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COMPOSITIONS ANMD METHCDS FOR THE THERAPY AND DIAGNOSIS
OF COLON CANCER

TECHRKICAL FIELD OF THE INVENTION

. The. present invention relates generally o therapy and diagnosis of
cancer, such ay colon cancer. The invention is more specifically relaled to polypeptides
conmprising at least a portion of & colon tumor protein, and to polynucleotides encoding
such polypepfides. Such polypeptides and palynucleotides may be used in vaccines and

pharmaceutieal compaosilions (or prevention and treabment of colon malipnancies, and

for the diagnosis and monitoring of such cancers.

BACKGROUND OF THE INVENTION

Cuncer is a significant health problem thronghoud the world,  Although
advances have been made in detection aud therapy of cancer, no vaccine or other
universally successful method for prevention or tfreatroont is currently available.
Current therapivs, which are geperally based om @ combination of chemotherapy or
surgery and radiation, continue to prove inadequate in many patisnts.

{Colon caneer is the sccond most frequently diagnosed matignarey in the
United States as well as the second most common cause of cancer death, The five-year
survival vate for patients with colorectal coneer detected in an early localized stage is
93%; unfortunately, onky 37% of colorcetal cancer js diagnosed at this stage. The
survival rale diops to 64% i the cancer 15 allowed to spread to adjacent organs or
Iymph nodes, and to 7% in patients with distant metastases.

The progeosis of colon cancer is direclly velated to the degree of
penetration of the tumor through the bawel wall and the presence or absence of nodal
tovolvement, consequently carly detection and treaiment arc especially important.
Currently, digguosis is aided by the use of screening essays for fecal occult bloed,
gigmoidoscopy, colonoscopy ad double contrast bariwm enemas.  Treatment regimens
are. determined by the type and stege of the cancer, und nelude surgery, sadiation
therapy and/or chemetherapy. Recurrence following surpery (the most commen form

of therapy) is a major problem and is often the ultmate cause of death.
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In spite of considerable research into therapies for these and other
cancers, volon cancer remains difficult lo diagnose and teat elfectively. Accordingly,
there is a need in the art for improved methods for detecting and treating such cancers.

The present invention fulfills these needs and further provides other related advantages,

SUMMARY OF THE INVENTION

In one aspect, the present Invenfion provides polynuecleotide
compositions comprising a sequence selected from the group consisting of

£ sequences provided in SEQ 10 NO:1-2234;

[(3)] complements of the sequences provided in SEQ [D NO:1-2234;

{c) sequences censisling of at least 20, 25, 30, 35, 40, 45, 50, 75 and
109 contigmous residues of a sequence provided in SEQ 1D MNe:1-2234;

{d) sequences thal hybridize {0 a sequence provided in SEQ DY
NQ:1-2234, under moderate or highly stringent conditions;

(e}  seyuences having at least 75%., B0%, B5%, 90%, 95%, 96%,
7%, 98% or 99% identity to a sequenec of SEQ [D NG:1-2234;

(3 degenerate variants of a sequence provided in SEQ 1D NO:i-
2234,

In one preferred cmbodiment, the polynedeotide compositions of the
vention are expressed in ot least about 20%, more preferably in at least about 30%,
ard most preferably in at loast about 50% of colon twmor samples tested, &t 4 level that
is at Jeast about 2-fold, preferably at Jeast about 3-Jold, and most preferably at least
about [9-feld higher thua that for normal tissues.

The present invention, in another aspect, provides polypeptide
composilions comprising an amino acid sequence thal is encoded by a polynucleotide
sequence described above.

The presenl tnvention furlher provides polypeptide compositions
comprising an wnino acid sequence selected from the group consisting of the sequence
recited in SEQ D MN(:2235.

In  ceriain preferred  embodiments, the  polypeptides  andfor

polynucleotides of the present invention are unmunegelic. ie., they are capable of
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cliciling an immune response, particularly a humoral and/or cellular fmmaune response,
as firther described herein.

The present invention frther provides fGagments, variants andfor
derivatives of the diselosed polypeptide andfor polynucleatide scquences, whesein the
ftapments, variants and/or derivatives preferably have a level of Inununogesic activity
of at least about 50%, preferably at least aboul 70% and more preferably ut least about
00% of the level of immunogenic activity of a polypeplide sequence set forth in SEQ
1D NO:2235 or u polypeptide sequence encoded by a polynucleclide sequence set forth
M SEQ I NQ-1-2234.

The present invention further provides polvnucleotides that encode a
polypeptide descrived above, expression vootors comprising such pelynncleotides and
host cells transformed or transfected with such expression vectors.

Within other aspects, the present invention provides pharmaceutical
compositions comprising a polypeptide or polymicleotide as deseribed above and a
physiclogically acceptable cacrier.

Within a rclated aspect of the present imvention, the phannacentical
compositions, e.g., vaccine compositions, are provided for prophylactic or therapeutic
applications.  Such corapositions generally comprise an immunogenic polypeptide or

polynucleatide of the invention and an immunostimulant, such as an adjuvant.
The present invention further provides pharmaceutical compositions that

comprise: (o) an antibody or antigen-hinding fragment thereof that specifically binds to
a polypeptide of the present invention, or a frapment therenf; and () a physiologically
acceptable carrier.

Within Luther aspects, (be present invention provides phannaceutical
compositions comprising: () an antigen presenting cell that expresses a polypeptide as
deseribed above and (b) a pharmaceutically acceptable carrier or excipient lustrative
antigen presenting cells Inclede dendritie cells, macrophages, monocytes, fibreblasts
and B cells.

Within relatcd aspects, phanmsceutical compositions are provided that
comprise: (a) an amtigen preseniing cell that expresses a polypeptide as descrived

above and (&) an immunosthmulant.
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The present invention further provides, in other aspects, fusion proteins
that cosmprise af least one polypeptide as described above, as well us polvauclevtides
encoding such fusion proteins, typically in the form of pharmaceutical cormpositions,
e.g., vaceine eompositions, comprising a physiolopically accepteble carrier andfor an
immunostimulant.  The fusions proteins may comprise muliple immunogenic
polypeptides ox poriions/varianis thexeof, as described herein, and may further comprise
ane or more polypeptide segments for facilitating the expression, purification and/or
immunogenicity of the polypeptide(s).

Within further aspects, the present invention provides methods for
stimulating ag launune ragpoase i a pationl, preferably a T well response in a human
patient, comprising administering a pharmaceutical composition deseribed hetein, The
patient may he afflicted with colon cancer, in which case the methods provide treatment
for the disease. or patient considersd at risk for such a disease may be treated
prophylactically.

Within further aspects, the present invention provides methods for
inhibiting the development of a cancer in & patient, comprising administering lo a
patient a phacmaceutical composition as recifed above. The patient may be afflicted
with colon eancer, in which cose the methods pravide treatment for the disease, or
prtient considered at risk for such a disease may be treated prophylacticatly.

The present invention further provides, within other aspects, wethods for
removing tumar cells from a biclogical sample, comprising contacting 2 biological
sample with 1" vells that specifically react with a polypeplide of the present invention,
wherzin the step of contacting is performed inder conditions and for i tims sulficient to
permit the removal of eells expressing the protein fram the sample.

Within 1elated aspects, methods are provided for inhibiting the
development of a cancer in a pattent, comprising administering to a patient a biological
sample treated as deseribed above.

Methods are falber provided, withic vlber aspects, for stimulating
andfor expanding T cells specific fur a polypeptide of the present invention, comprising
contacting T cells with one or more of: (i} a polypeptide ay deseribed above; (i) a
pulynucieotide encoding such a polypeptide; and/or (ifi} en antigen presenting cel} that

expreases such a polypeptide; under conditiony and for 2 time sufficient to pernit the
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stimulation andior expansion of T cells. Isolated T ecll populations comprising T cells
prepared as described above are alse provided.

Within further aspects, the present invenlion provides methods for
inhibiting, the development of a cancer iy a patient, comprising administering to a
patient an effective amount of a1 c2ll population a3 described abave,

The present invention foyther provides methods for inhibiting the
development of a caneer in a patient, comprising the steps of: (a) incubating [nEa
andfor CDET T eells isolated fom 2 patient with one or more of: (i) a polypeptide
comprising at least an immimogenic portion of polypeptide disciosed herein; (i) a
polynucleotide encoding such a polypeptide; and (i} ap antigen-presentng cel) that
expregsed such a polypeptide; and (b) administering (o the patient an effective amount
of the proliferated T cells, and therchy inhihiting the development of a cancer in the
patient. Proliferated cells may, but need not, be cloned prior to administration to the
patient.

Within fwrther aspects, the present irvention provides methods for
determining the presence or absence of & cancer, preferably a colon concer, in a patient
compiising: (a) contacting a biolopical sample obtained fiom a patient with a binding
agent that binds to a polypeptide as recited above; (b) detecting in the sample an
amount of polypeptide that binds to the binding agent; and (¢} comparing the amount of
polypeptide with a predeierined cut-off value, and there{rom detesminmng the presence
or absence of o cancer in the patient. Within preferred embodiments, the binding agent
is an antibody, more preferably 4 monocional antibody.

The present invention also pruvides, within ather aspects, methods for
manitering tha progression of a cancer in a patiest. Such methods comprise the steps
oft () contacting a biological sample obtained from a patient at a first point in thne
with a biading agent thal binds to a polypeptide as recited above; (b) detecting in the
sample an amount of polypeptide that binds 1o the binding apant; (¢) repeating steps (2}
and (b} using a biological sample obiained from the patient at a subsequent point in
time; and (d) comparing the amount of polypeptide detected in step (c) with the amount
detected in step (b) and therefrom monitoring the progression of the cancer in the

. patient.
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The present invention turther provides, within other aspeets, methods for
delermining the presence or absence of a cancer in a paticnl, comprising the steps of: (a)
contacting & biclogical sumple, €., tereor sample, serum sample, ete., oblained from a
patient with an oligonucleatide that hybridizes to a pelynveleotide that encodes a
polypeptide of the present invention; (b) deteeting in the sample 2 level of a
polynucleotide, preferably mBEMNA, that hybridizes to the oligonuclectide; and (¢)
gomparing the level of polynucleotide that ybridizes to the oliponncleotide with a
predetermined out-off value, and therefrom dotermining the presence or absence of a
cancer in the patient. Within certain embodimernts, the amouni of mRNA is detected
via poiymerase chain reaction using, for example, at least ope oligenucleotide primer
that hybridizes to a polynacleotide encoding a polypeptide as recited ahove, or a
complement ot such a polynucleotide.  Within other embediments, the amount of
mINA is deteeted using 2 hybridizatiun technigue, employing an oliponucieotide probe
that hybridizes to o pelynucieatide that encodes a polypoplide as recited above, or a
complement of such 2 polynucleotide.

In reluted aspects, methods are provided for monitoring (he progression
of # capcer in a palient, comprising the sleps of: fa) contacling a biological szmple
oblained from a patient with an oligonucleotide that hybridizes to a polynuelcotide that
encodes a polypeptide of the present invention; (b} detecting in the sumple an amount of
a polyoucleotide that hybridizes 1o the olipooucleotide; (€) repeating steps {8) and (b}
nsing a biologieal sample obtained from the patient ar a subsequent paint in time; and
(d) comparing the amount of pelynuclestide detected in step (c} with the amount
detected in step (b) and therefrom monitoring the progression of the cancer in the
patient.

Within further aspects, the present invention provides onlibodies, such as
monoclonal antibodies, that bind to a polypeptide as Jdeseribed above, as well as
dingnostic kits comprising such antibodies. Diagnostic kifs comprising onc or more
oligonuclectide probes or primers as described above are also provided.

These and other aspects of the present invention will become apparent
vpon reference to the following detailed description and attached.  All references
disclosed herein are hereby incorperated by reference in their entiveiy as if cach was

incorporated individually.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed generally to compositions and their use
in the therapy and diagnosis of cancer, particularly colon cancer.  As deseribed further
below, illustrative compositions of the present invention inchide, but are not resivicted
to, polypeptides, particularly immusogentc pelypeptides, polymucieotides encoding
such polypeplides, antibodies and other binding sgents, entigen presenting cells (APCs)

and Imrune system eeils {e.g, T eslls).

The practice of the present ipvention will employ, unless indicated
specifically to the contrary, conventionad methods of virology, Imumunelogy,
microbiology, molecwlar biology and recombinant DNA techmiguey within the skill of
the arl, many of which are described below for the purpose of Hlushation. Suck
techniques ave explamed fully in the literature. See, a.g., Sambrook, ot at. Molcenlar
Cloning: A Labortory Manuval (2nd Cdition, 19K9); Mamatis el al. Moteeular Cloning:
A Laboratory Manual {1982); DMNA Cloning: A Practical Approach, vol. 1 & 1I (D.
Glover, edY Qligonuclectide Synthesis (. Geit, ed, 1984); Nuclele Acid
Hybridization (B. Hames & 5. Higgins, eds., 1985)% Transcriplion and Translation {B.
Hames & 3. Higgins, cds.. 1984); Animal Cell Culture (R. Freshney, ed., 1986}, Perbal,
A Practical Goide to Molecular Cloaing {1984).

All publications, patents and patent applications cited Lerein, whelber
supra or infTa, are hereby incorporated by reference in their entirety.

As used in this specification and the appended elaims, the singular forms

"a," "an" and “the" mclude plural references upless the comtent clearly dictates

atherwise.

POLVPEPTIDE COMPOSITIONS

As uged horem, the teon "polypeptide” " is used in its conventional
meaning, fe., as a sequence of amino acids. The polypeptides arc not Limited to a
specific length of the product; thus, peplides, oligopeptides, and proteins are included
wilthin the definition of polypeptide, and such terms may be used interchangeably
herein unless specifically indicated otherwise. This terme also does not refer to or

exclude post-cxprossicn modifications of the polypeptide, for example, glycosylations,
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acetylations, phosphorylotions and the like, as well us other modifications known in the
art, both neterally oceurring and non-weturally oecurming. A polypentide may be an
entire protein, or a subsequence thereof. Particular poltypeptides of interest in the
context of this invention are amino acid subsequences comprising epitopes, e,
antigenic deferminants substantially responsible for the imnnnogenic properties of a
polypeptite and being capable of evoldng an immuns response.

Particularly illustrative polypeptides of the present mvention comprise
thase saoodad by a polyrucleotide sequence sel forth In any one of SEQ TDNO:1-2234,
or a sequence that hybridizes under moderately stringent conditions, or, abternatively,
under highly siringent conditions, to a palynucleotide sequence set forth in any ane of
SEQ B NO:1-2234, Certain other illustrative polypeptices of the invention comprise
amine ackd sequences as set forth in SEQ 1D NO-2235,

The polypeptides of the preseni invention are sometimes heremn referced
to as colon hymor proteins or colon tumor polypeptides, as an indication that their
idertification has been based at least in pat upon their inoreased levels of expression it
colon temor samples. Thus, 1 "colon lumer polypeptide™ or “colon tumor protein,”
refers gencrally to a polypeptide sequence of the presem lovention, or a polynuclectide
sequence encoding such a polypeptide, that is expressed in a substantial proportion of
colon wmor samples, for example preferably greater than about 20%, more preferably
greater than about 30%., and most preferably grester than about 50% or more of calon
tumor samples tested, 414 level that is at Jeast two fold, and preferably at least five fold,
greater than the level of expression in normal tissues, as determined using a
representative assay provided herein. A colon tumor polypeptide sequence of the
invemtion, based upon Hs incressed level of expression in tumor cells, has particular
uiility both as a diagnostic marker as well as 4 therapeutic target, as fusther deseribed
below.

In certains prefared embodiments, the polypeptides of the invention are
ionunogenis, e, they react detectably within an immunonssay fguch as an ELISA or
T-cell stiimulation assay) with antisera and/or T-cells from a patient with colon cancer.
Screening for immunogenic activity can be performed using teclmiques well known to

the skilled artisan. For example, such screens can be performed using methods such as
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these described in Harlow and Lane, Artibedies: 4 Laboratery Mammal, Cold 8pring
Harbor Laboratory, 1988. In one illusirative example, a polypeptide may be
immobilized on 2 solid support and contacted with patient sera to allow binding of
antibodies within the sera to the immabilized polypeptide. Unbound sera may then be
removed and bound antibodies dotceted using, for cxample, 'Fl-labeled Protoin A.

As would be recognized by ihe skilled aclisan, immunogenie porbons of
the polypeptides disclosed horein are also encompassed by the present invention. An
“imunupegenic portion,” as used herein, is a fragment of an ummunogenic polypeptide
of the {nvention that itself s immunoclogically reactive (7 e, specifically binds) with the
Becells andfor T-cell swface antigen receptors that recognize the polypeptide.
Immunogenic portions may generally be idepsifisd using well known iechniquees, such
as those summmarized tn Pavl, Fundamental Inmunology, 3rd &d., 243-247 (Raven Press,
1993) anct references ciled therein. Such techniques include screening polypeptides for
the ability W react with antigen-specific antibodies, antisera sndfor T-cell lines or
clones. As wsed herein, antisera and antibodies are “antigen-specific” if they
spocifically bind (o an anligen (Le., fhey maei with the protein in as ELISA or other
immunoasray. and do not react deteclably with unrelated proteing). Such aniisera and
antibadics may be preparcd as deseribed herein, and using well-known teehnigues.

In vne preferred embodiment, an inmuaceenic portion of 2 polypeplide
of the present Invention is a portion that reacts with antisera and/or T-cells at a level
that is not substantially less than the reactivity of the tull-length polypeptide {e.g, in an
ELISA andlor T-cell reactivity assay). Preferably, the level of immunogsnic activity of
the iinmunogenic portion is at least about 50%, preferably at least about 7¢% and most
preferably greater flan aboul 90% of the immunogendeity for the full-length
palypepiide. In some instances, preferred immunogenic portions will be sdentified that
have a Jevel of immunogenic sctivity greater than that of the corresponding full-length
pelypeptids, e.g., having greater than about 100% or 150% or more immunogenic
activity.

In cortain other embodiments, ilusteative immunogenic portions may
include peptides in which an N-terminal leader sequence andfor transmembrane domain

have been deleted.  Other illustative immunogenie portions will contain a small N-
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apdlor C-termimal deletion (e.g, 1-30 amine acids, preferably 5-15 amino scids),
relative to the mature protein.

In another embodimeni. a polypeptide composition of the invention may
alsu comprise one or more polypeptides that are immunelogically reuclive with T cells
andfor antibodies penerated agwinst a polypepiide of the invention, particularly a
polypeplide having an amido acid sequence disclosed herein, or 1o an mnunogenic
frapment or variant thereof.

In another embadiment of the invention, polypeptides are provided fhat
comprise ont or more pulypeplides that are capable of eliciling T cells and/ur
antibedies that are immunolegically reactive with one or moze polypeptides deseribed
herein, or one or mare polypepitdes encoded by contiguous mucleic acid sequences
contained in the polvnucleotide sequences disclosed herein, or immunogenic fragments
or variants shereof, or to one or mere nucleic zeid sequences which hybridize to one or
more of these sequences under conditions of modereie to high siongepey.

'I'he present invention, in another aspect, pravides polypeptide fragments
comprising at least about 5, 10, 15, 20, 25, 50, ar 100 contipucus amino acids, or more,
including all iniermediate lengths, of & polypeptide compositions set forth berein, such
a3 those set forth in SEQ 1D N0:2233, or those encoded by a polynueteotide sequence
set forth in 2 sequence of SEQ YO MO:1-2234,

In ancther aspeet, he present invenlion provides vardants of the
ypolypeptide  compositions deoseribed  herein. Polypeptide  variants generally
encompassed by the present invention will typically exhibit of least about 70%, 75%,
0%, B5%%, 90%, 9196, 92%, 9304, 9454, 95%6, 96%, 97%, 98%, o1 99% o more identity
(detesmined as described helow}, along its length, to a polypeptide sequences set forth
herein,

In one preferred embodiment, the polypeptide fragraents and variants
provided by the present jrvention are immunologically reactive with an antibody andfor
T-cell that reacts with a full-length polypeptide specifically set forth herein.

In another preferred embadiment, the polypeptide fragments and variants
provided by the present Invention exbibit u Jevel of immunogenic activity of al least

about 50%, preferably at least about 76%, and most preferably at least about 20% or
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more of that exhibited by a full-length polypeptide sequence specifically set forth
herein.

A polypeptide “variant,” as ihe termn is used hersin, is a polypeptice that
typically diffexs fioan a polypeptide specifically disclosed berein in ong or more
substitutions, deletions, additions and/or insertions. Such variants may be naturally
oceursing or may be synthefically generated, for examples, by modifying one oy more of
the above polypeptide sequences of the invention and evaluating their immunogenic
activity as described herein and/or nsing any of a number of techniques well known n
the art.

For example, certain illusiraive vaziants of the polypeptides of the
invention include those in which one or mmore portions, such as an N-terminal lcader
sequence or transmembrane domain, have been removed.  Other illustrative varianls
include variimts in which a small pottion ez, 1-30 amino acids, preferably 5-15 amine
acids) has been removed from the N- and/or C-torminal of the matare protein.

In many instances, a variant will contain conservative substitutions. A
"conservative substitution” is one in which an amino acid is substituted for another
aming acid that has similar properties, such that one skilled in the ant of peptide
chemisry would expect lhe secondary siruchwe and hydropathic wasture of ihe
polypeptide to be subslantially unchenged. As described above, modifications may be
mads in the struetire of the polynuelectides and polypeptides of the present vention
and siil] obtain a fupctional melecule that encodes a varlant or derivalive polypeptide
with desirable characteristics, e.g.. with immunogenic characteristics. When it is
desived to alter the aming acid sequence of a polypeptide to ercate an equivalent, or
sven an improved, imumunogenic variant or porion of a polypeptide of 1he invention,
ane skilled in the art will typically chanpe one or more of the codons of the encoding
DNA sequence according to Table 1.

For example, certain amino acids muy be substituted for other amino
acids in a protein structure without appreciable loss of interactive binding capacity with
siruetures such as, for exumple, antigen-binding regions uf aniibodies ot binding siles
an subsbate mofecules. Since it is the Interactive capacity and natwre of a protein that

defines that protein's Biological fimctional activity, certain amino acid sequence
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substitutions can be made i & prolein sequence, and, of course, its unrderlying DNA
codirg sequence, and nevertheless obtain & protein with like preperies. Tt Js thus
contemplated that various changes may be made in the peptide seguences of the
disclosed compositions, or comesponding DNA seguences which encode said peplides

5 without appreciable Joss of their hiological utility or activity.

TABLE1
Aming Acids Codons
Alamine Ala A GCA GCC GCG GCuU
Cysteine Cys C uGc uGu
Aspartic acid  Asp D GAC GAl
Glutamic acid ~ Glu I GAA GAG
Phenyialanine  Phe F ULc LU
Glyeine Gly G GGA GGC GGG GG
Histidine His H CaC CAU
Isaleucine ile 1 AUA AUC ALl
Lysine Lys K AAA AAG
Lencine len L A TUG CUA Cuc cuG Cuu
Melhionine Mel It ANVG
Aspuragine Asn N AAC AAL
Proline Pro r CCA oCce CCG cCcu
Glutaming Gin Q CAA CAG
Arginine Arg R AGA  AGG CGA oG CGE oGy
Serine Ser § AGC AGU UCA uee UG uey
Threonine Thr T ACA ACC ACG ACU
Valine Val v GUa  GUC GUG  GUU
Tryplephan T w VGG
Tyrosine Tyr Y VAC UALJ
10 In making such changes, the hydiopathic index of amino acids may be

considered.  The importance of the hydropathic amina acid index in copteming

interaciive biologic function on a prolein is generaily vnderstood in the art (Kyte and
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Daolitile, 1982, incorporated herein by reference). Ii is accepted thal the relative
biydropathic character of the umine acid contibuies to the secondary strachwe of the
resaltant proicin, which in turn defines the interaction of the protein with other
moleculss, for example, eneyrnes, substrates, meeptors, DMA, antibodies, anligens, and
the like. Fach amino acid has beon assigned a hydropaihic index on the basis of its
hydrophebicity and charge characteristics (Kyte and Doclittle, 1982). These vakues are!
isoleucine (1-4.5); valine {¥4.2); leucine (+3.9); phenylalanine (+2.8); cysteine/cystine
(+2.3); methionine (+1.9); alanine (+1.8); glycine (-0.4% thrcomne (—0.7); serine (-
0.8); tryptophan { D.9); tyrosine (-1.3); proline {-1.6); histidine (-3.2); glutamate (-
1.5} ghitamine {-3.3); aspartate {~3.5): asparagine {-3.3); lysine (-3.9); and arginine (—
4.5).

It is known in the art thal certain amine acids may be suhatituted by
other amino acids having a similac hydropathic Index o score and still result in a
protein with similar hiological activity, ie. still oblain a biological functionally
equivalent protein. [n nsking such changes, the substinstion of amino acids whose
hydropathic indices are within 32 is preferred, those within +% are parlicuiarly
preferred, and those within 0.5 are even more particularly preferred. It s alsa
understood in the art that the substinition of likc amine acids can be made eficetively on
the basis of hydrophilicity. 1. 5. Patent 4,554,101 {specifically incorporated heyein by
reference in its entirety), states that the greatest locul average hydrophilicity of a
protein, as govertied by the hydrophilicity of it adjacent amino acids, correlates with a
binlagical property of the protein.

As detatled in U, S, Patent 4,554,101, the tollowing hydrophilicity
valucs have been assigned to amino acid residues: arginmige {+3.0%; lysine (+3.0);
aspartate (43.0 & 1); glutainate (+3.0 £ 1); serne (+0.3); sspamgne (+0.2); glutemine
{+0.2); glycine (8); threonine (~0.4); preline (=0.5 + 1); alanine (~0.5): histidine (-0.5);
cysteine (—1.0) methionine (-1.3); valing {~1.5); Isucine (-1.8); isolevcine {-1.8);
tyrosine (-2.3); phenylalaning (~2.3); tryptophan (—3.4). It is undersiood that an amino
acid can be substituted for another having a similar hydrophilicity value and still obtain
2 biologically equivalent, and in particolar, an immunclogically equivalent protein. In

such changes, the substitwtion of aminn acids whose hydrophilicity values are within 12
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is preferred, those within +1 are particularly preferred, and those within £0.3 are even
mare partioularly preferred.

As outlined above, amino acid substitutions are gencrally therefors based
on the relative similarity of the aming acid side-chain substituents, for example, their
hydrophubicity, hydrophilicily, charge, size, und the like. Exemplary subslitutions that
take various of the foregoing characteristics into consideration are well known to those
of skilt in the art and include: arginine and lysinl&a_: glutamate and aspartate; serine und
threonine; glutamine and asparagine; and valine, leucine and isoleucine.

In addition, any polynucleotide may be further modified to increase
stability i vivo. Possible modifications include, bul pre not limited to, the addition of
flanking sequences at the 5" and/or 3' ends; the use of phosphorothioate or 2' O-methyl
sather than phosphodiesterase linkages in the backbone; andfor the inclusion of
nentraditional bascs such as inosine, quensine and wybutosine, &s well a3 acetyl-
methyl-, thin- and other modificd farms of adenine, cytidine, geanine, thymine and
uridine.

Amino acid substitutions may firther be made on the basis of simjlarity
in polarity, charge, solubilily, hydrophebicity, hydrophilicily and/or the amphipathic
pature of the residuss.  For exumple, negatively charged aminu acids mclude aspartic
acid and ghatamic acid; positively charged amino acids include lysine and arginine; and
amino acids with uncharged polar head groups having similac hydrophilicity values
include teucine, isolencine and valine; glvcine and slanine; ssparagine and elutamine,
and sering, threonine, phenylalanine and tyrasine. Qther geoups of almine acids that may
represent conservative changes include: (1) ale, pro, giy, glu, asp, ghn, asn, ser, thr;
{2) eys, ser, tyr, the; (3) val, ile, lew, met, ala, phe; (4) lys, avg, his; aod (5) ple, tys, ftp,
his. A wvariant may also, or alternatively, contain noncopservative changes. In a
preferred  embodiment, varini pelypeptides «liller from a native sequence by
substitution, deletion or addition of five amino acids or fewer. Vazianls may also (or
alternatively) be modified by, for example, the deletion or additien of amine acids that
have minimal influence on the immunogenicity, secondary structure and hydropathic

nature of the polypeptide.
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As noted above, polypeptides may comprise a signal (or leader)
sequence at the N-torminal end of the protein, which co-translationally or post-
translationally disects transfer of the protein. The palypeptide may also be conjugated
0 a linker or other soquence for ease of synthesis, pwification or identification of the
polvpeptide (e.g., poly-His), or o enhance binding of the polypeptide io & solid support.
For examplz, a potypeplide may be conjugated to an immunoglobulin Fe region.

