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| MMUNOTHERAPY STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR

DEVEL OPIVBMOD 033860 nvent i on was nade in part wth gover nne®CTAsppsF1Ip4 under

5 NIH SBIR Phase | grant nunber |R43 CA81752-01Al. The Governnent may have
certain rights in this invention. BACKGROUND OF THE I NVENTION Field of the
I nvention The present invention relates generally to the imunotherapy of
10 mal i gnant di seases such as | eukem a and cancers. The invention is nore
specifically related to conpositions for generating or enhancing an inmune
response to WL, and to the use of such conpositions for preventing and/or
treati ng mal i gCOMPQOSITEENSANDIETHODPSIFOR T 1tSRECREICAIMMUNOTHEBAR®NCer and

| eukemi a are significant health problenms in the United States and

t hroughout the world. Although advances have been nade in detection and
treat nent of STATEMENGRESARDING FEDERALDY SPUNSORED RESEARCH ORuUccessf ul

nmet hod for pr IO'R/I r treatnment of cancer and leukema is currently
avai |l abl e. %&%i Tthe diseases currentl y relies on a 20 conbination

of early diagnosis and TAggnRadrV@ad MEas MeTak,wi oq@mm@m suppbMdRderone or nore
of a variety of treatnents such as sur ot erélpy, chenot her apy and

hor mone t he? apyH SRR P @B‘Eﬁ%a’ﬂf”“mbééﬁ‘f‘@rgﬁ %8?2 g%hr.fh% PYEMeR MY is often

sel ect ed base®haodcahairpfighed i 19k ,,-leqg,mostl c paraneters, including an
anal ysis of specific tunor markers. However, the use of established 25

markers often leads to a result that is difficult to interpret, and the

hi gh nortal it BACKEROONBDR PHESNYENADKREd i n many cancer patients.

| mmunot her api es have the potential to substantially inprove cancer and

| eukemni a tr eathigihef thedpvention val . Recent data denonstrate that WO 03/ 037060
PCT/ US02/ 35194 | eukenfg Rl et ry ég?@??é eine H th&apgant ext  of
bone marrow transpl ant a? en?ﬁr.\ | d:)noer pﬂgcyt_eww u%l ons? Such

t her api es Hay m mah_g@antélseam_sgemw @ukwamdgm&@nvemorars merfrune response
Lo a tumor- asgellafilreidtdt fo4BMpbdtiis fof (URIARg of Snifdbiig BRIARLNE! v Few TAAS

are known and
response to WT1, and to the use of such compositions for preventing and/or

treating malignant diseases.

Description of the Related Art
15 Cancer and leukemia are significant health problems in the United

States and throughout the world. Although advances have been made in
detection and treatment of such diseases, no vaccine or other universally
successful method for prevention or treatment of cancer and leukemia is
currently available. Management of the diseases currently relies on a

20 combination of early diagnosis and aggressive treatment, which may include
one or more of a variety of treatments such as surgery, radiotherapy,
chemotherapy and hormone therapy. The course of treatment for a particular
cancer is often selected based on a variety of prognostic parameters, including
an analysis of specific tumor markers. However, the use of established

25 markers often leads to a result that is difficult to interpret, and the high mortality
continues to be observed in many cancer patients.

Immunotherapies have the potential to substantially improve

cancer and leukemia treatment and survival. Recent data demonstrate that



5 generation of an i mune response agai nst such antigens has, with rare
exception, not been shown to be therapeutically beneficial. Accordingly,
there i s worama7osm t he art for inproved nmethods for | eukedrasanssieancer
prevention and therapy. The present invention fulfills these needs and
further provides other related advantages. 10 BRI EF SUMVARY OF THE

| NVENTION Briefly stated, this invention provides conpositions and net hods
for the diagnosis and therapy of diseases such as |eukem a and cancer. In
one aspect, the present invention provides pol ypeptides conprising an

i mrunogeni ¢ portion of a native W1, or a variant thereof that differs in
one or 15 nor eukem@Etdanukei corsd bydmimenbibespy dditietcontest aidh@marmwer t i ons such
that the abil it f the variant tqg react. with antigen-specific antisera
and or - cel | "RISRINR P ot mehae g THuTans Het, PERRR NN i
certai n enbodttreegensratibn bhenhanesreait of amiremunorespdrise tpalympepdssodatednpri ses at
| east an i mmunogeni ortion of 1 erein e i nogenj.c _portion is
cont ai ned wit Al egrﬁﬁg).a%?wegj%g%eé?la éﬁ\ﬁ"iﬁ%@ﬁgﬁ%a@%rgitﬁeenbodi nent s,
the pol ype[s i gensratign sf@Smman8rdspoiidtodyaiiGt subrmegerisi nas, with rage aci d resi dues

of a native W'l | ypeptide. Wthjn other . odi nents, the pol ypeptide
conprises an Pﬁ"?ﬁ%ﬁ@%é\? @e%b?hpwaﬁo ?th&‘ﬁpﬁHt'caigBﬁ‘erﬁ@ ‘dues 1 - 174 of a

native W1l pol ypepti de Aeordinyigthédlis 4 RescEinfthe Mosr @hprovédeepobyepti de
conprises no nore than 16 consecutive am no acid residues 25 present wthin

am no aci ds 1'eykegiapng qapcerpEeveaton NAFerapy| Jhrpiesei InveRwon iR nogeni ¢

portion prefeglBbebdafd fiRha brdidesOtias felbted A8V aagesass |1 ol ecul e.
Wthin certain enbodi nents, the pol ypeptide conprises a sequence selected

fromthe group consisting of (a) sequences recited in any one or nore of

Tabl es Il 1o XBYMIEF §OMMWARY apti3HoiNVERENIHR! €goi ng sequences that differ in
one or 30 nore substitutions, deletions, additions and/or insertions such

that the ability of 2 Bugiated2usdvettionusovidesrmpostiprs g MEneds o react
Wi th antigen- gpeed &ihgnc%gatdrﬁi%&a | dfdeadeLflch aSIEUKEMA arfd QMBS iI$ ond1Ot
substantially dimniShed and (c)" mmetics of the pol ypeptides recited
above, such ebpacttihreprBentinvenidn pradded pabtreptides coawEsingAR h ant i gen- speci fi c
Wihin ot hor SuBSarEnc cRR TnafRR, & ARntHITb A e i P et ed”
from t he groupatesigistitutions, deletiens, AditRNYRBH/o( BEEENS such that the ability of

the variant to react with antigen-specific antisera and/or T-cell lines or clones is

not substantially diminished. Within certain embodiments of the present

invention, the polypeptide comprises at least an immunogenic portion of WT1

wherein the immunogenic portion is contained within amino acids 2-281 of

20 WT1. Within certain embodiments, the polypeptide comprises no more than 16

consecutive amino acid residues of a native WT1 polypeptide. Within other

embodiments, the polypeptide comprises an irhmunogenic portion of amino

acid residues 1 - 174 of a native WT1 polypeptide or a variant thereof, wherein

the polypeptide comprises no more than 16 consecutive amino acid residues

25 present within amino acids 175 to 449 of the native WT1 polypeptide. The

immunogenic portion preferably binds to an MHC class | and/or class Il

molecule. Within certain embodiments, the polypeptide comprises a sequence

selected from the group consisting of (a) sequences recited in any one or more

of Tables Il - XLVI, (b) variants of the foregoing sequences that differ in one or

30 more substitutions, deletions, additions and/or insertions such that the ability of



NO 34), GATLKGVAA (SEQ I D NO 88), CMI'WNQWNL (SEQ I D NOs: 49 and 258),
SCLESQPTI (SEQ I D NGs: 199 and 296), SCLESQPAI (SEQ ID NO 198), NLYQMUTSQL
(SEQ | D Nwe:03painemnd 284), ALLPAVSSL (SEQ ID 10 NGs: 35 amdTAB$)/351RVFPNAPYL
(SEQ I D NGs: 185 and 293), VLDFAPPGA (SEQ |ID NO 241), VLDFAPPGAS (SEQ ID
NO 411), SEQ I D NGOs: 414-450, ALLPAVPSL (SEQ I D NO 451) (b) variants of
the foregoi ng sequences that differ in one or nore substitutions,
del etions, additions and/or insertions such that the ability of the
variant to react with antigen-specific antisera and/or T-cell 15 lines or
clones is not substantially dimnished and (¢c) mnetics of the
pol ypepti des reovarient tabeaoewmsamrgehksaécmdmtla@ialdnwbr Ofcell ieegoritidnes ist 0 r eact
or T.ce i S not

with antlgens ific antisera a n ar, clone

Cbet antt a1 y Okr R G B A EhE SECh ettt e athRndiveS LENaL b
conbi nati on Wstdh thaEthe ability®f theatimtic &;:nedctrwmniatntng@u-qrecmyanb@r@arhdlbleI y
nonpepti de m 3:3;&!5? 20 Wthin fé;t her s, the present invention

provi des pol "?fe%’cé,o@ﬁﬁfsi%qtﬁ %Pf\}'ak'v dan i mrunogenic portion of a
WI'1 proteirg wherein Wmm/@meramwmrﬁérﬂg $hdﬂsamebh@ecdﬁfrpns@gam c portion due
to substitutions at bet ositions within the

i munogeni ¢ p&FY{eBR° §?JE‘HV\§§8'{” th? ﬂ@“&ﬁ?”ﬁ'ﬁ“ﬂ)g 8?(39 ﬁgL%\IP%ln{SE%%IQ eact with

anti gen- speci ch:csz&)nGA$gK@VAM$9® ﬁméé tmm@ﬁmgr(sebqnmd 49 8Ad
substantially | W1 protein. The

present mven??@nsph‘z?ﬂgﬂ_' @E@/PJMQSWP? 3&6@ﬁh§9&5§@(§’é’§ ($$9!D encode a WI'1

pol ypepti de aﬂdimermw@QQM?SEm[b ING3: @H‘@ﬁd S5y Sl PAVISTE (BEGSPNT | nvention
provi des 30 pharnmaceuti cal ggom ti ons and vacci nes. Pharnmaceuti cal

conposi ti oHs MNBs: 3%6%?5@eRMF APYE pSEQ D HOsql BReand29, MLFATREA above
and/ or one or (& ¢ RiO:241) V@Dﬁ@#@(@@é@ﬁ) ﬁ@ﬂ#ﬁ%@@ﬂés A 4V46h

pol ynucl eot i de é@ % an anti body or anti gen- bi ndi ng fragnent t her eof that
specifically ALRBAVIPSL (SEG D pex: %Eaéﬁmva@anté(ofthq fosegpingsaquentes thadeci fical | y
reacts with a V\?Wéil 9191@69%43 g@osﬂfutl&ﬁsngelafbr@nédcﬁ% QF\%EMEérﬂQnsC&Jch that
expresses a ypeptide, 1n conbrnation wt R a pharmaceutically
accept abl e cartha‘téteahﬂltssoféhe;vquaehto reaciwth ﬁemmmﬁlfi@ent@emmﬁ'waﬂe as

oo honeor Ehotfe i W1 Rl e, ke oWt abUiglP 0, (1) on
anti-idi ot ypi ooumnﬂbe@;e,citmebwenwwh $t|naédhef abdlity oftbeenimetic to react with
antigen-specific antisera and/or T cell lines or clones is not substantially
diminished. Mimetics may comprises amino acids in combination with one or
more amino acid mimetics or may be entirely nonpeptide mimetics.

20 Within further aspects, the present invention provides
polypeptides comprising a variant of an immunogenic portion of a WT1 protein,
wherein the variant differs from the immunogenic portion due to substitutions at
between 1 and 3 amino acid positions within the immunogenic portion such that
the ability of the variant to react with antigen-specific antisera and/or T-cell lines

25 or clones is not substantially reduced or is enhanced relative to a native WT1
protein.

The present invention further provides WT1 polynucleotides that
encode a WT1 polypeptide as described above.
Within other aspects, the present invention provides
30 pharmaceutical compositions and vaccines. Pharmaceutical compositions may

comprise a polypeptide or mimetic as described above and/or one or more of (i)



response enhancer. Wthin certain enbodi nents, |ess than 23 consecutive

am no acid residues, preferably less than 17 am no acid residues, of a

nati ve 10WOMYopwbypepti de are present within a W'l pol ypepCirasozssaboyed

Wi thin such pharnmaceutical conpositions and vaccines. The imrune response
enhancer may be an adjuvant. Preferably, an inmune response enhancer
enhances a T cell response. The present invention further provides nethods
for enhancing or 15 inducing an imune response in a patient, conprising
adm nistering to a patient a pharnaceutical conposition or vaccine as
descri bed above. In certain enbodi ments, the patient is a human. The
present i nvenkiwm bmlvrtdmmmsr @) i arlexhtibaRlyle detidenrbindiy ﬂnégnheflmtl'tem)f tievel opnent

pat font. & phaPRERIEAR doe anbEPEbbsp 68 Bk didhd i SoerReataboe.

Mal i gnant di saaﬁespmmapud@or Mtan&hﬁgéhoﬁreédnﬂhg eanh@tdxﬁtdseéa@wme g., acute
nyel oi d, acute and c and cancers (e.g., breast,

| ung, thyroi dp8|N %%EQ‘F r%FWE‘Q?ﬁ'Oﬁ'aW'thcaaﬂPé%?ﬁ“t'ﬁa &F@cﬁ?ﬂﬁﬁﬁ Cafiffl'hat i ent may,

but  need npt exc’ﬁ@erﬂf Mat@ihéieomgrige b%lyﬁ@éﬂdgi&@@tesﬁib‘ééaﬁ@ve atpbrione or
adm ni stration of the 25 pharmaceuti cal ggom tion or vaccine may inhibit

the onset of §l9(5?1°fa(')&l\’é’@ége'y”“%?‘)t'ﬁﬁ%")lar'i‘l*ﬁ’ly presghtitg SebHabpdresedet ast asi s

of an existing WTﬁ?@\ﬁfbptﬂ Br i) 88 QRfi-ididhyROAhtBBaY, Bht @Qfon\%g@éﬁnéjiﬁﬁnud@' thin
ot her aspects, ds for removing cells expressin from bone marrow

and/ or peri pFRSPATSeANBaRCESr VYithiteargiembnginaests, 'Q?Gr?'i?ﬁ’] &1 eRyse@i@ct i ng bone

marrow, 30 pehinHaedcR] rebliosd p%fe@bl@ré%gttﬂa‘m 794miRS BEIdMBYidRY, &'a s Pher al
blood with T cells that specifically react wth a W1 pol ypepti de, wherein

the step 01‘0 c¥ntlaraivpegtidesare pregenbeiizz YoU meiyneptinesploged wi $ushned under
condi tions a”‘ﬂn%} Mac8utichi® Efllbﬁ‘% %vafcanéh?rmetinﬁﬁlﬁgrrﬁébﬂra\ééé erffan¥drl positive

cells to less an 10% pr era | ess than 5% an preferably |ess
than 1 % of e be@aniagiuvant. rﬁlefletﬁbﬂ’ an impuRehgshanse enhanceneneacesdhe marr ow,
peripheral bl agf, Qﬁonf paction. Bone marrow, peripheral blood and 5 fractions
may be obt ai ned feroma patient afflicted with a di sease associated wth
W'l expression, or nayThepwssestimedtidn forther drevides roethedsrfohentancingarmal  not

af flicted yjth téﬁfsi{;‘%@‘ rﬁrh@ﬁé‘%%poﬁ@’eﬁ#hrba{ &t AoRfbriging 8GhistdrAG hesent

i nvention prOVI
patient a pharmaceutical composition or vaccine as described above. In

certain embodiments, the patient is a human.

The present invention further provides methods for inhibiting the

development of a malignant disease in a patient, comprising administering to a

20 patient a pharmaceutical composition or vaccine as described above.
Malignant diseases include, but are not limited to leukemias (e.g., acute
myeloid, acute lymphocytic and chronic myeloid) and cancers (e.g., breast,
lung, thyroid or gastrointestinal cancer or a melanoma). The patient may, but
need not, be afflicted with the malignant disease, and the administration of the

25 pharmaceutical composition or vaccine may inhibit the onset of such a disease,
or may inhibit progression and/or metastasis of an existing disease.

The present invention further provides, within other aspects,
methods for removing cells expressing WT1 from bone marrow and/or
peripheral blood or fractions thereof, comprising contacting bone marrow,

30 peripheral blood or a fraction of bone marrow or peripheral blood with T cells
that specifically react with a WT1 polypeptide, wherein the step of contacting is



for inhibiting the devel opnent of a malignant disease in a patient,
conprising 10 admnistering to a patient bone marrow, peripheral blood or
a fracti owoaB/opwse marrow or peripheral bl ood prepared asPdgdaso/bracd above.
Such bone marrow, peripheral blood or fractions nay be autol ogous, or nmay
be derived froma related or unrelated human or non-human ani mal (e.g.
syngeneic or allogeneic). 15 In other aspects, the present invention
provi des nethods for stinmulating (or primng) and/or expanding T cells,
conprising contacting T cells wth a W1 pol ypepti de under conditions and
for atinme sufficient to permt the stinulation and/or expansion of T

cel |l s. Such Tpeddrmedmagertuonditiond agofosa timalsbifigientdd perrsil/thgeersoval of unr el at ed

W1 -specific j i 4t in vivo.
Expanded T ceﬂgpﬁ%i}ﬁefm&gﬁ% ér%afdﬁé’%%%ﬁ%&é%%s}b&béb a%?é'ggerﬁt wi t hi n bone
mar r ow, peri ppefehblplesethapri%, df treectunaber of migelnid amympbatiocells rethepher al bl ood,
and may (but peed n e clonal . W.thin rtain enbodi nents, T cells may
be present i n%@’r@ﬁﬁé‘%” %G'Pﬁlﬁrang??drﬁflfr tl%ﬁm/%?rro%fsaﬂﬁ%ﬁﬁo%ﬂd_ specific
Jvfﬁl S mlalyst bgactmelmtafydue cebxamdt Tt fmmwiph{’iém_aﬁrinwd fwiﬂﬁg Hﬁem PR ba?tiﬁaf usi ons.
inrelated. cts, methods are provided for inhibitin e
devel opnent of”'@%l ?’iﬁ’h%ﬁﬂo"d?r{@%a%e ?lﬁa'ﬁe?)gf’rin@rﬁ‘{ma(fbwpg}uﬂ%"adm ni stering
to a patient mhnoedlint gfflieled it sash dereasded above. Such T cells may, within
certain enbodi nents, aut ol ogous s%agenei c_or enei c, 30 The

al |l og
present invention furtﬁﬁwmdfel?\tﬁ ety Wsﬁ?tﬂ'%‘femég’b%’gg'g?s MeECASds f or

moni t ori ng t heorafHiteiig the BeESopdiendbf 4 AAldHaABdIEEH e a bBRSTRRonipAsing 5 VO
03/ 037060 PCT/ US02/ 35194 nmal i gnant di sease, associ ated with W'l expression
in a patielft . 2dmteHR0HR g Latieft Bope magowPerphebIPoformiragisa f bansa+ T cel |

and/ or CD8+ Tnfably dr EMEHEFABId0A prdiRrdiPdd @ikbribed d0ale SEEH ¥R ratfdl, aspects, a
nmet hod may conprise the steps X i ncubating a first biological sanple

f
with one or nBpEPhgral blopg °éfr€9ﬁ9“§m@bﬂ%g€%'¥9ﬂqgﬁé§’ arMmay bg desvehitem ot i de

encoding a V\TilemeaMp@nblb_fé@:huﬂ{an(drinbh-hamanaﬁmamsé)%pmgsﬁgié&9 cell that
expresses a WIl pol ypeptide, wherein the first I ol 0gi cal sanple is

obt ai ned fronPlPd§AEIFent prior to a therapy or immunization, and wherein
the incubaid on is perfgysmrst *Bg&% tﬁ@B%Eﬁt%nﬁ&ﬂpr{)\%e@mHhBﬁs josufficient to
al I ow i munoconpl exes to form 5 ) detecting I nmunoconpl exes
stimulating (or priming) and/or expanding T cells, comprising contacting T cells
with a WT1 polypeptide under conditions and for a time sufficient to permit the
stimulation and/or expansion of T cells. Such T cells may be autologous,
allogeneic, syngeneic or unrelated WT1-specific T cells, and may be stimulated
20 invitro or in vivo. Expanded T cells may, within certain embodiments, be
present within bone marrow, peripheral blood or a fraction of bone marrow or
peripheral blood, and may (but need not) be clonal. Within certain
embodiments, T cells may be present in a mammal during stimulation and/or
expansion. WT1-specific T cells may be used, for example, within donor
25 lymphocyte infusions.
Within related aspects, methods are provided for inhibiting the
development of a malignant disease in a patient, comprising administering to a
patient T cells prepared as described above. Such T cells may, within certain
embodiments, be autologous, syngeneic or allogeneic.
30 The present invention further provides, within other aspects,

methods for monitoring the effectiveness of an immunization or therapy for a



10 formed between the WI'1 pol ypeptide and anti bodies in the biol ogical
sanple that specifically bind to the WI1 pol ypeptide; (c) repeating steps
(a) and (WPo3wsiong a second biol ogi cal sanpl e obtai ned fr@cTiuse2/sane
patient followi ng therapy or imunization; and (d) conparing the nunber of
i mmunoconpl exes detected in the first and second biol ogi cal sanples, and
therefromnonitoring 15 the effectiveness of the therapy or imunization in
the patient. Wthin certain enbodi nents of the above nethods, the step of
detecting conprises (a) incubating the i munoconpl exes with a detection
reagent that is capable of binding to the i munoconpl exes, wherein the
get ection r2 gamgnmﬂﬁé&%%sacugte@wnhWT'gémsicﬁbr) alpatient. Bgcmnbmum?l ]
etection re an C e [ p sence of the
reporter grouf'e Hited Oﬂé'foé‘gé é&é}éﬁ?’qﬁéh @Hgfr%&@*ﬁjocﬁﬁé%a%?eé, a second
anti body, or ahi@atient DivEin@ rthinaaBE BSpdctie b eRfthodraRpbdriprizt thi §igpeg to the

anti bodi es t hat sg)emflcally pbind to the W'l I% ep tl? W}_a nol ecul e
such as Proteih @) ingyRating adifst jologicatshmmrie wit one,0 Br@ro(f )3y¥Wddp i s bound to

the W1 pola/p(aemjbé’&.deampb bighitledRdeEncRbind &LV ibBYp&RIABY drY@Sar €NOVi Ng
unbound WI'1 poltypeptl e and subsequently detecting the presence or absence

of the report @ntiganqigseniipq ‘Pﬁ"ﬁhqtlﬂxPW‘Fé?esa%Wé-dt@'VPﬁ@t oWBerelthe it t ori ng t he

ef f ectiveness b.om\%rc«ansanﬁﬂw Bl chRdine ¥roth atphifsritRYort8'a tRerBBy bRdtinizdiiGease
associated with expression in a patient ng%tqﬂs nprise the steps of: (a)
|

i ncubating a fndyherzn tbemca@at@aus @%ﬁﬁﬁnnequfce angdrfer afime (i) a W1

pol ypepti de; (ahff.b.eﬁtto@%wmmumbmg%x%qeamqbade\mn@mmmam Bxedr (iii) an
antigen presenting cel WO 03/ 037060 PCIT/ US02/ 35 t hat  expresses a

WL pol ypelf i dremedibeiveien then&/ Thipslvogpliselang anpibasiesdfie bielggicabmamplend/ or DB+
T cells and i s, QGLGlAEH, AP o WH ENpeBldd o b BLADY) Bha ) muni zat i on.

and wherein the incubation 1s perfo r atine
suf fici ent touaihgewesprediidlogicalsampletdbiainedsrash esaasi natieatridioning ysi sof T 5

cells; (b) dettrfé?% Y iRRUADRHIAL 2R (d?%dwﬁ(a?&n‘g?ﬁ% mHﬁtS’ér offﬁﬁrﬁﬁﬁd%ﬂmi}& 5 r lysis of

the T cells repeati ng steps Ing a second ogi cal
sanpl e conpr idsientgd @Dthe fmhand)se@GJbloTogml SMPIMQnéltmrefmn gwoiterigbi ol ogi cal

S 2t 1 L. v fslcnBld o Ry AR RO diRh e RBub e 2P OF

|mTun|zat|on ion, proliferation
and/or lysis of T cell Wiihin adnbammntiodnrsentanﬁheabmmdndhodimyiecmep sfanpl es, and
therefrom m)mdgt%E in otmhp(?use(aas]c { ?ﬁ'\tt:ht\)/ |rr]18 T immunocomplexes with a detection
reagent that is capable of binding to the immunocomplexes, wherein the
detection reagent comprises a reporter group, (b) removing unbound detection
20 reagent, and (c) detecting the presence or absence of the reporter group. The
detection reagent may comprise, for example, a second antibody, or antigen-
binding fragment thereof, capable of binding to the antibodies that specifically
biﬁd to the WT1 polypeptide or a molecule such as Protein A. Within other
embodiments, a reporter group is bound to the WT1 polypeptide, and the step
25 of detecting comprises removing unbound WT1 polypeptide and subsequently
detecting the presence or absence of the reporter group.
Within further aspects, methods for monitoring the effectiveness
of an immunization or therapy for a malignant disease associated with WT1
expression in a patient may comprise the steps of: (a) incubating a first
30 biological sample with one or more of. (i) a WT1 polypeptide; (ii) a
polynucleotide encoding a WT1 polypeptide; or (iii) an antigen presenting cell



of the therapy or imunization in the patient. The present invention

further provides nethods for inhibiting the devel opnent of a nalignant

di sease awowmaioamoed with WIl expression in a patient, compcirdisny3sibe steps
of : (a) incubating CD4+ and/or CD8+ T cells 15 isolated froma patient with
one or nore of: (i) a WI1 polypeptide; (ii) a polynucleotide encoding a
W'l pol ypeptide; or (iii) an antigen presenting cell that expresses a W'l
pol ypeptide, such that the T cells proliferate; and (b) admnistering to
the patient an effective anount of the proliferated T cells, and therefrom
i nhibiting the devel opnment of a malignant disease in the patient. 20 Wthin
certai n enboditmee ekpresdesa Wil epolybe;itldeublamémgwet helog‘ cmslatnslermmphiees epeat ed

one or nore ti ovi des

met hods for qﬁﬁ@bﬁ"\quoﬁ?[{éﬁoﬁ 3§3P§Bﬂ?§ﬁmeﬁf ﬁeéﬂ%n{;ﬂéfégﬁ g@’g{ssom at ed
wth W'l expnremsnmtndnnamj whadreianhe mcmhqnbnslpiagfotrhmi widepsorafition§ ahd i ncubat i ng
CD4+ and/ or at e W t ne nore of:

() oW poRygains gt s ket arbay Bl fp0Rr 9% D51 Ypept  de:
OL (ii Ih ) $r5 ﬁ@ﬂls ggmefvcamﬁ amgura ef hctivhidn, aoqureaamseana/owyé:ls lpbﬂhyﬁépti de, such
that the T ce roli te omn one more cells that
proliferated; Cﬁiﬁi °563p83 ?ﬁ%?%% @Sf“%ﬂ‘bfb) t3ng é’eﬁ%[’(do%?'l?g'ﬁﬁsﬁ'f"f"gctl ve anmount of
the cloned T e8bsingd@DWW thd/Br oDBerr celd) bkin thesbagie m@gum sarhote s f or
determ ning the ay_Presence or abse n;e of a nal |gnant |sease ?cﬁsom ated with

W1 expr essi oRPtiNeddonsing $amedaent fQlieysodearany of IMMyngaieeapd (Bonpri si ng t he

steps of: (a) cbmgum@tthegnﬁm%faawaﬂén @E&ferindheanbﬁx lyis B atces fhitiggn a pat i ent

with one or_ nore of: eptide; (ii) pol ynucl eoti de encodi ng
a W1 pol yHepfirsdand 6‘?°°ij|bi‘ﬂ°9éﬁi" ngg%eﬁ"ﬁ#@é%m WQ“'E%!”Q “{ Geffeciyerresses a Wl

pol ypepti de; anthelthdrap\ebamhiungatidifinPiegfieae or absence 5 of specific
activation of the T cells, therefromdeterm ning the presence or absence

of a malignant di sease THSSKEPAEIRYENPA W”Vﬁ’lpfé‘!éﬁ?%gﬂ‘eﬁ’r" fopinhiRitiAg theer t ai n

enbodi nent s, h@@elégmt%fa%ﬁ. HtBigeé"éérH%‘sbéﬁéddﬁﬁWﬁ' SprdsBRnM gsence  or
absence of prollferatlon of Wthin further aspects, the

present i nvenPRERNtNOFArgeg thﬁe?ttm KQ)r'”CUEGt'W&%‘}+n@ﬂﬁ/¢f&Q3(fe Eﬁ'b‘sence or
oo, LS ARG SRR RS ) v SRR 11 @
polynucleotide encoding a WT1 polypeptide; or (i) an antigen presenting cell
that expresses a WT1 polypeptide, such that the T cells proliferate; and (b)
administering to the patient an effective amount of the proliferated T cells, and
therefrom inhibiting the development of a malignant disease in the patient.
20 Within certain embodiments, the step of incubating the T cells may be repeated
one or more times.

Within other aspects, the present invention provides methods for
inhibiting the development of a malignant disease associated with WT1
expression in a patient, comprising the steps of: (a) incubating CD4+ and/or

25 CD8+ T cells isolated from a patient with one or more of: (i) a WT1
polypeptide; (ii) a polynucleotide encoding a WT1 polypeptide; or (iii) an
antigen presenting cell that expresses a WT1 polypeptide, such that the T cells
proliferate; (b) cloning one or more cells that proliferated; and (c) administering
to the patient an effective amount of the cloned T cells.

30 Within other aspects, methods are provided for determining the

presence or absence of a malignant disease associated with WT1 expression



bi ol ogi cal sanple obtained froma patient with one or nore of: (i) a W1

pol ypeptide; (ii) a polynucleotide encoding a WI1 pol ypeptide; or (iii) an
anti gen pwegfsiong cell that expresses a W1l pol ypepti de, painarser/ssiphe 15

i ncubation is performed under conditions and for a tine sufficient to allow
i mmunoconpl exes to form and (b) detecting i munoconpl exes forned between
the WI'l pol ypepti de and anti bodies in the biological sanple that
specifically bind to the W1 pol ypeptide; and therefrom determ ning the
presence or absence of a malignant di sease associated with WI'1l expressi on.
20 These and ot her aspects of the present invention wll beconme apparent

upon ref er encen 4 patidh comptising the stpisaif! @0 indabaingCD 4 andrvd Goigt-acdes

drawi ngs. All .refe gnees di scl.osed herei n.g,ser‘(g_g{e%y in o_r,ﬁorat ed by
reference in' %é‘?‘{ "R & FalERF W8 ong opFI0fF Yadh A BAYRAPECE: iR vi dual 1 y.

BRI EF DESCRI PpbighLididotifiblen iy INGS 1221y stide orl(iiifl @R bRfidendréseitidy defon of t he

nouse (MO and human (HLQ[ W'l protein sequences (SEQ ID NOS: 320 and 319
respecti vel y) hat gxpygsses 2 WI1 golpenptiderand (B} detegting theRresRCe REARRENER t i on of

W'l specifiz ansideardiatfivatibn BRthk TTHefs, Whdr&irdif BBlcRhiABE &/ préBéncgeancy (AM) .
Lane 1 shows nol ecul ar weight markers; |ane 2 shows a positive control
(WI'1 positi vgabwcmﬁamq"ewﬁH\Saa%?érqsorF'atﬁé withfihoprerssiont N with a W'l
speci fic anti badih emBolRcAR! 8 LI BEEOHTTIRAGS dotbéh tho BRURA Negali ve

control (WI1 positive cell Tine I munoprecipitated w nouse sera); and
| ane 4 shows & gtreenge st Rrplferagien of the feelissmunopr eci pitated with sera of a

patient with AM.. For \/ﬁﬂﬁ'ﬁfuﬁhé]hasFé\ﬁs,itE@yLﬂégg{t%ﬁ}eﬁiiér?ﬁrﬁvi oth6RARt €d by
gel electrophoresis and probed with a W1 specific antibody. 5 Figure 3 is
a West ern Yl odeierminingithe priegencesr gesance oba mafigramgtiseasecassesiated with body
response i n By i i s t | Ty tunor cell

|l i ne. Lanes 1%? a crlég sﬁ%év%%% ecﬁpﬁéﬁrﬁﬁt&nﬁ\;&kg)gﬁ%@éﬁ anes 2, 4 and 6
show a W'l spdisidgical pasaple obiained froma patinaBeith Seran@e ol ()Bi WiTdéchnol ogy,

rot oi n ' m gr 20 peptae: ke A RieBide Bk oy REhBRe, AL AD 2 P ody
used was WII @otigem presenting calldhat exprenses-a WiTil pokypdptise, whereinitne | ane 4 and
Sera of s | HBIBLERe PRIHhES iy ':BRGGhs b9y Fue birBettiS bt ©! ©!

immunocomplexes to form; and (b) detecting immunocomplexes formed

between the WT1 polypeptide and antibodies in the biological sample that

specifically bind to the WT1 polypeptide; and therefrom determining the

presence or absence of a malignant disease associated with WT1 expression.

20 These and other aspects of the present invention will become
apparent upon reference to the following detailed description and attached
drawings. All references disclosed herein are hereby incorporated by reference

in their entirety as if each was incorporated individually.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 depicts a comparison of the mouse (MO) and human
(HU) WT1 protein sequences (SEQ ID NOS: 320 and 319 respectively).
Figure 2 is a Western blot illustrating the detection of WT1
specific antibodies in patients with hematological malignancy (AML). Lane 1
shows molecular weight markers; lane 2 shows a positive control (WT1 positive

30 human leukemia cell line immunoprecipitated with a WT1 specific antibody);



specific antibodies in mce imunized wth representative WI1 peptides. 15
Lanes 1, 3 and 5 show nol ecul ar wei ght nmarkers and | anes 2, 4 and 6 show a
W'l speciwo®s3pa®sd i ve control (N180, Santa Cruz Bi ot echnolPegyusopadiypepti de
spanning 180 ami no acids of the N-term nal region of the WI1 protein,

m grating on the Western blot at 52 kD). The primary anti body used was
WI180 in lane 2, sera of non-inmunized B6 mce in |ane 4 and sera of the 20
i muni zed B6 mice in lane 6. Figures 5A to 5C are graphs illustrating the
stinmulation of proliferative T cell responses in mce inmunized with
representative WI'l peptides. Thym di ne incorporation assays were perforned
using one T cedrle 3 dhadks aaiedativecodlirdif (AT Yositive Belidine amunobrecipitated witkd resul ts

were expressed as cpm 25 Controls ipdicated on.the X axis. no antigen
(Ko ng) and: BEHBESSE) A geRous adhe P . 33 b R b PtEIE 7 530 (po)
or p244-262 hyjiaBerlalb? b patiéitthAMIA FdtdarRB 231, endinmir@pRempithtelwast r at i ng t he

stinulation of proliferative T cell responses in ce | muni zed with
represent at i v&eRgrated By gel elerdropheipeis apgd pieged it p WﬂLSQWf'F(?"{']Wni zati on,

spl een cells of nice tpgure R HAdslrlof INREHIMRIRE défettbn\Glachme A or Vaccine
B were cultured with nedium al one (nediun) or spleen cells and nedi um

(B6/ no ant i gefpecifisantiBedysrsrasse 1 Bomigs inaypizedyih pEAMBSE? ¥E1o4  pul sed

Wi th the peptipggfdtiméredinfie, LBAes T, 3P Ghdwmoldetddt t (riaddf, ahyacci ne A
Fi gure 6A) or p287- p287), p299-313 (p299) E421- 421) (Vaccine

301 313 (p299) 5 (
B, Figure 6B) laned 2515&%% shew pIVHlLisRAsHIC\RESHVeFPETP @l‘@@v&ﬁﬁﬂ"%gﬁtzr ol peptide
(irrel evant p%é@;ﬁbuoa*, p%@ﬂgétme spAhiNEI8d AAiRa%6Es eiﬁqer-t%ﬁhihalfre@oé
proliferation by (3H) "thym dine incorporation. Bars represent The
stirmul ati of? iohtheWT Bpioteimmigiatingor tiediesteradlaiat 52 kDheke RiManhe
experi nment al ; koA E s lmea( cells
with no anti g\egﬁtlddaié:ag%dr gg&w;%ﬁrg@ggﬁf‘%tr%gfrrﬁidﬁémﬁﬂﬁhzgg ngtrﬁg?gﬁﬁ %’g@gener ation
of prolifera@ngger@-of thel immunized Bednice orlane &pecific for pll7-139 and p6-22.

Followng 10 in vivo'gm,ep' [ A4 N L -' y£4 0 stinmulations
(I'VS) were carried out F S| n%égﬁtM?ﬁi@&p@étr%f@s}h%Pé®§t&d&%r{\gvﬁ or B,
respectivel y. spedificcaqtieodied vniogingnurizedrwitscrepreserdativeiVM1 eeplidps.i de

o oot L1 3108, Yt Dl HORCFL S R 5 enfl2 e i S0, 22
i nes, as i ndiWht spbeifid positivescontoleNd 80,tSantedCuiz Bivtechadlogy, glotypeptide
spanning 180 amino acids of the N-terminal region of the WT1 protein,
migrating on the Western blot at 52 kD). The primary antibody used was
WT180 in lane 2, sera of non-immunized B6 mice in lane 4 and sera of the
20 immunized B6 mice in lane 6.

Figures 5A to 5C are graphs illustrating the stimulation of
proliferative T cell responses in mice immunized with representative WT1
peptides. Thymidine incorporation assays were performed using one T cell line
and two different clones, as indicated, and results were expressed as cpm.

25 Controls indicated on the x axis were no antigen (No Ag) and B6/media;
antigens used were p6-22 human (p1), p117-139 (p2) or p244-262 human (p3).

Figure 6A and 6B are histograms illustrating the stimulation of
proliferative T cell responses in mice immunized with representative WT1
peptides. Three weeks after the third immunization, spleen cells of mice that

30 had been inoculated with Vaccine A or Vaccine B were cultured with medium

alone (medium) or spleen cells and medium (B6/no antigen), B6 spleen cells



15 (mediunm) or spleen cells and nmedi um (B6/no antigen), B6 spleen cells
pulsed wth the peptides p6-22 (p6), pll7-139 (pll7) or an irrel evant
control pwptod@arosqirrel evant peptide) at 25ug/ m and wer e PATABYBES14 t er
96hr for proliferation by (3H) thym dine incorporation. Bars represent the
stinmulation index (SI), which is <calculated as the nean of the
experinental wells divided by the nean of the 20 control (B6 spleen cells
with no antigen). Figures 8A and 8B present the results of TSITES Anal ysis
of human WI1 (SEQ I D NGO 319) for peptides that have the potential to
elicit Th responses. Regions indicated by "A" are AMPH m dpoi nts of

bl ocks, "R' ipoded aite ther peplidesass-2m(pé)ipn ¢7-1 Be (RAThipa44alL6T ppzheyr notif, "D’

s chnne. t he. (e F e pATH 2285 A0 nePek 2Bl insle) bRFLER GRolie ™t hes
elici é at i OE of(vattihe B)eigureleB)sqreicspieen cElLpulsedithean imelevart eontiwl t h WI'L
peptides. Figu

sis of tar by al | ogeneic
cell lines an&e&ﬁl%ﬁrge'%ng%&/\éga{hguq/rpg 'Ed‘%?reﬁé?ﬁ @ﬂﬁroééhéf?rcel | lines. In
each c?s_e, ) Eﬁpr&ffdra‘t&insby((%l-ﬂ thi,gmemmndtlecbo]?a?iobyBatsaeﬁlraééhtmﬁmumghel Iease
assays) is s icated effector:tar ti s_,euts are
provi ded for %%Wnﬁ‘% 'P§&E‘I‘_§?ﬁ2ﬂsg}?d“eafb°f%£'f 98' ¥35194
E10), as well tl@mEérOoﬁth@B&ﬁr&(BB dpiekncRlswith n&aﬁhg@ﬁj |s are also referred to
herein as EL-4 cells. ures 10A-10D are {;ﬂ{s illustrating the

elicitation of W1 sp& &%quaf‘cﬁ*aaf%wewaw ljustigtinagbe penaidion @for cel | i nes

but do not Ki lpkolitdtive vmaheyanmbdeslsFeaﬁefo#gimmmd/;%:ﬁz rF’éIIbWIhQOf B6 mce
with W'l pg(gt i de P117 Figure 10A illustrates that T-cell

non- i muni ¥&d BEVeIBUNERtiAGth nitia! tee in yEeistimyiatiensbhyS)ware CW'%QU" Fi gure
10B illustrat %m?'&#tﬂré’ébépti@és bhﬁacbme@e&rs:%ép@cmy Qidb@&ﬁl&ﬁi ISGadre | i nes.

Fi gures 10C and 10D denobnstrate the |ysis ositive tunor cell
| i nes, as comSaiied opbasgnaleBeplide simulafigns| Hsﬁ@spniyﬁhﬁ kelevRatieptidesy

experi ments. IA17dgd hiPpe- zEIchﬁe%sNérQQem@ féoﬂpoan% dd@z hAPh S 70fagPept i de-

coated cell lines (W1l negative cell line E1O coate h the reI evant W1
pepti de P117) specificat peldines astingicaigd. yEpalls wepse adtusechwittemediymaianedar d chr omi um

re o ovi el g e e O (BB A0 oS el BN O &
15 transf or medvithithe pantides p&-a2 Kp6),ipid 7(188 Ko 19V1 0 an irrsleviaiticonisol Batice117 .
(irrelevant peptide) at 25ug/ml and were assayed after 96hr for proliferation by
(3H) thymidine incorporation. Bars represent the stimulation index (S1), which is
calculated as the mean of the experimental wells divided by the mean of the
20 control (B6 spleen cells with no antigen).
Figures BA and 8B present the results of TSITES Analysis of
human WT1 (SEQ ID NO:319) for peptides that have the potential to elicit Th
responses. Regions indicated by "A" are AMPHI midpoints of blocks, "R"
indicates residues matching the Rothbard/Taylor motif, "D" indicates residues
25 matching the IAd motif, and 'd’ indicates residues matching the IEd motif.
Figures 9A and 9B are graphs illustrating the elicitation of WT1
peptide-specific CTL in mice immunized with WT1 peptides. Figure 9A
illustrates the lysis of target cells by allogeneic cell lines and Figure 9B shows
the lysis of peptide coated cell lines. In each case, the % lysis (as determined
30 by standard chromium release assays) is shown at three indicated

effector:target ratios. Results are provided for lymphoma cells (LSTRA and

10



Figures 11A and 11 B are histograns illustrating the ability of
representative peptide P117-139 specific CTL to | yse WI1 positive tunor
cells. TWo®s/03meks after the third i mmuni zati on, spl een @e€ritsonssipd ce t hat
had been inoculated with the peptides p235-243 or pll7-139 were stinul ated
invitrowth 20 the relevant peptide and tested for ability to lyse
targets incubated with WI1 peptides as well as WI1 positive and negative
tumor cells. The bars represent the nean % specific lysis in chrom um

rel ease assays perfornmed in triplicate with an EET ratio of 25:1. Figure
11 A shows the cytotoxic activity of the p235- 243 specific T cell line
agai nst the WEiOphegakilae Ed@HIp23b1243 HE104PREL):. £10WEls &% alsegeterred)o EL-4

pul sed with the rele 0 used for immunization as well as for

restimul ati on)"°FEpes %g 5235- 243 (EL- 4+p235); EL-4 pulsed with the

irrel evant peptides pEibﬁreh&@AéﬂDd*e@m)s mupfta&gmeucﬁmmmm) or pl30-138

(EL- 4+p130) and WI m)r cel | Sv40 Sv40, Wil
positive) andSPEA Mﬁﬁﬁ%@l\&w oumer g,eélﬁme% utdo O(t,gﬁggﬁ Figure 11 B 30
shows cyt Ot@XIn_QgélE/élcwl linesfolidviirg pd&%aﬁ@ﬂof%@célm@thwwbépﬂdbrmmgal nst EL-4;
pul sed i th T 8u GMeFARONH Db P TR oq Picg  Bysh e NEEK | des
p123-131 (EL- fbwft\k&hmoaéeunuhaﬁ Rigbre(1loB-ispaR8 e |F$d<of thy/4dlgandiisTRAMP- C, as

i ndi cated. Figures 12A and 12B are hlsto rans i strating the specificity

of lysis of 9966§|°F\' fnesy figyresc G and D demenstietedpe lysisywT¥Wolild t ar get

i nhi bition. 5pb&iveédmdr EQNINES, %tcohmare@&aww% SeREVd dell h¥$inSwb Qiffehdr@m um
rel ease assays perforned in triplicate with an E.T ratio of 25:1. Figure

12A shows tthe SHRBIGHS: aﬂ@'f'?ﬂ/l'zﬂ%}'"‘?ﬁ1%@%&%5Wh§%@qulpépt‘ﬂecel | line

agai nst the Wf:@)at@@@ét lines (\ﬁﬁh |nebétﬂ/@ ceEhﬁeAE{dEéda‘fbd W—ih@‘?&@\%n\’%ﬁ the W'l
positive tunor l'ine (TRAMP-C, W'l positi TRAMP-C cel |l s

i ncubated wit meaﬂqeé?nﬂf?bl'réje%g, t%%’(t@iﬁﬁr‘&?’ﬂ@@% a[daﬁ"@@’f"}mbf EL- 4
cell's pul sed %Iéé’setaﬂgafsglses%@ﬂﬁ anPnFEé H&cat@&éf?e&@f%rﬁlﬁ%%% C‘Re*éuﬁé%r% cold

target) without elin RAMP-C cells incubated wth EL-4 pul sed
with an irrel @mﬂedpi@'dymrdpnw Qﬂ§ﬁ1%m5¢t§l§én@&ﬁ@e"%ﬁw ©.4 irrel evant

cold targe tioxi c activity of the
p117- 13995?o§eC| ﬁsfb%ocffbﬁtﬁﬁ?sﬁgélgﬂﬁ%ﬁﬁ%%%t\/%g)oﬁrfeﬂgsgﬁ;ﬁ\}gn% cell IlneyEL 4

(EL-4, WI1l negative); Flggreana A;ﬁmsiﬂﬂﬁ\ﬁée hmmramguwstnarm@ths@hmwzto ( BLK- Sv40,
WIL pOSi ti Ve) o Bld B30 pbilde 11 PG4 b ESHMEHHOMR Wk R8s iRbPoels
Three weeks after the third immunization, spleen cells of mice that had been
inoculated with the peptides p235-243 or p117-139 were stimulated in vitro with
20 the relevant peptide and tested for ability to lyse targets incubated with WT1
peptides as well as WT1 positive and negative tumor cells. The bars represent
the mean % specific lysis in chromium release assays performed in triplicate
with an E:T ratio of 25:1. Figure 11A shows the cytotoxic activity of the p235-
243 specific T cell line against the WT1 negative cell line EL-4 (EL-4, WT1
25 negative); EL-4 pulsed with the relevant (used for immunization as well as for
restimulation) peptide p235-243 (EL-4+p235); EL-4 pulsed with the irrelevant
peptides p117-139 (EL-4+p117), p126-134 (EL-4+p126) or p130-138 (EL-
4+p130) and the WT1 positive tumor cells BLK-SV40 (BLK-SV40, WT1
positive) and TRAMP-C (TRAMP-C, WT1 positive), as indicated. Figure 11B
30 shows cytotoxic activity of the p117-139 specific T cell line against EL-4; EL-4
pulsed with the relevant peptide P117-139 (EL-4+p117) and EL-4 pulsed with

11



target (BLK-SV40 + pl1l7 cold target) and BLK-SV40 cells incubated with the
irrelevant cold target (BLK-SV40 + irrelevant cold target), as indicated.

Fi gures 18H-028&70a0 € hi st ograns depicting an eval uati on of PChaSo2851%4er CTL
epitope within pl17-139. The pl117-139 tunor specific CIL line was tested
agai nst peptides within aall7-139 containing or |acking an appropriate

H2b class | binding notif and following restinmulation with pl26-134 or
pl30- 138. The bars represent the nmean % specific lysis in chrom umrel ease
assays perfornmed in triplicate with an ET ratio of 25:1. Figure 13A shows
the cytotoxic 25 activity of the pll7-139 specific T cell line against the
WI'l negative di¢ irrelevast pefplide$ p(1EB-13] (BAF4+piGator p&I8-3ai(EEL4+H 128t BEKpul sed

with the pepti pll7), p119-127 (EL-4 + pl119), pl20-128
D A o, SEnCgipot

(EL-4 + p120), pl26-134 (EL-4 + pl26), pl28-136
(EL-4 + pl128), and p13®=egu1e’33812(Aand4128 zpé&&)ogrﬁhgulustraiiB@ﬂmmpesnﬁmiye)fcyt ot oxi ¢
activity of t er 30 rest 4aga|nst t he
W'l negative g@'ﬁ °flwﬂep%it"’& trppr %"E’eﬁs moBa ’?%%W?‘H“ﬁ‘-ie% (EL 4 +
pl17), pl265 13phe(daks éprbsériﬂl@é maanl %4 speciid lysikan YHPoORI B30 aE’&EKo‘sUSOZI 35194
positive tunor ceII hows otoxic activity
of the CTL | i rRE"Qfmegin F@éfﬁtﬁmtaﬂ‘ﬁ %{'Pt‘?f éggoif?gﬁe fﬁ'f?é'%é 33 WRE_ 4 celis
pulsed wth mbﬁﬁwb?ﬁle(dih74395pécﬂi7c)'[ ce{llﬂﬁ@*a@&&st(tlﬂ;v%rﬁndg&&@)ceﬁmdethe W'l

positive tumor cell lin re 14 ict rum anti body
reactivity to EW‘?L(FM“ é’&Tba?gaé'M? the\,\\ﬁ/‘{hp Ve tﬂ@ﬁb?‘ﬁ'\)‘f‘? R@& Fs&rum anti body to

W1/ N-t er m nUSTRARIPEC WVWEOS:W'WW%HE%%@&WW&*t@ﬂfoﬁj acds AML. The
first and second | anes reﬁresent the positive and negatlve control s,

respect i velQ. (§9mapared trthe Ret taweh 9hEL-4rels pylggs withshe relfvanbeertidée and
negative cont gﬁh?nsg?mmcyﬁ Y17 SMTRged) witHovit 28r RBEIRgRAE TARMmpeci fic

anti body W'l was used for positive control. The next 63 |anes
represent resfetisinguhatrg ‘ﬁ'g‘r%'-ﬁpéﬁ?@%haﬂ HealeMRAtRAPLIGR WtaRHE ” CrigbelitD val ues

depi cted were (*rmm:&bh%lmnn&bmalgé)ogsﬁ@fddf@ddlﬁdeﬁémsﬁmtﬁégure i ncl udes
cunul ative data from 3 separate experinents. Figure icts serum

ant i body r eactaytptade Q%Vimthﬁﬁiﬂérwg sgeeific Iselbltmtagalnsvheﬂf\é hRegafive patients
wWth AM. ga%nmé pLaf (EBR! W %pmg@gxhé wﬁgaéﬁ.w unidr 880ne BLAS ya ! er m nus,

TRX and Ra pr ot el ns s eval ua atrents wth AML. The
QD val ues depi(BLESVAE WTH rpgamvgﬂ&,dsagmhgells incubated with the relevant cold

target (BLK-SV40 + p117 cold target) and BLK-SV40 cells incubated with the
irrelevant cold target (BLK-SV40 + irrelevant cold target), as indicated.
Figures 13A-13C are histograms depicting an evaluation of the
20 9mer CTL epitope within p117-139. The p117-139 tumor specific CTL line was
tested against peptides within aa117-139 containing or lacking an appropriate
H-2" class | binding motif and following restimulation with p126-134 or p130-
158. The bars represent the mean % specific lysis in chromium release assays
performed in triplicate with an E:T ratio of 25:1. Figure 13A shows the cytotoxic
25 activity of the p117-139 specific T cell line against the WT1 negative cell line
EL-4 (EL-4, WT1 negative) and EL-4 cells pulsed with the peptides p117-139
(EL-4 + p117), p119-127 (EL-4 + p119), p120-128 (EL-4 + p120), p123-131
(EL-4 + p123), p126-134 (EL-4 + p126), p128-136 (EL-4 + p128), and p130-
138 (EL-4 + p130). Figure 13B shows the cytotoxic activity of the CTL line after
30 restimulation with p126-134 against the WT1 negative cell line EL-4, EL-4 cells
pulsed with p117-139 (EL-4 + p117), p126-134 (EL-4 + p126) and the WT1

12



a 1: 500 serumdilution. AM.-1 and AM.-2 denote serumfrom 2 of the

i ndividual patients in Figure 1 with denonstrated anti body reactivity to
W1/ full RO oBesmsh. The WIL full-1ength protein was expre®sadsay3aof usi on
protein with Ral2. The WI'l/N-term nus protein was expressed as a fusion
protein wth TRX The control Ral2 and TRX proteins were purified in a
simlar manner. The results confirmthat the serum antibody reactivity
agai nst the WI1 fusion proteins is directed against the WI'1 portions of
the protein. 25 Figure 16 depicts serum anti body reactivity to WI1 in 81
patients with CM.. Reactivity of serumantibody to WIl/full-length protein
was eval uat eﬂoﬁtyVeEhﬂnSPcélImg@&ﬁAMHS Wiguke ﬂﬂf.sho'Ws&hé bYtSmX|aladti\&t¢Ot)nd Ianfals
represent itive and ne at|v cont S espective mrerci al l'y
obt ai ned W' er?p(gﬁr lfrlecaf@ﬁqu%‘&igt'm %L@ ?%‘rﬁ ’%lle"ﬁSE‘? RSP control
The next 81 |s'mﬁ§13ﬂ13£¢(HLe45$®H17)6§130tﬂ38l{ELﬂg+ 6303 ahd 618 WaAChosimai vi dual
patient. The OD val ues 13 WD 03/ 037060 PCT/ US02/ 35194 depicted were from

ELI SA usi ng atmaes! ieg TRMPISiti on. The figure includes cunul ative data

from 3 sepayate experi pROtSt4 depitid Sordrh adﬁtmdytr&acﬁ.euwmwm intsahatiemact i vity to
W'l proteins and control proteins in patients with . Reactivity of

serum ant i bod¥th &M \Reactiily of F@H'@tarﬁ“'bWi‘P N T ENAriRUS Pfﬁﬁ'"d’l’ﬂf Ral2 proteins
was eval uated eWuatE&bﬁéus}A iR pRASNERE AML I‘rh@Mst arTJl@edam %bé‘?ébréb%ﬁt cted were

fromELI SA using a 1:500 serumdilution. CM- CML.- 2 denote serum from
2 of the i ndiRerasiive pad negative pentiojsytrseectivaly Wh%léﬁbﬂ%q $a00Bd 18R% | body

reactivity todffdddhtink oshiodsidinechie Whbbkitekpbatpl NoBmAiRIywes expr essed

as a fusion protein wth he WI1/ N-t er mi nus protein was expressed

as a fusioff pﬂblaéleﬁ W t specifiRrntibasy WHHOwas usgr for the Bositivg conteleiThe wer e
purified in an éh'@sllﬂeg’}'\%}%%m res ﬁ@uglﬁ(_ﬁé’éréﬁoﬁl%h iGnidlal pdtlaRr. SRgUm ant i body

reactivity agal nst _ usi on telns 1s direct ed agal nst the W1
portions of t@@yﬁhmseiemctadivg&;eéromsiwwmd@g 1309 serian giutioni dhe dguref t he

recombi nant ééc%&&ﬂe@t&ﬁ@-ﬂ 9”3@ QpheAk. anal ysis. Figure 19A-19E

is a bar graph depicting the an resp Snses Cin mice elicited by
vacci nation with diffeFigate tﬁ)w;tctsﬁerm:anprﬂmbmwlﬁi igWE! potdins andbar gr aph

of the projd T epatd) botelnCifilz patiERENAR AL, ReddtVify of B £oBody bh WL protein.
WT1/full-length, WT1N-terminus, TRX and Ra12 proteins was evaluated by
ELISA in 2 patients with AML. The OD values depicted were from ELISA using
a 1:500 serum dilution. AML-1 and AML-2 denote serum from 2 of the
individual patients in Figure 1 with demonstrated antibody reactivity to WT1/full-

20 length. The WT1 full-length protein was expressed as a fusion protein with
Ra12. The WT1/N-terminus protein was expressed as a fusion protein with
TRX. The control Ra12 and TRX proteins were purified in a similar manner.
The results confirm that the serum antibody reactivity against the WT1 fusion
proteins is directed against the WT1 portions of the protein.

25 Figure 16 depicts serum antibody reactivity to WT1 in 81 patients
with CML. Reactivity of serum antibody to WT1/full-length protein was
evaluated by ELISA in patients with AML. The first and second lanes represent
the positive and negative controls, respectively. Commercially obtained WT1
specific antibody WT180 was used for the positive control. The next 81 lanes

30 represent results using sera from each individual patient. The OD values
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20 Figure 21 is a photograph of human DC, exam ned by fl uorescent

m croscopy, expressing Wil foll ow ng adeno WI1 and Vaccinia WI1 infection.
Fi gure 22vD3m3phodt ogr aph t hat denonstrates that W1 expr @€3iusn2/33104 hunman
DC is reproducible follow ng adeno WI1 infection and is not induced 25 by
a control Adeno infection. Figure 23 is a graph of an |IFN ganma ELI SPOT
assay showing that WI1 whole gene in vitro primng elicits W1 specific
T-cell responses. Figure 24 shows am no acids 2-281 (SEQ I D NO 461) of the
W1 protein and the cDNA encodi ng these anmino acid residues (SEQ ID

NO 460). 30 This truncated WI1 protein is referred to as W1 -F. 14 WO
03/ 037060 PCT bhﬁ&éﬂ&&i@ﬂoml&m Ldirhy HESORIsEYLClu@en. THEE figWENTIU@ES U. S.

pat ent s, e | on publications, U 'S. patent applications,
f or ei gn pat enf3 IFEYeeﬁ?%% rBré?t eﬁﬁpaﬁg PXPEAMEBSs and non-patent publications

referred to in this spEigutd tadepots serdmantibodytreactivity bW T Appiteinsadndn Data 5
Sheet, are incorporated herei nthelr tlrety As not ed
above, the pr@%‘ﬁ’?pf Q}%I{\%&?tlpfg@é@hm e'ge%ﬁ'}" Co[fgarU{noanef‘E "8si ti ons and

net hods fors t NeTmmuehoti) v epy-t@nthudi BBX@ad Radl prmém:gwamévalmaﬂases. The
conpositions cr'i bed herei y WI' e t' de W'l

pol ynucl eot i dgiFSAa'ﬁt% RALiAN tﬁr"@@éﬂﬂr -b" I‘@'“F%é?,& Xg’epe % W% | s) that
10 express a Whlsqeodey@e pliitidh, CMIENESd SMLIR @sholddriradions2 bihwaé bind to a W1
pol ypepti de and/ or |nmmune Séstem cel c_for WI.

W~ Pol ypept ingivdugt Patigatsdp EQguie3 Wm/%‘?ﬂ“ig'b'ﬁtfglf@r?&'%?qyye%%H@f\oé@ryf“"r east a

portion of a |éﬁ(;{HrBThEunw/nﬂlqafgtmbmu¢waé Wpléss@ﬂ a8 a\'faélbﬁiﬁﬁotéir’i'lﬂﬁrQOf Nucl ei c
aci d sequences of _the subject invention generally conprise a_DNA or RNA

sequence tHht RPEEQeﬁﬁ%&?@g/'ﬁﬁrm&“&’%@ﬂMaéﬁxgﬁs%ﬁ.ﬁ’c@? %f“ﬁﬁnﬂﬁﬁf‘“ﬂ@ or that is

conpl ement ar y TR, Sthelrontfol FRAYARE TRXPbte P8 NelsS p@iiRd 4ea Skl MahdBTLUNE Syst em
proteins, or antigen- binding fragnents thereof t hat are capabl e of

bi nding to a gberesyls eenfimybet thererypapibagy reactiyily aaginehihe WL Usienenpl oyed
wi thin such C%gﬂi’&ﬁ% fs'o‘?r@éte&'é&am&?r@\ﬁ"ﬂdbrt%n&%{‘ {he pr&teifl: » CD4+ and/or CDBt)

that are speci pol ypepti d Certalin rret hods descri bed
herein further enploy Emreg%prow%@mchwgc?@w@ of thetrecopphirans Wi W1

pol ypepti dgy ag, iRy LstoN&r&bdlcal analysis.
Figure 19A-19E is a bar graph depicting the antibody responses
in mice elicited by vaccination with different doses of WT1 protein.
Figure 20 is a bar graph of the proliferative T-cell responses in
mice immunized with WT1 protein.

20 Figure 21 is a photograph of human DC, examined by fluorescent
microscopy, expressing WT1 following adeno WT1 and Vaccinia WT1
infection.

Figure 22 is a photograph that demonstrates that WT1 expression
in human DC is reproducible following adeno WT1 infection and is not induced

25 by a control Adeno infection.

Figure 23 is a graph of an IFN-gamma ELISPOT assay showing
that WT1 whole gene in vitro priming elicits WT1 specific T-cell responses.

Figure 24 shows amino acids 2-281 (SEQ ID NO:461) of the WT1
protein and the cDNA encoding these amino acid residues (SEQ ID NQO:460).

30 This truncated WT1 protein is referred to as WT1-F.
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The present invention is based on the discovery that an i mmune response
rai sed against a Wlns Tunor (W) gene product (e.g., W) can provide
prophyl acwpD®3asmbor t herapeutic benefit for patients affl ipcrabonsiibs 25
mal i gnant di seases characterized by increased WI'l gene expression. Such

di seases include, but are not Iimted to, |eukemas (e.g., acute nyeloid

| eukem a (AM.), chronic nyeloid | eukema (CWM), acute |ynphocytic | eukem a
(ALL) and chil dhood ALL), as well as many cancers such as |ung, breast,
thyroid and gastrointestinal cancers and nel anomas. The WI'1l gene was 30
originally identified and isolated on the basis of a cytogenetic deletion
at  chr onosondHETAIAER DESGHRIPTION OF WHENNVENTIONt unor (see Call et al., U. S

Patent 15 WD 03/ 03706 135194 . 350..840) . e _gene consi sts
of 10 exons and encodeg"g%zglt%ggﬁfﬁg%a?emtay@f?gﬁm %lf "gé'o%ﬁcqgr?aqﬁrﬂd sequences
of nouse and rappioativids] fgeigh pateatsafoesigrppaentdpglicationts andrrenlpatend SEQ | D NOs:
319 and 320. WI1.Palyvpeptides.5 Wthin the context .of the pres

i nvention, a W%"%ﬁ?’ﬁ’&&f'ﬁegi fnsth'sa?pﬁ%{']%?b%?ri'@%r I\si(?gt'n@l?rf%?q"g"é'gn 5"‘} east an

i mmunogeni c5 p@Heen aredihc@poratadierdM by reférefce, ireth¥i éntpégl ei n expressed by an
organismthat is not geneticall di fied). or a variant thereof, as
descri bed herein. A W%sd}ﬂt%%bﬁ%/’?’ © Rigsediventiorh's gep%rﬁ&qsﬂec@paq,i ded that it
conprises at |ceaRbsifdhs dNALNEEETY for Pelirhin0Aothérapy Aad didgnobi @ rlighdntor a

variant thereof. In her words, a WI1 pol ypeptide may_be an ol i gopeptide
(6™ const tisged trecomipsiais, Sesarad TRiA Gy SIOUgb BT ReNEPPIARS dcs

such as 8-10 negsi gugsucldolitds; dntyenRRedcntity BMBYARPC, digf Héddriti€ Bl th¥l  protein
(e.qg., present within a human or non-human anj mal, such as a nouse) or a

pol ypept i d&0 of®PiepRANEL] BeePeptioe agpfie preh rentitpdies fgbbindite YTt he use of 15
W1 pol ypept i gRfypbhtfe @)k #hfude SRSRIM caldNBe! T%II%%B@M? weriampp acid

resi dues of a native WI1 pol ypeptide is préferre . Such pol ypeptides are
preferred for ROYPEBYEIESOE e Rrosaphinvention geprraly Gomnsige gt leastp RAEIIN af@sponse i s

desired. For wmtﬁmﬁg&g paoaagtl(v@ﬂws%h&ﬁgl{mofcwat:@icrhclﬁ%%auéri@e 23,

preferably no nore than 18, and nore preferably no nore than 15 consecutive
20 ami no aci d of &wisybiest inygntian gererally opmprigea ANELer RINA semlepereibat des

oot 2 R SRSEUrHE P AR Deb R 888 SeohoR Ry Wl
deri ved from tagequence. Antibodies are generally immune system proteins, or antigen-
binding fragments thereof, that are capable of binding to a portion of a WT1
polypeptide. T cells that may be employed within such compositions are
generally T cells (e.g., CD4" and/or CD8") that are specific for a WT1
20 polypeptide. Certain methods described herein further employ antigen-
presenting cells that express a WT1 polypeptide as provided herein.

The present invention is based on the discovery that an immune
response raised against a Wilms Tumor (WT) gene product (e.g., WT1) can
provide prophylactic and/or therapeutic benefit for patients afflicted with

25 malignant diseases characterized by increased WT1 gene expression. Such
diseases include, but are not limited to, leukemias (e.g., acute myeloid
leukemia (AML), chronic myeloid leukemia (CML), acute lymphocytic leukemia
(ALL) and childhood ALL), as well as many cancers such as lung, breast,
thyroid and gastrointestinal cancers and melanomas. The WT1 gene was

30 originally identified and isolated on the basis of a cytogenetic deletion at

chromosome 11p13 in patients with Wilms’ tumor (see Call et al., U.S. Patent
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native protein and/or heterol ogous sequences nmay be present within any W'l
pol ypepti de, and such sequences may (but need not) possess further 25

i MMuUNogerwo 03/037nG | geni ¢ properties. Pol ypepti des as provipdedshesdapn nay
further be associated (covalently or noncovalently) with other polypeptide
or non-pol ypepti de conmpounds. An "inmunogeni c portion,"” as used herein is
a portion of a polypeptide that is recognized (i.e., specifically bound)

by a B-cell and/or T-cell 30 surface antigen receptor. Certain preferred
i rmunogeni ¢ portions bind to an 16 WD 03/037060 PCT/ US02/ 35194 MHC cl ass |
or class Il nolecule. As used herein, an inmunogenic portion is said to

"bind to" an MdCSGBQ,SSO)l The géhé&§n§|slts 6M0%34éh§ahd embs bizmdifingeri S
detect abl e usin known in the art. the ability of a

8 assaé %r (Wﬂj

pol ypepti de t &2 ?95'8 LARAGE 300 $8QUaNCRRYT TARHSE AR HMEY PiotRits e by

noni toring 5 toRsideaiih Fighird Pai SEQUEB NO3E 9T Paricpsacon of 1251 | abel ed
(32-microglobulin ((32m into WMHC class |/ R2nf peptide heterotrineric

conpl exes (see Parker et al., J. Imunol. 152:163, 1994). Alternatively,
functional pepyi{polgeepmiats ti on assays that are known in the art may be
enpl oyed. Certarn |mrunogw1n| c portions have one or nore of the sequences
recited within one or e contgrif the pregght iventiored VeKleppivpePtide is rmunogeni ¢
portions incl ‘éqﬁxl yﬁde%& daia{pn!;ésnatt:@a@t simmd g%\»fﬁ%ﬁ@%ﬁe(\wmn WI'1
resi dues 6-22; S PSQASSGQARMFPNAPYLPSCLE ( hunan and nouse WI'1
resi dues 117- (3@ E(qu’f@nwresﬁedawr@f@@@ﬁééﬁqtﬂﬁeﬂ%tpenQHAﬂWK@mMSSSVKVWE
(human W1 r 4) W@e resi dues
15 244- 252; s%%h?%%t%%&%dé%éd%an%rw F R (‘/@Y@gfs ues
235-243; SEQ lengroproviged shal it ZemprisesHs taast/an ynmunegemsgpriipn phenative\Wwr 1

SE0 1D No. 103 ORL Yoyt (e, m st sy TV PRlodhe WBILES s o 1

NOGs: 147 and ZJBQDHGQB@@BLOmsys)ﬂngALa_WS@MS(mﬁusmbmamqml dues 10-18; SEQ

I D NO 255 R | D NGs:
185 and 2393 rews%&;ll@ Ve %%%%ﬂﬁ%g&%@%#gﬁﬁ reél 36‘2@@6 @EQSEQ I D
NO 241), or VipRFESPREGHSP(dsamtavithin humarsorchomshuBrankhimaEsch@sEnese) . Furt her
i i i i g i . : 4-.
| mggggg: c Bgﬁ %:pgﬁée;g{dg of ?\E)e\%ﬁ'ggngfé disd. hrthin Bortd oitbSaitharts, e LESEf

15 WT1 polypeptides that contain a small number of consecutive amino acid

residues of a native WT1 polypeptide is preferred. Such polypeptides are
preferred for certain uses in which the generation of a T cell response is
desired. For example, such a WT1 polypeptide may contain less than 23,
preferably no more than 18, and more preferably no more than 15 consecutive

20 amino acid residues, of a native WT1 polypeptide. Polypeptides comprising
nine consecutive amino acid residues of a native WT1 polypeptide are
generally suitable for such purposes. Additional sequences derived from the
native protein and/or heterologous sequences may be present within any WT1
polypeptide, and such sequences may (but need not) possess further

25 immunogenic or antigenic properties. Polypeptides as provided herein may
further be associated (covalently or noncovalently) with other polypeptide or -
non-polypeptide compounds.

An “immunogenic portion,” as used herein is a portion of a

polypeptide that is recognized (i.e., specifically bound) by a B-cell and/or T-cell

30 surface antigen receptor. Certain preferred immunogenic portions bind to an
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25 herein, and others may generally be identified using well known

techni ques, such as those sunmarized in Paul, Fundanental | mrunol ogy, 3rd
ed., 243-wbazf§Maven Press, 1993) and references cited the@ceiusn2/35194
Representative techniques for identifying inmunogenic portions include
screeni ng pol ypeptides for the ability to react with antigen-specific
antisera andlor T-cell lines or clones. 30 An inmunogenic portion of a
native WIlL pol ypeptide is a portion that reacts wth such antisera and/or
T-cells at a level that is not substantially less than the 17 WD 03/037060
PCT/ US02/ 35194 reactivity of the full length WI1 (e.g., in an ELISA and/or
T-cell reacti WH@ chssagr)claslsm roblbeuie Was dsad Hemein, ramLimogmogenippartiorols may r eact

wi thin such assa at . a | that is simlar to or qreater than the
reactivity of Pt 134 tﬂlm% 19 8H§¥'ﬁé clazt @%&ESFH@OI%‘&%'?%@ "H8y generally be
performed usi ngteteibieogtng/ eyl asSaykkrwn uhmetdm%reiampldithaawnsloigl in the art,
such as those d SCrI | ane, Anti.b or atory
Manual , Col d S5t pﬁ@f‘%ﬁ?B’b’p ‘%H%l&f%r?ﬁﬁm lua '%‘?W&ﬁ‘f li’/‘é’“?”'ﬁlﬁr'ﬁﬂl,unogenl c
porti ons( megy gﬁe a%lmvl(tjo 6rbgd§reuﬁ¢d?§oraﬁ@fmd%5ﬁlbb@§dibz-ﬁnlé‘roglébiﬂiizgg%n)t@2 Tsi tets
rogram (see rd._an avin e

29 vl - g cﬁg%'/ﬁ%m/pﬁ@@ C‘?@f@s@frmer'mr&we@éé Sk ahebti de motifs

t hat have the IPRiumBk 163:163) 1894 anutembwewsnmam: péplite REPbIHRA a¥sdy8 notifs
appropriate for binding to nmurine and human class | or class II' VHC nay be

i dentified acé'&‘?t&'%@‘i"@ iBfgast Mpy PR Mployedy Certajn immyRQgRaic PORIRDS 163, 1994)

and other HLAHaQebhéler Rbrdif Bk S¥gaehdes rédted Wthiv DAE or MardbiiTbikatli vel y,
| mmungeni ¢ gort ions that bind to a particular MHC nol ecul e can be

i denti fi ed1®y X¥i RgP@eLTADRE HEWNPGRIGRAUTRANSINGHSIE; Put a5g pet liptedfpse descri bed

in Rammensee FﬁthﬁdLLPAk/mewmuhfaﬁ W ﬂeé%u83&221§@é IpNo:¢pnfirm peptide
bi nding to nmurine and human cl ass or class VHC nol ecul és, peptide

bi ndi ng assayd’W@ﬁRMﬁé’NAPFLWQLEé‘“%@%tﬁnd'l"@o'@@ﬁﬂvﬂ rﬁﬁldﬁﬁﬁﬁbbem city, a
20 pepti de nayasge nodel
pept | %38 SI‘E@%%S@%H@SQ@S;H:&M @Agmﬁ&%@%%?@g a(

and/or an in vitro stinulation assay usin obI asts or
peri pheral bl d’MEﬁ tesidues 224&265t1SR0 KhO), 'Eldﬁfﬁ)‘()%(hbmﬁnﬁﬁi‘l teﬁqueBse a

variant of 18 Nalis. i io RPsg! EmriviRaUKE 5us%rwn r&fougged herein,
polypept at differs froma nat |ve po tide 1n one or nore
substitutions 235@4§1$5(a$!,3 NOs: 49 and 258 respectively), SCLESQPTI (mouse WTH1
residues 136-144; SEQ ID NO:296), SCLESQPAI (human WT1 residues 136-
144; SEQ ID NO:198), NLYQMTSQL (human and mouse WT1 residues 225-
233; SEQ ID NOs: 147 and 284 respectively); ALLPAVSSL (mouse WT1
20 residues 10-18; SEQ ID NO:255); RMFPNAPYL (human and mouse WT1
residues 126-134; SEQ ID NOs: 185 and 293 respectively), VLDFAPPGA
(human WT1 residues 37-45; SEQ ID NO:241), or VLDFAPPGAS (human
WT1 residues 37-46; SEQ ID NO:411). Further immunogenic portions are
provided in SEQ ID NOs:414-451. Further immunogenic portions are provided
25 herein, and others may generally be identified using well known techniques,
such as those summarized in Paul, Fundamental Immunology, 3rd ed., 243-
247 (Raven Press, 1993) and references cited therein. Representative
techniques for identifying immunogenic portions include screening polypeptides
for the ability to react with antigen-specific antisera and/or T-cell lines or clones.
30 Animmunogenic portion of a native WT1 polypeptide is a portion that reacts

with such antisera and/or T-cells at a level that is not substantially less than the
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additions and/or insertions, such that the inmunogenicity of the

pol ypeptide is retained (i.e., the ability of the variant to react with
ant i gen- swewBfdwoemnt i sera and/or T-cell lines or clones PETASN2/35194
substantially dimnished relative to the native polypeptide). In other
words, the ability of a variant to react with antigen 30 specific antisera
and/or T-cell lines or clones may be enhanced or unchanged, relative to

t he native pol ypeptide, or may be dim nished by |ess than 50% and 18 WO
03/ 037060 PCT/ US02/ 35194 preferably less than 20% relative to the native
pol ypeptide. In one enbodinment the the ability of a variant to react with
ant i gen- speci fr¢actiatytof serfall Ieagtﬂlwm '(e geinlanIEEer and/ocT-celeaatvity be di mi ni shed
by | ess than 10%/4¥ 5% 4% ve to the native

pol ypept i de. VQH“A%"‘?“@?” @%B’?&qéhlcl‘ﬂ?”% mad?erﬁ?cﬁf“fat}é'ﬂ' He" RBE?yi ng one
of the above m)h}qv@nhatdesu&ﬁquemg&ateamhnanafeaaﬁmm@fmlaeulrleagm| vity of the
nodi fi ed pol ype tide antisera and/ s as descr her ei n.

one enmbodi nent® Peﬁtﬁﬁ%f’&ﬁ‘ﬁ?eqsﬂ%\fﬁqnﬂ? ly be Ps'g?fm‘h“ Wﬁ?‘%@ 4 d%ﬁ(i’tl fied by
eva:c uati 39 ﬂ;ﬂt) %gabm to thb(sdéfoladﬁéiy%ﬂll?lthelmrbé‘@h aﬁthﬁséldégzrlbbﬁfi Harloacul e. Ihn ﬁne
preferred enbodi nent riant po tide i cati on such that
the ability ofnf I'Té”?/é\”f’%‘?f?espélLfﬁ@ﬁ@/’g@)f’ﬁa’b?aeEPB"%gerbSEL aborgiery. ¢ ass ||
VHC nol ecul e, 1bgg. exanpl e HLA- A2, HLA- A24, HLA-Al, HLA-A3, HLA- AG68,

HLA- A11, HLA-A31, HLA-A33, HLA-Bl14, HLA-B40, HLA-B60. HLA B62, HLA-B7,
HLA- B8, HLA-B27, HLA- BABerDativeiyainesginogepis perigns HPA%@?““WA‘S"EM HLA- B51,

HLA- B52, HLA- %5& ut@kéﬁ%sudﬂ'—&t%&tes‘ﬂr&grm\%e Réthbak@ ahuiﬁ‘a 7, is

i ncr eased relatlve to unnDdlfled% onpeptlde In
a further &b@ﬂ%dtmq h@o W@%r%%@letﬁér’v?’o’ﬁm@}f”"(/\ﬁﬁ 1ApdaP: %%ﬁho acids 1-281

I's modified Skl\ﬁrthtsj.%akhéi"f%r E@ﬁt'd’etrﬂot@théln(}’avalﬁ@&fterﬂfal towﬂblyﬂ‘?@sﬂg%%st herein
that can bind to HLA- , HLA-Al, HLA-A3 HLA- A68 LA- A11,

HLA- A31, HLA- A3%, pepmasmﬂn metifa\appropriaig far BdIng tg Murite FELhuNKANCIASE | HLA- BS,
HLA-B27, HLA- BoRls ki B3] be [efiRitheostuflo B3 Bmad el 4 abl A BO1, HLA- B52,

HLA- B58, HLA- HLA- iIs increased relative
to that of thdmmuhel. 1%lnﬁ(3uh9ﬁﬂd|aﬁd emPrMMpewemmg predigtiapanalyees.| n a

furth d i
por (1 on (ot Angy et RGN ERE TR biie 192 Bl 8P BHCHBaITHIT O2T Wac

nmol ecul e, suceadenkitiod m@;smg_dennedmemm:e\bm;ngmmﬁs@chH@Ahos@&escrm@mrm1,
HLA- AL, HLA- 233 mdsBs BLA:, inhinin Gt Retiddad: B8osH 538y colitifhi peptide
binding to murine and human class | or class || MHC molecules, peptide
binding assays known in the art may be used. To confirm immunogenicity, a
20 peptide may be tested using an HLA A2 or other transgenic mouse model
and/or an in vitro stimulation assay using dendritic cells, fibroblasts or
peripheral blood cells.
‘ As noted above, a composition may comprise a variant of a native
WT1 protein. A polypeptide “variant,” as used herein, is a polypeptide that
25 differs from a native polypeptide in one or more substitutions, deletions,
additions and/or insertions, such that the immunogenicity of the polypeptide is
retained (i.e., the ability of the variant to react with antigen-specific antisera
and/or T-cell lines or clones is not substantially diminished relative to the native
polypeptide). In other words, the ability of a variant to react with antigen-
30 specific antisera and/or T-cell lines or clones may be enhanced or unchanged,

relative to the native polypeptide, or may be diminished by less than 50%, and
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B7, HLA-B8, HLA-B27, HLA-B3501, HLA-B37, HLA-B38, HLA-B39, HLA-B44,

HLA- B51, HLA-B52, HLA-B58, HLA-CW3, HLA-CW4, HLA-CW6, or HLA- CW7 is

i ncr easedwomsaspbe 30 describes illustrative variants thatrCrarsobhas130
generated. The skilled artisan would readily recognize that these are
illustrative variants and that other variants can be generated in a
simlar manner for 19 WD 03/037060 PCT/ US02/ 35194 peptides that bind to
HLA nol ecul es other than HLA-A2. In a further enbodinment, the ability of

t he variant pol ypeptide to bind to a HLA nolecule is increased by at |east
2 fold, preferably at least 3 fold, 4 fold, or 5 fold relative to that of
a native WI1 pmfgfampudsdmanlzo%]aelaﬂnmetl tieonmtisle polypéptidet meoreont ext of the 5
present inventi r tive er.. of sub titutions (e.g., 1
to 3) wthin® ﬂ%’ﬁi‘?ﬁ %b'@%?fﬁ ﬁlaag%deﬁyqﬁgpg&;gpﬁpeg ¢ APeRer ve to
enhang:a theb abd/brTy:eloﬁnemecmés/meglaFedmmmezlbyd?gstamnmmusee 4BSPBNSeE.

Sui t abl e subs i on era ti u conput er

progr ans, éé’sg{%’l Bégsﬁé@ﬁv Qe ?%E‘eé’f’ 'dﬁotﬁf‘&w%@"%e@ d on the
reactivity 5)f geherallyost |&erﬂme@ey vfmwumgd@wel& thé &tfovepoiypestiieasdienced - cel I s as
descri bed herein. Accor rtai refe hred enbodi nents, a W1l

inc
pol ypept i de c@ﬁ%?\’%\é"é'”ﬁtr\‘%’%@éf‘ﬂty P}rfh ﬁ'e;q Pplypeptidg yith antiggry ap 9 es within

an i mmunogeni @el@qstde@&ub@%embsmwnwemboamt bhae pfdé@nt idntibrd,)a t 0 react with
antigen-specific antl sera and/or T-cell lines or clones is statistically

greater than VRN MY beidentifierRy svelEtindits 2RIBY foRind 19 AN PUERDNs 15 are

preferably | o¢girgfbddid)i IR 0?18 pMTLQréH é}ﬂbdtﬁ}nér'ltt @vé}fanhl%? ;ﬂéah&é)ﬁébté de, which may
be identified as descri bed above. Preferred substi tu¥| ons all ow increased

bi ndi ng t ol uHmagdifigation sugh that Hiebflity efdheariagtpolypepticn tq bind o afiassd 8ht ai n

conservative %lé?ﬂl iviree hféfé%ule'“for eﬂ?ry@HMIAZVﬂLﬁlﬁ@it HLNIMOHLAJA% ARR- i N which
an anmno acid is substituted anot her amino acid that has simlar

properties, sé€R Hlif\ bd@-”sﬁﬁ |FHAA-AES, HA-Bit4 HbA- B@eﬁi—ﬁﬁ%ﬁbﬁ%@ry woul d
expect the SecORGsy ViLALESIEHH W SR ABB0PNAIAIRST TAlAIESs, Hia- BES Al ypept | de
su

to be substantially unc an e Am no aci bstiitutions generally be
made on the b&4#sHIgH-BE] rhllll’aBﬁ@ VHLABSH IHLA-CYY 03 dity- @(WO“&:ULA WP8.\or

resi dacs. o5 HEARNOTHD el kb cfitls B et AP RBN YRR e "aspar i o
acid and gl upaypeptidei th a fuotbert emiddimetathg dcterminalpodondt Wiclrende | ysi ne and
ﬁ;gir gioﬂfl | 2Pfymﬂ{8 D93 4l5is W dotied SEAIERe RBHG of ARPHuHEG YRS having sim | ar
polypeptides therein that can bind to HLA-A2, HLA-A24, HLA-A1, HLA-AS,
HLA-A68, HLA-A11, HLA-A31, HLA-A33, HLA-B14, HLA-B40, HLA-B60, HLA-
20 B62, HLA-B7, HLA-B8, HLA-B27, HLA-B3501, HLA-B37, HLA-B38, HLA-B39,
HLA-B44, HLA-B51, HLA-B52, HLA-B58, HLA-CW03, HLA-CW04, HLA-CW06,
or HLA-CWO?7 is increased relative to that of the wild type(unmodified) WT1
polypeptide sequence. In a further embodiment, a polypeptide comprising at
least one immunogenic portion (epitope) is modified such that its ability to bind
25 to an MHC molecule, such as HLA-A2, HLA-A24, HLA-A1, HLA-A3, HLA-AG8,
HLA-A11, HLA-A31, HLA-A33, HLA-B14, HLA-B40, HLA-B60, HLA-B62, HLA-
B7, HLA-B8, HLA-B27, HLA-B3501, HLA-B37, HLA-B38, HLA-B39, HLA-B44,
HLA-B51, HLA-B52, HLA-B58, HLA-CW03, HLA-CW04, HLA-CW06, or HLA-
CWO07 is increased. Example 30 describes illustrative variants that can be
30 generated. The skilled artisan would readily recognize that these are illustrative

variants and that other variants can be generated in a similar manner for
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val ues include | eucine, isoleucine and valine; glycine and al ani ne;
asparagi ne and glutam ne; and serine, threonine, phenylal anine and

t yrosi ne.wtoh@s7060 oups 30 of amino acids that may represeRCTASNEEIIVAL I Ve
changes include: (1) ala, pro, gly, glu, asp, gin, asn, ser, thr; (2) cys,
ser, tyr, thr; (3) val, ile, leu, net, ala, 20 WO 03/037060 PCT/US02/ 35194
phe; (4) lys, arg, his; and (5) phe, tyr, trp, his. A variant may al so, or
alternatively, contain nonconservative changes. Variants may al so (or
alternatively) be nodified by, for exanple, the deletion or addition of

am no acids that have mninmal influence on the inmunogenicity, secondary

structure 5 arpdpfueértmaﬁriditc HLAtrdl€culds dther the brmmzi trea furimer pref erred
enbodi nent , | ant oI %&g{’)t e of the WI'1 t.erm nHiégnam no aci ds
R

1-249) is conﬂ’? ﬂaaﬂlaé\tPB'MPepﬁ'S?%@B‘ﬂ [ofe degedfe of

bi nding to an w&ﬁéasbody at leagt Zferaogefa@ﬂy &tubdst b&aethowrbr@mu @latd fo
N-termnusp etlde VQ\Tnon imtinp an anti body is anti W1

10 anti body t® a(‘é*é‘f?t tPB'Xp@t'SPeB%ﬁ%P%E{W”F‘Prd”'th'"éaﬁf’%”t@?lﬁ’ﬁt heca). As

noted aboves \MidseREOihydHibh, &S r@%ﬂvéhﬁsuﬁélmwﬂ%r%ﬁsﬁ&m%ﬂ&iﬂ(@%l 1to@y | eader)
sequence at the N-terminal end of t V\}_()!_I’OtEI n which co- translationally or

post - t r ans| at BRI mMynageric pertionsefear Wl polyeepfidgteayrserve togahanseihe de may

al so, or alt erBfty of e/polRRpfidNo i Aflininfurd rbéddngs. SlitddidRibsthaticeauence for
ease of synthesis, purification or identification of the pol ypeptide

(e.g., poly- HM3Y,geerallybe identified byiusiosgmptier RIS, B gesaibed @bavesol i d
support. For a‘ﬁ&%@éf?em@onﬁ%é/oo@a%bb%ﬁtﬁ@béa&ﬁn ema%dﬁréd%eu yBéptiggmunog! obul i n

a variety of well

Fc region. pepti des_ma prepared Usin
known tech?fﬁ) qtll‘(i:t anﬁ@%@ﬁm/ﬁhﬁpe'écﬂsﬂﬁémhedé@f%cb@@@wy avitn cepgn
pol ynucl eot i d?r&?rré@éﬁﬂéﬁﬁgmng dRYeitfte’® ﬁ% ibds LUSRAT RWnidhoMoldhe

pol ynucl eoti d n general, any of ‘a'variety expressi on vectors known to
t hose of ordi o akd residea withia aanmrrwaqgetw mﬂmr@reduwttéaqw@bshatmmﬂbu nant

W1 pol ypept 'a@m mﬁﬁm affcﬁﬁ.t; b8 \end o 7- BN ¥n AR fRES @t € host cel |

that has been t ans or ned o cte W|th an expressi on vector
cont ai ni ng a zsfatlsmallymneewuthanﬁmtorémwmlfaedmnbnldearﬁucpcsuwmmbnsle

Surtabl'e Npst SeblohalPRLIIE WBERSAVIRE BinkRE br B3 Solib IR IR LT ©

cells. Pre eraab I"'s "enpl o are east or’a
manmmal i an ceI IbeIudenhfnedJamdmrilfmbove E}d@rreﬁLﬁubstnatiamalaﬂow rrmraased tabl e

host/vector denmto\m-'lccc aSsldr cFass Il molecules.
Certain variants contain conservative substitutions. A
“conservative substitution” is one in which an amino acid is substituted for

20 another amino acid that has similar properties, such that one skilled in the art of
peptide chemistry would expect the secondary structure and hydropathic nature
of the polypeptide to be substantially unchanged. Amino acid substitutions may
generally be made on the basis of similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity and/or the amphipathic nature of the residues.

25 For example, negatively charged amino acids include aspartic acid and
glutamic acid; positively charged amino acids include lysine and arginine; and
amino acids with uncharged polar head groups having similar hydrophilicity
values include leucine, isoleucine and valine; glycine and alanine; asparagine
and glutamine; and serine, threonine, phenylalanine and tyrosine. Other groups

30 of amino acids that may represent conservative changes include: (1) ala, pro,

gly, glu, asp, gln, asn, ser, thr; (2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala,

20



reconbi nant protein or polypeptide into culture nmedia may be first
concentrated 30 using a comercially available filter. The concentrate my
t hen be awplodmsros® a suitable purification matrix such agcarusat/siipty
matrix or an ion exchange resin. 21 WO 03/037060 PCT/US02/35194 Finally,
one or nore reverse phase HPLC steps can be enployed to further purify a
reconbi nant pol ypeptide. Such techniques may be used to prepare native

pol ypeptides or variants thereof. For exanple, polynucleotides that encode
a variant of a native polypeptide nay generally be prepared using 5
standard mut agenesi s techni ques, such as oligonucleotide-directed site-
speci fic nut agasgs) igs, abg) tiss and '(B)rpﬁeai/r trehidNAvartznti eag @lsopyr be renoved to
permt preparail on o tqr{gncat ed ep i des. rtal n portions and ot her
vari ants nay é‘t%rBatB@ygg e Vﬁt hges- YRHAYS MAYiARY Pechni ques wel |
known to thosen&hatively) bemodsisd by, fbnexah@ue iH® @iétion oo additiaNgflagningol ypept i des

havi ng fewer than about 500 am.no aci d referably fewer than about 100
amino acids, &fds Hﬁf@a‘ﬁr'@'ﬂ@?aﬁm 'ye?% ”"%ﬂ?Bﬁtte’@BC%{WWOSt%EE'iUB% may be

synt hesi zedg Bﬁb)ﬁﬁﬁ@ﬁatﬁe%aﬂﬁwohﬁe§mvﬁé]ﬂ§éZed using any of the commercially
avai |l abl e sol i d- phase techni ques, such th rifiel phase

d sqli
synt hesi s net hod, Mer@%mefﬁre&&’?@dﬁ?%‘tsaeﬁiﬁﬂw 939“@50%'&%@&-1@6 a grow ng
am no acid Ch?érﬁunu???@mﬁ@rabidéhﬁtl@) ls\lzonMcte@hWHéreﬁQﬁe varitpt gdiébpiddte. 1963.

Equi pment for autonated synthesis of s commercially

o PaEle © oo saseh i iaan AREbe I aidetanges Siideich WiT Bnls ittt ity

CA), and may meﬂﬁﬁﬁéb&%@ﬁé@rﬂhaﬂ-hhﬁmg@ﬁarﬂﬁ@‘éfé‘ﬁhﬁ!l’b%ﬂyfs dri$ffHctions. In
general , polypeptides_and pol ynucl eotides as describ herein 20 are

i sol ated. th 'an%tmdaMéH@Od&avtﬁ&rm I@twhnqi@ayymeﬁ@atq @eziGAone that is
removed fromits ori gu\e%tea%bww%ouy& hiogAEp @co q@édltbadégna@ccurrl ng

protein is isolated if it is separ at ed omso f the coexisting
materials in t¢rdeadgatagauence s thery tﬂﬂméﬁb@mfﬁhe Bratarn wblplyp@ptl des are at
| east about 9 Y% pure and nost
preferably ath ?égé[dﬁg out ogg%gﬁ%ﬁ%ﬂ )6"%& @s?\%rc eot| %ﬁ} s considered to be

Isolated if, folypeptidemay,also; of gterngtivelpdei qwnmgatedé@admketr Raethes not a part of
brovi des. o U s U el R BT Svack, MRS Bfpeb et o0
aci ds |inked t®gopey-blis), ordo entzarica dirdinigef thenptipeptiqe to@. solidsepport. for e am no
acids within t hgmg\g a polypeptide may be conjugated to an immunoglobulin Fc region.
WT1 polypeptides may be prepared using any of a variety of well
known techniques. Recombinant polypeptides encoded by a WT1
20 polynucleotide as described herein may be readily prepared from the
polynucleotide. In general, any of a variety of expression vectors known to
those of ordinary skill in the art may be employed to express recombinant WT1
polypeptides. Expression may be achieved in any appropriate host cell that
has been transformed or transfected with an expression vector containing a
25 DNA molecule that encodes a recombinant polypeptide. Suitable host cells
include prokaryotes, yeast and higher eukaryotic cells. Preferably, the host
cells employed are E. coli, yeast or a mammalian cell line such as COS or
CHO. Supernatants from suitable host/vector systems which secrete
recombinant protein or polypeptide into culture media may be first concentrated
30 using a commercially available filter. The concentrate may then be applied to a

suitable purification matrix such as an affinity matrix or an ion exchange resin.
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30 protein may be replaced by an amino acid mnetic) or may be entirely
nonpeptide mnmetics. An amno acid mnetic is a conpound that is 22 WO
03/ 037060WB@3hI86R/ 35194 conformationally simlar to an &eirnsozsilgs such
that it can be substituted for an amno acid within a W1 pol ypepti de

W t hout substantially dimnishing the ability to react with
antigen-specific antisera and/or T cell lines or clones. A nonpeptide
mnetic is a conpound that does not contain am no acids, and that 5 has an
overall conformation that is simlar to a W'l pol ypeptide such that the
ability of the mnetic to react with W'l -specific antisera and/or T cell
lines or cl omFefally, dno ok morelest phadeyHRICrsteps bartbe employetttotiattidhe ability of

a W1 pol ypept é{ee Such e des ned based gn standard
Fechni quos | ( QUG ERTRGAN AGHHETRE. SudteE e TR Bt PRRA cechni ques)
t hat eval uat e nafivet gofyplepicRe o vamints BBRbf. stdrtéﬁémple gdlyriucleefiddsdigatsequence.
Mnetics nmay be designed Wnere o(r%]e or, nore of t@y si de chain

c

functional i ti &8°%5e & Yatiapiaf a nabvs pRlprertide May opRPYCREIPIERaTEH URiPS t hat do not

necessari | ys hawadalenfagehesisZ6chnRuey, 8LEHEs oljehudlédte Hirettbdkitechen cal and/ or
physi cal properti es whi ch produce  siml|ar biological responses. It should

be under st ood SPPRFIC MyRgeNasSeATLRACHRR &f thesDYASeAURcs Mayrke rRmovedionet i ¢ may
be substit ut edefiif prapMhforP&diReRbE ggypep‘ﬂgé@l n other illustrative

enbodi ments, a pol ypepti de nay be fusi on pol ypeptide that conprises

mul tiple polypeptides Q@"ta'éé)@ftioﬁ%an%@fhéi Yariag mth%ﬁo baagnerajed byt | east one
pol ypept i de agygiRSicirh&eH, Gﬁﬁﬁe@hrﬁcﬁlﬁs%ul&ﬂbﬁhﬂitﬁgse SEHYRAG kil FHRB as a known
tumor protein. A fusion par t ner % exanpl e, 20 assist I1n providing T
hel per epi 1®pas. Fahexamﬁmaotyeemes a\éna)ﬁwsatmn@byut 50pregting agidsy T hel per

epi topes reco t rotein (an
expressi on en%ggrgié:rgrglyb éwl E rousf%c{%is‘m?%glﬁgt%n'dqnorsﬁé\;gérsg% :aﬁaéﬁt pr ot ein.
Certai n pref eabeyt mmum]agésr meyrbe synibesizedh Polyneptiddsogaybe symthesigrgr essi on
enhanci ng fusi, cted so as
to increase thgmg%ﬁgg{iﬁé%om%rﬁﬂé | aBBeS%’tﬁtl1 ggéstc??%@c')dﬁ%%a%{é %?Ege pol ypepti de
to be target ecnlle:rnflenttbmlld@djasmwnaweISImﬂth edrrearine acids areSieqlentially t her f usi on

partners incl f i 0l t@gﬁ LG faci f i of the
pol ypepti d£§ éqg?cg{r? dp P‘;’}’%‘gp I qoe_gséwrrg@hge%gér QIH'%@@F% re %’%@ij Sggl ng st andard
30 t echni ques,85i2149-2d46)d 96B.cBuwprnentdor augat\ated\syrmrl&a‘issmfa:lolypeptmes issi on

pol ypept i de | Scommercially available from suppliers such as Applied BioSystems, Inc. (Foster

City, CA), and may be operated according to the manufacturer’s instructions.
In general, polypeptides and polynucleotides as described herein
20 areisolated. An "isolated" polypeptide or polynucleotide is one that is removed
from its original environment. For example, a naturally-occurring protein is
isolated if it is separated from some or all of the coexisting materials in the
natural system. Preferably, such polypeptides are at least about 90% pure,
more preferably at least about 95% pure and most preferably at least about
25 99% pure. A polynucleotide is considered to be isolated if, for example, it is
cloned into a vector that is not a part of the natural environment.
Within further aspects, the present invention provides mimetics of
WT1 polypeptides. Such mimetics may comprise amino acids linked to one or
more amino acid mimetics (i.e., one or more amino acids within the WT1
30 protein may be replaced by an amino acid mimetic) or may be entirely

nonpeptide mimetics. An amino acid mimetic is a compound that is
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expressed as a reconbi nant pol ypeptide, allow ng the production of

i ncreased 23 WD 03/037060 PCT/ US02/35194 |evels, relative to a non-fused
pol ypept iweO,03i0870en expressi on system Briefly, DNA sequen®e3/usnzsxdphg t he
pol ypepti de conponents may be assenbled separately, and ligated into an
appropriate expression vector. The 3' end of the DNA sequence encodi ng one
pol ypepti de conponent is ligated, with or wwthout 5 a peptide linker, to
the 5° end of a DNA sequence encodi ng the second pol ypeptide conponent so
that the reading franmes of the sequences are in phase. This permts
translation into a single fusion polypeptide that retains the biological
activity of bcabhfotmatimdtyrﬂumimttqmpmlrdmld shich et it dan be sitestitdebfoeace may be

enpl oyed to se aratet e fi ol.ypeptid onents by a
di stance suf fi20I¥hEcTd Yt ‘3% LY{I-E{ P‘HQEP Q%&’ﬁﬁ%’gﬁg%sg t'%@’e(? %énqqﬁ%)o its
secondar yt agd ahiiit’yttoaéay::c wnrramtglenesemﬁmhdlsera apefot Tabtell hr:jesldélcltoaeq;]u;ane is .
incorporated into the fusian polype e usin andar chnj gues we
nown” -t he GPNBeRE ritits B aBomiBaTd thaEhoss af eartAl AriaipctsB: AhUEh baced on
t hef f ol | owi ;1g hagah @ve&vall 6dr9forg’fa;ﬂbrﬁ thabis!sirbilar tooa &dhmolygaei:ﬁdd duRK ittt thee Xt ﬁnded
conformati on; their inabilit condar tr ture t hat
could inter acta{’@yt%mﬁilﬂ'é‘leit'ﬁpa‘iea@ '{hg\ffﬁ sgﬁc'ﬁ%@?‘??rﬁﬁn Z?ﬁ(si- E

pol ypepti des; clongélis(rd smimnhawkd.mfmdnwrmh@m theGibiliG =080 1 I esi dues t hat

m ght react with the tide functional itopes. Preferred peptide
| i nker sequen@@yp%ﬂ'ﬁ’ﬁag %‘ Stica My e flesignedq B%;)e&d’é‘ss"a’ﬁaﬁbﬁec%%esneut ral

am no acids, gughnadedrtmagnestc %@orﬁir@e'&ﬁ&'c&hﬁ&aﬁ&aﬂ@@%@&s} Mat bvalles

sequence. Ami no acid sequences which e useful enpl oyed as |inkers
i ncl ude t hie thf Weaegimansionahptructua oba pﬁﬂ’t'de 59@&5@94%’99“0@6“33’1@85 Mur phy et

al., Proc. Natd'esgﬁé‘tﬁﬂher@%he oH%ﬁfeetﬁ tl‘%?é@e S functionafiesdr the Wati ent No.
4,935,233 and U Pat ent . 180. The |inker sequence may generally

be from 1 to AOyoertide agricplacee PY.IQFOPHS thah¢q Rot necegearily pgves g samedizear e not
required when o DguhEr Rk ndRLiIRREAREMRE é{ﬁb‘?d}tdhgﬁéal BRpRRe WhichHrsdick al

N-terminal anmino acid regions that can be used to separate the functional
domei ns and psiEvignbiologisal respanses. f ik pleawicebe merstoqstinald Within esbgdiatedtss ar e

oper abl y | {1k esdrbed HbletPh timbliafiag bk Bhbifldd f a WENBhRldR8! T egul atofy

el ement s. e regu Pat ory el enents r esponsi ression of DNA are
| ocated only 5' to theVWin etbeitustretivecantendiments, I?epQWneBinqmaW*pﬁeptl des.

