides may be done to surfaces such as microparticle latex beads or to
other hydrophebic polymers, forming non-covalently associated peptide-superantigen
complexes effectively mimicking cross-binked or chemicaliy polymetized proteir.
Finally, peptides may be non-covalently linked through the use of biogpecific
interactions between other molecules. For instance, uizlization of the strong aflinity of
biotin for proteins such as avidin or streptavidin or their derivatives could be nsed fo
form peptide complexes. These hiotin-binding proteins contain four binding sites that
¢an interact with biotin in solulion or be covalently attached o enother moloeule.
Wilchek (1988) Anel. Biochem. 171:1-32. Peptides can be modified to possess biotin
proups using comimon bstinylalion reagents such as the N-hydrox ysuccinimidyl ester
of D-tiotin (INHS-tiotin) which reacts with available amine groups on the protein.
Biotinylatcd peptides then ¢an be incubaied with avidin or streptavidin to treafe large
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complexes. The molecular mass of auch polymers can be regulated through careful
control of the molar ratio of bictinylated peptide to avidin or streptavidin.

Alsa provided by this application are the poptides and polypeptides described
herein conjugaied to a detectable apent for use in the diagnostic methods. For example,
detectably labeled peptides and palypeptides can be bound to a columm and vsed for the
deteclion and purification of antibodies. They also are useful as immunogens for the
production of antibodies, as described below.

The peptides ef this invention also can be combined with various liquid phase
carriers, such as sierile or aquecus solutions, pharmaccutically acoeptable carriers,
suspensions and emulsions. Examples of non-aqueous solvents include propyl ethylene
glyeol, polyethylene slycol and vegetable oils. When used fo prepare aniibedics, the
carricrs also ¢an include an adjuvant that is uselul to non-specifically augment a
specific immune response. A skilled artisan ean casily determine whether an adjuvant
is required and sclect one. However, tor the purpose of illustration only, suitable
adjuvanis inciude, but are not lmiled to, Freund’s Complete and Incompiete, minerai
salts and polynucleotides.

This inventive further provides polynuclectides enceding polypeptides
comprising the sequences FLYEWHGFY (SEQ ID NO:3), FLHKVHFYV (SEQ ID
NQ:3), FLUKWHWVV {SEQ TD NO:7), FLHEWHW YV (SEQ I NO:9),
FLHEVHYLY (SEQ 1D MO:11) and KEFKPHGES (SEQ ID NO: 13) and the
complements of these polynucleotides. As usad hergin, the term. “polynucleotide™
cncompasses DNA, RNA and nucleic acid mimetics. In addition to the sequences
identified ahove or their complements, this invention alse provides the anti-sonse
polynucleotide stand, e.g. antisense RN A o these sequences or their complements. One
can obtain an antisense RINA using the sequences provided in Seq. 1D Nos. 4, 6, 8, 10,
12 and 14 and the methodelogy described in Van der Xrol, et al. {1988) BioTechnigues
6:938.

The polynucleatides of this invention can be replicated using PCR. PCR
technology is the subjest matter of United States Patent Nos, 4,683,195; 4,300,139,
4,754,065; and 4,653,262 and described in PCR: THE POLYMERASE CHAIN REACTION
(Mullis et 2l. eds, Birkhauscr Press, Boston (1994)) and references cited therein.
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Alfernativcly, onc of skill in the art can use the sequences provided herein and a
commercial DNA synthesizer to replicate the DNA. Accordingly, this invention also
provides a process for oblaming the polynucleotides of this invention by providing the
lincar sequence of the polynucleotide, appropriate primer molecules, chemicals such ag
enzymes and instructions for their replication and chemically replicating or linking the
nuclcotides in the proper oricnitation to obtain the potynucleotides. In a separate
embodiment, these polynucleatides are turther isolated. Still further, onc of skill in the
art cag insert the polynucleotide into a suitable replication vector and insert the vector
1nto a suitable host cell (procaryotic or eucaryotic) for replication and amplification.
The DNA so amplificd can be isolated from the coll by mcthods well known to those of
skdllin the art. A process for obtaining polynucleotides by this methed is further
provided hersin as well as the polynucleotides so abtzined.

RNA can be obtained by Grst inserbing s DM A, polynucleotide into 1 suifsble
host ceil. The DNA can be inserted by any appropriaie method, e.g., by e use of an
apprapriate gene delivery vehicle (e.g., liposome, plasmid or vector) or by
electroporation. When the cell replicates and the DINA is iranscribed into RNA; the
RNA can then be isolatcd using methods well known to those of skill in the art, for
example, a5 el forth in Sambrook et al. (L989) supra. For instance, mRNA can be
isolated using various Iytic enzymes or cheraical solutions according to ihe procedures
set forth in Sambrook, ot al. {1989) supra or extracted by nucleic-acid-binding resins
following the accompanying instructions provided by mamfactures.

Polynucleotides having at leust 4 contiguous nucleatides, and more preferably at
least 5 or G contiguous nucleotides and most preferably at least 10 contiguous
nucleotides, and exhibiting sequence coraplementarity or homology to the scquences
encoding the amino acids shown in SEQ 1D INOS. 3,5, 7,8, 11 and 13, (e.g,, SEQ ID
NOS. 4, 6, 8, 10, 12, or 14) find utilily as hybridization probes.

Tt is known, [n the art that & “perfectly matched” probe 1z not needsd for 4
specific biybridization. Minor changes in probe sequence achicved by subsiitution,
deletion or insartion of a small nuwmber of bases do not affect the hybridization
specificity. Tn general, as much as 20% bage-pair mismateh {when optimeily aligned)
can be tolerated. Preferably, a probe useful for detecting (e aforementioned mRINA is

at icast about 80% identical to the homologous region of comparable size contained in
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the previously identified sequences {identified above) which correspond to previously
characterized genes or in Seq. ID Nos. 1, 4, 6, 8, 10, 12 or 14. More preferably, the
probe is 85% identical to the corresponding gone sequence after aligrment of the
homelagous region; even morc preferably, it exhibits 90% identity.

“These probes can be used in radioassays (e.g. Southern and Northern blot
analysis) ie detect or monitor various celis or tissue conraining these cells. The probes
also can be attached to a solid support or an amvay such as a chip for use 1o high
throughput screening assays for the detection of expression of the gone corresponding to
one or more polynucleotide(s) of this invention. Accordingly, this invention alzo
provides at least one probe identified zs SEQ 10 NOS. 4, 6, 8, 10, 12 or 14, ar the
complernent of one of these sequences, attached to a solid support for use in high
throughput sercens.

The palynucleotides of the present invention also can scrve as primers for the
delection of gewes or gene transcripts that are expressed in APC, for example, to
confirm trapsduction of the polynuclentides into bost vells. Tn this context,
amplification means any method emplaying a primer-gependent polymetase capabie of
replivating a target sequence with reasenable fidelity. Amplification may be carried out
by natural ot recombinant DNA-polymerases such as T7 DNA polymrerase, Klenow
fragment of £. coli DA polymerase, and reverse transcriptase. A preferred length of
the pritosr {s the same as (hat identified for probes, above.

The invention further provides the isolated polynucleotide operatively linked to
apromoter of RNA transeription, as well as other rogulatery sequences for replication
and/or {ransient or stable expression of the DNA or RNA. As used herein, the term
“operatively linked” means positioned in such 2 mimaner that the promoter will direct
transeription of RNA off the DNA molecule. Examples of such promoters are SP6, T4
and T7. In certain embodiments, cell-specific promaoters are used for cell-specific
expression of the inserted polynuclesiide. Veclors which conlain 2 promoter or 2
promotesionbancer, with terminalion codons and selectable marker sequences, as well
as a cloning site inte which an ingerted piece of DNA. can be operatively nked to that
promoter are well lnown in the art and commerctally svailzble. For peneral
methodology and cloning strategies, see GRNE EXPRESSION TECHNOLOGY (Goeddel &d.,

Academmic Press, Inc. (1991)) and references cited therein and VECTORS: ESSENTIAL
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Data SERIES (Gacesa and Ramji, eds., Jobm Wiley & Sons, N.Y. (1994)), which
contains maps, functional properties, cormercial suppliers and a reference to
GenEMRBL accession numbers for various suitable vectors. Prelerable, ihese vectors are
cepable of transeribing RMA in vitro of in vive.