When comparing polypeptide sequences, two sequences are said 1o be
Sidentieal” i the sequence of amino acids m the two sequences is the same when
aligned for maximum correspondence, as described below, Comparisons between two
seqUences are typically perfomied by comparing the soquences over a compatison
window to identily and compare local regions of sequence shmlarity. A “comparison
windew” as used herein, refers to a segment of at least sbout 20 contiguous pesilions,
ustally 30 to about 73, 40 i0 about 50, in which a sequence may be compared lo a
teference sequence of the same number of contigusus positions after 1he Two sequences
arc optimaliy aligned.

Opiimal alignment of sequences for comparison may be conducted using
the Megalign program in the Lasergene suite of hioinformatics sottware {DNASTAR,
Ine., Madison, WI), using default parameters.  This program cmbaodies several
alignnxat schemes deseribed in fhe foflowing references: Dayhofl, MO, (19783 A
moadel of evolutionary change in proteins - - Matrices for detecting distant relationships.
In Dayhoff, M.0. (ed.) Atlas of Protein Sequence and Structure, National Biomedical
Research Eoundation, Washington DC Vol, 5, Suppl. 3, pp. 345-358; Hein J. (1990}
1nified Approach to Aliznment and Phyvlogenes pp. 626-045 Methods in Enzymelogy
vol. 183, Academic Press, Inc., San Diego, CA; Iliggins, [0.G. and Shaip, P.M. (1989}
CABIOY 3:151-153; Myers, E'W. and Muller W, (1988} CABIQS 4:11-17, Robinson,
E.D. (1571) Comb. Theor 11:103; Saitou, N. Nei, M. (1987) Mol Biol. Evol. 4:406-
425; Sneath, PILA. and Sokal. RR. {1873) Numerical Tusaromy — the Principles and
Practice of Numerical Taxonamy, Freeman Press, San Francisco, CA; Wilbur, W.J. and
Lipman, D.J. (1983) Proc. Nafl. Acad., Sci. USA $4:726-730.

Alteratively, opiimal slignment of sequences for comparison may be
conducted by the local identily alporithm of Smith and Waterman (1981) 4dd. APL.
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Mark 2:482, by the identity alignment algoriibm of Needleman and Wunsch (19703 J
Mol. Itiol. 4%:443, by the search for similarity methods of Pearson and Lipman (1988)
Prog. Natl dvad Sei. USA 85: 2444, by computerized implementations of these
algorithms (GAP, BESTFIT, BLAST, FASTA, und TFASTA in the Wisconsin Genetics
Sottware Package, Gepefics Compier Group (GCG), 573 Secience Dr., Madison, WI),
or by inspection.

One preferred example of aigorithms that arc suitable for determinung
percent sequence identity and sequence similarity are the BLAST and BLAST 2.0
alporitams, which are described in Altschul et al. (1977) Nucl, Acids Res. 25:3389-3402
and Alischul et al. (19907 ./ Mol Biol. 213:403-410, respeetively. BLAST and BLAST
2.0 can be usedd, for sxample with the parsineters described berein, to delermine percert
sequence identity for the polynucleotides and pelypepiides of the invention. Software
for pecforming BLAST analyses is publicly available through 1he MNational Center for
Biotechnology Infonnntion. For amino acid sequences, a scoring matrix cun be used to
calculate 1he cumulative score. Extension of the word hits in each direction arc halted
wher the cumulative alignment score falls off by the quantity X from jts maximum
achieved value; the cumulative score goes to zero or below, due to the accumulation of
one o mere negative-scoring residuc alignments; or the end of cither sequence is
reached. The BLAST algonthin parameters W, T and X determine (he sensitivity and
speed of the atipnmeni.

In one preferred approach, the “percentage of sequence identity™ is
delermined by compating two opiimally eligned sequences over a window of
comparison of at least 20 posifions, wherein the pertion of the polypeptide sequence in
the compatson window may comprise additions or deletions (Lo, gaps) of 20 percent
or less, usually 3 to 15 percen(, or 10 to 12 percenl, as compared to the reference
sequences (which does not comprise additions or deletions) for aptimal alipnment of the
two sequences.  The pereentage is calculated by determining the namber of positions at
which the identical amino acid residue ncours in both sequences 1o yield the number of
matehicd positions, dividing the mumber of matched positions by the total namber of
positions i the reference sequence (7.e., the window sive) and mufiiplying the resulis by

100 to yield the percentage of sequence identity.
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Within other illusiretive embadiments, a polypeptide may be a
senogenese polvpeptide that comprises an polypeptide bhaving substantial sequence
ideistity. as described above, to the human polypeptide (also termed sutologous antigeny
which served as a reference polypeptide, but which xenogeneic palypeptids is derived
from a different, non-human species. One skilled in the art will recognize that
“selfantigens are often poor stimulators of CD8+ and CD#+ T-lymphocyte responses,
und therefore  efficient immunotherapeutic  stratepies  direcled  against  tanor
polypeptides require the development of methods to avercome inumune tolerance to
particular self tumer polypeplides.  For example, bumans imminized with prostase
protein from & xencgeneic {non haman) origin are cepuble of mounting sn immune
response against the counterpart buman protein, g, e human prostase tumor pratein
present on humun lumor cells. Accondingly, the present invention provides methods for
puritying the xenogeneie form of the tumor proteins set fortr herein. such as the
palypeptide set forth in SEQ ID NO:2235, or those epcoded by palynucleatide
sequences set forth in SEQ ID NO:1-2234,

Thercfore, one aspect of the present invention provides xenogeneic
variants of the polypeptide compesitions described hergin.  Such xenogenele variants
generally sncompassed by (he present invention will typically exhibit at lsast about
0%, 75%. B0%, B5%, 90%, 91%. 92%, 93%, 94%, 95%, 6%, 37%, 98%, or 99% or
mare identity along their lengths, to a polypeptide sequences sei forth herein.

Mare particularly, the invention is directed to mouse, rat, monkey,
porcine and other non-human polypeptides which can be used as xenogencic forms of
human polypeptides set forth hersin. o induce immune responses dizected agaimst
fumor pelypeptides of the invention.

Within other illustrative embodiments, a polypepiide may be a fusion
polypeptide that comprises niultiple pelypeptides us described herein, or thet comprises
at least one polypeptide as described herein and an unrelated sequence, such as a known
tumor protein. A fusion partper may, for example, assist in providiog T helper epitopes
(an immunelogeal fusion partnery, preferably T belper spitopes recognized by humans,
or may assist in expressing the protein {an expression enhancer) at higher yiclds than

the native recombinant protein.  Certain preferred fusion pariners are both
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immunological and expression enhancing fusien partners. Other fusion partners may be
sclected sa as to increase the solubility of the polypeptide or to enable the polypeptide
lo be targeted to desited intracellular compartments.  SGl further fsfon pariners
include affinity tags, which faciiitate purification of the polypeptide.

Fusion polypeptides may gencrmlly be prepured using  stamdard
techniques, including chemical conjugstion. Freferably, a fusion polypeptide is
expressed as a recombinant polypeptide, allowing the production of increased levels,
relative to a non-fused polypeptide, in an expression system. Briefly, DNA sequences
eneading the polypeptide componrents iay he assembled separately, and Jigated {oto an
appropriate expression veclos. The 3' end of the DNA sequence encoding one
polypeptide component is Hgated, with or without a peptide tinker, to the 3 end of a
DNA sequence encoding the second polypepiide coinponcm 30 that the reading frames
of the sequences zre in phase. This permits translation into & single fusion polypeptide
that retaing the bielogical activity of bol component polypeptides.

A peplide linker sequence muy be employed tn sepurate the fivst and
second polypeptide components by a distance sufficient o ensure that each polypeptide
folds into its secondary and terliary siructurcs.  Such a pepiide linker soquence is
incorperated indo the [usion pelypeptide wsing standard techmigues well known in the
ari, Suitablc peptide linker scquences may be chosen hased on the foliowing factors:
(1} their ahility to adopt a flexible extended conformation; (2) their inability te adopt a
secondary strucrure that conld interact with functional epitopes on the fist and second
polypeptides; and (3) the lack at hydrophobie or charged residues ihat might react with
the polypeptide functional epitopes. Preferred peptide linker sequences contan Gly,
Asn and Ser residues, Other near neutral amine acids, such as Thr and Ala may alse be
used in the linker sequence. Amino acid sequences which may be uscfilly cimployed as
linkers include thase discloged In Maratea of al., Gene 40:39-46, 1985, Murphy ef ol,,
FProc. Natl, Acad Sei, US4 §3:8238-8262. 1986, UL, Patont No. 4,935,233 and 11.5.
Patent No. 4,751,180, The linker sequence may generally be from | to about 50 amino
acids in lenpth.  Linker sequences are not required when the first and second
polypeptides have non-cssential N-terminal amine acid regions that can be used to

sepaate the fumciional domains and prevent steric interforence,
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The ligated DMNA sequences are operably linked to suitzble
trangeriptional  or  franslational repwlatory  clements.  The regulatory elemenis
responsible for expression of DNA are located only 5' to the DNA sequence sncoding
the first polypeptides.  Similarly, stop codons required to end translation and
transcription termination signals are ondy present 3° to the DNA sequence encoding the
seeond polypeptide

The lusion polypephide can comprise a polypeplide as described herein
together with an unrelated immunogenic protein, such as an immunogenic protein
capable of cliciting a rccall response.  Examples of such proteins inciude tetanus,
tuberenlosis and hepatitis proteins (see, for example, Stoute etal. New kngl. J Med.,
336:86-91. 1997).

In one preferred embodiment, the inmunclogical fusion pariner is
derived from a Mycobacterium sp., such us a Mycobuctcril.{m tuberculosis-derived Ral2
fragment. Ral2 compositions and methods for thetr use in enhancing the expression
andfor romunogenicity of heletalogous  polynucleatidepolypeptide sequences s
deseribed in ULS. Patent Application 60/158,585, the disciosure of which is
mcorporated herein by reference o its entirety. Brietly, Ral2 refers to a polynueleatids
region that is & subsequence of a Mycodactarinm fuberculosis MTB32A nocleic acid
MTB32A is a serine protease of 32 KD molecular weight cocoded by 2 gene in virulent
and aviralent streins of M. fubercufosis. The nucleotide sequence and amino acid
sequence of MTDIZA have been described (for example, U.S. Patent Application
HU/138,585;, seo also, Skeiky ef of, fnfection and Immun {1990} 67:3898-4007,
incomorated herein by refersnce),  C-terminal fragments of the MTB32A coding
sequence express wi bigh levels and remain as a soluble polypeptides throughout the
purification process. Moreover, Ral2 raay enbance the immunegenicity of heterologous
immunogenic polypeplides with which it 1s fused. One prefemred Ral2 fusion
polypeptide comprises a [4 KD C-erminal fragment corresponding to aming acid
residues 192 to 323 of MTB32A.  Other preferred Ral2 polynucleotides generally
comprise at least about 15 consecutive mueleofides, at least about 30 nucleotides, al
least abour 60 nucleotides, at feast about 100 nucleotides, ar least abeut 200 nucicotides,

or at least about 300 nucleotides that encode a portion of a Ral2 polypeptide. Ral2
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polynucleotides may comprise a native sequence (ie, an endogenous sequence that
encodes a Ral2 polypeplide or a portion thereof) or may comprise & vanant of such a
sequence.  Ral2 polynucleotide wariants may contain one or morc substitutions,
additions, delebons andfor sertions such that the biologdeal activity of the encoded
fusion polypeptide is not substantiaily diminished, rclative to a fusion polypeptide
comprising & native Ral2 polypeptide. Variants preferably exhibit al least ahout 70%
identity, more preferably at least about 80% identity and most preferably at least about
0% identity to & polynucleotide sequence that encodes a native Ral2 polypeptide or a
portion thereof.

Within other preferred embediments, en immunological tusion partner is
detived from protein D, a surface protein of the gram-uegative bacterium Izemophilus
influenza B (WO 91/18426).  Preferably, a protein D dervative comprises
approximately the first third of the protein (e.g, the first N-terminal 100-110 amino
acids), ind a protein 0 derivative may be lipidated. Within certain preferred
embodiments, the first 109 residues of a Lipoprotein D fusion partaer is included on the
N-lerminus lo provide ihe palypeplide with additional exogenous T-gell epilopes and to
increase the expression level in £ ¢ofi (thus fupctioning as an expressivn enbancer),
The lipid tail ensures optimal prescntation of the antigen to antipen presenting cclls.
Other fusion partrers include the non-strectural protein from influenzae virus, NS
(heraglutinin).  Typtcally, the N-erminal $1 amino acids are used, although dilferent
tragmens that inelude L-helper epitopes may be used.

In ancther ermbodiment, the immunclogical fusion parlner is the protein
known as LYTA, or a portion thereof (preferably a C-terminal portion). LYTA is
derived from Strepiococcus prowmonice, which synthesizes an N-acetyl-{-alanine
amidase known as amidese LYTA {encoded by the LytA wene: Gene 43:.2¢5-292,
1986). LYTA is an autolysin that specifically degrades certain bonds in the
peptidoglycan backbone. The C-terminal domain of the LYTA protein is responsible
for the affinity fo the choling or (v some choline analogues such as DHEAE. This
property has been exploited for the development of E. coli C-LYTA expressing
plasmids uscful for expression of fusion peotcins. Purifiestion of hybrid proteins

containing the C-LYTA fragment at the amino terminus has been described (see
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Dictechrology I(:795-798, 1092). Within a preferred embodiment, a repeat portion of
LYTA may he incorporated into a fusion polypeptide. A repeat portion js found in the
C-terminal region starting at residue 178, A pastionlarly preferred repeat purtion
incorporsates residues 188-305,

Yet another iflustrative embodiment involves fusion polypeptides, and
the polynuclentides encoding them, whorein the fusion purtner comprises a tarpeting
signal capabie of diresting a polypeptde to the endosomalilysosomal compartment, as
described in U.S. Patent No. 5,633,234, An immunogenic polypeptide of the invention,
when fused with this targeting signal, will associats more efficiently with MHC class 11
molecules and thersby provide enhapced in vivo stimwlation of CD4™ T-cells specific
fur the polypepiide.

Polypeptides of the invention are prepared using any of a variely of well
known synthetic andlor recombinant techmgues, the latker of which we further
described helow. Polypeptides, portions and other vartants generally less than about
150 amioo acids can be genexated by synthetic means, using techniques well known to
those of crdinary skill in the art. In ons illusirative example, such polypeptides are
sytithesized uging any of the commercially available solid-phase techniques, such as the
Merrifiell selid-phase synthesis method, where amine acids are sequentially added to a
prowing umino scid chain. See Mermifield, /. 4w Chem. Soc. §5:2149-2146, 1963,
Equipment for automsted synthesis of polypeptides is convmercially available from
supplicrs such as Perkin Elmer/Applied BioSystems Division {Foster City, CA), and
may be operated according to the manufacturer's instructions.

In general, polypeptide compositicns (incfuding fasion polypeptides) of
the invention are isolated. An "isolated” polypeptide is oue that iy removed from its
original environment. For example, a naturally-occurring protein or polypeptide is
isoluted if 1t is seporated from some or all of the coexisting materials in the nataral
system. Preferably, such polypeplides are also purified, e.g., are at Jeast about 90%
pure, more preferably at least abowt 93% pure and most preferably at least ahout 99%

pure.
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POLYNUCLEOTIDE COMPOSITIONS

The present invention, in cother aspecis, provides polynuclevtide
eompositions.  The terms "DNA" and “polymucleotide” are used essentially
interchangeably herein to refer to @ DNA molecule that has been isolated free of total
genomic DNA of a particular species.  “lsolated,” as used hercin, means that a
polynuclestide is substantially away fiom other coding sequences, and that the DNA
molecule does not coniain large portions of unrelaied coding DNA, such os large
chromosomal fiagments or other funefional genes or polypeptide coding regions. Of
course, this refers to the DNA molecule as originally isolated, and does not exclude
gencs o coding reglons later added to the segment by the hand of man.

As will be understood by those skilled in the art, the pelynucleotide
compositions of this invention can include genomic sequences, extra-genontic and
plasmid-zncoded sequences and smaller engineered gene sogments that express, or may
be adapted to express, proteins, polypeptides, popiides and the like.  Such sepments
may be naturally izolated, or modified synthetically by the harxl of man.

As will be also reeognized by the skilled artisan, pelynucleotides of the
invention may be single-stranded {coding or antisense} or double-stranded, and may be
DNA (genemic, cDNA or synthetic) or RNA molecules. RNA molecules may include
HnRNA molecules, which contain introng and correspend to a DNA molecule tn a one-
to-une manaer, and mRMNA molecules, which do not confain introns.  Additional coding
ar non-coding scquences may, but need not, be present within a pelynucleotide of (he
present invenlion, and 2 polytucleotids may, buk nesd not, be Tipked to other molscules
and/or support materiais.

Polynucleotides may comprise a native scquence {(i.e., an endogenous
sequence that encodes & polypeptide/protein of the invention or a poriion thereof) or
may comprise a sequence that encodes a vaviont or dervative, preferably and
immunogenic variant or derivative, o such a seguence.

Theretore, according to another aspect of the present mvention,
poiynueleotide compositions arc provided that somprise some or all of a polynuclcotide
sequence set forth in any one of SEQ I NO:1-2234, complements of a polynucleotide

sequence set forth in any one of SEQ I NO:1-2234, and degencrate variants of a
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polynuclectide sequence set forth in any one of SEQ Iy NO:1-2234, In ceriain
preferred  embodiments, the polynucleolide sequences set forth hersin encode
immunogenic. polypeptides, as described above.

Iz other related embodiments, the present invention provides
polynucleotide variants having substantial identily to the sequences disclesed hevein in
SEQ ID W0:1-2234, for example (hose comprising at least 70% sequence identity,
preferably at least 75%, $0%, 85%, D%, 95%, 96%, 97%, Y8%, or Y9% or higher,
sequenee identity compared to a polynueleotide sequence of this invention using the
methods described herein, {e.g., BLAST analysis using standard puremelers, as
described below). Ore skilled in this art will recognize thet these values can be
approprately adjusted to determine corresponding identity of proteins encoded by two
nucleotide sequences by tuking into account codon degenersey, amino acid similavity,
rzading frame positionipg and the like.

Typically, polynuclectide varisnts wilt contain one or more substinttions,
additions, deletions and/or insertions, preferably such that the immunogenicity of the
polypepiide encoded by the variant polynucleotide is pot substaotially diminished
relative w a polypeptide encoded by a polymcleotide sequence specifically set forth
herein).  The term *“variunts™ should also be undersioed to cncompasscs homologous
penes of xenogeneic origin,

In  additionsl embodiments, the present invention  provides
polynucleatide fragments comprising or consisting of various lengibs of contigusus
siretches of sequence identical to or complementary to one or moee of the sequences
disclosed hereln. - For example, polynucieotides are provided by this invention that
<omprise or consist of at Jeast about 10, 15, 20, 30, 40, 50, 75, 100, 150, 200, 300, 400,
SO0 or 1060 or mors contiguous nucleotides of ope o ere of the sequences disclosed
hercin as well as all intermediata lengths there between. It will be readily understood
that "imermediate lengths", in this context, means any length between the quoted
values, such as 16, 17, 18, 19, src.; 21, 22, 23, efe; 30, 31, 32, efe; S0, 51, 52, 33, ate;
100, 101, 102, 103, efe; 130, 151, 132, 133, etc.; including all integers through 200-
30, 300-1,000, and the like. A polynucleotide sequence us deseribed here may be

extended ot one or both ends by additional nucleotides not found in the native sequence.
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This additionat sequence miay consist 11,2, 3,4, 5,6, 7,4, 9, 10, 11, 12, 13, 14, i3,
16, 17, 18, 19, or 20 nucleotides at cither end of the disclused sequence or at both ends
of the disclosed sequence.

Tn aonther entbodiment of the invention, polynucleotide compositions
are provided thel are capuble of hybndizing under moderate to high stupgency
conditions to a polynucleotide sequence provided hercin, or a fragment thereof, or a
complementary sequence thetcof. Hybeidization techniques ace well kngwn in, the ant
of molccular biology., Yor purposes of illustration, suitable moderately stringent
conditions for testing the hybridization of & polyncleotide of this invention with other
polynucleotides include prewashing in a solution of 3 X 8SC, 0.5% 5DS, 1.0 mM
EDTA {pH 8.0%; hybridizing at 56°C-60°C, 5 3 S8C, overnipht; followed by washing
twice at 65°C for 20 minuies with each of 2X, 0.5X and 02X 85C containing 0.1%
SDS. One skilled in the art will understand that the stringeney of hybridization can be
teadily mampulated, such as by alteting the salt content af' the hybsichization solotion
andfor Ibe temperature at which the hybridization is perfomlcd. For example, in
another embodiment, suitable highly stringeni hybridization conditions include those
deseribed above, with the cxception that the temperature of hybridization is increased,
g, o 60-65°C o 65-70°C.

Iz certain preferred embodiments, the polynucleotides described abowve,
eg, polypucleotide wvadants, fragments and  bybridizing  sequences, encods
polypeptides that are immunologically cross-reactive with a polypeptide sequence
specifically set forth berein,  In other preferred embediments, such polynucleotides
encode polypeptides that have 4 level of immunogenic activity of at least about 50%,
preferably at least sbout 70%, and more preferably at least about 90% of that for 2
polypeptide sequence specificaily set forth herein.

The polynucleotides of the present invention, or fragments thereof,
regardless of the length of the coding sequence itself, may be combined with other
DNA sequences, such as promoters, polyadenylalion signals, additional restriction
enzyme sites, multiple cloning sites, other ceding semments, and the like, such that their
overall length may vary considerably. Tt is therefore contemplated that a nucleic acid

Fragment of almost any length may be employed, with the total length preferably being
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limited by the ease of preparation apd use jo the intended recombinant DNA protocol.
Far example, illusirative poalynucleotide segments with toial lengths of about 10,000,
about 5000, about 3000, aboet 2,000, about 1,000, about 300, about 200, about 100,
abuut 30 basc pairs in length, and the like, (inchuding al) intcrmediate lengths) are
contemplated to be uselul in many implementations of this invention,

When comparing polynucieotide sequences, two sequences are said fo be
“identical” if the sequence of nucleotides in the two sequences is the same when aligned
for muximum cowespondence, as described below.  Comparisons befwesn two
sequences are typically performed by comparing the segnences over a comparison
window to identily and compare local regions of sequence similarity. A “compaison
windew” as used hercin, refers to a segment of at least about 20 corliguous positions,
usually 30 to about 73, 40 to about 50, n which a sequence may be compared o a
reference sequence of the sume number of vontiguous pusitions after the two sequences
are optimally aligned.

Optimal alignment of sequences for comparison may be conducted using
the Megalign program in the Lasergens suite of bioinformatics software (DNASTAR.
Inc., Madison. WI). using default parameters. This program embedies several
aligmment schemes described in the [ollowing references: Dayhoff, M.O. (1978) A
model of evelutionary change In proteins — Matrices for detecting distant relationships,
In Dayhoff MO (od) Atlas of Pratein Sequence and Structure, National Biomedical
Research Foundation, Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein 1. (1990
Unified Approsch to Alignment and Phylogenes pp. 626-643 Metfrods in Enzymology
vol. 183, Academie Press, Inc., San Diego, CA; Higgins, T).G. and Sharp, P.M. (1989
CABIOY 5:153-133; Myers, LW, and Muller W, {1988) CABIOS 4£:11-17; Robinson,
E.D. (1971) Coinh. Thesr 11:105; Santou, N. Nes, M. (1987) Mol Binl. Evol. £:406-
425; Speath, P.H.A_ and Sokal, R.R. {1973) Numerical Tmcanony — the Principles ond
Practice of Numericat Taxorony, Frecman Press, San Francisco, CA; Wilbur, W.J, and
Lipman, DL (1983) Proc. Natl dead., Sci. US4 80:726-730.

Alternatively, optima! alipnoent of sequences for comparison may be
conducted by the local identity algorithm of Smith and Waterman (1981) Add. APL.
Math 2:482, by the identity alignment alporithm of Needleman and Wunsch (1970) J
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Mol, Biol. 48:443, by the search for sinzilarity methods of Pearson and Lipman (1988}
Proc. Mol Acad. Sei USA 83: 2444, by computerized implementations of these
algorithms (GAF, BESTFIT, BLAST, FASTA, and TFASTA in the Wisconsin Genetics
Soflware Package, Genetics Compuler Group (GCG), 575 Scicnee Dr., Madison, W13,
o1 by inspection.

One proferred example of algerithms that are suilable for determining
percent scquence identity and sequence similarity are the BLAST and BLAST 2.0
algoritms, which are described in Altschul et al. (1977) Nucl doids Res, 25:3389-3402
and Altschul et al. (1990} 7. Mol Biol. 215:403-410, respectively. BLAST and BLAST
2.0 ¢an be used, for example with the parameters described herein, 1o determing pereent
sequence dentity for the polvnucleotides of Lhe inventen. Sofiware for performing
BLAST analyses ia publicly available through the National Center for Bioteehnalogy
Infenmation. In one dlustrative example, comulative scoses can be culvulated wsing, for
nucleofide sequences, the parameters M {reward score for a pair of matching residues;
always >0 and W (penalty score for mismatching residues; always <0). Extension of
the word hits in euch directivn are halted when: the cumulative alipnment score [(alls ofl
by the quantity X from It maxinarn achieved valoe; the ctimwative score goes (0 zere
or below, due to the aceimulation of ohe or more negative-scaring residuc alignments;
or the end of either sequence is reached, The BLAST algorithm parameters W, 1 and X,
determine the scnsitivity and speed of the alignment. ‘The BLASTN program (for
nucleotide sequences) uses gs defaulls a wordlength (W) of 11, and expoctation {E) of
10, and the BLOSUIM6?2 scoring matriz (ses Henikoff and Henikoff (198%) Proc. Mo,
Acad. Sci. US4 8%:109135) aligninents, (B} of 50, expovtation (F) of 10, M=5, N=-+4 and
4 comparison of both strands.

Preferably, lhe “percontage of sequence identity™ iy determined by
comnparing two optimally aligned sequences over & window of comparison of at least 20
pasitions, whersin the portion of ke pulynucleotide sequence i the comparison
window may comprise additions or deletions {i.e., gaps) af 20 percent or less, wsually 3
to 13 percant, or 10 to 12 percent, a5 compared to the reference sequences (which does
not comprise additions or deletions) for optimat alignment of the two sequences. The

percentage is caleulated by determining the number of positions at which the identical

JP 2004-512022 A 2004.4.22



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

3

97)

WO 01796388 POTIUSOLAABSSY

27

nucleiv acid bases ocours in both sequences to yield the number of matched positions,
dividing the number of matched positions by the total number of positions in ibe
reference sequence (e, the window size) and multiplying the resulis by 100 to yicld
the peroentage of sequence identity.

[t will be appresiated by those of erdinery skill in the art that, as a result
of the degeneracy of the genefic cade, there are many nucleotids sequences that encode
a polypeptide as deseribed herein.  Some of these pelynucleotides hear minimal
hemology to the nuclestide sequence of any native gene. Nonetheless, polynucleotides
that vary due to differences in codon usage arc specifically contemplaied by the presemt
iovention.  Fuxther, alleles of the genes comyprising the polynucleotide sequenccs
provided herein are within the scope of the present invention. Alleles are endogenous
genes that are alicred 4s a result of one or more mutations, such as-deletions, additions
andfor substinations of nucleotides, The resulting mRNA snd protein may, but need
not, have an altered struchme or function. Alleles may be ientified using standard
techniques {such as hybridization, amplificaiion and/or database sequence comparison).

Therefore, in another cmbodiment of ihe inpvention, & mulagenesis
approach, such as site-specific mutagenesis, is employed for the preparation of
imnranogenie vartants and/or derivatives of the polypeptides deserilied herein, By this
approach, specific modifications in a polypeptide sequence can be made ihrough
riutagenesis of the underlying polyiucleotides that encode them.  These techniques
provides a steaightforward approach to propare and rest sequence variants, for example,
Incorporating one or maore of the foregoing considerations, by iniroducing one or meze
ruclentide sequence chaunges fato the polynuclectide.