Simlarly, st %i&om%%pﬁoee(:i%{ (%qutrigeseﬁgltiple polypeptides as described herein, or

that comprises at least one polypeptide as described herein and an unrelated
sequence, such as a known tumor protein. A fusion partner may, for example,
20 assist in providing T helper epitopes (an immunological fusion partner), -
preferably T helper epitopes recognized by humans, or may assist in
expressing the protein (an expression enhancer) at higher yields than the
native recombinant protein. Certain preferred fusion partners are both
immunological and expression enhancing fusion partners. Other fusion
25 partners may be selected so as to increase the solubility of the polypeptide or
to enable the polypeptide to be targeted to desired intracellular compartments.
Still further fusion partners include affinity tags, which facilitate purification of
the polypeptide.
Fusion polypeptides may generally be prepared using standard
30 techniques, including chemical conjugation. Preferably, a fusion polypeptide is

expressed as a recombinant polypeptide, allowing the production of increased
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24 WD 03/ 037060 PCT/ US02/ 35194 translation and transcription term nation
signals are only present 3' to the DNA sequence encoding the second

pol ypept iwe.03/0sme6d usi on pol ypeptide can conpri se a pol ypepCirasozassigescri bed
herein together with an unrel ated i nmunogenic protein, such as an 5

i munogeni ¢ protein capable of eliciting a recall response. Exanpl es of
such proteins include tetanus, tuberculosis and hepatitis proteins (see,
for exanple, Stoute et al. New Engl. J. Med., 336:86-91, 1997). In one
preferred enbodi nent, the inmmnol ogical fusion partner is derived froma
Mycobacteri um sp., such as a Mycobacterium tubercul osis 10 derived Ral2
fragment. Ral 1&e&orgeise to a)nsn-msdd palyﬂaﬁpﬁseflmantehmiessimrss/stem Brdflgnci ng t he

i het ey
ool ymuc! eot | adNbrENER F et e PayPrattadorolitns mev be assembiesh
ApPI ication @epdratdi,8aad hgdfm: |cliosati a:mwmamfexph;ssubn ectom Clthefad ead lefothfle;I ein by
rererence I n ent|re nu eotl de
egron that i ONA sEheRtaroana 5 pPAREe SARBATET  BABSr T SO Bao A
nucl ei c acisgl. A\fepddiriker, o BRI Bed ofmpmaeqmi:eaacd@gmbeswnar wei ght

encoded by a genpe in virulent a virul en strains of M tubercul osis.
The nucl eot i dg’OQBaHQﬁGBmBH@F’Eﬁ? H@t |r8a‘§’é%{1%m€%°fatb? SRAHSEOR HEVE been

described (fof h@é@n‘mlﬁper%t&ra@étﬁjﬁtmt&@@m b@ﬁ 862 dide Btk retainetRl so,
Skei ky et al., Infection and |nmmun. 6199 98-4007, 20 incorporated

herein by ref &iQgical activity ehetheamaqng M@pvﬁest he MIB32A coding sequence

express at high |eVe|SA3ﬁH$t|6@FFﬁ<'eF‘s&]%eﬁé€ mBY Be BRpYEPId stparatdihauigdiout the
purification process. Mreover, Ral may enhance the i mmunogenicity of

het er ol ogoi |31‘?ﬁ1§ﬂ‘5§‘€rﬂolypﬁléﬂ%?p‘€ﬂ‘tppﬂ@§5 Ry 8 disigiice gutficiepido epglge dhat one

preferred Ralabnpbipibpags RRNkLAE s@éﬁﬁaég&#@ 1Brtiddy KBtGrdserouting! 25 fragment
corresponding to amno acid residues 192 to 323 of MIB32A. OQther preferred

Ral 2 pol ynuclpeplidedinergequengelis incorppiatesdnigithg fugion palygertidesisingonsecut i ve
nucl eotides, gf, @%Eclﬁlﬂﬂl‘é& w%ﬁ)kl%m R 5’@5 uuf"atblel be ?r%%qulgncé%Ud eoti des,

at | east about 1 nuc t1 des, | east out nuc eot |
| east about 300Ayhecthesen brssdonahe @H@Ud@f@t%rﬂi) tmlf@bl“b{ teadopt apol ypept| de.

30 Ra12 poly nElRhATedBGRIE 38 (el AbbIG 15 SHF ALty o Bl ndogenOUS

sequence that encodes a ptide or“a portiont or may 25
that could interact with functlonal epitopes on the first and second polypeptldes

and (3) the lack of hydrophobic or charged residues that might react with the
polypeptide functional epitopes. Preferred peptide linker sequences contain
Gly, Asn and Ser residues. Other near neutral amino acids, such as Thr and
20 Ala may also be used in the linker sequence. Amino acid sequences which
may be usefully employed as linkers include those disclosed in Maratea et al.,
Gene 40:39-46, 1985; Murphy et al., Proc. Natl. Acad. Sci. USA 83:8258-8262,
1986; U.S. Patent No. 4,935,233 and U.S. Patent No. 4,751,180. The linker
sequence may generally be from 1 to about 50 amino acids in length. Linker
25 seqguences are not required when the first and second polypeptides have non-
essential N-terminal amino acid regions that can be used to separate the
functional domains and prevent steric interference.
The ligated DNA sequences are operably linked to suitable
transcriptional or translational regulatory elements. The regulatory elements
30 responsible for expression of DNA are located only 5’ to the DNA sequence

encoding the first polypeptides. Similarly, stop codons required to end
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WD 03/ 037060 PCT/ USO02/35194 conprise a variant of such a sequence. Ral 2
pol ynucl eoti de variants may contain one or nore substitutions, additions,
del et i onsweandbamnet nserti ons such that the biol ogical acti PCryusot/3iihe
encoded fusion polypeptide is not substantially dimnished, relative to a
fusi on pol ypeptide conprising a native Ral2 5 pol ypeptide. Variants
preferably exhibit at | east about 70% identity, nore preferably at |east
about 80% identity and nost preferably at | east about 90% identity to a
pol ynucl eoti de sequence that encodes a native Ral 2 polypeptide or a
portion thereof. Wthin other preferred enbodi nents, an i munol ogi cal

fusion 10 patfaRgatidnsardardny&ptidd RmPEMRIASiGhdd ard ohlyTréseat PneteIDNAf the
gram negative bacterium Haenophilus influenza B (WD 91/18926). Preferably,

a protein D &8AYaPSE POROYNGHPP FR08d RePRdRat el y the first third of the
protein (e.g., the firshobuichaioRoBaaelR cbifriath payaRiies ks daasivag prot ein D

derivative ma¥| be |i pi dat ed. In certain preferred enbodi nents, the
first 109 resihgipistogethar withampunselated immugogania AteapUGheds a%s i ncl uded on t he

N-term nus g o iRMANbGHRId feeRUapRR bi SRitiG hRecatdeidohsd A xamiiediatsy T-cel |
epitopes and to increase the expression level in E.  coli (thus functioning
as an expr essipitieias ngiee tetanushitibercipels aad hepaliys pwieingises fen ©gm@ent at i on of

the antigen t&qpd LAGWEN BRENY. MY, CRJelgs-914667) fusion partners include the

non-structural protern frontinfl uénzae. virus, 'NS1 20 (hemagl utinin).
Typically, the N-term tmenegareigridemaeditentthe imnsrunologicegsigm partier fser ent

fragnment s that, j.hel cend t her
enbodi nent , tﬁg}I@M?yﬁ g%a]%?e][n&&pé h’%ggr?? %g?h@gbﬁegﬂmptpg?@gﬁél nown as LYTA,
or a portith deevesditaidragmentbRalac@rpasitionsand methods fr theilvsBAn i s deri ved

ar dase. knovn SpARiREE SR fen Y inRURbRF Biheitolagis 220V 57 568 005,
1986) . LYTA i pognudertidefpelypertidaseqpaced is dasdriped g Sd Bstenthppiisationbonds i n
e o, 4678885 R T of g1 E Rl BB el 0110 .
such as DEAE. efifiiety. [Briefiy Miaj 2 nefersiie arpoynpdiedtide dediar thahie a3bskmmenhaprent  of E.
O ¢ ot T R B bR EbbapR o B 80T bR g BBl O
03/ 037060 PCT ptdteade3 394D molecular weight encoded by a gene in virulent and avirulent
strains of M. tuberculosis. The nucleotide sequence and amino acid sequence
of MTB32A have been described (for example, U.S. Patent Application
60/158,585; see also, Skeiky et al., Infection and Immun. (1999) 67:3998-4007,
20 incorporated herein by reference). C-terminal fragments of the MTB32A coding
sequence express at high levels and remain as soluble polypeptides
throughout the purification process. Moreover, Ra12 may enhance the
immunogenicity of heterologous immunogenic polypeptides with which it is
fused. One preferred Ra12 fusion polypeptide comprises a 14 KD C-terminal
25 fragment corresponding to amino acid residues 192 to 323 of MTB32A. Other
preferred Ra12 polynucleotides generally comprise at least about 15
consecutive nucleotides, at least about 30 nucleotides, at least about 60
nucleotides, at least about 100 nucleotides, at least about 200 nucleotides, or
at least about 300 nucleotides that encode a portion of a Ra12 polypeptide.
30 Rai12 polynucleotides may comprise a native sequence (i.e., an endogenous

sequence that encodes a Ra12 polypeptide or a portion thereof) or may
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at the amno term nus has been described (see Biotechnol ogy 10: 795- 798,
1992). Wthin a preferred enbodi nent, a repeat portion of LYTA nay be

i ncor por aweM3/0sm060 a f usi on pol ypepti de. A repeat portion peTfusanssiph t he C
termnal region starting at residue 178. A particularly preferred repeat
portion 5 incorporates residues 188-305. Wthin another illustrative
enbodi nent the fusion partner conprises a twin arginine translocation
(TAT) signal peptide fromthe TorA signal peptide in E. coli on the
N-term nus; see J. Mol. Mcrobiol. (2000) 2(2): 179-189; Journal of

Bact eri ol ogy, Jan 2001 p604-610 Vol 183, No 2; Journal 10 of Biochem stry
Vol 276, Mar cleomprigddd tarjzpt 6flsubh 8 364yencheRaby polprouwigobidava@ntsieayei n in its

and 1 he. pol yndBnBENTHAS e SR HEHE AR e B AP ey BLr BT AR  Eonpr i sos
a targeting shgm blclagqadﬂlaetnmi/ offiheentodeg fasitropylyssptidelis riDOStIHsmntlally
endosonal /| ysosonma scribed i ent No.

d
5, 633, 234. An df’ﬂ'ﬁﬁh%‘ééﬂ?t&’nq W‘?'@&%‘f‘* ?%rismé‘rﬂ%y&%ﬂaf en fused with

this targets ngorpeptie. Vatiarts g@fam@bmbmn@seéﬁmve%t-d:entw trlordVHC cl ass | |
nol ecul es and t hereby provide enhanced in vivo, sti I at i OQQUEEO + T-cells

specific for PHEIEEENA ?Wi’@“tslgr(% eﬂW&ﬁf‘?’H}?SbP’S(?’QPé\é leqsha rms of WI1

pol ypepti des tideakity t8@ p@@ﬁua@otua@@@qdyne@mak BncodBs a etk R Zﬁsoly?@bmdé/\ll t hout the
addition of a fusion partner. Exanples of these truncated forns are shown

in SEQID N@%Q?pﬂ@ﬂéher%ﬁfd are encoded by pol ynucl eoti des shown in SEQ ID

NGs: 337-341. In vari abwiHiSotér fréREed bmdb&iddeh@Nan inirighdidgical fu§enam no aci ds
of WI1l can be fused to the C-term nus of the protein, creating a

r econbi nani0 pPattaeris derived fromayateisy D apsuigce pigteis of the gpaM-pegative ot her host's in

addition to Eba@@hum@?&én@bﬁnﬁns%luﬁﬁ?ﬂa (W@ﬁéwe@ze f%f&awmpﬁ@teﬁo megat eri um
The protein can further prepared without a I stidine tag. I n other

enbodi nent s, d’ﬁf'YEé'NéﬁPmeLﬁ@ﬁﬁPP@X'mtﬁl\b@eﬁ'ﬁ‘d@'@rﬂi thereigin eshdbhtiet Nn an or der
which differs tdr frﬁrﬁgltla@tﬁ@gm% #c?ﬂg) Wid a ptdteir @ddrivaiive rﬁé&sbé)lﬂﬁdatéﬁo can be made

w th, for exanple nplary f u5|on proteins are shown in 27 WO
03/ 037060 PCTNpr@m@wefeSEQemoﬂwntsgmfmaa 08 iepidues oba Liprp@irini Dby

pol ynucl eoj 5 d?&s &h&%ﬁ'\e? 3 uﬁﬁ@eh an %N-tér%? AUsle provide the polypeptide with

additional exogenous T-cell epitopes and to increase the expression level in E.
coli (thus functioning as an expression enhancer). The lipid tail ensures
optimal presentation of the antigen to antigen presenting cells. Other fusion
partners include the non-structural protein from influenzae virus, NS1

20 (hemagiutinin). Typically, the N-terminal 81 amino acids are used, although
different fragments that include T-helper epitopes may be used.

In another embodiment, the immunological fusion partner is the
protein known as LYTA, or a portion thereof (preferably a C-terminal portion).
LYTA is derived from Streptococcus pneumoniae, which synthesizes an N-

25 acetyl-L-alanine amidase known as amidase LYTA (encoded by the LytA gene;
Gene 43:265-292, 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 to the choline or to some choline
analogues such as DEAE. This property has been exploited for the

30 development of E. coli C-LYTA expressing plasmids useful for expression of

fusion proteins. Purification of hybrid proteins containing the C-LYTA fragment
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W1 Pol ynucl eoti des Any pol ynucl eoti de that encodes a WI1 pol ypepti de as
described 5 herein is a W1 pol ynucl eoti de enconpassed by the present

i nvent i orw0Samsrospol ynucl eoti des may be singl e-stranded (®owiusg2/s1194

anti sense) or double- stranded, and nay be DNA (genom c, cDNA or synthetic)
or RNA nol ecul es. Additional coding or non-codi ng sequences may, but need
not, be present wthin a polynucleotide of the present invention, and a
pol ynucl eoti de may, but 10 need not, be |inked to other nol ecul es and/or
support materials. W1 pol ynucl eoti des may encode a native WI1 protein, or
may encode a variant of WI'1 as descri bed herein. Polynucl eotide variants
may contai n ahthe@aminoteemibub bas baeni deseribeddske Biotashnakegyett 296<798nd/ or

i nsertions su th the | C|ty of the enc poI eptide is not
di ni ni shed, gp%% \Y@Ehi%a%ef%{r#‘?r\%})é} et 9 fepediRer 3('12??‘ c?n t he

i mMunogeni cCi tynoofpotahed e.m:a)dsd)n qol:ybgpnmpt wdepe;mpogenwfahhq/mhne @ssessed as
descri bed herg refer rﬂ vtarl 1éiconta nlarrH& efOtlcﬂ bstitutions,

del eti ons, Clal] F’r’@'o&?&? 9 3(58?' 8. Apariiciiqry RLeTeie refﬁg poﬁtfoé‘ferabl y at
no nore tham lr%%poﬁéteéﬂ@elduwhwmwe positions that encode an i munogenic
portion of a native W& q 20 Cert ) ants are substantially
hormol ogous to a nati ve%&ﬁéa eré{luﬁtéqt?’f’SH‘ Q'H@PL%‘F?”%‘?JEW 981 ynucl eot i de
variants are camphdes mlﬁwghlrﬂltﬁhﬂlcallﬂdﬂAT)fﬁyﬁﬁr@pﬁbé’frshﬁh@g@rﬁt condi tions
to a naturally occurrin

di d
conpl ement ar y SI9BRAEREES T A gp Esgpk %Y eerT%gH\é‘ﬁgtcg?“;r’ng‘ﬂql i M‘ﬁ@ﬁﬁ’oé%ﬁ’@?%%%ﬁs( ?Lc?ude

prewashi ng in1a99gd; U%Lpﬂal@i B&t&n% Jeh20d1 pB0HBT0 VoI fBHTNbE?D-Uﬁw(nBH 8.0);
hybri di zi n1g at 50C- 65C, X_SSC, overnight; followed vvashl ng tw ce at
g

65C for Gri 9fiBloshemistry \é%.'(?r?GoMa’?WSZQOBRP 8iP-B168 @S@VdW%ﬂrﬁtP 0.1 %
SDS) . Such hy Beic Al @nfilly. sequences are also within the scope of this
invention. It wll be §p reC| ated by those of ordinary skill in the art
that, as a 30 result rwéheméyé%wa@wbefimeﬁbmg@mfu@%a@moem'ﬁ%&e are many
nucl eot i de 28 NPHRIURAOERREERLER REOdnerSRANERSRA thitAls BREALS & WL

pol ypeptide. Sone of these polynucleotides bear mnimal homology to the
nucl eot i de sedaieeting signabgapaplatof dicectema polypeniide tethesndosammaliygesastali des t hat
vary due tggdi B%Eérf‘rgﬁrﬂ,s ad dbsEASANN YSRIEéH: Ro. 5888 284 CR InimGRIYeRiEP! at ed by

the present inve
polypeptide of the invention, when fused with this targeting signal, will associate

more efficiently with MHC class Il molecules and thereby provide enhanced in
vivo stimulation of CD4" T-cells specific for the polypeptide.
The invention provides truncated forms of WT1 polypeptides that
20 can be recombinantly expressed in E. coli without the addition of a fusion
partner. Examples of these truncated forms are shown in SEQ ID NOs:342-
346, and are encoded by polynucleotides shown in SEQ ID NOs:337-341. In
variations of these truncations, the first 76 amino acids of WT1 can be fused to
the C-terminus of the protein, creating a recombinant protein that is easier to
25 express in E. coli. Other hosts in addition to E. coli can also be used, such as,
for example, B. megaterium. The protein can further be prepared without a
histidine tag.
In other embodiments, different subunits can be made and fused
together in an order which differs from that of native WT1. In addition, fusions

30 can be made with, for example, Ra12. Exemplary fusion proteins are shown in
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5 Therefore, according to another aspect of the present invention,

pol ynucl eoti de conpositions are provided that conprise sone or all of a

pol ynucl ewDiode3®eqgquence set forth herein, conplenments of &cCpalSymssabeoti de
sequence set forth herein, and degenerate variants of a pol ynucl eoti de
sequence set forth herein. In certain preferred enbodi nents, the 10

pol ynucl eoti de sequences set forth herein encode i mmunogeni c pol ypepti des,
as descri bed above. Once an i mmunogenic portion of WIl is identified, as
descri bed above, a W1 pol ynucl eoti de may be prepared using any of a
variety of techniques. For exanple, a WI1 pol ynucl eoti de may be anplified
from cDNA 15 BSE€pHY BOsf332BIGadndah Ibatencodedaypolhidclediided siwnyin $ECGeot | des may

be anplified I[xr;:h@)spgﬁlﬁg{ ase chain reaction (PCR). For this approach,

seqguence- speci 's may be designed based on the sequence of the

i mmunogeni ¢ portion and may be purchased or synthesized. For exanple,
suitable pri Lolr P?R .darrpl ification of a human WI1 gene include: first
step - P118: iﬁgh—%é@.—‘if—‘“e €90 GAG AGT CAG ACT TGA AAG CAGT 3' (SEQ ID NO 5)
and P135: 5 CTG AGC @Gh¢pokghudiestidd Hat 68codes aPEQ pdlyP¥ptife as §&eAbsH st ep -
P136: 5" GAG %TGCA%@ GCT %ACG TGC GGG SNGgSE(g | D NQ_?% nd P137:5'
GGG GTA CCC® AGPrahia actih! pelynegrestide gnoqmpassedPOE @esept inyretian f gych pcr
anplification fyn@cléﬁ!?dé@Mhe@%%-dt@ﬁﬂé&jgbdiﬁg bFantBERIe) or fdubfe- ' TCC 25 GAG
CCG CAC CTC ATG'3' (SEQ ID NG 9) and P139: 5° GCC TGG GAT GCCT GGA CIG 3
(SEQ | D NO 10yirardeds At B fe PNAq(@gnonsic, cBAA ensynthetts) oxhAmgiequlss. Gac GTG CaG

3" (SEQ | D NOaHd#ibnaedifg #hrorrcodidgGetldhceS by Bk nfe&nbiChe AHESENMCG AGT TT 3
(SEQ ID NGO 12). An anplified portion may then be used to isolate a full
| engt h 30 gendithinghpdymigieatide e timpreseniinventnnapnd g polypusigotide mayaiite cDNA

library, ughnGeedRbt bm%etésﬁlanﬂneféeaesé\%%&rémggiwﬁ%ﬁa@.ful | length gene
can be constructed 29 WD 03/ 037060 PCT/ US02/ 35194 from multiple PCR

fragments. W1 pol ynucMébt Pelwyccleatidesimay ensoge apativedVily pralgintdierayzi ng
he compl ot e BT RuRTaan GVl b e Pl EN I el ¢ hest zd by
any met hod 5 crrteiRrprierpr mase guhstitutions, addiirpscérietionalend/pninbertions sughg. , solid
phase that the immunogenicity of the encoded polypeptide is not diminished, relative
15 to a native WT1 protein. The effect on the immunogenicity of the encoded
polypeptide may generally be assessed as described herein. Preferred
variants contain nucleotide substitutions, deletions, insertions and/or additions
at no more than 20%, preferably at no more than 10%, of the nucleotide
positions that encode an immunogenic portion of a native WT1 sequence.
20 Certain variants are substantially homologous to a native gene, or a portion
thereof. Such polynucleotide variants are capable of hybridizing under
moderately stringent conditions to a naturally occurring DNA sequence
encoding a WT1 polypeptide (or a complementary sequence). Suitable
moderately stringent conditions include prewashing in a solution of 5 X SSC,
25 0.5% SDS, 1.0 mM EDTA (pH 8.0); hybridizing at 50°C-65°C, 5 X SSC,
overnight; followed by washing twice at 65°C for 20 minutes with each of 2X,
0.5X and 0.2X SSC containing 0.1% SDS). Such hybridizing DNA sequences
are also within the scope of this invention.
It will be appreciated by those of ordinary skill in the art that, as a
30 result of the degeneracy of the genetic code, there are many nucleotide
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phosphoram dite chem cal synthesis). Mdifications in a polynucleotide
sequence may al so be introduced using standard nutagenesi s techni ques,

such as owDgemnsmbeot i de-di rected site-specific nutagenesi PCrase2/3xied man et
al., DNA 2:183, 1983). Alternatively, RNA nolecules nmay be generated by in
vitro 10 or in vivo transcription of DNA sequences encoding a W1

pol ypeptide, provided that the DNAis incorporated into a vector with a
suitable RNA polynerase pronmoter (such as T7 or SP6). Certain portions may
be used to prepare an encoded pol ypeptide, as described herein. In
addition, or alternatively, a portion my be adm nistered to a patient
such that theseqapdesithiberizoty a&PTi pelydcpti@e NSEmé efthese polwucledtidss, by
transfecting anti gen-presenting cells such as dendritic cells with a cDNA
construct enc G?HS'”!&"%?Z’“B'GQX/[?%B? Nygleotide §eauaise HF%‘Eye’?alt'H‘é 98Me transfected

cell's to the pahb@bless, pBQhNélé&i!d@QtHad%Y]Hﬁ@io @ffsrostesan Yddbnnehydaiet i de may
generally be used for production of the polypeptide, in vitro or in vivo.

W1 pol ynucl e§P¢cically conterpriated by thepmpseshitMedio)- t o a codi ng sequence (i . e.,

anti sense ppl ynucl eot i gggbidi@Yacddragieanttiest aBfedt oPtHalReddht ieritibh] bi t WI'1
expression. cDNA constructs that can be transcrijbed into anti sense RNA may

al so be i nt r o®0¥B¢rleqlige cerapesitions arg previdedthabcamprispispReor ehef dr oduct i on of

anti sense RNApane{c_lmhaeétﬁJeﬁeé E&t9orRYerBR, ddmipidRentsBrA b&gﬂ;ctéau&élcrease _
stability in 25 vivo. Possible nodifications include, but are not linmited

to, the addit seaesre setfaitkherginsenfl dageperaie varinats of agabinesleaide ends; the use
of - phosphor ot Bhqihge 88t 1érin e li¥naliAbBiRich RaboRRRRRBEY est erase | nkages

in the backbone; and I'nclusion of nontradition bases such as

i nosi ne, qlkoppriveucentideseqHensestet fofth hejgin enepdledpmuppgenimpaiypieptidashi o- and
other nodifie fdg%@‘}fg% eni ne, cytidine, 30 guanine, thym ne and uridine.
30 WO 03/0370 8 3 5194 Nucl eoti de sequences as described herein
may be joined to a var Decyanimmuhegeniswpottiootof Wl 1sie ifleptifiass asidésejbedt abl i shed
r ecombi nant DN i I L y be cl oned
into any of a va\Felt’ gtq,gﬂ g@)?@cgg:?z?%ﬁ?égg?bfega@dﬁ%'régﬁ&éﬁg}/ggeﬁ)( §§ phagem ds,

| anbda phage tewhiigaes. Vies esamapld, T V&I phiynutlectiderrsaytie araplified friosrcONA er est

e e o A6 GO o b B B P R ROERIART 1oct '
replication fwiagiolyoreadse ahaitredat@at(PORE For this approach, sequence-specific
primers may be designed based on the sequence of the immunogenic portion
and may be purchased or synthesized. For example, suitable primers for PCR
amplification of a human WT1 gene include: first step - P118: 1434-1414: 5’
20 GAG AGT CAG ACT TGA AAG CAGT 3' (SEQ ID NO:5) and P135: 5 CTG
AGC CTC AGC AAA TGG GC 3’ (SEQ ID NO:6); second step - P136: 5° GAG
CAT GCA TGG GCT CCG ACG TGC GGG 3’ (SEQ ID NO:7) and P137: &’
GGG GTA CCC ACT GAACGG TCC CCG A 3’ (SEQ ID NO:B). Primers for
PCR amplification of a mouse WT1 gene include: first step - P138: 5° TCC
25 GAG CCG CAC CTC ATG 3’ (SEQ ID NO:9) and P139: 5 GCC TGG GAT
GCT GGA CTG 3’ (SEQ ID NO:10), second step - P140: 5° GAG CAT GCG
ATG GGT TCC GAC GTG CGG 3’ (SEQ ID NO:11) and P141: 5 GGG GTA
CCT CAAAGC GCCACG TGGAGT TT 3’ (SEQ ID NO:12).
An amplified portion may then be used to isolate a full length
30 gene from a human genomic DNA library or from a suitable cDNA library, using
well known techniques. Alternatively, a full length gene can be constructed
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organi sm convenient restriction endonucl ease sites and one or nore

sel ectabl e markers. Qther elenents will depend upon the desired use, and
will 10 bwoappsment to those of ordinary skill in the art PCrruSpasiipcul ar,
one enbodi ment of the invention conprises expression vectors which
incorporate the nucleic acid nolecules of the invention, in operable

| inkage (i.e., "operably linked") to an expression control seguence
(pronmoter). Construction of such vectors, such as viral (e.g., adenovirus
or Vaccinia virus) or attenuated viral vectors is well 15 within the skil
of the art, as is the transformation or transfection of cells, to produce
eukaryoti c celflor muitisle POR firagphemts, OVIT¢ polghlicledtides may aisb dle pespaestebyt he

nol ecul e of interest. enpl ary of the npl oyed in
Thi s 't ashi on uhERse EpnLeilefmppienty aid foainf b kol Poctipfie” o o
Spodopt era f igeaérarrtiecampl&ie-poiybatibstide. Nl H 3T3 cells, and so forth.
Prokaryotic cells, suc and ot her bact al.so be used.
Wthin certain enbodi ng‘({ﬁspO%WEVﬂU%Sémy %%b%@@t'ﬁé'ZPgF’KﬁP\éF‘éﬁ‘Odso as to
permt entry ikAbwn i teehit, |ﬁélucﬁngTﬁféﬂfﬁd:al sprilbesix (@I ssli@phagdeer ei n.  Such

formul ati ons are%)%artlgul arH/ lljsefu S &'Pt hera eutic purg S%;, as descri bed
bel ow. Those GNOHNATUS iqal synthasis difipatio %B'par%‘?! t there are
many 25 ways fg@ L%hbéﬁié?a%‘émeﬂﬁtﬁddﬂlﬁed)usﬁg aahw@mﬂyehd@s taanmqme%r get cell,

and any suitable nethod may be eg&;w yed. For exa Mﬂucl eoti de may

be i ncor por at €4ch ?%@'@05“%9“8? difetedritesanenifig autagepe nﬁ%isep iNe

adenovi rus, agNW2:365 9988 Fkernativahp ,RNAeﬁua@uuléymay@é g¥A&raicdiny iPlitret her pox
virus (e.g., avian pox virus). Techniques for incorporating DNA into such

vectors ar & wer in wedrnseiption stRNABeaEnspipRaaingaNT! PRlypemtigear t . A

retroviral Ve‘b?d?ﬁdefﬁ‘ﬁat%@DNA%IﬁéérMorfafe%riﬁtf)%rve@lror Mtlﬁ‘ﬁ%ﬁw@ﬁﬁAa gene for a
sel ectable marker (to aid in the 1dentification or 1 WO 03/ 037060

PCT/ US02/ 351940ly8elase ryanoter (Sth@ﬁsHh@fe%PQ)elqe§?'”MPB$ maytogruged ihg i et y,
such as a gen réd& an %Qg@?olipé&tﬂ@%g dfegénb%dfh@Fe%Ptmfadeﬂo@ oppeci fic target

cell, to rend e vector speci Targeting may al so be
accorrpl i shed @ﬁerngtw@h/ anpmboaw bsyadmiisthaddo Rm@t@ntlséch thettbe gncasiedi nar y

skill in the i@gwﬁ t hi sused, for
exanpl e, to t ab{g? %%#Eaﬁo P bg tr? ?cfl neg%nﬁ@&% ﬂfg%éﬁ;ﬁﬁg g@t abl i sh| ng
WI'1l positive tsucioas dendelicealihiwith ariNAkonatred encodinga \orimalypaplidepaed ect i on
and adoptive i {)h LRP Y a dé@gicfth[e?)a nonstrate tunor or

I AT

| eukem a- grovvt Ion or SIS such cel | s.
Polynucleotldes that encode a WT1 polypeptide may generally be

used for production of the polypeptide, in vitro or in vivo. WT1 polynucleotides
20 that are complementary to a coding sequence (i.e., antisense polynucleotides)
may also be used as a probe or to inhibit WT1 expression. ¢cDNA constructs
that can be transcribed into antisense RNA may also be introduced into cells of
tissues to facilitate the production of antisense RNA.
Any polynucleotide may be further modified to increase stability in
25 vivo. Possible modifications include, but are not limited to, the addition of
flanking sequences at the 5’ and/or 3’ ends; the use of phosphorothioate or 2’
O-methyl rather than phosphodiesterase linkages in the backbone; and/or the
inclusion of nontraditional bases such as inosine, queosine and wybutosine, as
well as acetyl- methyl-, thio- and other modified forms of adenine, cytidine,

30 guanine, thymine and uridine.
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O her therapeutic formul ations for polynucl eotides include 10 coll oi dal

di spersion systens, such as nacronol ecul e conpl exes, nanocapsul es,

m cr osphewe3/opmatds, and |i pi d-based systens includi ng oi IPCTroSomat1es

emul sions, mcelles, mxed mcelles, and |iposones. A preferred coll oidal
system for use as a delivery vehicle in vitro and in vivo is a |iposone
(i.e., an artificial nmenbrane vesicle). The preparation and use of such
systens 15 is well known in the art. Antibody Conpositions, Fragnents
Thereof and Ot her Binding Agents According to another aspect, the present
invention further provides binding agents, such as antibodi es and

anti gen- bi ndi ng fragnenNuslieotideaeg@inces BeteXibédhéreinmmaynise pReé® abi nding to a
W'l polypeptideeﬁksclosed 20 herein, or to a Bprtion g%ariggt or derivative

thereof. An aMEighbRPGNUGRPEdeSRAURICesHRIgY £RERIRIRT 'RREPEGM DNG said t o

"speci fical | ytdehfigués. "Forexangie Coapolyhuticdtide mapbétohed Bic arnyaiackagiycal |y

reactive" to a V\7I'1_v\$)ol eptide of the invent] reacts, at a
oS

] jon if it _
det ect abl e | efEglon IRclyding Rlasmids, p@ﬁggmpgﬂarggg%@ljagﬁ eHvatiyes _
pol ypepti d&s and cokpfgs. "Péctdrs af parfi@ifGhtaksyinMliddlexpréstloatvedioro! ypept i des
under 25 simlar conditions, |Imunol ogical binding, as used in this

cont ext, genefeRliggtiopypelpis, prgbe gpreralinn OsIPs At SeoHeGnYacklS 1Bf the type

whi ch occur bgbN&&Na 98ctor WITHEHAEIh QR Wi JFRIpAEAIOR faitlormil irfdtldBeend Or Wwhi ch
t he i mmunogl obulin is specific. The strength, or affinity of inmunol ogical

bi ndi ng i nt er AEANISMS ceRenisa! @Q‘fi@t@@rﬂé‘%wbﬁeﬁiﬁwd&nemg‘%? ssoci ati on
constant (Kd) sgkcrhhg ridtkers 20HepBemBiBl Hopehd LHON B RRFOOGLERY W02/ 35104

a smaller Kd represents a greater affinity. |munol ogical binding
propert i es!®f be apparentda thise pheiginaaeskilda hemst. o faticelire @ne embgdimenhods wel |
known in the gffe ifdaRticH M g%p i FEASH i af

ant i gen- bi ndi gg_ Si'r?g/ Elintl géﬁgégq rfsregxmf\)grar?qti Oﬁ{ggt%pgr?gesﬁg?\gﬁelgn, wher ei n
t hose rates depdmplenylesiosti® invantiemtn eparabie linkfage . C'opgrably liptedt)ters, t he

af finity of t e oLREEGACLI AR scAlloh M oroRRIT! EAERRRATSEL v, saayal |y
e T oI s

influence the rate In recti ons on rat’e constant"
(Kon) and t heas wirdl (¢.gt ederonisysaortVactiriafVjrus)zon adenuatiest \@rahventals isyweallal cul at i on

of the ConﬁenWJfﬁiEitr(P@%kilg&g?é %fag(% %@ltraﬁ%ﬁﬁatf% or ?rér?éﬁ?&u Bio?&al?ﬂgl | 10

di ssoci ati on. e ratl on “enabl'es’ cancelTati on o

par anet er s nopradeteaewdryodic aélf lines t or prakadyotis célhsiminsquhadh ¢rcotddthedi ssoci ati on

constant molecule of interest. Exemplary of the host cells which can be employed in this
fashion are COS cells, CHO cells, yeast cells, insect cells (e.g., Spodoptera
frugiperda or Sf-9 cells), NIH 3T3 cells, and so forth. Prokaryotic cells, such as

20 E. coli and other bacteria may also be used.

Within certain embodiments, polynucleotides may be formulated
so as to permit entry into a cell of a mammal, and expression therein. Such
formulations are particularly useful for therapeutic purposes, as described
below. Those of ordinary skill in the art will appreciate that there are many

25 ways to achieve expression of a polynucleotide in a target cell, and any suitable
method may be employed. For example, a polynucleotide may be incorporated
into a viral vector such as, but not limited to, adenovirus, adeno-associated
virus, retrovirus, or vaccinia or other pox virus (e.g., avian pox virus).
Techniques for incorporating DNA into such vectors are well known to those of

30 ordinary skill in the art. A retroviral vector may additionally transfer or

incorporate a gene for a selectable marker (to aid in the identification or
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Kd. See, generally, Davies et al. (1990) Annual Rev. Biochem 59:439-473.
An "antigen-binding site,” or "binding portion" of an antibody refers to

t he part wb oBla7osomunogl obul i n nol ecul e that parti ci pat esPCh/tsn2/333en

bi ndi ng. The antigen binding site is formed by am no acid residues of the N
15 termnal variable ("V') regions of the heavy ("H') and light ("L")
chains. Three highly divergent stretches within the V regions of the heavy
and light chains are referred to as "hypervariable regi ons" which are

i nterposed between nore conserved flanking stretches known as "franework
regions,” or "FRs". Thus the term"FR' refers to am no acid sequences

whi ch are nat selattion of tramsdiubed Me)rarﬁwormdrgedrj\gameiety sunhrgspmgmrthabl e regions

| obul tibo bl
ol oneof o Bighee el arA <-Ra op B35 Bronk PR BB FEREE! ' 2oy
chain are di smgadpé@ﬂuoawa@thgnwcdmocﬁdmrcompnshbbrue«agdnraaﬁm:dgrw space to

forman anti gen-bin syrface. The an sur

conpl enent aryﬁ}equdﬁg ‘?f?@g[‘%qeréﬁé‘;; @lﬁ‘qgﬁég 8 86?}%} %t éfhtl gen, and
thfe thrget My Petiored VetRdrendye uwea, fof emwle%tramedwamun aﬂdnlhag&all linghai ns are
referred to a

"conpl e nt ar| -determ n| Q " Binding
agents may be?qflh'ls? st dfpoﬁlt"f’?g‘r”%f-}'i °§P|S%U“gbm9\)é€%“?féittpents wi th and
W thout a WI'1pedérhnGmat Q@te@:ﬂ@'ﬁﬁd adéptividinirthotrRipdepemhémeto assays provi ded
herein. For exanple, antibodies or other bindin gents that 30 bind to a

tunmor pr ot ei nOAMPNSHEIOR B lpuleoragrmh ﬁ‘hﬁ'tﬁ’ﬁ&’?yﬁﬁdﬁ 846h 84St he presence of
a cancer in at |east abgg P%%Qflc RANLIBHIHS o ;sdyrﬁ;eleomegw nor e
preferably 33 WO 03/037060 /US02/ 35194 at 1 east about 30% of patients.
Al t er nat i v ycollgida] dispaisipn pystems. [sECh A% MBsi@olfckie CoppitXeRt e a negati ve
signal indi Cahhﬁ&a@&lﬁe@hﬁ& BéfieRls, bétRisThRARBRE béé&d%kstbﬁ@ﬂcl@%‘&l i9.0% of

i ndi vidual s wi thout thé cancer. To determ ne whet a binding agent
satisfies thi walesguulsiansnmiceligsombgr cueellsmprdigogames. A WEBHEd sera, sputum
5 urine and/o ) 5 W¥d dhaan divid RecCancer (as
determ ned usF%lgwg?gr?Bé gﬁh?}é%\?%gg ° h)?cmstmay beéhgssaglleds[ﬂ@ég%sgrl bed
herein for tKe. mn@m‘m@émmbwley@@ple) dé’bepmaraypnan@ use dfcsuph Ayfitems agent .
Preferably. i Iy significant nunber of sanples with and wi thout
t he di seas1e5 wsl\'?él%b\%’gé@g'%g Each bi ndi ng agent should satisfy the above
criteria; however, those 10 of ordinary skill in the art will recognize

that bi ndi g agANS BboBfohtS Brhdem AN Bh Bhd: BiddiR RYrsSens! L1 Vi LY.

According to another aspect, the'present invention further

provides binding agents, such as antibodies and antigen-binding fragments
thereof, that exhibit immunological binding to a WT1 polypeptide disclosed
20 herein, or to a portion, variant or derivative thereof. An antibody, or antigen-

binding fragment thereof, is said to "specifically bind," “‘immunogically bind,”
and/or is “immunologically reactive” to a WT1 polypeptide of the invention if it
reacts at a detectable level (within, for example, an ELISA assay) with the
polypeptide, and does not react detectably with unrelated polypeptides under
25 similar conditions.

Immunological binding, as used in this context, generally refers to
the non-covalent interactions of the type which occur between an
immunoglobulin molecule and an antigen for which the immunoglobulin is
specific. The strength, or affinity of immunological binding interactions can be

30 expressed in terms of the dissociation constant (Kq) of the interaction, wherein
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Any agent that satisfies the above requirenents may be a binding agent.
For exanple, a binding agent may be a ribosone, with or without a peptide
conmponentwOan/oRMé0 nol ecul e or a pol ypeptide. In a preferr@dTaSorsdiodi nent ,
a binding agent is an antibody or an antigen-binding fragment thereof.
Anti bodi es may be prepared by any of a variety of techniques known to
those of ordinary skill in the art. See, e.g., Harlow and Lane, Anti bodi es:
A Laboratory Manual, Cold Spring Harbor Laboratory, 1988. In general,
ant i bodi es can be produced by cell culture techniques, including the
generation 20 of nonocl onal antibodies as described herein, or via
transfection afsmaler Koepresgetsasgreatemafnityt dvhenoloaidakbindihg propemissed | an cel I

hosts, in order t ow.f ti.on of recompi nant ant bodi es.

one techni que,® %FWR‘XR%@@%S C%%ﬁ%ﬂﬁ%’]?'ﬁ%‘ft’ﬂ%g 5‘8{@5%}3’?% oyrgn ﬂ?ﬁ? al ly
injected into Gmaysmh meethvid doEntaiid mhezisyringyf the rategTod amtrgat pindingsitFantigehs, rabbits,
sheep or goat n.this ste t he 25 I s invention may
serve as the | l? %fH‘aﬁP? ﬂB‘E?'SSWP‘P |‘@}§f¥'3ﬁpsﬁf§8§ a%ﬁqngé’whe particulariy
for relativsl woﬁ&mrtatnmlqrmdnm paﬁtne&um@fdffﬁfty oY MReraEfPOASEoRBY be
elicited if the é to a carrier protein, _such as bovi ne

ide is jo
serum al buni n 98 qt?’ﬁﬁ'&tjeﬂeﬂ'éfﬂﬂ&ﬁﬁ‘??theﬂﬁ n AtsgruAng- ﬁ‘PT’rJ ected into

t he ani mal hosbth tﬁéeéreraedotdhsmc'qm) At the -'@ff%&b@dre%t"qxg@]eﬁdbéchedul e
i ncorporating one or nore booster | nmunizations, and e aninmals are bl ed

peri odi cal | y. dPEﬁf%‘PSr'?ét|°a'£H'Pt'%b‘eﬂﬂé%°@ﬁ%@raf“Pes ary theqstualralgs a3/ 037060

PCT/ US02/ 35194 ssiidtisR @R ueeodrawntheéﬁrab@opmﬁvrtg e%rﬁ@@&%et&%%ﬁ asera by, for
exanple, affinity chromatography using pol ypeptide coupled to a

sui tabl e s&f i PAEAMRISEMOL IR0 éﬂ'tyeﬁﬂdl'%B‘GFéguﬂrﬁ%ﬁ‘ﬁfq'ﬁoﬁ'éﬁm“&rﬁm&ﬁﬂi geni ¢

pol ypept i de ong $é’6 @éﬁ&bnw@xmbeeparre@@é@dxnntarne%xsr@et&n 5@43@947%% techni que
of Kohl er and | St ei n, . I mmunol 511-519, 1976, and

i mprovenents t her eto. Brnl"é!*‘!%ﬁ" b"tqtf&\%ter'r@!’ I‘Rﬂﬂéng pe/EaNy of emantihodpar at i on of
i mmortal cel | réfbt%eté trr@;pa?toéﬁh&fmmtmrogrwﬁﬁmoeatré h&@g&ac.pét grhgarhg@n desired

specificity (i.e., reactivity wth"the polypepti I ntere Such cel |
lines may be [Hinsigc &S antigendnging sde '&‘fﬂm’ﬁtd kyrareian a@ldlreeduﬂ@toéthee‘dr from an

R s L P e S

i mortalized by, ion wth usion partner,
pref er abl y onéighlydivergens giiefelrrs withi tha V riegionsraiLthe heavyzamidright.chainswasg i ety of

fusion techni QuesefMYadfySiimbRGeqbd WhiA RS frerhdea RN &' S

conserved flanking stretches known as "framewaork regions," or "FRs". Thus the
term "FR" refers to amino acid sequences which are naturally found between
20 and adjacent to hypervariable regions in immunoglobulins. In an antibody
molecule, the three hypervariable regions of a light chain and the three
hypervariable regions of a heavy chain are disposed relative to each other in
three dimensional space to form an antigen-binding surface. The antigen-
binding surface is complementary to the three-dimensional surface of a bound
25 antigen, and the three hypervariable regions of each of the heavy and light
chains are referred to as "complementarity-determining regions," or "CDRs."
Binding agents may be further capable of differentiating between
patients with and without a WT1-associated cancer, using the representative
assays provided herein. For example, antibodies or other binding agents that
30 bind to a tumor protein will preferably generate a signal indicating the presence

of a cancer in at least about 20% of patients with the disease, more preferably
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and nyel oma cells may be conbined with a nonionic detergent for a few

m nutes and then plated at | ow density on a selective nediumthat supports
t he 15 grweatob/ogfoehybrid cells, but not nyeloma cells. A pirefrarsosssisel ecti on
techni que uses HAT (hypoxant hi ne, am nopterin, thym dine) selection. After
a sufficient time, usually about 1 to 2 weeks, colonies of hybrids are
observed. Single colonies are selected and their culture supernatants
tested for binding activity against the pol ypeptide. Hybridomas havi ng
high reactivity and specificity are 20 preferred. Mnoclonal antibodies
may be isolated fromthe supernatants of grow ng hybridoma colonies. In
addi tion, var hbleasttabobmoqmmmwsbeltenmwmdr intaddiémhamu:mtibhw willel d, such as

injection of the hybrid n to, the of a

sui tabl e vert 8B7YHPE sq%%sﬁ%w g'cgte%tﬁgé’bsq\%ﬁg’? 4{&3@%@ ai al%odi es nay

t hen be harveabeut QDmemdwdlmwitmtﬂhbmadcenr Tbidetebhmedvheth@oanbmmngants may be
renmoved fromthe an{.l bodi.es b%e conver ti. such

0 e
oot our anhgosn 3Rhaes S Reder ol ibeita SprpS IEd. BRER.seld Sl o
pol ypept i des @find hrhdiontumeﬂbnbpubsl)r&ymtmuumednth ant éthguwi @i daheaat(@on process in,

for exanple, an affinity chr ste 30 A nunper. of )

t her apelrjr}t) i cal aﬁteﬂg@qup3|ﬁ%ptge§qn§§f)rgqai?q§#é %ﬁ qSﬁ%yegratsrg%mpgﬂ heGibr i se
anti gen- bi ndi rg tisd preseridaar pa?@ewawthhebm toethé bididing 2ge@> PARe@BH037060
PCT/ US02/ 35194 i mmunal o

bi ndi n ropert| s.of an anti body nol ecul e.
The Droteo yt SEtBaINIaTthsa) pihe ok baalea ity and wiive P cbats Sltbene, Cooy el d
several fragnegdayed. E¥éh @ﬁdlM@h?éhtéMlﬂﬁ sdtisRtthe absvadiBiaShovRAEN tHRBPr i se a
coval ent heterodiner that includes an intact anthen b|nd|n site. The

enzyne peptd nof ardipgneskilign theeat will secogrizeiabbinding agety Mgy Paasetider al

fragments, In@ngh%ﬁtB% ,5(,@59,)53,\, fragnment which conprises both
anti gen-bi ndi ng sites. Fv" frag rrent can be produced by preferential

proteol ytic cl eavage of\“hﬁgefrtjmat §W&f'%thﬁé’1b8VQ)E988'§’6?f§s Mgisbe A bingling

I mmunogl obul i 3qam %Héﬁmp@aftnﬁm&%e’ﬁt%ﬁbem%y&ﬁe wmroevmmmanly deri ved
usi ng reconbi ngnt techni ques known 1n the art. The Fv fragnment includes a

10 non- coval eReptide:componenteaidNAwRoleaus QI RRIVPEAtidEtIN geareBimedi ng site which
retains gmboﬁ h-f%nf"'&tdl g"eﬁPQ%thﬂt'Sbo?gn Iaﬂgdel?l%l gn'lérft es of the

nati ve anti bo ecul e. ar et a Proc. ad. Sci. USA
69: 2659- 2662; thmhﬁanbwnesanay QGJEEBe)reEabbémem@_EFEWUHIWMEJG%M\AENI ich et

al . (1980) to those of ordinary skill in the art. See, e.g., Harlow and Lane, Antibodies: A

Laboratory Manual, Cold Spring Harbor Laboratory, 1988. In general,
antibodies can be produced by cell culture techniques, including the generation

20 of monoclonal antibodies as described herein, or via transfection of antibody
genes into suitable bacterial or mammalian cell hosts, in order to allow for the
production of recombinant antibodies. In one technique, an immunogen
cémprising the polypeptide is initially injected into any of a wide variety of
mammals (e.g., mice, rats, rabbits, sheep or goats). In this step, the

25 polypeptides of this invention may serve as the immunogen without
modification. Alternatively, particularly for relatively short polypeptides, a
superior immune response may be elicited if the polypeptide is joined to a
carrier protein, such as bovine serum albumin or keyhole limpet hemocyanin.
The immunogen is injected into the animal host, preferably according to a

30 predetermined schedule incorporating one or more booster immunizations, and

the animals are bled periodically. Polyclonal antibodies specific for the
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Bi ochem 19: 4091-4096. 15 A single chain Fv ("sFv") polypeptide is a
covalently linked VH : VL heterodinmer which is expressed froma gene fusion
i ncl udi ngwol3/0zmeo VL- encodi ng genes |inked by a pepti de- @ccasongsibi nker .
Huston et al. (1988) Proc. Nat. Acad. Sci. USA 85(16):5879-5883. A nunber
of methods have been described to discern chem cal structures for
converting the naturally 20 aggregated--but chemcally separated--1ight and
heavy pol ypeptide chains from an antibody V region into an sFv nol ecul e
which will fold into a three dinensional structure substantially simlar
to the structure of an antigen-binding site. See, e.g., US. Pat. Nos.
5,091, 513 and pblyp&aidé @y then beiptrified élomaduch antisdra by, For dramnpleNaffiniy, 946, 778, to
es incluqﬁz a heavy

Ladner et al. %5 E?ch f the bovle-d crib?d nol e({ Il
chain and a IEHEGIERTY LSRR POy ReplRe e Ples) 10 & Siia s SULF B hoen a heavy
chain and a |ight chaiMonbBosattantifudes speciid ldears apenic dolypbitRie @PRS and

define the spatial, relationship of the Q rel ative each other. As
used herein, C(HECSHPA P piRPare tﬁ‘o’r P %Hgi?*r?e‘ef'P{P%@ ﬁ@&%steoa?q abl e regions
of a heavy ®r Mils@, Euhai niVuric? B:311 519019760 a6 M prevenicis thBetd\-Bridfigi nus of a
heavy or |ight, chai n,gé?he\fs?ﬁz re%i ons are _denoted as "CDR1l," "CDR2," and
"CDR3" r espectii®sgImethogs nypvedhe pspaiioy olimmeortal eed ogs erpeblsAhe0

PCT/ US02/ 35194rodudmf @htidodliesiHaving #eSdesirgd %ﬁicitmaméaﬂmg vithehd"DR set from
each of a heavy and a light charn V region. A polypeptide conprising a
singl e CDR, (&olypeptide o esticSroh 69!l IRBREAYPE Prodused.der @8MRIS BPM as a

"ol ecul ar r egpRBA béRMbbHMED from Gh Wil PRI JRBaBEIabo@], Phehunber of
anti gen-anti body conpl exes has 5 denonstrated that the am no acid residues

of CDRs fottn éRieenselvare Biendemorialzen bpdomeraginie. §ision Wiker ByelomAsehpst
extensive ant ingfdh SPRbAGEibRbIMOhS HA R syRghek wifteth® irfrRRizeddHipal. tAhe

nmol ecul ar recognition units afe primari I% responsi ble for the specificity
of an anti gen-VBiglypHysien taghnigdes mayibe emplomed. t s example; thrspleen celisf ers to t he

four flanki ' ' f a CDR set of
our tlanking aﬁHH}@lom]acbeﬂ&h%g%@%ﬁ%@%é%‘a%nfo@%@éteﬁ@t%e\ﬁ a Set o

a heavy or light chain V region. ; residues n contact bound
anti gen; howevinutesard ther plafnd atdow dgnsiteepassieplive redium thadisugporthdhev r egi on

i acent £t ASVAREVE) opis, B ack bl Bl Ya bitfored sohehoHEinlalel ¥
structural feases AT drypoxantyindiaghinopterpnthgmiding) selectidni After a sufficient
time, usually about 1 to 2 weeks, colonies of hybrids are observed. Single
colonies are selected and their culture supernatants tested for binding activity
against the polypeptide. Hybridomas having high reactivity and specificity are
20 preferred.

Monoclonal antibodies may be isolated from the supernatants of
growing hybridoma colonies. In addition, various techniques may be employed
to enhance the yield, such as injection of the hybridoma cell line into the
peritoneal cavity of a suitable vertebrate host, such as a mouse. Monoclonal

25 antibodies may then be harvested from the ascites fluid or the blood.
Contaminants may be removed from the antibodies by conventional
techniques, such as chromatography, gel filtration, precipitation, and extraction.
The polypeptides of this invention may be used in the purification process in,
for example, an affinity chromatography step.

30 A number of therapeutically useful molecules are known in the art

which comprise antigen-binding sites that are capable of exhibiting
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15 regard, all V region sequences contain an internal disulfide |oop of
around 90 amno acid residues. Wen the Vregions fold into a

bi ndi ng- sWoe3/081960 CDRs are di spl ayed as projecting | oop momidss2/stip£h form
an antigen-binding surface. It is generally recognized that there are
conserved structural regions of FRs which influence the folded shape of
the CDR | oops into certain "canonical" structures- 20 -regardl ess of the
preci se CDR am no acid sequence. Further, certain FR residues are known to
participate in non-coval ent interdomain contacts which stabilize the
interaction of the antibody heavy and |ight chains. A nunber of "humanized"
ant i body nol ewheﬁolcgldimdnsing@r@aemearmﬁ hgamdmbmdidmum Thke ptdowtid from a

non- hunman i munogl obul i n have | udi chineric
Dot bod o, ha hAgnS Gk Prorer b eeAs A aDlede o st EesY 1o human
const ant domaitws of WNicH @e 'ﬂﬁ(alj;'l f:ag(nié?@é;\)eacrh\bémpr%e%&va@&r%é%odulmbungt| o et al.
(1989) Proc. Nat. Acad. Sci 86: 4 22_? 4224; Shaw. et e(1987 J
| munol . 138: ei&@ﬁ“a%ﬁa“%n "&S'ﬁl he rgyme PERSIA iR '%’sc' 9. 3577- 3583) ,

rodent CDRss gngd tridfbclilgs & @ohuéraéwsaumagmbmegnaﬁ’duﬁ@tr@r"mb)5 Ofrdgasdrdn Wi th an
appropriate human anti body constant donain mann et al l51988) Nat ur e

332: 323-327; VERGeyeHses:both a”ttgfg*@g)d'“scﬁ'téﬁé‘é‘ " 3"7"%3‘%?@13%6’9‘1 ced
PCT/ US02/ 35194y pRstéreAtd froldohfic cRBraghetes I, o or(rhREGkadieisige GHAgA 522- 525)

and rodent CDRs supported by reconbl nantly veneered rodent FRs (European
Pat ent Publ i HHWPB?Q'W"” H’P@CB'QGFV firameniha’g, mweven morg gorpmontyglgdyed

"humani zed" ”thg?éﬂoﬁﬁlr@lhﬁe%ﬁd&@%ﬁoﬁrﬁ’ﬁfhébm% EEM e incligedg! ogi cal
response toward rodent anti human anti body nol ecules which [imts the

duration al nepfeien)¥rebdhetgrodiner inplding @n aphiganckindipgsiteorhigh@iadnspi et i es
in human reci phiRRiPthe a{ﬁﬁ%éﬁr"é@?d?ﬁroﬁ'a'ﬂd bH?iﬁmgtc% ABilitic¥ @ #feriatlvd Efibody d

"reconbi nantly veneered he “sel ective replacenent of FR

resi dues frommaieayle, Ingar $t@djéh$7a)|é’mPyNQtf Acagyfic. %0 8P:269%<2fi6h, with human FR
residues in opfefm Sr?e\\:',ﬁi (@%ﬂ% G hB B98I 6, éﬂalﬁﬁﬁéheetﬁgmebf' ng an

antigen-binding site retarns substant’i the native FR
pol ypepti de f Biathey 19t1409¢409®. Veneering techni ques are based on the

ant i gen-bi SHing i te afd AR G AELS MIRRAReS atpLaaGnd vy,
rel ati ve di spbsieradimerofhitthie ehmasgedamm b oot fuelloaurrcllmmg \seBd Wit hin 15 the
anti gen- bi ndi g Shid AGEs if4's7% [ptid-endobitg thid ustBEYr a1 R1 §56) #Rc. 59 439-
Nat. Acad. Sci. USA 85(16):5879-5883. A number of methods have been
described to discern chemical structures for converting the naturally
20 aggregated--but chemically separated--light and heavy polypeptide chains from
an antibody V region into an sFv molecule which will fold into a three
dimensional structure substantially similar to the structure of an antigen-binding
site. See, e.g., U.S. Pat. Nos. 5,091,513 and 5,132,405, to Huston et al.; and
U.S. Pat. No. 4,946,778, to Ladner et al.
25 Each of the above-described molecules includes a heavy chain
and a light chain CDR set, respectively interposed between a heavy chain and
a light chain FR set which provide support to the CDRS and define the spatial
relationship of the CDRs relative to each other. As used herein, the term "CDR
set" refers to the three hypervariable regions of a heavy or light chain V region.
30 Proceeding from the N-terminus of a heavy or light chain, these regions are
denoted as "CDR1," "CDR2," and "CDR3" respectively. An antigen-binding site,
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473. Thus, antigen binding specificity can be preserved in a hunmani zed
anti body only wherein the CDR structures, their interaction with each

ot her, armO oBl#ioso i nteraction with the rest of the V regi @aTdsnHsT1%4 ar e
carefully maintained. By using veneering techniques, exterior (e.g.,

sol vent - accessi bl e) FR residues 20 which are readily encountered by the

i mmune system are selectively replaced wth human residues to provide a
hybrid nol ecul e that conprises either a weakly i mmunogenic, or
substantial |y non-i mmunogeni c veneered surface. The process of veneering
makes use of the avail abl e sequence data for human anti body variable
domai ns conpi ltiextetoye, Kehaes sik CRIRs, compridingire CoMces frofn daichiobh heawyf

| mmunol ogi cal I nter L. At h ed. U.S.. Dept. .of Heal nd Human Servi ces,
U. S. Gover nner?f’glgﬁ'lgﬁfts%hﬁg%eﬂoé‘e?‘ Pg?b@?e“,deﬁga‘af'%gg ?B'WE&Dﬁa(Bgt 4at abase, and
ot her accessi IBBR1JCBRZ0ICIRB) & @fértﬂaattahé@ﬁﬁas(émﬁdﬂemIr@ddgmtum:u@it.'and
protein). Solv cceﬁ5| biliti s of 'V regjon a Sﬂge"ﬁﬁ n be deduced

fromthe kno ryqﬁu@gra@ IGanaleingl 2 eyrpenal A tlge(gra fhe 30 anti body
fragnents. FhelemonsttatédPaoes aimo sdicisiduds YETBRS fdﬁrﬁ eXtefbivé Béhtact

antigen-bindin Initiagll the FRs of the variable domains of an

anti body 38 \)@hg@}'ﬁ%q’@@@”?&’ﬁ’%ﬂ@ﬁ@gﬁ @xtengiye agtigeg coptartis witktie are conpar ed
wi th correspomdaigetaiR @Bﬂs:eme&h@indmnrectsgrﬁmaburﬁts(a%@mﬁﬁr.wbt ained from
the above-identified sources. The nobst hondl ogous hunan V regions are then

conpared resi d%l%"oﬁ?/'b'Pé%rtﬁ%%pch'c'%grwa?mp'ﬁ@“ﬁﬁﬂ? ne am no aci ds. The

residues in the nuri neAE'?:sMhéf@lndthfeft@r'in &ﬁéé?‘%?é?@t&HmrﬂWrﬁiﬁét are
repl aced b¥ t he resi dues“gresent in human  noi ety using reconbi nant

t echni ques 1%elaCIdIGEBURNCER WIS frame. th@@?ﬁé@éaﬁﬂﬁ 29tioha heaw st cbanV ed out
with noieties yof fsoﬁ{eeFF@Fesldﬁaéhap%ﬁtha'donn@m%%ﬁ%w%%w%ﬁ& grélccess' bl e),

and care is exercised in the repl acenent amno acid residues which may
have a si gni f|Pé'mﬁ‘f"yé$5’rpéﬁ$'b|éﬁPfthélngéleQVﬁg}onslﬂ'todb@ antigepfoindingsifeon 10 domai ns,

such as pr Ol i %mcglhbfﬂh@q:%gldﬁé@&%%%t #thd TpRS! Wlmlrﬁus g@ﬁéln the

resultant " eere muri ne anti gen- sites are t esigned to
retain the mJtﬁifm@ EpRuegdEastain &tnueturaééaadue%arewbsmdﬂy tenseveadpdvent to the

, th j j fi t t
DS, (L1 85 WS AR Bl hEabbih Bty SR
(e.g., electrasting dcd esgubs dVgrhtbb Vopgioostoitting Ebbmme@antdqetm@Dlsndrd i ght

chain domains gidifed BEplofiRliitB5n Mo vARASEHY 8 aRfidenTintifY s 8L a8 ©f the

generally recognized that there are conserved structural regions of FRs which
influence the folded shape of the CDR loops into certain “canonical structures-
20 -regardless of the precise CDR amino acid sequence. Further, certain FR
residues are known to participate in non-covalent interdomain contacts which
stabilize the interaction of the antibody heavy and light chains.
A number of "humanized" antibody molecules comprising an
antigen-binding site derived from a non-human immunoglobulin have been
25 described, including chimeric antibodies having rodent V regions and their
associated CDRs fused to human constant domains (Winter et al. (1991)
Nature 349:293-299; Lobuglio et al. (1989) Proc. Nat. Acad. Sci. USA 86:4220-
4224, Shaw et al. (1987) J Immunol. 138:4534-4538; and Brown et al. (1987)
Cancer Res. 47:3577-3583), rodent CDRs grafted into a human supporting FR
30 prior to fusion with an appropriate human antibody constant domain
(Riechmann et al. (1988) Nature 332:323-327; Verhoeyen et al. (1988) Science
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whi ch are believed to influence the "canonical" tertiary structures of the
CDR |l oops. These design criteria are then used to prepare reconbi nant

nucl eot i WO 03@swences whi ch combi ne the CDRs of both the Rreaxysozsxdod i ght
chain of a 20 nurine antigen-binding site into human-appearing FRs that can
be used to transfect mammalian cells for the expression of reconbinant
human anti bodi es which exhibit the antigen specificity of the nurine

anti body nol ecule. In another enbodi nent of the invention, nonocl onal

anti bodies of the present invention may be coupled to one or nore

t herapeutic agents. 25 Suitable agents in this regard include

radi onucl i des 23&ti15341%36 aed Jawesiehalu (19B6), NatdreLgsd ;528&2bhand sotknter i vat i ves

t hereof. Pref uclid S i cI ude 9 , 31 186 Re,
LBare. D1ar ot SybBiteY Wit et e el PR NP BR 1
pyri m di ne anwupwanoreNarﬂalgcsgs pubtistiezr Dexd 28l 1fg’92r Fheseathusmanizediucer s i ncl ude

hor bol nd b | ud b
i pthor & 30 RReS St vl B0 i Eited b dTnpi EeBalastoten s gel 1 a

toxin, ands pmneadmambn dhtitldy priotdcaies whith MPs@ OBZOGArRCT/ US02/ 35194 A

t her apeut| c a upl ed alent|ly bonded) to .a suitable
nonocl onal gﬁ%ﬁ?”%ﬁtoﬁ '%’PW&:?H@C ons ﬂﬁ%??c?‘?&?%[?se'"é‘“m TePIRENS Nk er
group). A dl rect react A@lﬁsélﬁﬁdh@ﬂnthélferﬁﬁe(?éne@mﬂj FeRs" @nt I'leeibinantlyossi bl e when
each possesses a substituent ca e of reacti nﬂ:wth th?r ot her. For

exanple, 5 a Nﬁ%"?eé%ﬂ)ﬂ:‘?"l'%fedeU‘f)ge'g?}t‘!ﬁ replacement i tSIUET ' af-91 @gr oup, on

one may be caRaht Iﬁ’eé@@ofﬁ{ﬁu@&hd\ﬂv\%du&h , Witk HURRAR @eidtiéd iRidhderds oup, such as
an anhydride or an acid hal , or with an al kyl group_ containing a good

| eavi ng gr Hup P{Yidg 2 xeqogengiq relpciye corrrisitgRlt antigep-anHiRgisteMichi t nay be

desirabl e to ¢aHRs eu&tdrmglrmwne%aﬁggph polBeptitf faaa.ng@truag.@y via a linker
group. A linker group can function as a spacer to i stance an antibody

from an agent VeRegjingdechniguas aiedased an f’@r%ﬁ@@t%dtnﬁ thatAlp Hagnd PEHSENI | ities. A
| i nker group %ﬁé}aétbﬁéilé6fé’|¢aﬁt@eh—8ﬁ‘16ﬁ1§%ﬁe ta#bedeqme%adrmwﬁowmét y of a

substituent on an agent or an antib hus increase 'the coupling
ef ficiency. Astrigieresadselptyestinpepiien ot BQ@\&YlW|'E*ﬁ)ﬁh§lnsﬁp$é%tﬁwﬂhlate t he use

of 15 agents, trﬁyﬁt.agfeeune.ﬂ U RUBSyi eéetae@qpl?sfogAWﬂ' ﬁ%\h%‘i&ﬁéw 4¥gul d not be

possi bl e. evi ent_ o those sk e art t t a variety of
bi functi onal d&r3.pdlugfantigen binding sReglfisity an bropreseryembin alminanitedr o- f unct i onal

(such antibody only wherein the CDR structures, their interaction with each other, and

their interaction with the rest of the V region domains are carefully maintained.
By using veneering techniques, exterior (e.g., solvent-accessible) FR residues

20 which are readily encountered by the immune system are selectively replaced
with human residues to provide a hybrid molecule that comprises either a
weakly immunogenic, or substantially non-immunogenic veneered surface.

The process of veneering makes use of the available sequence

data for human antibody variable domains compiled by Kabat et al., in

25 Sequences of Proteins of Immunological interest, 4th ed., (U.S. Dept. of Health
and Human Services, U.S. Government Printing Office, 1987), updates to the
Kabat database, and other accessible U.S. and foreign databases (both nucleic
acid and protein). Solvent accessibilities of V region amino acids can be
deduced from the known three-dimensional structure for human and murine

30 antibody fragments. There are two general steps in veneering'a murine

antigen-binding site. Initially, the FRs of the variable domains of an antibody
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as those described in the catal og of the Pierce Chem cal Co., Rockford,

IL), may be enployed as the |inker group. Coupling may be effected, for
exanpl e, w0 oBls®ogh am no groups, carboxyl groups, sulfhyaecylusgrsups or

oxi di zed carbohydrate residues. There are nunerous references describing
such nethodol ogy, e.g., U S Patent No. 4,671,958, to Rodwell et al. \Where
a therapeutic agent is nore potent when free fromthe antibody portion of
t he i munoconj ugates of the present invention, it may be 25 desirable to
use a linker group which is cleavable during or upon internalization into a
cell. A nunber of different cleavable |inker groups have been descri bed.
The nechani snmoiemuletdimtémstreaeed)mMrad mﬂebemondm@ﬁRa;thnEncés oihuniese | i nker

groups i ncl ude cI e [ i de bond ., U S. Patent
o 430, 710 e egiing YorbBEe bl Sk 2o Biidephed deed s Péeona (o o

U.S. Patent Bomblagouk, rﬁﬂ@rﬂlﬂegldm a&embmcompa@h rgsidugybyirgsidad wsi s of
derivatized am no aci.d side Pat ent 6 045 to
Konh' ot &) SpSsoBbuife By aliiicis s srtesbats Pom R wrEh 18 oc ot ed
hydr ol ysi s E( efr@m,th&hﬁnaﬁﬁb@iﬁrpﬁ@ar&e@&d&uﬁ@&he?&ldﬂ@d\pﬁdsbnlﬂh trid ht)manand

aci d-cat al yzed hydr Q|%SI S

, U S. Patent No. 4,569,789, to Blattler et
al.). I't may BRIEREUFIRGIHCAM Ba%dam“@%w&h? e %‘@3%15 qug SWHChiRG | body. I n
one enbodi ments, oriéddriidt sut With efdidties whfchaife agemst parialncapptasbRedne 5
anti body nol ecul e. |In another enbodinent, nore than one type of agent may

be coupled t o agassigle). iapd §gre 'ﬁéﬁ%f?'ﬁ?%@éh%fepﬁ‘?@mﬁ%trqf BEfoRCl rr‘?ﬁ@é!??re nt,

| mrunoconj ugaihch\whdyhaVe asignfRant@iBctadané ity BRudIBRAYSEgi6M a vari ety of
ways. For exanple, nore than one agent nay be coupled directly to an

anti body nt efemains.guch apRElige.ghsineang\harged aminaAcidssi t es for at t achment

can be 10 used. Alter nmﬁié%éhneﬁﬂ?earregillﬁnt %He@@d'qﬁgﬁjﬂe ﬁ\tlg@ﬁ Bl'ngl’h ma-y bear
the agents in a variety of % i ncl udi ng_ coval ent ing elt

directly or vﬁ'ée%?rPFWéeSQF% retgi the FIUENG S0 1eFidues: hasgsidugs ot e| ns such as
al bum ns (e. gsubs‘tén%allfé’éé‘d&ht ne éDﬁQﬁhg%duﬁag |d§?1¥|ﬂaoe$s @ried or mgﬁﬁi' des_and

pol ysacchari des such ‘as am nodextran (e.g. S. Patent No. 15 699, 784,
to Shih et al byriedyselsentiinaccersiplell the f@é&eséﬁ"%/gém paslicip@adonant ent  bondi ng

or by enca@“%@&dlé?ﬂﬁeg,?gﬁgﬁ%dﬂbéa d%ﬂnﬁ %ZQH@a&E?bﬁJe@nglo an Lﬂgﬁt Kbk

Nos. 4,429,008 and ers S agents
i ncl ude radi ohbadingdemainecandriag resrﬂupetmm@gnwctﬁwpwal negismb thenths

which are believed to influence the "canonical” tertiary structures of the CDR
loops. These design criteria are then used to prepare recombinant nucleotide
sequences which combine the CDRs of both the heavy and light chain of a

20 murine antigen-binding site into human-appearing FRs that can be used to
transfect mammalian cells for the expression of recombinant human antibodies
which exhibit the antigen specificity of the murine antibody molecule.

In another embodiment of the invention, monoclonal antibodies of

the present invention may be coupled to one or more therapeutic agents.

25 Suitable agents in this regard include radionuclides, differentiation inducers,
drugs, toxins, and derivatives thereof. Preferred radionuclides include *°Y, 23|,
125), 131), "%Re, "**Re, 2''At, and 2'?Bi. Preferred drugs include methotrexate,
and pyrimidine and purine analogs. Preferred differentiation inducers include
phorbol esters and butyric acid. Preferred toxins include ricin, abrin, diptheria

30 toxin, cholera toxin, gelonin, Pseudomonas exotoxin, Shigella toxin, and

pokeweed antiviral protein.
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For exanple, U S. Patent No. 4,735,792 discloses representative 20

r adi ohal ogenated snall|l nol ecul es and their synthesis. A radionuclide

chel ate wayw3loa7obor mred from chel ati ng conpounds that i ncl erde/ushz3a94
containing nitrogen and sulfur atonms as the donor atons for binding the
metal, or metal oxide, radionuclide. For exanple, U S. Patent No.
4,673,562, to Davison et al. discloses representative chel ati ng conmpounds
and their synthesis. 25 T Cells I munot herapeutic conpositions may al so, or
alternatively, conprise T cells specific for WIl. Such cells may generally
be prepared in vitro or ex vivo, using standard procedures. For example, T
cell's may be present WthérapedtioagemehatmoeduprRa)(e.booevaiemtly bondgaetd pher al

bl ood or a fraction of 30 bone marjow or peripheral blaod .of a mammal, such
oo ot ot | St mEodenel gBarEa et s PUBBRRE g VR G iRke ™ |

AN 1P gmup)..Adh*l?]ct :eactidrsln bectgggkan (ﬁgém and an aotibvely @& ﬁd_slsnalbeawwl %nl abl (ée?:ga::l
separation system such as e err) . system .avail able from i Pro
o hel | St besasebs asubsuenaamane Riseactsd bl Ther) Far SRt NG,
5,215, 926; 3\OaGR6RERM grvk, Shétlasldbaming oVCuiganDFadion obetneiyd i vel y, T

cells my be derived fromrelated or unrelated 5 humans, non-hunman ani mal s,
cel | lines or CBRAN]Pld€actpg¥dn ALaRAPYIRONANing 9rquR FUGh aHawRIhYgEHS Bept i de,
pol ynucl eot i den agiadsiid) @r AittYdd aR gyl iddntniid 8 G86d RBviAG§lols fe.§f gsent i ng

cell (APC) that expresses a W1l pol ypeptide. Such stinulation is perforned
under conditi Halde) g PPera tine sufficient to pernit the generation of T

cells that are specifi arémativhy), k iy \0beBirdiPRRioupR a tReabasRRigynt 2 WI'1
pol ypeptide or polynucleotide’is present within a delivery vehicle, such

as a m cr o¥hhand an egtitosyiviaia inker areep. A linker gfoupsan funshen aehSRASEEI i ¢ T
cell's. Briefl Wistahct ahlaftibdtl) o 4FPygeREin!cPddrdd Q%i% fSnEéH@r&IgB%th%mdir@r a rel ated

or unrelated donor by routine techniques (such by I col I / Hypaque
density gradi eapabdidiag.r Afinkgsorosn can ajseseiyrde incraese e shemigabepetady of 15 are

Vitro for 2 oSdaat SRR e or GRnteRPRAE s ifens RE Py e (e g, | 5
to 25 g/ m) efficesty.sAripatehesinahagical edtydy aay @lsqrfeciitate die w§e10fpol ypept i de.
b Shoncl? POERIS SR LRERARE p1aASRELHLE A Aflo @i Soselingarm e I
It will be evident to those skilled in the art that a variety of
bifunctional or polyfunctional reagents, both homo- and hetero-functional (such
as those described in the catalog of the Pierce Chemical Co., Rockford, IL),
may be employed as the linker group. Coupling may be effected, for example,
20 through amino groups, carboxyl groups, sulfhydryl groups or oxidized
carbohydrate residues. There are numerous references describing such
methodology, e.g., U.S. Patent No. 4,671,958, to Rodwell et al.
. Where a therapeutic agent is more potent when free from the
antibody portion of the immunoconjugates of the present invention, it may be
25 desirable to use a linker group which is cleavable during or upon internalization
into a cell. A number of different cleavable linker groups have been described.
The mechanisms for the intracellular release of an agent from these linker
groups include cleavage by reduction of a disulfide bond (e.g., U.S. Patent
No. 4,489,710, to Spitler), by irradiation of a photolabile bond (e.g., U.S. Patent
30 No. 4,625,014, to Senter et al.), by hydrolysis of derivatized amino acid side
chains (e.g., U.S. Patent No. 4,638,045, to Kohn et al.), by serum complement-
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20 T cells are considered to be specific for a WI1 polypeptide if the T
cells kill target cells coated with a WI1 pol ypepti de or expressing a gene
encodi ng woob/oaropol ypeptide. T cell specificity may be evalcwatsend3usi ng any
of a variety of standard techni ques. For exanple, within a chrom um

rel ease assay or proliferation assay, a stinulation index of nore than two
fold increase in lysis 25 and/or proliferation, conpared to negative
controls, indicates T cell specificity. Such assays may be perforned, for
exanpl e, as described in Chen et al., Cancer Res. 54:1065-1070, 1994.
Alternatively, detection of the proliferation of T cells may be

acconpl i shed medatedhydeolysiofe. g nd\on Paeahio.que%l., 988010 Rodwalletal.), ahccel |

lif ti . i i DNA 30

Bnthes o (o goatgEArIabELe ¥ aoB AP NS SELETIE SRR &L oo
thym di ne and neasuri hignayhise desirable toéoupid morettbah bieyagent tocan artibogyor at ed
into DNA). O 42 WD..03/.037060 PCT/ US02/ 35194 tp detect T |1
or ol fer & i on I e FRENIBAL PLRG HPGIRE o dfmharf Bl dio3Rer | 2)
gr gdgpt ihon, ? Caaaﬂrbddymlmlewne.glyenumba&ﬁbomedn, mts?]eahémoﬁa; d}amat dri]gdgt im'ay'lz?l - 2;] yl) -

, o-adl enyl-tetrazol | um lterngil vely, nt nesi 0 . I nes (such as
i nt erfgron}/gaﬁﬁmuéﬁ#oo@mbﬁqye Ggar "%‘éq? ea‘fﬁ"\'f’é’%ﬁﬁﬂ’&@&'%gT cell's that
can 5 respond ifmuaoddhjugaek Wita piidrd thamtyieRgetiuaay bd pregareCana agretpéft h a WI'1

ol ypeptide (200 ng/ml - 100 g/m , preferabl 100 ng/m - 25 g/mM) for 3 -
D ol aVsoCoexamPky Modbah ahe aao g herORRBveeti 45 31 U1 or at 1 on of

the T cells nEPEy riEdduRs; br iikefERSTJroRdE MDEBR sfites fo? aBadh@iehscasaul d resul t
in activation of the T cells, as neasured using standard cytoki ne assays

in which al®wsed| diterpativaly, aerder GanbedSe@yvel of cytokine rel ease (e.g., TNF

or IFN-y) is indi cative\c,cafrrieTma?qielarﬁetdgmtgiiroavéwomyisgiaau@h al ., Current
Protocol s in | mmunol og%, vol. 1,  Wley Interscience (Geene 1998). W1
specific T celcrwlenipopding githar disectly 95viaG ligkerrdiery RWiahlgicguiess ingldei n

preferred embditBREESoh dMbumiRS|d.§, BISS Paféft N¥ &flsd7 948, & Rabkeal, or a rel ated
or unrel ated donor and are adm nistered to 15 the patient follow ng

stinul ati on argpidesandipglysacphaidassuenhas amipden@arie ot --dtaentiNg- r esponse to
a WI'L  pol ypeptdddesaPl SHHE! £ ALEmRF m4] hiso BXBY &eaienfbFincBidedi® CD4+
and/or CD8+. Specific a(I:tithva i on 0 C%L_ or CD8+§dI' cell's may be detected
in a variety bendinggsby ensepsdationosuch@sedthintylipogemp veeicly (@@l V-Sct i vat i on
I ncl ude det eCtF‘a'fbgmlt NBS 42,&9%%éricdelf,ﬁdhm).oéar-ﬁef\s%pleéiﬁc fdh FadiSriiditfel | N of
cytokines (e.g., lynphokines), or the

agents include radiohalogenated small molecules and chelating compounds.

For example, U.S. Patent No. 4,735,792 discloses representative

20 radiohalogenated small molecules and their synthesis. A radionuclide chelate

may be formed from chelating compounds that include those containing

nitrogen and sulfur atoms as the donor atoms for binding the metal, or metal

oxide, radionuclide. For example, U.S. Patent No. 4,673,562, to Davison et al.

discloses representative chelating compounds and their synthesis.

25 T Cells
Immunotherapeutic compositions may also, or alternatively,
comprise T cells specific for WT1. Such cells may generally be prepared in
vitro or ex vivo, using standard procedures. For example, T cells may be
present within (or isolated from) bone marrow, peripheral blood or a fraction of

30 bone marrow or peripheral blood of a mammal, such as a patient, using a
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generation of cytolytic activity (i.e., generation of cytotoxic T cells
specific for W1). For CD4+ T cells, a preferred nethod for detecting
speci fi c Womalos7o6@mcti vati on is the detection of the prolifPeraisonssiof T
cells. For CD8+ T cells, a preferred method for detecting specific T cell
activation is the detection of the 25 generation of cytolytic activity.
For therapeutic purposes, CD4+ or CD8+ T cells that proliferate in
response to the WIl pol ypeptide, polynucleotide or APC Cdih Be~eXparided in
nunber either in vitro or in vivo. Proliferation of such T cells in vitro
may be acconplished in a variety of ways. For exanple, the T cells can be
re- exposed 30 cbmn'\ATéiallydvalmmdeﬂeepa{véﬁdh systen, lsbehuas theCERRATH™ON of T cel |

grow h factors, .such nte ukij ' tor cells that

synt hesi ze a \ﬁﬁ 'Bo?‘ﬂ?ﬂ%%? qe ée"ﬁ’?(‘?\@ é?ﬁhﬁg%gf élfnﬁggz'g‘?%’f * The addi tion
of I ist i mul aLor 5010|856 9.0 Pefcat Ne.t5, 25925, 9\@169/@628[1] WED® /161 tehnd WICBSponfses T
cells can be e nu s inyvitro nt|o specificity
in response t fo\gn%:%)m/\l@@%f"’%% quﬁJV‘é‘Y PSHqudm%Tlagﬁ‘pr‘%??‘ﬁg Briefly,

for the prigmamymafs Wohttamhi dihas, icelinds\6Pkultdrég.ge nunbers of |ynphocytes 5

(e.qg., greater than 4 x aced in flasks with nmedia containing
human serum WLl pol ypé pﬁej) %é‘a(ngeét'mmﬁtﬁgt"wg‘é’vgﬂ pglgp%qtlﬁp)pqlwclggtdgdded

directly, al Oréﬂcddlﬁ et ebﬁti@érﬂj/dr%ngmtlg& ,s}égdrﬁungI@ﬁAfﬁ@m@s may then be
i ncubated (e.g 37C for da s). For a second IVS, T cel | s are then

har vest ed and %P’&%% 3 WTﬁéWVPPBi%s Sweh atimulatiop is gerfermed andercgndiiensher al

bl ood 10 ”DnO'&HGlfcﬁ%rtln‘i@édfﬁclemolpé}mltmﬁ@ﬁéde@&uoﬁ%f9‘cellsliﬂagér@sbedlﬁféﬂded
directly. The | asks are i ncubated at 37C fo days On day 2 and day 4

after the &%cé*aﬁiWTlhps'ypgptsieur?r%fya@ry MY EY m@m@phdezor(nqwgyleww e added.  For
a third I'VS, thaed: Gl 8 del%Yy \@Fucw @G@\dad Qm%épﬁe@nQ f§&llltaféltﬁ'é ed with the

I ndi vidual's own EBV transforned coat he peptide. IL-2 may
be added on d#&pseratiemef anlgemsnmﬂéé[mll%y@meély, melt@owhnc@mambélwwct are shown

St mul 2t on oy Sl Bateht e OruproiBBH o, (o keI s | & £ oY
Al t er nat i vel y Fieshélypaqueniessity gradirt qentartugphm offperigheral loachymphasyieske  of WIL
ol 15 br e 12 i PEASHAAIRAT DoRiSEARle, Ry EBRIE: (e ekl if 00 Cor
T cell s may beitpdoi 2-Padyd ttypaliné dpes) |apa‘é°CaMter6¢qbobrbe;st@ns(e pi, pdd2pat i ent s by
ug/ml) or cells synthesizing a comparable amount of WT1 polypeptide. It may
be desirable to incubate a separate aliquot of a T cell sample in the absence of
WT1 polypeptide to serve as a control.
20 T cells are considered to be specific for a WT1 polypeptide if the
T cells kill target cells coated with a WT1 polypeptide or expressing a gene
encoding such a polypeptide. T cell specificity may be evaluated using any of a
variety of standard techniques. For example, within a chromium release assay
or proliferation assay, a stimulation index of more than two fold increase in lysis
25 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. 54:1065-1070, 1994. Alternatively, detection of the proliferation of
T cells may be accomplished by a variety of known techniques. For example,
T cell proliferation can be detected by measuring an increased rate of DNA
30 synthesis (e.g., by pulse-labeling cultures of T cells with tritiated thymidine and
measuring the amount of tritiated thymidine incorporated into DNA). Other
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density gradient centrifugation and sheep red cell resetting and
established in culture by stinulating wth the nomnal antigen in the
presence Wb 0310376l at ed autol ogous filler cells. In order PCo/usensyiot e CDA+
T cell lines, WI'1 pol ypeptide 25 is used as the antigenic stinulus and

aut ol ogous peri pheral blood | ynphocytes (PBL) or |ynphoblastoid cell lines
(LCL) immortalized by infection with Epstein Barr virus are used as
antigen presenting cells. In order to generate CDB+ T «cell Iines,

aut ol ogous antigen-presenting cells transfected with an expression vector
whi ch produces W'l pol ypeptide may be used as stinulator cells. 30

Est abl i shed Twags$ to deteveT carmyrohferanbmimd:dambaéam ihcrehsosi im intealekigen

stinmulation b | at atech Isa af en of 5 cells per

vel i 96 el pluuBiboy SRS hiate i 35 B BB 2005 Wi ch' 1

106 i rradi at ed,sRBbhemyl-tefrhzotieml &Itenmdtlwwpey’f’mheEMf Iyrhmﬂoarnbel(dﬂbmae (r1L2) (50

Um). Wells with established clonal i Tl at

Appr bxi mat el y MR AR aRETa oy be megaosed it iR AT PRt Tk drahe « n

gppL opri att:) & aﬁéslpﬁlﬂdﬂtd aﬂ\MThepo gﬁt@éQﬁay%ed@Jdnﬂiléwgmﬁ‘ItéUﬁWt@ﬁpr’]f esleEt2 I ?%003 Ims)
t hen subsequent an a n, o oses of r

2-3 days fol PBW‘?‘%‘ El qod@ﬁ“gt%ﬂﬂ‘ﬁzl"r fil erqb Y:écl’q "9:(1“ YY) 1S3 1hi nt ai ned i n

24-vel |l plat eaydoshonarrem i af I@éétlafﬂdrb&’éld Midraast h HOKEGEON 8Nfle Tl dels

approxi mately ever hin certain enbodi ments, allogeneic

Thell's may bendr dasiact 390301 1Bod SMRLOTE 3 et ahaua jesulk nACRIAS or i n
vitro. Such pgigt BQISWmQ@s@&f‘uﬁr\@e‘ﬂand%Yd @ﬁ&ilﬁ’@&ésa?s ih vﬂﬁ&H Sweifbl a WL

pol ypepti de, a pol ynucl eoti de encodi ng such %/ pepti de or a cell
produci ng BQJCFFCaeﬁ%I'Ty‘béﬂﬁVFb‘g cyieliBe releangi ?190H'§\|Famd': ﬁ}'sé{‘d'an'Y\%OfsTuf ficient to

pernit the pricgi fdiv&tion[séctbian bﬂag@ﬁ@ﬁ«! pro%caglrlﬁmﬁurﬁ)uog‘ymudered to be
prined if, for exanple, contact with a 1 tide résults 15 in

prol i f erati onVdley/erseiengs,/ireens 1§98} H@TTS@%Q'ﬂ%¥C%{ mayLee@andsd st andar d
proliferation,g; Q%ﬁﬁhm 'nfa@§§ erﬂ/n%?eféhféd)gm?&{ @@ﬁt@%@ﬁc’éﬁ@é{é as descri bed

herein. A stinu t|on|n nore than increase In proliferation
or lysis, andemgddromhapatiant eca fetated prurelated donorand dreedministered/tooki ne,

conmpared tg beﬁomeddm Iat?oﬂ%h&%fzﬁ%s-gncel | specificity. Cells prinmed

invitro may be or exa thin a bone marrow
transpl antation or as a@nuﬂthailyavprbeeva@wateﬁursrasnonsetoelwmspecu fic for W1

can kill cell %oﬂlpé&tidg?%ﬁﬁﬁélew& oqw*ﬁia%ressing APC may be CD4" and/or

CD8*. Specific activation of CD4+ or CD8* T cells may be detected in a variety
of ways. Methods for detecting specific T cell activation include detecting the

20 proliferation of T cells, the production of cytokines (e.g., lymphokines), or the
generation of cytolytic activity (i.e., generation of cytotoxic T cells specific for
WTH1). For CD4+ T cells, a preferred method for detecting specific T cell
activation is the detection of the proliferation of T cells. For CD8t T cells, a
preferred method for detecting specific T cell activation is the detection of the

25 generation of cytolytic activity.

For therapeutic purposes, CD4* or CD8* T cells that proliferate in
response to the WT1 polypeptide, polynucleotide or APC can be expanded in
number either in vitro or in vivo. Proliferation of such T cells in vitro may be
accomplished in a variety of ways. For example, the T cells can be re-exposed

30 to WT1 polypeptide, with or without the addition of T cell growth factors, such
as interleukin-2, and/or stimulator cells that synthesize a WT1 polypeptide.
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I ntroduction of genes encoding T-cell receptor (TCR) chains for WI1 are
used as a neans to quantitatively and qualitatively inprove responses to
W'l 25 bewoioag3ioeukem a and cancer cells. Vaccines to inciP€xagsor/smaonunber
of T cells that can react to WI1 positive cells are one method of
targeting WI1 bearing cells. T cell therapy with T cells specific for W'l
is another method. An alternative nethod is to introduce the TCR chains

specific for WIi1 into T cells or other cells with lytic potential. In a
sui t abl e enbodi nent, the TCR al pha and 30 beta chains are cloned out froma
W1 specific T cell line and used for 45 WO 03/037060 PCT/ US02/ 35194

ﬁdopti vg T C?lﬂhetalddltlerpyf stumwwnoraﬁllsismfédmﬂwh me‘@@@ﬁbﬁf@ﬁﬂlﬁsh +Hue|orporat ed
erein by reference ositions .The ell receptor (TCR)
consi sts of 2’%§H°f‘§‘?sentccﬁﬁf’@'hp]§?/g t%%@"‘ﬁ“%??Vét&‘fv'gbregewgf’%gf termed the
T-cel | recept @pedfichipth Bsmemcsmtetrdmtenarreemhmmtkmdmthbmapdiypedt‘ubde bond

(Janeway, Traver nobi o ourth 48-159. El sevier
Sci ence Ltd/ Gﬁ”Pﬁ\h(ﬁo ﬁ{'ng”’E‘Wl’fbV’ ’ﬁ@@'@‘)"at'o%mev§/ lgrag 58 PhOSHE® exes wi t h

the invariagt (653 gedaddrtfanad x {6 e/ e Mmrﬁﬂ&ksmh%mmm ecogni zes
specific antlgenlc peptides bound to cules, The 10 enornDus

di versity of ag s Wit PQQP?%"dﬁé‘ﬁ@r BF@H’erﬁBéﬂ ugfﬂp{)ef"ii)hﬁﬁﬁfé@ obul i n

diversity, thrgggsly, 88 mctegeﬁmgtd)@wr @@e@nq TH&RadRs 'tﬁbrﬂ%‘es contain
over 50 variable diversity s& over 0 oi ni ng segrrents and 2

constant regi diFubRigHINGs3 ('S Tor THaYS): Edra ?PQS@?\& Jo‘?ﬁ"ﬁ?'i? tB%FarY@F &d segnent s,

and over 60 J ;3gQmRBd h oW fidaks Qtﬁ@%Wrra@&e&?b ipHPal BRJC segment. During
15 T cell developnent in the thymnus ene rearrangenment of the R

chain occif s marenvelems gellsy Wﬁépdy@@i@eé‘égné%ug/ﬂ@aﬁaaqiﬁge?r@ﬁﬂyt & he DJ. This
functi onal VD%uﬁaxsrare %e&tééaﬁéﬁas&wggg es @anfaeofé 4OiePing skBorfy CR For

the a chain, a Va gene segnent rear ene segment to create

the functi onéVSécﬁnmtSrﬁtlmefieud(We%(“t- thgt pe Bé@BdarWl’gr}mlrch& 6 Tt 9ediS Ca.
Diversity is %Qa Fg&% "1| @,EE ﬁ-hgéd\%ﬁﬂﬂ@ il ég@ﬁtgv process by the
nucl eot i1 des

random addi ti on and et ween e V, D and J segnents of
the R chain amtansfbeme}de@neltsmawdm ttile pepjidentls2 maYIbh@déed:Hadavs(Zl%mieway

Travers, V\géngcgingrng@gm%ngggg&hm“&srb didwn 9 Be 3phitWtatdRSEUbRT Sci ence

Ltd/ Garl an
they may be expanded using a 10 day stimulation cycle with higher IL-2 (20

units) on days 2, 4 and 6.
Alternatively, one or more T cells that proliferate in the presence

of WT1 polypeptide can be expanded in number by cloning. Methods for

20 cloning cells are well known in the art, and include limiting dilution. Responder
T cells may be purified from the peripheral blood of sensitized patients by
density gradient centrifugation and sheep red cell rosetting and established in
culture by stimulating with the nominal antigen in the presence of irradiated
autologous filler cells. In order to generate CD4* T cell lines, WT1 polypeptide

25 is used as the antigenic stimulus and autologous peripheral blood lymphocytes
(PBL) or lymphoblastoid cell lines (LCL) immortalized by infection with Epstein
Barr virus are used as antigen presenting cells. In order to generate CD8+ T
cell lines, autologous antigen-presenting cells transfected with an expression
vector which produces WT1 polypeptide may be used as stimulator cells.

30 Established T cell lines may be cloned 2-4 days following antigen stimulation by
plating stimulated T cells at a frequency of 0.5 cells per well in 96-well flat-
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25 The present invention, in another aspect, provides TCRs specific for a
pol ypepti de di scl osed herein, or for a variant or derivative thereof. In
accor dancwowsbsrobthe present invention, polynucl eotide andPamriuso2/aavd
sequences are provided for the V-J or V-D-J junctional regions or parts
thereof for the al pha and beta chains of the T-cell receptor which
recogni ze tunor 30 pol ypepti des described herein. In general, this aspect
of the invention relates 46 WD 03/037060 PCI/US02/35194 to T-cell
receptors which recogni ze or bind tunor pol ypeptides presented in the
context of MHC. In a preferred enbodi nent the tunor antigens recogni zed by
the T-cell reaﬁnbmrpﬁ;atmvmiseoﬁlrmlaymll dneLCdchﬂhanmmbtnahnventi on. For
exanpl e, cDNA.en in C |cf p e isolated 5
fromT cells é’ﬂ}ﬁi?“%lné @Rtlffﬁﬂﬁ FW@&P@B%Q. ﬁ’@aﬁfa aW%Y | ecul ar
bi ol ogi cal an@bmuﬁéwatmplpmtmmmwémqneanma tplsting Avie ndstimulated witrer 1 ncl udes
the T-cell receBtors or ,.anal %%o%( eregf havi n %?ubstantl al lF t he sane

F?S Sghntl

function or (PPrigte 2atiggndn nce b ytglpgousantigert-repRINACPE whi ch

recogni ze o4 bhéi@bmaqlrenppéma@éd Slethe aBditibn 6f6w AbsEssof HL2i(TUmele2-3but are
not limted to, a fragne t he rec_gptor or asubstltutlon ddition or

del eti on nut arﬁay%?ou%w'%g @B‘l‘qegrsé@éﬁf'?ﬂ Fels'ones max s mantained in adwelli on  al so

enconpasses PQHELH) peHRYicéstPRIttioR Aith bhfidending rRphrXimAbl ¥vérpi@d ogous  to
the T-cell receptors provided herein or that retain substantially the sane

activity. The W&k$n "anal og" includes any protein or polypeptide having an

amno 15 acid residue Wlﬂﬁk?@é‘fﬁnrﬁéiﬁﬁcﬁrﬂérﬁt§l|dllﬁgér@ﬂm ceIRImdyood hitnekr cel |
receptors provided herein in which one or nore reS|dues preferably no

nore than %0r dkg. oﬁ?é‘§'t'ze‘11*9rV¥TBr"éf/’¥? QB‘I’@V iR itiPp SHCh REMINGENRYRY apleyeflave been

conservativel y,, c%HtQéﬁdglt#&a@ vofmtah/vm fpyugﬁédt.a@adwy.ﬁjcmo |@éeﬁc‘%§hg'éﬁcrﬁ£‘d whi ch
di splays the function aspects of T-cell Teceptor as déscribed

herein. 20 Th@Otyp@%téﬁtmﬁw&@zﬁtoﬂéﬁng sirahreepolynegtideander genditiong apd ©f garmal i an
host cells, gﬁ'n?to Mt §RESinfivg of T £S5 O?éﬁé?él 'P‘Eé?lsgl fansfected with a

polynucleotlde enco Rs specific for ap tide scri bed herein,

t her eby rendelqongdftrﬁétmb%pﬂrﬁ%i if, feyrxamplec candact wit aﬁ&Wpé'p!P(?R’ﬂlée reslis a and R
b % BotoMRi%n BRA6PAMRLIAGLY Y PEBR! & ReBPLFBPLARAVEC! OF S OF

alter natl ve y, on a sl ng e expression vector at al so contains an

i nt ernal ri bosooticratian; ghremium rejaa@Eshd/ooeytekins icledep asadyrn s desonidédit i on of t he

gene downstr eq]%}e%. Agﬁmm% index of more than two fold increase in proliferation or

lysis, and mare than three fold increase in the level of cytokine, compared to
negative controls, indicates T-cell specificity. Cells primed in vitro may be

20 employed, for example, within a bone marrow transplantation or as donor
lymphocyte infusion.