Expression vectors containing these nucleic acids arc usefin] to obtain host
veclor systems to produce proteins and polypeptides. it is implied that these cxpression
veqtors must be replicable in the host organisus either as episomes or as an integral part
of the chromosomal DNA. Suitable expression veciors include plusmids, viral vectors,
inchuding sdenoviruses, adeno-associated viruses, retroviruses, cosmids, etc.
Adenovirai vectors are particularly nseful for inwroducing genes into tissues iz vive
because of their high levels of expression and eificient fransformation of cells both ir
vitra and én vive. When a nuclcic acid s Tnserled inio @ suitable host cell, ez, a
pracaryoetic or a eucaryotic celi and the host cell replicates, the protein can be
recombimantly produced. Suifable host cells will depend on the vector and can inglude
mammalian celis, animal cells, buman cclls, simian cells, insect cells, yeast cells, and
bacterial cells constructed using well known mcihods. See Sambrook, et al, (1989)
supra, [n addition to the use of viral vector for insertion of exogenous nucleic acid into
ceils, the nucleic acid can be inserted into the host cell by methods well known in the et
such as transformation for bacterial cells, transfection using catcium phosphate
precipitation for mammalizn cells; DEAE-dextran; clectroporation; or microinjection.
See Sambrook ot al. (1989) supra for this methodology. Thus, this invention also
provides u host cell, e.g. a mammalian cell, an animal cell {rat or mouse), 4 human cell,
or & procaryolic cell such es & bacterial cell, containing a polynucleotide encoding a
protein or polypeptide or aniibody.

The present invention also provides delivery vebicles suitable for delivery of a
polynucleatide of the invention inte cells (whether in vive, ex viva, or i vitro). A
polynucleotide of the invention can be contained within a cloning or expression vector.
"These vectors {especially expression vectors) can in turn be manipulated to sssume any
of 2 number of forms which may, for example, facilitate delivery 1o and/or entry mito 2
cell.

When the vectors are used for gene therapy in vive or ex vive, &

pharmacentically acceplable vector is proferrad, such as a replication-insompetent
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retroviral or adenaviral vector. Pharmaceuntically aceeptable veetors contajning the
nucieic acids of this invention can be further modified for transient or stable expression
of the insarted pelynucleatide.  As used herein, the teym “pharmacsutically acceptable
veotor” includes, but is not limited t, 2 veotor or delivery vehicle having the ability to
selectively target and introduce the nucleic acid into dividing cells. An example of such
a vestor is a “replication-incompetent™ vecter defined by its inability to produce viral
proteins, precluding spread of the vector in the infiected host cell. An example of 8
replication-incompetent retrovizal vecior is LMLS (Miller A D, of al. (1989)
BioTechniques 7:980-890). The methedology of using replication-incompelent
retroviruses for retroviral-mediated gene transfer of gene narkers is well established
(Correll et al. (1989) Proc, Natl. Acad, Sci. USA 86:3912; Bordignon (1989) Prac. Natl,
Acad. Sei. USA 86:8912-52; Culver K. {1991) Proc, Natl. Acad. 3ci. USA 88:3155; and
Rill D.R. (1991} Blood 79(10):2694-2700).

These isolated host cells containing the polynucieotides of this invention are
useful for the recombiant rephcation of the polynuclectides zod for the recombinant
production of peptides. Alteritatively, the ¢cells may be used to induce an innmowie
response in a subject in the methods described hereliz. When the host cells are antigen
preseiting cells, they car be used to expand & pepulation of immune effecter cells such
as tumor infiltrating lymphocytes which in turn are useful in adoptive immanothorapies.

Also provided by tlis imvention is an amibody capable of specifically forming a
complex with the polypeptides of this invention. The term “antibody” includes
polyclonal antibodies and monoclonal antibodics. The antibodies include, but are not
limited {0 mouse, ful, and rabbit or human antibodies. The antibodics are useful to
identily and purify polypeptides and APCs expressing the polypeptides.

Laboratory methods for producing polyclonal antibodies and monoclonal
antihodies, as well as dedncing their corresponding nueleic acld sequences, are known
in the at, sce Harlow and Lane {1988) supra and Sambrook ot al. (1 98%) supra. The
monoclonal intiboties of this invention can be bislogically produced by iirtroducing
protein of a fragtient thereof nlo an anumal, e.g., a mouse or a rabbit. The antibody
producing cells in the animal are isolated and fused with myeloma cells or hetere-
tryeloma cells to produse hybrid cells or bybridemas.  Accordingly, the hybridoma

cells producing the menoclonal antibodics of this invention also are provided.
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Thus, using the protein or [ragmeni thereod, and well known methods, one of
skill in the arl gan produce and screen the hybridoma cells and antibodies of this
invention for antibedies having the ability to bind the proteins or polypeptides.

1If 2 moneclonal antibody being tested binds with the protein or polypeptide,
then the antibody being tested und the antibodies provided by the hybridomas of this
invention are equivalent. It also is possible to determine without undue
experimentation, whether an antibody has the same specificity as the monooclonal
antibody of this invention by determining whetker ihe antibody being tested prevents a
monclonal antibody of this invention from binding the proiein or polypeptide with
which the monoclonal anfibody is normally reactive. If the antibody heing tested
competes with the monoclonal antibody of the invention as shown by a decrease in
binding by thc monocional antibody of this invention, then it is likely that the two
antibodies bind to the same or a closely related epitope. Alternatively, one can pre-
incubate the monoclonal antibody of this invention with a protein with which it is
normally reactive, and determine if the monoclonal antibody being tested is ichibited in
its ability to bind the antigen. If the monaclonal antibody being tested is inhibited then,
in al! likelihood, it has the same, or a closely related, epitopic specificity as the
manoclonal antibody of this invention.

The term “actibody™ also is intended to inctude antibodies of all isotypes.
Particular isotypes of a monaclonal anfibody can be prepared either directly by selecting
from the initial fusion, or prepared secondarily, from a parcontal hybridoma seorcting a
monoclonal antibody of different isotype by using the &b selection technique to isolate
class switch vaziants using the procedure described in Steplewskd of al. (1985) Prec.
Natl. Acad. Sei. UEA 82:8653 or Spira et al. {1984) I. Immunol. Meth. 74:397,

This invention also provides biological active fragments of the polyclonal and
monoclonal antibodies described shove. These “antibody fragments™ retain some
ability to seleciively bind with its antigen or immunogen. Such anlibedy fragments can
include, but are not Hmited to:

[§5] Fah,

[#3] Falb',

(3 Fap.

4) Fv, and
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A specific example of “z biologically active antibody fragment” is a CDR region
of the aniibody. Methods of making these fragments are known in the art, see for
exanple, Harlow and Lune (1988) supra.

The antibedies of this inven(ion also can be medified to create chimaric
antibodies and humanized antibodies (Oi et al. (1986) BioTechniques 4{3):214).
Chimerte antibodies are those in which the various domains of the antibodies’ heavy
and light chains are coded for by DNA from more than one species.

The isclation of cther hybridomas secreting monoclonal antibodies with the
specificity of the mepaclonal antibodies of the invention can also be accomplishad by
one of ordinary skill in the art by preducing anti-idiotypic antibodies (Herlyn et al.
(198¢) Science 232:100). An anti-idiotypic anfibody is an antibody which recognizes
unigue determinants present on the monoclonal antibody produced by the hybridoma of
inferest.

Idiotypic identity between monaclonal antibadies af two hybridomas
dermnonstrates that the two monoclonal antibodies are the same with respect 1o their
recognition of the samc epitopic determinant. Thus, by using wniibodies to the epitopic
determinants on 4 monoclonal antibody it is passible to identify other hybridomas
expressing monoclonal antibodies of the same epitopic specificity.

It is also possible to use the anti-idiotype teckmology to produce monoclonal
antibodies which mimic an epitope. For example, zn anti-idiotypic monoclenal
antibody made to & Hrst monocional antibody will have a binding domain in the
hypervariable region which is the mirror iinage of the epitope bound by the first
moneclenal antibedy. Thus, in this instance, the anti-idiotypic monoclonal aptibody
conid be used [or immunization for production of these antibodics.

As used in this invention, the ferm “epitope™ is meant $o include any determinant
having specific affinity for the moneclonal antiborics of the invention. Epitopic
determinants usually consist of chemically active surface groupings of molecules such
as amino acids or sugsr side chaing and nenally have specific three dimensional

structural characterisiics, as weil as spocific charge charactetistics.
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The antibodies of this invention can be linked to a detectable agent or label.
Therc are many different labels and methods of labeling knowst to those of ordinary
skill in the art.

“The coupling of antibodies to low molecular weight haptens can incroase the
sensitivily of the assay. The haptens can then be specifically dotected by means ot a
second reaction. For exaniple, it is common to use heptens such as biotin, which reacts
avidip, or dinitropherryl, pyridoxal, and flucrescein, which can react with specific anii-
hapten antibodies. See Harlow and Lane {1988) supra. ]

The monoclonal antibedies of the invention alse can be bound to many different
camiers. Thus, this invention also provides composilions contsining the antibodics and
avother substance, active or jnert. Examples of well-known catriers include glass,
polystyrene, polypropylenc, polycthylene, dextran, nylon, amylases, natural and
modified celluloses, polyacrylamides, agaroses and magnelite. The nature of the sarrier
cim be gither soluble or insuluble for purposes of the invention. Those skilled in the ant
will know of other suitabic carriers for binding monoelonal antibodies, or will be able to
ascertain such, naing routine cxperimentation.