Sile-specific mutapenesis allows the production of mutants through the
use of specific oligonucleotide sequences which encede the DNA sequence of the
desired mutation, 23 well as a sufficient number of adjacent nucleotides, to provide a
primer sequence of sufficient size and sequence complexily to form & stable duplex on
boih sides of the deletion junction being traversed.  Mutations may be employed in =
selected polypnoclectide sequence lo improve, alier, decrease, modify, or olherwise
change the properties of the polynucicotide itself, and/or alter the properties, activity,

compasition, stability, or primary sequence of the encoded polypeptide,
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In certain embodiments of the present imvenilon, the inventors
conterplate the mutagenesis of the discloszd polynuclectide sequenees to alter one or
meie properlies of e enceded pelypeptide, such as the immunogenicity of a
polypeptide vaccine. The tochniques of site-specific muiagenesis are well-known in the
al, and ere widely used 10 creale varlants of both polypeptides and polynuclentides.
Yor example, site-specific mutagenseis is often used to alter a specific portion of a DNA
medecule. In such embodiments, a primer corpprising typically about 14 to about 25
aucleotides or so in length is empleyed, with about 5 to sbout 10 residues on both sides
of' the junction of the scquence being altered.

As will be appreciated by those of skill in the art, sile-specific
ntagenesis techniques have often employed a phage veetor that exists in hoth a single
stranded and double stranded form. Typical vectors useful in site-dirccted mutagenesis
include  wectors such as  the MI3  phage. These phage are readily
commerciatly-available and their use is generally well-knewn to those skilled in the ar.
Double-stranded plasmids are also routinely empleyed in site directed mutagenesys that
eliminates the step of transfening the gene of interest from a plasmid to a phage.

In general, site-direcied mutagenesis i1 accordznce  herewith s
performed by first oblaining & single-stranded vector or melting apart of {wo sirands of
4 double-stranded vector that includes within its sequence 2 DNA scguence that
encodes the desired peptide.  An oligonuclentide primer bearing the desired mutated
sequence is prepared, penerslly synthetically. This primer is (hen anypesled with the
single-stranded veoter, and subjecied to DNA polymernizing enzymes such as £ vofi
polymerase 1 Klenow fragment, in order to complete ire synthesis of the mutation-
bearing strand. ‘Thus, 2 heteroduplex is formed wherein one strand encodes the original
non-mutated scquence and the second strand bears the dosired mutation.  This
hetereduplex vector is then used o transform appropriate eclls, such as K coli cells, and
clanes e selected which include recombinant vectors bearing the mutated sequence
arrangement.

The preparation of sequence variants of the selectad peplide-encoding
DNA. segments using site-directed petegencsis provides o mesns of producing

potentially usefil specles and 18 not meant to be limiting a3 there arc olher ways In
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which sequence varants of peptides and the IINA sequences encoding them may be
obtained, Tor example, recommbinant vectors encoding the desired peptide sequence
may be treated with mutagenic agents, such as hydroxylamine, to abtain scquencc
variants,  Specific details regarding these methods and protocols are found in the
teachings of Maloy ef ¢f, 1994; Segal, 1976; Prokop ond Bajpai, 1991; Kuby, 1994;
and Maniatis o &l , 1982, cach incorporated herein by reference, for that purpose.

As wed herein, the tenn “oligonucleotide directed mutagenesis
procedure” refers to template-dependent processes and vector-mediated propagation
which result 1o an increase in the concentraion of a specific pucleic asid muolecule
relative o ils iitial concentralion, or in an increase in the concentration of 2 detectable
signat, such as amplification.  As used hercin, the term “oligonuclesiide divected
mutagenests procedure” s imtended to refer lo u process that involves the
template-dependent extension of a primer molecule.  The term template dependent
process refers to nucleic acid synthesis of an RNA or a DNA molecule wherein the
seqnence of the newly synthesized strand of nucleic acid is dictated by the well-known
rules of complementary base pairing {scc, for example, Watson, 1987). Typically,
veetor mediated methedologies ipvelve (he introduction of the nucleic acid fragment
nto a DINA or RNA veclor, the clonal mmplification of the vector, and the recovery of
the amplified mucleic acid fragment. Examples of such methodologies are provided by
1. 8. Patent No. 4,237,224, specifically incorporated herein by reference in ils entirely.

In anuther approach for the production of polypeptide variams of the
present iftvention, recursive seguence rccombination, as described in TLS. Patent Ieo.
5,837,438, may be employed. In this approach, iterative cyvcles of recombination and
screening or selection are pertarmed fo “evelve” individual polynucleotide variants of
the invention having, for example, ephanced immunggenic aciivity.

In other embodiments of the present invention, the polynuclectide
sequences provided herein can be advantageously nsed as probes ot primers for nucleic
acid hybridization, As such, it is contempleted that nucleic acid segments thal comprise
or consist of a sequence region of at lesst abeut & 15 nucleotide long contiguous
sequence that has the same sequence as, or is complermentary o, a [3 nucleoride long

contiguous sequence disclosed herein will find particular utility.  Tonger contiguous
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idenlical or complementary sequences, e.g., those of about 20, 30, 40, 50, 100, 200,
500, 1000 (including all intermediate lengibs) and even up to {ull length sequences will
aizo be of use in certain embodiments.

The ability of sach mmcleie acid probes to specificaily hybridize to a
scquence of interest will onable thom to be of use in detecting the presence of
complementary sequenees i0 u given sample. However, othier uses arg also envisioned,
such as the use of the sequence information for the preparation of mutant species
primers, or primers for use in preparing other penctic constructions.

Polynucleotids molecules having seguence Tegions cuﬁsisting of
contiguous nucleotide stretehes of 10-14, 13-20, 30, 50, or even of 100-20{ nucleotides
or so fincluding intennediate lengths as well), identical or complementary to a
pelyoucleolide  sequence  disclosed  herein, ware particularly  contemplated  as
hybridization probes fior use in, e g, Southers and Nowthern blotting. This wonld ajlew
a gene product, or [ragment thereod, to be analyzed, both in diverse cell types and alse
in various bacterial cefls. ‘The fotal size of fragment, as well as the size of the
complementary stretch(es). will ultimately depend on the inlended use or application of
the pamicular nucleic acid segment.  Smaller fragments will generally find use in
hybridization cmbedimenis, whercin the length of the contiguous complementary
region way be vavied, such as between about 15 and about 100 nucleotides, but larger
contiguous complementurity sirelches may b used. according ta the Jenuth
complementary sequences one wishes 1o deteor.

The use of & bybridization probe of about 13-23 nucleotides in length
allows the formation of a duplex meiecule that is both stable and sefeciive. Molecules
having contiguous complementary sequences over siretches greater than 15 hases in
lepgth ave penerally prefered, thongh, in order lo increass stability and selectivity of
the hybrid, and thereby improve the quality and degrec of specific hybrid molecules
obtained. One will generally prefer to design nucleic acid molecules having gene-
complementary stretches of 15 to 25 contiguous nmcleotides, or even longer where
desired.

Eybridization probes may be sclected from any portion of any of the

sequences disclosed bexein. All that is required is to review the scquences set fordh
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herein, or to any continuous postion of the sequenues, fTom about 15-25 nucleotides in
length up to and including the full length sequence, that ane wishes to wiilize as & probe
or primer. The choice of prebe and primer sequences may be poverned by various
factors. For example, one may wish to employ primers from towards the termini of the
total sequence.

Small polynucleotide segments or fragments may bo readily prepared by,
for example, directly synthesizing the fragment by chemical means, 23 is commonly
practiced using an awomated oligonucleotide synihesizer. Also, fragments may be
obtained by application of nucleic acid reproduction technology, such as the PCR™
technolopy of 11 8, Patent 4,683,202 {Incorporated hevein hy reference), by miroducing
selected sequences inlo recombinunt vectors for recombinant production, and by other
reconnbinant DVA techniques generally known. to those of skill in the art of molecular
biology.

The mucleatide sequences of the invention may be nsed for their ability
o sclectively form duplex molccules with camplementary stretches of the entite genc or
gene frapments of interest. Depending on the application envisioned, one will typically
desire to employ varying conditions of hybridization to achieve varying degrees of
sclectivity of probe towards farget sequemce. For applicalions requiring high
selectivity, one will typically desire w employ melatively stingent conditions o fornm
the hybrids, e g, onc wilt select relatively [ow salt and/or high temperature conditions,
such as provided by a salt concentration of from about (.02 M to abmat .15 M salt ai
temperatures of from about 50°C to about 70°C. Such selective conditions toleraie
litile, if any, mismateh between the probe and the template or target sirand, and would
be particularly suitable for isolating reluted sequences.

Of course, for some applications, for cxample, where onc desires o
prepare mutanis employing a nmutant primer strand hybridized to an underlying
ternplate, less stringent (reduced stingency) hybridization conditions will typically be
needed m order to allow formation of the heternduplex. In these circumstances, one
may desire to employ sall conditions such as those of from about 0.15 M 1o about 9.9 M
salt, at temperatures ranging from about 20°C to about 55°C. Cross-hybridizing species

can thereby be readily identified as positively hybridizing signals with respect to control
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hybridizaticns. In any case, it is generally apprecigted (hat conditions can be rendered
more stringent by the addition of increasing amounts of formamide, which serves to
destabilize the hybrid duplex in the same manper as increased temperatere. Thus,
hybridization conditions can be readily manipulated, and thus will generally be a
method of chuiee depending oo the desired rsulls,

According to another embodiment of the present invention,
polynueleatide compositions comprising antisense oligenucleolides are provided.
Aniisense ofigonuclectides have been demonstrated to be effective and targeted
inhibitors of protein symhesis, and, consequently, provide a therapeutic approach by
which a disease can be treated by inhibiting the synthesis of proteins thal contribute to
the discase. The etficacy of antisense oligonucleotides for inhibiting protein synthesis
15 well established. For example, the synthesis of poivegalactauronase and the muscarine
type 2 acctylcholine reccptor are inhibited by antiscnse oligonucleotides directed ta
their rezpective mRNA sequences (1). S. Patent 3,739,119 and 11, S. Patent 5,759,829).
Furiher, examples of aptsense jphibition have been demonsirated with the nuclear
protein cyetin, the multiple drug resistance gene (MDG1), ICAM-1, E-selectin, STK-1,
striatal GABA4 receptor and human EGF (Jaskulski e af., Science. 1938 Jun
10;240(4858):1544-0; Vasanthakumar and Ahmed, Cancer Commun, 1989;1(4).225-
32; Peris ef al., Brain Res Mol Brain Res. 1998 Jun 15;57(2):310-20; 1. 5. Patent
5,801,154, U.S. Patent 5,789,573; UL 8. Patent 5,718,709 and TL5. Patent 5.610,288).
Antisense consiructs have alse been described that inhibit and can be used (o treut a
variety of abmormal eellular proilferstions, ¢.g. ctmcer (U. 8. Patent 5,747,470; 1. 8.
Patent 5,521,317 and U. S. Patent 5,783,683).

Therefore, in certain embodiments, the present ivention provides
oligomcleotide sequences that comprise all, or a portion of, any sequence that is
capable of specifically binding to polynucleotide sequence deseribed herein, or o
<omplement thercof. In one cmbediment, the antiscose oligonucleotides comprise
WA or derivatives thercof. fn another embodirent, the oligonucleotides comprise
RMA or derivatives therenf. In a third embediment, ihe oligonecleotides are modified
DNAs comprising 2 phosphorothicated modified backbone. Ll a fourth cimbodiment,

the oligonueleotide sequences comprise peptide nucleic acids or dervatives thereof. In
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each case, prefested compositions comprise a sequence region that j5 complementary,
and more preferably  substantially-complementary, and even morc preferably,
completely complementary to one or more portions of polysnucleotides disclosed hercin.
Selection of antisense compesitiens speeific for a given gene sequence is based upon
analysis of the chosen target sequence and determination of secondary structure, I'm,
binding energy, and relaitve stubility. Anfisense compositions may be selected based
upon their relative inability to fonn dimers, hairpins, or other sceondary structures that
wonkd reduce or prehibit specific binding to the target mBNA 1o a host cell. Highly
preferred taruget regions of the mBNA, are those which are at or near the AUG
tranglation initiation codon, and those sequences which are substantially complementary
10 3 regions of the mRNA, These secondary structure analyses and target site selection
considerations ean be performed. for example, using v.4 of the QOLIGO primer analysis
soltwase and/or the BLASTN 2.0.5 algorithm sullware (Altschul e/ af., Nucleie Acids
Res. 1997, 25(17):3389-402).

The use of an antisense delivery method employing a short psptide
vector, termed MPG {27 residues), is also conternplated. The MPG peplide contains o
hydrophobic domain devived firom the fusion sequence of HLY gp41 and o hydrophilic
domain from the nuclear localization scquence of SVA0 T-antigen (Mormis ef of.,
Nucleic Acids Res. 1997 Jul 15:25(14):2730-6), [t has been demonstaled that several
molecules of the MPG peptide coat the antisense aligonuelectides apd can be dolivered
inte cultured marmmalian celis in Jess than 1 heur with telatively high cfficichey (90%).
Further, the inleraction with MPG strungly increases both the stability of the
oligomuelentide 10 nuclease and the ability to cross the plasma membrans.

According {0 avother emmbadiment of the invention, the polymucleotide
compositions described herein are used i the design and preparation of ribozyme
moelecules for inhibiling expression of the tumor polypeptides and prodeing of the
present invention in tumor cells. Ribowyimes are RNA-protein. complexes ihat cleave
nucleic acids in 4 sile-specific fashion. Ribazymes have specific catalytic domains thai
possess endonuclease activity (Kim and Cech, Proc Matl Acad Sci 17 § A. 1987
Dee;84(24):8788-92; Forgter and Symons, Cell 1987 Apr 24:49(2y211-20). Tor

example, & large mamber of 1ibozymes accelerate phosphosster transfer reactions with a
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high degree of specificity. often cleaving oply ome of severs]l phosphoesters in an
oligonucleotide substraie {Cech ef af., Ccll. 1981 Dec;273 Pt 2):487-96; Micke!l and
Westhof, J Mal Biol. 1990 Dec 5;2(6(3%:383-610; Reinhold-Hurek and Shub, Mature.
1292 Muy 14;357(6374):173-6). This specificity has been attributed o the requirement
that the substrate bind via specific base-pairing interactions to the internal gnide
Sequance {"1GE"} of the ribozyme prior to chemical reaction.

Six basic varicties of naturally-occurring enzymatic RNAs are known
presently. Each can catalyie the hydrolysis of RMA phosphudiester bonds in frans (and
thus can cleave other RNA molscules) under physiclogical conditions. In generzl,
enzyinatic pucleic acids act by first binding to & target RMA. Such binding occors
through the target binding portion of a enzymatic nucleic acid wiuch is held in close
proximity to an enzymatic portion of the molecule that aciz to cleave the target RNA.
Thus. the enzymatic nuclerc acid first recognizes and (hen binds a target RNA throvgh
compiementary base-pairing, and once bound to the correct site, acts enzymatically to
cut the jarget RINA. Suatepic cleavage of such a target RNA will destroy its ability to
direct synthesis of an encoded protein. After an emamalic nucleie avid bas bound and
cleaved its RNA target, it is reieased from that RNA to search for another tarzet and can
repeatedly bind and cleave new targets.

The enzymatic natwe of a ribozyme Is advantageons over many
technatogies, such as antisense techmology (where a nucleie acid molecuie simply binds
to a nucleie acid target to bloek its ranslation) since the concentration of ribozyme
necessary Ly affect g therapendic treatment is lower than that of an snfisense
oligonoeleotide.  This advantage reflects the ability of the ribozyme 1o act
enzymatically. Thus, a single ribozyme molecule is able to cleave muny molecules of
target RNA. In addition, the ribozyme is a highly specific inhibitor, will: the speciticity
of inhibition depending not enly on the base pairing mecharnism of binding to the target
RNA, but also on the mechanism of target RNA cleavage. Single mismaitches, or base-
substitutions, near the sile of cleavage can completely eliminate cataiytic activity of a
ribozyme.  Similar mismatehes in antisense molecules do not prevent theiv astion

(Woolf. 6 al., Proc Nat] Acad Sa U S A. 1992 Aug 15:89(16):7305-9).  Thus, the
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specificity of action of a ribozyme is greater than ihat of an antisense olisorucleotide
binding the samc RMA site.

The enzymatic nuclete acid molecule may be formed in a hammerhead,
hadrpin, a hepatitis & virus, group § intron or RNaseP RINA (in assoclation wilb an RNA
puide sequence) or Neupospora V3 RNA motif. Examples of hammerhead motifs are
described by Rossi ef al. Nuclelc Acids Res, 1992 Sep 11;20(17):4559-65, Examples of
hairpin motifs are described by Hampel ¢f af. (Eur. Pat. Appl. Fubl. No. EP 0360257),
Hampel and Tritz, Biochematey 1989 Jun 13;28{12%:4%29-33; Hampe! e ol, Nucteic
Acigs Res. 1990 lan 25:18(2):299-304 and U. 3. Pafent 5,631,359, An example of the
tiepatitis & viras motif s deseribed by Perrotta and Been, Biochemistry. 1992 Dee
1;31(47):11843-52; an example of the RNaseP motif is described by Guerrier-Takada
etal, Cell. 1983 Dec:35(3 Pt 2):848-37; Newrospora VS RNA ribozyme maotif is
described by Collins {Saville and Collins, Cell. 1990 May 18:61(4):685-96; Saville and
Collins, Prae Natl Acad Sci I 8 A, 1991 Qet 1;88(19):8826-30; Collins and Olive,
Biochemistry. 1993 Mar 23;32(11):2795-9); and an example of the Group 1 intron is
described im (U1, 8. Patent 4,987,071 All that is important in un enzymatic nucleic acid
molecule of this invention is that it has a specific substrate binding site which is
complomentary 1o onc or more of the target gene RNA regions, and that it have
nucizotide sequences within ar surrounding that substrade binding site whick impart an
RNA cleaving activity to the molecule. Thus the ribozyme constructs need not be
limited 10 specific motifs mentioned herein.

Ribozymes may be desiymed as described in Int. Pat. Appl. Publ. No,
WO 93/23569 and Int. Pat. Appl. Publ. No. WO 94/02595, each specifically
incorporated herein by reference) and syntiesized (o be tested in vigro awd in viveo, as
described.  Such nbosymes can alse be optumized for delivery.  Whils specific
examples arc provided, those in the art will reeognize that equivalent RNA targets in
other species can be utilized when pecessary.

Ribozyme activity can be optimized by altering the length of the
ribozyme binding arms, or chomically synthesizing ribozymes with modifications that
prevent their degradation by sevum ribomicleases (see «.g, Il Pal. Appl. Publ. No.
WO 92/07063; Int. Pat. App). Publ. No. WO 93/15187; Int. Pat. Appl. Publ. Ne. WO
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91/03162; Evr. Pat. Appl. Publ. No. 92110298 .4; 0. §. Patent 5,334.711; ond Int. Pat.
Appl. Publ. No. WO 94/13638, which describe various chemical modifications that can
be made le the sugar moieties of emeymatic BNA mokcoules), modifications which
enhance their efficacy in cells, and removal of stem II bases fo shorten RNA synthesis
times and reduce cheimival requirements.

Sullivan er al. (Int. Pat. Appl. Publ. No. W0 94/02595) describes the

general methods for delivery of cioymatic RNA moleenles.  Ribnzymes may be
atministered to cells by a varfety of metheds kpown to those familiar t the ari,
including, bul not restricted to, eocapsulation in liposomes, by ioniophoresis, or by
_incorporation into other vehicles, such as hydrogels, cyclodexiring, biodegradable
nanocapsules, and bioadhesive microsphercs. For some indications, ribozymes may be
directly delivered ex vive to cells ar tissues with or without the aforementioncd
vehicles.  Altematively, the RiNA/vehicle combination may be locally delivered by
direct inhalation, by dircet injoction or by use of a catheter, infusion pump or stem.
Onher routes of defivery melude, but are not limited to, Intravascular, intramuscular,
subcutanenus or joint injection, acrosol inhalation, oral (tablet or pif) form}, wpical,
systemic, ocolar, intraperitoneal and/or intrathecal detivery. More deiailed deseriptions
of ribozyme delivery and adminisitation are provided in Inf. Pat. Appl. Publ. No. WG
9402595 and Tnt. Pat. Appl. Publ No. WO 93/23569, each specifically incorporated
herein by reference.

Another meags of accumulating high concentrations of a ribosyme(s)
within calls ig to incorporate the ribozyme-cneoding sequencas inte a DNA expression
veetor.  Transcription of the ribuzyme sequences are drven from a promencr for
eukaryotic RINA polymerase | {pol 1), RNA pelymerase 11 (pol L1}, er RNA polymerase
I (pol 111}. Transeripts from pol 1T ar pol 1] pramoters will be expressed at high levels
in alt celly; the levels o a given pol I promoter in a given eell type will depend on the
nature of the gene regulaiory scquences (emhancers, silencers, efc.) present noarby.
Prokaryotic RMA palymerase promoters may alse be uwsed, providing that the
prokaryotic RNA polymerase enzyme is expressed i the appropriale cells Ribozymes
cxpressed from such promoters have been shown Lo function in mammalizn cells. Such

transciiption units can be {neorporated into a varicty of vectors for introduction into
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mammalian cefls, including but not restiicted to, plasmid DMA veciors, viral DNA
vectors (such as wdenovirus ar adeno-associated veclors), or vignl RNA, vectors (such as
retroviral, semliki forest virus, sindbis virus veetors).

In another embodiment of the invention, peptide nucleic acids (PNAs)
compositions are pravided. PNA is 2 DNA mimic in which the nucleobases are
aitached 1w & pseudopuptide backbone (Good and Niclsen, Antisense Nucleie Acid Drug
Dev. 1997 7(4) 431-37). PMA i5 able o be utilized in a number methods that
traditionally have used RNA or DNA.  Oficn PNA sequences perform better in
techniques than the corresponding BNA or DNA sequences wd bave wilities that are
net inherent to RNA or DNA. A review of PNA including methods of making,
characteristics of, and methods of using, 1s provided by Corey (Trends Biofechnol 1997
Juns15(6):224-9). As such, in certain embodiments, one may prepare PNA sequences
that are complementary to one or more portions of the ACE mRMA sequence, and such
PNA compositions may be used io regulate, aller, decrease, or reduce the translation of
AUCE-specific mBMNA, and thereby alter the leve) of ACE activity in a host cell to which

such PNA compositions bave been administered.
PNAs Lave 2-aminocthyl-glycine TJinkages replacing the normal

phoesphediesier backbone of DINA (Niclsen er al, Scierce 1991 Dec 6;254(503731497-
508; Hanvey sz af, Bclece, 1992 Nov 27:258(5087% 1481-5; Hyrop and Miclsen,
Bioerg Med Chem. 1996 Jam4(1%:5-23).  Thiz chemisty hag three important
consequences: tivstly, in contrast to DNA or phesphorothivate oligonuceiides, PNAy
are nentmsl molecules; secondly, PMAs are achiral, which avoids the need to develop a
sicreoselective synihesis; and thirdly, PNA synihesis uses standard Boe or Fmoc
protocols for solid-phase peptide symthesis, although other methods, including a
modified Merrifield method, have becn used.

PNA monomers or ready-made slipomers are commercially available
from PerSeptive Biosystems {(Framingham, MA). PMNA synthescs by cither Boc or
Fmoc protocels are straightforward using manual or automated protocels (Noxton er ol
Bioorg Med Chem. 1995 Apr3{42:437-43), The manual protocol lends itself o the
praduction of chemically modified FNAs or the simultancous synthesis of families of
closely refated PNAs.
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Ay with peptide synthesis, the success of a parliculay PNA synthesis will
depend on the properties of the chosen sequence. For example, while in theory PNAs
can incarporate any comhination of nucleotide bases, the presence of adjacent purines
can lead to deletions of ume or more residues in the product. In expectation of this
difficulty, # is suggested that, in producing PMNAs with adjacent purines, one should
repeat the caupling of residues likely 1o be added inetheientty. This should be followed
by the purification of FNAs by reverse-phase high-pressure liquid chromatography,
providing yields and puiity of produet similar ko these observed during the synthesis of
peptides.

Modifications of PNAs for a given application may be aecomplished by
coupling amino acids during solid-phase synthesis or by allaching compounds that
coniain 8 carboxylic acid group to the cxposed N-terminal amine. Allernatively, PNAs
can be maodified alter synthesis by coupling to an introduced lysine or cysteine. The
ease with which PNAs can be modificd facilitatcs optimization for better solubility or
for speeific functionzl regairements. Once synthesized, the identity of PMNAs and their
derivatives can be confivoed by mass spectrometry.  Several studies bave made and
utilized maditications of PNAs (for example, Nerton ef of | Bioorg Med Chem. 1595
Apr;3(43437-45; Petersen «f of., ] Pept Sci. 1995 May-Jup; 1(3):175-83: Orum ez gl..
Biotechniques. 1993 Sep;19{3):472-80; Footer ef 4l, Biochemisiry. 1996 Aug
20350333 103673-5; Gritfith et al, Nuclcic Acids Res, 1995 Aug 11;23(15):3003-8;
Pardridge er al., Proc Nafl Acad Sci U 8 A. 1995 Jun 6:92(12):3592-6; Boffa er af.,
Proe Matl Acad Sci U 8 A 1995 Mar 14;92(6314901-5; Gambacarti-Passerioi ef af.,
Blood. 1396 Aug 15:B8(4):1411-7; Armitage et of, Proc Watl Acad Sci U § A. 1997
Nov 11;94(23):12320-5; Seuger ¢ of., Biotechniques. 1897 Bep;23(3):512-7). U5,
Patent No. 5,700,922 discusses PNA-DNA-PNA chimeric mofecules and their uses in
diagnostics, modulating protein in organisms, and treatment of conditicns susceptible to
therapentics. -

Methods of characterizing the anlisense binding properties of FINAs are
discussed in Rose (Anal Chem. 1993 Toe 135;65(24):3545-9) and Jensen ef al
(Riochemistry. 1997 Apr 22;36(16):5072-7). Rase uses capitlary gel electrophoresis to
determine binding of PNAs to their complementary oligonucleotide, measuring the
relative binding kivetics and stoichiometry. Similar types of measurements wore made

by Jenscn ef af. using BlAcors™ techinalogy.
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Other applications of PNAs that have been described and will be
apparent to the skilled arfisan include vse in DNA strand invasion, antisense inhibition,
mutational amalysis, enbancers of transcription, mucleic acid purification, isolatinn of
transeriptionally active genes, blocking of transeription factor binding, genome

cleavage, biosensors, in sifu hybridization, and the Jike.

P{HLYNLCLEOTIDE IDEN';'IF]CATION. CHARACTERIZATION AND EXPRESSION

Polynueleotides compositions of the present invention may be identified,
prepared andfor manipulated using any of a variety of well established techniques (sce
aenerally, Sambrook ot al, Meleawdar Cloning: A Laborgtery fdurnal, Cold Spring
Harbor Lahoratories, Cold Spring Harbor, NY, 1989, and other like references). For
examyple, a polynucleotide may be identified, as described in more detail below, by
screening a microarray of <DNAs for tumor-ussociated expression (i.e., cxpression that
js at least two fold greatcr in a fumor than in nornal tissue, as determined using a
representalive assay provided herein). Such screens may be pedformed, for example,
using the mictoarray technology of Aftymetrix, Inc. (Santa Clara, CA) according to the
manyfacturer’s instructions (and esseutially as deseribed by Schena ci al., Proc. Narl
Acad Sci. USA 93:10614-10619, 1996 and Heller ef al,, Proc. Natl Acad. Sci US4
Y4:2150-2155, 1997).  Alternaively, polynucleotides may he amplified from cfNA
prepared from cells expressing the proteing described herein, such as tumor cells.