T cells specific for WT1 can kill cells that express WT1 protein.
ln'troduction of genes encoding T-cell receptor (TCR) chains for WT1 are used
as a means to quantitatively and qualitatively improve responses to WT1

25 bearing leukemia and cancer cells. Vaccines to increase the number of T cells
that can react to WT1 positive cells are one method of targeting WT1 bearing
cells. T cell therapy with T cells specific for WT1 is another method. An
alternative method is to introduce the TCR chains specific for WT1 into T cells
or other cells with Iytic potential. In a suitable embodiment, the TCR alpha and

30 Dbeta chains are cloned out from a WT1 specific T cell line and used for
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Sai d host cells expressing TCRs specific for the pol ypepti de may be used,
for exanple, for adoptive imunotherapy of WI1l -associ ated cancer as

di scussedwofoanster bel ow. 30 In further aspects of the pr@seniSor/ssaenti on
cloned TCRs specific for a polypeptide recited herein may be used in a kit
for the diagnosis of WI'l- 47 WO 03/037060 PCT/ US02/ 35194 associ at ed
cancer. For exanple, the nucleic acid sequence or portions thereof, of
tunor-specific TCRs can be used as probes or priners for the detection of
expression of the rearranged genes encoding the specific TCRin a

bi ol ogi cal sanple. Therefore, the present invention further provides for
an assay for 5d@tﬂrveq‘tdeng1ems/$mers dRdibed ilPNADIEB05A 6 NacdrpaitEResdeci fic for
a pol ypepti de. Ptlde IVHC Tetraneric Conpl exes The present invention, in
anot her aspecPyr ?'60ttes peptide-MHC tetrameric conpl exes (tetraners)
specific for T cells that recognize a polypeptide disclosed herein, or for
a variant or derivative theregf. In one 10 enbodinent, tetramers may be
used in the deteadfeoapiorCopposingsific T-cells. Tetranmers may be used in

noni toring W1 speci fi ghé MBdNRcERSP ATTHS Tonists b2 dﬂ@ﬁeﬁﬁ%éﬂhl}/ vafiaté 1
associ ated mal i gnanci es and for nonitoring mninmal resi di sease.

Tetramer sthi RPMBERtde chaing dgrmpddhg Ficabiresaptong: AR B cB3ins Jrad Ak inked anal ysi s

and can be usgg aldulidebbhd waﬁéﬁé&p$ré%Fé“Wblﬁbnp3ﬁrhﬁﬂbb|8@W|%dnﬂrEoSUffe“ ng
froma 15 W'l asssoci ated di sease at a higher risk for rel agme or di sease

progressi on. 18Edp9kienyier SslencpkigdEarand RyblishingdtR98). o g «/Bstsiedieat s, t he
present | nvemcbrﬂﬂlef&r\ﬁrﬁ{tﬂé mvfar%MD%tdh%fns%ft th‘erh‘gllﬁ{enm?ér?e Offhid fnplex

pol ynucl eot i de tide, T-cel CR, ant | bod corrp05| tions
di scl osed her eemgnlnewmaéemen@axepydmpd pMECacleeies. dhe f or

admi ni strafd O@n&‘?no"i'l ﬁ%r& '?éh@ﬁ'écg?ktreﬁ %eggatﬁ @r’ llu@ﬁmh{&nGQHMHa“ on

with one or nore ot |t|es undér st ood t hat,
if desired, adryemmshmuginsmatmg@w osasdngereerdi Mhenfychbio ganies edntairr ed i n

conbi nation w (/g “tﬁﬁéb'ggﬁnéE'V%"%L?‘reﬁgiﬁ"?@%“Ageéﬂ?%"_‘gtza@gr proteins or

pol ypepti des or various arnmaceu n fact, there
is virtual |l y eondtantir¢gierosegieats (Cpnplome chain ghoes comtairnd o 704 segoieatded, gi ven

o oe e ERELP bR ifhe BSFeBe bR Y RRopBIECT Loon,

15 Tcell development in the thymus, the D to J gene rearrangement of the B chain
occurs, followed by the V gene segment rearrangement to the DJ. This
functional VDJp exon is transcribed and spliced to join to a Cp. For the a
chain, a Va gene segment rearranges to a Jo. gene segment to create the
functional exon that is then transcribed and spliced to the Ca. Diversity is

20 further increased during the recombination process by the random addition of P
and N-nucleotides between the V, D, and J segments of the § chain and
between the V and J segments in the a chain (Janeway, Travers, Walport.
Immunobiology. Fourth Ed., 98 and 150. Elsevier Science Ltd/Garland
Publishing. 1999).

25 The present invention, in another aspect, provides TCRs specific
for a polypeptide disclosed herein, or for a variant or derivative thereof. In
accordance with the present invention, polynucleotide and amino acid
sequences are provided for the V-J or V-D-J junctional regions or parts thereof
for the alpha and beta chains of the T-cell receptor which recognize tumor

30 polypeptides described herein. In general, this aspect of the invention relates
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delivered along with various other agents as required in the particular

i nstance. Such conpositions may be purified fromhost cells or other

bi ol ogi caWwovsswes, 48 WO 03/ 037060 PCT/ US02/ 35194 or al rernesvt/ssaby may be
chem cal ly synt hesized as described herein. Likew se, such conpositions
may further conprise substituted or derivatized RNA or DNA conpositions.
Therefore, in another aspect of the present invention, 5 pharnmaceuti cal
conpositions are provided conprising one or nore of the polynucleotide,

pol ypepti de, antibody, TCR, and/or T-cell conpositions described herein in
conbination with a physiologically acceptable carrier. In certain

pref erred enbodl-sehieseptdisevhidhaecegmizetar bmd taermonpdypeptides ppésented in thevent i on

tjide 10 ti f
Che’i nvent f oncrgR L MPRL (B BBt ErBOS P AR IR Brios 8RB ™B8RY | cari ons.
Vacci ne prepathatT- oenl resepgérs evmplige alpsigpepbiesiof the pfesenemampore, Fovl F. Powel |

d MJ. Ne "Vac d .adj
ggproach) "wg?n qué\gos,f(i 1”8%9 Sgeég'%i?reﬁmqup%b 3t rﬁ%dé‘ﬁ?t? ns will

conprise ore @bmbEells Bpaifiviol £ rimal @oRpeitiae uping yr@paiddrolca esiidgicans of the
15 present invention jn ¢ ’g? 0ﬁltlon W th one or nore immunostinulants. It
will be appar 8n¢ rqcﬂ'a‘P'“éﬂS/S 1CARIOPERar maceut i cal conpositions descri bed

herein can contain phatrﬂamhmmhhlyerm@e&mBcaaﬂebspt@& dr BRalogs
pol ynucl eot i des and po %?:tdes of the invention. Such_salts can be

prepared, fol eé%?éﬁ%‘f'%g igllydheaame function ¢ aghiuiyasdbe E-CRbIRCPRIRIS. bases,

including 20 ef tﬁ%%\iénﬂ&ﬁﬁﬁnclﬁ ﬂac@gmzé@ﬂ Bird t%fnol?bbl?@édﬁd#e&whd@éébtﬁgd tertiary
am nes and basic anm no acid morgtanl c bases (e.g., .sodium

pot assi um 10 i tﬂ‘fluﬂ?nbu"afﬂ%ﬂ'iﬁﬁ?d @aP@?Q’ﬁ? R thPGRRAP T RS %ﬁ‘l‘qs?}’t'm? :n anot her

enbodi ment, i bhdiidd GHdeleRioh TR BEA T Zef RIEBRRI plo%ingd her@ird - ThisiAGEHIBE
conposi tions, of the present invention conprise DNA encoding 25 one or

more of the p§l59ﬁé‘fﬁm%§eﬁi8°|t@§8¢qsb§@ea¥ﬁ9§éhat@[R:WQSF?@!'E"WH@”}?&HQQH%pt ideis
generated in g fhiT-RF ré&bﬁﬁ’s 6:189&1&1 hé&BR &P Phat rtsih 8abdtaRialheRBrRAM Ni st er ed

w thin any of a variety of delivery systenms known to those of ordinary

skill in the aelivty. Thafiead 'analpgs insluges amepratain erdrolypeptiderhayingenamingel | known
in the artyg s t : ap. Drug
Carrier Syst ergréaé%@g 5%9% g%ﬁﬁéltg@%ﬂy an?i[%rayfogﬁ%gccgg |'écci‘eP iggi& t Je-g%{ n.

Appropri at e pbérginie Maishione or more residues, preferably no more than 5 residues,
more preferably no more than 25 residues have been conservatively
substituted with a functionally similar residue and which displays the functional
aspects of the T-cell receptor as described herein.

20 The present invention further provides for suitable mammalian
host cells, for example, non-specific T cells, that are transfected with a
polynucleotide encoding TCRs specific for a polypeptide described herein,
thereby rendering the host cell specific for the polypeptide. The o and g chains
of the TCR may be contained on separate expression vectors or alternatively,

25 on asingle expression vector that also contains an internal ribosome entry site
(IRES) for cap-independent translation of the gene downstream of the IRES.
Said host cells expressing TCRs specific for the polypeptide may be used, for
example, for adoptive immunotherapy of WT1-associated cancer as discussed
further below.

30 In further aspects of the present invention, cloned TCRs specific

for a polypeptide recited herein may be used in a kit for the diagnosis of WT1-
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expression systens wll, of course, contain the necessary regul atory DNA
49 WO 03/037060 PCT/ US02/ 35194 regul atory sequences for expression in a
pati ent (W0®b03®e@ suitable pronoter and term nating si gn&CI/US02/35194

Al ternatively, bacterial delivery systens may involve the adm nistration
of a bacterium (such as Bacillus-Calnette-CGuerrin) that expresses an

i nmunogeni ¢ portion of the polypeptide on its cell surface or 5 secretes
such an epitope. Therefore, in certain enbodi nents, pol ynucleotides
encodi ng i munogeni ¢ pol ypeptides described herein are introduced into
suitable rmanmmalian host cells for expression using any of a nunber of
known viral - lassoeihtey&inesms .For axamﬁe,ithé hedlgiaktid eequdnod bnpattionsitRéreoli r uses

provi de a 10 conveni ent e ctiv | at f orm f or ver systems A
el ectad . nucPLBTCRSPEu IR A R go o toR ph it P dorgre RECnel

i nvention can ebﬁesdnﬂ‘ﬁﬁﬂh@ﬁbaﬂ@h@@éﬁ@@bﬂéodﬁ'@dh@@ﬁé@ﬁ@eﬂm in anﬂélbgwalr al
particles using techni known in the art. The reconbi nan? Vi rus can

t hen be i sol atsg'ﬂpléna- hﬁrgkj r@éP%afeﬁﬁmanvegUm fé‘ét‘e’ ORISR abessRY fQist r at i ve
retroviral $ygbedin Mﬁehc%&mméﬁﬂ)ﬂm%ﬁc&@n@the TER dpedific Rirla- po%@eptﬁje219 740;
Ml ler and Rosman (1989) oTechni ques 980-990; Mller D. (1990)
Human Gene Therapy 1:5-14; Scarpa et al. (1991) Virology 180:849-852;
Burns et al. @ELERRMBCOGirahatit CoMphstes SCi . USA 90: 8033-8037; and
Boris-Lawie and Temn %1993) Cur. Opin. Genet. Develop. 3:102-109. In
addition, a number of [Th¢ pEsPRiiNVEation dmanatherasped cuoydasreptide-Mhithave al so
been descri be@etraHsynb%emF@kéSO«étFM§ spltifidtioh MR Rhrebaiiselde Most  genore,
adenoviruses persist extrachronosonally thus mnimzing the risks

associ ated wi Pﬁ'ypeﬁléﬁtdlsélﬁéf?d hereingenfesa variaphpr derivatiye dheteed dmena (1986) J.
Virol. 57 7+ . ttereder et
al . (1994?%3@?1’“@%%}%;’?%?5‘&?’%%§%d7'%'9";’¥géetteﬁ'°3?’?¥?ﬁ1§(pf3@§$ oghb.\f PO

68: 933- 25 94(etr@aens reay be used inowhitaasadV Thepesilic immene BSpomeskersly, K. L.
(1988) BioTec Ther apy
4:461- 476). @Bfreﬁ%lﬁiofglg@ﬁgssggggegﬁﬂ%gﬁqa %SeénquA@ﬁt\%z@ gﬂd 'gglsr}? garrgﬁ have al so
been devel opediskase. pHtamee blamirigde typishallywearged gulwith doweytometiie analysisadi | y 30

Noo. 5. 173, 4290 S BE DU drodk M £oguRy B Eurdin ot o1 03070

and 15 WT1 asssociated disease at a higher risk for relapse or disease progression.

Pharmaceutical Compositions

In additional embodiments, the present invention concerns
formulation of one or more of the polynucleotide, polypeptide, T-cell, TCR,
and/or antibody compositions disclosed herein in pharmaceutically-acceptable

20 carriers for administration to a cell or an animal, either alone, or in combination
with one or more other modalities of therapy.

It will be understood that, if desired, a composition as disclosed
herein may be administered in combination with other agents as well, such as,
e.g., other proteins or polypeptides or various pharmaceutically-active agents.

25 In fact, there is virtually no limit to other components that may also be included,
given that the additional agents do not cause a significant adverse effect upon
contact with the target cells or host tissues. The compositions may thus be
delivered along with various other agents as required in the particular instance.

Such compositions may be purified from host cells or other biological sources,
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50 WD 03/037060 PCT/ US02/35194 WO 93/03769; Lebkowski et al. (1988) Ml ec.
Cell. Biol. 8:3988-3996; Vincent et al. (1990) Vaccines 90 (Cold Spring
Har bor Laworoiansigo Press); Carter, B. J. (1992) Current OPCRIUSN2/33194

Bi ot echnol ogy 3:533-539; Mizyczka, N. (1992) Current Topics in Mcrobiol.
and | munol . 158:97-129; Kotin, R M (1994) 5 Human Gene Ther apy
5:793-801; Shelling and Smth (1994) Gene Therapy 1:165-169; and Zhou et
al. (1994) J. Exp. Med. 179:1867-1875. Additional viral vectors useful for
delivering the polynucl eotides encoding pol ypeptides of the present
invention by gene transfer include those derived fromthe pox famly of
viruses, such oaalteragtivelyinday\ber chenicatly eyﬁtrxm.zbe apmeydribes herB)n akewide, exanpl e,
vacci nia virus reconbi nants %ﬁﬁ{e55|n

construct ed aSUBbFqERES!ioRs,Ta &heUH f?@ séf"%@?@?)%‘?%ﬂ%%%% ?n?ﬁl nserted

into an appropompbsitionector so that it is adjacent to a vaccinia pronoter
and fl anki ng vacci ni a ence such t he s uence encodin
3 jelored o thecaioseat ’

t hyni di ne ki nase (TK). r?fé@f’B‘i’t ¢rasppet e WVeMOPect cel I's 15 which

are si mul t afe@rainyaceifcarsdtbositiohs y@qﬁbmwcokm@hg@aé@r meedtihenat i on  serves
to insert the vaccinia pronoter plus ene epncodi ng the pol ypeptide of

i nterest int o PONBUGRQtdE, RABMSAEAe, ‘Fﬂ‘ébopésm'%lar‘l‘& foxk-celh FOPYSBE onbi nant can be
sel ected by cwlewrbbageﬂehﬁn@s.lnbmatléh Wikea pﬁ@ﬁ%gf@n@tac@ptybmxwrl di ne and
v

pi cking viral plaques resistant thereto acci ni a- based

infection/tr aﬁ§ﬂ@ﬁpr%f%ﬂ@ﬁ"ﬁ@'ﬁs Hee pasmaseHtiealaoprgsitionst S e ovi de f or

i nduci bl e, trmhﬁ’d?\tco?rib%@§ﬁrh9r'ibg‘éh|c%ﬁjh9<5|§§{ﬂle%ﬂd/o%ol9;5®t|8é or e
pol ypepti des described herein in host "cel an organism In this

parti cul ar 18y so@ppsitiass|of theripvemtipr; for upg @oqr@rdwlaﬁtwam%ewpyw VRCGIAGCi ni a virus
reconbi nant Flsagf)llc%ﬁ&%deﬁc&ﬁ%rgﬁ'&éﬁ‘dd |Q§Bﬁ&§lly-rd79$%dﬁﬁlf¥rr@raﬁ?% Ml S 25

pol ymer ase di ays exquisite specific¢ity I'n onl'y transcribes
tenpl ates bediowgl)amy Mol dlewmansedsoVpesnaigesian e subhnit ged pdiuang t r ansf ect ed

with the The%'ﬂgﬁ}aaﬂg Fishu P%%M?Qgg)t' T é{/ﬂ? L{&Q%Bﬁlﬁssm&g'voﬂ?n by a T7

pronot er . rase express smtromthe vaccinia
Vi rus reconbi rcamprise ¢m¢m¢rb@9|ymhrdeqtlﬂansd/ecmfdwemﬁ!e ¢compositings oltheh i s t hen

transt at edyd nt st RRURR R Lfifyaloh Bin BASL: MERNRHARbORANGABCNT nery. The

met hod provid ransi ent, asm ¢ production of large
guantities of RNA and ittvéll Bd apparent that any of the pharmaceuhcal compositions

described herein can contain pharmaceutically acceptable salts of the
polynucleotides and polypeptides of the invention. Such salts can be prepared,
for example, from pharmaceutically acceptable non-toxic bases, including

20 organic bases (e.g., salts of primary, secondary and tertiary amines and basic
amino acids) and inorganic bases (e.g., sodium, potassium, lithium, '
ammonium, calcium and magnesium salts).

In another embodiment, illustrative immunogenic compositions,

e.g., vaccine compositions, of the present invention comprise DNA encoding

25 one or more of the polypeptides as described above, such that the polypeptide
is generated in situ. As noted above, the polynucleotide may be administered
within any of a variety of delivery systems known to those of ordinary skill in the
art. Indeed, numerous gene delivery techniques are well known in the art, such
as those described by Rolland, Crit. Rev. Therap. Drug Carrier Systems

30 15:143-198, 1998, and references cited therein. Appropriate polynuclectide

expression systems will, of course, contain the necessary regulatory DNA
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WO 03/ 037060 PCT/USO02/35194 translation products. See, e.g., Elroy-Stein

and Moss, Proc. Natl. Acad. Sci. USA (1990) 87:6743-6747; Fuerst et al.

Proc. Natwo 0303m60 Sci . USA (1986) 83:8122-8126. Alternat iPC&lus02/35194

avi poxvi ruses, such as the fow pox and canarypox 5 viruses, can al so be

used to deliver the coding sequences of interest. Reconbinant avi pox

vi ruses, expressing i munogens from manmalian pathogens, are known to

confer protective immunity when adm nistered to non- avi an speci es. The use

of an Avi pox vector is particularly desirable in human and other manmmal i an

speci es since nmenbers of the Avipox genus can only 10 productively

repli f:at e i nI ls&gimmiﬁé%@n?yé mne&g%ﬁicﬁm arpiuﬁrge{sl&hmsa suitebleptomatexf ect i VE in

mammal i an cel | s. A Met s for produci recq ant  Avi poxvi ruses are known
AEEBITY S S de b

in the art an&"gﬁeﬁfnw 529 barishal delveryaysiams gy INaVe wi t h

respect to thehgadminietration o@ébﬁﬁt@ﬂilrﬁi(@chlalslﬁ%eﬁlus-Semett&@emn)Wat91/ 12882; WO
89/ 03429; and WO 92/ 03545. A nunber IReOX viry es lJ§5(?)(=Have been devel oped
as live viral %@8?%%5@“1‘"6@0%6%%%%?“6 qlyReef HERISUMRCEHei ns ( Cepko
et al., Celg %3cré@5%udk0&i2e;§ntb984) Morin et al., Proc Natl. Acad. Sci. USA
84:4626- 4630 (1987); Lowe et al Proc, Natl ad. Sci. USA  84:3896-3900
(1987): Panicali & PaollBefefore.ih gertaimgmpodinents, P‘%&“"'e?}g&s epgoditp 7. 4931

(1982); Mac helirhm@ﬁog’éhrc polypestideb@sebcrinAg Abkeinirb intlddlced/iftio Ahitanig 419 (1982) ) .

20 Representative fow pox and swi nepox virus are avail able through the ATCC
under accessi mﬁmmw@emgst\mﬂ@meémaswmanvégﬁé@mb@épwown vé&'onbi nant

vacci ni a- - CEA%%@&&@feh%bin%ﬁehlﬁtﬁﬁgﬂetéFﬁooﬁ%t W@ﬂ@ﬁru%é?&%%é’ﬁ number  VR2323.
Other illustrative viral vectors also include, but are not limted to,

those desctd beanepienhand effectyenlaiiprador eanersielivegesystams. Bsglectador exanpl e, in

6. 319, 496, 6, TBCaEs SR o Bt o e D At 1 (o be

used for del iinsergd o percjenetddeckaged doiegoyial pPatigeprsiRgecHresstnt i nventi on,
such as thosey %ﬁr‘éfngfg rgeljfer Btbindht Y cdndh aéeeﬁlelﬁted%nﬁdd%hm to%q0.15’ 686;

6, 008, 035 and 8 rta| n vectors on Venezuel an ui ne
Encephal itis Vet ABgmbey G HIUSBYE tetrurAlsgoiRIME Hirge bearndesstitasl (84..used,

Pl Tustratiye @xemyiaNo. 8218746 MABNaRERIHMI 158b) BioTechAh5id7:980-990;
Miller, A. D. (1990) Human Gene Therapy 1:5-14; Scarpa et al. (1991) Virology
180:849-852; Burns et al. (1993) Proc. Natl. Acad. Sci. USA 90:8033-8037; and
Boris-Lawrie and Temin (1993) Cur. Opin. Genet. Develop. 3:102-109.

In addition, a number of illustrative adenovirus-based systems

20 have also been described. Unlike retroviruses which integrate into the host
genome, adenoviruses persist extrachromosomally thus minimizing the risks
associated with insertional mutagenesis (Haj-Ahmad and Graham (1986) J.
Vi‘rol. 57:267-274; Bett et al. (1993) J. Virol. 67:5911-5921; Mittereder et al.
(1994) Human Gene Therapy 5:717-729; Seth et al. (1994) J. Virol. 68:933-

25 940; Barr et al. (1994) Gene Therapy 1:51-58; Berkner, K. L. (1988)
BioTechniques 6:616-629; and Rich et al. (1993) Human Gene Therapy 4:461-
476).

Various adeno-associated virus (AAV) vector systems have also
been developed for polynucleotide delivery. AAV vectors can be readily

30 constructed using techniques well known in the art. See, e.g., U.S. Pat. Nos.
5,173,414 and 5,139,941, International Publication Nos. WO 92/01070 and
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Nos. 5,505,947 and 5, 643,576. Moreover, nol ecul ar conjugate vectors, such
as the adenovirus chineric vectors described in Mchael et al. J. Biol.
Chem (1998)03a8856866- 5 6869 and WAagner et al. Proc. NatPCTASan3s518ci . USA
(1992) 89:6099-6103, can also be used for gene delivery under the

i nvention. Additional illustrative information on these and ot her known
viral - based delivery systens can be found, for exanple, in Fisher-Hoch et
al., Proc. Natl. Acad. Sci. USA 86:317-321, 1989; Flexner et al., Ann. N
Y. Acad. Sci. 10 569:86-103, 1989; Flexner et al., Vaccine 8:17-21, 1990;
U S. Patent Nos. 4,603,112, 4,769, 330, and 5,017, 487; WD 89/01973; U.S.
Patent No. 4WG@03/03769;GBblibwaist@h11988PMdIed48elR Bl m&lﬂwlﬂﬂﬁcerﬁer kner,

Bi ot echni ques 6 1988, t al Scienc -434, 1991;
Kol l's et al. E’?' éggﬁg\@ccm%% gﬁ,‘isp”wia@?f Lapgrajqry Pr ‘?L‘?Sé‘z 133 Eisler et
g! o 33-.'[5I ELOC (gg%ysburr?ggbmn‘fﬁm Bldﬂ%&ﬁ&g23ﬁaﬂﬁ5ﬂﬂwcﬂ%& (1892yran et al .

73: 1202- 1207, T IGRAR ol %mwwﬂﬁ?@??aﬁéﬂv %‘h’@R@?‘h ed artisan,
e
v X i ide ar any portion thereof, as describe
herein. For 24 (,5§91 I%”dzol%’ é*i @@éﬁbﬁ ExecMee- %7818 géﬂp?/%ry of a

pol ynucl eoti de or pept idaitierial MF@VE}@&%S@@M ﬂoﬂd@ﬂbhr@lh%myhlmédﬁd@s any nunber
of a variety of costinulatory nolecules, inclu Inﬁtg@,sfm not limted to

CD28, B7-1, | €asding %ﬂh\tpeew@ﬁ@”h& PreRant (ueRtiop by aspe &l ieudefEPIfde any

nunber of Cyt @Bh\ﬂe@ﬁron{ e p%%?dmly%fl\/ﬁh\&eﬁ;suc%%tmé’(llrds'-ar% avla one
illustrative embodi nent, 'a recombi nant viral vector, 25 e.g. a vaccinia or

f owl pox veld oPOXie| By eExamplecyageinia viyg reqombmantsixpissaing e Novelent i on
al so conpri segdidigicdtan 86 caﬁefrue@aiawaro\n@nrh@mmﬁc% RPSptiYé sal vectors

descri bed herein for use in the treatnent of malignancies associated with
t he expressi ofirsbinseued imorancapprapriptesMector Py that &ipAHACRBYP 2 vaceididonbi nant

vaccinia viral | n patient
dﬁ%@éﬂnd fRinkA &cﬁ&bﬁﬂ SE@'#F@G?@%FW gs%&ué?iéga pati

afflicted WItIEI) -assoc ted I gn by adm nistration of
a reconbi nant ehendingakyrmidineddnase (T tQn bhid vecteris thenmsed tajransfest callg WO 03/ 037060

PCT] US02! S50 O ichlz53 SiturdbERBY ed i LAEAIE} BbloobOUI RO oSG st er ed

tw ce foll ow ng strati € vacclinia ve
pri me/ boost/ beelsfes toaiogsrithe ivageinia promoter plus the gene encoding the polypeptide

of interest into the viral genome. The resulting TK.sup.(-) recombinant can be
selected by culturing the cells in the presence of 5-bromodeoxyuridine and
picking viral plaques resistant thereto.

20 A vaccinia-based infection/transfection system can be
conveniently used to provide for inducible, transient expression or coexpression
of one or more polypeptides described herein in host cells of an organism. In
this particular system, cells are first infected in vitro with a vaccinia virus
recombinant that encodes the bacteriophage T7 RNA polymerase. This

25 polymerase displays exquisite specificity in that it only transcribes templates
bearing T7 promoters. Following infection, cells are transfected with the
polynucleotide or polynucleotides of interest, driven by a T7 promoter. The
polymerase expressed in the cytoplasm from the vaccinia virus recombinant
transcribes the transfected DNA into RNA which is then translated into

30 polypeptide by the host translational machinery. The method provides for high
level, transient, cytoplasmic production of large quantities of RNA and its
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regimen). 5 In certain enbodi nents, a pol ynucl eotide nay be integrated into
the genone of a target cell. This integration may be in the specific

| ocat i on WOWM3/08M6ENt ati on vi a honol ogous reconbi nati on (gecg/usepsaeenent)
or it my be integrated in a random non-specific |ocation (gene
augnentation). In yet further enbodi nents, the pol ynucl eotide may be
stably maintained in the cell 10 as a separate, episonmal segnent of DNA
Such pol ynucl eoti de segnents or "episones" encode sequences sufficient to
permt maintenance and replication independent of or in synchronization
with the host cell cycle. The manner in which the expression construct is
delivered to aranehtioraprddudtieiSee] eigt, ERo-8tdin 4ritPMog¥0 ProtuNER Hcadlesdienai ns i s

embodi mont ot L (oA AR SR R RC badchiad AcShe s bRl Gel i ver ca as

"naked" DNA, fgargi@g®@1p6e as described in Uner et al., Science
259: 1745- 1749, 1993 and reviewed b Cohen, Sci e 59 1691 1692, 1993.
The upt ake of naked DN%tﬁWt'YféV |aH'B RYLRRP: B@Piﬁ%fp?ﬁ’dv NEGENFYPANt o

bi odegr adabk e vrassks caiis6 Be aser 18 deiivar @1dt dodingsensdnees QidnieFHsQ the cells. In
still anot her enbggl ment, a conposition of the present inyention can be

del i vered vi a S9PIARY %"%Nﬁ%nﬁ’?ﬂreséﬁ'ﬁﬁ'@%ﬁweﬁéﬁvnbmanm'% have been

described. | n gaefdgbhd, 4d krihn\e c@mamb@ct.\&aWnlt¥wﬁemadm.In%{e?ed RGfeRl eration
can be achi eved vvlth devi ces such as those manutactured 25 Powder | ect

Phar maceut i cal®iap|5pegiesIHe dse okan AY{BOERIRE S mcwtéﬁﬁ@ﬁ IRBUMan Madi son,

W), sone exarﬂhh%éﬁna‘l’ﬁ}h&f&négécn@seﬁﬁdé R&HbeA lo%Ava%&geﬁué% only?: 846, 796;
6, 010, 478; 5,865, 796; 5,584,8 and EP Patent No. 05 . hi's approach

offers a né@dlpéoql{cé‘@hd@Pl'%'y sepgsPHble BViAR 6Pegies anddherefdsmaremot f or mul at i on of
m croscopi ¢ paﬁfbbﬁk%mamaﬁéeueolwmse& dréiGuchi renyieh | de 30 particl es,

t
are accelerated to high spee hin a hel'i um ggs | et generated by a hand
hel d devi ce, dn%qusagameri@owam thélaésandmmlw geaettecemnBisationods i nt er est. 54

VO 03/ 037060  REELLWEAZLARNI rebBoditd b M AHCAINILRIL inflElecdgy] ces and

met hods that may or gas rlven ss 1 njectior of
conposi ti ons WNOt3é13882: WMt 89/G3428andoN O 92/035d46. Amugwepoeinoxdisdsdsy Bi oj ect

:\kr;(s: ( Pgrgghg‘ Z%av%%hﬁ%pe@é?m 2l et thePdbrddERA" 'fp&gro'lo@oys S. Patent

proteins (Cepko et al., Cell 37:1053-1062 (1984); Morin et al., Proc. Natl. Acad.
Sci. USA 84:4626-4630 (1987); Lowe et al., Proc. Natl. Acad. Sci. USA,
84:3896-3900 (1987); Panicali & Paoletti, Proc. Natl. Acad. Sci. USA, 79:4927-
4931 (1982); Machett et al., Proc. Natl. Acad. Sci. USA, 79:7415-7419 (1982)).

20 Representative fowlpox and swinepox virus are available through the ATCC
under accession numbers VR-229 and VR-363, respectively. A recombinant
vaccinia--CEA is available through the ATCC under accession number
VR2323. Other illustrative viral vectors also include, but are not limited to,
those described by Therion Biologics (Cambridge, MA, USA), for example, in

25 U.S. Patent Nos. 6,051,410, 5,858,726, 5,656,465, 5,804,196, 5,747,324,
6,319,496, 6,165,460.

Any of a number of alphavirus vectors can also be used for
delivery of polynucleotide compositions of the present invention, such as those
vectors described in U.S. Patent Nos. 5,843,723; 6,015,686; 6,008,035 and

30 6,015,694. Certain vectors based on Venezuelan Equine Encephalitis (VEE)
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5 5,312, 335; 5, 383,851; 5,399, 163; 5,520,639 and 5,993,412. According to
anot her enbodi nent, the pharnaceutical conpositions described herein wll
conpri se WO@308706r € i Munostinul ants in addition to thePCrRTSOD3EM C

pol ynucl eoti de, pol ypeptide, antibody, T-cell, TCR, and/or APC
conpositions of this invention. An immunostinulant refers to 10 essentially
any substance that enhances or potentiates an inmune response (antibody
and/or cell-nediated) to an exogenous antigen. One preferred type of

i mrunosti nmul ant conprises an adjuvant. Many adjuvants contain a substance
designed to protect the antigen fromrapid catabolism such as al um num
hydr oxi de or rpanelsalbeaiskd, ifUsttativesdxanpleatiopvhieh cafibe feaint @sp@ Sagent such 15 as

lipid A Bortadel | rfussj cobact eri um t ubercul osi s derived
proteins. Cert® ﬁggggﬁ%/%‘fé’%ég’&&mmr cially available as, for exanple,
Freund's [Inconplete Adidrecvet, rﬁcﬂébtﬁ?fébhjeéﬁeMtu’éﬁélkh(a@itﬁé?ﬁhdn@hﬂfsat ories,
Detroit, M); Merck Adg;rﬂvan Mer ck %ﬁ% GI nec Rahway, NJ);

n

AS-2 (Snit m<| ichimerig e eSﬁrqua'a ichAelpt abA) Bioly PPDABE8E0ch as

al um num hygr agedan@WagABr &t Wrbc. NatiaAsHd. BHNUBAQSII2RBE:60996108, @4n Cal ci um
iron or zinc; an insoluble suspension of acylated tyrosi ne; acylated

sugars; cati orfisodte ysed forgene debvery ypoegweiinvenfionad pol ysacchari des:

pol yphosphazenes; bi od%@ﬁﬂﬁ&lmsﬂtﬁ/@%&%ﬁ@ﬁon tﬁ&e@abemhmdwn Jifahi d A and
quil A Cytokines, such as GWCSF, interl eukin-2 -12, and other like

growt h factor @asﬁ%@'%@@yﬁém§§éﬂl baéouaa; favexanple, ZTBFW‘WH"QPh(?éﬁ't APrac:

embodi ment' s ofndth@cad) N UsAse: éﬂ?ﬁszardiéﬁéamexné‘r%%&\:ﬁ RV Is2afrgd er abl y one
t hat i nduces an I nmmune resBonse predom nant |y the Thl type. Hi gh | evels

of Thil-typa0c\a68iBorid3, (9B Hexnerit ol., Varige 311IZ22 é?ﬂp U3.Patentt end to favor
the induction \gfs 8bs 1ﬂ§ql' Ao280] 617‘%#3%%/619?(@@ Saﬁ'ﬁérﬂ' stered

antigen. In contrast, I"ével s Th2-type cytokines (e.g., IL-4, 30
| L-5, IL-6 andNa. I&7I(7.5)12? B2t9@0f65\1/dip oﬁés;zﬁauwsir/paapsmmmu i mune

responses. F KGRt 0 dPersdn, a
patient will ?d‘%fgéé”r”t%ﬁ%%?% %ﬂo%ﬁ%&%gﬁhﬁ% g%%? ‘g‘ﬁl 4%?\% l’esponse
that includes Kriis et alnéroth Natl.yjpedr 8cpd94 84:21521 9ii 1994; Itassfkisiered abnbodi ment ,
cyt okl nes ip | 106 Wt Redt, SHCDSAYR: i dod Phoad ¥B5y, G\Bfan eSHE ciffuaddy, | Y02
cyt oki nes. TheBStmeJZM&ﬁQBam Guzeki etak, @a;Rdsememﬂ 1307a8393ssed 5 u5| ng
standard assays. For a N&ul f¥hOfeabiflSarpfiBiditd By P sk Lkl anpee Mosmann

number of additional components may be present in a DNA or retroviral vector

expressing a WT1 polypeptide or any portion thereof, as described herein. For
20 example, an expression vector for delivery of a polynucleotide or peptide of the

present invention may include any number of a variety of costimulatory

molecules, including, but not limited to CD28, B7-1, ICAM-1, and LFA-3. A

delivery vector may also include any number of cytokines, for example IFN-y,

GM-CSF, or IL-2. In one illustrative embodiment, a recombinant viral vector,
25 e.g avaccinia or fowlpox vector, includes B7-1, ICAM-1, and LFA-3.

The present invention also comprises the use of any combination
of the DNA andjor viral vectors described herein for use in the treatment of
malignancies associated with the expression of WT1. In one illustrative
embodiment, a recombinant vaccinia viral vector is administered to an animal

30 or human patient afflicted with a WT1-associated malignancy, followed by

administration of a recombinant fowlpox vector. In another embodiment of the
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and Cof fman, Ann. Rev. Imunol. 7:145-173,1989. Certain preferred adjuvants
for eliciting a predomnantly Thi -type response include, for exanple, a
conbi nat iwo odf3wemophosphoryl lipid A preferably 3-de- Opaggisar/axdo4
nmonophosphoryl lipid A together with an alum num 10 salt. MPL(r) adjuvants
are available from Cori xa Corporation (Seattle, WA, see, for exanple, US
Pat ent Nos. 4,436, 727; 4,877,611; 4,866,034 and 4,912,094). CpG containing
ol i gonucl eotides (in which the CpG dinucleotide is unnethylated) also

i nduce a predom nantly Thi response. Such oligonucleotides are well known
and are described, for exanple, in WO 15 96/ 02555, WD 99/33488 and U. S.

Pat ent Nos. 6,lé&@®nPidlerdiod, the 8&E6mbiant folvipou iscsdmingiéret dwige faNBwingquences are
al so descri bed fort (?.xarrﬁ{he, b .Satcg et al.. @ci q@c ¢ 273:.3 2h 1996.

Anot her pr ef erd BHIG0 8 36'8?%'?'%% or{€.953 RHRPROOVHORStYECHRION A o
derivatives thegimeh). i ncl uding Q@21 and QS7 (Aquila Bi opharmaceuticals
Inc., Fram ngham M\); Escin; Digitonin; or 20 Gypsophila or Chenopodi um
gui noa saponins . O her preferred forrmulations include nore than one

saponi n i n ghe adj uvantin cetdm aabbmnnsntefapdslmmreeﬁwmaybeweljrét@amté or exanple
conbi nati ons o{\ at | east two I t_Ih (t) rou& r| Si ng 21, QS7,
Quil A p-escilh® 9goms glactéfﬂehceAl ﬂ"@r'ﬂtﬁg"a\) V gy Béﬁ?‘ﬂ G18¢aaN 209 ons may

be conbined widrBntadén Ma(hﬁlnﬁl% d@\b@érﬁﬁnﬁ@ﬁiﬂ?&@epf&cé‘rﬁéﬁtm@f b&t her

pol ycati oni ¢ pol é_rrers \éhactl de and | acti de- co- gl ycoI i de particles,
pol y- N- acet yl IPHARIARALR i S8Erspefl M‘ﬁ%{ geng augReptationds Indtposed of

pol ysacchar i dagridr efib8HinfeRts, the poRALEIEARIe WAt abiR af@sined ih BRs&Ies and

| i pi d-based particles, partlcles conposed of glycerol nobnoesters, etc. The

saponi ns My Asfosaparate cRisPmakeamentefl DA %‘l‘%@'ﬁ&'@%f’“%ﬁ?ﬂ@@f‘@%l to form

particul ate 5t"ébi%rHé@%nééﬂﬂbe@ﬁer’lde@@ﬁmaﬁﬁt t@berrﬂnﬁﬁ% et éﬂ?ﬁ‘r@ﬁw fon t he
saponins may be fornul ated together with a 56 WO 03/ 037060 PCT/ US02/ 35194

pol yoxyet hyl erfedepefgant gt orda sgichranization Wity the hﬁ@‘r@ﬂéﬁt'ﬁ? clheamanngsiinit i on or
suspensi on, Orytidh the BRErbASHH GinStrdt i ivér8d wbemd%wmth@eal #g |1 posone

or |1SCOM The saponins may al so be fornmulated with excipients such as
Car bopol (err) Roynielestidagemaing isoisirendenben igylypseoffexpregsian eenstricta dry powder
formwth 45 g [\é}gg_r exci pi ent such as lactose. In one preferred
enbodi nment, the adjuvant systemincludes the

In another embodiment of the invention, a polynucleotide is

administered/delivered as “naked” DNA, for example as described in Ulmer et

al., Science 259:1745-1749, 1993 and reviewed by Cohen, Science 259:1691-

1692, 1993. The uptake of naked DNA may be increased by coating the DNA
20 onto biodegradable beads, which are efficiently transported into the cells.

In still another embodiment, a composition of the present
invention can be delivered via a particle bombardment approach, many of
which have been described. In one illustrative example, gas-driven particle
acceleration can be achieved with devices such as those manufactured by

25 Powderject Pharmaceuticals PLC (Oxford, UK) and Powderject Vaccines Inc.
(Madison, WI), some examples of which are described in U.S. Patent Nos.
5,846,796; 6,010,478, 5,865,796; 5,584,807, and EP Patent No. 0500 799. -
This approach offers a needle-free delivery approach wherein a dry powder
tormulation of microscopic particles, such as polynucleotide or polypeptide

30 particles, are accelerated to high speed within a helium gas jet generated by a

hand held device, propelling the particles into a target tissue of interest.
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conbi nati on of a nonophosphoryl |ipid A and a saponin derivative, such as
the conbination of QS21 and 3D-MPL(r) adjuvant, as described in WO

94/ 00153,woro3/0370beess react ogeni ¢ conposi ti on where the QSPLTIGSoz8Mnthed
with cholesterol, 10 as described in WD 96/ 33739. Ot her preferred

formul ati ons conprise an oil-in- water enulsion and tocopherol. Another
particularly preferred adjuvant formulation enploying QS21, 3D MPL(r)
adj uvant and tocopherol in an oil-in- water enulsion is described in WO

95/17210. Anot her enhanced adj uvant systeminvol ves the conbination of a
15 CpG containing oligonucleotide and a saponin derivative particularly the

combi nation of CpG and|r€§2e1até@eﬁh‘bsm}n@ate6thbndme@%em&dsmﬁafnﬁyai@l y the
formul ati on additionall ri Sies an oj l { n wat e ﬁhSI on and tocopherol .

Addi tional il IU§8HHHRf 935 f&&[‘ﬁ@%‘ﬂ? Sp Ylieqier o 9?"99?@"'8?1%? & BFSPRLa)

conposi ti ons Ghvehfiéh ihEl@hb&priotia b By BiYRIRE, #iv. d%r‘dla‘irﬁ @@l@ sofRppi ¢, France),
20 SAF (Chiron, California, United State -59(Ch|ron)

the SBAS seri éxamplesaf whighare descrped "SB;@S?P)Z’{%‘F Neg A/ QEP 82év§i0f5‘39zﬂf% from

St LKl i ne 5 Begpbaras; EhueBsatlaooiesos o sadicosoddahanzyn(er 1)) (Corixa,
Ham | ton, M), 9 (Corixa, Hamlton, MI) and other ani noal kyl

gl ucosani ni de 4- phosphé@@@d'" Meerother embediment, Kbrsehal®ae9ytisRld i n pending U. S.
Pat ent  Appl i C%g%asﬂﬁﬁfs'd%cr%%dw@%m Qﬁ/cgﬁlﬁrl%ead?%&@‘ ArhtnostRulaRidni n U. S.

Pat ent Nos. di scl osures whi ch are incorporated herein by

reference in tagditien whe muwen-cmtynwwﬁmmpmaeiutwév, &gV &R: s such as
those descri b%ﬂd)oPAM@co?ﬂ%/oém%%hls (ﬁd@lwohonﬁl.mmuhagiwatm veﬁere% uvants for

use in the pharnmaceutic ositions of the invention Include
i sotucer os®0. eseer@aliVeanyﬁuéﬂemqeetdataﬂnhawastos ppigplialgam mrownarespasisecul es of

the general il 4 ;

HO( CH2CH20), | %"t@”’ﬁ% r/%'\éhg' Q"’ryd?"gg"??(g%&%g%&?ﬁé‘g”‘o(r)@éc%’geffedﬁ”?es Cl 50

al kyl or  Phemnyimaindstimalakttompbises anadjdvambniany adjixantsreestainai nvent i on
consists of a ' | e Si 2d. | YL ene et her of
general for rruIS\gg%%"{%%\ﬁﬁgpé?%%héystﬂgglﬁt%grl;llofld %ﬁgaqgﬁﬁogs?ﬁéfsgégﬁy 4-24, nost
preferably 9; aumsni bydrpxident mineral Qll,-a50 a simefatorath iym@se ©€20orek&ysuctand most
pref er abl y1§ 1 zas%llaw ’Boﬁggelfg‘ p'eﬁu&isbo(%%cobacteﬁum tuberculosis derived proteins.

Certain adjuvants are commercially available as, for example, Freund’s

Incomplete Adjuvant and Complete Adjuvant (Difco Laboratories, Detroit, Ml);
Merck Adjuvant 65 (Merck and Company, Inc., Rahway, NJ); AS-2 (SmithKline
Beecham, Philadelphia, PA); aluminum salts such as aluminum hydroxide gel

20 (alum) or aluminum phosphate; salts of calcium, iron or zinc; an insoluble
suspension of acylated tyrosine; acylated sugars; cationically or anionically
derivatized polysaccharides; polyphosphazenes; biodegradable microspheres;
monophosphoryl lipid A and quil A. Cytokines, such as GM-CSF, interleukin-2,
-7, -12, and other like growth factors, may also be used as adjuvants.

25 Within certain embodiments of the invention, the adjuvant
composition is preferably one that induces an immune response predominantly
of the Thi type. High levels of Th1-type cytokines (e.g., IFN-y, TNFaq, IL-2 and
IL-12) tend to favor the induction of cell mediated immune responses to an
administered antigen. In contrast, high levels of Th2-type cytokines (e.g., IL-4,

30 IL-5, IL-6 and IL-10) tend to favor the induction of humoral immune responses.

Following application of a vaccine as provided herein, a patient will support an
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The concentration of the pol yoxyethyl ene ethers should be in the range 0. 1-
20% preferably fromO0.1-10% and nost preferably in the range 0.1-1 % 10
Pr ef er r eawpaByamwyget hyl ene ethers are sel ected fromthe folPCowisny3gpoup:

pol yoxyet hyl ene-9-1 auryl ether, pol yoxyethyl ene-9-steoryl ether,

pol yoxyet hyl ene- 8-steoryl ether, polyoxyethyl ene-4-I|auryl ether,

pol yoxyet hyl ene- 35-1 auryl ether, and pol yoxyet hyl ene-23-1auryl ether.

Pol yoxyet hyl ene et hers such as pol yoxyet hyl ene | auryl ether are descri bed
in 15 the Merck index (12th edition: entry 7717). These adjuvant nol ecul es
are described in WO 99/52549. The pol yoxyet hyl ene et her according to the
gener al f or muliram(he respéreeanatancludet Tdesdmdemz-ﬂgzee mepbiseed Wu'htri'a anot her

dj uvant. F ferred a 1t conb Rreferabl y with
GG a6 descri BEROTH THREIDEN BRAIGRp ORANE e odaprr A Tree e 20050, 3.

Accordi ng to aneldranteygeasitoxmizs walf inérbase tbravg:féétenmmmamnmwolgﬁm c

conposition descrlbed erei i eljvered . to a host vig anti presenti ng
cells (APGs), Weégtog@ﬁﬁr"?‘? %V‘% * ese oAz IHAL0e @aa'g’l?%e eHl)nocyt es and

ot her cell satfaarh BRYd&E a%Q@sn%FQ%\ﬁéw&thfafmllﬁs%bytéﬂﬁ‘és sSeiMosAaneel | s may,
but need not, be geneti cal IH%; nodi fied to increase the capacity for

presenting thé‘“%ﬁ:loﬁ’ij‘éﬂ ARy Repgrsieoh £ 1149 Pol?88nd/ or  mai nt enance of the T

cel | response, to haveegphihiprdfoi®y adifanfsiier ARitinga p@éuUnQﬁarﬁlpThety e
i mmunol ogically conpatible with the receiver (I mat ched HL

hapl ot ype). AFQ%’OHW”‘?'B%@@XPTPG@ cembipatian qfrf'ﬂﬂﬂoﬁh‘zﬁpBPWh"p\ﬂa'?w ety of

bi ol ogi cal Tl wifsrapipa- dwaaeﬁatea@nddaﬁhégahagl IR to§étHeP@tH dndT@hdlimt | ssues,
and may be autol OI% %@ | ogenei ¢ ngenei c_or xeno?%enel c cells. 58 WO
B5adjyva

03/ 037060 HCTSaOMP r@e@fﬁ@\/ﬁ‘ﬁ? o5 Cetehpeeriionaate, W spresent
i nvention usef&%a%Fk' esc‘p%kdn% N9§ mswﬁﬁ Iy @75 64 Nef. G 0Sar & Gsbapr €sent i ng

cells. Dendritic ce are hly potent APCs (Banchereau and Stei nman,
Nat ure 392: 245>pﬁaqonta1r9%th9nuclmk¢és b ahichirfar @ dinveleefidedst i ve as a

physi ol ogi oal AR 635 ek behdddRdipPhY IABbAG Muchher apeut o

antitunor inmunity I mrer ma Med. 50: 507-529,
1999). | n geneligdnucldeldgsiare weltlgiows erﬁ)éesorld%d\tftprquémpl@a@éﬁoon their

typi cal shfeow Sﬁ%ﬁé& W6 gb[krsggaé H?%W§ Iba FKS&'&Y 0% sCas6Yg2C €SS €S

(dendrites e’in vi eir a e up, process and
Immunostimulatory DNA sequences are also descnbed for example by Sato

et al., Science 273:352, 1996. Another preferred adjuvant comprises a
saponin, such as Quil A, or derivatives thereof, including QS21 and QS7
(Aquila Biopharmaceuticals Inc., Framingham, MA); Escin; Digitonin; or

20 Gypsophila or Chenopodium quinoa saponins . Other preferred formulations
include more than one saponin in the adjuvant combinations of the present
invention, for example combinations of at least two of the following group
cémprising QS21, QS7, Quil A, g-escin, or digitonin.

Alternatively the saponin formulations may be combined with

25 vaccine vehicles composed of chitosan or other polycationic polymers,
polylactide and polytactide-co-glycolide particles, poly-N-acetyl glucosamine-
based polymer matrix, particles composed of polysaccharides or chemically
modified polysaccharides, liposomes and lipid-based particles, particles
composed of glycerol monoesters, etc. The saponins may also be formulated in

30 the presence of cholesterol to form particulate structures such as liposomes or

ISCOMs. Furthermore, the saponins may be formulated together with a

56



present antigens with high efficiency and their ability to activate naive T

cell 10 responses. Dendritic cells may, of course, be engineered to express

speci fi c woeBlo3®or f ace receptors or |igands that are not @cmmsnt/gsidPound on

dendritic cells 1in vivo or ex vivo, and such nodified dendritic cells are

contenplated by the present invention. As an alternative to dendritic

cells, secreted vesicles antigen-|loaded dendritic cells (called exosones)

may be used within a vaccine 15 (see Zitvogel et al., Nature Med.

4:594-600, 1998). Dendritic cells and progenitors nay be obtained from

peri pheral bl ood, bone marrow, tunor-infiltrating cells, peritunoral

tissues-infil tpowbkyay]ydmieleiher of yﬁpmmttheSa nsmbemaulatslsbtmnomaﬂ:)i lical cord

bl ood or any ot her suitab ISS e.or %% For am&le dendritic cells
@S

may be differ SHEREPEG: ¥X" \7|p\‘7‘8'c ?eastﬁrd'fﬂr'fée%{’ PBFOE Ploki nes such
as GVt CSF, | L-19COM.ThE sapuhinsrmayNiieo befoerlibtedasth extipearauyh @s harvested from

Do D LB borE esded Slokepir s s MGt b FgE oo wih ™™
differenti aused; povider @xvisiéritisuch a&sthttesdly addi ng to t he cuI ture medi um

conmbi nations of GWCSF, |L-3, TNFa, CD40 |ig LPS, flt3 Iigand and/or 25
ot her conpound(s) that I} AR ETegep egboriment: |t%adJW&”hFlé?ﬁqr6chﬂﬁﬁs B€ol i feration

of dendritic c@ﬁibﬁr@uorD@rruimbﬁo;fho@;ﬂ{dr;a uaaea mrwdyoﬂmtdeym%e@@ﬁ bgeb as
"immature” and "mature” whi ch al | ows éto di scrim nate

bet ween two wé’iomb"@ﬂ%ﬂ&fc@%ﬂ %’E’&%N@ﬁo@?ﬁé@”t W@ed ip NYQ OAORERD IRt ur e

shoul d not be aﬁ@s&%ﬁ&b?éﬁ%&nﬂxﬁ?ﬁ@h uﬂere&héd@s% Qihichéd RiTEYIctRoISt ages of
dlfferentlatlon ure dendritic cells are characterized as APC with a

hi gh capacil®y a8siescribgd pMELPE3FFG0 Qs iered iprrulationsdogrseipt akie- and

processing, Whigdt é?rﬁflsfléﬂ é’ﬁoetécdtihbrblthﬁothér%&nﬁ:’&l&?li??éf&%ooid eyt receptor and
mannose receptor. The nature 3”815%’95{?3 s typic characteri zed by a
r&% $

| ower expr essﬁ@fﬁ“'dﬁt'oﬂ BEDEOYIRG L zadivght @dﬁpm\ﬁmhln(ﬂn oilged | surface
nmol ecul es resg@g?elprl, &p,%dgs&igleb ,rpwbg@{-;é%? such as class | and class 5 I
no es .

VHC, adhesi on ecu and 1) and costinul atory nol ecul es
(e.g., CD40, CD80, CD8@\nathéranhanp®)adjueassysigm gwolkesihegombinatiomeffeect ed wit h

200 Vo' 3L SRy i MBIRARR 0 SRRSO ARG (her )
expressed on tdembingtion of CpG gndpQS21 is disclosed in WO 0(?/091 59. Preferably the
formulation additionally comprises an qil in water emuision and tocopherol.
Additional illustrative adjuvants for use in the pharmaceutical
compositions of the invention include Montanide ISA 720 (Seppic, France),
20 SAF (Chiron, California, United States), ISCOMS (CSL), MF-59 (Chiron), the
SBAS series of adjuvants (e.g., SBAS-2 or SBAS-4, available from SmithKline
Beecham, Rixensart, Belgium), Detox (Enhanzyn®) (Corixa, Hamilton, MT), RC-
529 (Corixa, Hamilton, MT) and other aminoalkyl glucosaminide 4-phosphates
(AGPs), such as those described in pending U.S. Patent Application Serial
25 Nos. 08/853,826 and 09/074,720, and in U.S. Patent Nos. 6,303,347 the
disclosures of which are incorporated herein by reference in their entireties,
and polyoxyethylene ether adjuvants such as those described in WO
99/52549A1. Additional illustrative adjuvants for use in the pharmaceutical
compositions of the invention include isotucerosol.
30 Other preferred adjuvants include adjuvant molecules of the

general formula
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10 surface. Such transfection may take place ex vivo, and a pharnmaceuti cal
conposition conprising such transfected cells may then be used for

t her apeutwo opuspeses, as descri bed herein. Alternatively, PaTgSnz3ded i very
vehicle that targets a dendritic or other antigen presenting cell my be
adm nistered to a patient, resulting in transfection that occurs in vivo.
In vivo 15 and ex vivo transfection of dendritic cells, for exanple, nmay
generally be performed using any nethods known in the art, such as those
described in WO 97/24447, or the gene gun approach descri bed by Mhvi et
al ., immnology and cell Biology 75:456-460, 1997. Antigen |oading of
dendritic cells may beU)a¢KD€HgdHHM-MHRubating dendritic cells or

progenitor cells with the tunor i d Pl\@ aked or within a
pl asmid vector) or RNAMNGED "t'?ﬂ%’ﬁtg %gorﬁi(% Z'S(Q '%@ Rint bacterium
or viruses (e.Rhenyl\Gcgakyla, fow pox, adenovirus or lentivirus vectors).

Prior to | oading, the pol ype t|de coval ently conjugated to an
i mrunol ogi cal partner Itbﬂ?téj E’?%e@é?qe”h'él’eﬁ“'o'( ég’lf's'ts f &vaceing,

nol ecul e) . &\ tf@’fﬁlﬁétlbh%bMpnsmgj@BéWd»bemyI@ﬁé btheRyf diPerUorRdia\l) Mheleir S
non- conj ugat ed i mmunol Qg artner, separately or in the presence of the

pol ypepti de. WP P@“’"&ﬁW@GF’tSQb‘Féfeé%br'\fi‘é’f‘ RETRFERELY Fothe RFoBpeneptisy skill in

the art may ks £HREMEN C.lTs) Blﬁylrahamcsmérsw c%mm%hamga ehat hi s
invention, the type of carrier will ty ally vary bﬁ E\endl ng on the node
iOfVe

of admi ni st r atlin§oneRAtretivfRfihe P@Yﬁyeﬂ‘ylﬁﬂ%e‘bﬁ@ﬁﬁtﬂd irafgendy- be

fornul at ed fOrzo%%re?@@bl?%had?10%39Hc?ho§tfpr€féFHbW if tHcAbh@do.1118¢! udi ng for
exanpl e, topical, oral, "nasal, mucosal 60 WD 03/ 037060 PCT/ US02/ 35194

i ntravenoud0 iRrefered aelvayethyiape aibers are selacted Famche falewing geawd: i nt r anuscul ar
adm nistratio i cal conpositions
are bi ocorrpa& ng} &%"%%@Z@ﬁe%&'g‘%@g% B@édi‘ﬁ‘éﬁ\‘é?

\ radable.” I'n certai n enbodi nents,
the 5 fornul @ply@w%v@r@reaﬁewgﬂtw eliyoxyethyera-taryt ethenst ant | evel of

of rel case | RONGRBfE et cl, SR B REhon  RHRLR o T { O &t on
of such corrp(ﬁﬁi'&tomﬂibylfir@ atlegrs swiht a8 polyaxgethyens |30W| afhefi atiadgsqslhed inin the art
"l e i 5% oty PRI 14 HBE b e i3 ThEE Sl oleBubthd L PO e
| at ex, st ar ch,deseibedliro®4) 99!53&49% and the
The polyoxyethylene ether according to the general formula ()
above may, if desired, be combined with another adjuvant. For example, a
preferred adjuvant combination is preferably with CpG as described in the
20 pending UK patent application GB 9820956.2.
According to another embodiment of this invention, an
immunogenic composition described herein is delivered to a host via antigen
presenting cells (APCs), such as dendritic cells, macrophages, B cells,
monocytes and other cells that may be engineered to be efficient APCs. Such
25 cells may, but need not, be genetically modified to increase the capacity for
presenting the antigen, to improve activation and/or maintenance of the T cell
response, to have anti-tumor effects per se and/or to be immunologically
compatible with the receiver (i.e., matched HLA haplotype). APCs may
generally be isolated from any of a variety of biological fluids and organs,
30 including tumor and peritumoral tissues, and may be autologous, allogeneic,

syngeneic or xenogeneic cells.
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like. Oher illustrative del ayed-rel ease carriers include supranol ecul ar

bi ovectors, which conprise a non-liquid hydrophilic core (e.g., a

cross- | i Mked3/opwbysacchari de or oligosaccharide) and, optiPpcmaISOY3519N
external |ayer conprising an anphiphilic conpound, such as a phospholipid
(see e.g., U S Patent No. 15 5,151,254 and PCT applicati ons WO 94/ 20078,
WO 94/ 23701 and WO 96/06638). The anount of active conpound cont ai ned
within a sustained release formulation depends upon the site of

i npl antation, the rate and expected duration of release and the nature of
the condition to be treated or prevented. 20 In another illustrative

enbodi rant CIbi odegr adalﬂeﬁ?iﬂﬂmdéfeﬁ@dlahﬂﬁdlméms@f themdasehamt/attlen psé ygl ycol at gl)
are enpl oye arriers for the osi tions vention. Suitable
b1 odeor adabl ¢ EICRGSHIRAELSinIoR P e ggPregsmhg pels. RS Sois ont - Nos.
4,897, 268; 5, QrdhighY; oénBRﬁC@@ancﬁerSédLario?@temnﬁnSR@tuB@fwz 253853, 763;

5814 344, 5,407,609 and592 252 dlfled atitis 25 Bcore protein
carrier systeﬁ@ 8)andihaxe begrs “ﬁ'etabF oeive §s gologigef adjuxartiences cited

therein, Wil entifiy &epm@;ﬁy br therapB@idyandfipdr Gt LSS sed Miginiman iah ust rat i ve
carri er/del ivery system enp carrier conprising particulate- protein

conpl exes, sudBVadnniges "4%’3@55%%‘529 A 98P)s In periesd); deggiritiecRlis 1@y e which are

capabl e of i neupiifiet @as%%ﬁ?ehéurtgﬁéél charec@iefib 4 S, Gitt nlayEan9® ﬁta@muc’-’*o
responses in a host. 37060 PCT/ US02/ 35194 In anot

i | lustrative @mRseasaseAendritan) xisile inmieh thairabiibt te tae yn, precessdd enpl oyed as

carriers, vacGd@nfshtig¥@d\With high eﬁiéneﬁ%ﬁd%éu?%uﬁt?h%’c?ﬁaterﬁ&Fvé'TC&ﬁ for the
conpositions of this invention. Exenplary calcium phosphate particles are

di scl osed, 19 orespRAsAS. endritiqrals maeef coutsente enginaesst to G%PIRes SPECY 0046147.
The phar maceulpf eurréeefr@@t&ré en§aﬁés thBeark rr%?éﬁnﬁrﬁ?% Wuhd 8h h@ﬁam.t:%ﬁéﬂer

conprise one or nore buffers (€.g., neutral sal i ne or phosphate
buf f ered sal i ieyiyo QWWMGH@S@@ f(‘@dl@f'd detjllduws areegentneplated by thee or

dextrans), ”% hﬂhwerﬁ’%.t §§ a5 alté’rﬂét)(z@‘wbé Qéllsaé'éc'?é}e@%s‘i’é guch as
ant i

gl yci ne, ants, acteriostats, 83 I'hg agents such as EDTA or
gl ut at hi one, adpgmdna@d(@ngrltlc cedl$ (wlmwmyme@xnaiebe used|withissa vaeginer ender t he

formul ati Oli'lsl ZQJGO% %ellyglot,@?urgﬁw 4%@%@/ 1I%g))ertoni c with the bl ood of a
n nrng '

reci pi ent, pe
Dendritic cells and progenitors may be obtained from peripheral

blood, bone marrow, tumor-infiltrating cells, peritumoral tissues-infiltrating cells,
lymph nodes, spleen, skin, umbilical cord blood or any other suitable tissue or
fluid. For example, dendritic cells may be differentiated ex vivo by adding a

20 combination of cytokines such as GM-CSF, IL-4, IL-13 and/or TNFa to cultures
of monocytes harvested from peripheral blood. Alternatively, CD34 positive
cells harvested from peripheral blood, umbilical cord blood or bone marrow
may be differentiated into dendritic cells by adding to the culture medium
combinations of GM-CSF, IL-3, TNFo, CD40 ligand, LPS, flit3 ligand and/or

25 other compound(s) that induce differentiation, maturation and proliferation of
dendritic cells.

Dendritic cells are conveniently categorized as "immature" and -

“‘mature" cells, which allows a simple way to discriminate between two well
characterized phenotypes. However, this nomenclature should not be

30 construed to exclude all possible intermediate stages of differentiation.

Immature dendritic cells are characterized as APC with a high capacity for
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agents and/or preservatives. Alternatively, conpositions of the present
invention may be fornmul ated as a | yophilizate. 15 The pharnaceuti cal
conposi t iwp3Mewer i bed herein may be presented in unit-dese/usn2/saibsi - dose
cont ai ners, such as seal ed anpoules or vials. Such containers are
typically sealed in such a way to preserve the sterility and stability of
the formulation until use. In general, formulations may be stored as
suspensi ons, solutions or enulsions in oily or aqueous vehicles. 20

Al ternatively, a pharnmaceutical conposition may be stored in a freeze-dried
condition requiring only the addition of a sterile liquid carrier

i mredi atel y prantigen dptakessnd prbeessiey,ettogmeontelaés with thabigh ealp&'ssngn ehd treat nment
regi mens for sing the particul ar onp sitions, descri.bed. herein in a

Vst ety of t r &4 HeRplor Sad et tentete A A TE PSRONGF SPisARbnt or al

intr a?/lenlczus, ichbiaamedsal by aldet éiprr@smmiltr&rsemms Hue ahlgorexpnedsuémbfrrul ation,
is we nown i

i C cuss el ow for
general pur po§€@ ‘UP °P|m%§%“?e§tfﬁ%‘??ns'f’\#}8'ef9§ ?F“é?i\&f‘lseﬁi gss Itar‘i'g class
pgar nmaceut igall MHGP&kﬂiebloﬁmledﬂjlé%qb@S@Dsﬁf@n@@ﬂl}ihn@&sﬁﬁiuwfﬁved vng oral
adm ni stration to n ani suc se conpositions may be
fornmul ated wi t”P'P%ﬁH‘ &Sred %“IouAﬁpoo&)% ?W‘hﬁgﬁ Ksimilable edible carrier, or
they nmay be encl osed lmmrrﬁaygfneﬁéﬂf/be$l’@ﬁéfbct§@lmﬁ bfbolyﬁaclé/@d@%f@@7060
PCT/ US02/ 35194 capsul e, or t resse into tablets, or they

may be i ncor pdMENERD (OgPertien P&Otﬂ%/’t"lﬁ‘”grl'féh?’ W‘Pﬂéh%l?'&o ®dhe active

conpounds nay p@Ki?@p tRR, brErOrARINBE&Sc Poriitn @néféop'@@ip?iess%@n't’rfe%éll' n the form of
ingestible table buccal tables, troches, capsules, 5 elixirs,

suspensi ond0 Syragss Sughti@nsfectigndnaviake piee px W0, andpa RigEAMIesticalmt hi owit z et

al., Nature 193# Nﬁﬁor?gongﬁéhg@a%trér%%cﬁed é@ﬁ@ﬁﬂty%er\%e ulse@rfd)rt Rev Ther Drug
Carrier Syst 199 15(3 Patent 5,641,515; U S. Patent

5, 580, 579 an@QDapQS‘T'CPH'[P@ﬁ@S 55¢9@"h§('1)"efe‘l1ad’}"éﬂ§w€t|¥-@(Q%@ depeny s, capsul es
and the |ike ng icle a?‘?ar%@taade'ﬁdﬁtﬂ‘yor%ihe@aﬁﬁde'n% ﬁ?ﬂfnn@égﬁ'rﬁéﬂ@l conponents,

for exanple, a such gum t ragacant acaci a,” cornstarch, or
gel atin; exci @ﬂ@mlﬁefegm@ﬁ pa@entdeatdmrtg-u#amf@@pnm%ocwr@nwm é@rﬂa{@l ng agent,

such as coyg %ﬁa & BivoRh&kQioht A 46 huritic bk gﬂ gxﬁﬁe\e,erﬁéw?éﬁﬁallg'bge

| ubri cant, such as magnesium st ear at e; ng agent, such as
sucrose, | act pedomredsusingtanyinetheds Hnewactm@a agly sugh as those described in WO

97/24447, or the gene gun approach described by Mahvi et al., Immunology
and cell Biology 75:456-460, 1997. Antigen loading of dendritic cells may be
achieved by incubating dendritic cells or progenitor cells with the tumor

20 polypeptide, DNA (naked or within a plasmid vector) or RNA; or with antigen-
expressing recombinant bacterium or viruses (e.g., vaccinia, fowlpox,
adenovirus or lentivirus vectors). Prior to loading, the polypeptide may be
covalently conjugated to an immunological partner that provides T cell help
(e.g., a carrier molecule). Alternatively, a dendritic cell may be pulsed with a

25 non-conjugated immunological partner, separately or in the presence of the
polypeptide.

While any suitable carrier known to those of ordinary skill in the
art may be employed in the pharmaceutical compositions of this invention, the
type of carrier will typically vary depending on the mode of administration.

30 Compositions of the present invention may be formulated for any appropriate

manner of administration, including for example, topical, oral, nasal, mucosal,
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flavoring agent, such as peppermnt, oil of w ntergreen, or cherry
flavoring. 15 Wien the dosage unit formis a capsule, it may contain, in
addi ti on woogmsmse al s of the above type, a |iquid carriePCTNES02/81134 ot her
materials may be present as coatings or to otherwi se nodify the physical
formof the dosage unit. For instance, tablets, pills, or capsules may be
coated with shellac, sugar, or both. O course, any material used in
preparing any dosage unit form should be 20 pharmaceutically pure and
substantially non-toxic in the anounts enployed. In addition, the active
conpounds may be incorporated into sustained-rel ease preparation and
fornmul ati ons. iftygvesals| nira¢ramialeintraperivbratal, @oiscutariebus amd miramasgculagast about 0.1
% of the acti ve.cqﬁound or nore, although the percentage of the active 25
i ngredi ent (s) FISUEHIOXG rse, be varied and may conveniently be between
aboult f1 or I2% and abounaﬁlﬂél%tufuﬁ@%mn smmaaﬁaédmecmbmbési%ms\afé ure of ht he
total formulation. tura : e amount of active conpoynd(s) in eac

t her apeut i cal I}PQERAY 'e’@ﬁﬁﬂ@iabﬁoot??%fﬁéjje%%da%‘ee 3 PRI E%E’fﬂ’ﬁ‘e SW§ that a

sui tabl e dosagemwidtion Beeférabitipiiticl A ralBtiveli obPBtatilieVel dP5QIVE torhpénepepound. 30
Factors such as solubility, bioavailability, biological half-life, route of

| y
admi ni strat i ofelegteoHuetbergretadiments, howevefed Mogsrapidgte §iRlP3R8col ogi cal 63 WO

03/ 037060 PCT/ipfrddiatenlisbn ATGSERDA N9 dakirdd. DheaoN Batidhat S6knby one
skilled in the art of preparing such har maceuti cal formnul ati ons, and as

such, a vari etcPmepsitRnsde wsll wittin thedavehaherdinaypkitih hepgusig kKaewnr abl e.  For

oral adm ni st rgdnnRRed NRUKRIAOEA Fidr3 U8erf in tHiCrdRRESREIdE MERIPaliRds P MRY
alternatively be incorporated with one or nore exmﬁ)lents inthe formof a

mout hwash, 18lemoMIRFise-coralseliie) talyaaniates faiex, sigrely Cellsloss Asxiragand ther al | y
adi ni st er ed fiRe MellriRAraielRI)ak Hioksk calBf AGLAY Sugrilfiiglignt may be

incorporated into an oral solution such as one containing sodi um borate,

gl ycerin and pavastersuwhish cempidsea eon-isuidtivepphiie goierleq., @anesstlinkedk, or added
ina 10 thera j lide S gl AERAHA bl : i ncl ude
water, bi nde?’g%gﬁgédlévgg@%gﬁr”?n)g aggé\tP Q ,au;fgg%ﬂ%ﬁagggﬁcgﬁipgﬁgg

humect ants.  Antasmphiphilic sbympouns, serihprssa phaspkolipigy(sbeegadhd dratentiNet o a t abl et

or_sol uti oty of 81 Jeliaby B §5iBhBRENRBb0H N BRBYS LindBEr Wi S

di ssolved in the hou aln clrcunstances i e desirable to
deliver the 96/06638). The amount of active compound contained within a sustained

release formulation depends upon the site of implantation, the rate and
expected duration of release and the nature of the condition to be treated or
prevented.

20 In another illustrative embodiment, biodegradable microspheres
(e.g., polylactate polyglycolate) are employed as carriers for the compositions
of this invention. Suitable biodegradable microspheres are disclosed, for
e)-(ample, in U.S. Patent Nos. 4,897,268, 5,075,109; 5,928,647; 5,811,128;
5,820,883; 5,853,763, 5,814,344, 5,407,609 and 5,942,252. Modified hepatitis

25 B core protein carrier systems. such as described in WO/99 40934, and
references cited therein, will also be useful for many applications. Another
illustrative carrier/delivery system employs a carrier comprising particulate-
protein complexes, such as those described in U.S. Patent No. 5,928,647,
which are capable of inducing a class I-restricted cytotoxic T lymphocyte

30 responses in a host.
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15 pharmaceutical conpositions disclosed herein parenterally,

i ntravenously, intramuscularly, or even intraperitoneally. Such approaches
are wel | womaestoeo the skilled artisan, some of which arePConiSha85194

descri bed, for exanple, in U S. Patent 5,543,158; U S. Patent 5,641,515
and U. S. Patent 5,399,363. In certain enbodi nents, solutions of the
active conpounds as free base or 20 pharnacol ogi cally acceptable salts may
be prepared in water suitably mxed wth a surfactant, such as

hydr oxypr opyl cel | ul ose. Di spersions may al so be prepared in glycerol,

i quid pol yet hyl ene glycols, and m xtures thereof and in oils. Under

ordi nary conditions of Isasutiegeiudtiativiesenbotin®ie calcRpapiadspbats cgeneral |y wi | |

contain a preservative to prevent the growth of m croorgapi . 25
"1l ustrative PREICIS R BTRIYST 85 TSR REN® A lbYanis Phes SNBSS ea5e, o1 ude

steril e aqueoygatfcds4ér taé sorAbositions 8f tisdivenaol Eieidldrg cleBHsprte t he
ext enpor aneous preparation of sterile injectable solutions or dispersions

. 1 nj e
(for exanpl e, Pagisiesare disclesedefor example, in guylisheq,palpnt application Na: f or m nust be
sterile ang ruygjookg1dA. uid to the extent that easy syringability exists. It
must be stable 30 under_the conditions of manufacture and storage and nust
be preserved against tThe PR&askiticat sampostiensef the inyertiopdYilheftinsns, such as

bacteria and f%e\’%ﬁé/rir%?m@ﬂ Wﬂb@@(@éi}%traﬂlﬂﬂ?ed sHilfe 6?;5Hdg?ﬁatéan be a

sol vent or dispersion I um cont ai ni ng, for exanple, water, hanol ,

pol yol (e.qg., Ryffgiedsaline).sedippydatesde-gc lucosgnMmannens: SuUCTeRs yélemyanshe gl ycol ,
and the Iike),msgihbiabbmidd ﬁélw&ﬁdémrefﬁ%o QT4 R Xe9RINBDARIoxiRAMS, Proper
fluidity may be maintalned, for exanple, % the use 'of a coating, 5 such as
lecithin, By thaeteriestatscohaladieg agentheuchagFlTroravtethione, adigentsieghe case of
di spersi on andfinf¥ nl8Bxte sifiteS et ATIBIHE forfiifatiBh RYRAI AhoRinid dte act i on
of mcroorganisns cah be tacilltated by various antibacterial and
antifungal ageakly hypertonisxwitithe blopd obhd eaeipient rauspertdingagents, thiskening sor bi ¢
acid, thimero ' cmp% ' referable to

i ncl ude i sot o?\a%(l%mgagﬂ/tgrs%’Jgg%r&ét%s'ebge&pﬂg@,&yéugar s?lt'gbs Ess\foth{e 8%%8% oride.’

Pr ol onged absamyehfimrmay be fremiulajedatsablyephilizet@posi ti ons can be brought about

by the use,in the conpgsit | , o i on, for exanple,
al um num rﬁ')%ost earate gﬁétp:f:}gﬁatclgplt.'caﬁﬁﬂéﬁ)g't'gﬁé)%cﬂg%ﬁégé?’H gdr‘lent er al
adm ni st rati orprésented imaniedese or pollitistosesontairers slich aseatddoampbules g ui t abl y

PG RN R TN N T
sterility and stability of the formulation until use. In general, formulations may
be stored as suspensions, solutions or emulsions in oily or aqueous vehicles.

20 Alternatively, a pharmaceutical composition may be stored in a freeze-dried
condition requiring only the addition of a sterile liquid carrier immediately prior
to use.

The development of suitable dosing and treatment regimens for
using the particular compositions described herein in a variety of treatment

25 regimens, including e.g., oral, parenteral, intravenous, intranasal, and
intramuscular administration and formulation, is well known in the art, some of
which are briefly discussed below for general purposes of illustration.

In certain applications, the pharmaceutical compositions
disclosed herein may be delivered via oral administration to an animal. As

30 such, these compositions may be formulated with an inert diluent or with an
assimilable edible carrier, or they may be enclosed in hard- or soft-shell gelatin
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aqueous solutions are especially suitable for intravenous, intranuscul ar,
subcut aneous and intraperitoneal admnistration. In this connection, a
sterile wouwaosmeiredi um that can be enployed will be knowrCrasohases of
skill in the art in light of the present disclosure. For exanple, one
dosage may be dissolved 20 in 1 m of isotonic NaC solution and either
added to 1000 m of - hypodernoclysis fluid or injected at the proposed
site of infusion, (see for exanple, "Rem ngton's Pharnaceutical Sciences"”
15th Edition, pages 1035- 1038 and 1570-1580). Sone variation in dosage

wi |l necessarily occur depending on the condition of the subject being

treated. Moreqdgsule, foamemrmrme%rr@rhﬁsaaﬁ]tdtabiewaorméyemvabiimspdmédj of course
pref erably neet sferl enicity, and the general safety and purity

st andards as rdgﬁﬂyrvﬂ'at'ﬁ%/%ﬁﬁ)ﬂy %%e of Biologics standards. |n another

enbodi nent of the Inverrheaauvetobmpammaﬁemm |ﬁh(ﬁ;§df@t§6dﬂth@k@bl6nt§ay be
formulated in a neutral or | ustrative

phar maceut i cal®§VaRc Bl oéﬁg?%"bieﬁéplﬁtieb‘fq‘fé' taklpg t@&msc caRsulesi ts (f or ned

with the fgeeilams ﬁ%p%%ssﬁﬁ 4 hafdhs, Ahg it lik@NskeMdreRampie, figihigaatzwi t h
i norgani c acids WO 03/ 0370 PCT/ US02/ 35194 such as, for exanple,

hydr ochl ori ¢ (ﬂta’prN%LﬁﬂdPW:MQE?Hgss(%Z%Géﬂ"‘o‘r"yﬁ’r‘ﬁ ¢f Ghe CHRATNREDNE . oxal i c,

tartaric, mancglrd ,Sym@géhegf 3)bkegaSalg, $>aié?1'i BRd1 8, m t1pafdnes,53687H0XY!
groups can also be derived from i nor%anl c bases such as, for exanple,

sodi um pot as@ndM: SaRelent 1792 45) claligts. doches; pils capaiesanskibe ilk@ag such

or gani ¢ bases 2 doRARY £k &Rty of dddiRhaMoABoREns. TorbiafipE « bRfdef 3l ne and
the Iike. Upon formulation, utions mnlsteredlnananner
conpat i bl el $SHch ﬁﬁegld@ﬁa@@aﬂ'@r ATACHE: p@mStarvda orrgelamhemm SHeh as

t her apeuti cal | T i L pand al |
sol vents, di sSgﬁg%ﬁﬁﬁdfgﬁatedé]&ﬁ%ﬂtlﬁéégj&ﬂggngHla%rgéan %&Pﬂ?edoﬁﬁo é%%tl bacteri al
and antif ungalalgitieatid and thetlieri aclubrigant, sbeioaspmagnesiiel sipamte; agdat s, buffers,
carrier sol utisgng mﬁH%ﬁ S RASs sﬁ&agé)'lﬁosead?gaﬁéﬂ?nrln H§ eEBEeﬁ/%T(Of such
medi a and agents arhmaceutical 'active su ance nown in the
art. Except i figedrag aasntawh@srpeamrnnmeoll of mintergreen, ergabetry flavaring.onpat i bl e
with the a i t|0n3|s
cont enpl at o, CuTfe St Korh 18 Sailid, Aud oo, WP B HERGRIS o1 o e

i nto the conpaétheiabnge tyifdnea Ipiurcmaener Vanous other materials may be present as

coatings or to otherwise modify the physical form of the dosage unit. For
instance, tablets, pills, or capsules may be coated with shellac, sugar, or both.
Of course, any material used in preparing any dosage unit form should be

20 pharmaceutically pure and substantially non-toxic in the amounts employed. In
addition, the active compounds may be incorporated into sustained-release
preparation and formulations.

Typically, these formulations will contain at least about 0.1% of

the active compound or more, although the percentage of the active

25 ingredient(s) may, of course, be varied and may conveniently be between
about 1 or 2% and about 60% or 70% or more of the weight or volume of the
total formulation. Naturally, the amount of active compound(s) in each
therapeutically useful composition may be prepared is such a way that a
suitable dosage will be obtained in any given unit dose of the compound.

30 Factors such as solubility, bioavailability, biological half-life, route of

administration, product shelf life, as well as other pharmacological
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"pharmaceutical | y-acceptabl e” refers to nol ecular entities and conpositions
that do not produce an allergic or simlar untoward reacti on when

adm ni st ewed3/osme@ hunman. 20 In certain enbodi nents, the pharusarauvs cal
conpositions may be delivered by intranasal sprays, inhalation, and/or

ot her aerosol delivery vehicles. Methods for delivering genes, nucleic

aci ds, and peptide conpositions directly to the lungs via nasal aerosol
sprays has been described, e.g., in U S Patent 5,756,353 and U. S.

Patent 5, 804, 212. Likew se, the 25 delivery of drugs using intranasal

m croparticle resins (Takenaga et al., J Controlled Rel ease 1998 Mar 2;

52(1-2):81-7) comibratRap Msrhntediated w@rﬁ@émue@@rmtaam p(dparify st ent

5,725,871) are also well-known in the pharmaceutical arts. Likew se,

i1lustrative PP%@H@&G@HP’W%I@”&&%P@W“ 7 Yaew%b ARvages gnd ireatment

pol yt et r af | uorQRhERVMENEe Sa4irBBIE! ITB.tI’IX Is described in U S. Patent
5,780,045. 30 I'n certaln enbodi nents, posones, nanocapsul es,

mcroparticles, |ipi dFﬁreFrf?'lEtS’I”B@S“ai'@@mﬁ %ﬂpoavtfan%?féw pregentipventiied for t he
i ntroductian ﬁ'faytalﬂgrnﬁﬁlemqué&g‘grgég mnb’%ga{o?’esé)&‘?plerﬁé)mﬁéfdrm%@ of the

present invention into Suitab host cel |l s/organi sns. In partlcul ar, the

conposi tions mouiwsbr(@@téfﬁﬁe,lhw%ﬁmﬁi orahsPRRY, PoTURingakeraior  del i very
ei ther encapsahﬁ\tn%rb@f@mhuh orf Aa?errﬁam{e@ th@abﬂvew@aemenagp&é cle, a

nanosphere, or a nano artlc e or Al'ternatively, conpositions of
the 5 present incaporate lntompra@owenauc%a&mcoeww@ﬂdwn geraifon- coval ent l y,

to the surfa@@,ﬁ&n ﬁH&J&a‘%@uﬁH IﬁéarB@r@té’lo?ﬁrngrFQd InQf dBHitfeB, SMdos$m LT | 1 posone

and | i posone- rations as potent drug carrrers 1s generally
known to t*rﬂusmemapeslmallv effw:twaemoamtto(aswewpbatloretbahipabmcudg weter,Tr ends

S6(3): 691 5 LA AFEtyeb, fReifg aodd F@'*HE@E"‘%“a“?&&%“@iué"g&;(li?’gsgi‘r 0,
Margalit, Cri Wtéieatuvﬁ}ehe Brrapositions imay t8yfgshioneti dgs atapier@ soptigr oim U. S.
o2 55T R0 Rl Bl SRR U
herei n by reference i nin destamrdircurestanceslibwill bp desirabe thafelivepthen used
perepan U LU R R e AN
hepat ocyt e culidtrarn@scudarty, Bi@vea Meipbstoﬁm;m 6usleapm«bacmles areJwell known to
the skilled artisan, some of which are further described, for example, in U. S.
Patent 5,543,158; U. S. Patent 5,641,515 and U. S. Patent 5,399,363. In
certain embodiments, solutions of the active compounds as free base or
20 pharmacologically acceptable salts may be prepared in water suitably mixed
with a surfactant, such as hydroxypropylcellulose. Dispersions may also be
prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in
oils. Under ordinary conditions of storage and use, these preparations
generally will contain a preservative to prevent the growth of microorganisms.
25 llustrative pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersions (for
example, see U. S. Patent 5,466,468). In all cases the form must be sterile
and must be fluid to the extent that easy syringability exists. It must be stable
30 under the conditions of manufacture and storage and must be preserved

against the contaminating action of microorganisms, such as bacteria and
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Bi ol Chem 1990 Sep 25;265(27):16337-42; Muller et al., DNA Cell Biol. 1990
Apr;9(3):221-9). In addition, liposones are free of the DNA | ength
constrai rwe 0303tbat are typical of viral-based delivery syswarsg2/3iipposones
have been used effectively to introduce genes, various drugs,

radi ot herapeutic agents, enzynmes, viruses, transcription factors,
allosteric effectors and the like, into a variety of cultured cell lines
and animals. Furthernore, he use of |iposonmes does not appear to be

associ ated wi th aut oi nmune responses or unacceptable 25 toxicity after
systenmic delivery. In certain enbodinents, |iposones are formed from

phosphol i pi ds firgat T €ardéreac be @tolventdt dmummemmnmammgsmnt aneously
formmultilanellar concentric bilayer vesic|es )(Sla'i“?@lﬁ?oi Wﬁﬁgu l'tilamellar

vesicl es (M.VEAMRE: WitER Singnpl BRI (66 gy rRIPl: BYPR nventi on

provides for Nathgla gbélaérld}’th@ﬁl@?liﬁuﬂbﬁlé MRS Bped Carldmsr Vegathbions of the
conposi tions of 3/ 037060 PCT/US02/ 35194 the present invention.

Nanocapsul es Ci% Gereriiqdty mayihe pripigisduRaeampie, bé’t“éﬂ)‘l‘sé’ A RFoptENMh oduci bl e

way (see, for saxpaPlesihif by ManantcRdtd &the RlquRéd parf¥ié!Size [Aake bagk dfharm 1998
Dec; 24(12):1113-28). To avoid side effects due to intracell uI ar polymeric

over | oadi ng, SHSPRSIANaNgfar R teasseiof purdactants: cthepreyamton ofthe agjorat y be

desi gned usi ngnig@braRERs 3RH Be ?ééxllthﬁ‘edj@;g\ﬁa'#ﬂﬁgahﬁbawe\f& andéplifungar ticl es can be
made as described, for exanple, by Couvreur et al., Crit Rev Ther Drug

Carrier Syst. agews: fg(qwmlez@arabems chierabytasel. ahenomprbjc%rtmmensalpharm 1998

Mar; 45(2) : 149-4n94n fﬂ(@bﬂ'\%a s, lt]w@‘B@%JFé?étlaSQ tgﬁicﬁﬁé‘i’sot(ﬂﬂ&g%ent%afbr
50(1 3):31-40; ent 145, 684. 10 Thera f @gnant Di seases

| mrunol ogi €0 a@pamal@hwats(préaﬁlé@rchméia*anglmd@astyathswftmﬁelmeﬁ ©®gni tion that
cancer cells nt or
B Bl 2 caN %g%rcngﬁt Q@@Ybihg%@ 8 cBpbLl gq?td?ggéﬁt@

foreign cells ana. fo ese ense _
t her apeut i cal ldglaging @bserptian, fos ex@g@lﬁmlum@umds@ncgtmma,an@g@jaturpgs 623-648 in

Kein 15 | mmunol ogy (W beyehilahsfil BPGSortitadidsra 38Rl JHGRICUS T ecent

observations that various | Amune effectors can direct y or In rectly
i nhi bit growshlutién, thensolgionsboule e suitabiynmufeckd inesessary amd thhiliguidppr oach to

cancer t h% ARMuent fifkt re‘?ﬁ&%ﬁ ’iso%niajvith sm(féﬂt ggﬁﬁe?oquubgs% ll)h'elé ZémEiﬁQPer , et

al., Ann
aqueous solutions are especially suitable for intravenous, intramuscular,

subcutaneous and intraperitoneal administration. 1n this connection, a sterile
aqueous medium that can be employed will be known to those of skill in the art
in light of the present disclosure. For example, one dosage may be dissolved
20 in 1 ml of isotonic NaCl solution and either added to 1000 ml of
hypodermoclysis fluid or injected at the proposed site of infusion, (see for
example, "Remington’'s Pharmaceutical Sciences" 15th Edition, pages 1035-
1038 and 1570-1580). Some variation in dosage will necessarily occur
depending on the condition of the subject being treated. Moreover, for human
25 administration, preparations will of course preferably meet sterility, pyrogenicity,
and the general safety and purity standards as required by FDA Office of
Biologics standards.
In another embodiment of the invention, the compositions
disclosed herein may be formulated in a neutral or salt form. llustrative
30 pharmaceutically-acceptable salts include the acid addition salts (formed with

the free amino groups of the protein) and which are formed with inorganic acids
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Hemat ol 2000 Dec; 79(12):651-9. 20 Four-basic cell types whose function has
been associated with antitunor cell immunity and the elimnation of tunor
cell s frowptohe3terly are: i) B-Iynphocytes which secrete iPewmusoybsabul i ns
into the blood plasma for identifying and |abeling the nonself invader
cells; ii) nonocytes which secrete the conplenent proteins that are
responsi ble for lysing and processing the 25 i mmunogl obul i n-coat ed target

i nvader cells; iii) natural killer |ynphocytes having two mechani sns for
the destruction of tunor cells, antibody-dependent <cellular cytotoxicity
and natural killing; and iv) T-Iynphocytes possessing antigen-specific
receptors and éuavhﬂgortéxammpaydrbgmdrm dr@m@fnbﬂ@aeids vnsuchaegdnic agds yi ng

| ement ker ol (S i n 30, Fundanent al
ool gy ( L7 S0, BXBLaar plangss: 9REe ke 5 gip o BBRDS BER, Usoz as104

Cancer i mnOtobﬂfo&mgrcg@Q%éﬁblsy bb@@umsfrmmorgbnmuagemmral for mune
responses, cel | ul a{? ne resgﬁgses, Lt is well
d

est abl i shed t HFEMP BrPotRss Qmmor?é‘\"bé%c@é’? I°§¥q"é° Wé’?:c@%o[seﬁr"’)‘ﬂq n order to

secondaril ysi ryduﬁ:@rgahtlbaéesaémsém&w@mﬁé tambbyiaming, fedind, pesdalne.anlBol ypept i de
5 antigens that areLfeI ective or jdeally specific for cancer cells,

particul arly dfbke Unog feraulatiop,soltigns willbs agpinisigieddeamannelos fer a power f ul

approach for icaeigaiislé with FFedRagERAANIERS AdAhREéh aAsGRAs&SSoci ated with W1
expression, and are an inportant aspect of the present invention. In

further aspectizerapeutinally@fieeft i nvention, the conpositions and 10 vaccines

descri bed herein may berhu%aﬁ.eﬁébanﬁbmwcoﬁmb@séﬂ&iﬁrﬂryu%arvem% disergamnt
di seases (e g. Pro gressive or netastatic diseases or diseases

char act er | ¥&d mgpia, yRBICIES 1q@atRosHEiiLgEts. anlibRctgtaland ARtingal dgeNinlisdiPiease) . | n

general, such JxRtREGBtidRYeIRmMg RS QufFHr@‘bﬁmer s&@rtcﬁux fspbrishails, a di sease
associated with WI1 "expression. In her words, t erapeutl c net hods

provi ded her eicallqigsy apé thedika. Thg U%Q)Oftsfuéhfneéﬂr@ andi agentsdonpharmageyiied! at ed
di sease, or n%l\%esdﬁﬁq?ésgs Weff fdtn Hrthéiﬁrlt aExée??mQ&ﬁteés Sy &HG&HBnQ' sease in

a patient who I's free o I sease or who is l1cted wth a di sease that
is not yet as Suedizoreayent @mwpa@l@wé%mwlvmgw@@t ife 8¢ imthey di sease is

"associ at eq mé}agf%c%émp@aﬁd 3% cdrhemib®EA8EFHIERbEY Rl ingeli@Rls o1 |'S) at

some time durin course o sease generate detectably higher
| evel s of a V\Ean ptsoynsancorphsated into theraeaipositipnss Tdie phrase

"pharmaceutically-acceptable" refers to molecular entities and compositions
that do not produce an allergic or similar untoward reaction when administered
to a human.

20 In certain embodiments, the pharmaceutical compositions may be
delivered by intranasal sprays, inhalation, and/or other aerosol delivery
vehicles. Methods for delivering genes, nucleic acids, and peptide
campositions directly to the lungs via nasal aerosol sprays has been described,
e.g., in U. S. Patent 5,756,353 and U. S. Patent 5,804,212. Likewise, the

25 delivery of drugs using intranasal microparticle resins (Takenaga et al., J
Controlled Release 1998 Mar 2;52(1-2):81-7) and lysophosphatidyl-glycerol
compounds (U. S. Patent 5,725,871) are also well-known in the pharmaceutical
arts. Likewise, illustrative transmucosal drug delivery in the form of a
polytetrafluoroetheylene support matrix is described in U. S. Patent 5,780,045.

30 In certain embodiments, liposomes, nanocapsules, microparticles,

lipid particles, vesicles, and the like, are used for the introduction of the
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sanme tissue. Association of WIL expression with a malignant di sease does
not require that WIl be present on a tunor. For exanple, overexpression of
W'l may bwoioaesiosed with initiation of a tunor, but the preraisn2/aps essi on
may subsequently be lost. Alternatively, a nmalignant disease that is not
25 characterized by an increase in WI'l expression nmay, at a later tine,
progress to a disease that is characterized by increased WI1 expression.
Accordingly, any malignant disease in which diseased cells fornerly
expressed, currently express or are expected to subsequently express
increased levels of WI1 is considered to be "associated wth W1
expression." IGmbbosithetdi teapysomtnvERion it Snitadik hist Bgisrganinsa vari ety of

t echni ques, in which conpounds or cellsﬁﬁrovided heLein function to renove

69 WD 03/ 037068MBe#): B3 Bigns ofithe preRphtdReniy ®ay Pe famyided Bati ent . Such
renoval may t yervepy Gifer ascapsuilgRy i a%id@ﬁr'ﬁ@l@?é SbsOie! Adsidil an i rMmune
response in a patient specific for 1 or a cell expressing W1.

Al t er nat i vel y naggsphetsy gy a8anapgricis qrdhe likg. hternativghe gomagsitiong §fthe. g. , by
treatment of %ééhﬂﬁ%%ﬁio@@é}?bé@édr@‘%iﬂ@hb@i@ﬂl?br RO aRhty? tothbr act i on of
bone marrow or peripheral blood). Fractions of bone marrow or peripheral
bl ood nay be éHHGREIGUEsFHEEraRYiIC®Eandard technique in the art. Wthin such
met hods, phar maceut i calrng @iFRiaibl Al i§sePdt pdsditd diRSipBBomefeadm ni stered to a
patient. As used herein, a "patient" refers to any warm bl ooded aninal,
preferably a NRR#FAtops papetential Aug carriennls opaeralicknoyn tativose et eidl inthen a

mal i gnant di Se@SEee @Ftégin%lélq_'aiéic, mﬁd@ﬁ.%%hm%@%ﬁ%@@?{egoWDOS' tions and

vaccines may be ‘used to prevent the onset of a disea
pr ophyl act 1@ alTleyakuss, NippanrRinghoal 998 tMasi36 (3691 -HcCeandmn ¢f a4, Bbiseddxp(e.g., to

prevent or d%i&)ﬁdé"?%{q%g%éa?g%“Q{af%gﬂﬁgﬁﬁé@ﬂe? d?ﬁ%ﬁﬁm‘ég;s I ng disease). A

patient afflicted wt ease ve a mni re ual di sease
(e.g., a |ow t198%12@:)@88-6114.S. Ratent 266BA4 LpatRatent 5,552c16ApU& e or parti al
[em ssi on of :£aReekaBas 78! phh! YAk SAMGS! BRGALs TiesdAaRY, Durden aft er
surgery radiotherapy and/’'or chenotherapy). Such a pdtiént’ may be inmuni zed
to inhibit a metdixally incorporatedirerein by referedes myitstenbirety®l apse, or decrease the

severity of.a relapse),. Wthj i f odj t he patient
is affli ctjie%l with a |e1'f!?§%§’§é{ %"’.‘Véé",retegéfg‘i\ﬁ‘%‘%?ﬁ‘ﬁ'g o’?d“i%ﬁ’f;ﬁ%od ALL), a
nyel odyspl ast itypes yred acemorhiBSiffiounlt @ tranafecky dteergprocegasesyincladiegTicakhl , | ung,

thyroid or br %ﬁggeng%ﬂg,eprrim%rry ﬁep%?olc%%mzrbs and PC 12 cells (Renneisen et al., J

Biol Chem. 1990 Sep 25;265(27):16337-42; Muller et al., DNA Cell Biol. 1990

Apr;9(3):221-9). In addition, liposomes are free of the DNA length constraints
20 that are typical of viral-based delivery systems. Liposomes have been used

effectively to introduce genes, various drugs, radiotherapeutic agents,

enzymes, viruses, transcription factors, allosteric effectors and the like, into a

variety of cultured cell lines and animals. Furthermore, he use of liposomes

does not appear to be associated with autoimmune responses or unacceptable
25 toxicity after systemic delivery.

In certain embodiments, liposomes are formed from
phospholipids that are dispersed in an aqueous medium and spontaneously
form multilamellar concentric bilayer vesicles (also termed multilamellar
vesicles (MLVs).