Compositions containing the antibodies, framments thereof or cell lines which
produce the antibodics, arc cncompassed by this invention. When these compositions
are to be used pharmaccutically, they are combincd with a pharmaceutically acecptabls
carrier.

In another embodiment the present invention provides 2 method of inducing an
immune response comprising delivering the compounds and compesitiens of the
invention in the context of an MEIC molecule. Thus, the polypeptides of this invention
can be pulsed into antigen presenting cells using the methods deseribed berein.
Antigen-presenting cells, include, but are not limited to dendritic ccils (DCs),
monocytes/macrophages, B lymphocytes or other cell type(s) expressing the necossary
MIIC/o-stimulatory molecuies. The methods described below focus primarily on DCs
which are the most potent, praferved APCs. These bost cells containing the
polypeptides or proteing are further provided.

Isolated host cells which present the polypeptides of this invention in the context
of MHC molecules are further usefitl to expand and isolats 2 population of edvcated,

anligen-specific immune effector cells. The immune effector cells, e.g., cytotoxic T
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Iymphoeytes, are produced by culturing naive inunune ¢ffector cells with anhigen-
presenting cells which present the polypeptides in the cotitext of MHC molecules on the
surface of the APCs. The population can be purified using methods known [n the art,
e.5., FACS apalysis or ficoll gradient. The methods to generate and culture'the inenune
alfector cells as well as the populations produced thereby also are the inventor's
coniribution and invention. Pharmacontical compositions comprising the cells and
phammaccuticslly acceptable carriers are usetnl in adoptive immunothsrapy. Prior to
administration ix vive, the immune effector cells are screened in vitre for their ability to
lyse tumor cells expressing the human caocer antigen ATFA/CREB-2, &.g., ovarian
CR2NCCT,

In one embodiment, the imnune effector ¢ells and/or the APCs arc genetically
modified. Using standsrd gene transfer, genes coding for co-stimulatory molecnles
and/or stimulatary eytekings can be inserted prior to, coneurtent 1o oF subsequent to
expansion of the immune effector oeils.

This invention also provides methods of inducing an imnume response in a
subjoct, comprising administering to the subject an effeclive amount of the polypeptides
described above under the conditions ikat indice an imimune response fo the
polypeptide. The polypepildes can be admintstered in fornwlations or as
polynuctzotides encoding the polypeplides, The polynucleolides can be administered in
a gene delivery vehicke or by inserfing into a host eell which in turn recormbinantly
transcribes, translates and processed the encoded polypeptide. fsolated host cells
containing the polynucleotides of this invention in a pharmacentically acceptable carrier
can therefore cumhinlcd with appropriate and effective amount of an adjuvant, cylokie
ot co-stimulatory melecule for an effective vaceing regimen. In one smbodiment, the
host cell 15 an APC such as a dendritic cell, The host cell can be further modified by
nserfing of a polynucleotide coding for an effective amount of either or both 4 oytokine
andfor a co-stimulatory molecule.

The methods of this invention can be further modified by co-administering an
effeclive amount of a cyiokine or co-atimulatory molecule to the subjeet.

This invention also provides compositions containing any of the above-
mentioned proteins, polypeptitles, polynuclentides, vectors, cells, antibodies and

fragments thereof, and an acceptable solid or liguid caprier. When the compositions are
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used pharmaceutically, they arc combined with 2 “pharmeceutically aceepizble carrier™

for diugnostic and therapeutic use. These compositens also can be used for the

preparation of medicaments for the diagnosis and treatmend of diseases such as cancer.
The following materials and methods are intended to illustrate, but not limit this

invention and to illustrate how to mmake and use the inventions desoribed 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 PEFTIDE SYNTHESIS, Freemantle, San Francisco, Calif. (1968). A preferred
method is the Memifizld process. See, Merrifield (1967) Recent Progress in Hormone
Res. 23:451. The aniigenic activity of these peptides may conveniently be tested using,
for cxaruple, the aseays us described horein,

Once an isolated peplids of the Lovention is oblained, it may be puzified by
standard methods including chromategraphy (e.2., ion exchange, affinity, and sizing
column chromatography), centrifugation, differential zolubility, o by any other
standard technigue for protein purification. For iimmuno-affinily chromatopraphy, an
epitope may he isolated by binding it to an affinity colunmm conyprising antibodies that
were raiscd against that peptide, or a related peptide of the invention, and were affixed
to a staiionary supporl.

Alvernatively, affinily tags such as hexa-lis (Invilcogen), Matiose binding
domain (New England Biclabs), influenza coar sequence (Kolodziej of al (1951) Meth.
Lnzymol. 194:308-509), and glutathione-S-transferase can be atrached to the peptides of
the invention to allow easy purification by passage over an appropriate affinity column.
Isolated peptides can also be physically characterized using such techniques as
proteolysis, nuckear magnetic resonance, and X-ray crystallegraphy.

Also included within the scope of the invention are antigenic peptides thai are
ditferentially modified during or after ranslation, e.g., by phosphorylation,

glycosylation, cross-linking, acylation, proteolylic cleavage, linkage to an antibody
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meoleeule, membrane niolectle or otiter Haand, (Ferguson at al {1988) Ann. Rey.
Biochem, $7:285-320).

Iselation, Cultoring and Expanrsion of APCs, Including Dendvitic Cells

The following is a brief description of two fundamental approaches for the
isolation nf APC. These approaches involve {1) iselaiing bone marrow precursor cells
(CD34") from blood and stimulating them to differentiate info APC; or (2) collecting
the preeommrtted APCs from peripheral blood. fn the first approach, the patient nust
be treated with cytokines such as GM-CSF to boast the number of circulating CD34"
stem cells in the peripheral blood.

Tie second approach for isolating APCS is te collect the relatively lerse
numhers of precommitted APCs alveady eirenlating in the blood. Previous teehnigues
for isolating cominitted APCs from human peripheral blood have invelved
combinaiions of physical procedures such as meirizamide gradients and adherence/non-
adherence steps (Freudenthal P.5. et al. {1990) Proc. Matl. Acad. Sci. USA 87:7698-
7702); Porcoll gradiemt separations {Melita-Damani ct al. (1994) J. Immunoel. 153:995-
1003); imé fluorescence activated cell sorting technigues (Lhomas K. et al. (1993) ).
Tmmunel. 151:6840-6852).

Une technique for separating large numbers of eclls from one another is known
as countercurren centrifugal elumiation (CCE). In this technique, cells are subject to
sitnultanenus centrifugation and a washout stream of buffer that is constantly increasing
in flow rate. The constantly inicrcasing eounterewsrent flow of buffer loads to fractional
cell separations that are largely based on cell size.

In one aspect of the nvention, the APC are precommitted or mature dendritic
cclls which can be igolated fiom the whitc blood cell fraction of 2 mammal, such as a
murine, simian or 8 human {See, e.g, WO 96/23060). The white bloed ccll faction can
be from the peripheral blood of the mammal. This method includes the following steps:
{a) providing a white biood cel! fraction oblained from & mamnalian source by methads
known jn the art such as leukophoresis; (b) separating the white blood cel] fraction of
step (a) into four or moze subfractions by countercurrent centrifugal elutelation; (c)
stimulating conversion of monocytes in ane or more fractions fom step (b) to dendritic
cells by contacting the eells with czleium ionephore, GM-CSF and IL-13 or GM-CSF
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and IL-4, {d) identifying the dendritic cell-enriched fraction fTom step (c); and (e}
collecting the enriched fraction of siep (d), preferably ai about 4°C. One way to identify
the dendritic ccll-eoriched fraction is by fluorescence-sctivated cell sorting. The white
blood cell fraction cen be treated with caleium ionephorc in the presence of other
cytokines, such as recombinant (rh) thIL-12, thGM-CSF, or thiL-4. The cells of the
white bload cell fraction can be washed in buffer and suspended in Ca™/Mg™ fiee
media prior to the scparating step. The white blood cell fraction can be obtained by
leukapheresis. The dendritic ceils can be identified by the presence of at least one of
the following markers: HLA-DR, HLA-D(Q, or B7. 2, and the simultaneous abscirec of
the following markers: CD3, CD14, CD16, 56, 57, and €I 19, 20. Manoclonal
antibodies specific to these coll surface markers are commercially available.

More specifically, the method requires collesting an enriched collection of while
cells and platelets from leukapheresis that is then further fractionaled by countercurrent
centrifugal chutriation (CCE) (Abrabansen T.G. et al, (1991) 1. Clin. Apheresis. 6:48-
53). Cell samples are placed in a special elutriation retor. The rotor is then spur al a
constant speed of, for exemple, 3000 rpm. Once the rotor has reached the desired
speed, pressurized air is used to contrel the flow rate of cells. Cells in the eluiriator are
subjected to simultancous centrifagation and a washout stream of buffer that is
conslantly increasing in fow rate. This results in fractional ccll scparations based
{argely but ot exclusively on differsnces in celt size.