Many template dependent processes are availablke 1o amplify a target
sequenees of inferest present in a sample. One of the best known amplification methods
is the polymerase chain reaction (PCR™) which i described in detail in U.S, Patent
Mos. 4,643,195, 4,683,202 and 4,800,159, each of which is imcorporates] herein by
seference in its entirsty.  Briefly, in PCR™, two primer sequences are prepared which
are complementary fo regions on oppasite complementary Strands of the target
sequence. An cxcess of deoxynucleoside triphosphates is added ta a resction mixture
along with a DNA polymetase {e.g., Tay polymerase). 1M the warger sequence js present
i @ sample, the primers will bind to the larpet and the polymerase wilt cquse the
primers Lo be extended along the target sequence by adding on mucleotides. By raising

and lowering the tcmperature of the teaction muxture, the extended primers will
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dissociate from the target to form teaction products, excess primers will bind to the
target wod to e reacfion prodoct and the process is ropeaied.  Preferably reverse
transcription and PCR™ amplification procedure may be performed in order to quantity
the amount of MRNA amplified. Pelymerase chain reaction methodologies are well
knowmn in the art.

Any of a mamber of other template depepdent processes, many of which
are variations of the PCR "™ amplification technique, are readily known and available in
the art. Tiustratively, some such methods include the ligase chain reaction (referred to
as LCR), described, for example, in Eur. I'al. Appl. Publ. No, 320,308 and U.S. Patent
MNo. 4,883,750, Qbeta Replicase. deseribed in PCT Intl. Pat. Appl. Publ. No.
PCT/USRZO0880; Strand Displacement Amplification (SDA) =amd Repair Chan
Reaction (RCR).  SUill other ampbification methods are deseribed in Great Britain Pat.
Appl. Mo, 2202 328 and in PCT Tnt). Pat. Appl. Publ. Mo PCT/USEY/RIN25. Other
pucleie acid amplification procedures include transcription-based amplification systems
(TAS) (PCT Tml, Pat. Appl. Publ. No, W( 88/10315), including nucleic acid sequence
based ampiification (NASBA} and 38R, Eur. Pat. Appl. Publ. No. 329,822 describes a
nucleie acid amplification process involving cyclivally synthesizing single-stranded
RMA {"ssRNA"), ssDNA, and deuble-stranded DNA &sDNAY. PCT Indl. Pat. Appl.
Publ. Ne. WO 89/06700 deseribes a nucleic acid sequencc amplification scheme based
on the hybridization of 2 promolerprimer sequence to a target single-stranded DNA
("asDNA"Y followed by transetiption of roany RMA copies of the sequence. Other
amplification methods such as "RACE" (Frobman, 199), and "one-sided PCR" (OQhara,
1989) are also weil-known to those of skill in the art.

An amplified portion of 2 polynuclentide of the present invention may be
used 10 isolate a full length gene from a suitable library (e.g. a tumor cDNA library)
using well known leul-miques. Within such techmiques, a library (<IDNA. or penoic) is
screened using one or more pelynacleotide probes or primers suitable for amplification.
Preferably, a library 15 size-selected to include larper molecules, Random primed
libraries may also be preferred for identifying 5° and upsireamn regions of gepes.

enomic libraries are preferred for obiaining introns and extending 3' sequences.
G tib prelerred for obiaining int d exlending 3' seq
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For hybridization techniques, a pariial sequence may be labeled {e.g., by
rick-translation or end-labeling with *P) using well-known techoiques, A, bacterial of
bacteriophage library is then generzlly screencd by hybridiziag filiers confaining
dengtured bactenal colonies {or lawns containing phage plaques) with the labeled probe
{wee Bambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratories, Cold Spong Hacbor, MY, 1985).  Hybndizing eolonics o plagues are
selected and expanded, and the DNA is isolated for further analysis. <DMNA clones may
be analyzed to determine the amount of additional sequence by, for cxample, PCR
using a primer from the partizl ssquence and a primer (rom the veutor. Restriction
maps and partial sequences may be generated to identify one or more overlapping
clopes. The complete sequence may then be determined using standard techniques,
which may involve penerating a series of deletion clones. The resulting overlapping
sequetices ¢an thea assenibled into & single contiguons sequence. A full length eDWA
molecule can be generated by ligating suilable fragmenis, using well known techmignes.

Alternasively, amplification techniques, such as those desceribed above,
can be useful for obtoining a full tength coding sequence from a partial cDWNA
sequence, One such gmplification technique is inverse PCR (see Triglin et al., Nucl
Acids Res. J6:8186, 1988), which scs resurietion enzymes to gencrate u fragment in the
koown region of the gene. The frapment is then circularized by inrtramolecular ligation
and used as 1 templite for POR with diverpent primers derived from the known region.
Within: an altenrative approach, sequences adjacent to a partial sequevce may be
retrieved by amplitication with a primer to a lioker sequence and a primer specific to a
known region. The amplified sequences are typically subjected to a second round of
amplification with the same linker privier and a second primer specific to the known
egion, A variation on this provedure, which employs two primers that inlliate
extension in apposile dircetiens from the known scquenve, is described in WO
96/38591. Ancther such technique is known as "rapid amplification of cDNA ends" or
RACE. This technigue involves the use of an internal primer and an externat primer,
which hybridizes (o a polyA region or vector sequence, 1o identify sequences that are 5°
and 3' of a known sequence. Additiona techniques include capture PCR (Lagersirom et
al., PCR Methods Applic. £:111-19, 1991} and walking PCR (Parker et al., Nucl Adcids.
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Res. [9:3055-80, 1991} Other methods empleying amplification may also be
employed to oblaio a full length cDNA sequence.

In certain instances, it is possibic to obtain a fiil length cI¥NA seguence
by analysis of sequences provided in an expressed sequence tag (EST) database, such as
thal available from1 GenBank. Searches for overlupping ESTs may gencrally be
performed ustng well kaown programs (e, NCBI BLAST seavches), and such ESTs
may be used to generats a contiguous full length sequence. Full length DNA sequences
may 2lso he obtained by analysis of genomic fragments.

In other embodiments of the invention, polynucleatids ssquences or
fragments thercot which encode polypeptides of the invention, or fusion proteins or
functional equivalents thereof, may be used in recombinant DNA melecules to direct
expression of a polypeptide in approprinte host cells. Due to the inherent degeneracy of
the genetic code, other DNA sequences that encode sobstantally the same or a
functionally equivalent amioo neid sequence may be produced and these sequences may
be used to clone and express a given polypeptide.

As will be underslood by those of skill in the art, it may be advanlsgeous
in sume instances to produce polypeptide-encoding nucleoiide sequences possessing
non-nztwrally occuiring codons. Fer example, cedeas preferred by a particular
prokaryotic or cukaryotic host can be selected to increase the rate of profein expression
or to produce a recombinant RNA. transeripl having desirable properties, such as a half-
life which is longer than that of a wanswipt generated from the narally occurring
sequence. )

Moreover, the polynuclectide sequences of the present invention can be
cngincered using methods generally known in the art in order o alter polypeptide
encoding sequences tor a vagety of reasons, Inchuding but noi hmiled to, allerations
which modify the cloning, processing, and/or cxpression of the gene product. FPar
example, DMNA shuffling by random fapmentation and PCR reassembly of gene
[ragments and synthetic oligenuclectides may be used o cagineer the nuclcotide
sequences. In addition, site-dirceted mutagenesis may be used to insert new restriction
sHes, alter glycosylation patternns, change codon preference, produce splice varlants, or

introduce mutations, and so forth.
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In another embodiment of the invention, natural, modified, or
rweembinant puctel acld sequences may be ligated to a heterofogous sequence to
encode a fusion pratein. For example, to sercen peptide libraries for inhibitors of
polypeptide activity, it may be useful to encode a chimeric protein thal can be
rceognized by a conwmercially available antthody. A fusion protein may also he
engincered to contain & cleavage site loeated belween the polypeptide-encoding
saquence and the heterologous protetn ssquence, so that the polypeptide ray be cleaved
and puritied away from the heterologous moiety.

Sequences encoding a desired polypeptide may be synthesized, in whole
or in part, using chemical methads well known in the art (sce Caruthers, M. H. et al.
(1980) Mucl, Acids Res. Symp. Ser. 215-223, Horn, T. et ab. (1980) Nucl Acids Res.
Symp. Ser. 225-232). Aliernatively, the protein itself may be produced using chemijeal
methods to synthesize the amuno acid sequence of a polypeptide, or a portion thereof.
For cxample, peptide synthesis can be performed using vartous solid-phase techniques
(Roberge. 1. Y. et al. {19%5) Svience 269:202-204) and awemated synthesis may be
achicved, for example, using lhe ABRI 431A Pepiide Synlhesizer (Perkin Elmer, Falo
Allo, CAY,

A newly svathesized peptide may be substantially purificd by
preparative high performance liquid chromatography (e.g, Creighton, T. (1983}
Proteins, Structures and Molecular Principles, WH Preeman and Co., New York, NUY )
or other comparable wechniques avaitable in the art. The compositen of the synthetic
poplides may be confirmed by amine acld analysis or sequencing (2., the Cdran
degradation procedure). Additionatly, the amino acid sequence of a polypeptide, or any
part thereof, may be altered during direct synthesis and/or combined using chemicat
methods with sequences fom other proteins, or any purt thereol, to produce a variant
polypeptide.

In order to express a desiced polypeptide, the mucleotide sequences
encoding the polypeptide, or funclional eguivalents, may bs inscrted into appropriate
expression vector, e, a vector which contains the necessary clememts for the
transcription and translation of the ingerled coding sequence. Melhods which are well

known, o those skilled in (he art may be used to construct expression vectors containing
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sequences encoding a polypeptide of interest and appropriate transcriptional and
translational control elements. These methods include in vitrg recombinant DMNA
techniques, synihetic technigques, and i wvo geneiic recombination. Such techmques
are described, for example, in Sambrook, J. et al. (198%) Moleclar Cloning, A
Laboratory Manual, Cold Spring Harbor Press, Plainview, N.Y., and Ausubel, . M. ol
al. {1989y Current Protocols in Moleeular Biology, John Wiley & Sons, New York.
NY.

A variety of expression vector/host systems may be utilized to contain
aml express polynucleotide sequences. Thess mclude, bl are not lunied to,
microorganisms such as bucierts transformed with recombinani bacteriophage, plasmid.
or eosmnid XNA expression vectors; yeast transformed with yeast expression vectors;
insect cell systems infected with vivus expression vectors {e.z., baculovirus); plant cell

systems tansformed with visms oxpression veetors {2z, cauliflower mosaie vimg,

CaMV; tobacco mosaic virus, TMV) or with bacterial expression veetors {(e.g., Ti or
PRR322 plasmids); or animal cell systems.

The "eontrol eloments” or “regulatory scquences” prescnt i an
expression vector are those nop-transiated regions of the vecior--ephancers, promoters,
5' and 3' vntranslated regions—which interact with host cellular proteins to carry out
transcription and translation. Such elemenis may vary in their strength and specificity.
Nepending on the vector system and hosi wtilized, any number of suitzble transeription
andl translation elements, inchading constiturive and inducible promoters, may be ased.
For example, when cloning in bacterial systems, inducible promoters such as the hybrid
lacZ promoter of the pBLUCSCRIPT phagemid (Stratagene, La Jolla, Calif) er
PpSPORTI plasmid (Gibco BRI, (Gaithersburg, MD) and the likc may be used. In
mammalian cell systems, promoters from mammalian genes of from mammalian
virases are generally preferred. If it is necessary lo generate a cell line thal contains
multiple copies of the sequence encoding a polypeptide, vectors based on 8V4{ or EBV
may be advantageously used with an appropriate selectable marker.

In bacterial systems, any of a number of expression vectors may be

selected depending upon the use intended for the expressed polypeptide. For example,

when large quardifies are needed, for example for the induction of antibodies, vectors

JP 2004-512022 A 2004.4.22



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

30

(115)

WO 01796388 POTIUSOLAABSSY

43

which dircet high level expression of fusivn proteins (hat are readily purified may be
used. Such vectors include, but are pot limited o, (e molifunctional £ colf cloning
and exprossion vectors such as pBLUESCRIFT (Stratagene), in which the sequence
evcpding the polypeptide of interest may be ligated Into the vector in frame with
sequences for the amino-terminal Met and the subsequent 7 vesidues of beta.-
galectosidase 5o that a hybrid protein Js produced; pTN vectors {Van Heeke, G. and 8.
M. Schuster {1989} /. Biol Chem. 264:5303-5509); and the like. pGEX Vectors
{Promega, Mad.isml, Wis.) may also be used to express foreign pelypeptides as fusion
proteins with glutathione S-transferase (GST). In general, such fusion proteins are
soluble and can easily be purified from lysed cells by adsorption to glutathione-agarose
beads followed by eluhon in the presence of free glutatimone. Proteins made in such
systems may be designed to inclwde heparin, thrombin, or {actor XA protease cleavape
sites 80 that the cloned palypeptide of interest can be released from the GST molety at
will. )

In the veast, Sacchavromyces cersvisiae, a number of vectors containing
constifutive or inducible promoters such as alpha factor, aleohol oxidase, and PGH may
be used. For reviews, see Ausubel et al. (supra) and Grant et al. {3987y Merhods
Engymol. 153:516-344,

In cases where plant cxpression vectors are used, the expression of
sequences cneading polypeptides may be driven by aey of a number of prometers. Tor
sxample, viral promiaters such as the 358 and 198 promoters of CaMV may be used
alene or in combination with the omega leader sequence from TMV (Takamatsu, M.
{1987) EMBQ J, 6:307-31 1., Alternaiively, plant promoters such as the small subunit of
RUBISCO or Leat shock prometers may be used (Coruzzi, G, ct al. {1984} EMBO J
3:1671-1680; Broglic, R. et al. (1984) Science 224:838-843; and Winter, J. et al, (1991}
Results Probl. Cell Differ. 17:85-105), These constructs can be intreduced into plant
culls by dircet DNA transtormation or pathogen-mediated transfection. Such technigues
are deseribed in & nunber of generslly available reviews (see, for example, Hlobbs, S, or
Murry, 1., E. in McGraw Hill Yearixok of Science and ‘Fechnodogy (1992) MeGraw
I3, New Yark, N.Y.; pp. 191-196).
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An insect system may also be used to express a polypeptide of interest.
For exumple, in one such systen:, Autugrapha culifornica nuclear polybedrosis virus
(AcNPYV) is used as a veetor to express foreign gencs in Spodoptera frugiperda cells or
in Trichoplusia lanvae. The sequences encoding the polypeptide may be cloned into a
non-essential vegion of the virus, such as the polyhedrin gene, and placed wnder contral
of the polyhedrin promoter. Suceessful insertion of the polypeptide-cocoding sequence
will render the polyhedrin gene nactive and produce recombinant virus lacking cout
protein. The reconibinant viruses may then be used to infect, for example, 8. frugiperda
cells or Trichoplusia larvae in which ihe polypeptide of interest may be expressed
{Engelhard, E. K. et al. (1994) Proc. Narl. Acod. Sci. 97 :3224-3227).

In mammalian host cells, a number of viral-based expression systems are
generully available. For example, in cases where an adenovirus is used as an expression
veetor, sequences encoding 2 polypeptide of Interest may be Jigated into 2n adenovirng
yanscriptionftranslation complex consisiing of the late promoter and (ripartite leader
sequence. Insertion in a non-essential E1 or I3 region of the viral genome may be used
to obiatn a viable virus which is capable of expressing the polypeptide in infected host
cells (Logan, J. and Shenk, 1. (1984) Proc. Narl dead Sci 831:3655-3655). In addition,
transcription enhancers, such as the Rous sarcoma virus {RSY) enhancer, may be uscd
o increase expression in mammalian host cells.

Specific initiation signals may alsc be used to achieve more efficient
translation of sequences encoding a pelypeptide of interest. Swch signals include the
ATG initiation codon and adjacent seguences. In cases where sequences encoding the
polypeptide, its inttiation codon, and upstcsam sequences are inserted iote the
appropriate cxprossion vector, oo additional transcriptional or translationzl control
signals may be needed, However, in cases whens only coding sequence, or a postion
thercof, is inserted, exopenvus translational contre} signals including the ATG injtiation
codon should bs provided. Futthermore, the initiation codon should be in the correct
reading [rame to ensurs translation of the entire inserl. Cxopenous translational
elements and nitiation codons may be of varjous erigins, both natural and synthetie.

The efficiency of expression may be enbanced by the inclusion of enhancers which are
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appropriale for the particular cell system which is vsed, such as those describad i the
literature (Schart, D. ct ab. (1994) Results Probl Cell Differ. 20:125-162).

In addition, a host cell strain may be chosen {or ifs alalily to modulaté
the expression of the inseried sequences or to process the cxpressed protein in the
desired fashion. Such modifications of the polypeptide inchude, bot are not limited to,
acctylalioﬁ. carbuxylation. glycosylation, phosphorylation, lipidation. and acylation.
Post-translational processing whick eleaves a "prepro” fomm of the protein may also be
used to facilitaie correst insertion, folding and/vr fupction. Different host cells such as
CHO. €OS, Hela, MDCK, HEK2Y3, and WI38 which have specific cellular
machinery and characteristic machanisms for such post-transiational activities, may be
chosen to ensure the correcl madification and processing of the foreipn protein.

For leng-tenn, high-yvield produchon of recombinant protems, stable
expression is penerully preferred. For exsmple, cell lines which stably express a
polynucleotide of interest may be wansformed using expression veciors which may
comain viral origing of replication and/or cndagenous expression clements and 2
selectable marker gere on the sarae or on a separate vector. Following the mtroduction
of the veetor, cells may be allowed to grow for 12 dayz in an coriched media before
they are switched o sclective media. The pucpose of the selectable marker is to confer
resislance to sclection, and its presepes allows growlh and recovery of cells which
sueeessfully express the introduced sequences. Resistant clones of stably transformed
ceils may be proliferated using tissue culiure techniques appropriate to the cell type.

Any number of selection systems may be used to recover transformed
cell lincs. These include, but are not limited to, the herpes simplex virus thymidine
keivwse (Wigler, M. et al, (1977) Cell 1{:223-32) and adenine phosphoribosyhraosferass
(Lowy, L et al. {1990) Cell 22:817-23) genes which can be employed in thosup.- or
aprt.aup.- cells, respectively. Alsa, antimetabolite, antibiotic or herbicide resisiance can
be uswl as the basis [or selection; for cxample, dbft which confers resistance to
methotrexate (Wigler, M. et al. (i980) Proc. Notl Acad Sci 77.3567-70); npt, which
confers resistance lo the ammoglycogides, neomycin and G-418 (Colbere-Garapin, F. et
al (1981} J Mol Biol 750:1-14); and als or pat, which confer tesistunce to

ehlorsulfuron and phosphinotricin  scetyliransferase, tespectively (Murry, suprad).
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Additional selectable genes have been deseribed, for example, trpB, which allows cells
(o urilize indole in place of tryptophan, or LisD, which allows cells to utilize lstinol in
place of histidine (Hartman, 8. C. and R. C. Multigan (1988) Proc. Nawl. Acad Sei
£5:8047-51), The use of visible markers has gained popularity with such markers as
anthoeyanins, beta-ghneurenidase and ils yubstraie GUS, and lucilerase md s subsirate
Jueiferin, befng widely nsed not only to identify transformants, but also to guantity the
amount of transient vr stable protein expression altributible 1o & speaific veelor system
(Rhodes, C. A. et al. (1995} Methods Mol. Biol. 55:121-131).

Although the presencefabsence of marker sene expression suggests that
the uene of intercst is also present, its presemee und expression may need to be
confirmed. For example, if the sequonce encoding a polypeptide Is insorted within a
muarker ygene sequence, recombinant cells containing, sequences can be identified by the
abaence of marker gene function. Altematively, a marker gene can be placed in tandem
with & pelypeptide-ancoding soquence under the contral of z single promoter.
Expression of the marker gene in respense o induction or selection usually indicates
expression of the tandem gene as well.

Alternatively, host cells that contain and  express a  desired
pelynucleolide sequence may be identified by a variety of procedures known to those of
skill ip the art. These procedures include, but arc not limited to, IDNA-DNA or DNA-
RNA hvbridizations and protein bioassay or immuncassay techniques which include,
for example, membrane, solutien, or ohip based wchnelogies for the detection and/or
quantification of nuclei¢ acid or protein.

A variety of protocols for detecting and measuriog the expression of
polynuctcotide-encoded products, using either polyclonal or monoclena! antibodies
specific for the product are known in the arl. Examples include cnzyme-linked
immunosorbent assay (ELISA), radicinununcassay (RIA), and fluorescenee activated
cell sorting (FACS). A two-sitc, monoclonal-based immunoassay utilizing monoclonal
antibodies reaclive t@ two noo-inlerfiring epilopes on a given polypeptide may be
preferred for some applicalions, but & competitive binding assay may alse be employed.

Thosc and ather assays are described, among other places, i Hammplon, R. ot al. {1990;
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Serological Methods, a Leboratory Manuat, APS Press, $t Paul. Minn,) and Maddex, D.
F.etal (1983; .1 Exp. Med 138:1211-1216).

A wide vatisty of labels and conjugation techniques are known by those
skilled in the art and may be used in various nucleic .m:id and amine acid assays. Means
for producing febeled hybridization or PCR probes fur detecting sequences related (o
rolynuclectides inciude oligolabeling, nick translation, end-labeling or FPCR
amplification uging 2 labeled nuclectide. Aliomatively, the sequences, or any portions
thereof may be cloned into a vector for the production of an mRNA probe. Such vectors
are known in the art, ave commercially available, and may be wsed lo synthesize RNA
probes in vitre by addition of an approprate RINA. polymerase such as 17, 13, or 8P6
and fabcled nueleotidea. These proccdures may be conducted using a varicty of
cammercially available kits. Suitable reporter moleciles or labels, which may be used
include radionuclides, enzymes, fluorescent, chemiluminescent, or chromegenic agents
as well as substrates, cofaetors, inhibitors, magnetic particles, and the like.

Eipst cells transformed with a polynuclestide sequence of interest muy be
culiured urder conditions suitable for the expression and recovery of the protein from
ccll eulture. The protein produced by a recombivani cell may be secreted or contained
intracellularly depending on the sequence andior the vector used. As will be understood
by thosc of skill in (he art, expression vectors containing polynucteotides of the
nvention may be designed to contain signal scguences which. direct secretion of the
encaded polypeptide through a prokaryotic or eukarvotic cell membrane. Other
recombinant constructions may be used 1o join sequences encoding a polvpeptide of
jnterest to nucleotide sequence encoding a polypeptide domain which will facilitate
putification of scluble proteins, Such punfication facilitating domains mclude, but are
not limited to, metal chelating peptides such as histidine-tryptophan modules that allow
purification on immobilized metals, protein A <Jomains that allow purification on
immeobitized immunaglebulin, and the domain utilized i the FLAGS extension/affinity
puritication system (Immunex Corp., Szatile, Wash.). The inclusion of cleavable linker
seyuences such as those specific for Factor XA or epterokinase (Invitrogen. San Diego,
Calif)) between the purification domain and the encoded polypeptide may be used o

facilitare porificalion. One such expression vector provides for expression of & fusion
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protein containing a polypeptide of interest and a nucleic acid encoding 6 histidine
residues preceding ¢ thioredoxin or an enferokinase cleavage site. The histidine residues
facilitate purification on IMIAC (immohilized metal ion affinity chromatography) as
descnbed in Porsih, J. et al. (1992, Prof, Bxp. Purif, 3:263-281) while the enterokinase
cleavage site pravides a meavs for purifying the desired polypeptide from the fusion
protein. A discussion of vectors which contain fusion proteing is provided in Kroll, D. I
et al. (1993; DNd Cell Biol. 1.2:441-433).

Tn addition f¢ recombinant production methods, polypeptides of the
invention, and {ragments thereol, muy be produced by direct peptide synthesis using
solid-phasc techniques (Merrificld 1. (1963) L Ar. Chem. Soc. 85:2149-2134). Protein
synthesis may be performed using manual techmiques or by automation, Avtomated
synthesis may be achieved, for example, using Applied Biosystems 431A Peptide
Synihesizer (Perkin Elowr). Alternatively, various fragments may be chemisafly
synthesized separately and combined using chemical methods to produce the full length

molecule.

ANTIBODY COMPOSITIONS, FRAGMENTS THEREQF ARD OTHER BINDING AGENTS

* According to auother aspect, ihe present iovenden further provides
binding agents, such as antibodies and anfigen-binding fragments thereof, that exhibit
immunofogical binding te & tumor pulypeptide disclosed herein, or ic a porlion, variant
or derivative thereof. An antibody, or amigen-binding fragment thereof, is said to
"specifically bind," “immunogicaliy bind,” andfor is “immunologically rcactive” 1o a
polypeptide of the invention if it reacts af a dersetable level (within, for example, an
BLISA assay) with the polypeptide, and does not react defeetably with uelated
polypeptides under similar conditions,

Immunological binding, as uscd in this context, generally refers to the
non-covalent interaciions of the type which ocour between an immunoglobulin
malecule and an antigen for which the immunoglobalin is specific. The strengll, or
affinity of immunoclogical binding interactions can be expressed in terms of the
dissociation constant (K4} of the interaction, wherein a smalles X represents & greater

affinity. Irumuonological binding properties of selected polypeptides can be guantified
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using methods well known in the art. One such method entails measuring the rates of
antigen-binding site/antigen complex formation and dissociation, wherein those rates
depend on the concentrations of the complex partners, the atfinity of the interaction,
and on geometiic parameters that equally influence the rate in both, dicections, Thus,
both the "on rate constant” (X,) and the "off ratc constant” (Ko can be determined by
caleulation of the concentrations and fhe actual rates of assoeiation and dissociation.
The ratio of Ko K enables cancellation of all parameters not selated to affinity, sl 1s
thus equal to the dissociation constant Kg. Sece, generally, Davies et ab. (1990) Annual
Rev. Biochems, 39:439-473,

An “antigen-binding site,” or "binding porttion" of an antibody refers to
the past of the bmmumoglobulin molesule that participates in antigen binding. The
antigen binding site is formed by amino acid residues of the N-terminal variable ("V™)
togions of the heavy ("H") and Yght ("L"} chaing. Threc highly divergenr stretches
within the V regions of the heavy and light chains are referred to as “hypervarizble
regions” which are inferpesed betwesn more conserved flanking stretehes known as
"framework regions,” or "FRs". Thus the term "FR” refers fo amino acid sequences
which are naturally found between and adjacent to liypervariable regions in
immunoglobuling. In en antibedy moleeuls, the three hypervarable regions of a light
chain znd the three hypervarable regions of a heavy chain are disposed relative ta each
ather in three dimcnsional space to form an antigen-binding surface. The aniigen-
binding surface iy complementary to the three-dimensional surfuce of a bound autigen,
mud the three hj’]:ervariabllc regions of cach of the heavy and light chains are referrcd to
a5 "complementarity-determining regions,” or "CDRs."

Binding agemts may bc further capable of difforentiating botween

patients with and without a cancer, such as colon cancer, usiug the representative assays

"provided hercin, For example, anlibudies or other binding agents that bind 10 & tumer

protein will proferably gencrate a signal indicaling the presence of a cancer in at least
about 20% of paticnts with the dissase, more preferably ai least about 30% of patients.
Alternatively, or in addition, the antibody will generate a negative signal indicating the
ghsence of the disease in at least about 90% of individuals without the canecr. To

determine whether 2 binding agent satisfies this requirement, biolegical samples (e.g.,
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blood, sera, sputum, wrine end/or tumer biupsies) {rom patients with and without a
cancer (zs determined using standard clinical tests) may be assayed as described hercin
for the presence of polypeptides that bind 1o the binding agent. Treferably, 2
statistically significant number of samples with and without the disease will be assayed.
Each binding agent should satisfy the above criteria; however, those of oxlinary skill in
the art will recognize that bindmg agents may be used In combmation io improve
sensitivity.