30 Alternatively, in other embodiments, the invention provides for

pharmaceutically-acceptable nanocapsule formulations of the compositions of
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where the cancer or |leukema is W1 positive (i.e., reacts detectably with
an anti-W1 antibody, as provided herein or expresses WI1 nRNA at a | evel
det ect ablwolwg/0RDe®PCR, as descri bed herein) or suffers fromcansaussapsmune
25 di sease directed agai nst WIl -expressing cells. Qher diseases
associated with WI'1 overexpression include kidney cancer (such as renal
cell carcinoma, or WIlns tunor), as described in Satoh F., et al., Pathol.
Int. 50(6):458-71(2000), and Canpbell C. E et al., Int. J. Cancer
78(2):182-8 (1998); and nmesotheliom, as described in AmMn, KM et 30 al.,
Am J. Pathol. 146(2):344-56 (1995). Harada et al. (Mdl. Urol. 3(4):357-364
(1999) d;ascri e mée/;rgmve?mnpmbmuie cbmgmeralwmraubghﬁmwmel I (t;Jm)r s.
70 WD 03/03706 CT/ US02/,35194  Nonopur a et = i ka Kjyo, 45(8):593-7
(1990) desr | BEbIFAAEPERUSOR S s 1Y BT e QimBR S D Ao BTYher ace
chai n react i omeofind Piearire s 998 DEG24 (32)M0@B-28% PEE hvdid sige Bitscts &ld 151 zu et al .,

Int. J. Gynecol. Pathol K 19(2):158-63 000). describe the

i munohi st ochdMiagd UH%@PL\,!EPF'%H?'%%’& Re: s\#ﬁwgna?lrg%ﬂgﬁ&%&geemd 05l in

epi thelial ®va) Mytbérﬂys?neméin@)é@lvm&@rmtb% degmadall Fovide SSuchbed i n

desnopl astic small round cell tunors, bé/ Barngugj‘9 R at al,, Am J. Surg.
Pat hol . 24( 6) Pa3ileg can bpHpde aggsesibefdpr exrawle, py Sopvreyigai @l oy ritdtRy. 700
(1998). W'l ovpeesigeticSysi, 1988;5@P1-26{ AMMudiRd 2bNerurQPHaph Was descri bed
by Menssen, H D et al., J. 10 Cancer_Res. Cin. Oncol. 126(4):226-32
(2000), "W | mBiophare 1998 MardhiRly 4983 dasbaus £ #ind Conlgplied felese-d®98n cancer
and gl i obl ast QgR2&08|1-3):3145 aRQUP8! PtentxD149,ghl y i sol ated tunor specinmens.”
Q her di seases showi ng WI1 overexpression include EBV associ ated di Seases,
such as Burkitt's |ynmphoma and nasopharyngeal cancer (Spinsanti P. et al.,
Leuk. |_ynpmnqhg,%ﬁgbpmé%éml,gisgagegoom, "WIns' tunor gene expression by
normal and maligna unan ynmphocytes." In Leukem a 14(9):1634-4
(2000), Pan et al., dedpmupelogigapproaghes ta caneer them@pyera bagedgathgheral bl ood
nmononucl ear ¢ i ' j ' ; castic

syndr ones, angédr0 ?)Igér?e Pgéndc:éﬁ%érlgg%i&iténne%te g}%x?dgpts 3% géﬁgg%%&rl%gucti on in W1
gene expr essi @herrani ol tangigmtells B8 #)ol@Veso@® thaldbeye deferpgs mightbewat at al .

Feport 9 W1 35 STy SHRLSTR o AN RRFELAR) B3 oy SO 20U

15 Immunology (Wiley-Interscience, New York, 1982). Numerous recent

observations that various immune effectors can directly or indirectly inhibit
growth of tumors has led to renewed interest in this approach to cancer
therapy, e.g. Jager, et al., Oncology 2001;60(1):1-7; Renner, et al., Ann
Hematol 2000 Dec;79(12):651-9.

20 Four-basic cell types whose function has been associated with
antitumor cell immunity and the elimination of tumor cells from the body are: i)
B-lymphocytes which secrete immunoglobulins into the blood plasma for
identifying and labeling the nonself invader cells; ii) monocytes which secrete
the complement proteins that are responsible for lysing and processing the

25 immunoglobulin-coated target invader cells; iii) natural killer lymphocytes
having two mechanisms for the destruction of tumor cells, antibody-dependent
cellular cytotoxicity and natural killing; and iv) T-lymphocytes possessing
antigen-specific receptors and having the capacity to recognize a tumor cell
carrying complementary marker molecules (Schreiber, H., 1989, in

30 Fundamental Immunology (ed). W. E. Paul, pp. 923-955).
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reported that the Wlns' tunor gene WI1 is a good marker for diagnosis of

di sease progression of nyel odyspl astic syndrones. Expression of the WI ns'
25 tunor Wera/o¥Wbho i n solid tunors, and its invol venent i nPCHmsn2/sdbd

grow h, was discussed in relation to gastric cancer, colon cancer, |ung
cancer, breast cancer cell lines, germcell tunor cell |ine, ovarian
cancer, the uterine cancer, thyroid cancer cell |ine, hepatocellular
carcinoma, in gi et al., Jpn. J. Cancer Res. 90(2):194-204 (1999). 30 The
conpositions provided herein may be used alone or in conbination with
conventional therapeutic regimens such as surgery, 71 WO 03/037060

PCT/ US02/ 35194 i rr adi &ainoey, imnhmmtampy@pueraMbmseb@nendmaingcmAmOral

transplantatiaqn (autol ogous enei ¢, allogenejc unrelated). As
di scussed | n JPEMDECRERSES) CHURY UG GoRRTSEn R Pea MPOVEEISWEL br ovi ded
Bergl n ][nay ble esmdsﬁe@rthai?mmcm @fCDﬁthKSéI%@@blfs |§h@d§§s§@r§/hr50rdf§u©h purgi ng may

e beneficial prior to, for _ exa one r ra ant ation or
t ransf usi on ofseB?'?ﬁ%‘ﬂ'yé’i‘d“E%ﬁﬂ?ﬁ‘i@Hﬁ)@dﬂ%é? @W’to"ﬁ% ﬁgc'élﬁe;hogfpeﬁt el s,
antigen pr e§eantl?éthﬁét|a$e §NEKEVe aNdesInTEROSIiG | fo@Béncepéé}MI ;mﬁ!culryﬂp @hAcdiay
further be used for expandi vg_rand stinmulating ( rimn aut ol ogous,

r

al | ogenei c, syRleasreae Wit ET hexyessien, Ogﬁfé’cﬁ’qvfeéf” RPé‘Pa}CQ%'rI”QHcﬂgo and/ or

in vivo. Such iMfbne $6p6hddsGglinstdanBerB¥odifted AR W 08xpPacRIBR! ghd abt hin 10
donor | ynphocyte |nf usions. Routes and frequency of admi nistration, as well

as dosage, wi 13" impaitant asRae PBE PregaalinEgtiomdi vi dual , and may be readily

established using st aﬁﬁjﬁfnﬁeﬂ&“p@&b%\“ﬁt‘é prédendBi&tah, thé B@mﬁ&?ﬂoﬁg‘éﬁ&t' cal
conposi tions and vaccines nay be admnistered by injection (e

- .
i nt r acut an@@uvaceings desgriRedihgrein MRy ibatused taiphibit the deyelepmenteb majignant

intranasal ly ( MF%’
phar maceut i calﬁsce%fr%soésélyg ﬁ%ﬁ%’éﬁl%\ﬂ@?é}%&sﬂﬂ %/ééseé & dﬁ%@%& tér,zgg 3?/ ly (by,

for exanple, rewideBerduicdansucyas mugebisgidualidiseassiddsawsyal, sushgi ogr aphy or
h hod ' b
ot her met hods KORM rt@/ Eé‘ﬁie%% %Jrevgﬁteégéfg th ﬁtg%ﬁsgﬁgé;aésoaggdj@g wWepes may be

adm ni stered over a era , ses are
adni ni st ered, %Drasﬁpermmﬂserm‘ord.s thempeutiamethods stovided Aereimmay bysatay be

0 e, o 1845 Bkt SR s 0B 0 85 BhS WERER) 01 2 (o
adm ni stered defaydesonsebeitsuab avdiseass incapetiehtwiad is free wb tiseaseaon whotis - t unor
| mmune res PONSFricted with a disease that is not yet associated with WT1 expression.
As used herein, a disease is "associated with WT1 expression" if
diseased cells (e.g., tumor cells) at some time during the course of the disease
20 generate detectably higher levels of a WT1 polypeptide than normal cells of the
same tissue. Association of WT1 expression with a malignant disease does
not require that WT1 be present on a tumor. For example, overexpression of
WT1 may be involved with initiation of a tumor, but the protein expression may
subsequently be lost. Alternatively, 2 malignant disease that is not
25 characterized by an increase in WT1 expression may, at a later time, progress
to a disease that is characterized by increased WT1 expression. Accordingly,
any malignant disease in which diseased cells formerly expressed, currently
express or are expected to subsequently express increased levels of WT1 is
considered to be "associated with WT1 expression."
30 Immunotherapy may be performed using any of a variety of

techniques, in which compounds or cells provided herein function to remove
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that is at |east 10-50% above the basal (i.e., untreated) |evel. Such
response 25 can be nonitored by nmeasuring the anti-tunor antibodies in a
pati ent owOlwg/3mecci ne- dependent generation of cytol ytic eCrasoossieel | s
capable of killing the patient's tunor cells in vitro. Such vaccines
shoul d al so be capabl e of causing an immune response that |eads to an

I nproved clinical outcone (e.g., nore frequent conplete or partia

rem ssions, or |onger disease-free and/or overall 30 survival) in

vacci nated patients as conpared to non-vacci nated patients. In general,
for pharmaceutical conpositions and vacci nes conprising one or nore 72 WO
03/ 037060 PCTAMUBOEkp3eskiy cenﬁfrvrﬁ%mdtudms Suth eentavalimby tike mb apal ryuitpt i de
present in a dose ranges, from about 100 to 5 . g se sizes

o TT vyt 17 BRENERg 6T BPueRbah fihuns esedhse g PR SR WERGE 1 om
about 0.1 nl taehlRsrbsdingWT1! AItERARNGR, W RINe:@RREsPceli Bayl 66 Agtovead treat ment
regimen 5 provides the active conpound( S%Bln an anoun suff|C|ent to

provi de t her af&ivede- gaﬁmrﬁ?‘t”}?f‘b%frﬁw&?,&quﬁ ROBPATEW. RetipRers! Pled e can be

moni tored by %E@d?l'df%ﬁhé‘&arraﬂdrﬁ@rrméﬁéib%bu)mﬁé’dtloﬁslbﬁwﬁ% rhdrcv or O €
frequent conplete or partial renmssions, or di sease-free and/ or

overal | sur vi PErigherg blaogapayparhipiast @'%a"yc%ﬁ‘ﬁﬂéfcgﬁc'ﬂrbq%ﬂther%t ed patients.
I ncreases in preexisti wtﬁ.mmeﬂenétﬁ&dgoaﬁaeﬁ]aé&nw cHhbosifieHay addvicsidsr el at e
with an inproved clinical outcone. Such imune responses may generally be
eval uat ed usi MpyReAHTIRiste[RddP AfRafient; AR usedheyepxa Ralignt’ Bxfereyq @i ne assays,
whi ch may be %Md&%@a WAty pPERbES RN Wﬁatn%hprﬁh?or GEY h&% bef ore and
after treatnent. hi'n certain enmbodi ments, i mmnot herapy may be active

15 i mrunot Her @ﬁyc'fed w*tmwahgmanédlsm Aceprdiagiyotheaheve Phafma@ﬁué'@a'rrul ation of
the endogenoismiasifons il WEocter! fs) BLdeB36 bredBtih bndeh 8PS isdddelti 4.

adm ni stration of 1mune response-nodifying agents ?suc as polypeptides
and pol ynucl epréphglactivally) ontd reed atpatient afflicted with a diseéssr (eaniio arevemitos,

i mmunot her apy | J | t involves
the delivery o@&pﬁr&g%ﬁ ar\ﬁ'e/or?'%to |s e%n%grrﬁqd'%}m%%gf %tge{nfgﬁﬂ{a;e@(such as
ef fector cell svitbra chsaasbmayé@ye aiminimatresidudldiseass (ag-, & lowd tumot byrderedi at e
antitunor f ct host inmune
ystem Exipiis oo TpARRRIR bofRERRE Bhlaer SR a ndll bR 000 e T

| ynphocyt es (Smltoh:msedtﬁﬂen ofthe tomarduiiden after surgery radiotherapy and/or

chemotherapy). Such a patient may be immunized to inhibit a relapse (i.e.,
prevent or delay the relapse, or decrease the severity of a relapse). Within
certain preferred embodiments, the patient is afflicted with a leukemia (e.g.,

20 AML, CML, ALL or childhood ALL), a myelodysplastic syndrome (MDS) or a
cancer (e.g., gastrointestinal, lung, thyroid or breast cancer or a melanoma),
where the cancer or leukemia is WT1 positive (i.e., reacts detectably with an
anti-WT1 antibody, as provided herein or expresses WT1 mRNA at a level
detectable by RT-PCR, as described herein) or suffers from an autoimmune

25 disease directed against WT1-expressing cells.

Other diseases associated with WT1 overexpression include
kidney cancer (such as renal cell carcinoma, or Wilms tumor), as described in
Satoh F., et al., Pathol. Int. 50(6):458-71(2000), and Campbell C. E. et al., Int.
J. Cancer 78(2):182-8 (1998); and mesothelioma, as described in Amin, K.M. et

30 al., Am. J. Pathol. 146(2):344-56 (1995). Harada et al. (Mol. Urol. 3(4):357-364

(1999) describe WT1 gene expression in human testicular germ-cell tumors.
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25 | ymphocytes and CD4+ T-hel per tunor-infiltrating |ynphocytes), killer
cells (such as Natural Killer cells and | ynphoki ne-activated killer

cells), BwvoeBlos7oemd antigen-presenting cells (such as demdmiusor3zied | s and
macr ophages) expressing a pol ypeptide provided herein. T cell receptors
and anti body receptors specific for the pol ypeptides recited herein may be
cl oned, expressed and transferred 30 into other vectors or effector cells
for adoptive i munot herapy. The pol ypepti des provi ded herein nay al so be
used to generate antibodies or anti- 73 WD 03/037060 PCT/ US02/ 35194

i diotypic antibodies (as described above and in U S. Patent No. 4,918, 164)

for passive iNﬂSﬁuﬂﬁQfaf'étl’a&p‘ymydWJ@q(jj/dJmB) 5087 h@dg)amsame elebadettgngyi t h any
of a variety of Cd"?el s for desired selective usaﬂgs E%lﬁlet ecti on
di agnosti c as§é£‘?§“ ar 5aRGeE MR APYCAS A LA $ATHY ¢ 588%™

Pat ent Nos. s@&@ho%es Shifikb eb4Z:intSy. We&ﬁ&?atﬁolm)ﬁ%&&a(ﬂdo% 708 930

her eby |ncorporat ed reference in their enti rev%i as if each_was

i ncor por at ed i ﬁEﬁ’\PP@lFa'mmﬁ“Oh'FWCE%{Eﬁa' delection phne Wil g5 et &V T Hoel | ed

nonocl onal fnt Baeidi ovdrian teaéMer m nant site of the antigen will signal
detection or delivery of _a particul ar therﬁéeutlc agent to 10 the antigenic

det ermi nant on the nonYb ¢Merexpeassion was gispiiescripg itdesmonasticsmathyent i on i s

to provide thgFRee tunfordyEaruial Raéltdl bRgly.J. SSUré ad%luyollzafe@lsb@% for
achi eving such desired sel éctive usa t hereof. Effector cells may

general |y be ¢&#108);aad Aafhol fRepi Rraeh9 th@)rﬁqeﬂ‘l@sﬁwﬁr) WildopHeraxerasaiginot her apy
by growth in r?%lf Qlasﬁﬁma%%t\é?%gné@%b Resdivbd Hf RehssemOAM ek gng for

expandi ng sin s to several biilion in

f t
number witHr é?taem'r% Gf'n &ﬁlcgllgé!?ﬁc(ﬂ)e%aﬁgﬁcﬂ Q%@Q) 1VMilngs' \M“‘Hrg@n&/éNﬂknovm in the
art. such i ”e%;?}?eé&or?ﬂ'lﬁd# c%n?&”gdléd %ﬁeﬁé(rw d_g@blhé’to ol !

stinmulation wt ant | ten in e presence cyto ne (such as
| L-2) and non-talfreshdl lﬁ@iateﬂéLMrSpeGmleBS Alheralisedsesoshpwing Wiklinor eact i ve

pol ypepti des ?%er@%&}éée eﬂﬁ(ﬁeef—:ﬁv?agsm ddo d[ré%EQ suh 5@8[19("@"3!

ant i gen- speci ures in or enerate g'??l cient number
of cells for iandnasapharyagsal canceptinsaati Br et aﬁhnt.etgjcehymmoam&(&i-ﬁmtbl | s, such

o, s 16 SEPCARRR PRRBE Sl B P Pl e ™ e e
pol ynucl eot i désnphetytgs.5t andard t echni ques well known in the ar t. For 25
exanpl e, antigen-preseqt) ng. G2l {70342 b0FBLEG T daddchibe A AR ynucl eoti de
12 treatment of peripheral blood mononuclear cells from patients with leukemia
or myelodysplastic syndromes, and reported an increase in cytotoxicity and
20 reduction in WT1 gene expression. In Leukemia 13(6):891-900 (1999), -
Patmasiriwat et al. reported WT1 and GATA1 expression in myelodysplastic
syndrome and acute leukemia. In Leukemia 13(3):393-9 (1999), Tamaki et al.
reported that the Wilms' tumor gene WT1 is a good marker for diagnosis of
disease progression of myelodysplastic syndromes. Expression of the Wilms'
25 tumor gene WT1 in solid tumors, and its involvement in tumor cell growth, was
discussed in relation to gastric cancer, colon cancer, lung cancer, breast
cancer cell lines, germ cell tumor cell line, ovarian cancer, the uterine cancer,
thyroid cancer cell line, hepatocellular carcinoma, in Oji et al., Jpn. J. Cancer
Res. 90(2):194-204 (1999).
30 The compositions provided herein may be used alone or in

combination with conventional therapeutic regimens such as surgery,
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havi ng a pronoter appropriate for increasing expression in a reconbi nant
virus or other expression system Cultured effector cells for use in

t her apy mwetosloa7o6@bl e to grow and distribute wi dely, and tPeTIs0¥331e4 | ong
termin vivo. Studies have shown that cultured effector cells can be

I nduced to grow in vivo and to 30 survive long termin substantial nunbers
by repeated stimulation with antigen 74 WO 03/037060 PCT/ US02/ 35194

suppl emented with IL-2 (see, for exanple, Cheever et al., | mmunol ogical
Reviews 157:177, 1997). Alternatively, a vector expressing a polypeptide
recited herein my be introduced into antigen presenting cells taken from

a patient and ipadidtion adHeynofebapyamidet bee mak-ow ftransglaratipl amtblobastsk into the
sanme patient. Tr ansfﬁ ted.cells Imaé b reintr duca? (ﬁ re pati ent using
any means knovwN9sNRict Alloaghsic orjnteiated), As ‘?'?1°”§? PEEFYy Mt r avenous,

:c nt rﬁcaw tar y,blndﬁfgr@ﬁﬁfgiafnﬁﬂ'&%llls a@groiviabd aé:ﬁmgaﬁdé[mwdsrbrmrgmg ](-)1(’) W t hi In

urt her aspects t hods r Lnhibiting the deve a mal i gnant
di sease associ2HoRgoUs p1§ e§b$'b‘§§9'59n aM\PSIt\‘?Eeftcf?iB%fﬁ? APs®ePlen  of

aut ol ogous g ®ghé matidditrahaiantRRR oraGhsMSibE 6f hifod GrURATPDAReS tHrddf 1
pol ypeptide or W1 -ex APC, as described above. Such T cells may

€SS| ng
be CD4+ and/ oBi ’Eﬁf@@ge&%d-rﬁﬁ&ﬁ BRligsA preseaiing ealis APQANGCORWISHeve. The T
cells may be ?%Uld‘éb&fefelﬁﬁ'\ayﬂjrihbﬁbé umedés@Janu.ng aﬁu @timt!&lﬂﬁn_?%rf;ﬂﬁﬁlh ye to

inhibit 9 11 15 the devel opnent of a nalignant_di sease pically, about 1
x 10 to 1 x 1@‘Ut°’1°Q@E$Ia§PW{"§t°r syngeeeig ahyniplated Vg ﬁPﬁCI'f!&vE?Rlés’l yyitro

i ntracavitary 588/t b ie A vef1 &ecffﬁ%l@%a&‘b%’sed kér edalrlplcd @it dent to
those skilled in the art that the nunb | s and the frequency of

admi ni stral oﬁom?ﬂlymﬂé?%ﬁéfhﬁi@'ﬁﬁ upon the response of the patient. 20
Wthin certain enbodi mppjis aﬁd%hu&cgwa&?ﬁnéﬁét%' & %Il RS b&agh Qwiftn

aut ol ogous bone narrow transplantati tinmulation may take place in
vivo or in vitvey.frorpindiviguglite leﬂUﬁhﬁhémaMrbe rersii eptablsh@d 4868 or peri pher al

blood (or a f§ n tai ned froma
pati ent may béﬁg%ﬂgﬁ g%@ qa.QQ ﬁhdg%(ﬁ?ﬁgﬁqéjﬁégﬁlgé%ﬁ%%ﬁ%uﬂaeot | de encodi ng
a WI'1 25 pol ypegiinasananiy aiministesidy ihjgctianxpige d8asulanedus, poaypgepdarde under

condi t onSyg Al f,8F0, ok LStuBHbbiS! FiindsyBIgTdy defifarih] SHialy) 9 of T cells

as descri bed
some tumors, pharmaceutical compositions or vaccines may be administered

locally (by, for example, rectocoloscopy, gastroscopy, videoendoscopy,
angiography or other methods known in the art). Preferably, between 1 and 10
doses may be administered over a 52 week period. Preferably, 6 doses are

20 administered, at intervals of 1 month, and booster vaccinations may be given
periodically thereafter. Alternate protocols may be appropriate for individual
patients. A suitable dose is an amount of a compound that, when administered
as described above, is capable of promoting an anti-tumor immune response
that is at least 10-50% above the basal (i.e., untreated) level. Such response

25 can be monitored by measuring the anti-tumor antibodies in a patient or by
vaccine-dependent generation of cytolytic effector cells capable of killing the
patient’s tumor cells in vitro. Such vaccines should also be capable of causing
an immune response that leads to an improved clinical outcome (e.g., more
frequent complete or partial remissions, or longer disease-free and/or overall

30 survival) in vaccinated patients as compared to non-vaccinated patients. In

general, for pharmaceutical compositions and vaccines comprising one or more

72



Bone marrow, peripheral blood stemcells and/or WI'1 -specific T cells may
then be admnistered to a patient using standard techniques. Wthin

rel ated ewbodiosmni s, T cells of a related or unrelated 3@cCaarsor/3smey be
stinmulated prior to a syngeneic or allogeneic (related or wunrelated) bone
marrow transpl antati on. Such stimnulation nmay take place in 75 WO 03/ 037060
PCT/ US02/ 35194 wvivo or in vitro. For in vitro stimulation, bone marrow
and/ or peripheral blood (or a fraction of bone nmarrow or peripheral bl ood)
obtained froma related or unrelated donor may be contacted with a W'l
pol ypeptide, W1 polynucleotide and/or APC that expresses a W1

pol ypepti de urpd@pemﬂa@llthe amurit oaasbhf slypaplideesdnt f a:umtrahgesﬁﬂfmn t the
stimul ati on of t1\e%\| s as des aed above. . Bone row, peripheral bl ood

stem cel | s and@Peyt ¥ #9138 1 ‘ﬂta edope §'Z?r%‘$‘/"'t"ﬁ@rY""h5 © Sigp P %P i to a

pati ent usi ng bf widéically RBGEFreMedoutl. | RiLo@bb@rs mobodi nents, W1 -specific
T cells as described herein nay be used to renpve cells expressing W'l

from aut ol ogous bone 18" GREEFRAAT FRPFORSAIE d0Sagst BYLIGAMENYRGBENoN of bone

Marrow or per ipRiveied the?A @08l céripdlind(s) W&m@tﬂft'sGi*ﬁ@iQntRSercR/tb%rtﬁéraEéLﬁi@d (PB)
prior to admnistration to a patient). Such nethods {)erforrred by

contacti ng boﬁ@d/ﬁhPVPBWi‘ﬁ*'Cle"%ttﬁ“@h%F?SWO”%?éqaﬂé)equgdW(ﬁs bisfindand for a

time sufficieahih opéféﬁntcawlﬁcd 'rﬁ@reQifquﬁt coﬁ%@i@érsda'ﬂ% cells to less
than 10% preferably |ess than 5% and nore preferably 15 | ess than 1 % of

t he total nurrﬁ%wswnawéloao%r dﬁeaﬁgrﬁﬁﬁaw/@r @@ral@uwa!)wetrw%patmt&m or
peri pheral bl ggg, %r-gﬁ?o Rg-E8ited Bat\@ﬂh§2n<§é’£§%s?r?fnﬂe§xn%¥ﬁm%ﬁ@lresrpEHQ%éed may be

readily determ ne st andard s such as, for ~ exanple, qualitative
and quant ittt m/\@/Tpcqanar@ély oeyreiate wih pham@rgyed ¢Im¢akmﬁ¢@meac$mml@muye and FACS

anal ysis. BonfodiBhidding) odrbrd|fbe 3vAildch LORg sBRadMpteiRiddiRY siRlNPe.

admi ni stered to a pat| usi hg stan ar ni ques
Di agnost i ¢ Cowpegekineassaysvwhivbdeaydvedpedformed usiggsamples oktaivesfrem aassoci at ed

wth W'l eXp{Aﬁﬁén?B SR aafte? E&ﬁ\teﬂfi in a patient based on the presence of

one or nore pro el ns and ynucl eoti des encodi ng such proteins in
a bi ol ogical sanple (fWithﬁﬁcemm”mmmdlmérUadnmeotaeraspmayrbewctiv&a and/ or tunor

o0 s Pon TSR PGBl G881y VR4 iy B L D101 ™
bi ndi ng agent engogenoukebbsh enreume system to react against tumors with the
administration of immune response-modifying agents (such as polypeptides
and polynucleotides as provided herein).
Within other embodiments, immunotherapy may be passive
20 immunotherapy, in which treatment involves the delivery of agents with
established tumor-immune reactivity (such as effector cells or antibodies) that
can directly or indirectly mediate antitumor effects and does not necessarily
depend on an intact host immune system. Examples of effector cells include T
cells as discussed above, T lymphocytes (such as CD8" cytotoxic T
25 lymphocytes and CD4* T-helper tumor-infiltrating lymphocytes), killer cells
(such as Natural Killer cells and lymphokine-activated killer cells), B cells and
antigen-presenting cells (such as dendritic cells and macrophages) expressing
a polypeptide provided herein. T cell receptors and antibody receptors specific
for the polypeptides recited herein may be cloned, expressed and transferred
30 into other vectors or effector cells for adoptive immunotherapy. The

polypeptides provided herein may also be used to generate antibodies or anti-
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generally permt detection of the |evel of antigen that binds to the agent
in the biological sanple. 76 WO 03/ 037060 PCT/ US02/ 35194 Pol ynucl eoti de
prinmers awo oposwes may be used to detect the | evel of nmRNRCErSossigh a WI'l
protein, which is also indicative of the presence or absence of a cancer.
In general, a WI1 sequence should be present at a level that is at |east
two-fold, preferably three-fold, and nore preferably five-fold 5 or higher
in tunor tissue than in normal tissue of the sane type from which the
tunor arose. Expression levels of WI1 in tissue types different fromthat
in which the tunor arose are irrelevant in certain diagnostic enbodi nents

since the pregewgic anfibddiedqas &ctilsedCaidvhand il S Fe@nbYo.ahee \aa) fopn  of
predeterm ned differential expression |levels, e.g., 2-fold, 5-fold, etc,

in tunor tiss@ESHYe ITENEONEERY: on 1 evels in normal tissue of the same type.

Gt her differential expmbleﬁalﬁﬁﬁﬁcﬁifé&néyaﬁb laBelbd With aRyof pelRRtgtgeousl y for
di agnostic purposes. For ex in one aspect of the invention,

over expr essi orgkgls fW‘iesﬁ'éﬁﬁ%'ﬁ%‘é’eluﬁaQ%ﬁBPetFF%é'aa’ﬂth'ﬁéﬁﬁ?é{P Of i ssue of the

same type, é)utthém;seuneaﬁﬁut&@ﬁod%qamschbé&m SW%ént NosJe,083hEs, can be 15
expl oi ted di agnosti cal hi s case resence of metastatic tunor

cells, for e 142 ﬂsé@ 39815 Q?%@Re?ﬂ‘f‘} 6%9 hefeby incatPeEHedPY some ot her

tissue site y&?&esmth&.r effirbty Ak |f'e@cH"Wa§tthFb%ra‘téHTH&w@D9l®f InGagn be
i dentified and/or confirmnmed y detecting expression o he tunor sequence

in the sanpl e casethehinging ef thadabeledRmoragiRnahantipedisto the deigmyinam sitaates, it
wi il be desi r%ﬁearq.gsnw.lréwgarfa?aetaa.ohmﬁnvraw<} deticulet réﬁ{?e%gﬁc%] nt ff erest,

e.g., PBMCs, usin ture or | e tec ere are a
variety of1%1s§lag/arittgentatd§tekrnmm andghe her-gorgtal geluumtwyer @Jiﬁqt pfthis the art for

using a bindinRg, gﬁ&ﬂ [ anpl e. See,
e.g., Harlow ang gt &ﬁ?u?%ﬂﬁatsep\%ﬁ%ﬁ@h%@@gl (b)&f/b %nug{bﬁ, I%:%l?"gd Ecg Spri ng
Har bor Laborataohlpylnasm delsmedgeﬁﬂwm usagee tharesfence or absence of a cancer

associated wi i h WL | 0 chefiRf LARITEnBETES BHAHBE T Qi) oSaRHark] "o 2

bi ol ogi cal sanpl e obtaine roma di ng
detecting i n adbhptiveampiueothelapy by goivthihlvitpoo by desaribeld herdeimt Qultndis to the

D D, n B ooty pBRE A S SYBbnEhrl B B L 2
i nvol ves t he useumberlwithdetegtion of antigen recognition in vivo are well known in the art.
Such in vitro culture conditions typically use intermittent stimulation with
antigen, often in the presence of cytokines (such as IL-2) and non-dividing
feeder cells. As noted above, immunoreactive polypeptides as provided herein
20 may be used to rapidly expand antigen-specific T cell cultures in order to
generate a sufficient number of cells for immunotherapy. In particular, antigen-
presenting cells, such as dendritic, macrophage, monocyte, fibroblast and/or B
cells, may be pulsed with immunoreactive polypeptides or transfected with one
or more polynucleotides using standard techniques well known in the art. For
25 example, antigen-presenting cells can be transfected with a polynucleotide
having a promoter appropriate for increasing expression in a recombinant virus
or other expression system. Cultured effector cells for use in therapy must be
able to grow and distribute widely, and to survive long term in vivo. Studies
have shown that cultured effector cells can be induced to grow in vivo and to

30 survive long term in substantial numbers by repeated stimulation with antigen
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agent immobilized on a solid support to bind to and renove the W1 77 WO
03/ 037060 PCT/ US02/ 35194 pol ypeptide fromthe renmai nder of the sanple. The
bound WriwpaBypmpi i de nmay t hen be detected using a detect ipom/usezsfanmt t hat
contains a reporter group and specifically binds to the binding agent/ W1
pol ypepti de conpl ex. Such detection reagents may conprise, for exanple, a
bi ndi ng agent that specifically 5 binds to a WI1 pol ypeptide or an anti body
or other agent that specifically binds to the binding agent, such as an
anti-immunogl obulin, protein G protein Aor a lectin. Alternatively, a
conpetitive assay may be utilized, in which a WI1 polypeptide is |abeled
with a report eupgememedwith b2 (ssedfot exdmpie] Cheetédret al.,Mmmotwnblogieal bi ndi ng agent
after incubation. of 1%2_27;"1 lrng agent with the 10 sanple. The extent to

whi ch conponentt¥e8f " Y inhibit the binding of the |abeled W1

pol ypeptide to the bi nditergaih@sna vectol expresaingaepotfpeptive reeiteditiewity of the

sanple with the imuobilized bindin abepol ptides for wuse
wi thin such aS@\P& iftRdug |nmqtug?réﬂr&ts%r$twfe€sr ﬁ%’“é&@¥§'§ aMent i de

portions ther e@halty@rmg@tedté&aadwadrmmmklint@dfe saffe shtiedt | bed above. 15
The solid support mat.er i to.those of ordi nar ski Il in

no
the art to whi &{‘Sfeﬁ@d\ﬁﬁﬁs %P%FEH’“ C%'"E&V\"B%Bﬁ@ﬂ“ UpBg agy ARANEKN solid

support nay b metaﬂSISref@eédly h%te&uléﬂoﬁﬁ@?hr&@ﬂeriﬂu@t|ﬁtré1favﬁ>ar9||hﬁé?ﬁﬁio|n§élose or
ot her suitable nmenbrane. Alternative t he support nay be bead or di sc,

such as gl as§f IMAYBOHRGBEISIANINEX or a plastic material such as pol ystyrene

or 20 pol yvinyi chl ori deyithif¥artSeHRiBp&dts, rméfh@dsser |Hﬁibﬂn§rﬁﬁrb%ﬁlélﬁprﬂéﬁttdf0| e or a
fiber optic sensor, such as those disclosed exaqr}g , In U S Patent

No. 5, 359, BB12 mafigeansidisgasmyasegeiated il WE! Pﬁﬁﬁﬁ'qq  invaeshe e nisyRien suppor t

using a vari ebya@blogduRCHERIS WaR hEONERN LT85 A rBéponké td a Wirit he art, which
are anply descri bed in the patent and scientific literature. In the

cont ext of theolypeidar WT\JGQNPFE@ﬁ'ngN?@ B8 Apscriged pashiSuch dtcelihmay ef ers to
bot h noncoval %ng%fé@?foﬁ&bgaané b%spra Qfeeta%%scrlbga‘aPS\féval*Haem att achnent

(which may be a ge tween e agent unctional groups on
the support off aelymbe be afiniisiered m/thﬂmﬂl\muaammuni alteative todglibit ) .

| mobi | iz o] r 'to a

rambr ane. | prt v BEAeft dr&horndniivense, b BbL L1 BHSRT 1 D) 30
contacting thé’ deilsmll ag adpinisteradintsavenousiy indrapanitaer or imthetbediodéasol i d support

for a —sultabl e ABWHor il BE eviddi t& HaESkindd iNthe'H th&PtnnlihpbEgPer at ure,

but is
cells and the frequency of administration will be dependent upon the response

of the patient.

20 Within certain embodiments, T cells may be stimulated prior to an
autologous bone marrow transplantation. Such stimulation may take place in
vivo or in vitro. For in vitro stimulation, bone marrow and/or peripheral blood
(or a fraction of bone marrow or peripheral blood) obtained from a patient may
be contacted with a WT1 polypeptide, a polynucleotide encoding a WT1

25 polypeptide and/or an APC that expresses a WT1 polypeptide under conditions
and for a time sulfficient to permit the stimulation of T cells as described above.
Bone marrow, peripheral blood stem cells and/or WT1-specific T cells may then
be administered to a patient using standard techniques.

Within related embodiments, T cells of a related or unrelated

30 donor may be stimulated prior to a syngeneic or allogeneic (related or

unrelated) bone marrow transplantation. Such stimulation may take place in
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78 WO 03/ 037060 PCT/ US02/ 35194 typically between about 1 hour and about 1
day. In general, contacting a well of a plastic mcrotiter plate (such as
pol yst yr ewe 03103760 yvi nyl chl oride) with an anount of bi ndiPoE/sgEsR194 angi ng
fromabout 10 ng to about 10 g, and preferably about 100 ng to about 1 pg,
is sufficient to inmmobilize an adequate 5 anount of binding agent.

Coval ent attachnment of binding agent to a solid support may generally be
achieved by first reacting the support with a bifunctional reagent that
will react with both the support and a functional group, such as a hydroxyl
or am no group, on the binding agent. For exanple, the binding agent may be
10 coval ent |y vabtonfhgto.t ForSu piprostiraulaiod, bogneamaapw ang/ot périphpal ploed coat i ng

usi ng benzoq i none or condensati on of an al deh r on the support
wrth an - am ndoERcn EYorBanR dgebs =t A oREE ol £ S gto. oo b
Pierce Imn@hm&whw@two@gm@mwmruﬂwmlpmyﬁa&me Wr1A12- A13) I'n
certain enbodi nents, the a S a two- ant\gro{?dy sandw CH 15 assay Thi s

assay may be rﬁ’é’yf“t'ﬁ"?ﬁé‘&elﬁ‘?d/ﬂ ?ép o FrRIes IS RRVPERIEE unAstcopditionsyeen

i mrobi |'i zeds orang f&r @l tirfe SuHIGHt to pé‘rmméﬂmmmn\m Irl ced agdéBchbed ddoRe. P! at e,
with the sanple, such that W'l eptides within the sanple are all owed

to bind to tIRONE WA P%@H‘eéﬁ‘lpg%a m egip 80 ar WdirrecificT calsimae®sled from
the inmobili zaGdRfisteRAtkd g@amhgg gtag@émlt&ghﬁ@u@@d a detection reagent 20
(preferably a second antib capa é%%toadlfferent site on the
pol ypepti de) cont ai ni ngVithin @%erqfﬁbo"dﬁ@’ﬁi WP SeRfHIF. T 9alle ag MBEAiPedf det ecti on
reagent that ngrE fgyBEOUS foGembfe é&lkbﬁpr@é@%ﬂfﬁ:ﬂ&ﬁ@lo&&kﬁfoﬁbned using a
nmet hod appropriate for the specific reporter group. Mre sgem fically, once
the anti bo# inariowreeiinhesaldlosd of ad&astionhbene marraw oppeinhekbload /@, t he
remaining pr ol BhiteBPefiprieRs oRBalPE) SPROEImIAFatidntp b Ealibnk DI ocked. Any

sui tabl e bl ocki ng agent those 'of ordinary ski In the art, such
as bovi ne ser duchmsthrda may bepesiermedrny ¢biagtiag mmamw aoPB witgsuch bui s, MD).

Th bi | ' o [ ﬁ"té%’

poley:ocrenggl :jel f?gl O\A/E%ngg?%ﬂ&t%élaﬁ e aﬁfc%‘(‘fgfbr%l e sanp t@“%ﬁe di luted
30 with a sui teapriessing tellehe lessthan 18%, prederpbiniess thanfass edd gwrd prefefa®s) pri or
to i ncubajd OffesiliORA e ol ndRBSA hyBlof Gi%YMhAkc bbiln fHle fone | nCUPaL i on

tinme) is a 7
marrow or peripheral blood. The extent to which such cells have been

removed may be readily determined by standard methods such as, for
example, qualitative and quantitative PCR analysis, morphology,
immunohistochemistry and FACS analysis. Bone marrow or PB (or a fraction

20 thereof) may then be administered to a patient using standard techniques.

Cancer Detection and Diagnostic Compositions, Methods and Kits

In general, a cancer associated with WT1 expression may be
detected in a patient based on the presence of one or more WT1 proteins
and/or polynucleotides encoding such proteins in a biological sample (for

25 example, blood, sera, sputum urine and/or tumor biopsies) obtained from the
patient. In other words, such WT1 proteins may be used as markers to indicate
the presence or absence of a cancer. The binding agents provided herein
generally permit detection of the level of antigen that binds to the agent in the

biological sample.

76



WO 03/ 037060 PCT/ US02/35194 period of tine that is sufficient to detect
the presence of WI1 pol ypeptide within a sanple obtained froman individual
with a cawoas/s®soci ated with W'l | east about 95% of thatrCaaisoesaos at

equi li brium between bound and unbound pol ypeptide. Those of ordinary skill
in the art will recognize that the time 5 necessary to achieve equilibrium
may be readily determ ned by assaying the |evel of binding that occurs
over a period of tinme. At roomtenperature, an incubation tinme of about 30
mnutes is generally sufficient. Unbound sanple nmay then be renoved by
washing the solid support with an appropriate buffer, such as PBS

contai ning 0.1 % Tween Fayhitleotide plirersambprdbesthapbelysedibidetectibat ai ns a

reporter grou add to olid support. Preferred reporter
o bups- 1 el udoeehBuaRYRaaBRREE N i tolait yBRh St BRGR e il HeUTERSTES < hen
iPcubat ed }N} trbrhb@encmgbbhmobedln g@h?iah@dMTg@bevﬂpé sméa;mrpdee«ntfaoa an anount
of tinme suffi to detect u ol.ypepti de ropriate
anount of ti mﬁ ‘f?gty ab'éﬁEPQFtIWo%gg'ﬁ?fgﬁmﬁgﬁeﬁ?'da%?rﬁd)r? @fﬁ@%ﬁ‘ﬁﬁf bi ndi ng
t hat occur s5 0w higheiif tirhék tiRbud ther in ndrhhlams@de gethe 64me ypedr@ewhich thet hen
renmoved and bound detection reagent iS_. detected u%ﬁﬁg t he rePorter group.

The net hod enpVBYeiosrERERsSIONIfEG!S HVTT BISPIRYPEY pidfEm et fpon t he

nature of the Wrﬁkﬂﬂhéﬂfmcﬁra%é@ argi?felévaﬁ'll m@r&awala’g’ﬁbsﬁ&emadmreﬁtsrmrtdel ation
counting or autoradiogr agu ic nethods are generally _appropriate.

Spect r oscopi ¢ thRPIEEeRCERhILMRS calisean ke easfinnad ybservation Hfdsedeiamingdoups and

fl'uorescent grdm?émaﬁé@?ésa.omeﬁee@etzefeheglw&lé&g.ramrrmnssue%lpl ed to a
different reporter group (connDn y a radi oactive or fluorescent group or an

enzyne). EhQyraxpiesgion lexels i rarmsl iggye gethe sampyyige det ected by the addition

25 of substrate (gener @ihet (ﬁfﬂ-‘,rrerﬁlaﬁ%%étsloﬁ paRémedawbe LtizBY . fol | owed by
spectroscopic or other analysis of the reaction products. To determ ne the

presence or alfsk¥priegesusly foy giraapstigirasgs-cbor apmplevinoneasped of he t he si gnal
detected fr Omlrﬁ\}éﬂtlérﬁg%rbﬁdreg igHHot W?ﬂgedﬁﬂgé fﬂ%um@@%@ge b ﬁ&ﬁlaﬁﬁgghg support

is generally conparéd fo a signal at” correspon to a predeterm ned
cut - of f val ue.of the same typesbet n@dn ethpodirmeltissue tyees et F1BMCs,/ganibe f or t he

detection gf g GRRGRoGRRAGR! Filniticabe, WehpleSerlchr ALEIRAE 1iRgH a0 VO

for example in a sample taken from the circulation or some other tissue site
different from that in which the tumor arose, can be identified and/or confirmed
by detecting expression of the tumor sequence in the sample, for example
using RT-PCR analysis. In many instances, it will be desired to enrich for

20 tumor cells in the sample of interest, e.g., PBMCs, using cell capture or other
like techniques.

There are a variety of assay formats known to those of ordinary

sI;iII in the art for using a binding agent to detect WT1 polypeptide markers in a
sample. See, e.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold

25 Spring Harbor Laboratory, 1988. In general, the presence or absence of a
cancer associated with WT1 in a patient may be determined by (a) contacting a
biological sample obtained from a patient with a binding agent; (b) detecting in
the sample a level of WT1 polypeptide that binds to the binding agent; and (c)
comparing the level of WT1 polypeptide with a predetermined cut-off value.

30 In a preferred embodiment, the assay involves the use of binding

agent immobilized on a solid support to bind to and remove the WT1
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si gnal obtai ned when the i mobilized antibody is incubated with sanples
from patients without the cancer. In general, a sanple generating a signal
that is twopeg/ostendard devi ati ons above the predet erm nedPcwtvsot/ss19al ue is
considered positive for the cancer. In an alternate preferred enbodi nent,
the cut-off value 5 is determ ned using a Receiver Operator Curve,
according to the nethod of Sackett et al., Cinical Epidemology: A Basic
Science for dinical Medicine, Little Brown and Co., 1985, p. 106-7.
Briefly, in this enbodinent, the cut-off value nmay be determined froma
pl ot of pairs of true positive rates (i.e., sensitivity) and fal se
positive rat egpolypepidepacihkirembinfiertditite oipiesTNsbunG VWBL BolfdepRessi bl e
cut-off value for th gia nqQstic t result. The cut-off value on the plot
Chat i's t he oIBORLEn bedpRaeH ypad aicBiecusyimaoes vl Cofipng 2 reper GvBe. ¢ hat

encl oses the dnarsg@aﬁcaa;v Bifds fothé BRI Sge@Ae VT ab@pe:;mae@&prml 86sh and a
sanpl e generat(J(en%0 H gl that i,s higher tha e cut-off val ue

det er ni ned by CB@F’”%F&'@&%'F‘BIS %B@PW@@GMAW@P%@WH y, the

cut-of f val sle i tba v béiﬁsbp&.@e bhéh atibbaylér @h&r@eﬁthﬁatheéufncaﬁnpbﬂh@I mze the
fal se p05|t|ve rate, or to the right, to mnimze the al se negative rate.

In general, a %M@W&W%aﬁa’é?@hﬁlm%mpw@ RI4®iR . PIRsIN AR cut - of f

val ue det er i Nédtinb itbbeivellE b RBfpbEtive ABSdydRAEEE RSed, i @hibRh vir£ancer. In a
rel ated enbodi nent, the assay is perforned’in a flowthrough or strip test

format, wher elﬁﬁ“VPﬁ@t'%l'?]@Pﬁ'Qd&’Q}Eﬁt’eﬁ’%’ter giopiand aligyeso pinddadheane, 20 such as
i trocel | ul 05 S 44M 8 nd Bfon %9 RB e Wi e Lo Sanpl e

bind to the immobilized agent as the sanp I[l)asses t hrough t he
I

menbr ane. A0 s S@BE: Th&t%teé‘éitobﬂhim @Qj"mg'éh‘ﬁ ofﬂ@nsampmg ipdtherindinaefi ng agent -
pol ypepti de CQE%'aBéleé‘Wﬁ ﬁcgy} Bh&lﬂo‘?ﬁ’é‘ it |H%Qger¥t@nnﬁ|§518/@%f F-Ier}gédmltfge”t fl ows
rane e otin

t hrough the ne ctlgn of b secon i ndi ng agen
then be perf oraii® s ntkewith 1hedrimabibzas, binding agent t Suijabteepolypeptideator one end of

the embr ane o8 il OhoRAE Al b SuP Rt BB B dle2 S0 Ut o
SYe o ehE pafibep

containing the sa grates ane through a
regi on cont aipgrtiogs Q@c@nﬁt&b Whinhltheg)lray@agealhbindﬁ ashiesmbeaabcbva mobi | | zed

bi ndi ng ageggt . Concené.rhlgtr?hI ca ﬁﬁa&’b‘é grﬂrﬂ,{.t&%l ?r%ﬁ’nmto%oste%‘?ﬁx%rl cal | y, the

i rmobi |i zed anti body 3 ence of a cancer
concentr at i on shil insthe@rndo wblchdmmWTagmmte:nanaw becattached Iﬁmmamplestha pattern,

T e oot AbaR R 4 8 A YRR R iy
suitable membrane Alternatively, the support may be a bead or disc, such as
glass, fiberglass, latex or a plastic material such as polystyrene or

20 polyvinyichloride. The support may also be a magnetic particle or a fiber optic
sensor, such as those disclosed, for example, in U.S. Patent No. 5,359,681.
The binding agent may be immobilized on the solid support using a variety of
techniques known to those of skill in the art, which are amply described in the
patent and scientific literature. In the context of the present invention, the term

25 ‘"immobilization" refers to both noncovalent association, such as adsorption,
and covalent attachment (which may be a direct linkage between the agent and
functional groups on the support or may be a linkage by way of a cross-linking
agent). Immobilization by adsorption to a well in a microtiter plate or to a
membrane is preferred. In such cases, adsorption may be achieved by

30 contacting the binding agent, in a suitable buffer, with the solid support for a

suitable amount of time. The contact time varies with temperature, but is

78



t he amount of binding agent inmobilized on the nenbrane is selected to
generate a visually discernible pattern when the biol ogi cal sanple contains
a |l evel oWopoloypepti de that woul d be sufficient to generaPeTaISPD3INé ve
signal in the 5 two-antibody sandwi ch assay, in the format di scussed
above. Preferred binding agents for use in such assays are anti bodi es and
antigen-binding fragnents thereof. Preferably, the anount of anti body

i mmobi li zed on the nenbrane ranges from about 25 ng to about 1g, and nore
preferably from about 50 ng to about 500 ng. Such tests can typically be
performed with a very 10 small anpbunt of biological sanple. O course,
nuner ous ot henypktippetpeen abmlts heur aid ddvat 1 dag Isgtjehedal eonthatihgaseelw t h t he
WI'1l proteins or

bin t he sent The above
descri ptons 38 AeTERGaRE Pale Buch iR pRhSERF of PUSMBRHPN W T be
apparent to thesmenndf bindiigeayent mkging from atbbetﬂmg toladbutt feeugglaawe prot ocol s may
be 15 readily tldes to tect antibodies that
bind to suchPp ?'S?b(é‘ﬁgpldf |nr9t%ago‘ﬁl1 % utticienhiodmmppize,an E@‘?qUBW of such
WI'L - speci f5 C anfahi dfashdiy ageyit. cor reI at e wth the presence of a cancer
associated with W'l expression. cancer, associated with W'l expressi on

may al so, or 20 altern V@'E“'}F“‘*HH”%P&E'(‘@'BQBQ‘%@&O BAOIARYPBPEERce of T cells

that specifi cgjehsrally @@@dmevea |by ﬁrst HERTinghe s 8hpdr vilthea BifuAtRMar@bgsanpl e.
Wthin certain nethods bi ol ogi cal sanpl e conpri si nq CD4+ and/or CD8+ T

cell's isolat eéha}tlmﬂih‘ﬁﬁdd‘é?‘ll@mthe?‘ép?‘?maﬁ HCtWi"?'Fﬂr&UFV\F‘.{ ypehexvle, a
pol ynucl eot i dey amsRdré\h, BHeHE lﬁnduﬁkgbg’&ﬁptbrqﬁ(aﬁqﬁfy fHe Uiy ¥geh@hy BEPr esses at

| east an i mmunogeni ¢ portion of such ypeptlde and the presence or
absence of 1&p&eyalently aitpehpgitp suprorts hgwing an é@ﬂ”P@"qt% PRIWNBCEQSHNg S3iNg abl e

bi ol ogi cal Safﬂéhf‘oﬁquhﬁﬁé Besy cdﬁ'd&nﬁlén BP4n élbéﬂyﬁ@‘arédﬁ’on thé QligHoRWith drel | . For

example, T cells nmay be isolated froma patient 8/ routine techniques
(such as by Fiagung andqauepiue Rekeganonihadindiy ReBReN (Feei gt i ircef peri pher al

bl ood | ynphoc JaTettita} hbr, or 2-9 days 30
(typically 4 )d@@)mtgtgh 37%%*@% %?)1 'I;/pept %g@?i rhty\&A%f 25 (err)g/m). It

may be desirable to ifregstaircernpastiments.dhe gesay lsoatvw antbedv sangwishe i n t he

absence of 4\ B gﬁ@ésgﬁsgy%gg%eBQAM@%@%&%@%{Q%%&@@@ yrve as a

control . For _ | trvation pre eval uati ng
prol i ferati on beén inmaolilized|onsy sokid sulgD®+-cammenly the V&&iltqfaanlcmhter plate,

with the sample, such that WT1 polypeptides within the sample are allowed to
bind to the immobilized antibody. Unbound sample is then removed from the
immobilized polypeptide-antibody complexes and a detection reagent
20 (preferably a second antibody capable of binding to a different site on the
polypeptide) containing a reporter group is added. The amount of detection
reagent that remains bound to the solid support is then determined using a
method appropriate for the specific reporter group.
More specifically, once the antibody is immobilized on the support
25 as described above, the remaining protein binding sites on the support are
typically blocked. Any suitable blocking agent known to those of ordinary skill
in the art, such as bovine serum albumin or Tween 20™ (Sigma Chemical Co.,
St. Louis, MO). The immobilized antibody is then incubated with the sample,
and polypeptide is allowed to bind to the antibody. The sample may be diluted
30 with a suitable diluent, such as phosphate-buffered saline (PBS) prior to

incubation. In general, an appropriate contact time (i.e., incubation time) is a
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is preferably detected by evaluating cytolytic activity. A level of
proliferation that is at least two fold greater and/or a | evel of
cytol yti cwaeBiyiosy that is at least 5 20% greater than i RCHIGSen3H94 r ee
patients indicates the presence of a cancer associated with W'l expression
in the patient. As noted above, a cancer may al so, or alternatively, be
detected based on the |evel of nRNA encoding a WI1 protein in a biological
sanple. For exanple, at |east two oligonucl eotide priners may be enpl oyed
in a 10 polynerase chain reaction (PCR) based assay to anplify a portion of
a WIl cDNA derived froma biological sanple, wherein at |east one of the

ol i gonucl eot i Grripd bhEhethabis SPREEIEAT t6 dBRE the plesendeydiW T péigpdptiye a

ol ynucl eoti de . encodi t he 1 protein. The anplified cDNA I hen
E epzlr ated and W'@é‘taeﬁqr@ggﬂgtf“w&d ’BE‘Eﬁﬂ 'GE&'Q”M“% akqgg(i\‘frf 3570G41Rd with ,§V11§uch as gel

el ect r ophor esiigast 350ub95%! A tHaY actiéved Gt BghiRsHuNIftREdIIRSUNt Al uABamidl | cal |y
hybri di ze to a pol ynucl eoti de encoding a WI1 protein ma%%be used in a

. | ng L )
hybri di zat i on PRYRERtIEo Thess frdipgry sl ustba @8 Wi resedneibfdBe H@8 encodi ng t he

WI'1 proteinsi megeddaR) t8akkidle ecgﬁliﬁﬂlhrﬁ-méEdeOr@émytdel‘éhhHeGib%%%éévmguﬁéier assay
condi tions, oligonucleotide O prinmers and probes shoul d conprise an
ol i gonucl eot i devesefirdirgthatpecurspyena perjodpf imey & foogbBMpsralwrer dbl y at | east

about  75% and ihRb&tidH thEbrRodt  minbRstis géﬂé@éﬂ? sifidfoni dentity to a portion of
a pol ynucl eoti de encod:émg rl)r ot ei n” of he invention that is at |east

ng a W1l
10 nucl eotides, and pr &inepuist sample may fende ramevecy Weshing the pelidgt h.
Preferably, old,goqtEheat gﬂﬁopf}fa}t)m&r alneh 98 Piﬁgébgﬁt%in?r@ AYRrhiHeh®o0 a

pol ynucl eoti de encodi ng a po epti de descr herel n under noderately
stringent t@ndiheisgaend ansberdyi Whish camjaing a repqrigs ApaP vay Men peiageedto and/ or

probes whi ch nRy.hg sHEﬁJrH'li%fe?rQ%%g\Qr {;Jrgrﬁé‘iﬁclg&é‘ﬂ\.%épﬂoﬁpé‘ﬁe'%ws descri bed

herein preferably are at |east n eot1des 1 n Fengt a preferred
enbodi ment, t@dowd.i gonucl eotide prinmers conprise at |least 10 30 conti guous

nucl eoti des, more pref ghallby Ad Jeﬁgég@ (iasé;ﬁﬁﬂ?m%ﬁa%t?wﬁh %%ﬁ%@ige%& of a DNA

nol ecul e having a sequence as di sc erern. Techniques for both 83 WD
03/ 037060 PCT/aptRly3elpeptideCRiplexdar arsagunt ahlimé gusficient 2ateétect thasays are

b, “oants" gl ol 368: a4 Qiro R Sun e i eBbrmmy BB 08, Lo
Press, NY, 19&Rjermined by assaying the level of binding that occurs over a period of time.
Unbound detection reagent is then removed and bound detection reagent is
detected using the reporter group. The method employed for detecting the
reporter group depends upon the nature of the reporter group. For radioactive
20 groups, scintillation counting or autoradiographic methods are generally
appropriate. Spectroscopic methods may be used to detect dyes, luminescent
groups and fluorescent groups. Biotin may be detected using avidin, coupled
to a different reporter group (commonly a radioactive or fluorescent group or an
enzyme). Enzyme reporter groups may generally be detected by the addition
25 of substrate (generally for a specific period of time), followed by spectroscopic
or other analysis of the reaction products.

To determine the presence or absence of a cancer associated
with WT1 expression the signal detected from the reporter group that remains
bound to the solid support is generally compared to a signal that corresponds

30 to a predetermined cut-off value. In one preferred embodiment, the cut-off

value for the detection of a cancer associated with WT1 is the average mean
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One preferred assay enploys RT-PCR, in which PCRis applied 5 in
conjunction with reverse transcription. Typically, RNAis extracted froma
bi ol ogi cawoampioe) such as biopsy tissue, and is reverse Pcansorsyied to
produce CcDNA nol ecul es. PCR anplification using at |east one specific
primer generates a cDNA nol ecul e, which may be separated and visualized
using, for exanple, gel electrophoresis. Anplification may be perfornmed on
bi ol ogi cal 10 sanples taken froma test patient and from an individual who
is not afflicted with a cancer. The anplification reaction my be
performed on several dilutions of cDNA spanning two orders of magnitude. A
two-fold or grsﬁﬁraeasbtalhmwaasmeiummbinzasaﬁtubmy mrs:ebﬂeamthlishmpliestremof t he

t he .non- cancer ous

test patient sa ared to the sane

ol D SO0 o wiRou SRTRGS 4h Setstel 389 pR o pRiTa Soptdfatdy " fa
present i nventthies standhld dxeiatibiscabole tHappbagérasnetbout-bit valse s cdnsidemdunct i on,
wth, for exanple, real-tinme PCR t rowde nore sensitive.t f or
Gt oot i on of Epiks kY e qaops oan el drajgr e e dEaE: e Ve of Cwr
- assloci at eds Ca@éﬁéqrmﬁéd gsihda hb@élﬁ@l(lp%l'at&m{/dl @Sacc@dﬂg to e rh&hed ofar r ow

sanpl es, periphera | ood,. an needl e sp|r |

desirabl e for CKeh %tsql 8?016?’5%%%%‘?@ @aﬁ’éﬁa ’WC@%"%\SSOM at ed
with W1 exprngsBriwn didnte)orgegnst106- sy, q@&ﬁ@&nmdlﬂheﬁtpﬂﬁloht 6tf nonocl onal
anti bodies to surface cell markers, or tetraneric antibody corrpl exes, my

be 25 used tyaueraqy kadstermingd e pplay of Rairs S Bue pE%W@é?teéé‘lq’s in a sanpl e.

Vari ous commr&hﬁh\htzf, Qf’ttﬁf'alsélbbﬁtnyé Jafesrrmml\g ) tha\Cobreéimd iy Bageads (1)
Epithelial Enrich nal Bi otech rway St enSepTM ( St entCel |

Technol ogi 48, Popsigle cubefhxalus foF thesbaqnoameﬂdg%tﬂt Jbgut-elf ¥iga.pn e plot
Technol ogi es) A Sl doRst 191He! B Bitinand 665G 20 BlueThA1RhclBiRAgO! 001 es

and kits may al so be used enrich or a&ﬁfltlvel y select desired cell
popul ations. [yReBEsRMA (Fe Elﬂst RREUIaEe Cutiaify 2he sameleggneratinga beads coat ed

W th mAbs Spegidiafinks h?‘ﬁgr tﬂéﬁ(ﬂm‘é%%ﬁbé\ue ééte)(fﬁ[]g@é?@%gg?tthh@ﬁ{ g%QZ/ 35194

nenbrane antigens expressed on normal and S tissues.
The coat ed beagpsidgerpd pesitived ddtetnatively dvgpeud-offrvaluemeayshengiliftecitpghe lafbpl i ed to a

T SlsnenTSuelo B HEL e s Sl ABBUhe g Doty DR ec, oo
and false negative rate. In general, a sample generatmg a S|gnal that is higher than
the cut-off value determined by this method is considered positive for a cancer.
In a related embodiment, the assay is performed in a flow-through
or strip test format, wherein the binding agent is immobilized on a membrane,
20 such as nitrocellulose. In the flow-through test, polypeptides within the sample
bind to the immobilized binding agent as the sample passes through the
membrane. A second, labeled binding agent then binds to the binding agent-
polypeptide complex as a solution containing the second binding agent flows
through the membrane. The detection of bound second binding agent may
25 then be performed as described above. In the strip test format, one end of the
membrane to which binding agent is bound is immersed in a solution containing
the sample. The sample migrates along the membrane through a region
containing second binding agent and to the area of immobilized binding agent.
Concentration of second binding agent at the area of immobilized antibody
30 indicates the presence of a cancer. Typically, the concentration of second

binding agent at that site generates a pattern, such as a line, that can be read
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5 used in further anal yses. RosetteSep can be used to enrich cells directly
froma blood sanple and consists of a cocktail of tetraneric antibodies
that targwol3@3weri ety of unwanted cells and crosslinks tPoEmSID35194

gl ycophorin A on red blood cells (RBC) present in the sanple, formng
rosettes. Wien centrifuged over Ficoll, 10 targeted cells pellet along with
the free RBC. The conbi nation of antibodies in the depletion cocktail
determ nes which cells will be renoved and consequently which cells wll
be recovered. Antibodies that are available include, but are not limted
to: CD2, CD3, CD4, CD5, CD8, CD10, CDi11 b, CD14, CD15, CDl16, (CD19, CD20,

CD24, CD25, ChfalyCO%e ,ab%é of QWﬁa p@@%&nd@%&a riebédfve réSultC4 g&MeralCDA5RO,
CD56, CD66B, CD66e, HLA- DR 8 and TCRa(3. |In another enbodi ment, the
conposi ti ons dERAPPYRET HRYIRY AJeAL{mmBRilizedah the dS BYRCHE progr essi on

of cancer. In gbherateemmmm@&emmwém fertifé eioldgrdl m@cdr%mé he di agnosi s

of a cancer assom at ed expressi on may be perforned over tine, and

the change in Q"ﬁbOflpé’!)’BFpt@P t"r‘%dﬂuiw W'MW[%?@PS'BYE sina) imdes eot i de( s)

eval uat ed. fortw@éazmbbgsaﬁdwcrmaysn Mot dRENs8H BBEVeS \Rbréd- 72 hours for
a period of 6 nonths ear, and thereafter performed as needed. In

general, a caﬁ’d!lé’r‘“ﬁ%%ﬂ%‘i%@fr'-@%’? Sghi aesaysce aptiiodies @adipptigapitdinthe | evel of
WI'1 pol ypept i g@gmentd herBIC IPREIEE, ﬁ%@%ﬁ%ﬁ%ﬂdﬁ%&@ﬁﬂﬁ\o@r%a orf thg®. [N

contrast, the cancer is not progressi ng when the | evel reactive 25
pol ypept i de omgsergnriEnaes fred abeyti?émorte ARPYS M@(ﬁf@tfa@rﬁ P@?fe@élrwf@a‘ses wi th

time. Certai Bphi} 59 ogb&fi%@ﬁtngc SBer s ééﬁ%&?@all FPQH&Fﬁ%d%ﬁm%CJérV on a

tumor. One such assay Involves Contactin s wth a binding agent.
The bound W néMmay amgentof bigjodidabsarple.det ected directly or indirectly via a

reporter group. Such b'd?g{)tﬂge% SusBiter §§&p&8t88&§gxubﬂg&'a$é9uféﬂ| cal 30

applications. Alternatively, poly nuc eot i es nm vmthln such
appl i cat i ons. f@3se@ith 310&/7T0 GootPIAT bUSOdNG BIOUs oftthe prasestanention.eFhd on f urt her

provi des ki tSaﬁa8ve » dE mgﬁ!ﬂoh?hﬂe ﬂt’%}éd&f totd%eex[@%}é S’rﬁlggf‘éj%}%&ppér@@% Such kits

typically conpri onen ces rmng a
di agnostic asaaparemnmmsem erdmayy sHﬂbn d:kmapbtlnatjme abewatosols o@ythe@ ner s and/ or

equi prrent . %S?egf ngséH 8{‘;}@&@ iad¥ th ¥elbcParktibbaiBEthat GRET N 2

nonocl onal
such polypeptldes in a biological sample. The detection of such WT1-specific

antibodies may correlate with the presence of a cancer associated with WT1
expression.
A cancer associated with WT1 expression may also, or

20 alternatively, be detected based on the presence of T celis that specifically
react with a tumor protein in a biological sample. Within certain methods, a
biglogical sample comprising CD4" and/or CD8" T cells isolated from a patient
is incubated with a WT1 polypeptide, a polynucleotide encoding such a
polypeptide and/or an APC that expresses at least an immunogenic portion of

25 such a polypeptide, and the presence or absence of specific activation of the
T cells is detected. Suitable biological samples include, but are not limited to,
isolated T cells. For example, T cells may be isolated from a patient by routine
techniques (such as by Ficoll/Hypaque density gradient centrifugation of
peripheral blood lymphocytes). T cells may be incubated in vitro for 2-9 days

30 (typically 4 days) at 370C with polypeptide (e.g., 5 - 25 Og/ml). It may be
desirable to incubate another aliquot of a T cell sample in the absence of WT1
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that specifically binds to a WI1 protein. Such antibodies or fragnents may
be provided attached to a support material, as described above. One or
nore addwoiodmsdoscont ai ners nmay encl ose el ements, such asPCEAFENsHIDr
buffers, to be wused in the assay. Such kits may al so, or alternatively,
contain a detection 10 reagent as descri bed above that contains a reporter
group suitable for direct or indirect detection of antibody binding.
Alternatively, a kit nay be designed to detect the | evel of mMRNA encoding
a WI1 protein in a biological sanple. Such kits generally conprise at

| east one ol igonucl eotide probe or priner, as described above, that

hybri di zes 15 pblgpeptideltysercd end icderabnEordiDyf TacalB lagpivatioaiisprefenatity an

ol i gonucl eoti de be wused, for exanpl e i t hin P r _hybr.i di zati on
assay Ada (i GreretesAkaRg pro et e T s dief et mie aElRPT s e ude
a second ol i geprefeeaply abieaékﬂbpévaﬁjatldg agﬁlqméorivityeaﬂglenélwprommmttiﬂhner to
facilitate th et t|o of a LI 1 protein. 20
The fol | owi ng%i%(géf’r% &P«JNSM%;?%%P"@?P \ﬂzg eg?f qqulsﬁlg@pﬁ\?fyﬂw@rmﬁ)%f by way
of limtat i5)n20@§‘%bﬁ8an Rﬁdlé@éééllﬁbE patidrREINdickie6Anld Sbbddce Aha CAMINE RESPONSE
TO W1 I N PATI ENTS W l_wiE b MALI GNANCI ES Thi s Exanpl e

i1 lustrates tR&Sqoited vith |96Hr98?'°'éf‘|‘t &Pa¥&Mht i nmune response in patients
with a hemat ol ogi cal mblnafearmsve Aahereiad) algd, @r bRRnRANENEHE getedtedr €€Xi Sti Ng
WI'1l specific antibod onses in patients, sera of patients with acute

nyel ogenous | Qaﬁ%’n‘i”h&(‘%@ fariANA pogwsiingery{Idgoeieinin 2 biglogiga) sampit o

| ymphocytic I%ké@n@plé%Lle)asttﬁbroﬂgur@c@mqumyﬁ]ab%lé&mu elifM) and severe
apl astic anem a were anal usi an Western bl ot "anal ysi's. Sera were

test ed for1Q h@okmieraseyhaip r‘?@?ﬁ%ﬂ’rﬁ dased assayieramplity mroreniehARAT T | eukeni ¢

cel I I'ine K562pNANGREiléRRon ¥folSditd §£rﬁpl@%ﬂw&§uﬁ'a@l&asﬂ\@i&3@‘fﬁfb’3 VA). In 5 each
case, inmunoprecipitates were separ ated gel el ectrophoresis,

transferred t@liganypleatifie rimerpisspeeifisor Het: Wébfé{’rﬁeis teifa PRlyUclgetde Wi 80
(Santa Cruz BioQt&fil YAk 984 prbféﬁ'l Tr%aé?ﬁ;ﬁm% HENA@t)nen IQéa?at\@é%ﬁ@r n bl ot

anal ysi s i dent 11 ed potential W1 specific antibodies in patients with
hemat ol ogi cal detected using techniques well known in the art, such as gel electrophoresis.

15 Similarly, oligonucleotide probes that specifically hybridize to a
polynucleotide encoding a WT1 protein may be used in a hybridization assay to
detect the presence of polynucleotide encoding the WT1 protein in a biclogical
sample.

To permit hybridization under assay conditions, oligonucleotide

20 primers and probes should comprise an oligonucleotide sequence that has at
least about 60%, preferably at least about 75% and more preferably at least
about 90%, identity to a portion of a polynucleotide encoding a WT1 protein of
the invention that is at least 10 nucleotides, and preferably at least 20
nucleotides, in length. Preferably, oligonucleotide primers and/or probes

25 hybridize to a polynucleotide encoding a polypeptide described herein under
moderately stringent conditions, as defined above. Oligonucleotide primers
and/or probes which may be usefully employed in the diagnostic methods
described herein preferably are at least 10-40 nucleotides in length. In a
preferred embodiment, the oligonucleotide primers comprise at least 10

30 contiguous nucleotides, more preferably at least 15 contiguous nucleotides, of

a DNA molecule having a sequence as disclosed herein. Techniques for both
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mal i gnancy. A representative Western blot showing the results for a patient
10 with AML is shown in Figure 2. A 52 kD protein in the i mmunoprecipitate
gener at edwOB08706the pati ent sera was recogni zed by the WPCIAmsor/53104
anti body. The 52 kD protein mgrated at the sane size as the positive
control. Additional studies analyzed the sera of patients with AML and CM
for the presence of antibodies to full-length and truncated Wil proteins.
15 CDNA constructs representing the human W1/ full-length (aa 1-449), the N
termnus (aa 1-249) (WIl/N-termnus) and C-term nus (aa 267-449) (W1l/C
term nus) region were subcloned into nodified pET28 vectors. The W1/ full -
:Qgggzgt h anﬂ WéJPczFNbé@rdrasm Mﬁyﬁln?i&tbﬁh@s@&ﬂ&@ﬁ@%gm uRm?e%rtf(@é% ,G6r plrot ei ngo
is the Cter a a secrete co eriumtubercul osis
protein, denot®¥#MRS Bgn?%}ge Wgéfar%‘?’symf’n%ﬁ’ft EHM %58, 1999).
The Ral2- W1/ fmi.dwé@nmmmmm@y,rggem PRss,NYnedo)3' to a h| stl dine-tag in
a histidine-tag nodified FgETZS vector. The V\7I'1/N-te rmnus region was

subcl oned into a nodi f ¥ Reered @%ﬁ?tycﬁ'“pﬂWétRTh%QRd”BVh'%%QR&ﬁ‘ﬂ’é’l@dag f ol | owed

by the thioreslesjihdidd¥ith WidlstHiaREdrphers Typidaty) ANGDis @RtrAQbd PYRG by a 3
hi stidine 25 tagf The WI'l/ C-term nus codi ng regi on was subcloned into a

nodi fi ed pET293'°%‘??£'B?mQ\Ft%UtasQ'Ofpﬁlﬂ'?cﬁhiep%[}dt'ﬁéﬁ”e@&rﬁftaaﬁ?’flbﬁ@tQ)PﬂOQU‘%ene 5 and
3' histidine- thmB@bd@éAeﬂcmn@uﬁd%@mlﬂgatnéa#ksnéb;sm.c%ﬂ%rptyss E. coli

(Stratagene, La Joll were transforned wth the three WIl expression
constructs, gr%mraéﬁﬁékqﬁ olgsdle; whigle g@y\nietsnparg@d and visualized using, for

i sopr opy! - 3- %xéhbﬁgéi%fécﬁéb%‘?esﬁé PAG%.C%NB% rﬁéﬂsee B4 Bn B%Jr?M dapd as

fol |l ows: wer e harvest ed and I'ncu atlon I'n Tris, pH 8.0
wth 87 \/\0@3/8@@@@@@0’#@5@2&%3@% ar@bfm@ﬂ@wwub@lsm@hafﬂcwr Tabl et s

(Boehri nger Wﬁ'ﬂh‘f sonl e Or{ﬁlﬁ+ar°t]|o‘1 réd&ﬁbr@ﬂlggg%géﬁor% dlsegdry f Ol | owed by

repeated rou cl usion were washed twice with
10mM Tris, pH diutonspf g&Jl&Amsamgetmrwderpgf nagritddey Arwe-fdld ohgreatee af finity

chr OBt 001 P SuSe HLGHELIN hisblAIBRFHFyBSS iaf BafoE BACEN 1 e,

Val enci a, ogl trv s2uP 1 217, 1989)
fol |l owed by choompateddo mmumnmm m@rmanoeroexsampigés hymsally (Arrer sham
Phar maci a ﬁ%o Qdergﬁ’gﬁélﬁ\ie Sweden). The identity of the WI1 proteins was
confirnmed by er mn sequencing. Sera fromadult patients with de nova
AML or CM. were st udi edn ancther aspect of the present invention, cell capture

technologies may be used in conjunction, with, for example, real-time PCR to
provide a more sensitive tool for detection of metastatic cells expressing WT1
antigens. Detection of WT1-associated cancer cells in biological samples, e.g.,
20 bone marrow samples, peripheral blood, and small needle aspiration samples
is desirable for diagnosis and prognosis in patients with cancer associated with
WT1 expression.
Immunomagnetic beads coated with specific monoclonal
antibodies to surface cell markers, or tetrameric antibody complexes, may be
25 used to first enrich or positively select cancer cells in a sample. Various
commercially available kits may be used, including Dynabeads® Epithelial
Enrich (Dynal Biotech, Oslo, Norway), StemSep™ (StemCell Technologies,
Inc., Vancouver, BC), and RosetteSep (StemCell Technologies). A skilled
artisan will recognize that other methodologies and kits may also be used to
30 enrich or positively select desired cell populations. Dynabeads® Epithelial

Enrich contains magnetic beads coated with mAbs specific for two glycoprotein
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10 for the presence of WI1 specific Ab. Reconbi nant proteins were adsorbed
to TC mcrowell plates (Nunc, Roskilde, Denmark). Plates were washed with
PBS/ 0. 5%0wmean/0206@nd bl ocked with 1 % BSA/ PBS/ 0.1 %ween POT/UADY/8Y194

washi ng, serumdilutions were added and incubated overnight at 4C. Pl ates
wer e washed and Donkey anti-human 1gG HRP secondary anti body was added 15
(Jackson- I nmunochem West G ove, PA) and incubated for 2h at room
tenperature. Plates were washed, incubated with TMB Peroxi dase substrate
solution (Kirkegaard and Perry Laboratories, MA), quenched with 1 N H2SO4,
and i mmedi ately read (Cyto-Fluor 2350; MIIlipore, Bedford, MA). For the

ser ol ogi cal suﬁéfﬁman@man%fpaes&eﬁ@nmﬁﬁ@@n@hecﬁi@s‘ﬁéep%nmgéu@ range of
serial dilutions from1:50 to 20, 000. A positive reaction was defined as

an OD val ue offhg ceatsdBeads ’U%Be adqedrp @reamp Be 82 Re throaprlies o) ye of
sera from nor rmégnepw@oy(dap&ﬁh%mé delig S&r{d\Mihe/tfeléhb RO Ghantdliidens- term nus)

standard devi ations. Due to a round in normal donors to the
WI'1/ N-t er mi nu@rgwashedaway gadithe W@Wﬁ@Wl'ﬁ?ﬁlﬁt@%CWf}Wqfé‘?’ﬂl“’fﬂ}ée%é‘"@efi ned 25
as an OD vad ugghf inkumil sflhllsdsed serum that exceeded the mean OD val ue of
sera from normal donors by four standard deviations. To verify that the
patient Ab response wi9setlaSeptcan bayspth i enyiph callsdiraetly fiam alplooal 2 or TRX

fusion part gmhfée%nﬁrc%éi‘ftg SPé cBQ&éFJ?kéiraﬁnerﬁ%‘nbo‘d%ttﬁéPt@B% aRlafibfy NS.

controls inclu d TRX protein alone puri in a’sinlar
manner. Sanpl @ unwante@cells apderpsslinks them toyalvegahanistA @'hEEdF@QOZi eehiel/ or TRX

brot el ns e e (G} HSch i Aoty RARKSLtoB BN 03HARA080, FERLy 02! 35104

To evaluate f resence o reconbl nant
full-1engtho artatgetlednelwnaﬂet\mqngomttttbe free HESQ hehesngmpingtiom of andibodiesigi vi dual s

and patients
anal f/)zed by Eﬁ%&ed@%ﬁ?&ﬁ?wt&"&%%wﬁﬁ%qeng% ’g&‘g el n, %%ckﬁép m nus b5
protein and sztlldhcceﬂszwrlhbleuecqye(me|Am1|b®l¢sythat ayé agflablerimiudedbut@rsnetad ser um

anti bodi es 1 el g, wrbhoolidol (bl eneihopegi fl Boifl gie dfls One of

t hose individu y'to erm nus prot érn’and one had
anti body to WCD1G; Coea; Cha, @D@seCh29,1CD33; G3d aGD36, B3R CO31,0G04%nt s (25%

o AL e TSR BB Eed K5t Bkl eoMTikel Ll bohepath protel . By
In another embodiment, the compositions described herein may
be used as markers for the progression of cancer. In this embodiment, assays
as described above for the diagnosis of a cancer associated with WT1
expression may be performed over time, and the change in the level of reactive
20 polypeptide(s) or polynucleotide(s) evaluated. For example, the assays may be
performed every 24-72 hours for a period of 6 months to 1 year, and thereafter
performed as needed. In general, a cancer is progressing in those patients in
whom the level of WT1 polypeptide or polynucleotide detected increases over
time. In contrast, the cancer is not progressing when the level of reactive
25 polypeptide or polynucleotide either remains constant or decreases with time.
Certain in vivo diagnostic assays may be performed directly on a
tumor. One such assay involves contacting tumor cells with a binding agent.
The bound binding agent may then be detected directly or indirectly via a
~ reporter group. Such binding agents may also be used in histological
30 applications. Alternatively, polynucleotide probes may be used within such
applications,
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reactivity to W1 /C-termnus protein. Fifteen of 81 patients (19% wth
CM. had serum anti bodi es reactive with Wil/full-length protein and 12 of
81 pati ewD9301H89 had serum anti bodi es reactive with WlpPRItusSomsias. Only
3 of 81 patients (3% had reactivity to W1/ C-term nus protein. (Figures
16 and 15 17.) These data denonstrate that Ab responses to W1 are
detectable in sone patients with AML and CM.. The greater incidence of

anti body in | eukem a patients provides strong evidence that immnization to
the W1 protein occurred as a result of patients bearing malignancy that
expresses 20 or at sone tinme expressed WIl. Wthout being limted to a
specific theory, it is Thbqirésemadvérhah further priogidey lits fandselwithin argsgponses to

W'l t babl f t i mupe to W'l th
[ cuken a col | e Eiaspale BIPBR S0 3unBEeRNID R T munogeni ¢

despi te bei ng campsrérits news@argufo'r perbrri h@aﬂragﬁmmas@fy Qungoadints nfayWr 1
strongly inplies that qcm_ncu rrent cell res nsesegre al so present

hel
in the same pdi&%APOUN iqu§"t§n°°”farﬁffeé$ﬂ%q/°'p‘?°6‘!p€’% (F@MRPy 0% sponses are
likely to bg td@atamswutmﬁfaaatmaye:mfam & AloABelerial hetibeabafrdditerdMersdid t he nost
toxic arm of inmunit sl_e datasglr ovi de evi dence that therapeutic
vacci nes di red*(‘%t(fp‘é‘dé‘?aﬁ\ép'”aﬁtfm 1 psteinn Sygh antiodiesiog fradaents MAYRE r esponse
to W1, 89 Wpre3dddat@eRediot dupPart Aiaiddtial, ad B8sdiBb@hbdve. Tnetdiengat i bodi es

detected were reactive with epitopes within the N-terninus while only a

smal | subgr ou;?dGF'mﬂ?AtCP’étﬁt"Er%ﬂW'osﬁ A|RERF0S AHCRIFF gD B, ta e

C-term nus. ThJsédirﬁthé‘é@ﬁyStS%% kitd By al@@%ﬁraké\’nhﬂ)%ﬁ/ béhtdiR@ ddfichieh nodel ,
where immunization with peptides derived 5 fromthe N-term nus elici t ed

anti body, M@l peagent aerescyprd abpve thal GeMaies a repgiier 8/yP suitablefer diFst eept i des

tested fromth@d,,@ut@ertégt,ehlgfgf{ﬂb%&qu,@t| body or T cell responses (Gaiger
et al., Blood 96:1334 10 1 NDUCTI ON OF ANTI BODI ES TO WI'1

IN M CE | MUNI ZED W THA“@E@LVQ_){ IRERS npayHIRENSsSigRes tardetatiithe IEXRIOPMENA | ust r at es
the use of celdnofiPa WPt praiellih o HolokidlYafpR. Shin RRYerblahy BthpRR%Y "esponse
least one oligonucleotide probe or primer, as described above, that hybridizes
15 1o a polynucleotide encoding a WT1 protein. Such an oligonucleotide may be
used, for example, within a PCR or hybridization assay. Additional components
that may be present within such kits include a second oligonucleotide and/or a
diagnostic reagent or container to facilitate the detection of a polynuclectide
encoding a WT1 protein.
20 The following Examples are offered by way of illustration and not

by way of limitation.
EXAMPLES

25 EXAMPLE 1
IDENTIFICATION OF AN IMMUNE RESPONSE TOWT1
IN PATIENTS WITH HEMATOLOGICAL MALIGNANCIES
This Example illustrates the identification of an existent immune
response in patients with a hematological malignancy.
30 To evaluate the presence of preexisting WT1 specific antibody

responses in patients, sera of patients with acute myelogenous leukemia
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Detection of existent antibodies to WI1 in patients with |eukema 15
strongly inplied that it is possible to immunize to WI1 protein to elicit

I muni ty WO®3MIT60 To test whether immunity to WI1 can be @emarsar/zdoby

vacci nation, mce were injected with TRAMP-C, a WI1 positive tunor cell
line of B6 origin. Briefly, male B6 mce were imunized with 5 x 106
TRAMP-C cell s subcutaneously and boosted twce with 5 x 106 cells at three
week intervals. 20 Three weeks after the final immunization, sera were
obtai ned and single cell suspensions of spleens were prepared in RPM 1640
medium (@ BCO) with 25(err)M (err)-2-nmercaptoethanol, 200 units of
penicillin peraml), ad@etymphgtyic daukemia (ARDy ch@bicinetebdgebous lagkesesd um  Fol | owi ng

i mmuni zation tQ TRAMP-C, a speci fic anti bqdy. response in the

| mini zed ani HOMD e E el BReTe ress SR H08 TeT PRt SEANES-i o shown
i G Lo T T aepse L o L oo P 09 057080, PCTL US02! 35194
elicit an i mune res se t rotein

EXAVPLE 3 | ND@WW%E'W%%WE@W%E@%@@C g, aéésﬁﬁ%%ﬁhg% W TH W1
PEPTI DES Téi gabiedse! hnhdrogfdciprhls wehesepatdted by ?él elegdtidpHorstid, on with W1 5
peptides to elicit an i mmune response, specific r WI'l. Peptides suitable
for elicitingtapsiamed i9rpembrane and groped with ”}ee%“fytyﬁfbént'%}’ ﬁ@@nt i fied

accordi ng to Yduntd ShizSioRERBIGRE) INROShRACHuATA) TaNis WestdelviBidt dnalysis 93- 100,
1988; Deavin et al. .1 nol . 33:145-155, 1996 ich searches for

pepti de not i f ddentfiad neientiat Wa 1 spediin antibodiss Binatipits with hewatolegical 10 Pept i des

shown in Tabl endigNiic. AYESrB&MtARE ViRstdorh M SRGARG the Fadilits fdr MPBliemept | des
Pepti de Se uence Comhents Mouse: p6-22 RDLNALLPAVSSLGGGG 1 m smatch

relative t# WBEAMLIS sowsin FigHiaa. WSt kDpigirimisdhe imrmynoppmsinitate
ROLNALLPAVPSL %@mateﬁ %@Qg hifd &Qi'elld sera was recognized by the WT1 specific antibody.
The 52 kD protein migrated at the same size as the positive control.
Additional studies analyzed the sera of patients with AML and
CML for the presence of antibodies to full-length and truncated WT1 proteins.
15 CDNA constructs representing the human WT1/full-length (aa 1-449), the N-
terminus (aa 1-249) (WT1/N-terminus) and C-terminus (aa 267-449) (WT1/C-
terminus) region were subcloned into modified pET28 vectors. The WT1/full-
length and WT1/N-terminus proteins were expressed as Ral2 fusion proteins.
Ra12 is the C-terminal fragment of a secreted Mycobacterium tuberculosis
20 protein, denoted as MTB32B. (Skeiky et al., Infect Immun. 67,3998, 1999).
The Ra12-WT1/full-length fusion region was cloned 3' to a histidine-tag in a
histidine-tag modified pET28 vector. The WT1/N-terminus region was
sﬁbcloned into a modified pET28 vector that has a 5’ histidine-tag followed by
the thioredoxin (TRX)-WT1/N-terminus fusion region followed by a 3’ histidine-
25 tag. The WT1/C-terminus coding region was subcloned into a modified pET28
vector without a fusion partner containing only the 5’ and 3’ histidine-tag,
followed by a Thrombin and EK site.
BL21 pLysS E. coli (Stratagene, La Jolla, CA) were transformed
with the three WT1 expression constructs, grown overnight and induced with
30 isopropyl-g-D-thiogalactoside (IPTG). WT1 proteins were purified as follows:
Cells were harvested and lysed by incubation in 10mM Tris, pH 8.0 with
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Human/ nouse: PSQASSGQARMFPNAPYLPSCLE pll (SEQ ID NOs: 2 and 3) Mouse:
p244- GATLKGVAAGSSSSVKWE 1 mismatch relative to 262 (SEQ I D NO 14) human
Wl sequwpad/obiosen: p244- GATLKGVAAGSSSSVKWE 262 ( SEQ PDTNGSn235194

Human/ mouse: RI HTHGVFRG QDVR p287-301 (SEQ ID NGs: 15 and 16) Mouse: p299-
VRRVSGVAPTLVRS 1 m smatch relative to 313 (SEQ ID NO:17) human WI'1

. sequence Human/ nouse: CQKKFARSDELVRHH 421-435 (SEQ ID NGs: 19 and 20) 15
For i mruni zation, peptides were grouped as follows: 91 WO 03/037060

PCT/ US02/ 35194 G oup A p6-22 human: 10.9ng in 1 m (101 = 100g) pl1l1l7-139
human/ nouse: 7.6ng in 1 m (141 = 100g) p244-262 human: 4.6.ng in 1m (22

= 100g) G oupcdip mé’&?ota&zsb IRKiBTRY TAB &S BodhritiiBr MAnrheith BickAémitals100g) nouse
p299- 313: 6. 6. p421-435 human/ mouse: 3.3ng in 1 m

(301 = 100g9) "g‘f‘ﬂa\%l's’ IN) F%@H%M'?‘M%’géﬂﬁe?atﬁd tSURAS PhsonisgHen: dPG'”%'@!D45 pepti de

100g) + CFA/ | hefdifes Were ﬁasﬂfé@tt@ubélﬂﬁih ﬁ@rﬁﬁMﬁ%pﬂ@@%te‘MsWér@tHe‘ﬂ%uﬁﬂéd’o
termnus portion of WI1L (exon 1) Group B contained peptides present

withint he c Awieatyl chelaty afinity onmn@ﬁo%nhyeﬂvasmw -Bitiflotyiagatic AfiRgesin r egi on with

sequence ngbmmmcotﬁfernc%bﬂmhnatar@&ad?&//yx\émrno/wwzﬁ p287- 301
and p299 5 313 were derived fromexon 7, zinc finger 1, and p421-435 was

derived from 1888rfolavedAyfaramaiearaphy\en a Source Q anion exchange resin
(Amersham Pharmacia Biotech, Upsala, Sweden). The identity of the WT1

proteins was confirmed by N-terminal sequencing.
Sera from adult patients with de nova AML or CML were studied

10 for the presence of WT1 specific Ab. Recombinant proteins were adsorbed to
TC microwell plates (Nunc, Roskilde, Denmark). Plates were washed with
PBS/0.5%Tween 20 and blocked with 1% BSA/PBS/0.1%Tween 20. After
washing, serum dilutions were added and incubated overnight at 4°C. Plates
were washed and Donkey anti-human IgG-HRP secondary antibody was added

15 (Jackson-Immunochem, West Grove, PA) and incubated for 2h at room
temperature. Plates were washed, incubated with TMB Peroxidase substrate
solution (Kirkegaard and Perry Laboratories, MA), quenched with 1N H,SQ,,
and immediately read (Cyto-Fluor 2350; Millipore, Bedford, MA).

For the serological survey, human sera were tested by ELISA

20 over a range of serial dilutions from 1:50 to 1:20,000. A positive reaction was
defined as an OD value of a 1:500 diluted serum that exceeded the mean OD
value of sera from normal donors (n=96) by three (WT1/full-length, WT1C-
terminus) standard deviations. Due to a higher background in normal donors to
the WT1/N-terminus protein a positive reaction to WT1/N-terminus was defined

25 as an OD value of 1:500 diluted serum that exceeded the mean OD value of
sera from normal donors by four standard deviations. To verify that the patient
Ab response was directed against WT1 and not to the Ra12 or TRX fusion part
of the protein or possible E. coli contaminant proteins, controls included the
Ra12 and TRX protein alone purified in a similar manner. Samples that

30 showed reactivity against the Ra12 and/or TRX proteins were excluded from

the analysis.
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B6 mce were immuni zed with a group of WI'1 peptides or with a control
peptide. Peptides were dissolved in 1 m sterile water for injection, and
B6 m ce woasiosmeni zed 3 tinmes at tinme intervals of threePa@dlss2/3:4d§ uvant s
10 used were CFA/IFA, GW CSF, and Montinide. The presence of antibodies
specific for WI1L was then determ ned as described in Exanples 1 and 2, and
proliferative T cell responses were eval uated using a standard thym di ne

i ncorporation assay, in which cells were cultured in the presence of
antigen and proliferation was eval uated by neasuring incorporated

radi oactivity (Chen et 15 al., Cancer Res. 54:1065-1070, 1994). In

particul ar, |ynphocyt eJowraleatedbrtté tbsehde &Gmimahity pIVATEAbRL 2x105 cel | s per

well with 4x105 irradi d (3000 rads ngenei ¢ spl een, cells and the

flosi gnat o e Sa A At FEHr SR T AT 58 COroTmah | dos

desi gnat ed as indwiduam @hdglatiehts a4th asukemia sre Yiefonspeas nfitodWidactifitygur e 4) . No
anti bodi es were 20 det ecéeg fol |l ow n%yi rrguni zat i On'tWﬁlﬁCi ne B, which is
consi stent wi tYSANAEsd Ry Ellaf seactivityta W T 1/l irnetrretelin #PUMSon wi t h
Vaccine B. #1k{tdddn8MTi/E28mifla P6e3/ 037060 PCT/ US02/ 35194 proliferative
T cell responses (Figures 5A-5C). The stinulation indices {SI ) .varied

between 8 and 72. O hePnyepel Wormprdopsrsfing sepuo antiopieg reactiy@ WEh shown to

elicit prolifegpi iunﬁengtrp@fb{em Wm;s Ol BT eYsé Mdividual Rdd dPibedy thesul ted in
a stimulation index (SI) of 2.3 and immunization with P299-313 resulted in
a 5 Sl of 3.3.Whybitermrusgyateinangd angdad etoady i@Vt Vinlgraninss proteig) I, as wel |

as T cells 5tcbmr'éﬁtt%cbf‘éﬁ?)Qtiéﬂ?é’m%@%ﬂthaosé&?&n%ti%r ivERktn and
allogeneic T cell Tlines (DeBruirjn’et al., Eur. J. Immunol. 21:2963-2970,
1991) . Fi gi® eNVERfullriengbrrroteiin Bh@apkes conteashonlye of &3matients Gfa)draded for each

of the three nsagibagﬂ 'igit&nifﬁfs%'r%m“ﬁfﬁe%‘f& éﬂer@é‘ﬁg% QRthegaB (Figure

10 6B). Vaccine I ?(\:llwt-e-{ [ ‘proliferative T cell 9r espo sezl to the i mmunizing

pept i des p6- 2khadmgrupnantibedies regictive with Willl dult-longth priteie and $2 pf &tar yi ng bet ween

3 and 8 (bul li)gh%rﬂg k%%'NQd RERM dioBliey Fﬁécm{iﬁ\ﬁ/ﬁm-i%%ﬁﬁné%n gdet ect ed

(Figure 6A). ubsequent In-vitro stinulations were carried out as single

pepti de sti nul8dtdatierss (8% )tmdoaactivin6tod¥ T Hcteprings: praein. SFigutesdtiand of t he 15

Vacci ne A §§ec|i7fi c Tcell line with pl17-139 resulted in proliferation to

pl117-139 wth ﬂo response to p6-22 (Figure7A). Clones derived fromthe

line were specific foiThgdeldatd 8emofstgte thalA) resBynseene Walitare st i nul ati on of
the Vaccine A detectable in some patients with AML and CML. The greater incidence of
antibody in leukemia patients provides strong evidence that immunization to the

WT1 protein occurred as a result of patients bearing malignancy that expresses

20 or at some time expressed WT1. Without being limited to a specific theory, it is
believed that the observed antibody responses to WT1 most probably result
from patients becoming immune to WT1 on their own leukemia cells and
provide direct evidence that WT1 can be immunogenic despite being a “self”
protein.

25 The presence of antibody to WT1 strongly implies that concurrent
helper T cell responses are also present in the same patients. WT1 is an
internal protein. Thus, CTL responses are likely to be the most effective in
terms of leukemia therapy and the most toxic arm of immunity. Thus, these
data provide evidence that therapeutic vaccines directed against WT1 will be

30 able to elicit an immune response to WT1.
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specific T cell line with p6-22 resulted in proliferation to p6-22 with no
response to pll7-139 (Figure 7C). Cones derived fromthe line were
speci fic woro3psr0a®2 20 (Figure 7D). These results show t h®CTWS0T3314 | on
with W'l peptides can elicit antibody responses to WI1 protein and
proliferative T cell responses to the inmmunizing peptides. 25 EXAMPLE 4
| NDUCTI ON OF CTL RESPONSES IN M CE | MMUNI ZED W TH WI'1l PEPTI DES Thi s Exanpl e
illustrates the ability of WIl peptides to elicit CITL immunity. Peptides
(9-ners) with notifs appropriate for binding to class | 30 MHC were
identified using a BI MAS HLA peptide binding prediction analysis (Parker
8%/ 8{’3706\(])' PICTn’;nLJJggIZ/ 3%52}1&6&10”&39&4)1@ aﬁlﬂi@ﬁﬁz@@@téctéd_ﬁrtdgé 'r@dnw' W'“i(& f/uclh 93 V\E
nal yses a own in Tabl es - n eac
of Chese t abi Eotoresanbidpe RABHTBG whlepoh 5 80RL SRR Aatsts STNEH: 1
(hal f-tine of Ldikemtibédyraspopbe tdte @eRirides. Tis fsh@ndibientwitrecul e i ndi cat ed.
Also indicated in the tables are the defined L peptide binding notifs as

descri bed by RRASRSHORE In tbe agimal moﬁﬁbWBE)’@H’@N“E53@’”4"1'”‘192@“9%(19“%9@5

i ncor por at el hRheihB N-Rrhihs @IiHitbd! aﬁﬂbodimréudéewtcbniand)cmdlrésg,oﬁgaslf for HLA-B14
is described in D Brino et al J Chem 269: 23434, 1994, al so

i ncor por at ed HéeEas nepe pf he prplidesitostedisom F'Eﬁacﬁ‘%fﬁl"iqscﬂlig't%’raé't'BLW&f|Tat ed as

PL, P2, P3, Pho) RRpoihs (Eligorst al a8od Y61 SERbAsS | dentified using the
Tsites program (Ro hbard and 10 Tayl or, EMBO J. 7:93-100, 1988; Deavin et

al., Ml. I'munol. 33:145-155, 1996), mhlch searches for peptide notifs
that have the potential to elicit ThexAwsgesses are further shown in
Figures BA and 813, and Table XLV. Table Il Results of BI MAS HLA Peptide

Bi ndi ng Pr&@iction AnBIDYSTIGN fJE)ANT'ﬁ_®|®T@dNﬁ!;'W'Cﬂm‘iﬁwlwwlp'ept| des to Human
HLA Al (HLA- Al peptide bindi ”QC‘EBEL"Q St ues are D or E at position
3 (P3); Y at P9; with auxiliary anc ors being at P4 and L at P7) Score
(Estimate of Half Tind! h@fEmlﬂmﬂﬂamsltmuQﬁOf cells expressing WT1 to

induce a WT1 specific antibody response in vivo.
Detection of existent antibodies to WT1 in patients with leukemia
15 strongly implied that it is possible to immunize to WT1 protein to elicit immunity
to WT1. To test whether immunity to WT1 can be generated by vaccination,
mice were injected with TRAMP-C, a WT1 positive tumor cell line of B6 origin.
Briefly, male B6 mice were immunized with 5 x 10° TRAMP-C cells
subcutaneously and boosted twice with 5 x 108 cells at three week intervals.
20 Three weeks after the final immunization, sera were obtained and single cell
suspensions of spleens were prepared in RPMI 1640 medium (GIBCO) with
25uM B-2-mercaptoethanol, 200 units of penicillin per ml, 10mM L-glutamine,
and 10% fetal bovine serum.
Following immunization to TRAMP-C, a WT1 specific antibody
25 response in the immunized animals was detectable. A representative Western
blot is shown in Figure 3. These results show that immunization to WT1

protein can elicit an immune response to WT1 protein.

90



Start a Ml ecul e Containing Rank Position Subsequence Residue Listing This
Subsequence) 1 137 CLESQPAIR (SEQ I D NO 47) 18.000 2 80 GAEPHEEQC (SEQ I D
NO 87) 9.WO0Mm3/03704@ FAPPGASAY (SEQ I D NO 74) 5.000 4 354 @CDRISDERI{ SEQ | D
NO 162 5.000 5 2 GSDVRDLNA (SEQ I D NG 101 3.750 6 152 VTFDGIPSY (SEQ I D
NO 244) 2.500 7 260 WIEGQSNHS (SEQ I D NGO 247) 2.250 8 409 TSEKPFSCR ( SEQ
| D NO 232) 1.350 9 73 KQEPSWGGA (SEQ I D NO 125) 1.350 10 386 KTCORKFSR
(SEQ ID NO 128) 1.250 11 37 VLDFAPPGA (SEQ ID NO 241 1.000 12 325
CAYPGCNKR (SEQ I D NO 44) 1.000 13 232 QLECMIVWQ (SEQ I D NG 167) 0.900 14
272 ESDNHTTPI (SEQ ID NO 71) 0.750 15 366 RSDQLKRHQ (SEQ I D NG 193 0. 750
16 222 SSDNLYQMTI (SEQ I D NO 217) 0. BXAME4 3O 03/ 037060 PCT/ US02/ 35194
Score (Estinmate of Half _'rl'i nme of Dis sociatiolg of Start a%&lﬁ cul e
Cont ai ni ng  Rank NBYST'PY 85 %ﬁ%‘%gﬁﬂ%‘?’l’df?ﬁ%gﬁfﬁ@' |C& IYMGVZRR T gequence) 17
427 RSDELVRHH (SEQ I D NO 191 0. 750 18ed9efRRSDHLKTHT (SEQ I D NG 192 0. 750
19 317 TSEKRPFMC (SEQ LD NO 233 0.675 20 213 LLLRTPY S NG 160 0. 500
Table 111 Results of BFW@WR'%@&‘W?@ st ﬁla'ft}‘l@f(?&"@ﬂ‘i”@‘ﬁ?’bwm ysis for
Bi ndi ng of #urmptidsElo Bftand@muhe rddpanse sHebifidfd20t1. (HLA- AO201 pepti de
bi ndi ng notif anchor residues are L or Mat P2; V or L _?t 5 P9; with an
auxi liary anchor bei ngPepliessgitabia for gliqiing A andeprafiferatiye T cell responses

were identified according to the Tsites program (Rothbard and Taylor, EMBO J.