Quality conircl of APC and mere specifically DT eolleetion and confitmation of
their sucgessfal activation in culture is dependent upon a simultansous multi-color
FACS amalysis technique which menitors both monoeytes and the dendritic cell
subpopulation as wsll as possible contaminant T lymphocytes. It is based upon ihe fact
that DCs do not express the following markers: CD3 (T cell); CD14 {monoayte);
CD16, 54, 57 (NK/LAK. eells); CD19, 20 (B calis). Af the same time, DICs do express
large quantities of FILA-DR, significant HLA-DQ and B7.2 (but little or o BT.1) at the
tine they are eirewlating in the blood (in addition they express Len M7 and M9,
myeloid markers which are also expressed by menocytes and neutrophils).

When vombined with a third color reagent for analysis of dead eells, propridium
iodide (PI), it is possible to make positive identification of all cell subpopulations (see
Table 1):
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EACS analysis of fresh peripheral cell subpopulations
Color#1 Color #i2 Colorstd |
Cocktail HLA-DR b
3/14/16/19720/56/587
Live Dendritic cells | Wegative Positive Negative
Live Monocyles Puositive Positive Negative
Live Neutrophils Negative Negative Negative
Dead Cells Variable Variable Positive

20

Additional markers can be substituted for additional analysis:
Color #1: CD3 alone, CD14 alome, ete.; Leu M7 or Len M$; anti-Class I, etc.
Color #2: HLA-D(, B7.1, R7.2, CD25 ([L2r), ICAM, LFA-3, etc.

The goal of FACS analysis at the time of collection is to confirm that the DCs
are enriched in the expecied fractions, to menitor nevirophil contamination, and to make
sure that appropriatc markers arc cxpressed. This rpid bulk collection of enriched DCs
from human peripheral blood, suitable for clinical applications, is absolutely dependent
on the analytic FACS techmique described above for quality conirol. 1 need be, mature
DCs can be rmmediately separated from moenocytes at this point by fluorescent sorting
for “cocktail negative” eclls. It may not be necessary to ronfinely separate DCs from
menocytes becanse, as will be detailed below, the monocytes themselves are still
capable of differentiating intg DCs or functional DC-like cells in culture.

Once collected, the DC nich/menocyle APC fractions {usually 150 throngh 1490)
can be pooled and eryopreserved for future use, or immediately placed jn short term
culture.

Alternatively, othors have reported a method for upregulating (activating}
dendritic cells and converting monecytes to an activated dendrilic cofl phenotype. This
method involves the addition of calcium ionophare to the culture media convert
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monocytes into activated dendritic cells. Adding the caleium 1enophare A23187, for
cxample, at the beginming of 2 2448 hour culture period resulted in uniform activation
and dendritic cell phenotypic conversion of the pooled “monocyie plus DC” fractions:
characterislically, the activated population becomes uniformly CDH 4 (Leu M3)
negafive, and upregulates HLA-DR, HLA-DQ, ICAM-1, B7.1, and B7.2. Furthermore,
this activated bulk population forctions as well on a smail mumbers vasis as a further
purified.

Speeific combination{s) of oytokines have hean used successiully to amplify (or
partially substitute) for the activation/conversion achieved with caleium ionophore:
these cylokines include but are not limited to purified or recombinant (“rh™) thGM-
CSF, rhIL-2, and rhi}-4. Each cytokine when given alone is inadequale for optimal

upregulation.

Presentation of Antigen to the APC

For purpeses of immunization, the antigerie peplides {MNos. 3, 5,7, 9, 11 and 13)
can be delivered to antigen-presenting cells as proteidpepiide or in the form of cDNA
encoding the protein/peptide. Antigen-presenting cells (APCs) can censist of dendritic
cells (D Cs), monocytes/macrophages, B Iymphocytes or other cell type(s) expressing
the necessary MHC/co-stimulatory molecules. The inethods described below facus
primarily on DCs which are the mast potent, preferred APCs.

Pulsing is accomplished in witro/ex vive by exposing APCs to the antigenic
profein or peptide(s) of this invention. The protein o peptide(s) are added to APCs ata
concentration of 1-10 pm for z2pproximately 3 bours. Pulsed APCs can subsequently be
adininistered to the Lost via an intravenous, subcutaneous, intranasal, intramuscular or
intraperitoneal route of delivery.

Profein/peptide antigen can also be delivered in wivo with adjuvant via the
intravenous, subcutaneous, intranasal, intramuscular or intraperitoneal ronie of delivery.

Paglia et gl. (1996) I. Exp. Med. 183:317-322 has shown that APC incubated
with whole prolein i vitro were recognized by MHC class I-restricted CTLs, and that
immunization of animals with thess APC led to the development of anfigen-specific
CTls iz vive. In addition, severa) different techniques have been described which lead

to the expression of antigen in the cytosol of APCs, such as DCs. These include (1) the
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mtroduction into the APCs of RINA isolated from tumor eelis, (2) infeetion of APCs
with recombinant vectors to induce endogenous expression of amtigen, and (3)
introduction of lunor aotigen info the DC ¢ ytosol using liposomes. (See Boczkowski
B, gt al. {1996) 1. Exp. Med. 184:465-472; Rouse et al, {1994} 1. Virel. 68:5685-5689,
and Nair ot al. (1992) I. Bxp. Med. 175.009-612).

Foster Anfigen Prescoiing Cells

Fuster anfigen prosenting cells arc particularly useful as target cclls, Foster
APCs are derived from the humen celi line 174xCEM.TZ, reforred to as T2, which
contains a mutation in its antigen processing patiiway that restricts the asscciation of
endogenous peptides with cell surface MIIC class I moleoules (Zweerink t 2l (1993) 1.
Imuriunel, 150:1763-17713. This Is due to a large homozygous deletien in the MHC
ciass I region cncornpassing the gencs TAPL, TAP2Z, LMPIL, and [LMP2, which are
requircd for antipen presentation to MHC! class 1-restricted CDE™ (V1s, In effect, only
“empty” MIIC class [molecules are presented on the surface of these cells. Exogenous
peptide added to the culture medinm binds to these MHC molecules provided that the
peptide contains the allcle-specific binding motif. Thesc T2 cells are referred te horein
as “foster’” APCs. They can be used in conjunclion with this invention to prosent
antigei(s).

Transduction of T2 cells with specific recombinant MHC atleles allows for
redirection of the MFIC resiriction profile. Libraries tailored to the recombinant allele
will be preferentially presented by them becauss the anchor residues will prevent
officient binding to the endogenous aliele.

High level expression of MHC molecules makes the APC more visible to the
CTLs. Esprossing the MHC allele of interest in T2 cclls using a powerfal
transcriptional promoter (e.g., the CMV promoter) resuits in a more reactive APC (most
Tilely due to & hipher concentration of reactive MHC-peptide complexes on the cell
surface)

Inomunopenicity Assays-
The immunegenicity of invention ligands can be determined by well known

methodologies inchuding, but noi limited to thase exemplified below. In one
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embodiznent, such methodology may be employed to compare an altered ligand of the
invention with the corresponding native ligand. For example, aiy altered ligand may be
considered “morc active” if it cornparcs favorably will the activity of the native ligand
in any one of the following assays. For some purposes, one skilled in the art will seieet
an immunogenic lgand which displays more aclivity than another immunogenic ligand,
{ e, for treatment and/or diagnostic purposes. However, for some applications, the use
of an immunogenic ligand which i3 comparable with the native ligand will be suitable.
Ir: other situstions, it may be desirable to utilize an immunogenic ligand which is less
active. It hias been suggested that such levels of activity positively corrclate with the

level of immunogenicity.

1. S rrelease lysis assay. Lysis of peptide-pulsed 'Cr-labeled targets by
antigen-spesific T cells can be compared for target calls pulsed with either the
native or altered ligands. Funetionally enhanced ligands will show greater lysis
of targeis a5 8 [unction of time. The kinetics of lysis as well 2s overall target
lysis at a fixed timepoint (e.g., 4 hours) may be used to evaluaie lizand
performance. (Ware C.F. et al. (1953) . Tmmunol. 131:1312).

2. Cytokine-release assay. Analysis of the types and quantities of cytokines
secrcted by T cells upan contacting ligand-pulsed targets can be a measure of
functional activity. Cytokines can be mcasured by ELISA or ELISPOT assays to
determing the rate and lotal ameunt of eytokine production. (Fujihashi K. et al.
(1992 J. Immwmel. Meth. 160:131; Tapquay 3. and Killion J.). {1994)
Lymphokine Cyteking Res, 13:259).