Any agent that satisfies (he above ceyuirements may be a binding agent.
For example, a binding agent may be a ribosome, with or without a pepfide component.
an RNA maolecule or a polypeptide. To a prefered embodiment, 4 binding agent s an
anlibody or an antigen-binding fragment thereof. Antibodies may be prepared by any
of a variety of techniques knewn to those of ordinary skill in the att. See. e g, Harlow
and Lane, Aniibodies: A Laboratory Murmad, Cold Spring Harbor Laboratory, 1988, In
aeneral, antibodics can he produced by cell culture techniques, inchiding the generation
of monoclonal antibodics as described herein, or via transfeciion of antibody genes into
suitable bacterial or marmalian cell osts, in order to allow for the production of
recombinant aniibodies. In one fechnique, an immunogen comprising the polypeptide
is initially injected inia any of a wide variety of mammals (e.g, mice, rats, rabbits,
sheep or goats). 1o this step, the polypeptides of this invention may serve as the
immunogen without modifieation.  AMernatively, particularly for relatively short
polypeptides, a superior imimune response may be clieiied if the polypepiide is joined 1o
a camier protein. such as bovine serum atbumin or keyhole [impet hemocyanin.  The
immunogen is injccted inte the animal host, preferably according to a predetermined
schedule incorporating ope or mers boosier Immunizations, aud the animals are bled
periodically. Polyclona! antibodies specific for the polypeplide may then be purificd
from such antisera by, for example, affinity chromatography using the polypeptide
coupled ta a suitable solid suppoxt.

Monocional antibodies specific for an antigenic polypeptide of interest
may be prepaved, for example, vaing the technique of Koller and Milstein, Fur. J.
Immupol. 6:511-519, 1976, and improvements thereto. Brefly, these methods invelve

the preparation of irmmortal celi lines capable of producing antibodies having the
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desived speeificity (e, reactivity with the polypeptide of intcrest). Such cell lines may
be produced, for example, from spleen cells obtained from an apimal immonized as
described above. The spleen cells arc then immortalized by, for cxample, fusien with a
myeloma cell fusion partuer, preferably one thar is syongeneic with the jmmunized
animal. A variety of fusion technigues may be employed. Tor exampla, the spleen cells
and myeloma cells way be combined with a nontonie detergent for a few minutes and
thon plated at low densily on & selective medium that supporls the grewth of hybrid
cells, but not myeloma cells. A preferred selection technique nses HAT ¢hypoxanthine,
aminopterin, thymidine) selection, After a sullicient Hioe, usuaily about | to 2 weeks,
colonies of hybrids are observed. Single colonies are selected and their cultare
supernatants iested for binding activity against tbe polypeptide.  Hybridomas baving
high reactivity and specificily are prefened.

Monaelonal antibodics may be isalated from the supernatants of growing
hybridoma colonics. In addition, various fechniques may be employed to enhance the
vield, such as injection of the hybridoma cell ling into the peritoneal cavity of & suitable
vertebrate host, such as a mouse. Monoclonal antibodics may then be harvested from
ihe ascites fluid or the blovd. Contaminants may be removed from the antibodies by
conventionul techniques, such as clwomatograply, gel lillretion, precipitation, and
cxtraction. The polypeptides of this invention may be used in the purification process
in, for cxample, an affinity chromatography step.

A number of therapeutically useful molecules are known in the art which
comprise antigen-binding sites that are capable of cxhibiting immunological hinding
properties of an antibody wolecule. The proteclytic emzvme papain prelerentially
cleaves IgG molecules te yield several fragments, two of which {the "Flab}" ragmeris)
cach comprise a covalent hetoradimer that includes an intact antigen-binding site. The
enzyme pepsin i$ able 1o cleave Tg(G molecules to provide several fragments, ncluding
the "Fab'y; " fragment which comprises both antigen-binding sites. An "Tv" fragment
can be produced by preferential proteclytic cleavasze of an IgM, und on rare ¢ucasions
TaGy or lgA immuonoglobulin moiecule. Fy fragments are, however, more commenly
derived using recombinant techniques known in the ait. The Fv fragment inclydes a

non-covalent Vy:: V) heteradimer including an antigen-hinding site which retaing much
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of the antigen recognition and binding capabilities of the pative antibody molccule.
Inbar et al. {1972) Proc. Nat. Acad. Sci. USA 69:2659-2662; Hoclunan e si. (1976)
Riochern 15:2706-2710; and Ehrlich et af. (1980) Biochem 19:4091-4096.

A single chain Fv {"sFv"} polypeplide is a covalently linked Vyi¥L
heterodimer which is expressed from a gene fusion incliding V- and Vi-oncoding
penes linked by a peptide—encoding linker, Buston ot al. (1988) Proc. Nat. Acad. Sci
USA 85{163:5879-5883. A number of methods have been described to discern chemical
structures for converting the maturally aggregated--but chemically separated--light and
heavy polypeptide chairs from an antibedy V region into an siv niolecule which wi..ll
fold it a three dimensional structure substantially simitar o ihe structure of an
anfigen-binding site. See, e.g, U.S. Pat. Nos. 5,091,513 and 5,132,405, to Huston et al.;
and U8, Pat. No. 4,946 778, to Ladner et al.

LEach of the ghove-described nolecules includes a heavy chain and a
tight chain CDR set, respectively interposed between a heavy chain and a light chain
FR sct which provide support to the CDRS and define the spatial relationship of the
CDRs melative to each other. As used herein, the term "CDR sel” refers to the three
hypervariable regions of a heavy or light chain V repion. Proceeding from the N-
terminus of a heavy or light chain, thesc regions are dencted as "CDR1," "CDR2," and
“CER3" regpectively. An antipen-binding  sie, therefore, inciudes six CDRs,
comprising the CDR set from cach of a beavy and a light chain V region. A polypeplide
comprising a single COR, {c.g., a CDRY, CDR2 or CDR3} is referred to herein as a
"melzculac recognition unit." Crystallographic analysis of & number of antigen-antibady
complexes has demenstrated that the amino acid residues of CDRs form extensive
confact with bound amiigen, wherein the mosi exiensive apligen contact is with the
heavy chain CDR3. Thus, the molceular recopnition units are primarily tesponsible for
the specificity of an antigen-binding site.

As used herein, the term "FR sel” refers 10 the four flanking amino acid
sequences which frame the CDRs of a CDR set of a heavy or lighi chain 'V region.
Some FR. residues may contact bound antigen; however, FR3 are primarily responsible
for folding the V region into the antigen-binding site, parliculaly the FR regidues

directly adjacent to the CDRS. Within FRs, certain amino residues and certain structural
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feaiures are very highly conserved. Io this regard, all V region sequences contain an
internal disulfide loop of around 90 amino acid residues, When the ¥ regions fold into a
binding-site, the CDRs arc displayed as projecting loap mwotifs which form an antigen-
binding surface. [t is generally recopnized that there are conserved structural regions of
PRs which influence the felded shape of the CDR loops into certain “canonical”
structurcs-—regardless of the precise CDR amino acid sequence. Further, serfain FR
residues are kuown to participate in non-cevalent interdomain contacts which stabilize
the interaction of the antibody heavy and light chains.

A number of “lnanized" antibody molecules comprising an anligen-
binding site detived from a non-human immunoglobulin have been described, including
chimeric antibodies having rodent V vegions and their assoclated CDRs fused to human
constanl domains {Winter et al. (1991} Nature 349:293-29%; Lobugtio et al. {1989}
Proc, Nat. Acad. Sci. USA B6:4220-4224; Shaw et al. (1987) T Immunol. [38:4534-
4538; and Brown el al. (1987) Cancer Res. 47:3577-3583), rodent CDRs gralted into a
human supporting FR. prior to fusion with an appropriats human antibody constant
domain {Ricchmann et al. (1988) Mature 332:323-327, Verhocyen ¢t al. (1988) Science
239:1534-1536; and Jones et sl {1986) Natwre 321:522-323), and rodenmi CDRs
supporicd by recombinantly veneered rodemt FRs (Ewrcpean Patent Publication No.
519,596, published Dec. 23, 1992). These "hwnanized” molecules are designed to
rinimize unwanted immunoiogical response toward rodent antihumam antibody
molecules which limits the duration and effectiveness of therapeutic applications of
those mojeties in human recipients.

As used herein, the rerms “veneersd FRs" and “recombinantly veneered
FRs" refer to the selective replacement of FR residues fiom, ¢.g., a redent heavy or light
chain WV region, with buman FR residues in order to provide a xenogeneic maolecule
comprising an antigen-binding site which retains substentially ali of lhe native FR
polypeptide tolding structure, Veneering techniques are based on the vnderstanding that
the ligamd binding charucteristics of an untigen-binding site are detenined primarily by
the structure and relative disposition of the heavy and light chain CDR sets within the
anligen-hinding surface. Davies et al. (1990) Ann. Rev. Biochem. 59:439-473. Thus,

antigen binding specificity can be preserved in a humanized antibody only wherein the

JP 2004-512022 A 2004.4.22



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

20

(126)

WO 01796388 POTIUSOLAABSSY

56

CDR structures, their interaction with each other, and their interaction with the rest of
the V tegion domwins are carefully maintained. By using venesring techniques, extorior
{e.g.. solvent-accessiblc} FR residues which are readily encountered by the immune
system are selectively replaced wilh, human residues 1o provide a hybrid molecule that
comyprises oithor & weakly immunogenic, or substantially non-immunegenic veneered
surface,

‘The process of vensering makes use of the available sequence duta for
human antibody variable domaing compiled by Kabat et al., in Sequences of Proteins of
Immunclogical Intergst, 4th ed,, (U8, Dept. of Health and Iuman Services, 118,
Government Printing Office, 1987), updates o the Kubat databasc, and other accessible
.8, and foreign databases (both nucleic actd and protens), Solvent aceessibilitics of V
region amino acids can be deduced from the knuwn three-dimensional siructure for
human and mudne antibody fragments. There are two general steps in vensering a
murine :mtigen-binding site. Initially, the FRs of the variable domains of an antibody
molecule of interest are compared with corresponding FR. sequences of human variable
domains obtained from the above-ideniificd sources. The most homolegous human V
regions are then compared residue by residue (o comesponding rmurine mnino acids. The
residaes in the murine FR which differ trem the hwman counterpart are replaced by the
residues present in the human moiety using recombinant techniques well known in the
at. Residue switching is only carried oul with mojeties which arc at least partially
exposed {solvent accessible), and care is expreised in the replacement of anino acid
regicles which may have a significant cffect on the tertiary structure of 'V region
domains, such as proline, ghycine and charged amino acids,

In this manner, the resultant "veneered” murine antigen-hinding siies are
thus desigped to retain the musine CI2R. residues, the residues snbstantially adjacent to
the CDRs, (he tesidues identificd as buried or mostly buried (solvent inaccessible), the
residugs believed to participate in non-covalent (c.g., electrostatic and hydrophobic)
contacts betweon heavy and light chain domains, and the residues from conserved
structural regions of the FRs which are believed to ipfluence the “canonical” tertiary
structures of the CDR loops. These design arfteria are then used to prepare recombinant

nucleatide sequences which combine the CDRs ol both the heavy and light chain of a
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purize anfigen-binding site into humae-appearing FRs that can be used to transfect
mammalian cefls for the expression of recombinant human antibodies which exhibit the
anligen specificity of the murine antibody molecule.

In another embodiment of the invenfion, monoclenal autibodies of the
present invention may be coupled to one or mare therapeutic agents. Suitable agents in
this regard include radicnuctides, differenfiation fnducers, drags, tuxins, and derivatives
tfhereot, Prefested radionuchides inetude ™Y, ™t "1, U, Re, " Re, *"At, and
R Preferred drugs include ncthotrexate, and pyrimidine and pwine analogs.
Preferred differemiotion inducers inciwle phorbol esters und buryric acid. Prefered
toxing inchude ricin, abrin, Qiptheria toxin, cbolera toxia, gelonin, Pseudomanas
exoloxin, Shivella toxin, and pokeweed antiviral protein.

A therapeutic agent may be coupled fe.g., covalently bended) to a
suitable monoclonal antibody either directly or indivectly {;:. &, via a linker group). A
direct reaction belween an agent and an antibody is possible when coch possesses a
substituent capable of reacting with the other. For example, a nucleophilic group, such
a5 an wning or sulthydoyl group, en one may be capable of reacting with a carboayl-
containing group, such as an anhydride or an aeid halide, or with an alkyl group
contgining & peod leaving group (2., 2 halide) on the other.

Alternatively, it may be desuable to couple a therapeutic agent and an
anttbody wiz a Boker group. A lnker group can fiumetion 25 2 spucer to distance an
antibedy from an agent in order to aveld inferference with binding capabilitics. A
linker group van also servé teo increase the chemical weactivity of & substifuent on an
agent or an antibedy, and thus increase the coupling efficiency. An increase in
chemieal reactivity roay also facilitate the use of agents, or functional proups on agents,

which otherwise would noi be possible.

It will be svident to those skilled in the art that a varicty of bifunctional

or polyfunctional reagents, both homo- and betere-funedional (such as these described
it the catalop of the Pierce Chemical Co., Rockford, IL), may be employed as the tinker
group. Coupling may be offected, for example, through amine groups, carboxyl groups,
sulfhydryl groups or oxidized carbohydrate regiducs. There are numerous references

deseribing such meihodology, e.2., U.S. Paient No. 4,671,958, 10 Rodwell etal.
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Where & therapcutic agent is more potent When free from the anttbody
portion of the immunoconjugates of the present invention, it may be desirable to use a
linker group which is cleavable during or upon internalization into 2 ecll. & number of
differeni clcavable lker proups have heen described.  The mechanisms for the
intracellular release of an agent from thess linker groups include cleavage by reduction
of a disulfide bond {e.g., 1.5, Patent No. 4,489,710, 1o Spitler), by irradiation of a
phetwlabile bomd (e.g, 118, Pateot No, 4,625,014, to Scater et al.), by bydeolysis of
derivatized amivo zeid side chains (2.2, U.S. Patent Mo. 4,638,045, to Kohn etal), by
seruin comploment-mediated hydrolysia (e.g., (15, Patent No. 4,671,958, to Rodwell
et al}, and acid-catulyzed hydrolysis {e.g., U.5. Patent No. 4,569,789, to Blattler et al).

1t may be dogirable to couple more than one agent ta an antibody. 1o one
embadiment, multiple molecuies of an agent are coupled to one antibody malecule. In
ancther cabodiment, more than one type of agent may be coupled to ene antibody.
Regardless of the paiticular cmbodiment, immuneconjugates with mare than one agent
may be prepared in a variety of ways. Fer exumple, more than one agent may be
coupled dizectly to an antibody melecule, or linkers that provide multiple sites for
allachmont can be used. Alternatively, a carrier can be used.

A carrier may bear he agenls in a vanely of ways, Inchrhing covalent
bonding either directly or via a linker group. Suitable carriers include proteins such as
albumins {e. g, 11.5. Patent Wo. 4,507,234, to Kato ctal.), peptides and polysaccharides
such as aminodextran (e, U.5. Patent No. 4,699,784, to Shih el ul). A comier may
also bear an agent by poncovalent bonding or by encapsulation, such as within a
liposame vesicle (e.g., LLS. Pateni Noy. 4,429,008 and 4.875,088). Carjers specific for
radionuclide  agents include radiohzlogenated small molecules and  chelating
compounds.  For example, T1.5. Patent No. 4,735,792 discloses representative
radichalogenated small molecules and their synthesis. A sadionvelide chelate may be
formed from chelating compounds ihat include those confaiming nitrogen and sulfur
atoms as the donor atems for hinding the metal, or metal oxide, radionuchde. For
example, U.S. Pateot No. 4,673,562, to Davison et al. discloses representative chelating

componnds and their synthesis.

JP 2004-512022 A 2004.4.22



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

w

[14]

30

(129)

WO 01796388 POTIUSOLAABSSY

T CrnL COMPOSITIONS

‘The present invention, in anather aspeet, provides T cells specific for a
tumor polypeptide disclosed hergin, or for 2 vartant or derivative thereol. Such cells
may pencrally be prepared fn vifre or ex vivo, using standard procedures. For example,
T cells may be isolatcd from bone marrow, peripheral blood, or a fraction of bone
martew or peripheral bloed of a patiewt, vsing a commercially availzble cell separation
system, such as the lsolex™ System, available from Nexell Therapeuties, Ine. (Irvine,
CA; soe also ULS. Patent No. §,240,856; (LS. Parent No. 5,315,926, WO 85/06280; WO
81/16116 and WO 92/07243). Alternatively, 1" cells may be derived from related or
vnretated Dumans, non-haman mammals, cell Jings or coltures.

T cells may be stimuluted with a polypeptide, potynuctcotide encoding a
polypeptide and/or an antigen presenting cell (APC) that cxpresses such a pelypeptide.
Such stimulation is pecforned under condilions and for a time sufficient (o permit the
generation of T cells that are specific for the peiypeptide of interesr. Preferably, a
tumor polypeptide or polynucleotide of the invention is present within a delivery
vehicle, such as a microsphers, to facilitate the generation of specific T cells.

T cells are considered to be specific for a palypeptidc of the present
invention if the 'J eells speeifically prolifesate, scorete cytokines or kill jargst cells
coated with the polypeptide or expressing 4 gene encoding the polypeptide. T celt
specificity may be evalvated using any of a varlety of stendard techniques. For
example, within a chromium celease assay or proliferation assay, a stimulation index of
more than two fold increase in lysis and/or proliferation, compared to negative controls,
indicates T cell specificity. Such assays may be performed, for example, as described
in Chen et al.. Cancer Res 54:1063-1070, 1594,  Altemnatively, deteclion of the
protiferation of T cells may be accomplished by a variety of known techniques. For
example, T cell preliteration can be deteeted by measuring an inereased rate of DNA
synthesis (.2, by pulse-lubehing owltures of Teells with tritiaied thymidine and
measuring {he amount of tritiated thymidine incorporated into DNA). Ceontact with a
hmor polypeptide {100 ngfrl - 100 pg/ml, preferably 200 ng/ml - 25 up/mi) for 3 - 7
davs will typieally result in at least a two fold inerease in proliferation of the T cells.

Contact as described above for 2-3 hours should result in activation of the T cells, as
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measuted using standard cviokine assays in which a two fold increase in the level of
cytokine release (e.g. TMF or IFN-Y) is indicative of T cell aetivation (see Coligan et
al., Cuerent Protocols in Tmmimology, vol. {, Wiley Interscience (Greene 1998)). T
cells that have been activated in response ta & wmor polypeptide, polyavcleotide or
polypeptide-expressing APC may be CD4” and/or CD8*. Tumor polypeptide-specific T
cells may be expanded using standard techniques. Within preferred embodiments, the T
cells are derived from a patient, 2z related donor or an unrcluted donor, and are
administered to the patient following stimulation and expansion.

Tor therapentic purposes, CD4¥ or CD8% Teells thut proliferate in
response to a famor pelypeptide, polynueleotide or APC can be expanded in number
eflber iz vifro or in vivo, Proliferation of such T cells fn vitro may be accomplished in a
variety of ways. For cxample, the T cells can be re-exposed to a tumor polypeptide, or
a shorl peptide corresponding to an immunogemic portion of such a poelypeptide, with or
without the addition of T cell growth factors, such as foierleukin-2, amdfor sitmulator
cedly that synthegize a mamor polypeptide.  Alernatively, onc or more 1 cclle that
proliferate in the presence of the tumor polypeptide can he cxpanded in number hy
cloning, Meshods for cloning cells are well known m the art, and include limiting

difution.

T CELL RECEFPTOR COMPOSITIONS

The T cell receptor {TCR} consists of 2 different, highly variable
polypeptide chains, termed the T-cell receptor @ and [ chains, (hat are Jinked by a
disulfide bond (Taneway, Travers, Walport. immunohiology. Fourth Ed.. 148-155.
Elsevier Science Itd/Garland Publishing. 1999). The o/f hetcrodimer complexes with
the jnvariant CD3 chaing at the cell membrane. This complex recognizes specific
antigenic peptides bound 10 MHC molecules.  The enormous diversity of TCR
specificities is generated much like irmmupoglobulin diversily, through somaiic gene
rearrangement. The 3 chain gones contain over 50 variuble (V), 2 diversity (D}, over 1)
joining (J) segments, and 2 constant repion segments (C). The o chain gencs contain
over 70 V segments, and over 60 J segments but no D segments, as well as one C

segmenl. During T cell development in the thymus, the I to J gene rearrangement of
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the [ chain ocours, followsd by the V gene segiment rearrmmpenent to the DJ. This
functional VI exon is transcribed and spliced fo join to a Cy. For the o chain, a V,,
vene segmiedt reartanges to a Ty, gene segment to create the fimctional exon that is then
transeribed and spliced to the €.  IXversity is furither increased during the
recombination process by the random addition of P and N-nmeleotides between the V,
D, and J segments of the § chain and between the V and J segmenis in the & chain
(Janeway, Travers, Walport. umunobiology. Fourth Ed., 98 and 150. Elsevier Science
Ltd/Garland Publishing. 1999).

The preseni invention, in 2nother aspect, provides TCRs specific for a
polypeptide disclosed berein, or for a variant or derivative thoreof. In accordance with
the present invention, polynuclectide and amine acid seyuences are provided for the V-
I or ¥-D-] junctional regions or paris thereof for the alpha and beta chains of the T-eell
receplor whicl: recognize lamer polypeptides described herein, Tn geoeral, this aspect
of the invenrion relates to T-cell receptors which reoognize or bind tumor polypeptides
presented in the context of MIKC. In & preferred embodiment the tumer antigens
recipgnized by the T-vedl receptors comprise a pelypeptide of the present invention. For
example, cDNA encoding 2 TCR specific for a colon tumor peptide can be isolated
from T cells specific for a tumor polypeptide using standard molecular biological and
recembinant DNA techrigues,

This Invention frther includes the T-cell receptors or analogs thereof
having substantially ihe same funclion or activity as the 1-cell receptors of this
invention which recegnize or bind tumor polypeptides. Such receptors include, but are
not limited to, 2 frapgment of the receptor, or a substitetion, addition or deletion mutant
of a T-cell receptor provided herein. This invention also encompasses polypeptides or
peptides that are substantially homologous to the T-well recepiors provided herein or
that retain substantially the same activity. The term "analog® includes any protein or
palypeptide having an amino acid residue sequence substantially identical to the T-cell
receptors provided Lersin in which one or more residues, preferably no mose than 5
resifucs, more prefesably no more than 23 residues have been conservatively
substituted with a functionally similar residue and which displays the functional aspects

of the T-cell receptor as described herein.
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The present invention further provides for suitable mammalian host
cells, for example, non-specific T cclls, that are transfected with a pelynnclestide
cneoding TCRs specific for a polypeptide described herein, thereby rendering the host
cell specific for ihe polypeptide. The o and [} chains of the TCR may be contained on
separate sxpression vecters or alternatively, on a single expression vector that alse
contains an internal ribosome entry site (IRES) for cap-independent translation of the
gene downstream of the IRES.  Said host cells expiessing TCRs specific for the
polypeptide may be used, for example, for adoptive immunatherapy of colon cancer as
digcussed lurther below,

In further aspects of the present nvention, clored TCRs specific for 2
polypeptide recited herein may bo used in & kit for the diagnesis of colan cancer. For
example, the nucleic acid sequence or portions thereof, of colon tumor-specific TCRs
can be used as probes or primers for (he detection of expression of the rearranged genes
encoding the speeific TCR in a biological sample.  Therefore, the present imvention
further pravides for an assay for detecting messenger RNA or DNA encading the TCR
specific for a polypeptide.

PHARMACEUTICAL COMPOSITIONS

In additional embodiments, the present invention concerns formulation
ol one or moere of the polynucleotide, polypeptide, T-call, TCR, and/or anlibedy
campositions  disclosed  herein 1 pharmacentically-aceeptable  camiers  for
administration 10 a cell or an animal, either alone, of in combination with one or more
other modalities of therapy.

It will be understood that, if desired, a semposition as disclosed herein
may be administered in combination with oiher agents as well, such a3, e.g., other
profeins ar polypeptides or varions pharmaceutigally-active agents. I fuct, there is
virtually no limil to other components that may also be included, given that the
additional agents do vot cause 4 significant adverse effect upen contact with the target
vells or host tissues. The compositions may thus be delivered along with various other
agents as required in the particular instance. Such compositions may be puritied from

host cells or other biolugieal sources, or altematively may be chemically synthesized as
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described hereiz.  Likewise, such compoesitions may further comprise substitated or
derivatized RNA or DNA compositions.

Therefors, I another aspect of the present invention, phammsceutical
compositions are provided comprising one or more of the polynuclectide, polypoptide,
antibody, TCR, andfor T-vell compositions described herein in combination with a
physiclogically acceptable camier. In certain preferred embodiments, the
pharmaceutical compositions of the invention comprise immunogenic polynucleotide
and/or polypeptide compesitions of the invention for use in prophylactic and theraputic
vaccine applications. Yaceine prepaeation is geperally deseribed in, for exanple, MF.
Powell and M.J. Newman, eds.. "Vaceine Design (the subunit and adjuvant approach),”
Plenum Press (WY, 1995). Generally, such compositions wilt comprise one ot more
polynuclentide and’or polypeptide compositions of the present invention in combination
with one or more immunastimulants.

Tewill be apparent that any of the pharmaceutical compositions deseribed
herein can conlain pharmaceatically acceptable salts of the polynucleotides and
polypeplides of the invention, Such salts can be prepared, for example, from
pharmaceutically acecplable non-tuxic bases, including orgunic hases {e.gz., salts of
primary, secondary and lerbary amines apd basic amioe acids) and inorganic bases
(e.g., sodium, potassium, lithium, amimonium, caleium and magnesium zalts).

In another embodiment, illustrative immunogenic campositions, 2.g.,
vacoine compositions, of the present inveniion comprise DNA encoding one or more of
the poiypeprides as described above, such that the polypeptide is generated i i, As
noted above, the polynucleatide may be administered within any of a varety of delivery
systems known to (hose of ordinary skill in (he art. Indeed, numerous gene delivery
techniques are well known in the art, such as those described by Rolland, Crir. Rew
Therup. Dewg Carrier Sysfems 1311432198, 1998 and reforences cited therein.
Appropriste pelynucleotide expression systems will, of cowrse, cenlatn the nocessary
regulatory TINA regulatory sequences for expression in a patient (such as a suitable
prometer and rerminating signal). Alematively, bacteriul delivery systenmis may ipvolve
the administration of a bacterium {such us Bucillus-Calmerie-Guerrin) that expresses un

immanegenic portion of the polypeptide on jts call swface or seorctes such an epitope,
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Therefore, in  certain  embodiments, polyoucleotides  encoding
inununegenic palypeptides described herein are Introduced inte snitable menunalian
host cells for expression vsing any of a nunber of known viral-based systems. Tn onc
lastrative embodiment, retroviruses provide a convenient and cffective platform for
gene delivery systems. A selected nucleotide sequence encading a polypeptide of the
present invention can be inserted inio & vector and packaped in retrovizad particles using
teclniques knawn in the art. The recombinant virus can then be izolated and deliversd
(o u subject. A number of illustrative retroviral systems have been described ez, 1.8
Pat. No. 5,219,740; Miller and Rosman (1989} Bialechniques 7:980-890; Miller, A. D.
(1990} Fluman Gene Thempy 1:5-14; Scarpa ef al. (1991) Virology 180:849-852; Burns
el al. (1993) Proc. Natl, Acad. Scl. USA 90:3033-8037. und Boris-Lawne and Temin
(1993} Cur. Opin. Genet. Develop. 3:102-109,

In addition, a number of illustrative adenovirus-based systems have also
been described. Unlike retroviruses which integrate into the host genome, adenoviruses
persist extrachromosomally thus minimizing the tisks associated with insertional
myagenesis (Haj-Ahmad and Grabam (1986) ). Virol. 57:267-274; Beit ef al. {19933 1.
Virol, 67:5911-5921; Mittereder et al. {1994) Human Gene Therapy 5:717-729; Seth et
al. (1994) 1. Vivol. 68:933-940; Barr et al. {1994) Genc Tiicrapy 1:5-38; Berkner, K. L.
(1988) BioTechniques 6:610-62%; and Rich et al. (1993) Human Gene Therapy 4:461-
4763

Various adeto-associated virus (AAV) vector systems have alse been
developed for polynucieotide delivery. AAV vectors can be readily constructed using
techniques well known i the arf. Sec, e.g., U.S. Pat. Mos. 5,173,414 and 5,139,941,
Internationa? Publication Nas. WO 92/01079 and WG 93/03769; Lebkowski et al.
(1988) Meolcc. Cell. Bicl. 8:3988-3996. Vincent et al. (1990} Vaccines 90 (Cold Spring
Harbor Laboratory Press); Carter, B. T. (1992) Current Opinion in Biotochnelogy 3:533-
339 Muxyezka, N. £1992) Coment Topics in Microbiol. and lmmunnl: 158:97-129;
Kaotin, R. M. (1994) Human Gene Therapy 5:793-801; Shelling and Smith {1994) Gene
Therapy 1:163-169; and Zhou et al. (1994) T. Fxp. Med. 179:1867-18735,

Additional viral vectors useful for delivering the polynucleotides

cenooding polypeptides of the prosent invention by gene transier include those derived
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from the pox family of vimses, such as vaecinia virus and avian poxvirus. By way of
cxample, wvaccinta virus recombivants capressing the novel melecules can be
constructed as follows. The DNA encoding a polypeptide is first inserted into an
appropriate veelor so that it is adjacent to a vaceinia promoter and flanking vaccinia
DNA. sequences, such as ihe sequence encoling thymidine kinase (TK). This vecior is
then wsed in trapsfect cells which are simulineously infected with vaccina.
lomologous recombinglion serves to insert the vaccinia pramoter plus the genc
envoding the polypeptide of inferest inte the viral genome. The resuling TE.supd-)
recombinant can be selected by culturing the oclis in the presence of 3-
bremodeoxyuridine aad picking viral plaques resislant therste,

A vaceinia-based infectionftransfection system can be conveniently vsed
tw provide for inducible, iransient expression or eoexpression of one or mose
polypeptides described hervein in host cells of an organisni. In this particular system,
cells are first infected in vitro with a vaceinia virus recombinant thai encodes the
bacteriophage 17 RNA polymerase. This polymerase displays exquisite speaifiaty in
that it only transeribes templates hearing T7 promaters. Following infection, cells are
transfected with the polynueleotide or polynuclectides of interest, driven by & T7
promoter.  The polymersse expressed in the cyteplasm from the vacciniz virus
recombinant transcribes the transfected DNA into RNA which is then transfated into
polypeptide by the host translaticeal machinery. The method provides for high level,
ransient, cytoplusmic production of large quantities of RINA and its translation
products. Sec, e.g , Elroy-Stein and Mass, Proe. Natl. Acad. Sei. USA (1990) 87:6743-
6747, Fuerst et al. Proc. Natl. Acad. Sci. USA {1986) 83:8122-8126.