7:93-100, 1988; Deavin et al., Mol. Immunol. 33:145-155, 1996), which

searches for peptide motifs that have the potential to elicit Th responses.

10 Peptides shown in Table | were synthesized and sequenced.

Table |
WT1 Peptides

Peptide Sequence Comments
Mouse: p6-22 RDLNALLPAVSSLGGGG 1 mismatch relative to
(SEQ ID NO:13) human WT1

sequence

Human: p6-22 | RDLNALLPAVPSLGGGG

(SEQ ID NO:1)

Human/mouse: | PSQASSGQARMFPNAPYLPSCLE

p117-139 (SEQ ID NOs: 2 and 3)

Mouse: p244- GATLKGMAAGSSSSVKWTE 1 mismatch relative to

262 (SEQ ID NO:14) human WTH1
sequence

Human: p244- | GATLKGVAAGSSSSVKWTE

262 (SEQ ID NO:4)

Human/mouse: | RIH-THGVFRGIQDVR

p287-301 (SEQ ID NOs: 15 and 16)

Mouse: p299- VRRVSGVAPTLVRS 1 mismatch relative to

313 (SEQ ID NO:17) human WT1
sequence

Human/mouse: | CQKKFARSDELVRHH

p421-435 (SEQ ID NOs: 19 and 20)

15 For immunization, peptides were grouped as follows:
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Time of Disassociation of Rank Start a Ml ecul e Containing Position
Subsequence Residue Listing This Subsequence) 1 126 RMFPNAPYL (SEQ I D

NO 185 3109883687 SLCEQQYSV (SEQ I D NG 214) 285.163 3PrO/tALyPAVPSL ( SEQ
| D NO 34) 181.794 4 242 NLGATLKGV (SEQ I D NG 146) 159.970 5 225 NLYQMTSQL
(SEQ ID NO 147 68.360 6 292 GVFRE @DV (SEQ ID NO 103 51.790 7 191
QQYSVPPPV (SEQ I D NO 171 22.566 8 280 ILCGAQYRI (SEQ ID NO 116 17.736 9
235 CMIVWWQWNL SEQ I D NO 49) 15.428 10 441 NMIKLQLAL (SEQ I D NGO 149) 15. 428
11 7 DLNALLPAV (SEQ ID NO 58) 11.998 12 227 YQWISQLEC (SEQ I D NGO 251 8.573
13 239 NQWLGATL (SEQ ID NO 151) 8,014 14 309 TLVR A?‘ET SEQ | D NO. 226)
7.452 15 408 KTSEKPFSC-(E@E@'I D R§24 bynan 190mg ind mi A1) cﬂh%fﬂ%rr (SEQ I D

NO 139 4.752 17 228 QWISQLECM (BE@ 138 hymapgoougepsama s 11 - SGoFT ( SEQ

| D NO 235) 3.586 19 37 VLDFAPPGEYOMSEQ I D NO 241) 3.378 20 86 EQCLSAFTV
(SEQ I D NO 69) 3.068 95 WO 03/ OPAdeRS2pamanshS/maindm! GamEd 0P Resul ts of

Bl MAS HLA Pepti de Bi ndi 8 Predi ction Analysis for_ Bindi np of Human WI'1
Peptides to Human HLA A—g?);!@@'S (R48K-I Jwmianapeysge’ BMAd Mg HeeiT anchor
residues are L at P9 with auxili®99 anchors being vV, L, I, Mat P2 and I,
V, L, A at P6) Score (Estinate BPUIER30-3BHE6MI DIEHSTHr A0PH of Start a
Mol ecul e Cont ai ni ng Rank Posi ti off23uAsSdwmandeoysess dme in i &t SRy =Thi s

Subsequence) 100ug)
Control: (FBL peptide 100ug) + CFA/IFA
Control: (CD45 peptide 100ug) + CFA/IFA

Group A contained peptides present within the amino terminus
portion of WT1 (exon 1) and Group B contained peptides present within the
carboxy terminus, which contains a four zinc finger region with sequence
homology to other DNA-binding proteins. Within group B, p287-301 and p299-

5 313 were derived from exon 7, zinc finger 1, and p421-435 was derived from
exon 10, zinc finger IV.

B6 mice were immunized with a group of WT1 peptides or with a
control peptide. Peptides were dissolved in 1ml sterile water for injection, and
B6 mice were immunized 3 times at time intervals of three weeks. Adjuvants

10 used were CFA/IFA, GM-CSF, and Montinide. The presence of antibodies
specific for WT1 was then determined as described in Examples 1 and 2, and
proliferative T cell responses were evaluated using a standard thymidine
incorporation assay, in which cells were cultured in the presence of antigen and
proliferation was evaluated by measuring incorporated radioactivity (Chen et

15 al., Cancer Res. 54:1065-1070, 1994). In particular, lymphocytes were cultured
in 96-well plates at 2x10° cells per well with 4x10° irradiated (3000 rads)
syngeneic spleen cells and the designated peptide.

Immunization of mice with the group of peptides designated as
Group A elicited an antibody response to WT1 (Figure 4). No antibodies were

20 detected following immunization to Vaccine B, which is consistent with a lack of

helper T cell response from immunization with Vaccine B. P117-139 elicited
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1 10 ALLPAVPSL (SEQ I D NO: 34) 42.000 2 292 GVFRG QDV (SEQ I D NO 103) 24. 000
3 126 RVFPNAPYL (SEQ I D NO 185) 21.000 4 225 NLYQMISQL (SEQ I D NO 147
21.000 SWRIGOMOMNLGATL (SEQ I D NO 151) 16.800 6 302 RVPBUARBL/ESEQ | D

NO 195) 14.000 7 441 NMIKLQLAL (SEQ ID NO 149) 7.000 8 235 CMIWNQWNL ( SEQ
ID NO.49) 7.000 9 187 SLGEQQYSV (SEQ ID NO 214 6.000 10 191 QQYSVPPPV
(SEQ ID NO 171 4.800 11 340 LQVHSRKHT (SEQ I D NO 139) 4.080 12 242
NLGATLKGV (SEQ I D NO 146) 4.000 13 227 YQWISQLEC (SEQ I D NO 251) 3.600 14
194 SVPPPVYGC (SEQ I D NO 218 2.000 15 93 TVHFSGQFT (SEQ I D NO 235) 2.000
16 280 | LCGAQYRI (SEQ ID NO 116 1.700 17 98 GQFTGTAGA (SEQ I D NO 99) 1.200
18 309 TLVRSAPIifdrain@ T E2lMEsponees Fiduoés 5A-9CH IThahiaktoh indse&($IP NO 30)

0.980 20 73 KQEP E 1 125 0. 9 abl eV ults of Bl MAS HLA
bent i de_Bi nai NG BIMERT BATATE: Dlet PReiied dhe:ad A BPoATa A Pent | dos o
Egmaln HII:A A24 Fshewﬁ PtdLmag ict fblitr?ﬁmtvbd'leqehiréﬁiioﬁébﬁmﬁ\hfunﬁaﬁdimv itrflg%éﬂt%ﬁllt:@de \FgG;att

; , , or F at . oWt X111 ar ancnor s or at na . at
Score (Esti mat®a§Himpigfien '"q‘?’?@%o‘?f 2 YikEgynizaighwi P294-31% feaﬁm"éw e
Cont ai ni ng KRargd{ oPe3i PosiflvetdtRrUsINR dRSHAMImMUIdIS] T 8AIsTBS welbadBeamence) 1
302 RVPGVAPTL SEQ I D NO 195 16.800 96 WO 03/ 037060 PCT/ US02/ 35194 Score

(Estimate of HEMUlatef wih onpjastiganscsudhiasCR4s and FBL, and allogeneic T cell
lines (DeBruijn et al., Eur. J. Immunol. 21:2963-2970, 1991).

Figures 6A and 6B show the proliferative response observed for
each of the three peptides within vaccine A (Figure 6A) and vaccine B (Figure
10 6B). Vaccine A elicited proliferative T cell responses to the immunizing peptides
p6-22 and p117-139, with stimulation indices (Sl) varying between 3 and 8
(bulk lines). No proliferative response to p244-262 was detected (Figure 6A).
Subsequent in vitro stimulations were carried out as single
peptide stimulations using only p6-22 and p117-139. Stimulation of the
15 Vaccine A specific T cell line with p117-139 resulted in proliferation to p117-139
with no response to p6-22 (Figure7A). Clones derived from the line were
specific for p117-139 (Figure 7B). By contrast, stimulation of the Vaccine A
specific T cell line with p6-22 resulted in proliferation to p6-22 with no response
to p117-139 (Figure 7C). Clones derived from the line were specific for p6-22
20 (Figure 7D).
These results show that vaccination with WT1 peptides can elicit
antibody responses to WT1 protein and proliferative T cell responses to the

immunizing peptides.

25 EXAMPLE 4
INDUCTION OF CTL RESPONSES IN MICE IMMUNIZED WITH WT1 PEPTIDES
This Example illustrates the ability of WT1 peptides to elicit CTL
immunity.
Peptides (9-mers) with motifs appropriate for binding to class |
30 MHC were identified using a BIMAS HLA peptide binding prediction analysis
(Parker et al., J. Immunol. 152:163, 1994). Peptides identified within such
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Start a Ml ecule Containing Rank Position Subsequence Residue Listing This
Subsequence) 2 218 RTPYSSDNL SEQ I D NGO 194 12. 000 3 356 DFKDCERRF (SEQ I D
NG 55) 12wO000/03#6@26 RMFPNAPYL (SEQ I D NG 185) 9.600 5 3PE6TASPIENBRY ( SEQ
I D NO 42) 7.500 6 270 GYESDNHT (SEQ I D NO 106) T 7.500 7 239 NQWNLGATL
(SEQ ID NO 151 7.200 8 10 ALLPAVPSL (SEQ ID NO 34) 7.200 9 130 NAPYLPSCL
(SEQ I D NO 144) 7.200 10 329 GCNKRYFKL (SEQ I D NG 90) 6.600 11 417
RWPSCQKKF (SEQ I D NO 196) 6.600 12 47 AYGSLGGPA (SEQ I D NO 41) 6.000 13
180 DPMEQQGSL (SEQ ID NO 59) 6.000 14 4 DVRDLNALL (SEQ ID NO 62) 5.760 15
285 QYRIHTHGY (SEQ I D NGO 175) 5.000 16 192 QYSVPPPVY (SEQ I D NO 176 5.000
17 207 DSCTGS@Akly§estie: bﬁbvNQnﬁlfbbleéHSOO_IV 10 et oNIMEKE (b, thekedreD NO 149

Nox 49) 4. 000 ™HebEune PeptsLn pladsd kAl Rl stag o WG PEPEA ot o

Anal ysis for tBihading niieddieTadicatdd, meotndcteﬁedtumﬂduaﬁes !IHeAhé\aef(rielhA- A3 peptide
bi ndi ng not i f ng@orl resi dues or M at ; or F 5 at P9;

e I,
auxiliary anc RAing Fptify ag eegybeqj by famgmengee, (ﬂtalt Irgfnupggeqetlcq_ M F at
P7)  Score £ Eshi1rgioeg0ofoddgdintorpdiatRy refre.larﬁmrét@tTr@b@hd&b.aam%mdvbI ecul e
Cont ai ni ng Rank Position Subsequence Residue Listing This Su sequence) 1

436 NVHQRNMTK ferdtid)-Bist Néei%)ew BiGono st 94 d- BiCopmE R 243613344 168 20. 000
3 88 CLSAFTVHRgbSEfRd iRtdNserdRN nerdiPPits éntiter§. %M‘éﬁorﬁs?ﬁ@abavmdl% 4. 500

as P1, P2, P3, P4, P5, P6, P7, P8, and P9.
Peptides identified using the Tsites program (Rothbard and
10 Taylor, EMBO J. 7:93-100, 1988; Deavin et al., Mol. Immunol. 33:145-155,
1996), which searches for peptide motifs that have the potential to elicit Th
responses are further shown in Figures BA and 8B, and Table XLV.

Table Il
Results of BIMAS HLA Peptide Binding Prediction Analysis for
15 Binding of Human WT1 Peptides to Human HLA A1
(HLA-A1 peptide binding motif anchor residues are D or E at position 3 (P3); Y

at P9; with auxiliary anchors being P at P4 and L at P7)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subseguence)
1 137 CLESQPAIR (SEQ ID NO:47) 18.000
2 80 GAEPHEEQC (SEQ ID NO:87) 9.000
3 40 FAPPGASAY (SEQ ID NO:74) 5.000
4 354 QCDFKDCER (SEQ ID NO:162) 5.000
5 2 GSDVRDLNA (SEQ ID NO:101) 3.750
6 152 VTFDGTPSY (SEQ ID NO:244) 2.500
7 260 | WTEGQSNHS (SEQ ID NO:247) 2.250
8 409 TSEKPFSCR (SEQ ID NO:232) 1.350
9 73 KQEPSWGGA (SEQ ID NO:125) 1.350
10 386 KTCQRKFSR (SEQ ID NO:128) 1.250
11 37 VLDFAPPGA (SEQ ID NO:241) 1.000
12 325 CAYPGCNKR (SEQ ID NO:44) 1.000
13 232 | QLECMTWNAQ (SEQ ID NO:167) 0.900
14 272 ESDNHTTPI (SEQ ID NO:71) 0.750
15 366 RSDQLKRHQ (SEQ ID NO:193) 0.750
16 222 SSDNLYQMT (SEQ ID NO:217) 0.750
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5 169 AQFPNHSFK (SEQ ID NO 36) 4.500 6 10 ALLPAVPSL (SEQ ID NO 34) 4.050

7 137 CLESQPAIR (SEQ ID NG 47) 4.000 8 225 NLYQMISQ. (SEQ I D NG 147 3.000
9 32 AQMARULBB3TIBEQ | D NO 37 2.700 10 280 | LCGAQYRI ( SEQPrCDUSER/IsI64 2. 700
11 386 KTCQRKFSR (SEQ ID NG 128) 1.800 97 WO 03/037060 PCT/ US02/ 35194
Score (Estimate of Half Tine of D sassociation of Start a Ml ecule

Contai ning Rank Position Subsequence Residue Listing This Subsequence) 12
235 CMIVWWQWNL (SEQ I D NO 49) 1.200 13 441 NMIKLQLAL (SEQ I D NO 149) 1.200
14 152 VTFDGIPSY (SEQ ID NO 244) 1.000 15 187 SLCGEQQYSV (SEQ I D NO 214
0.900 16 383 EQCKICORK (SEQ ID NG 80) Q 600 17 292 QUERG | D

NO 103) 0.450| 18 194 SVAPPVYGC (SEQ | D NO 218 0| 49epre fptivate gyHattHGVFR ( SEQ
ID NO 182 0.4p0 2D 263 GQSNHSTGY (SEQ I D NO 100 TonesgfPisasgpfiationaf |Resul t s

of BI MAS HLA Pepti feSHitndi ng Pr edi ction Anal ysi s|f 8MoIggUIRFOMRIBINI Hyman WI'L
Peptides to HuFaRk HP9S ‘MS‘I_WEM‘AS@%@?#E& indpiggu n r
resi dues are |/ &F T AR7po RRDEVRHE(SEQPY NQAPD [ Est i nut®73* Half |Tine of

Di sassoci ati op_&8 Stagf’ft 2 RERHUKSTHT (BEQHBIND:MIR2)RANnKk Posi®78h Subseduence
Resi due Li sti hgl¥hl s 3¢7ibsledGEKRRIMCISEQIDIN@2ABACR ( SEFQ 86750 84) 100. 000 2
386 KTOQRKFSRL(&EQ | B1RO [1 S¥ALLOREBY (SEQIBNIBARHORR ( SFEID NO 60) 30. 000

Table il

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA A 0201

(HLA-A0201 peptide binding motif anchor residues are L or M at P2; V or L at
5 Pg; with an auxiliary anchor being V at P6)

Score (Estimate of Half
Time of Disassociation of
Rank | Start a Molecule Containing
Position | Subsequence Residue Listing This Subsequence)
1 126 RMFPNAPYL (SEQ ID NO:185) 313.968
2 187 SLGEQQYSYV (SEQ ID NO:214) 285.163
3 10 ALLPAVPSL (SEQ ID NO:34) 181.794
4 242 NLGATLKGV (SEQ ID NO:146) 159.970
5 225 NLYQMTSQL (SEQ ID NO:147) 68.360
6 292 GVFRGIQDV (SEQ ID NO:103) 51.790
7 191 QQYSVPPPV (SEQ ID NO:171) 22,566
8 280 ILCGAQYRI (SEQ ID NO:116) 17.736
9 235 CMTWNQMNL (SEQ ID NO:49) 15.428
10 441 NMTKLQLAL (SEQ ID NO:149) 15.428
11 7 DLNALLPAV (SEQ ID NO:58) 11.998
12 227 YQMTSQLEC (SEQ ID NO:251) 8.573
13 239 NQMNLGATL (SEQ ID NO:151) 8.014
14 309 TLVRSASET (SEQ ID NO:226) 7.452
15 408 KTSEKPFSC (SEQ ID NO:129) 5.743
16 340 LOMHSRKHT (SEQ ID NO:139) 4.752
17 228 QMTSQLECM (SEQ ID NO:169) 4.044
18 93 TVHFSGQFT (SEQ ID NO:235) 3.586
19 37 VLDFAPPGA (SEQ ID NO:241) 3.378
20 86 EQCLSAFTV (SEQ ID NO:69) 3.068
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4 312 RSASETSEK (SEQ ID NO 190 18.000 5 337 LSHLQVHSR (SEQ I D NG 141)
15.000 6 364 FSRSDQLKR (SEQ I D NO 83) 15.000 7 409 TSEKPFSCR (SEQ I D

NO 232) 1WO006037080 299 DVRRVPGVA (SEQ I D NO 63) 12.000 9 #CDwRDLAARL ( SEQ

| D NO 62) 12.000 10 118 SQASSGQAR (SEQ I D NGO 216) 10.000 11 343 HSRKHTGEK
(SEQ ID NG 111 9.000 12 169 AQFPNHSFK (SEQ I D NG 36) 9.000 13 292

GVFRG QDV (SEQ I D NGO 103) 8.000 14 325 CAYPGCNKR (SEQ I D NO 44) 7.500 15
425 FARSDELVR (SEQ I D NO 75) 7.500 16 354 QCDFKDCER (SEQ ID NG 162 7.500
17 324 MCAYPGCNK (SEQ I D NO 142) 6.000 18 251 AAGSSSSVK (SEQ | D NO 28)

6. 000 19 379 GVKPFQCKT (SEQ I D NO 104) 6.000 20 137 CLESQPAIR (SEQ ID

NG 47) 5.000 98 WO 03/037060 PCT/US02/35194 Table VIII Results of BI MAS
HLA Peptide Binding Prediction Analysis for Binding of Human W'l Pepti des
to Human HLA A 1101 (HLA-A1101 peptide binding notif anchor residues are K
at P9; auxiliary 5 anchor residues argapeivF Yat P2, M L F, Y I A at P3

LI1Y Vo Fat P7 ScoregEs imate of Half _Tine of Disassociation of
Start a Ml ecul e @WMM@MQMM@@MW Li sting This
Subsequence) 1 386 KTE{RiNgIRHuPRRWP PEbtEES o AuBBR HLR Al§SsAQFPNHSFK (SEQ | D

NO: 36) 1.2080 3yftAtad) ] %@F@b@ bR ok &8I0 Rs B oftPd Wi KipaigpPHLK ( SEQ
I D NO. 120) 0.600 5 3734 (SE® 5t[pé\gd1|09 0-A@Ppep 383 FQCKTCQRK

17

(SEQ 1D NG 80y~ 05800 Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subseguence)
1 10 ALLPAVPSL (SEQ ID NO:34) 42.000
2 292 GVFRGIQDV (SEQ ID NO:103) 24.000
3 126 RMFPNAPYL (SEQ ID NO:185) 21.000
4 225 NLYQMTSQL (SEQ ID NO:147) 21.000
5 239 NQMNLGATL (SEQ ID NQO:151) 16.800
6 302 RVPGVAPTL (SEQ ID NO:195) 14.000
7 441 NMTKLQLAL (SEQ ID NO:149) 7.000
8 235 CMTWNQMNL (SEQ ID NO:49) 7.000
9 187 SLGEQQYSV (SEQ ID NO:214) 6.000
10 191 QQYSVPPPV (SEQ ID NO:171) 4.800
11 340 LQMHSRKHT (SEQ ID NO:139) 4.080
12 242 NLGATLKGYV (SEQ ID NO:146) 4.000
13 227 YQMTSQLEC (SEQ ID NO:251) 3.600
14 194 SVPPPVYGC (SEQ ID NO:218) 2.000
15 93 TVHFSGQFT (SEQ ID NO:235) 2.000
16 280 ILCGAQYRI (SEQ ID NO:116) 1.700
17 98 GQFTGTAGA (SEQ ID NO:99) 1.200
18 309 TLVRSASET (SEQ ID NO:226) 1.000
19 81 AEPHEEQCL (SEQ ID NO:30) 0.980
20 73 KQEPSWGGA (SEQ ID NO:125) 0.960
Table V

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA A24
10 (HLA-A24 peptide binding motif anchor residues are Y at P2; |, L, or F at P9;
with auxiliary anchors | or V at P5 and F at P6)

Score (Estimate of Half
Time of Disassociation of

Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 302 RVPGVAPTL (SEQ ID NO:195) 16.800
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7 363 RFSRSDQLK (SEQ I D NO 178) 0.600 8 240 QWNLGATLK (SEQ I D NO 168)
0.400 9 287 RI HTHGVFR (SEQ I D NO 182) 0.240 10 100 FTGTAGACR (SEQ I D

NO 84) 0.\RO003/03M6B24 MCAYPGCNK (SEQ | D NO 142 0.200 12 2BCTAAGSSSSVK ( SEQ
ID NO 28) 0.200 13 415 SCRWPSCOK (SEQ I D NO 201) 0.200 14 118 SQASSGQAR
(SEQ I D NO 216) 0.120 15 292 GVFRG QDV (SEQ I D NO 103) 0.120 16 137
CLESQPAIR (SEQ I D NO 47) 0.080 17 425 FARSDELVR (SEQ I D NO 75) 0.080 18
325 CAYPGCNKR (SEQ I D NO 44) 0.080 19 312 RSASETSEK (SEQ I D NO 190) 0. 060
20 65 PPPPHSFI K (SEQ I D NO 156) 0.060 Table IX Results of BI MAS HLA

Pepti de Bi ndi

q Pr

dictiaon Anal \/QI s for

Ri ndi ng

of H

Human HLA A 3
P9; auxiliary
at P6) Score

101

10 a
Esti
h i .

HLA- A3

hchor s

raStarof

¢ Ppsitipn

101 peptlde bi ndi ng ot |
L, V, Y, or Fat P2; F,
Hal f Time of Di sassoci

Cont ai ni ng Ra
386 KTCQRKFSR

(SEQ

3 137 CLESQPALR

99 WO 03/0370
Di sassoci ati o
Resi due Li sti

5

50 4PC

F/ UQG 2/

St IWQW Hﬁ@#ﬁulﬂsmﬂg_sj

[Timeyof Ligagsogiation of
af 'Me%«*e Cagtapinda

FR (QFﬁ)z{OﬁpNO 182)

s W1 _Pent |
f Seafe fertimaia pidials

des to
are R at
F, V, I,
Mol ecul e
ce) 1
6. 000

l6) 2. 000

3BWfNA@:Ym<§Em@tm%a

f Half 960 of

e

St3apt

a AVRGRNIKRY (SR 8D NOWP)

Rank Posi-p9®n Sub

g 6Thi

s 230bs

e GYESONHTH(SESBI DDKDKRBHIRR ( SEQ | D500 60) 1.

quence
200

7 239 | NQMNLGATL (SEQ ID NO:151) 7.200
8 10 ALLPAVPSL (SEQ ID NO:34) 7.200
9 130 | NAPYLPSCL (SEQ ID NO:144) 7.200
10 | 329 | GCNKRYFKL (SEQ ID NO:90) 6.600
11 | 417 | RWPSCQKKF (SEQ ID NO:196) 6.600
12 47 | AYGSLGGPA (SEQ ID NO:41) 6.000
13 | 180 | DPMGQQGSL (SEQ ID NO:59) 6.000
14 4 DVRDLNALL (SEQ ID NO:62) 5.760
15 | 285 | QYRIHTHGV (SEQ ID NO:175) 5,000
16 | 192 | QYSVPPPVY (SEQ ID NO:176) 5.000
17 | 207 | DSCTGSQAL (SEQ ID NO:61) 4.800
18 | 441 | NMTKLQLAL (SEQ ID NO:149) 4.800
19 | 225 | NLYQMTSQL (SEQ ID NO:147) 4.000
20 | 235 | CMTWNQMNL (SEQ ID NO:49) 4.000

Table VI

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA A3

(HLA-A3 peptide binding motif anchor residues are L, V, or M at P2; K, Y, or F |
at P9; auxiliary anchors are For YatP3, I, M, F, V,or L at P6; |, L, M, F at P7)

Score (Estimate of Half
Time of Disassociation of

Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subseguence)
1 436 | NMHQRNMTK (SEQ ID NO:148) 40.000
2 240 QMNLGATLK (SEQ ID NO:168) 20.000
3 88 CLSAFTVHF (SEQ ID NO:48) 6.000
4 126 RMFPNAPYL (SEQ ID NO:185) 4.500
5 169 AQFPNHSFK (SEQ ID NO:36) 4.500
6 10 ALLPAVPSL (SEQ ID NO:34) 4.050
7 137 CLESQPAIR (SEQ ID NO:47) 4.000
8 225 NLYQMTSQL (SEQ ID NO:147) 3.000
9 32 AQWAPVLDF (SEQ ID NO:37) 2.700
10 280 ILCGAQYRI (SEQ ID NO:116) 2.700
11 386 KTCQRKFSR (SEQ ID NO:128) 1.800

97



6 100 FTGTAGACR (SEQ ID NO 84) 1.000 7 293 VFRG QDVR (SEQ | D NO 238) 0. 600
8 325 CAYPGONKR (SEQ I D NO 44) 0.600 9 169 AQFPNHSFK (SEQ I D NO 36) 0. 600
10 279 PIWO@QYR6( SEQ | D NO 155 0.400 11 436 NVHQRNMIK ( SEQUSIR/A@448)
0.400 12 425 FARSDELVR (SEQ I D NO 75) 0.400 13 32 AQMPVLDF (SEQ ID

NO 37) 0.240 14 240 QWNLGATLK (SEQ I D NO 168) 0.200 15 354 QCDFKDCER ( SEQ
ID NO 162 0.200 16 373 HQRRHTGVK (SEQ I D NO 109) 0.200 17 383 FQCKTCQRK
(SEQ I D NO 80) 0.200 18 313 SASETSEKR (SEQ I D NO 197) 0.200 19 358
KDCERRFSR (SEQ I D NO 118 0.180 20 391 KFSRSDHLK (SEQ I D NO 120) 0. 180
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| A_Dpnf ide RBindi ng Pr

Bi ndi ng of Hugan W
bi ndi ng notif |anch
Y, or Vat P2)|Scor¢
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[1 Pept
DI r esi

Srast |
y PRsitign

des to Human HLA A 3307
dues are R at P9; auxili
hate of Half_ Tine of D
oSubsegrensgRasidye Astings

n aq

ediction Analysis {9
 Sevw Esmns ol :
1,

éfr'fg}e of Rigaspariati
s AMelesuls Fentaiging g
i dUBis|SubseqUense); <

de
H F!
Jtart a

Subsequence) |1133]

¥ 12861

TVNEMNLASRE IPANQ:49%

000 2 4h800rSEKPESC

( SEQ

| D NO 232) 15]008

3 4464 |

MM RAL (SEQ 1D

(SEQ I D NO 47]_940

(SEQ I D NO 18} 455

DO 187

DO 158 3

6 TROGTRSIRREQIPAI O PANO

15. 0001200 137 QI H
60) 9. QbB006 287 H

SQPAI R
| HTHGVFR

218LG M OND31

FARSDELVR (SEQ 1©® I

NO.388)

3. FXUCKT CLBK ISKIAHD NCERRR

| 22 . 42
$EQ | D N©KA®7 3. 000

10 293

VFRG QDVR (SEQ 1D |

NO.2828)

B\RGIQDV (SEQ 1D NO:103)

0.450

18

194

SVPPPVYGC (SEQ ID NO:218)

0.405

19

287

RIHTHGVFR (SEQ ID NO:182)

0.400

20

263

0.360

GQSNHSTGY (SEQ ID NO:100)

Table Vil

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA A68.1

(HLA-A68.1 peptide binding motif anchor residues are V or T at P2; R or K at

P9)

Score (Estimate of Half
Time of Disassociation of

Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 100 FTGTAGACR (SEQ ID NO:84) 100.000
2 386 KTCQRKFSR (SEQ ID NO:128) 50.000
3 368 DQLKRHQRR (SEQ ID NO:60) 30.000
4 312 RSASETSEK (SEQ ID NO:190) 18.000
2] 337 LSHLQMHSR (SEQ ID NO:141) 15.000
6 364 FSRSDQLKR (SEQ ID NO:83) 15.000
7 409 TSEKPFSCR (SEQ ID NO:232) 15.000
.8 299 DVRRVPGVA (SEQ ID NO:63) 12.000
9 4 DVRDLNALL (SEQ ID NO:62) 12.000
10 118 SQASSGQAR (SEQ ID NO:216) 10.000
11 343 HSRKHTGEK (SEQ ID NO:111) 9.000
12 169 AQFPNHSFK (SEQ ID NO:36) 9.000
13 292 GVFRGIQDV (SEQ ID NO:103) 8.000
14 325 CAYPGCNKR (SEQ ID NO:44) 7.500
15 425 FARSDELVR (SEQ ID NO:75) 7.500
16 354 QCDFKDCER (SEQ ID NO:162) 7.500
17 324 MCAYPGCNK (SEQ ID NO:142) 6.000
18 251 AAGSSSSVK (SEQ ID NO:28) 6.000
19 379 GVKPFQCKT (SEQ ID NO:104) 6.000
20 137 CLESQPAIR (SEQ ID NO:47) 5.000
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11 354 QCDFKDCER (SEQ ID NO 162 3.000 12 100 FTGTAGACR (SEQ I D NG 84)
3.000 13 118 SQASSGCQAR (SEQ I D NO 216 3.000 14 325 CAYPGCNKR (SEQ I D

NO 44) 3.W003/03060 WO 03/ 037060 PCT/ US02/ 35194 Score (Est ipeattsonssibal f
Time of Disassociation of Start a Ml ecul e Containing Rank Position
Subsequence Residue Listing This Subsequence) 15 207 DSCTGSQAL (SEQ ID
NO 61) 1.500 16 139 ESQPAIRNQ (SEQ ID NO 72) 1.500 17 299 DVRRVPGVA ( SEQ
D NO 63) 1.500 18 419 PSCQKKFAR (SEQ I D NO 159) 1.500 19 272 ESDNHTTPI
(SEQ ID NGO 71) 1.500 20 4 DVRDLNALL (SEQ ID NG 62) 1.500 Table Xl Results
of BI MAS HLA Peptide Binding Prediction Analysis for Binding of Human WI'1
Peptides to Human HLA 1314 (HLA-Bl4 prpBleivdg bi nding notif anchor residues
are Rat P2, Y at P3, R at P5 5 L at_ |5§ Thr ee of t he 4 anchor resi dues
is sufficient) ScorBeguis:af BIAS HLARaplide Bingipa Bredigion Analysigforon of Start a

Mol ecul e Contai ni ng Raplin %'Hhhﬁﬁ V@FHDP, 1HRE ECHImARA PR A ﬂﬁ' ng This
Subsequence) 1 @R 0 RS Rsid 00, B0 Po332qlKRYFKLSHL (SEQ
D N 127) 300G resiaubRard G AEoPaLPE IF Y, FOYNUAL#43. L5000 or Fat
RKFSRSDHL (SEFTD NO. 183)] IoU. U0 (Ta 20. 000
6 329 GCNKRYFKL (SEQ I D NG 90) 10.000 7 10 ALLPA\f? of D& s% &4 10.000
8 180 DPMEQQGHL ( SEQgidd NGO 59) 9.000 9 301 RRVPGVAR{E 189) 6. 000
Rank | Position | Subsequence Residue Listing This Subsequence)

1 386 KTCQRKFSR (SEQ ID NO:128) 1.800

2 169 AQFPNHSFK (SEQ ID NO:36) 1.200

3 436 | NMHQRNMTK (SEQ ID NO:148) 0.800

4 391 KFSRSDHLK (SEQ ID NO:120) 0.600

5 373 | HQRRHTGVK (SEQ ID NO:109) 0.600

6 383 FQCKTCQRK (SEQ ID NO:80) 0.600

7 363 RFSRSDQLK (SEQ ID NO:178) 0.600

8 240 QMNLGATLK (SEQ ID NO:168) 0.400

9 287 RIHTHGVFR (SEQ ID NO:182) 0.240

10 100 FTGTAGACR (SEQ ID NO:84) 0.200

11 324 | MCAYPGCNK (SEQ ID NO:142) 0.200

12 251 AAGSSSSVK (SEQ ID NO:28) 0.200

13 415 | SCRWPSCQK (SEQ ID NO:201) 0.200

14 118 | SQASSGQAR (SEQ ID NO:216) 0.120

15 292 GVFRGIQDV (SEQ ID NO:103) 0.120

16 137 CLESQPAIR (SEQ ID NO:47) 0.080

17 425 FARSDELVR (SEQ ID NO:75) 0.080

18 325 CAYPGCNKR (SEQ ID NO:44) 0.080

19 312 RSASETSEK (SEQ ID NO:190) 0.060

20 65 PPPPHSFIK (SEQ ID NO:156) 0.060

Table IX

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA A 3101

(HLA-A3101 peptide binding motif anchor residues are R at P9; auxiliary
10 anchors L, V,Y,orFatP2:F,L,Y,WatP3 L,F,V, | at P6)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank [ Position | Subseguence Residue Listing This Subsequence)

1 386 KTCQRKFSR (SEQ ID NO:128) 9.000
2 287 RIHTHGVFR (SEQ ID NO:182) 6.000
3 137 CLESQPAIR (SEQ ID NO:47) 2.000
4 118 SQASSGQAR (SEQ ID NO:216) 2.000
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10 126 RMFPNAPYL (SEQ ID NG 185) 5.000 11 371 KRHQRRHTG (SEQ I D NO 126
5.000 12 225 NLYQMISQL (SEQ I D NO 147) 5.000 13 144 | RNQGYSTV (SEQ ID

NO 117 4.WO0®3/03466129 DELVRHHNM (SEQ I D NO 53) 3.000 15 43CTNMSQRIWIKL ( SEQ
I D NO 143 3.000 16 125 ARVFPNAPY (SEQ ID NO 38) 3.000 17 239 NQWNLGATL
(SEQ I D NG 151 3.000 18 286 YRIHTHGVF (SEQ I D NO 252) 3.000 19 174
HSFKHEDPM (SEQ I D NO 110 3.000 20 372 RHQRRHTGV (SEQ I D NO 181) 3.000 101

WO 03/ 037060 PCT/ US02/ 35194 Table XI|

Prediction Analysis for

Results of BI MAS HLA Peptide Binding

Bi ndi ng of Human WI'1 Peptides to Human HLA B40

(HLA- B40 peptijdebinding motif anchaor residues are E at P2 L _\W _M or A
at 5 P9; aux|liary anchdrs are F, |, or V at P3) _Sewe Estimale ¢fdiaf ¢f Hal f
Time of Disaskociation of| Start a Ml ecul e Cont ailineef Qigasgosrtionaf qn
Subsequence Resi dup P&tilng Thi s Subseq_uenc_ez_ 1| 8 & Malesuletepntainiag || p
NO 30) 40. 000| B2k oPegHopR-I-RAWAS ce Regjgpe Kisting o This Subse SCRW ( SEQ
| D NO. 207) 20|.080 | 43683 |s O8R GEQ IHNQ$008) 15 002005 233 | ECMINQM
(SEQ I D NO 13[1) 612 0000 g FTGIAGAGENSERINOBMC 206) 10100 7 349
GEKPYQCDF ( SER_I7D NO293) |gVARGIQRVE (BERNRAINGASY)SFQ |1 D N§-6007) 5 00Q 9 85
EEQCLSAFT ( SEQ BD NO385) |4 QAPGONKR (SEQIYNO#PF| ( SEQ | 19-6@8 209) 4000 11
261 TEGQSNHST| (8EQ | 6RO |2 ARRPNHFK (SEQID ROABPVEGA ( SEWD.609 NO 89) {3. 000

10 279 | PILCGAQYR (SEQ ID NO:155) 0.400

11 436 NMHQRNMTK (SEQ ID NO:148) 0.400

12 425 FARSDELVR (SEQ ID NO:75) 0.400

13 32 AQWAPVLDF (SEQ ID NO:37) 0.240

14 240 QMNLGATLK (SEQ ID NO:168) 0.200

15 354 QCDFKDCER (SEQ ID NO:162) 0.200

16 373 HQRRHTGVK (SEQ ID NO:109) 0.200

17 383 FQCKTCQRK (SEQ 1D NO:80) 0.200

18 313 SASETSEKR (SEQ ID NO:197) 0.200

19 358 KDCERRFSR (SEQ ID NO:118) 0.180

20 391 KFSRSDHLK (SEQ ID NO:120) 0.180

Table X

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA A 3302

(HLA-A3302 peptide binding motif anchor residues are R at P9; auxiliary
anchors A, I, L, F, Y, or V at P2)

Score (Estimate of Half
Time of Disassociation of

Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 337 LSHLQMHSR (SEQ ID NO:141) 15.000
2 409 TSEKPFSCR (SEQ ID NO:232) 15.000
3 364 FSRSDQLKR (SEQ ID NO:83) 15.000
4 137 CLESQPAIR (SEQ ID NO:47) 9.000
5 368 DQLKRHQRR (SEQ ID NO:60) 9.000
6 287 RIHTHGVFR (SEQ ID NO:182) 4.500
7 210 TGSQALLLR (SEQ ID NO:223) 3.000
8 425 FARSDELVR (SEQ ID NO:75) 3.000
9 313 SASETSEKR (SEQ ID NO:197) 3.000
10 293 VFRGIQDVR (SEQ ID NO:238) 3.000
11 354 QCDFKDCER (SEQ ID NO:162) 3.000
12 100 FTGTAGACR (SEQ ID NO:84) 3.000
13 118 SQASSGQAR (SEQ ID NO:216) 3.000
14 325 CAYPGCNKR (SEQ ID NO:44) 3.000
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13 38 LDFAPPGAS (SEQ I D NO 130) 3.000 14 273 SDNHTTPIL (SEQ I D NO 204)
2.500 15 206 TDSCTGSQA (SEQ I D NO 220) 2.500 16 24 CALPVSGAA (SEQ ID

NO 43) 2.WO003/03760®8 GCQFTGTAGA (SEQ I D NGO 99) 2.000 18 30PCGrARQURSEAIR4 (SEQ | D
NO 86) 2.000 19 84 HEEQCLSAF (SEQ I D NO 107) 2.000 20 26 LPVSGAAQW ( SEQ

I D NO 138) 2.000 Table XI Il Results of BIMAS HLA Peptide Binding
Prediction Analysis for Binding of Human WI'1 Peptides to Hunan HLA B60
(HLA- B60 peptide binding notif anchor residues are E at P2, L at P9;
auxiliary 10 anchors are | or Vat P7) Score (Estimate of Half Tine of

Di sassoci ati o &a—pt—a—ubl-eeuLe_CanLauu_n.g_Dank_Easﬁansuhseguence
g This Subsequence) 1 81 AEPHEEQC _Pare(Egimate shlalh 60. 000 2

Resi due Li sti
D NOQ 20B) 40.000 3 429 DELVRHIN ﬂd% f3soRiefiangf 40, 000
h PENG 1 1 22000 102 1D 03/ 03

4 233 LECMI , eeromiginngs 104
Score (Estima  Pggitionr| ; ResiqugListing o dhisJubsequense)y) o
Containing R hsi407on B QAL ASEQID NO:61)i d+ ng Thi 500§|1hqpnupnce) 5
273 SDNHTTPI L L8| O33R0 pokSIBA| N 111 (SEEED NO 52)| 8. 000

7 30 GAAQMPVIL (BEQ 1299 RYRBVREGWA (SEQ 1R NO-S®piMcA ( SEEED NG 208 8. 000
9 180 DPMGQQGHLI8 SFQA1B NOPSOQKKFARSEIDING: 15850PAI RN (5509 | D NO 132 5. 280

11 239 NQWNLGATIO ( §EF@7RD NCESBNHITRO(SEQ ID NO:71) 1500
[ 20 4 DVRDLNALL (SEQ ID NO:62) 1.500
Table XI

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B14

(HLA-B14 peptide binding motif anchor residues are R at P2, Y at P3, R at P5,
5 L at P9. Three of the 4 anchor residues is sufficient)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 362 RRFSRSDAQL (SEQ ID NO:187) 1000.000

2 332 KRYFKLSHL (SEQ ID NO:127) 300.000

3 423 KKFARSDEL (SEQ ID NO:122) 150.000

4 390 RKFSRSDHL (SEQ ID NO:183) 150.000

5 439 QRNMTKLQL (SEQ ID NO:173) 20.000

6 329 GCNKRYFKL (SEQ ID NO:90) 10.000

7 10 ALLPAVPSL (SEQ ID NO:34) 10.000

8 180 DPMGQQGSL (SEQ ID NO:59) 9.000

9 301 RRVPGVAPT (SEQ ID NO:189) 6.000

10 126 RMFPNAPYL (SEQ ID NO:185) 5.000

11 371 KRHQRRHTG (SEQ ID NO:126) 5.000

12 225 NLYQMTSQL (SEQ ID NO:147) 5.000

13 144 IRNQGYSTV (SEQ ID NO:117) 4.000

14 429 DELVRHHNM (SEQ ID NO:53) 3.000

15 437 MHQRNMTKL (SEQ ID NO:143) 3.000

16 125 ARMFPNAPY (SEQ ID NO:38) 3.000

17 239 NQMNLGATL (SEQ ID NO:151) 3.000

18 286 YRIHTHGVF (SEQ ID NO:252) 3.000

19 174 HSFKHEDPM (SEQ ID NO:110) 3.000
20 372 RHQRRHTGV (SEQ ID NO:181) 3.000
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12 329 GCNKRYFKL (SEQ I D NO 90) 4.400 13 130 NAPYLPSCL (SEQ I D NO 144
4.400 14 85 EEQCLSAFT (SEQ I D NO 65) 4.400 15 208 SCTGSQALL (SEQ ID

NO 202) 4w006/037060 207 DSCTGSQAL (SEQ I D NO 61) 4.000 17 PTCIURIPYMESDNL SEQ
I D NO 194 4.000 18 261 TEGQSNHST (SEQ I D NO 221 4.000 19 18 LGGGGGCAL
(SEQ I D NG 134 4.000 20 221 YSSDNLYQM (SEQ I D NO 253) 2.200 Table XV
Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding of
Human WI'1 Peptides to Hunan HLA B61 (HLA-B61 peptide binding notif anchor
residues are E at P2, V at P9; auxiliary 5 anchors are F, I, L, V, Y, Wat
P3, | at P6) Score (Estimate of Half Tine of Disassociation of Start a
Mol ecul e Cont ai ni ng Rank Position Suh%e@»_ance Resi due Listing This
Subsequence) 1 318 SEKRP \ ( , DELVRHHNM ( SEQ
ID NO. 53) 16.000 3R8s nEA Fep SI3fQ8 1 AEPHEEQCL
(SEQ I D NG 30) 8.000 E.naagotﬁcmmw P&E@eéfé méﬁmmmo 6 6 RDLNALLPA
(SEQ 1D NO 177)50BA0pepfig8 Birk AatcHoprsRidues bk 531 PZ.L00) M,%r AGk TEGQSNHST
(SEQ I D NO:g21 4.000 20Pg; T4 GARhdrSEl F ) N 238B) 2. 500 10 295

RGE QDVRRV (SEQTD NO 179 2. 200 11 3 SDVRDCNAL ( PESLJrE (ENmatPer Haioq0 12
250 VAAGSSSSV| ( SEQ | D NO [236) 2.000 13 29 SGAAQMRE & sbhiManZkl 2. 000
14 315 SETSEKRPF ( BEQD |NO 209) 1.600 103 WO 0B/ Q& Edrtamipg/ 35194
Rank | Position | Subsequence Residue Listing This Subsequence)

1 81 AEPHEEQCL (SEQ ID NO:30) 40.000

2 429 DELVRHHNM (SEQ ID NO:53) 24.000

3 410 SEKPFSCRW (SEQ ID NO:207) 20.000

4 318 SEKRPFMCA (SEQ ID NO:208) 15.000

5 233 | LECMTWNQM (SEQ ID NO:131) 12.000

6 3 SDVRDLNAL (SEQ ID NO:206) 10.000

7 349 GEKPYQCDF (SEQ ID NO:91) 8.000

8 6 RDLNALLPA (SEQ ID NO:177) 5.000

9 85 EEQCLSAFT (SEQ ID NO:65) 4.000

10 315 SETSEKRPF (SEQ ID NO:209) 4.000

11 261 TEGQSNHST (SEQ ID NO:221) ' 4.000

12 23 GCALPVSGA (SEQ ID NO:89) 3.000

13 38 LDFAPPGAS (SEQ ID NO:130) 3.000

14 273 SDNHTTPIL (SEQ ID NO:204) 2.500

15 206 TDSCTGSQA (SEQ ID NO:220) 2.500

16 24 CALPVSGAA (SEQ ID NO:43) 2.000

17 98 GQFTGTAGA (SEQ ID NO:99) 2.000

18 30 GAAQWAPVL (SEQ ID NO:86) 2.000

19 84 HEEQCLSAF (SEQ ID NO:107) 2.000

20 26 LPVSGAAQW (SEQ ID NO:138) ~2.000

Table Xl

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B60
(HLA-B60 peptide binding motif anchor residues are E at P2, L at P9; auxiliary

10 anchors are | or V at P7)
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 81 AEPHEEQCL (SEQ ID NO:30) 160.000
2 3 SDVRDLNAL (SEQ ID NO:206) 40.000
3 429 DELVRHHNM (SEQ ID NO:53) 40.000
4 233 | LECMTWNQM (SEQ ID NO:131) 22.000

102



Score (Estimate of

Hal f

Time of Disassociation of Start a Ml ecul e
Contai ning Rank Position Subsequence Residue Listing This Subsequence)

15

138 LESQPRORBIZSBEQ | D NO 132) 1.200 16 244 GATLKGVAA ( SEQPCIDyUNCR/38¥4 1. 100
17 20 GGGGCALPV (SEQ I D NGO 92) 1.100 18 440 RNMIKLQLA (SEQ I D NGO 186)
1.100 19 23 GCALPVSGA (SEQ ID NO89) 1.100 20 191 QQYSVPPPV (SEQ ID

NG 171) 1.000 Table XV Results of BIMAS HLA Peptide Bi nding Prediction

Anal ysi s for

auxiliary anchars

are |1 o

r \/ at P5 Scaore (FQTIr‘m

L at P2, F or Y at P9;

N of
ng Th
SE
—Ra

Di sassoci ati o
Resi due Li sti
32 AQMAPVLDF
4 88 CLSAFTVH

Start

s Subs
DStadt 3
exLlle

equence)

7) 96.000 3 263 GQSNHS
4Rybsgguenss Residye Lis]i

a Mbl ecul e Cont ai ni ng R
1 146 NQGYSTV|

E‘_Q.f_l:la.l_f_'EL.IIL.Di
aNRCO® §stimgie @Hslfe
T EimespDisaysegiationmt 2
TG Motgaale Gongining o
GCAhis SHPEeqyengg) 21 ¢

6 239 NQWNLGAL 5 S

5Q2|7@

O SONHERIRIB(SEQ 10 §0:284yS

/PPP\/ (QEQOOD NO 17

8 98 GQFTGTAGA _(6SE

1209

| 9B1G8AAbY- (SEREUNORIC

F_(SEPID NQ 167

10 40 FAPPGASAY7(S

Q3D N

OGAAQWABRYD (SEQ 1D ND:

'SQLEC (8889 1 D NO 7

12 187 SLGEQQYSY ( SEQ18D |NSEEREFMCAUSEQ IDN@@OBIQCL SAFTV 88D | D NO
4.400 14 152| VEEDGTPRSY ([SEEMELRGSR485Q4D NID5S9)15 101 TGMRMOACRY ( SH
NG 224 4. 000 10 138 LESQPAIRN (SEQ ID NO:132) 5.280
11 239 NQMNLGATL (SEQ ID NO:151) 4.400
12 329 GCNKRYFKL (SEQ ID NO:90) 4.400
13 130 NAPYLPSCL (SEQ ID NO:144) 4.400
14 85 EEQCLSAFT (SEQ ID NO:65) 4.400
15 208 SCTGSQALL (SEQ ID NO:202) 4.000
16 207 DSCTGSQAL (SEQ ID NO:61) 4.000
17 218 RTPYSSDNL (SEQ ID NO:194) 4.000
18 261 TEGQSNHST (SEQ ID NO:221) 4.000
19 18 LGGGGGCAL (SEQ ID NO:134) 4.000
20 221 YSSDNLYQM (SEQ ID NO:253) 2.200
Table XIV
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human WT1 Peptides to Human HLA B61
(HLA-B61 peptide binding motif anchor residues are E at P2, V at P9; auxiliary
5 anchorsare F, |, L, V, Y, W at P3, | at P6)
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank [ Position | Subsequence Residue Listing This Subsequence)
1 318 SEKRPFMCA (SEQ ID NO:208) 20.000
2 429 DELVRHHNM (SEQ ID NO:53) 16.000
3 298 QDVRRVPGV (SEQ ID NO:164) 10.000
4 81 AEPHEEQCL (SEQ ID NO:30) 8.000
5 233 LECMTWNQM (SEQ ID NO:131) 8.000
6 6 RDLNALLPA (SEQ ID NO:177) 5.500
7 85 EEQCLSAFT (SEQ ID NO:65) 4.000
8 261 TEGQSNHST (SEQ ID NO:221) 4.000
9 206 TDSCTGSQA (SEQ 1D NO:220) 2.500
10 295 RGIQDVRRYV (SEQ ID NO:179) 2.200
11 3 SDVRDLNAL (SEQ ID NO:206) 2.000
12 250 VAAGSSSSV (SEQ ID NO:236) 2.000
13 29 SGAAQWAPV (SEQ ID NO:211) 2.000
14 315 SETSEKRPF (SEQ ID NO:209) 1.600
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16 242 NLGATLKGV (SEQ I D NO. 146) 4.000 17 92 FTVHFSGQF (SEQ | D NO. 85)
4.000 18 7 DLNALLPAV (SEQ ID N0 58) 4.000 19 123 GQARMFPNA (SEQ | D NO 98)
4.000 20wWD30/03WAGAQYRI (SEQ ID 16) 1 3.120 104 WO 03/ 03POGOIS02/35194

PCT/ US02/ 35194 Table XVI Results of BIMAS HLA Peptide Binding Prediction
Anal ysis for Binding of Human WI1 Peptides to Human HLA B7 (HLA-B7 peptide
bi nding notif anchor residues are P at P2, L or Fat P9; 5 auxiliary
anchor is Rat P2 Score (Estimate of Half Tine of D sassociation of Start
a Mol ecul e Cont ai ni ng Rank Position Subsequence Residue Listing This
Subsequence) 1830 DP S (SFQ 1D NO59) 240 000 .2 4 DVRDINALL SEQ | D
NO 62) 200.00p 3 B02 RVAGVAPTL (SEQ I D NO 195) p0Sewe (Estimate efdtativiPvL ( SEQ
I D NO: 86) 12.p00 & 239 NQWLGATL (SEQ | D NO 151 | TimeofPisgssegatiquasy PSCL
(SEQ I D NO 144) 12| 08tert 71 10 ALLPAVPSL (SEQ | D NO: 3Afoleculeygentaiginggg
DVRRVPGVA ( SEfRank NPsition |5 Supsequenseflesidyetisiing  ( SEfnisSuceeapense)a doo 10
303 VPGVAPTLV|(EEQ | B3RO pAESQPANRN (SEQ 1B NQG: CAlL(SEGRD NO 134 4. 000
12 218 RTPYSSPNI6 SEQ2 SEQ| : [GSQAL SEt9A D NO 61 4. 000
14 209 CTGSQALLI7Z (SECQ D INGGRGECALBYISEQ 4D MEBIBCNKRYFKL 1-HKD | D NO{90)
4.000 16 235| CMIWNQYMD (|SBOMTBLGODAMEGEMDOWR:188)7| 441 NMIKIQ AL (SEQ I D
NO 149) 4.000] 18 [262RVAPNEGMPYSHXSER NONOE39) 4. 000 1.100
20 191 | QQYSVPPPV (SEQ ID NO:171) 1.000

Table XV
Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B62

(HLA-B62 peptide binding motif anchor residues are Q or L at P2, F or Y at PS;
5 auxiliary anchors are | or V at P5)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 146 NQGYSTVTF (SEQ ID NO:150) 211.200
2 32 AQWAPVLDF (SEQ ID NO:37) 96.000
3 263 GQSNHSTGY (SEQ ID NO:100) 96.000
4 88 CLSAFTVHF (SEQ ID NO:48) 96.000
5 17 SLGGGGGCA (SEQ ID NO:215) 9.600
6 239 NQMNLGATL (SEQ ID NO:151) 8.800
7 191 QQYSVPPPV (SEQ ID NO:171) 8.000
8 98 GQFTGTAGA (SEQ ID NO:99) 8.000
9 384 QCKTCQRKF (SEQ ID NO:163) 6.000
10 40 FAPPGASAY (SEQ ID NO:74) 4.800
11 227 YQMTSQLEC (SEQ ID NO:251) 4.800
12 187 SLGEQQYSV (SEQ ID NO:214) 4.400
13 86 EQCLSAFTV (SEQ ID NO:69) 4.400
14 152 VTEDGTPSY (SEQ ID NO:244) 4.400
15 101 TGTAGACRY (SEQ ID NO:224) 4.000
16 242 NLGATLKGV (SEQ ID NO:146) 4.000
17 92 FTVHFSGQF (SEQ ID NO:85) 4.000
18 7 DLNALLPAV (SEQ ID NO:58) 4.000
19 123 GQARMFPNA (SEQ ID NO:98) 4.000
20 280 ILCGAQYRI (SEQ ID NO:116) 3.120
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19 225 NLYQMISQL (SEQ ID NO 147) 4.000 20 143 AIRNQGYST (SEQ I D NG 33)
Results of BIMAS HLA Peptide Binding Prediction Analysis

3.000 Table XVII
for
nmoti f anchor
(Estimate of Half

03/ 037060 PCT/ US02/ 35194 Score (Estimte of Half

Thi s Subsequence)
(SEQ | D NO: 144) 0.

R at P5,

L at

Bi nawog3os7obiunan WI'l Peptides to Hunan HLA B8 ( HLA- BBCpasni/sfobi ndi ng

residues are K at P3, K or 10 P9 Score

Time of Disassociation of Start a Ml ecul e Containing

Rank Position Subsequence Residue Listing This Subsequence) 1 329 GCNKRYFKL
(SEQ ID NGO 90) 16.000 2 4 DVRDLNALL (SEQ ID NG 62) 12.000 3 316 ETSEKRPFM
(SEQ ID NO 73) 3.000 4 180 DPM3QQGSL (SEQ ID NO59) 1.600 105 WO
Time of Disassociation
of Start a Ml ecul e Containing RankTBbleiXMion Subsequence Resi due Listing

(SEQ | D NO. 86) 0. 800 ssum mmm(%ﬁ@s@oma)mm BOO 10 420

SCKKFARS ( SEQ | HLN®7Z

Sptifle 813Qing HotiBSnchbRIibeRere(FR®@d, R NPt P9; 0. 400 12

225 NLYQMTSEL (SEQ I D NO 147) Qakdifry ahdhdrdd RAPAPRNQGY (SEQ I'D NO 170 0. 400

14 10 ALLPAVPEC TS
16 384 QCKTCOQRKF (
0. 300

1 0. 400
198)

FQO TD NO 34) 0.400  I5 207 DSCIGSERE (Estrdtd oF EH O
SEQ | D NG 163 0.400 17 136 SCL Eﬁ@gfl Dik2Eexihfid N
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 180 DPMGQQGSL (SEQ ID NO:59) 240.000

2 4 DVRDLNALL (SEQ ID NO:62) 200.000

3 302 RVPGVAPTL (SEQ ID NO:195) 20.000

4 30 GAAQWAPVL (SEQ ID NO:86) 12.000

5 239 NQMNLGATL (SEQ ID NO:151) 12.000

6 130 NAPYLPSCL (SEQ ID NO:144) 12.000

7 10 ALLPAVPSL (SEQ ID NO:34) 12.000

8 299 DVRRVPGVA (SEQ ID NO:63) 5.000

9 208 SCTGSQALL (SEQ ID NO:202) 4.000

10 303 VPGVAPTLV (SEQ ID NO:242) 4.000

11 18 LGGGGGCAL (SEQ ID NO:134) 4.000

12 218 RTPYSSDNL (SEQ ID NO:194) 4.000

13 207 DSCTGSQAL (SEQ ID NO:61) 4.000

14 209 CTGSQALLL (SEQ ID NO:52) 4.000

15 329 GCNKRYFKL (SEQ ID NO:90) 4.000

16 235 CMTWNQMNL (SEQ ID NO:49) 4.000

17 441 NMTKLQLAL (SEQ ID NO:149) 4.000

18 126 RMFPNAPYL (SEQ ID NO:185) 4.000

19 225 NLYQMTSQL (SEQ ID NO:147) 4.000
20 143 AIRNQGYST (SEQ ID NO:33) 3.000

10

Table XVII

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B8
(HLA-B8 peptide binding motif anchor residues are K at P3, K or R at P5, L at

P9)

Score (Estimate of Half
Time of Disassociation of

Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 329 GCNKRYFKL (SEQ ID NO:90) 16.000
2 4 DVRDLNALL (SEQ ID NQ:62) 12.000
3 316 ETSEKRPFM (SEQ ID NO:73) 3.000
4 180 DPMGQQGSL (SEQ ID NO:59) 1.600
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18 347 HTGEKPYQC (SEQ ID NO 112 0.300 19 401 HTRTHTGKT (SEQ I D NO 114
0.200 20 332 KRYFKLSHL (SEQ ID NO 127 0.200 Table XVII | Results of BIMAS
HLA Pept iwo oBiosmdsing Predi ction Analysis for Binding of HeearuSW¥isiPepti des
to Human HLA B 2702 (HLA-B2702 peptide binding notif anchor residues are R
at P2; F, Y, I, L, or W5 at P9 Score (Estimate of Half Tine of

Di sassociation of Start a Ml ecul e Contai ning Rank Position Subsequence
Resi due Listing This Subsequence) 1 332 KRYFKLSHL (SEQ I D NG 127) 900. 000
2 362 RRFSRSDQL (SEQ I D NG 187 900.000 3 286 YRI HTHGVF (SEQ | D NO 252)

200. 000 4 125 _ARNEPNAPY \QFQ LD _NO QQIL 200000 5 1378 PDRHTO\/KD EQ | D
NO: 188) 180.0p0 6|32 AQWAPVLDF (SEQ | D NO 37) 100Sew® (Estimate ofttafipvaAPT
(SEQ I D NG 18p) 60]000 8 439 QRNMIKLQL (SEQ I D N : 4
RVFPNAPYL ( SEQ | D \103138% 22.500 10 426 ARSDELVI ‘GtP 2989 40. 000
11 146 NOGYST\ARenk sEesiil yesgauensem@agidug 4ising | R qLIeAre

20.000 13 38p GRKESREBH | SEAGSOALL (BES) IDNOBAY) BeAHSTGY (JSEQ |1 D
NG 100) 20. 009 6106 AB003) MARYRBSEEIPERID/NBE14M | Score (Q:@Q mat e_of| Hal f
Tine of Disaskodi ali @44af| GATEKGVARISEQIRNOBAS) ai ni ng &880 Positidn
Subsequence Rbsifdue L8t i nGAARWABNLISEQIBNDGB6)15 416 CHABSIOKK (SHQ I D
NG 50) 20. 000[ 1@ 11 290 SVIERRRYREVA (SEQED NBI63)0/ 000 0.400

10 120 SCQKKFARS (SEQ ID NO:200) 0.400

11 387 TCQRKFSRS (SEQ ID NO:219) 0.400

12 | 225 | NLYQMTSQL (SEQ ID NO:147) 0400

13 141 QPAIRNQGY (SEQ ID NO:170) 0.400

14 10 ALLPAVPSL (SEQ ID NO:34) 0.400

15 207 DSCTGSQAL (SEQ ID NO:61) 0.400

16 384 QCKTCQRKF (SEQ ID NO:163) 0.400

17 136 SCLESQPAI (SEQ ID NO:198) 0.300

18 347 HTGEKPYQC (SEQ ID NO:112) 0.300

19 401 HTRTHTGKT (SEQ ID NO:114) 0.200

20 332 KRYFKLSHL (SEQ ID NO:127) 0.200

Table XVIll

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B 2702
(HLA-B2702 peptide binding motif anchor residues are Rat P2; F, Y, |, L, or W

5 at P9)
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subseguence Residue Listing This Subsequence)

1 332 KRYFKLSHL (SEQ ID NO:127) 900.000
2 362 RRFSRSDQL (SEQ ID NO:187) 900.000
3 286 YRIHTHGVF (SEQ ID NO:252) 200.000
4 125 ARMFPNAPY (SEQ ID NO:38) 200.000
5 375 BRHTGVKPF (SEQ ID NO:188) 180.000
6 32 AQWAPVLDF (SEQ ID NO:37) 100.000
7 301 RRVPGVAPT (SEQ ID NO:189) 60.000
8 439 QRNMTKLQL (SEQ ID NO:173) 60.000
9 126 BRMFPNAPYL (SEQ ID NO:185) 22.500
10 426 ARSDELVRH (SEQ ID NO:39) 20.000
11 146 NQGYSTVTF (SEQ ID NO:150) 20.000
12 144 IRNQGYSTV (SEQ ID NO:117) 20.000
13 389 QRKFSRSDH (SEQ ID NO:172) 20.000
14 263 GQSNHSTGY (SEQ ID NO:100) 20.000
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17 217 LRTPYSSDN (SEQ I D NO 140) 10.000 18 107 CRYGPFGPP (SEQ I D NGO 51)
10.000 19 98 GQFTGTAGA (SEQ I D NG 99) 10.000 20 239 NQWNLGATL (SEQ ID

NO 151) 6wO0m3/037abl e XI X Results of BIMAS HLA Pepti de Bi na@cmg/SPr/gdp£ti on
Anal ysis for Binding of Human WI1 Peptides to Human HLA B 2705 (HLA-B2705
pepti de binding notif anchor residues are Rat P2; L or Fat P9; Y, 5 R H,
and K, have al so been found at P9 for natural) rocessed a ito es Score
(Estimate of Half Tinme of Disassociation of Start a Ml ecul e Containing
Rank Position Subsequence Residue Listing This Subsequence) 1 332

KRYFKLSHL (SF‘ DN 127 320000 000 2 282 PPRECSPRSDA {QI:ﬂ I n NG-187 _30000. 000
3 416 CRWPSCEKK (SEQ I D NO 50) 10000. 000 4 439 ?Mﬁk %Haﬂfi NO: 173)
2000. 000 5 2B6 YR HIHGVA (SEQ | D NO 252) 1000. 0p®imesofiyeas  (SEQ I D
NO. 38) 1000.0pQ 7 2§P§F‘FFG QDVRR (SEQ ID NO "u'n @%%Q'WRHHNNHQR
(SEQ | D NO: 24pHank ooulsgquenep Klesigy S CRRNNaL bsgsyeneHo |10 375
RRHTGVKPF ( SEQ 1D |n41ﬁ:m SRYVRIKK {S5Q 4D N 0,569 N 185) 750. 000
12 144 | RNQGYSTAE (SEAST D INSQYEYPRRY (BER IDNO:34N) RrvpauaBd-00&EQ | D §O 189)
600.000 14 3 p\émz ( EREPYSSR (SEQ IBNO:0#) | 15 191 1808&vPPPY $EQ | D
NO 171 300. 00p_18l6] 3797 HORRANGREGREE(SEDIDNNOEIY) | 200 0000061(7 426 ARSDELVRH
(SEQ | D NO 39) ol 00%8 1|3 GRITGIAGH (3HX/D NB99) D 9 239
NOWLGATL ( SEQ 20 NO2381 [PNOMMGATLISEQIDNKASRHS (SEOQ-WNQ 172) 1200. 000
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Table XIX
Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B 2705
(HLA-B2705 peptide binding motif anchor residues are R at P2; L or F at P9; Y,
5 R, H, and K, have also been found at P9 for naturally processed epitopes)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 332 KRYFKLSHL (SEQ ID NO:127) 30000.000
2 362 RRFSRSDQL (SEQ ID NO:187) 30000.000
3 416 CRWPSCQKK (SEQ ID NO:50) 10000.000
4 439 QRNMTKLQL (SEQ ID NO:173) 2000.000
5 286 YRIHTHGVF (SEQ ID NO:252) 1000.000
6 125 ARMFPNAPY (SEQ ID NO:38) 1000.000
7 294 FRGIQDVRR (SEQ ID NO:81) 1000.000
8 432 | VRHHNMHQR (SEQ ID NO:243) 1000.000
9 169 AQFPNHSFK (SEQ ID NO:36) 1000.000
10 375 RRHTGVKPF (SEQ ID NO:188) 900.000
11 126 RMFPNAPYL (SEQ ID NO:185) 750.000
12 144 IRNQGYSTV (SEQ ID NO:117) 600.000
13 301 RRVPGVAPT (SEQ ID NO:189) 600.000
14 32 AQWAPVLDF (SEQ ID NO:37) 500.000
15 191 QQYSVPPPV (SEQ ID NO:171) 300.000
16 373 HQRRHTGVK (SEQ ID NO:109) 200.000
17 426 ARSDELVRH (SEQ ID NO:39) 200.000
18 383 FQCKTCQRK (SEQ ID NO:80) 200.000
19 239 NQMNLGATL (SEQ ID NO:151) 200.000
20 389 QRKFSRSDH (SEQ ID NO:172) 200.000
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WO 03/ 037060 PCT/ US02/ 35194 Table XX Results of BI MAS HLA Peptide Binding
Prediction Analysis for Binding of Huiman WI1 Peptides to Hunan HLA B 3501
( HLA- B350wOopaypsiode bi nding notif anchor residues are P at PRPZ/USW2/3§H94 M L,
or I 5 at P9 Score (Estimate of Half Tinme of Disassociation of Start a
Mol ecul e Cont ai ni ng Rank Position Subsequence Residue Listing This
Subsequence) 1 278 TPILCGAQY (SEQ I D NG 227) 40.000 2 141 QPAI RNQGY ( SEQ
| D NO 170) 40.000 3 219 TPYSSDNLY (SEQ I D NO 231 40.000 4 327 YPGCNKRYF
(SEQ I D NG 250) 20.000 5 163 TPSHHAAQF (SEQ I D NO 228) 20.000 6 180
DPMEQQGSL (SEQ I D NGO 59) 20.000 7 221 YSSDNLYQM (SEQ I D NO 253 20.000 8
26 LPVSGAAQW (SEQ I D NGO 138) 10.000 TRbkdd HSFKHEDPM (SEQ I D NG 110 10. 000
10 82 EPHEEQCLS (S Q I . 000 11 213 QALLLRTPY SEQ | D NO 160 6. 000
12 119 QASSGQARM ( SEES hBIMAS HEA iggtide, Bindingy/rgqiqlian Analvysls [a5 NO 62) 6. 000
14 40 FAPPGASAY (SEQ BuE?dh@oi’ﬂlhmﬁnQ@ﬂ Pé&udé@&n APEAABVE d58EQ | D NO 40) 5. 000

16 207 DSCTGSQM (¥R '& S antHor3Estalds@vé\P Bk P2 WHOM, 1, B 242)
4.000 18 36 TSEKRPF (SEQID 1 73)at P00 19 152 VIFDGIPSY (SEQ ID

NO 244) 4.000[20 -H.AWF'SCRV\PS(DI:Q FDNO 123 2T O8thre (ESRMRte s HareJu! t s of
BI MAS HLA Peptide Binding Prediction Analysis fofl tinki 0 8kiattdam Wi
Peptides to Human HL&R 3701 (HLA-B3701 peptide hm@g”er@édt;mﬁacror
residues are FraM | Pésitordll Sifbsehudtce Residue Listing This Subsequence)

1 278 | TPILCGAQY (SEQ ID NO:227) 40.000

2 141 QPAIRNQGY (SEQ ID NO:170) 40.000

3 219 | TPYSSDNLY (SEQ ID NO:231) 40.000

4 327 YPGCNKRYF (SEQ ID NO:250) 20.000

5 163 TPSHHAAQF (SEQ ID NO:228) 20.000

6 180 DPMGQQGSL (SEQ ID NO:59) 20.000

7 221 YSSDNLYQM (SEQ ID NO:253) 20.000

8 26 LPVSGAAQW (SEQ ID NO:138) 10.000

9 174 HSFKHEDPM (SEQ ID NO:110) 10.000

10 82 EPHEEQCLS (SEQ ID NO:68) 6.000

11 213 QALLLRTPY (SEQ ID NO:160) ' 6.000

12 119 QASSGQARM (SEQ ID NO:161) 6.000

13 4 DVRDLNALL (SEQ ID NO:62) 6.000

14 40 FAPPGASAY (SEQ ID NO:74) 6.000

15 120 ASSGQARMF (SEQ ID NO:40) 5.000

16 207 DSCTGSQAL (SEQ ID NO:61) 5.000

17 303 VPGVAPTLV (SEQ ID NO:242) 4.000

18 316 ETSEKRPFM (SEQ ID NO:73) 4.000

19 152 | VTFDGTPSY (SEQ ID NO:244) 4.000

20 412 KPFSCRWPS (SEQ ID NO:123) 4.000

Table XXI

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B 3701
(HLA-B3701 peptide binding motif anchor residues are F, M, or L at P8; | or L
10 at P9; auxiliary anchors are D, E at P2 and V, | at P5)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 3 SDVRDLNAL (SEQ ID NO:206) 40.000
2 273 SDNHTTPIL (SEQ ID NO:204) 40.000
3 81 AEPHEEQCL (SEQ ID NO:30) 10.000
4 298 | QDVRRVPGV (SEQ ID NO:164) 8.000
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10 at P9; auxiliary anchors are D, E at P2 and V,

of Hal f

Time of Disassociation of
Posi ti on Bomsmswence Resi due Listing This Subsequence)

at P5) Score (Estimate
Start a Mol ecul e Cont ai ni ng Rank
1 PBTERVRBLINAL ( SEQ

| D NO 206) 40.000 2 273 SDNHTTPIL (SEQ I D NO 204 40.000 3 81 AEPHEEQCL
(SEQ I D NG 30) 10.000 4 298 QDVRRVPGV (SEQ I D NO 164) 8.000 108 WO

03/ 037060 PCT/ US02/ 35194 Score (Estimate of Half
of Start a Mol ecul e Containing Rank Position Subsequence Residue Listing

Thi s Subsequence)

(SEQ I D NO. 65

Ti me of Di sassoci ation

5 428 SDELVRHHN (SEQ I D NO 203) 6.000 6 85 EEQCLSAFT

(SEQ I D NO 62
(SEQ I D NG 13

EDPMBQQGS ( SE

6 RDLNALLPA (
16 233 LECMIW
2.000 18 315

NO: 91) 2. 000

Bl MAS HLA Pepf

Pepti des to Hunmén

5 000 7 208 SCTGSQAI I (QFOIDI\IO?O?\ 5 000 8 4 DVRDLNALL

5.000 9 209 CTGSQALLL (SEQ | D NOj53%0rs (Bsinatelof Hasf [|DFAPPGAS
D) 4.000 11| 223 SDNLYQMTS ( SEQ | D NOim®efDigassogationpofi79
D | D NOSBMY 4. 000 13 206 TDSCTGSQA|( SEdvlequle\eentaioing4 000 14
SRank PPRgiion7i7) Subss qu;enceuﬁaswuem:nscm;a@aﬁ@?mm_ 2. 000
QL ( SE@2BD 4YRHPNGSEQ IDNQ:293)DF b 53)
SBTSEKREE (|SEEEQEL S D(REQ [D NO®5) 19 349 Gliﬁ(ﬂﬂﬂmlz (SHQ I D

20 302 20¢PGVACTIGSEHD (SBQ\@N@BWM 500 TabPe0 XX| | Rdsults of
i de Bi ndi ng| PP¥ADENAGN(SEERID/NOS2 of  Bi ndi 18OGf Humarl W'l
208 3808TGSQALLL (SEQ ID NO:52) 5.000

10 38 LDFAPPGAS (SEQ ID NO:130) 4.000

11 223 | SDNLYQMTS (SEQ ID NO:205) 4.000

12 179 | EDPMGQQGS (SEQ ID NO:64) 4.000

13 206 | TDSCTGSQA (SEQ ID NO:220) 4.000

14 6 RDLNALLPA (SEQ ID NO:177) 4.000

15 84 HEEQCLSAF (SEQ ID NO:107) 2.000

16 233 | LECMTWNQM (SEQ ID NO:131) 2.000

17 429 | DELVRHHNM (SEQ ID NO:53) 2.000

18 315 | SETSEKRPF (SEQ ID NO:209) 2.000

19 349 | GEKPYQCDF (SEQ ID NO:91) 2.000

20 302 | RVPGVAPTL (SEQ ID NO:195) 1.500

Table XXlI

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B 3801

(HLA-B3801 peptide binding motif anchor residues are F or L at P9;Auxiliary
anchors are H at P2 and D or E at P3)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 437 MHQRNMTKL (SEQ ID NO:143) 36.000
2 434 [ HHNMHQRNM (SEQ ID NO:108) 6.000
3 372 RHQRRHTGV (SEQ ID NO:181) 6.000
4 180 DPMGQQGSL (SEQ ID NO:59) 4.000
5 433 RHHNMHQRN (SEQ ID NO:180) 3.900
6 165 SHHAAQFPN (SEQ ID NO:213) 3.900
7 202 CHTPTDSCT (SEQ ID NO:45) 3.000
8 396 DHLKTHTRT (SEQ ID NO:57) 3.000
9 161 GHTPSHHAA (SEQ ID NO:94) 3.000
10 302 RVPGVAPTL (SEQ ID NO:195) 2.600
11 417 RWPSCQKKF (SEQ ID NO:196) 2.400
12 327 YPGCNKRYF (SEQ ID NO:250) 2.400
13 208 SCTGSQALL (SEQ ID NO:202) 2.000
14 163 TPSHHAAQF (SEQ ID NO:228) 2.000
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(HLA- B3801 peptide binding notif anchor residues are F or L at P9;Auxiliary
5 anchors are Hat P2 and D or E at P3) Score (Estimate of Half Tine of

Di sassociwDiogn3®ho Start a Ml ecul e Contai ni ng Rank Posi t ipom/USob3aguence
Resi due Listing This Subsequence) 1 437 MHQRNMTKL (SEQ I D NG 143) 36.000 2
434 HHNVHQRNM (SEQ | D NO 108) 6.000 3 372 RHQRRHTGV (SEQ I D NO 181) 6.000
4 180 DPMEQQGSL (SEQ ID NO 59) 4.000 5 433 RHHNVHORN (SEQ I D NO 180 3.900
6 165 SHHAAQFPN (SEQ I D NG 213) 3.900 7 202 CHTPTDSCT (SEQ I D NO 45) 3.000
8 396 DHLKTHTRT (SEQ ID NG 57) 3.000 9 161 GHTPSHHAA (SEQ I D NO 94) 3.000
10 302 RVPGVARIL (SEQ 1D NOY 195 2 600 11 417 RAPSCOKKE (SFQ 1D NO 196
2.400 12 327| YPGONKRYF ([SEQ | D NO 250) 2.400 1B _S®ee stusteefHalfSEQ | D

NO: 202) 2.000| 14 163 TPSHHAAQE (SEQ I D NO 228) pTowof Diggsseqtion/ah37060

PCT/ US02/ 35194  ScpretatEdti mate of Half Tine of | DRMRacHIS Gantaipingf [Start a
Mol ecul e Cont hRaMMPOSHoRY FRidspauanceieside bishnd Resi die SHPIRGUARLeTh; <

Subsequence) |18 1p012&SGOARBEQARME (SEQUD M40 hoo 16 BO0GEGGGCAL (SEQ I D
NO: 134) 2.000[ 16 1§ 771 KHEDFABROGCAEJSEQ 'M@MWEE%ISA ( SEQ
| D NO 154 1.80p017 1D 187 ALl KHEBRMGREHSEDIDNEOIZY) 1. 300 ABOHR5 TSQL
(SEQ I D NO 14f)18. B0®B3 T4bPHEERCLSAREEQIIPNGAS5RI MAS HL A 183 i de Bi fdi ng

Predi ction Anpl V&i s fUr ALLPAVPSL (SEQ ID NO:34) 1.300
20 225 NLYQMTSQL (SEQ ID NO:147) 1.300
Table XXIiI

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B 3901

(HLA-B3901 peptide binding motif anchor residues are R or H at P2; L at P9;
5 auxiliary anchors are |, V, or L at P6)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 437 MHQRNMTKL (SEQ ID NO:143) 135.000
2 332 KRYFKLSHL (SEQ ID NO:127) 45.000
3 434 | HHNMHQRNM (SEQ ID NO:108) 30.000
4 362 RRFSRSDQL (SEQ ID NO:187) 30.000
5 372 RHQRRHTGYV (SEQ ID NO:181) 30.000
6 10 ALLPAVPSL (SEQ ID NO:34) 9.000
7 439 QRNMTKLQL (SEQ ID NO:173) 7.500
8 390 RKFSRSDHL (SEQ ID NO:183) 6.000
9 396 DHLKTHTRT (SEQ ID NO:57) 6.000
10 239 NQMNLGATL (SEQ ID NO:151) 6.000
11 423 KKFARSDEL (SEQ ID NO:122) 6.000
12 126 RMFPNAPYL (SEQ ID NO:185) 6.000
13 225 NLYQMTSQL (SEQ ID NO:147) 6.000
14 180 DPMGQQGSL (SEQ ID NO:59) 6.000
15 144 IRNQGYSTV (SEQ ID NO:117) 5.000
16 136 SCLESQPAI (SEQ ID NO:198) 4.000
17 292 GVFRGIQDV (SEQ ID NO:103) 3.000
18 302 RVPGVAPTL (SEQ ID NO:195) 3.000
19 208 SCTGSQALL (SEQ ID NO:202) 3.000
20 207 DSCTGSQAL (SEQ ID NO:61) 3.000
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Bi ndi ng of Human WI'1 Peptides to Human HLA B 3901 (HLA-B3901 peptide

bi nding notif anchor residues are Ror Hat P2; L at P9; 5 auxiliary
anchors awe 0B/o3Me0 or L at P6) Score (Estimate of Half Ti meTafS02/35194

Di sassociation of Start a Ml ecul e Contai ni ng Rank Position Subsequence
Resi due Listing This Subsequence) 1 437 MHQRNMIKL (SEQ I D NO 143) 135. 000
2 332 KRYFKLSHL (SEQ I D NG 127 45.000 3 434 HHNVHQRNM (SEQ I D NO 108
30.000 4 362 RRFSRSDQL (SEQ I D NO 187 30.000 5 372 RHQRRHTGV (SEQ ID

NO 181 30.000 6 10 ALLPAVPSL (SEQ ID NO 34) 9.000 7 439 QRNMIKLQL (SEQ ID
NO 173 7.500 8 390 RKFSRSDHL (SEQ ID NO 183 6.000 9 396 DHLKTHTRT (SEQ ID
NO 57) 6.000 10 239 NOWNLGATL (SEQ ¥dBINXI¥51 6. 000 11 423 KKFARSDEL (SEQ

ID NO 122 6.000 12_126 R ) NO. 185, 6.0Q0 13,225 NLYQMTISQL
(SEQ I D NO 147) 6. 0Besults 9T BAASHILAREpH Qﬂ-&ﬁﬁi@&@g‘w 15 144
| RNQGYSTV ((SEQ I D NO gihdin oﬂﬂ@maﬂﬁvﬁ%dﬁ@bﬁm«haﬂ SEQBId90PO 198) 4.000 17

292 GVFRG QDV (155 ébé\@ 9§)>m8m Pttt dithdPresiEEHRMK br @ aFRR;ILD:IG: 195 3. 000

19 208 SCTGSQALL (SEQ I'D N@ugiiary anBifs arrd, BE oPPal L (SEQ I D NO 61)
3.000 110 3OBT060 RCT/USOZ7 dm $ HLA
Peptide Bindipg Predictign Analysis for Binding ?méﬂ%&‘as\ﬂérat ijdes to
Human HLA B 3p02 ( H5A#B3902 peptide bi ndi ng not e @&ﬁg iHgsS [are K or
Qat P2; L at|Rnk Prasiidnl || a60bsRBGEHRE Rediifie Listing [ fi’ﬁls\‘éuﬁéeqp ence)

1 239 | NQMNLGATL (SEQ ID NO:151) 24.000

2 390 RKFSRSDHL (SEQ ID NO:183) 20.000

3 423 KKFARSDEL (SEQ ID NO:122) 20.000

4 32 AQWAPVLDF (SEQ ID NO:37) 5.000

5 146 NQGYSTVTF (SEQ ID NO:150) 5.000

6 130 NAPYLPSCL (SEQ ID NO:144) 2.400

7 225 NLYQMTSQL (SEQ ID NO:147) 2.400

8 30 GAAQWAPVL (SEQ ID NO:86) 2.400

9 441 NMTKLQLAL (SEQ ID NO:149) 2.400

10 302 RVPGVAPTL (SEQ ID NO:195) 2.400

11 126 RMFPNAPYL (SEQ ID NO:185) 2.000

12 218 RTPYSSDNL (SEQ ID NO:194) 2.000

13 209 CTGSQALLL (SEQ ID NO:52) 2.000

14 332 KRYFKLSHL (SEQ ID NO:127) 2.000

15 180 DPMGQQGSL (SEQ ID NO:59) 2.000

16 437 | MHQRNMTKL (SEQ ID NO:143) 2.000

17 207 DSCTGSQAL (SEQ ID NO:61) 2.000

18 208 SCTGSQALL (SEQ ID NO:202) 2.000

19 329 GCNKRYFKL (SEQ ID NO:90) 2.000

20 10 ALLPAVPSL (SEQ ID NO:34) 2.000

Table XXV

Resulits of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B 4403
(HLA-B4403 peptide binding motif anchor residues are E at P2; Y or F at P9)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 315 SETSEKRPF (SEQ ID NO:209) 80.000
2 349 GEKPYQCDF (SEQ ID NO:91) 80.000
3 84 HEEQCLSAF (SEQ ID NO:107) 60.000
4 410 SEKPFSCRW (SEQ ID NO:207) 48.000
5 429 DELVRHHNM (SEQ ID NO:53) 24.000
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Score (Estimate of Half Tine of Disassociation of Start a Ml ecule

Cont ai ni ng Rank Position Subsequence Residue Listing This Subsequence) 1
239 NQVNMMEATB/0§SBEHQ | D NO 151 24. 000 2 390 RKFSRSDHL ( SEQ PDTNGS0A83y4 20. 000
3 423 KKFARSDEL (SEQ ID NO 122) 20.000 4 32 AQMWAPVLDF (SEQ ID NO 37) 5.000
5 146 NQGYSTVTF (SEQ I D NO 150) 5.000 6 130 NAPYLPSCL (SEQ ID NO 144 2.400
7 225 NLYQUTSQL (SEQ ID NG 147) 2.400 8 30 GAAQMWAPVL (SEQ I D NO 86) 2.400
9 441 NMIKLQLAL (SEQ I D NG 149) 2.400 10 302 RVPGVAPTL (SEQ I D NO 195
2.400 11 126 RVFPNAPYL (SEQ I D NO 185 2.000 12 218 RTPYSSDNL SEQ I D

NO 194 2.000 13200 CTGSQAIII (SEQ 1D NOS2) 2 000 14 332 KRYEKISH (SEQ
I D NO: 127) 2.p00 [I5 180 |DPM3QQGSL (SEQ | D NO: 59) Scam (Fstimgtesdd HalfHPRNMTKL
(SEQ I D NO 148 2.0p0 17 |[207 DSCTGSQAL (SEQ | D NpTBng of Disasgociatipn g
SCTGSQALL (SEQR | D NOSt02)| 2. 000 19 329 GCNKRYFK| 23ieisquls Gentajoing2 000 20
10 ALLPAVPSL (Beak | Bgiitaraa) Subsgeupnce fesidusidstings | fIhlﬁ\Sumeag@%ig Pept i de
Bi ndi ng Predi £t ifon| ARZBy i JPIGCARY (BERID MNO:28Mnh W1 PABOPGes t o Hunan HLA
B 4403 (HLA- B4Z03| a 161 de| BPARMIGHIBER IBANBiAF0)r bsi dues SO F at P2: Y or F
at P9) Score (E$timat40 of| HARPGASAY(SHQ IR NBF<hc| ation &000Start a|Mol ecul e
Cont ai ni ng Rapk 9Posi 1218n |SGEEBERYESEQIP MNK160)sti ng Thi%k0®bsequence 1
315 SETSEKRPF| ( 8EQ | B18I0 [26BKRREMGANSEQIDNG2R®)YOCDE ( SEEPAD NO 91) 80. 000

11 81 AEPHEEQCL (SEQ ID NO:30) 8.000

12 152 | VIFDGTPSY (SEQ ID NO:244) 4.500

13 101 | TGTAGACRY (SEQ ID NO:224) 4.500

14 120 | ASSGQARMF (SEQ ID NO:40) 4.500

15 261 | TEGQSNHST (SEQ ID NO:221) 4.000

16 85 EEQCLSAFT (SEQ ID NO:65) 4.000

17 233 | LECMTWNQM (SEQ ID NO:131) 4.000

18 104 | AGACRYGPF (SEQ ID NO:31) 4.000

19 3 SDVRDLNAL (SEQ ID NO:206) 3.000

20 185 | QGSLGEQQY (SEQ ID NO:166) 3.000

Table XXVI

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B 5101
(HLA-B5101 peptide binding motif anchor residues are A, P, or G at P2; F or |

5 atP9)
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 303 VPGVAPTLV (SEQ ID NO:242) 314.600
2 180 DPMGQQGSL (SEQ 1D NO:59) 242.000
3 250 VAAGSSSSV (SEQ ID NO:236) 157.300
4 130 NAPYLPSCL (SEQ ID NO:144) 50.000
5 30 GAAQWAPVL (SEQ ID NO:86) 50.000
6 20 GGGGCALPV (SEQ ID NO:92) 44.000
7 64 PPPPPHSFI (SEQ ID NO:157) 40.000
8 29 SGAAQWAPYV (SEQ ID NO:211) 40.000
9 18 LGGGGGCAL (SEQ ID NO:134) 31.460
10 295 RGIQDVRRYV (SEQ ID NO:179) 22.000
11 119 | QASSGQARM (SEQ ID NO:161) 18.150
12 418 WPSCQKKFA (SEQ ID NO:246) 12.100
13 82 EPHEEQCLS (SEQ ID NO:68) 12.100
14 110 GPFGPPPPS (SEQ ID NO:96) 11.000
15 272 ESDNHTTPI (SEQ ID NO:71) 8.000
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3 84 HEEQCLSAF (SEQ I D NG 107) 60.000 4 410 SEKPFSCRW (SEQ | D NO 207)
48.000 5 429 DELVRHHNM (SEQ I D NO 53) 24.000 111 WO 03/037060

PCT/ US02/\861943708cor e (Esti mate of Hal f

Mol ecul e Contai ning Rank Position Subsequence Residue Listing This

Subsequence)
| D NGO 170)

Ti me of Di sassocipafiusn2/af196t art a

6 278 TPILCGAQY (SEQ I D NO 227) 15.000 7 141 QPAI RNQGY (SEQ
9.000 8 40 FAPPGASAY (SEQ ID NO 74) 9.000 9 213 QALLLRTPY (SEQ

D NO: 160 9.000 10 318 SEKRPFMCA (SEQ I D NO 208) 8.000 11 81 AEPHEEQCL
(SEQ I D NO 30) 8.000 12 152 VIFDGTPSY (SEQ I D NO: 244) 4.500 13 101
TGTAGACRY ( SEQ-ID NO-224)

4500

14120 AQQ(Y\ADI\/F

(SEQ 1D NGO 40) 4

500 15

261 TEGQSNHST | ( SEQ
17 233 LECMI
19 3 SDVRDLNA
3.000 Table
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Table XXVl

Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human WT1 Peptides to Human HLA B 5102

(HLA-B5102 peptide binding motif anchor residues are P, A, or G at P2; | or V
at P9; auxiliary anchor is Y at P3)

Score (Estimate of Half
Time of Disassociation of

Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 295 RGIQDVRRYV (SEQ ID NO:179) 290.400
2 303 VPGVAPTLYV (SEQ ID NO:242) 200.000
3 180 DPMGQQGSL (SEQ ID NO:59) 133.100
4 250 VAAGSSSSV (SEQ ID NO:236) 110.000
5 30 GAAQWAPVL (SEQ ID NO:86) 55.000
6 130 NAPYLPSCL (SEQ ID NO:144) 50.000
7 20 GGGGCALPYV (SEQ ID NO:92) 44.000
8 29 SGAAQWAPV (SEQ ID NO:211) 44.000
9 64 PPPPPHSFI (SEQ ID NO:157) 40.000
10 119 | QASSGQARM (SEQ ID NO:161) 36.300
11 110 GPFGPPPPS (SEQ ID NO:96) 27.500
12 412 KPFSCRWPS (SEQ ID NO:123) 25.000
13 18 LGGGGGCAL (SEQ ID NO:134) 24.200
14 24 CALPVSGAA (SEQ ID NO:43) 16.500
15 219 TPYSSDNLY (SEQ ID NO:231) 15.000
16 292 GVFRGIQDV (SEQ ID NO:103) 14.641
17 136 SCLESQPAI (SEQ ID NO:198) 14.520
18 418 | WPSCQKKFA (SEQ ID NO:246) 12.100
19 269 TGYESDNHT (SEQ ID NO:225) 11.000
20 351 KPYQCDFKD (SEQ ID NO:124) 11.000
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2 180 DPMEQQGSL (SEQ I D NGO 59) 242.000 3 250 VAAGSSSSV (SEQ I D NO 236)
157.300 4 130 NAPYLPSCL (SEQ I D NO 144 50.000 5 30 GAAQMAPVL (SEQ ID

NO 86) 50w003/03H60 GGGGCALPV (SEQ I D NO 92) 44.000 7 64PPPRBRHSHV4 (SEQ | D
NO 157 40.000 8 29 SGAAQMAPV (SEQ ID NO 21 140.000 9 18 LGGGGCCAL (SEQ ID
NO 134 31.460 10 295 RGE QDVRRV (SEQ I D NGO 179 22.000 11 119 QASSGQARM
(SEQ I D NG 161 18.150 12 418 WPSCQKKFA (SEQ I D NO 246) 12.100 13 82
EPHEEQCLS (SEQ I D NO 68) 12.100 14 110 GPFGPPPPS (SEQ I D NO 96) 11.000 15
272 ESDNHTTPI (SEQ ID NO 71 8.000 112 WO 03/037060 PCT/ US02/ 35194 Score
(Estimate of Half Tinme of Disassociation of Start a Ml ecul e Contai ni ng
Rank Position Subsequence Resi due LigbledVilpi S Subsequence) 16 306
VAPTLVRSA (SEQ I D NO. 237) 7 150 17 2'8'0_|'L_CI¥\QYRI (SEQ ID NO 116 6.921 18
219 TPYSSDNLY ( SEQ Hesutgo S b4 Peptide BindipmRrgsiigtion Anglesis fah NO; 79) 6. 500

20 204 TPTDSCTGS (SEQahfin ﬂémm OrD5Fe BablceHaRA HLRessdoys of BI NAS HLA

Pepti de Bi ndin WR P tides to
Human HLA %P518HEA£%HE§X.|E§& e b o g g fibs are P

A, or G at st i mat e
of Half Tinmej|of Dsassomatlon of Start a Mle Kk
Posi ti on SubsgquentegRgsijdue Listing This Subseq lecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 191 QQYSVPPPV (SEQ ID NO:171) 100.000

2 32 AQWAPVLDF (SEQ ID NO:37) 30.000

3 243 | LGATLKGVA (SEQ ID NO:133) 16.500

4 303 VPGVAPTLYV (SEQ ID NO:242) 13.500

5 86 EQCLSAFTV (SEQ ID NO:69) 12.000

6 295 | RGIQDVRRV (SEQ ID NO:179) 10.000

7 98 GQFTGTAGA (SEQ ID N0:99) 8.250

8 292 GVFRGIQDV (SEQ ID NO:103) 8.250

9 29 SGAAQWAPV (SEQ ID NO:211) 6.000

10 146 NQGYSTVTF (SEQ ID NO:150) 5.500

11 20 GGGGCALPV (SEQ ID NO:92) 5.000

12 239 NQMNLGATL (SEQ ID NO:151) 4.000

13 64 PPPPPHSFI (SEQ ID NO:157) 3.600

14 273 SDNHTTPIL (SEQ ID NO:204) 3.300

15 286 YRIHTHGVF (SEQ ID NO:252) 3.000

16 269 | TGYESDNHT (SEQ ID NO:225) 3.000

17 406 TGKTSEKPF (SEQ ID NO:222) 2.750

18 327 YPGCNKRYF (SEQ ID NO:250) 2.750

19 7 DLNALLPAV (SEQ ID NO:58) 2.640

20 104 AGACRYGPF (SEQ ID NO:31) 2.500

Table XXIX

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA B 5801

(HLA-B5801 peptide binding motif anchor residues are A, S, or T at P2; F or W
10 at P9; auxiliary anchors are P, E, or Kat P4, V, |, L, M, of F, at P5)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 230 | TSQLECMTW (SEQ ID NO:234) 96.800
2 92 FTVHFSGQF (SEQ ID NO:85) 60.000
3 120 ASSGQARMF (SEQ ID NO:40) 40.000
4 168 AAQFPNHSF (SEQ ID NO:29) 20.000
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1 295 RG QDVRRV (SEQ I D NO: 179 290. 400 2 303 VPGVAPTLV (SEQ I D NO 242)

200. 000 3 180 DPMEQQGSL (SEQ I D NO 59) 133.100 4 250 VAAGSSSSV (SEQ ID
NO 236) IwO0.08087066 30 GAAQMAPVL (SEQ I D NG 86) 55.000 6 P8O/UNMPAIRSCL ( SEQ
I D NO 144) 50.000 7 20 GGGGCALPV (SEQ ID NO 92) 44.000 8 29 SGAAQMNPV

(SEQ I D NG 21 144.000 9 64 PPPPPHSFI

(SEQ I D NG 157 40.000 10 119

QASSGQARM (SEQ I D NGO 161 36.300 11 110 GPFGPPPPS (SEQ I D NO 96) 27.500 12
412 KPFSCRWPS (SEQ I D NO: 123 25.000 13 18 LGGGGCCAL (SEQ ID NGO 134 24. 200
14 24 CALPVSGAA (SEQ I D NO 43) 16.500 15 219 TPYSSDNLY (SEQ I D NO 231

15.000 16 292 _GVE

Qv

(SEQ 1D NO 103) 14 641

17 136 SC FSQPA|

(SEQ I D

NG 198) 14.52 18
(SEQ I D NO 22b) 11
03/ 037060 PCTf US02
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| 000 2
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3 243 LGATLKQVAIQ SEQ 40D NOFAPPGAGAYOGEQ ID NO:74) 6.000
11 213 QALLLRTPY (SEQ ID NO:160) 4.500
12 347 HTGEKPYQC (SEQ ID NO:112) 4.400
13 252 AGSSSSVKW (SEQ ID NO:32) 4.400
14 211 GSQALLLRT (SEQ ID NO:102) 4.356
15 174 HSFKHEDPM (SEQ ID NO:110) 4.000
16 317 TSEKRPFMC (SEQ ID NO:233) 4.000
17 26 LPVSGAAQW (SEQ ID NO:138) 4.000
18 289 HTHGVFRGI (SEQ ID NO:113) 3.600
19 222 SSDNLYQMT (SEQ ID NO:217) 3.300
20 96 FSGQFTGTA (SEQ ID NO:82) 3.300

Table XXX

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA CW0301

(HLA-CWO0301 peptide binding motif anchor residues are L, F, M, or | at PS;

5 auxiliary anchors are V, I, Y, L, or M, at P3, P at P4, F or Y at P6)
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position [ Subsequence Residue Listing This Subsequence)
1 10 ALLPAVPSL (SEQ ID NO:34) 100.000
2 332 KRYFKLSHL (SEQ ID NO:127) 48.000
3 126 RMFPNAPYL (SEQ ID NO:185) 36.000
4 3 SDVRDLNAL (SEQ ID NO:206) 30.000
5 239 NQMNLGATL (SEQ ID NO:151) 24.000
6 225 NLYQMTSQL (SEQ ID NO:147) 24.000
7 180 DPMGQQGSL (SEQ ID NO:59) 20.000
8 362 RRFSRSDQL (SEQ ID NO:187) 12.000
9 329 GCNKRYFKL (SEQ ID NO:90) 10.000
10 286 YRIHTHGVF (SEQ ID NO:252) 10.000
11 301 RRVPGVAPT (SEQ ID NO:189) 10.000
12 24 CALPVSGAA (SEQ ID NO:43) 10.000
13 136 SCLESQPAI (SEQ ID NO:198) 7.500
14 437 MHQRNMTKL (SEQ ID NO:143) 7.200
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4 303 VPGVAPTLV (SEQ I D NO 242) 13.500 5 86 EQCLSAFTV (SEQ I D NO 69)
12.000 6 295 RG QDVRRV (SEQ ID NO 179) 10.000 7 98 GQFTGTAGA (SEQ ID

NO 99) 8.wb®3/0870802 GVFRG QDV (SEQ I D NG 103) 8. 250

29 PEGAAQMWM (SEQ I D

NO 211 6.000 10 146 NQGYSTVTF (SEQ I D NO 150) 5.500 11 20 GGGGCALPV ( SEQ
ID NG 92) 5.000 12 239 NQWLGATL (SEQ ID NO 151 4.000 13 64 PPPPPHSFI
(SEQ I D NO 157 3.600 14 273 SDNHTTPIL (SEQ I D NO 204) 3.300 15 286