3. Ju vitre T ccll edueation. The ligands of the invention can he comipared to the
carresponding native ligand for the ability to elicit ligand-reactive T cell
populations from notmal donor or patient<lerived PBMC. In this system,
elicited T eells can he tested for Iylic activity, cytokinsrelease, polyclonality,
and cross-reactivity to the native ligand. (Parkhurst MR, etal (1996) I
Trmimunol. 157:2539).

4. Transgenic gnimal models. Immucogenicity can be assessed in wve by
vaccinating HILA transgenic mice with aither the Hgands of the invenlion ar the

native ligand and determining the nature and magpitade of the induced inunune
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response. Alternatively, the hu-PBL-SCID mouse madel allows reconstitution of
2 human immune system in a mouse by adoptive transfer of human PBL. These
animals may be vaccinaied wilh the ligands and analyzed for immune response
as previousty mentioned. (Shiral M. et al. (1995) J. Immunol. 154:2733; Mosier
D.E. ¢t at. {1993) Proc. Nall. Acad, Sci. USA 90:2443).

Proliferation. T ceils will prolifcrate in rasponse to reactive ligands.
Prolifcration can be maonitored guantitativaly by measuring, for example, *H-
thymidine uptake. {Caruso A. et al. (1957} Cylometry 27:71).

Tetramer staining. MHC {etramers can be loaded with individual ligands and
tested for their relative abilities to bind fo appropriate effector T cell
pepulations. (Altman I.D. et al. (1996) Scicnce 274:5284).

MHC Stabilization, Exposure of certain cefl lines such as T2 cells to HLA-
binding ligands rasulis in the stabilization of MHC complexes on the cell
surface. Quantitation of MHC complexcs an the celi surfice has been correlated
with the affinity of the ligand for the HLA altele that is stabilized. Thus, this
technique can determine the relative HILA affimity of ligand epitopes. (Stuber G
et al. (1993) Int. Immunol. 7:653).

MHC competition. The ability of 2 ligand to interfore with the functional
activily of a reference lipand and its cognate T cell effectors is 1 measure of how
well a ligand can compete for MHC binding. Measuring the relative levels of
inhibition is ar indicator of MHC affinity. (Feltkamp M.C. ot ab. (1995)
Tmrmunol. Lgtt. 47:1).

Primate models. A recently deseribed non-human primate (chinmpanzee) model
system can be utilized to monitor in vive imnunogsnicitics of HL A-restricted
ligands. It has boer demonstrated that chimpanzees share overlapping MHC-
ligand specificilies with human MHC molecules thus allowing one to test HLA-
restricted ligands for relative in vivo inumunogenicity. (Berton R. et al. (1998) 1.
Tmmunol. 161:4447),

Monitoring TCR Signal Transduction Events. Several intraccllular signal
transduction events {e g, phosphorylation) are associated with suceessful TCR
engagement by MIIC-ligand complexca. The qualitative and quantitative
analysis of thesc events have been cortelaiad with the relative abilities of ligands
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to activate affector cells through TCR engagement. (Salazar E. et al. {2000) Int.
1. Cancer 85:829; Tsakov N. et al. (1995) . Exp. Med. 181:375).

Lxpansion of Immune Effector Cells

The present invention makes use of these APCs to stimulute praduction of an
enriched population of antigen-specific impmune effector cells. The antigen-specific
immune effector cells are expanded at the expense of tho APCs, which dig in the
culture. The process by which najve immune effector cells become educated by other
cells is described essentially in Coulie {1997) Molec. Med. Today 3:261-268.

The APCs prepared as described above ate mixed with naive immune effecior
cells. Preferably, the cells may be cultured in the presence of z cytokine, for example
IL2. Becavse dendsitic cells scercte potent immunostimulatory cytokines, such as IL12,
it may not be necessary (o add supplemental cylokines during the first and successive
rounds of expansion. In any event, the culture conditions are such that the antigen-
specific immune etfector cells expand (i e, proliferate) at a much higher rate than the
APCs. Multiple infusions of APCs and optional cytokines can be performed to further
expand the population of antigen-specific cells.

In one embodiment, the immune eftector cells arc T eclls. Tn a scparate
embodiment, the immune effector cells can be genatically modified by transduction
with a transgene coding for example, TL-2, IL~11 or [L-13. Methods for introducig
transgenes i vitre, ax vive and in vive are well known in the ari. See Sambrook et al.
{1989) supra.

Vectors Useful in Genetic Madifications

In general, genetic modifications of cells empleyed in the present inveniion are
accomplished by introducing a vector centaining a polypeptide or transgens encoding &
heteralogous of an altered aotigen. A varety of different gene transfer vectors,
inciuding virl as well a5 non-viral systems ean be used. Viral vectors ngefiil in the
genetic modifications of this Inveniion include, but are not limuted o adenovirus, adeno-
associated virus vectors, refroviral vectors and adeno-retroviral clumerc vectors. AFC
and immune effeotor eefls can be modified using the methods described below or by

anry other apprepriate methad knows in the art,
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Construction of Recombinant Adenoviral Vectors ot Adeno-Associated Virus
Vectors

Adenovirus and adeno-associated virus vectors usclul in the genetic
modifications of this invention may be produced according to niethods already taught in
the art. Scc, e.g. Karlsson et al. {1986} EMBO ). 5:2377; Carter (1992) Curr. Op.
Biotechnol. 3:533-339; Muzeyzka (1992) Current Top. Mictobiel. umunol. 158:97-
129; GENE TARGETING: A PRACITCAL APPROACH (1992) ed. A, L. Joyner, Oxlord
University Press, NY). Several different approaches are feasible. Praferred is the
helper-independent replication deticient human aderovirus system.

The recombinant adenoviral vectors bascd on the buman adenovirs 5 (Virelogy
163-:614-617 (1988)) are missing essential early genes from the adenoviral genome
(usually B1 A/EIB), and arc therefore unablc to replicaie upless grown in ponnissive
oell lines that provide the missing genc products in trans. In place of the missing
wdenoviral genomic sequences, a transgenc of nterest can be cloned end exprossed in
eslls infected with the replication defieient adenovirus. Alihough adencvirus-based
genc transfer docs not result in integration of the tranggenc into the host genome (less
than 0.1% adenovirus-mediated trunsfections result in transzens ncarporation into host
DNA), and therefore is not stable, adenoviral vectors can he propagated in high titer and
transfect non-replicating cells. Human 293 cells, which are human cmbryonic kidney
cells transtormed with adenevirus ELA/ELB genes, typify useful permissive cell lines.
Hewever, other coll lines wirich allow replication-deficient adenoviral vectors to
propagate therein can be nzed, ncluding HeLa cells.

Additional references describing adenovirus vectors and other viral vectors
which could be used in the methods of the present mvention Inelude the following:
Harwitz M.S. ADEWOVIRIDAE AND THETR REPLICATICH, in Ficlds B, ctal. (eds.)
VIROLOGY, Vol. 2, Raven Press New York, pp. 1679-1721 (1990); Graham F. et al,
pp. 109-128 in METHODS IN MOLECULAR BIOLOGY, Veol. 7. GENE TRANSFER
ANE EXPRESSION PROTOCOLS, Murray E. (ed.) Humana Press, Clifion, N.J. (1991);
Miller N et al. (1995) FASER J. 9:150-199; Schreier IL (1994) Phanmacentica Acta
Helvetiae 68:1435-159; Schneider and French {1993) Choulation 88:1937-1942; Curiel
D.T. et 41.(1992) Ham. Gene Ther. 3:147-154; Graham F.L. ot al. WO 95/00655 {5
Jamuary 1998); Falck-Pedersen E.S. Wi 93/16772 (22 June 1995); Denefle P, et al. WO
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95/23867 (8 September 1995}, Haddada H. et al. W 94/26914 (24 Novenber 1994);
Perricandet M. et al. WO 95/02697 (26 January 1995); Zhang W. et al. WO 95/23071
(12 October 1993). A vadely of adenovirus plasmids are also available from commercial
sourges, inchuling, ¢.g., Microbix Biosystems of Terente, Ontario (ses, e.g., Mictobix
Product Information Sheet: Plasmmids for Adenovinug Veetor Constiuction, 1996). See
also, the pepers by Vile et al. (1997) Nature Biotechnolegy 15:340-841; and Feng et al.
(1997) Nalure Biotechnology 15:866-870, describing the construction and nse of adeno-
retroviral chimeric veciors Ibal can be coployed 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. 3:533-339; Muzyczla N.
(1992} Current Topics in Micro. and Immunel, 158:92-12%; Flotte T.R. ot al. {1932)
Am. . Respir. Cell Mel. Biol. 7:349-356, Chatterjee ct al. {1995) Ann. NY Acad. Sci.
T770:79-59; Flotte T.R. et al. W 95/13365 (18 May 1995); Trempe LP. el 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 .M. WO 96/17947 (13 Jure 14465); and Du
et al. (1996) Gene Thetapy 3:254-261.