Alternatively, avipoxvirnses, such as the fowlpox and canarypox viruses,
can also be used to deliver the coding scquences of interest. Recombinant avipox
viruses, expressing immunogens from mammalian pathegens, arc known to confer
protective immunity when adminisiered w non-avian species. The use of an Avipox
vector is paricalarly desirable in human and ather mammalian specics since members
of the Avipox genus can ooly productively replicate In suseepiible avian species and
thercfore arc not infeciive in mammalian ectls. Methods for producing recombinant

Avipoxviruses arc known in the art and employ genetic recombination, as describad
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above with respect to the production of vaccinia viruses. Sec, a.g, WO S1/12882; WO
89703429, and WO 92/03545.

Any of a number of alphavirus voctors com also be used for delivery of
polymucleotide compesitions of the present invention, such as those vectors deserbed in
1.5, Patent Mos. 5,843.723; 6,015.686; 6,008,035 and 6,015,694, Certain vectors based
on Verezuelan Equine Encephalitis (VEE) can also be used, illustrative oxamples of
which can be found in U.S. Patent Mos. 3,505,947 and 5,643,576,

Mareover, molecular conjugate veotors, such ag the adenovirus chimeric
vectors deseribed in Michael et al. ). Diol. Chem. (1993} 268:6866-6369 and Wagner et
al. Proc. Natl. Acad. Sci. USA (1992) 82:600%-61(:3, can ulso be used for pene delivery
under the invention.

Additional illustrative information on these and other known viral-based
delivery systems ean be found, for example, in Fisher-Hoch et al, Proc. Notl. dcad, Sci.
U854 86:317-321, 1989; Flexner et al,, 4w NV Acad Sci. 562:86-103, 1989; Flexner

et al., Faceine #:17-21, 1990; LS. Patem Nos. 4,603,112, 4,769,330, and 5,017487; ~

WO 89/01973; 11.8. Patent No. 4,777,127. (60 2,200,631; EP 0,345,242, WO 91/(12805;
Berkner, Biorechnigues 5:616-627, 1488; Rosenteld et al,, Selence 232:431-434, 1991;
Kolls et al., Proe. Nal, Acad. Sci. US4 87215219, 1994; Kass-Eisler ¢t al., Proc. Nail,
Acad. Sci. USA 20:11498-11502, 1993; Guzman et al., Ciculation §58:2838-2848, 1993,
andd Guzinan et al., Cir. Rer. 73:1202-1207, 1993,

In certain embodiments, a polynucleotide may be integrated into the
genome of a larget cell. This integration may be in the specific location and orientation
vig homologous recombination (zene replacement) ot it may be Integrated in a randon,
nan-specific  location (gone auwpmentation). In yet turther embodiments, the
pobmnucleotide may be stably maintained in the cefl as a separate, episomal segment of
DNA. Such polynucleotide scpments or "cpizomes” ¢ncode sequences sufficient to
permit maintenance and replication independent of or in synchronization with the hest
cell eycle. The manner in which the expression construet is delivered to a cell and
where in the cell the polynuclestide remains is dependent on the type of expression

construct employed.
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~In another embodiment of the invemion, a polynuclectide Is
administered/delivered as “naked” DINA, for example as described in Ulmer et al.,
Selence 259:1745-1749, 1993 and rcviewed by Cohen, Scierce 259:1691-1692, 1993,
The uptake of naked DNA may be increased by coating the DNA onto biodepradable
beads, which are efficiently transported into the czlls.

T still another embodiment, & camposition of the present invention can
be delivered via & particls bombardment approach, many of which have been deseribed,
In one illustrative example, gas-driven particle acoeleration can be achieved with
devives such as thuse manufactured by Powderject Pharmaceuticals PLC (Oxford, UK)
and Powderject Vaccines Ine. (Madison, W), some exampies of which are described in
U.S. Patent Nos. 5.846,796; 6,010,478; 5.865,796; 5,584,R07; and FI' Patent No. 0500
799, This approach offers a needle-free delivery approach wherein a dry powder
formulation of micrascopic particles, such as polymcleotide or polypeptide particles,
are aceclerated to high speed within a helhwn gas jot generated by a band held device,
propelling the particles into a tatget tissue of inisrest.

In a related embodiment, other devices and methods that may be useful
fur pas-driven neadle-less injection of compositions of fhe present nvention includs
these provided by Bioject, luc. {Portland, OR), some examples of which ure described
in .S, Patent Mos. 4,790,824: 5,064.413; 5.312,335; 5,383.851; 5,399,163; 5,520,630
and 5,993,412,

Avcording to auother embodiment, (ke pharmaceotival compositions
described herein will comprise one or more Homunostinzulants in addition to the
immunopenic polynucleotide, polypeptide, anlibody, T-cell, TCR, amlior APC
compositions of this invention. An immunoestimulant refers to essentially any substance
that enbances or potentiates an immune responsc (antihody andfor cell-mediated) to an
exogenous antigen. Ove praferred Lype of immunostimulant comprises an adjuvant.
Many adjuvanis contain a substance designed to protoct {he antigen from rapid
catabolistm, sueh as alwinum hydroxide or mineral oil, and a stimulater of imnune
responses, such as lipid A, Bortadella pertussis or Mycobacterium tuberoulosis derived
proteins. Cerlain adjuvants are commerciatly available ss, for example, Freund's

Incomplete Adjuvant and Complete Adiuvant (Difco Labaratories, Deteoit, MIy Merck
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Adjuvant 65 (Merck and Campany, Inc., Rahway, N1); AS-2 (SmilbKline Beecham,
Philackelphia, PAY, aluminum salts such as aluminum hydroxide gel (alom) or aluminunm
phosphate; salts of caleium, jron or zine: an insoluble suspension of acylated tyrosine;
acylated  sugars; catiopically  or  anionjcally  dedfvatized  polysacchmides;
polyphosphurenes; biodegradable microspheres; monophosphoryl lipid A and quil A.
Cyiokines, such as GM-CSF, interleukin-2, -7, -12, and other like growth facloes, may
also e used as adjuvants,

Within certain embodiments of the inveniion, the adjuvant composition
i preferably cne that induces an immune response predominantly of the Thl ps.
High levels of Thi-type cvtokines (e g., IFN-y, TNFer, 11.-2 and [L-12) tend 1o favor the
inductjon of cell mediated mmmune responses to an administered anfigen. In contrast,
high levels of Th2-type cytokines (e.g., 11.-4, IL-5, I[[.-6 and 1L-10) tend to favor the
indnition of humeral immuone responses.  Eollowing application of a vaccine as
provided herein, a patient will support an imimone respanse that includes Thi- and Th2-
type responses. Within a preferred embediment, in which & response is predominantly
Thl-type, the level of Thl-type eytokines will increase to a greater exient than the Tevel
of Th2-type cytokines. The levels of these cytokines may be readily sssessed nsing
standeard ussuys. For & review of the families of cytolines, see Mosmann and Cotfinan,
Ann. Rev. Imnneno!. 7:145-173, 1989,

Certain preferred adjuvants for eliciting a predomimmily Thi-type
respanse include, for example, & combination of monophosphorvl lipid A, preferably 3-
de-O-acylated monophosphoryl lipid A, together with an aluminum salt. MPL®
adjuvants are available from Coriza Corporation (Seattle, ‘WA; see, for example, US
Patent Meos. 4,430,727, 4,877,611; 4,866,634 and 4.912,0943.  CpG-containing
oliganucleotides (in which the CpG dipucleniide is wnmethylaied) also induce a
predominantly Th response. Such oliponucleatides are well known and arc described,
for cxample, in WO 96/02555, WO 9933488 and UL.S. Patent Nos. 6,008,200 and
5,856,462, Immunostimetatory DNA sequences are ulso deseribed, for example, by
Sato et al., Science 273:352, 1996, Another preferred adjuvant comprises e saponin,
such as Quil A, or derivatives thersof, including QS2Z1 end QS7 (Aguila

Biopharmaceuficals Inc., Uramiogham, MA), Esein; Digitonin, or Gypsaphifa or
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Chenapodiunt quinoa saponins . Other preferted fommulations include moxe thar one
saponin in the adjuvant combivations of the present invention, for example
combinations of at least two of the following proup cemprising QS21, Q37, Quil A, (-
escin, or digitonin.

Alternatively the saponin formalations may be combined with vaceine
vehicles composed of chitosan or other polycationic polymers, pelylactide and
polylactide-co-glycalide particles, poly-MN-acetyl glusosamine-based polymer matriy,
patticles cumposed of polysaccharides or chemically modified polysaccharides,
liposomes and lipid-based particles, particles composed of glycerol monoesters, cte.
The saponins may also be formulated in the presence of cholesterol o form particulate
structures such as liposomes or ISCOMs. Furthermore, the saponins may be formulated
together with & polynxyethylene cther or ester, in cither a non-particulate solution or
suspension, ot in a particulate structure such as a poucilamelar liposome or ISCOM.
The saponins may slso be formuiated with excipients such as Carl'mpolR 10 increase
viscosity, or may be formulaied in a dry powder fonm with a powder egcipient such as
lactose,

In onc preferred embodiment, the adjuvant system includes the
combination of a monophosphoryl lipid A and 3 saponin derivative, such as the
combination of Q821 and 3D-MPL® adjuvani, 2s deseribed in WO 94/00153, or a less
reactogenic composition where the G821 iz quenched with cholesterel, as described In
WO 96/33739. Other preferred formulations comprise an njl-in-water emulsion and
tocopherel. Anciher paricwlardy preferred adjuvant formulation employing 0821, 30-
MPL® edjuvant and tocopherel in an oil-in-water emulsion js described in WO
95/17210.

Another crhanced adjuvanl system involves the combination of a Cp(-
containing oligonucleotide and a saponin derivative particularly the cormbinaton of
CpG and Q521 is disclosed in WQ 00/09159. Proferably the formulation additionally
comprises an oil in water emulsion and tocopherol.

Additional  llustralive  adjovants for use o the pharmaceutical
compositions of the invention mclude Monlanide [SA 720 (Seppic, France), SAF
{Chiron, California, United States), ISCOMS (CSL), ME-39 (Chiren), the SBAS serfes
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of adjuvants {z.g., SBAS-2 or SBAS-4, available from SnithKline Beecham, Rixensart,
Belgium), Detox (Enhanzzn®) {Coriza, Hamilton, MT), RC-529 (Corixa, Hamilton,
M) and other amincaliyl glucosaminide 4-phosphates (AGPs), such as those
described in pending U.S. Patent Application Serial Nos. 08/853,826 and 09/074,720,
the disclosures of which are incorporated herein by reference in their entireties, and
polyoxyethylene ether adjuvants such as those described in WO 99/32549A1.

Other preferred adjuvants include adjuvent molecoles of the gencral
formuta

(T HOCHCHzO)p-A-R,
wherein, nis 1-30, A is a bond or —C{0)-. R is Cy.sp alkyl or Phenyl Cj.s0 ulkyl.

One cmbodiment of the present invention consists of a vaecine
formulation comprising a polyoxyethylene ether of general formula {J), wherein » is
between | oand 50, preforably 4-24, most preforably 9; the R component is Cise.
preferably Cy-Cyn alkyl and most preferably Cy; alkyl, and A4 is & bond. The
concentration. of the polyoxyethylene ethers should be in the range 0,1-20%, preferably
from 9.1-10%, and mest preferably in the range (.1-1%. Preferred polyoxyethylene
ethers are sclecled from the following group: polyoxyethylene-%-laury} ciher,
polyoryethylene-9-steoryl sther, pelyoxyethylene-3-steoryl ether, polyoxyethylens—4-
fauryl ether, polyoxyethylene-35-lauryl cther, and polyoxyethylene-23-lauryl ether.
Polyoxyethylene ethers such as polyoxyethylenc laury] ether arc described in the Merck
index (12" edition: entry 7717 These sdjuvamt melscules avs deseribed in WO
A0/52549.

The polyoxyethylene ether according to the penern) fopmula (I) above
may, it desired, be combined with another adjuvant. For example, a preferred adjuvint
combination s preforably with CpG as doseribed n the pending UK patent application
B DR20956.2.

According to another embodiment of this invention, an lmmunogenic
camposition deseribed herein js delivered to o host via antigen preserting cells (ADCs),
such as dendritic cells, macrophsges, B cells, monocytes and other cells that may be
engineetred to be efficient APCs. Such cells may, but necd not, be genetically modified

to increase the capacily for presenting the amtigen, to improve activation and/or

JP 2004-512022 A 2004.4.22



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

0

20

[
i

(141)

WO 01796388 POTIUSOLAABSSY

7]

matntenance of the T cell response, to have anti-lumor sffects per se andfor to be
immunologically compatible with the recaiver (7.e., matched HLA haplotype). APCs
may generally be isolated from any of a varlety of bivlogical fluids and orpans,
including tomor and peritwmoral tissucs, and may be adologous, allogencic, syngencic

ar xenwgensic cells,

Certain preforred embodiments of the present invention use dendritic
cells or progenitors thereof as antigen-presenting cells. Dendritic cells are highly potent
APCs (Bancherzan and Sieinman, Natre 322:245-251, 1998) and have been shown to
be cifective as a physiological adjuvant for eliciting propbylactic or theyapentic
antitemor iomunily (see Timmerman und Levy, A Rev. Med 50:507-529, 1999). In
geneval, dendritic ells may be identified based on thelr typical shape (stellaic in situ,
with marked cytoplasmic processes (dendrites) visible in virro), their ability to {ake up,
process and present antigens with high efficiency and their ability to activate nafve T
ccll responses. Dendritic cells may, of course, be enginecred Lo express speeific cefl-
surface receptors or igands that are not comuoonly found on dendritic cetls i vive or ex
vive, and such modified dendrilic cclls are contemplated by the present invention. As
an alternative to dendritie cells, secreted vesicles antigen-loaded dendritic cells {called
sxogommes) may be used within 4 vaceine {see Zitvope! of al., Maswre Med, 4:394-600,
1998},

Dendritic cvtls and progenitors may be obiaived from peripheral Blood,
bane marrew, lumor-infilirating cells, peritumoral {issues-infilirating cells, lymph
nodes, spleen, skin, umbilical cord bleod or any other suitable fissue or fluid. For
example, dendritic cells may be differentiated ex vive hy adding a combination of
cytokines such as GM-CSF, 114, [L-13 and/or INFa to cultures of monccyies
harvested from peripheral blood.  Alternatively, CD34 positive cells harvesied from
peripheral blood, umbilical cord bloed or bone marow may be differentiated inie
dendritic cells by adding to the enlture medium combinations of GM-CSY, 1L-3, TNFe,
CD40 ligand, 1.PS, fr3 ligand and/or other compound{(s) that induce differentiation,
maturation and proliferation of dendritic cells.

Dendritic cclls are conveniently categorized as "immature” and “matare"

cells, which allows a simple way to discriminatc between two well characierized
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phenotypes.  However, this nomenclature should not be constiued to excinde all
possible intetmedigte stages of differentiution.  Immatwe dendidtic cells are
characterized as APC with a high capacity for antigen uptake and processing, which
eorrelates with (he high expression of Foy receplor and mannose receptor. The mature
phenotype is typically characterized by a lower expression of these markers, but 2 high
cxpression of cell surface molecules respansible for T cell activation suclh as class Tand
class 1 MHC, adhesion molecules (e.g.. CD54 and CD11) and costintulatary molecules
{e.p., CD40, CD8O, CD86 and 4-1BB).

APCs may generally be tansfected with a polynucleotide of the
mvention (or portion or other variant thercof) such that the encoded polypeptide, or an
immunogenic portion thercot, is cxpre'ssed on the ecll surface. Such tmsfection may
take place ax viva, and a pharmaceutical composition comprising such transfected cells
may then be used for therapeutic purposes, as described hercin. Alternatively, a geoe
delivery vehicle that tarpets a dendritic or other antizen presenting cell may be
administered to a patient, resulting in transfeclion thal oceurs i vive. fn vivo and ex
vivn transfection of dendritic cells, for example, may generally be performed wsing any
methods known in the art, such as those deseribed in WO $7/24447, or the gene gun
approach described by Mahvi et al., fmmunology and cell Bivlogy 75:456-460, 1997,
Antigen loading of dendritic cells may be achieved by incubating dendritic cells or
progenitar cells with the tumar polypeptide, INA (naked or within 2 plasmid vector) or
RINA; or with aptigen-expressing reconzbinant bacterivm or viruses (e.g., vaccinia,
fowlpox, adenovirus or lestivirus vectors). Prior to loading, the polypeptide may be
covalently conjugated to an dmmunologica! partner that provides T cell belp (e.g., &
carrier molecule). Aliernatively, a dendrific cell may be pulscd with a non-conjugated
immunelegical partner, separately or in the presence of the palypeptide.

While any suitable carrier known to those of ordinary skill in the art may
be employed in the pharmaceutiea] eompositions of (his jnvention, the type of carrier
will typically vary depending on the mode of administration.  Compesitions of the
present mvention inay be formulated for any appropriate manner of administeation,
including  for example, fopical, oral, pasal, mucosal, intravenons, intracrapial,

intraperitoneal, subcutancots and miramuscular adiministration.
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Canijers for use within such pharmaccutical ecompositions  are
biocompatible, and may alse be bisdegradable, In ecertuin embodiments, the
formulation preferably provides a relatively consient level of active component release.
T other embodiments, however, a mare rapid rate of release inumediately vpon
administration may be desired. The formulation of such compositions is well within the
level of ordinary skill in the art using known techniques. [astrative earriers vseful in
thds repard include micreparticles of poly(lactide-co-glveolided, pelyacrylate, lutex,
starch, ceflulose, dextran and the like.  Other llustrative delayed-release carricrs
include suprasolecular biovectors, which comprise a non-liquid bydrephilic core (e.g.,
a vross-linked polysaccharide or oligosaccharide) end, optionally. an external luyer
comprizsing an amphiphilie compovnd, such as a phospholipid (see e.gr, U3, Patent Ne.
3,151,254 and PCT applications WO 94/20078, W/94/23701 and WO 96/06638). The
amount of active compeund contained within 2 sustained release formulation depends
upon the sitc of Tmplaitation, the rate and expected dwation of release and the pature of
the condition o be treated or prevented.

I another illustrative embodiment, bicdegradable micrasphercs {e.g.,
pelylactate polyglycalaie} are employed as camiers for the compositions of this
mvention.  Suileble hiodegradable microspheres are disclosed, lor example, in U.S.
Patent  Nos. £897.26H; 5,075,109; 3,928.647: 5.811,128; 35,820,883; 35,853,763;
5,814,344, 5,407,609 and 3,942,252, Madified hepatitis B core protein vierier systems.
such as desoribed i WO/SS 40934, and references cited therein, will alse be useful for
many applications.  Another Illustrative carrier/delivery system employs a carrier
comprising particulate-proiein complexes, such as those deseribed in U.8. Patent No.
5,928.647, which are capable of inducing a class restricted cytotoxic T Iymphocyte
Yesponses in a host.

In anather illustranve embodiment, calcium phosphate core particles are
cmployed as carriers, vaceine adjuvants, or as controlled release matrices for the
compositions of this invention. Exemplary caleium phosphate particles are disclosed,
for example, in published patent application No. WO/0046147,

The phbarmaceulical compositions of the invention will often further

comprisc ane or more boffers (eg, weutral bubfered saline or phosphate buffered
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saline), carbohydrates (e.g., glucase, mannose, sucrose or dextrans), mannitol, proteins,
polypeptides or amino acids such as glycine, antioxidants, bacteriostats, chelating
agents such as EDTA or ghatathione, adjuvants (2., atuminum hydroxide), soluies that
render the formulation 1sctonie, hypotonic or weakly hypertonie with the blood of a
recipient, suspending agents, thickening agents and/or preservatives. Altemalively,
compostions of the present invantion may be forrulated ag a (yophilizate.

The pharoaceuticat composilions descnbed herein may be presented o
unit-dose or multi-doge containers, such as sealad ampoules or vials. Such containers
arc typicaily sealed in such a way to preserve the sterility and stability of the
formulation uniil use. In general, formulations way ke stored as suspensions, sohutions
or emulsions in oily or aqucous vehicles. Alternatively, a pharmacentical composition
may be stored in o feesze-dred condition requiring only e addition of a slerile liquid
carcier immediately prior o use.

The development of suitable dosing and treatment regimens for using the
particular compusitions described herein in a variety of treatment regimens, inciuding
e.g, omal, parenteral, intravenous, intranasal, and intramuscular edministation and
formulation, is well known in the at, some of which are briefly discussed below for
general purposes of illustration.

In certain applications, the pharmaccutical compositions diselozed berein
may be delivered via oral admnisiration to an anunal. As such, these compositions
raay be [ormulated with an inert diluent or with an assimilable edible carrier, or they
may be enclosed n hard- or soft-shell gelatin capsule, or they may be compressed into
tablels, or they 1ay be incorporated directly with the food of the diet,

Tiwe active compounds may even be incorperated with excipients and
vsed in the form of ingesitble lablets, buccal tables, troches, capsules, elixirs,
suspensions. syrups, wafers, and the like (see, for examphe, Mathiowitz ef al., Natuse
1997 Mar 27.386(66233:410-4, Hwang e ol., Crit Rev Ther Dmg Carrfer Syst
1998;15(3)243-84; U. 5. Patent 5,641,315; Y. 8, Patent 3,580,579 and U. 8. Patent
3,792,451}, Tablets, iroches, pilis, capsules and the like may also contain any of a
variety of additonal components, for example, a hinder, such as gum wragacenth,

acacia, cornstarch, or gelating excipients, such as dicalcium phosphate; a disintegrating
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agenl, such as com slarch, potate starch, alginic acid and the like; a lubricant, suck as
magnesium stearale; and a sweetening agent, such a5 sucrese, Jactose or saccharin may
be added or a flavaring agent, such as peppermint, oil of wintorgreen, or cherry
flavoring. When the dusage unit form iz a capsule, it may contain, in addition to
materials of the above type, a lguid carder. Various other graterials may be present as
voalings or tw otherwise modify the physica! form of the dosage wut. For instance,
tablets, pills, or capsules may be coated with sheliac, sugar, or both, Of course, any
material used in preparing any dosage uwit form showdd be pharmaceutically pore and
substantially non-toxic in the amounis employed. In addition, the aciive compounds
may he incorporated nto sustained-release preparation and formulations.

Typically, these foramlutions will contain at least about 0.1% of the
active compeund or more, although the percentage of the active ingredieat(s) may, of
course, be varied and may conventently be befween ubout 1 or 2% and about 0% or
70% or more of the weight or voluine of the tolal formulation, MNatually, the amount of
active compound(s) in cach therapeutically usctil composition may be prepared is such
z way 1hal o suiteble dosege will be nbtained in any ghven wit dose of the compound.
Factors such as solubility, bivavailability, biological balf-life, route of administration,
praduct shelf life, as well as other pharmacological considerations will be contemplated
by ane skilled in the ant of preparing such pharmacoutical foomalations, wnd as such, a
variety of dosages und treatment regimens may e desirable,

For cral administration the compositions of the present invention may
altematively be incorporuled with one or mare excipients in the form of a mouthwash,
dentifiice, buccal tablet, oral spray, or sublingual oraily-administered formulation.
Altermatively, the active ingredient may be incorporated into an mal selution such as
ane contatning, sodivm borate, plycerin and pofassium bicarbonate, or dispersed in a
dentifrice, or added in a therapeutically-eftective amount to 3 composition that may
include water, binders, abrasives, {lavoring apents, foaming apents, and humectants,
Altematively the compositions may be fashioned into a tablet or selution forna that may
be placed under the tongue or otherwise dissolved in the mowth.

In certain circumstances it will be desitable to deliver the phanmaceuticel

compositions disclosed hercin parenterally, intravencusly, intramusculacly, ot cven
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intraperitoneally. Such approaches arc well known to the skilted artisan, some of which
ate further described, for example, fu . 5. Patent 5,543.158; U S. Pateni 5,641,515
and 1. 8. Patent 3,399,363, In cerfein embodiments, solulions of the active compounds
as free base or phamacologically acceptable salts may be prepared in water suitably
mixed with & surfuctant, such as hydroxypropyleellulose, Dispersions may also he
prepared in glyeerol, liquid polyethylene glyeels, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these preparations generally will contain
a preservative to prevent the growtls of microorganisms.

Mtustrative pharmaceutica) formy suitable for igjectable use nclude
sterile aqueous solutions or dispersions nod stexile powders for the extemporaneous
preparation af sterile injectable solutions or dispersions (for example, see 17 8. i'atcnt
5,466,468). In all cases the Torm musi be starile and must he (uid to the exlent that
easy syringability exists. It must be stable under the conditions of manufacture and
storage and must be preserved against the contaminating action of microorganisms,
such es bacterin und fingi. The carrier can be a solvent or disparsion medivm
confaining, for exampie, water, ethanal, polyol (e.g., glyccrol, propylene glycol, and
liguid polyethylenc glycol, and the like), suilable mixtures thereof, andfor vegetable
ocils. Proper (luidity may be mantained, for example, by the use of u coating, such as
lecithin, by the maintenance of the requircd particle size in the casc of dispersion andfor
by the use of surfaciants. The prevention of the action of microerganisms can be
facilitated by various antibucterial and antifungal agents, for example, purabens,
chlorobutanol, phenol, sorbic acid, thimerosal, 2nd the like. In many cases, it will be
preferable to inelude isotonic agents, for example., sugars or sodivm chloride,
Prolenged absarption of the injectable compositions can be brought about by the use in
the compositions of apents delaying absorption, for example, aluminum menostzarate
and gelatin.

In one cmbodiment, for parenteral administration in an aqueous solution,
the solution should be suitably buffered if neoossary and the liquid diluent first rendered
isotomic with sufficient saline or glucose. These particular agueous sclutions are
egpecially suitable for intravenous, ivramuscular, subcutancous and intraperitoneal

admsinistration. Tn this connection, a sterile aqueous medivm that ez be erployed will
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be knows to those of skil! in the art in light of the present disclosurs, For example, one
dosage may be dissoived in 1 ml of isgtonic NaCl soluiion and either added to 1080 ml
of hypedermoclysis [lnid or injecled at the proposed site of infusion, (sse for example,
“Remington's Pharmaceutical Sciences” [5th Edition, pages 133-1038 and 1570-
1580). Some varation 1t dosage will necessarily ocour depending on the condition of
the subject being reated. Morcover, for human administration, preparations will ol
course preferably mect sterilify, pyrogenicity, and the general safety and purity
standards as required by FDBA Office of Biologics standards.