YRI HTHGVF (SEQ I D NO 252) 3.000 16 269 TGYESDNHT (SEQ I D NO 225) 3.000 17
406 TGKTSEKPF (SEQ I D NO 222) 2.750 18 327 YPGCNKRYF (SEQ I D NO 250) 2. 750
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ASSGQARVF ( SE
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sul ts| of BINAS HLA Pepti de Binding Pr8enre{(Essimatme Half 4
man Wl_Pept|i des to Human HLA B 580} Time-piddisasgodiatioamnfi
anchor ildues are A, S, or T at P22 'W'Weﬂia‘amPS'
h ek ;,PQSIHQH Sl&hsequemeﬁ@SldveJSﬂng M Thﬁ%bﬁﬂuepﬁﬂ) 9
015 | Ti38R fF‘ﬁFSB$9ML|(§EQdPNQ 188)att a MI@8G0 e Cont -
Sifhseqifdce KEEARSBEL(SEQAR N 22) 0
1) 196] 8092 FAVHFAGQIASEQ KENOI85) ND 85) 605-m 312
1H NO429) |4 REWYRHHNM G3EQNONONIBE| ( SEQ | (00 _29) 20.
PCT9 USOABB51I9NAPSEBEEL(BEQI IR 144) Hal f Ti b8 Di sass
20 30 GAAQWAPVL (SEQ ID NO:86) 4.000

Table XXXI

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA CWQ0401

(HLA-CWO0401 peptide binding motif anchor residues are Y, P, or Fat P2; L, F,
or M at P9; auxiliary anchors are V, |, or L at P6)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 356 DFKDCERRF (SEQ ID NO:55) 120.000
2 334 YFKLSHLQM (SEQ ID NO:248) 100.000
3 180 DPMGQQGSL (SEQ ID NO:59) 88.000
4 163 TPSHHAAQF (SEQ ID NO:228) 52.800
5 327 YPGCNKRYF (SEQ ID NO:250) 40.000
6 285 QYRIHTHGV (SEQ ID NO:175) 27.500
7 424 KFARSDELV (SEQ ID NO:119) 25.000
8 326 AYPGCNKRY (SEQ ID NO:42) 25.000
9 192 QYSVPPPVY (SEQ ID NO:176) 25.000
10 417 RWPSCQKKF (SEQ ID NO:196) 22.000
11 278 TPILCGAQY (SEQ ID NO:227) 12.000
12 10 ALLPAVPSL (SEQ ID NO:34) 11.616
13 141 QPAIRNQGY (SEQ ID NO:170) 11.000
14 303 [ VPGVAPTLV (SEQ ID NO:242) 11.000
15 219 TPYSSDNLY (SEQ ID NO:231) 10.000
16 39 DFAPPGASA (SEQ ID NO:54) 7.920

17 99 QFTGTAGAC (SEQ ID NO:165) 6.000

18 4 DVRDLNALL (SEQ ID NO:62) 5.760

19 70 SFIKQEPSW (SEQ 1D NO:210) 5.500

20 63 PPPPPPHSF (SEQ ID NO:158) 5.280
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Start a Ml ecule Containing Rank Position Subsequence Residue Listing This
Subsequence) 5 408 KTSEKPFSC (SEQ ID NG 129 12.000 6 394 RSDHLKTHT (SEQ I D
NO 192) 9wes/03me®76 HTTPI LCGA (SEQ I D NO 115 7.200 8 21@CRIBYSSINL ( SEQ

I D NO 194) 6.600 9 152 VTFDGIPSY (SEQ I D NO 244) 6.000 10 40 FAPPGASAY
(SEQ I D NO 74) 6.000 11 213 QALLLRTPY (SEQ ID NO 160 4.500 12 347
HTGEKPYQC (SEQ I D NO: 1 124.400 13 252 AGSSSSVKW (SEQ I D NO 32) 4.400 14
211 GSQALLLRT (SEQ I D NO 102) 4.356 15 174 HSFKHEDPM (SEQ I D NG 110 4. 000
16 317 TSEKRPFMC (SEQ I D NO 233) 4.000 17 26 LPVSGAAQW (SEQ I D NG 138)
4.000 18 289 HTHGVFRG (SEQ I D NO 113 3.600 19 222 SSDNLYQMI (SEQ I D

NO 217) 3.300 20 96 FSGQFTGTA ( SEQ 1dBId¥ox@P) 3.300 Table XXX Results of
Bl MAS HLA Peptide Binding Prediction Anal SIS fo_ . Bi ndj ng of Human W'l
Peptides to Human aSuitaAl BIMAY NREZ0 T A Stif anchor

residues are L, F, MB.@dmdofailurﬁa%mmm'.&ésabmafimMCwoeoy I, Y, L, or M

at P3, P at P4, JEARSWGAS phfiitic BRRING rhdt bRl ?esﬂi‘uek'aFefL 1\, 188 YO Po;
Di sassoci atg on of St %{&mé}yyﬁérﬁﬁéjé@ﬂprﬁ 8t Midh@sRank oﬁp&lpﬁG)On Subsequence

Resi due Li sti i@ ThTS SUDSEQUENCE) L 10 ACCPAVPS q0. 000 2
332 KRYFKLSHL| (SEQ I D NO [127) 48.000 3 126 RNFPM,?E? %%ﬂiégiﬁpfﬁ'&% 36. 000
4 3 SDVRDLNAL| ( SEQ I BiJNO. R06) 30.000 5 239 NQWNLGA Nl ai 191)
24.000 6 225] NaniMbaliiod SEQubdeqhEhcbHosiddd LRy T 18%isdd m&)g SHQ I D
NO 59) 20. 000 332 | KRYFKLSHL (SEQ ID NO:127) 9.680

2 239 NQMNLGATL (SEQ ID NO:151) 6.600

3 130 NAPYLPSCL (SEQ ID NO:144) 6.600

4 7 DLNALLPAYV (SEQ ID NO:58) 6.000

5 441 NMTKLQLAL (SEQ ID NO:149) 6.000

6 225 NLYQMTSQL (SEQ ID NO:147) 6.000

7 4 DVRDLNALL (SEQ ID NO:62) 6.000

8 3 SDVRDLNAL (SEQ ID NO:206) 4.400

9 10 ALLPAVPSL (SEQ ID NO:34) 4.000

10 213 QALLLRTPY (SEQ ID NO:160) 3.300

11 319 EKRPFMCAY (SEQ ID NO:67) 3.000

12 30 | GAAQWAPVL (SEQ ID NO:86) 2200

13 | 242 | NLGATLKGV (SEQ ID NO:146) 2.200

14 292 GVFRGIQDV (SEQ ID NO:103) 2.200

15 207 DSCTGSQAL (SEQ ID NO:61) 2.200

16 | 362 | RRFSRSDQL (SEQ ID NO:187) 2.200

17 | 439 | QRNMTKLQL (SEQ ID NO:173) 2.200

18 | 295 | RGIQDVRRV (SEQ ID NO:179) 2.200

19 423 KKFARSDEL (SEQ ID NO:122) 2.200

20 180 DPMGQQGSL (SEQ ID NO:59) 2.200

Table XXXl

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Human HLA CW0702
(HLA-CW0702 peptide binding motif anchor residues are Y, F, or L at P9;
10 auxiliary anchorsareYorP atP2,V,Y,|,L, F,orMatP5V, |, L, or M at P6)

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position [ Subsequence Residue Listing This Subsequence)

1 319 EKRPFMCAY (SEQ ID NO:67) 26.880
2 326 AYPGCNKRY (SEQ ID NO:42) 24.000
3 40 FAPPGASAY (SEQ ID NO:74) 14.784
4 192 QYSVPPPVY (SEQ ID NO:176) 12.000
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8 362 RRFSRSDQL (SEQ ID NO 187) 12.000 9 329 GCNKRYFKL (SEQ | D NG 90)
10.000 10 286 YRI HTHGVF (SEQ I D NO 252) 10.000 11 301 RRVPGVAPT (SEQ I D

NO 189 10wO0M3/03730 24 CALPVSGAA (SEQ I D NO 43) 10.000 13 P86/USCLEIPAI

(SEQ

ID NO 198) 7.500 14 437 MHQRNMIKL (SEQ I D NO 143) 7.200 115 WD 03/ 037060

PCT/ US02/ 35194 Score (Estimte of Half
Mol ecul e Contai ning Rank Position Subsequence Residue Listing
15 390 RKFSRSDHL (SEQ I D NO 183 6.000 16 423 KKFARSDEL ( SEQ

Subsequence)

Ti me of Disassociation of Start a
Thi s

I D NG 122) 6.000 17 92 FTVHFSGQF (SEQ ID NO 85) 5.000 18 429 DELVRHH\M

(SEQ I D NO'53)-5.000 19 130 NARPYIPSCl (SEQ 1D N 144) 4 800 20 3
GAAQMPVL (SEQ I D NO 86) 4.000 Table XXXI Resul t|sSeeregEninatepitat dt i de
Bi ndi ng Predi ¢ti on|Anal s for Binding of Humar Tmofﬂ@‘ﬁf‘ﬁs@é'é‘t'%"fl-unan HLA
CW401  (HLA- ¢W401 Pgé?'{ He binding motif anchor |r &Yieifee Gpataipingp | or F at
P2: L, F, 5 orf Ranky Pesition|y Sub&ﬁweaﬁwﬁwweyﬁ&w L__18is §Ub§9qqﬂﬂ¢e)qf~qr e
(ESt | mat e of Hal¥ |Ti4h8 o TRILGGAQY (BEQIR NMP:22%) Art o Mi209Q1 o cantlai ni ng
Rank Positi on|Suhseqi#ifce| REYSHRNLY GEQP NB231)Siihsequen@000 1 356
DFKDCERRF ( SEQ 1D NO23) [ RAJIRTPYIASEQPIGHEeIM ( SEQ | DB 0.000 3
180 DPMGEQQGSL [( SEQ|1 D280 5 ARMBPNABY (AEQAR NORSHIHAAQE ( SE8XID NO 22g) 52. 800
5 327 YPGCNKRYF 9 SEQ 327 NOYPSONKRYOGEQ B NORSONVRI HTHGY 6880 | D NOJ175
27. 500 10 1562 VTFDGTPSY (SEQ ID NO:244) 5.600
11 141 | QPAIRNQGY (SEQ ID NO:170) 4.800
12 345 RKHTGEKPY (SEQ ID NO:184) - 4.000
13 185 QGSLGEQQY (SEQ ID NO:166) 4.000
14 101 TGTAGACRY (SEQ ID NO:224) 4.000 .
15 375 RRHTGVKPF (SEQ ID NO:188) 4.000
16 263 GQSNHSTGY (SEQ ID NO:100) 4.000
17 163 TPSHHAAQF (SEQ ID NO:228) 3.000
18 33 QWAPVLDFA (SEQ ID NO:174) 2.688
19 130 NAPYLPSCL (SEQ ID NO:144) 2.640
20 84 HEEQCLSAF (SEQ ID NO:107) 2.400
Table XXXIV
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human WT1 Peptides to Mouse MHC Class | Db
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subseguence Residue Listing This Subsequence)
1 235 CMTWNQMNL (SEQ ID NO:49) 5255.712
2 126 RMFPNAPYL (SEQ ID NO:185) 1990.800
3 221 YSSDNLYQM (SEQ ID NO:253) 930.000
4 228 | QMTSQLECM (SEQ ID NO:169) 33.701
5 239 NQMNLGATL (SEQ ID NO:151) 21.470
6 441 NMTKLQLAL (SEQ ID NO:149) 19.908
7 437 MHQRNMTKL (SEQ ID NO:143) 19.837
8 136 SCLESQPAI (SEQ ID NO:198) 11.177
9 174 HSFKHEDPM (SEQ ID NO:110) 10.800
10 302 RVPGVAPTL (SEQ ID NO:195) 10.088
1 130 | NAPYLPSCL (SEQ ID NO:144) 8.400
12 10 ALLPAVPSL (SEQ ID NO:34) 5.988
13 208 | SCTGSQALL (SEQ ID NO:202) 4.435
14 209 CTGSQALLL (SEQ ID NO:52) 3.548
15 238 WNQMNLGAT (SEQ ID NO:245) 3.300
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7 424 KFARSDELV (SEQ ID NO 1 1925.000 8 326 AYPGCNKRY (SEQ | D NO 42)
25.000 9 192 QYSVPPPVY (SEQ ID NO 176 25.000 10 417 RWPSCQKKF (SEQ ID

NO 196 22w000/03780 278 TPl LCGAQY (SEQ | D NO 227 12.000 12 PLO/USLUPAWPSL ( SEQ
ID NO 34) 11.616 13 141 QPAIRNQGY (SEQ I D NO 170) 11.000 14 303 VPGVAPTLV
(SEQ I D NO 242) 11.000 15 219 TPYSSDNLY (SEQ I D NO 231 10.000 16 39
DFAPPGASA (SEQ I D NO 54) 7.920 17 99 QFTGTAGAC (SEQ I D NO 165 6.000 18 4
DVRDLNALL (SEQ ID NO 62) 5.760 19 70 SFI KQEPSW (SEQ I D NO 210) 5.500 20
63 PPPPPPHSF (SEQ | D NO 158) 5.280 116 WD 03/037060 PCT/US02/35194 Table

XXXI'l Results

of B

MAS

o)

of Hunman W1
noti f anchor
L, F, or Mat

Pept i
resid
P5,

| Rapk

Hes to

les are
v, Sfart g

2ositign

Human HLA CW602
L, I, V, or
r L at P6) Score
a2 RIsegyg

( HLA-

Y at P9; 5

. Estim
e Besidde hisieg R

ction-Analysis for
N\VPere (Edipatese! Halfngi

Alma o Risapsariation e

t 8 Mgl IA Gonisig
2nl( §i "Q{Weﬂgﬁ)mpﬁ

Bi ndi ng
I ng

are |,

f
uence

Di sassoci ati o
Resi due Listih

hal6rh

s 288 hd

e RIEXSSDNL(SEQID NEERY) S

sHI (QI:n~- NQ_127)

9.680 2

239 NQWNLGATL

(EEO

| A0

14

LEVSHAA (BERID NQE3) p

SC (q:@iﬁi NO 144\

6. 600

4 7 DLNALLPAV

(80

| D&NO

CHGGEGHIAL (SELUD NONBA)

LAL q?i:ﬁ7 D N O

149

6.000 6 225

%&@ﬁﬁ@@ﬁ@@%&%ﬁm
6.000 8 3 SD 3GEQ LAAQRWABYL (IEQHD NG8E)Q

4. 000

) NO. 62)

ALLPAVP@BO( SEQ 1D

NO. 34)

Table XXXV

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Mouse MHC Class | Dd

Score (Estimate of Half
Time of Disassociation of

Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 112 FGPPPPSQA (SEQ ID NO:76) 48.000
2 122 SGQARMFPN (SEQ ID NO:212) 36.000
3 104 AGACRYGPF (SEQ ID NO:31) 30.000
4 218 RTPYSSDNL (SEQ ID NO:194) 28.800
5 130 NAPYLPSCL (SEQ ID NO:144) 20.000
6 302 RVPGVAPTL (SEQ ID NO:195) 20.000
7 18 LGGGGGCAL (SEQ ID NO:134) 20.000
8 81 AEPHEEQCL (SEQ ID NO:30) 10.000
9 29 SGAAQWAPV (SEQ ID NO:211) 7.200
10 423 KKFARSDEL (SEQ ID NO:122) 7.200
11 295 RGIQDVRRV (SEQ ID NO:179) 7.200
12 390 RKFSRSDHL (SEQ ID NO:183) 6.000
13 332 KRYFKLSHL (SEQ ID NO:127) 6.000
14 362 RRFSRSDQL (SEQ ID NO:187) 6.000
15 417 RWPSCQKKF (SEQ ID NO:196) 6.000
16 160 YGHTPSHHA (SEQ ID NO:249) 6.000
17 20 GGGGCALPV (SEQ ID NO:92) 6.000
18 329 GCNKRYFKL (SEQ ID NO:90) 5.000
19 372 RHQRRHTGV (SEQ ID NO:181) 4.500
20 52 GGPAPPPAP (SEQ ID NO:93) 4.000
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10 213 QALLLRTPY SEQ I D NO 160 3.300 11 319 EKRPFMCAY (SEQ I D NO 67) 3.000
12 30 GAAQMWAPVL (SEQ I D NG 86) 2.200 13 242 NLGATLKGV (SEQ I D NO 146)
2.200 14wW092/08WFRG QDV (SEQ I D NO 103) 2.200 15 207 DSCPGR@AR2/$FEQ | D

NO 61) 2.200 16 362 RRFSRSDQL (SEQ I D NO 187) 2.200 17 439 QRNMIKLQ. ( SEQ
D NO 173) 2.200 18 295 RA QDVRRV (SEQ I D NO 179) 2.200 19 423 KKFARSDEL
(SEQ I D NO 122) 2.200 20 180 DPMEQQGSL (SEQ ID NO 59) 2.200 Table XXX
Results of BI MAS HLA Peptide Binding Prediction Analysis for Binding of
Human WI'l Peptides to Human HLA CW702 (HLA-CW702 peptide binding notif
anchor residues are Y, F, or L at P9; 10 auxilia anchors are Y or P at P2,
V, Y, I, L, F, or Mat P5,V, I, L, gapiedbo6 Score (Estimate of Hal f

Ti ne of Disassoci at 'hon of al\/bl ecul e Cory ai.ni ngq ank Position
Subsequence Resi dueDE8Yts; =[142 ion ARBIVEIRFOlY (SEQ I D

NG 67) 26.880_ 2 326BAMH@HBMa6$EQ P%tM%&QMo@sfé MAB ClassAKpFAPPGASAY ( SEQ
| D NO 74) 14.784 4 192 QYSVPPP 76 12.000 117 WD 03/037060

PCT/ US02/ 35194 Scpre (Esfimate of tatf—Trme of =% Siiniske OF Start a
Mol ecul e Cont @i ni ng Rank| Position Subsequence Rg¢ g-gg E, g 0 s
Subsequence) |5 278 &RJ{-CGAQY (SEQ I D NO 227) 12, Y (SEQ
I D NG 231) 12] @@k | Positich [QAblbdahfiondeFidsidLl Lidihd 69) %hé%bs&q ce) ARNFPNAPY
(SEQ I'D NO 385090329 | GCNKRYFKL (SEQ ID NO:90) 24.000

2 225 NLYQMTSQL (SEQ ID NO:147) 10.000

3 420 SCQKKFARS (SEQ ID NO:200) 3.960

4 218 RTPYSSDNL (SEQ ID NO:194) 3.630

5 437 MHQRNMTKL (SEQ ID NO:143) 3.600

6 387 TCQRKFSRS (SEQ ID NO:219) 3.600

7 302 RVPGVAPTL (SEQ ID NO:195) 3.300

8 130 NAPYLPSCL (SEQ ID NO:144) 3.000

9 289 HTHGVFRG! (SEQ ID NO:113) 3.000

10 43 PGASAYGSL (SEQ ID NO:153) 2.400

11 155 DGTPSYGHT (SEQ ID NO:56) 2.400

12 273 SDNHTTPIL (SEQ ID NO:204) 2.200

13 126 RMFPNAPYL (SEQ ID NO:185) 2.200

14 128 FPNAPYLPS (SEQ ID NO:79) 2.000

15 3 SDVRDLNAL (SEQ ID NO:206) 1.584

16 | 207 | DSCTGSQAL (SEQ ID NO:61) 1.584

17 332 KRYFKLSHL (SEQ ID NO:127) 1.500

18 18 LGGGGGCAL (SEQ ID NO:134) 1.320

19 233 LECMTWNQM (SEQ ID NO:131) 1.320

20 441 NMTKLQLAL (SEQ ID NO:149) 1.200

5 Table XXXVII

Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human WT1 Peptides to Mouse MHC Class | Kd

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 285 QYRIHTHGV (SEQ ID NO:175) 600.000
2 424 KFARSDELV (SEQ ID NO:119) 288.000
3 334 YFKLSHLQM (SEQ ID NO:248) 120.000
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9 327 YPGCNKRYF (SEQ I D NO 250) 6.600 10 152 VTFDGTPSY (SEQ | D NO 244)
5.600 11 141 QPAI RNQGY (SEQ ID NO 170) 4.800 12 345 RKHTGEKPY (SEQ I D
NO 184 . 4WO®8/0378) 185 QGSLGEQQY (SEQ I D NO 166 4.000 14 POT/UBGTAGACRY ( SEQ

| D NO 224) 4. 000.

(SEQ I D NG 100) 4.000 17 163 TPSHHAAQF (SEQ I D NO 228 3.000 18 33

15 375 RRHTGVKPF (SEQ ID NGO 188 4.000 16 263 GQSNHSTGY

QMPVLDFA (SEQ I D NO 174) 2.688 19 130 NAPYLPSCL (SEQ I D NO 144) 2.640 20
84 HEEQCLSAF (SEQ I'D NO 107) 2.400 Table XXXI'V Results of BI MAS HLA

Peptide Binding Prediction Analysis for

Mbuse WMHC C agss—1—

Scaor

f ol f

Dis

Start a Ml ec
Subsequence)

| D NO 185) 19
QUTSQLECM ( SE
441 NMTKLQLAL
19.837 8 136
NO 110 10. 800

(SEQ I D NO 144) 73 4

SCTGSQALL ( SE
238 VWWQWNLGAT

Bi ndi ng of Human WI'1 Peptides to
Tine of

n of
ng This
YL ( SEQ

70 6
3)
QID

associatig
Il e Cpnt ai ni hg Rank Position SubseqlieRt¥e festimatreof hialf |
1 235 QMIWNQWNL (SEQ I D NO 49) 5255 Tm%OfP'E%OW\W
D0. 800 _S#rbon YSSDNLY SEQ | D .NO >5§ g&"%@ﬂalnmgze
NRARK pReSiHRD 3 quet1 Sidegaisting| Irs URESqLERCE)
(deqQl1 33RO N zﬁﬁLEﬁQRSHsLEQ I ¥ lﬁﬁh:l\u\/rrm (55299 NO1
SE_ERQERP (QN@MN‘LWM@EQ'MN@'ﬂij 9 174 HEEABOPM ( SE
0 R021R/PE/ABRAYSSLISED RANGSBS) 10088  115-2080 NAPYI
10047 12| AYGHUC PEQ ErNO:49) 864490
18> NO 12802) | PPMBQRQESLABEQID NSRS | ( SEQ BBOE) 52) 3
(0| | B7RC D BYESDNST (SEQ ID NO:105) 72.000
10 | 326 | AYPGCNKRY (SEQ ID NO:42) 60.000
11 192 | QYSVPPPVY (SEQ ID NO:176) 60.000
12 | 272 | ESDNHTAPI (SEQ ID NO:70) 57.600
13 | 289 | HTHGVFRGI (SEQ ID NO:113) 57.600
14 | 126 | DVRDLNALL (SEQ ID NO:62) 57.600
15 4 CTGSQALLL (SEQ ID NO:52) 57.600
16 | 208 | SCTGSQALL (SEQ ID NO:202) 48.000
17 | 441 | NMTKLQLAL (SEQ ID NO:149) 48.000
18 | 207 | DSCTGSQAL (SEQ ID NO:61) 48.000
19 | 130 | NAPYLPSCL (SEQ ID NO:144) 48.000
20 | 235 | CMTWNQMNL (SEQ ID NO:49) 48.000

Table XXXVIiI

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Human WT1 Peptides to Mouse MHC Class | Kk

Score (Estimate of Half
Time of Disassociation of

Stant a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 81 AEPHEEQCL (SEQ ID NO:30) 40.000
2 85 EEQCLSAFT (SEQ ID NO:65) 40.000
3 429 DELVRHHNM (SEQ ID NO:53) 20.000
4 315 SETSEKRPF (SEQ ID NO:209) 20.000
5 261 TEGQSNHST (SEQ ID NO:221) 20.000
6 410 SEKPFSCRW (SEQ ID NO:207) 10.000
7 272 ESDNHTTPI (SEQ ID NO:71) 10.000
8 318 SEKRPFMCA (SEQ ID NO:208) 10.000
9 138 LESQPAIRN (SEQ ID NO:132) 10.000
10 233 | LECMTWNQM (SEQ ID NO:131) 10.000
11 2908 QDVRRVPGYV (SEQ ID NO:164) 10.000
12 84 HEEQCLSAF (SEQ ID NO:107) 10.000
13 349 GEKPYQCDF (SEQ ID NO:91) 10.000
14 289 HTHGVFRGI (SEQ ID NO:113) 10.000
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118 WD 03/ 037060 PCT/ US02/35194 Score (Estimate of Half

Ti me of

Di sassoci ation of Start a Ml ecule Containing Rank Position Subsequence

Resi due Lwetmsnsrodhi s Subsequence)

16 218 RTPYSSDNL SEQ | PCN@S2®35134 185 17

24 CALPVSGAA (SEQ ID NO 43) 2.851 18 18 LGGGGGCAL (SEQ ID NGO 134) 2.177
19 142 PAIRNQGYS SEQ I D NO 152 2.160 20 30 GAAQMAPVL (SEQ I D NO 86) 1.680
Tabl e XXXV Results of BIMAS HLA Peptide Binding Prediction Analysis for

Bi ndi ng of Human WI'1 Peptides to Muse MHC C ass |

Dd Score (Estimte of

Half Time of Disassociation of Start a Ml ecule Containing Rank Position
Subsequence ResidusListing-This Subsequence)— 1112 ECGPP | D
NO 76) 48.000|2 122 SGQARMFPN (SEQ | D NO 212) 36.086cre sEstimatey aQPF ( SEQ
I D NO 31) 30.(000 4 218 RTPYSSDNL SEQ | D NO 194 :>§ inge) of Digassegiaigqrsfy jPScL
(SEQ | D NO: 144 20. 00816 B02 RVPGVAPTL (SE |.D NO 'e%e Gemammgls
L GGGGGCAL ( SEQRAAK pppsition | ogulpsequencediesid (fo S| ybRRguUense)10 [o00 9
29 SGAAQWAPY (SER | D NS 2h EDPMGRAGSSEHDANRARsHE (SEB-P0 No 122 7. 200
11 295 RG QDVRRI ( SEA3FD NGGLESQPAIABEQ 1D NCi498) pikF SRSDH 5-08Q | D NG 183)
6.000 13 332|KEKEk 280 (SHECCANB! {SEQMD i1 1604|362 RRESR®IQ (SEQ | D
NO 187) 6. 000| 18 41278nPSERMETTRIECER IRNOB®A) 6000 160B:0 YCGHTHSHHA
(SEQ | D NO 249) 18 Qo@+28 SDELVRHHN (SEQ ID NO:203) 4.000
[ 20 3 SDVRDLNAL (SEQ ID NO:206) 4.000
Table XXXIX
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Human WT1 Peptides to Mouse MHC Class | Ld
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 163 | TPSHHAAQF (SEQ ID NO:228) 360.000
2 327 YPGCNKRYF (SEQ ID NO:250) 300.000
3 180 | DPMGQQGSL (SEQ ID NO:59) 150.000
4 26 | LPVSGAAQW (SEQ ID NO:138) 93.600
5 278 TPILCGAQY (SEQ ID NO:227) 72.000
6 141 QPAIRNQGY (SEQ ID NO:170) 60.000
7 219 TPYSSDNLY (SEQ ID NO:231) 60.000
8 303 VPGVAPTLV (SEQ ID NO:242) 60.000
9 120 ASSGQARMF (SEQ ID NO:40) 50.000
10 63 PPPPPPHSF (SEQ ID NO:158) 45.000
11 113 GPPPPSQAS (SEQ ID NO:97) 45.000
12 157 TPSYGHTPS (SEQ ID NO:229) 39.000
13 207 DSCTGSQAL (SEQ ID NO:61) 32.500
14 110 GPFGPPPPS (SEQ ID NO:96) 30.000
15 82 EPHEEQCLS (SEQ ID NO:68) 30.000
16 412 KPFSCRWPS (SEQ ID NO:123) 30.000
17 418 WPSCQKKFA (SEQ ID NO:246) 30.000
18 221 YSSDNLYQM (SEQ ID NO:253) 30.000
19 204 TPTDSCTGS (SEQ |D NO:230) 30.000
20 128 FPNAPYLPS (SEQ ID NO:79) 30.000
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17 20 GGGGCALPV (SEQ I D NGO 92) 6.000 18 329 GCNKRYFKL (SEQ I D NG 90) 5.000
19 372 RHQRRHTGV (SEQ I D NO 181 4.500 20 52 GGPAPPPAP (SEQ I D NO 93) 4.000
119 WO 03wW0330806(PCT/ USO2/ 35194 Tabl e XXXVI Results of BPERESLAS1IPepti de

Bi nding Prediction Analysis for Binding of Human WI'l Pepti des to Mouse MHC
Class | Kb Score (Estimate of Half Tine of Disassociation of Start a

Mol ecul e Cont ai ni ng Rank Position Subsequence Residue Listing This
Subsequence) 1 329 GCNKRYFKL (SEQ I D NG 90) 24.000 2 225 NLYQWTSQ. (SEQ I D
NO 147) 10.000 3 420 SCQKKFARS (SEQ I D NGO 200) 3.960 4 218 RTPYSSDNL SEQ
ID NO 194 3.630 5 437 MHQRNMIKL (SEQ I D NGO 143 3.600 6 387 TCQRKFSRS ( SEQ

I D NO 219 3.600 7 302 RVPGVAPTL (SEdelaL‘{Q 195) 3.300 8 130 NAPYLPSCL

(SEQ I D NG 144 3. 000 9 28

:-.

(SEQ | D NO: 153) 2. 4B

SEQ I D

aSI

NO 113 3.000, 10 43 PGASAYGSL
12 273

SDNHTTPI L (SEQ | D NO Z(B‘Iﬁd%] mérﬁwﬂfl‘”%&%%ﬁhle(mé@ NO 185) 2.200 14
128 FPNAPYLPS (SEQ | D Q I D NO 206) 1.584

16 207 DSCTGSA—(BESTDNO 611 n 27 1.500
18 18 LGGGEECAL (SEQ I D NO 134 1.320 19 233 LE Lobiblidi g 431)
1.320 20 441|NMIKLQgfly SEQ 1D NG 149 1.200 5 T a%&@@&\é‘(bontammg
Rank | Position | Subsequence Residue Listing This Subsequence)

1 350 EKPYQCDFK (SEQ ID NO:66) 1000.00

2 319 EKRPFMCAY (SEQ ID NO:67) 500.000

3 423 KKFARSDEL (SEQ ID NO:122) 500.000

4 345 RKHTGEKPY (SEQ ID NO:184) 500.000

5 390 RKFSRSDHL (SEQ ID NO:183) 500.000

6 137 CLESQPAIR (SEQ ID NO:47) 120.000

7 380 VKPFQCKTC (SEQ ID NO:239) 100.000

8 407 GKTSEKPFS (SEQ ID NO:95) 100.000

9 335 FKLSHLQMH (SEQ ID NO:78) 100.000

10 247 LKGVAAGSS (SEQ ID NO:135) 100.000

11 370 LKRHQRRHT (SEQ ID NO:136) 100.000

12 258 | VKWTEGQSN (SEQ ID NO:240) 100.000

13 398 LKTHTRTHT (SEQ ID NO:137) 100.000

14 331 NKRYFKLSH (SEQ ID NO:145) 100.000

15 357 FKDCERRFS (SEQ ID NO:77) 100.000

16 385 CKTCQRKFS (SEQ ID NO:46) 100.000

17 294 FRGIQDVRR (SEQ ID NO:81) 80.000

18 368 DQLKRHQRR (SEQ ID NO:60) 80.000

19 432 | VRHHNMHQR (SEQ ID NO:243) 80.000

20 118 SQASSGQAR (SEQ ID NO:216) 80.000

Table XLI

Results of BIMAS HLA Peptide Binding Prediction Analysis for

Binding of Mouse WT1 Peptides to Human HLA A 0201

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)

1 126 RMFPNAPYL (SEQ ID NO:293) 313.968
2 187 SLGEQQYSV (SEQ ID NO:299) 285.163
3 10 ALLPAVSSL (SEQ ID NO:255) 181.794
4 225 NLYQMTSQL (SEQ ID NO:284) 68.360
5 292 GVFRGIQDV (SEQ ID NO:270) 51.790
6 93 TLHFSGQFT (SEQ ID NO:302) 40.986
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Results of BI MAS HLA Peptide Binding Prediction Analysis for
Human WI'1 Peptides to Mouse WHC C ass |

Kd Score

Bi ndi
(Estimate of Half

ng of
Ti me of

Di sassociwDiogn3®ho Start a Ml ecul e Contai ni ng Rank Posi t ipom/USob3aguence

Resi due Listing This Subsequence)

1 285 QYRIHTHGV (SEQ I D NO 175 600. 000 2

424 KFARSDELV (SEQ ID NO 119 288.000 3 334 YFKLSHLQM (SEQ I D NG 248
120. 000 120 WO 03/037060 PCT/ US02/ 35194 Score (Estimate of Half
Di sassoci ation of Start a Ml ecule Containing Rank Position Subsequence

Resi due Listing This Subsequence)

4 136 SCLESQPTI

Ti me of

(SEQ I D NG 199 115.200 5

115. 200
80. 000
42)

SEQ I D
NALL

A

8. 000
144
ts of

239 NQVNLGATL (QF‘ LD NO 151 115 200 6 10 AlLlLPAVSS] (QIZQ LD _NO 38)
7 47 AYGSLGGPA (SEQ I D N 41) 86.400 8 180 DPvECEERre (Estimatapitaliso
9 270 GYESDNH[A (SEQ I D NO 105 72.000 10 326 AYP \Pigagsesiationmeh
60. 000 11 19P QYSVPPIMY |(SEQ I D NO 176) 60, Q00 |18 Moec AP (
NO 70) 57. 600[ Rank pBositiopHc dueLitink sy gdhiS SURSagENeR)rp)
(SEQ | D NO 62) 275009115 QQ¥F¥EARM SEQIPANQBIRN 52) 5728366 16 204
SCTGSQALL ( SER 8D NO? YR D AN A (SEQTVEBBRI0 149
18 207 DSCTGSRAQ ([ SE@*1 D INNMTKUYALIBEQID NG:BBNAPYI PSCI 16428) 1 D NO
48.000 20 235 CMINCEAL |(GIHDVNOMIL BEQ MBNO®SS) Tabl e XAPL1 Resul
Bl MAS HLA Peptitle Bi ndi nq PLAALEPAYASERADNE:26%) o 11.998

12 242 | NLGATLKGM (SEQ ID NO:283) 11.426

13 227 | YQMTSQLEC (SEQ ID NO:307) 8.573

14 239 | NQMNLGATL (SEQ ID NO:286) 8.014

15 309 | TLVRSASET (SEQ ID NO:303) 7.452

16 408 | KTSEKPFSC (SEQ ID NO:277) 5.743

17 340 | LQMHSRKHT (SEQ ID NO:280) 4.752

18 228 | QMTSQLECM (SEQ ID NO:289) 4.044

19 37 | VLDFAPPGA (SEQ ID NO:304) 3.378

20 302 | RVSGVAPTL (SEQ ID NO:295) 1.869

Table XLII
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Mouse WT1 Peptides to Mouse MHC Class | Db
Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subseguence Residue Listing This Subsequence)

1 221 | YSSDNLYQM (SEQ ID NO:308) . 312.000

2 126 | RMFPNAPYL (SEQ ID NO:293) 260.000

3 235 | CMTWNQMNL (SEQ ID NO:258) 260.000

4 437 | MHQRNMTKL (SEQ ID NO:281) 200.000

5 238 | WNQMNLGAT (SEQ ID NO:305) 12.000

6 130 | NAPYLPSCL (SEQ ID NO:282) 8.580

7 3 SDVRDLNAL (SEQ ID NO:298) 7.920

8 136 | SCLESQPTI (SEQ ID NO:296) 7.920

9 81 AEPHEEQCL (SEQ ID NO:254) 6.600

10 10 ALLPAVSSL (SEQ ID NO:255) 6.600

11 218 | RTPYSSDNL (SEQ ID NO:294) 6.000

12 441 | NMTKLHVAL (SEQ ID NO:285) 3.432

13 228 | QMTSQLECM (SEQ ID NO:289) 3.120

14 174 | HSFKHEDPM (SEQ ID NO:272) 3.120

15 242 | NLGATLKGM (SEQ ID NO:283) 2.640

16 261 | TEGQSNHGI (SEQ ID NO:301) 2.640

17 225 | NLYQMTSQL (SEQ ID NO:284) 2.640
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Bi ndi ng of Human WI'1 Peptides to Mouse MHC Class | Kk Score (Estimate of
Half Tinme of Disassociation of Start a Ml ecule Containing Rank Position
Subsequerwe oR®3i0cde Li sting This Subsequence) 1 81 AEPHEBQTIUS(BEX4 D

NG 30) 40.000 2 85 EEQCLSAFT (SEQ I D NGO 65) 40.000 3 429 DELVRHHNM (SEQ I D
NG 53) 20.000 4 315 SETSEKRPF (SEQ I D NG 209) 20.000 5 261 TEGQSNHST ( SEQ
I D NO 221 20.000 6 410 SEKPFSCRW (SEQ I D NG 207 10.000 7 272 ESDNHTTPI
(SEQ ID NO 71 10.000 8 318 SEKRPFMCA (SEQ I D NG 208) 10.000 9 138
LESQPAIRN (SEQ I D NO 132 10.000 10 233 LECMIWOQM (SEQ I D NO 131 10.000 11
298 QDVRRVPGV LSEQ 1D NQ 164 10 000 12 84 HEEQCLSAE (SEQ 1D NQ 107) 10. 000
13 349 GEKPY (SEQ ID NO. 91 10.000 14 289 HTHGHrREE (Estigrats pHHalty [113

10. 000 121 03/ 037060 PCT/ US02/ 35194 Score (EstM&&i Qisassopigtion qfi f[ve of

Di sassoci ation of |St#t a Ml ecul e Containing RaMPBY? FORABINGselquence
Resi due Li st i ndrafhkil £osition o qdbgagiience-Residyetistiancs Tniserybsed 3. 000 16
136 SCLESQPAI [($BQ!I RO 1 HSCTGERAL SESINNORE6ANGOVRI ( SERSPH NO 114 5. 000
18 273 SDNHTTRLIO(SEQ1OD 56 MEBEQ 13 NO2BBRHE| VRHHNEB8EQ | D NG 203
4.000 20 3 SDHvEBI NAL 18 SEQLEBAUGCEKESEQ HANO: 279 e XXXI X2B8& 1l t s of| BI MAS
HLA Peptide Binding Prediction Analysis for Binding of Human WI'l Pepti des
to Mouse MHC C ass | Ld

Table XLl
Results of BIMAS HLA Peptide Binding Prediction Analysis for
Binding of Mouse WT1 Peptides to Mouse MHC Class | Kb

Score (Estimate of Half
Time of Disassociation of
Start a Molecule Containing
Rank | Position | Subsequence Residue Listing This Subsequence)
1 329 GCNKRYFKL (SEQ ID NO:268) 24.000
2 225 NLYQMTSQL (SEQ ID NO:284) 10.000
3 420 SCQKKFARS (SEQ ID NO:297) 3.960
4 218 | RTPYSSDNL (SEQ ID NO:294) 3.630
5 437 MHQRNMTKL (SEQ ID NO:281) 3.600
6 387 TCQRKFSRS (SEQ ID NO:300) 3.600
7 289 HTHGVFRGI (SEQ ID NO:273) 3.000
8 130 NAPYLPSCL (SEQ ID NO:282) 3.000
9 43 PGASAYGSL (SEQ ID NO:287) 2.400
10 155 DGAPSYGHT (SEQ ID NO:260) 2.400
11 126 RMFPNAPYL (SEQ ID NO:293) 2.200
12 128 FPNAPYLPS (SEQ ID NO:267) 2.000
13 207 DSCTGSQAL (SEQ ID NO:263) 1.584
14 3 SDVRDLNAL (SEQ ID NO:298) 1.584
15 332 KRYFKLSHL (SEQ ID NO:276) 1.500
16 233 | LECMTWNQM (SEQ ID NO:278) 1.320
17 18 LGGGGGCGL (SEQ ID NO:279) 1.320
18 242 NLGATLKGM (SEQ ID NO:283) 1.200
19 123 GQARMFEPN (SEQ ID NO:269)A 1.200
20 441 NMTKLHVAL (SEQ ID NO:285) 1.200
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Score (Estimate of Half Tine of Disassociation of Start a Ml ecule

Cont ai ni ng Rank Position Subsequence Residue Listing This Subsequence) 1
163 TPSHHMO@B/0§8EHQ | D NO 228) 360. 000 2 327 YPGCNKRYF ( SE@CIISHEBASO)
300.000 3 180 DPMGEQQGSL (SEQ I D NG 59) 150.000 4 26 LPVSGAAQW (SEQ ID
NO 138 93.600 5 278 TPILCGAQY (SEQ I D NO 227) 72.000 6 141 QPAI RNQGY ( SEQ
| D NO 170) 60.000 7 219 TPYSSDNLY (SEQ I D NO 231 60.000 8 303 VPGVAPTLV
(SEQ I D NG 242) 60.000 9 120 ASSGQARMF (SEQ I D NO 40) 50.000 10 63
PPPPPPHSF (SEQ | D NGO 158) 45.000 11 113 GPPPPSQAS (SEQ I D NGO 97) 45.000
12 157 TPSYGHTPS (SEQ I D NGO 229) 39.000 13 207 DSCTGSQAL (SEQ I D NGO 61)
32.500 14 110 GPFGPPPPS (SEQ I D NO Bfje 8ONVO00 15 82 EPHEEQCLS (SEQ I D
NO 68) 30.000 16 412 KPF CRV\PS SEQ 1D NO 12% 30 000 |17 Af118 WPSCQKKFA
(SEQ 1 D NO 246) 30. Bggplts-pb BBAS A kigpiige Bindiag, llep 20alVe8 1R800 19 204
TPTDSCTGS (SEQ | D NOBiAd o?%QQ@WT&QDeb%&eﬁBW\éme@E@sM RJaNC: 79) 30. 000
122 WO 03/ 037060 PCT/US02/ 35194 Table XL Results of BIMAS HLA Peptide

Bi ndi ng Predi gtronTATatysrs—for— Brmdimg—of—Hoem Qattle
HLA A20 Score|(Est{mate olf Hal f Time of Disasso¢ Sﬂdg}gﬁgg‘é’éégf Hrégtfc
Mol ecul e Cont fi ni ng Bapk [Position Subsequence Res$i dugydduid C&daifh bS
Subsequence) | haRePphei m\ﬁqc%%s(eé%acb@e'y@u@@stiﬂé)o D. O8his Subsequence)

1 285 QYRIHTHGV (SEQ ID NO:291) 600.000

2 424 KFARSDELV (SEQ ID NO:275) 288.000

3 334 YFKLSHLQM (SEQ ID NO:306) 120.000

4 136 SCLESQPTI (SEQ ID NO:296) 115.200

5 239 | NQMNLGATL (SEQ ID NO:286) 115.200

6 10 ALLPAVSSL (SEQ ID NO:255) 115.200

7 47 AYGSLGGPA (SEQ ID NO:256) 86.400

8 180 | DPMGQQGSL (SEQ ID NO:262) 80.000

9 270 GYESDNHTA (SEQ ID NO:271) 72.000

10 192 QYSVPPPVY (SEQ ID NO:292) 60.000

11 326 AYPGCNKRY (SEQ ID NO:257) 60.000

12 289 HTHGVFRG! (SEQ ID NO:273) 57.600

13 4 DVRDLNALL (SEQ ID NO:264) 57.600

14 126 RMFPNAPYL (SEQ ID NO:293) 57.600

15 209 | CTGSQALLL (SEQ ID NO:259) 48.000

16 B6 EQCLSAFTL (SEQ ID NO:265) 48.000

17 302 RVSGVAPTL (SEQ ID NO:295) 48.000

18 218 RTPYSSDNL (SEQ ID NO:294) 48.000

19 272 ESDNHTAPI (SEQ ID NO:266) 48.000

20 225 | NLYQMTSQL (SEQ ID NO:284) 48.000

5 Table XLV
Results of TSites Peptide Binding Prediction Analysis for

Human WT1 Peptides Capable of Eliciting a Helper T cell Response

Peptide | Sequence

p6-23 RDLNALLPAVPSLGGGG (SEQ ID NO:1)

p30-35 GAAQWA (SEQ ID NQ:309)

p45-56 ASAYGSLGGPAP (SEQ ID NO:310)

p91-105 | AFTVHFSGQFTGTAG (SEQ ID NO:311)

p117-139 | PSQASSGQARMFPNAPYLPSCLE (SEQ ID NO:2)
p167-171 | HAAQF (SEQ ID NO:312)

p202-233 | CHTPTDSCTGSQALLLRTPYSSDNLYQMTSQL (SEQ ID
NO:313)

p244-262 | GATLKGVAAGSSSSVKWTE (SEQ ID NO:4)
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2 319 EKRPFMCAY (SEQ I D NG 67) 500.000 3 423 KKFARSDEL (SEQ I D NG 122)

500. 000 4 345 RKHTGEKPY (SEQ I D NO 184) 500.000 5 390 RKFSRSDHL (SEQ ID
NO 183) 580.080870666 137 CLESQPAIR (SEQ I D NG 47) 120.000 PCIABONBRPOCKTC
(SEQ I D NO 239) 100.000 8 407 GKTSEKPFS (SEQ I D NO 95) 100.000 9 335
FKLSHLQVH (SEQ I D NO 78) 100.000 10 247 LKGVAAGSS (SEQ I D NO 135) 100. 000
11 370 LKRHQRRHT (SEQ I D NO 136) 100.000 12 258 VKWEGQEN (SEQ | D NO 240)
100. 000 13 398 LKTHTRTHT (SEQ ID NO 137) 100.000 14 331 NKRYFKLSH (SEQ ID
NO 145) 100.000 15 357 FKDCERRFS (SEQ ID NO 77) 100.000 16 385 CKTCQRKFS
(SEQ |1 D NO 46)_100.00 11 294 FRGLQDVRR {SEQ1-D-NG-81)- 8Q_an 18 368
DQLKRHORR ( SE(PERidR0 KPsausr | 0. 000

20 118 SQASSGLRE87-3¥EQ E*IBTN:@\Q?E@'O@NWG\BAPMM A)%_TSRASEQtIQNQS‘B}) S HLA
Pepti de Bi ndi np333-336 CRYDK GEQ IBNO-FI8) Bi nding of Muse W1 Peptildes to
Human HLA A 02036130 pERBESREBOEKBHAHASEQ IDING3H) Di sassociation off Start
a Ml ecul e Conp38%4 ity RRKKSREBHLKOHTRUHTEKTIS n¢SERESNARI7)i sti ng Thils
Subsequence) | 421264 IRMEEKAPABSDEEZRHBNMBIGRIS) (SEXBIDRO:381 87 SLGEQQYSV ( SEQ
I D NO. 299) 285.163 3 10 ALLPAVSSL (SEQ I D NO 255) 181.794 4 225 NLYQWTSQL

TUHESGRFT (SEQ 1 D o 965720 BP0 85 oS0 Pt R Ao 7

further study. For each peptide in Table XLVI, scores obtained using BIMAS

HLA peptide binding prediction analysis are provided.

5 Table XLVI
WT1 Peptide Sequences and HLA Peptide Binding Predictions

Peptide Sequence Comments
p329-337 GCNKRYFKL Score 24,000
(SEQ ID NOs: 90 and
268)
p225-233 NLYQMTSQL binds also to class |l and HLA A2,
(SEQ ID NOs: 147 | Kd, score 10,000
and 284)
p235-243 CMTWNQMNL binds also to HLA A2, score
(SEQ ID NOs: 49 and | 5,255,712
258)
p126-134 RMFPNAPYL binds also to Kd, class Il and HLA
(SEQ ID NOs: 185 | A2, score 1,990,800
and 293)
p221-229 YSSDNLYQM binds also to Ld, score 312,000
(SEQ ID NOs: 253
and 308)
p228-236 QMTSQLECM score 3,120
(SEQ ID NOs: 169
and 289)
p239-247 NQMNLGATL binds also to HLA A 0201, Kd, score
(SEQ ID NOs: 151 8,015
and 286)
mouse  p136- | SCLESQPTI binds also to Kd, 1mismatch to
144 (SEQ ID NO:296) human
human p136- | SCLESQPAI score 7,920
144 (SEQ ID NO:198)
mouse p10-18 ALLPAVSSL binds also to Kd, HLA A2, 1
(SEQ ID NO:255) mismatch to human
human p10-18 | ALLPAVPSL score 6,600
(SEQ ID NO:34)

127



Score (Estimate of Half Tine of Disassociation of Start a Ml ecule

Contai ning Rank Position Subsequence Residue Listing This Subsequence) 7
191 QQYSWPBRY0§8BEQ | D NO 290) 22.566 8 280 | LCGAQYRI ( SEQPCIDyUNQ2/ZA49 17. 736
9 441 NMIKLHVAL (SEQ I D NG 285 15.428 10 235 CMI'VWNQWNL ( SEQ | D NGO 258)
15.428 11 7 DLNALLPAV (SEQ ID NO 261) 11.998 12 242 NLGATLKGM (SEQ I D

NO 283) 11.426 13 227 YQWISQLEC (SEQ I D NO 307) 8.573 14 239 NQVNLGATL
(SEQ I D NG 286 8.014 15 309 TLVRSASET (SEQ ID NO 303) 7.452 16 408
KTSEKPFSC (SEQ I D NO 277 5.743 17 340 LQVHSRKHT (SEQ I D NG 280 4.752 18
228 QVITSQLECM (SEQ I D NG 289 4.044 19 37 VLDFAPPGA (SEQ I D NO 304) 3.378
20 302 RVSGVAPTL (SEQ IPapiie ARding fo C&¥BI/6 hadine MHC waRkesnfirthed osingBthHegAS HLA

Peptide Binding Predictio nal ysis for i.ndi n f se 1 _Peptides to
Mouse MHC C ad kaBoce@d'B? E‘NfAESt %/Sn‘éqsé”l?ﬂd Wil””gg’ﬁ%rfg ab*'f\ﬁ%”?aa\s%égpét i on of
SUbSeaUEnce) 2ot Yo YO (S N 08 000, o 126 FEBRAPYL. ( SEO
ubsequence : . .

| D NO 293) 260Nastn S@WWMLFQSSE@Q%M%S%%?W@a ed37
MHORNMTKL  ( SEGh b Bad¥weiBdf 2280wEPPatennd FeubiialMlseh BidnetdwitPtdO: 305) 12.000 6
130 NAPYLPSCL (SEQ I D NGO 28 NAL cf,S,EQ | D NO 298) 7.920 8

1 282) 8.580 7 3 SDVRDL
136 SCLESQPTI %sm?tPﬁpm%é%%UW@m‘G@OBff ahgp ditispal 3 heugebs4) 6. 600

37°C in complete medium. Cells wers then washed three times and stained
with fluorescein isothiocyanate-conjugated anti D° or anti-K® antibody
(PharMingen, San Diego, CA). Labeled cells were washed twice, resuspended

10 and fixed in 500ul of PBS with 1% paraformaldehyde and analyzed for
fluorescence intensity in a flow cytometer (Becton-Dickinson FACSCalibur®).
The percentage of increase of D® or K® molecules on the surface of the RMA-S
cells was measured by increased mean fluorescent intensity of cells incubated
with peptide compared with that of cells incubated in medium alone.

15 Mice were immunized with the peptides capable of binding to
murine class | MHC. Following immunization, spleen cells were stimulated in
vitro and tested for the ability to lyse targets incubated with WT1 peptides. CTL
were evaluated with a standard chromium release assay (Chen et al., Cancer
Res. 54:1065-1070, 1994). 10° target cells were incubated at 37°C with

20 150uCi of sodium ®1Cr for 90 minutes, in the presence or absence of specific
peptides. Cells were washed three times and resuspended in RPMI with 5%
fetal bovine serum. For the assay, 10* *'Cr-labeled target cells were incubated
with different concentrations of effector cells in a final volume of 200ul in U-
bottomed 96-well plates. Supernatants were removed after 4 to 7 hours at

25 37°C, and the percentage specific lysis was determined by the formula:

% specific lysis = 100 x (experimental release - spontaneous
release)/(maximum release-spontaneous release).

The results, presented in Table XLVII, show that some WT1
peptides can bind to class | MHC molecules, which is essential for generating

30 CTL. Moreover, several of the peptides were able to elicit peptide specific CTL
(Figures 9A and 9B), as determined using chromium release assays. Following
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10 10 ALLPAVSSL (SEQ ID NO 255 6.600 11 218 RTPYSSDNL (SEQ I D NO 294)
6.000 12 441 NMIKLHVAL (SEQ I D NO 285) 3.432 13 228 QWISQLECM (SEQ I D
NO 289 3.wWP®3/031M6d 74 HSFKHEDPM (SEQ I D NG 272 3.120 15 222TNISGXI1KCEM ( SEQ
D NO 283) 2.640 16 261 TEGQSNHGE (SEQ ID NO 301) 2.640 17 225 NLYQMISQL
(SEQ I D NG 284) 2.640 124 WD 03/037060 PCT/ US02/35194 Score (Estimate of
Half Tinme of Disassociation of Start a Ml ecule Contai ning Rank Position
Subsequence Residue Listing This Subsequence) 18 207 DSCTGSQAL (SEQ ID
NO 263 2. 600 19 119 QASSGQARM (SEQ I D NO 288) 2.600 20 18 LGGEEGEECE. ( SEQ
I D NO 279) 2.600 Table XLIII Results of BIMAS HLA Peptide Binding

Predi ction An%bf@h&aﬁdhrto @Lrﬁép%scmowtsmawréﬁéem Kigsan, p1déise MHC d ass |
Kb Score (Estimate of Half Tinme of Disassoclation of Start a Mol ecul e

Cont ai ni ng Ramouseand pd3P-2hh Pepliferpecifie &l b likes WargdRaerfied g Gloe uence) 1
329 GONKRYFKL wferEEAthihshEd. Zﬁ@segéstﬂg’ﬁ’ﬁd%a?e?tﬁa ET %&mé@i@ caRkNO 284) 10. 000
3 420 SCQ(KFARS (SEQ I'D NO 297) 960 SDNL ( SEQ I D NG 294)
3.630 5 437 mmmﬁellq%mssmwum 5600 6 587 TOORKFSRS ( SEQ | D

NO. 300) 3.6§0 7 289 HTHGVFRG ( SEQ B dN@\A73) 3.000 8 130 NAPYLPSCL (SEQ

I D NO 282) 3.000 9 43 PGASAYGSL (SEQ TD NO 287) 2.400 10 155 DGAPSYGHT
(SEQ | D NO 260) 2. 408inding of WT1 CTL Peptides to mouse B6 class | antigens

Peptide Binding Affinity to Mouse MHC Class |
Positive control 91%
negative control 0.5.-1.3%
p235-243 33.6%
p136-144 mouse 27.9%
p136-144 human 52%
p10-18: human 2.2%
p225-233 5.8%
p329-337 1.2%
p126-134 0.9%
p221-229 0.8%
p228-236 1.2%
p239-247 1%
EXAMPLE 5

Use OF AWT1 PoLYPEPTIDE TO ELICIT WT1 SpeciFic CTL IN MICE
10 This Example illustrates the ability of a representative WT1
polypeptide to elicit CTL immunity capable of killing WT1 positive tumor cell
lines. '
P117-139, a peptide with motifs appropriate for binding to class |
and class Il MHC, was identified as described above using TSITES and BIMAS
15 HLA peptide binding prediction analyses. Mice were immunized as described
in Example 3. Following immunization, spleen cells were stimulated in vitro and
tested for the ability to lyse targets incubated with WT1 peptides, as well as
WT1 positive and negative tumor cells. CTL were evaluated with a standard
chromium release assay. The results, presented in Figures 10A-10D, show
20 that P117 can elicit WT1 specific CTL capable of killing WT1 positive tumor
cells, whereas no killing of WT1 negative cells was observed. These results

demonstrate that peptide specific CTL in fact kill malignant cells expressing
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11 126 RMFPNAPYL (SEQ ID NO 293) 2.200 12 128 FPNAPYLPS (SEQ I D NO 267)
2.000 13 207 DSCTGSQAL (SEQ ID NO 263) 1.584 14 3 SDVRDLNAL (SEQ ID

NO 298) 1wb84/03760 332 KRYFKLSHL (SEQ I D NGO 276) 1.500 16 P233ShESVIAANQV
(SEQ ID NG 278) 1.320 17 18 LGGGGECECGE. (SEQ ID NGO 279) 1.320 18 242
NLGATLKGM (SEQ I D NG 283) 1.200 19 123 GQARMFPN (SEQ I D NO 269) A 1.200 20
441 NMIKLHVAL (SEQ I D NO 285) 1.200 125 WD 03/037060 PCT/ US02/ 35194 Table
XLI'V Results of BIMAS HLA Peptide Binding Prediction Analysis for Binding
of Mouse WI1 Peptides to Mouse MHC Class | Kd Score (Estimate of Half Tinme
of Disassociation of Start a Ml ecule Containing Rank Position Subsequence
Resi due Li sti mgTThnhsthaiNzrersane d)cell ihelddy dy BYfddTiiEagditEQdlifhadcled91 600. 000 2
424 KFARSDELV S(Eaggl D 275 288.000 3 334 YFKLSHLQM (SEQ I D NG 306)

120. 000 4 138"BEXREIHWT(SEQ I D NO 296) 115.200 5 239 NQWNLGATL (SEQ ID

(N(S)EéB?)D %5.23208 6438 sghil%gﬁsuniéa&ms W@rd\&rﬂ);ﬁﬁéd 1§i6g #R®-mér dFssAYCSLGGPA
. . 40 1 262) 80.000 9 270
GYESDNHTA ( SEMHGbgng pep ?%%Q‘%%@gﬁg%%ﬁ%ﬂ%eﬁé) 60. 000
11 326 AYPGEN Et[igiLeiﬁ@?lﬁgN@oWhg Bt HEAtiod, pkeA cEllsafER@nulatidGh | D NO 273)
57.600 13 4 NALL (SEQ I D NO 264 6 RVEPNAPYL (SEQ I D

NO: 293) 57. eocy\i{ml"ﬂ'thz%?@h etrthsdpqpiide tp%&%%?%@@j%gb%@@jgets incubate
with WT1 peptides. CTL were generated specific for p136-144, p235-243 and
p117-139, but not for p225-233. CTL data for p235-243 and p117-139 are
presented in Figures 11A and 11B. Data for peptides p136-144 and p225-233

10 are not depicted.

CTL lysis demands that the target WT1 peptides are
endogenously processed and presented in association with tumor cell class |
MHC molecules. The above WT1 peptide specific CTL were tested for ability
to lyse WT1 positive versus negative tumor cell lines. CTL specific for p235-

15 243 lysed targets incubated with the p235-243 peptides, but failed to lyse cell
lines that expressed WT1 proteins (Figure 11A). By marked contrast, CTL
specific for p117-139 lysed targets incubated with p117-139 peptides and also
lysed malignant cells expressing WT1 (Figure 11B). As a negative control, CTL
specific for p117-139 did not lyse WT1 negative EL-4 (also referred to herein

20 as E10).

Specificity of WT1 specific lysis was confirmed by cold target
inhibition (Figures 12A-12B). Effector cells were plated for various effector:
ta.rget ratios in 96-well U-bottom plates. A ten-fold excess (compared to hot
target) of the indicated peptide-coated target without *'Cr labeling was added.

25 Finally, 10* ¥'Cr-labeled target cells per well were added and the plates
incubated at 37°C for 4 hours. The total volume per well was 200pl.

Lysis of TRAMP-C by p117-139 specific CTL was blocked from
58% to 36% by EL-4 incubated with the relevant peptide p117-139, but not with
EL-4 incubated with an irrelevant peptide (Figure 12A). Similarly, lysis of BLK-

30 SV40 was blocked from 18% to 0% by EL-4 incubated with the relevant peptide
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16 86 EQCLSAFTL (SEQ I D NO 265) 48.000 17 302 RVSGVAPTL (SEQ I D NGO 295)

48. 000 18 218 RTPYSSDNL (SEQ I D NO 294) 48.000 19 272 ESDNHTAPI (SEQ ID
NO 266) AM8006037080 225 NLYQMITSQL (SEQ I D NG 284) 48.000 PCTaishy3MbAV
Results of TSites Peptide Binding Prediction Analysis for Human W1

Pepti des Capable of Eliciting a Helper T cell Response Peptide Se uence
p6-23 RDLNALLPAVPSLGGGG (SEQ I D NO 1) p30-35 GAAQMA (SEQ I D NO 309) p45-56
ASAYGSLGGPAP SEQ I D NO 310 p91-105 AFTVHFSGQFTGTAG (SEQ I D NO 311 117-139
PSQASSGQARMFPNAPYLPSCLE (SEQ ID NO 2) 167-171 HAAQF (SEQ I D NO 312)

p202- 233 CHTPTDSCTGSQALLLRTPYSSDNLYQWTSQL (SEQ I D NO 313 p244-262
GATLKGVAAGSSSSYHYWED (FRitie: b )} éguuslaﬁidm@t@aalm?gg,aide 4iROBTI35194  Pepti de
Sequence p287-318 Rl HTHGVFRA QDVRRVPGVAPTLVRSAS SBSS ('1) | D NO 314 p333-336
RYFK (SEQ | D Nerdficgliy,st matignanteglis Sraesoopitiprri rseessees K3 1316 p389- 41
QRKFSRSDHL KTHTRTHTGKTS 5358 ddgmiRts?ih pUtdiRd ot n Sk BABSHaRYRARHVHQRN ( SEQ
I D NO 318 Certain CTL_peptides (shown in Table XLVIL were sel ected for
further study.P1ESY32al dplepring e piecemsenusnog of e 6T espipeal petentiali ng BI MAS
HLA pept i deg bigad hi€Hirh i i ' _ | WI'1
Pepti de Seqiefggg’%ﬁgaﬁ%ﬁigﬁﬁ@éﬁﬁ?%@ﬁﬁﬁﬁﬂ?ggﬁévf'ﬁzgﬁ ﬁéﬁgg\(aé uence
Comment s p329-PRBtidestpiRY3d anddiBe-138) \were shewEt hims tadd-2° gdigssaind

molecules (Table XLVIIl). CTL generated by immunization with p117-139 lysed
targets incubated with p126-134 and p130-138, but not the other 9-mer
peptides within p117-139 (Figure 13A).

10 The p117-139 specific CTL line was restimulated with either
p126-134 or p130-138. Following restimulation with p126-134 or p130-138,
both T cell lines demonstrated peptide specific lysis, but only p130-138 specific
CTL showed lysis of a WT1 positive tumor cell line (Figures 13B and 13C).
Thus, p130-138 appears to be the naturally processed epitope.

15 Table XLVIII
Binding of WT1 CTL 9mer Peptides within p117-139 to mouse B6 class |
antigens
Binding Affinity to
Peptide Mouse MHC Class |

P117-125 PSQASSGQA (SEQ ID NO:221) 2%

P118-126 SQASSGQAR (SEQ ID NO:216) 2%

P119-127 QASSGQARM (SEQ ID Nos: 161 and | 2%

288)

P120-128 ASSGQARMF (SEQ ID NO:40 1%

P121-129 SSGQARMFP (SEQ ID NO:222) 1%

P122-130 SGQARMFPN (SEQ ID NO:212) 1%

P123-131  GQARMFPNA (SEQ ID Nos: 98 and | 1%

269)

P124-132 QARMFPNAP (SEQ ID NO:223) 1%

P125-133 ARMFPNAPY (SEQ ID NO:38) 1%

P126-134 RMFPNAPYL (SEQ ID NOs: 185 and | 79%

293)

P127-135 MFPNAPYLP (SEQ ID NO:224) 2%

P128-136 FPNAPYLPS (SEQ ID NOs: 79 and 267) | 1%

P129-137 PNAPYLPSC (SEQ ID NO:225) 1%

P130-138 NAPYLPSCL (SEQ ID NOs: 144 and | 79%

282)

P131-139  APYLPSCLE (SEQ ID NO:226) 1%
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268) p225-233 NLYQUTSQL binds also to class Il and HLA A2, (SEQ I D NGCs:
147 Kd, score 10,000 and 284) p235-243 CMIVWQWNL bi nds also to HLA A2,
score (SEQOB@BMEE: 49 and 5, 255,712 258) pl26-134 RMFPNARPYIUSb2/8/d84 al so to
Kd, class Il and HLA (SEQ ID NGs: 185 A2, score 1,990,800 and 293)
p221-229 YSSDNLYQM bi nds also to Ld, score 312,000 (SEQ ID NGs: 253 and
308) p228-236 QUTSQLECM score 3,120 (SEQ ID NGs: 169 and 289) p239-247
NQWNLGATL binds also to HLA A 0201, Kd, score (SEQ ID NGs: 151 8,015 and
286) nouse pl36- SCLESQPTI binds also to Kd, 1 msmatch to 144 (SEQ ID

NG 296) human human pl136- SCLESQPAlI score 7,920 144 (SEQ I D NG 198) nouse
pl10- 18 ALLPAVSSL binds also to Kd, MM’QLE& (SEQ | D NO 255) mismatch to

human human pl10- 13 ALLPAVPSL ‘P § 0, 600 _W@ 1@7 WD 03/ 037060
PCT/ US02/ 35194 P B‘f“fT&féFABPH&’F?{g‘( P H’b PH\%E "\/é% WRE i rmed usi ng
the leukema cell [i neTFﬂhd‘ExSmp@mlmé@eltrh@@bemeaoagé astebtwah ., Nature
346: 476- 480, 1990. |n brief, RMA-S cells were cultured for 7 hours at 26C

in conplete ﬁBE‘F'WE‘Uﬁ‘rJ’Pé?f@rﬁ”@d’eW"ﬂ% 1 % FCS. Atotal of 106 RVA-S cells
were added  into eachpgbhudar dedndiBlidoldtdPb\Edetiafy hraaiehat ed either al one

or wth the

centrifugation, and were immediately frozen and stored at -809C until analyzed
by RT-PCR for the presence of WT1 specific mMBRNA. RT-PCR was generally
performed as described by Fraizer et al., Blood 86:4704-4706, 1995. Total
RNA was extracted from 107 cells according to standard procedures. RNA

10 pellets were resuspended in 25 ul diethylpyrocarbonate treated water and
used directly for reverse transcription. The zinc-finger region (exons 7 to 10)

~ was amplified by PCR as a 330 bp mouse ¢cDNA. Amplification was performed

in a thermocycler during one or, when necessary, two sequential rounds of
PCR. AmpliTag DNA Polymerase (Perkin Elmer Cetus, Norwalk, CT), 2.5 mM

15  MgCl; and 20 pmol of each primer in a total reaction volume of 50ul were used.
Twenty uL aliquots of the PCR products were electrophoresed on 2% agarose
gels stained with ethidium bromide. The gels were photographed with Polaroid
film (Polaroid 667, Polaroid Ltd., Hertfordshire, England). Precautions against
cross contamination were taken following the recommendations of Kwok and

20 Higuchi, Nature 339:237-238, 1989. Negative controls included the cDNA- and
PCR-reagent mixes with water instead of cDNA in each experiment. To avoid
false negatives, the presence of intact RNA and adequate cDNA generation
was evaluated for each sample by a control PCR using g-actin primers.
Samples that did not amplify with these primers were excluded from analysis.

25 Primers for amplification of WT1 in mouse cell lines were: P115:
1458-1478: 5 CCC AGG CTG CAA TAA GAG ATA 3 (forward primer; SEQ ID
NO:21); and P116: 1767-1787: 5 ATG TTG TGA TGG CGG ACC AAT 3
(reverse primer; SEQ ID NO:22) (see Inoue et al, Blood 88:2267-2278, 1996;
Fraizer et al., Blood 86:4704-4706, 1995).
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desi gnated peptide (25ug/m) for 16 hours at 26C and additional 3 hours at
37C in conplete nmedium Cells were then washed three tinmes and stained

wi th fl uowess®s166 sot hi ocyanat e-conj ugated anti Db or ant PCKuSansiibody
(Phar M ngen, San Diego, CA). Labeled cells were washed tw ce, resuspended
10 and fixed in 500ul of PBS with 1 % par af or mal dehyde and anal yzed for
fluorescence intensity in a flow cytoneter (Becton-Di ckinson

FACSCal i bur(err)). The percentage of increase of Db or Kb nol ecules on the
surface of the RVA-S cells was neasured by increased nean fl uorescent
intensity of cells incubated wth peptide conpared with that of cells

i ncubated in nmedium al CB@eaAatﬁ d\vh@esw@emn itrf@“auﬁ'traleeawoh@wmesr@p@i des capabl e
of binding to nurine class OV\ARg gna% aélon gleen cells
were stinul at &Ggr?GQ/PPPGA‘%ﬁ@ﬁCeQP‘@d(SPB?e preerapkH; IPWNQ:83) 9rdS1GHget s

i ncubated wit TWAAPGQ‘UN@@CA@GATW@S Qé’rﬂlhéwée?ilmyrt%@ﬁl\l rd chrom um
rel ease assay (Chen et al Cancer Res. 54:1065-1070 1994) 06 target
celI's were incubated atPrgees faF use in@mpltyngriuman Wit nehidamPE16950or 90

mnutes, in ”!#4]05 W%?CWG@@%@@@G%&GRN? ESEQ Q?Nb‘z‘?k?sand@qhbs wer e
washed three times and resus‘gende in Wi 5% fetal bovine serum For

the assay, 10(14Rf)1414€S GAEA BW@EW&AA@MA@%K@EPH@M@ea‘Ww th
different con Pfeeﬁv POR. Ymeit iRl pPA): h6ad fodd: b ey il gom oy 2001 Tn -

bott omed 96-we Eer natants were renoved after hours at 25
37C, and the d&&@ﬁﬁ@%éd& X IPND6); gnd\/ﬁé%léﬁéﬁﬁﬁﬁ%& ’b'(}AtM@ C@Dnul a %
specific lysi Phes #)ease - spontaneous

rel ease)/(naxfcnumére eAaée sp okﬁ‘e‘%&sdr 1ease). The results, presented in
Tabl e XLVI 19 show t hat Tebhduwnshqwghe tesylts VB RER anatyisissd mouskeiC

o el oS Sy RTSE Wifh 1 19PN hen SRRV Several o
as det er mi ned anwilificption podisctrim trelfeasmpa%ﬁﬁ(ﬁﬁ (+RFopindeatesqa WI28 WO 03/ 037060 ’

PCT/ US02/ 3519 44 human,
pl136- 144 rmusée}méd ngé%ﬂé%% cétgtggtgkﬁﬁst@é?lﬁf%es Jf)grqdc‘gart\éesr ated and
cl ones vver e easpradnjat tHaed. deﬁmm mre;smlthe;seamdd sipof Wi RPEEH, ded gpecific CTL

can kill ant X ssing Wl. 5 Table XLVII Binding of W1 CTL
Pepti des t W@ﬁng%ﬁye gens

Table XLIX
Detection of WT1 mRBNA in Mouse Tumor Cell Lines

Cell Line WT1 mRNA
K562 (human leukemia; ATCC): Positive control; (Lozzio +++
and Lozzio, Blood 45:321-334, 1975)

TRAMPC (SV40 transformed prostate, B6); Foster et al., +++
Cancer Res. 57.3325-3330, 1997

BLK-SV40 HD2 (SV40-transf. fibroblast, B6; ATCC); ++
Nature 276:510-511, 1978

CTLL (T-cell, B6; ATCC); Gillis, Nature 268:154-156, +
1977)

FM (FBL-3 subline, leukemia, B6); Glynn and Fefer, +
Cancer Res. 28:434-439, 1968

BALB 3T3 (ATCC); Aaroston and Todaro, J. Cell +
Physiol. 72:141-148, 1968

$49.1 (Lymphoma, T-cell like, B/C; ATCC); Horibata and +
Harris, Exp. Cell. Res. 60:61, 1970

BNL CL.2 (embryonic liver, B/C; ATCC); Nature +
276:510-511, 1978

MethA (sarcoma, B/C); Old et al., Ann. NY Acad. Sci. -
101:80-106, 1962
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Peptide Binding Affinity to Mouse MHC Class | Positive control 91%
negative control 0.5.-1.3% p235-243 33.6% pl nouse 27.9% pl human 52%
pl0-18: hwoan/o02708% p225-233 5.8% p329-337 1.2% pl26-132COB02/3294 229
0.8% p228-236 1.2% p239-247 1 % EXAMPLE 5 USE OF A W1 POLYPEPTI DE TO
ELICIT W1 SPECIFIC CTL IN M CE 10 This Exanple illustrates the ability of

a representative WI1 polypeptide to elicit CIL imunity capable of killing
WI1l positive tunor cell lines. P117-139, a peptide with notifs appropriate
for binding to class | and class Il MHC, was identified as described above

usi ng TSI TES and BLMAS .15 HLA nepl_l_de_bJ_ndJ-ng—pLeQ-ct-l-en—a-na-l—ﬁ-;es._ M ce

wer e i nmuni zed . 0 A sipl een
cells were sti rﬁﬂﬁﬂ@cﬂ (mvelqrma (B/@h%lT @) ErasdNatrAcadeSat)i ity to |yse |targets
i ncubat ed wi t hl &84 66: 9 | 1 positivel and negative |t unor
cells. CTL wer d’%N/alej&E@cﬂ.wDBNZ‘a ATaadaMelinghiebn@lum/r el ease -assay. [The
resul ts, presentisinoh TH:42628274, GBY610D, show 20 that |P117 can elicitt W1
speci fic CTL cdp@ldl dlyoph@ink] iBAG WICGhoSilavinv@ndufiseberciel | s, wher eas |no
killing of Wl MafymtdA?e24e826s19Was observed. These resjults denonstrlate that
pepti de speci f i ISTBA (iymphawma, B/C) Ghwiri ghaaht Gasicers Regpr essing 129 WO
03/ 037060 PCT/ |\ S49434304968MM1 and that vaccine and T [cell therapy are

ef fecti ve agai [Et0/Eehli fymphomas BehaGlyermtedls Gafter Slemi || ar i mruni zatijons were
performed usi n2&484-B9#e6&| ass |  MHC bi ndi ng peptides pl136-144, p225-233,
p235-243 as well as the 23-ner

EXAMPLE 7
ExPRESSION IN E. CoLl o# WT1 TRx FusioN CONSTRUCT
The truncated open reading frame of WT1 (WT1B) was PCR
5 amplified with the following primers:

Forward Primer starting at amino acid 2
P-37 (SEQID NO. 342) 5’ ggctccgacgtgecgggacctg 3' Tm 64°C

Reverse Primer creating EcoRl site after stop codon

P-23 (SEQ ID NO. 343) 5’ gaattctcaaagcgccagcetggagtttggt 3’
10 Tm 63°C

The PCR was performed under the following conditions:

10ul 10X Pfu buffer
1ul 10mM dNTPs
2ul 10uM each oligo
15 83uL sterile water
1.5ul Pfu DNA polymerase (Stratagene, La Jolla, CA)
50 ng DNA (pPDM FL WT1)

96°C 2 minutes

96°C 20 seconds 63°C 15 seconds 72°C 3 minutes x 40
20 cycles

72°C 4 minutes
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5 peptide pl17-139. Follow ng i muni zation, spleen cells were stinulated in
vitro with each of the 4 peptides and tested for ability to |yse targets

i ncubat edwOwBB7060 L pepti des. CIL were generated specifi cPCorUSpA3a9444,
p235-243 and pl117-139, but not for p225-233. CTL data for p235-243 and
pl117-139 are presented in Figures 1 1A and 11B. Data for peptides pl36-144
and p225-233 10 are not depicted. CIL lysis demands that the target W1
pepti des are endogenously processed and presented in association with
tumor cell class I MHC nol ecul es. The above WI'1l peptide specific CIL were
tested for ability to lyse WI1l positive versus negative tunor cell |ines.

CTL specific for p235 iﬁe?’@fﬁérﬁétﬁﬁmk@ﬁ@@&tédmﬁlﬂéaﬂﬁ@smﬁdh dni2me 2ep- 243

peptides, but failed to |yse cel lines that expressed WI1 proteins

(Figure 11A). PBS}f'%’eﬁrl@éBe'b@ﬁ@Qddgﬁo PTereH V@‘B@’c(?fm‘?g'ffegrp'sﬂ??ﬂe‘itg@’v'%% ed targets

I ncubat ed wit f-rnpf%&an%%%doﬁnérhﬁeaf‘r aﬁ'@ﬂ:vcﬁlhé@ags'éﬂﬁ'@dnd’ff?d theTRusieR! AgeeXpressi ng
Wl (Figure 11 . a negative control, CTL specific for pl117-139 did

not |yse W1 ﬂ@eg |fwseor|3bew istssRiotease Fleavage sitesetosthiombin agd  E10) . o
Speci ficityg Ofen le?a‘égf'fﬂecpﬂm n‘é@§ct%@fdude§%@vh%9%9'éﬁdta%6§?t i nhi bition

(Figures 1 2A— ffector cells were plated for various effector:
target rati os resiricjign ggrymag. Joiewconegicapsrictsavare gonfismad by BdAsseauenif®ar ed t o

hot target) pﬁefg 1Cr | abeling
was added. 25 ?'kﬂ?ﬁ?/@mfgj%ﬁ’&r alBeIeBeL%q?grEg)eé@%%Ie%nMLteéﬂq\%ﬂs wer e added
and t he pl at eCodpnRiup axpreissian IWBCdllsr 4 hours. The total volune per well was
2001 . Lysis of TRAMP-C by pl117-139 specific CTL was bl ocked from 58%to

36% by EL-4 incubated with the rel evant peptide pl17-139, but not with
EL-4 incub®@ed with an irrelevant pdMAMRLE®i gure 12A), Sinilarly, lysis of

BLK 30 SV40 was blo f 8%, t % b Bﬂ@ h the rel evant

peptide 130 WO 03/ %@%&fe&@%ﬁ%&ﬁg%}Hﬁ# #f% |h§3?tgh 2B). Results

val i date that WI'1l pept iTde Nsieeuinéliape@Teadirgfeamnd of (T 1 MKHA} wasPCBnant cell s
everal segnents with putative CTL notifs

l:31)r/er gg(r)]tgg: tnlegrzl"\m '“&%W'&e%?fsg'fg@.]g-pf'g‘e&set erm ne the preci se sequence of the
Synt hosi 26d (Tabl e iEtv:F?Maré%ﬁfggﬁ%aﬁﬁQ%* Hipoleli® o {5126 134 and p1so- 138)
were shown1%o bind to R-ZH(SHGESND. 344) 5 ggctccgacgtgcgggacctg 3’ Tm 64°C

Reverse Primer creating EcoRl site after an artificial stop codon

put after amino acid 249.

PDM-335 (SEQ ID NO. 345)

5'gaattctcaaagcgecagetggagtttggt 3' Tm 64°C
20 The PCR was performed under the following conditions:

10ul 10X Pfu buffer

1ul 10mM dNTPs

2ul 10uM each oligo

83uL sterile water

25 1.5ul Pfu DNA polymerase (Stratagene, La Jolla, CA)
50 ng DNA (pPDM FL WT1)
96°C 2 minutes
96°C 20 seconds 63°C 15 seconds 72°C 1 minute 20
seconds x
30 40 cycles
72°C 4 minutes
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nol ecul es (Table XLVII1). CTL generated by immunization with pl117-139 |ysed
targets incubated with pl26-134 and pl130-138, but not the other 9-ner

pepti des wotobiosropl 17- 139 (Fi gure 13A). 10 The pl 17-139 spetidfsoz3qIL | i ne
was restinmulated with either pl26-134 or pl30-138. Follow ng restinulation

Wi th pl26-134 or pl30-138, both T cell lines denonstrated peptide specific
| ysis, but only pl130-138 specific CTL showed lysis of a WI1 positive tunor
cell Iine (Figures 13B and 13C). Thus, pl30-138 appears to be the

natural |y processed epitope. 15 Table XLVIII Binding of W1 CTL 9ner
Peptides within pl17-139 to nouse B6 class | antigens Binding Affinity to
Pepti de Mouse MHC O as¥hé PCRIkGdub? radSiglstédsith ESHIR rbskrittion2A2yme, YeP118- 126

SQASSGQAR (SEQ | D NO.216) 2% P119-127 QASS SEQ | s: 161 and 2%

288) P120- 128PN§5§€@&§|W—9%°§E§"I"E5°N@%&‘13 d”ﬁ%%&‘*@%@ﬁﬁ%ﬁ?%ﬁb D

NO 222) 1% Pidrrelelict dstiQithE P2 Pdrd) ECORI rddtridbliod 8dzyf@RMFPNA ( SEQ

ID Nos: 98 and 1% 269) P124-132 QARMFPNAP (SEQ | D NO_223 1%1 P125- 133
&%58‘2. 8

ARVFPNAPY ( SEGhe BCRradyct vas alse srgnsfaunepiogdpyeH vegtes. |The 5 and 79%

293) P127- 1835 chfrieNdsigeaéa with i) 2mfBcoffttedtichn degnfeBNARY bivedt SEQ | D NGs:
79 and 267) 1 % P129-137 PNAPYLPSC (SEQ I D NO 225) '1% P130- 138 NAPYLPSCL

(SEQ | D NCs: ¢anstraplg wesegonfigped by BNApgguenoeapajysis-aig-thentyapgiomss) 100 131 WO
03/ 037060 PCT’Ht@@@éﬁM pLys S and BL21 (DE3) CodonPlus expression host cells.
EXAMPLE 9
ExPRESSION IN E. CoLi oF WT1 B His TAG FusioN CONSTRUCTS
10 The truncated open reading frame of WT1 (WT1A) was PCR
amplified with the following primers:

Forward Primer starting at amino acid 250
PDM-346 (SEQ ID NO. 346) 5' cacagcacagggtacgagagc 3'
Tm 58°C

15 Reverse Primer creating EcoRl site after stop codon
P-23 (SEQ ID NO. 347) 5'gaattctcaaagcgccagctggagtttggt 3
Tm 63°C
The PCR was performed under the foliowing conditions:

10ul 10X Pfu buffer
20 1ul 10mM dNTPs
2ul 10pM each oligo
83uL sterile water
1.5ul Pfu DNA polymerase (Stratagene, La Jolla, CA)
50 ng DNA (pPDM FL WT1)

25 96°C 2 minutes
96°C 20 seconds 63°C 15 seconds 72°C 1 minute 30
seconds x
40 cycles
72°C 4 minutes

136



EXAMPLE 6 | DENTI FI CATION OF WI1 SPECI FIC MRNA | N MOUSE TUMOR CELL LI NES
This Exanple illustrates the use of RT-PCR to detect WI1 specific nRNA in
cel | s andwoeBlo3iosthes. 5 Mononucl ear cells were isol ated bycaarss?/s319gr adi ent
centrifugation, and were i mMmedi ately frozen and stored at -800C until

anal yzed by RT-PCR for the presence of WI'l specific nRNA. RT- PCR was
generally perforned as described by Fraizer et al., Blood 86:4704-4706,
1995. Total RNA was extracted from 107 cells according to standard
procedures. RNA 10 pellets were resuspended in 25 pL diethyl pyrocarbonate
treated water and used directly for reverse transcription. The zinc-finger
region (exons 7 to 10) MQPaWﬁF’Wt“@Hdwsbm'tﬁgcaﬂb@émﬁtﬁp"rﬁ%%’@e(£[§NA

Anpl i fication pyafeddHd tRéABIEned |ﬁtoapridm> rarrfﬂsarﬁé@;remaweaer QAR aMis taghen
necessary, two sequentr al rounds c1 DNA Pol ynmerase (Perkin
El mer Cetus, NGFRalVRich &gy been %'QW‘!LB'"’AEERW?' %EQ‘%‘ paRitictigp e\B/%WF?Sprr mer in a
total reacti OIThé HORBroBiict Wk aleItRnRefed mMﬁiEHlveﬁbt qeHd sTrebHt he PCR
products were el ectrophores négslﬁggq:ﬁ el s stained with ethidium
bromi de, The GONSTRbWES BAcHeR M RMAGY ErBrsIioR epmet (BEICMERd 667,

Pol aroi d Ltd. ,cohktrucfsoméiebommeeEngmmoBequarmtygeraadagawt;msforrﬁéwsz -

cont ami nati on ol Lowi 0 ndations o an

Hi guchi , Natur”\ﬁeggg ?@32‘@ gﬁ%@g@@%%%ﬁ Fmrgss%hqsgéﬁlst he cDNA- and

PCR-reagent mixes with FwEmmpleéaﬂeMllowﬂ@ﬁSEmlmN% &g pisciosedht . To avoi d

was cval uat ed Tt (ORORSERR N Codymi eV P RR B R A8 B mers,

Sanpl es t had) BED bNOad2s rsmye getériminduscDNpsequense feeTex WAl Aded from

anal ysi s. R f S ell lines were:
P115¥ 1458- 1#&1@@0(% %\@ %WAPM %%B\&Ie&og?& 1‘r:|vvard primer; SEQ ID
NG 21); and PBE ID7/8Q- 33®BiE thg d%ﬂ@lﬂ"ﬁ@mm@ﬁrm AAT 3 (reverse
rimer; SEQ I : -2278, 1996; Fraizer
R AT Bl cou BTl 5. ﬁ%’gﬁ,ﬁéf%ﬁfﬁﬁe@%&%@%%%ﬁe% US02/ 35194 Bet a
Actin prinmers SR NQ. 83r:is thenpredicted @aing anid sequeace SncodTibYHRENABBICCCC AGG
CAC CA 3" (genge priner; SEQ ID NGO 23); and 5° GIC CIT AAT GIC ACG CAC GAT

TTC 3' (antisense prinmer; SEQ I D NO 24)
SEQ ID NO. 333 is the predicted amino acid sequence encoded by SEQ ID No.

328
SEQ ID NO. 334 is the predicted amino acid sequence encoded by SEQ ID No.
329

20 SEQID NO. 335 is the predicted amino acid sequence encoded by SEQ ID No.
330
SEQ ID NO. 336 is the predicted amino acid sequence encoded by SEQ ID No.
331

25 EXAMPLE 10

TRUNCATED FORMS OF WT1 EXPRESSED IN E. CoLI
Three reading frames of WT1 were amplified by PCR using the
following primers:
For WT1 Tr2:

30 PDM-441 (SEQ ID NO. 348) 5
cacgaagaacagtgcctgagegeattcac 3' Tm 63°C
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Primers for use in anplifying human WI'1l include: P117: 954 5 974:5 GGC ATC
TGA GAC CAG TGA GAA 3' (SEQ I D NO 25); and P118: 1434-1414:5 GAG AGI CAG
ACT TGA AxGoam&EDeB' (SEQ ID NO 5). For nested RT-PCR, priPCErGsonssiobe:
P119: 1023-1043: 5 GCT GIC CCA CTT ACA GAT GCA 3' (SEQ ID NO 26); and
P120: 1345-1365: 5 TCA AAG CGC CAG CTG GAG TTT 3' (SEQ ID NG 27). 10
Table XLVIII shows the results of WIl1 PCR anal ysis of nouse tunor cell
lines. Wthin Table IV, (+++) indicates a strong W1 PCR anplification
product in the first step RT PCR, (++) indicates a WI1 anplification
product that is detectable by first step WI1 RT PCR, (+) indicates a
product that is detectable EJKMSAAIQI‘SEQG!DM@A@ step of WI'1 RT PCR, and (-)
15 indi cates WI1 PCR negati . i f 1 nRNA in Muse
Tunmor Cell Lines Cell Line ﬁ%cg;égﬁgﬁcaf%%a%&%gt%b Iggﬂﬁg%x@é_; ATCC): Positive
control; (Lozzio +++ &AuWMIAZz80, Bl ood 45:321-334, 1975) TRAMPC ( SV40
transforned prostate, B6); Foster et al., +++ Cancer Res. 57:3325-3330,
1997 BLK- SV40 HD2 ( SV40-tr amof1-44biSeQhbagd. 3586, AFCC); ++ Nature

276: 510-511, 1978 CTLL (T-cell, BE(); ATCC); G llis, Nature 268:154-156, +
1977) FM (FBL- 3 subline, | ciagecitectagandoacyoppd’ HR@4Hefer, + Cancer Res.
28:434- 439, 1968 BALB 3T3 ( QU Togaro, J. Cell. + Ph siol.
72:141-148, 1968 $S49.1 (Lyrrpgleg:rcri)uﬁ,4 (%Q?Wisﬁgﬁ B/%; ATCC); Horibata and +
Harris, Ex p. Cell. Res. 60casdgagagiicaicaiggtatagitqteassTyuéd € | i ver, B/ C, ATCO);
Nature + 276:510-511, F%P\Kﬁﬁ"ﬁ&:hp\ (sarcoma, B/C); Ad et al., Ann. NY Acad.
Sci. - 101:80-106, 1962 133

PDM-445 (SEQ ID NO. 352) 5
10 cacagcaggaagcacactggtgagaaac 3' Tm 63°C
PDM-446 (SEQ ID NO. 353) 5’
ggatatctgcagaattctcaaagcgccage 3’ TM 63°C
The PCR was performed under the following conditions:

10ul 10X Pfu buffer
15 1ul 10mM dNTPs
2ul 10uM each oligo
83ulL sterile water
1.5ul Pfu DNA polymerase (Stratagene, La Jolla, CA)
50 ng DNA (pPDM FL WT1)

20 96°C 2 minutes
96°C 20 seconds 63°C 15 seconds 72°C 30 seconds x 40
cycles
72°C 4 minutes

The PCR products were digested with EcoRI and cloned into
25 pPDM His (a modified pET28 vector with a His tag in frame on the 5’ end)
which has been digested with Eco72] and EcoRI. The constructs were
confirmed to be correct through sequence analysis and transformed into BL21
pLys S and BL21 CodonPlus cells or BLR pLys S and BLR CodonPlus cells.
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WO 03/ 037060 PCT/US02/35194 Cell Line WI1 MRNA P3.6.2.8.1 (nyel oma, B/C
ATCC); Proc. Natl. Acad. Sci. USA 66:344, 1970 P2N (| eukem a, DBA/ 2;
ATCC); Mawbiopg3®mso al ., J. - Inmunol. 117:1267-1274,1976 BECI/Ushysyhbma,

B/ C, ATCC); Slavin and Strober, - Nature 272:624-626, 1977 LSTRA (| ynphong,
B/C; Gynn et al., Cancer Res. - 28:434-439, 1968 E10/EL-4 (|ynphonma, B6);
A ynn et al., Cancer Res. - 28:434-439, 1968 EXAMPLE 7 EXPRESSI ON I N E.
COLI OF WI1 TRx FUSI ON CONSTRUCT The truncated open reading frame of W1
(W1 B) was PCR 5 anplified with the follow ng priners: Forward Priner
starting at amno acid 2 P-37 (SEQ I D NO. 342) 5 ggctccgacgtgcgggacctg 3
Tm 64C Reverse Priner creating EcoRBkamPiLE 1after stop codon P-23 (SEQ ID

NO. 343) 5' gaattctcaaagcgccagetggagtttggt 3° 10 The PCR was
per f or med undeWTﬂkFé(%F‘?%‘gﬂﬁbgﬁﬁg‘f'gi‘%ﬁsa (amigp aﬁ'&ggﬁg%bcﬁfﬂqﬁs'qﬂ IN1OnM dNTPs
2l 10M each oligo 15 83L sterile watercgd.,54l Pfu DNA pol ynerase
(Stratagene, La Jolla, CA@ 50 ng DNA (pPDM FL _W'1) %%3 2 mnutes 96C 20
seconds 63C 15 seconds The¥W T Gieasingdrameryas amplified by £Crbesing the hut es 134 WO
03/ 037060 Fg:T/fMgQ,@{g%ﬁ;r%{ls;

PDM-504 (SEQ ID NO. 354) 5' cactccttcatcaaacaggaac 3

Tm 61°C

PDM-446 (SEQ ID NO. 355) 5’

ggatatctgcagaattctcaaagegecage 3' Tm 63°C

10 The PCR was performed under the following conditions:

10ul 10X Pfu buffer
1wl 10mM dNTPs
2ul 10uM each oligo
83uL sterile water
15 1.5ul Pfu DNA polymerase (Stratagene, La Jolla, CA)
A 50 ng DNA (opPDM FL WTH)

96°C 2 minutes
96°C 20 seconds 63°C 15 seconds 72°C 2 minutes x 40
cycles

20 72°C 4 minutes

The PCR product was digested with EcoRI and cloned into pPDM
His which had been digested with Eco72l and EcoRI. The sequence was
confirmed through sequence analysis and then transformed into BLR pLys S
and BLR which is co-transformed with CodonPlus RP.

25
EXAMPLE 12
SYNTHETIC PRODUCTION OF WT1 TR-1 BY ANNEALING OVERLAPPING OLIGOS

This example was performed to determine the effect of changing

proline codon usage on expression.

30 The following pairs of oligos were annealed:
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The PCR product was digested with EcoR restriction enzyne, gel purified
and then cloned into pTrx 2H vector (a nodified pET28 vector with a Trx

f usi on orwOha/odb@Er m nal and two Hi s tags surroundi ng t hepPTmushusiion. After
the Trx fusion there exists protease cleavage sites for thronbin and 5

ent er oki nase). The pTrx2H construct was digested with Stul and EcoRl
restriction enzynes. The correct constructs were confirnmed by DNA sequence
anal ysis and then transfornmed into BL21 (DE3) pLys S and BL21 (DE3)

CodonPl us expression host cells. 10 EXAMPLE B EXPRESSION IN E. COLT OF WI'1
A H's TAG FUSI ON CONSTRUCTS The N-term nal en reading frane of WI1 (W
A) was PCIR anplifiedlw t PRMS0pSPEQUP NG ﬁﬁgmers5 Forward Primer starting

at amno acid 2 15 P-37 (sg%ngggi J{B@gcgﬁbﬁ&@a&g gaggt gcgggacctg 3' Tm 64C

Reverse Priner creating Ec |aI stop codon put
after amino acid 249. PDV FPIMGSEGED IMEO. 34B) 5’

5' gaattct caaagcgccagct ggagt perforrred under
the foll owi ng conditions: c&éﬁgggcaggg@agﬁgﬁgﬁ&ca%%pp@# ?NTPS 1 OM each
oligo 83L sterile water 25 1.51 Pfu DNA polyrrerase (Stratagene La Joll a,
CA) 50 ng DNA (pPDM FR. W IBDM®&O7 2SRQARNSS 388)C 205'seconds 63C 15 seconds

72C 1 mnute 20 seconds x gs 135 WO 03/037060
PCT/ US02/ 35194 The PCR pr o%gg ﬂgéé%ﬁ%%%%é%ﬁﬁ% restriction enzyne,
gel purified and then cl one#DMH08 (PEDND NO. 1308 f i edl pET28 vector with a His

tag in '
cggcagtgcgcagcctccaccgecacccagggatggaa 3

3. PDM-509 (SEQ ID NO. 360) 5'
10 cgcactgccggttageggtgcagcacagtgggetc 3’
PDM-510 (SEQ ID NO. 361) 5

cagaactggagcccactgtgctgcaccgctaac 3'

4. PDM-511 (SEQ ID NO. 362) 5’
cagttctggacttcgcaccgectggtgcatcegeatac 3’
15 PDM-512 (SEQ ID NO. 363) 5'
cagggaaccgtatgcggatgcaccaggceggtgegaagtc 3

5.  PDM-513 (SEQIDNO.364)  5'
ggttccctgggtggtccageacctcegecegeaacgcee 37
PDM-514 (SEQ IDNO. 365) 5’

20 - ggcggtgggggegtigegggeggaggtgetggaccacce 3

6. PDM-515 (SEQ ID NO. 366) 5'
cccaccgectccaccgeeccegeactccttcatcaaacag 3’
PDM-516 (SEQ ID NO. 367) 5

ctaggttcctgtttgatgaaggagtacgagggegatgga 3’

25 7. PDM-517 (SEQ ID NO. 368) 5'
gaacctagctggggtggtgcagaaccgcacgaagaaca 3'
PDM-518 (SEQ ID NO. 369) 5'
ctcaggcactgttcttcgtgeggttctgcaccacccecag 3'
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frame, which had been digested with Eco721 and EcoRl restriction enzynes.
The PCR product was also transfornmed into pTrx 2H vector. The pTrx2H 5
const r uctwaag/ogtiogest ed with Stul and EcoR restriction en?Pgwamso2/3ies correct
constructs were confirmed by DNA sequence anal ysis and then transforned
into BL21 (DE3) pLys S and BL21 (DE3) CodonPl us expression host cells.
EXAMPLE 9 EXPRESSION IN E. COLI OF W1 B Hi s TAG FUSI ON CONSTRUCTS 10 The
truncated open reading frane of W1 (W1 A) was PCR anplified with the
followi ng prinmers: Forward Prirrer starting at ami no acid 250 PDM 346 (SEQ
| D NO. 346) 5' cacagcacagg %gg Tm 58C 15 Reverse Priner creating
EcoR site after stop 8odo ((g'é@'@lb'(?\lémbﬂﬁ

S' gaatt ct caaagcgccaget ggag was performed under the
foll owi ng conditions: O%té&ﬁ%géﬁaugﬁh%mﬁgggdigmm dNTPs 21 10M each
oligo 83L sterile wat er 1. PRM-520 SERNAD INED. By aseS'( St rat agene, La Jol | a,

CA) 50 ng DNA (pPDM FL Wlsﬂg}a%@%&c?gc i lﬂ%&ﬁga@aﬁég@lseconds 63C 15 seconds

72C 1 minute 30 seconds x 36 WO 03/ 037060

PCT/ US02/ 35194 The P %k?,% fot Fipgt 1 on enzyne,
gel purifi g% and then c one f&r?t'r\c?@% ?fr%d dtﬁgrg%%éavect or with a His
tag in franepaishwete th@mngawrto@mg@rﬁngmnm bf Iigewm'xazvas usedRIr RESt ri cti on

enzymes. The E was al so transforned into pTrx 2H vector. The
pTrx 2H 5 cons ruc was d| gested with Stul and EcoRl restriction enzynes.
The correct 10ul 10X Pfu buffer
1ul 10mM dNTPs
10 2ul 10puM each oligo

83uL sterile water
1.5ul Pfu DNA polymerase (Stratagene, La Jolla, CA)

96°C 2 minutes
96°C 20 seconds 63°C 15 seconds 72°C 30 seconds x 40
15 cycles
72°C 4 minutes
The PCR product was digested with EcoRI and cloned into pPDM
His which had been digested with Eco72] and EcoRl. The sequence was
confirmed and then transformed into BLR pLys S and BLR which is co-
20 transformed with CodonPlus RP.
For examples 10-12, the following SEQ ID NOs. are disclosed:
SEQ ID NO:337 is the determined cDNA sequence for WT1_Tr1
SEQ ID NO:338 is the determined cDNA sequence for WT1_Tr2
SEQ ID NO:339 is the determined cDNA sequence for WT1_Tr3
25 SEQ ID NO:340 is the determined cDNA sequence for WT1_Tr4
SEQ ID NO:341 is the determined cDNA sequence for WT1_C
SEQ ID NO:342 is the predicted amino acid sequence encoded by SEQ ID
NO:337
SEQ ID NO:343 is the predicted amino acid sequence encoded by SEQ ID
30 NO:338
SEQ ID NO:344 is the predicted amino acid sequence encoded by SEQ ID
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constructs were confirmed by DNA sequence anal ysis and then transforned
into BL21 (DE3) pLys S and BL21 (DE3) CodonPl us expression host cells. For
Exanpl es wod3/081060 f ol | owi ng SEQ I D NOs. are disclosed: SPQTIUSONMEE19B27 iS
t he determ ned cDNA sequence for Trx WI1 B 10 SEQ ID NO 328 is the
determ ned cDNA sequence for Trx WI1T A SEQ ID NO. 329 is the determ ned
cDNA sequence for Trx WIi1 SEQ ID NO 330 is the determ ned cDNA sequence
for WL A SEQID NO 331 is the determ ned cDNA sequence for WIil1_ B SEQ ID
NO. 332 is the predicted am no aci d sequence encoded by SEQ ID No. 15 327
SEQ ID NO. 333 is the predicted am no acid sequence encoded by SEQ I D No.
328 SEQ I D NONO33® i s the predi cted am no acid sequence encoded by SEQ ID

No. 329 20 SkERd B m@34§%ﬁhégréd§&doérﬁiﬂb§&iageqlmﬂa@ea@ddéd&ﬁwmﬁ encoded by
SEQ ID No. 330 SEQ ID NO 336 is the predicted am no acid sequence encoded

by SEQ I D No. NO3%¥0 25 EXAMPLE 10 TRUNCATED FORMB OF WI'l EXPRESSED I N E.