APCs ozn be transduced with viral vectors encoding a relevant polypeptides.
The nxost common viral vectors include recembinant poxviruses such as vaccinia und
fowlpox virus (Bronie et al. (1997) Proc. Natl. Acad. Sci. USA 94:3183-3188; Kim
et al. (1997) 1. Tmmunather. 20:276-286) and, preferentially, adenovirus (Arthor et al.
(1997 J. [mrounol. 159:1393-1403; Wan ct al. {1997) Human Gene Therapy 8:1355-
1363; Huang et al. {1995) I. Virol. 69:2257-2263). Retrovirus also may be used for
transduclion of human APCs (Marin et al, (1996} J. Vizol. 70:2957-2962).

Tri vitro/ax vivo, exposare of human DCs to adenovirus (Ad) veetor at a
multiplicity of infection (MOT) of 30% for 16-24 h in a minimal volume of scrum-fres
medium relisbly gives rise to transgene expression in 90-100% of DCs. The efficiency
ef ransduction of DCs or other APCs can be assessed by immunoilustescence using
fluarescent antibodies specific for the tumer anfigen being expressed {Kim et al. {1997)
1. Immunother. 20:276-286). Altomnatively, the untibodies can be conjugatod to an

enzyme {e.g., HRF) giving rise to a colored product upon reaction with the substratc.
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The actual amount of antigenic polypeptides being oxprossed by the APCs can be
evajuated by ELISA.

Transduced APCs can subsequently be administered to the host via an
intravenous, subcutaneous, intranasal, intramuscular or intraporitoneal route of delivery.

It vive wansduction of DCs, or other APCs, can be accomplished by
administration of Ad (or other viral vectors) via different routes including intravenous,
intrasuseular, infranasal, intraperitoneal or culancous delivery. The preforred method
iz cutaneous delivery of Ad veclor at multiples sites vsing 2 total dose of approaimately
1x10%-1% 10" iz, Lovels of in vive transduction can be roughly assessed by co-
staining with antibodies directed against APC marker(s) and fhe TAA beng expressed.
The slaining procedure can be carrisd out on biopsy samples from the site of
administration or on cells from draining lymph nodes or other organs whers APCs (in
particular DCs) may bave 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
axpressed at the site of ihyection or in other organs where transduced APCs may have
migrated ¢an be evaluated by ELISA on tissue homogenates.

Although viral gene delivery is more efficient, DCs can also be wansduced in
vitre/ex vive by non-viral gene delivery methods such as electroporation, caleium
phosphate precipitation or cationie lipid/plasmid DINA complexcs (Arthur et al. (1997}
Cancer Gene Ther, 4:17-25). Trausduced APCs can subsequently be administered to
the host viz an intravenous, subcutaneous, intranasal, intrantuscular or intraperitoneal
route of delivery.

It vivo iransduction of DCs, or other APCe, can potentially be accomplished by
administration of ¢ationdc lipid/plasmid DNA complexes delivered via the intravenous,
intramuscular, intanagal, intraperitoneal or eutanesus route of adgivistration. Gene
gui delivery or injection of nalked plasmid DA inte the skin also leads to transduction
of DCs (Condon et al. (1996) Natire Med. 2:1122-1128; Raz ot al (1994) Proc. Nail.
Acad. Sci. USA 91:9519-9522). Intramuscular delivery of plasmid DNA may alse be
used for inumumization (Rosato et al. (1997) Hums. Gene Ther. 3:1451-1458.) ’

The transduction efficiency and levels of transgene expression can be assessed

as deseribed above for viral vectors.
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Adoptive In herapy and V;

The expanded populations of antigen-specific immune effector cells of the
present Mvention also find vse in aloptive immunotherapy regimes and as vaceincs.

Adeptive immunotherapy methods involve, in one aspect, administering to a
subject a substantially pure population of educaied, sntigen-specific immune effeclor
cells made by colturing najve immune effector ceils with APCs as described above.
Preferably, the APCs are dendritic cells.

In one embodimenl, the adoptive inymnotherapy methads described herein are
autalogous. In this case, the APCs are made using parentul cells isolaled fiom a single
subfect. The cxpanded population alse employs T celis isolated (rom that subject.
Finally, the expanded population of antigen-specific cells is adminisiered to the same
paticnl.

In & further embodiment, APCs or insmune offector cells are administered with
an effeetive amount of 2 stimulatery eytokine, such as TL-2 or a co-stimulatory
molecule.

The agenis identified herein as effective for their intended purpose can be
administered to subjects having tumors cxpressing buman canser umor antiyen
ATF4/CREB-2 as well as or in addiiion lo individuals susceptible to or at risk of
develaping such tamers. When the agent is sdminisiersd to a sabject such as a mouse, a
raf or a human patient, the agent can be added to a pharmacentically aceeptable canier
and systemically or topically administered to the subject. To determine patients that can
be beneficially treated, a wmor regression can be assayed. Therapeutic amounts can be
empirically dotenmined and wili vary with the pathology being treated, the subject being
treated and the efficacy and toxicity of the therapy.

Admiuistration in 1vo can be sffected ir one dose, continuously or
intermittently throughout the course of trealment. Methods of determining the most
effective means and dosage of administration are well known to those of slall in the art
and will vary with the compaosition used for therapy, the puepese of the Iherupy, the
target cell being treated, and the subject being treated. Single or multiple
administrations can be cwrried out with the dose level and pattem being sclected by the
treating physician. Suitable dosage formulations and metheds of adniinistering the

agents can be found helow.
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The agents and coroposiiions of the preseut invention can be used i the
manufacture of medicaments and for the ireatment of huimans and other animals by
admintsiration in accordance with conventional procedures, such as an active ingrediont
in pharmaceutical compositions,

More particulazly, an agent of the present invenlion also referred to herein us the
active i gredient, may be administered for therapy by any suitable route including nasal,
topical {including transdermal, aerasol, buccal and sublingual), parental (including
subcutaneous, intramuscular, intravenous and intradenzal) and pulmonary. It will also
bie appreciated that the preferced route will vary with tha condition and age of the
recipient, and the diseasc being treated.

The preceding discussion and examplces are infended merely to illusiratc the art.
As s apparent io one of skill in the ari, varions modifications can be made to the above

witheut departing foom: the spirit and scope of this invention.
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What {s claimed is:

5 L A corpound having the strueture:
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s (He ¥l Wl
i
OH NHz
2. A compound having the struciure:
16

o a L+] o [s]
N H [ nH I H il H I H 1) I H [
HQN"-CIH'CTN_([:H*C—“—?H'C—NﬁiliH'C*—N*CH-C*N*CH-C“N—CI:H-C_N—CH-C—N—CH—C—OH

] i
CH, $ra CHy gHa gHHy  cH, CH, CHy CH-GHy
|
CH-CH CH, oH CH,
é;H SN/% éHz ; N/% :
S S TR pa—
.
NH, ok
3. A compound having the structure:
0 a o a o q 0 o
i n 1H [ i n L L
Fa—GH C—H—CH G N G Gt GH G CHC == OGN G C R Gi C—H—GH G0
CHy gz cHy {Ha CH, CHy CHy GHCHs GOk

CH-G CH, o =

éH *hm/% le N/% CHy CHa
ol

S SN Yoy
i
NH
53
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4, A compound having the structare:

(100)

PUTIUSOTATASS

4] o o]
1l

CHy CHz ? H-CHa
CHy

oH

o o o
imn iw
= CH-C—=MN~=CH-C—MN—CH C—{H
CH, ChH, CHACHy
PECH,  CHy
CH,
oH

o o o o a o
I H I H nd il H i H ] H 1 i
Hahl— GHC—N~—EH C—N—CH C—N—CHC—H~—CH C—N—CH-C—R—EH-CR—Ch C—R—Ch C-on
CHgz CHp CHy CHy CHz Gy
+H-CH CH,
EH; WYy L ”)ﬁ ka
HN
L RS
P
RHy
3
5. A compound having the stracture:
o o o o
i_H TR ] 0 A ] ]
HzN—CH-G—N—CH-C—N—?‘H-D—N—CH-C—N—C‘IH-C—N—CH-C—N
CH, Hz CH; CHy GHCH,  CH
CH-CH, CH, GH,
R V™ I BTN
CHy CHe
NH I NH
CH,
NHg
10
4. A compound having the structure:

0 o [+] Q e} Q a
[T P P ia 0w 3
HgN—?H'C—N—‘CH'C—N—II:H'C—N'—?H'C—N C'-*N-‘?WC*N-*(EH-C‘N*?H*C‘-—N*CH'C—OI-

?Hz GCHg CHg ‘1‘3“2 J CHy

GH; CH,

c!:H: L L Ny

il L [Hz Y s

P e

NH; NH,

56
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5 CHy Chz
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25

3¢

7. A peptide comprising the amino acid sequence of SEQ TD NO:2 wherein amine
acids 42, 43, 44, 46, and 50 are T, L, ¥, W and V respectively.

s, A peplide comprising the amizo acid sequence of SEQ ID NQ:2 wherein amino
acids 42, 43, 44, 46, 48, 49 and 50 are I, L, H, V, F, ¥ and V respectively.

o. A, peptide compriging the amino acid sequence of SEQ T W02 wherein amine
acids 42, 43, 44, 46, 48, 49 and 50 are F, T, H, W, W,V and V respactively.