In ancther embodiment of the invention, the compasitions disclosed
herein may be formulaled 0 4 peutral o st form, Nlustearive
pharmaceutically-acceptable salts nclude the acid addition salts (fonmed with the free
amino groups of the protein} and which are formed with inorganic acids such as, for
example, hydrochloric or phosphoric acids, or such orgame acids as acetiv, oxabe,
tartaric, mandelic, and the like. Saits faormed with the free carhoxyl groups can also be
detived from inerganic bascs such as, for example, sodiwn, potassivm, ammonium,
calcium, or ferric hydroxides, and such orpamic bases as isopropviamine,
trimethylamine, histidine, procaine and the like. Upon fostnulation, solutions will be
administered in a manoer compalible with the dosage farmulation and in such amouni
as 1 therapentically ellective,

‘The cartiers can farther comprise any and all solvents, dispersion media,
wchicles, coatings, diluents, antibacterial and antifungal agents, isotanic and absorption
delaying agents, buffers, carricr solutions, suspensions, colloids, and the like. The vse
of such media and agents for pharmaccutical acttve substances is well known in the art.
ixcept insofar gs any conventivmal media or agent is incompaiible with the active
ingredient, its use in the therapeutic compositions is contemplated.  Supplementary
active ingredients can alse be incorporated into the compositions. The phrase
"pharmaceutically-acceptable” refers o molecular entities mad composttions that do not
prodluce an atlergic or similar untowayd resctios when administered to a human,

Tn certain cmbadiments, the pharmaccutical compesitions may be
delivered by intranasal sprays, inhalation, and/or other asrcsol delivery vehicles.

Methods for delivering genes, nueleic acids, and peptide compositions direetly to the
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lungs viu nasal aerosol sprays hus been described, e.g, in UL 8. Patent 5,756,353 and U.
5. Patent 5804212 Likowise, the delivery of drugs using intranasal microparticle
tesins  (Takenags ef «f, J Controlled Relense 1998 Mar 2;52(1-2):81-7) and
lysophosphatidyl-glycerel compounds (U1, 5. Patent 5,725 471} arc also weil-known in
the pharmaceutical arts. Likewise, illustrative imnsmucosal drug delivery in the form
of a polytetrafluoroetheylene suppoft matrix is described in U, 5. Patent 5,780,045,

In certain cmbodiments, lipesomes, nanocapsules, mieroparticles, lipid
particles, vesicles, and the like, re used for the introduction of the compositions of the
present invention inte suitable host cefls/organisms. [n particular, the compositions of'
the present invention may be formulated for delivery either encapsulated in a lipid
particlke, a liposome, a vesicle, & nanosphcre, or a nanopatticle or the like.
Aliernatively, compositions of the present invention can be boand, either covalently or
nou-covalently, 1o the surface of such carrier vehicles.

The formarion and use of tiposome and liposome-like preparations as
potential dmg carricrs is geperally known te those of skill in the art (sec for example,
Lasic, Trepds Biotechmol 1998 Jul,16(73:307-21; Takakura, Nippop Rinshe 1498
Mar; 36(3):691-5; Chandran er @/, Indian J Exp Biol. 1997 Aug;33(8):801-9; Margalit,
Crit Rev Ther Drug Carrier Syst. 1995;12(2-33:233-61; U9, Patent 5,567,434; 1.9,
Patent 5,552,157, ULS. Patent 5,565.213; U.S. Patent 5,738,868 and U.S. Paient
5,793,587, each specifically incorporated herein by reference i its entirety). .

Liposomes have been used successfully with a number ol cell types (hat
are normally difficult to wansfect by other procedures, including T celi suspensions,
primary hepatocyte cultures and PC i2 cells (Rennciscn &f af, I Biol Chem. 1990 Scp
25:265(27%:1633742; Muller ez of., DNA Cell Biol. 1990 Apr;%(3):221-9). [n addition,
Iiposomes are froc of the DNA length constraints that are typical of viral-based delivery
systems.  Liposomes have been used etfcetively 1o introduce genes, various drogs,
radivtkerapeutic agenls, enzymes, viruses, transcription factors, allostoric effectors and
the like, into a varicty of caltured cel? lines and animals. Furthermore, he use of
liposomes does not appear [o be associated with autoiamune responses or unacceptable

toxXicily alter systemic delivery.
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I certain embadinients, lipesonzes are formed from phesphoelipids that
are dispersed In an agueons medium and spontsneously form multilamellar concentric
bilayer vesicles (also texmed mubilamellar vesicles (M1.¥s).

Alternatively, in other embodiments, the izvention provides for
pharmacentically-acosptable  nanocapsule formulations of the compositions of the
present invention. MNanocapsules can generally entrap cumpounds in a stable and
reproducible way (see, for example, Quintaner-Guerrero ¢f of., Drug Dev Ind Pharm.
1998 Deci24(123:1113-28),  Te aveid side effects doe to intracellular polymecic
overloading, such uitrafine paticles (sized around 0.1 pm) may De designed using
polymers able w be depraded in vive, Such particles can be made as deseribed, for
example, by Couvrew ef af, Cril Rev Ther Drug Carxer Syst. 1988;5(1»:1-20; zor
Muhlen ef al, Bur T Pharm Biophamu. 1998 Mar:45(2):149-35; Zambaux et ol J
Controlled Release. 1598 Jan 2;50(1-3%:31-40; and U. 3. Patent, 5,145,684,

CANCER THERAPEUTIC METHODS

Immunslogic approaches to caneer therapy are based on, the recogmition
that cancer eells can often evade the body's defeases against aberrant or foreipn cefls
and molecules, and that these defenses snight be therapeutically stimplaied to regain the
lost ground, ez pgs. 623-048 in Klein, Immunology (Wiley-Interseience, New York,
1982). Numerous recent observations that vatious immune cffectors can directly or
indirectly inhibit growth of tumors has led to renewed interest in this approach o caneer
therapy, ¢.g. Jager, ¢t al., Oncology 2001;60(1):1-7; Remeer, et al., Ann Hematol 2000
Dec;79(12):651-9.

Iour-basie cell types whose function has been associated with antitumor
cell immunity and the climination ol wmor celis from the body aye’ i) B-lymphoeytes
which secrete immuroglobulins into the hlood plasma for identifying and labeling the
nonself invader cells; iy menocytes which seorete the complement proteins that are
responsible for lysing and processing the immunoglobulin-coated lerpet invader colls;
i1} natural Xiller lvmphocytes having two mechanisrs for the destroction of tumer
zells, antibody-dependent cellular cytotoxicity and natweal killing, and iv) T-

lymphoeytes possessing antigen-specific teceptors and having the capacity 10 recognize
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a {umor cell camying complementary marker molecules (Sclirciber, H., 1989, in
Fundamental Immunology {ed). W. E. Paul, pp. 923-955).

Cancer immunetherapy generally focuses on indecing humoral immuns
responses, cellular immune responses, or both. Moreover, it is well established that
induction. of CD4™ T helper eells is necessary in order 1 secondarily induce either
antibodies or cytotoxic C8™ 1 cells.  Polypeptide antigens that are selective or ideally
specific for cancer cells, particularly colon cancer cells, offer a powerful approach for
indueing immune responses against colon cancer, and are an important aspect of the
present invention.

‘Therefore, in further aspecls of the present invention, the pharmaceutical
compositions deseribed herein may be used to stimulate an immune response against
cancer, particutarly for the immunotherapy of colon cancer.  Within such methads, the
phannaceutical compositions described hersin arc administered to a patient, typically a
warm-blooded gnimal, preferably a human. A paticnt may or may not be afflicted with
cancer. Pharmaceutical compositions and vaceines may be administered either prior to
or following surgical removal of primary tumers and/or geaiment such as
admioistration of radiotherapy or conveniional chemotherapeutic drugs. As discussed
above, adminisiration of the pharmacsutical compositioss may be by any suitable
method, including administration by intravenous, intraperitoneal. intrambscular,
subcutaneous, intranasal, intradermal, anal, vaginal, topical and oral routes.

Within certain  embodiments, immunotherspy may be  aclive
immunotherapy, in which treatment relics on the in vive stimulation of the endogenouns
host immune system to react against lumors with the administration of immune
response-mudifying egents (such as polypeplides and polynucleotides s provided
herein).

Within  other  embodiments, immunetherapy ey be  passive
immunotherapy, in which trestinent involves the delivery of agents with cstablished
mor-immune reactivity (such az effector cells or antibodies) that can direcily or
indirectly mediate antiturner effects and dees not necessarily depend om an intact host
immune system. Examples of effector cells include T eells as discussed above, 1

lymphocytes (suck as CDY” cviotoxie T lymphoeyles and CD4" T-helper tumor-
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infiltrating lymphocytes), killer cells (such s Natural Killer cells and lvmphokine-
activaied killer cells), B cclls and antigen-presenting cells {such as dendritic cells and
macrophages) expressing a polypeptide provided herein. T cell receptors and amtibody
receptors specific for the polypeptides recited herein may be cloned, expressed and
transferred into other vectors ov effector cells for adoptive inununotherapy.  The
polypeptides provided herein may alse be used to generate antibodies or anli-idiotypic
antibodies (as described above snd in U.B. Patent No. 4,918,164) for possive
immunsiherapy.

Monoclonal antibodies may be labeled with any of a variety of labels for
desired selective usages in delection, diagnostic assays o therapeutic appHications (as
described in U.S. Putent Nos. 6,090.263; 6,015,542; 5.843,398; 5,5953,721; and
4,708,930, hereby incorporated by reference in their entirety as iff each was incarporated
individuslly). In each case, the binding of the lubelled monuclonal anfibody to the
deternunant site of the antigen will signal detection or dolivery of a particiﬂar
therapentic agent o the antigenic determinant on the nen-normal cell. A further object
of this invention is to provide the specific monoglunal antibody suitubly labelled for
achicving such desired selective usages thereof.

Effector cells may generally be obtained in sufficient guanlitics for
adoptive immunotherapy by prowth in virre, as described herein. Culiure conditons for
cxpanding single antipen-specifie effcctor cells to several hillion in number with
relention af anligen recognition in vivo are well known in the art. Such in vitro culture
conditions typically vse intermitient stimulation with antigen, often in the presence of
cylokines {such as [L-2) and non-dividing feeder cells.  As poted above,
immunoreactive polypeptides as provided herein may be used to vapidly expand
aztigen-gpecific T celf culiures in order to gencrate a sefficient pumber of cslls for
jmmunotherapy. In particular, antigen-presenting cells, such as dendritic, macrophage,
monocyls, fibroblast and/or B cells, may be pulsed wilk immunereactive polypeptides
or transfected with one or more polynucleotides using standard technigues well knawn
in the art.  For cxample, antigen-presenting cells can be transfected with a
polynucleotide having & promoter appropriate for increasing expression in 2

recorgbinant virus or other expression system. Cultared effector cells for use in therapy

JP 2004-512022 A 2004.4.22



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

an

30

(152)

WO 01796388 POTIUSOLAABSSY

32

must be able to grow and distribule widcly, and to survive long tecm in vive. Studies
have showa thal enltured effector cells can be induced to grow in vive and to survive
long term in substantial numbers by repeated stinulabion with antigen supplenented
with [L-2 (see, for example, Cheever et al,, fmnunological Reviews £37:177, 1997

Allernatively, a vector expressing o polypeptide recited herein may be
antroduced into antigen presenpting cells taken from a patient and clonally propagated ex
vivo for transplant back into the same patient. Transfected cells may be reintroduced
into the patient using ony means known in the art, preferably in sterile form by
infravenous, inlracavitary, intraperitoneal or intratumor admimshation.

Routes and frequency of administration of the therapeutic compositions
desenbed hevein, as well as dosage, will vary from individual to individual, and oay he
readily estublished osing standard technigques.  In general, the pharmaceviical
compusitions and vareines may be administered by injection (eg, intracutaneous,
intramuscular, intravenous or subcutanenus), intranasally (e.g., by aspiration) or orally.
Preferably, between 1 and 10 doses maey be administered over a 52 week period.
Preferably, 6 doscs ave administered, 21 infervals of 1 menth, and hooster vaccinations
may be given periodically thersafier, Altermate protocols may be appropriate for
individual patients. A suviteble dose is s amount of a compound thal, when
administered as described above, is capable of promoting an anti-tumor Immunc
response, and is at least 10-30% above the bagal {ie, untreated) level. Such response
can be monitored by measuring the aoti-tumor antibodies in a patient or by vaceine-
dependent gencration of cytalytic effectar cells capable of killing the patient’s tumor
cells in viiro. Such vaccines should also be capable of causing an immune response that
teads to an improved clinical outcome {e.g., more frequent remissions, complete or
partta) or longer discase-free survival) in vaccinated patients as compared to non-
vaccinsted patienis.  [n general, for phamacestical composilions and vaccines
comprising one or more polypeptides, the amount of eavh polypeptide prescnt in a dose
ranges from aboot 25 pg 0 5 mg per ke of host. Svitable dose sizes will vary with the
size of the patient, bat will tvpically range from about .1 mL to about 5 mL.

In general, an appropriate dosage and lreutment vegimen provides the

active compound(s) in an ameunt sufficient te provids therapeutic and/or prophylactic
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benefit. Such a response can be monitored by establishing an improved clinfcal
outcome (e.2, more frequent remissions, complete or partial, or longer disease-free
survival) in treated patients ag compared fo nom-treated patients. Increases in
precxisting Immung responses to 2 wmar proiein generally correlate with 2n improved
clinical outeome.  Such immune responses may generally be evaluated using standard
proliferaiion, cytotoxicity or cytokine assays, which may be performed using samples

obtained from a paticm hefore and afier treatment,

CANCER DETECTION AND DLAGNOSTIC COMPOSTIWINSG, METHODS AND KITS

In general, a vancer may be detected in a patient based on the presence
of une or more coton tumor proteins und/or polynucleotides encoding such proteins in a
biologieal eample (for example, blood, sera, spulum urine and’or tumor bivpsies)
obtained [rom the patienl. In other words, such proicins may be used as markers to
indicate the presence or absonce of a cancer such as colon cancer. In addition, such

proteing may be uscfil for the detection of other cancers. The binding agents provided

herein generally penmit detection of the level of antigen that binds to the agent in the

biclogical sample.

Palynucleotide primers und probes may be used to deteot the level of
mBNA encoding & tunor protein, whick is alse indicative of the presence or absence of
avaneer. In general, a tumor sequence srould be present at a level that is at least two-
fold, preferably three-fold, and mare preferably five-fold or higher in tumor tissue than
in notmal tissue of the same tvpe from which the tumor arese. Expression levels of a
particular tumor sequence in fissue Lypes differcni frors that ie which the tumor arose
are irrelevant in certain disgnostic embodiments since ihe presence of tumor cells can
be conlinped by observation of predetoimined differcntial expression levels, e.a., 2-
fold, 5-fold, ete, in tumor tissue 10 expression levels in normal tissue of the same type.

Other differential expression pattemns can be utilized advaniageously for
diagnostic purposes.  For cxample, in one pspect of the invention, overexpression of &
funar sequence in wmer tigsie snd normal Yissue of the same type, but not in other
normal tssue types, e.g PBMCs, can be exploited diagnostically. In this case, the

presence of metastatic tumor cells, for example in a sample fwken from the circulation
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or some other tissue site different from that in which the tumer arose, can be idemtified
andfor confirmed by detecting expression of the tumor sequence in (be sample, for
example wsing RT-PCR. analysis. 1o many instances, it will be desired to erich for
fumor cells in the sample of interest, €., PRMCs, using cell capture or oiber like
techniques.

There are 2 variety of assay formats known to those of ordinary skill in
the arl for using 2 binding agent to detect polypeptide markers in a samiple. See, e g,
Harlow and Lane, Antibedies: 4 Laboratory Manual. Cold Spring Harbor Laboratory,
1988. Tnn general, the presence ar absence of a cancer in a patient may be determined hy
{a} contacting a biological sample eblained from a patient with 2 binding agent; (b)
detecting in the sample a level of polypeptide that binds to the binding agent; and (¢}
comparing the level of polypeptide with a predetermined cut-off value,

In a prefeired embodiment, the assay involves the use of binding agent
immobilzed on a solid support t¢ bind fo and remove the polypeptide from the
remainder of the sample. The bound polypeptide may then be detected using a
detection reagent that contains a reporter group and specifically binds o the binding
ageni/polypeptide complex.  Such deteetion reagents may comprise, for example, a
binding agent that specilically binds (o the polypeptide or an anftbody or viher agent
1hat specifically binds o the binding agent, such as an anti-immunoglebulin, protein G,
protsin A or a lectin. Alterpatively, a competitive assay may be utitized, in which a
polypeplide is labeled with a reporier group and alfowed to bind o the hmumobilized
binding agent after incubabion of the binding agent with the sample. Tire extent to
which components of the sample inhibit the binding of the labeled polypeplide to the
binding agent is indicative of the reactivity of the sample with the immobitized binding
agent. Suitable polvpeptides for use within such assays jnclude fill length colon ramar
proteins and polypeptide portions thersof to which the binding agent binds, as described
above.

The solid supporl may be any material known to those of erdinary skill
in the avt to which the tumor protein may he attached. For example, the solid support
may be a test well in a micratiter plate or a nitrocellulose or other suitable membrane.

Alternatively, the suppect may be 3 bead or dise, such as glass, fiberglass, latex or a
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plastic material such as polystyrene or polyvinytchloride. The support may also be a
magnetic particle or a fiber optic sensor, such u$ those disclosed, for example, in U.S.
Patent No. 3,359,681, The binding agent may be immobilized on the solid support
using & variely of lechnigues known to those of skill io the art, which are amply
described in the patent and scientific literature. In the context of the present invention,
the term "immobilizalion” vefers to both noncovalent association, such as adsorpiien,
and covalent attachment (whick may be a direct linkage between the agent and
fanctional groups on the suppord or may be a linkege by way of a cress-linking agent),

Immobilization by adsorption to a well in o microtiter plate or o a membrane s

preferred.  In such cases, adsorption may be achieved by comtacting the binding apent,

in a suitable buffer, with the solid support for a suitable awount of time, The comtact
time varies with tempersture, but is typically between about 1 hour and about | day. In
general, contacting a well of a plastic microtiter plate (such as polysiyrene or
polyvinylchloride) with an amount of binding agent ranging from about 10 ng to about
10 ug, and preferably sbout 100 ng ro about I pg, is sufficient to immobilize an
adequate amount of binding agent.

Covalen attachrment of binding agent 10 a solid sopport may generaily
be achieved by first reacting the suppori with & bitunctional reagent that will react with
bath the suppost and a functional proup, such as g hydroxyl or aming proup, on the
hinding agent. For example, the binding 2gent may be covalently atiached to supports
heving an appropriate pelymer conting using benzoguinone of by condensation of an
aldehyde group on the support with an amine and an active hydregen on the binding
pariner (see, e, Fierce lmnnmnotechnology Catalog and Handbook, 1991, at
Al2-A13).

In certain embodiments, the assay is & two-anhbody sendwich assay.
This ussay may be performed by first contacting an antfbody that has been immohilized
on a sulid support, commonly the well of u micsotiter plate, with the sample, such that
polypeptides within the sample arc allowed to bind to the immobilized antibody.
Unbound sample is then removed from the immobilized polypeptide-aniibedy
complexes and a deteetion reagent {preferably 3 secund antibody capable of binding to

u different site on the pelypeptide) containing a reporter group is added. The amount of
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detection rcagent that remains bound ¢ the solid suppert is then detennined using 2
method appropriate for the specific reporter group.

More speciffcally, once the antibody Is umobiliced on the suppott as
described above, the remaining protein binding sites on the support are typically
blocked. Any suitable blocking agent known to those of ordipary skill in the art, such
as bovine serum albumin or Tween 20™ (Sigma Chemical Co., 5i. Louis, M{J}. The
immobilized antibody is (hen incubated with the sample, and polypeptide is allowed to
bind 1o the antihody. The sample may be diluted with a sviteble diluent, such as
phosphate-bulfered saline (PBS) prior to inenbation, In general, an appropriate contact
time (7., incubation fime) 1s a period of lime that is sullicient {o deteci the presence of
polypeptide within 2 sample obtained from an individoal with colon cancer at lenst
about 93% of that achieved al equilibrium between bouwnd and unbound polypeptide.
Those of ordinary skill in the mt will recognize that the time necessary to achieve
equilibrium may be readily determined by assaying the level of binding that oceurs over
a period of time. At room lemperature, an ncubation time of about 30 minutes is
gencrally sufficient.

Unbound sample may then be removed by washing the selid support
wilth an appropriate buller, such as PBS contuining 0.1% Tween 20™% The second
antibody, which contains a reporter gronp, may then be added to the sofid support.
Preferred reporter groups include those gronps recited above.

The detection reagent is then incubuted with the immohilized antiboddy-
polypeptide complex for an amount of time sufficient to detect the beund polypeptide.
An appropriate amount of time may generafly be determined by assaying the Jevel of
Linding that oceurs over a period of time. Unbound detection reagent is then removed
and bound defection reagont is detevied using the reporter group. The method
employed for detecting the repurter group depends upen the pature of the reporter
group. Por radicactive groups, scintillalion counting or autoradiographic methods are
gencrally appropriate. Spectroscopic mothods may be used to detect dyes, luminescent
aroups and fluorescent groups. Biotin may be detected using avidin, coupled to a
diflerent reporter group {commonly a radioactive or fluoreseent group or an cnzyme).

Enzyme reporter groups may genevally be delected by the addition of substratc
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{generally for a specific periad of time), followed by spectroscopic or other analysis of
the reaction products.

To detenmine the presence or absence of a cancer, such as colon cancer,
the signal detected from the reporter group that remuins bound to the solid support is
generally compared to a signal that correspends te a predetermined cut-off valoe. In
ore preferred cmbodinent, the cat-0ff value for the detection of a cancer is the average
mean signal obtained when the immobilized antibedy is incubated with samples from
paticnts withoui the caneer. Tn general, a sample generating a signal thet s three
standard deviations above the predeisrmined cut-off valve is considersd positive for the
cancer. Tn an zlerate preferred embodiment, the cut-off value is determined using a
Receiver Operator Curve, according to the method of Sackew et al, Clinival
Fpidemiology: 4 Basic Science for Clinieal Medicine, Tittle Drown and Co., 1985,
p. 106-7. Briefly, in this embodiment, the cut-off value may be determined fiom a plot
of pairs of frue positive rates (fe¢, sensitivity} ond false positive rates {100%-
specificity) mat correspond 10 ¢ach possible cut-off value for the diagnostic test result.
The cut-off value on the plot that is the closest lo the upper left-hand carner (Le., the
value that encloses the largest area) is the most accurate cut-off value, and & sample
gencrating a signa! that is higher than the cut-off value determined by this method may
be considered positive. Alternatively, the cut-off value may be shified to the left along
the plat, to minimize the false positive rate, or to the might, to minimize the false
negasive rate. Tn peneral, a semple generating a signal that is higher than the cot-oft
value determined by this method is considerad positive for « cancer,

In a refated embodiment, the assay is performed in a flow-through or
strip test formal, wherein (he binding agent is immohilized on 2 membrane, snch as
nitrocellulose.  In the fow-through test, polypeptides wiihin the sample bind 1o the
immobilized binding agent as the sumple passes through the membrane. A second,
labeled hinding apent then binds to the binding agent-palypeptide complex as a sofution
eontaining the second binding agent flows through the membrane, The detection of
bound second hinding agent may then be pecformed as deseribed above. In the steip test
format, onz end of the memnbrane to which binding agent is bound is immersed in a

solution containing the sample. The sample migrates along the membrane through a

JP 2004-512022 A 2004.4.22



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

20

30

(158)

WO 01796388 POTIUSOLAABSSY

38

region centaining second binding agent and to the area of immobilized binding ageni.
Concenlration of second binding agent at the area of immobilized antibody indicates the
presence of a cancer. Typically, the concentration of second binding agent at that site
penerates a pattern, such as a line, that can be read visually. The absence of such a
pakbtern indicates a negative result. In general, the apount of binding agent inmohilized
on the menthrane is selcoted to gencrate 2 visually discemible pattern when the
bivlogfeal sample containg a leved, of polypeptide that would be sufficient fo generate a
positive signal in the two-antibody sandwich assay, in the formal discossed above.
Preferred binding aécnts for use in such assays are sntibodies and entigen-binding
fragments thereof. Preferably, the amount of antibody immobilized on the membrane
ranpes from about 25 ng to about e, and more prefersbly from about 50 ng to abeut
500 ng. Buch tests can typically be performed with a very small amount of biological
sample.

OFf course, memerows other assay protocols exist that are suitable for use
with the tumor proteins or binding agents of the prosent invention. The above
descriptions are intended fo be exemplary only. For example, it will be apparent to
thase of ordinary skill in the art that the above protocals niay be readily modified to use
ot polypeptides to detect antibodies that bind to such polypeptides in a hialogical
sample. The detcetion of sudh tumor protein spectlic antibodies may corretate will the
presence of & caneer.

A cancer may also, or allemnatively, be detecied hased on the presence of
T cells {hat specifically react with a famot protein i a biclegical semple,  Within
certain methods, a hiological sample comprising CDA* and/or CD8™ T cells isolated
from a patlent is incubated wilh a tumar polypeptide, a polynuclentide encoding such a
pulypeptide and/or an APC ihat expresses at least an immunogenic porlion of such a
polypepride, and the presence or absence of specific activanen ef the T cells is detected.
Suitable biclogical samples include, but are not Hmited to, solated T cells. Tor
exunple, T cells may be isolaied from a patient by routine techniques (such as by
Ficollitiypaque density gradient centrifugation of peripheral blood Iymphecytes). T
cells may be incubated in vitre for 2-Y days (typically 4 days) at 37°C with polypeptide
{e.g, 5 - 25 pe/mD. 1t may be desirable to incubate another atiquot of a T cell sample
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in the absence of tumor polypeptide to serve as a control. For CD4™ T cells, activation
is preferably detected by evaluating proliferation of the Tcells. For CDE' T cells,
activation is prefersbly defected by evalusting cytolytic activity. A level of
preliferation that. is at least two fold greater andfor a level of eytolyiic activity that is at
least 20% greater than in disease-free patients indicates the presence of a cancer in the
patient.

As noted above, a cancer may also, or alternatively, be deteeted based on
the kovel of mRNA encoding a tumer protein in z biclogica) sample. For example, at
least two oligonucleotide primers may be employed in & polymerase chain reaction
(PCR}) based assay to amplify a portion of a tumor ¢DNA denived from a biological
sample, wherein at least one of the oligonucleatide primers is specilic for (ie,
hybridizes to) a polynucleotide cneoding the tumer protein. The amplified cDNA js
then sepurated and detected using techmiques well known i the art, sach as gel
electropharesis

Similarly, oligonuclectide probes that specifically hybuidize to a
polynucieotide encoding a tumor protein may be used in & hybridization assay to detect
the presence of polynucleotide cncoding the tumor profein in a biological sample.

To permit hybridivation under assay conditions, oligonuclentide primers
and probes should comprise an oligonuclestide sequence that bas at least about 60%,
preferably at least about 75% and more preferably at least about 90%, identity 10 a
poriion of # polyrucleotide encoding a tumoc protein of the invention that is al jeast 107
nuclcotides, and preferably at lcast 20 nucleotides, im leppih.  Preferably.
aligomuclestide primers and/or probes hybridize to a polyduclectide ¢ncoding a
polypeptide deseribed herein under moderitelv siringent conditions, as defined above,
Oligonucleetide primers andfor prabes which may be wsefully empleyed in the
diagnostic methods described herein preferably are at least 10-4() nucleotides in length.
In a preferred embodiment, the oligonucleotide primers compriss at least 14 contiguous
nueleatides, mare preferably st least 15 contignous nuclcotides, of a DNA moleculc
having a sequence as disclosed herein.  Techniques for both PCR based nssays and

hybridization assays are well known in the art (see, for example, Mullis ot al., Cold
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Spring Harbor Svmp. Quant. Biol., 51:263, 1987; Frlich ed., POR Technology, Stockton
Press, NY, 1989,

Cne preforred assay employs RT-PCR, in which PCR iz applicd in
conjumetion witlh reverse ranscription. Typieally, RNA. is extracted from a biological
sample, such as hiopsy tissuc, and is reverse transcribed to produce clINA melecnles.
PCR amplification using af leasi one specific primer gencrates o eDNA molecule,
which may be separated and wvisvalized using, for esample, ge! elevtrophoresis.
Amplification may be performed on biolegical samples taken from a test patient and
from an individual who is nol afflicied with a cuncer. The amplification reaction may
be pertermed on several dilutions of ¢DNA spanning two orders of magnitude. A two-
fold or greater increase In expression i several dilubions of the test patient sample as
compared to the same dilutions ol the non-cancerous sample is typicaily considersd
positrve.