COLT Three reg® NOaFE S 1A pldlikctattdrting BBl isbq@shcb ent¥dddwyiSER Iche  f ol | owi ng
prinmers: For 1 Tr2: 30 PDM 441 (SEQ I D NO. 348) 5'

cacgaagaacayt 0¥ agcgcattcac 3' Tm 63C 137 WD 03/ 037060 PCT/ US02/ 35194
PDM 442 (SEQ ID NO 349) 5' ccggcgaattcatcagtataaattgtcactgc 3' TM 62C For
WL Tr3: PDM 443 (SEQ ID NO 350) 5' 5 caggctttgctgctgaggacgeccc 3' Tm 64C
PDM 444 (SEQ | D NO. 35The WT1 C aeg@gage spresehisecpaygiuaiegtide havingdlose Tm 64C

coding regions of TR2, TR3 and TR4.
The WT1 TR-1 synthetic sequence represents a polynuclectide in
10  which alternative codons for proline were substituted for the native codons,

producing a polynucleotide capable of expressing WT1 TR-1 in E. coli.

EXAMPLE 13
EVALUATION OF THE SYSTEMIC HISTOPATHOLOG!CAL AND TOXICOLOGICAL EFFECTS OF
15 WT1 IMMUNIZATION IN MICE

The purpose of this example is to analyze the immunogenicity
and potential systemic histopathological and toxicological effects of WT1

protein immunization in a multiple dose titration in mice.

20 The experimental design for immunization of mice with WT1

protein is outlined in Table L.

Table L

Experimental Design of WT1 Immunization in Mice

Histology | Corixa Treatment Description Dose | Total No.
Group Group Level | (Females
)
1 0 No treatment 0 4
2 1.1 | MPL-SE (adjuvants alone), 6x, 1 week | 10ug 4
apart
3 1.2 | MPL-SE, 3x, 2 weeks apart 10ug 4
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For W'l Tr4: PDM 445 (SEQ ID NO 352) 5 10 cacagcaggaagcacact ggt gagaaac 3'
Tm 63C PDM 446 (SEQ I D NO. 353) 5' ggatatctgcagaattctcaaagcgccagc 3' T™M
63C The PERmsas7oper f ormed under the foll owi ng conditions: PCTAISOA33D% Pf u
buffer 15 11 1 OrM dNTPs 21 10M each oligo 83L sterile water 1.5 Pfu DNA
pol ymerase (Stratagene, La Jolla, CA) 50 ng DNA (pPDM FL WI'1) 20 96C 2

m nutes 96C 20 seconds 63C 15 seconds 72C 30 seconds x 40 cycles 72C 4

m nut es The PCR products were digested with EcoRI and cloned into 25 pPDM
Hs (a nodified pET28 vector with a His tag in frame on the 5 end) which
has been di gested w Eco721 and EcoRl The constructs wer confirned to
be correct thfoudh seq8enceiafaMdi MRANBELSansf or med | M®Y9BL214 pLys S and

BL21 CodonPl us cef TS| 0B BLRPIWTS AMALSER3EL0dONPI US calgyg. | 1348 W
03/ 037060 PCT/USQ2/3%5194 EXANPLE 11 WI1l C (amino acigls 76-437) AND W1 D

(amino acids 91- £37) | ERPREFREWMIN+ MPLEE FX The Wil C| 188 hg frane was

amplified by PCRZAUSTNG e rd Wi QWPO-SBY BRErs: P )%Oﬁ Q D NO. 354)
5' cactccttcatcaaacaggaac 3° Tnhl1C PDM 446 (SEQ | D NO 5

ggat at ct gcagant t & cadaddgclBy@-WT  MBEEELBX The PCR wadO9R4 f or led under t he
followi ng conditions] 101| 1 OX Pfu buffer g

XY

9 42 | Ral2-WT1 + MPL-SE, 3x 1000u 4
)

Vaccination to WT1 protein using MPL-SE as adjuvant, in a
multiple dose
titration study (doses ranging from 25ug, 100ug to 1000ug WT1 protein) in
5 female C57/B6 mice elicited a strong WT1-specific antibody response (Figure
19) and cellular T-cell responses (Figure 20).

No systemic histopathological or toxicological effects of
immunization with WT1 protein was observed. No histological evidence for
toxicity was seen in the following tissues: adrenal gland, brain, cecum, colon,

10 duodenum, eye, femur and marrow, gall bladder, heart, ileum, jejunum, kidney,
larynx, lacrimal gland, liver, lung, lymph node, muscle, esophagus, ovary,
pancreas, parathyroid, salivary gland, sternum and marrow, spleen, stomach,
thymus, trachea, thyroid, urinary bladder and uterus.

Special emphasis was put on evaluation of potential

15 hematopoietic toxicity. The myeloid/erythroid ratio in sternum and femur
marrow was normal. All evaluable blood cell counts and blood chemistry (BUN,
creatinine, bilirubin, albumin, globulin) were within the normal range (Table LlI).

Given that existent immunity to WT1 is present in some patients
with leukemia and that vaccination to WT1 protein can elicit WT1 specific Ab
20 and cellular T-cell responses in mice without toxicity to normal tissues, these

experiments validate WT1 as a tumor/leukemia vaccine.
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1l 10nmM dNTPs 2|1 10M each oligo 83L sterile water 15 1.51 Pfu DNA

pol ynerase (Stratagene, La Jolla, CA) 50 ng DNA (pPDM FL W'1) 96C 2

m nut es MG 0203Weconds 63C 15 seconds 72C 2 m nutes x 40 Pcyaisex3sA®s 72C 4
m nut es The PCR product was digested with EcoRl and cloned into pPDM His
whi ch had been digested with Eco721 and EcoR . The sequence was confirned
t hrough sequence analysis and then transfornmed into BLR pLys S and BLR
which is co-transformed with CodonPlus RP. 25 EXAMPLE 12 SYNTHETI C
PRODUCTI ON OF WI'1 TR-1 BY ANNEALI NG OVERLAPPI NG OLI GOS Thi s exanpl e was
performed to determine the effect of changing proline codon usage on
expression. 30 The foll ow ng pal rs ofTqid gos were anneal ed: 139 WO

03/ 037060 PCT/ US02/ 35194 ..

ggtt ccgacgt gcgggacct gaacg : DVESEE SNO. 357) 5

ct gccggcagcagt gcgttcaggtcccgcacgtcggaacc 3" 5 2. PDM 507 (SEQ I D NO. 358)
5" ccggcagttc PP 3" PDM508 (SEQ ID NO. 359) 5
cggcagt gcgcagcﬁ; |8?_F chggggg.tagig aﬁiﬁbﬁ/ﬁ PDM 509 (SEQ ID NO 360) 5" 10
cgcact gccggttaé 'é'ﬁ? gg% 3gy 810 (SEQ ID NO. 361) 5

cagaact ggagcccact gt gct gcaccgct aac 3' 4. PDM 511 (SEQ ID NO 362) 5'

K/uL MiuL g/dl % fL pg %
Animal# WBC RBC Hg. HCT MCv MCH MCHC
Normal | 5.4-16.0 6.7-125 10.2-16.6 32-54 3162 9.2-20.8 22.0-35.5
Group 1
1(0) 5.6 8.41 12.8 43.5 53 15.2 29.4
2 (0) 55 9.12 13.4 475 53 14.7 28.2
3(0) 7.5 9.22 13.5 48 54 14.7 28.1
4(0) 3.9 9.27 13.6 48 52 14.7 29.6
Mean 5.6 9.0 13.3 46.3 53.0 14.8 28.8
STD 1.5 0.4 0.4 2.0 0.8 0.3 0.8
Group 2
5(1.5) 6.6 9 13.1 46 54 14.5 28.5
6 (1.6) 5.2 8.58 12.6 44 53 14.7 28.6
7(1.7) 7.8 9.21 13.6 46 53 14.7 29.6
8(1.8) 63 NA NA 41 NA NA NA
Mean 6.5 8.9 13.1 443 53.3 14.6 28.9
STD 1.1 0.3 05 24 0.6 0.1 0.6
Group 3
9 (2.5) 8.3 9.16 13.6 50.3 55 14.9 2741
10 (2.6) 5 8.78 13 442 50 14.8 29.3
11 (2.7) 4 8.94 13.2 48.3 54 14.7 27.3
12 (2.8) 82 NA NA 41  NA NA NA
Mean 6.4 9.0 13.3 46.0 53.0 14.8 27.9
STD 22 0.2 0.3 4.2 26 0.1 1.2
Group 4
13 (3.5) 6.1 8.82 13.1 46 54 14.9 28.5
14 (3.6) 6.1 8.64 12.9 46 54 15 28
15 (3.7) 9.3 8.93 13.2 48 55 14.8 275
16 (3.8) 4.8 8.19 12.6 44 55 15.3 28.6
Mean 6.6 8.6 13.0 46.0 545 15.0 28.2
STD 1.9 0.3 03 1.6 0.6 0.2 0.5
Group 5
17 (4.5) 3.1 8.48 12.6 46 54 14.9 27.5
18 (4.6) 5.7 9.12 13.7 48 54 15 28.5
19 (4.7) 53 8.58 13 445 55 15.2 29.2
20 (4.8) 53 NA NA 40 NA NA NA
Mean 49 8.7 13.1 446 54.3 15.0 28.4
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cagttctggacttcgcaccgcctggtgcatccgcatac 3'° 15 PDM512 (SEQ I D NO. 363) 5'
cagggaaccgt at gcggat gcaccaggcggt gcgaagtc 3' 5. PDM 513 (SEQ I D NO. 364) 5
ggt t ccct gyotogeswemgcacct ccgcccgcaacgec 3'  PDM 514 ( SEQ | PCH@S0B&HY4 5° 20
ggcggt gggggcegt t gcgggcggaggt gct ggaccacc 3° 6. PDM 515 (SEQ I D NO. 366) 5°'
cccaccgcect ccaccgeccccgcact ccttcat caaacag 3' PDM 516 (SEQ ID NO. 367) 5
ctaggttcctgtttgat gaaggagt gcgggggcggtgga 3' 25 7. PDM 517 (SEQ I D NO. 368)
5' gaacct agct ggggt ggt gcagaaccgcacgaagaaca 3' PDM 518 (SEQ I D NO 369) 5
ctcaggcactgttcttcgtgcggttctgcaccaccccag 3' 140 WO 03/ 037060 PCT/ US02/ 35194
8. PDM 519 (SEQ ID NO 370) 5" gtgcctgagcgcattctgagaattctgcagat 3' PDW 520
(SEQ | D NO. 3773blg'Ll: WTtDgae JifrationStydwigaat t ct cagaat gcg 3' 5 Each oligo
pai r was separ Glipicgl CletbistrycantiiHematologylAmdlysiBhe pairs were then |igated
together and one | of ligation mx was used for PCR conditions bel ow 10l
1 OX Pfu buffer 11 _10mM dNTPs 10 21 10M each oligo 83l sterile water 1.5l
Pfu DNA pol yner ase (Sl"l"hta He, LYol | & CA) L 96C P9ni nufees 96C 20 seconds

63C 15 seconds.Aphal oW .15 WGJe| o MGHC MGH 1 MEHC The PCR pr oduct
vas digested wiNECBRISART BihARaTE Gt G2BpDVSISE 92208 220388
Group 6
21(1.1) 3.5 9.36 13.5 37.6 40 14.4 35.9
22(1.2) 6.9 8.93 136 37.3 42 15.3 36.6
23 (1.3) 3.6 8.3 12.5 35.3 43 15.1 35.5
24(14) | NA NA NA NA NA NA NA
Mean 47 8.9 13.2 36.7 41.7 14.9 36.0
STD 1.9 0.5 0.6 1.3 1.5 0.5 0.6
Group 7
25(2.1) 4 NA NA 40 NA NA NA
26 (2.2) 7.4 9.12 13.2 38.5 42 14.5 34.3
27 (2.3) 45 8.19 12.1 345 42 14.8 35.1
28 (2.4) 5.8 8.25 12.3 34.1 41 14.9 36.1
Mean 5.4 8.5 12.5 36.8 4.7 14.7 35.2
STD 1.5 0.5 0.6 29 0.6 0.2 0.9
Group 8
29(3.1) 5.1 8.53 126 349 a1 14.7 36
30(3.2) 7.6 8.42 13 36.1 43 15.4 35.9
31(3.3) 3.4 8.45 12.6 34.9 41 14.9 36.1
32(3.4) 6.1 8.11 123 34.8 43 15.2 35.5
Mean 5.6 8.4 12.6 35.2 42.0 15.1 35.9
STD 1.8 0.2 0.3 0.6 1.2 0.3 0.3
Group 9
33(41) | NA NA NA NA NA NA NA
34 (4.2) 45 8.63 12.8 36.2 42 14.8 35.2
35 (4.3) 3.9 8.85 13 36.6 41 14.7 35.6
36 (4.4) 47 8.14 12.3 338 42 15.1 36.3
Mean 4.4 8.5 12.7 35.5 M7 14.9 35.7
§TD 0.4 0.4 0.4 1.5 0.6 0.2 0.6
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H s which had been digested with Eco721 and EcoRl . The sequence was
confirmed and then transfornmed into BLR pLys S and BLR which is co 20

t ransf or nwo 0df0ste6CodonPl us RP. For exanples 10-12, the folPConisny3S8eEQ | D
NGs. are disclosed: SEQ ID NO 337 is the determ ned cDNA sequence for WII
TO SEQ ID NO 338 is the determ ned cDNA sequence for WI1_Tr2 SEQ ID NO 339
is the determ ned cDNA sequence for WI1_Tr3 25 SEQID NO 340 is the

det ermi ned cDNA sequence for W1 _Tr4 SEQ ID NO 341 is the determ ned cDNA
sequence for WI1_C SEQ ID NO: 342 is the predicted am no acid sequence
encoded by SEQ ID NO 337 SEQ ID NO 343 is the predicted anino acid
sequence encoded by SEQ ID 30 NGO 338 SEQ ID NO 344 is the predicted am no
aci d sequence Tehtedddcorsid) SN Dose Tittatid BAP37060 PCT/ US02/ 35194 NO: 339
SEQ | D NO 345 dlinidah €hpméstrycinetHematologycArdhlysdgiuence encoded by SEQ ID N

O 340 SEQ | D NO 346 iyesmohe wniedi cAsd anauso acikd. secawence mecodemsby SEQ I D
5 NO: 341 The VinimdT#PaqlienpcRiatelgpr cBasnt S Bospol Bands| e@®biysle baphngMohe codi ng

regi ons of TR2NorfifaB| amd TRA0-1500€0.04115 TUD-0.56yNn0-0132 | £0-4280 L8O représents a
pol ynucl eotide in [L0O which alternative codons for Igr oline were substituted
for the nati veG@BEibﬂs, produci ngd pol ¥/Hucl €8l de ablKulof é%ﬂ*resm ng
W1 TR-1 in E ESRAMPLE 12 EVALUATI ONSOF THE SYSPEM o208
HI STOPATHOLOG AND "POXI COLEYY CAL EFFECLS OF 5 Wr§’| EZATI C,)gxl IN M CE
The purpose of s|e @srrpl e i gyt 0 angl yze the i myunoggdi ci and "potenti al
systemi c histo 0 ogl cal apfgt oxi ¢l ogigzal ef hgct 52 E W 05pr ot;ggNn
i nmuni zation inggpnultiple do;&e., titati ofglin M ¢@. 2&7bhei@xperi eyt al
design for inmunization of mce with Wil protein is outlined in Table L.
Group 2
5 (1.5) no 1193 0 132 0 792 5214 462
€ (1.6) no 1166 0 52 0 624 4472 52
7(1.7) no 1087 0 234 0 1170 6396 0
8(1.8) yes NA 0 126 0 126 5922 126
Mean 1148.7 0.0 1360 00 6780 5501.0  160.0
STD 55.1 0.0 74.8 0.0 4331 8405  207.9
Group 3
9 (2.5) no 705 0 166 0 664 7387 83
10 (2.6) no 1140 0 150 0 500 4350 0
1(2.7) no 952 0 120 0 680 3200 0
12(2.8) | yes NA 0 164 0 656 7216 164
Mean 932.3 0.0 1500 0.0 6250 55383 61.8
STD 2182 0.0 21.2 0.0 83.9  2090.6 78.6
Group 4
13 (3.5) no 785 0 488 0 732 4636 244
14(3.6) | yes 973 0 0 0 488 5307 305
15(3.7) | vyes 939 0 465 0 558 7812 465
16 (3.8) | yes 1622 0 192 0 480 4080 48
Mean 1079.8 0.0 2863 0.0 5645 54588 2655
STD 370.6 0.0 2334 00 117.0 16471 1724
Group 5
17 (4.5) no 892 0 31 0 620 2449 0
18(46) | yes 966 57 114 0 855 4674 0
19(4.7) | yes 883 0 53 0 742 4452 53
20(4.8) | yes NA 0 106 0 53 5141 0
Mean 913.7 14.3 76.0 00 5675 4179.0 13.3
STD 45.5 28.5 40.4 00 3562 11885 26.5
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Tabl e L Experi nment al
Treat nent Description Dose Tot al
t r eat mrentwO0 04/027060 1 MPL- SE (adj uvants al one),
2 weeks apart 10ug 4 142 WO 03/037060 PCT/ US02/ 35194 4

1.2 MPL-SE, 3Xx,

No.

G oup G oup Level
1 week POmgsSd23sapart 3

6Xx,

Design of WI1l I muni zation in Mce Hi stology Corixa
(Femal es

1 0 No

2.1 Ral2-W'1+ MPL-SE, 6x 25ug 4 5 2.2 Ral2-W1 + MPL-SE, 3x 25ug 4 6 3.1
Ral2-W1 + MPL-SE, 6x 100ug 4 7 3.2 Ral2-W1 + MPL-SE, 3x 100ug 4 8 4.1
Ral2-W1 + MPL-SE, 6x 1000u 4 9 9 4.2 Ral2-W1 + MPL-SE, 3x 1000u 4 9

Vacci nation to WI'1 protein using MPL-SE as adj uvant,

titration study (doses ranging from 251Ag,

female C57/B6 mce elicited a strong
19) dabledd¢ant’s): WIt Bose ﬂ'ﬁ!mms?éydl Fi gure 20).

(Figure

W'l

hi st opat hol ogiCtiaicab€hemisitrycinddileraatobigly dAotady sis

ina nultiple dose
100g to 1000g WI1 protein)
-speci fic antibody response

inb5

No system c
i muni zation with W'l

protein was observedyesio hikelol ogAtsal

t he fol | owm ng_Aninsat$ E1..cl

f emur andei!a'r
| acri rral

eye,
| ar ynx,
pancr eas,
thynmus, trache

put on eval uat

nyel oi d/ eryt hr%ﬁ@ﬁr
eval uabl e bl oogudag!
bi I'irubin, albusimn,

Group 7
25 (2.1)
26 (2.2)
27 (2.3)
28 (2.4)
Mean
STD

Group 8
29 (3.1)
30(3.2)
31(3.3)
32(3.4)
Mean
STD

Group 9
33 (4.1)
34 (4.2)
35(4.3)
36 (4.4)
Mean
STD

par a 'Hgff)n

O

¢ts

yes NA 0
yes 753 0
yes 725 0
yes 792 0
756.7 0.0
337 0.0
yes 784 0
yes 512 0
yes 701 0
yes 631 0
657.0 0.0
115.1 0.0
NA NA NA
yes 724 0
yes 758 0
yes 808 0
763.3 0.0
42.3 0.0

at in@ 1 N si,y\egr nugwand §

eAbisdencibsf or AbsOXi Gibs.y wads.seen in
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G ven that existent immunity to WIL is present in sone patients wth

| eukem a and that vaccination to WI1 protein can elicit W1 specific Ab 20
and cel | Wwero3®3mwed | responses in mce wthout toxicity toPoorusat/3zipssues,
these experinents validate WI'l1 as a tunor/| eukem a vaccine. 143 WO

03/ 037060 PCT/ US02/35194 Table LI dinical Chem stry and Hemat ol ogy

Anal ysis Table LI: W Dose Titration Study dinical Chem stry and

Hemat ol ogy Analysis K/uL MuL g/dl %fl- pg % Aninmal # WBC RBC Hg. HCT MCV
MCH MCHC Nornmal 5.4-16.0 6.7-12.5 10.2-16.6 32-54 31-62 9.2-20.8 22.0-35.5
Goup 1 1(0) 5. 6 8 41 12.8 43.5 53 15.2 29.4 2(0) 5.5 9.12 13.4 47.5 53
14.7 28.2 3(0) 9.22 13.5 48 54 14.7 28.1 4(0) 3.9 9.27 13.6 46 52
14.7 29.6 lveanbls LG(@rmdléNm ReseTdmtignSfudy 26.8 STD 1.5 0.4 0.4 2.0 0.8
0.3 0.8 G ougligical Chérmistry@nd Hednatolbgy Phalysiss 28.5 6(1.6) 5.2 8.58 12.6 44
53 14.7 28.6 7(1.7) mg/d O.nyidl13. §dU6 5@dI14. 79/@9. 6 m@dll. 8) 6.3 NA NA 41 NA
NA NA Mean 6.Apingl® 1BUN| fBreatihirgd. @otein Albupgin Glotl@IDT. Biljuln 3 0.5 2.4 0.6 0.1

0.6 Group 3 INermel)|139:28.9 08-193 4085 326381418387 0110089 (2.6) 5 8.78 13
44.2 50 14.8 29.3 [11(2.7) 4 8.94 13.2 48.3 54 14.7 27.3 12 (2.8) 8.2 NA
ro
§A64é TAlNQ NAF”\‘(\);kbn %A4 9. %AIS. 3Nﬂ6. 0 ﬁ% 0 1§A8 27.N% STD 2.2 0.2 0.3 4.2
' ' ' 2(0) 28 0.5 49 37 1.2 0.3
3(0) 25 0.5 4.9 3.8 1.1 0.2
4(0) 27 0.5 4.7 37 1 0.2
Mean 26.7 0.5 4.8 3.7 1.1 0.2
STD 1.5 0.0 0.1 0.1 0.1 0.1
Group 2
5(1.5) 34 0.5 4.6 3.6 1 0.2
6 (1.6) 31 0.4 4.6 3.3 1.3 0.2
7(1.7) 34 0.6 49 4 0.9 0.3
8(1.8) NA NA NA NA NA NA
Mean 33.0 0.5 4.7 3.6 1.1 0.2
STD 1.7 0.1 0.2 0.4 0.2 0.1
Group 3
9 (2.5) NA NA NA NA NA NA
10 (2.6) 33 05 4.6 3.6 1 0.3
11(2.7) NA NA NA NA NA NA
12 (2.8) 31 0.5 4.8 3.7 1.1 0.2
Mean 32.0 0.5 4.7 3.7 1.1 0.3
STD 1.4 0.0 01 0.1 0.1 0.1
Group 4
13 (3.5) 32 0.7 4.6 34 1.2 0.2
14 (3.6) 34 0.4 4.8 3.8 1 0.2
15 (3.7) 30 0.4 47 3.4 1.3 0.2
16 (3.8) 24 0.3 5.1 3.8 1.3 0.2
Mean 30.0 05 4.8 3.6 1.2 0.2
STD 43 0.2 0.2 0.2 0.1 0.0
Group 5
17 (4.5) 22 0.4 4.6 33 1.3 02
18 (4.6) 31 0.5 4.9 3.7 1.2 0.2
19 (4.7) 23 0.6 4.8 3.6 1.2 0.2
20 (4.8) 28 0.5 4.5 3.4 1.1 0.2
Mean 26.0 0.5 47 35 1.2 0.2
STD 42 0.1 0.2 0.2 0.1 0.0
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Goup 4 13(3.5) 6.1 8.82 13.1 46 54 14.9 28.5 14(3.6) 6.1 8.64 12.9 46 54
15 28 15(3.7) 9.3 8.93 13.2 48 55 14.8 27.5 16(3.8) 4.8 8.19 12.6 44 55
15. 3 28. owoNBas7060 6 8.6 13.0 46.0 54.5 15.0 28.2 STD 1.9r0TAIS02/3194 6 0.6
0.2 0.5 Goup 5 17(4.5) 3.1 8.48 12.6 46 54 14.9 27.5 18(4.6) 5.7 9.12
13.7 48 54 15 28.5 19 (4.7) 5.3 8.58 13 44.5 55 15.2 29.2 20 (4.8) 5.3 NA
NA 40 NA NA NA Mean 4.9 8.7 13.1 44.6 54.3 15.0 28.4 144 WD 03/ 037060

PCT/ US02/ 35194 Table LI: WI1 Dose Titration Study Cinical Chem stry and
Hemat ol ogy Analysis KluL MuL gldl %fl- pg % Animal # WBC RBC Hg. HCT M2V
MCH MCHC Normal 5.4-16.0 6.7-12.5 10.2-16.6 32-54 31-62 9.2-20.8 22.0-35.5
STD1.20.30.6 3.40.60.20.9 Goup 621 (1.1) 3.5 9.36 13.5 37.6 40
14. 4 35.9 22(Table)Llgcant®l) Iy T1Doge JitrationStudy3 36.6 23(1.3) 3.6 8.3 12.5
35.3 43 15. 1 Zdinkcal Chérhistly addl Homataldgk Avalygds NA  Mean 4.7 8.9 13.2 36.7
41.7 14.9 36.0 STD MMghi0. 5ndki6 1g@! 1. 5¢@1 5 09l Gweidd 7 26(2.1) 4 NA NA 40
NA NA NA 26( 2Anidal 7 _4BYN ] Zrehfhnife T3groindMbuidin SCIGMMIR T. BIRABIn3) 4.5 8. 19 12.1

34.5 42 14.8 3Borinal P3P28.3) 0819 842361223434, 1548 101100M6. 1 Mean 5.4 8.5
12.5 36.8 41.7 14.7|35.2

Group 6

21(11) 28 0.3 5.1 3.4 1.7 0.2

22 (1.2) 36 0.3 5.1 3.8 1.3 0.2

23 (1.3) 32 0.4 4.9 35 1.4 0.1

24 (1.4) NA NA NA NA NA NA
Mean 32.0 0.3 50 3.6 1.5 0.2
STD 4.0 0.1 0.1 0.2 0.2 0.1

Group 7

25 (2.1) 32 0.2 5 3.4 1.6 0.2

26 (2.2) 24 0.3 4.2 2.8 1.4 0.1

27 (2.3) 28 0.3 4.8 3.2 1.6 0.2

28 (2.4) 27 0.3 5 3.4 1.6 0.1
Mean 27.8 0.3 4.8 3.2 1.6 0.2
S$TD 33 0.0 0.4 03 0.1 0.1

Group 8

29 (3.1) 32 0.3 49 33 1.6 0.2

30 (3.2) NA NA NA NA NA NA

31(3.3) 18 0.3 48 3.1 1.7 0.2

32 (3.4) 26 0.2 4.2 29 1.3 0
Mean 253 0.3 46 341 1.5 0.1
STD 7.0 0.1 0.4 0.2 0.2 0.1

Group 9

33 (4.1) 25 0.2 41 27 1.4 0.3

34 (4.2) NA NA NA NA NA NA

35 (4.3) 23 0.2 47 3.1 1.6 0.2

36 (4.4) 29 0.3 47 3.2 1.5 0.3
Mean 25.7 0.2 45 3.0 1.5 0.3
STD 3.1 0.1 0.3 0.3 0.1 0.1

Abbreviations: WBC: white blood cells; RBC: red blood cells; Hg.: hemoglobin;
HCT: hematocrit ; MCV: Mean corpuscular volume; MCH: mean corpuscular

5 hemoglobin; MCHC: mean corpuscular hemoglobin concentration; Plt.:
platelets; Abs.: Absolute; Baso: basophils; Eos: eosinophils; Abs. Bands:
immature neutrophils ; Polys: polymorphonuclear cells; Lymph: lymphocytes;
Mono: monocytes; BUN: blood urea nitrogen.
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STD 1.5 0.50.6 2.9 0.6 0.2 0.9 Goup 8 29(3.1) 5.1 8.53 12.6 34.9 41 14.7
36 30(3.2) 7.6 8.42 13 36.1 43 15.4 35.9 31(3.3) 3.4 8.45 12.6 34.9 41
14.9 36. WO3203704) 6.1 8.11 12.3 34.8 43 15.2 35.5 Mean PCOH/BOA3M4 6 35. 2
42.0 15.1 35.9 STD 1.8 0.2 0.3 0.6 1.2 0.3 0.3 Goup 9 33(4.1) NA NA NA
NA NA NA NA 34(4.2) 4.5 8.63 12.8 36.2 42 14.8 35.2 35(4.3) 3.9 8.85 13
36.6 41 14.7 35.6 36(4.4) 4.7 8.14 12.3 33.8 42 15.1 36.3 Mean 4.4 8.5
12.7 35.5 41.7 14.9 35.7 STD 0.4 0.4 0.4 1.5 0.6 0.2 0.6 145 WD 03/ 037060
PCT/ US02/ 35194 Table LI (cont'd): W Dose Titration Study Cinical

Chem stry and Hematol ogy Anal ysis yes/no K/ uL Abs. Abs. Abs. Abs. Abs. Abs.
Animal # Pit. clunp Platel ets Baso EgaMpagda Pol ys Lynph Mono Normal no
150-1500 0.0-0.15 0.0-0.51 0.0-0.32 8.0-42.9 8.0-18.0 0.0-1.5 Goup 1 K/ uL
K/ uL K/ uL K/ uLEKPTATIQY QR HUMAR BY T, 8RECIFIGT -OE LS REBPONSES BYWEOKF GENEMNVITR? 860 0 0 0
55 5445 0 3 (0) no 875 0 375 0 525 6BRR 55 4(0) yes 902 0 0 O 156 3744 0
Mean 840.8 0.0 107.8 0.0 268.0 5230.5 18. STD 78.4 0.0 180.1 0.0 207.0

1144.8 37.5 Goup 2 5%_1, Sﬁ% §7d193 0 132 \'9?'2 5214 462 6;)1 6) no 1166 O
52 0 624 4472 52  7(1.7)'SfRTeigAeorsates Patly 1dS9RCHC TEPL8POIES NA 0 126 0
126 5922 126 can be generated from the blood of normal individuals.
Dendritic cells (DC) were differentiated from monocyte cultures
derived from PBMC of normal donors by growth for 4-10 days in RPMI medium
containing 10% human serum, 50 ng/ml GMCSF and 30 ng/mi IL-4. Following
culture, DC were infected 16 hours with recombinant WT1-expressing vaccinia
10 virus at an M.Q.1. of 5, or for 3 days with recombinant WT1-expressing
adenovirus at an M.O.I. of 10 (Figures 21 and 22). Vaccinia virus was
inactivated by U.V. irradiation. CD8+ T-cells were isolated by positive selection
using magnetic beads, and priming cultures were initiated in 96-well plates.
Cultures were restimulated every 7-10 days using autologous dendritic cells
15 adeno or vaccinia infected to express WT1. Following 3-6 stimulation cycles,
CD8+ lines could be identified that specifically produced interferon-gamma
when stimulated with autologous-WT1-expressing dendritic cells or fibroblasts.
The WT1-specific activity of these lines could be maintained following
additional stimulation cycles. These lines were demonstrated to specifically
20 recognize adeno or vaccinia WT1 infected autologous dendritic cells but not
adeno or vaccinia EGFP-infected autologous dendritic cells by Elispot assays
(Figure 23).

EXAMPLE 15
25 FORMULATION OF RA12-WT1 FOR INJECTION: USE OF EXCIPIENTS TO STABILIZE
LYOPHILIZED PRODUCT
This example describes the formulation that allows the complete
solubilization of lyophilized Ra12-WT1.
The following formulation allowed for the recombinant protein
30 Ral12-WT1 to be dissolved into an aqueous medium after being lyophylized to

dryness:
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Mean 1148.7 0.0 136.0 0.0 678.0 5501.0 160.0 STD 55.1 0.0 74.8 0.0 433.1
840.5 207.9 Goup 3 9(2.5) no 705 0 166 0 664 7387 83 10(2.6) no 1140 O
150 0 500W03503060 11(2.7) no 952 0 120 0 680 3200 0 12(2PEY/usex3NM 0 164 0
656 7216 164 Mean 932.3 0.0 150.0 0.0 625.0 5538.3 61.8 STD 218.2 0.0
21.2 0.0 83.9 2090.6 78.6 Goup 4 13 (3.5) no 785 0 488 0 732 4636 244
14(3.6) yes 973 0 0 0 488 5307 305 16(3.7) yes 939 0 465 0 558 7812 465
16(3.8) yes 1622 0 192 0 480 4080 48 Mean 1079.8 0.0 286.3 0.0 564.5
5458.8 265.5 STD 370.6 0.0 233.4 0.0 117.0 1647.1 172.4 Goup 5 17 (4.5)
no 892 0 31 0 620 2449 0 18(4.6) yes 966 57 114 0 855 4674 0 19 (4.7) yes
883 0 53 0 742 4452 53Redémbiftait)RatesWNAcGhckAfatdn56 55144 nfy/miMBater913. 7 14. 3

76.0 0.0 567.5 4179.Q 13.3 STD 45 5 28.5 40, 4 0,0 356, 88.5 26.5 146
VO 03/ 037060 ﬁ&?ﬁl@ﬂ%ﬂ@@f&ﬂ""%&ﬁ H’-‘El‘-%érﬂmﬁ')@%;gg’ég%#wﬁﬁagpon St udy
R s, A B T B R e e
S. S. ni ma Flt. ClUu al e S SO all 0l yS np no
Nor mal no 150-(M8b7d,§!£t51&!3.'\’é) @DSWB&‘? 7809 Sigmgy -)412%%840@3%'.:%‘%/4@: 0-1.5

G oup 6 21(4. BgeMABrboRGRRole ABE28536mal0A0) 22 (1.2) yes 806 0 69 0 207
6486 138 23 (1.3) yes_790 0 180 O 396 2988 36 .
The lyophilized protein with the sugar excipient was found to

dissolve significantly more than without the sugar excipient. Analysis by
coomassie stained SDS-PAGE showed no signs of remaining solids in the
dissolved material.
10
EXAMPLE 16
FORMULATION OF AWT1 PROTEIN VACCINE

This example describes the induction of WT1-specific immune

responses following immunization with WT1 protein and 2 different adjuvant
15 formulations.

According to this example, WT1 protein in combination with MPL-
SE induces a strong Ab and Interferon-y (IFN-y) response to WT1. Described
in detail below are the methods used to induce WT1 specific immune
responses following WT1 protein immunization using MPL-SE or Enhanzyn as

20 adjuvant in C57/B6 mice.

C57BL/6 mice were immunized with 20 ug rRa12-WT1 combined
with either MPL-SE or Enhanzyn adjuvants. One group of control mice was
irﬁmunized with rRa12-WT1 without adjuvant and one group was immunized
with saline alone. Three intramuscular (IM) immunizations were given, three

25 weeks apart. Spleens and sera were harvested 2 weeks post-final
immunization. Sera were analyzed for antibody responses by ELISA on plates
coated with Ra12-WT1 fusion, Ra12 or WT1TRX. Similar levels of IgG2a and
IgG1 antibody titers were observed in mice immunized with Ra12-WT1+MPL-
SE and Ra12-WT1+Enhanzyn. Mice immunized with rRa12-WT1 without

30 adjuvant showed lower levels of IgG2a antibodies.
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24(1.4) NA NA NA NA NA NA NA NA Mean 793.3 0.0 94.7 0.0 329.3 4114.7 128.0
STD 11.4 0.0 75.8 0.0 106.1 2054.5 87.4 Goup 7 25 (2.1) yes NA O 80 0 200
3720 0 28023@)70yes 753 0 0 0 518 6734 148 27(2.3) yes 7PETASHD3N9L25 4140
45 28 (2.4) yes 792 0 232 0 754 4814 0 Mean 756.7 0.0 100.5 0.0 424.3
4852.0 48.3 STD 33.7 0.0 96.5 0.0 263.0 1333.1 69.8 Goup 8 29(3.1) yes
784 0 153 0 561 4233 153 30(3.2) yes 512 0 152 0 304 6992 152 31(3.3) yes
701 0 0 O 238 3094 68 32(3.4) yes 631 0 305 0 305 5368 122 Mean 657.0 0.0
152.5 0.0 352.0 4921.8 123.8 STD 115.1 0.0 124.5 0.0 142.8 1663.3 39.9
Goup 9 33(4.1) NA NA NA NA NA NA NA NA 34(4.2) yes 724 0 125 0 540 3780

13, L4510 13 0 S oo el bt 0 52 o5
235 Mean 763. 3
105.5 389. 6 1Pi°%‘“i%‘7‘°(&?)’"é%?tt5‘§#ﬁ@6 %ﬁ?%@ﬁ%i’%“"ﬂ‘r%@ W (&R a) -

Dose Titrati omr witdyT1CGhdphtisrde, pherhsd aeﬁrsbtﬁ-@@l[wammﬁmrd%@akmsw4m/ dl ng/dl
g/dl g/dl g/dl ng/dl CBAnln%gl9£L GIiﬂNCr!(Z,atlnl Al bum n d obulin

T. Bilirubin TREPPASES ov8' @"Czsmg'ua'zed with rRAR-W T4 aiof@ Additionallyathg o 10-0. 90
Goup 1 1 (9) r&MditbihdibteNAaNMNAANAWT {{MPI128E thdacdd 8 stPonget CB4Gesponse

than did rRA12-WT1+Enhanzyn. |FN-y OD readings ranged from 1.4-1.6 in the
mice immunized with rRA12-WT1+MPL-SE as compared to 1-1.2 in the mice
immunized with rRA12-WT1+Enhanzyn. Peptide responses were only
observed against p117, and then only in mice immunized with rRa12-

10 WT1+MPL-SE. Strong IFN-y responses to the positive control, ConA, were
observed in all mice. Only responses to ConA were observed in the negative
control mice immunized with saline indicating that the responses were specific
to rRA12-WT1.

15 EXAMPLE 17
CONSTRUCTION OF A RANDOMLY MUTATED WT1 LIBRARY
The nucleic acid sequence of human WT1 was randomly mutated
using a polymerase chain reaction method in the presence of 8-0xo dGTP and
dPTP (journal of Molecular Biology 1996; 255:589-603). The complete
20 unspliced human WT1 gene is disclosed in SEQ ID NO:380 and the
corresponding protein sequence is set forth in SEQ ID NO:404. A splice
variant of WT1 was used as a template for the PCR reactions and is disclosed
in SEQ ID NOs:381 (DNA) and 408 (protein). Conditions were selected so that
the frequency of nucleic acid alterations led to a targeted change in the amino
25 acid sequence, usually 5-30% of the PCR product. The mutated PCR product
was then amplified in the absence of the nucleotide analogues using the four
normal dNTPs. This PCR product was subcloned into mammalian expression
vectors and viral vectors for immunization. This library, therefore, contains a
mixed population of randomly mutated WT1 clones. Several clones were
30 selected and sequenced. The mutated WT1 variant DNA sequences are
disclosed in SEQ ID NOs:377-379 and the predicted amino acid sequences of
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3(0) 25 0.54.93.81.10.2 4 (0) 27 0.54.7 3.710.2 Man 26.7 0.5 4.8
3.71.1 0.2 SID1.50.00.10.10.10.1 Goup 2 5(1.5) 34 0.54.6 3.6 1
0.2 6(1.6po330s® 4.6 3.3 1.3 0.2 7(1.7) 34 0.6 4.9 4 0prOTASB2/3804. 8) NA
NA NA NA NA NA Mean 33.00.54.7 3.6 1.10.2 SITD1.7 0.10.20.40.20.1
Goup 3 9(2.5) NA NANANANANA 10 (2.6) 33 0.54.6 3.6 1 0.3 11(2.7) NA
NA NA NA NA NA 12(2.8) 31 0.5 4.8 3.7 1.1 0.2 Man 32.0 0.5 4.7 3.7 1.1
0.3 STD1.40.00.10.10.120.1 Goup 4 13(3.5) 32 0.7 4.6 3.41.20.2
14(3.6) 34 0.4 4.8 3.8 1 0.2 16(3.7) 30 0.4 4.7 3.4 1.3 0.2 16(3.8) 24
0.35.13.81.30.2 Man 30.0 0.54.83.61.20.2 SID4.30.20.20.20.1
0.0 Goup 5 wewara)ns%ze 9et4orfhiﬁS’iE@l[iN@sQOQAO‘lSTHes@)alt&ib cseaueshcgs,s. 71.20.2
19(4.7) 23 0.6 4.8 3.6 1. 2 20(b§ .5 4.5 3.4 1.1 0. Mean 26.0
0.5 4.7 3.5 1.3pdgthers fSWfD"l? '@"%)’MCBO Lﬁeéaé'"lm@"%e“il?é”‘éﬂéeﬁPb%efJGo

PCT/ US02/ 35194¢l| responses against WT1 protein in cancer cells.

5 EXAMPLE 18
CONSTRUCTION OF WT1-LAMP FUSIONS
A tripartite fusion was constructed using the polymerase chain

reaction and synthetic oligonucleotides containing the desired junctions of
human lysosomal associated membrane protein-1 (LAMP-1) and a splice

10 variant of the human WT1 sequence. The splice variant of WT1 and the
LAMP-1 sequence used for these fusions are disclosed in SEQ ID NOs:381
and 383. Specifically, the signal peptide of LAMP-1 (base pairs 1-87 of LAMP)
was fused to the 5-prime end of the human WT1 open reading frame (1,290
base pairs in length), then the transmembrane and cytoplasmic domain of

15 LAMP-1 (base pairs 1161 to 1281 of LAMP) was fused to the 3-prime end of
the WT1 sequence. The sequence of the resulting WT1-LAMP construct is set
forth in SEQ ID NO:382 (DNA) and SEQ ID NO:409 (protein). The construct
was designed so that when it is expressed in eukaryotic cells, the signal
peptide directs the protein to the endoplasmic reticulum (ER) where the

20 localization signals in the transmembrane and cytoplasmic domain of LAMP-1
direct transport of the fusion protein to the lysosomal location where peptides

are loaded on to Class il MHC molecules.

EXAMPLE 19
25 CONSTRUCTION OF WT1-UBIQUITIN FUSIONS FOR ENHANCED MHC CLASS |
PRESENTATION
The human ubiquitin open reading frame (SEQ ID NO:384) was
mutated such that the nucleotides encoding the last amino acid encode an
alanine instead of a glycine. This mutated open reading frame was cloned in
30 frame just upstream of the first codon of a splice variant of human WT1 (SEQ
ID NOs:381 and 408, DNA and protein, respectively). The G->A mutation
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Tabl e LI

(cont'd): Wl Dose Titration Study Cinical Chemstry and

Hemat ol ogy Anal ysis My/dl ng/dl g/dl g/dl g/dl ng/dl Aninmal # BUN

Creati ni r®0.03p836@i n Al bumin @obulin T. Bilirubin
0.3-1.0 4.0-8.6 2.5-4.8 1.5-3.8 0.10-0.90 Goup 6 21(1.1) 28 O.
1.7 0.2 22(1.2) 36 0.3 5.1 3.81.3 0.2 23(1.3) 32 0.4 4.9 3.5
1.4) NA NA NA NA NA NA Mean 32.0 0.3 5.0 3.6 1.5 0.2 STD 4.0
.2 0.1 Goup 7 25(2.1) 32 0.2 5 3.41.6 0.2 26(2.2) 24 0.3 4.
.1 27(23) 28 0.3 4.8 3.2 1.6 0.2 28(2.4) 27 0.3 5 3.4 1.6 0.
803 .83.21.60.2 SID3.30.00.40.30.20.1 Goup 82
3
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cytotoxicity when it was expressed in human cells. Whereas it was not possible
to generate stable lines expressing native WT1, cell lines expressing the fusion
protein were readily obtained. The resulting protein is predicted to be targeted

to the proteosome by virtue of the added ubiquitin molecule. This should result

in more efficient recognition of the protein by WT1 specific CD8+ T celis.

EXAMPLE 20
CONSTRUCTION OF AN ADENOVIRUS VECTOR EXPRESSING HUMAN WT1

A splice variant of human WT1 (SEQ ID NO:381) was cloned into
an E1 and E3 deleted adenovirus serotype 5 vector. The expression of the
WT1 gene is controlled by the CMV promoter mediating high levels of WT1
protein expression. Infection of human cells with this reagent leads to a high
level of expression of the WT1 protein. The antigenic nature of the adenoviral
proteins introduced into the host cell during and produced at low levels
subsequent to infection can act to increase immune surveillance and immune
recognition of WT1 as an immunological target. This vector can be also used
to generate immune responses against the WT1 protein when innoculated into
human subjects. If these subjects are positive for WT1 expressing tumor cells
the immune response could have a theraputic or curative effect on the course

of the disease.

EXAMPLE 21
CONSTRUCTION OF A VACCINIA VIRUS VECTOR EXPRESSING HUMAN WT1
A splice variant of the full length human WT1 gene (SEQ ID
NQ:381) was cloned into the thymidine kinase locus of the Western Reserve
strain of the vaccinia virus using the pSC11 shuttle vector. The WT1 gene is

under the control of a hybrid vaccinia virus promoter that mediates gene
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HCT: hematocrit ; MCV: Mean corpuscul ar vol une; MCH nean corpuscul ar 5
henogl obi n; MCHC. nean corpuscul ar henogl obin concentration; Pit.:

pl at el et swoAB®37060Absol ut e; Baso: basophils; Eos: eosi nophiPlC3/USA3s19Bands:

i mmat ure neutrophils ; Polys: polynorphonucl ear cells; Lynph: |ynphocytes;
Mono: nonocytes; BUN: bl ood urea nitrogen. 149 WO 03/037060 PCT/ US02/ 35194
EXAMPLE 14 ELI Cl TATI ON OF HUMAN WI'1 - SPECI FI C T- CELL RESPONSES BY WHOLE
GENE IN VITRO PRI M NG This exanpl e denonstrates that WI1 specific T-cell
responses 5 can be generated fromthe blood of normal individuals.
Dendritic cells (DC) were differentiated from nonocyte cultures derived
from PBMC of espressiordihroughodt yhegcaundenoffvaccidia Libusdafestiom TREMeagerdicam

cont a1 0% ERD Sy o Sedl SRR b b i 0 0

vaccinia 10 el pmte&ﬁ thanis lv&lekpresdedn somef famad tdmy:sce»si Mhussconbi nant WI'1
- expressing adenovirus at an MO, | f. 10 (Fi [&3 21 accini a
virus was i ndBPHRIPQUGR! FRSPENSES 10 W"Qdé)e&y?rgﬂ_(as 1o Aty g(ekxéq %afjg%l ated by
posi tive sed eoddj@Mistocanietibig CHdsd (MBidddassatiegiiedire@gnitibh of WI1wer e

initiated i 6- wel | t | at.ed 7-10 d
Iug: nlgaaﬁt o: ggi‘lﬁ’éﬁv\ée&%rnﬁ’t‘qr%s@“@émespr?@'ndﬂ(g}m?ﬁ'aﬁ‘?g ¥ I?%%fwgl\éfe{@é to exp?g:s

WI'1. Fol | owi ngagkirfia SitisiUst@t wmraney lghsevel QQ&FCldldsﬂﬁbﬁeséﬁlahdl bedidentified that
specifically produced jnterferon i mul at eg wi th aut ol ogous- WI'L

- expressi ng déFfPENHoEoiiag Méﬂoqroqefr%qyg@%g{gells 'ﬁi@'W?"Q ReWTLPRE M vity of

these |ines coyhtt RRcRIIHLSUStEsH WihseWabB o prReéfithiicAIWTFL pépiidas inaRe cycl es.
These lines were denonstrated to specifically 20 recogni ze adeno or

vacci ni a W |°ﬁ$t§8t°ém%ﬁ'6$§ib%"&thﬁéFRJI’IGP?QF@'OBQYI%D‘HUT° Bt adeno or vaccinia

EGFP-i nfected aut ol ogoyfe ﬂ@él%f'tﬁub ﬁw@ﬁtldnsn@ydeﬁisl BBk adEhddtSackifié.gure 23).
EXAMPLE 15 25 FORMULATI ON CF FOR | NJECTI ON: USE OF EXCI PI ENTS TO

STABI LI ZE  LYdPmunipation qﬁhqnemwmmtg b@&fmﬁr@ geseve; wBaretqquldfiendigidat i on t hat
al lows the compdgiific of Qlrttie! rbGRnsONTRE expredafnl di¥@eh Wl thaTbil will lead

to recognition of the protein by both CD4 and CD8 positive T cells.
15
EXAMPLE 22
GENERATION OF WT1-SPECIFIC CD8+ T-CELL CLONES USING WHOLE GENE PRIMING
Dendritic cells (DC) were differentiated from monocyte cultures
derived from PBMC of normal donors by growth for 4-6 days in RPMI medium
20 containing 10% human serum, 50 ng/ml GM-CSF and 30 ng/ml IL-4. Foliowing
culture, DC were infected 16 hours with recombinant WT1-expressing vaccinia
virus (described in Example 21) at a multiplicity of infection (MOI) of 5 or for 3
days with recombinat WT1-expressing adenovirus at an MOI of 10. Vaccinia
virus was inactivated by U.V. irradiation. CD8+ T-cells were isolated by
25 negative depletion using magnetic beads, and priming cultures were initiated in
96-well plates. Cultures were restimulated every 7-10 days using autologous
dendritic cells infected with adeno or vaccinia virus engineered to express
WT1. Following 4-5 stimulation cycles, CD8+ T-cell lines could be identified
that specifically produced interferon-gamma when stimulated with autologous-

30 WT1 expressing dendritic cells or fibroblasts. These lines were cloned and
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The follow ng fornulation allowed for the reconbinant protein 30 Ral2-W1
to be dissolved into an aqueous nedi um after being |yophylized to dryness:
150 WO 03w0330806(PCT/ USO2/ 35194 Reconbi nant Ral2- W1 coneemtusar/ssam 0.5 -
1.0 ng/mM; Buffer: 10-20 nmM Et hanol ami ne, pH 10.0; 1.0 - 5.0 nmM Cystei ne;
0.05 % Tween-80 (Pol ysorbate-80); Sugar: 10% Trehal ose (T5251, Sigma, MO
10% Mal tose (MR171, Sigma, MO 10% Sucrose (S7903, Sigma, MD 10% Fruct ose
(F2543, 5 Sigma, MO 10% d ucose (Gr528, Signa, MO . The |yophilized
protein with the sugar excipient was found to dissolve significantly nore
than wi thout the sugar excipient. Analysis by coonassie stained SDS- PAGE
showed no si grismohstratedbtorspagficatly retdghife WTA tratisdisoet \aatblogaus fibrablasts0 EXAMPLE

16 FCRI\/ULATI PROT This exarrpl e describes the
i nduction of Mﬁ”@d??ﬁaﬂ%‘}é@&?ygﬁﬂgt 455¥%wi ng i muni zation with
WI'1 protein and 2 di fferheWnnmdtumr(Wﬂ)léjeﬁeqdam&;ﬁtesqnﬁeukéacgyr@blag to this

exanmple, WI'1 protein in conpjinati h MPL- SE jnduces astrongAband
| nt renr:)feron y. @P&l’@-?’f’%?ﬁﬁ%ﬁ'@ st B@E%m%éawe ﬁsmeé(pqa $lfow are the

nmet hods usesl tumoredPesiodd StuaiReGnh ﬁurﬁammﬁmejaﬁ@ams@mef@deam SOV 1 pr otein
i mruni zati on usi MPL- SE or Enhanzyn g vant 1 n

C57BL/ 6 nice \ﬁé?‘é'gq PR A (FSPenses Iny! W%(ZWL\)\P%%@W%&S/BM%)QH her

MPL- SE or EnhaMLy patiflis Eaidcs - PreV6usdst@dies iAfmi® RavetdhoWh Gifat Wast pdpiigni zed wi th
rRal 2-WI'1L without adjuvant and one %@o% was _i mmuni zed vvlth sal i ne al one.

Thr ee i nt r anu$eBRBYCENS elichWihl sracifis pRA GiT sesPopsRse I eLisasbks apart .

Spl eens and S%@?tdé@a@ vAGIINRSH RGmand\8 Rinited By telr HLA resthiiBAEngMd On.  Sera were
anal yzed for antib responses by ELISA on plates coated with Ral2-W'1

f usi on, é@ndmmxhc@eﬁhﬂ%sp@cgwﬁ@oasea Yeprnlwind minguty ohpatieptsdy titers

wer e Obser VedturﬁorrE g&ifid mnTﬁ@Qd\)ﬁ'nH@eB@f]@hW gen d%ﬁ\lmun%%uéﬁlgre that
Ral2- WI'1+Enhanzyn. M ce imuni zed wth rRal 2-W1 wt

several helper and CTL epitopes can be included in a smgle vaccme thus not
restricting the vaccine to specific HLA types. The data disclosed herein
demonstrate the induction of WT1 specific immune responses using whole
15 gene in vitro priming. and that WT1 specific CD8+ T-cell clones can be
generated. Given that existent immunity to WT1 is present in some patients
with Iedkemia and that murine and human WT1 are 96% identical at the amino
acid level and vaccination to WT1 protein, DNA or peptides can elicit WT1
specific Ab, and cellular T-cell responses in mice without toxicity to normal
20 tissues in mice, these human in vitro priming experiments provide further
validation of WT1 as a tumor/leukemia vaccine. Furthermore, the ability to
generate WT1 specific CD8+ T-cell clones may lead to the treatment of
m.alignancies associated with WT1 overexpression using genetically
engineered T-cells.
25 EXAMPLE 23
RECOMBINANT CONSTRUCTS FOR CLINICAL MANUFACTURING OF WT1
Five constructs were made as described in detail below, for the
production of clinical grade WT1.
Design of Ra12/WT-E (SEQ ID NOs:388 (cDNA) and 391
30 (protein)) and WT-1 E (SEQ ID NOs:386 (cDNA) and 395 (protein)) with No His
tag:
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30 adjuvant showed | ower |evels of |Ig&2a antibodies. 151 WO 03/037060
PCT/ US02/ 35194 CD4 responses were assessed by neasuring Interferon-y

pr oduct i owofoaloswes ng stimul ati on of splenocytes in vitro WCTHUSORE19L2- W1,
rRal2 or with W'l peptides p6, pll7 and p287. Both adjuvants inproved the
CD4 responses over mce inmunized with rRA12-W1 alone. Additionally, the
5 results indicate that rRA1 2-W1 +MPL-SE i nduced a stronger CD4 response
than did rRA12- W1 +Enhanzyn. |IFN-y OD readings ranged from1.4-1.6 in the
m ce imuni zed with rRA1 2-W1 +MPL-SE as conpared to 1-1.2 in the mce

i mmuni zed wi th rRA12- W1+Enhanzyn. Peptide responses were only observed
agai nst pll7, and t henToeWT-i ik nebdieg frammawas &CRvaMplifieRaiiA tHOfoliMiing- MPL - SE.

Strong I FN-y responses to the positive control, ConA were observed in all
mce. Only re?BB"%%sgsr$8 n&Bﬁ{E? V\ﬁ}@s'%g%?ir@gt'i n the negative control mce
i mmuni zed Wi th saline PDIU-T30 (SEN IChNO:39BE5 rgasgeaagesatgeaciceitpaicadacl’ t o r RAL
2-Wr1. 15 EXAgdglag,&lj CONSTRUCTI ON OF A RANDOMLY MUTATED WI'1 LI BRARY The

nucleic acid ce of human WI1 was randonmly nmutated using a polynerase

chai n reactson et hod PDM-1E9 (SESS DNEO:337) 8-cgugtgattRcactgaatgdeidfydaga@ir nal  of
Mol ecul ar Bi oh_g‘géo 996; 255:589-603). The conplete 20 unspliced human W1
gene is discl n SEQ I D NGO 380 and the correspondi ng protein sequence

is slet fo][th iﬂ SEgR I Dm@fdlaﬂingm%%ycﬁ@ cdhiﬂftibﬁﬂﬁveféfusgﬂim\lasxmd as(a |
tenplate for the PCR reactions and.is disclose i.n SEOQ. | D 381 (DNA
bnd’ 408" (pr ot GRS’ BTN SHES. Aal trd Eaion Lol sl walaha or SRy of
nucl eic acid blyflefiseq8fath§shel Da dolladCAR (566 g GPDMRAT2EWaN RO HE. aci d

sequence, usuall'y 5-30% of the PCR produgt. The nutated PCR ‘i)roduct was
then anpl i 1§ edhekeactien was denadurst intigdy ALYE e der 2minyies) olened Brstthg t he four

nor mal dNTPs. cfiRiSoffePt Psreduetotse2ehsl B edohdy, And Rl AMhiRXPERGSI ON
vectors and vitral vectors for immunization. This library, therefore,

contains a mi‘R&acHBisuUTAIIMES Telowed By arfing! aRNsoB P AL or dmiRutesselhg al cl ones
vere 30 sel ectppeh efeeu&%ggg;_eggg wif daVER BchRNEAd ¥RRE@R Mo FPMSRSIENCES are

di sclosed in SEQ I D NGs: and the predicted am no acid sequences of
152 modified pET28 vector) that had been digested with Ndel and EcoRIl. The
15 construct was confirmed through sequence analysis and then transformed into
BLR (DE3) pLys S and HMS 174 (DE3) pLys S cells. This construct — pPDM
WT-1 E was then digested with Ncol and Xbal and used as the vector
backbone for the Ncol and Xbal insert from pPDM Ra12 WT-1 F (see below).
The construct was confirmed through sequence analysis and then tranformed
20 into BLR (DE3) pLys S and HMS 174 (DE3) pLys S cells. Protein expression
was confirmed by Coomassie stained SDS-PAGE and N-terminal protein
sequence analysis.
Design of Ra12-WT-1-F (a.a. 1-281) with No His tag (SEQ ID
NOs:389 (cDNA) and 393 (protein)):
25 The Ra12 WT-1 reading frame was PCR amplified with the
following primers:
PDM-777 (SEQ ID NO:398) 5’ cgataagcatatgacggccgegtccgataac
3'Tm 66°C
PDM-779 (SEQ ID NO:399) 5 cgcgtgaattcatcactgaatgectcigaag 3°
30 Tm63°C
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WO 03/ 037060 PCT/US02/35194 the variants are set forth in SEQ ID

NGs: 405-407. These altered sequences, and others fromthe library, can be
used as iwpwaog@nes to i nduce stronger T cell responses a®airnsn2/¥id4 prot ein
in cancer cells. 5 EXAMPLE 18 CONSTRUCTI ON OF WIl -LAMP FUSI ONS A
tripartite fusion was constructed using the polynerase chain reaction and
synthetic oligonucl eotides containing the desired junctions of human

| ysosomal associ ated nenbrane protein-1 (LAMP-1) and a splice 10 variant of
t he human WI'1 sequence. The splice variant of WI'l and the LAMP-1 sequence
used for these fusions are disclosed in SEQ ID NGs: 381 and 383.

Speci fically, the si gndhe fipwind®GH cyichddedahditibaswereaises: tid 80X Bfu LAMP)  was

fused to the 5-pri r ( 90 base
pairs in | enggH?, ﬁ"&h@q %ﬁg'm?aa%ﬂg?@%&b{%ﬂ?&@%ﬁ (‘Jt [#I%f 15
LAMP-1 (base pailymeraki@3tratageh28ila odilal BAR)60wgDNAIGRDNBa 2 T3l Mo Higp. end of
the WI'1 sequence. e seq Lhe r AMP copnstruct is set
forth in SEQ I '}% K@Q%W?ﬁmaﬁé{ﬁg E@?‘[ﬁ%ﬂzﬁfﬁdﬂ@w‘;&tf@h dblyhzg) construct
was desi gnesl s:plcésh@ftgevmm 20tsetehde xgB°CIserb datordsk any p2i0cfor 8 hisuted. he si gnal
ocal i zati on S asdOleyeiny a ek e AR E2ini yaerss e PO AL LAVP. 1
direct transp d esfeb@vﬂﬁWeDaﬁthfl@rﬁéﬂ|ﬁtot;jPDmH|s|tM§t0féﬁfl%bnH@@Q&dﬂnhWhere
pepti des are | oaded on tq Class || |f@g@pl ecul es. EXAMPLE 19 25

CONSTRUCTI ON- &¥€eVid 487 &l FhengeRUIconNE SeoriIgaANCHE Reguoneaaiglysis
PRESENTATI ON ahf ehehUramsiotthedliFid BIIR (FE3) pLessi lana HfMSiiTﬁl (OBBERplRSNQIS84) was

mut at ed such that the nucl eoti des encodi am no_acid encode an

al ani ne i nQ e ZdotEiN eXPIGRSIeN Wes cortfmaetpy QP&gaﬁﬂfeﬁa'ﬂ@%é\rpﬁg AGBARIWas cl oned in

30 frame just iatpptal g@fg,rpg gﬁAﬁCééﬁ&}s'SCOdon of a splice variant of human WI'1
(SEQ I D NGs: 381 and 4 and otein, res ectl vel y). The G >A mutation

153 WD 03/ 037060 PCT/ u§@2'939&'§a12 Tel i @0663 dﬁEde $90cBlMge of the

nacent protei RnhKed ot eases that normally process poly-ubiquitin

during translation. The and predicted
The Ra12 WT-1 reading frame was PCR amplified with the

15 following primers:
PDM-777 (SEQ ID NO:400) 5’ cgataagcatatgacggccgegtccgataac
3’ Tm 66°C
PDM-778 (SEQ ID NO:401) 5’ gtctgcagcggcecgctcaaagegecage 3’
Tm7°C
20 The following PCR cycling conditions were used: 1ul 10X Pfu
buffer, 1ul 10mM dNTPs, 2ul 1uM each oligo, 83ul sterile water 1.5ul Pfu DNA
polymerase (Stratagene, La Jolla, CA), 50 ng DNA (pPDMRa12 WT-1 No His).
The reaction was denatured initially at 96°C for 2 minutes, followed by 40
cylces of 96°C for 20 seconds, 68°C for 15 seconds, and 72°C for 2 minutes
25 and 30 seconds. This was followed by a final extension of 72°C for 4 minutes.
The PCR product was digested with Notl and Ndel and cloned into pPDM His
that had been digested with Ndel and Notl. The sequence was confirmed
through sequence anaysis and then transformed into BLR (DE3) pLys S and
HMS 174 (DES3) pLysS cells. Protein expression was confirmed by Coomassie
30 stained SDS-PAGE and N-terminal protein sequence analysis.
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am no acid sequence for the resulting contruct are set forth in SEQ ID
NGs: 385 and 410, respectively. The resulting protein denonstrated
decr easedwoaBlosidosy 5 cytotoxicity when it was expressed i mChursazi3aed | s.
Wiereas it was not possible to generate stable |ines expressing native
WI'1, cell lines expressing the fusion protein were readily obtained. The
resulting protein is predicted to be targeted to the proteosone by virtue
of the added ubiquitin nolecule. This should result in nore efficient
recognition of the protein by WI1 specific CDB+ T cells. 10 EXAMPLE 20
CONSTRUCTI ON OF AN ADENOVI RUS VECTOR EXPRESSI NG HUMAN WI'1 A splice vari ant
of human W'l (SEQ ID NOeS@ih)of WA CI(araedQ-hﬁ(D)dn EacolBithentHE3aglESEE
adenovirus ser e ression of the 15 WI1 gene is
control | ed by %%%@DW@ W @{9031 |ng high | evels of WI'1 protein
expression. Infection TheWTAIT eating frarelwdsiPGR amplfiatwiihanel tollbwing hi gh
| evel of expression of the WI1 protein. The antigenic nature of the
adenoviral pPOfM&s introduced into the host cell during and produced at
low | evel s subsequent POM-NEEEE®ID NOMORYS Jadgadegtagcadtoiaeasaerdrei | | ance
and i nmune 20 recognltl on of WIl as an i mmunol ogi cal target. This vector
can be al so us@¥6°G o generate i nmune responses agai nst the WI1 protei n when
i nnocul ated into hunarpmmbygegggu 10 NOt41B8F &' gutyc@gaggc@ycﬁ;aaﬁjguageaf or W'1
expressing tunor.cells the i mmune response could have a theraputic or
curative effedMé&® the course of the disease. 25 EXAMPLE 21 CONSTRUCTI ON
OF A VACCI NI A VI RUS VEGfﬁg]?D"E,gg Bﬁhwltﬂéwm‘é §RUi 78 18RPRant of the
81

full Iength human WI'1 gene _ﬁ_ was cloned into the thym dine

ki nase | ocl@ cthfF'héM|\ﬁ@§'t'\43F’N PWS@C%Q“IQ& §Rubptetiigavaleidciuh PR BNAus usi ng

the pSCl 1 Shgiogh@réé%%ﬁétagé%eLW&lag@a\s: 50Sg mﬂ%:mmap@mtpho@ﬁs ya hybrid
vaccinia viru ronoter that nedi ates gene 03/ 037060 PCT/ US02/ 35194

expr essi on t hribgdeastion wae decatured 'fbtfa"VébQﬁ fifer 2/minuies; tollewed BA30 Thi s reagent

can be used 1o, REPLRRC 120 koRIsES 0! 15 &R 78°C for Bin¥iRues, 1N vitro.
W1l is a self protein't I'S overexpressed on 'sone hunman tunor cells.
Thus, This was followed by a final extension of 72°C for 4 minutes. The PCR product

15 was digested with Ndel and cloned into pPDM His that had been digested with
Ndel and Eco72l. The sequence was confirmed through sequence analysis
and then transformed into BLR (DE3) pLys S and HMS 174 (DE3) pLys S cells.
Protein expression was confirmed by Coomassie stained SDS-PAGE and N-
terminal protein sequence analysis.

20

EXAMPLE 24
GENERATION OF WT1-SPECIFIC CD8* T CELL CLONES USING WHOLE GENE PRIMING
AND IDENTIFICATION OF AN HLA-A2-RESTRICTED WT1 EPITOPE
In this example, Adeno and Vaccinia virus delivery vehicles were

25 used to generate WT1-specific T cell lines. A T cell clone from the line was
shown to be specific for WT1 and further, the epitope recognized by this clone
was identified.

Dendritic cells (DC) were differentiated from monocyte cultures
derived from PBMC of normal donors by growth for 4-6 days in RPMI medium

30 containing 10% human serum, 50 ng/ml GM-CSF and 30 ng/mi IL-4. Following

culture, DC were infected 16 hours with recombinant WT1-expressing vaccinia
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i mmunol ogi cal responses to WI1 delivered as a protein are unlikely to | ead
to 5 Major Hi stoconpatibility dass | (MHC class |)-nedi ated recognition of
Wl. Hovwoas/03®kpression of the protein in the intracel | ®carusonsyes t ment
by the wvaccinia virus vector will allow high | evel MHC cl ass |
presentation and recognition of the W'l protein by CD8+ T cells.
Expression of the WI1 protein by the vaccinia virus vector will also |ead
to presentation of WIl peptides in the 10 context of MHC class 11 and thus
to recognition by CD4+ T cells. The uses of this invention include its use
as a cancer vaccine. |nmunization of human subjects bearing W'l positive
tunors coul d Ivemjattamaltlpl'tchpofamacﬁw (MOl cefrsadrifore2-8 dgysowitherecariinaxtpr essi on of
WL within th

lead . to.re Ni L.l f , i th CD4
and (D8 posi ¢ M5 speceisig adEBS vinls R 5 ek MeoekiaRn S oS ol " o
T- CELL CLONESbYWSL.\WGrralfiiiloh. CESIETRiglisviie |scﬂmadiby hégatiaeuémet(dm‘)singere
dlfferentlated rom y rl P | donors
by growth for 24" @d@égo&% é@ﬂ;%ﬁ &%13 8#% ﬁsn}ollgl\//ggugm égfcum 50
ng/ M GV CSF aeadsiéheniié for thd Fedporfis dfakésagAbsc ul ture DC were infected 16
hours with reconbi nant W1 -e pre55| nlg % . a "v{a[us&(uﬂescri bed in
Exanmpl e 21) at a nulti Bf'i"'trlgt%' yes wereipitie H'Q%"f BRES- GHYIEP WE'® days with
reconbi nat W kestifpitétbéle adeaywmsmgﬁam@lo@dmsw]dmfc ckls infdadiwiiha Vi rus was
inactivated by U V. irradiation. CD8+ T-c 25 negative

depl etion usi ﬁﬂe%ﬁfﬂé‘f’?"&'aHﬁ%@g'%?éedptﬁwrﬁ@s %T\qltetﬁ%ggw'%%es ﬁt'mqﬁt'ﬁf‘ed in

96-vel | pl at egycléd)lOD#:erScanBings Eqtd bandentirRe tieut epacificalPprdaicedusi ng aut ol ogous
dendritic cell s infected with adeno or .vaccini a ViIus engll neered to express

W1, Fol | o¥f néntarfesorsy (IRNhwhemstimiated wittpgtologousshy T1) gxpeassing dprariie

identified thajis GHBFbldstalThis@likduserd coRé®alEddnodaata whsdtifehtyul at ed
w t h autol ogous 30 WI'L expressing dendritic cells or fibroblasts. These

lines were cl 6eROGNIZRWT 11ieEnsgysedHutriaanys fibichlasisdyt nejrontrol ¥aRetvsed at ed to

specifically kee8RRisdf Edotlaseigduced aut ol ogous fibrobl asts but not EGFP
transduced fi b'r obl as?t%;y byaoEI |§d§'§t assays. The Wl ns' tunor (W ene

participates in | eukerdgdither §na|ﬂ¢d4%fe§V@F@k?frt%éﬁTi ﬁWﬁB@tC
eukeni as f8 Wk bk, iBloBIgUE bhivedtdntlar ab iiBtaPdoridh RY47YShafiAUr n hurans
ave denonstrate € presence o
the HLA-A2 allele with the donor (0349) from which the T-cell clone was
established, were transduced with WT1. ELISPOT analysis demonstrated
recognition of these D475 target cells by the T-cell clone. To further
demonstrate HLA A2 restriction and demonstrate that this epitope is expressed
20 by tumor cells "naturally” overxpressing WT1 (as part of their malignant
transformation), the leukemia cell line K562 was tested. K562 was transduced
with the HLA A2 molecule, and HLA-A2 negative K562 cells were used as
controls for nonspecific IFN-y release. ELISPOT analysis demonstrated that
the T cells recognized the A2 positive K562 cell line, but not the A2 negative
25 K562 cells. Further proof of specificity and HLA-A2 restriction of the
recognition was documented by HLA-A2 antibody blocking experiments.

To further define the WT1 epitope, 4 truncated WT1 retroviral
constructs were generated. Donor 475 fibroblasts were then transduced with
these constructs. ELISPOT assays demonstrated recognition of D475

30 fibroblasts transduced with the WT1 Tr1 construct (aa2-aa92), thus
demonstrating that the WT1 epitope is localized within the first 91 N-terminal

160



specific anti body (Ab) responses in 16/63 (25% of AM.L and in 15/81 (19%
of CM patients studied. Previous studies in mce have shown that W1
pepti de wWweavad3mecci nes elicit W1 specific Ab, Th and CTeCraspysses. The
use of peptides as vaccines in humans is |imted by their HLA restriction
and the 10 tendency to elicit peptide specific responses and only in a
mnority of patients tunor specific CTL. The advant ages of whol e gene

i mruni zation are that several hel per and CTL epitopes can be included in a
single vaccine, thus not restricting the vaccine to specific HLA types.
The data di sclosed herein denonstrate the induction of W'l specific imune
responses usi ragninhadids df3he)@Td proteint tTiodingmnap the epitope, 1 Sraer pA]Sﬁdespﬁci fic CD8+

T-cell clones,c enerated. G t hat . exi st ent WL is
present in sor%ag/atl é?#'g © ?]?Rp'f'%&iﬁ??m&r?& h&¢" er?ﬁpﬁhﬁﬂz f%ﬁ&ih W1 are
96% i denti cal specifidiE-calhtione reasgrizedawe overappingdemeapemides, pepdde Ppr ot ei n, DNA
or peptides c nd cel | ul T-cell responses in
m ce w t hout 3§¥WWF%§€§?§% 'E”‘@gdég) qngd Rﬁpha‘? % hese human in vitro
primng exp®ri(VEDEAPPGASAYESLISEREID NOAd i3flaTd thhef chéfdctérzednd unor / | eukem a
vacci ne. Further| ot e the ability to ener(iﬁ@_{1 eC| fic CD8+ T-cell

clones nmay | e&ZdNiMg! eRloPe feER0Rized. Shared SHIer gh grsp %?:?félfee?jswrﬂ‘s Wr'1

OVer expr essi ofotdl waee @%ﬂ% hﬁa?lildeﬁhe emfwéﬁde thohe! Tﬁe clgfe spethithlly 23
RECOVBI NANT CONSTRUCT MANUFACTURI NG OF WI'1 Fi ve cgnst ructs

were nmade as d%%QQPFB%H‘elng%eY%[?EA%D@%@EQH? NO=A). AGIR 1 9B81 of cl i ni cal

grade WI'l. Desj@rFArPEASLBEGIDENOSHY.! D NOs: 388 (cDNA) and 391 30 (protein))
and WI-1 E (SEQ I D NGs: 386 (cDNA) and 395 (protein)) with No H's tag: 156

WO 03/ 03708® PCT/ US02/ 35194 The WI-1 E reading frame was PCR anplified
with the following prinmers for the pgamMdLE 23on fusion construct: PDMW 780
(SEQ I D NO 396) 5' gacgaaagcatatgcactccttcatcaaac 3' Tm6C 5 PDM 779 ( SEQ
I D NG 397) 5 %@@Bﬁ?@ﬁ“@&@t@%&%@@%f\%ﬁAQHA'Nﬂ'Hﬁ%\E@ FROMACD8 T

CELL SPECIFIC FOR WT1
T cell receptor (TCR) alpha and beta chains from CD8+ T cell
15 clones specific for WT1 are cloned. Sequence analysis is carried to
demonstrate the family origin of the the alpha and beta chains of the TCR.
Additionally, unique diversity and joining segments (contributing to the
specificity of the response) are identified.

Total mRNA from 2 x 10° cells from a WT1 specific CD8+ T cell

20 clone is isolated using Trizol reagent and cDNA is synthesized using Ready-to-
go kits (Pharmacia). To determine Va and VB sequences in a clone, a panel of
Va and VP subtype specific primers are synthesized (based on primer
sequences generated by Clontech, Palo Alto, CA) and used in RT-PCR
reactions with cDNA generated from each clone. The RT-PCR reactions

25 demonstrate which V§ and Va sequence is expressed by each clone.

To clone the full-length TCR alpha and beta chains from a clone,
primers are designed that span the initiator and terminator-coding TCR
nucleotides. Standard 35 cycle RT-PCR reactions are established using cDNA
synthesized from the CTL clone and the above primers using the proofreading

30 thermostable polymerase PWO (Roche, Basel, Switzerland). The resultant

specific bands (~850 bp for alpha and ~350 for beta) are ligated into the PCR
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The follow ng PCR cycling conditions were used: 1 1 OX Pfu buffer, 1l
10mM dNTPs, 21 1 Meach oligo, 83l sterile water 1.51 Pfu DNA pol ynerase
(Strat agewe,03k3r0d®l | a, CA), 50 (err)g DNA (pPDVRal2 WI- 1 ROTHiS®/35190 The
reaction was denatured initially at 96C for 2 mnutes, followed by 40
cylces of 96C for 20 seconds, 62C for 15 seconds, and 72C for 1 m nute and
40 seconds. This was followed by a final extension of 72C for 4 m nutes.
The PCR product was digested with Ndel and EcoR and cloned into pPDM Hi s
(a nodified pET28 vector) that had been digested with Ndel and EcoR . The
15 construct was confirnmed through sequence anal ysis and then transforned
into BLR (DE3unpigstorSinyirdgeiVEatizdad, DB3 pnptrgrsf@medlints £.¢Hii &.cobnst ruct -

PDM WI-1 E ' ' I , th t

Eac kbone for ;@%esrhcnﬁ‘%h gfgg&%ﬁﬁs %@QP{N&? lf"é'?nnggé%l%ﬁﬁgge\%-scf'g'ﬁg?’éeeeeb\ellegw;).r
The construct idesnified ahd tangsdsdake prapdratieg ot treccomasporsling plaschidswa t r anf or ned
20 into BLR (DE3 L d HVE 174 S cells. Protei i
was confi rmed B)eERS R IOl et a kR B et cteng el Bef o "
sequence ansl wegsencBe 8sign stahddrd hietMiis 1 The divessity-joird@g D NdgionNbatHi s t ag ( SEQ
I D NOs: 389 93 t e 22 .. 1h 12 W-1 di f

PR ampi i 11 cd SATTRUERE B apralithg! BF TGETS NSHATPRBSED | b NG 398) &
cgat aagcat at gacggccgcgt ccgataac 3' Tm 66C PDM 779 (SEQ I D NO 399) 5'

cgcgt gaat t cat cact gaat gcct ct gaag 3 gRMEmEG C 157 WO 03/037060
PCT/ US02/ 35194 The fol |l ow ng PCR CF é‘ nditions were used: 1 | 1 OX

Pf u buf}‘er, 1| V\g.ﬁﬂME@NHSDBQT-CELLI‘dlLleﬂ@h(SQQM%xﬁﬁbsﬁéeﬁddmm\m&% 1.51 Pfu
DNA polynerase (Stratage Jolla, CA, 50 rig DNA (pPDVMRal2 WI-1 No
His). The'Peaction m%ﬁ%”tﬁ%’ ql%et"i“!ﬁ"% 9'3993@68:'5?‘6'?‘91% Aithdlt es, fol | owed
by 40 5 cyl cESewgnﬁéﬁré;ﬂrde%@q&%engAEEGAf(ﬁﬂma&maqegdﬁes e, &g for 3
m nutes. This was foll owed b#a final extension of 72C for 4 m nutes. The

PCR product VRNQRHBEsduher fpsteedrr BRAPHIYIRKY (ysR) SV DPBXAressidt hat had been
di gested W t h joNdfilia Rt EOR TP an HLTARSBSHARS fashiRh. K8B2 tdr§@delidhr ough sequence

anal ysi s
transduced with the HLA A2 molecule, GFP, A2Kb, or untransduced, were
15 used in a standard 4.5 hour *'Chromium release assay with effector to target
cell (E:T) ratios of 25:1 and 5:1. At an E:T ratio of 25:1, the CD8+ T-cell clone
lysed the K562/A2 and K562/A2Kb cells (40% and 49% specific lysis,
respectively) while the control GFP transduced and the K562 cells were not
lysed. Atan E:T of 5:1, specific lysis of the K562/A2 and K562/A2Kb cells was
20 21% and 24%, respectively. Thus, this CD8+ T cell clone recognizes and lyses
leukemic cells expressing WT1 in an HLA-A2-restricted fashion. The ability to
generate WT1 specific CD8+ T-cell clones has utility in the treatment of
malignancies associated with WT1 overexpression using genetically
engineered T-cells.
25
EXAMPLE 27
CONSTRUCTION OF HLA-A2-PEPTIDE-MHC TETRAMERIC COMPLEXES
This example describes the cloning and expression of soluble
HLA-A2 in insect cells, and the purification and assembly of HLA-A2 into
30 fluorescent, multivalent peptide-MHC tetramer complexes for the detection and
isolation of antigen-specific CD8 T cells.
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and then transfornmed into BLR (DE3) pLys S and HVS 174 (DE3) pLysS cells.
10 Protein expression was confirnmed by Coonassi e stained SDS- PAGE and N
term nal woeBesmesequence anal ysis. Design of Ral2-W-1 wPCh/US02/84134 t ag
(SEQ I D NGs: 390 (cDNA) and 392 (protein)): The Ral2 WI-1 readi ng franme was
PCR anplified with the 15 followng priners: PDM 777 (SEQ I D NG 400) 5
cgat aagcat at gacggccgcgt ccgataac 3' Tm 66C PDM 778 (SEQ I D NG 401) 5'

gt ct gcagcggccgcet caaagcgccage 3 Tm 7C 20 The foll owi ng PCR cycling
conditions were used: 1 1 1 OX Pfu buffer, 1| 10nmM dNTPs, 21 1M each
oligo, 83l sterile water 1.51 Pfu DNA polynerase (Stratagene, La Jolla,
CA), 50 rig DNA (pPDVRaIME sydierh id\simitarst that dbeelopedcanid desaived de Adttnaned

initially at 9 r 2 mnutes,. foll ) ]l ces 0 f 20

seconds, 68C Fg?q &%"?Qc‘én%s%l" Sﬂﬁ"cfﬂfg%eo% 4?%#8%'&!'"3@58@b§%’§%nd3. Thi s

was foll owed ks @ingiynadtinglatedas b ORAeécodifion sequénee and was subSbgueRGR pr oduct

was digested with N%]J andI.NdeI and cloned into pP Hi.s., that had been
At aHieq 5

di gest ed wi t h 2RRRAMD! MERFAD ARy GaFHENYERnY FPAVIdhr ough sequence
anﬂ/si sPanfbtbwdm@srhérrﬁadrié|§aésfoabEﬂ g@ga)dicf?;ymhamegumasm (S DEB) pGEyss
cells. rotelrn expressi on was cont| on|ssS| e staj ne DS- PA

and N-term naP*¥e G‘@i"hagb'&a%’?f’é%faﬂ'&ﬁgg?@%Orﬂﬁe%e%?’ﬁg“ﬂéé‘ﬁ{ /S02/ 35194
Desi gn of WI- {ya€ pliafied usiidrahdhti-Humak.claeel MRE adtdutly bfifitt uniSEQ | D NGCs: 387

(cDNA) and 394 (protein)):. The WI-1 C reading frane was PCR anplified with
the following pri ners?r?‘gkﬁbﬂ%z?@?"(g*w penanepersipdwith the birA

gacgaaagcat at gihyistonisedlét@adndthe hiimhl betBMnicrsyidbalitdgére Welepkd
5¢gt ct gcagcgqg,)\glci: ctcaaagcgccagc 3'° Tm 7C _The follow ng PCR cycl.ing

condi ti ons oﬁ@é@pu'szviruswﬁswmvq@f&fﬁﬁéﬁﬁclquaidmramﬁ&yn 4 1 Meach
oligo, 83l stgblical@irRgehesherdicantMitantly transcribed from divergent promoters

and fully assembled, glycosylated soluble HLA-A2 heterodimer was secreted
into the growth medium. The infected insect cells were cultured in cell factories
for 4 days at 21°C before the supernatants were harvested. HLA-A2

15 production was monitored by a capture ELISA employing the W6/32 and
biotinylated B9.12.1 antibodies. HLA-A2 was purified from the culture
supernatant to >90% purity in one step by affinity chromatography using 2 anti-
human class | MHC monoclonal antibodies linked to Sepharose beads. The
antibodies used were PA2.1 and W6/32. Purified HLA-A2 was singly

20 biotinylated on the birA recognition sequence on the C-terminus of the heavy
chain using the commercially available birA enzyme. The efficiency of
biotinylation was evaluated essentially as described (Crawford et al (1998)
Immunity June ;8(6):675-82.), and the material was further purified by size
exclusion chromatography (SEC). Phycoerythrin-conjugated streptavidin was

25 saturated with bio-HLA-A2 and the mulivalent staining reagent was purified
from free HLA-A2 by SEC. HLA-A2 tetramer was incubated for 48 hours at
room temperature with a 10-fold molar excess of Her-2/neu E75 peptide or
Influenza matrix Ml peptide before the specific T cell clones were stained at
4°C for 30 minutes in the presence of peptide loaded tetramer and anti-CD8

30 antibody. Results indicated that the tetramers incubated in the presence of

molar excess of the M1 58-66 M1 influenza peptide specifically stained an
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pol ymerase (Stratagene, La Jolla, CA), 50 rig DNA (pPDVRal2 WI-1 No Hi s).
The reaction was denatured initially at 96C for 2 mnutes, followed by 40
cyl ces ofwBa®08r0 20 seconds, 62C for 15 seconds, and 72CPLeorusB2/sdiput es.
This was followed by a final extension of 72C for 4 m nutes. The PCR
product 15 was digested with Ndel and cloned into pPDM H s that had been
digested with Ndel and Eco721. The sequence was confirned through sequence
analysis and then transforned into BLR (DE3) pLys S and HVS 174 (DE3) pLys
S cells. Protein expression was confirnmed by Coonassie stai ned SDS- PAGE
and N- term nal protein sequence analysis. 20 EXAVMPLE 24 GENERATI ON OF WI'l
- SPECI FI C CD8-influefia-dpeCifiONES|l cishéland/\¥Helt&traahevE ifeBbatb @ith AhBxdelSENT| FI CATI ON

OF AN HLA- A2- E TR Pl TOP t.his I Aden nd Vacci ni a
virus deliver ?J?T%DEX%P%O dﬁgp‘fé@&nf alag%&eg-ﬁgé) 38 L T cell
lines. AT celclonel one fromthe line was shown to be speC|f| c for W1 and
further, the epitope recognized by this clone was identified. Dendritic
cells (DC) were differentiated from nonocyte cultures derived from PBMC of

nor mal donogs by gr ovvth for 4-6 dayExAmpBEl\ﬂs medi um 30 containing 10%
human serum 50 n

infected 16 hourDsE WTN’I" ‘?Fé'gfﬁﬁf"%nfé:r‘ﬁ SU@B‘?‘EW@EME@ é%fJHE%EggAl‘“’tf%éeV\DDc ere

03/ 037060 PCT/ US02/ 3519PLApafeuamats@smﬂeulumExmplyzwewhmwﬁw) of 5
or for 2-3 days with reconbi nant essi ngﬁadeno virus at an MJ of

3-10. Vacci ni anq}@rrquge% thend(d W&’t“é(ﬂ’epw (MLQFAF A (hwmaa VT Ergsidues cel | s

were isol at ed d?y45nsaatm\md EViUR Y hbRE in BXHMAN gl BSbd @sfaBtéd byD14, CD16,
CD19 and CD56+ cells mdﬁ I rrangrﬁ]etl C bepg%)s specific f(??Dt he Fc

portion of 1@ hd¥&- %sTh“Pﬁ"ﬁ’FWQWé’EJ P%Qﬂrt@@%ﬁh@ Wﬂ ﬁ’%ﬂf@cp[?‘# deeleore pl at es.

Cul tures were gek&kl Wéﬁén?;ﬁle 8X efdis Zbﬂréwﬂé‘)ﬁﬁov&fﬁo%eéﬁﬂaﬂ{l RaeYsz4igRdri tic
cells infected wth adeno or vaccinia virus engineered to express W1.

Fol | owi ng 4-5 PS¥ IMPQQR%NVh@’W‘Ieé%"a"@BWe'P ineybatqd Withsan-eres Y3V dént i fi ed
that specific Eﬁdeofh% ﬂystaﬁqea tnﬂer /T eélF&ba/e) wmqno&ttbmmésed Wi th

aut ol ogous- W1 expressing dendritic s or fibroblasts. These lines were
cl oned and dermbatedmétt aﬂ@xgerﬁécsqf frtet%tantWLAMpeptIdes (Her2/neu, WT1p38-

15 46, WT1p39-47), the tetramers did not stain the CD8+ T cell clone. Thus, the
WT1p37-45-specific CD8+ T cell clone is specifically recognized by the HLA-
A2-p37-45 peptide MHC tetramer.

A WT1-specific T cell line generated as described in Example 24
was then stained with the HLA-A2-p37-45, irrelevant Her2/neu or WT1p37-46

20 tetramers. The HLA-A2-p37-45 tetramers stained 1% of the total population of
this WT1-specific T cell line and 7% of the gated CD8+ population while the
control HLA-A2-p37-46 tetramer stained at the same background levels as the
control HLA-A2-Her2/neu tetramers.

These results indicate that MHC-peptide tetramers are a highly

25 sensitive and specific tool for detecting WT1 specific immune responses. The
peptide-MHC tetramers can be used for early detection of WT1 associated
malignancies, monitoring WT1-specific responses,, and for monitoring minimal
residual disease. Detection of WT1 specific T-cells by tetramer staining is also
a useful tool to identify groups within a patient population suffering from a WT1

30 asssociated disease at a higher risk for relapse or disease progression.
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recogni ze WI1 transduced autol ogous fibroblasts but not control transduced
fi broblasts by Elispot assays. To further analyze HLA restriction of these
W'l speciwom3@eE®éo T- 15 cell clones, fibroblasts derived fPcorusan3zodi ti onal
donor (D475), sharing only the HLA-A2 allele with the donor (D349) from

which the T-cell clone was established, were transduced with WI'l. ELI SPOT
anal ysis denonstrated recognition of these D475 target cells by the T-cell
clone. To further denonstrate HLA A2 restriction and denonstrate that this
epitope is expressed 20 by tunor cells "naturally" overxpressing WI1 (as

part of their malignant transformation), the | eukem a cell |ine K562 was

tested. K562 was transduced wth t BXAMPRER® nol ecul e, and HLA- A2 negative

anal yei s denonsGHaBHONAEE T RaegE CPPE TR ToY AASELER B Kooz
cell line, but not the A2 negnhbuesﬂé%@em@ﬁmw&urther proof of

"A A2 ant] body bl ocki AL TBAEFIEL AET SHEVAdT IS JeRRL NPT api ¢ ope, 4
tr uncath gg ﬁ; used chanbﬁdte mnﬁdeﬂggméc 5 cwamrrfesgnamearisilHté,dnAzl'ziJ(capszlbginvésla’dgwgfrrrlD 2; ?P;?Z; S
\rN:(r:ggﬁu tion of uggéi'é@eﬂaﬁﬁhBW%E‘{lle '{Aagrfiﬁﬁié?f%\&tq‘ﬁ A& Sconst r uct
tho Tirst o1 Nrerm ol 0 e %“3?*33‘%"6‘&”%%%8??85&84dm§?#§ﬁ?@§%2“'of”

the WI'L pr ot eitdf9e8" Y4CHIBe RAYCL plRerdpMUppRerapsyic aRpEIACIEBRs of the WIL

protein, overlapping b)Deﬂa&nt%fBen@fEﬂle%?e differeRti¥d trb@Shesdyte LORUMI L specific
T-cell clone recognl zed two overl appi ngngmr pepti des, wﬁle ptide 9

( QMPVL DFAHPGASHYEd frgenP BMGeha nprmal HliAREpesitiNe donoby somhipEERSAYESSL) ( SEQ

ID NO 413). TrpnbrmHéerunp&ﬁq&aaﬁﬁg?ﬁo%%umﬁsemrnlsﬁﬁqb/rﬁmmwmcmm zed,
shared 9ner and Pe ptides of the 15ners total) were used to

anal yse t he s;ﬁ‘Qéﬂ"f”i- i 1F9 Qyfing gHtuEg, 9§é~6r¢wée<8%h h@ﬂé(ﬁ'th ree@Mmbjpant ecogni zed

t he 9ner, , gSEQ I D
NGO 41 1). 10 EXANI%:’EpIéésZSJg‘@C\:I}_a?](:\IIH%C‘sg 631% aS@%E%Oé%ﬁondQ PHAgﬁﬁDSZ BETS CHAI NS

DERI VED FROM Aaggmithirrecombinant WT1-expressing adeno virus at an MOI of 3-10.

15 Vaccinia virus was inactivated by U.V. irradiation. CD8+ T-cells were isolated
by negative depletion using antibodies to CD4, CD14, CD16, CD19 and CD56+
cells, followed by magnetic beads specific for the Fc portion of these Abs.

Priming cultures were initiated in 96-well plates. Cultures were
restimulated every 7-14 days using autologous dendritic cells infected with

20 adeno or vaccinia virus engineered to express WT1. Following 4-5 stimulation
cycles, CD8+ T cell lines could be identified that specifically produced
interferon-y (IFN-y) when stimulated with autologous-WT1 expressing dendritic
cells or fibroblasts. These lines were cloned and shown by Elispot assays to
specifically recognize WT1 transduced autologous fibroblasts but not control

25 transduced fibroblasts in an MHC class I-restricted manner.

These experiments show that the WT1 protein can be used to
generate a T cell response and thus, further confirm the immunogenicity of the
WT1 antigen and support its use as a target for vaccine and other
immunotherapeutic approaches.

30
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CELL SPECIFIC FOR WI1 T cell receptor (TCR) al pha and beta chains from CD8+
T cell 15 clones specific for WI1 are cl oned. Sequence analysis is carried
to denorworanarosthe famly origin of the the al pha and betaTaisat/ss9pf the
TCR.  Additionally, unique diversity and joining segnents (contributing to
the specificity of the response) are identified. Total nRNA from 2 x 106
cells froma W1 specific CDO8+ T cell 20 clone is isolated using Trizol
reagent and cDNA is synthesized using Ready-to- go kits (Pharmacia). To
determ ne Va and VR sequences in a clone, a panel of Va and VP subtype
specific priners are synthesized (based on prinmer sequences generated by
Clontech, Palo Alto, CA) and used i BEXRWARERO reacti ons with cDNA generated

from each clone. The - i t i_ch VR and Va
sequence i s expr essedl?gvﬁgg@h%ﬁl%%ﬁ@ﬁ a?ﬁ%ﬁgﬁﬁﬁyﬁu W'Wgr%gth TCR al pha and
beta chains from a cl ofjs expelimentsieacribed &l igeiico idbatificatofMAE! | ni ti at or and
term nator-codl ot | . andard 35.c e RI-P reactions are
est abl i shed us %’ [B(ﬁ@'aé‘ﬂ&e?{’é‘il%}@u‘\'ﬁ&ﬁﬂﬁﬂg‘eé’*ﬂn'ﬁfﬁh%”%m@ ¥ he above
primers usifg ptrmssudo@ﬁltbﬁ@mlm@ eflopdraidenmiita héreinprelivy naita sevabbiee ( Roche,

Basel, Swtzerl|

, resultant specific 850 b for al pha and
950 for bet a)a”ap’é mff‘tj%& RERPTHES SHplEgBRIeT the a?/{be'%ﬁ g PResReR02) 35104
bl unt vector (WithwTT egssssidear | sbad, CA) and transforned i nto E.coli. E.coli
transfornmed with plasm ds containi full-length al and bet chains are
identified, and |arge ?@81‘%%’!62‘19&02&96?%”%‘” R’ﬁ‘éesé%q Bleg;ﬁ?rfa? BgeDl asni ds are
generated. Pl agm gpitoperpaaissi (MUDFAPPGASGIdh WER rédiduze 37, BaoaDchal ns are
then 5 sequenced using standard net hods, The di versi t¥-] o] n| tg] (DJ) region

that cont 19 blN@g4t; d’“iné’SBlﬁéeYVF incxayRle 24 facbereptripted by} ned. EXAMPLE
26 W'l SPECI FIr&)t%i"bfﬁdﬁ%H—H@x—QﬁE Mﬁﬁ&é%iﬂnﬂﬁﬂ%ﬁ@%%&ﬂ@ahﬁb%&é&s@dBLASTs 10
n

The CD8+ T cell clone intially disclosed in Exanpl e 24 that recognizes
pepti de sequerP@E"%WAW’“@WGr?&NeWPePé%f“ﬂﬂ@rsd%@"-ww SEQ |ID NO 241) was

further tested for thep@ﬁaplnbébhot.pséa»éhhng(drb@s% M&%Sﬁfﬁfg@ﬁtﬁh@g | euken a
target cells in an HLA A2 restricted fashion. tarﬁét cells transduced

with the HLA AEvelppaschy Rammenseeaotal (Hajs-Gearg &iagtnmﬁﬂéae a Bachmann,
15 Niels Nikolaus Emmerich, Oskar Alexander Bachor, Stefan Stevanovic:

SYFPEITHI: database for MHC ligands and peptide motifs. Immunogenetics
(1999) 50: 213-219) and by Parker, et al (Parker, K. C., M. A. Bednarek, and J.
E. Coligan. 1994. Scheme for ranking potential HLA-A2 binding peptides based
on independent binding of individual peptide side-chains. J. Immunol. 152:163.)

20 was used to identify analogs of the WT1 p37-45 peptide epitope that are
predicted to bind to HLA-A2 with higher affinity than the natural p37-45 peptide.
The peptides shown in Table LIl have predicted peptide binding scores equal to
or greater than the naturally processed p37-45 peptide. The binding score is
derived from a predicted half-time of dissociation to the HLA-A2 class |

25 molecule. The analysis is based on coefficient tables deduced from the
published literature by Dr. Kenneth Parker kparker@atlas.niaid.nih.gov, NIAID,
NIH.
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15 used in a standard 4.5 hour (err)Chrom umrel ease assay with effector to
target cell (ET) ratios of 25:1 and 5:1. At an ET ratio of 25:1, the
CD8+ T-ceWwboslamer | ysed the K562/ A2 and K562/ A2Kb cel | s @¢OP6sanss190%
specific lysis, respectively) while the control G-P transduced and the
K562 cells were not |ysed. At an ET of 5:1, specific lysis of the K562/ A2
and K562/ A2Kb cells was 20 21 % and 24% respectively. Thus, this CD8+ T
cell clone recognizes and lyses |eukemc cells expressing WI1 in an

HLA- A2-restricted fashion. The ability to generate Wil specific CD8+
T-cell clones has utility in the treatnment of malignancies associated with
W'l overexpression using genetically engineered T-cells. 25 EXAMPLE 27
CONSTRUCTI ON OF HLA- A2- PEPTIDE-MHC T _'I'«t’),?\ Rl C COWPLEXES Thi s exanpl e

descri bes the cloning and expression uble HLA-A2 in insect cells,
and the purification and assenblpg7ofs Pépfidéd\Analngo 30 fl uorescent,

mul tival ent peptide-MHC tetramer conpl exes for the detection and isolation

of antigen-specific CD8 T cells 162 W 03/037060 PCT/US02/35194 This
systemis si m I arpdsfioh hat | de\gehosrd angd meéticaegindw Al t geQ.ipet| al .
(Al'tman, J., % Sciepce, 1996 274(5284):,94-6) in that soluble HLA- A2
was singly bi ht i AAdifiedd ab a hirA reca gni t i o§°Q"§nuen(‘(= an s isubsequent |y
assenbl ed int )wmlﬁypgers WL@Fm@pery fglr;ygl conj ugat ed ;gzﬁrept avidin 5
scaf fol di ng. The materiats described rerm drffer—Tm that—the HLA- A2 was
expressed in aPdl ycosyl at J4DFABPGAN e f p3-878 rom insect 4 s and the
het er odi mer YB3 pur| fied @%%@Aant 3gy§mn cl ass I Mt{g antibody affinity
col um. The HEA-AZtHheavy tharfgehre,—appended—w-th—thebt+A—bHoti nyl ati on
sequence, and|Phe human bgFIDFPARRGA ogl pHi41 n gene wer e| €16oned |10 into the
bacul ovi rus expy essi on veck%FRﬁﬁéA'BAC glggé Upon i nf ecihon of linsect cells
t he genes wer e—<conrcomtantHy—transeri-bed om-di-vergent—prompters and
fully assenbl @) gl ycosyl aMEdFAIPGAI e H.A78\2 het erodl rre418vvas secreted into
the grom h nmedpym The in ect []s were cultjured in cell
factories fo Ipi rlnys at Igﬁlggbli(? &iﬁ] ernatants w ‘L@ harvest ed. HLA- A2
15 production|pas nonitor evIMgFAapga\pt urg_4ELI SA enpl oyi hgpgt he Wa/ 32 and

P4 VLDEAPPGA 13.85 421

P4 VLDKAPPGA 3.378 422

P6 VLDFAVPGA 7.77 423

P8 VLDFAPPKA 3.378 424

P9 VLDFAPPGV 47.3 425

P9 VLDFAPPGL 14.53 426

P1 and P4 FLDEAPPGA 37.48 427

P1 and P4 KLDEAPPGA 28.52 428

P1 and P4 YLDEAPPGA 37.48 429

P1and P4 FLDKAPPGA 9.141 430

P1and P4 KLDKAPPGA 6.955 431

P1 and P4 YLDKAPPGA 9.141 432

P1 and P9 FLDFAPPGV 128 433

P1 and P9 KLDFAPPGV 97.37 434

P1 and P9 YLDFAPPGV 128 435

P1 and P9 FLDFAPPGL 39.31 436

P1 and P9 KLDFAPPGL 29.91 437
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biotinyl ated B9.12.1 anti bodi es.