10. A peplide comprising the ymino acid sequense of SEQ ID NC:2 wherein amino
acids 42, 43, 44, 46, 48, 49 and 50 are F, L, H, W, W, Y and V respectively.

11. A peptide cornprising the amino acid sequencs of SEQ I NO:2 wherein amino
acids 42,43, 44, 46, 48,49 and 50 are F, L, K, V, Y, L and V respectively.

12. A poplide consisiing of amino weids 42 through 50 of SEQ 1D NO: 2.

13, A peptide of any of claims 7 to 12, further comprising a biologically active

immunoglobulin variable domain bound to sald peptide,
14, A peptide of any of claims 7 10 12, farther comprisittg an agent covalenily linked to
said pepltide, wherein sald agent Is capable of largeting said peplide to an antigen
presenting cell.

15. The peptide of claim 14, wherein said antigen presenting cel] is 2 dendritic ecll

16. A peptide of any of claitos 7 1o 12, lurther comprising an MHC class I binding
helper peptide.

17, A polynuclectids that encedes an amine acid sequence comprising the amine acids
2f 3EQ TID NO:3,

JP 2004-503217 A 2004.2.5
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18. A polyaucleotide that eocodes an amino ucid sequence comprising the amino acids

of SEQ TD NO:5.

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

20. A polynuclectide that encodes & amino acid sequence comprising the amine acids
of 8EQ [D NO:9.

21. A polynucleotide that encodes an amino acid sequence comprising the amine acids
of SEG D NQ:1H.

22. A polynucleotide thut encodes an amine acid sequence comprising the amino acids
of BEG ID NO:13.

23. A polynucizotide that encodes 4 peptide of any of claims 7 t0 12,

24. An antibody that specifically recognizes and binds a compound of any of cleims 1 to
6.

25, A method for inducing an immune respense in a subjest, comypising deliverng an

effective amount of a compound of any of claims 1 to 6 to the subject.

26. The method of claim 25, wherein the compennd is delivered in the context of an
MHC molecule.

27. The method of claim 26, wherein the MHC melocule presents the compound oa the

surface of an antigen prescoting cell.

28, The method of claim 25, wherein the componnd is delivered as a polyincleotide that

encodes the compound.

58
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2%. A method of immunotherapy, comprising administering to a subjcct an effective

amount of an antibody of claing 24.

32, An lmmune effecter cell that has-been raised /n vitrs or in vive in the presonce and

‘3L

3z

32,

3

35,

36,

37

-+

at the expense of an antigen prasenting cell that presents the compound of any of

claims 1 to 6 in the context of an MHC molecule.

A method of adoptive immunotherapy, comprising administering an effeclive

amount of the imnune effector cell of elaim 3¢

A composition comprisieg at least twa immunagenic ligands, wherein suid
immunogenic ligands are individually characterized by an ability to elicit ag
immune response against the same native ligand, and wherein said immunagenic
fizand is selecied from the group comsisting of FTLYKWHGFV (SEQ 1D ND:3),
FLHKVHFY'V (3EQ D NO:S), FLERWHWVYV (SEQ ID NO7), FEHKWHWYV
(SEQ D NO:9), FLHKVHYLY (SEQ ID KNO:11) and KHFEPHGFS (SEGQ ID NO:
13).

The composition of clain: 32, further comprising a biclogically active

immuneglebulin variable domain bound 1o said immunogenic ligands.

The composition of elaim 32, fnther ¢omprising an MHC moleculc bound to said

imtaunogenic lgands.

‘The composition of claim 32, wherein said immunogenic ligands are linked

covalently.

The composition of claim 32, further comprising an agent covalently linked to said
immunogenic lgands, whersin said agent is capable of largeting said immunogenic

ligands to an antigen presenting cetl.

The compesition of ¢laim 36, wherein said antigen presenting cell is a dendritic cell.

59
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a8,

39,

The composition of claim 32, further comprising an MHC class II binding helper

paptide.

The composition of any of claims 32 te 38, further comprising a cacrier.

40, The compasition of ¢laim 39, wherein the carrier is a pharmaceutically acoeptable

4

4

[

4

'

44

8

wn

46.

carrier.

. A host cell comprising at least two immunogenic ligands, wherein said

immunogenic ligands are individaally characterized by an ability to elicit an
immune respanse against the same native ligand, and wherein said immunogenic
ligand is selected from the group consisting of FLYKWHGEV (3EQ) 1D NQ:3),
FLHEVHFYV (SEQ 1D NO:5), LLHEWHWVV (SEQ ID NO:7), FLHKWHWYV
(SEQ D NO:9), FLHKVHYLV (SEQ ID NC:1) ) and KHEKPHGFS (SEQ TD NO!
13).

. The host cell of claim 41, wherein the host cell is an antigen presenting cell ang the

immunegenic ligands are presented on the surface of the cell.

. The host cell of elabn 42, wherem the antigen presenting cell is a dendritic cell.

A composifion comprising $he hest cell of any of clalms 41 {0 43 2nd a carder.

. The composition of claim 44, wherein the carrier is a pharmaceutically acceptable

carrier.

A method for inducing an immune respense I a subject, comprising deliverinyg to
the subject a composition comptising an effective amount of twa or more
immunogente ligands, wherein cach of said Imnunogenic ligands is charactorized
by an ability to elteir an mnune response againgt the same native Hgand, and

whesein said immunogenic ligand is selected from the group consisting off

60
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FLYKWHGFV (SEQ [D NO:3), FLEKVEFYV (SEQ ID NO:5), FLHEWHWVY
(SEQ ID NO:7), ELTKWITW YV (SEQ D NO:9), FLREVEYLY (SEQ ID NO:i 1)
and KHFKEHGFS (SEQ T NO: 13).
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<110=

<120

<130

<140>
<141=

<1602
170>

<210
«Z11ls
=212»
<213

<403 >
gikttetact
cggeogeeck
cattggeckt
taagocatgg
ttttggatby
aacgagegec
gatroggaaa
cocegagede
aagatggegg
geggeegety
agaakoocet
goaaatacaa
ataaghggna
cteatteagg
cgaattaages
tgagcagoga
ctgaagaaag
atgggttcta
tggtroagtce
agaadatgoa
ccatgooaga
tcocaggagac
gtttascaaa
caggggkect:
atetcactga
goatazagga
cctatctggy
catotocasy
agatagrage
aazacaagac
ctmgtgagky
tgaceaagaa
agaaaagogt
tgtagokgtg

SEQUENCE LIETING
Charles Nicolette

THEFAPEUTIC COMPOUMDS FOR OVARIAN CRNUER

6E1ZE881209840

Unasgigned
2401-05-30

14

FastSEQ for Windows Version 3.0
1

2015

DHE

Homo sapiens

1

tbgcocegooos acagatgtrag bbtbctetge goghgtgegt
caggghccac ggucaccaty goghbatbtagg ggoagroagtg
tgragoggeg goajoagoac caggeteotge ageggoaace
<gtgagtacc geggegggte gtocagotgt gotoctgggy
JEgggaTges gocigggyec agagedgtye Cgecaagggy
cgygacyeyt ¢OCCLtTget bgogiyrocs cgagacgete
gegtagtogy gtgooeggac btgekicccca ggagooctac
cgoaaggtoe caggggtott ggotgbbges coacgaaacyg
cggeagggeg godgegrgyy cgbgaghcaa gggegggedy
googtattty gacgtgugoa cggagogcett toctottoge
ggtctocgty agegrhacatt ttgbggmacc taagttgoss
ctgoecktgtt cocgattete tagakggeocg atctagagaa
yyabgaaabt cteagaacag ctaacckcta acgggagttg
cttekbecacgg catbcageay cagegtiget ghaacegaca
zcaticctog attocageaa agraccodgeaa catgacogaa
ggtgttgoty goggacttoa tgtccecocctt cgaccogheg
octaggbote ttagabgatt acckggaggt gaccaagcac
cagogacaay gataaggoog gobechicoga atggotgget
ctooaaeaac agcaaggagg atgocttoto cgggacagat
tttgasggag ttogaettgy atocceigit gogtatagat
tgacebbety accacgttoy atgacacttg tgatekotit
taatsagcag cocccoceaga cggtgaaccs aattggeoeat
acccgaccag gtbtgococct tocaccttoctt acsacctott
gbkcotepact ceagatoatt cohttagttt agagotgege
zggagebagg aagocagact acackgetta cgttgecatg
ggaagacacc ccttcagata atgaragrtgg catchgtatyg
gtctocckoag cacagoocoot ctacocagggy cocotecaaat
tgttototat gggiotgoce gitoccasace thacgateet
ageaazagta aagygtgada aactggataa gamgotgaas
agcagocact aggtaccgoc agaagaagag ggoggagoag
Ccaaagagctg gaaaagaage acgaggrtct aaaagagasg
gatccagtas ctgaaagabt tgatagaaga gglccgcaag
cecctagttg aggatagbeca ggagogteaa Lavgettgta
tgttccaata aattatittg tagog