In another aspect of the present invention, cell capture technologies may
e used in conjuunction, with, for example, real-time PCR. to provide a more sensitive
tool for detection of melastatic cells expressing colon tumor antigens. Deteetion of
colon cancer cells in biological samples, e.g., bone marrow samples, peripheral blood,
and small needle aspiration samples is desivable for diagnosis and prognoesis in colon
cancer patients.

Tmmunomagnetic beals coated with specific moneclonal antibudies to
surface cell markess, or wetramerie antibody complexes, may be vsed to first enrich or
positively seleet cancer cells in a sample. Various commercially available kits may be
wsed, including Dynabeads® Epithelial Bnrick (Dynal Bictech, QOslo, Norway),
StemSep™ {StemCell Technolegies, Inc., Vancoaver, BC), and RosciicSep (StemCel?
Technelogies). A skilled artisan will recopnize (hat other methodologies and kits may
also be used 1o ennich or positively selewt desived cell populations.  Dynabcads®
Epithelial Enrich contains magnetic beads coated with mAbs specific for two
glyeoprotein membrane anligens expressed on nonnal and neoplastic epithelial tssues,
‘Lhe coated beads may be added (o 2 sample and the sample then applied to a magnet,
thereby capturing the cells bound to the beads. The unwanted cells are washed away

and the magnetically isolated cells eluted from the beads and used in further anulyses.
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RosetteSep can be used to enrich cells directly from a blood sample and
consists of a cockiall of tetrameric antibodies that targets a varieiy of unwanted cells
and crosslinks them to glycophorin A on red bloed cells {RBC) present in the sample,
forning rosettes.  When centrifuged over Ficoll, targeted cells pellet along with the free
RBC. The combination of antibodics in the depletion cocktail determines which cells
will be removed and consequently which cells will be recovered.  Autibodies that are
availeble include, but are not [imited tw: CD2, CD3, £D4, CD3, CNE, CD10, CD11b,
CD14, CD15, CD16, CD19, C2G, 24, CD25, CD2Y, CD33, CD34, CL36, CD38,
CD41, CD45, CD43RA, CD43R0, CDS6, CD66B, CD66:, HLA-DR, TgF, and
TCRep.

Additionally, it s centemplated in the present invention that osbs
specific for volon tumor sntigens can be generated and vsed in & similar manner, For
cxample, mAbs that bind to tumor-gpeeific ccll surface antigens may be conjugated to
ragnetic beads, or formulated iu a tetramenic anfibody complex, and used io eirrich or
positively sclect melastatic colon tarmor cells from a sumple. Onee a sample is enriched
or positively selected, cclls may be lysed and RNA isclated. RMA may then be
subjected to RT-TCR analysis usinp colon tumor-specific primers in & real-time PCR
wseny as described herein. One skilled tn the art will recognize that enviched or selected
papulations of cells may be analyzed by other methods (e.g. i sitw hylwidization or
flow cytometry).

In another entbodtirent, the composilions deseribed herein may be used
as markets for the.pmgmssion of cancer. [n this embodiment, assays as described
ahove for the diagnosis of & cancer may be performed over time, and the change  the
Teeel of reactive polypeptide(s) or polynueleotide(s) evaluated. For example, the assays
may be performed cvery 24-72 hours for a period of 6 months to 1 year, and thereafter
performed as needed. In general, & cancer is progressing in those patients in whom the
level of polypeptide or polynucleotide detected increases over time. Tn contrast, the
caucer 15 not progressing when the level of reactive polypeptide or polynuclectide sither
remains constant of decreases with time.

Certain in vive diagnostic assays may be performed directly on a tumor.

Ope such assay involves contacling tumor cefls with a binding agenl, The bound
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binding agent may then be detected directly or indiractly via a reporter group. Such
binding agents may alse be used in histological applications.  Alternatively,
polynpuclzotide probes may be used within such applications,

As noted above, to improve sensitivily, multiple tumor protein markers
may be assayed within u given sample. It will be apparent that binding agents specific
for different proteing provided herein may he combincd within a single assay. l'urther,
waltiple primers o probes may ke vsed concurrently. The sclection of mmor protein
markers may be based on routing experiments (o defenmine combinations that results in
optimal sensitivity. In addition, or alternatively, assays for tumor proteins provided
herein may b combined with assays for other known tumor antigens.

The present Invention further provides kils for use within any of the
above diagnostic methods.  Such kits typically comprise two or more components
necessary for performing a diagpostic assay.  Components may be compounds,
reagents, confaimers and/or equipment.  For example, one confainer within a kit may
conlain a moooclonal antibody or [ragment thereof that specifically binds to a tamor
protein. Such antibodies or fragments may be provided attached 10 a support material,
as described above. One or more additional containers may cnclose elements, such as
reagents or buffers, to be used in the assay. Such kits may also, or aliematively, contuin
a detection resgent as described ubove that coztains a reparter group suitable for direct
or indirect deteetion of antibady binding,

Allernatively, a kit may be desipned {0 detect the level of mRNA
encoding a tumor protein in a biclogical sample. Such kits generally comprise at least
one cligonucleotide probe or primer, as described above, (bat hybridizes to a
polynucieotide encoding a tumor proiein. Such an obigonuclectide may be used, for
exapie, within a PCR or hybridization assay. Additional components thet may be
present within such kits inclede a second olipomucleotide andfor a diagrostic reagent or
container to facilitute the detection of a polynucleotide encoding a tumor protein.

The following Examples are offered by way of illustraiion and not by

way ef limitation.
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EXAMPLES

EXAMPLE 1
[pENTIFCATION OF Covow TUMOR PROTERN CDNAS
3 This Example illnstrates the idenlification of <DNA molecules encoding
colon rumor profeins vsing PCR-based cDNA subtraction methodology.

A modification of the Clontech (Palo Alto, CAY POR-Select™ cINNA
subtraction methodology was employed to obtain cDNA populatians enriched in
¢DMAs derived from transcripts that arc differentially expressed jn colon tumor

10 sumples. By this methodology, mRINA populations were isolated from colen tumor und
metastatic tumor samples {“tester” mRMNA) as well as from normal lissues, such az
brain, pancreas, bone matrow, liver, heart, lung, stomach and small intestine (“driver”
mRINA). From the tesier and driver mRNA populations, ¢DNA was synthesized by
standard methodelogy. See, e.g., Ausubel, F.M. et al., Short Protocols in Melecular

15 Biology (4™ ed., Johs Wiley und Sons, Inc., 1999).

The sublraction steps were performed using a PCR-based protocel that
was modified to penerate fragments larger than would be derived by the Clontech
methodulogy. By this modified protocal, (he tester and driver cIDNAs were separately
digested wilh five restriction endonucicases (M I, Mse T, Pvu 11, Sat | and Stn I) cach

20 of which recogrize a unique §-hasc pair nucleotide sequence. This digestion resulted in
an averape CDNA size of 600 by, rather than the average size of 300 hp that results
from digestion with Rsa 1 aceerding to the Clontech methodology. This moditication
did not affect the ultimate subiraction efficiency.

Following, the rostriction digestion, adapter oligonueleotides baving

25 uniguc nucleotide sequences were ligated onte the 5° ends of the tester cDNAs; adapier
oligonucieotides were not ligated onto the driver cDNAs. The testor and driver ¢lJNAs
were subscquently bybritized one to the othor using.a.n cxecss of driver cDNA. This
hiybridization step resulted in populations of (a) unhybridized tester cDMNAs, (b) tester
cDMNAs hybridized to other tester cDMAs, (¢} tester cDNAs hybridized fo driver

30 eDMAs, (@) unhybridized driver cliNA2 and (e) driver ¢DNAs hybridized to driver
cDNAs.
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Tester cDNAs hybridized to other tester cDNAs were selectively
amplified by a polymerase chain reaction (PCR) employing primers complementary to
ihe ligated adapters. Decause only tester cDNAs were lizated to adapter sequences,
neither unhybridized tester or driver ¢DNAs, tester cDMAS hybridized to driver cDNAs
nor driver cDNAs hybridized to driver cDNAs were amplified using adapter specific
oligpnucicotides.  The PCR amplified fester cDNAs were cloned imo the pCRZ.1
plasmud veetor (Invitrogen; Carlsbad, CA) (o create Tibraries enriched tn differentially
expressed colon turpor antigen and colon metastafic tumor antigen specific cDNAs.

Three thousand clones from the pCR2.Y twmor antigen ¢DNA libraries
were randomly sslected and used to obtain clones for micrearray apalysis and
nucleotide scquencing. The cDNA ipsert fiom cach pCR2.1 clonc weas PCR amplified
as follows. Briefly, 0.5 pl of glycerol stock solution was added to 99.5 ul of PCR mix
containing $0 pl H;0, 10 p 10X PCR Bolfer, 6 ul MgCly, 1l 10 mM dNTPs, T ul
100 mM MI3 forward primer {CACGACGTYGTAAAACGACGG:  SEQ D
N:22363, 1 pd 100 M M13 reverse primer (CACAGGAAACAGCTATGACC; SEQ
[0 1M9:2237), and 0.5 1l 5 winl Taq DNA polymerase. The M13 forward and reverse
primers used herein were obtained from Operon Technologies (Alameda, CA). The
PCR amplification was perfomed [or fhity cycles under the following conditions:
93°C for 5 minutes, 92°C for 3¢ seconds, 57°C for 40 seconds, 75°C for 2 minutes and
FAUC for 3 minutes,

mRNA expression kevels for representative clones were determingd
using microarray technology in colon fumar tissues (n=23), normal colon tissucs {n=6),
kidney, Jung, liver, brain, heart, 2sophagus, small intestine, stomach, pancreas, adrenal
gland, salbvary gland, resting PBMC, activated PBMC, bone mawow, dendritic cells,
spinat cord, blood vessels, skeletat yuscle, skin, breast and fotal tissues. An exemplary
methodology for performing the microarray unalysis is described in Schena er af,
Science 270:467-470. The numbsy of tissue smnples tested in each case was one (n=1),
except whete specifically noted above; additionally, all the above-mentioned tissues
were derived fom humans.

‘The PCR. amplification products were dotted onto slides in an awray

format, with cach product occupying # unigue location in the array. mMRMA was
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extracied fiom e Gssue sample to be tesled, and fluorescent-labeled cDNA probes
were gencrated by reversc franseription, according to standard methodology, in the
presence of foorescent nucleotides w5 and w3, See, eg., Ausubel, e al., supra for
cxemplary reaction conditions for performing the reverse transcription reaction; w3 and
w3 fluorescent labeled mucleatides may be ohipingd, eg., from Amersham Phammacia
(Uppsala, Sweden) or NEN® Life Sclence Products, Inc. {Boston. MA). The
micrearrays were prebed with the fluorescent-lzbeled cINAs, the slides were seanned
and fluorescence infensity was measured. Genetic MicroSystemis insirumentation for
preparing the cDNA microarrays and for measuring fluorescence intensity is zvajlable
from Affymetrix (Santa Clare, CA).

An clevated fluorescence intensity in a microarray sector probed with
cDNA probes obtamed from a colon fumor or ¢ofon metastatic twmor fissuc as
compared to the fluorescence intensily in the same sector probed with ¢DNA probes
obtainad from a normal tissue indicates a Tumor amtigen gene that g differentiully
cxpressed {0 colon jmor or colon metastatic tumor tissue.

Clones disclosed heremn ag SEQ 1D N0O:1-2231 were identified from the
PCR subtracted difterential colon tumor and eolon metastatic tumor cDNA libraries by

the microarray based methodology.

EXAMPLE 2
TuLs-LENGTH SEQUENCE OF CO3P Coron TuMmor PROTEIN CDNA

This example discloses the full-length sequence of the C931F colon
turor prejein <DMNA by LifeSeq Gold Datarmining.

The original sequence for CO31P (disclosed herein as SEQ 1D NO:1861)
was used as a qjuery sequence in a BlasiN scarch of the LifeSeq Gold databasc
{Deeember 2000 refease). CI31P matched a single Lifi:Seq Gold gene bin (#475113)
that centained 5 template sequences. The 5 (emplate sequences were aligned with
C931F in order to determine a consensus, fuli-length cDNA sequence for C931P that
encudes a 371 amine aci¢ ORE (SEQ 1D NC:2232 and 2235, respectively), Multipls

splice varaots were discovered in the LifeSeq Gold databuse. Two of these splice
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wvariznts are disclosed hercin, one of which encedes the 371 amine acid apen reading
frame,

The oiginal clone isolated For C931P (443 bp) was uscd 4s a guery
sequence i BlastN search of the LifeSeq Gold "LGtemplatesSep2000" seaich
database. This search was done using the LifeSeq geld Web interface provided by
Ineyte. There was an identical match to & single LifeSeq Gold template sequence,
number 475113.7.  Then, information regarding gene bin 475113 (to which the
475113.7 sequence belangs) was obizined from the LifeSey Gold database. This
475113 gepe bin consisted of S template sequences and 176 clones, The 5 templale
sequences were sligned with the C931F sequence using the DNAStar Seqman program.
Alinment of these sequences showed that cach of the 5 template sequences represented
an alternative splice fonn--each sequence had a unigue multiple base pair deletion
relative to the other sequences.  This multiple scguence alipament was vsed to derive a
single sequence that should represent the mature mRNA for the C93 P gone, as well as
a singie open reading frame. This predicied mature mRNA sequence was obtained by
incorporating all multiple base pair deletions that were present in the 5 template
sequences. The C931P original isalate sequence corresponds to a portion of the pene
that is deleted in the predicled fully provessed mRMNA sequence.  Thus, herein 3
sequences obtained from 1LifeSeq are disclosed. Dne comesponds to a predicted
partiaily spliced form of the gene (SEQ T3 W0:2237) that will align with the CO3P
original iselate sequence. The second corresponds to the predictl, fully processed
mBRMA seguence (SEQ 1D NQ:2232) that will not align with the C93 1P original isolate
sequence. The third sequence corresponds to the predicted coding portion of the
sequence only (SEQ ID NO:2234). A single protein sequence s disiosed berein—ihe
predicted C931P full-length protein sequenee (SEQ I NO:2235).

EXAMPLE 3
MRNA EXPRESSION ANALYSIS OF THE C931P CoLon TUMOR ANTIGEN USING REAL-TIME
PCR
The colon tumor candidate gene CO31F {full length cDNA set forth in
SEQ 1D NO:2232) was analyzed by real-luge PCR, as deseribed helow, using the short
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and extended colon panel. This gene was found 1o have increased cxpressian in about
50% of colon tumors. Some expression was also observed in lymph podes and (hymus.

The first-strand ¢<DNA to be used in the quantitative real-time PCR was
synthesized from 20pg of towal RNA that had been treated with DNase 1 {Amplification
Grade, Gibco BRL Life Tectmology, Gaitherburg, MD), using Superseript Reverse
Transeriptase (RT) {Gibeo BRIL Life Technology, Gaitherburg, MD). Real-time PCR
was performed with g GeneAmp™ 5700 sequence detection sysiem (PE Riosystems,
Foster City, CA}. The 5700 system uses SYBR™ green, a fuorescent dye that only
inlerealates into double stranded DNA, and & set of gene-specific forward and veverse
primers.  The increase in fluorescence is menitored during the whole amplification
process.  The optimal conceniration of primers was determined wsing a checkerboard
approuch end a pool of cDNAS from breast Tumors was used in this process.

The PCR reaction was performed in 23p! velumes that include 2.5 of
SYDR green buffer, 2pl of ¢cBNA, template and 2.5p] each of the forwart and reverse
primers for the gene of interest. The cDNAs used for RT reactions were diluted 1:10
for each pene of interest and 1:100 for the fi-actin control. Tn order to quantitaie the
amount of specific cDNA, (and bence mitial mEXA) in (he sample, a standard curve is
generated for each run using the plasmid DNA containing the gene of interest.
Standard curves were generated uging the Ct values detenmined in the real-tfime PCR
which were related to the jnitial cDNA concentration vsed in the assay.  Standacd
dilution ranging from 20-2x10° copics of the gene of interest was used for this purpose.
In addition, a standard curve was generated for B-actin ranging fram 2000g-2000f,
This enabled standardization of the initial RNA content of a tissue sample to the amount
of P-actin for comparisen purposes. The meen copy number for each sroup of tissues
fested was normalized to a constant ameunt of B-actin allowing the evalration of the

over-expression levels sevn with each of the penes.
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EXAMPLE 4
PEFTIDE PRIMING QF T-RELPER LiNES

Generation of CD4™ T hefper linss and identification of peptide epitopes
devived from umor-specifie antigens that ars capabls of being recognized by CD4™ T
cells o the context ol HLA class TT molecules, is camied out as follows:

Fifleen-mer pepiides overlupping by 10 amine acids, derived {fom a
tumor-specific antigen, are generated nging standard procedores. Dendvitic eells (DC)
are derived from PBMC of a nernal dosor using GM-CSI and 1L-4 by standard
protocols. CD4* T cells arc generatell From the same donor as the DC nsing MACS
beads (Miltenyi Biotee, Aubum, CA) and ncgative selection. DC ave pulsed overnight
with pools of the 15-mer peptidas, with each peptide a1 a fipal concentration of 0.25
pg/mi. Pulsed DC are washed and plated at [ x 10* celisiweil of 96-well V-hoitom
plates and purified (4" T cells are added ai 1 x 10%well, Culivres are supplemented
with 60 ng/ml JL-6 snd 10 ng/mi 1L-12 wnd incubated af 37°C. Cullures are
restimulated as above on a weekly hasis using DC geperated and pulsed as above as
antigen presenting cells, svpplementad with § opfml 1-7 and 19 Wiml 1L-2, Following
4 i vifre stimulation cycles, resuiting CD4" T el iines {each line corresponding to anc
well) are tested for specific proliferation and cytoking production in nsponse to the

stimulating pools of peptide with an irrelevant pool of peptides used as a control.

EXAMPLE &
OBENERATION OF TUOR-SPECIFIC C'TL LINES USING IN VITRG WHOLE-GEME PRIMING

Using in vitre whole-gene priming with fumor antigen-vaccinia infected
DC (see, for example, Yee et al, The Jowrnad of Inmunclogy, 157904079-86, 1996),
bumun CTI. lines are derived that specifically recoguize avtolegous fibroblasts
transduced with a specific tumor antigen, as determined by interferon-y ELISPOT
analysiz.  Speeifically, deadutic cells {DC) are differentiated from monecyte cultures
derived from FBMC of nomna! human denorz by growing for five days in RPMI

medium conlaining 10% hwman serun, 5& ng/ml humap GM-CSF and 38 ngfml human

it 4. Following cultore, DC are infected overnight with tumor antigen-recombinant -

vaccinia virus at g multiplicity of infeetfon (M.O.T) of five, and matured overnight by
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ihe addition of 3 pghm) CD40 ligand. Virus is then inactivated by UV iryadiation.
CI8+ T ceils are isolated using a magnetic bead sysiem, and priming cultures are
initiated using standard culturc techniques. Cultures are restimulated every 7-10 days
wsing auialogons primary fibroblasts retrovirally mansduced with previously ldentified
tumor antigens. Following four stimulation cyeles, CO8+ 1" cell linss are identified that
speeifically produece inlerferetqy when stimulgted with tomor antigep-transduced
autologous Gibroblasts. Using a panel of HLA-mismatched B-LCL lines transduced
with a vector expressing a tumar ariigen, and measuring interferon-y production by ihe

CTL Jines in un CLISPOT assay, the [ILA restriction of the CTL lines is detennined.

EXAMPLE 6
GENERATION AND CHARACTERIZATION OF ANTI-TUMOR ANTIGEN MOMOCLOKAL
ANTIHODIES
Mouse monoclonal antibodics are riised aginst £ caff derived tumor
antigen proteing as follows: Mice are immunized with Complete Freund’s Adjavant
{CFA} comtaining 50 pg recombinanl tumor protein, followed by a subsequent
intraperitones]l boost with Incomplete Freund's Adjuvant (iFA) costaining 10ug
recombinant protein.  Three days prior to recmoval of the spleens, the mice arc
immunized intravencusly with approximately 30pg of soluble recombinant protein.
The spleen of a1 mouse with a positive titer to the tumor antigen is removed, and &
single-cel} suspension made and used for fusion w SP2/0) myeloma cells 1o generate B
cell hybridomas. The supernatants from the hybrid clones are tested by ELISA for
speeificily to recombinant tomor protein, and epitope mapped using peptides that
sparned the entire tumor protein sequence.  The mAbs are also tested by flow
oytometry for their ability to detect tumor protein on the sorface of ¢ells stably

wwansfected with the cDNA encoding the tumnor protein.

EXAMPLE?7
SYNTHESIS OF POILYPEPTIIES
This Example discloses an exemplary methodology [or the preparation

of eolon fumor proteins.
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Polypeptides may be synthesized on a Perkin Flimer/Applied Biosystems
Division 430A pepitde synibesizer wsing FMOC chemisiry with HPLTU {O-
Benzotriazole-N NN, V- tetramcthyluronium hexafluorophosphatc) activation. A Giy-
Cys-Gly sequence may be attached to the antice termizus of the peptide to provide a
method of conjugation, hinding to an immobilized surface, or labeling of the poptide.
Cleaveps of the peptides from Lhe 50lid support may be carded out using the following
cleavage mixture: trifivoroucetic  acid:ethanedithiol:thicanisole:water:phenol
(40:1:2:203). After cleaving for 2 hours, the peptides may be precipitated in cold
methyl-t-butyl-ether. The peplide pellets may then be disselved in wafer containing
0.1% trifluoroacetic acid (TFA) and lyophilized prior to puritication by 18 reverse
phase 1IPLC. A gradient of 0%-60% acetonitrile (containing 0.1% TFA) in water
(containing 6.1% TFA) may be used to elute the peptides. Following lyophilization of
the pure fractions, the peptides may be chatacterized using electrospray or ather types

of mass spectrometry and by amine acid analysis.

From the foregoing it will be appreciated that, alihough specific
embodiments of the wuvention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

nvention. Accordingly, the invention is not limited except as by the appended claims.
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CLAIMS
What is claimed 1s:

1. An solated polynucleotide comprising o sequence selected flom
the group consisting oft

{a) sequiences provided in SEQ) 1D NO:1-2234;

(by  complements of the sequences provided in SEQ 1D NO:1-2234;

()  sequences consisting of at least 20 comtignous residues of a
sequence provided in 81 10 'NO:1-2234;

{dy  sequcncos that hybridize o @ sequcnce provided in 8EQ ID
NQ:1-2234, under moderately strimgent conditions;

() sequences having at least 73% identity to a scguence of SEQ ID
W 1-2234;

{f) sequences having et least 90% identity to 2 sequence of SE() [D
NO:1-2234; and

03] degenerate variants of # sequence provided in SEQ ID
™O-2234.

2. An isolated polypeptide comprising an amino acid sequence
seiccted from the group consisting ofd

{a) sequences encoded by & polynucleotide of elaim [ and

{b}  sequences having at least 70% identity Lo a sequence enceded by
a polynueleotide of elaim I; and

() sequences having ab least 90% identity to a sequence encoded by
a polynucleatide of claim 1; and

(dy  sequences provided in SEQ IDNO:2235.

3. An expression veetor comprising 2 polynucleotide of clahn 1

operably linked to an expression control sequence.

2004-512022 A 2004.4.22
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4, A host cell transformed or ransfected with an expression veckr

acconrding to claim 3.

5. An isolated antibody, or antigen-binding fragwent thereof, that

specitically binds v & polypeptide of claim 2.

G, A method for detecting the prescree of a cancer in & pafient,
comprising ihe steps of:

{a)  abtaining a hiological sample from the patient:

) contacting the biological sampie with a hinding agent that binds
to a pelypeptide of claim 2;

{¢}  detecting in the sample an anrow of pelypeptide that binds 1o
the binding agens; and

(d)  comparing the amount of pelypeptide te a predetermined cul-off

value and thersfrom detenmining the presence of a cancer in the paticnt.

7. A fusion protein comprising at least oac polypeptide according to
claim 2.
& Ap oligenucleotide that hybridizes to 2 sequenve recited in SEQ

1D NO:1-2234 under moderately stringent conditions

9. A method for stimulating and/or expanding T celis specific for a
fumor protein, comprising eontacting T czlls with at least ons compoenent sclected from
the group consisting of:

(a)  “polypeptides sccording to claim 2Z;

(3] polynucleatides according to clafig 1; and

(<) antigen-presenting cells that express a polynucleviide according
toclam I,

under condilions and Tor a ime sufficient o permit the stimulation

and/or expansion of T cells,
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10.  An isolated T cell population, comprising T cells prepared |

according to the method of claim 9.

{1. A composition comprising a tirst component selected fruom the
group consisting of physiologically acceptable carviers and mammostirwlants, and a
sccond component selected from the group consisting of:

(a) pelypeptides according 1o clatm 2;

(b} polynuciestides according to claim 1;

()] amibodies according te ¢labm 5;

d) fusion proteins according to claim 7;

(e} T cell populations according to claim 10, and

() antigen presenting cells that express a polypeptide according to

claim 2.

3. A mcthod for stimulating an immme response in a patient,

comprising administering to the patient a compesition of claim 11.

13, A melhod for the trestment of 2 cancer in a patient, comprising

administering fo the patient a composition of claim 11.

14. A method for determining the presence of a cancer in a patient,
comprising the sleps of:

(n} obtaining a biological sample from the patient;

W contacting the biological sample wilth an clipenucleotide
according to claim $;

() detecting in the sample an amount of a pelynucleotide that
hybridizes to the oligonucleotide; and

d) compare the amount of polynucieotide that hybridizes to the
oligonucleotide to a predetermined cut-aff value, and therefrom determining the

presence of the cancer in the patient,

JP 2004-512022 A 2004.4.22
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15. A disgnostic kit comprising at least one oligonucleotide

according to claim 8,

16 A diagoostice Kit comprising st least one antibody according to
claim 3 and a deiection reagent, wherein the detection reagent comprises a reposter

group.

17. A method for inhibiting the development of # cancer in a patient,
comprising the steps oft

(a) incubating CD4)- and/or CDEF T cells jsolated from a patient
with at least onc component selecied from the group comsisting oft (i) pelypeptides
acpording to claim 2; (i) polvnucleotides according to claim 1; and (iii) antigen
presenting cells (hat express » polypeptide of claim 2, such that 1 cel! proliferate;

(h) administering to the patient an effective amownt of the
proliferated T cells,

and thereby inhibiting the developmient of a cancer in the patient.
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FURTHER INFORMATION CONTINUED FROM PCTASAS 21()

This International Searching Authority found multiple {groups of)
inventions in this internationai appiicatfan, as follows

1. Claims: 1-9, 11-i7 (ail partially)

The €laims inscfar as they relate to SEQ 1D ND: 1

2. Claims: 1-9, 11-17 (ail partially)
Inventions 2 to 2235; Claims insofar as they relate to SEQ
ID NO:s 2 to 2235

3. Claims: 10 and 11-13 (partially)}

Invention 2236: A T-cell population and the use thereof
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Continuation of Box 1.2

Items (d) to {g) of Claim I are directed to a multitude of undefined
nucleotide fragments which are neither defined by their function nor by
their length, Thus, the scaope of Claim 1 in this resepct {and
consequently the scope of all other ¢laims relating to thess 1tems) is
totally unclear and unlimited and renders a meaningful or complete
research impossible.

The same appiies for the ¢ligonuciectides according to Claim 8 {and
consquently the method and the diagnestic kit according to Claims 14
and 15}.

The applicant’'s attentfon 75 drawn fo the fact that claims, or parts of
ciaims, relating to inventions in respect of which no international
search report bas been established need not be the subject of an
international preliminary examination {Rule 66.1(e} PCT). The applicant
is advised that the EPO policy when acting as an Intermational
Preliminary Examining Authority is normally not te carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter IL procedure.
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