HLA- A2 was purified fromthe culture

supernatant to >90% purity in one step by affinity chromatography using 2

anti -
The

humsi® 0310380 |

MHC nonocl onal

anti bodi es |linked to Sepharsoyssibeads.
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p37 45- speci fi

ic CDB+ T ce

Il clone is s

ecifi

cally recogni zed by the HLA-

A2- p37- 45 pepﬁcggcem_]@ lp%q%pendlx (1992). This flle was’used as a template for
manipulations with the SwissModel (Peitsch MC (1996) ProMod and Swiss-

10

15

Model: Internet-based tools for automated comparative protein modeling.

Biochem. Soc. Trans. 24:274-279.) program available through the Expasy web

site (Appel R.D., Bairoch A., Hochstrasser D.F.A new generation of information

retrieval tools for biologists: the example of the ExPASy WWW server.Trends
Biochem. Sci. 19:258-260(1994). The peptide bound to the protein was
mutated manually to yield the bound WT p37-45 peptide. The new structure

was submitted for three rounds of energy minimization with the GROMOS96

implementation of the Swiss-PdbViewer; two energy minimizations were

performed on the whole structure, followed by one round with unfavorable

residues selected. A final evaluation showed an overall favorable energy state

for the model. Ramachandran plotting indicated that only one non-glycinyl

residue is far in disallowed regions. Peptides identified using the modeling

20 method described herein are set forth in Table LIl below.
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A W1 -specific T cell Iine generated as described in Exanple 24 was then
stained with the HLA- A2-p37-45, irrelevant Her2/neu or W1 p37-46 20

t et r amer swOTR@O31A- A2- p37-45 tetranmers stained 1% of the tofraiSopayid ati on
of this WI1 -specific T cell line and 7% of the gated CD8+ popul ati on while
the control HLA-A2-p37-46 tetraner stained at the same background | evels
as the control HLA-A2-Her2/neu tetranmers. These results indicate that

IVHC- pepti de tetramers are a highly 25 sensitive and specific tool for
detecting W1 specific i mune responses. The peptide-VHC tetranmers can be
used for early detection of W1 associ ate mal i gnanci es, nonitoring W1
-specific responses,, and for noni t ork ni mal residual disease.
Detection of W1 spechd7i45 Hertigk |Analoys tdehtifRseie) yutériModesingl so  a usef ul
tool to identify groups within a patient population suffering froma W1 30
asssoci ated di sease at a higher risk for rel apse or di sease progression.
164 WO 03/ 037060 PCT/ US02/ 51t94 EXAMPLE 29 C;ENER%@G: A Wl -SPECIFI C
CD8+ T CELL LINE FROM AN HLAWSY- pas) TPYRCN VHOLE GENE PRI M NG
In this exanpl e, Adeno|andwvveaified ni a virus delivery ™Méhiclles were 5 used to
enerate WIl -specific celT Tines[Ir LA- ositlive donor. This T
gell i ne was sﬁown to hldﬁ) €class 'L% Tpdpézéhgge gxperi ments

further confirmthe immp aogenl city ofLOFRMGREA pridgasi n and support its use
as a target for vacci me and/or other 1 Imunot her@peuti ¢ appr oaches.
Dendritic cells (DC) wePB different| MG noffyte cultures 10 derived
from PBMC of a normal Iﬁbg\-aﬁgﬁgposi tl\).Lqup;@v by yowth fogr 4-6 days in
RPM nedi um cont ai ni ng -30% human—serunm—5S0ng/ntrGWESFand 30 ng/m | L-4.
Fol | owi ng cul ture, DC wBfantBect ed MPRAING- wi t [¢48econbilnant  WII

- expressi ng vaccini a vi a mulit of |ipfgection (MJ) of 5 or for
2-3 days with reconbi I\E‘g(%—né%'g—e)@a(\};@:%Aﬁj%ucnu ‘{v]l:gl—uo aty an MO of 3-10.

15 Vaccinia virus was i RéandWVP8t ed byWLDPATAGA adi ¢450o0n. CD8+ T-cells were
i solated by negative depletion using antibodies to CD4, CD14, CD16, CD19
and CD56+ cells, followed by magnetic beads specific for the Fc portion of
these Abs. #rining cul Several peptides |ﬂérhtif|aded|ng rheﬂﬁi/o\m&itlhoqslcmsemedojl tures were

restimulated e eré/ werej{#en t%gtedlfosrltrrl]eqat?iﬂy?o l())eq%léggnqz%dq) 3'?2 ls.geélflr&f ected with
CTL clone (see Example 24). ELISPOT analysis showed that peptides p37-1
(SEQ ID NQ:426) and model-1 (SEQ ID NO:445) were recognized by the p37-
45 CTL clone. These results suggest that these 2 peptide analogs are

10 predicted to bind to HLA-A2 with higher affinity than the naturally processed
epitope and still be recognized by a native T cell receptor.

Thus, this experiment describes the in silico identification of WT1
epitopes predicted to bind to HLA-A2 with higher affinity than naturally
processed epitopes. Two of the epitopes identified were tested and shown to

15 be recognized by a CTL clone generated with the native WT1 p37-45 epitope.
The epitopes identified herein have utility in vaccine and/or immunotherapeutic
strategies for the treatment of cancers associated with WT1 expression.

EXAMPLE 31
20 THE IN VIVO IMMUNOGENECITY OF THE WT1 ANTIGEN
This example describes three in vivo immunogenicity studies to

evaluate vaccination strategies with WT1 in mice. The three strategies

169



20 adeno or vaccinia virus engineered to express WIl. Following 4-5
stinmulation cycles, CD8+ T cell lines could be identified that

speci fi cawby3pswmouced interferon-y (IFNy) when stinul at @dTRiSON35194

aut ol ogous- W1 expressing dendritic cells or fibroblasts. These |lines were
cl oned and shown by Elispot assays to specifically recognize W1
transduced aut ol ogous fi broblasts but not control 25 transduced fi brobl asts
in an MHC class |-restricted manner. These experinents show that the W'l
protein can be used to generate a T cell response and thus, further
confirmthe i munogenicity of the W21 antigen and support its use as a
target for vacompeseant) abdled DNAwammehmimmdtbioostaa)mmattelmested% 165 WO

03/ 037060 PCT/ US02/ 35194 XA E_ 30,1 DENTI : : H GH AFFI NI TY
W1l EPI TOPES ?H %OVESQ?)B‘I’T?TE‘%%PW%&%?" BlnUAled ‘#‘ c89r:8£% @ﬁ(ggt ion of WI1
epi t opes pr ediDNAegtimefoiowel bpad—&d%néﬁirumtiobsﬂwﬁ@hémll hﬁcj;thrth\M df tfeenspie¢ ur al 1y 5
processed epito nt|f| t| ity in vaccine
and/ or i mmunot¥ ﬂ@’r"iﬁ%%é‘sgg P&F@ﬁ %‘é TP sﬁfé”? %ﬁé’ﬂﬁ@?& aM€ers associ at ed
wth WL expr e@@ltgaesdaa@d haeunwwum@ppbﬂtdammwmwounmsed HLA A2
restricted V\H}V@ p37-45 V %ig | dues. 37-45; SEQ I D
10 NO 241; pr Eﬁcﬂmd?'?i"’ V"EﬁbE"Be 8°~°rté%€l"PP’&§ %%Var?fr'”ﬁLA A2) with
motifs for bi @ﬁlzhtﬁgle§ cbrhibéur@%ahcmtabsw@émmawmraxmesg.bﬁn the naturally
processed peptide were construct scribed in féjjrther dgt a|I bel ow. A

peptide motif searchi nd BEG sk ba@ﬁﬁg@ﬁm%ﬁ WIPiIMANEIZe 8 Ees fhe W
Ramensee, et .rﬂérvélklw'tm@@ggaf MKESHENI Encodinb tfér \Bwhmmvereéécrmb@dz» Ni kol aus

Emreri ch, Oskar Al exander Bachor, Stefan Stevanovic: SYFPElI TH : dat abase

for MHC | i Handavesks afieihe feal femynization g fdhovrse pyaluated Byataneasd £13-219) and

by Parker, et crrorhiBREREse é@saﬁ Thlyklrsﬁstu@?me@lkhataﬂﬁ DNA ifsmuaatigan. 1994,
Schene for rankin otentlal bi ndi ng ti des based on_i ndependent

bi ndi ng of i n@li&tsME!-SprRYfici ‘U@t@q“‘d@‘:@ﬁﬁﬂ?@se@'” hesAMiee With82546BT) 20 was
used to identidny B@vln%gl%)%oAgsé he WI'L p37-45 peptide epitope that are
predicted to bi n with higher affinity than the natural p37-45
pepti de. In the second study, HLA-A2/Kb transgenic mice were immunized
15 once with 5 X 10° PFU of attenuated adenovirus encoding WT1 (as described
in Example 20) followed 4 weeks later by one boost with 5 X 10°® PFU of
alphavirus (AlphaVax) encoding WT1. Mice were sacrificed 2-3 weeks after the
final immunization and CTL were evaluated by standard Chromium release
assay. The results showed that WT1-specific CTL in HLA-A2/Kb transgenic
20 mice specifically lysed dendritic cells (DC) transduced with WT1-expressing
viral construct as well as DC pulsed with WT1 peptides. Thus, this
immunization strategy also effectively elicits WT1-specific CTL in vivo.
In the third study, C57/BI6 and HLA-A2/Kb transgenic mice were
immunized twice with 100 png of naked WT1 DNA 2 weeks apart followed 3
25 weeks later by a boost with 7 X 10® PFU adenovirus encoding WT1. Mice were
sacrificed 2-3 weeks after the final immunization and CTL were evaluated by
IFN-y ELISPOT assay. The results showed that the WT1 DNA and adenovirus
prime-boost generates a WT1-specific CD8 T cell response in HLA-A2/Kb
transgenic mice. About 42% of CD8 positive cells stained positive for IFN-y
30 following a 7 day stimulation with DCs transduced with WT-1. The results from
the C57/BL6 mice showed that this immunization strategy generates CD8
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The peptides shown in Table LIl have predicted peptide binding scores equal
to or greater than the naturally processed p37-45 peptide. The bi ndi ng
score i s woasigmao from a predicted hal f-time of dissoci at iPem/tso2/sdied HLA- A2
class | 25 nolecule. The analysis is based on coefficient tables deduced
fromthe published literature by Dr. Kenneth Parker

kpar ker @t | as. ni aid.nih.gov, NNAID, NH 166 WO 03/037060 PCT/US02/ 35194
Tabl eLlI | p37-45 Peptide Anal ogs Position Sequence Theoretical Binding SEQ
ID Modified Score NO WId Type VLDFAPPGA 3.378 241 P1 | LDFAPPGA 3. 378
414 Pl LLDFAPPGA 3.378 415 P1 FLDFAPPGA 9.141 416 Pl KLDFAPPGA 6. 955 417
P1 M_DFAPPGA Zespénsetlfdtectzbleih BlediPEiiiéndtyted 1 SalkAocyiss wevbishirtigeddoret 420 P4

VLDEAPPGA 13.85 421 P4 VI PGA 3. 378 42 P6 VLDFAVPGA.7. 77 423 P8
VLDFAPPKA 3. 378urgyyth pﬁ@'s\?kﬁpgﬁé\r/l’%‘ des pyef ape@gw AP a4% é%‘ 426 P1 and
P4 FLDEAPPGA 3garihe4dtire WI1 pmtbuMOKlyBEWﬁ%IaZ@d ﬁﬁh ﬂaéﬁamlf’ll?a@ﬁb% YLDEAPPGA
o700 a9, mu e B PR s el e T g R e o
KLDFAPPGV 9. 3éptftizdbool stained positive for IFN-y. This pept|de contains the p117-139

peptide (SEQ ID NO:2) shown in Example 3 to elicit CTL, T helper cell and

antibody responses in mice.

In summary, these results show that the three immunization
strategies tested herein generate T cell responses in vivo. Thus, these studies
10 further confirm the immunogenicity of the WT1 protein and provide support for

the use of WT1 DNA/DNA, DNA/adenovirus or adenovirus/alphavirus

prime/boost regimens as vaccine strategies for treating cancers associated with

WT1 expression.

15 EXAMPLE 32
REDUCTION IN WT1+ TUMOR GROWTH IN HLA-A2/Kb TRANSGENIC MICE IMMUNIZED
WITH WT1 PROTEIN

This example describes the reduction of WT1+ tumors in

transgenic mice immunized with a WT1 vaccine. These results further validate
20 WT1 as a vaccine target and provide support for the use of WT1 in vaccine
strategies for treating cancers associated with WT1 expression.

The murine dendritic cell (DC) line DC2.4. was stably transduced
with a WT1-LAMP construct (see Example 18, cDNA and protein sequences
set forth in SEQ ID NO:382 and 409, respectively). Mice were then inoculated

25 either subcutaneously (s.c.) or intraperitoneally (i.p.) with 2 X 10° cells. This
resulted in tumor growth in 80-100% of the mice. The tumors established in
mice in vivo retained their WT1 expression. Thus, this model provides a
system in which to validate the efficacy of WT1 vaccine strategies.

Three groups of A2/Kb mice were then immunized 3 times, 2

30 weeks apart as follows:

Group 1: saline alone s.c.(control, n=10 mice)
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P1 and P9 YLDFAPPGVY 128 435 P1 and P9 FLDFAPPG. 39.31 436 Pl and P9
KLDFAPPG. 29.91 437 167 WO 03/ 037060 PCT/ US02/ 35194 Position Sequence
Theor et i cab oBiosmdsg SEQ | D Modi fied Score NO Pl and P9 YCDRAPP&1989. 31
438 P1, P4 and P9 FLDEAPPGV 524.7 439 Pl, P4 and P9 KLDEAPPGV 399.2 440
P1, P4 and P9 YLDEAPPGV 524.7 441 Pl, P4 and P9 FLDEAPPG. 161.2 442 P1,
P4 and P9 KLDEAPPGL 122.6 443 P1, P4 and P9 YLDEAPPG. 161.2 444 In a
separate anal ysis, conputer nodeling was used to identify peptide epitope
anal ogs of the p37-45 WI1 epitope. The coordi nates of the HLA-A2 native
structure were downl oaded fromthe Brookhaven protein 5 database (pdb I.D.:
3HLA) (L. L. Walsh, "AGnmtps? &PLPEB 1Biugeldnesta. faphtrolPnetlanice) Sci ence 1: 5,

mani pul at 1 ons i t b t he CHUPLL BB TR IS 18ubfRSR8s BF8 sui ss-
Model : | nt er netied)ased tool s for automated conparative protein nodeling.
10 site (Appel RD., earpativat wolane: PRU A RrReicdliThdiet Wreon of
i nformati org rlrmtcmhwahthtzomhe Amemozlmmteeustdvereemam@mﬁ tAﬂer ExPASy WAV
server.Trends, Bio de bound to the

protein was MRS Ba' er?ﬁﬁﬂ};ﬁq velfgég%%eizegoﬁz 'B%ﬁﬁ'ﬁ}hwap%%ff tﬁ’!‘):ep?@bi”?ﬁ'é The new

structure wag wbmebk@dtg‘rmmdrMQ@n@@unds of energy mnimzation with the

GROMOS96 15 |rrpl enentatjon of the X r m nim zations
were perforned on the RﬁEﬁsH't%?Wf’drr‘%‘ th?%‘f’?"cﬂﬁ%gf ‘HW%\@""WB‘U%Q

unfavorabl e [PHeQHRD tﬁaﬁ'r@&é’fi\iéd the°w‘111 rﬁbteﬁﬁ%bélﬁé a8 re‘dh@d@ﬁorﬁ@b@)ter al I
favorabl e ener for th machandran plotting indicated that

state

only one nth- d8§° i(Bafine CP@EQICRE@OI%S(MP&FSE ﬁleV%’lilcP'ﬁ)tWé)do Fegi GHK PRt i des
identified usif@uhibed %@dﬁ)l IFdeheOtheBivBRde 4RRSTVORAE WA Rhcadligtriet forth in
Table Lill bel ow.

group from an average tumor size of 1233 cmm (saline control) or 763cmm

(MPL-SE adjuvant control) observed in the control group to 226 cmm in the

WT1 protein immunized group. Histopathological analyses showed that tumor

15 margins in vaccinated animals were mixed with host immunological reactions

including histiocytes, eosinophils, lymphocytes, mast cells and plasmacytes.

Taken together, the results demonstrate that WT1 protein immunization

protects against or delays the growth of WT1-positive tumors in the animals

immunized with WT1. Thus, these results support the use of WT1 protein as a

20 vaccine for malignancies associated with WT1 expression.

EXAMPLE 33
" IDENTIFICATION OF A NATURALLY PROCESSED WT1 CyTOTOXIC T CELL EPITOPE
This example describes the identification of a naturally processed
25 epitope of the WT1 protein recognized by cytotoxic T cells. This experiment
further confirms the immunogenicity of the WT1 protein and provides support
for its use as a target for vaccine and/or other immunotherapeutic approaches.
Additionally, this experiment identifies epitopes of the WT1 protein that may be
used in these applications.
30 HLA-A2/Kb transgenic mice were immunized twice with 100 ug of
naked WT1 DNA 2 weeks apart followed 3 weeks later by a boost with 10’ PFU
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WD 03/ 037060 PCT/ US02/ 35194 Table LIl p37-45 Peptide Anal ogs ldentified
by Conmputer Modeling Position Sequence SEQ ID Mdified NO WId Type
VLDFAPPGAWD43/031860 VLDFAGPGA 445 P6 VLDFATPGA 446 P6 andPRI/USLIBAIPCV 447
P6 and P9 VLDFATPG. 448 P6 and P9 VLDFATPGS 449 P6 and P9 VLDFATPGA 450 5
Several peptides identified using the two nethods described above were
then tested for the ability to be recognized by the p37-45 specific CIL

cl one (see Exanple 24). ELISPOT anal ysis showed that peptides p37-1 (SEQ

| D NO 426) and nodel -1 (SEQ I D NO 445) were recogni zed by the p37- 45 CIL
cl one. These results suggest that these 2 peptide anal ogs are 10 predicted
to bind to HLAdg@ovitus bndodgige/ Thf Miceiwere shaificedh2 3rvweeks afténthefinet essed

A S B R L N i
predi cted to KsmdbsémedHniprédows dxpetimeitsrimafuhizatidnywittaiT 1 rieNAifoiibwed byr ocessed

epi topes. Two qf the epitqpes, i tified re teste n hown to 15 be
recogni zed by agertoytrglc °§ﬁ‘e§'§§‘?9e? gﬁgés‘)\ﬁnc'?'ﬁCﬁéeWQF?%'E%R%E%S@gn'Qpi t ope.

The epitopes indent inforded tdidestifn whigh @pitd pek ivieye fatograiesdl byehamaens, CTL

I mmunot herapeytic strategies for the treatnent of cancers assqciated with
WI'Ll expressi olneE¥ARISEES'S R A QERNIGIRIORERIS T ANTI GEN
Thi s exanpl e deswitiveeBné ae thannested OsingasIRagR BEIG DT2. 3 2K |I§ pulséy al uat e
vacci nation strate rhethree strategi es 169 WO

03/ 037060 PCTMY ﬁﬂﬁgﬁr5%%92€@?t§§2ggﬁgm rdnde SRLITRI B e and
boost; 2) an abhcsedatrag rases sdwddshathew Mg looMeshénpeptidefah i alied
al phavirus boaost: or 3) a naked DNA prime followed by an _adenovirus boost.
The full-I éq]gtﬁfl,.LE’%Sb,fseg ﬁ)éthérbﬁﬁgéD NC9:451) was recognized by this CTL clone.
This epitope was previously predicted to be an epitope, as described in Table
XLVI, SEQ ID NO:34. In an additional experiment, CTL responses to the p10
peptide were observed in 4 of 5 WT1 immunized animals tested. Thus, this
experiment demonstrates that the predicted p10-18 WT1 epitope is naturally
15 processed and recognized by CTLs. Moreover, this experiment confirms the
immunogenicity of the WT1 protein and further defines a naturally processed
HLA-A2-restricted CTL epitope that can be used in vaccine and
immunotherpeutic strategies for the treatment of malignancies associated with
WT1 overexpression.
20
EXAMPLE 34
WT1 EXPRESSION CONSTRUCTS USING TWIN ARGININE TRANSLOCATOR (TAT)
SIGNAL PEPTIDE
This example describes the construction of WT1-TAT vectors and
25 expression of WT1-TAT from these vectors. These constructs have utility in
the expression of WT1-TAT molecules for the use in vaccination strategies.
WT-1-F (a.a. 2-281 of the WT1 protein; cDNA and amino acid
sequence of 2-281 of WT1 are set forth in SEQ ID NOs:460 and 461,
respectively) and full-length WT-1 were constructed as pTAT fusions with no
30 His tag as described below. The cDNA and amino acid sequences of the
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variant of WI1 used in these studies is set forth in SEQ ID NO 381. The 5
results described herein provide support for the use of WI'1 DNA/ DNA,

DNA/ adenowDroa®3m60 adenovi r us/ al phavi rus pri me/ boost regi MPAI/B92/$HeLi ne
strategies for treating cancers associated with WIl expression. In the
first study, C57/B16 mce were inmmunized 3 tines at 2 week intervals with
100 g of naked DNA encoding for WIl. Mce were sacrificed 2- 10 3 weeks
after the final immnization and CTL were eval uated by standard Chrom um
rel ease assay. This first study showed that WI1 DNA i nmuni zation elicits
WIl -specific cytotoxic T cell responses in these mce with a 25:1 ET
rati o show ng réddfting yusions drésétHertts mSEQ IDSNOdW52 Bhd\4BRanbSEQdDsgeni ¢ mi ce
wer e i nmuni zeq\%dl‘%dron%e gith 5.X |108 PFU of attenuated adenovirus encodi ng
W1l (as descri HIBR2NESREDYGY 1 ol | owed 4 weeks |ater by one boost with
5 X 106 PFU of al phavi mie WA fhepéaxpacimyivathe wa¥\PCR dvhplifiedwitietreacri fi ced 2- 3
weeks after tgé final imunization and CTL were eval uated by standard

Chr oni um r el ed@VINGRLMEIS: The resul ts showed that WII-specific CTL in

HLA- A2/ Kb tgansgeni ¢ 2¢DM-489 (BT D Noadsey: | ysed dendritic cells (DQ)
transduced with WII -ex ' Vi truct ,wel ] as DC pul sed with
W'l peptides. Thus, th?gégim%fgéGé%Aﬁgﬁg#&cu vely elicits
W -specific CTL in vippM-7r9(SE®IO ROM&7gt udy, C57/B16 and HLA- A2/ Kb
transgenic mce were inmqunized twice with 100 g of naked WL DNA 2 weeks
apart followed 3 25 mékQGpﬁTQAW%TQﬁ@%Tﬁ{%T%% PFUN &denovi r us
encoding WI'l. Mce were sacrificed 2-3 weeks after the final imrunization
and CTL were evaluated by 1FNy ELISPOT assay. The results showed that the
W1 DNA an#0 adenovi r us ThBWF’é-“‘HéB%@‘“QE%F"@F@E framggwyas. appliied ph 88 T cel |
response in Hefofitolfimedrd:@ansgeni ¢ mce. About 42% of CD8 positive cells
stained positive for IFN-7 30 following a 7 day stinulation with DCs
transduced with Wr-1. PR2(SERIP NO:438ph G CHMACEECHEEEAGoRd that this
i muni zation strategy %Q??g %N%Q;JO WO 03/ 037060 PCT/ US02/ 35194
responses detectable i esh splenoCytes. Splenocytes were stinulated for
6 hours with pools of 51GAAETGEE A@é@@ﬁ%ﬁﬁ/’&i(ﬁ'&@ GBhyY' 11 ami no aci ds

t hat span e entire WI1 protein. Only cells stinulated with the pl121-171

showed [|FNy staining. About 1.1%of those CD8 T cells stinmulated with the
pl21-171 The PCR conditions were as follows: 1ul 10X Pfu buffer, 1l

10mM dNTPs 2ul 1uM each oligo 83ul sterile water 1.5ul Pfu DNA polymerase
(Stratagene, La Jolla, CA) 50 ng DNA (pPDM FL WT-1). The reaction was
denatured at 96°C for 2 minutes followed by 40 cycles of 96°C for 20 seconds,

20 64°C for 15 seconds, and 72°C for 2 minutes, 30 seconds and a single, final
extension of 4 minutes at 72°C.

The PCR products were digested with EcoRI and cloned into
pTAT (a modified pET28 vector with a Twin Arginine Translocation (TAT) signal
peptide from the TorA signal peptide in E. coli on the N-terminus; see J. Mol.

25 Microbiol. (2000) 2(2): 179-189; Journal of Bacteriology, Jan 2001 p604-610
Vol 183, No 2; Journal of Biochemistry Vol 276, March 16 2001 pp 8159-8164)
at the Eco72l and EcoRl sites. The sequences were confirmed through
sequence analysis and then transformed into BLR (DE3) pLys S and HMS 174
(DE3) pLysS cells. Expression of the WT1-TAT proteins was confirmed by

30 Western analysis.
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5 peptide pool stained positive for IFN-y. This peptide contains the
pl17-139 peptide (SEQ ID NGO 2) shown in Exanple 3 to elicit CTL, T hel per
cel | and wenBioboay responses in mce. In sunmary, these r@smuss2/stiow t hat
the three immuni zation strategies tested herein generate T cell responses
in vivo. Thus, these studies 10 further confirmthe i mmunogenicity of the
WL protein and provide support for the use of WI'1 DNA/ DNA, DNA/ adenovi rus
or adenovirus/al phavirus prinme/boost regimens as vaccine strategies for
treating cancers associated with W1 expression. 15 EXAVMPLE 32 REDUCTI ON
IN W1 + TUMOR GROWMH I N HLA- A2/ Kb TRANSGENIC M CE | MMUNI ZED W TH WI'1
PROTEI N Thi s exanpl e describes the EXAMBLESA of WI1 + tunors in transgenic
m ce i mMmuni ze i [ r [ 20 WI'1
2 a vacel ne. t BgseROE ot AT i SRR F e kA AIBERE AN STHE 12
strategies for treating cancers assodfrared wi th WI'l expression. The mnurine
dendritic cell (DC) linpe 4. s stably tr. ' j W'l - LAMP
construct (see Exanpl epﬁ@%le\éﬁ(ﬁceﬁ?’%ﬁé’ﬁrr?ué'g%%\gﬁi@gereﬁ{eér ?eg]rt hin SEQID
NO 382 and s408onstasiset We| (F)trunbdtioe (24088 dnddall length (2-48@)cas2ieseribiek dn

subcut aneousl S.C. [ intr ri | 1. L. ) Wt X 106 cells. This
resul ted in téﬁéﬁﬂpl@@gﬁarm%t%@%@egf?ﬂﬁvqﬂ.Clgrjr)rq%g ‘ﬁ&?? on g? abl i shed in
mce in Vivo wetéaélicked byditruiddtesgiseacts eslativ o the fulhleagthpeséinpr ovi des a
systemin which to validate the effi f. WI1 vaccine s egi es. Three
9T oups of Ao/ RBUTTaE SRPRe GRBA s RS dhe SHerme b5 SRR RLERER: oo

foll ows: G ougpdrinirgafrdni @amaoRe] Stoc8(1 a9 thelddminantiiindidyehic pbriibn\80he3/ 037060
PCT/ US02/ 35194 _Goup 2: .MPL-SE 10 [tg alone s.c. (control, n=10 m ce)
Group 3: REL2MrhPrEiest BiviY°100 g + 10 g MPL-SE s.c. (n=9 mice) Two to three
weeks after the |ast Elodpdifiuz 857BI6 nilts RedBimunized Balsoutaneegsiyvi th 2 X 106
A2/ Kb DC2.4 tunor cells overexpressing W er _tunor_chall enge mce

. 1, Aft ,
wer e noni t or eWith 39 HOWET! RIpteBs WA slak @5WTw tull lengih Ry wvith Ratl2, HIS or

TAT fusions. Immunizations were performed at weeks 0, 3 and 9, and spleens

were harvested at week 11. Splenocytes were then stimulated in vitro for 6

15 hours with medium alone, with a 15-mer peptide "p32" (ARMFPNAPYLPSCLE,
amino acids 125-139 of WT-1; found within the p117-139 peptide set forth in
SEQ ID NO:2), with the DC2.4-WT-1/LAMP cell line, or with rRa12. CD4 cells
were then stained for intracellular interferon-gamma and quantified by FACS
analysis. A portion of these splenocytes were then stimulated in vitro for 8

20 days, after which CD4+ IFN+ cells were enumerated. After the 6 hour
stimulation with p32, 0.33% of CD4-positive cells were positive for intraceliular
IFN-gamma staining in mice immunized with the truncated N-terminal construct
rWT1-F-TAT. By contrast, only 0.10% of CD4-positive cells stained positive for
intracellular IFN-gamma in mice immunized with rWT1-FL-TAT. After the 8 day

25 stimulation, mice immunized with the rWT1-F-TAT construct showed IFN-
gamma staining in 10.72% of the CD4+ cells. By contrast, 0.24% of CD4-
positive cells from mice immunized with the full-length WT1-TAT construct
stained positive for intracellular IFN-gamma. These data indicate that improved
CD4 responses were elicited by the truncated rWT1-TAT construct relative to

30 the full-length rWT1-TAT construct.
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up to 4 weeks after tunor challenge. The results showed that the percentage
of mce with tunor growh in the group that received the WI1 protein

vacci ne Vo osm@siweed from about 10 100% (saline control) orC¥0%KNE/dARD4 SE

adj uvant control) to 45% (W1 protein inmmnized group). Further, the
average tunor volume was reduced in this group froman average tunor size
of 1233 cmm (saline control) or 753cmm (MPL-SE adj uvant control) observed
in the control group to 226 cnmin the WJ1 protein inmunized group.

Hi st opat hol ogi cal anal yses showed that tunor 15 margins in vaccinated
animals were m xed wth host inmmunol ogi cal reactions including

hi stiocytes, eosinophi Irsa séconplassaytspienooped werelstisubated ipvédomwatbythes. Taken

toget her, the_.results.de Wi r i .I'Wﬁ-"*@. t protects
agai nst or delzéy"%ertpﬁgt'%rgP h*ﬁ%@gg% ?@é%?% in '}t\%@‘% S

i mmuni zed wi t lsoMAihing BrkmewntOeisepitops ahd enchurpassing tH32"), s 3afay¥iEitepr ot ei n as a
20 vaccine for | i gnanci gs associ ated wi th expressl MPLE 33

| DENTI FI CATI ORI SHORIAERR Wers %ﬁ@!ﬁ‘%%éﬁew*fdg‘*@%&\ VELEA TREPTORE Thi s
e]>c<arrﬁl e desgr waeaotdbfeciadeNfgagmd Mreifonaroﬁﬁéplﬂrilmlbhys ﬁﬂmcﬂis&ed 25 epitope

of the WI'l protein recggni otoxjc . T ce . _This experj nment

further confi l‘rﬂfﬁu?'ﬁ%ﬁf"%ﬁgﬁgﬁ?%h Wﬂocfontsh%ctwéy B?rgrta@‘ an éﬁﬂag‘? 8</i des support
for its use a®4z7 p@rlFAN-fanmY A& idBRcRAAT spkrtRytel IFoMTHILE Mhrapezdd C
approaches. Addit)ona !1:%) i s experinment identifi Ielfﬁtlfé)i to&es of the WI'1

1y, th d
protei n that M) Yd1-Fw “fﬁtﬁk‘lﬂ%@ge%ﬁdﬂa@ﬁﬁ 46R8 P FBP«W3® r ansgeni ¢

m ce were i MrggiezRd floM %d@cﬁ@s 64 mhige PAmuritzdgapthMNVTIDNAAZ . heks apart
foll owed 3 weeks |ater by a boost with 107 PFU 172 WD 03/ 037060

PCT/ US02/ 351 o datafudhns SHPRRSE the BRANYRIONIhat impreved (el)4 respensesiweerielicited week s

after the finglind tiReedN-lefRindMWTFELNSHBES réMdleud iirtiullengihaneiaind chrom um
rel ease assay. As observed in previous experinents, immnization with W'l

DNA fol | owed by adenoVh® ¥YT1hsetein is pit@pecstption faptor whishds $anePoest of esponse i n

HLA- A2 t r ansg@ fungtidialffomdins: 8 itinelRutadiRBYibh YoBih GR RN IRRRPRs e
recogni zed by the T cells, CIL lines were generated and cloned by limting

di | uti on usi ng Zncdingerdpmaineasersissd of iaupgag tindpes aithme-torINYSHEN t est ed usi ng
The' othoth) By B PSl Akl b i 2401 45 & gtbgsponci g Lo

protein. The C-terminus is homologous to other self-proteins and is thus less

immunogenic, i.e. the subject of a greater degree of immunological tolerance.

Of note, the 4 zinc-finger domains within the C-terminus have homology to

EGR family members. The results described in this example indicate that

20 tolerance will vary between different portions of a protein, possibly depending
on sequence homologies and functional domains.
In summary, the data described in this example support the
notion that the most efficient WT1 vaccine will comprise the WT1 N-terminus,

either as a recombinant protein or gene-based construct.

25
EXAMPLE 36
BACULOVIRUS EXPRESSION CONSTRUCTS FOR EXPRESSION OF THE N-TERMINAL
FRAGMENT OF WT1 (WT-1-F: AMINO ACIDS 1-281) AND LARGE SCALE PRODUCTION
OF PROTEIN USING INSECT CELLS
30 The cDNA for the N-terminal fragment of WT-1, together with a

Kozak consensus sequence, were obtained by PCR using the WT1-F plasmid
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epitopes. The results showed that the Wil p10-18 9ner peptide (am no acids:
10 ALLPAVPSL, set forth in SEQ I D NO 451) was recogni zed by this CTL clone.
Thi s epi twpasmemepr evi ously predicted to be an epitope, a®cuasorsied in
Table XLVI, SEQ ID NO 34. In an additional experinent, CTL responses to
the pl0 peptide were observed in 4 of 5 W1l i mmuni zed ani nal s tested.
Thus, this experinment denonstrates that the predicted pl0-18 W1 epitope
is naturally 15 processed and recogni zed by CTLs. Moreover, this experinent
confirnms the immunogenicity of the WI1 protein and further defines a
naturally processed HLA-A2-restricted CTL epitope that can be used in
vacci ne and iasratemplaty §ETH +FC astincedaidy 288 1 ofrthé T 1t preteinnadertedof nal | gnanci es

CONSTRUCTS, USRI S R R IS ORATER A 300 STUGRES BB DR Thi
exanpl e descr €S ateleet tovthdt BEQHIDNODA60/rd 46T Aespectively s Tha dTAP Sustonpr essi on
oxpr essi on of CANTURRERIRBRREI 15 SPRANGLS P e bpradt » g ebPdinegi os.
W-1-F (a.as ZExafhpleds. tThe cONIA ¢fribit ebmstrucDbéetefodh mSEQ IBMIOU525.eThence of
2-281 of V\Z’lv\%‘g% set forth in Sgng : 460 and 461, respectively) and
full -1 engt h WRIPWRGRLIMES Wete HSed fPr ARIHGRIOR ysi ons with no 30 His tag as
descri bed bel ow. The chbipFRNGEEDMOAEs)d sequences of the 173 WO 03/037060
PCT/ US02/ 35194 resulting fusions are E forth in SE&I D NQs: 452 and 453
and SEQ I D NGs: 454 and 54§§PQTQ§6\?& %‘36 APRATRAGHTC ﬁﬁgﬁep@adi ng frame
5 GOCT CUCACGT GOOEOACC IO 2 i 600 BN 779 (SEQ 1 D NoLaS T 5
m . :

CGCGTGAATTHATCACTGAATGECREREAAG AR ACTAGEISAATRLG TW@A%PPQQ&gt h open

reading frame was anplified with the follow ng priners:

The cDNA for the same ORF plus a C-terminal 10 residue His
Tag was obtained by PCR similarly as above except using WT1RV3 (SEQ ID
NO:468) as reverse primer (5’

15 CGGCTCTAGACTAATGGTGATGGTGATGATGATGGTGATGATGCTGAATG
CCTCTGAAGACACCGTG).

The purified PCR products were cloned into the Xba | site of the
donor plasmid, pFastBac1. The recombinant donor plasmid pFBWT1-F (cDNA
and amino acid sequences set forth in SEQ ID NOs:463 and 465, respectively)

20 and pFBWT1-FH (with the 10X His Tag; cDNA and amino acid sequence set
forth in SEQ ID NOs:462 and 464, respectively) were transformed into E. coli
strain DH10Bac (Invitrogen, Carlsbad, CA) to make recombinant bacmids in E.
coli through site-specific transposition. The recombinant bacmids were
confirmed by PCR analysis and then transfected into Sf-9 insect cells to make

25 recombinant baculoviruses BVWT1-F and BVWT1-FH. The recombinant
viruses were amplified to high titer viral stock in Sf-9 cells.

The High Five insect cell line was used to optimize conditions for
the protein expression and for the large-scale production of the recombinant
proteins. To optimize the conditions for protein expression, High 5 insect cell

30 monolayers were infected with the recombinant baculoviruses BVWWT1-F and
BVWT1-FH at different multiplicities of infection (MOI) and harvested the
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p37 (SEQ I D NO 458): 5 GGCTCCGACGIGCGGGACCTG 3" p23 (SEQ I D NGO 459): 5
GAATTCTCAAAGCGCCAGCCTGGAGITTGGT 3' 15 The PCR conditions were as fol |l ows:
11 1 OX Rvoobusfoer, 1 | 10mM dNTPs 21 1M each oligo 83l ecerisoy3et er 1. 5|
Pfu DNA pol ynerase (Stratagene, La Jolla, CA) 50 ng DNA (pPDM FL WI-1).
The reaction was denatured at 96C for 2 mnutes foll owed by 40 cycl es of
96C for 20 seconds, 20 64C for 15 seconds, and 72C for 2 mnutes, 30
seconds and a single, final extension of 4 mnutes at 72C. The PCR
products were digested with EcoR and cloned into PpTAT (a nodified pET28
vector wwth a Twin Arginine Translocation (TAT) signal peptide fromthe
Tor A signal penhsdieed velk.at diferenbpericde ofNirher Thenidentitiee ef the pkdieins BreM cr obi ol .

2000) 2(2): 179:18 i t | , 4., Vol 183,
No 22 Jour nal CHTEEd ek IAAPS obpnaimi i 2 b sat BTl REBAd) O "The
Eco721 and Ec pidla2s3at ESQL)]TFBI)’(ISMUGF\G@(SWIHFE-I ceofmbinaeicbroteine wghe welequence
DlysS col | o, EApPacE b AT TENeURA 57 Ray Soat alrion dhetiand b setkiverg 3G
pLysS cells c
VI\\ﬁtE ER/I nNagaé O)ém\;\isrc{ecllgfhpé&&aﬂﬁ}&mmseﬁi N\A}BD?,O&MM EXAVPLE 35 -(I'-]leTHE
PROTEIN I'n this Exanpl Eﬁeﬁfﬂeb‘?ﬂgﬁ@f'\hﬁm‘f bt‘}am%m"f%?éﬂ‘% rotein 5

constructs of ¢ reasuor{ Ef thé tee6mbinant W 128 vamqir:Hu bioté.mmdnhéafmeb as
described in B&y{/orrrul at ed WIE ju%% n%) ¥
responses wegt "E! | THE app BYWit s H(‘!‘f?ﬁ%f"i“ﬂ'&f’teg' eaty nseetse he fuII

I engt h protei Npe jhtsro2t hm&m%aémé.ﬂmg@%)ﬂa@ Eéﬁ @eﬁumaa otshepdF.t Bigri nal portion
of the WI'l protein spanning fromamno a 81 is the dom nant

i mrunogeni ¥0 p@Mmplitisatien wapearmiagoyifar ‘b‘i‘%‘@é‘it N'Q'ﬁ’ Qﬁﬂga Q?Ul?p"s"gBF'VPour C57BL/ 6

mce were i MMegedi SN EHE @%QH%bﬁmlz%bﬁhlt%legor\Me profiPbréssionWHigh F or WI- 1
full lTength (FL), with Ral2, HI S or TAT fusions. |nmmunizations were

perforned at \ﬁe@q@t ¢glls ye%afegted&ydh%fgcg@h@ant baculoviruses at MOls of 0.5, 1
or 2 for 30, 48, 54, or 72 hours before harvesting. The identity of the

recombinant protein was confirmed by Western blot analysis with a specific

15 rabbit polyclonal antibody against WT1 (Antibody #942-32), and by capillary
LC-ESI-tandem mass spectrometry. These experiments indicate that optimal
protein expression for large scale production of WT1-F and WT1-FH occurs at
43 hours post-infection when High 5 cells were infected by the recombinant
viruses at an MOI 0.5-1.0.

20 In summary, the above WT1 baculovirus can be used for large-
scale protein production of the N-terminal portion of WT1 for use in a variety of
vaccine strategies for the treatment of malignancies associated with WT1

expression.

25 EXAMPLE 37
INDUCTION OF IN vivo CD4 AND CD8 T CeLL RESPONSES IN MICE USING
RecOMBINANT TRICOM VACCINIA AND FOWL POX VECTORS

This example describes in vivo immunogenicity studies to

30 evaluate vaccination strategies with WT1 in mice. The purpose of these
experiments was to test the ability to rV-WT1/TRICOM and rF-WT1/TRICOM to
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were harvested at week 11. Spl enocytes were then stimulated in vitro for 6
15 hours with nmedium alone, with a 15-nmer peptide "p32" (ARMFPNAPYLPSCLE,
am no aciwe 38570889 of WI-1; found within the pll7-139 pepirdesosetiodorth in
SEQ ID NO 2), with the DC2.4-W-1/LAW cell line, or with rRal2. C4 cells
were then stained for intracellular interferon-gamma and quantified by FACS
anal ysis. A portion of these splenocytes were then stinulated in vitro for
8 20 days, after which CD4+ | FN+ cells were enunerated. After the 6 hour
stinmulation with p32, 0.33% of CD4-positive cells were positive for
intracellular |FN-ganmma staining in mce imunized with the truncated
N-term nal commlucelcmmumWﬂJJpErt'EMrTByll icominitgsto Woh| Thered @it descritibd- posi ti ve

cells stained positiyv |nt ace nized wth
rWI1 - FL- TAT. E\ﬁ'b?"’i"ﬁ%s%"p&’ ort %”%? ?ngl“}g—%'\g"%ﬁim%d f%@]ﬂ’u“z’%" With the rwri
- F-TAT const r m;bresémy\mmldﬁw cgﬂtmmBIgSitaadlbﬂ@)stlmulh&erﬁ%eoﬁlesKB? CD4+ cells. By

contrast, 0.24% Lve C ni zed t he

full-length Vﬁ&ﬁfﬂ%& 'ﬁ(‘f?cc'”set gra gﬁs&r?ﬁgm%cqrgpr a}%?%%tgg HFar

| FN- ganmma. sThege1 ediréssiondi cat e that inproved CD4 responses were elicited by

the truncated rW1 -T stru |\1e 30 the full-length rWI1 - TAT

construct. 175 WO 03/ 0%‘7@8 rﬁi’?ﬂ’ﬁb@b@é Eﬁ“"ée B%C%?fti’y?i’&eay spl enocyt es

g/grqis;%:wa:; @Nﬁggﬁué%d Gt\_;\rgbr\twrbbumbewmﬁméysowwé@fememmzryla&:ogm | D NO 2;

cont ai ni n e nd enconpassi ng

"p32""), for SNagary Kpipupizatigns E‘T’ls'é‘%fﬁ&% Qnﬁag%/d\kr@'cﬁé"z@eéﬁlg ?%?é:?ecr et ed

| FN-gamma by Bhlgads foidswih@the%ewsdaﬂpambﬂ@mmnﬁmtzﬁhb@am &RECP4 iTon from

spl enocytes from mm ce i nmuni zed vvlth the full-length WI1 constructs. By

contrast, Hh &obrespensss wemassayrsh by IFNpNDHaGaieatriolne Lipieg of Wit spl enocyt es
from nice i myghgRtbctivitedspiddhlcels aWubstpbbd & thitierlddail bAlwa \cHiatgelPf 4658

pg/ M | FN-gamma was detected from spl enocytes frommce i nmunized with
r\WIl- F- TAT. THespenags wrie ad¢itionaHepassayepby tFN-eelease &Y oheetelit i nproved C4

responses mer%nmyaﬁsdts%féen%ust heerlinh YGRS 1aér@qg%bta%f.mmbsa%;e§wa§tructs
relative to the I"'ength protein: ﬁ&doteln I's a transcription
factor whi ch iassayepyS&HfT celoespances warel evabawdiusingpopledispigeogytaut ani ne

ri ch domuaif a e\?gbq.' &gpﬁm osed of four
zinc fi ngeirqss té:'ltjﬁq? Su_ﬁféé@dﬁgﬁlm - Q"ﬁ‘?]&ﬁo&éégﬁeo t el%&q?gn})sm famly of
transcri pti on ifddugt mice\@ mi¢efgraupytime point).

Table 1: Vaccination Strategy

Groups:

Non-immune

r'WT1 + SE-Vehicle

rWT1 + MPL-SE

1°: WT1-DNA, 2°: WT1-DNA, 3% WT1-Adeno
rF-WT1/TRICOM

1% rV-WT1/TRICOM, 2°% rF-WT1/TRICOM, 3°: rF-WT1/TRICOM
Dose:

r'WT1: 50 ug

MPL-SE: 10 ug

WT1-DNA: 100 ug

WT1-Adeno: 5X10° pfu

rF-WT1/TRICOM: 1X108 pfu

n|mlolo|wm[>
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protein. The C-termnus is honol ogous to other self-proteins and is thus

| ess immunogenic, i.e. the subject of a greater degree of inmunol ogical

t ol erancewO 0®03met e, the 4 zinc-finger donmains wthin thePCItuSomssias have
homol ogy to EGR fam |y nmenbers. The results described in this exanple

I ndicate that 20 tolerance will vary between different portions of a
protein, possibly depending on sequence honol ogi es and functional domains.
In summary, the data described in this exanple support the notion that the
nost efficient WI'l vaccine will conprise the WI1 N-termnus, either as a
reconbi nant pretel-r—er—gene—based—eenstruet—25-BEXAMPLEE36—BACULOVI RUS
EXPRESS| ON CONSWRUCTEICEDNR BXMPREBS| ON OF THE N- TERM NAL FRAGVENT OF WI'1

(W-1-F: AM NQ ACI DS 1-281) AND LARGE SCALE PRODUCTTON OF PROTEI N USI NG
| NSECT CELLSM&DI%—L@!—UJ@—NLL@LW—MJ—LL&Q—M -1, together with

a Kozak consSubeiRasedus¢200a)) imeiudizabibradon pabtdayadiGrantahdgedidre,. WI1 - F plasm d
176 WO 03/03 ?ﬂo PCT/US027 35194 as a terqi)l a,\iﬁ(? (W-1T -F amno acids 2-281
of the W'l proft@myseyiaijmmunizaten CQuh e Wa met hi oni ne: IcDNA and ami no
acid sequence of 2-281 of W1 are set forth in SEQ ID NGs: 460 and 461,
respectively. The pTAT fusion construct used as tenplate in the

experi ments descri bed HBe&iiengh el of thesplice ripRtgf\V ! used iMKESBDNA of this

construct is §@h.e§@§§af6&h ..$§@d |B rl}@sé52)rhewﬁ -adeRbliRY 384 REreifBE aser e used
for anplification; W1

CGGCTCTAGAGCCIessRben cﬁmEdVT BIWM resspapinant fgylasand the 5

CGCCTCTAGAGTAGH HeRietM (0D E{}%‘fh plus a
C-term nal cgiogzgg‘\due H's Tag was og{]gprégtg P%%regé}%l\g?ﬁr%nglzabove
except using vMtaiRing ateadf QDStlmnbawaBmO@QUle%@rbéCermd I(FA-3) 3 \eere

CGGCTCTAGACT. A@l@@é‘gﬁ%ﬁ‘@gﬁ@gﬁ%’%ﬁg E@EC%W)G CCTCTGAAGACACCGTIG) . The

purified PCR cts'were c Ssite of the
To evaluate T cell responses, splenocytes were stimulated in vitro

with WT1 peptide "p32" (ARMFPNAPYLPSCLE, amino acids 125-139 of WT-1;
10 found within the p117-139 peptide set forth in SEQ ID NO:2) known to contain
a CTL and a helper T cell epitope. Intracellular cytokine staining for IFN-y of

p125-139 activated splenocytes at 21 days following the secondary
immuni'zation showed a significant percentage WT1 responsive CD4* and
CD8" T cells in mice immunized with rV-WT1/TRICOM (prime) and

15 rF-WT1/TRICOM (boost) whereas no other groups showed significant WT1
specific T cell immune responses. Note that the DNA group was primed and
boosted with DNA only. The same group subsequently had an rWT1-Adv
tgrtiary immunization.

Following tertiary immunization, responses to pools of overlapping

20 15-mer peptides were evaluated rather than responses to the single peptide
#32. WT1 peptide CD8" and CD4" T-cells specific for peptide pool #32-36
were found to respond at levels similar to the responses following secondary
immunization in mice vaccinated with rV-WT1/TRICOM (prime) and
rF-WT1/TRICOM (boost X2). In addition, CD4" and CD8" T-cells from these

25 mice were found to respond, albeit at a much lower level than peptide #32, to a
second WT1 epitope contained within two overlapping 15-mer peptides #57-58
(Peptide 57: DNLYQMTSQLECMTWN (amino acids 224-239); Peptide 58:
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donor plasm d, pFastBacl. The reconbi nant donor plasmd pFBW1 -F (cDNA
and am no acid sequences set forth in SEQ I D NOs: 463 and 465, respectively)
20 and pRBOMY03MED (With the 1 OX H s Tag; cDNA and am no &Cirasszsfuence set
forth in SEQ ID NGs: 462 and 464, respectively) were transfornmed into E.
coli strain DH1OBac (lnvitrogen, Carlsbad, CA) to make reconbi nant bacm ds
in E. coli through site-specific transposition. The reconbi nant bacm ds
were confirmed by PCR analysis and then transfected into Sf-9 insect cells
to make 25 reconbi nant bacul oviruses BWM1 -F and BVWM1 -FH. The

reconbi nant viruses were anplified to high titer viral stock in Sf-9
cells. The H QhrFRLECMAWREIMNIe [dmihe acdwe29-2dH dovedap pariaspereisdoadiing ons f or
the protein e i C | ar ge- scal e production of the

r econbi nant %?@te%l&?g& %C%%%r\{l&ﬁ the conditions for protein expression,
High 5 insect cell 30 rwlibddyyesponees eererdveloaied ugingla starelardicld8Bi nant

nf oct on ( voIP arp oot B frbdls St e oS Blsatitanis | B ]

transduced g£eldags post ded¢dndamrihmpeizatimhs(titef ot 1:M@50) &he 21 dayd pdst testianf t he

proteins were. confirned by V rn ?I ot anal ysi.s w1 h rabbit anti-W1
pol ycl onal ant"?‘B‘HB&%a“ #‘gtz?éxg\zl\gféfg@w ?"B’St‘ﬂ'zﬁf“h ‘Wﬁ]a I\%ILleEF Yr econbi nant
pr ot ei ns wer e corirast, ie Al vibesgdupd sepirh gk, 48tidoliestitars werde L01005(Tablet - i nf ecti on
when High 5 cells were 5 infected by the reconbinant viruses at MJ 1.0 or

2.0. The anpl ification of the reconbi nant bacul oviruses and the expression
of the reconbinant WIi1 -F and WI1 -FH proteins was then further optim zed.

Both BVWWM1_ -F and BVWI'1- re ified i SFO i ct cell Ilinein
ESF921 rredi1Q1m containi #@Egﬁmﬁﬂt'éﬂ%y ponsgp .'Mﬁmﬁ“-\ﬁ%eai’ﬁce The 10
anplification was carried out for 4 day$erim ¥kdrs0, 05 at 28C. The Hi gh Five
insect cell line was used to opttnrze-condirtions—for-—theprotein
expression. H®@RUP5 insect cel Ssconsiesy i nf ect ed TBfiabhe r econbi nant

bacul oviruses at Mds of 0.5, G.or 2 ]‘g@% 30, ﬁ%%‘ 54, ngzZ hours before
harvesting. The identity of the reconbi'nant protein was confirnmed by

West ern bl ot dNem-igwiunewi th a spiti fic ND5 rabbND pol ycNBnal anti body

agai nst W1 ( 1'|.1| QWicﬁ%g‘sz) ,<7§nd by<ﬁﬁfi I lapys LG E%dtandem mass
spectronmetry. These experrnents I ndicate that op?i mal protein expression
for | arge scalWTprddRIcEEONn of WHQ - F am8b0M1 - B8B8occur832& 43 hours

post-infection,when H,ah Sygel kg were |pfected py the ggconbi nant

WT1-Adeno

rF-WT1/TRICOM ND ND <50 <50
V-WT/TRICOM, ND <50 <50 ND
rFWT1/TRICOM

"Serum titers are the average of 4 mice per group. Titers written as <50, <75, or
<100 were also averages, but in all instances less than 4 mice had detectable

titers. ND indicates antibody was not detected in any of the mice.

15 In summary, immunization of C57BI/6 mice with rV-WT1/TRICOM
(prime) followed by rF-WT1/TRICOM (boost) or by WT1-DNA (prime) followed
by WT1-Adeno (boost) elicited both CD8 and CD4 T cell responses against
WT1. The T cell responses to rV-WT1/TRICOM followed by rF-WT1/TRICOM
versus WT1-DNA followed by WT1-Adeno were equivalent within the power of

20 the experimental design. Without being bound by theory, a major advantage of
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viruses at an MJ 0.5-1.0. 20 In summary, the above W'l bacul ovirus can be
used for large- scale protein production of the NNtermnal portion of W'l
for use iwoOa3wamsety of vaccine strategies for the treat mEmUS0E/35194

mal i gnanci es associated with WI1 expression. 25 EXAMPLE 37 I NDUCTION OF IN
vivo CD4 AND CD8 T CELL RESPONSES IN M CE USI NG RECOVBI NANT TRI COM

VACCI NI A AND FOAL POX VECTORS Thi s exanpl e describes in vivo i nmunogenicity
studies to 30 evaluate vaccination strategies with WI1 in mce. The

pur pose of these experinments was to test the ability to rV-W1ll TRI COM and
re-Wrl/ TRRCOM to 178 WO 03/ 037060 PCT/ US02/ 35194 induce inmmunity, in
particular T eRWTI/TRICAM ig,thatondiiiple bddses capohtirsuede drcradsedthe lbesief N provi de

support for the us f TR vacci nia and fow pox vector essing W'l
and” cont ai ni ndvaoa; Zopsfiesstinn e s dR RS BSTHR G W Tand LA 9
i n vacci ne st priteigars plovidelstpgdr fogtheases of W TaTuy/addredirvg ériv- 5 WL
expression. | fiLSt Bl/6. mce (12 m.ce per grou wer e

i muni zed tm%ﬁbﬁﬂ'#@ﬁ/ﬁ'%%lp INYRAURI [N I Xa ’]eng'raﬁgP econdary
and tertiary Formieaiintpdaneers a8SocriediithRITavexpresdiohl € 1. M ce were harvested
at 21 days follow ng the secondary and tertiary imunizations. CD8 and CD4

T 10 cell responses were assayed by | FN=y intracellular cytokine staining
of WI1 - peptide activated spleen cells as described in further detail
below. CD4 T cell responses were additionally assayed by IFN-y rel ease
fromrWrl protein stinulated spl ee®MPFs38serum 1gG and 1g&@b anti body

responses wer ecodTRGNAS BrHEISTSMPY-WTE & VECTOR POR ERSREASIDR of WAF URiNEE UST Ng
pool ed spl enocyte 15 cultures (4 mce/group/time point). Antibody titers

were detertfined for individual mice (4%t ce/group/tine point). Table 1:
Vaccination Strategy G oups: A Non-imune B. rW1 + SE-Vehicle C rW1 +
MPL- SE

This example describes the construction of an expression vector

containing a truncated twin arginine translocator (TAT) signal peptide fused to
the WT1-F reading frame (2-281 N-terminal portion of the WT1 protein). This
15 vector can be used to produce a single species truncated TAT-WT1-F protein
for use in immunization strategies for the treatment of malignancies associated
with expression of WT1.
As described previously in Example 34, the TAT signal seguence
was used to make various WT1 vectors. When these TAT vectors were used
20 in expression, multiple forms of the protein were observed. N-terminal
sequencing of these forms showed that each of the three separate proteins
being expressed were truncations of the TAT peptide. These cleavages were
occurring at each of the twin arginine sites. Thus, a truncated TAT vector was
constructed to shorten the TAT signal peptide from 39 amino acids to 12 amino
25 acids to avoid generation of these cleavage products during expression. The
TAT "Stumpy" vector was generated by maintaining the first 12 residues of the
TAT signal peptide up to the first twin arginine. This vector was constructed as

follows:

30 The following pairs of oligonucleotides were combined and then

annealed.
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D. 1 : W1 -DNA, 2: W1 -DNA, 3: W'l-Adeno E. rF-WI11TRICOM F. 1:

rv-Wrl/ TRECOM 2: rF-W1/ TRICOM 3: rF-W1/ TRICOM Dose: rW1l: 50 ug

MPL- SE: 1WOwg/03M&L - DNA: 100 ug WI'1l-Adeno: 5X105 pfu rFPOTOSOTRIGCOM 1 X1
08 pfu 179 WD 03/037060 PCT/ US02/35194 rV-W1 /TRICOM 1X108 pfu Route:
Subcut aneous (200 ul) imruni zation for protein/adjuvant and vectors.

I ntramuscul ar i nmuni zation (50 ul) for WI1 -DNA. The full-1ength cDNA of
the splice variant of WI1 used in these studies is set forth in SEQ ID

NGO 381. The WI1 - adenovirus used herein is as described in Exanple 20. The
rF-Wrl/ TRI COM r econbi nant fow pox and the 5 rV-Wr1ll TRI COM r econbi nant

vacci nia vectors both Eaprdessing WI1L and containing a triad of

costinul atory nol ecul e B7- apd LEA- r ted by Therion
Bi ol ogi cs (Canbri dge, ; pugi\ss_lgcﬁgj\%ééﬁﬁ%?éa@a%éqq%qc@g%@ﬁ@éé@c Qpl enocyt es
were stinmulated in vitSummi3 {SEWD ROPBrHse’ CedRACAGARMFPNABRVICRSCLE, am no
acids 125-139 of W-1; _ 1Q found wthin the pl117-139 peptide set forth in
SEQ I D NO 2) known to in a CIL and a helper T cell epitope.

I ntracel | ulmr cyt oki neSainmy (BEC I NOFBBY 50dattcndgiCatitdéytagughstegesl
spl enocytes at 21 days_foll ow secongdar I ni zation showed a
si gni fi cant percent age%pyr%%}@}hﬁg'%@dg cg gaf:"%%aé’f"’f’%g n nice
i mmuni zed with rV-W1L/ TRICOM (prinme) and 15 rF-W'1/ TRI COM ( boost) whereas
no ot her groups showed_significant WI1 specific T cell inmpne responses.
Note that the DNA gr ouBhgvgg"sp‘?’?’ﬁé’éﬁndﬁatwﬁ&%'?eéd“% WW@ The sane
group subsequeptrby véuét, fat lﬁé@rﬂeen/éﬁbesteaaﬁwradeYahdrEwmzqheQésultﬁ?I | owi ng
tertiary inmunization, responses to |1gool s of overlqeﬁl_&pl n% 20 15-ner
pepti des wi} e PiESEIdy RERINAYaISISEL forth AhSEQID kAL - ( therataing AR seIY5BEE Phie
the truncated TAT protein is set forth in SEQ ID NO:506. The full-length TAT
polynucleotide is set forth in SEQ ID NO:503 and encodes the amino acid
sequence of the TAT polypeptide set forth in SEQ ID NO:504.
The pStumpy vector was then used to construct the Stumpy-
15 WT1-F vector to express the N-terminal portion of WT1 without cleavage
products. The Stumpy-WT1-F vector was constructed as follows:
The coding region of WT1-F was PCR amplified with the following
primer set:
PDM-1005 (SEQ ID NO:484):
20 5 GGCTCCGACGTTCGGGACCTGAACGCACTG ¥
PDM-1004 (SEQ ID NO:485):
5 CTGCAGAATTCATCACTGAATGCCTCTGAAG 3

The amplification reaction contained 10 ul 10X Pfu buffer, 1 ul
25 10mM dNTPs, 2 ul each 10 uM primer, 83 ul sterile water, and 1.5 ul Pfu DNA
polymerase (Stratagene, La Jolla, CA). The reaction was first denatured for 2
minutes at 96°C followed by 40 cycles of 96°C for 20 seconds, 63°C for 15
seconds, and 72°C for 30 seconds. The reaction was then extended for a final
extension of 72°C for 4 minutes.
30 The PCR product was then digested with EcoRI and cloned into
the pStumpy vector that had been digested with Eco72l and EcoRI. The
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#32. WI1 peptide CD8+ and CD4+ T-cells specific for peptide pool #32-36
were found to respond at levels simlar to the responses foll ow ng

secondar ywoiogismbeat i on i n nmce vacci nated with rV-W1/ TRPCOWS(psilpe) and
rF- W1/ TRI COM (boost X2). In addition, CD4+ and CD8+ T-cells fromthese 25
m ce were found to respond, albeit at a nuch | ower |evel than peptide #32,
to a second WI1 epitope contained within two overl appi ng 15-ner peptides
#57-58 (Peptide 57: DNLYQUISQLECMIWN (am no aci ds 224-239); Peptide 58:
180 WD 03/ 037060 PCT/ US02/35194 MISQLECMIVWWQWNL (am no aci ds 229-243);
overlap corresponds to amno acid residues 224-243 of W1). Anti body
responses wer eomsiratiedscepniisnetthmugh aeqlence Endldie and tben transfdrenedfinteser um | g&2b

ant1 ol e 1O FtgbS{ 5 RSH Pl Ly BB ks hggh.secondery

i mmuni zati on Nni zation
(titer of 1:32%wpssed asiacenglerspatiese dhaipblgnudldtide skipien8&of By codiogt r ast, in

all other groups ser i i i <l:10 Table 2). 10
Table 2: Antib ‘ﬁe"g%ﬁ@%’br ﬂ?%\f%%?ﬁﬁﬁ%? m\gge\ggghu%qé%fjéseﬁg* G oup
Secondary Teer aimiroyacid sgguehaGa fdrihG SEQERINOMB0- i nmune ND ND ND ND WI1 +
Vehi cl e- SE <75 <100 475 <50 W1 + MPL-SE <50 1350 338 3325 W1 -DNA, W1
-DNA, ND ND ND ND W1 - Adeno rF-Wr1/ TRICOM ND ND <50 <50 rV-WI/TRICOM ND
<50 <50 ND rFW1/ TRI COM Serum tit eEXAMPEE©SBe average of 4 mice per group.

Ti i 50, <75 | . but in all
nstances | ces amro it GEMEEr & A AerBERRE e b & At boay

was not detected in any of the mpexeresthonNiMESOonMary, i nmmuni zation of C57BI/ 6

mce with rV-WILITRICOM (prine) followed by rF-W1/ TRI COM (boost) or by

W1 -DNA (Btine) fol l owed
: This example describes the construction of WT1-F, WT1-G, and

WT1-Delta G vectors optimized for protein production in E. coli.
The TAT WT-1 F DNA sequence was codon optimized and
synthetically engineered by Blue Heron Biotechnology (Bothel, WA) to be
15 optimized for expression in E. coli. This codon optimized cDNA sequence of
WT1-F is set forth in SEQ ID NOs:477 and encodes the amino acid sequence
set forth in SEQ ID NO:479. The plasmid containing this sequence was then
digested with Ndel and EcoRI and sub-cloned into a modified pET28 vector
that had been digested with Ndel and EcoRl for expression in E. coli. This
20 construct was confirmed to be correct by DNA sequence analysis and then
transformed into BLR (DE3) pLys S cells for expression. This construct is a
purely synthetic traceable source of TAT WT1-F template DNA.
The codon optimized sequence was then used as template for
PCR to delete a proline rich region of fourteen amino acids from the N-terminal
25 region (deletion of amino acids 54-67 of WT-1 F sequence set forth in SEQ ID
NO:461; corresponding to amino acids 55-68 of full-length WT1), creating the
WT-1 G ¢cDNA sequence set forth in SEQ ID NO:473 which encodes the amino
acid sequence set forth in SEQ ID NO:478. This was done by first generating
the pTAT-WT-1 G construct as follows:
30 The 5’ coding region of WT-1 G was PCR amplified using the

following primer set:
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by W'l - Adeno (boost) elicited both CD8 and CD4 T cell responses agai nst
WIl. The T cell responses to rV-W1/ TRI COM fol |l owed by rF-W1/ TRI COM

ver sus WWO-BsBvob®l | owed by WIL - Adeno were equi val ent wi tPhirrusphizsipower of
20 the experinmental design. Wthout being bound by theory, a major

advant age of 181 WD 03/037060 PCT/ US02/ 35194 rF-W1/ TRICOMi s that

mul tiple boosts can continue to increase the |level of imunity. Thus,

t hese studies further confirmthe i mmunogenicity of the WIil1 protein and
provi de support for the use of WI'l DNA/ adenovirus or rv-

W1/ TRI COM r F-WI'1l/ TRI COM i nmruni zati on regi mens in vaccine strategies 5 for
treati ng cancers assocP@lMadO(Wi SEQIDIN@XP0)ESsi on.  EXAMPLE 38 CONSTRUCTI ON
OF THE STUWPY-W'1-F \/t EXPRES§.I%\I §F W1l -FINE 10 COLl This
exanpl e descrlcﬁﬁcg?tﬁgge%%ggqq? 9eB0GT &9 ession vector containing a

truncated tw n argi ni n€DiM-a008 SEEIIWN(D'EN))S signal peptide fused to the W1l
-F reading frarr&gé‘% term nal po i 27@ the WI1 protein). This 15
vector can be ‘@ QWCBQWEE%C@@P%%P W8 €s truncated TAT-WIL -F protein
for use in §nmunizati offhe B eddew regioh of tht MET- IGeRigIvBRWasHCREaInplfeanci es

associated wth ex @avl on.of WI'l. As described previously in Exanple 34,
the TAT si gnal'S@8FRIMWINGRIMSISEY { 0 nake various WML vectors. \Wen these

TAT vectors were used PZ)@Anmm&mw@mgz)wbhﬁ@neatﬁwm%ga‘gc&iaerrﬁrOt ein vere
observed. N—tergn nal sequenci ng of these forns showed that each of the

t hree separat@ pﬁot eins being expressed were truncations of the TAT

pept| de. These cl eavagepmess (S‘EGPIWN(D*&QS)% c@@c@ég@éﬁcﬁﬁﬁctbﬂ&t@cc%’ gihi ne
sites. Thus %runcat ed TAT vector was constructed to shorten the TAT

si gnal pepl¢ d@ G om 39 anino acids to 12 amno 25 acids to avoid generation

of these cleavage prodygg poHieh&t@Bneingstificaidn of Wer1-GodntambyABYI 105€Ct or was
generated by nmaintaining the first 12 residues of the TAT signal peptide

up to the fir &u buyffes bV'dIOHT‘Mé’NT'Pﬁi%u\ﬂ?@hdp ulyhRrineRyn83 ulptariawaler, 1%l | ows: 30
The ol | owi ng PRIINA bolghba88 s Ridh ot W ECAL TR 56 g BRGA tbhite anneal ed.

182 (PTAT WT1-F codon optimized as set forth in SEQ ID NO: 477). The reaction
15 was first denatured for 2 minutes at 96°C followed by 40 cycles of 96°C for 20
seconds, 63°C for 15 seconds, and 72°C for 30 seconds. The reaction was
then extended for a final extension of 72°C for 4 minutes.
The first PCR product was then digested with Xbal and cloned
into pPDM (a modified pET28 vector) that had been digested with Xbal and
20 Eco72l. The resuiting construct (pPTAT WT1-GA) was then digested with Srfl
and EcoRl. The second PCR construct was digested with EcoRI and cloned
into the pTAT WT1-GA plasmid construct. At the same time a three-way
ligation was carried out by digesting the first PCR construct with Xbal and Srfl
and digesting the second PCR construct with EcoRI and cloning into pPDM that
25 had been digested with Xbal and EcoRI. The resulting pTAT-WT1-G construct
was confirmed to be correct through sequence analysis and then transformed
into an expression host. The cDNA of pTAT-WT1-G is set forth in SEQ ID
NO:475 and encodes the amino acid sequence of SEQ ID NO:482.
Due to incomplete Srfl digestion during the second method
30 described above, an unexpected form of WT-1 G (WT-1 Delta G was created
that deleted 14 amino acids (amino acids 55-68 of WT-1 F) and added three
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WD 03/ 037060 PCT/ US02/35194 Pair 1: Stunpy 1 (SEQ I D NO 486): 5'

t at gaacaat aacgatctgtttcaggc 3' Stunpy 3 (SEQ I D NO 487): 5'
CTGAAACAGKDGEGITAGIGTTCA3'  Pair 2: 5 Stunmpy 4 (SEQ | D NO #83)usSo%35194
aattcttggtcattcacgtggcggctcge 3" Stunpy 2 (SEQ I D NG 489): 5

gagccgccacgt gaatgaccaag 3' The pairs were then ligated together with pPDM
a nodi fied pET28 vector, that had been digested wth Ndel and EcoR . The
resulting 10 plasm d, pStunpy, is set forth in SEQ ID NGO 471. The am no
acid sequence of the truncated TAT protein is set forth in SEQ I D NO 506.
The full-length TAT polynucleotide is set forth in SEQ ID NO 503 and
encodes t he aradditiosal iachincsamipiseMcle 1 Bfelta Bepolyiiiclpaideeguénte ssbfortharth in SEQ | D

NO 504. The p ; [ e ) [ t t s 15 W1 -F
veetor to exprist NOBRE i heb UGt PERroRAN S ber O TR o oduct s
The St unpy- WI'ING:602)e Thisr TATRW TebDelta Gebestruatresdiddoman uiiévgectediSigldr egi on of
Wl -F was PCR amplified with the foll own riner set: P 1.005 (SEQ ID
NO. 484): 20 5 VB AXPISSEIRDAT TRRRRIRES R AR 5O STuERy LfBB&Wéé’ég’leD NO. 485) :
5' CTGCAGAAS TEAATAUT GRATASCEhostafoh(s stt fofthen SBAIIDIN@Aré and eremdes e cont ai ned
10 ul 1 OX Pfu buffeé 1 ul %mo E@ﬂi’ﬁ A 1uI each 10 uM priner, 83 ul
sterile water 2MREGd Beqyencs 3¢ 'Wg Qé8'(stratagene, La Jolla, CA).
TheI reac]'Ei on was first dehglg@darét]@h of the PTATLWT - A6, ﬁﬁgmbgpl\/\llm\e(tnby 40 .
cycles of 96C faor 20 seconds,. 63C for 15 seconds, 30 seconds.
The reaction \X&& i @&"é‘ﬂ’@@ﬁa F'l?rta%wﬁfer%"St“é’i?‘&‘%r?@tﬁeB% %%@3{ 63884 i nut es.
30 The PCR pr eaggiblatdia thid PORGEgRIBASdesttibdl beteir and cloned into the

pSt unmpy vector that had been di gested vvithr+JF£co_72I and EcoRl . The 183 WO

03/ 037060 BET/ US02/ 35194€ CeRRE f9aiRn of Mg Wl drff TeFREAS I GPUiBA HSNYe anal ysi s
and then transh®foli®sing plider $tfR (DE3) pLys S cells. The resulting truncated

TAT WI1 -F fusion protein
PCR 1:

PDM-1010 (SEQ ID NQ:494) 5’ ggttcggatgtacgcgatctgaacg 3’ Tm

68°C
15 PDM-1011 (SEQ ID NO:495) 5’ caaagaattcatcactgaataccgeg 3’
Tm 63°C
PCR2:
20 PDM-1023 (SEQ ID NO:496) 5’ gcttttggcatatgggttcggatgtacgcgate
3 Tm71°C
PDM-1011 (SEQ ID NO:497) 5’ caaagaattcatcactgaataccgcg 3’
Tm 63°C
25 The PCR reaction and amplification conditions were as described

above using the pTAT-WT1 G set forth in SEQ ID NO:475 as template. The
first PCR product was digested with EcoRI and cloned into pPDM (a modified
pET28 vector with a his tag in-frame) and pSTUMPY (a modified pET28 vector
with a 12 amino acid truncated TAT leader peptide in frame set forth in SEQ ID
30 NO:471) that were digested with EcoRI and Eco72l. The second PCR product
was digested with Ndel and EcoRI and cloned into a modified pET28 vector
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expressed as a single species. The pol ynucl eoti de sequence of the coding
regi on of pStunmpy WIl-F is set forth in SEQ I D NO 469 which encodes the 5
am no aciwoggmsmnce set forth in SEQ I D NO 470. EXAVPLE 39CCONSYRUWETI ON OF
W1l -F GW, WI1 -G AND W1 -DELTA G VECTORS FOR EXPRESSION IN E. COLI 10
Thi s exanpl e describes the construction of W1 -F, WIi1 -G and W1 -Delta
G vectors optimzed for protein production in E. coll. The TAT WI-1 F DNA
sequence was codon optim zed and synthetically engineered by Bl ue Heron
Bi ot echnol ogy (Bothel, WA) to be 15 optim zed for expression in E. coll.
Thi s codon optim zed cDNA sequence of W1 -F is set forth in SEQID

NGs: 477 and ermRMsthatteddasendigasted withdNdehamd EcaiRl. fTbe tonstmactSB@re D NO 479.
The plasm d cont ini.ng this ue and EcoRl
and_ Sub- ol onedoMirgY B iecLBbiER sa R Re sPhys A0 iR FRadhimh B8, ed wi ch

Ndel and EcoRlanfegpressigt lesss.i Dine iesuling caristructs hresa20llaven The polynuwaientidenf i r med

to be correct uence an Si transforged into BLR (DE3
Doyecs oel Ta PORTISvAE RS B Bran SERIID NG 87 ahd BcicRs BB .=~ (O
traceﬁbl e smgre\ene s@ﬁueT»léa's&W?dhlﬁspmm mwanl\lﬂrl \ .he'BWnO(iﬂdﬁi’clieQmWhTm aed seq]tcjence
was then used g ate . t e ro rich re o]
fourteen ani nd! ta%‘fts'gg)ﬁagb?ﬁ?t?@hl\'pggprﬁ%rﬂ&ﬁéﬁ"hfcggqnfiﬂéeﬁg@? BTGB ani no
acids 54-67 okefifente betdetiimrSED FENOf 478! thrpSﬁEQJyL\DTth géijnucketidespondi ng to

am no acids 55-68 of ful]-|en W1 creatin cDNA sequence
ot orth T aeenas lrekinshhEER DN AZE ST Bleh B6 amineadsoBNaeS sot fort h

in SEQ I D NO: 4é6ortH I SEQM> NdM®3. by first generating the pTAT-W-1 G
construct as follows: 30 The 5' codin ec)(%on of WI-1 G was PCR anplified

using the %ol | owi ng pM Watg@gxpeiug@n toBp Y -PERNBSEA988194 PDM 1 007

(SEQ I D NG 49¢ tarﬁuze@)%%gﬁhé?@ér&ﬁrgé%@@Q@ﬁﬂlb@ﬁcgagccc 3" Tm76C PDM 1 006
(SEQ I D NO 491 cat aaatttgcccgggcccgcecccagagageccg 3' Tm 76C

The coding region of the WT-1 F region was amplified using the

following primers

15
PDM-1010 (SEQ ID NO:500) 5’ ggttcggatgtacgcgatctgaacg 3’ Tm
680C
PDM-1011 (SEQ ID NO:501) 5’ caaagaattcatcactgaataccgeg 3’
Tm 630C
20 The PCR reaction and amplification conditions were as described

above using pTAT WT-1F GMP as template. The PCR product was digested
with EcoRlI and cloned into the pStumpy vector described in Example 38 that
was digested with EcoRI and Eco72l. The construct was confirmed to be
correct through sequence analysis and then transformed into an expression

25 host. The polynucleotide sequence of pStumpy WT-1 F GMP is set forth in
SEQ 1D NO:498 which encodes the amino acid sequence of SEQ ID NO:499.

In summary, the expression vectors described herein can be used

for optimal expression and production of WT1, truncated WT1, and WT1 fusion
proteins for use in vaccine strategies for the treatment of malignancies

30 associated with expression of WT1.
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5 The 3" coding region of the WI-1 G region was PCR anplified wusing the
followng prinmer set: PDM1 008 (SEQ I D NO 492) 5' cattcattcatcaaacaggagcc
3' Tm 6IMOoRBN6®09 (SEQ I D NG 493) 5' ccattaagaattcat caeCgashasz98’ Tm
10 60C The PCR reaction for anplification of WI1 -G contained 10 ul 1 OX
Pfu buffer, 1 ul 10 nM dNTPs, 2 ul each 10 uMpriner, 83 ul sterile water,
1.5 wul Pfu DNA polynerase (Stratagene, La Jolla, CA), and 50 ng DNA
tenplate (pTAT WI1 -F codon optim zed as set forth in SEQID NO 477). The
reaction 15 was first denatured for 2 mnutes at 96C foll owed by 40 cycles
of 96C for 20 seconds, 63C for 15 seconds, and 72C for 30 seconds. The
reacti on was then ext Erdetheffonegaing it mill becappeaviatenhthaf, allidibghepedfian nut es. The

o1 oa pET28" GBIt EN < A Veioh Bave el sep e GRPRR AL R et 30" E0T e

resul ting consiustetibn,(yafidds MEdelea(ﬁébms wag be nexaie dvithesttdediating forSithd spitd EcoRl .

Th d PCR h .E d h TAT
WL < Ga. pl asrhad SoRe e eRon EGRigl ity BlRupRer Ppsbles, as ©

carri ed outs byy tHegppbndig didimsf i rst PCR construct with Xbal and Srfl and
di gesting the second PCR construct with EcoRl and cloning into pPDMthat 25
had been digested with Xbal and EcoRl. The resulting pTAT-W1 -G construct
was confirmed to be correct through sequence analysis and then transforned
into an expression host. The cDNA of pTAT-W1 -Gis set forthin SEQID
NG 475 and encodes the am no acid sequence of SEQ I D NO 482. Due to

i nconplete Srfl digestion during the second nethod 30 descri bed above, an
unexpected formof WI-1 G (W-1 Delta G was created that deleted 14 am no
acids (amno acids 55-68 of WI-1 F) and added three 185 WD 03/037060

PCT/ US02/ 35194 additional amno acids (W-1 Delta G pol ynucl eoti de
sequence set forth in SEQ I D NO 505 whi ch encodes the pol ypepti de sequence
set forth in SEQID NO502). This TAT WI-1 Delta G construct resulted in
an unexpected 5-fold over expression as conpared to the TAT WI-1 F
constructs. The cDNA of the 5 pTAT-W1 Delta G construct is set forth in
SEQ I D NG 476 and encodes the
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am no acid sequence set forth in SEQ ID NGO 481. Foll owi ng generation of the
PpTAT-W-1 G pStunpy-W1 Gand W1 -Gwith and wwthout a H's tag were
constructwo aesT60 t he pTAT-WIL G as a tenplate in the PCRCTA®02/B31n6
descri bed bel ow. 10 The coding region of the WIi1 -G regi on was PCR
anplified using the followi ng priner sets: PCR 1. PDM1 010 (SEQ ID

NG 494) 5' ggttcggatgtacgcgatctgaacg 3' Tm 68C 15 PDM1 011 (SEQ ID

NO 495) 5' caaagaattcatcactgaataccgcg 3 Tm 63C PCR 2: 20 PDM1 023 ( SEQ
I D NO 496) 5" gcttttggcatatgggttcggatgtacgcgatc 3" TnvlC PDM1 011 (SEQ I D
NG 497) 5' caaagaattcatcactgaataccgcg 3' Tm 63C 25 The PCR reaction and
anplification conditions were as descELMMS above using the pTAT-W1 G set
forth in SEQ ID NG 475 as tenplate. The first PCR product was di gested
with EcoR and cloned into pPDM (a nodified PpET28 vector with a his tag
in-franme) and VeERiSSEinfed: nodi fi ed pET28 vector with a 12 amno acid
truncated TAT | eader peptide in frane set forth in SEQ ID 30 NO 471) that
were digested with EcoRI and Eco721. The second PCR product was digested

with Ndel and EcoR and. cl oAetbolatddopotypepiitief dortprisieg 28 ineahogenicl86 WO
03/ 037060 PCT/ USD2/

5194 ., (pP .t hat had been digested.with and
BooRt . The. coCriPricr 8 witps Wd HhidetE tepge BRI uBis bhtitig ot Shfence
anal ysi s and tubemgmanﬁoonm@nﬂrmna Gia vaxafitelssreofithdtasifiers ihmeloe sidrd | NQ
constructs are The nucl eot i de s tag is

set forth in §E%t\“fﬂoﬂb '°%@dg'ﬂe /qrwésegwpﬁaugm\/\geuaeggﬁtﬁ@ﬁg@ set forth

in SEQ I D NO 48Hant I Rapokiinwah epetificarisetdlind/deT-oM1 liléddr didines isbti S set
forth in SEQ I D NO 473 whi ch encodes the am no acid sequence set forth in

SEQ | D NO 478 Sugigntisdy dimiRishRF1 - G pol ynucl eotide sequence is set forth in
SEQ I D NO 474 and encodes the ami no acid sequence set forth in SEQ ID

NO. 483. . ,
2. The isolated polypeptide according to claim 1 wherein the

immunogenic portion has been modified such that the ability of the
immunogenic portion to bind to an MHC molecule is increased relative to that of

the immunogenic portion.

3. The isolated polypeptide according to claim 2 wherein the
immunogenic portion has been modified such that the ability of the
immunogenic portion to bind to HLA-A2 is increased relative to that of the

unmodified immunogenic portion.

4. An isolated polypeptide comprising a Wilms’ tumor antigen
having a deletion of a proline rich region.

5. An isolated polypeptide according to claim 4 wherein said
proline rich region is from about amino acid positions 54 to 68 of the Wilms’

tumor antigen.
6. The isolated polypeptide of claim 5 wherein said

polypeptide comprises the amino acid sequence set forth in any one of SEQ ID
NO:478 and 502.
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10 In a rel ated experinent, the pStunpy WI-1 F GW (codon optim zed)
vector was constructed as follows: The coding region of the WI-1 F region
was anpl iwoedosmsng the follow ng prinmers 15 PDM 1010 ( SEQTIUS0n831800) 5'
ggttcggat gt acgcgatctgaacg 3' Tm 680oC PDM1 011 (SEQ I D NO 501) 5
caaagaat t cat cactgaataccgcg 3' Tm 630C 20 The PCR reaction and
anplification conditions were as descri bed above using pTAT WI-1 F GW as
tenpl ate. The PCR product was digested w th EcoR and cloned into the

pSt unpy vector described in Exanple 38 that was digested with EcoR and
Eco721. The construct was confirnmed to be correct through sequence

anial ysils anddt hen transf or nRausidh groi Wneﬁgiat)leaﬁfonb?ﬁtypﬁﬂ'me

pol ynucl eoti de sequence o Is set forth in SEQID

NO: 498 whi ch e%‘?&%fg@g ? ARy %[?ﬁp‘ﬁé#ag[gg&vg@hﬁence of SEQ ID NO499. In sumary,
the expression vectors described herein can be used for optinal expression

and production of W1, truncated W1, and W1 fHS| on a_gg{ot eins for use in
vacci ne strategies for &he T"r‘%fét'fs'ﬁ’ﬁﬂ?fm@f‘ OhElRIMy H ARSI USIOR HRIRRTEY wi t h

expressi on of JAkkied¥m WO JARIBAGiISEhgRSF HaWB0m6@mIO A YT, arAIs ey, hor egoi ng i t

wi || be appreciated that, although specific enbodi nents of e invention
have been desdpigstng ?\@T%F?Paib@rmﬁﬂ?‘ﬁtﬁ'ﬁésooﬁfpep‘i'qel teéffer%nqoaﬂma'()mfemg

modi fi cations d&ﬁibaﬁﬁeﬁﬁﬂ:ﬁn‘é’rg%%’ﬁar@%‘éb@?'Mtfrdrféﬂiehhﬂmsa%uﬁlhé and scope of
the invention. Accordin he invention is not |limted except as 5 by

t he appended d[aé."ﬁlﬁﬁam'l% V\D 03/ 037060 PCT/US02/ 35194 CLAIMS What is
Clained: 1. An isolated polypeptide conprising an i nmunogenic portion of a

e umor antigen. gl eCfﬁéiqufoﬂ;&&tﬁgogﬂsmpsgm@.%ﬁrﬁﬁqgﬁgcm‘ e | D

NGs: 414- 450, 478, and ereof that ers I'n one or nore
comprises a twin arginine translocator signal peptide.

10.  The fusion protein of claim 8 wherein the fusion partner
comprises the amino acid sequence of any one of SEQ ID NOs:504 and 506.

11.  The fusion protein of claim 10 wherein the fusion protein
comprises the amino acid sequence of any one of SEQ ID NOs:453, 455, 470,
479-483, and 499.

12.  Anisolated polynucleotide encoding the fusion proteins of

any one of claims 7, 9, and 11.

13.  The isolated polynucleotide of claim 12 wherein the

polynucleotide has been codon optimized for expression in E. coli.
14. The isolated polynucleotide of claim 12 wherein the
polynucleotide comprises a sequence of any one of SEQ ID NOs:452, 454,

469, 471, and 472-477 and 503, 505.

15. A composition comprising a polypeptide of claim 1, 4, 6, or
11 in combination with a pharmaceutically acceptable carrier or excipient.
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substitutions, deletions, additions and/or insertions such that the ability
of the wvariant to react wwth WI'l1 -specific antisera and/or T-cell lines or
cl ones i swoeB/3®ebst anti ally di mi nished. 2. The isol ated poryysepsiloe
according to claim1l wherein the imunogenic portion has been nodified
such that the ability of the imunogenic portion to bind to an MHC

nol ecul e is increased relative to that of the i nmunogenic portion. 3. The
i sol at ed pol ypeptide according to claim2 wherein the i mrunogenic portion
has been nodified such that the ability of the inmunogenic portion to bind
to HLA-A2 is increased relajive.to that. of t dj f| d genic
portion. 4. An isol at edspoléﬁf@f}cﬂqed‘@%'ﬁ‘ﬂplasqoﬁaeg'c{%nq Su‘hﬁﬂ i gen

havi ng a del etih oombihationpwithl 4 men-spectiic imgumarespons@renhamdeat ed pol ypepti de
according to claim4 wherein said proline rich region is from about am no
acid positions 54 to 68 of the WIns' tunor antigen. 6. The isol ated

pol ypepti de of cl ai m5 1®her Ghervaraind acemdivig eptlaiche! whereinskesndrhspegiicno aci d

sequence set forth in e 47 03/ 037060
Pt USo2/ 36104y el MBSt ety e 2 Y el fenshe b ypopt 1 de
according to gaiedne of clains 1, 2 or 4. 8. The fusion protein of claim?7
wherein said fusion partner is selected fromthe group consisting of Ral2,
protein D, LYTA, a HHStag, a targeting signal capable of directing a

pol ypeptide to the enddSonmalld yawowme matordiog topelaitren whetem the angiune ne

{ransi ocator roailsd LURSRLAC LR BEAIAL By LhATSEESRARkP Sppl R st o

protein of cl h argi ni ne
transl ocat or §2§nﬁGPpeMDnﬁeide1$)°\50TSQPFDIG|MOOtantd|edSé|7ﬁ0,(ﬁ cyidkinena8 wherein the

f
NCa' 504" and. sOBCroREre FiReh (ARG SR LA FRIBRIE, ORATRAMI RS o,

prot ei n conpr iAEs, A8, Bibl Aduvent wsﬁqb@saﬁ@dnwaatnsbsahesappnlsmsedb NOs: 453,

455, 470, adjuvants, Syntex adjuvant in its microfluidized form, MV, ddMV, immune

stimulating complex (iscom) based adjuvants, and inactivated toxins.

19.  An expression vector comprising a polynucleotide of claim

12 operably linked to an expression control sequence.

20. Ahost cell transformed or transfected with an expression

vector according to claim 19,

21. Anisolated polypeptide comprising an immunogenic
portion of the Wilms' tumor antigen wherein said polypeptide has been
modified such that the abillity of the polypeptide to bind HLA-A2 is increased
and wherein the immunogenicity of the polypeptide is increased relative to that
of SEQ ID NO:241.

22. The isolated polypeptide of claim 21 wherein said
polypeptide comprises an amino acid sequence selected from the group
consisting of any one of SEQ ID NOs:414-450.
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479-483, and 499. 12. An isol ated pol ynucl eoti de encodi ng the fusion
proteins of any one of clains 7, 9, and 11. 13. The isolated

pol ynucl espiod@3mb0 cl ai m 12 wherein the pol ynucl eoti de ha®crasoz/ssdon
optim zed for expression in E. coli. 14. The isol ated pol ynucl eoti de of
claim 12 wherein the polynucleotide conprises a sequence of any one of SEQ
| D NOs: 452, 454, 469, 471, and 472-477 and 503, 505. 15. A conposition
conprising a polypeptide of claiml1, 4, 6, or 11 in conbination with a
pharmaceutically acceptable carrier or excipient. 190 WO 03/ 037060

PCT/ US02/ 35194 16. A vaccine conprising a polypeptide of claiml1, 4, 6, or
11 in conbinati on w t h 23. noTheipelaietipolypeptideaf clasp2hvheesitaaider . 17. The
vacci ne accordi(gﬂrtﬁ claim 15 wherein tpeﬁr}on-sEeci fic, imm ne response
enhancer _pr ef dPeticeleT (orantiseR Bt Stmare suprindons bt one of poplifsdne te. The
vacci ne accor dhioggh 9 ot SBQND NOQ:24herei n the i nmune response enhancer is

sel ected fromthe group consisting of 3d-MPL, MPL, RC- 529, AG"' s,

Mont ani de | SA50, Seppi c Montanide | SA 720, a cytokine, a mcrosphere,

g:g?t %! di oct adecyl gmgiurg@maiemm(ypg@wem@@dmg% o2 Swherdi- 1, As-S 2,
i Adjuvant system based adjuvant,k , saponi n _bas vants, Syntex
adj uvant in itsé‘}/drﬁ"%%t'ﬁri' g2 éfeFBrSHPSt%‘P”(?& ,'t'anﬁrﬁp%gmeg%@ﬁghé'sﬁg conpl ex

(i sconm) based adjuvants, and inactivated toxins. 19. An expression vector
conprising a polynucl eotide_of claim 12 oper ab;nY | i nked to an expression

control sequence. 20. AShosTh&igplptedpolyeeriideeticlgim 24 Wherelict@ with an

expressi on VagplypkptRieC@hiprifes the aflid dBid$bquédce P fdrthah BEQADAND: PSPt i de _
conprising an i munogenic portion of the WIns' tunor antigen wherein said

pol ypepti de has been nodified such that the abillity of the polypeptide to

bind HLA-A2 is increased afgb M@Iﬁfe%?%lyf)%ﬂidie@&kﬂeﬂg% Shiy2PhhdB@ pol ypepti de
is increased relative to that of SEQ NO 241. 22. The isol ated
pol ypept i de ofsaifl mpdficationpepeises aulstitution at position 9 (P9) of SEQ ID NO:241.

27. Theisolated polypeptide according to claim 26 wherein
said polypeptide comprises an amino acid sequence set forth in SEQ ID
NO:426.

28. A method for inducing an immune response in an animal,
comprising:

(a) administering to said animal a first composition comprising
a first viral vector wherein said first viral vector comprises at least an
immunogenic portion of a WT1 polynucleotide operably linked to an expression
control sequence;

(b) administering to said animal a second composition
comprising a second viral vector wherein said second viral vector comprises at
least an immunogenic portion of a WT1 polynucleotide operably linked to an
expression control sequence; and

thereby inducing an immune response in the animal.
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pol ypepti de conprises an am no acid sequence selected fromthe group
consisting of any one of SEQ I D NGs: 414-450. 191 WO 03/037060

PCT/ US02/\8619437088. The i sol at ed pol ypepti de of claim 21, pamarse?/ssisai d
nodi fication conprises one or nore substitutions at any one of positions 1
through 9 of SEQ ID NO 241. 24. The isol ated pol ypeptide according to claim
23 wherein said nodification conprises a substitution at position 6 (P6)

of SEQ ID NO 241. 25. The isol ated pol ypeptide of claim 24 wherein said

pol ypepti de conprises the am no acid sequence set forth in SEQ I D NO 445

26. The isol ated pol ypeptide according to claim 23 wherein said

nodi fication conprises2a sulietméthod ofrclaim 38orheréinnaid fidPand sdid SEONHID NO 241.

poi ypept i do. e PaasaReeRiaghaRife Gbub Subetlbr Ve PR Bebesdi o 426

28. A net hod Wectonsnahdcadegoviral veotarse response in an aninmal, conprising: (a)
admnistering to said aninmal a first conposition conprising a first viral
vector wherein said first viral vector conprises at |east an inmunogenic
portion of a W1 pol yngo! eotHedretapdofadiiyt J9i witkeeeln saidairst @xglivesisi on  cont r ol
sequence; (b) adm.nisteri n@p%ﬂqgsai.d animal a second conposition conprising

a second vi r afoVaLRES2 GAXT BQRYEND viral vector conprises at | east

an i mmunogeni ¢ portion of a W1 pol ynucl eoti de operably |inked to an

expression control sequence; and therehy inducing an i ne response in the
ani el 192 WD 03/ 037860 PeeTRS St 283unerain Saiddrst SHA JPCIR af m 23
wherein sai d tbmplisead-Wai/MREsMNd viral vectors are selected fromthe

group consisting of vaccinia vectors, fow pox vectors, and adenoviral
vectors. 30. The nethod of claim29 wherein said first viral vector

conpri ses a reconbi nangaVacetha&h¥®6fdMim 28 wherein said second viral vector

comprises a recombinant fowlpox vector.

33. The method of claim 28 wherein said second viral vector
comprises rF-WT1/TRICOM.

34. The method of claim 28 wherein said first and said second
viral vectors further comprise at least one polynucleotide encoding a

costimulatory molecule.

35. The method of claim 28 wherein said costimulatory
molecule is selected from the group consisting of B7-1, ICAM-1, and LFA-3.

36. The method of claim 28 wherein said first composition is
administered at a first timepoint and said second composition is administered

subsequently at a second and a third timepoint.

37. A method for inducing an immune response in a patient
comprising administering to the patient a composition comprising a first
component comprising an amino acid sequence set forth in any one of 414-
450, 453, 455, 470, 478, 479-483, 499, and 502 and a second component
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31. The nethod of claim 28 wherein said first viral vector conprises
rv-WriiTRI COM 32. The nethod of claim 28 wherein said second viral vector
conpri seswa os@srbi nant fow pox vector. 33. The nethod of pciraisn/Z89mher ei n
said second viral vector conprises rF-W1/TRICOM 34. The nethod of claim
28 wherein said first and said second viral vectors further conprise at
| east one pol ynucl eoti de encoding a costinulatory nolecule. 35. The nethod
of claim 28 wherein said costinulatory nolecule is selected fromthe group
consisting of B7-1, 1CAM1, and LFA-3. 36. The nethod of claim 28 wherein
said first conposition is admnistered at a first tinmepoint and said second
conposi tion i sekedwdriiont ayeshe o3 bbther] aghisiylogitally aseematsie eatlerort hi r d
timepoint. 37. A netho for i nduci ng an i rmune response in a patient
conpri sing adf"MIEeRMURt o the patient a composition comprising a first
450, 453, 455, 470478 470 433 405 and Boz And A Secen sompenent 103
. 479- an a second conponent
VO 03/ 037060 BETPIERDR wﬂefmg@r @&péaefft@mﬂyﬂ%%owsw&q{"ﬁr

physi ol ogi cal lcgmpesetitempesingpa bbl?rﬁucwotldé mwmgta mvpamtide &%\pnémﬁﬁthd for
i nduci ng an i mmune r‘ﬁs‘%&]nse In.a pati conpri né:]éadm ni st eri ng to the

patient a comPBYTY FUHSTHITPFT 3 ﬁ‘@*hd”fif‘Y g@e Ofcﬂﬁpﬁ%ﬁ? ot 70s 1y 449-

pol ynucl eot i degeyoadangsee S & Bsddhi dempErEDk | b@hm@rh pcﬂgﬂe@ﬁd@m d sequence
set forth in any one of 414-450, 453, 455, 470 483, 499, and 502
and a second &8%}96?1%91?" aRiRorac seguanassiel, foahin ey onedidi - 4BR5Rn4%m no aci d
sequence set f4¢0t478| B7RRy3,Q08, £id sbb4- 450, 453, 455, 470, 478, 479-483,

499, and 502.
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