(106)

PUTIUSOTATASS

ttteockect
cctacggcag
cocagogget
cegaeaeggs
gazgogatit
goegtgeaty
ageectogaa
tgeaggasoco
tgggcgggye
Sgccggtsga
qUaggIsgeg
atcoogects
gottotgatt
aagacacctt
atgagettoo
g9rttygagd
thoaaaccteo
grggatgggt
tggatgttgg
gacctygaaa
geccdackay
ckccocagaaa
cocottteooo
agtgaagtgg
abtcocteagt
agcocagage
aggagecLoo
cotagagaga
adaatygage
gaggetetta
goggattece
GeARYYUAGSR
catagagtge

(34
120
180
240
300
360
420
488
540
600
&0
720
TEQ
640
83a
Sa0

1020
lo8a
1140
1zoo
1260
1320
1280
1440
1500
1560
1620
LeB0
1740
1600
1850
1820
1220
2015
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Glu

Fro
1435
Gln

e
225
Ser

<210>
<211
<213
=213

<400=

Thr
Ser
Len
Ser
a0

Gly
Thr
Rla
Thr
Thr
130
alu
Pro
Fhe
Lye
Glu
210
Glu
Fro
Fro
LyE
Thr
230

alu

Ile

Glu
Fro
Asp
Ber
Len
Esp
Leu
Thr

115
bsn

Leu
Ser
Pro
185
Gln
Sex
Rsn
Lye
Gy
275
Ala
Thr

Arg

Glu

<210=
<200
«2123>
<2132

<230z

z
351
DRT

Homo sapiens

2
Met

Fhe
20

Asp
Aop
val
TP
Leu
100
Leu
Lys
Leu

Fro

Leu

130
hsp

Azp

Tyx

Pro
2690
clu
Ala
Gly
Ala

Glu
340

3
g
LRT

Ser
Rsp
Tyr
Lys
ser
Met
Gly
RSP
Gln
Thy
Lieu
1£5
Glu
Tyr
Thy
Leu
Ser
245
Tyx
Lys
Thr
Glu
Asp

225
Val

Prao
Law

Ala

Asp
FPro
Lys
1s¢
Ser
Leu
Thr
Pro
aly
230
Leu
Ry
Leu
Arg
Cys
310

fer

Arg

Tew
Sexr
Glu
Ly
55

Ser
Glun
Rap
Thr
Fro

Pro

2la
Sex
21E5
Ser
Pro
Fro
Rep
Ty
235
Lys

Leun

Lys

Ser
Gly
val

Ala
Aan
Lys
Rep
Cys

120
Bln

Gly
Ser
Tyr
200
Bep
Pro
Ser
Fra
Lys
280
Arg
Glu
Ala

Ala

Artificial Sequence

Ser
Leu
Ada
a1y
Asn
Met
Leu
105
Asp
Thy
@ln
Val
Glu

i85
Val

Gln
Ero
Gy
285
LYE
Gln
Leu
Lys

hry
ELH

Glu
0
Gly

Lys

Sar
BEp
s0

Glu

Lan

val
Len
170
val
Ala
Rop
Hiz
Gly
250
Glu
Leu
Lys
Glu
Glu

330
Gly

Ber
Lya
75

Leu

Ala
1=5
Ser
Asp
et
Ser
Bex

235
Val

Lys
Lys
Lys

315
jar

Leu
Glu
Phe
ea )
60

Glu
Lys
Het
Ala
PIO
140
Ser
ile
Il
31y
220
Pro
Leu
Met
Lys
Axg
300
Lys
Gln

Lys

Val
Glu
Lys
Trp
Asp
Glu
Pro
Bro
i28
Ile

Phe

Thx
Fro
208
Tle
Sexr
Cys
Val
et

288
Ala

Gly
Ser
30

Pyo
Leu
Ala
The
Rep

210
Leu

Glu
150
Gln
Cys
Thx
3ly
Als
270
Glu
Glu
Glu

Leu

Wal
350

Bsp
is

Leu
His
ala
Phe
Asp
LS

Asp
Val
His
DPhe
Asp
173
Ly
Cys
Met
Axg
Ber

255
Ala

Gln
Ala
Lys

235
Fro

(107)
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Gly
Gly
Val
Ser
14

Leu
Ley
Gln
Leu
Leu
180
His
hso
Ile
Sex
Gly
240
Ala
Inrs
Asn
Glu
Leuw

330
Asp
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<223>

<100>
Phe Lau Tyr
1

210>
2211x
<212
213>

=220
€233

<221
c2322
<A23s

=2Z1>
<222
223>

w23
<222=

=223

<400

ATF4/CREB-2

3
Lys Trp His Gly Phe Val
=)

4

z7

DHA

Artificial Sequence

BATF4/CREE-2

mise_feature
(8) ... (8}
nis A T, For T

mise_feature
(21)...(21)
nie A, €, Goxr T

mise_feature
(27) ... (37)
nis A, O, Gor T

%

ttyytntaya artggeaygg ntkygtn

<210>
<211»
w212
213>

“220x
<223

10D
FPhe Lew His
1

<210
221>
<213>
=213

<220=
2223

«221x
223>
<223

<221>
e2ZZx
233

5

E)

ERT

Artifieial Segocncoe

ATF4 /CRER-2

5
Lye Vel His Phe Tyr Val
g

&

27

DNR

Artificial Sequence

RTF¢/CRER-3

mizc_feature
(&]...(8)
nisa, &, Gar T

mizo_featuxe
(15)...{15)
nis A, T, Gor T

(108)
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<2212
222>
w223

<400

misc_feature
(27)...(27
nis A, O, G ar T

€

tryytncaya argtncaytt yraygtn

<210%
«221s
<212>
<2132

222l
=323

<400
Phe Len His
1

=210
211>
212>
213>

<220r
<233

2221
s222>
<223

=221x
«d32n
=333
221>
=232
<223

=400

?

2

FRT

prtificial Sequence

ATF4/CREB-2

7
Lys Trp His Trp Val Val
g

&

27

DRA

Artifiecial Sequence

ATF4/CRER-3

misc_feature
(6} ... (&)
niz A C, Sor T

mizc_ Feature
(24). .. (24)
nisa O, GorT

misc_feature
(27)...1(27)
nis A, O, GOor T

a

Etyytneaya artgacaytg ggtngta

210>
<211>
<212=
<213>

wARhe
<223

<400
Phe Leu His
1

=210
=211
<212>

a

9

PRT

Artifieisl Sequence

ATF4/CREE-2

a

Lye Trp Hie Trp Tyr val
5

10
27
DNA

(109)
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«213>

<230
<2232

<221
<222
<283

=221
=222

<323

<400

Artificlal Sequence

PTFA/CREB-2

misc feature
{8)...186)
nis A, O Gor T

misc_feature
27)...127
nis A, C, Gor T

10

ttyytnocaya artggeayta gtayabo

210>
<211
<212
<213

=220
2233y

<400
Phe Leu His
1

<210
=211>
=212s
«213>

=220
<223

<231
<222=
<223

<222
€222
=223~

<221>
<222
<223

<221
<2222
<223
«2Zl>
=232

=223

<400

11

]

PRI

prtificial Seguence

ATF4/CREE-2

it

Lys Val His Tyr Leu Val
5

12
27

DNA

artificial Seguence

ATFA/CREE-2

mise_feature
(6Y...18}
nis a, ¢, Sor T

wige_featurs
(18} ... (15)
nis ak, C, Gor T

mise feature
{22} ... {z2)
nis A, @, Gor T

mize feature
{24} (24}
nisha C, Gor T

migc_feature
(27)...{27)
nis A C GorT

1z

(110)
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WU 0142306 POTIUSOTATASE
ttyytncaya argtncayta yntngtn 27
«2i0s 13
=211> 5
«212>» PRT

<213> Homo sapiens

a2
©223%% ATF4/CREB-2

=400% 12
LyE His Phe Lys Pro Hie Gly Phe ger
1 5

210> 14

<211 27

=212> DNA

«213>» Artificial Eequence

<2202
¢223> ATF4/CREB-2

<22l> wigc_feature
c222> (15)...{15)
223> n iz A, C, G or T

<221> misc_featurse
<2233 (21)...{21)
<323 n is A, O, G ox T

<221> miec_feature
2222 (27)...(27)
c223» n g A, C, G or T

<400 14
aarosyttya arconcaygg nttywsn 27
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